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Preface 
 
 

Natural Products and Traditional Medicine is one of the most important fields of organic chemistry and is the 
basis of many exciting new developments in production of drugs, vitamins, agrochemicals, etc. ICNPTM 2011 is 
international in scope and invites and encourages the submission of scientific abstracts and proposals for sessions 
from corporate scientists, academic researchers, educators and healthcare providers worldwide. The conference 
showed original traditional medicine research through keynote and plenary presentations, oral and poster 
presentations, and Parallel Sessions. The theme for the conference is “Natural Products and Human Health”. 
 

 
The topics of interest include, but are not limited to those listed in the following: 

 Natural Products Isolation and Structure Elucidation  

 Methodology and Synthesis of Natural and Unnatural Products  

 Biosynthesis of Natural Products  

 Natural Products and Drug Discovery  

 Catalysis and Synthetic Methodology  

 Bioorganic and Medicinal Chemistry  

 Pharmacology and Toxicology of Natural Products  

 Natural Products and Chemical Communication  

 Quality Control Methodology and Medicinal Analysis  

 Marine Natural Products  

 Chemical Biology  

 Natural Products and Pharmaceutical Engineering  

 Natural Products and Food  

 Natural Products and Pesticides  

 Quality, Safety and Efficacy of Natural Products  

 Natural Products for Health and Beauty 
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Abstract: Dihydromyricetin is the main nature antioxidant, but its poor lipid-soluble property has restricted 
its application in oil food industry. In this paper, we have designed a new synthetic method of lipid-soluble 
dihydromyricetin which was prepared by chemical modification.  
 
Keywords: Dihydromyricetin; lipid-soluble; antioxidation 

 

1 Introduction 

Ampelopsis grossedentata is a wild, flavonoid-rich 
plant found in South China. Its leaves can be used as food 
and medicinal materials. Dihydromyricetin (DMY, Fig.1), 
a 2, 3-dihydroflavonol compound, is extracted from A. 
grossedentata. It has been shown to be effective in 
inhibiting hypertension, relieving cough, protecting the 
liver, and decreasing blood sugar. In addition, DMY has 
antioxidant, antiviral, antibacterial and antitumor 
properties [1-4]. 

Recently their antioxidation has been shown to be as 
effective as tert-butyl hydroquinone (TBHQ) and 
superior to citric acid monohydrate, ascorbic acid [5].The 
molecular structure of DMY indicate that its 
hydrophilicity is well and lipophilicity is not well 
because of its multiple phenolic-hydroxyl groups [6]; 
therefore its application in lipid industry is impractical. 
Investigations have shown that antioxidation property of 
the compounds with multiple phenolic-hydroxyl groups 
depends on higher activity of phenolic-hydroxyl group. 
So the activity phenolic-hydroxyl groups should be 
remained. For this reason, we have made a study of three 
step of synthetic method which is a new chemical 
modification method. Firstly phenolic-hydroxyl groups of 
DMY were protected by esterification reaction. So we 
will obtain the first intermediate (ADMY）. Secondly 
ADMY was hydrocarbylated by lauryl alcohol to 
improve lipophilicity of ADMY. We can obtain the 
second intermediate (BDMY). Lastly BDMY was 
hydrolyzed to revive the phenolic-hydroxyl groups of 
DMY. Then the object product was lipid-soluble DMY 
(LDMY). The target compounds were synthesized in 
three steps as outlined in Scheme1. LDMY should hold 
both antioxidation property and lipophilicity to play the 
role of antioxidation in lipid system effective.  
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Figure 1. The molecular structure of DMY 
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Scheme 1. Synthetic route for target compounds 

2 Experimental 

2.1 Apparatus 

Infrared Spectroscopy (60SXB, America); Electro 
thermal constant-temperature dry box (SKFG-01, China); 
Electronic analytical balance (AW220, Japan); Electric-
heated thermostatic water bath (HH-6, China); Vacuum 
pump of circulation water (SHZ-D(III), China). 

2.2 Reagent 

DMY (>95%) was prepared by our tea lab [7]. All other 
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reagents were analytical reagent grade. 

2.3 Experimental Method 

2.3.1 Preparation of ADMY 
Some DMY was stirred in 50ml of dry ethyl acetate at 

room temperature under a dry nitrogen atmosphere until 
all the DMY was dissolved in ethyl acetate. Some acetic 
anhydride was added drop from an additional funnel with 
constant stirring to the reaction mixture. The reaction 
mixture was then slowly heated to certain temperature 
and allowed to proceed with continuous stirring for 
certain time at certain temperature. The reaction mixture 
was washed with sodium bicarbonate solution in an 
extraction funne1. So process was repeated several times 
to remove the acetic acid and the unreacted DMY. Then 
extracted product was washed with distilled water 2～3 
times to remove remainder impurities. ADMY was 
concentrated and dried in a vacuum desiccator. 

2.3.2 Preparation of BDMY 
Some ADMY was stirred in 50ml of dry acetone at 

room temperature under the dry nitrogen atmosphere until 
all the ADMY was dissolved in acetone. Some lauryl 
alcohol and catalyst was added drop from an additional 
funnel with constant stirring to the reaction mixture. The 
reaction mixture was then slowly heated to certain 
temperature and allowed to proceed with continuous 
stirring for certain time at certain temperature. The 
reaction mixture was washed with hot distilled water in an 
extraction funne1 in order to get rid of catalytic agent. 
Then it extracted by ether and concentrated to remove 
acetic ether. To increase the purity of BDMY, treatment 
of recrystallization in ethanol and dryness was performed. 

2.3.3 Preparation of LDMY 
Some BDMY was stirred in 10ml of NaOH methanol 

solution at certain temperature under a dry nitrogen 
atmosphere. The reaction mixture was washed with 
hydrochloric acid of which pH value was three in an 
extraction funnel in order to remove NaOH methanol 
solution. Then it was extracted by ether and concentrates 
to remove ether. 

2.3.4 Determination of the Optimum Condition of  
Synthesis of Three Steps 

Through single factor experiment the investigation 
analyzed the influence of factors such as pH, temperature, 
time and catalyst. In this paper, the optimal reaction 
conditions were determined. 

3 Results and Discussions  
3.1 Synthetic Principle  

The first step was protection of phonetic-hydroxyl 
groups. There are six phenolic-hydroxyl groups that can 

react with acid anhydride or acylchloride in the molecular 
of DMY through theoretic analysis. In this experiment, we 
chose acetic anhydride to protect phenolic-hydroxyl 
groups, because acetic anhydride which is easy to 
hydrolyze is perfection protective group .The second 
reaction was hydrocarbylation. The 6 and 8 of A-ring of 
DMY which have a high nucleophilic activity are easy to 
react with electron-deficient reagents, such as alcohol, 
chloride. According to this principle lauryl alcohol was 
used to the benzene ring by Friedel alkylation, so long-
chain aliphatic hydrocarbons can increase their lipid-
soluble. Hydrolysis was the third step to remove the 
protective group. Under alkaline conditions acetate 
hydrolysis is general reaction. 

3.2 Determination of Optimum Reaction 

3.2.1 Synthesis Conditions of ADMY 
The main purpose of this step was to protect phenolic 

hydroxyl by esterification reaction. However the phenolic 
hydroxyl under strong heat was prone to redox reactions. 
Therefore, to ensure the phenolic hydroxyl effectively 
transform into ester group, the conditions of the reaction 
temperature should be as low as possible and shorten the 
reaction time. Whether the infrared spectra of reaction 
products have telescopic vibratory absorption peak for–
OH (3300～3400cm-1) or not, that was a judgment of 
determination the optimum reaction. 

3.2.1.1 Selection of Catalyst 
We selected phosphoric acid, pyridine and potassium 

carbonate as a catalyst in experiments. The experimental 
results were as follows. 

Table 1. Effect of catalyst type on the reaction 

catalyst 
phosphoric 

acid 
pyridine 

potassium 
carbonate 

IR absorption 
peak for –OH 

+ - - 

Note: + indicates the infrared spectra of reaction products at the 3300～
3400cm-1 has the characteristic absorption peak of hydroxyl groups; - 
indicates that the infrared spectra of reaction products at the 3300～3400cm-

1 free of the characteristic absorption peak of hydroxyl. The following Table 
2, Table 3, Table 4, the + and - has the same meaning. 
 

The results suggested that when phosphoric acid as a 
catalyst, the reaction was non-response. When pyridine 
and potassium carbonate as catalyst, the reaction was 
occured, but pyridine itself was odor and the reaction 
speed was very slow, so potassium carbonate was best 
catalyst for this reaction. 

3.2.1.2 Effect of Acetic Anhydride Dosage 
The amount of acetic anhydride directly affected the 

degree of esterification. Ensuring sufficient phenolic 
hydroxyl acylating with acetic anhydride, the amount of 
acetic anhydride should be as little as possible. 
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The following table showed the amount of acetic 
anhydride not less than 4 times the molar of DMY, the 
phenolic hydroxyl can be converted into esters. Therefore, 
we selected the amount of acetic anhydride (molar) 4 
times to the amount for the DMY. 

Table 2. Effect of acetic anhydride dosage 

the molar ratio of DMY and acetic 
anhydride 

1 2 3 4 5 6

IR absorption peak for –OH + + + - - -

3.2.1.3 Effect of Different Temperature and  

Different Time 
We chose for the reaction temperature (30 ℃, 40 ℃, 50 

℃ ) and reaction time (2h, 4h, 6h) as a single factor 
experiment factors. The results showed that the response 
selection 4h and 40℃ was more appropriate. 

Table 3. Effect of different temperature 

Reaction temperature(℃) 30 40 50 
IR absorption peak for –OH + - - 

 

Table 4. Effect of different time  

Reaction time (h) 2 4 6 
IR absorption peak for –OH + - - 

3.2.2 Alkylation 
By Friedel-Crafst alkylation, long chain saturated 

hydrocarbon introduction into ADMY molecules can 
increase its lipid-soluble. There were two connected peaks 
in 2850cm-1 and 2920cm-1 for BDMY which was a 
telescopic vibratory absorption peak for C-H bond in fatty 
chain and indicates lauryl alcohol has been synthesized 
into DMY molecule while there was no such a peak for 
DMY. The characteristic absorption peak of IR and 
quality of the obtained product of unit mass ADMY was 
an indicator to determine whether the reaction was 
completed or not. 

3.2.2.1 Effect of Catalyst Dosage 
The catalyst such as AlC13、BF3、FeC13、ZnC12 is 

commonly used in Friedel-Crafts alkylation reaction. As 
AlC13 is used in alcohol alkylation, hydrocarbon 
isomerization does not occur, AlC13 is a good catalyst.  
When the amount of  lauryl alcohol was 2nADMY, 
reaction temperature was 70℃, in nitrogen atmosphere, 
the amount of catalyst were ADMY (quality) of 4%, 6%, 
10%, 12%, 14%(w/w), the results in the following table 
indicated that the amount of catalyst directly affect 
reaction rate, the greater the amount of catalyst, the 
reaction time was shorter. When the amount in the range 
of 10% ~ 14% (w/w), the effect on the reaction is no 
longer obvious, the percent of 10% was best ration. 
 

Table 5. Effect of catalyst dosage 

catalyst dosage(w/w） 4% 6% 10% 12% 14%

IR absorption peak + + + + + 
quality of BDMY (g) 1.24 1.32 1.41 1.44 1.45

Note: + indicates the infrared spectra of reaction products at the 2850cm-1 and 
2920cm-1has the characteristic absorption peak; - indicates that the infrared 
spectra of reaction products at the 2850cm-1 and 2920cm-1 free of the 
characteristic absorption peak. The following Table 6, Table 7, Table 8, the + 
and - has the same meaning. 

3.2.2.2 Effect of Lauryl Alcohol Dosage 
When the amount of catalyst was 10% of ADMY 

quality, reaction temperature was 70℃, reaction time was 
6h, in nitrogen atmosphere the results were showing in the 
following table. 

Table 6. Effect of lauryl alcohol dosage 

lauryl alcohol dosage 
（nADMY） 

1 1.2 1.4 1.6 1.8

IR absorption peak + + + + + 
quality of BDMY (g) 1.08 1.35 1.38 1.36 1.41

The results showed that when the amount of lauryl 
alcohol was 1.4 times molar of ADMY, there was no 
obvious effect on the reaction. So the best amount of 
lauryl alcohol was 1.4 times molar of ADMY. 

3.2.2.3 Effect of Different Temperature 
Temperature was a major factor of the alkyl 

isomerization. Isomerization was easy to occur under 
high-temperature. In order to avoid or reduce 
isomerization, it should try to reduce the temperature of 
alkylation. When the amount of catalyst was 10% of 
ADMY, the amount of lauryl alcohol was 1.4 times molar 
of ADMY, in nitrogen atmosphere, the effect of 
temperature on the reaction as follows. When the reaction 
temperature was higher than that of 50℃, the reaction can 
be carried out smoothly. Although increasing the reaction 
temperature can shorten the reaction time, but result in 
hydrocarbon isomerization. Significant increase of 
BDMY in quality, the reason is result of the isomerization 
reaction. At 50℃, although the reaction time was longer, 
but the reaction conditions were mild. Thus the 
temperature of 50℃ was more appropriate. 

Table 7. Effect of different temperature 

Reaction temperature（℃） 40 50 60 70 80 

Reaction time(h) 12 8 6 4 2 

IR absorption peak - + + + + 

quality of BDMY(g) 0 1.29 1.34 1.45 1.68

3.2.3 Hydrolysis 
Many acetate hydrolysis methods were existence, but 

the hydrolysis reaction rate was fast in sodium hydroxide 
methanol solution, reaction conditions were mild. 
Whether the infrared spectra of reaction products have 
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telescopic vibratory absorption peak for ester (1710～
1780cm-1) or not, that was a judgment of determination 
the optimum reaction. 

3.2.3.1 Effect of pH on the Reaction 
To ensure hydrolysis of BDMY effectively it should 

try to reduce the pH value of solution, because of 
instability of the phenolic hydroxyl group. 

Table 8. Effect of pH on the reaction 

pH value 7.5 8 8.5 

IR of ester + - - 

The results were as follows. When pH value was 
greater than 7.5, BDMY were able to fully hydrolyze. 
Therefore, we choose pH = 8 as better condition. 

3.2.3.2 Effect of Different Temperature 
To ensure hydrolysis of BDMY effectively, the reaction 

temperature should be as low as possible, because of 
instability of the phenolic hydroxyl group. The following 
table showed when the reaction temperature was not 
lower than 30℃; reaction time not less than 8h, BDMY 
was able to fully hydrolyze. Thus, 30 ℃ was more 
appropriate reaction temperature. 

Table 9. Effect of different temperature on the reaction 

Reaction temperature（℃） 20 30 40 50 

Reaction time(h) 12 8 6 4 

IR of ester + - - - 

4 Conclusion 

Three-step synthesis method is effective and new 
method to synthesize lipid-soluble DMY. The optimum 
reaction conditions of acylation are as follows: potassium 
carbonate as catalyst, DMY and acetic anhydride molar 

ratio of 1:4, the reaction temperature is 40 ℃, reaction 
time is 4h; The optimum reaction conditions of alkylation 
are as follows: the amount of catalyst is 10%(w/w), 
reaction temperature is 50℃ , reaction time is 6h, the 
amount of lauryl alcohol (amount of substance) is 1.4 
times ADMY; the optimum reaction conditions of 
hydrolysis are as follows: pH=8, the reaction temperature 
is 30℃. 
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Abstract: The effects of the solvent concentration, the extracting time, and the liquid/solid ration were inves-
tigated to study the optimum technological conditions of the chlorogenic acid from Huaiqing chrysanthemum 
with the ethanol solution by the orthogonal experiment method in this paper. The optimum technological con-
ditions were as follows. The ethanol volume fraction ¢ is 55%; the extracting time is 1 hour; the liquid/solid 
ratio is 20. The extraction process of the chlorogenic acid was also identified as a Quasi-first order reaction by 
researching the reaction kinetics, whose apparent rate constant k is 0.03935. 
 
Keywords: Huaiqing chrysanthemum; chlorogenic acid; extraction; orthogonal experiment; reaction kinetics 

1 Introduction 

Huaiqing chrysanthemum is Jiaozuo specialty as one 
of Four Huaiqing Chinese Medicines (Yam, Chrysan-
themum, Rehmannia, Achyranthes). It is a kind of high 
nutritional vegetable which used as both food and medi-
cine in China. It has functions for dispelling wind and 
clearing heat, also benefit for liver and eyes[1]. Chloro-
genic acid is one of the important active ingredients in 
the chrysanthemum. 

Chlorogenic acid is a kind of synthetic phenylpro-
panoid substances in the process of aerobic respiration 
within plants[2], it has multiple effects such as free radi-
cals, anti-bacterial anti-inflammatory, antiviral, hypo-
glycemic, lipid-lowering, liver gallbladder and so on. 
Chlorogenic acid has been found to have anti-cancer, 
anti-HIV effect, it can be used for design and develop-
ment of anti-cancer, anti-AIDS drugs[3]. At the same time, 
chlorogenic acid and other polyphenols known as the 
“seventh class of nutrients,” is widely used in health-care 
industry, with detoxification, beauty emollients, anti- 
aging characteristics of the digestive system, blood sys-
tem and the reproductive system diseases have a signifi-
cant effect. Extraction of chlorogenic acid has been re-
ported rarely[4-6]. In this paper, the solvent heat extraction 
method was be used to extract the chlorogenic acid in the 
Huaiqing chrysanthemum. And then, the orthogonal ex-
perimental was done to make sure the optimum process 
conditions. 

2 Materials and Methods 
2.1 Materials, Instruments and Reagents 

Huaiqing chrysanthemum was purchased from Jiaozuo. 
UV spectrophotometer (UV1900, Purkinje General In-
strument Co., Ltd Beijing), circulating water pump 

(SHB- , Chang sheng Experiment Instrument Co., Ltd., Ⅲ
Zheng zhou), precision pH meter (PHS-3CT, Grand & P 
Instrument Co., Ltd. Shanghai), constant temperature 
heating magnetic stirrer (CL-Z, Chang sheng Experiment 
Instrument Co., Ltd., Zheng zhou). Chlorogenic acid 
comparison products were purchased from the Chinese 
Identification of Pharmaceutical and Biological Products, 
production batch number 110753-200413; anhydrous 
ethanol, ethanol (¢ = 95%) for the AR; deionized water 
from the Experimental Center of Chemistry, Henan 
Polytechnic University, made. 

2.2 Methods  

The chlorogenic acid was extracted by hot extraction 
methods from the Huaiqing chrysanthemum which was 
crushed. The optimum extraction conditions were deter-
mined with the designed orthogonal experiments on the 
basis of single factor experiment. Under the optimum 
conditions, the dynamics of the chlorogenic acid extrac-
tion process was also studied by the linear fitting method. 

2.3 Optimal Wavelength and Standard Curve 

2.3.1 The Choice of the Maximum Absorption 

Wavelength  

Chlorogenic acid reference substance was diluted by 
95% ethanol. The absorption spectra of reference solu-
tion and extraction solution were scanned with UV spec-
trophotometer, which wavelength range from 200nm to 
400nm. The results were shown in Fig1. The absorption 
spectra of reference solution and extraction solution have 
the same maximum absorption peak at 329nm, which is 
consistent with the literature[7]. So the wavelength of 
detection light was determined as 329 nm in our next 
experiments. 
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Figure 1. UV spectra of reference solution and 
extraction solution 

1-Extraction solution; 2-Reference solution 

2.3.2 Building Standard Curve  
Firstly, the stock solution of the chlorogenic acid was 

obtained. 5.0 mg chlorogenic acid standard substance 
was weighed accurately in 100 mL of volumetric flask, 
dissolved and made up to the mark with ethanol solution 
of 95%. Secondly, a sequence of standard solutions with 
different concentration was obtained by diluting the stock 
solution with 95% ethanol. Thirdly, the absorbance of 
each standard solution was determined by the UV spec-
trophotometry at 329nm, and the reference solution was 
the 95% ethanol. And then, the standard curve was drawn 
in Fig2, ordinate representing absorbance (Y) and ab-
scissa representing standard solution concentration (C), 
respectively. The regression equation concluded from the 
standard curve can be shown as Y = 0.06045 ×C-0.01149, 
where the linear range is 0 ~ 30μg/mL, and the correla-
tion coefficient (R) is 0.9998. According to this regres-
sion equation, the mass of chlorogenic acid (m) can be 
calculated as the following formula (1).  

mg YnV

 m
Equation (2) is the yield of chlorogenic acid; n is a mul-
tiple of dilution; V is the volume of solvent (mL); M is 
quality of the crude drugs. 
 

          

Figure 2. The standard curve of chlorogenic acid 

2.4 Solvents to Choose 

Chlorogenic acid molecule contains hydroxyl and py-

rocatechol hydroxyl, so chlorogenic acid is soluble in 
water and organic solvents such as methanol, ethanol and 
acetone. However, the acetone has very low boiling point 
and the methanol is toxic. In this paper water and ethanol 
were used as the extraction solvents of chlorogenic acid 
and investigated their different effect on the yield of 
chlorogenic acid. 

The UV absorption spectra of chlorogenic acid with 
different solvents were given in Fig 3. The spectrum of 
the extraction solvents with water is wide and has not 
obvious absorption peak at 329nm. But the absorption 
peak of the spectrum of the extraction solvents with 
ethanol is more obvious. This result shows that the etha-
nol should be suited to be the extraction solvent of 
chlorogenic acid from the Huaiqing chrysanthemum. 

 
Figure 3. The comparison of the UV absorption spectra 

between water and ethanol solution 
1-Extraction solution with ethanol; 2- Extraction solution with water 

3. Results and Discussion 
3.1 Orthogonal Experiments  

According to the single factor experiment results, un-
der the condition of pH6 and temperature for 800C, the 
orthogonal experiments were designed to determine the 
optimization technique conditions. As is shown in table1 
that the extracting time (A), the solvent volume fraction 
(B) and the liquid/solid ratio (C) were treated as the or-
thogonal experimental investigation factor and taken 
three levels and chosen the orthogonal table L9 (34). 

Each experiment was repeated twice in orthogonal ta-
ble in order to reduce experimental error[8]. The orthogo-
nal experiment results were shown in table2. 

The range analysis results show that the order of fac-
tors which affect the yield of chlorogenic acid is the sol-
vent volume fraction, the liquid/solid ratio and the ex-
tracting time. According to the highest yield of chloro-
genic acid, the optimum extraction technology is 
A1B1C3. That is to say, it is that the extracting time is 1 
hour, and the ethanol volume fraction ¢ is 55% and the 
liquid/solid ratio is 20. The yield of chlorogenic acid is 
5.5028% by calculation in this condition.  

3.2 The Reaction Dynamics Research  

Spiro M[9] et al. found the dynamic model that is 
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widely used in extraction of plant components in 1981. 
They have studied the extraction process of the 
Theaflavins and the thearubigins from black tea and the 
extraction of the caffeine from the coffee beans. Fur-
thermore they established the dynamic equation of the 
solute diffusion, that is ㏑[C∞/(C∞-C)]=kt, where C is 
the solute concentration of the solution at t moment, and 
C∞ is the balance concentration, and k is the apparent 
rate constant. 

The extraction experiment was done in order to inves-
tigate the reaction dynamics under the optimum condi-
tions. The UV absorbance of the chlorogenic acid would 
be measured every 20min until the UV absorbance almost 
unchanged. To that moment, the acquired concentration 
was the balance concentration C∞. The values of the 
㏑[C∞/(C∞-C)] were gotten by contrasting the standard 
curve. And then, the relationship between these values 
and the time t was investigated by Origin7.5 and shown in 
the Fig4. 

 
Figure 4. The relations between ㏑[C∞/(C∞-C)] (y axis) 

and time t (x axis) correlation coefficient R=0.97219 

The linear fitting result shows that the ㏑[C∞/(C∞-C)] 
and the time t is a good linear relation whose curve equa-
tion is Y =0.52306 + 0.03935×X, the correlation coeffi-
cient R = 0.97219. This result demonstrates that the sol-
ute diffusion of the extraction process of the chlorogenic 
acid from the Huaiqing chrysanthemum is in accordance 
with the Spiro M equation. So the extraction process of 
the chlorogenic acid could be identified as the pseudo- 
first-order reaction whose apparent rate constant k is 
0.03935. 

Table 1. Factors and levels in orthogonal experiments 

levels 
The extracting 
time /min (A) 

The solvent 
volume fraction 

/ø (B) 

The liquid/solid
ratio(C) 

1 60 55 15 

2 90 70 25 

3 120 95 20 

Table 2. Results of orthogonal experiments 

Yield(%)  Test 
number  

A B C 
Y1             Y2 

1 1 1 1 4.8252 4.8294 

2 1 2 2 5.4627 5.4632 

3 1 3 3 4.8196 4.792 

4 2 1 2 5.2441 5.2326 

5 2 2 3 5.2953 5.2953 

6 2 3 1 3.7663 3.7663 

7 3 3 3 5.2338 5.243 

8 3 1 1 5.3500 5.3156 

9 3 2 2 4.4629 4.4515 

K1 30.192 30.797 27.853   

K2 28.6 30.431 30.317   

K3 30.057 27.621 30.679   

R 1.592 3.176 2.826   

4 Conclusion 

The optimum technological conditions were deter-
mined by the orthogonal experiments with three revels 
and 4 factors. Under the condition of pH6 and tempera-
ture for 800C, the extract conditions were that the etha-
nol volume fraction ¢ is 55%, and the extracting time t is 
1 hour, and the liquid/solid ratio is 20, The yield of the 
chlorogenic acid was 5.5028% under these conditions. 
And then, the reaction kinetics of the chlorogenic acid 
extraction process was identified preliminarily as the 
pseudo-first-order reaction kinetics process whose ap-
parent rate constant k is 0.03935. This method can be 
used as a reliable and easy method for the extraction of 
chlorogenic acid from Huaiqing chrysanthemum.  
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Abstract: One new copper(II) complex with 1-benzyl-2-phenyl-1H-benzimidazole [Cu(C20H16N2)2Cl2] were syn-
thesized, and characterized by elemental analysis and IR spectra. The structures were established by single crystal 
X-ray diffraction. The copper(II) ion is four-coordinated and exhibites parallelogram coordination geometry. The 
molecules of the complex are linked through hydrogen bonding and π…π bonding to form three-dimensional net-
work. After studying the antimicrobial activity of copper(II) complex, we can find that the copper(II) complex was 
active against Escherichia coli, Staphylococcus aureus and Bacillus subtilis. 
 
Keywords: Benzimidazole derivative; Cu(II) complex; crystal structure; antimicrobial activity 

1 Introduction 

Copper is a physiologically important metal [1,2], 
playing an important role in growth, scavenging harmful 
free radicals, and preventing oxidative damage to cells, 
protein synthesis, and the activity of metal enzymes [3], 
capable of participating in a variety of redox cycling re-
actions [4]. The benzimidazole derivant have the a wide 
range of biological activity involving the anticancer, an-
tibacterial, anti-inflammation, therapy of hypoglycemia 
and physiological disorder and so on [5], the studies in 
the pharmaceutical chemistry have allimportant signifi-
cance. The research indicated that many transition metal 
complexes with the benzimidazole exist in all kind of 
important biomolecules have become good model for 
many metalloenzymes and metal protein active spot [3]. 
By virtue of their variable oxidation states, flexible coor-
dinate geometry, and rich photophysical and electro-
chemical properties, many transition metal complexes 
have been covalently linked to biomolecules for various 
purposes [6]. In this study, we report the crystal struc-
tures and antimicrobial activity of the new complex 
[Cu(C20H16N2)2Cl2].  

2 Experimental 
2.1 Preparation of the Complex  

To a solution of ligand (10mmol) in methanol (30ml) 
was added to CuC12·2H2O (5mmol) in water (10ml). The 
mixture was stirred at 55-60  for 2h. The solvent was ℃
cooled to room temperature, a mass of green precipita-
tion was collected by filtration, then washed with water 
and methanol successively, finally dried to afford green 

powder in 76.8% yield, recrystallization of the complex 
from ethanol at room temperature gave crystal suitable 
for X-ray single crystal diffraction analysis. m.p. 
274-276 . IR(KBr℃ ，ν/cm-1): 3040, 1608, 1449, 1410, 
1353, 1299, 1170, 1074, 1027, 978, 927, 824, 732, 690; 
Anal. calcd for C40H32Cl2CuN4 (%): C68.32, H4.59, N 
7.97; found (%): C68.24, H4.53, N8.12.  

2.2 Physical Measurements  

Element analyses were measured by Perkin-Elmer 
2400c Element analyzer. Infrared spectra were recorded 
on a Nicolet 5DX FT-IR spectrophotometer in the range 
4000 to 400 cm−1.  

2.3 X-Ray Crystal Structure Determination  

A single-crystal of the complex suitable for X-ray 
crystallographic analysis was mounted in sealed glass 
capillaries. Diffraction data were collected with a Bruker 
SMART 1000 CCD diffractometer by the use of graphite 
monochromated Mo-Ka radiation (λ = 0.71073 Å) at 
298(2) K. The crystal structure was solved by direct 
methods and all non-hydrogen atoms were located with 
successive difference Fourier syntheses. The structure 
was refined by full-matrix least-squares on F2 with ani-
sotropic thermal parameters for all non-hydrogen atoms. 
Hydrogen atoms were added according to theoretical 
models. All calculations were performed using the pro-
grams contained in the SHELXL package [7, 8]. A sum-
mary of crystallographic data and refinement parameters 
for the Cu(II) complex are given in table 1. 

2.4 Antimicrobial Activity Determination  

Scientific Foundation of Huaihai Institute of Technology (Z2009022) The test of antimicrobial activity adopts a method by 
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agar diffusion using DMF as the solvent. Culture me-
dium of antibiotic medium are consist of the Beef extract, 
albumens and agars. The culture medium, experiment 
wear and filter paper of 5 mm diameter were sterilized 
for 30 min at 120˚C, the culture medium was transferred 
to glass plates and cooled to about 37˚C. After Es-
cherichia coli (E.coli), Staphylococcus aureus (S.aureus) 
and Bacillus subtilis (B.subtilis) were inoculated to the 
solid culture medium surface, the filter paper with 20μL 
samples were placed on the surface. They were allowed 
to incubate at 37˚C for 24 h. The inhibition zone around 
the disc was calculated as zone diameter in millimeters. 

3 Results and Discussion 
3.1 Crystal Structure of Complex 

The molecular structure of Cu(II) complex is shown in 
Figure 1. The selected bond distances, bond angles and 
hydrogen bonds are summarized in Table 2. Bei et al [15] 
have reported the crystal structure of ligand, but they 
have no any explanation for intermolecular forces. There 
are hydrogen bonds and π…π bonds in the structure of 
the ligand and Cu(II) complex. The central Cu(II) ion is 
four-coordinated with two N atoms from two ligands and 
two chloridion. The two N atoms and two chloridion 
coordinated to Cu(II) ion define a parallelogram, the 
Cu(II) ion occupies center of parallelogram and is strictly 
coplane with the two N atoms and two chlorine atoms. 
The Cu–Cl bond distance is 2.2741(11)Å, Cu–N bond 
distance are 1.967(3)Å. The dihedral angles between 
benzimidazole plane and phenyl plane, benzyl plane are 
35.02(10) º and 79.57(5) º for ligand, whereas corre-
sponding to 44.13(15)º and 87.96(9)º for Cu(II) complex. 
This change is because of the N atom coordinated to 
Cu(II) ion, and there are C(7B)-H(7B)…Cl(1) and 
C(7C)-H(7C)…Cl(1A) hydrogen bonds in molecules. In 
addition, π…π stacking interactions exist between phenyl 
plane of adjacent molecules for ligand and Cu(II) com-
plex, The center-to-center distance and vertical distance 
of adjacent phenyl plane are 4.879(2) Å and 3.366 Å for 
ligand, 4.309(3) Å and 3.321 Å for Cu(II) complex, re-
spectively. The molecules of the ligand and Cu(II) com-
plex are linked through hydrogen bonding and π…π 
bonding to form three-dimensional network. 

 
 
 
 
 
 
 
 
 
 

Table 1. Crystal data and structure refinement for ligand 
and complex 

compound ligand complex 
Formula C20H16N2 C40H32N4CuCl2

Formula weight 284.35 703.14 
Temperature (K) 298(2) 298(2) 
Wavelength (Å) 0.71073 0.71073 
Crystal system Monoclinic Monoclinic 
Space group P21/c P21/c 

Unit cells and dimensions 
(Å, ˚ ) 

  

a 6.0045(13) 10.5976(16) 
b 16.924(2) 16.719(2) 
c 15.181(2) 10.0340(10) 
α 90 90 
β 91.467(2) 113.398(2) 
γ 90 90 

Volume (Å3), Z 1542.2(4), 4 1631.7(4), 2 
DCalcd (mg/m-3) 1.225 1.431 

F(000) 600 726 
Crystal size (mm3) 0.40×0.23×0.21 0.18×0.11×0.05

θ Range for data collec-
tion (˚) 

1.80-25.01 2.09-25.01 

Reflections collected 7679 
[R(int)=0.0553] 

8217 
[R(int)=0.1060]

Refinement method Full-matrix 
least-squares on 

F2 

Full-matrix 
least-squares on 

F2 
Data/restraints/parameters 2709/0/199 2875/0/214 

Goodness-of-fit on F2 1.005 1.010 

Final R indices [I＞2σ(I)] R1=0.0452, 
wR2=0.1206 

R1=0.0531, 
wR2=0.1153 

Largest difference peak 
and hole (eÅ-3) 

0.140 and -0.162 0.605 and 
-0.612 

Table 2. Selected bond lengths (A˚), hydrogen bond lengths 
(A˚) and bond angles (°) for ligand and complex 

Cu(1)–N(1)i 1.967 (3) 

Cu(1)–N(1) 1.967 (3) 

Cu(1)–Cl(1)i 2.2741 (11) 

Cu(1)–Cl(1) 2.2741 (11) 

N(1)i–Cu(1)–N(1) 180.00 (18) 

N(1)ii–Cu(1)–Cl(1)i 90.24 (9) 

N(1)–Cu(1)–Cl(1)i 89.76 (9) 

N(1)i–Cu(1)–Cl(1) 89.76 (9) 

N(1) –Cu(1)–Cl(1) 90.24 (9) 

Cl(1)i–Cu(1)–Cl(1) 180.0 

 

D–H…A   D–H   H…A  D…A  D–H…  A 

ligand    C(8)–(8B)…N(2)ii    0.97   2.55   3.515(3)  176 

complex  C(7)–H(7)…Cl(1)iii   0.93   2.93   3.852(4)  171 

Symmetry codes: (i) −x+1, −y+1, −z+1; (ii) x−1, y, z; (iii) x, 1
1

2
y  , 1

2
z   
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Figure 1. Molecular crystal structure of the Cu(II complex 
[symmetry code: A (1-x, 1-y, 1-z)]) 

3.2 Antimicrobial Activity 

The test results of the ligand and the complex against 
B. subtilis, E. coli and S. aureu are presented in Table 3. 
It is evident that antibacterial activity of the Cu(II) com-
plex and ligand increased with the increasing the concen-
tration. The ligand showed higher activity against B. sub-
tilis, E. coli and S. aureu as compared to the complex. 
Complexation could enhance the lipophilic character of 
the central metal atom, which subsequently favours its 
permeation through the lipid layers of cellular membrane, 
inhibit the growth of bacteria. 

Table 3. The antibacterial activity of the complex and 
ligand 

Diameter of inhibition zone (mm) 

 complex ligand 

 0.3mg/mL 1mg/mL 2mg/mL 0.3mg/mL 1mg/mL 2mg/mL

E.coli 9.6 11.2 15.1 8.8 19.1 23.0 

S.aureu 7.1 12.3 16.6 9.6 17.0 21.2 

B.sutilis 8.8 10.5 13.2 9.1 13.1 14.9 

 

4 Conclusion 

We synthesized a new copper complex 
[Cu(C20H16N2)2Cl2] and its structure was established by 

single crystal X-ray diffraction. The antimicrobial prop-
erties of the complex in DMF has been investigated. The 
complex sample showed good antimicrobial activity 
against E. coli, S. aureu and B. subtilis. But the ligand 
showed higher activity against B. subtilis, E. coli and S. 
aureu as compared to the complex. 
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Abstract: The influence of ultrasound-microwave during extraction of Ricinus communis (L) allergen from 
castor bean meal (CBM) was investigated. The method was successfully applied for the ultrasound-
microwave assisted extraction (UME) of allergen from CBM. The corresponding extraction parameters 
including the extraction temperature, ultrasonic-microwave power and extraction time were investigated. 
CBM was crushed, sifted, ground and suspended for 4 h in 25% ethanol water (1:4) at room temperature 
followed by ultrasound-microwave. The yield, polysaccharose and protein contents were determined after 
each processing step. The purity of extracted allergen was tested through HPLC and the Sephadex G-100 and 
Tricine-SDS-PAGE detection with unique electrophoresis strip documented that allergen was purifed. The 
paper describes the conditions of the temperature, time, and microwave-power for the method reliability with 
UME and suitability for the effective extraction of allergen from CBM. 
 
Keywords: Ricinus communis L; allergen; ultrasound-microwave assisted extraction; castor bean meal 
 

1 Introduction 

Recent studies described the use of high-intensity 
ultrasound-microwave to extract a number of 
polysaccharides from a variety of sources, It was 
suggested significant reductions in time and solvent 
requirements leading to cost savings and increased 
production rates [1]. Ricinus communis with its 
derivatives has scores of industrial uses, while the 
pomace is used only as a fertilizer and this usage has 
some hazard because of the potent allergens it contains. 
The major byproduct of castor bean oil extraction can the 
main protein source for swine diets globally if we 
adopted of reasonable processing. Castor bean meal 
(CBM) contains not only rich Various nutrients protein 
that posses 33%-35% protein content, mineral elements, 
amino acids, protein, etc, but also the serveral harmful 
components, such as ricinines, allergens, ricin and 
hemagglutinins which cannot be directly used for feed 
protein. The toxicity of ricin is destroyed when its water 
solution is heated to boiling or even to the coagulation 
temperature of the protein. But the principal castor bean 
allergen retains immunt-precipitating and allergenic 
properties after heating at 100℃. Allergen belongs to the 
group of immunoglobulin G(IgE)-mediated urine protein. 
It is characterized by a higher frequency of severe 
reaction than foundin other plantallergies. Fatal plant-
induced anaphylaxis affecting children as well as adults 
is often induced by exposure to castor oil plant [1-5]. Due 

to its prevalence and the potential severity of allergic 
reactions identification and molecular characterization of 
plant allergens is an essential step towards improving 
diagnosis and therapy. Today, there are many extraction 
methods used for this aim. Although the repeating solvent 
extraction method is the most widely used extraction 
method [5], it proves to be laborious, time-consuming 
and solvent-consuming. Nowadays, the ultrasound-
microwave assisted extraction has been successively 
developed as the alternative extraction methods for this 
conventional extraction. Although this extraction method 
greatly lessen the extraction time and experimental 
operation, they do not meet the demand of green 
chemistry for the consumption of volatile or harmful 
solvents. This paper describes the conditions of 
temperature, time, microwave power for allergen, the use 
of ultrasound to improve the efficiency of the extraction 
process could lead to cost and time savings. The goal of 
this study was therefore to evaluate whether the use of 
high intensity ultrasound during the extraction may 
benefit allergen production In the present study, the 
ethanol-based UME was used for the extraction of 
allergen from CBM considering the alcohol of target 
compounds. Therefore, some chemical qualitative and 
quantitative analysis of allergen are necessary for the 
evaluation of this extraction method. Up to today, HPLC 
[2, 16, 17], polyacrylamide gel electrophoresis [18] and 
DSC melting point determination apparatus assay 
methods [19] have been used for this. On the basis of this, 
an efficient extraction method of allergen from CBM was 
established. 

Identify applicable sponsor: Tianjin Municipal Rural Affair Committee 
of the People’s Republic of China (0502170) 
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2 Experiment  
2.1 Reagents and Materials 

The resgents were Purchased from the National 
Institute for the Control of Pharmaceutical and Biological 
Products (shanghai, China), allergen was dissolved in 
ethanol and stored at -20 ℃ . Bovine Serum Albumin 
(BSA) was obtained from Shanghai Chengjie Chemical 
Co., Ltd. (Shanghai, China). Other reagents were at least 
of analytical grade and purchased from Tianjin Chemical 
Factory (Tianjin, China). Reverse osmosis Milli-Q water 
(Millipore, USA) was used throughout the whole 
experiment.  

The CBM was purchased from Tianjin Nankai 
university HaiTai castor production base (Tianjin, China).  

2.2 Apparatus 

HPLC used a Waters Millennium32 system including a 
Waters 996 photodiode array detection (DAD) system, a 
Waters 600 Multisolvent Delivery System, a Waters 600 
System controller, a Waters 600 pump and a 
Millennium32 workstation (Waters, Milford, USA). The 
UME was carried out on an variable microwave power 
extraction bath of thermal energy converter,type of 
CW2000, shanghai xintuo Microwave sample-dispelling 
technology Co., Ltd., (Shanghai, China).  

2.3 Ethanol-Based UME 

The dried CBM (100.0 g) was ground and sieved into 
40 sizes. 10.0 g sample powder was accurately weighed 
and suspended in 50 mL aqueous distilled water 
solution1:5solid-to-solvent ratio, w/v) at room 
temperature for 4 h, stirred for 4 hours  After conversion, 
the sample was executed UME ,the temperature was 
controlled by the constant-temperature water. The ethanol 
concentration, extraction temperature, ultrasonicmicro- 
wave power and extraction time were optimized. Using 
bovine serum albumin as a standardsamples were 
scanned at least three times, and the average allergen 
values were reported (Fig1). After each extraction, the 
extract was filtrated through a 0.45 µm filter for the 
subsequent HPLC analysis Samples were scanned at least 
three times, and the average values were reported. 

2.4 Traditional Extraction Method 

To illustrate the feasibility and necessity of ethanol-
based UME of allergen from CBM, it was firstly 
dissolved with ethanol-water solution which concen-
tration was about 25 weight percent but separated out 
with ethanol-water solution which concentration was 
about 75 weight percent conditions. Furthermore, added 
to sugar of lead reagent ,the traditional extraction method 
was chosen as the control extraction method for the 

ethanol-based, that was, an aliquot (10.0 g) of sample 
was accurately weighed and extracted by boiling process 
with abundant ethanol repeatedly for 4 times. After four 
times extraction, the extracts were combined and 
concentrated into 20 mL. All final extracts were filtrated 
through a 0.45 μm filter for the subsequent HPLC 
analysis.  

2.5 Chromatographic Conditions 

The chromatographic column was KromasilC-18 
column (150mm4.6mm ID, 5µm) The eluent was a 
mixture of methylalcohol and deionized(25:75, v/v), the 
flow rate was 1.0 mL/min , the injection volume was 20 
µL and the column effluent was monitored at the 
wavelength of 268 nm. All chromatographic measure- 
ments were operated at room temperature. Mean 
separation was achieved using orthogonal polynominal 
contrast. 

2.6 Statistical Analysis 

To determine possible correlations between the 
different extraction steps and treatments, results were 
subjected to statistical analyses using SAS, version 8 
(SAS Institute Inc., Cary, NC). 

3 Results and Discussion 
3.1 Effect of Extraction time on the Extraction 

Efficiency 

To some degree, the extraction time is in direct 
proportion to the extraction efficiency. Fig. 2 (a) 
illustrated that the extraction efficiency increased with 
the increase of the extraction time up to 200s. When the 
extraction time was longer than 200s, the extraction 
efficiency decreased. The decrease of extraction 
efficiency derives from the thermal disintegration of 
allergen caused by the excessive extraction time. As can 
be seen, 200s was enough for the extraction procedure.  
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Figure 1. Standard curve of bovine serum albumin solution 
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3.2 Effect of Extraction Temperature on the 

Extraction Efficiency 

Theoretically, the extraction temperature can increase 
the extraction rate, the extractionefficiency and the 
degradation of unstable compounds. Fig.2 (b) clarified 
this kind of opposite effects of extraction temperature on 
the extraction efficiency. The initial increase of 
extraction temperature had a positive effect on the 
extraction efficiency while extraction temperature higher 
than 75 ºC had a negative effect on the extraction 
efficiency, which was due to the thermal degeneration of 
allergen. So 75ºC was the maximum allowable extraction 
temperature in the present experiment. 

3.3 Effect of Microwave Power on the Extraction 

Efficiency 

The whole process of ultrasonic was opened. 
Microwave power is related to the dispersion of solvent 
into the solid sample. The second phase extraction time 
in 300s, the extraction and separation are the highest, for 
the contents of allergen 0.0889 mg/mL Fig. 2 (c) 
illustrated the effect of microwave power on the 
extraction efficiency. The initial increase of microwave 
power led to a small increase of extraction efficiency 
while an obvious decrease of the extraction efficiency 
was observed at microwave power higher than 400W. 
Generally, acoustic cavitation produced by the power is 
believed to bring the degradation of dissolved organic 
compounds in aqueous media [21]. Consequently, the 
increase in microwave power could accelerate the 
isomerization of Polysaccharide, unsaturated half of 
lactose residual base, as well as the thermal disintegration 
of allergen. Thus, the microwave power of 400 W was 
suitable for the extraction. 
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Figure 2. Effect of the different factors below on the 
extraction efficiency  

The extraction efficiency is expressed as the observed value of allergen and 
the maximum amount in each curve was considered to be 100%). (a) 
extraction time. (b)extraction temperature ; (c) microwave power. 

3.4 Comparison of the Proposed Extraction with 
the Traditional Method 

The ethanol-based UME efficiency of allergen from 
CBM was compared with that of the REE. Under the 
same optimized UME conditions, the proposed ethanol-
based UME produced higher efficiency than that of REE 
extraction (18.01% enhanced).  

3.5 Method Validation 

Based on the optimization of ethanol-based UME, the 
linearity, reproducibility and limit of detection of the 
proposed extraction were evaluated by the spiking 
experiments. The results showed that linear range of 
allergen was 0-120 ug/mL, the correlation coefficient of 
the linear equation was 0.9971. The further experiments 
revealed that the recovery ranged from 94.8% to 98.4% 
and the relative standard deviation (RSD) was lower than 
1.28%. These results demonstrated the reliability of the 
extraction method. The Sephadex G-100 had done on 
with purification for the allergen. The Tricine-SDS-PAGE 
detection with unique electrophoresis strip documented 
that allergen was pured. Application Coomassie brilliant 
blue test and the alclan blue test staining the is appraisal 
double analyzed, and it is glycoproteins and the position 
was approximately equal to 19600 Dr. 
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Figure 3. Chromatogram of allergen extracted from CBM 
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Figure 5. Tricine-SDS-PAGE electrophesis graph of 
allergen detection with unique electrophoresis strip 

documented that allergen 

4 Conclusion 

In the present study, the ethanaol-based UME para-
meters including the extraction temperature, microwave 
power and extraction time were studied to establish a 
simple and convenient extraction method. Based on the 
optimization of extraction parameters, the ethanol-based 
UME offered higher extraction efficiency and shorter 
extraction time than the traditional REE. Moreover, the 
validation of analysis method and the spiking experiments 
revealed that the proposed extraction is suitable for the 
effective extraction of allergen from CBM. By means of 
HLPC detection, allergen was purified. The Sephadex G-
100 had done on with purification for the allergen. The 
Tricine-SDS-PAGE detection with unique electrophoresis 
strip documented that allergen was pured. Application 
Coomassie brilliant blue test and the alclan blue test 
staining the is appraisal double analyzed, and it is 
glycoproteins and the position was approximately equal to 
19600 Dr. 
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Abstract: In this article, microwave-assisted and ultrasonic wave-assisted extraction of matrine from Radix 
Sophorae Tonkinensis were described, several experimental factors, including time, temperature, ratio of 
liquid to solid, microwave power, and ultrasonic frequency were optimized with orthogonal experiments. The 
optimal microwave-assisted extraction conditions were extraction time 20min, temperature 75℃, ratio of 
liquid to solid 40:1, microwave power 500W, and the ultrasonic method were time 120min, ethanol 
concentration 80%, ratio of liquid to solid 30:1, ultrasonic frequency 76kHz. The extraction was performed 
under the optimum conditions respectively, compared with ultrasonic method, the extraction rate by 
microwave-assisted method was much higher. 
 
Keywords: Microwave-assisted extraction; ultrasonic wave-assisted extraction; matrine; Radix Sophorae 
Tonkinensis 

1 Introduction 

Radix Sophorae Tonkinensis is the root of Sophora 
Tonkinensis Gapnep, which is widely cultivated and used 
as traditional chinese medicine for the treatment of 
laryngopharyngitis. It has been demonstrated to be heat- 
clearing, detoxicating, and detumescent effects [1].Alkaloids, 
including matrine, oxymatrine, oxymatrine, and 
N-methylcytisine are the main effective components [2]. 
Matrine is the prominent compound, has been reported to 
have various bioactivities, such as the fuction of diuresis, 
anti-tumor, anti-inflammation, anti-hyper sensitivity, 
immunoregulation and antibacterial effect, etc[3]. 

Soxhelt extraction and reflux extraction, commonly 
considered as the traditional extraction techniques, were 
widely used for the extraction of bioactive components in 
medicinal plants. The two methods are often effective, 
but are labor intensive, time-consuming and large 
amounts of solvent and sample are required. Some novel 
extraction techniques have been developed over the past 
few years.  

Microwave-assisted and ultrasonic wave-assisted 
extraction are effective methods for the rapid extraction 
of analytes from different matrices, and have been widely 
recognized as simple, time-saving, energy-saving, 
environment-friendly and versatile methods for the 
extraction of natural products. In this article, for the 
purpose of finding an effective and practical way to 
extract matrine from Radix Sophorae Tonkinensis, 
microwave-assisted and ultrasonic wave-assisted 

extraction method were described, and their extraction 
rates were also compared. 

2 Instrument and Reagents 

Multifunctional Grinder (RT-08, Rong Tsong 
Precision Technology Co., Ltd, Taichung City Taiwan, 
China), Normal Pressure Microwave Synthesis/ 
Extraction Reactor(MAS-1, Sineo Microwave Chemistry 
Technology Co., Ltd, Shanghai, China), Ultraviolet 
Visible Spectrophotometer(752N, Shanghai Precision & 
Scientific Instrument Co., Ltd, Shanghai, China), Rotary 
Evaporator(RE-52A, Ya Rong Biochemistry Instrument 
Co., Ltd, Shanghai, China), Thin Layer Chromatography 
Plate(GF-254, Qingdao Marine Chemical Plant, Qingdao, 
China),Radix Sophorae Tonkinensis samples, were 
purchased from Jiangcheng drugstores(Jilin, China). 
Matrine standard was obtained from National Institute 
for the Control of Pharmaceutical and Biological 
Products (Beijing, China). All other reagents were of 
analytical reagent grade. 

3 Procedure 

1000 g of Radix Sophorae Tonkinensis sample was 
grinded, and passed through 60 mesh sieve, then reserved 
after drying. 

3.1 Microwave-Assisted Extraction 

A total of 2 g of the sample was exactly weighed and 
placed into the conical flask, then proper amount of 80% 
of ethanol was added with certain ratio of liquid to solid. 
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After soaking for 24 hours, the power, time and 
temperature of microwave were set to extract matrine 
from Radix Sophorae Tonkinensis, after extraction, 
filtered and introduced the filtrate to conical flaskes 
which were labeled previously. 

Ultrasonic Wave-Assisted Extraction. A total of 2 g of 
the sample was exactly weighed and placed into the flask, 
then different concentration and volume of ethanol was 
added with certain ratio of liquid to solid. After soaking 
for 24 hours, the frequency and time of ultrasonic 
instrument were previously set, matrine of Radix 
Sophorae Tonkinensis was extracted on that condition, 
after extraction, filtered and introduced the filtrate to 
conical flaskes which were labeled in advance. 

3.2 Determination of Matrine 

The content of matrine was determined by TLC-UV 
method using matrine standard as reference substance at 
a wavelength of 412 nm. A total of 10 mg of matrine 
standard was exactly weighed and placed into a 5 mL 
volumetric flask, and diluted to 2.0 mg/mL with ethanol, 
then 2, 4, 8, 12, 16, 24 and 32 μL of standard solution 
were precisely absorbed on the TLC plate separately, 
chloroform- methanol-ammonia ( 5:0.6:0.2 ) were laid in 
10 ,the subnatant as developing agent, with bismuth ℃
potassium iodide as chromogenic reagent. The wanted 
points were gathered, and put into the 1 cm×10 cm 
column, using 10 mL Ethanol-ammonia ( 50:1 ) solvent 
as eluent.The eluent was collected, removed the solvent, 
and extractly added 6.0 mL bromthymol blue buffer 
(2×10-4 mol·mL-1, pH 7.6), 6.0 mL chloroform to 
extract matrine. The absorbance of sample was tested at a 
wavelength of 412 nm, standard curve was plotted using 
the content of reference substance as abscissa and the 
corresponding absorbency as vertical coordinate, 
y=197.96x+0.0603, R=0.9999. 

3.3 Process of Sample Liquid 

The filtrate obtained from microwave-assisted and 
ultrasonic wave-assisted extraction was collected, 
removed the solvent, dissolved in anhydrous alcohol, 
filtered and discarded the residue. The absorbance of 
filtrate was measured by the method of TLC-UV, and the 

total content of matrine was calculated. The extraction 
rate of matrine from Radix Sophorae Tonkinensis = the 
total content of matrine from filtrate (g) / the amount of 
sample power (g) × 100 %. 

4 Results and Discussion 
4.1 Experiments of Microwave-Assisted 

Extraction Design of Orthogonal Test 

According to the results of single factor test, four 
factors, microwave power, temperature, time and ratio of 
liquid to solid, were selected to design orthogonal 
experiment table. The results were shown in Tab. 1. 

The Optimized Process of Microwave-Assisted 
Extraction. According to Tab. 1., the optimized process 
was A1B3C2D2 ( B> C> A> D), that was, microwave 
power (500w), temperature (75℃), time (20 min), ratio 
of liquid to solid (40:1).  

4.2 Confirmation Experiments 

The three confirmation experiments were parallelly 
carried out according to orthogonal test, the results were 
shown in Tab. 2. 

4.3 Experiments of Ultrasonic Wave-Assisted 

Extraction Design of Orthogonal Test 

According to the results of single factor test, four 
factors, ultrasonic frequency, concentration of ethanol 
solution, time and ratio of liquid to solid, were selected 
to design orthogonal experiment table. The results were 
shown in Tab. 3. 

The Optimized Process of Ultrasonic Wave-Assisted 
Extraction.According to Tab.3, the optimized process 
was A2B3C3D3 (A > C > B > D), that was, ratio of liquid 
to solid (30:1), concentration of ethanol solution (80 %), 
ultrasonic frequency (76 kHz), time (120 min).  

4.4 Confirmation Experiments 

The three confirmation experiments were parallelly 
carried out according to orthogonal test, the results were 
shown in Tab. 4. 

Table 1. The orthogonal test results of microwave-assisted extraction 

NO. 
A 

Microwave 
Power /w 

B 
Temperature 

/℃ 

C 
Time 
/min 

D 
Ratio of Liquid to 

Solid /(V/W) 
Absorbance Extraction rate /%

1 500 45 15 30:1 0.289 0.578 

2 600 60 20 30:1 0.350 0.732 

3 700 75 25 30:1 0.428 0.929 

4 600 75 15 40:1 0.279 0.829 

5 700 45 20 40:1 0.264 0.772 

18

International Conference of Natural Products and Traditional Medicine (ICNPTM 2011)

978-1-61896-030-6 © 2012 SciRes.



 
 

 

Continued 

NO. 
A 

Microwave 
Power /w 

B 
Temperature 

/℃ 

C 
Time 
/min 

D 
Ratio of Liquid to 

Solid /(V/W) 
Absorbance Extraction rate /%

6 500 60 25 40:1 0.232 0.655 

7 700 60 15 50:1 0.169 0.549 

8 500 75 20 50:1 0.277 1.095 

9 600 45 25 50:1 0.155 0.478 

K1j 2.323 1.828 1.955 2.238 

K2j 2.039 1.931 2.598 2.251 

K3j 2.250 2.852 2.058 2.122 

k1j 0.774 0.609 0.652 0.746 

k2j 0.680 0.644 0.866 0.750 

k3j 0.750 0.951 0.686 0.707 

R 0.095 0.341 0.214 0.043 

Optimal Level A1 B3 C2 D2 

 

Table 2. The results of experiments of microwave-assisted extraction 

NO. Absorbance Extraction rate % 
1 0.253 0.973 
2 0.249 0.953 
3 0.251 0.963 

The average Extraction rate was 0.963%, RSD = 1.01%. 

Table 3. The orthogonal test results of ultrasonic wave-assisted extraction 

NO. 
A 

Ratio of Liquid to 
Solid /(V/W) 

B 
Concentration of 

Ethanol Solution /% 

C 
Ultrasonic 

Frequency / kHz 

D 
Time 
/min 

Absorbance 
Extraction rate 

/% 

1 20:1 40 26 60 0.390 0.301 
2 20:1 60 47 90 0.421 0.346 
3 20:1 80 76 120 0.459 0.402 
4 30:1 40 47 120 0.470 0.419 
5 30:1 60 76 60 0.481 0.435 
6 30:1 80 26 90 0.472 0.421 
7 40:1 40 76 90 0.441 0.375 
8 40:1 60 26 120 0.416 0.339 
9 40:1 80 47 60 0.453 0.393 

K1 1.049 1.095 1.061 1.129   
K2 1.275 1.120 1.158 1.142   
K3 1.107 1.216 1.212 1.160   
R 0.226 0.121 0.151 0.031   
k1 0.350 0.365 0.354 0.376   
k2 0.425 0.373 0.386 0.381   
k3 0.369 0.405 0.404 0.387   
R′ 0.075 0.040 0.050 0.010   

Table 4. The results of confirmation experiments of ultrasonic wave-assisted 

NO. Absorbance Extraction rate /% 
1 0.376 0.699 
2 0.301 0.657 
3 0.448 0.711 

The average Extraction rate was 0.689%, RSD = 2.75%. 

 
5 Conclusion 

The order of impact factors of microwave-assisted 

extraction as below: B> C> A> D, that was, microwave 
power (500w), temperature (75 ), time (20 min), ratio ℃
of liquid to solid (40:1). The order of impact factors of 
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ultrasonic wave-assisted extraction as below: A > C > B 
> D, that was, ratio of liquid to solid (30:1), 
concentration of ethanol solution (80 %), ultrasonic 
frequency (76 kHz), time (120 min).Compared with 
ultrasonic wave-assisted extraction, microwave-assisted 
extraction was improved with less time (20 min) and 
higher extraction rate (0.963%) on the extraction of 
matrine from Radix Sophorae Tonkinensis. In all, 
microwave-assisted extraction was a better method on 
the extraction of matrine from Radix Sophorae 
Tonkinensis, in contrast to ultrasonic wave-assisted 
extraction, one sixth of time was needed, and the 
extraction rate was hither 39.8%. 
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Abstract: This paper studies chemical compositions and the dynamic change law of Bupleurum chinense. 
The extracts were extracted by supercritical fluid extraction (SFE). The composition of chemical constituents 
was determined by chromatography-mass spectrometry (GC-MS). There were 36 constituents accounting for 
74.32%-90.45% of total extracts separated and identified. The relative content of the fatty acids which 
extracted by SFE-CO2 was 45.10%-80.95%, the aldehydes was 1.61%-5.65%, the ketones was 0.65%-1.28%, 
and the esters was 4.80%-8.12%. 

 
Keywords: Supercritical fluid extraction; chemical constituents; GC-MS 

 

1 Introduction 

Bupleurum chinense DC., a kind of perennial herb, 
belonging to umbelliferae plants[1] is mainly produced in 
Liaoning, Hebei, Shanxi, Henan, Shanxi and Gansu 
provinces[2]. Because of the different growth environ- 
ment, growth and harvest period, and process method, 
the chemical composition have differences in different 
production area and growth cycle. It is shown that 
Saikosaponin, volatile oil, and the ethanol soluble 
extraction in Bupleurum chinense have obvious 
differences with different harvest period[3]. It means 
harvest time has some effect on the quality of Bupleurum 
chinense to some extent.  

Some research have shown that supercritical fluid 
extraction can increase the convulsion threshold of rat 
cerebral cortex by electrical stimulation and have 
obvious antagonism effects on the max electric shock 
and convulsion model [4], so that it have anti-epilepsy and 
anti convulsion effect. At present, as author know there is 
no relative report for the dynamic change law of 
supercritical fluid extraction obtained from Bupleurum 
chinense. To make better use of Bupleurum chinense 
resources and to further perfect its quality evaluation 
system, this experiment choose Bupleurum chinense 
artificial cultivated at Songxian as research subject, using 
SFE and GC-MS method to extract the chemical 
composition and analysis the extracts separately. Further 
discussion on the influences of the growth cycle on 
chemical composition of Bupleurum chinense will 
provide references for the normalized cultivation and 
industrialization development of Bupleurum chinense. 

2 Meterials and Methods 

2.1 Plant Materials and Reagents 

Bupleurum chinense was cultivated before tomb- 
sweeping day of 2008, and collected from May to 
December of 2009(Table 1) at Songxian, in Henan. The 
plant was authenticated by Prof. CM Dong (College of 
pharmacy, Henan University of Traditional Chinese 
Medicine) as Bupleurum chinense DC.. Remove the stem, 
leaves and sediments, Bupleurum chinense were dried 
for 24 hours at 40 ℃, and then were preserved in closed 
and low temperature. Samples are grinded to pass 
through 10-mesh sieve before measured for reserve.  

 
Table 1. Collecting periods and sample number 

Sample No. Growth pattern Collecting periods

C1 cultivated products May 29,2009 
C2 cultivated products June 30,2009 
C3 cultivated products July 28,2009 
C4 cultivated products August 28,2009 
C5 cultivated products September 28,2009
C6 cultivated products October 29,2009 
C7 cultivated products November 30,2009
C8 cultivated products December 28,2008

2.2 Apparatus 

Chemical composition analysis was performed on a 
spectrometry Thermo Trace DSQⅡ GC-MS analyzer 
(American Thermal Power Corporation); chromatography 
library are NIST98 and Wiley138; the type of SFE 
apparatus is HA221-50-06 (Nantong, Jiangsu). 

2.3 Preparation of the SFE Extracts 

After 160 g of Bupleurum chinense powder were 
weighted into 1 L capacity SFE extraction kettle and 
extracted by SFE, we got SFE extracts. The extraction 
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condition were as followed: the temperature of the 
extraction kettle, separation kettle Ⅰand Ⅱ was 55 ℃, 
65 ℃, 40 ℃, the pressure of them was 25 MPa, 12 MPa 
respectively, and all SFE studies took 120 min. 

2.4 GC-MS Analysis 

2.4.1 Preparation of the Test Liquid 
Proper SFE extracts were got, dissolved in n-hexane, 

and were filtered through a 0.45 µm membrane, thus test 
liquid were remained. 

2.4.2 GC-MS Analysis Condition 
The GC-MS analysis was performed using a Thermo 

Trace DSQⅡ MS coupled to a Trace GC fitted with a 
DB-5MS (30 m ×0.25 mm×0.25 µm) column (Agilent, 

USA), injection(1 µL) was performed with a split ratio of 
50:1(280 ℃), and the oven temperature was programmed 
at 100 ℃ for 1 min, ramped at 20 ℃·min-1  to 250 ℃ 
and maintained at this temperature for 20 min. the carrier 
gas was helium with a constant flow rate of 1 mL·min-1 . 
The transmission line temperature was set at 250 ℃. MS 
were obtained range of 33～450 amu for qualitative 
analysis, using EI ion source with an ionization energy of 
70 eV and temperature at 250 ℃, the detection voltage 
was set at 1.3 KV. All the relative content was calculated 
by normalization method. 

2.4.3 Sample Determination 
Inject the sample with different collection periods of 

1.0 µL and follow the GC-MS analysis condition above. 
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Figure 1. The GC-MS total ion chromatograms of Bupleurum chinense extracts by SFE  

(collected by May 29, 2009) 

 

Table 2. The main chemical compounds and relative content of SFE extraction products from Bupleurum chinense with 
different harvest period 

Relative content of the main components (%) Retention 
Time ( min) 

Name 

C1 C2 C3 C4 C5 C6 C7 C8 

1.99 Hexanal 0.67 0.37 0.41 0.41 0.56 0.28 0.33 0.22

2.39 Heptaldehyde 0.31 0.25 0.21 0.20 0.19 0.19 0.19 0.13

2.86 Caproic acid 0.44 0.74 1.05 0.87 0.77 0.62 0.82 0.28

3.37 2-Octene aldehyde 0.17 0.22 0.14 0.13 0.15 0.13 0.14 0.11

3.58 4-Nonyl aldehyde 0.45 0.22 0.38 0.31 0.41 0.27 0.31 0.20

3.74 2-Ethyl hexanoate 0.26 0.29 0.16 0.11 0.15 0.12 0.11 0.00

4.08 2-Nonyl aldehyde 0.18 0.26 0.19 0.15 0.15 0.14 0.14 0.12

4.91 Tridecane 0.22 0.11 0.19 0.17 0.18 0.16 0.16 0.18

5.06 2,4-Twelve diene aldehyde 0.15 0.47 0.13 0.12 0.12 0.12 0.13 0.11

5.80 5-Ethyl-2-Thiophene acid 0.48 0.20 0.42 0.35 0.39 0.16 0.17 0.29

5.97 Caryophyllene 0.25 0.13 0.26 0.19 0.19 0.16 0.25 0.15
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Continued 

Relative content of the main component(%) 
Retention 
Time(min) 

Name 

C1 C2 C3 C4 C5 C6 C7 C8 

6.06 
1a,2,3,5,6,7,7a,7b-Octahydro-1,17,7a-Tetramethyl-1

H-Cyclopropane(a)-naphthalene 
0.14 0.18 0.20 0.12 0.11 0.22 0.17 0.16

6.18 1,2-Dihydro-2,2,4-trimethyl quinoline 0.18 0.24 0.17 0.18 0.16 0.16 0.17 0.21

6.24 Pentadecane 0.26 0.23 0.28 0.26 0.29 0.26 0.34 0.32

6.58 P-(1,2,2-Trimethyl cyclopentane-based)-toluene 0.18 0.23 0.32 0.25 0.34 0.25 0.28 0.26

6.8 1-(4-Isopropoxy-3-methoxy)-acetone 0.49 0.46 0.40 0.46 0.57 0.31 0.45 0.25

7.44 Hepatadecanoic 0.29 0.72 0.27 0.63 0.25 0.61 0.19 0.28

7.62 Octadecene aldehyde 0.26 0.40 0.25 0.62 0.22 0.87 0.18 0.14

7.93 Fourth carbonate 0.57 1.19 0.47 0.42 1.08 0.37 0.44 1.34

8.20 3,7,11,15-Tetramethyl-2-sixteen en-1-alcohol 0.91 0.62 0.53 0.51 0.58 0.55 0.47 0.45

8.27 6,10,14-Trimethyl-2-fifth ketone 0.19 0.25 0.20 0.24 0.17 0.25 0.17 0.19

8.48 Isobutyl phthalate 1.67 2.45 1.96 2.40 1.82 1.70 2.01 1.86

8.61 2-Seventeen ketone 0.60 0.32 0.22 0.28 0.36 0.29 0.24 0.21

8.71 Sixteen methyl carbonate 0.45 0.34 0.24 0.29 0.31 0.26 0.30 0.33

9.01 Sixteen carbonic acid 15.08 27.20 24.69 26.78 25.91 25.91 26.09 26.06

9.07 Sixteen ethyl carbonate 0.12 0.48 0.30 0.20 0.39 0.18 0.18 0.13

9.17 9,17-Eighteen carbon diene aldehyde 1.74 0.31 0.37 0.31 0.50 0.11 0.11 0.11

9.67 Nineteenth carbon diene aldehyde 1.90 0.72 0.39 0.48 0.57 0.56 0.43 0.58

9.78 Octadecenoic acid methyl ester dienes 1.76 1.04 0.74 0.76 0.64 0.80 1.17 0.94

10.22 Linoleic acid 27.11 39.58 41.50 40.32 44.98 45.85 46.35 50.12

10.35 Eighth carbonate 1.16 2.94 2.77 2.99 3.04 2.40 2.57 2.86

10.99 Linoleic acid isopropyl 0.57 0.67 0.73 0.75 0.75 0.83 0.94 0.67

11.06 Carbonic acid monoglyceride sixteen 1.04 0.59 0.67 0.53 0.45 0.54 0.60 0.29

12.67 Stigmasterol 11.34 0.23 0.11 0.16 0.12 0.11 0.23 0.11

13.19 Glyceryllinoleate 2.51 1.68 1.86 0.95 1.07 1.19 1.33 0.58

The proportion of the identified components of the total 74.32 86.65 83.42 84.18 88.21 87.13 88.38 90.45

 

3 Results and Discussion 

1. Analyzing the test liquid by GC-MS, we got the 
result of the total ion chromatogram (with samples on 
May as an example in Figure 1). After scanning through 
GC-MS Data System (NIST98 and Wiley138), we can 
retrieval and access to the relevant information to 
determine the compounds and calculate its relative 
content in the total extracts. The results showed in table 
2. 

2. Through the analyze of Fig.1 that: 59 constituents 
were separated and 36 with high proportion relative 
content were identified by GC-MS, which account for 
74.32% to 90.45% of the total extracts. 

3. According to retention time, we can see the time 
before 1.81 min is solvent peak thus we choose 1.99 as 
the starting time. 

4. By analysing Table 2, we can see that: The relative 
content of the fatty acids which extracted by SFE-CO2 
was 45.10%-80.95%, the aldehydes was 1.61%-5.65%, 
the ketones was 0.65%-1.28%, and the esters was 
4.80%-8.12%. Fatty acid (mainly composed of sixteen 
carbonated acid and linoleic) is the main compounds, the 
relative content increased monthly, the tiptop is on 
December(linoleic acid account for 50.12%), and highest 
relative content of sixteen carbonated acid accout for 
27.20% is on July. Some studies shown that α-linoleic 
acid and linoleic acid at the ratio of 1 to 4 mixed can 
effectively anticonvulsive [5]. The research shown that 
the fatty acid in SFE extracts of Bupleurum chinense 
may have some anticonvulsant effect. The compounds of 
aldehydes, ketones and esters in extract is decreasing, 
and the highest proportion of the three compounds 
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occurs on May. All these analysis proved that the 
chemical composition changed constantly. The cultivate 
and process method can affect the quality of Bupleurum 
to a large extent. 

4 Conclusions 

36 compounds of Bupleurum chinenese SFE extracts 
which had highly relative content were Separated and 
identified. The main compounds are fatty acids, among 
which sixteen carbonated acid and linoleic have highest 
relative proportions. The relative content of aldehydes, 
ketones and esters in Bupleurum chinenese has obvious 
differences with harvest period. This analysis provides a 
scientific basis for the cultivation and harvest of 
Bupleurum chinenese to some extent.  
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Abstract: Within our screening program for antimicrobial fungal secondary metabolites, eleven compounds 
were isolated from an endophytic fungus Fusarium solani of Ficus carica. Their structures were elucidated on 
the basis of spectroscopic analysis with the reported data in the literature. Among them, compound 5, 8 and 
11 were isolated from endophytic fungi for the first time. 
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1 Introduction 

Endophytic fungi that inhabit normal tissues of the 
host plants without causing apparent pathogenic symp-
toms have been proven to be a rich source of new bio-
logically active natural products because as a group they 
inhabit a relatively untapped ecological environment, and 
their secondary metabolism is activated by their meta-
bolic interactions with their hosts [1,2]. Natural products 
from endophytic fungi have been observed to inhibit or 
kill a wide variety of harmful microorganisms including, 
but not limited to, phytopathogens, as well as bacteria, 
fungi, viruses, and protozoans that affect humans and 
animals [3].  

In the course of our search for biologically active me-
tabolites from endophytic fungi of Chinese medicinal 
plants, a subculture of an isolate of Fusarium solani, ob-
tained from roots of Ficus carica L., was cultivated on 
potato dextrose agar (PDA). An EtOAc extract of the 
culture showed significant antimicrobial activity. This 
prompted us to carry out secondary metabolites studies 
on this fungus, which resulted in the isolation of eleven 
compounds. Herein we describe the isolation and struc-
tural elucidation of its secondary metabolites. 

2 Experimental Section 
2.1 General Experimental Procedures 

The 1H and 13C NMR spectra were recorded on Bruker 
ADVANCE 400 MHz spectrometer, with TMS as an 
internal standard. Melting points were obtained on a 
Fisher-Johns apparatus and are uncorrected. EI-MS were 
recorded on a JEOL SX102A mass spectrometer. Col-
umn chromatography was performed with silica gel 
(200-300 mesh, Qingdao Marine Chemical Inc. Qingdao, 
China) and Sephadex LH-20 (Amersham Biosciences Inc. 
Shanghai, China). Analytical TLC was carried out with 
glass precoated silica gel GF254 plates and spots were 

detected under UV light and colored by spraying with 7 
% H2SO4 in 95 % ethanol followed by heating. All the 
reagents used were AR grade.  

2.2 Fungal Material and Identification 

The fungal strain FR20 was isolated from the roots of 
Ficus carica L., collected in the Qinling Mountains, 
Shaanxi Province, China, on September 10, 2009. By 
classical microscopic analysis, the fungus was identified 
as a member of the genus Fusarium. It was further iden-
tified as Fusarium solani according to a molecular bio-
logical protocol by DNA amplification and sequencing of 
the ITS region. The fungal strain has been preserved at 
the Shaanxi university of Science & technology, Shaanxi 
Province, China.  

2.3 Fermention, Extraction and Isolation 

Starter cultures were maintained on PDA medium at 
28 °C for 7 days. Plugs of agar supporting mycelial 
growth were cut and transferred aseptically to 1000 mL 
Erlenmeyer flasks containing 400 mL of liquid Czapek 
medium at 28 °C on a rotary shaker for 15 days. The 
fungal culture (60 L) was filtered through cheesecloth. 
The filtrate was concentrated to 3.5 L below 60 °C and 
then extracted five times with ethyl acetate (4.5 L). The 
dried mycelium (55 °C, 95 g) was extracted three times 
with methanol (4 L). All extracts were concentrated at 
reduced pressure to afford 17.2 g of a dark brown crude 
extract.  

The crude extract was subjected to silica gel column 
chromatography eluting successively with ethyl ace-
tate/methanol gradient (1:0, 50:1, 20:1, 10:1, 5:1, 2:1, 1: 
1, 0:1) and yielded eight fractions (A-H). Fraction A was 
separated by column chromatography on silica gel with a 
gradient of ethyl acetate in petroleum ether to give five 
subfractions (A1-5). Fraction A1 was separated by silica 
gel column chromatography with elution with petroleum 
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ether/ethyl acetate (2:1) to give pure compound 1 and 
compound 2. Fraction A3 was separated by silica gel 
column chromatography with elution with petroleum 
ether/ethyl acetate (1:2) to give pure compound 3, to-
gether with crude compound 4 and compound 5. The 
crude compound 4 was then recrystallized from petro-
leum ether/ethyl acetate to give the pure compound 4. 
Similarly compound 5 was obtained from the crude 
compound 5 subjected to repeated chromatographic puri-
fications using petroleum ether/ethyl acetate. Fraction B 
was subjected to repeated chromatographic purifications 
using ethyl acetate-methanol and Sephadex LH-20 with 
ethyl acetate-methanol, then compound 6, compound 7 
and compound 8 were obtained. Similarly compound 9, 
compound 10 and compound 11 were obtained from 
fraction C after subjected to repeated chromatographic 
purifications using ethyl acetate-methanol and Sephadex 
LH-20 with ethyl acetate-methanol (1:1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Compounds isolated from Fusarium solani of  
Ficus carica L. 

The compounds were subjected to characterization us-
ing nuclear magnetic resonance spectroscopy (1H-& 

13C-NMR) (Bruker). The secondary metabolites were 
identified as ergosterol (1) [4], cerevisterol (2) [5], er-
gosterol peroxide (3) [6,7], allantoin (4) [8], 
(2,5-dioxo-4-imidazolidinyl)-carbamic acid (5) [9], glio-
toxin (6) [10], bis-N-norgliovietin (7) [11,12], 
bis(methylthio)gliotoxin (8) [12,13], cyclo- (Phe-Ser) (9) 
[14], trypacidin (10) [15] and monomethylsulochrin (11) 
[16] (Figure 1), by comparison of their spectral data with 
the reported data in the literature.  

Ergosterol (1): C28H46O, Colorless needle, mp 
155-157 oC, El-MS m/z 398 [M]+. 1H-NMR (400 MHz, 
CDCl3): δ : 3.66 (1H, m, 3-H), 5.59 (1H, dd, J=8 and 4 
Hz, 6-H), 5.41 (1H, dd, J=4Hz, 2 Hz, 7-H), 0.65 (3H, s, 
18-H), 0.94 (3H, s, 19-H), 1.05 (3H, d, J=4 Hz, 21-H), 
5.18 (1H, dd, J=16 and 8 Hz, 22-H), 5.22 (1H, dd, J=16 
and 8 Hz 23-H), 0.85 (3H, d, J=8 Hz, 26-H), 0.83 (3H, d, 
J=8 Hz, 27-H), 0.93 (3H, d, J=8 Hz, 28-H). 13C-NMR 
(100 MHz, CDCl3): δ: 38.4(1-C), 32.0(2-C), 70.5(3-C), 
40.8 (4-C), 139.8 (5-C), 119.6 (6-C), 116.3 (7-C), 141.4 
(8-C), 46.2 (9-C), 37.0 (10-C), 21.1 (11-C), 39.1 (12-C), 
42.8 (13-C), 54.6 (14-C), 23.0 (15-C), 28.3 (16-C), 55.7 
(17-C), 12.1 (18-C), 17.6 (19-C), 40.5 (20-C), 21.1 
(21-C), 132.0 (22-C), 135.6 (23-C), 42.8 (24-C), 33.1 
(25-C), 19.7 (26-C), 20.0 (27-C), 16.3 (28-C).  

Cerevisterol (2): C28H46O3, Colorless needle, mp 
240-242℃, El-MS m/z 430 [M]+. 1H-NMR (400 MHz, 
CDCl3): δ: 4.08 (1H, m, 3-H), 3.62 (1H, d, J=4.8 Hz, 
6-H), 5.35 (1H, m, 7-H), 0.60 (3H, s, 18-H), 1.09 (3H, s, 
19-H), 1.03 (3H, d, J=6.5 Hz, 21-H), 5.17 (1H, dd, 
J=15.0Hz, 8.0 Hz, 22-H), 5.23 (1H, dd, J=15.0hz, 7.5 Hz, 
23-H), 0.84 (3H, d, J=7.0 Hz, 26-H), 0.82 (3H, d, J=7.0 
Hz, 27-H), 0.91 (3H, d, J=7.0 Hz, 28-H). 13C-NMR (100 
MHz, CDCl3): δ: 32.8 (1-C), 30.6 (2-C), 67.5 (3-C), 39.7 
(4-C), 78.1 (5-C), 76.4 (6-C), 115.1 (7-C), 143.9 (8-C), 
43.7 (9-C), 37.4 (10-C), 22.3  (11-C), 39.6 (12-C), 43.9 
(13-C), 55.2 (14-C), 23.2 (15-C), 28.8 (16-C), 56.3 
(17-C), 12.5 (18-C), 18.4 (19-C), 40.8 (20-C), 19.8 
(21-C), 132.3 (22-C), 135.9  (23-C), 43.2 (24-C), 33.4 
(25-C), 20.1 (26-C), 21.3 (27-C), 17.8 (28-C). 

Ergosterol peroxide (3): C28H44O3, Colorless needle, 
mp 175-177 oC, EI-MS m/z：428[M]+. 1H NMR (400 
MHz, CDCl3): δ: 4.06-3.93 (1H, m, H-3), 6.28 (1H, d, 
J=8.5 Hz, H-6), 6.53 (1H, d, J=8.5 Hz, H-7), 0.90 (3H, s, 
H-18), 0.92 (3H, d, J = 6.8 Hz, H-19), 1.02 (3H, d, J = 
6.6 Hz, H-21), 5.15 (1H, dd, J = 15.2, 7.4 Hz, H-22), 
5.24 (1H, dd, J=15.2, 7.4 Hz, H-23), 0.83 (3H, s, H-26), 
0.82 (3H, s, H-27), 0.84 (3H, s, H-28). 13C NMR (100 
MHz, CDCl3): δ: 34.65 (C-1), 30.08 (C-2), 66.45 (C-3), 
36.88 (C-4), 82.16 (C-5), 135.40 (C-6), 130.73 (C-7), 
79.42 (C-8), 51.02 (C-9), 36.93 (C-10), 20.61 (C-11), 
39.76 (C-12), 44.54 (C-13), 51.65 (C-14), 23.38 (C-15), 
28.66 (C-16), 56.14 (C-17), 12.86 (C-18), 18.17 (C-19), 
39.30 (C-20), 20.87 (C-21), 135.19 (C-22), 132.27 
(C-23), 42.75 (C-24), 33.04 (C-25), 19.95 (C-26), 19.64 
(C-27), 17.55 (C-28). 

Allantoin (4): C4H6N4O3, white powder, mp 230-232 
oC. 1H NMR (400 MHz, DMSO-d6): δ: 8.07 (1H, s, 
1-NH), 10.55 (1H, s, 3-NH), 6.89 (1H, d, J = 8.2 Hz, 
4-NH), 5.80 (2H, s, 6-NH2), 5.25 (1H, d, J = 8.2 Hz, 
H-4). 13C NMR (100 MHz, DMSO-d6): δ: 157.21 (C-2), 
62.86 (C-4), 174.06 (C-5), 157.80 (C-6). 

(2,5-dioxo-4-imidazolidinyl)-carbamic acid (5): 
C4H5N3O4, white powder, mp 243-245 oC. 1H NMR (400 
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MHz, DMSO-d6): δ: 8.06 (1H, s, H-1), 5.78 (1H, s, H-3), 
5.25 (1H, d, J = 8.0 Hz, H-4), 6.88 (1H, d, J = 8.0 Hz, 
H-6), 10.54 (1H, s, 7-OH). 13C NMR (100 MHz, 
DMSO-d6): δ: 156.72 (C-2), 62.44 (C-4), 157.22 (C-5), 
173.52 (C-7). 

Gliotoxin (6): C13H14N2O4S2, white needle. 1H NMR 
(400 MHz, CDCl3): δ: 4.43 (1H, dd, J=12.8, 5.4 Hz, 
H-3a), 4.25 (1H, dd, J=12.7, 9.5 Hz, H-3a), 4.82 (2H, s, 
H-5a, H-6), 5.78 (1H, d, J=9.3 Hz, H-7), 5.97-5.92 (1H, 
m, H-8), 6.00 (1H, s, H-9), 3.74 (1H, d, J=18.0 Hz, 
H-10), 2.96 (1H, d, J=18.0 Hz, H-10), 3.21 (s, 3H, 
2-CH3). 

13C NMR (100 MHz, CDCl3): δ: 166.03 (C-1), 
77.17 (C-3), 60.59 (C-3a), 165.26 (C-4), 69.79 (C-5a), 
73.13 (C-6), 129.92 (C-7), 123.35 (C-8), 120.23 (C-9), 
130.72 (C-9a), 36.57 (C-10), 75.59 (C-10a), 27.50 
(2-CH3). 

Bis-N-norgliovietin (7): C14H18N2O3S2, white needle. 
1H NMR (400 MHz, DMSO-d6): δ: 8.99 (1H, s, H-2), 
8.46 (1H, s, H-5), 3.52 (1H, d, J=13.6 Hz, H-7), 3.00 (1H, 
d, J=13.6 Hz, H-7), 7.03-742 (5H, m), 2.29 (3H, s, H-14), 
2.11 (3H, s, H-15), 3.39 (2H, s, H-16), 4.82 (1H, s, 
16-OH). 13C NMR (100 MHz, DMSO-d6): δ:  165.89 
(C-1), 66.27 (C-3), 165.67 (C-4), 66.07 (C-6), 43.66 
(C-7),135.61 (C-8), 130.89 (C-9,13), 128.28 (C-10,12), 
127.10 (C-11), 13.94 (C-14), 13.09 (C-15), 65.26 (C-16). 

Bis (methylthio) gliotoxin (8): C15H20N2O4S2, white 
needle. 1H NMR (400 MHz, CDCl3): δ: 4.31 (1H, d, 
J=11.5 Hz, H-3a), 3.90 (1H, d, J=11.5 Hz, H-3a), 4.62 
(1H, d, J=13.3 Hz, H-5a), 4.90 (1H, d, J=13.2 Hz, H-6), 
5.76 (d, J=9.7 Hz, 1H, H-7), 5.93-5.87 (m, 1H, H-8), 
5.94-5.98 (1H, m, H-9), 2.94 (1H, d, J=16.4 Hz, H-10), 
3.04 (1H, d, J=16.1 Hz, H-10), 3.12 (3H, s, 2-NCH3), 
2.20 (3H, s, 3-SCH3), 2.46 (3H, s, 10-SCH3). 

13C NMR 
(100 MHz, CDCl3): δ: 164.44 (C-1), 71.71 (C-3), 64.21 
(C-3a), 167.14 (C-4), 67.64 (C-5a), 74.24(C-6), 130.38 
(C-7), 122.95 (C-8), 120.39 (C-9), 131.34 (C-9a), 38.58 
(C-10), 69.14 (C-10a), 32.20 (2-NCH3), 14.82 (3-SCH3), 
17.88 (10-SCH3). 

Cyclo (Phe-Ser) (9): C14H14N2O3, white powder, mp 
246-248℃. 1H NMR (400 MHz, DMSO-d6): δ: 7.94 (1H, 
s, 1-NH), 4.05 (1H, t, J=6.3 Hz, H-3), 8.05 (1H, s, 4-NH), 
3.68-3.61 (1H, m, H-6), 3.26-3.33 (1H, m, H-7), 2.87 
-2.78 (1H, m, H-7), 3.10 (1H, dd, J=13.5, 6.1 Hz, H-8), 
2.98 (1H, dd, J=13.5, 4.9 Hz, H-8), 7.19-7.15 (2H, m, 
H-2′ and H-6′), 7.28 (d, J=7.5 Hz, 2H, H-3′ and H-5′), 
7.23 (dd, J=6.1, 3.8 Hz, 1H, H-4′), 4.90 (t, J=5.7 Hz, 1H, 
7-OH). 13C NMR (100 MHz, DMSO-d6): δ: 166.99 (C-2), 
55.95 (C-3), 166.20 (C-5), 57.61 (C-6), 40.36 (C-7), 
63.60 (C-8), 137.11 (C-1′), 130.44 (C-2′ and C-6′), 
128.59 (C-3′ and C-5′), 126.98 (C-4′). 

Trypacidin (10): C18H16O7, white powder. 1H NMR 
(400 MHz, CDCl3): δ: 6.46 (1H, s, H-5), 2.64 (3H, s, 
H-6a), 5.81 (1H, s, H-7), 7.20 (1H, d, J=2.2 Hz, H-2'), 
6.60 (1H, d, J=2.2 Hz, H-4'), 3.91 (3H, s, 4-OCH3), 3.69 

(6H, s, 6'-OCH3 and 5'-OCH3). 
13C NMR (100 MHz, 

CDCl3): δ: 83.96 (C-2), 190.44 (C-3), 107.95 (C-3a), 
158.31 (C-4), 105.50 (C-5), 152.45 (C-6), 23.32 (C-6a), 
105.77 (C-7), 173.85 (C-7a), 138.52 (C-1'), 137.34 (C-2'), 
185.00 (C-3'), 103.20 (C-4'), 168.83 (C-5'), 163.11 (C-6'), 
56.29 (4-OCH3), 52.87 (6'-OCH3), 56.87 (5'-OCH3). 

Monomethylsulochrin (11): C18H18O7, white powder. 
1H NMR (400 MHz, CDCl3): δ: 6.62 (1H, d, J=2.2 Hz, 
H-4), 7.04 (1H, d, J=2.2 Hz, H-6), 3.71 (6H, s, 7-OCH3 
and H-8), 6.48 (1H, s, H-3'), 6.08 (1H, s, H-5'), 2.31 (3H, 
s, H-7'), 3.39 (3H, s, H-9'), 13.01 (1H, s, 2'-OH). 13C 
NMR (100 MHz, CDCl3): δ: 128.35 (C-1), 127.94 (C-2), 
156.27 (C-3), 102.92 (C-4), 157.02 (C-5), 107.98 (C-6), 
166.24 (C-7), 56.19 (C-8), 111.00 (C-1'), 164.28 (C-2'), 
110.37 (C-3'), 148.18 (C-4'), 103.23 (C-5'), 160.94 (C-6'), 
22.54(C-7'), 199.76 (C-8'), 55.69 (C-9'), 52.31 (7-OCH3). 

3 Conclusion 

The ethyl acetate extract was subjected to chromatog-
raphy on silica gel eluting successively with different 
mobile phases which resulted in the isolation and char-
acterization of eleven compounds. 

The secondary metabolites were identified as ergos-
terol (1), cerevisterol (2), ergosterol peroxide (3), allan-
toin (4), (2,5-dioxo-4-imidazolidinyl)-carbamic acid (5), 
gliotoxin (6), bis-N-norgliovietin (7), bis(methylthio) 
gliotoxin (8), cyclo-(Phe-Ser) (9), trypacidin (10) and 
monomethylsulochrin (11).  

Among them, compound 5, 8 and 11 were isolated 
from endophytic fungi for the first time. 

The present study of screening secondary metabolites 
revealed that Fusarium solani, an endophytic fungi from 
Ficus carica L. is the sources for the production of bio-
active metabolites. These secondary metabolites can be 
further exploited for the biotechnological applications in 
medicine and agriculture. 
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Abstract: As part of our ongoing studies on chemistry of Chinese traditional medicines, the constituents of 
Periploca sepium Bunge was investigated. Five triterpenes (1-5) and six flavones (6-11), were isolated from 
the leaves and stems of P. sepium, collected in the Qinling Mountains. Their structures were determined 
mainly by spectroscopic and chemical analyses. Among them, compound 1, 2, 4, 5, 7 and 10 were isolated 
from P. Sepium for the first time. 
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1 Introduction 

Periploca sepium Bunge, a woody vine belonging to 
the family Asclepiadaceae, is a native species and wide-
spread on the Loess Plateau of China which is a 
drought-prone region with infrequent precipitation and 
high levels of soil erosion [1]. As a dominant shrub, P. 
sepium plays an important role in plant community 
structure and succession in the Loess hilly regions where 
the ecosystems are largely barren [2]. In addition, the 
root barks of P. sepium had been used for the treatment 
of rheumatoid arthritis as a traditional Chinese medicine. 
Pharmacological studies on this plant had demonstrated 
its anti-inflammatory and immunosuppressive effects [3]. 

As part of our ongoing studies on chemistry of Chi-
nese traditional medicines, we investigated the chemical 
constituents of the leaves and stems of P. Sepium col-
lected from the Qinling Mountains, Shaanxi Province. 
This paper describes the isolation and structure elucida-
tion of five triterpenes and six flavones from the ethano-
lic extract of the plant.  

2 Experimental Section 
2.1 General Experimental Procedures 

The 1H and 13C NMR spectra were recorded on Bruker 
ADVANCE 400 MHz spectrometer, with TMS as an 
internal standard. Melting points were obtained on a 
Fisher-Johns apparatus and are uncorrected. IR spectra 
were recorded with a JASCO FT/IR-5300 spectrometer. 
EI-MS were recorded on a JEOL SX102A mass spec-
trometer. Column chromatography was performed with 
silica gel (200-300 mesh, Qingdao Marine Chemical Inc. 
Qingdao, China) and Sephadex LH-20 (Amersham Bio-
sciences Inc. Shanghai, China). Analytical TLC was car-
ried out with glass precoated silica gel GF254 plates and 
spots were detected under UV light and colored by 

spraying with 7 % H2SO4 in 95 % ethanol followed by 
heating. 

2.2 Plant Material 

The leaves and stems of Periploca sepium Bunge was 
collected from the Qinling Mountains, Shaanxi Province, 
China, in September 2009. The voucher specimens were 
deposited in the College of Forestry, Northwest A & F 
University, Yangling, Shaanxi Province, China. 

2.3 Extraction and Isolation 

The air-dried leaves and stems of P. sepium (1.5 kg) 
were powdered and extracted with 95 % ethanol at room 
temperature. The ethanol extract was evaporated in vac-
uum at 60 oC to give residue. The residue was suspended 
in water and successively treated with petroleum ether, 
ethyl acetate and n-butanol to afford the petroleum ether 
extract (8 g), the ethyl acetate extract (51 g) and the 
n-butanol extract (19 g). The ethyl acetate extract was 
subjected to silica gel column chromatography eluting 
successively with ethyl acetate/methanol (1:0, 50:1, 20:1, 
10:1, 5:1, 2:1, 1: 1, 0:1) and yielded eight fractions (A-H). 
Fraction A was rechromatographed on silica gel column, 
eluted with ethyl acetate in petroleum ether to compound 
1 (131 mg), compound 2 (77 mg) and compound 3 (68 
mg). Fraction B was separated by column chromatogra-
phy on silica gel with a gradient of ethyl acetate in pe-
troleum ether to give four subfractions (B1- 4). Fraction 
B1 was separated by silica gel column chromatography 
with elution with ethyl acetate/methanol (15:1) to give 
pure compound 4 (95 mg) and compound 5 (78 mg). 
Fraction D was repeatedly subjected to silica gel column 
chromatography with a gradient of ethyl acetate in petro-
leum ether and Sephadex LH-20 with ethyl ace-
tate–methanol (1:1) to yield compound 6 (167 mg). The 
n-butanol extract was subjected to silica gel column 
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chromatography eluting successively with chloroform 
/methanol gradient (1:0, 20:1, 10:1, 5:1, 2:1, 1: 1, 0:1) 
and yielded seven fractions (A-G). Fraction B was sepa-
rated by column chromatography on silica gel with a 
gradient of methanol in chloroform to give five subfrac-
tions (B1-5). Fraction B2 was separated by silica gel 
column chromatography eluting with chloroform 
/methanol (10:1) to give pure compound 7 (125 mg) and 
compound 8 (292 mg). Fraction C was separated by 
column chromatography on silica gel with a gradient of 
methanol in chloroform to give five subfractions (C1-5). 
Fraction C2 was rechromatographed on silica gel column 
eluted with chloroform /methanol (10:1) to give pure 
compound 9 (95 mg), compound 10 (190 mg), compound 
11 (135 mg).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
    

 

Figure 1. Compounds isolated from P. sepium 

The structures of these compounds were elucidated by 
a combination of spectral analysis 1H-NMR, 13C-NMR, 
EI-MS and their physicochemical properties, and were 
identified as β-amyrin acetate (1) [4], oleanolic acid (2) 
[5], lupeol (3) [4,6], β-amyrin (4) [5], periplogenin (5) 
[7], quercetin (6) [8], 
quercetin-3-O-β-D-glucuronopyranoside methyl ester (7) 
[9], isoquercitrin (8) [10,11], luteolin (9) [12], 
quercetin-3-O-rhamnoside (10) [13], rutin (11) [14] 
(Figure 1), by comparison of their spectral data with the 
reported data in the literature. 

β-Amyrin Acetate (1): C32H52O2, mp 234-235 oC; 
colorless crystals; EI-MS m/z 468 [M]+; 1H NMR (400 
MHz, CDCl3) : δ: 5.17 (1H, t, J=3.6Hz, H-12), 4.49 (1H, 
m, H-3), 2.05 (3H, s, H-32), 1.12 (3H, s), 0.97 (3H, s), 
0.92 (3H, s), 0.87 (6H, s), 0.81 (3H, s), 0.78 (6H, s); 13C 
NMR (100 MHz, CDCl3) : δ: 38.2 (C-1), 23.7 (C-2), 80.9 
(C-3), 37.7 (C-4), 55.2 (C-5), 18.2 (C-6), 32.6 (C-7), 39.8 
(C-8), 47.5 (C-9), 36.8 (C-10), 23.5 (C-11), 121.6 (C-12), 
145.2 (C-13), 41.7 (C-14), 28.4 (C-15), 26.1 (C-16), 32.5 
(C-17), 47.2 (C-18), 46.8 (C-19), 31.1 (C-20), 34.7 
(C-21), 37.1 (C-22), 28.0 (C-23), 16.7 (C-24), 15.5 
(C-25), 16.8 (C-26), 25.9 (C-27), 26.9 (C-28), 33.3 
(C-29), 23.6 (C-30), 171.0 (C-31), 21.3 (C-32). 

Oleanolic Acid (2): C30H48O3, mp 302-304 oC; white 
powder; El-MS m/z: 456 [M]+; IR(KBr)cm-1: 3448 (-OH), 
1693 (-C=O), 1403, 1 274, 1040; 1H NMR (400 MHz, 
CDCl3) : δ: 5.28 (1H, s, H-12), 3.26 (1H, m, H-3), 2.81 
(1H, dd, J=10.0Hz, H-18), 0.74 (3H, s, H-26), 0.77 (3H, 
s, H-25), 0.90 (3H, s, H-24), 0.91 (3H, s, H-29), 0.92(3H, 
s, H-30), 0.98(3H, s, H-23), 1.13(3H, s, H-27); 13C NMR 
(100 MHz, CDCl3) : δ: 38.47 (C-1), 27.29 (C-2), 78.65 
(C-3), 39.35 (C-4), 56.72 (C-5), 19.58 (C-6), 33.98 (C-7), 
40.50 (C-8), 48.41 (C-9), 38.64 (C-10), 23.68 (C-11), 
122.35 (C-12), 145.56 (C-13), 42.97 (C-14), 28.69 
(C-15), 23.98 (C-16), 48.77 (C-17), 42.18 (C-18), 47.14 
(C-19), 31.28 (C-20), 34.22 (C-21), 33.66 (C-22), 28.90 
(C-23), 16.25 (C-24), 15.71 (C-25), 17.38 (C-26), 26.33 
(C-27), 180.61 (C-28), 33.49 (C-29), 23.61 (C-30). 

Lupeol (3): C30H50O, mp 210-212 oC; colorless 
needles; El-MS m/z: 426 [M]+; 1H NMR (400 MHz, 
CDCl3) : δ: 4.62, 4.49 (each1H, d, J=1.8 Hz, H-29), 3.12 
(1H, dd, J=11.2, 4.8 Hz, H-3), 1.68 (3H, s, H-30), 1.27 
(1H, d, J=6.4 Hz, H-9), 1.03 (3H, s, Me-26), 0.97 (3H, s, 
Me-23), 0.89 (3H, s, Me-27), 0.81 (3H, s, Me-25), 0.92 
(3H, s, Me-28), 0.74 (3H, s, Me-24); 13C NMR (100 
MHz, CDCl3) : δ: 38.68 (C-1), 27.37 (C-2), 78.93 (C-3), 
38.84 (C-4), 55.28 (C-5), 18.30 (C-6), 34.26 (C-7), 40.81 
(C-8), 50.49 (C-9), 37.15 (C-10), 20.93 (C-11), 25.16 
(C-12), 38.05 (C-13), 42.80 (C-14), 27.44 (C-15), 35.57 
(C-16), 42.92 (C-17), 48.25 (C-18), 47.90 (C-19), 150.91 
(C-20), 29.84 (C-21), 39.99 (C-22), 27.91 (C-23), 15.30 
(C-24), 16.11 (C-25), 15.94 (C-26), 14.53 (C-27), 17.92 
(C-28), 109.31 (C-29), 19.34 (C-30).   
β-Amyrin (4): C30H50O, colorless crystals; mp 

196-197 oC; EI-MS m/z 426 [M]+; 1H NMR (400 MHz, 
CDCl3) : δ: 5.10 (1H, t, J=6.9Hz, H-12), 3.18 (1H, m, 
H-3), 1.12 (3H, s), 0.98 (3H, s), 0.96 (3H, s), 0.92 (3H, s), 
0.87 (3H, s), 0.85 (3H, s), 0.81 (3H, s), 0.79 (3H, s); 13C 
NMR (100 MHz, CDCl3) : δ: 38.3 (C-1), 27.1 (C-2), 79.1 
(C-3), 38.7 (C-4), 55.4 (C-5), 18.4 (C-6), 32.6 (C-7), 39.6 
(C-8), 47.8 (C-9), 36.7 (C-10), 23.4 (C-11), 121.8 (C-12), 
145.3 (C-13), 41.6 (C-14), 28.2 (C-15), 26.1 (C-16), 32.7 
(C-17), 47.3 (C-18), 46.8 (C-19), 31.3 (C-20), 34.9 
(C-21), 37.2 (C-22), 28.2 (C-23), 15.7 (C-24), 15.5 
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(C-25), 16.9 (C-26), 26.1 (C-27), 27.1 (C-28), 33.3 
(C-29), 23.7 (C-30). 

Periplogenin (5): C23H34O5, colorless needles; mp 
135-137 oC; EI-MS m/z 390[M]+; 1H NMR (400 MHz, 
CDCl3) : δ: 5.89 (1H, s, H-22), 4.99 (1H, dd, J=18.0, 1.6, 
H-21), 4.82 (1H, dd, J=18.0, 1.6, H-21), 4.19 (1H, brs, 
H-3), 2.79 (1H, dd, J=9.2, 5.6, H-17), 0.95 (3H, s, H-19), 
0.88 (3H, s, H-18); 13C NMR (100 MHz, CDCl3) : δ: 
24.83 (C-1), 27.81 (C-2), 67.94 (C-3), 36.79 (C-4), 74.77 
(C-5), 35.08 (C-8), 23.70 (C-7), 40.64 (C-8), 38.95 (C-9), 
40.66 (C-10), 21.50 (C-11), 39.96 (C-12), 49.54 (C-13), 
85.36 (C-14), 32.91 (C-15), 26.82 (C-16), 50.66 (C-17), 
15.76 (C-18), 16.75 (C-19), 174.96 (C-20), 73.62 (C-21), 
117.58 (C-22), 174.86 (C-23). 

Quercetin (6): C15H10O7, mp 312-314 oC; yellow 
powder; 1H NMR (400 MHz, DMSO-d6) : δ: 6.19 (1H, d, 
J=1.8Hz, 6-H), 6.41 (1H, d, J=1.8Hz, 8-H), 6.88 (1H, d, 
J=8.4Hz, 5′-H), 7.54 (1H, dd, J=2.0, 8.4Hz, 6′-H), 7.68 
(1H, d, J=2.0Hz, 2′-H), 9.34 (1H, s, 3′-OH), 9.40 (1H, s, 
4′-OH), 9.62 (1H, s, 3-OH), 10.80 (1H, s, 7-OH), 12.51 
(1H, s, 5-OH). 13C NMR (100 MHz, DMSO-d6): δ: 
147.24 (C-2), 136.19 (C-3), 176.29 (C-4), 161.17 (C-5), 
98.63 (C-6), 164.34 (C-7), 93.79 (C-8), 156.58 (C-9), 
103.46 (C-10), 22.40 (C-1'), 115.51 (C-2'), 145.51 (C-3'), 
148.15 (C-4'), 116.05 (C-5'), 120.42 (C-6').  

Quercetin-3-O-β-D-glucuronopyranoside methyl 
ester (7): C22H20O13, mp 181-183 oC, yellow powder, IR 
(KBr) cm-1 : 3402 (OH), l73l (C=O), l 647 C=O). 1H 
NMR (400 MHz, DMSO-d6) : δ: 6.21(1H, d, J=1.1Hz, 
H-6), 6.41(1H, d, J=1.1Hz, H-8), 7.51(1H, d, J=2.5Hz, 
H-2'), 6.83(1H, d, J=8.4Hz, H-5'), 7.56(1H, dd, J=2.5, 
8.4Hz, H-6'), 5.46(1H, d, J=6.9Hz, H-1''), 3.71(3H, s, 
6''-OCH3). 

13C NMR (100 MHz, DMSO-d6): δ: 156.77 
(C-2), 133.62 (C-3), 177.59 (C-4), 161.67 (C-5), 99.27 
(C-6), 164.79 (C-7), 94.07 (C-8), 156.91 (C-9), 104.36 
(C-10), 121.36 (C-1'), 115.63 (C-2'), 145.37 (C-3'), 
149.10 (C-4'), 116.57 (C-5'), 122.14 (C-6'), 101.88 (C-1''), 
74.2 (C-2'')3, 76.15 (C-3''), 71.85 (C-4''), 76.15 (C-5''), 
169.35 (C-6''), 52.29 (6''-OCH3). 

Isoquercitrin (8): C21H20O12, mp 225-227 oC, yellow 
needles, 1H NMR (400 MHz, DMSO-d6) : δ: 6.41 (1H, d, 
J=1.7Hz, 8-H), 6.20 (1H, d, J=1.7Hz,6-H), 7.57 (1H, d, 
J=1.9Hz, 2′-H), 7.58 (1H, dd, J=1.9, 8.9 Hz, 6′-H), 6.83 
(1H, d, J=8.9Hz, 5′-H), 5.46 (1H, d, J=7.1Hz, H-1''). 13C 
NMR (100 MHz, DMSO-d6): δ: 156.68 (C-2), 133.86 
(C-3), 177.93 (C-4), 161.73 (C-5), 99.15 (C -6), 164.62 
(C -7), 93.98 (C-8), 156.81 (C-9), 104.46 (C -10), 121.68 
(C-1'), 115.69 (C-2'), 145.28 (C-3'), 148.93 (C-4'), 
116.72 (C -5'), 122.07 (C-6'), 101.45 (C -1''), 74.59 (C 
-2''), 77.02 (C-3''),. 70.46 (C-4''), 78.00 (C-5''), 61.49 
(C-6''). 

Luteolin (9): C15H10O6, mp 328-330 oC, yellow 
powder, 1H NMR (400 MHz, DMSO-d6) : δ: 7.42(1H, d, 
J=2.2, H-2′), 7.40 (1H, dd, J=2.2, 8.2, H-6′), 6.92 (1H, d, 

J=8.2, H-5′), 6.88 (1H, s, H-3), 6.49 (1H, J=2.1, H-8), 
6.23 (1H, d, J=2.1, H-6). 1H NMR (400 MHz, 
DMSO-d6) : δ:  182.0 (C-4), 164.4 (C-7), 161.6 (C-5), 
157.8 (C-9), 149.9 (C-4′), 146.0 (C-3′), 122.4 (C-1′), 
119.5 (C-6′), 116.5 (C-5′), 113.7 (C-2′), 104.2 (C-10), 
103.4 (C-3), 99.2 (C-6), 94.4 (C-8) [5]. 

Quercetin-3-O-rhamnoside (10): C21H20O11, mp 
185-187 oC, yellow needles, 1H NMR (400 MHz, 
DMSO-d6) : δ: 6.21 (1H, d, J=1.8 Hz, H-6), 6.39 (1H, d, 
J=1.8 Hz, H-8), 7.31 (1H, d, J= 2.1Hz, H-2'), 6.86(1H, d, 
J= 8.7Hz, H-5'), 7.26(1H, dd, J=2.1, 8.7 Hz, H-6'), 5.26 
(1H, d, J=1.3 Hz, H-1''), 12.7 (1H, s, 5-OH), 10.8 (1H, s, 
7-OH), 9.44 (1H, s, 4'-OH), 0.82(3H, d, J=6Hz, 6''-CH3). 
13C NMR (100 MHz, DMSO-d6): δ: 156.9 (C-2), 134.7 
(C-3),178.2 (C-4), 161.8 (C-5), 99.2 (C-6), 164.7 (C-7), 
94.1 (C-8), 157.8 (C-9), 104.5 (C-10), 121.6 (C-1'), 115.9 
(C-2'), 145.7 (C-3'), 148.9 (C-4'), 116.1 (C-5'), 121.2 
(C-6'), 102.3 (C-1''), 70.8 (C-2''), 71.0 (C-3''), 71.6 (C-4''), 
70.5 (C-5''), 18.0 (C-6'').  

Rutin (11): C27H30O16, mp 188-190 oC, yellow powder, 
1H NMR (400 MHz, DMSO-d6) : δ: 6.19 (1H, d, J=2 Hz, 
H-6), 6.38 (1H, d, J=2 Hz, H-8), 7.53 (1H, d, J= 2.1Hz, 
H-2'), 6.84(1H, d, J= 8.0Hz, H-5'), 7.55(1H, dd, J=2.1, 
8.0 Hz, H-6'), 5.35 (1H, d, J=7.3 Hz, H-1''), 4.39 (1H, s, 
H-11'''), 2.6 (1H, s, 5-OH), 10.7 (1H, s, 7-OH), 9.34 (1H, 
s, 4'-OH), 1.00(3H, d, J=6.2Hz, 6'''-CH3). 

13C NMR (100 
MHz, DMSO-d6): δ: 157.0 (C-2), 133.8 (C-3),177.8 
(C-4), 161.7 (C-5), 99.2 (C-6), 164.6 (C-7), 94.0 (C-8), 
156.9 (C-9), 104.4 (C-10), 122.0 (C-1'), 115.7 (C-2'), 
145.2 (C-3'), 148.9 (C-4'), 116.7 (C-5'), 121.6 (C-6'), 
101.7 (C-1''), 74.5 (C-2''), 76.9 (C-3''), 71.0 (C-4''), 76.4 
(C-5''), 67.4 (C-6''), 101.2 (C-1'''), 70.8 (C-2'''), 70.5 
(C-3'''), 72.3 (C-4'''), 68.7 (C-5'''), 18.2 (C-6'''). 

3 Conclusion 

The ethanolic extract of P. sepium was subjected to 
chromatography on silica gel eluting successively with 
different mobile phases which resulted in the isolation of 
eleven compounds, five triterpenes (1-5) and six flavones 
(6-11).  

The structures of these compounds were elucidated by 
a combination of spectral analysis 1H-NMR, 13C-NMR, 
EI-MS and their physicochemical properties, and were 
identified as β-amyrin acetate (1), oleanolic acid (2), lu-
peol (3), β-amyrin (4), periplogenin (5), quercetin (6), 
quercetin-3-O-β-D-glucuronopyranoside methyl ester (7), 
isoquercitrin (8), luteolin (9), quercetin-3-O-rhamnoside 
(10), rutin (11).  

Among them, compound 1, 2, 4, 5, 7 and 10 were iso-
lated from P. Sepium for the first time. 
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Abstract: An effective biosurfactant producing bacteria CK5-1 was isolated from Xinjiang crude oil and 
identified to be Bacillus licheniformis strain by biochemical tests together with 16S rDNA sequence analysis. 
Thin layer chromatography (TLC) and Fourier transformed infrared (FT-IR) worked together to reveal that 
CK5-1 produced lipopeptid biosurfactant. Under optimum condition, CK5-1 was able to reduce the surface 
tension of media from 72.4 mN/m to 28.726 mN/m after 72 h cultivation. Emulsification experiment indicated 
that CK5-1 had the ability to emulsify crude oil effectively, forming oil in water emulsion. CK5-1 could pro-
duce biosurfactant from 30℃ to 50℃. Under optimum temperature 30℃, the production of lipopeptid 
biosurfactant reached to its maximum 2 g/L. CK5-1 and its metabolite had a potential application in microbial 
enhanced oil recovery (MEOR). 
 
Keywords: Bacillus licheniformis; lipopeptid; biosurfactant; metabolite 
 

1 Introduction 

Biosurfactants are surface-active compounds produced 
by wide range of microorganisms under specific condition 
[1, 2]. Biosurfactants are categorized by their chemical 
composition and microbial origin, including glycolipids, 
lipopeptides, polysaccharide–protein complexes, protein- 
like substances, lipopolysaccharides, phospholipids, fatty 
acids and neutral lipids [3]. 

In recent years, biosurfactant, identified as high biode-
gradability, low toxicity, low irritancy and various  pos-
sible structures relative to chemical surfactants[4]have 
been widely employed in petroleum industries such as 
decomposition of spilled oils[5], cleaning of oil reser-
voirs[6], enhanced oil recovery [7,8]and reducing oil vis-
cosity.  

For microbial enhanced oil recovery (MEOR), biosur-
factant is one of the most important metabolites. In the 
specific environment at reservoir, the most common 
biosurfactant-producers are Bacillus strains and Pseudo-
monas strains. And the isolated biosurfactants are usually 
glycolipids and lipopeptides [9].  

The aims of this work were to isolate and characterize 
promising biosurfactant-producing microorganisms from 
Xinjiang oil field and to analyze the properties of the 
strain, purify and verify the biosurfactant and to evaluate 
the potentiality of the stain in MEOR. 

2. Materials and Methods 
2.1 Culture Media 

In the present study, four culture media were used, and 
the compositions of these culture media were given in 

Table 1. 
 
Table 1. Composition of the culture media used in the  

present study 

Culture media Component Concentration (g/L) 

Crude oil * 5 
Glucose 2 

Yeast extract 0.1 
NH4NO3 0.5 
KH2PO4 1 
Na2HPO4 1 

MgSO4·7H2O 0.02 

Enrichment 
media 

Trace element 
solution 

0.5 mL 

Peptone 10 
NaCl 5 

Glucose 10 
Beef extract 5 

Seed culture 
media 

Yeast powder 0.5 
NaCl 18 

(NH4)2SO4 1 
NaH2PO4 3 

K2HPO4·3H2O 6 
MnSO4 0.01 
MgSO4 0.05 

FeSO4·7H2O 0.01 

Fermentation 
media 

Crude oil 20 

*crude oil was collected from Xinjiang oil field. 

Initial pH of the seed culture media was adjusted to 7.0. 
In fermentation media, crude oil was used as the sole 
carbon and energy source to produce biosurfactant. En-
richment media and seed media were sterilized in auto-
clave at 110℃ for 30 min and fermentation media was 
sterilized at 121℃ for 15 min. 

2.2 Microorganism Isolation  
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5 mL crude oil was diluted with 95 mL sterile purified 
water, incubated at 30℃ in shaker for 2 h, after settle-
ment, supernatant was inoculated into 90 mL enrichment 
culture and incubated at 30℃, 160 rpm for 3 d. Then 5 
mL of the broth was transferred into fresh enrichment 
culture for totally 5 times. To isolate bacterial strains, 
samples (0.2 mL) of the nutrient solution were spread 
onto agar plates. Several colonies appeared and pure 
culture of each morphologically distinct colony was ob-
tained by repetitive streaking onto agar plates. To obtain 
biosurfactant-producing microorganism, the above dis-
tinct colonies were transferred into 50 mL seed culture 
media and incubated at 30℃, 160 rpm for 24 h to obtain 
cells at logarithmic phase. Then 5% aliquot inoculum 
was transferred to 150 mL fresh fermentation media us-
ing crude oil as sole carbon, cultured at 30℃, 160 rpm 
for 2 d. After that, the surface tensions of culture samples 
were measured. The strain which could reduce the sur-
face tension of broth to the lowest value was selected as 
the highest biosurfactant-producing strain and named 
CK5-1. 

2.3 Identification of Strain CK5-1 

The strain CK5-1 was identified biochemical accord-
ing to <Bergey’s Manual of systematic Bacteriology> 
[10]. For 16S rDNA sequencing, DNA was extracted 
using TIANGEN kit (China). Extracted DNA was ampli-
fied by PCR using universal set of primers 960f (5’-AAC 
GCG AAG AAC CTT AC-3’) and 1392r (5’-ACG GGC 
GGT GTG TAC A-3’), A 40-bp GC clamp (5’-CGC 
CCG GGG CGC GCC CCG GGC GGG GCG GGG 
GCA CGG GGGG-3’) was attached to the 5’ end of the 
960f. PCR amplification was performed in a total volume 
of 50 μL containing 2 μL template DNA, 5 μL 10×
PCR buffer, 5 μL MgCl2(25 mM), 1 μL dNTP mix-
ture(10 mM), 1 μL Taq DNA Polymerase(2.5 U/μL) 
and 1 μL of each primer(10 μM). The amplification 
fragments were V6-V8 regions of 16S rDNA [11]. PCR 
product (about 400 bp) was sent to Shanghai Sangon 
Biological Engineering Technology & Services Co, Ltd. 
(Shanghai, China) for sequencing. The resulting se-
quence was submitted to NCBI using BLAST service to 
determine its approximate phylogenetic affiliations. 

2.4 Extraction of Biosurfactant  

At the end of the incubation, pH of fermentation broth 
was adjusted to 8.0 using 2 M NaOH. After that the broth 
was centrifuged (8,000 rpm, 15 min) to remove cells and 
residual crude oil. Then pH of supernatant was adjusted 
to 2.0 by 1 M HCl and kept the supernatant at 4℃ over 
night to allow the precipitation of biosurfactant [12]. The 
precipitates were collected by centrifugation and ex-

tracted with an equal volume of chloroform/methanol 
(2:1, v/v) for 3 times. The solvent was concentrated in a 
rotary evaporator to obtain the crude biosurfactant. For 
further purification, n-hexane was added to the crude 
biosurfactant to scour off fatty acid, then the mixture was 
centrifuged to collect biosurfactant, dried and weighed 
the biosurfactant. 

2.5 Biomass 

Cell growth was monitored by measuring the optical 
density at 600 nm (OD600). Cells were collected by cen-
trifugation (8000 rpm, 15 min), and re-suspended in ster-
ilized water to the original volume. 

2.6 TLC Analysis  

Preliminary characterization of the biosurfactant was 
done by thin layer chromatography (TLC). A portion of 
the extracted biosurfactant was firstly dissolved in chlo-
roform and spotted on silica gel plates using the solvent 
system chloroform/methanol/double distilled water 
(65:25:4, V/V/V)[13]. The components on the TLC plate 
were visualized by hydrolizating at 110℃ for 1.5 h after 
spraying with 50% sulfuric acid. Ninhydrin reagent (0.5 
g ninhydrin in 100 mL anhydrous acetone) was used to 
detect lipopeptide biosurfactant as red spots, and Phe-
nol-sulfuric acid reagent(3 g phenol in 5 mL sulfuric acid 
mixed with 95 mL ethanol) to detect glycolipid biosur-
factant as brown spots.  

2.7 FT-IR Analysis  

FT-IR spectra of the dried biosurfactant were recorded 
on a Bruker 113 VFT-IR spectrometer in wave number 
range of 4000–400 cm−1. FT-IR analysis was performed 
with MAGNA-IR 560 E.S.P and carried out by the Cen-
ter of Analytical Services of State Key Laboratory of 
Heavy Oil Processing, China University of Petroleum 
(Beijing). 

3 Results and Discussion 
3.1 Isolation and Identification of 

Biosurfactant-Producing Strain CK5-1 

After a multi-step enrichment program, eight morpho-
logically distinct microbial colonies had been selected as 
positive strains. Ultimately one of the isolates CK5-1, 
which can reduce the surface tension of the fermentation 
broth from 72.4 mN/m to below 30 mN/m was selected 
for the further studies. The 16S rDNA sequence analysis 
revealed that CK5-1 had 99 % homology with Bacillus 
licheniformis. Together with biochemical characteristics 
(Table2), CK5-1 was identified as Bacillus licheniformis 
strain.
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Table 2. Biochemica characteristics of strain CK5-1 

Experiments Strain CK 5-1 

Gram staining + 

Catalase - 

Oxidase + 

Urea enzyme + 

Methyl-red - 

Starch hydrolysis + 

The experiment is marked by plus sign “+” when the change in growth was 
observed; and marked by minus sign “–” when  no change in growth was 
observed. 

3.2 Preliminary Characterization of 

Biosurfactant 

After adjusting pH of the fermentation broth to 2.0 and 
keeping the broth at 4℃, precipitate was observed, indi-
cating the presence of lipopeptid. 

TLC analysis showed that there was no brown spot on 
silica gel plates when using Phenol-sulfuric acid reagent 
as color developing reagent, suggesting that no glycolip-
ids was found in this biosurfactant. Mean while, com-
paring the two results between hydrolization and nonhy-
drolization, the red spot which appeared only on the plate 
after hydrolization was recognized to contain amino acid 
from hydrolysis of lipopeptid.  

FT-IR analysis (Figure 1) was utilized to confirm the 
biosurfactant following TLC detection. IR spectroscopy 
revealed that biosurfactant produced by CK5-1 showed 
strong absorption bands. The two absorption bands at 
3302 cm-1 and 3067 cm-1were result from the NH 
stretching, indicate the presence of peptide component. 
At 1650 cm-1, the stretching mode of a C=O bond was 
observed and at 1539 cm-1 the deformation mode of the 
NH bond combined with C–N stretching mode occurred. 
The presence of an aliphatic chain was indicated by the 
C–H stretching modes at 2854–2960 cm-1 and 
1464–1377 cm-1. At 2925 cm-1 and 2854 cm-1 the 
stretching vibration of CH2 occurred. The bonds at 1715 
cm-1and 1215 cm-1 were due to lactone carbonyl absorp-
tion. These results indicated that the biosurfactant con-
tain aliphatic and carbonyl moieties. 

According to all the above results biosurfactant pro-
duced by CK5-1 was identified as lipopeptid. 
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Figure 1. FT-IR spectrum of dried biosurfactant  
produced by CK5-1 

3.3 Characteration of CK5-1 

 

Figure 2. Growth and surface tension of strain CK5-1  
under optimum condition 

Previous studies (data not shown) had determined the 
optimum growing conditions of CK5-1 were temperature 
30℃, pH =7.5, salinity 15-18.26 g/L. Under this optimum 
condition, the surface tension of the fermentation broth 
decreased from 72.4 mN/m to 28.726 mN/m (Figure 2). 
The lowest surface tension occurred when cell growth 
entered into stationary phase after 3 d of cultivation. The 
reduction of the surface tension of media was the result 
of biosurfactant production and accumulation along with 
cell growth during logarithm phase and stationary phases. 
It can be concluded that the biosurfactant produced by 
CK5-1 was a primary metabolite. 

Good emulsification property is very important for 
biosurfactant to be promising in different applications 
[14]. The ability of CK5-1 to emulsify crude oil was in-
vestigated. Under optimum condition, CK5-1(5%) was 
inoculated into the fermentation media and incubated in a 
shaker at 160 rpm for 7 d. 
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Figure 3. Comparison macroscopic appearances of  
fermentation broth: left is without CK5-1 right is with 

CK5-1 

 

Figure 4. Micro-emulsification of fermentation broth  
without CK5-1 

 

Figure 5. Micro-emulsification of fermentation after  
inoculated CK5-1 for 5 days 

Figure.3 showed the emulsification of fermentation 
broth after inoculating CK5-1 for 2 d. Crude oil evenly 
dispersed in the broth, forming a homogeneous emulsion. 
Micro-emulsifying properties of the broth were also 
studied. After incubation, 100 μL broth was added onto 
the slide and observed with a microscope in 200×
magnification, as figure.5 showed. For the blank control-
ler (figure.4), most of the broth was aqueous. The five 
big oil drops were the result of mechanical shaking. After 
the action of CK5-1, the broth were full of small oil 
droplets, indicating that CK5-1 can act on the oil-water 
interface and make oil disperse in aqueous phase. The 
biosurfactant produced by CK5-1 promoted emulsifica-
tion. Oil phase and water phase were well mixed forming 
oil in water emulsion. 

3.4 Biosurfactant Production 

In oil reservoirs, temperature is the most important 
factor that effect microbial growth and metabolism. The 
profiles of biomass concentration, biosurfactant produc-
tion at different temperature were shown in figure.6-9. 
The production of biosurfactant was accumulated as the 

cell growth. Maximum biosurfactant production reached 
to about 2 g/L at optimum 30℃.  

Although 30℃ is its optimal temperature, CK5-1 still 
had capacity to produce biosurfactant at 40℃ and 50℃, 
of which the concentration were 1.83 g/L and 1.54 g/L 
respectively, indicating that CK5-1 had a temperature 
resistance. The concentration of biosurfcatant reached to 
its maximum at about 4–5 days of fermentation, when 
the cell growth entered the decline phase. 

 

 
Figure 6. Time courses of biosurfactant production and 

biomass at 30℃ 
 

 
Figure 7. Time courses of biosurfactant production and 

biomass at 40℃ 
 

 
Figure 8. Time courses of biosurfactant production and 

biomass at 50℃ 
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4 Conclusion 

In the present study, we have successfully isolated the 
indigenous strain CK5-1. Results showed CK5-1 had the 
capacity to reduce the surface tension of the media to 
28.726 mN/m by producing lipopeptid biosurfactant. The 
result is superior to those already published reports by 
other authors [15, 16]. It also showed a relative high 
emulsification capacity to emulsify crude oil and form 
water in oil emulsion. The advantage of this bacterium 
was the ability of biosurfactant production at wide range 
of temperature (20℃–50℃). In conclusion, the isolated 
strain CK5-1 had a potential application in petroleum and 
environmental application such as enhanced oil recovery 
and decomposition of spilled oils. What is more, the mi-
crobial products biosurfactant could be favorable for res-
ervoirs with growth limiting conditions. 
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Abstract: The effects of n-butanol extraction from Bupleurum chinense DC. on carbon tetrachloride(CCl4) 
–induced liver injury were studied in mice and the features of chemical compositions in n-butanol fraction 
were studied at the same time. The drug group that pretreatment with saikosaponins could significantly 
decreased serum ALT and AST activities(P<0.05), at the same time, it could obviously enhance the activity 
of SOD and reduce the contents of MDA in liver tissue(P<0.05). The following study on the features of 
chemical compositions indicated that SSa and SSd were the two compositions of saikosaponins with the 
relatively high contents in the n-butanol fraction. The contents of total saikosaponins in the n-butanol fraction 
were 11.20 mg·mL-1. 
 
Keywords: N-butanol extraction; Bupleurum chinense DC.; chemical compositions; saikosaponins  
 

1 Introduction 

The dried roots of Bupleurum chinense DC. from the 
umbelliferae were often used to treat Shao Yang diseases 
as traditional chinense medicine with the features of 
evacuation of antipyretic, relieving the depressed liver 
and lifting Yang Qi [1]. Modern studies [2-6] testified 
that water extraction and alcohol extraction from 
Bupleurum chinense DC. had effects of anti-liver fibrosis, 
protecting liver cells and inhibiting human liver cancer 
cells, in which many chemical compositions existed, 
such as flavonoids, carbohydrate, volatile oil and so on. 
As a result what kind of chemical compositions had the 
effects were not clear so far. Based on this, this 
experiment had a purification process of alcohol 
extraction and took the n-butanol fraction as the research 
object. Previous study on the n-butanol fraction was 
limited to one side of the pharmacological action or the 
features of chemical compositions, our present study was 
designed to evaluate the effects of n-butanol fraction on 
acute liver injury in mice induced by CCl4 and study the 
features of chemical compositions in n-butanol fraction 
by using chromatographic analysis at the same time. The 
correlation between the chemical compositions and liver 
protection was preliminary studied.  

2 Materials and Methods 
2.1 Reagents and Instruments 

Kits of ALT, AST, SOD and MDA (provided by 
Nanjing Jiancheng biological research institute of China 
with the batch number of 20100529), brifendate pills 
(provided by Zhejiang Wanbang pharmaceutical CO., 

LTD. of China with the batch number of 090906), 
Saikosaponin -a, -d, (SSa, SSd) were prepared by our 
laboratory [7], sample of Bupleurum chinense DC. was 
obtained from Dalian (Liaoning China), the sample was 
identified by botanists Prof. Cheng–ming Dong from 
Henan University of TCM. 

SUMMIT HPLC instrument with “CHROMELE   
–ONTM” wokstation (DIONEX company USA) and 
ELSD (ALLTECH company USA), “Chromafinger” 
solution software (Version 1.5 Keman Medicine 
Research company Zhuhai China), Hydro-RP80A 
column (Guangzhou phnomenex company China), 
METLER AE240 analytical balance (Mettler-Toledo 
instruments company Switzerland), BS210S electronic 
balance (Sartorius automatic company Beijing China), 
SZ-93 double pure water distiller rotary evaporator 
(Yarong biochemistry instrument factory Shanghai 
China), PT2100 inscribed homogenizer (Polytron 
company USA), 3-18K high-speed freezing centrifuge 
(Sigma Germany), LDZ5-2 low-speed centrifuge (Jingli 
company Beijing China), UV-2000 uv-vis spectrophoto- 
meter (Unico company Shanghai China). 

2.2 Animal Experiment 

2.2.1 Animals 

60 SPF kunming mice weighing 19-23 g were 
purchased from local breeders and were randomLy 
divided into 6 groups: blank group, model group, 
positive medicine group, three treatment groups (high, 
middle, low dose of saikosaponins extraction) with half 
male and half female in each group. The animals were 
housed in metal cages in animal experimental center of 
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Henan University Of TCM that was air-conditioned by 
means of a system designed to maintain the room 
temperature at an average of 24 ℃  and a relative 
humidity of about 30%-50%. Tap water and diet were 
available and libitum. 

2.2.2 Preparation of Saikosaponins 
201.0 g of Bupleurum chinense DC. meal was reflux 

extracted for two times with 8-fold volume of 95% 
alcohol for the first time and 6-fold volume of 95% 
alcohol for the second time, each time for 1h,vacuum 
filter and combine the filtrate, vacuum concentration to 
condensed paste which was dissolved by 1000 mL of 
n-butanol-saturated water (external therapeutic  
ultrasound (ETUC) for 20 min) and then water-saturated 
n-butanol extraction (equivalent) for three times,combine 
extraction liquid and vacuum concentration to condensed 
paste. Add 201 mL normal saline to dissolve the paste 
(ETUC for 5 min), centrifuge for 3min (3000 r·min-1) 
and the same to the precipitate, combine the supernatant 
and vacuum concentration to 201 mL to get the final 
extraction, the concentration was 1.0 g·mL-1 (1.0 mL 
solution contained 1.0 g crude drug). By diluting to get 
other dosage. 

2.2.3 Dosage and Model Planning 
The mice in the positive medicine group were 

pretreated with 7.5 mg·mL-1 DDB (compounding of 
0.5 % (w/v) CMC-Na). The mice in the three treatment 
groups were respectively pretreated with 1.0 g·mL-1, 0.5 
g·mL-1 and 0.2 g·mL-1 extraction of saikosaponins. The 
mice in the blank group and the model group were given 
equal volume of normal saline. Dosage of administration 
was 20 mL·kg-1 by continuous ig injection for 7 d. All 
mice were deprived of food after the final injection on 
the 7th day. 2 h after the final injection, the blank group 
was given vegetable oil by ip injection (10 mL·kg-1), the 
rest groups [8-9] were given 0.2% CCl4 (CCl4/vegetable 
oil (v/v)) by ip injection (10 mL·kg-1). The eyeballs were 
extracted and blood was drawn after 10 h, centrifuge for 
4 min(2000 r·min-1) to get serum. The liver (0.5 g) 
perfused with ice-cold saline was homogenized with 
inscribed homogenizer in 4.5 mL saline, this homogenate 
was further centrifuged for 10 min (3000 r·min-1), 2 mL 
of supernatant was taken to reserve. 

2.2.4 Serum and Liver Tissue Assay 
ALT, AST activities in serum and SOD activity, MDA 

contents in liver tissue were assayed by using 
commercial kits. 

2.3 Fingerprint of the Chemical Compositions  

2.3.1 Preparation of Reference Solutions 
Dissolve 3.00 mg of SSa and SSd in 5 mL of methanol 

respectively. 

2.3.2 Preparation of Sample Solutions 
1.0 g of the finely powdered root (sieve with 20mesh) 

was added to 40 mL methanol. The mixture was 
extracted by ultrasonic for 1 hour, filtered afterwards, 
and the leftover dissolved in 5 mL and filtered. The two 
filtrates were combined, evaporated to dryness in a fume 
cupboard and dissolved in 10 mL of water. The solution 
was extracted for three times with n-butanol which had 
been saturated by water, each volume was 10 mL, and 
three extractions were combined and evaporated to 
dryness. The residue was dissolved in 5 mL of methanol. 
The solution was filtered through a 0.45 µm membrane 
filter before use. 

2.3.3 HPLC Conditions 
HPLC conditions were shown as follows. The flow 

rate was 1.0 mL·min-1, The injection volume was 10 µL 
and the column temperature was maintained at 30℃. The 
mobile phase was consisted of water (A) and acetonitrile 
(B), which were applied in the following gradient elution: 
from 85A/15B to 70A/30B in 15min, in 10 min to 
65A/35B, in 15min to 55A/45B, then in 20 min to 
50A/50B, each run was following by a 10 min washing 
procedure. ELSD conditions: drifttube temperature, 
110℃; carrier gas, compressed air; carrier gas flow, 3.0 
L·min-1; splitter, off [10]. 

2.4 Total Saikosaponins Assay 

2.4.1 Preparation of Sample Solution 
0.2 g of Bupleurum chinense DC. meal was reflux 

extraction for two times with 10 mL of 95% alcohol for 
the first time and 8 mL of 95% alcohol for the second 
time, each time for 1h. Add 2 mL of alcohol to wash the 
leavings after natural filter and combine the filtrate. 
Drying the filtrate in a fume cupboard after measuring its 
volume. Add equal volume of n-butanol-saturated water 
to dissolve the paste and then water-saturated n-butanol 
extraction (equivalent) for three times, combine 
extraction liquid and evaporate to dryness. Constant 
volume was 25 mL with methanol. 

2.4.2 Staining Method 
0.8 mL aspiration of sample solution was evaporate to 

dryness. Add 0.10 mL of 1% paradimethylami 
-nobenzaldehyde solution in alcohol solution and 
evaporate to dryness. Then add 4.0 mL of phosphoric 
acid and heat in water bath (70 ℃) for 30 min. Cooled 
to room temperature. 

2.4.3 Assay Method 
Determine absorbability of sample solution and then 

use the formula curve as follows to calculate the contents 
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of total saikosaponins. As was shown in table 2, compared with blank group, 
the liver tissue SOD activity was significantly lower 
while the MDA contents were significantly higer(P<0.05) 
in model group showed liver tissue lipid peroxidation in 
mice appeared and the model building was successful. 
The decrease of liver tissue SOD activity and elevation 
of liver tissue MDA contents were significantly inhibited 
(P<0.05) in positive medicine group and high dose group 
by comparing with the model group. So saikosaponins 
could enhance the abilities of antioxidation and 
scavenging oxygen free radicals in mice. 

Y=3.1086X+0.0682(r=0.0996) 
Where Y and X are absorbance and concentration of 
samples; RSD of precision test, stability test, replicate 
test and recovery test were all not more than 3.29%. 

3 Results and Analysis 
3.1 Statistical Analysis 

The software package SPSS 13.0 was applied for 
one-way analysis of variance. Data of each group was 
expressed as mean±standard deviation ( X s ). The 
results were in table 1 and table 2. 3.2 Fingerprints Analysis 

As was shown in table 1, ALT and AST activities in 
serum were significantly higher in model group (P<0.05) 
than in blank group showed that the model building was 
successful. Compared with the control group, the serum 
ALT and AST activities in positive medicine group and 
high dose group were all significantly decreased 
(P<0.05). The middle and low dose group did not have 
these effects 

Fingerprints of SSa, SSd and the sample were shown 
in the figures as follows. 

By comparing the retention time with figure 1 and 
figure 2, it can be confirmed that peak 15 was SSa and 
peak 17 was SSd in figure 3.  

 

 

Table 1. Effects of different dosage pretreatment on 
activities of serum ALT and AST in mice 

Groups 
Dosage/ 
g·kg-1 

ALT / U·L-1 AST / U·L-1 

Blank group saline 25.40±4.58* 30.30±5.76* 
Model group saline 47.80±4.29△ 89.90±6.21△ 

Positive 
medicine group 

0.15 30.10±4.07*△ 47.70±8.25*△

High dose group 20 31.60±3.03*△ 51.60±8.34*△

Middle dose 
group 

10 45.50±4.35△ 84.90±8.71△ 

Low dose group 4 47.70±5.19△ 89.30±7.69△ Figure 1. Characteristic spectrum of standard of SSa 
*P<0.05, significant difference vs model group.  

 △ P<0.05, significant difference vs blank group 

 

Table 2. Effects of different dosage on SOD activity and 
MDA contents of liver tissue in mice 

Groups 
Dosage 
/g·kg-1 

SOD/ U·mgprot-1 
MDA 

/nmol·mgprot-1 
Blank group saline 285.89±25.10* 4.08±1.57* 
Model group saline 102.82±17.83△ 7.37±1.19△ 

Positive 
medicine 

group 
0.15 256.39±22.76*△ 4.50±0.72* 

High dose 
group 

20 221.98±22.91*△ 5.51±1.13*△ 

Middle dose 
group 

10 197.48±18.37*△ 7.81±1.32△ 

Low dose 
group 

4 95.34±22.86△ 7.71±1.23△ Figure 2. Characteristic spectrum of standard of SSd 

*P<0.05, significant difference vs model group. 
△ P<0.05, significant difference vs blank group 
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Figure 3. Characteristic spectrumof the n-butanol extraction from the sample 

 

3.3 Contents of Total Saikosaponins  

The contents of saikosaponins in high dose group 
(concentration was 1.0 g·mL-1) was 11.20 mg·mL-1 using 
the formula curve to calculate.  

4 Discussions 

CCl4 was one of the commonly used liver injury 
inducer. The method had the features of simple, 
remarkable effect and mature technology. 

AST and ALT activities in liver tissue were 5000 times 
more than in blood, so massive transaminase entered into 
blood when the liver membrane permeability increased 
and as a result transaminase activities in blood were one 
of the sensitive indexes that reflected the degree of liver 
injury. As one of the main products of Lipid peroxides, 
MDA can not only reflect the degree of liver tissue lipid 
peroxidation, but also indirectly reflect the degree of free 
radicals attacking cells. SOD had the ability of 
scavenging •O2 in vivo, so it played an important role in 
the balance of oxidative and anti-oxidative in vivo. 
According to these, the activities of AST, ALT in serum 
and the liver tissue MDA contents, SOD activities were 
selected as the evaluation indexes. 

Saikosaponins had an effective protective on actue 
liver injury when dosage was 20 g·kg-1. The dosage was 
15.5 times more than clinical dosage by calculating crude 
drug. It was equal to 224 mg·kg-1 of total saikosaponins 
and was equal to 1/21 of LD50 [11]. Analysis of liver 
protective mechanism was as follows：1. Inhibition of 
lipid peroxidation in vivo, its main process included the 
inhibition of •O2 generation, activation and enhancement 
of SOD activities. 2. Had protective effect on membrane 
so that free radicals can not damage the membrane. 

The protective effect of the n-butanol fraction on acute 
liver injury in miceinduced by CCl4 was confirmed by 
the pharmacological experiment and the features of the 
n-butanol fraction were obtained by combiningwith the 
analysis of characteristic spectrum of the chemical 

compositions. It can be confirmed that SSa and SSd were 
the main compositions of total saikosaponins.Whether 
they were the main effective components with the effects 
of liver protective should be studied furtherly.  
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Abstract: The essential oils were isolated by steam distillation method from the citrus peel and were identi-
fied by gas chromatography-mass spectrometry (GC-MS). More than thirty kinds of compounds were sepa-
rated. Among their composition, the main components are limonene compounds, which account for 82.08% 
of essential oils extracted from citrus peel. 
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1 Introduction 

Citrus, a member of the Rutaceac Citrus family, sex-
ual-warm and humid climate, mainly in tropical and sub-
tropical regions of geographical conditions are suitable 
for growth, includes many species, such as Orange, 
Pomelo and Sweet shaddock, and widely distributes in 
the region south of China. Citrus is one of the top pro-
ducers in the world. Citrus peel, nearly accounting for 
30% in total mass of citrus, is rich in essential oil [1].  

Essential oil of citrus peel has sweet authentic aromas. 
The essential oil is mainly composed of tepenes, alcohol, 
aldehydes and esters. At present there are several methods 
to extract essential oil from citrus peel, such as distillation, 
Cold squeeze method, extraction, Supercritical fluid ex-
traction and microwave-aid method [2]. In fact, super-
critical carbon dioxide extraction method is higher essen-
tial oil quality and yield; however it is seldom used in 
industry because of its high cost and equipment demand. 
Distillation is widely used in industry not only easy op-
eration and low cost but also high quality of essential oil. 
Essential oil of citrus peel can be used in food [3], medi-
cine industry [4] and domestic chemical industry. Effec-
tive utilization of citrus castoffs, which are mostly citrus 
peel, will benefit the full use of the good citrus resources 
and improve its economic value. 

 In this research, essential oils of citrus peels were ex-
tracted by steam distillation and then analyzed and identi-
fied by gas chromatography-mass spectrometry. The re-
search was expected to provide foundation for the extrac-
tion and application of essential oil from citrus peel. 

2 Materials and Methods 
2.1 Plant Material 

Citrus purchased farm products market, Tianjin, China. 
Citrus peel ari-dried for about one week. All the chemi- 

 
 
 

cals used in this study were analytically pure. 

2.2 Extraction of Essential Oil 

About 200 g of Citrus peel was cut into about 1.0 cm 
lengths at 90 temperatures and then transferred immedi-
ately into a standard essential oil extractor to which 400 
ml deionized water was added. The essential oil were 
obtained by steam-distillation. The oil samples from cit-
rus peel were stored in air-tight containers after drying 
them over anhydrous sodium sulfate for GC-MS analy-
sis.  

2.3 GC-MS Analysis 

The essential oil from Citrus peel by GC-MS electron 
impact ionization method on GC-MS Varian4000MS; 
fused silica capillary column (30 m x 0.25 mm; 0.25 mm 
film thickness), coated with VF-5; column temperature 
60°C (2 min) to 250°C at the rate of 5°C/min; carrier gas, 
helium at constant pressure of 80 Kpa. Acquisition pa-
rameters full scan; scan range 50-500 amu. 

2.4 Identification of the Compounds 

Compound identification was done by comparing the 
NIST library data of the peaks. Percentage composition 
was computed from GC peak areas on VF-5 column. 

3 Results and Discussion 

According to the above experiment condition, the rela-
tive percentage content of various components of essen-
tial oils were calculated by gas chromatographic peak 
area normalization method and the chemical composi-
tions were determined by gas chromatography/mass 
spectrometry technology. Chromatograms of the essen-
tial oils are shown in Figure 1. 
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Figure 1. Total chromatograms of the essential oils of 
citrus peel 

Through gas chromatography-mass spectrometry 
analysis, experiments show that the essential oil from 
citrus peel are presented with chemical constituents which 
are shown in table 1. Essential oil contains 38 constituents 
of which the major is limonene (82.08%). Other notable 
constituents are 1-methyl-4-(1-methylethyl)-1, 4-Cyclo-
hexadiene (6.877%), β-pinene (1.259%), 3-methylcy-
clopentene (0.882%). The study reveals that the major 
constituent is limonene. Limonene is common in cosmetic 
products, used in food manufacturing and medicines [5, 
6], for instance, Limonene has efficacy in preclinical 
models of breast cancer and may be an efficacious che-
motherapeutic agent for human malignancies [7]. A broad 
overview of the anti-cancer activities only can be found in 
a review by Rabi and Bishayee [8]. Limonene has been 
shown to prevent or delay the growth of a number of 
cancer types including lymphomas [9], mammary [10], 
gastric, liver, lung, and prostate cancer [11]. Further more 
this study on essential oils of citrus peels provides scien-
tific basis for further applications. 

Table 1. Constituents of essential oils of citrus peel 

S
L. 

N
o. 

Name of constituents in citrus peel % 

1 3-methylcyclopentene 0.882 
2 3-methyl-Hexane 0.816 
3 Tetrahydro-2H-pyran-2-ol 0.005 
4 Methylcyclohexane 0.149 
5 Cycloheptatriene 0.051 
6 4-Hydroxy-4-methyl-2-pentanone 0.120 

7 
2-methyl-5-(1-methylethyl) 

-bicyclo[3.1.0]hex-2-ene 
0.091 

8 (+)-α-Pinene 0.471 
9 2-p-menthadiene 0.108 

10 (1S,5S)-2(10)-Pinene 0.318 
11 β-pinene 1.259 
12 cis-5-Octen-1-ol 0.190 

13 
2-methyl-5-(1-methylethyl) 

-bicyclo[3.1.0]hex-2-ene 
0.051 

14 (+)-4-Carene 0.225 
15 1-methyl-4-(1-methylethyl)- Benzene 0.690 
16 limonene 82.08 
17 3-Carene 0.119 

18 
1-methyl-4-(1-methylethyl) 

-1,4-Cyclohexadiene 
6.877 

Continued 

S
L. 

N
o. 

Name of constituents in citrus peel % 

19 
1,3,4-trimethyl-3-Cyclohexene 

-1-carboxaldehyde 
0.027 

20 
3,7,7-trimethyl-bicyclo 

[4.1.0]hept-2-ene 
0.366 

21 2-Isopropenyltoluene 0.038 
22 3,7-Dimethyl-1,6-octadien-3-ol 0.965 
23 3,7-Dimethyl-6-octenal 0.151 
24 (+/-)-Terpinen-4-ol 0.159 
25 α-Terpineol 0.365 

26 
4-ethenyl-4-methyl-1-propan-2-yl-3-p

rop-1-en-2-yl-cyclohexene 
0.273 

27 (-)-α-Cubebene 0.113 
28 (-)-b-Elemene; 0.058 
29 α-Bulnesene 0.948 
30 (-)-trans-Caryophyllene 0.226 
31 Elemene-gamma 0.055 
32 Caryophyllene-alpha 0.123 
33 (+)-valencene 0.185 
34 Farnesene 0.538 

35 
1,3,6,10-Dodecatetraene,3,7,11 

-trimethyl-, (3E,6E)- 
0.574 

36 
1,6-dimethyl-4-propan-2-yl-2,3,4,4a,7

,8-hexahydronaphthalene 
0.235 

37 Naphthalene 0.068 
38 Cyclohexanemethanol 0.034 
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Abstract: Keap1 negatively regulates the function of Nrf2 that is a major activator of genes encoding phase 2 
detoxifying enzymes via sequestering cytoplasmic Nrf2 and subsequent degradation through the proteasome 
system. Reactive cysteine residues of Keap1 could be modified by Michael reaction acceptor molecules. Pre-
vious studies have shown that adduction at Cys151 by diethyl maleate (DEM) can give rise to a significant 
conformational change in Keap1 that leads to the dissociation of Keap1 from CUL3, hence inhibits Nrf2 
ubiquitylation. The BTB domain of Keap1 plays a crucial role in both forming self-dimerization and binding 
to CUL3. In order to better understanding the molecular mechanism how DEM interact with amino acid resi-
dues around Cys151, we performed two molecular dynamics (MD) simulations including Keap1-DEM com-
plex and Keap1 alone (control group). Interestingly, we found that after a short period of lingering around 
Cys151, DEM ultimately stabilized in a gap between two specific helixes away from the cavity around 
Cys151 and induced a concomitant significant conformational change of BTB domain of Keap1. Similar 
phenomenon, however, was not observed in the control group. These results suggested that DEM could im-
pair the normal function of Keap1 by inducing the conformational change of BTB domain via direct nonco-
valent bonded interaction. Our research provides a new insight into another way of interaction between Keap1 
and DEM in spite of their known Michael addition reaction, by which novel phase2 enzyme inducer drugs 
with higher specificity could be discovered in the future. 

Keywords: DEM; Keap1; BTB domain; molecular dynamics simulation; phase 2 enzymes 
 

1 Introduction 

Nrf2-dependent gene expression has been deemed to 
be involved in many major illnesses, such as cancer, in-
flammation, neurodegenerative diseases. Keap1 inhibits 
nuclear activation of antioxidant responsive elements by 
association with Nrf2 through binding to the N-terminal 
Neh2 domain, thereby down regulating the expression of 
phase 2 detoxifying and oxidative stress enzyme genes 
via a mechanism named Nrf2 nuclear shuttling [1]. 
Keap1 and Nrf2 form an important cellular sensor for 
oxidative stress. Upon exposure to electrophilic and oxi-
dative stresses, the conformation of Keap1 can be altered, 
which undermines the inhibitive effect from Keap1, more 
Nrf2 can traverse from the cytoplasm to the nucleus and 
then activate the expression of phase 2 genes. Subsequent 
studies found that Keap1 functions as an adaptor for 
Cul3-based E3 ligase to engage in the process of protea-
somal degradation of Nrf2 [2]. Moreover, the ability of 
Keap1 to assemble into a functional E3 ubiquitin ligase 
complex with Cul3 and Rbx1 also plays a critical role in 
controlling relative stable level of Nrf2 in cytoplasm [3]. 
It was reported that Keap1 negatively regulates Nrf2 
function by targeting Nrf2 for ubiquitination through the 

CUL3-ROC1 ligase [4]. Further studies found that the 
actin cytoskeleton provides scaffolding that is indispen-
sable for the anchoring of Keap1 to function appropri-
ately [5]. In view of the attractive prospect of screening 
the lead drug candidates based on Keap1-Nrf2 regulatory 
pathway, two distinct cysteine motifs which could be 
modified to produce aberrant conformations by inducers 
have been identified by now, one is located at Cys151 in 
the BTB domain, the other is located in the intervening 
domain and centers around Cys 273 and 288 [6-7]. Some 
inducers disrupt Keap1-Nrf2 complex by modifying two 
(Cys273 and Cys288) through the formation of intermo-
lecular disulfide bridges [8]. Many Michael reaction ac-
ceptor molecules like DEM can have addition reactions 
with sulfhydryl group of Cys151 of Keap1 [9]. Modifica-
tion at Cys151 causes the dramatic conformational 
change of BTB domain that has a notable impact on the 
normal function of Keap1 such as self-dimerization, as-
sembling into Nrf2-Keap1-Cul3 complex Self-dimeriza-
tion of Keap1 via its BTB domain is required to seques-
ter Nrf2 in cytoplasm [10]. It is clear that is very impor-
tant to further explore the detailed mechanism of interac-
tion between BTB domain of Keap1 and Michael reac-
tion acceptor molecule. 
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Molecular dynamics (MD) simulations have been 
broadly applied to the exploration of detailed molecular 
mechanism of how biomolecules interact with each other 
at the atomic level. Our previous preliminary research 
has shown that the cavity around Cys151 constitutes a 
special physical-chemical condition that has a crucial 
facilitation effect on final Michael addition reaction [11]. 
Docking results provide some simulative evidence for 
our original hypothesis, which assumes that noncovalent 
bonded interaction between protein and small molecule 
has a remarkable impact on bonded interaction. We per-
formed two molecular dynamics (MD) simulations in-
cluding the Keap1-DEM complex and Keap1 alone (con-
trol group) to further study the detailed molecular 
mechanism of the interaction between Keap1 and DEM. 
To our surprise, DEM did not stabilize in the cavity 
around Cys151, we have mentioned above. During most 
of the time of dynamics simulations (total time is 10 ns), 
it was found that DEM preferred to stay in a gap between 
two specific helixes away from the cavity around Cys151. 
Allowing for the limitations of MD in simulating bonded 
interaction, we could draw a preliminary conclusion that 
DEM may lead to the conformational change of Keap1 
merely by direct noncovalent bonded interaction with the 
BTB domain (a.a. 61-179) of Keap1, where the Cys151 
just right presents. In addition to the reported oxidative 
modification of DEM by Michael reaction at Cys151 of 
Keap1, DEM may induce the conformational change of 
Keap1 through two kinds of totally different mechanisms. 
In conclusion, our present simulation result provides a 
new insight into how DEM affect the conformation of 
BTB domain of Keap1 via direct noncovalent bonded 
interaction. This result leads us to speculate that this may 
provide a totally new perspective strategy to design drug 
molecules targeting to Keap1-Nrf2 pathway. 

2 Experimental Section 

In our previous study, we performed molecular dock-
ing between Keap1 and DEM by use of Autodock4.2 
docking procedure [11]. The model of Keap1-DEM 
complex was chosen from a cluster of stable docking 
conformations. MGLTools-1.5.4 was employed as a 
software for visualization and saving complex [12]. 
Please note that the complex for dynamics simulation 
consists of DEM and BTB domain of keap1 rather its 
whole structure. The model was taken into the subse-
quent MD simulation for initial structure.  

 
 

 

Figure 1. The molecular structure of DEM 

All MD simulations were performed with the NAMD 
2.6 [13] in a 15 nodes HPC cluster, and the AMBER 
all-atom force field was used. During the simulations, all 
bond lengths containing hydrogen atoms were con-
strained using the SHAKE algorithm, and the integration 
time step was set to 2 fs. First, the two systems 
(Keap1-DEM complex and control group) were respec-
tively minimized by 20,000 steps with solutes con-
strained. The minimized systems then were slowly 
heated from 0 up to 310 K within 620ps leaving all Cα 
atoms and the Na2+ ions unconstrained. Finally, the non-
constrained simulations were performed for 9.32 ns at a 
constant temperature of 310 K and a constant pressure of 
1 atm through the Langevin piston method. Analyses of 
the simulation results were operated by VMD 1.9 [14]. 

3 Results and Discussion 

Docking results suggest that DEM generates only a 
bunch of relative stable conformations (data not shown) 
according to the value of RMSD with relation to confor-
mational change of small ligand (DEM), MD simulations 
were applied to systematically study the detailed mo-
lecular mechanism of the interaction between the cavity 
around Cys151 of Keap1 and DEM, nevertheless, this 
method has been mainly exploited in researching nonco-
valent bonded interaction among biomolecules. Our pre-
vious results suggested that such noncovalent bonded 
interaction between protein and small ligand plays a 
critical role in helping to form related bonded interaction 
[11]. The present study was aimed to further investigate 
whether such noncovalent bonded interaction between 
DEM and keap1 play some of important role in facilitat-
ing the induction of phase 2 enzyme through change of 
conformation of keap1 structure. 

The root means square deviation (RMSD) for Cα at-
oms of Keap1 in these two groups (Keap1-DEM com-
plex and Keap 1 alone) are shown in Figure 2 and Figure 
3. 
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Figure 2. Cα RMSD of Keap1 from complex 
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Figure 3. Cα RMSD of Keap1 from control group 

As shown in Figure 2, the RMSD curve became rela-
tive flat after about 2 ns, indicating the conformations of 
the protein achieve equilibrium. When the simulative 
time is more than 7 ns, however, the curve revealed ris-
ing trend if compared to the equilibrium condition that   
lasted for 5 ns. From the Figure 3, it is apparent that the 
backbone of Keap1 arrives at equilibrium since 3 ns, and 
the curve goes up between 6ns and 7ns, and then became 
flat and stable. The relative values of RMSD of the BTB 
domains of keap1 were bigger which could be explained 
by that the 3-dimensional structure of Keap1 model we 
have built revealed dumbbell-like structure, which is 
more flexible than globular proteins. Considering the 
specific characteristic of Keap1, in a larger but confiden-
tial scale, we can conclude these two simulative systems 
have reached equilibrium in the end. 

We have made animations that vividly display the 
change of the secondary structure of Keap1 during the 
whole simulation. We found that the secondary structure 
of BTB domain of Keap1 with DEM has been changed 
dramatically. It was found that DEM stayed in a gap be-
tween two specific helixes, which is away from the cav-
ity around Cys151, while the BTB domain of Keap1 un-
derwent significant change of the secondary structure. In 
contrast, the control group revealed relative stable con-
sistency on the structures of keap1before and after simu-
lation. We further examined the specific change of BTB 
domain through aligning one stable structure that is ran-
domly sampled from stable period of RMSD of the 
backbone of Keap1 to the initial structure by use of 
Pymol [15]. We got two pictures respectively as 
displayed below in Figure 4 and Figure 5. 
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Figure 4. Superimposition of secondary structures of BTB 
domain of Keap1 from complex 
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Figure 5. Superimposition of secondary structures of BTB 
domain of Keap1 from control group 

As shown in Figure 4, the areas (including two pleated 
sheets and one helix) represented by A, B, C revealed 
these significant changes of secondary structures of 
Keap1 before and after simulation. The angle of Helix A 
and whole structure under the initiating and equilibrium 
condition was dramatically changed (from Ai to Ae). The 
short polypeptides Bi became a new sheet Be in the equi-
librium condition. The sheet structure of Ci under the 
initiating condition disappeared under the equilibrium 
condition. Instead, the polypeptide of Ci sheet changed to 
random coils in the equilibrium structure. Based on these 
findings, we speculate that DEM can markedly affect the 
secondary structures of BTB domain of Keap1 which is 
crucial for both its formation of homodimerization and 
effectively binding to Cul3. This result suggested that 
DEM could disrupt the self-dimerization of Keap1 via 
direct noncovalent bonded interaction within BTB do-
main in spite of its inherent feature of addition to sulfhy-
dryl group of Cys151 of Keap1. We also have examined 
the continuous changes of secondary structures of BTB 
of Keap1 during the whole simulation (shown in Figure 6 
and Figure 7) to further attest our presumption. 

Figure 6. Continuous changes of secondary structures of 
BTB domain of Keap1 from complex 

Different color in Figure 6 or Figure 7 represents dif-
ferent secondary structure type (green stands for Turn, 
yellow for Extended conformation, pink for Alpha helix, 
blue for 3-10 helix, white for Coil, brown for Isolated 
bridge and red for Pi-helix). The abscissa denotes amino 
acid residues, the ordinate denotes simulation time. 
These two Figures illustrate the continuous changes of 
secondary structures correspond to certain interval of 
amino acid residues of BTB. It is clear that the secondary 
structures of BTB of Keap1 from complex have under-
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gone observable changes compared to the control group, 
among which the secondary structures correspond to the 
interval from Hip43 to Ser71 change most drastically. 
 

 

 

 

 

Figure 7. Continuous changes of secondary structures of 
BTB domain of Keap1 from control group 

In addition to the analysis of changes of secondary 
structures of BTB of Keap1, we have also performed an 
analysis of interaction between BTB domain of Keap1 
and DEM to explore which amino acid residues exactly 
facilitate the stabilization of DEM around BTB domain 
of Keap1. We analyzed the forming of hydrogen bond 
between DEM and residues of BTB domain. We ran-
domly have chosen the model of Keap1-DEM complex 
from final simulation results, which are under the relative 
equilibrium station. 

 
 
 
 
 
 
 
 
 
 

Figure 8. Analysis of hydrogen bonding between BTB 
domain of Keap1 and DEM 

As shown in Figure 8, DEM ultimately stabilized in a 
gap between two specific helixes around BTB domain of 
Keap1, which is away from initial position (the cavity 
around Cys151). The hydrogen bond formed by the hy-
drogen of 4-amino group of Asn167 and the oxygen of 
carbonyl group of DEM is shown in Figure 8. This hy-
drogen bond seems to play an important role in facilitat-
ing DEM to interact with BTB domain of Keap1. 

4 Conclusion 

The Keap1-Nrf2 regulatory pathway plays a central 
role in the protection of cells against oxidative and xeno-
biotic damage. Multi-steps involved in assembling Keap1 
into complex for the ubiquitination of Nrf2 all could be 
disrupted to allow more newly-synthesized Nrf2 to acti-
vate the expression of phase 2 genes. Researches in pre-

ceding years reveal that there are a large amount of Mi-
chael reaction acceptor molecules like DEM could have a 
similar addition reaction with sulfhydryl group of 
Cys151 of Keap1, thereby cause a significant conforma-
tional change of Keap1 which results in the disruption of 
assembling of Nef2-Keap1-Cul3 complex. This is anin-
dispensable step for the ubiquitination of Nrf2.The sig-
nificance of the position of Cys151 could be explained 
by its partial molar volume in determining the folding of 
3-dimensional structure of Keap1 [16]. In this study, MD 
simulations were performed to systematically explore the 
detailed mechanism of interaction between DEM and 
BTB domain of Keap1. Simulation results suggested that 
DEM could disrupt the ubiquitination of Nrf2 by direct 
binding to BTB domain with non-covalent bonds that is a 
totally different mechanism, despite of the fact that DEM 
can have an addition reaction with Cys151 of Keap1. Our 
research provides a new insight into how DEM could 
affect the conformation of BTB domain of Keap1 
through noncovalent bonded interaction. 
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Abstract: Fifteen compounds (1−15), including one labdane type diterpenoid glycoside (13), one tetrahydro-
furan type lignan glycoside (14), one triterpene sapogenin (15) and twelve triterpenoid saponins (1−12) were 
obtained and elucidated from Anemone rivularis var. flore-minore for the first time, among which four were 
found in genus Anemone for the first time (10, 11, 13 and 14) and three are new compounds (10, 13 and 14). 
Saponins 5 and 12 showed in vitro cytotoxicity against human BEL-7402 and HeLa tumor cells. Diterpenoid 
glycoside and lignan glycoside were found in genus Anemone for the first time. All these support that the title 
plant is a variation from A. rivularis. A. rivularis var. flore-minore was first proved to belong to genus Anem-
one from the chemical taxonomic point of view. Our studies established a homebase for further development 
of the title medicinal plant with abundant resources in China. 
 
Keywords: Anemone rivularis var. flore-minore; triterpenoid saponin; diterpenoid glycoside;  
lignan glycoside; cytotoxicity 

1 Introduction 

Anemone rivularis var. flore-minore (Ranunculaceae), 
a perennial herbaceous plant, distributes mainly in the 
north and west of China, especially in the north and south 
slopes of Tsinling Mountains. The entire plants and rhi-
zome were used as folk medicines. It has been reported 
to treat hepatitis, muscle and joint pain, stranguria, emis-
sion, edema, and so on [1]. 

The genus Anemone has been proved to be an espe-
cially valuable source of diverse saponin substances with 
potentially useful biological properties. However, no in-
vestigation has been reported on chemical constituents of 
this species of Anemone. As part of our ongoing investi-
gation on new antitumor glycosides from natural source, 
the chemical studies on this plant led to the isolation of 
fifteen compounds from the n-BuOH extracts, including 
three new compounds (one gypsogenin saponin 10, one 
diterpene glycoside 13 and one lignanoid glycoside 14, 
see Fig. 1), one known triterpene sapogenin (15) and 
eleven known triterpenoid saponins (1−9 and 11, 12, see 
Fig. 2). All these compounds were first isolated from the 
plant, and four of them (10, 11, 13 and 14) were found in 
genus Anemone for the first time. We described herein the 
isolation and structural elucidation of these compounds, 
as well as their cytotoxicity against human BEL-7402 and 
HeLa tumor cells. 

 
 

2 Experimental 
2.1 Materials and Instruments 

The plant material was collected from the north of 
Tsinling Mountains in Shaanxi Province of China, in 
September 2009, and identified by Professor Ji-Tao Wang 
from Shaanxi University of Chinese Medicine. A voucher 
specimen was deposited in the Herbarium of Shaanxi 
University of Chinese Medicine. Instruments and reagents 
were omitted. 
 

 
Figure 1. Structures of new compounds 10, 13 and 14 

isolated from Anemone rivularis var. flore-minore 

50

International Conference of Natural Products and Traditional Medicine (ICNPTM 2011)

978-1-61896-030-6 © 2012 SciRes.



 
 

 

R1O

COOR3

R2

        R1                                       R2                              R3

 11                H                                     CH2OH                            Glc

  8      Glc-(1→2)-Ara                           CH3             Rha-(1→4)-Glc-(1→6)-Glc

3        Glc-(1→2)-Ara                      CH2OH        Rha-(1→4)-Glc-(1→6)-Glc

4   Rib-(1→3)-Rha-(1→2)-Ara       CH2OH        Rha-(1→4)-Glc-(1→6)-Glc

1              Ara                                      CH3           Rha-(1→4)-Glc-(1→6)-Glc

 2              Ara                                    CH2OH       Rha-(1→4)-Glc-(1→6)-Glc

6                H                                      CH2OH        Rha-(1→4)-Glc-(1→6)-Glc

7               Ara                                   CH2OH                            Glc

  9               Ara                                   CH2OH                   Glc-(1→6)-Glc

5               Ara                                   CH2OH                            H

12     Glc-(1→2)-Ara                           CH3                                  H

15                H                                     CH2OH                              H  

Figure 2. Structures of known compounds 1−9, 11, 12 and 
15 isolated from Anemone rivularis var. flore-minore 

2.2 Extraction and Isolation 

The air-dried whole plants of A. rivularis var. flore- 
minore (7.7 kg) were crushed and refluxed with 70% 
EtOH(3×6 L). The extracts were condensed in a rotary 
evaporator to obtain a syrupy residue (1.8 kg). The resi-
due was suspended in H2O and extracted successively 
with petroleum ether and n-BuOH. The n-BuOH extracts 
(150 g) was subjected to column chromatography (silica 
gel, ODS, Sephadex LH-20 and HPLC) to yield fifteen 
compounds 1−15. 

2.3 Structure Identification 

Compound 14 was obtained as a yellow amorphous 
powder; []22

 D-17.2 (c 0.12, MeOH). CD (c = 72 mol/L, 
MeOH): +16.7 (206), +4.6 (237). ESI-MS (positive ion 
mode) m/z: 617 [MNa]; ESI-MS (negative ion mode) 
m/z: 593 [M-H]; HR-ESI-MS (positive ion mode) m/z: 
617.2570 [MNa] (calcd. for C30H42NaO12: 617.2574). 
1H-NMR and 13C-NMR data were shown in Table I. 

Glycoside 14 (1 mg) was heated in 2 mol/L aq. 
CF3COOH (1 mL) at 120 C for 2 h. The mixture was 
evaporated to dryness, and the residue was partitioned 
between CH2Cl2 and H2O. The aq. phase was concen-
trated to furnish a monosaccharide mixture. Pyridine (1 
mL) and NH2OH•HCl (2 mg) were added to the dried 
residue, and the mixture was heated at 90 C for 1 h. The 
solution was concentrated, and the resulting aldononitrile 
peracetate was analyzed by GC-MS using authentic ref-
erence samples for identification. The derivative of 
D-glucose (Glc) was detected, with retention time (tR) of 
8.01 [2]. 

Spectral data and chemical reactions of other com-
pounds were omitted. 
 

Table 1. 1H-(500 MHz) and 13C-NMR (125 MHz) data of 
glycoside 14 in C5D5N (δ in ppm, J in Hz) 

Position δC mult. δH 
1 134.3 s - 
2 111.0 d 7.40 d (1.7) 
3 148.7 s - 
4 147.6 s - 
5 116.3 d 7.22 m 
6 119.8 d 7.30 dd (8.1, 1.7) 
7 83.5 d 5.18 d (7.9) 
8 51.7 d 2.34 m 
9 68.8 t 3.36 dd (9.9, 4.9), 4.07 dd (9.7, 3.2) 
1' 132.6 s - 
2' 111.2 d 7.24 m 
3' 149.0 s - 
4' 147.9 s - 
5' 116.1 d 7.19 m 
6' 121.3 d 7.02 dd (8.0, 1.7) 
7' 84.6 d 4.41 d (8.9) 
8' 48.7 d 3.21 m 
9' 71.3 t 4.19 m, 4.56 dd (8.7, 4.8) 
1'' 68.2 t 3.26 m, 3.43 m 
2'' 32.3 t 1.50 m 
3'' 19.7 t 1.31 m 
4'' 14.0 q 0.79 t (7.4) 

C-3-OMe 55.9 q 3.75 s 
C-3'-OMe 55.9 q 3.83 s 

Glc   
1 105.4 d 4.65 d (7.8) 
2 75.3 d 4.03 m 
3 78.6 d 4.17 m 
4 71.5 d 4.22 m 
5 78.4 d 3.81 m 
6 62.6 t 4.33 dd (11.7, 4.9), 4.44 m 

2.4 Antitumor Bioassay 

The cytotoxicity of ten compounds which have relative 
more yields against human BEL-7402 and HeLa tumor 
cells was evaluated by MTT colorimetric assay described 
in previous papers, with doxorubicin (Sigma, ≥98%, USA) 
as positive controls. Dose response curves were plotted 
for the samples and the IC50 values were calculated as the 
concentrations of the test compounds resulting in 50% 
reduction of absorption compared to the control cells. 

3 Results and Discussion 

The structures of known compounds 1−9, 11, 12 and 15 
were identified as 3-O-α-L-arabinopyranosyl-oleanolic 
acid-28-O-α-L-rhamnopyranosyl-(1→4)-β-D-glucopyra- 
nosyl-(1→6)-β-D-glucopyranosyl ester (1), 
3-O-α-L-arabinopyranosyl-hederagenin-28-O-α-L-rham- 
nopyranosyl-(1→4)-β-D-glucopyranosyl-(1→6)-β-D- 
glucopyranosyl ester (2), 3-O-β-D-gluco-pyranosyl-(1→ 
2)-α-L-arabinopyranosyl-hederagenin-28-O-α-L-rhamno-
pyranosyl-(1→4)-β-D-glucopyranosyl-(1→6)-β-D-gluco- 
pyranosyl ester (3), 3-O-β-D-ribopyranosyl-(1→3)-α-L- 
rhamnopyranosyl-(1→2)-α-L-arabinopyranosyl-hedera- 
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genin-28-O-α-L-rhamnopyranosyl-(1→4)-β-D-glucopyra- 
nosyl-(1→6)-β-D-glucopyranosyl ester (4), 3-O-α-L-ara- 
binopyranosyl-hederagenin (5), hederagenin-28-O-α- 
L-rhamnopyranosyl-(1→4)-β-D-glucopyranosyl-(1→6)-β
-D-glucopyranosyl ester (6), 3-O-α-L-arabinopyranosyl- 
hederagenin-28-O-β-D-glucopyranosyl ester (7), 3-O-β- 
D-glucopyranosyl-(1→2)-α-L-arabinopyranosyl-oleanolic 
acid-28-O-α-L-rhamnopyranosyl-(1→4)-β-D-glucopyra- 
nosyl-(1→6)-β-D-glucopyranosyl ester (8), 3-O-α-L-arab- 
inopyranosyl-hederagenin-28-O-β-D-glucopyranosyl- 
(1→6)-β-D-glucopyranosyl ester (9), hederagenin-28-O- 
β-D-glucopyranosyl ester (11), 3-O-β-D-glucopyranosyl- 
(1→2)-α-L-arabinopyranosyl-oleanolic acid (12) and 
hederagenin (15), respectively, by comparison of their 
spectroscopic data and chemical evidences with pub-
lished values. 

Compound 14 was obtained as a yellow amorphous 
powder. The molecular formula of 14 (C30H42O12) was 
deduced from HR-ESI-MS [m/z 617.2570 ([MNa])].  

In the 1H-NMR spectrum (500 MHz, C5D5N), one CH3 
proton signal at δ 0.79 (t, J =7.4 Hz, H-4''), two CH2 
proton signals at δ 1.50 (m, H-2'') and 1.31 (m, H-3''), 
three  O-bearing CH2 proton signals at δ 3.26 (1H, m, 
H-1'') and 3.43 (1H, m, H-1''), 3.36 (1H, dd, J =9.9, 4.9 
Hz, H-9) and 4.07 (1H, dd, J =9.7, 3.2 Hz, H-9), 4.19 (1H, 
m, H-9') and 4.56 (1H, dd, J =8.7, 4.8 Hz, H-9'), two 
O-bearing CH proton signals at δ 5.18 (d, J=7.9 Hz, H-7) 
and 4.42 (m, H-7'), two MeO- proton signals at δ 3.75 
and 3.83, two sets of 1,3,4-trisubstituted benzene ring 
signals at δ 7.40 (1H, d, J =1.7 Hz, H-2), 7.22 (1H, m, 
H-5), 7.30 (1H, dd, J =8.1, 1.7 Hz, H-6) and δH 7.22 (1H, 
m, H-2'), 7.19 (1H, m, H-5'), 7.02 (1H, dd, J =8.0, 1.8 Hz, 
H-6'), and an anomeric H-atom signal at δ 4.65 (d, J =7.8 
Hz, Glc-H-1) were observed. In the 13C-NMR spectrum 
(125 MHz, C5D5N), thirty carbon signals can be observed. 
Except six carbon signals belonging to a hexose, the 
other 24 carbons were ascribed to the aglycone part, 
which can be assigned as a CH3 carbon at δ 14.0 (C-4''), 
two CH2 carbon at δ 32.3 (C-2'') and 19.7 (C-3''), three 
O-bearing CH2 carbon at δ 68.2 (C-1''), 68.8 (C-9) and 
71.3 (C-9'), two O-bearing CH carbon at δ 83.5 (C-7) and 
84.6 (C-7'), two MeO- carbon at δ 55.9 (2C, C-3-OMe 
and C-3'-OMe), two sets of 1,3,4-trisubstituted benzene 
ring carbons at δ 134.3 (C-1), 148.7 (C-3), 147.6 (C-4) 
and 132.6 (C-1'), 149.0 (C-3'), 147.9 (C-4'), and the other 
six carbons belonging to the two benzene rings at δ 111.0 
(C-2), 116.3 (C-5), 119.8 (C-6), 111.2 (C-2'), 116.1 (C-5') 
and 121.3 (C-6').  

The 1H-1H COSY experiment of 14 in combination 
with HMBC spectrum revealed the partial structures as 
shown by the bold lines in Fig. 3. 

The sugar moiety of 14 was determined to be 
D-glucose by acidic hydrolysis with aqueous 2 mol/L 
trifluoroacetic acid and preparation of the corresponding 

aldononitrile peracetate which was analyzed by GC-MS. 
The β-configuration was suggested by the 13C-NMR 
chemical shift of the anomeric carbon at δ 105.4 and the 
coupling constant of the anomeric proton at δ 4.65 (d, J = 
7.8 Hz). The carbon and proton signals of the sugar were 
identified by analysis of the HSQC, TOCSY, 1H-1H 
COSY, NOESY and HMBC spectra of 14 (Table I). The 
linkage of the glucose unit was deduced from an HMBC 
experiment: a correlation peak was observed between 
H-1 (δ 4.65) of glucose and C-9 (δ 68.8) of the aglycone 
(Fig. 3). 
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Figure 3. Key 1H-1H COSY, HMBC and NOESY  
correlations of glycoside 14 

Except the 7′-butoxy group in 14 was replaced by a 
hydroxyl group, the above informations were similar to 
those of compound 14a [14a = (7S,8R,7'R,8'S)-4,9,4'7'- 
tetrahydroxy--3,3'-dimethoxy-7,9'-epoxylignan 9-O-β-D- 
glucopyranoside] as reported in literature [3]. The link-
age of the butoxy group to C-7′ was evident from the 
HMBC correlation from the H-1′′ proton signal at δ 3.26 
to the carbon signal at δ 84.6 (C-7′). 

Hence, the planar structure of 14 was elucidated as 
4,9,4'-trihydroxy-3,3'-dimethoxy-7'-butoxy-7,9'-epoxylig
nan 9-O-β-D-glucopyranoside. 

There are four chiral carbon atoms (C-7, C-8, C-8′ and 
C-7′) in 14. The anterior three carbon atoms were in the 
tetrahydrofuran ring, and their absolute configurations 
could be suggested by CD spectra data in comparison 
with those of 14a with the similar structure. The CD 
spectrum of 14 showed two positive Cotton effects [Δε 
+16.7 (206 nm), +4.6 (237 nm)] similar to those of 14a 
[Δε +15.2 (206 nm), +3.5 (235 nm)], indicating that the 
C-7, C-8, C-8' in 14 possess S, R, and S configurations, 
respectively. It has been reported that H2-9' signal in the 
1H-NMR spectrum was upfield by the anisotropic effect 
between the aromatic group at C-7' and H2-9' in 14a. 
However, the H2-9 and H-8 signals were upfield by the 
anisotropic effect between the aromatic group at C-7' and 
H2-9 and H-8 in the 7'S-isomer of 14a [3]. The 1H-NMR 
chemical shifts of H-8, H2-9 and H2-9' in 14 were similar 
to those of 14a, indicating that 14 has the same configu-
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ration to 14a (7'R). In addition, the coupling constant of 
H-7' (8.9 Hz) in 14 revealed an antiperiplanar orientation 
of H-7' and H-8'. In the NOESY spectrum (Fig. 3), H-8 
showed NOE correlations with H-2, H-6 and H-7', whe-
reas H-8' showed NOE correlations with H-7, H-9, H-2' 
and H-6'. However, no NOE correlations between H-8 
and H-2', H-6' were observed. These evidences further 
verified the 7'R configuration of 14. 

Consequently, the structure of 14 was determined to be 
(7S,8R,7'R,8'S)-4,9,4'-trihydroxy-3,3'-dimethoxy-7'-butox
y-7, 9'-epoxylignan 9-O-β-D-glucopyranoside. 

The structures of the new compounds 10 and 13 were 
identified, by extensive spectral analysis and chemical 
evidences according to a similar way, as 3-O-α-L-arab- 
inopyranosyl-gypsogenin-28-O-α-L-rhamnopyranosyl- 
(1→4)-β-D-glucopyranosyl-(1→6)-β-D-glucopyranosyl 
ester and 13(S)-hydroxy-7-oxo-labda-8,14-diene-19-oic 
acid-β-D-galactosyl ester, respectively. Diterpene glyco-
side and lignanoid glycoside were obtained from genus 
Anemone for the first time. The aglycone of compound 
10, gypsogenin, was rare in nature, and was first found 
from genus Anemone, too. 

The cytotoxicity of ten saponins which have relative 
more yields against human BEL-7402 and HeLa tumor 
cells was evaluated by MTT colorimetric assay and the 
results were shown in Table II. The data showed that 
saponins 5 and 12 exhibited cytotoxic activity against the 
two tumor cells in vitro. The preliminary struc-
ture-activity relationship was analyzed as followed: 
saponins 1−3 and 7−10 possessed sugar chains both at 
C-3 and C-28 of the oleanane skeletons, and saponin 6 
possessed sugar chain at C-28. There are no free carbox-
ylic group in all the eight saponins. However, saponins 5 
and 12 possessed sugar chains at C-3 with free carboxyl 
groups at C-28. This suggested that those triterpenoid 
saponins with free carboxyl group at C-28 and sugar 
chain at C-3 exhibited significant cytotoxic activity 
against tumor cells in vitro. 

Table 2. Cytotoxic activity of saponins 1−3, 5−10 and 12 
against two cancer cell lines in vitro (IC50, g/mL) 

Saponins BEL-7402 HeLa 

1 >50 >50 
2 >50 >50 
3 >50 >50 
5 10.2 ± 0.5a 8.6 ± 0.8 
6 >50 >50 
7 >50 >50 
8 >50 >50 
9 >50 >50 
10 >50 >50 
12 9.1 ± 0.3 7.4 ± 1.2 

Doxorubicinb 0.7 ± 0.1 0.9 ± 0.4 

a. The data represent the mean plus SD of three independent experiments in 
which each compound concentration was tested in three replicate wells. 
b. Doxorubicin as positive controls. 

Many triterpenoid saponins, especially the oleanolic 
acid and hederagenin saponins have been isolated from 
genus Anemone. A. rivularis var. flore-minore was a 
variant of A. rivularis. Since this species was attributed to 
genus Anemone according to its morphological character-
istics by the end of 19th century, no relevant report con-
firmed the conclusion from a point of chemical composi-
tion. Twelve of fifteen compounds identified in this study 
belonged to the above two types of saponins. Therefore, it 
was verified that the title species belonged to genus 
Anemone from the point of chemical composition for the 
first time. However, diterpene glycoside, lignan glycoside 
and saponin with gypsogenin as aglycone were found 
from genus Anemone for the first time. This suggested the 
particularity of A. rivularis var. flore-minore as a variety 
of A. rivularis. 

This study filled in the blank of the chemical constitu-
ents of A. rivularis var. flore-minore, enriched the 
chemical constituents of genus Anemone, and provided 
the reference data for the research and development of  
the title medicinal plant with abundant resources in 
China. 
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Abstract: The study of spectrum-effect relationship was based on the method of using HPLC to build cha-
racteristic information of chemical compositions in the n-butanol fraction which was obtained from Bupleu-
rum chinense and using the pharmacodynamics method to describe its liver protective efficiency in acute liv-
er injury mice induced by CCl4. Appropriate statistics methods and chemometrics analysis methods (cluster 
analysis and canonical correlation analysis) were used to analyze the data of spectrum-effect relationship. It 
was determined that SSa and SSd were the effective substance of Bupleurum chinense with the effect of liv-
er-protective according to the analysis results. 
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1 Introduction 

Saikosaponins from Bupleurum chinense was proved 
to have protective effects on CCl4-induced liver injury in 
mice. However, saikosaponins in different samples of 
Bupleurum chinense which were obtained from different 
origin and different harvest time had differences. It’s 
unknown that the differences reflected through the sai-
kosaponins would or not have effects on liver-protective. 
Whether existed the relevance between the liv-
er-protective and the contents of saikosaponins. Were all 
the saikosaponins had the same effects in vivo. The spec-
trum-effect relationship study was going to do with these 
issues. 

Spectrum-effect relationship based on the foundation 
of TCM fingerprint can obtain chemical information in 
maximum and can obtain the link between the pharmaco- 
dynamics results and the fingerprint which was used to 
mark the characteristic peak of chemical compositions. 
So it was used to research the determination of effective 
substance of TCM and make control standards reflected 
internal quality of products.  

2 Materials and Methods 
2.1 Regents and Materials 

10 samples of Bupleurum chinense were shown in ta-
ble 1. 

2.2 Total Saikosaponins Assay 
2.2.1 Preparation of Sample Solution 

Meal of Bupleurum chinense was refluxed for two 
times with 10 times amount of alcohol for the first time 
and 8 times amount of alcohol for the second time, each 

time for 1h. Add proper alcohol to wash the leavings 
after natural filter and combine the filtrate. Drying the 
filtrate in a fume cupboard after measuring its volume. 
Add equal volume of n-butanol-saturated water to dis-
solve the paste (external therapeutic ultrasound (ETUC) 
for 20 min) and then water-saturated n-butanol extraction 
(equivalent) for three times, combine extraction liquid 
and evaporate to dryness. Constant volume was 25 mL 
with methanol. 

2.2.2 Assay Method 
Determine absorbability of sample solution after 

staining and then the following formula curve was used 
to calculate the contents of total saikosaponins. 

Y=3.1086X+0.0682(r=0.0996)     (1) 
Where Y and X are absorbance and concentration of 
samples. RSD of precision test, stability test, replicate 
test and recovery test were all not more than 3.29%. 

 
Table 1. Sample information 

Numbers Growth pattern Growth years/month habitat 

S1 cultivation 24 Dalian 

S2 wild perennial Datong 

S3 wild perennial Baoji 

S4 wild perennial Xixia 

S5 wild perennial Fengning 

S6 wild perennial Chengde 

S7 wild perennial Luanping 

S8 wild perennial Luanchuan 

S9 cultivation 20 Huixian 

S10 cultivation 22 Songxian 
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2.3 Fingerprint of the Chemical Compositions 

HPLC experiment [1] was performed on a Summit 
HPLC instrument form Dionex (USA), and equipped 
with a 2000ES ELSD detector from Allech (USA). A 
Hydro-RP80A C18 column (4.6 mm×250 mm, 5 µm) 
from phenomenex (USA) was used with a flow rate of 
1.0 mL·min-1. The injection volume was 10 µL and the 
column temperature was maintained at 30℃. The mobile 
phase was consisted of water (A) and acetonitrile (B), 
which were applied in the following gradient elution: 
from 85A/15B to 70A/30B in 15 min, in 10 min to 
65A/35B, in 15 min to 55A/45B, then in 20 min to 
50A/50B, each run was following by a 10 min washing 
procedure. ELSD conditions: drifttube temperature, 
110 ℃; carrier gas, compressed air; carrier gas flow, 3.0 
L/min. 

2.4 Animal Experiment 
2.4.1 Preparation of Saikosaponins  

Referring to “2.1”, the differences was that saline took 
the place of methanol when constant volume.  

2.4.2 Animals 
120 SPF kunming mice weighing 19-23 g were pur-

chased from local breeders and were randomly divided 
into 12 groups: blank group, model group, twelve treat-
ment groups with half male and half female in each 
group. The animals were housed in metal cages in animal 
experimental center of Henan University of TCM that 
was air-conditioned by means of a system designed to 
maintain the room temperature at an average of 24 ℃ 
and a relative humidity of about 30%-50%. Tap water 
and diet were available and libitum. 

2.4.3 Dosage and Model Planning 
The mice in the twelve treatment groups were pre-

treatment with 1.0 g·mL-1 extraction of saikosaponins. 
The mice in the blank group and the model group were 
given equal volume of normal saline. Dosage of admin-
istration was 20 mL·kg-1 by continuous ig injection for 7 
d. All mice were deprived of food after the final injection 
on the 7th day. 2 h after the final injection, the blank 
group was given vegetable oil by ip injection (10 
mL·kg-1), the rest groups [2-3] were given 0.2% CCl4 
(CCl4/vegetable oil (v/v)) by ip injection (10 mL·kg-1). 
The eyeballs were extracted and blood was drawn after 
10 h, centrifuge for 4min (2000 r·min-1) to get serum. 
The liver (0.5 g) perfused with ice-cold saline was ho-
mogenized with inscribed homogenizer in 4.5 mL saline, 
this homogenate was centrituged for 10min (3000 
r·min-1), 2 mL of supernatant was taken to reserve. 

2.4.4 Serum and Liver Tissue Assay 

ALT, AST in serum and SOD, MDA in liver tissue 
were assayed using commercial kits (provided by Nanj-
ing Jiancheng biological research institute of China with 
the batch number of 20100529). 

3 Results and Analysis 
3.1 Samples Assay 

The contents of total saikosaponins of different sam-
ples were shown in table 2. 
 

Table 2. Determination results of samples from different 
origin and harvest time 

Groups 
Sampling 
amount/g 

Total 
saikosaponin 
  

Relative 
content/% 

S1 0.2038 2.679 1.31 

S2 0.2016 3.153 1.56 

S3 0.2022 3.302 1.63 

S4 0.2029 3.925 1.93 

S5 0.2009 2.381 1.19 

S6 0.2034 2.325 1.14 

S7 0.2042 2.377 1.16 

S8 0.2034 4.163 2.05 

S9 0.2009 2.494 1.24 

S10 0.2007 3.298 1.64 

3.2 Analysis of Fingerprint 
3.2.1 Building of Common Pattern 

Take the retention time of fingerprint of S5 as refer-
ence standards and take the fingerprint of SSd with 
steady larger peak area and better resolution as internal 
reference peak to match the fingerprints of ten samples. 
12 peaks with 100% occurrence frequency were consi-
dered as common peaks and Gaussian curve was used to 
correct the baseline. The common pattern was shown in 
figure 1 and peak 7, peak 10 respectively represented 
SSa and SSd [1]. 

 

 
Figure 1. Fingerprint common pattern of 10 batches 

of samples 
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3.2.2 Similarity Analysis 
“Chromafinger” solution software (Version 1.5) was 

used to calculate correlation coefficient of 10 samples 
based on the common pattern and evaluate the similarity 
of fingerprints of ten samples. The results were shown in 
table 3. 

 
Table 3. Results of similarity analysis 

 
Numbers S1 S2 S3 S4 S5 
Similarity 0.980 0.975 0.979 0.996 0.958 
Numbers S6 S7 S8 S9 S10 
Similarity 0.949 0.952 0.998 0.988 0.981 

 
 

As was drawn from the table 3, saikosaponins existed 
in the ten samples from different regions and harvest 
time were merely same (correlation coefficient was all 
more than 0.9) and the total non-common peak areas 
were less than 10% of total peak areas in the chromato-
gram. So the common peaks that we selected had repre-
sentative and can be used to mark the features of saiko-
saponins from Bupleurum chinense. 

3.2.3 Peak Areas of Common Pattern 
Logarithm of peak areas in common pattern was re-

sulted in table 4. 
Table 4. Logarithm of peak areas in common pattern 

TR/min 2.77 3.66 17.48 21.94 30.30 32.53 37.05 40.19 41.00 46.93 52.18 53.51 

Nnumbers peak1 peak2 peak3 peak4 peak5 peak6 peak7 peak8 peak9 peak10 peak11 peak12 

S1 5.1022 7.4781 5.7856 6.1185 5.9465 5.9284 8.8833 5.1772 5.5931 7.8829 5.8121 6.0298 

S2 5.8060 6.8825 7.6964 7.1881 7.4361 6.8375 9.1031 5.6705 6.1371 8.2469 6.2951 7.0814 

S3 5.9632 6.9448 7.5618 6.9919 7.8120 7.3429 9.1653 5.8817 6.3251 8.4105 6.7998 7.3947 

S4 4.5485 4.5272 5.6345 5.7330 7.3183 6.0575 9.4089 5.0295 5.5500 8.5266 5.0585 5.7887 

S5 4.7847 6.5959 5.1774 5.3210 6.8232 6.4009 8.4118 5.8543 5.7193 8.2310 5.6933 6.2080 

S6 4.6614 6.7086 5.1238 5.2075 6.3015 5.9852 8.3661 5.7440 5.8699 8.1931 5.4887 6.2755 

S7 4.7304 6.8107 5.1118 5.2823 6.7843 6.0381 8.3766 5.7896 5.6845 8.0443 5.5390 6.1234 

S8 5.6577 6.9686 5.9152 5.3337 7.6991 7.0910 9.5533 5.8494 6.6857 8.8213 5.7271 6.2310 

S9 5.2580 5.7413 6.4093 6.3353 6.8228 6.5591 8.5112 5.5736 5.7817 7.6798 6.2601 6.7408 

S10 5.8875 6.9448 7.5580 6.9919 7.8120 7.3429 9.1653 5.8817 6.5255 8.4288 6.4696 7.1859 

 
3.2.4 Cluster Analysis 

Take the common peaks of sample fingerprints as the 
variables to describe sample chemical features (data 
source was natural logarithm of common peak areas, deal 
the data with Z standardization, the same to the follow-
ing).Software SPSS 13.0 for windows was applied to 
perform on cluster analysis of 10 batches of samples. A 
cluster of 10 samples was obtained (Figure 2).When the 
rescaled distance was 10, 10 samples would be divided 
into four clusters. Combine with the results of table 2, 
the classification was defined as follows: one cluster 
with S2,S3,S10 and the contents of total saikosaponins 
were in the range of 1.56%～1.64%; one cluster with S8 
and the contents of total saikosaponins were 2.05%; one 
cluster with S1, S5, S6, S7, S9 and the contents of total 
saikosaponins were in the range of 1.14%～1.31%; one 
cluster with S4 and the contents of total saikosaponins 
were 1.93%. The results indicated that the common 
peaks which had been chosen could significantly charac-
terize the chemical information of saikosaponins from 
samples. 

  
Figure 2. Dendrogram for samples 

In order to explore the relationship of each peak in the 
common pattern, cluster analysis (Figure 3) of 12 com-
mon peaks was going on next (data source was natural 
logarithm of 12 common peak areas). 

  
Figure 3. Dendrogram for variables 
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Our previous study indicated that SSa (p7) and SSd 
(p10) were the highest contents of saikosaponins in Bup-
leurum chinense [1], so we chose 5 as the rescaled dis-
tance and 12 common peaks were divided into 2 clusters 
with p7 and p10 in one cluster and other peaks in one 
cluster. The results showed that p7 and p10 had different 
change pattern compared with other peaks.  

Above analysis showed that fingerprints of samples 
can not only reflect the common features of saikosapo-
nins of Bupleurum chinense, but also can express the 
differences among the samples efficiently. 

3.3 Results of Pharmacodynamics 
3.3.1 Results of Liver Protective 

Data of each group was expressed as mean ± standard 
deviation (x±s) .The results were in table 5 and table 6.  

As was shown in table 5, ALT and AST activities in 
serum were significantly higher in model group (P<0.05) 
than in blank group showed that the model building was 
successful. Compared with the control group, the serum 
ALT and AST activities in different treatment groups 
were all significantly decreased (P<0.05).  

Table 5. Effects of the activities on serum ALT and AST 
among different samples（ X s± , n=10） 

groups ALT / U·L-1 AST / U·L-1 

Blank group 19.30±3.40* 17.30±4.24* 

Model group 41.20±2.82△ 84.70±5.74△ 

S1 26.40±1.90*△ 58.40±6.59*△ 

S2 25.70±2.71*△ 64.20±6.13*△ 

S3 30.20±2.62*△ 52.00±6.85*△ 

S4 25.60±1.90*△ 58.00±5.62*△ 

S5 30.50±3.38*△ 66.90±4.91*△ 

S6 34.40±2.63*△ 64.10±4.86*△ 

S7 31.00±3.43*△ 54.70±5.19*△ 

S8 28.90±2.56*△ 56.10±5.67*△ 

S9 31.10±2.47*△ 60.60±5.08*△ 

S10 28.30±2.41*△ 58.40±5.78*△ 

*P<0.05, significant differences vs model group. 
△P<0.05, significant differences vs blank group. 

 
 
 
 
 
 
 
 

Table 6. Effects of SOD activity and MDA contents on 
liver tissue among different samples（ X s± , n=10） 

Groups SOD / U·mgprot-1 
 

MDA / U·mgprot-1 
 Blank group 296.36±37.43* 3.04±0.60* 

Model group 87.21±21.78△ 7.57±1.15△ 

S1 236.53±45.26*△ 4.91±1.11*△ 

S2 281.85±29.69* 5.81±0.94*△ 

S3 166.87±37.34*△ 5.51±0.61*△ 

S4 276.80±26.24* 6.02±0.99*△ 

S5 157.21±23.41*△ 5.01±0.66*△ 

S6 126.69±24.05*△ 3.20±0.59* 

S7 145.33±29.75*△ 3.25±0.82* 

S8 248.18±23.28*△ 5.14±1.27*△ 

S9 157.80±29.57*△ 3.91±0.99*△ 

S10 269.29±39.14* 4.77±1.10*△ 

*P<0.05, significant differences vs model group. 
△P<0.05, significant differences vs blank group.  

As was shown in table 6, compared with blank group, 
the liver tissue SOD activity was significantly lower 
while the MDA contents were significantly higher 
(P<0.05) in model group showed liver tissue lipid pe-
roxidation in mice appeared and the model building was 
successful. The decrease of liver tissue SOD activity and 
elevation of liver tissue MDA contents were significantly 
inhibited (P<0.05) in different treatment groups by com-
paring with the model group. 

3.3.2 Comparison between Groups and Cluster 
Analysis 

Multivariate variables analysis on liver protective of 
different samples took the ALT, AST, SOD, MDA as pa-
rameters and the significant levels of four test were all 
zero, so they all had statistical significance (P<0.05). So 
it can be considered that ten samples had different effects 
of liver protective (Two samples had statistical signific-
ance at least). 

Mean of four pharmacodynamics indexes were se-
lected as variables to describe the differences of 10 sam-
ples by using cluster analysis. Four index variables were 
unified transformed for they expressing different impli-
cation. The higher of serum ALT, AST activities and liver 
tissue MDA contents, the better of these indexes while 
the opposite to the index of liver tissue SOD activity. The 
formula was as follows and the results were shown in 
table 7. 

Xunified= X sample−Xmodel     (2) 
Where Xunified, Xsample and Xmodel are mean of sample  
after unified transformed, mean of sample and mean of 

57

International Conference of Natural Products and Traditional Medicine (ICNPTM 2011)

978-1-61896-030-6 © 2012 SciRes.



 
 

 

 

model. 
 

Table 7. Results of pharmacodynamics indexes after 
unified transformed 

Numbers 
Unified 
ALT/ 
U·L-1 

Unified 
AST/ 
U·L-1 

Unified 
SOD/ 

U·mgprot-1 

Unified 
MDA/ 

U·mgprot-1 

S1 14.80 26.30 149.32 2.66 

S2 15.50 20.50 194.64 1.76 

S3 11.00 32.70 79.66 2.06 

S4 15.60 26.70 189.59 1.55 

S5 10.70 17.80 70.00 2.56 

S6 6.80 20.60 39.48 4.37 

S7 10.20 30.00 58.12 4.32 

S8 12.30 28.60 160.97 2.43 

S9 10.10 24.10 70.59 3.66 

S10 12.90 26.30 182.08 2.80 

From the formula (2), we can see that the unified data 
will not have an effect on cluster analysis for the va-
riables all subtracting the same constant at the same time, 
what is more the variables were all higher-better indexes 
after unified transformed and it was more beneficial to 
the requirement of data analysis, so we choose the uni-
fied data as the variables to perform on the cluster analy-
sis of ten batches of samples. The results were shown in 
figure 4. 

 

 
Figure 4. Dendrogram for unified data 

 
When the rescaled distance was 15 in figure 5, 10 

samples would be divided into two clusters. Combine 
with the results of table 2, the classification was defined 
as follows: one cluster with S1, S2, S3, S4, S8, S10 and 
the contents of total saikosaponins were in the range of 
1.31%～2.05%; one cluster with S5, S6, S7, S9 and the 
contents of total saikosaponins were in the range of 
1.14%～1.24% 

3.3.3 Study of Spectrum-Effect Relationship 
Above analysis showed that the fingerprints of saiko-

saponins from samples and the four pharmacodynamics 

indexes had the same identity when they were used as 
variables to describe the features of samples. So the fol-
lowing cluster analysis of samples took the common 
peaks of HPLC fingerprints and the four pharmacody-
namics indexes as the common variables. The results 
were in figure 5. 

 
Figure 5. Dendrogram for samples 

When the rescaled distance was 5 in figure 5, 10 
batches of samples would be divided five clusters. The 
classification was defined as follows: one cluster with S2, 
S3, S10 and the contents of total saikosaponins were in 
the range of 1.56%～1.64%; one group with S8 and the 
contents of total saikosaponins were 2.05%; one cluster 
with S5, S6, S7, S9 and the contents of total saikosapo-
nins were in the range of 1.14%～1.24%; one cluster 
with S1 and the contents of total saikosaponins were 
1.31%; one cluster with S4 and the contents of total sai-
kosaponins were 1.93%. As can be seen from the classi-
fication results no matter what type of index (fingerprint 
common pattern and efficacy mean) was chosen as the 
variables to describe the samples, the classification re-
sults had consistency, so some kind of relevance may 
existed among the variables. The following work was to 
perform on the cluster analysis of all the 16 variables. 
The results were in figure 6. 

 

 
Figure 6. Dendrogram for variables 

 
When the rescaled distance was 10, all variables were 

divided into four clusters. ALT, SOD of pharmacody-
namics indexes and p7, p10 of common peaks were in 
one cluster indicated these two groups of variables had 
higher correlation. 

Then SPSS 13.0 for windows was used to make corre-
lation analysis of above two indexes with probable re-
levance. The canonical correlation analysis of these two 
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groups of variables extracted two pairs of canonical va-
riables (U1, V1 and U2, V2).Correlation coefficient of the 
first pair of canonical variables (U1, V1) was 0.039 
(P<0.05) and its correlation coefficient was 0.842, so it 
had linear positive correlation. Results of redundancy 
analysis indicated that U1 of the first pair of canonical 
variable explained the information of original variables 
of spectrum peaks (p7, p10), and V1 can also explained 
the information of efficacy variable group. 

First pair of canonical variables (U1, V1) was retained 
based on the results of canonical correlation analysis and 
redundancy analysis and U1, V1 had already described all 
of the relevant information between efficacy variable 
group and spectrum peak variable. The formula was 
shown as follows. 

1 1.257 0.398SSa SSdU InA InA= − +    (3) 
Where U1, ASSa and ASSd are canonical variable of 
spectrum peak variable group; peak areas of SSa and 
peak areas of SSd 

V1 = −0.062Xunified ALT − 0.943Xunified SOD   (4) 
Where V1,Xunified ALT andXunified SOD are canonical varia-
ble of efficacy variable group; mean of serum ALT in 
mice and  mean of liver tissue MDA in mice. 

From the formula we can see that U1 which reflected 
the information of spectrum was determined by the inte-
raction of SSa and SSd and V1 which reflected the infor-
mation of efficacy was determined by the interaction of 
Xunified ALT and Xunified SOD. U1 and V1 can express the 
correlation of these two groups of variables. As the first 
pair of canonical variable had linear positive correlation 
(The correlation coefficient was 0.842.), we can consider 
that the variation of SSa and SSd reflected the change 
trend ofXunified ALT andXunified SOD. So we can have an 
overall grasp of Xunified ALT andXunified SOD according to 
variation of SSa and SSd. The results indicated that SSa 
and SSd of Bupleurum chinense had an effect on the ac-
tivities of ALT and AST in acute liver injury mice in-
duced by CCl4, the interaction of SSa and SSd can en-
hance the efficacy, they were the key chemical composi-
tions of Bupleurum chinense with liver protective effect. 

4 Discussion 

SSa and SSd were the main saikosaponins of Bupleu-
rum chinense that had liver protective effect according to 
the analysis of this paper. The content differences of SSa, 
SSd in different samples were the main factor that led to 
the different liver protective effect. T.Nishiura [4] re-
ported that SSa and SSd can significantly suppress the 
increase in serum GOT (AST) and GPT (ALT) levels in 
comparison with the rats treated with phenobarbital, ha-

lothane and hypoxia, while SSc, SSb1, SSb2 had less 
effect. That was different saikosaponins had different 
liver protective effects. It matched the conclusion of this 
paper. 

Clustering method was based on a specified standard 
(distance criterion as usual) to segment data to different 
clusters Different from the traditional classification, 
clustering method was, without any prior knowledge, 
based only on the similarity between data. As a result, 
data in the same group had higher similarity and data in 
different groups had higher differences at the same time 
[5]. So the clustering method had the features of similar-
ity analysis, but its classification conditions were fuzzy 
[6] because of the gradual clustering. In this experiment, 
the contents of total saikosaponins were chosen as classi-
fication foundation and effectively made up for the dis-
advantages. From the results of clustering analysis, we 
can overall grasp the similarity and classification of dif-
ferent indexes, find correlation between variables, reject 
the variables with less similarity and provide thoughts 
and directions for deeply studying of data. 

The combination of cluster analysis and canonical 
correlation analysis were firstly used in this in this expe-
riment to analyze the spectrum-effect relationship data. 
Clustering analysis can effectively classify the multiva-
riable and variables with higher correlation in the classi-
fication were the data for canonical correlation analysis. 
In this way the variables were screened and the variables 
with no correlation or less correlation would not be 
compulsory introduced into regression equation, at the 
same time it could also provide foundation for rejecting 
variables with collinearity. 
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Abstract: Choose 12 kinds of foods to determine olfactory responses of the larvae to them, which showed 
that the order is Gentiana macrophyllad＞Stachys seiboibi Miq. ＞Potentilla anserine L.＞Tibetia tongolen-
sis (Ulbr.)＞Rheum palmatum L.=Solanum tuberosum＞Malus pumila＞Daucus carota Linn. var. sativa 
Hoffm＞Hordeum vulgare Linn. var. nudum Hook.f.＞Astragalus membranaceus (Fisch.) Bunge.＞
Oxytropis densa Benth.＞Anemone obtusiloba D.＞Morina nepalensis var.alba (Hand.-Mazz.) Y.C.Tang and 
summarized the allure of them. 

Keywords: Y-type olfactory olfactometer; foodstuff; larvae 
 

1 Introduction 

Cordyceps is known as a rare traditional herb of China, 
it is a combo of Hepialidae larva and fungus, formed 
through parasitization of Cordyceps sinensis (Berk.)Sacc 
on the Hepialidae larva (Lepidoptera, Hepialidae)[1]. In 
recent years the researches on cordyceps have been 
widely done in many aspects, however, most are concen-
trated in its efficacy and property. There are little materi-
als to sustain the industrialization of the production of 
cordyceps in the current circumstance of supply falls 
short of demand. Therefore the cultivation of the larvae 
(Hepialidae) is becoming important, the key of which is 
the feeding habits of the larvae. 

When refers to the feeding habits of the larvae people 
always try to identify what they eat but not what they 
prefer. In cultivation the foods choice confused people 
for many years. The foods they chose such as Polygonum 
viviparum L., Rheumpumilum Maxim. and Potentilla 
anserine L. et al. mainly grew in where the larvae ex-
isted[2-9], which is the single principle people followed. 
Since the cultivation conditions and modes[10] have 
been put forward many firms began to take their action 
to the new field with the support from many graduate 
schools and universities. Now papers had given some 
information about the effect different feeds on weight of 
larvae[2], But before doing such works we should con-
firm the order of all foods larvae eat firstly under the 
man-made conditions that can be controlled easily. 

Normally the methods to study the feeding habits are 
Olfactometer[11-13], Petri dish experiments[14-15] and 
EAG determination[16-18]. All can be used to the con-
firmation of the foods order relates to how the larvae like. 
EAG determination is useless in studying the larvae as 
the antennae of which are regressive. When carrying the 
Petri dish experiments it spends much time and the con-
dition controlled hard. Among all olfactometers Y-type 
overmatch the two above in the studying. It can be used 

to distinguish the responses of two materials in short 
time and the results of which is clear at a glance. 

In order to cognize the olfaction of larvae and provide 
scientific basis for culturing the larvae, the preference 
order of 12 materials(more information will be given in 
charge2) is shown in this paper with the utilization of 
Y-type olfactometer. 

2 Materials and Methods 
2.1 Materials 

Most materials in the experiment are the underground 
part of the whole plant except Malus pumila, which fruit 
is selected. Malus pumila, Solanum tuberosum, and 
Daucus carota Linn. var. sativa Hoffm are normal and 
can be easily collected from market. Other materials are 
gathered from Xinduqiao Town (3600meters in eleva-
tion), Kangding County, Sichuan Province in Oct. 2009. 

Table 1. Plants materials in the experiment 
Sepcies Family Genus 

Morina nepalensis var.alba 
(Hand.-Mazz.) Y.C.Tang 

Dipsacaceae Morina 

Gentiana macrophylla Gentianaceae Gentiana

Hordeum vulgare Linn. var. nudum 
Hook.f. 

Gramineae Hordeum

Stachys seiboibi Miq. Lamiaceae Stachys 

Oxytropis densa Benth. Leguminosae 
Oxytro-

pis 

Tibetia tongolensis (Ulbr.) Leguminosae Tibetia 

Astragalus membranaceus (Fisch.) 
Bunge 

Leguminosae 
Astraga-

lus 

Rheum palmatum L. Polygonaceae Rheum 

Anemone obtusiloba D. Ranunculaceae Anemone

Malus pumila Rosaceae Malus 

Potentilla anserine L. Rosaceae Potentilla

Solanum tuberosum Solanaceae Solanum

Daucus carota Linn. var. sativa 
Hoffm 

Umbelliferae Daucus 
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The tested larvae are Hepialus xiaojinensis(Hepialidae, 
Hepialus), which are in 3 age phase[19], for the lengths 
of them are ranged from 2cm to 2.5cm, and most of 
which have just moulted. All are cultivated without foods 
for 7 days before the experiment. 

2.2 Methods 

Cut all plants materials into bits of 0.5cm × 0.5cm × 
0.5cm size and deposit the bits in different cases with 
lids. 

All subassemblies of Y-type olfactometer (Fig.1) are 
washed first with distilled water then with acetone for 2 
times. At last put them into a oven heated to a tempera-
ture of 50  until they are dry. Then take them out and ℃
assembly the Y-type olfactometer as soon as they are 
cold. 

 

 

Figure 1. The sketch map of Y-type olfactometer 

Note: ①、②conical flask with active carbon; ③、④conical flask with 
distilled water; ⑤conical flask with materials ⑥antitheses conical flask; 
⑦Y-type glass pipe; ⑧location with larvae; the arrowheads show the direc-
tion of air current  
The character of SL-2800 oxygen pump with a single hole 
Rating voltage: 220V 
Frequency: 50HZ 
Air pressure: ≥0.012MPa 
Exhaust volume: 2.5L/min 
Weight: 0.26kg 

Conical flask with Solanum tuberosum is contrast with 
the parallel conical flask with one of other 11 plants ma-
terials once in a test. There are 11 tests in the whole ex-
periment. 

The olfaction of larvae were tested in Y-tube of the 
10cm×10cm×10cm size. The glass tubes were thor-
oughly washed and then heated to 200℃ after each ex-
periment to make them free from any contamination or 
sample residue. The position of the Y- tube was con-
tinuously changed to compensate for the possible effects 
due to position, air or light. 10 larvae were observed for 
5 times in each test. One larva was released at the com-
mon end of the tube and allowed to walk up and chose 
one of the arms, larvae which traveled 8 cm in the arm of 
Y-tube in 5 minute were considered to make a choice. 

3 Results and Discussion 

It’s shown in Tab.2 that all foods had allure to the lar-
vae, but there are differences, which shown a difference 
of individual and a difference of food. 

A larva may choose both foods, only one of the two or 
neither of them. But as a whole there are no obvious dif-
ferences when calculating the ten together to the two 
materials. 

So it can calculate the total responses times the 10 
larvae to one material and compare the various times to 
confirm the order of the 12 materials. 

Table 2. Olfactory responses of each larva of 10 to 11 kinds 
of foods (amounts) 

Amounts 
Foods 

Experiment 
Middle 

tube 
Contrast

Morina nepalensis 
var.alba(Hand.-Mazz.) 

Y.C.Tang 
9 0 10 

Gentiana macrophylla 9 0 8 

Hordeum vulgare Linn. var. 
nudum Hook.f. 

9 0 9 

Stachys seiboibi Miq. 10 0 8 

Oxytropis densa Benth. 8 0 9 

Tibetia tongolensis (Ulbr.) 10 0 8 

Astragalus membranaceus 
(Fisch.) Bunge 

8 1 7 

Rheum palmatum L. 9 0 9 

Anemone obtusiloba D. 9 0 10 

Malus pumila 9 0 10 

Potentilla anserine L. 9 0 10 

Daucus carota Linn. var. sativa 
Hoffm 

9 0 8 

 
As we can see from Tab3 that total 50 times were de-

signed to observe the responses of the larvae toward the 
tested foods.  

Among the foods the times larvae chose Solanum tu-
berosum are little than Gentiana macrophylla , Stachys 
seiboibi Miq., Potentilla anserine L. and Tibetia tongo-
lensis (Ulbr.) in turn. By contrary which are more than 
Malus pumila, Daucus carota Linn. var. sativa Hoffm, 
Hordeum vulgare Linn. var. nudum Hook.f., Oxytropis 
densa Benth., Anemone obtusiloba D., Morina nepalen-
sis var.alba (Hand.-Mazz.) Y.C.Tang in turn. 

The extensive order of them can be confirmed that  
Gentiana macrophyllad ＞ Stachys seiboibi Miq. ＞
Potentilla anserine L.＞Tibetia tongolensis (Ulbr.) ＞
Rheum palmatum L.＞Malus pumila＞Daucus carota 
Linn. var. sativa Hoffm＞Hordeum vulgare Linn. var. 
nudum Hook.f. ＞Oxytropis densa Benth. ＞Anemone 
obtusiloba D. ＞ Morina nepalensis var.alba 
(Hand.-Mazz.) Y.C.Tang. 
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But there are 5 times the larvae didn’t make a choice 
between the two materials(Astragalus membranaceus 
(Fisch.) Bunge and Solanum tuberosum.). just for which 
the order of them is Hordeum vulgare Linn. var. nudum 
Hook.f.＞Astragalus membranaceus (Fisch.) Bunge. 

So the order is Gentiana macrophyllad＞Stachys sei-
boibi Miq.＞Potentilla anserine L.＞Tibetia tongolensis 
(Ulbr.)＞Rheum palmatum L.=Solanum tuberosum＞
Malus pumila＞Daucus carota Linn. var. sativa Hoffm
＞ Hordeum vulgare Linn. var. nudum Hook.f. ＞
Astragalus membranaceus (Fisch.) Bunge.＞Oxytropis 
densa Benth.＞Anemone obtusiloba D.＞Morina nep-
alensis var.alba (Hand.-Mazz.) Y.C.Tang 

The larvae lived a cave life under the soil, which is 
difficult to observe them in soil. The result is certainly 
suspected by many people. And the antennae of larvae 
are degenerate, which make the mechanism they re-
sponse to the odor of foods is confusing. As a result, the 
terminate result should be discussed further when new 
method and new knowledge of the larvae are built. 

Table 3. Olfactory responses of the larvae to 11 kinds of 
foods (times) 

Times 
Foods 

Experiment 
Middle 

tube 
Contrast

Morina nepalensis var.alba 
(Hand.-Mazz.) Y.C.Tang 

13 0 37 

Gentiana macrophylla 30 0 20 

Hordeum vulgare Linn. var. 
nudum Hook.f. 

22 0 28 

Stachys seiboibi Miq. 28 0 22 

Oxytropis densa Benth. 21 0 29 

Tibetia tongolensis (Ulbr.) 26 0 24 

Astragalus membranaceus 
(Fisch.) Bunge 

22 5 23 

Rheum palmatum L. 25 0 25 

Anemone obtusiloba D. 17 0 33 

Malus pumila 24 0 26 

Potentilla anserine L. 27 0 23 

Daucus carota Linn. var. sativa 
Hoffm 

23 0 27 

 
Different larvae made different choice at the end of the 

mid-tube, which showed the otherness of the larvae’s 
feeding habits  

From the Tab.4 we can draw that different larvae re-
spond variously to one food. Take the first group for 
example, there are 1,2,1,3,3,0 larvae reacting 0,1,2,3,4 
times to Solanum tuberosum. The data about Solanum 
tuberosum of different test group illustrate the allure 
grade of different foods. Take the first and the second 
groups for example, when Malus pumila contrasting So-
lanum tuberosum, the larvae distributed mainly in 0-4 
times to Solanum tuberosum, while Morina nepalensis 
var.alba (Hand.-Mazz.) Y.C.Tang contrasting Solanum 

tuberosum, the larvae distributed mainly in 2-5 times to 
Solanum tuberosum. The larvae tended to choose Malus 
pumila than Morina nepalensis var.alba (Hand.-Mazz.) 
Y.C.Tang. Similar results refer to the allure are Malus 
pumila ＞ Anemone obtusiloba D., Malus pumila ＞
Hordeum vulgare Linn. var. nudum Hook.f.. 

The whole order can’t be made according the follow-
ing data. Some unclear factors may influent the choice of 
larvae. In test some foods such as Malus pumila, Daucus 
carota Linn. var. sativa Hoffm and Gentiana macro-
phylla are with special odor to human, and they are more 
likely be chose by the larvae.  

Table 4. Responses frequency of the tested larvae 

Times 

Foods 
0 1 2 3 4 5

Solanum tuberosum 1 2 1 3 3 01

Malus pumila 0 3 2 2 2 1

Solanum tuberosum 0 0 2 1 5 22

Morina nepalensis var.alba 
(Hand.-Mazz.) Y.C.Tang 

2 5 1 2 0 0

Solanum tuberosum 0 0 2 4 3 13

Anemone obtusiloba D. 1 3 4 2 0 0

Solanum tuberosum 1 1 1 4 2 14

Hordeum vulgare Linn. var. 
nudum Hook.f. 

1 2 4 1 1 1

Solanum tuberosum 2 1 0 3 3 15

Daucus carota Linn. var. 
sativa Hoffm 

1 3 3 0 1 2

Solanum tuberosum 2 1 2 3 1 16

Astragalus membranaceus 
(Fisch.) Bunge 

2 1 3 2 1 1

Solanum tuberosum 0 4 1 4 0 17

Potentilla anserine L. 1 0 4 1 4 0

Solanum tuberosum 1 1 2 2 2 28

Oxytropis densa Benth. 2 2 2 2 1 1

Solanum tuberosum 2 3 1 2 1 19

Gentiana macrophylla 1 2 1 1 3 2

Solanum tuberosum 1 1 2 4 1 110

Rheum palmatum L. 1 1 4 2 1 1

Solanum tuberosum  2 1 1 3 3 011

Tibetia tongolensis (Ulbr.) 0 3 3 1 1 2

Solanum tuberosum 2 2 1 2 3 0

Amounts

12

Stachys seiboibi Miq. 0 3 2 1 2 2

4 Conclusion 

The order reflects the choice larvae made when they 
are among the foods. According to the order, foodstuffs, 
accessible and inexpensive, such as Solanum tuberosum , 
Daucus carota Linn. var. sativa Hoffm, will easily be 
adopted when cultivating larva. But the one are preferred 
to eat don’t mean the one is good to their growth. During 
their growth various nutrition are needed in different 
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phases. And one foodstuff is with different nutrition in 
different time of the year. In my opinion in the food 
range of the larvae all should be considered to take as 
fodder, mixed and offered in different times. 
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Abstract: Ten new oleanane-type triterpenoid saponins 11, 13, 18, 19, 24 and 26−30, a new natural product 8, 
together with nineteen known compounds 1−7, 9, 10, 12, 14−17, 20−23 and 25 were isolated from the rhi-
zomes of Anemone taipaiensis. Their structures were elucidated by extensive spectroscopic analyses and 
chemical evidences. The six saponins 6, 7, 9−11 and 13, possessed free carboxylic group at C-28, exhibited 
significant cytotoxicity against human leukemia HL-60 cells and human hepatocellular carcinoma Hep-G2 
cells with IC50 values in the range of 1.31~10.12 mol/L. Saponins 9, 11 and 13 exhibited significant cyto-
toxicity against human glioma U-251MG cells. The most potent one was 9 with an IC50 value at 1.37 μmol/L 
in a 72 h test, which was almost as equivalent as the clinical commonly used anti-glioblastoma agent ACNU. 
 
Keywords: Anemone taipaiensis; triterpenoid saponins; antitumor; bioactive constituent 

1 Introduction 

Anemone taipaiensis is only distributed in southwest 
part of Shaanxi Province [1]. The genus Anemone 
(Ranunculaceae) has been proved to be an especially 
valuable source of diverse saponin substances with po-
tentially useful biological properties [2−5]. However, no 
investigation has been reported on chemical constituents 
of this species of Anemone. As part of our ongoing in-
vestigation on new antitumor glycosides from natural 
source [6−10], the chemical studies on this plant led to 
the isolation of ten new oleanane-type triterpenoid 
saponins 11, 13, 18, 19, 24 and 26−30, a new natural 
product 8, together with nineteen known compounds 1−7, 
9, 10, 12, 14−17, 20−23 and 25 (structures of saponins 
see Fig. 1 and Table 1). We described herein the isolation 
and structural elucidation of these compounds, as well as 
their potent cytotoxicity against human leukemia HL-60 
cells, human hepatocellular carcinoma Hep-G2 cells and 
human glioma U251MG cells。 

2 Experimental 
2.1 Materials and Instruments 

The plant material was collected on Taibai Mountain, 
Shaanxi Province, China, in September 2009, and was 
identified by Prof. Ji-Tao Wang (Department of Phar-
macog-nosy, School of Pharmacy, Shaanxi University of 
Chinese Medicine). A voucher specimen (NO.090918) 
was deposited in the Herbarium of Shaanxi University of 
Chinese Medicine. Instruments and reagents were omit-
ted. 
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Figure 1. Structures of aglycones and sugar moieties of 
saponins 2 and 5−30 isolated from Anemone taipaiensis 
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Table 1. Structures of saponins 2 and 5−30 isolated from 
Anemone taipaiensis (*represents new compound) 

No. R1 R2 R3 R4 
2 I CH3 H H 
5 III CH2OH H H 
6 V CH3 H H 
7 V CH2OH H H 
8 V CH3 II H 
9 VI CH3 H H 

10 VI CH2OH H H 
11* VII CH2OH H H 
12 VI CH2OH II H 
13* IX CH3 H H 
14 H CH3 X H 
15 VIII CH3 H H 
16 V CH3 X H 
17 I CH2OH X H 
18* IV CH3 X OH 
19* V CH3 X OH 
20 VI CH2OH X H 
21 IV CH2OH X H 
22 V CH2OH X H 
23 III CH2OH X H 
24* VIII CH3 X H 
25 VI CH3 X H 
26* VIII CH3 X OH 
27* VI CH3 X OH 
28* IX CH2OH X H 
29* VII CH2OH X H 
30* VIII CH2OH X H 

2.2 Extraction and Isolation 

The air-dried rhizomes of A. taipaiensis (5 kg) were 
powdered and extracted with 70% EtOH (5 L × 3, 2 
h/time) under reflux. The extract was concentrated under 
vacuum to give a residue (650 g) which was suspended in 
H2O (8 L) and partitioned successively with petroleum 
ether (8 L × 2) and n-BuOH (8 L × 3). The n-BuOH ex-
tract (110 g) was subjected to column chromatography on 
silica gel (2200 g, 15 × 120 cm) and eluted with a 
CHCl3-MeOH-H2O gradient (10: 1: 0.05, 9: 1: 0.1, 8: 2: 
0.2, 7: 3: 0.5, 6: 4: 0.8) to give 9 fractions (Fr.1−Fr.9). 
Compound 1 was crystaled from Fr.3 (18 g). Fr.4 (7.6 g) 
and Fr.5 (3.2 g) were chromatographed on silica gel (500 
g, 5 × 100 cm; 280 g, 4 × 100 cm) with a CHCl3-MeOH- 
H2O gradient to yield sub-fractions from which com-
pounds 2−4 and 5 were isolated. Fr.6 (4.5 g) and Fr.7 (3 g) 
were chromatographed on silica gel (400 g, 5 × 100 cm) 
with a CHCl3-n-BuOH gradient to yield compound 6 and 
compound 7, respectively. Fr.8 (15 g) was chromatogra-
phed on ODS C18 gel (300 g, 3 × 100 cm) with a 
MeOH-H2O gradient to yield sub-fractions from which 
compounds 8−13 were isolated. Fr.9 (29.2g) was also 
chromatographed on ODS C18 gel (500 g, 3 × 100 cm) 
with a MeOH-H2O gradient to yield four sub-fractions. 
Compounds 14-17, 18-25, 26-28 and 29-30 were isolated 
from Fr.9.1, Fr.9.2, Fr.9.3 and Fr.9.4, respectively. All 
sub-fractions were submitted to gel permeation chroma-
tography on Sephadex LH-20 (900 g, 5 × 120 cm) in 

MeOH or CHCl3-MeOH to remove the pigments and 
carbohydrates. Compounds 2 and 5−30 were isolated with 
repeating HPLC using mixtures of MeOH and H2O: 
saponin 11 (30 mg, MeOH-H2O, 86: 14, 8.0 mL/min, tR 
15.0 min from Fr.8.4); saponin 13 (70 mg, MeOH-H2O, 
86: 14, 8.5 mL/min, tR 12.0 min from Fr.8.6); saponin 18 
(12 mg, MeOH-H2O, 56: 44, 6.5 mL/min, tR 12.3 min 
from Fr.9.2.2); saponin 19 (12 mg, MeOH-H2O, 56: 44, 
6.5 mL/min, tR 17.4 min from Fr.9.2.2); saponin 24 (45 
mg, MeOH-H2O, 65: 35, 7.0 mL/min, tR 21.5 min from 
Fr.9.2.4); saponin 26 (23 mg, MeOH-H2O, 54: 46, 6.0 
mL/min, tR 22.7 min from Fr.9.3.2); saponin 27 (28 mg, 
MeOH-H2O, 54: 46, 6.0 mL/min, tR 25.0 min from 
Fr.9.3.2); saponin 28 (55 mg, MeOH-H2O, 55: 45, 6.0 
mL/min, tR 31.4 min from Fr.9.3.3); saponin 29 (44 mg, 
MeOH-H2O, 55: 45, 6.0 mL/min, tR 36.2 min from 
Fr.9.4.2); saponin 30 (250 mg, MeOH-H2O, 55: 45, 6.0 
mL/min, tR 41.0 min from Fr.9.4.3).  

2.3 Acid Hydrolysis and GC Analysis 

Saponins 2 and 5−30 (each 3 mg) were heated with 1 
mL 2 M/L CF3COOH at 120 C for 2 h, respectively. 
The reaction mixture was evaporated under vaccum and 
the residue was partitioned between CH2Cl2 and H2O. 
The aqueous residue was evaporated under reduced 
preesure. Then 1 mL of pyridine and 2 mg of 
NH2OH·HCl were added to the dry residue, and the 
mixtures were heated at 90 C for 30 min. After the reac-
tion mixtures were cooled, 0.5 mL of Ac2O was added 
and the mixtures were heated at 90 C for 1 h. The resi-
due was partitioned between CH2Cl3 and H2O. The or-
ganic layer was subjected to GC analysis. The sugar units 
were identified by comparing the retention times of the 
corresponding derivatives with those of the authentic 
samples prepared in the same manner. 

2.4 Antitumor Bioassay 

The cytotoxicity against human leukemia HL-60 cells, 
human hepatocellular carcinoma Hep-G2 cells and hu-
man glioblastoma U251MG cells was evaluated by MTT 
colorimetric assay described in previous papers [10,11], 
with doxorubicin (Sigma, ≥98%, USA) and nimustine 
hydrochloride (Sigma, ≥98%, USA) as positive controls. 
Dose response curves were plotted for the samples and 
the IC50 values were calculated as the concentrations of 
the test saponins resulting in 50% reduction of absorption 
compared to the control cells.  

3 Results and Discussion 

The nineteen known compounds were identified as 
β-sitosterol (1), 3-O-(-L-arabinopyranosyl} oleanolic 
acid (2), β-daucosterol (3), potengriffioside A (4), kalo-
panaxsaponin A (5), 3-O-{-D-xylopyranosyl-(1→3)- 
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-L-rhamnopyranosyl-(1→2)--L-arabinopyranosyl} 
oleanolic acid (6), sapindoside B (7), 3-O-{-L- rham-
nopyranosyl-(1→2)-[-D-glucopyranosyl-(1→4)]--L- 
arabinopyranosyl} oleanolic acid (9), pulsatilla saponin D 
(10), cernusoide C (12), cussonside B (14), 
3-O-{-D-xylopyranosyl-(1→3)--L-rhamnopyranosyl-
(1→2)-[-D-glucopyranos-yl-1→4)]--L-arabinopyranosyl} 
oleanolic acid (15), sieboldianoside B (16), cauloside D 
(17), hederacolchiside F (20), leontoside D (21), sie-
boldianoside A (22), kalopanaxsaponin B (23) and 
hederacolchiside E (25), respectively, by comparison of 
their spectroscopic analysis and chemical evidences with 
published values. 

Table 2. 1H- (500 MHz) and 13C-NMR (125 MHz) chemical 
shifts of saponin 24 in pyridine-d5 

C δC 
 δH mult. 
(J in Hz) 

C δC 
δH mult. 
(J in Hz) 

C δC 
δH mult. 
(J in Hz) 

1 38.9  1.44, 0.87 m 3-O-sugar 28-O-sugar 

2 26.7  2.02, 1.81 m Ara Glc II 
3 88.6  3.23 dd  

(4.0, 11.6) 
1 105.2 4.71 d (7.0) 1 95.6 6.23 d (8.2)

4 39.5   2 75.5 4.51 m 2 73.8 4.11 m 

5 56.0  0.75 d (11.5) 3 74.9 4.18 m 3 78.7 4.17 m 

6 18.5  1.39, 1.23 m 4 80.2 4.20 m 4 70.8 4.29 m 

7 33.0  1.37, 1.22 m 5 65.3 4.37,3.73 m 5 78.0 4.08 m 

8 39.8   Rha I 6 69.1 4.63, 4.31 m

9 48.0  1.59 m 1 101.2 6.29 s Glc III 

10 37.0   2 71.9 4.88 br s 1 104.8 4.97 d (7.8)

11 23.7  1.90, 1.85 m 3 82.8 4.74 d 2 75.3 3.92 m 

12 122.8  5.38 br s 4 72.9 4.48 m 3 76.5 4.13 m 

13 144.1   5 69.7 4.65 m 4 78.2 4.39 m 

14 42.1   6 18.5 1.54 d (6.2) 5 77.1 3.64 dt 

15 28.2  2.28, 1.13 m Xyl 6 61.2 4.17, 4.06 m

16 23.3  2.03, 1.91 m 1 107.5 5.34 d (7.6) Rha II 

17 47.0   2 75.6 4.05 m 1 102.7 5.84 s 
18 41.6  3.16 dd  

(3.7, 13.4) 
3 78.5 4.16 m 2 72.5 4.65 m 

19 46.2  1.71, 1.20 m 4 71.1 4.17 m 3 72.7 4.52 m 

20 30.7   5 67.4 4.33, 3.71 m 4 74.0 4.30 m 

21 33.9  1.30, 1.08 m Glc I 5 70.3 4.94 m 

22 32.5  1.82, 1.74 m 1 106.7 5.10 d (7.9) 6 18.5 1.68 d (6.2)

23 28.1  1.29 s 2 75.4 4.03 m    

24 17.2  1.16 s 3 78.5 4.16 m    

25 15.6  0.85 s 4 71.2 4.22 m    

26 17.4  1.06 s 5 78.8 3.88 m    

27 26.0  1.23 s 6 62.5 4.47, 4.36 m    

28 176.5         

29 33.1  0.87 s       

30 23.6  0.87 s       

 
Compound 24 was positive to Liebermann-Burchard 

and Molish tests. The molecular formula was established 
as C70H114O34 from the [MNa] ion at m/z = 1521.7081 
(calcd. for C70H114O34Na, 1521.7089) in the positive ion 
mode HR-ESI-MS. The analysis of the NMR data (Table 
2) indicated that 24 was a saponin containing one triter-

pene aglycone and seven monosaccharides. The 1H- and 
13C-NMR spectra showed seven tertiary methyl groups at 
H = 0.85 (s, 1×CH3), 0.87 (s, 2×CH3), 1.06 (s, 1×CH3), 
1.16 (s, 1×CH3), 1.23 (s, 1×CH3), and 1.29 (s, 1×CH3) 
and one trisubstituted olefinic proton at H = 5.38 (br s) 
coupled with seven sp3 carbons at C = 15.6, 33.1, 23.6, 
17.4, 17.2, 26.0 and 28.1 and two sp2 olefinic carbons at 
C = 122.8 and 144.1 (Table 2). The assignments of the 
NMR signals associated with the aglycone moiety were 
derived from 1H-1H COSY, TOCSY, HSQC, HMBC and 
NOESY experiments. The aglycone of 24 was identified 
as oleanolic acid [12]. The chemical shifts of C-3 (C = 
88.6) and C-28 (C = 176.5) revealed that 24 was a bis-
desmosidic glycoside. The correlations of H-3 with 
H3-23 and H-5 observed in the NOESY spectrum indi-
cated the -configuration for the 3-O-sugar moiety (Fig. 
2). The presence of L-arabinose (Ara), D-xylose (Xyl), 
L-rhamnose (Rha) and D-glucose (Glc) in a 1:1:1:2 ratio 
was established by acid hydrolysis followed by GC 
analysis of the corresponding derivatives. Meanwhile, 
the 1H-NMR spectrum of saponin 24 exhibited seven 
anomeric protons at  = 6.32 (s), 6.23 (d, J = 8.2 Hz), 
5.84 (s), 5.34 (d, J = 7.6 Hz), 5.10 (d, J = 7.9 Hz),  4.97 
(d, J = 7.8 Hz) and 4.71 (d, J = 7.0 Hz), and two methyl 
groups of 6-deoxy-hexopyranosyl moiety at  1.68 (d, J 
=6.2 Hz) and  1.54 (d, J =6.2 Hz). The  anomeric con-
figurations for the xylose and glucose units were deduced 
from their 3JH-1/H-2 coupling constants (7.6 and 7.8~8.2 
Hz). The arabinose unit was determined to have an  
anomeric configuration on the basis of the 3JH-1/H-2 (7.0 
Hz) value observed in the 4C1 form. Although the ano-
meric proton of the rhamnose moiety was observed as a 
singlet in the 1H-NMR spectrum, the 13C-NMR shift of 
Rha C-5 at  = 69.7 and 70.3 indicated the  anomeric 
configuration [13]. All proton signals due to sugars were 
identified by careful analysis of the 1H-1H COSY, 
TOCSY and NOESY spectra, and the carbon signals 
were assigned by HSQC and further confirmed by 
HMBC spectra (Table 2). Data from the above experi-
ments indicated that the seven sugar residues are in their 
pyranose forms. In the HMBC spectrum of 24, a cross 
peak between C-3 of the aglycone and H-1 of Ara indi-
cated that Ara was connected to C-3 of the aglycone. The 
linkage of the terminal glucose at C-4 of Ara was indi-
cated by the cross peak Glc I H-1/Ara C-4. Similarly the 
linkages of the terminal xylose at the C-3 of Rha I in turn 
linked to C-2 of Ara were indicated by cross peaks Xyl 
H-1/Rha I C-3 and Rha I H-1/Ara C-2; the linkages of 
terminal rhamnose at C-4 of Glc II in turn linked to C-6 
of Glc III and in turn linked to C-28 of the aglycone were 
indicated by cross peaks Rha II H-1/Glc II C-4, Glc II 
H-1/Glc III C-6 and Glc III H-1/C-28. The conclusion 
was confirmed by the NOESY correlations as shown in 
Fig. 2. Accordingly, the structure of saponin 24 was elu-
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cidated as 3-O-{-D-xylopyranosyl-(1→3)--L-rha- 
mnopyranosyl-(1→2)-[-D-glucopyranosyl-(1→4)]--L- 
arabinopyranosyl} oleanolic acid 28-O-{-L-rhamnopy 
ranosyl-(1→4)--D-glucopyranosyl-(1→6)--D-glucop- 
yranoside}. 
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Figure 2. Key NOESY and HMBC correlations for  
saponin 24 

The other nine new saponins 11, 13, 18, 19 and 26−30, 
and the new natural product 8 were identified, by exten-
sive spectral analysis and chemical evidences, as 
3β-O-{β-D-xylopyranosyl-(1→3)-α-L-rhamnopyranosyl-(
1→2)-[β-D-glucopyranosyl-(1→4)]-α-L-arabinopyranosy
l} hederagenin(11), 3-O-{-D-xylopyranosyl-(1→3)-- 
L-rhamnopyranosyl-(1→2)-[-D-glu-copyranosyl-(1→4)
--D-glucopyranosyl-(1→4)]--L-arabinopyranosyl} 
oleanolic acid (13), 3-O-{-D-glucopyranosyl-(1→4)- 
-L-arabinopyranosyl} siaresinolic acid 28-O- 
{-L-rhamnopyranosyl-(1→4)--D-glucopyranosyl-(1→
6)--D-glu-copyranoside} (18), 3-O-{-D-xylopyrano- 
syl-(1→3)--L-rhamnopyranosyl-(1→2)--L-arabinopyr
anosyl} siaresinolic acid 28-O-{-L-rhamnopyranosyl- 
(1→4)--D-glucopyranosyl-(1→6)--D-glucopyranoside} 
(19), 3-O-{-D-xylopyranosyl-(1→3)--L-rhamnopyra- 
nosyl-(1→2)-[-D-glucopyranosyl-(1→4)]--L-arabino- 
pyranosyl} siaresinolic acid 28-O-{-L-rhamnopyrano- 
syl-(1→4)--D-glucopyranosyl-(1→6)--D-glucopyrano-
side} (26), 3-O-{-L-rhamnopyranosyl-(1→2)-[-D- 
glucopyranosyl-(1→4)]--L-arabinopyranosyl} siaresi-
nolic acid 28-O-{-L-rhamnopyranosyl-(1→4)--D- 
glucopyranosyl-(1→6)--D-glucopyranoside} (27), 3- 
O-{-D-xylopyranosyl-(1→3)--L-rhamnopyranosyl-(1
→2)-[-D-glucopyranosyl-(1→4)--D-glucopyranosyl- 
(1→4)]--L-arabinopyranosyl} hederagenin 28-O-{-L- 
rhamnopyranosyl-(1→4)--D-glucopyra-nosyl-(1→6)-- 
D-glucopyranoside} (28), 3-O-{-D-glucopy-ranosyl- 
(1→4)--D-glucopyranosyl-(1→4)-[-L-rhamnopyranos-
yl-(1→2)]--L-arabinopyranosyl} hederagenin 28-O-{- 
L-rhamnopyranosyl-(1→4)--D-glucopyranosyl-(1→6)- 
-D-glu-copyranoside} (29), 3-O-{-D-xylopyranosyl- 
(1→3)--L-rhamnopyranosyl-(1→2)-[-D-glucopyranos-

yl-(1→4)]--L-ar-abinopyranosyl} hederagenin 28-O-{- 
L-rhamnopyranosyl-(1→4)--D-glucopyranosyl-(1→6)- 
-D-glucopyranoside} (30) and 3-O-{-D-xylopyran- 
osyl-(1→3)--L-rhamnopyranosyl-(1→2)--L-arabinop-
yranosyl} oleanolic acid 28-O--D-glucopyranoside (8), 
respectively. 

The preliminary cytotoxic assay (Table 3) showed that 
saponins 6, 7, 9-11 and 13, possessed free carboxylic 
group at C-28, displayed significant cytotoxicity against 
human leukemia HL-60 cells and human hepatocellular 
carcinoma Hep-G2 cells. Saponin 9 showed the most 
potent cytotoxicity with IC50 values of 1.31 and 2.81 
μM/L. The preliminary structure-activity relationship 
was also elucidated. We postulated that the characteristic 
structural features of potent cytotoxic saponins were to 
have -L-rhamnopyranosyl-(1→2)--L-arabinopyranosyl 
group at C-3 and a free carboxylic group at C-28 of the 
oleanane skeleton. Earlier studies on the cytotoxicity of 
similar compounds against other three human cancer cell 
lines have reached the same result [14]. 

Table 3. Cytotoxic activity of saponins 6−13 against three 
cancer cell lines in vitro (IC50, mol/L) 

HL-60 Hep-G2 U251MG No.
72 h 72 h 24 h 48 h 72 h 

6 10.12 ± 0.54a 2.83 ± 0.21 14.82 ± 0.48 11.16 ± 0.56 9.50 ± 0.56
7 8.98 ± 0.48 5.62 ± 0.25 20.73 ± 0.78 23.54 ± 0.92 19.67 ± 0.45
8 24.77 ± 2.12 70.48 ± 5.74 >64 >64 >64 
9 1.31 ± 0.12 2.81 ± 0.18 2.34 ± 0.34 1.47 ± 0.15 1.37 ± 0.22

10 9.39 ± 0.48 5.70 ± 0.32 7.64 ± 0.66 8.22 ± 0.68 15.35 ± 0.42
11 5.78 ± 0.28 3.41 ± 0.22 2.57 ± 0.18 1.72 ± 0.21 1.69 ± 0.32
12 >80 >80 >64 >64 >64 
13 5.21 ± 0.32 3.82 ± 0.31 4.58 ± 0.63 2.63 ± 0.63 2.45 ± 0.42
Db 0.27 ± 0.02 0.46 ± 0.04 − − − 
Nc − − 1.32 ± 0.09 1.08 ± 0.05 0.95 ± 0.06

a. The data represent the mean plus SD of three independent experiments in 
which each compound concentration was tested in three replicate wells. 

b. Doxorubicin (D) as positive controls. 
c. Nimustine hydrochloride (N) as positive controls. 

 

Saponins 9, 11 and 13 exhibited significant cytotoxic-
ity against human glioma U-251MG cells. The most po-
tent one was 9 with an IC50 value of 1.37 μmol/L in a 72 h 
test, which was almost as equivalent as the clinical 
commonly used anti-glioblastoma agent ACNU (ni-
mustine hydrochloride). Glioblastoma multiforme is the 
most common and lethal primary brain malignancy. 
Interstitial chemotherapy has been practiced for 
malignant brain tumors with administering chemo- 
therapeutic compounds directly into the tumor which 
provide increased and prolonged drug concentration in 
the tumor, reduction of systemic toxicity and bypassing 
the blood-brain barrier. Meanwhile, interstitial chemo- 
therapy can avoid the hemolysis effect of saponins. 
Therefore, saponins with anti-tumor activity could be 
developed as ideal chemotherapeutic agents. Clearly, the 
promising saponins 9, 11 and 13 merit further study as 
potential anti-glioblastoma agents. The mechanism of 
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these saponins to induce apoptosis of glioblastoma cells 
is now being investigated. Meanwhile, two relatively 
animal models for interstitial chemotherapy of glioblas-
toma have been established for the further studies on 
these saponins. 
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Abstract: Pestalofone E and Pestalofone F are new cyclohexanone derivatives from the plant endophytic 
fungus Pestalotiopsis fici. Pestalofone E and Pestalofone F, which isomeric compounds, have biological 
activities. It’s important to develop a method of differentiating these. In this work, technology of mass 
spectrometry was established to analyze, distinguish them and evaluate its antioxidant activity. 
 
Keywords: ESI-MS; Pestalofone E; Pestalofone F; antioxidant activity; secondary metabolites 

1 Introduction  

Plant endophytic fungi has attracted more attention due 
to producing a variety of bioactive secondary metabolites 
by culture technology in the past few decades, meanwhile, 
it will be become an important source for therapeutics. 
The fungal genus Pestalotiopsis is a common one in all of 
fungal types, which is widely distributed in various 
ecosystems. In recent years, new bioactive secondary 
metabolites with unique structural features were found in 
the fungal genus Pestalotiopsis [1-5]. The technology of 
mass spectrometry has been widely applied to many 
aspects [6-7]. Mass spectrometry applied to the study of 
antioxidant activity got a certain progress [8-10]. The 
research of mass spectrometry method in the analysis of 
these new metabolites is particularly important.  Therefore, 
in this paper, two secondary metabolites from plant 
endophytic fungus Pestalotiopsis fici was preliminarily 
studied.  

2 Experimental 
2.1 Apparatus and Reagents 

MSn experiments were carried out on a Thermo 
Scientific LCQ Fleet mass spectrometer (Thermo Fnnigan, 
San Jose, CA, USA) equipped with an electrospray 
ionization (ESI) source. Methanol was of HPLC grade and 
purchased from Fisher Scientific Company chemical Ltd. 
(Pittsburg, PA, USA). Two secondary metabolites-
Pestalofone E and Pestalofone F were provided by 
Institute of Microbiology, Chinese Academy of Sciences. 

2.2 Experimental Procedure 

100.0 μg two kinds of secondary metabolites were 
dissolved in 1 mL HPLC methanol. In this paper, two 
econdary metabolites were preliminarily studied by 
electrospray ionization mass spectrometry (ESI-MS).  To 
get a better mass spectrum, at first, the experiment was 

carried out to optimize instrument parameters. Then, ESI-
MS/MS of the two compounds and antioxidant research 
were analyzed. The operating parameters were as follows: 
The samples were introduced via a syringe pump at a flow 
rate of 3 μL/min. The capillary temperature was 
controlled at 275 ℃ . Capillary Voltage was at -32 V, 
Tube lens was at -125 V, RT lens offset  was at 1.5 V, 
lens 0 voltage was at 1.0 V, multipole 1 offset was at 9.0 
V, multipole 0 offset was at 3.25 V, lens 1 voltage was at 
8 V, gate lens voltage was at 40 V, front lens was at 48 V.  
The isolation width for ESI-MSn was 2.0 Da, and the 
collision energy (%) was 20-25%. 

3 Results and Discussion 
3.1 Optimization of ESI-MS Condition 

Pestalofone E and Pestalofone F, which are isomeric 
compounds, are new cyclohexanone derivatives from the 
plant endophytic fungus Pestalotiopsis fici. Molecular 
formula and relative molecular mass are C33H36O12 and 
624, separately. The molecular structures of two 
compounds were illustrated in Figure 1. Its structure has 
been verified by 1H, 13C NMR and HMQC, as shown in 
Table 1[2]. In the negative and positive ion mode, the 
optimization of ESI-MS parameters were got using 
automatic adjustment. The sheath gas and auxiliary flow 
rates, the spray voltage and capillary temperature were 
obtained by manual adjustment. In the negative ion mode, 
the two compounds had an ideal mass spectrums, as 
shown in Figure 2. 
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Figure 1. Structure of two secondary 
metabolites-Pestalofone E(1), Pestalofone F(2) 

 

Table 1. NMR data of Pestalofone E and Pestalofone F 
(Acetone-d6) 

 

 

Figure 2. ESI-MS profiles of Pestalofone E(1), 
Pestalofone F(2) in the negative mode 

3.2 ESI-MS/MS Study of Two Compounds 

As shown in Figure 1, Pestalofone F and Pestalofone E 
have structural differences at C-10 position and they are 
epimer.  The two compounds were analyzed by ESI-MS, 
the same molecular ion peak were found in negative ion 
mode. By means of ESI-MS2, fragment ions were got, as 
shown in Figure 3. From the Figure 3, m/z 441 [M-H]-) 
was a characteristic fragment ion and found in the 
Pestalofone F, meanwhile, the abudance of ion is 100%. 
This ion wasn’t discovered in the Pestalofone E.  
Through the technology of mass spectrometry, the 
distinction of Pestalofone E and Pestalofone F is simple 
and fast. 
 

 
 

Figure 3. ESI-MS2 profiles of Pestalofone E (left), 
Pestalofone F (right) in the negative mode 
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4 Conclusion 3.3 Antioxidant Activity of Two Compounds 

The antioxidant activity of two secondary metabolites 
from the plant endophytic fungus Pestalotiopsis fici was 
studied by the technology of mass spectrometry. At first, 
ESI-MS was applied to the analysis of DPPH in methanol, 
as shown in Figure 4. Relative molecular mass of DPPH 
is 394, m/z 394 could be seen from the Figure 4, but, m/z 
226 became the molecular ion peak. In the ESI-MS2 
experiment, m/z 394 ion yielded one main daughter ion at 
m/z 226. It can be seen m/z 226 would be fragment ion 
from m/z 394 ion. Later, excess DPPH methanol solution 
was mixed with two kinds of two compounds 
respectively at room temperature for 3 hours. Then, ESI-
MS was applied to the analysis of two mixtures; two 
different mass spectrometry datas were got, as can be 
seen in Figure 5. From figure 5-1, the compound 
Pestalofone E at m/z 623 ion peak decreased significantly, 
the m/z 659 ion became the molecular ion peak. m/z 659 
ion previously appeared in ESI-MS profile of Pestalofone 
E, The reason would be Pestalofone E combined with the 
methanol. From the Figure 5-2, the compound 
Pestalofone F at m/z 623 ion peak also decreased 
significantly, the m/z 227 ion became the molecular ion. 
The m/z 227, m/z 394, m/z 439 ions were present in ESI-
MS profile of the single sample DPPH, which appeared 
in the negative ion mode.  Possible reason was that 
Pestalofone F responsed fully with DPPH, excessive 
DPPH played a major role in negative mode. 

This work studied two secondary metabolites from the 
plant endophytic fungus Pestalotiopsis fici using 
technology of mass spectrometry. Through the 
characteristic fragment ions of two secondary metabolites, 
it can quickly distinguish and analyze the secondary 
metabolites. Secondly, technology of mass spectrometry 
was applied into studying their antioxidant activities. The 
research showed that two compounds had some 
antioxidant activity; it will become the focus of follow-up 
work. This work has some value and practical 
significance.  
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Abstract: A simple, reliable and repeatable method was based by high performance liquid chromatogra-
phy-photodiode array detection (HPLC-DAD). The HPLC fingerprints of Fengliao Changweikang(FC)oral 
liquid and its ingredients were evaluated by the digital evaluation system of traditional Chinese medi-
cines(TCMs). In addition, as the indicator components, contents of rutin, hyperin and isorhamnetinn were also 
determined. Chromatographic fingerprint, together with the contents of the markers were applied for quality 
control of FC oral liquid. FC oral liquid consists of two chinese herbs including: Niuerfeng, Laliao. In accor-
dance with State Food and Drug Administration (SFDA) requirements, raw material medicine of FC oral liq-
uid should be also established chromatographic fingerprint. Calculating similarity degree by the in-
cluded-angle cosine method, and using correlation coefficient method to verify result. 

Keywords: Fingerprinst; FC oral liquid; HPLC-DAD; TCMs 

1 Introduction 

Traditional Chinese medicines (TCMs), originated 
from nature, have been widely used in clinic practice [1]. 
However, in the development process of TCMs, their 
quality controls are always a bottleneck. The herbal 
medicines and their preparations for the establishment of 
the corresponding fingerprint are becoming an effective 
means to improve the inherent quality at this stage [2]. 
Since 2000, the SFDA required that all the injections 
made from herbal medicines or their raw materials 
should be standardized by chromatographic fingerprint 
[3]. Niuerfeng and Laliao are widely used as TCMs and 
are officially listed in the Chinese Pharmacopoeia (The 
Pharmacopoeia Commission of P. R. China, 2005). 
Niuerfeng, the branches and leaves of Daphniphyllum 
calycinum Benth., is mainly favonoid, such as rutin. La-
liao, the whole grass of polygonum hydropiper Linn. is 
too mainly favonoids, such as rutin, hyperin and isor-
hamnetin[4,5]. Fengliao Changweikang (FC) oral liquid 
consists of two chinese herbs including: 2000g of Niuer-
feng 1000g of Laliao. Preparation technological process 
are showed at SFDA, license number: Z20090296. The 
pharmacological screening and a wide range of clinical 
applications revealed that FC oral liquid carry many bio-
logical activities, such as strengthening stomach function, 
treating abdominal distension, abdominal pain, diarrhea 
and other symptoms of a definite therapeutic effect [6].  

As a result of systemic investigations, high perform-
ance liquid chromatography-photodiode array detection 
(HPLC–DAD) application for fingerprint analysis of 
Niuerfeng, Laliao and FC oral liquid have not been re-
ported in the literatures. So, the HPLC fingerprints of FC 

oral liquid and its ingredients were evaluated by the 
digital evaluation system of TCMs. In addition, as the 
indicator components, contents of rutin, hyperin and 
isorhamnetinn were also determined. Chromatographic 
fingerprint, together with the contents of the markers 
were applied for quality control of FC oral liquid. 

2 The Model 
2.1 Materials and Chemicals 

Rutin, hyperin and isorhamnetin were all obtained 
from the National Institute for the Control of Pharmaceu-
tical and Biological Products (Beijing, China).Niuerfeng 
and Laliao samples were collected from different regions 
in China. Their identities were confirmed in Chongqing 
Academy of Chinese Materia Medica, by Professor 
Shuiping Yang. 11 batches of FC oral liquid samples 
were obtained from different pharmaceutical factories in 
China. 

Methanol and acetonitrile used for HPLC analysis 
were of chromatographic grade and purchased from All-
tech Scientific (Beijing, China). Distilled water was puri-
fied with a Milli-Q Academic ultra-pure water system 
(Billerica, MA, USA) prior to the use as HPLC mobile 
phase. A.R. grade phosphoric acid, acetic acid and for-
mic acid for analysis were purchased from the first 
chemical company of Nanjing (Jiangsu, China). 

2.2 Apparatus and Conditions  

An HP 1200 Agilent system equipped with a quater-
nary gradient pump, an autosampler and DAD photodi-
ode array detector were used. The analytical column was 
a C18 of waters (250mm×4.6mm I.D., Waters, Milford, 
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MA, USA) protected with a 4.0mm×3.0mm I.D.guard 
column (Phenomenex, ANPEL scientific instrument 
Co.LTD, Shanghai, China). Detection wavelengths were 
acquired at: 359nm. Methanol constituted solvent A and 
formic acid-water (0.4: 99.6;v/v/v) constituted solvent 
B.The gradient elution program was applied as follows: 
0-5min kept at 29%A, 5–35 min linear increased from 
29% to 50%A, 35–45 min linear decreased from 50 to 
40% A. 45–60 min linear decreased from 40 to 29% A. 
flow rate of 0.8 mL/min. The injection volume was 
10µL.  

2.3 Preparation of Standard Solutions 

Accurately weighed solid portions of each standard 
were dissolved in methanol to prepare stock solutions: 
0.856mg/mL for rutin, 1.061mg/mL for hyperin, 1.520 
mg/mL for isorhamnetin. Then, each stock solution was 
diluted step by step with the combined solution. 

2.4 Sample Preparation 

2.4.1 Raw Material Medicine Sample Preparation  
Samples of 1.0g of dried and powdered Niuerfeng or 

Laliao was refluxed in water bath with 50mL of 60% 
ethanol for 60min, respectively. Samples were cooled. 
60% ethanol methanol was added to compensate the lost 
volume, samples were filtered by 0.45μm membrane 

filtration. 

2.4.2 FC Oral Liquid Preparation  
10mL of FC oral liquid were diluted with mobile 

phase to 50mL.ultrasound for 5 minutes, remove and put 
cold, mobile phase was added to compensate the lost 
volume. The solution was filtered through a 0.45 µm 
membrane. 

3 Innovation, Technology Transfer, and 
Technology Intensity 
3.1 Linearity, the Detection Limit (LOD) and 

Limit of Quantification (LOQ) Test 

The linearity calibration curves were constructed by 
six concentration assays of each standard in triplicate. All 
measurements were done in duplicate. Table 1 showed 
the results of the standard calibration curves of integrated 
peak area (n=3) and linearity (r2). Calibration curves 
were linear with correlation coefficients >0.999 for all 
analytes. LOD and LOQ were the concentrations of a 
compound at which its signal-to-noise ratios (S/N) were 
detected as 3:1 and 10:1, respectively. They were deter-
mined by serial dilution of sample solution using the de-
scribed HPLC–DAD/MS conditions. The results are 
shown in Table 1. 

Table 1. Linearity, LOD and LOQ for FC oral liquid using the optimized method 

Standard Linear range 
（µg/mL） 

Slope(k) Intercept(m) 
Regressa r2 

(n=5) 
LODb 

（µg/mL） 
LOQc 

（µg/mL） 
rutin 0.2372-18.976 356549 13246 r=0.9996 0.01581 0.05271 

Hyperin 0.00535-2.140 3.14484×106 208.5 r=1.0000 0.0007197 0.002399  

Isorhamnetin 0.04012-8.024 574379 34772 r=0.9996 0.002921 0.009738 

a Regression coefficient. b Limit of detection (3 S/N). c Limit of quantitation (10 S/N). 

 

3.2 Precision and Recovery Tests  

The same sample solutions were successively injected 
into HPLC in 0, 2, 4, 8, 16, 24h .The day precision was 
studied. The RSD of contents of three components in 
0.7-1.2%, that day precision was good (Table 2). At the 
same time, the same sample solutions were injected into 
HPLC six times for continuously six days to study the 
inter-day precision, the RSD of contents of three com- 

ponents in 1.1-2.6%, that inter-day precision was com-
paratively well (Table 2). 

The recoveries were determined by the method of 
standard addition. Six portions of FC oral liquid were 
spiked with the standards of three components. Then the 
samples were pretreated as described in section “Sample 
preparation”, and the results were summarized in Table 2. 
All recoveries obtained were very well, suggesting that 
the good recovery of the method. 

Table 2. Summary of intra-day, inter-day precision in FC oral liquid 

Intra-day precisions (mg/g) inter-day precisions(mg/g) Recovery(%) Peak 
No. 

Standard 
x SD  RSD（%） x SD  RSD（%） mean RSD（%） 

11 rutin 0.349±0.008 1.0 0.341±0.006 2.4 100.5 2.2 

15 Hyperin 0.026±0.010 1.2 0.018±0.012 1.1 99.3 2.3 

21 Isorhamnetin 0.032±0.006 0.7 0.038±0.007 2.6 98.4 1.5 
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3.3 Determination of Samples  

According to section“Sample preparation”. The 3 
components from the 11 batches Niuerfeng, polygonum 
hydropiper Linn. And FC oral liquid were detected. The 
average contents of main components were showed in 
Table 3. According to herb-combined prescription of FC 
oral liquid 1mL of FC oral liquid was equivalent to the 
crude herb of 2g Niuerfeng and 1g polygonum hydro-
piper Linn. Through 11 batches raw material medicine, 

the contents of rutin was 0.224-0.352mg/g in Niuerfeng, 
0.155-0.235mg/g in Laliao. The contents of hyperin and 
isorhamnetin were 0.0249-0.0542mg/g and 0.017- 
0.0359mg/g in Laliao, respectively. In addition, as the 
indicator components,contents of rutin, hyperin and 
isorhamnetinn were also determined in FC oral liquid, 
the yield of rutin was in the range of  76.0-81.4%. the 
yield of hyperin and isorhamnetin were 71.8-76.1% and  
68.1-76.9%, respectively. The result showed that prepa-
ration of the extraction rate was good. 

Table 3. The quantities of the 3 components from the 11 batches of raw material medicine and FC oral liquid (n = 3) 

Content 
Sample No. 

Niuerfeng(mg/g) Laliao (mg/g) FC oral liquid(mg/mL) 
1 0.272±0.011 0.181±0.011 0.0343±0.008 0.0170±0.015 0.349±0.008 0.0261±0.010 0.0124±0.006 

2 0.224±0.013 0.168±0.012 0.0517±0.004 0.0247±0.016 0.295±0.013 0.0393±0.011 0.0181±0.004 

3 0.232±0.006 0.155±0.014 0.0632±0.006 0.0299 ±0.007 0.298±0.007 0.0480±0.013 0.0230±0.005 

4 0.326±0.009 0.217±0.005 0.0249 0.009 0.0288 ±0.003 0.418±0.006 0.0189±0.013 0.0211±0.006 

5 0.259±0.015 0.173±0.009 0.0338±0.003 0.0257 ±0.011 0.333±0.010 0.0257±0.012 0.0175±0.008 

6 0.351±0.016 0.234±0.006 0.0468 0.011 0.0337 ±0.004 0.450±0.011 0.0336±0.003 0.0253±0.002 

7 0.258±0.012 0.172±0.021 0.0542 0.013 0.0221 ±0.009 0.331±0.009 0.0412±0.012 0.0163±0.005 

8 0.241±0.021 0.161±0.022 0.0541±0.016 0.0371 ±0.013 0.309±0.007 0.0411±0.012 0.0282±0.003 

9 0.352±0.024 0.235±0.013 0.0311±0.021 0.0241 ±0.015 0.452±0.002 0.0236±0.017 0.0183±0.011 

10 0.295±0.013 0.217±0.017 0.0353±0.018 0.0322 ±0.019 0.417±0.010 0.0268±0.011 0.0244±0.007 

11 0.320±0.013 0.214±0.014 0.0428±0.013 0.0359 ±0.003 0.411±0.006 0.0325±0.006 0.0273±0.001 

 

4 Conclusion 
4.1 Fingerprint Analysis of Niuerfeng, Laliao 

and FC Oral Liquid 

(1) Common peaks  
By comparisive chromatograms, based on the deter-

mination of common peak, according to statistics of the 
samples in descending chromatogram of strong signal 
peaks, reference peak which retention time appeared the 
middle and existed in all chromatograms of 11 samples 
was randomly selected. Among these components, rutin 
indicated a high and stable content, therefore it was cho-
sen as the reference substance. 

10μL sample solution was injected into the HPLC 
system. By comparing the peak retention time, peaks 
existed in all chromatograms of 11 samples were as-
signed as “common peaks”, indicating the integrity 
among various samples. From the 11 samples, the chro-
matograms of FC oral liquid consisted of 22 common 
peaks within 60min (As showed Fig.1.). Niuerfeng con-
sisted of 15 common peaks (as showed Fig.2), and Laliao 
consisted of 14 common peaks within 60 min. (As 
showed Fig.3). 
 
 

 
 
 
 
 
 
 

Figure 1. Chromatogram of FC oral liquid from different 
pharmaceutical factories 

 
 
 
 
 

 
Figure 2. Chromatogram of Niuerfeng samples from  

different regions 
 
 
 
 
 
 

Figure 3. Chromatogram of Laliao samples from 
different regions 
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All common peaks’ relative retention time and relative 
peak area were obtained with reference to rutin in FC 
oral liquid. R.S.D. values of the relative retention time of 
22 common peaks in 11 batches samples were less than 
1.0%, which means the common peaks were in good cor-
respondence in all samples. Moreover, such low R.S.D. 
valves demonstrate that the fingerprint developed by 
HPLC had good stability and reproducibility. So, the 
peak profile of the 22 components made up the finger-
print of FC oral liquid. Likewise, values of the relative 
retention time of 15 common peaks in 11 batches sam-
ples were less than 1.0% in HPLC fingerprints of Niuer-
feng from Table 9 to Table 10, R.S.D. values of the rela-
tive retention time of 15 common peaks in 11 batches 
samples were less than 1.0% in HPLC fingerprints of 
Laliao. 
(2)Noncommon peaks  

According to State Food and Drug Administration 
(SFDA) requirement, Besides the common peaks, there 
are about 5–16 noncommon peaks in each chromatogram, 
which represents the ambiguity,among the same kind of 
TCMs. Non-common peaks percentage of each batches 
Niuerfeng, Laliao and FC oral liquid preparations were 
calculated with the software of Excel 2003,respectively. 
According to above-mentioned methods to do strictly, 
The non-common peaks percentage of raw materials and  
FC oral liquid preparations in the respective total peak 
area were at 3.1 -6.5%, at 4.5 -7.1%, at 5.2 - 8.9% . less 
than the SFDA standard of 10%. 
(3)The correlation between FC oral liquid preparations 
and their raw herbal medicines  

SFDA suggested that all of herbal chromatograms 
should be evaluated by their similarities, which come 
from the calculation on the correlative coefficient and 
angle cosine value of original data [7]. With two differ-
ent mathematic methods including correlation coefficient 
and the included angle cosine calculated with the soft-

ware of Excel 2003, the data of fingerprints of 11 batches 
samples were processed to analyze similarity among 
these samples. According to the relative peak areas of 22 
common peaks in the chromatograms of 11samples, the 
similarity analysis was conducted, and the results are 
showed that: two kinds of similarity calculations were 
more than 0.982. Which show that the technical specifi-
cations of the establishment of fingerprint was good sta-
bility and reproducibility. 
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Abstract: The effects of brining, drying and roasting conditions on the degradation of adenosine triphosphate 
(ATP) in dried duck meat slice (DDMS) were studied. After brining for 2-3 h, adenosine monophosphate 
(AMP) degraded into inosine monophosphate (IMP) slowly, while easily into IMP when the brining time was 
3-5 h, following sluggish transformation into inosine (I) which smoothly converted into hypoxanthine (HX). 
During the drying process, AMP converted into IMP with a low yield when drying time was 4-5 h, while IMP 
converted into I smoothly and I converted into HX tardily. Compared with the contents of the product roasted 
at 180°C for 2 min, IMP content was higher and I content was lower when roasted at 180°C for 6 min which 
were favorable to umami of the product. Generally, considering the effect of IMP and HX on the taste of 
DDMS, brining for 2 h with 1% NaCl, drying for 2 h at 65°C, and roasting for 6 h at 120°C favored the ac-
cumulation of IMP and low content of HX, which benefit for improving taste and declining off-taste. Those 
results indicated that above three treatments casted great impact on the degradation of ATP and the formation 
of its derivatives which were important to the flavor of DDMS. 
 
Keywords: Brining; drying; roasting; ATP degradation; dried duck meat slice  

1 Introduction 

Flavor is one of the most important components of the 
eating quality of muscle foods [1-3]. The characteristic 
flavor substances of meat are formed during the cooking 
process in which the non-volatile flavor precursors trans-
fer into flavor substances through a series of complex 
reactions [4-6]. Time, temperature and removal of water 
during the cooking process have influences on the devel-
opment of the flavor compounds [7]. 

Flavor changes of meat are closely related with degra-
dation of adenosine 5’-triphosphate disodium salt (ATP) 
and content of inosine 5’-monophosphate disodium salt 
(IMP). An important taste, “umami” (roughly translated 
as good taste or savory), is considered as a primary taste 
by Asian cultures even though Western science has 
somewhat accepted umami as the fifth basic taste sensa-
tion [8, 9]. IMP is a very important taste substance existed 
in meat tissues evoking an umami taste sensation [10] and 
the umami of several L-α-amino acids can be enhanced 
by adding IMP [11, 12]. Meat tissues in which the levels 
of IMP are very low have poor organoleptic acceptance.  

The pathway of ATP catabolism in meat tissues has 
been demonstrated that ATP transferred in a sequence to 
adenosine 5’-diphosphate disodium salt (ADP), adenosine 
5’-monophosphate (AMP), IMP, inosine (I) and hy-
poxanthine (HX) [13-15]. A few experimental results on 
thermal degradation of ATP in meat have been reported. 

Takashi, Maya, Hideyuki and Toshihiro studied the effect 
of retort conditions on ATP-related compounds in 
pouched fish muscle and found that IMP content was de-
creased by common retort process [16]. Kavitha and Modi 
investigated the effects of water activity and temperature 
on the degradation of IMP in chicken muscle [13]. Addi-
tionally, Kuda, Fujita, Goto and Yano examined the effect 
of freshness on ATP-related compounds in retorted fish 
[17]. Nguyen and Sporns reported the thermal degrada-
tion of ATP during canning of meat [18]. Macy, 
Naumann and Baily found that the concentration of AMP 
increased while that of IMP decreased during the heat 
treatment [19]. Chikuni found that IMP contents of pork 
decreased as a result of cooking treatment [20]. Tikk ex-
plored the degradation of IMP during the aging of pork 
and the potential relationship between IMP, HX, and 
sensory attributes of pork meat [14]. 

Dried meat slice is one of traditionally enjoyed meat 
products in China, which is produced by the procedures 
such as brining, drying and roasting. Cooked duck meat 
products have been widely popular among consumers in 
China and Southeast Asia because of its delicate flavor 
and texture [21, 22]. Dried duck meat slice (DDMS) is a 
new kind of dried meat slice. 

Considering the importance of IMP to umami of meat, 
there is an urgent need to explore its formation and deg-
radation under different meat processing conditions. 
Moreover, no study has been done to examine the effects 
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of binning, drying and roasting processes on the degrada-
tion of ATP in duck meat. The present work is an attempt 
to investigate the degradation of ATP during the binning, 
drying and roasting processes and provides basic theory 
for the flavor improvement of meat products. 

2 Materials and Methods 
2.1 Preparation of Initial Material  

The proper amount of frozen duck legs, which were 
purchased from a local Hypermarket of the Carrefour 
Group, was thawed for 12 h at 2-4°C. Skin, bone, visible 
fat and connective tissue were removed from these legs, 
and then the legs were ground with a meat grinder 
(Shangyuan, SYP-MM12, Guangdong, China) fitted with 
a plate of 6 mm diameter holes. The ground meat was 
divided, packaged with a polyethylene bag (about 120 
g/bag), sealed and finally stored in refrigerator (-20°C) for 
future use. 

The proximate compositions of the ground meat were 
crude protein (19.54 ± 0.14)%, crude fat (6.73 ± 0.23)%, 
ash (0.94 ± 0.36)%, moisture (70.35 ± 0.19)% (all in trip-
licates). NaCl, white granulated sugar, five spice powder, 
soy protein isolate, monosodium glutamate and chill 
powder were purchased from a local Hypermarket of the 
Carrefour Group. 

2.2 Brining of Duck Meat  

The ground duck meats were thawed at 2-4°C for 24 h 
and mixed with NaCl (1-3%), white granulated sugar 
(3%), five spice powder (1%), soy protein isolate (2%), 
monosodium glutamate (0.1-0.5%) and chill powder 
(1-5%), then brined at 2-4°C for 0-5 h. The brined sam-
ples were dried at 65°C for 2 h and then roasted at 180°C 
for 4 min. The ATP-related compounds of the final prod-
ucts were determined by HPLC. 

2.3 Drying of Duck Meat 

The brined duck meats (2% NaCl, 4 h) were dried at 
55-75°C for 1-5 h, and then roasted at 180°C for 4 min. 
The ATP-related compounds of the final products were 
determined by HPLC.  

2.4 Roasting of Duck Meat 

The brined duck meats (2% NaCl, 4 h) were dried at 
65°C for 2 h, and then roasted at 120-240°C for 2-10 min. 
The ATP-related compounds of the final products were 
determined by HPLC. 

2.5 Extraction of Nucleotides 

The extraction of nucleotides was performed according 
to the method described by [23] with a slight modification. 

5 gram of sample was minced and mixed with 30 mL 5% 
perchloric acid (PCA). The mixture was immediately 
homogenized (2×20 s at 10000 rpm) in the ice bath with a 
FS-2 blender (Jintan, China), centrifuged for 10 min at 
10000 rpm and 4°C. The precipitate was extracted with 
10 mL PCA and centrifuged again. The two supernatants 
were combined, and then adjusted to pH 6.5 by dropwise 
addition of 0.5 mol/L and 0.05 mol/L NaOH, respectively, 
subsequently diluted with ultrapure water to 100 mL. The 
resulted extract was filtered through 0.45 μm filter paper 
before HPLC analysis. 

2.6 HPLC Analysis of Nucleotides  

ATP, ADP, AMP and I were purchased from Amresco 
(Solon, United States). IMP and HX were purchased from 
Sigma (St. Louis, United States). 

The determination of nucleotides (ATP, ADP, AMP, 
IMP, I, HX) in samples was completed at 254 nm using 
HPLC (Waters 2996, USA) with a Hypersil ODS-2 C18 
column (25 cm × 4.6 mm ID and 5 μm particle size, 
China). The standards and above extracts were eluted 
using a mobile phase consisting of 0.72% triethylamine 
water solution (containing 0.35% phosphate buffer, pH 
6.5)/methanol (96.5 : 3.5, v/v), the flow rate was 1.0 
mL/min, the injection volume was 20 μL. Each nucleotide  
was identified using the retention time for its authentic 
compound and the concentrations were calculated using 
the area for each peak. Typical HPLC chromatograms of 
mixed standards and real samples were showed in Fig. 1A 
and 1B.  

Ultrapure water was obtained with MilliQ-System 
(Millipore Corporation, USA). Methanol was HPLC 
grade and other reagents were AR grade. All solvents 
were filtered through membrane 0.45 μm and degassed 
using a KS-1500 ultrasonic instrument (Ningbo Kesheng, 
China) for 30 min before use. 

2.7 Statistical Analysis 

The Data were expressed as mean ± standard deviation 
(SD) and then analyzed by Excel 2003 (Microsoft official 
Excel 2003 for Windows). Analysis of variance (ANOVA) 
was introduced to determine the significance of samples 
at P<0.05 level. 
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Figure 1. Typical HPLC chromatograms of (A) mixed 
standards and (B) real samples containing 1-HX, 2-IMP, 3-I, 

4-AMP, 5-ADP, 6-ATP 

3 Results and Discussion 
3.1 Effect of Brining Conditions on Degradation 

of ATP  

The degradation of ATP in DDMS influenced by brin-
ing time and NaCl level was showed in Fig. 2. From Fig-
ure 2a-2e, it seemed that the effecting trends of NaCl lev-
els (1-3%) on ADP, AMP, IMP and I except HX were 
similar. Generally, higher the NaCl level, lower the con-
tents of nucleotides except HX. High NaCl level could 
increase the osmotic pressure which might improve the 
dissolution of nucleotides resulting in the part loss of nu-
cleotides [24]. When NaCl contents were 1% and 2%, 
ADP contents increased after 5-hour brining while the 
final ADP content level was similar to initial level (0 h) at 
3%. From Fig. 2a, it could be concluded that high NaCl 
level did not favor the formation of ADP which might be 
relate to the low activity of ATP enzyme resulted from the 
high concentration of NaCl [25]. The contents of AMP 
decreased first, then increased, finally decreased despite 
different NaCl levels. IMP content decreased with the 
increase of NaCl level while first decreased and then in-
creased in the duration of brining. The low content of 
IMP was attributed to the formation of I which could de-
grade to yield HX, this result was similar to the studies of 
Kuda [17] and Tikk [14]. In addition, NaCl did not sig-
nificantly affect the IMP contents (P > 0.05) compared 
with NaCl-free sample, which is similar with the result of 
[24]. The change trend of I content was reverse to that of 
IMP, which might be due to the effect of endogenous 
enzyme [23]. Mateo, Domínguez, Aguirrezábal and Zu-
malacárregui found that the contents of nucleotides in 

sausages would decrease to undetectable levels in the long 
curing process [26], and Kohata, Numata, Kawaguchi, 
Nakamura and Arakawa also reported similar results in 
Parma Hams [27]. In present, the duration time of brining 
treatment was less than 1/4 day and the contents of IMP 
were about 15-60 ppm. Brining with 3% NaCl, HX con-
tent increased when the brining time ≤ 1 h, then decreased, 
finally increased to a little higher content level compared 
with the initial level (0 h). In addition, it could be specu-
lated that the total nucleotides contents including ADP, 
AMP, IMP, I and HX nearly were not changed after 
5-hour brining treatment, this result was inconsistent with 
the report of Liu [23].  
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(e) HX content at different brining time and NaCl content 

Figure 2. Degradation products of ATP 
(a) ADP, (b) AMP, (c) IMP, (d) I, (e) HX in dried duck meat slice influ-
enced by brining time and NaCl content, contents of ATP and degradation 
products on the basis of ground duck meat were expressed as means ± stan-
dard error (n = 3), values with different letters a-d among brining time (at 
same NaCl content) and X-Z among NaCl content (within the brining time) 
differ significantly (P<0.05). 

For IMP contributes to umami taste and high content of 
HX is related with the bitterness, brining for 2 h with 1% 
NaCl favored the accumulation of IMP and low content of 
HX, which benefit for improving taste and declining 
off-taste of DDMS. 

3.2 Effect of Drying Conditions on Degradation 

of ATP 

The degradation of ATP in DDMS affected by drying 
temperature and time was presented in Fig. 3. ATP was 
not detected indicating that ATP in samples completely 
degraded. The content of ADP first increased and then 
decreased when the samples were treated at a temperature 
range from 55°C to 75°C. The content of ADP at 55°C 
was evidently higher than 65°C and 75°C when treated 
for more than 3 h. ADP was one of the degradation prod-
ucts of ATP and ATP was not detected in above samples, 
it could be concluded that ATP had various catabolites. 
The content of AMP increased during the treatment which 
was similar to the result reported by Macy [19], and its 
content at 55°C was markedly higher than 65°C and 75°C 
after 4 h. The taste profile contributed by AMP was de-
pendent on the concentration in the samples. At a high 

concentration, AMP contributes to the umami taste, while 
at a low concentration; it contributes to the sweetness [28]. 
The content of IMP decreased after 5 h treatment, the 
result agreed with [19], and the content of IMP at 55°C 
was remarkably higher than 75°C when treatment time 
was more than 4 h. In similar studies carried out by 
Nguyen and Sporns [18]; Shaoul and Sporns [29], it was 
reported that the thermal degradation of IMP was tem-
perature dependent. During cooking, the changes in the 
nucleotides are caused by a loss of cooking juice and 
thermal degradation of the nucleotides [30, 31]. So it was 
reasonable to speculate that the change of IMP in meat 
was mainly caused by loss of water and thermal treatment. 
IMP was one of intensive flavor enhancers to the umami 
taste, much stronger than monosodium glutamate (MSG). 
The synergistic effect of IMP with MSG-like components 
(Glu and Asp) greatly increases the umami taste [17, 32]. 
The content of I increased during the whole treatment. 
The content of I at 75°C was significantly higher than 
65°C when treatment time was more than 3 h. I produced 
a bitter taste [26]. As a result, lower drying temperature 
was applicable to reduce the bitter level of sample re-
sulted from I. The content of HX first increased and then 
decreased. HX also contributed to a bitter taste, which has 
a negative influence on the taste of aquatic product [33]. 
Hsiu, Ming, Deng and Lieh reported that IMP level in-
creased in meat samples stored at –2°C whereas concen-
tration of HX and I increased in samples stored at 20 °C 
[34]. It could be concluded that I and HX were also tem-
perature dependent. 
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(a) ADP content at different drying temperature and time 
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(C) IMP content at different drying temperature and time 
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(e) HX content at different drying temperature and time 

Figure 3. Degradation products of ATP 

(a) ADP, (b) AMP, (c) IMP, (d) I, (e) HX in dried duck meat slice influ-
enced by drying temperature and time, contents of ATP and degradation 
products on the basis of ground duck meat were expressed as means ± stan-
dard error (n = 3), values with different letters a-e among drying time (at the 
same drying temperature) and X-Z among drying temperature (within the 
same drying time) differ significantly (P<0.05). 

From Fig. 3, it can be found that AMP converted into 
IMP with a low yield when drying time was 4 to 5 h and 
drying temperatures were 55°C to 75°C, while IMP con-
verted into I smoothly and I converted into HX tardily. 

So, drying for 2 h at 65°C favored the transformation of 
AMP to IMP and low content of HX, which would pro-
vide high content of IMP. 

3.3 Effect of Roasting Conditions on Degradation 

of ATP 

The degradation of ATP in DDMS influenced by 
roasting temperature and time was showed in Fig. 4. The 
content of ADP decreased under roasting conditions. The 

content of ADP at 240°C was significantly higher than 
180°C when roasting time was more than 4 min. The 
content of AMP increased, the content of AMP at 240°C 
was observably higher than 120°C when roasting time 
was 2 min to 6 min, while differed insignificantly more 
than 6 min. Compared to drying treatment, the content of 
AMP was lower, it could be concluded that the change of 
AMP was also temperature dependent. The content of 
IMP first increased and then decreased. The content of 
IMP at 120°C, 180°C and 240°C differed insignificantly 
from 2 min to 4 min, while differed significantly after 4 
min. During drying, the changes of IMP was caused by a 
loss of cooking juice and thermal degradation of the nu-
cleotides [30, 31], roasting caused further loss of cooking 
juice, so it was reasonable to speculate that the change of 
IMP in meat was also mainly resulted from the loss of 
water and thermal treatment during roasting. IMP was the 
major nucleotide in muscle and its degradation resulted in 
formation of ribose in meat, which took part in the Mail-
lard reaction [35]. Whitfield showed that temperatures 
above 110°C promote Maillard reactions in meat. So it 
was suggested that the difference between the change of 
IMP under drying and roasting conditions might origi-
nated from Maillard reactions under roasting condition 
[36]. The content of I at 240°C was markedly higher than 
the content of I at 120°C and 180°C when treatment time 
was more than 6 min. The content of I increased after 6 
min. The content of HX first decreased and then increased 
when roasting treatment time was less than 8 min, while 
decreased after 8 min. This could be understood that HX 
might have been further broken into smaller units at 
higher temperature [18]. 
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Figure 4. Degradation products of ATP 

(a) ADP, (b) AMP, (c) IMP, (d) I, (e) HX in dried duck meat slice influ-
enced by roasting temperature and time, contents of ATP and degradation 
products on the basis of ground duck meat were expressed as means ± stan-
dard error (n = 3), values with different letters a-e among roasting time (at 
the same roasting temperature) and X-Z among roasting temperature (within 
the same roasting time) differ significantly (P<0.05). 

From Fig. 4, it could be found that IMP content was 
higher and I content was lower when roasting temperature 
was 180°C and roasting time was 6 min compared to the 
contents of the product roasted at 180°C for 2 min, those 
roasting conditions were favorable to umami of the prod-
uct. AMP converted into IMP tardily when roasting tem-
peratures were 120°C, 180°C, 240°C and roasting time 
was 8-10 min, while IMP converted into I smoothly and I 
converted into HX tardily, those transformations led to 
decreased content of IMP and increased content of I. 

Generally, considering the effects of contents of IMP 
and HX on the taste, toasting for 6 h at 120°C was good 
for the taste of DDMS. 

4 Conclusion 

Considering the effect of IMP and HX on the taste of 
DDMS, brining for 2 h with 1% NaCl, drying for 2 h at 
65°C, and roasting for 6 h at 120°C favored the accumu-
lation of IMP and low content of HX, which benefit for 
improving taste and declining off-taste.  

Experimental results indicated that three treatments 
(brining, drying and roasting) casted great impact on the 
degradation of ATP and the formation of its derivatives 
which were important to the flavor of DDMS, and pro-
vided an insight into the degradation of ATP under brin-
ing, drying and roasting conditions which will be valu-
able for the processing of duck products. 
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Abstract: A simple and inexpensive high performance capillary electrophoresis (HPCE) was applied to 
separate three alkaloids in Radix Aconiti Praeparata simultaneously. The investigation was carried out by 
capillary zone electrophoresis (CZE). The best conditions for separation were obtained using 20 mM borax 
and 2 mM β-CD buffer (pH 8.9) containing 20% methanol (v/v). Online UV detection was performed at 235 
nm. A voltage of 16 kV was applied and the temperature was controlled at 25℃. Injection was performed at 
0.5psi for 10 s. The separation and determination were satisfactory and quick. 
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1 Introduction 

Over the last two decades, high performance capillary 
electrophoresis (HPCE) has been proved to be a 
powerful efficient technique in the field of separation. 
Compared to other analytical techniques like HPLC, 
HPCE offers several advantages for separation analysis 
including implicity, short analytical times, high 
efficiencies, different separation mechanisms, small 
volumes and low running costs, and a tremendous 
flexibility for separations because of a wide variety of 
available additives. The most frequently used additives 
in HPCE are surfactants and selectors such as 
cyclodextrins (CDs). The mechanism of discrimination 
using CDs is the inclusion of the analytes into the cavity 
of the selector. Additionally, the secondary bonds 
between the rim of the CDs and the analyte stabilize the 
complex. Separation is achieved if the binding constants 
of both compounds for the CDs are different and/or if the 
mobilities of both compound-CDs complexes differ.  

Aconitine, hypaconitine and mesaconitine are 
important alkaloids in Radix Aconiti Praeparata, a 
traditional Chinese medicine. It has the function of 
clearing rheumatism and removing the pain in 
menstruation. So it is used to cure rheumatism, joint pain 
and heart disease. Moreover, aconites are also a kind of 
high poisonous alkaloids. In recent years it has been 
studied by more and more researchers [1-5]. In addition, 
aconites alkaloids are complicated in structure and weak 
in stability. There is a great difference in the content and 
in the toxic about the effective components in the 
different condition such as the origin place, collected 

season, processing method, and etc. The cases are 
usually occurred in taking or mistaking an overdose of 
aconites alkaloids. Therefore, it is very important to 
determine three poisonous aconites alkali for controlling 
the qualification and ensuring the safety of the medicine. 
In this paper a new method was established to separate 
and determine three alkaloids simultineously in Radix 
Aconiti Praeparata by HPCE. During method devel- 
opment, no detailed investigation of the compounds by 
HPCE has so far been reported. In this investigation the 
several parameters that influence the separation were 
investigated including pH, concentration of buffer, 
applied voltage and so on. Moreover, the results of 
separation and determination were satisfactory. 

2 Experimental 
2.1 Instrumentation 

A Beckman MDQ capillary electrophoresis system 
equipped with diode-array detector (DAD) (Beckman 
Instruments Inc., USA). All separations were performed 
in an uncoated fused-silica capillary (Hebei Yongnian 
Optical Fiber Factory, China) with a total length of 60 
cm (50 cm to the detector) × 75 μm internal diameter. 
Instrument control and data acquisition were performed 
by the chromatography software 32Karat. Other 
apparatus also were used for analysis such as pH meter 
(Orion Research Incorporated, USA), ultrasonic cleaning 
instrument (Kun-shan Ultrasound Equipment Company, 
China) and UV-2450 ultraviolet-visible spectrophoto- 
meter equipped with UV-probe software (Shimadzu, 
Japan).  
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2.2 Reagents and Solutions 

Aconitine, hypaconitine and mesaconitine were 
bought from the National Institute for the Control of 
Pharmaceutical and Biological Products. Alcohol, 
Ethanol, methanol, acetomitrile, acetone and other 
reagents were of analytical grade. The stock solution of 
aconitine compounds were prepared with acetomitrile up 
to 25 mL in the ultrasonic generator for 30 min, 
respectively. These were stored at 4℃ in the refrigerator. 
Before injection, these stock solutions were diluted and 
mixed to the desired concentration with the separation 
buffer. If appropriate, organic modifier was added. The 
buffer and the solution were filtered through a 0.45 μm 
microporous membrane, respectively. The doubly 
distilled water used for preparing solution was obtained 
from a quartz sub-boiling high-water distiller. 

2.3 Procedure for CE Analysis 

Before the experiment everyday, the capillary was 
sequentially rinsed with 0.1M NaOH, water and 0.1M 
HCl, each for 10 min. Between runs, the capillary was 
rinsed for 5 min with water and for 3 min with the 
background electrolyte (BGE) solution. Online UV 
detection was performed at 235 nm. Unless stated 
otherwise, a voltage of 16 kV was applied and the 
capillary was temperature controlled at 25℃ by liquid 
cooling. Sample solutions were injected pressure (0.5 psi) 
for 10 s. When the components were separated baselinely, 
the spectral peaks were qualitatived according to peak 
height and migration time to respond to increasing the 
concentration of single-component respectively. The 
signal was displayed and integrated for a 0.1 s interval.  

2.4 Procedure for Pharmaceutical Formulations 

Firstly, Radix Aconiti Praeparata purchased from the 
local market was finely powdered (through 60 mesh), 
weighed 4.000g accurately and transferred into a 100 mL 
volumetric flask, and then diluted to volume with 80 mL 
alcohol concentration of 85%. Then it was placed in a 
water-bathing generator to be heated for 1.75 h. Secondly, 
The resulting mixture was centrifuged for 15 min at 3000 
rpm, filtered. Lastly, the upper clear liquid was 
concentrated by water-bathing heater and was further 
diluted with acetonitrile so that the final concentration 
was within the working range. Before injection the 
formulations were filtered through a 0.45 μm 
microporous membrane, and then analyzed according to 
the procedure described above. 

3. Results and Discussion 
3.1 Choice of Detection Wavelength 

The three aconitine compounds have a larger 
absorption at 235 nm by UV scanning (shown in Fig.1). 
Thus 235 nm was selected as detection wavelength and 
baselines instability could be avoided at shorter 
wavelength. 

 

Figure 1. Spectral photograms of aconitine, hypacontine 
and mesaconitine 

3.2 Optimized Procedure of HPCE Conditions 

3.2.1 Concentration of the Buffer 
Three kinds buffer system such as borax, phosphate 

and Tris-HCl buffer were investigated, respectively. 
When borax butter was chose, the migration time was 
short and the baseline was smooth. In addition, peak 
triangulation due to electrokinetic dispersion is a peak 
deformation mechanism that occurs when the sample 
solution has a higher conductivity than the BGE and 
during separations where the migration velocity of the 
sample and buffer ions of the same charge is different. 
Increasing the ionic strength of the BGE can reduce 
electromigration dispersion. Fig.2 illustrates the 
separation of the compounds by varying the concentration 
of the borax butter. Using an over 50 mM sodium 
tetraborate buffer, clearly peak dispersion occurred. More 
efficient peaks were observed with below 30 mM buffer. 
The best results were obtained from using 20 mM.  

 
Figure 2. Effect of borax concentration on migration time 
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3.2.2 Effect of pH of Butter on Separation 
The apparent charge of analytes is usually changed by 

pH of buffer. Thus the migration behavior was also 
seriously influenced by the pH of the buffer. The 
separation was investigated corresponding to the pH of 
the buffer from 7.3 to 9.5 containing 20 mM borax. 
Increasing the pH value of the buffer resulted in a 
decrease in migration time (shown in Fig.3). When pH 
value was set at 9.0, the separation and migration time 
were all good. 

 
Figure 3. Effect of pH on migration time 

3.2.3 Effect of β-CD and Organic Additives 
The addition of β-CDs, surfactants and organic 

additives in buffer usually can improve separation 
including Rs and the shape of peaks. In this experiment 
we investigated surfactants SDS, β-CD and organic 
agents, respectively. Furthermore, the different 
concentration of β-CD from 1mM to 10mM also was 
investigated. Finally, 2mM β-CD and 20% methanol 
were selected to add into the buffer for separation. 

3.2.4 Effect of Applied Voltage and Injection Time 
In this experiment the voltage was varied from 10 kV 

to 24 kV. The migration time of the compounds 
decreased with increasing voltage. In addition, the 
intensity of the peaks was also increased. But higher 
voltages than 16 kV could not be used because of the 
generation of higher currents and noise. Therefore 16 kV 
was selected for further investigation. Moreover, the 
injection time was investigated from 4s to 15s. When the 
injection time was set at 10s, the peaks were good and 
their areas were suitable for quantification. 

3.3 System Suitability Test 

During method development it was observed that the 
Rs between the compounds decreased upon using the 
same β-CD stock solution for several days. For 
quantitative analysis of CE the Rs should exceed 2.0. If 

the Rs was lower than 2.0, a new stock solution of β-CD 
was prepared. It was found that the stock solution could 
be used for maximal ten consecutive days. 

3.4 Standard Curve and Precision  

Under the selected conditions described above, the 
calibration area of spectrum (y) versus personal 
concentration (x) was linear in the range of 21.6 ~ 128.0 
μg/mL with a detection limit (3σ) of 0.8μg/mL. The linear 
regression equations of aconitine, hypacontine and 
mesaconitine were y = 108837 x – 1635.2, y = 170962 x 
– 2749.6, y = 90570 x – 313.36 with a correlation 
coefficient of 0.9997, 0.9998 and 0.9995 (n=6), 
respectively. Intraday precision was determined by 
comparing the relative corrected peak areas for six 
repeated injections of three concentrations. The mixed 
standard solution containing three compounds was 
repeated injection 6 times in the selected experimental 
conditions. And the interday one was determined on six 
different days. The relative standard deviation (RSD) 
values obtained for intra-and interday precision of three 
compounds were lower than 3.8%, respectively. 

3.5 Reproducibility and Recovery Experiments 

In order to assess the possible analytical application of 
the proposed method, the processed samples solution was 
repeated injection 6 times in the selected experimental 
conditions. Six replicate assays on 1 day were performed 
to assess repeatability of the method. Then interday 
method precision was assessed by injecting newly 
prepared samples on six different days in a period of 1 
month. The RSDs of the migration time and the peak area 
of three compounds were all lower than 0.33% and 4.6%, 
respectively. Therefore, the reproducibility was good. 
Average recovery of aconitine, hypacontine and 
mesaconitine were 98.2%, 99.6% and 100.2%, 
respectively. The RSD values obtained for average 
recovery test were all lower than 1.8%. These results 
showed that the developed method was accurate for 
application. 

3.6 Analysis of Real Sample 

Following the procedure in the item “Procedure for 
Pharmaceutical Formulations” described previously, the 
proposed HPCE method was applied to the determination 
of aconitine, hypaconitine and mesaconitine in Radix 
Aconiti Praeparata (shown in Fig. 4). Three batches of 
Radix Aconiti Praeparata samples commercially available 
were determined. The average results of determination 
were 127.3 μg/g for aconitine, 275.7μg/g for hypaconitine 
and 230.7μg/g for mesaconitine, respectively. 
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Figure 4. Electropherotograms of standards (a) and Radix 
Aconiti Praeparata sample (b) 

(1-hypaconitine  2-aconitine  3-mesaconitine) 

4 Conclusion 

A simple HPCE method was developed for the 
separation of three effective compounds in Radix Aconiti 
Praeparata. Several experimental parameters that 
influence separation were investigated including pH of 
the buffer, β-CD and the concentration of borax, etc. The 
best conditions were 20 mM borax and 2 mM β-CD 
(pH9.0) containing 20% methanol (v/v). Online UV 
detection was performed at 235 nm. A voltage of 16 kV 

was applied and the capillary temperature was controlled 
at 25℃. The simultineous separation of three compounds 
was obtained in less than 15 min with Rs more than 2.0. 
The separation and determination were satisfactory, 
quick and reliable. The proposed method shows a larger 
potential application for simultineous separations and for 
quantification of compounds with similar structure by 
HPCE in pharmaceutical analysis. 
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Abstract: B16F0 murine melanoma cells were grown for 24 or 48 h in Dulbecco’s modified Eagle medium 
in presence of 5-20μg/ml isoliquiritigenin. The intracellular melanin concentration and the melanin secreted 
in the extracellular medium were estimated by spectrophotometry. The results showed that 10 μg/ml 
isoliquiritigenin treatment (48 h) stimulates the increase of extracellular secretion and intracellular content of 
melanin in B16F0 melanoma cells, as well as stimulates the increase of the tyrosinase specific activity. The 
increased melanin synthesis may be due to the elevator of cellular tyrosinase activity induced by 
isoliquiritigenin. After 24 or 48 h isoliquiritigenin treatment, the cells exhibited a dose-depengent increase in 
inhibition and had a special morphological change. Isoliquiritigenin, a natural compound, is a unique 
molecule which may be involved in the regulation of melanin biosynthetic pathway; it enhances 
melanogenesis by increasing the activity of tyrosinase, a regulatory enzyme, in the pathway. 
 
Keywords: Tyrosinase; melanogenesis; B16 melanoma; isoliquiritigenin; melanin synthesis 

1 Introduction 

The most important characteristic of differentiation in 
melanocytic cells is the presence of melanin pigment. 
Melanin synthesis is enzymatically regulated by the rate 
limiting enzyme, tyrosinase. Tyrosinase is a bifunctional, 
copper-containing enzyme which controls the 
modulation of melanin production [1–3]. Firstly, by 
catalyzing the hydroxylation of L-tyrosine to 3,4 
dihydroxyphenyl-alanine(dopa) and in a second 
enzymatic step, by catalyzing the oxidation of dopa to 
dopaquinone (dopa oxidase activity).The hydroxylation 
reaction, also known as the cresolase activity of 
tyrosinase, is the rate regulatory step in the biosynthesis 
of melanin [1–3]. Melanin pigment is a heterogenous 
biopolymer formed from various intermediate products 
derived from dopaquinone. 

To date, a large number of melanogenesis regulatory 
factors have been reported. Among these, phorbol-esters 
such as 12-0-tetradecanoyl phorbol 13-acetate (TPA) and 
phorbol dibutyrate were shown to have an inhibitory 
effect on melanin synthesis, while intracellular cyclic 
adenosine monophosphate inducers, such as melanocyte 
stimulating hormone and dibutyryl cyclic AMP (db 
cAMP) were shown to increase melanogenesis in murine 
melanoma cells [4–12]. 

However, natural compounds as activators of 
melanization in melanoma cells were reported less till 
recently [13]. Licorice (Glycyrrhiza uralensis) has been 
used for more than 4 millennia as a flavoring agent in 
foods, beverages, and tobacco, and been used to treat 

individuals with gastric or duodenal ulcers [14], sore 
throats, coughs, bronchitis, arthritis [15], adrenal 
insufficiency, and allergies[16]. Isoliquiritigenin (ISL), a 
simple chalcone-type flavonoid, has been evaluated in 
terms of its antioxidative effects [17], antiplatelet 
aggregation effects [18], and estrogenic properties [19]. 

B16F0 murine melanoma cells have been widely used 
to elucidate the regulatory mechanisms of melanogenesis. 
We hereby report the effects of ISL on melanogenesis of 
B16F0 murine melanoma cell line. These observations 
add new information to our knowledge of how 
melanogenesis is regulated and add further support to the 
ISL role of how to contribute in regulating melanin 
synthesis. 

2 Materials and Methods 
2.1 Materials 

Isoliquiritigenin (ISL) was purchased from Jiangxi 
Herb Tiangong Technology Co., Ltd. (Jiangxi, China). 
Culture medium (DMEM) was purchased from Gibco. 
Fetal bovine serum (FBS) was purchased from Tianjin 
Hao Yang Biological Manufacture CO2 Ltd (Tianjin, 
China); 3,4-Dihydroxyphenylalanine (L-dopa) and 
phenyl methyl sulfonyl fluoride (PMSF) were purchased 
from Sigma. Bradford kit was purchased from sangong 
(Shanghai, China). All other chemicals were of analytical 
grade and commercially available. 

2.2 Cell Line 
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B16F0 murine melanoma cell line was purchased from 
China Center for Type Culture Collection (Wuhan). 

2.3 Cell Culture 

The cells were cultured in Dulbecco’s modified 
Eagle’s medium (DMEM) medium supplemented with 
10% fetal calf serum, 100 U/ml penicillin and 100 μg/ml 
streptomycin in 5% CO2 and humidified in a 37°C 
incubator. 

3 Experimental Procedures 
3.1 Cell Viability Assay 

The cell viability was assessed by using the MTT 
assay, which was based on the reduction of the dye MTT 
to formazan crystals, an insoluble intracellular blue 
product, by cellular dehydrogenases (Denizot and Lang, 
1986). Cells were seeded on 96-wells plates with 4103 

cells in 200 μl medium per well and cultured 24 h and 48 
h for stabilization. At the end of the exposure, 20 μl 
MTT was added to each well at a final concentration of 2 
mg/ml, and then, the cells were cultured for 4 h at 37°C. 
The medium was then removed carefully and 150 μl 
DMSO was added and mixed with the cells thoroughly 
until formazan crystals were dissolved completely. This 
mixture was measured in a microplate reader（Thermo）
with a wave length of 570 nm. Experiment was divided 
into control group and experimental group. The cell 
viability was expressed as a percentage of the viability of 
the control culture.  

3.2 Analysis of Morphological Changes 

After 48 h incubation with different concentrations of 
ISL, the cells were observed in inverted differ the 
microscope equipped with a camera. 

3.3 Melanin Synthesis Level Assay in B16 Cells 

B16F0 cells were taken suction of the supernatant 
and washed twice, in order to measure extracellular 
and intracellular melanin according to the method of 
Hill et al [20]. After 48 h incubation at 37°C in 5% 
CO2, the culture medium was removed, centrifuged 
(700 x g, 10 min) and the supernatant was collected 
for extracellular melanin quantification; 1 ml of 0.4 M 
HEPES buffer (pH 6.8) and EtOH (9:1, v/v) was 
added to 1 ml of the medium and the OD at 405 nm 
was measured to quantify extracellular melanin by 
using a calibration curve obtained with synthetic 
melanin solutions. Cells were collected by 
trypsinization, pelleted, washed twice with PBS and 
digested in 1 ml 1 N NaOH for 16 h at room 
temperature; intracellular melanin was measured as 
described above. 

3.4 Activity of B16 Melanocyte Tyrosinase Assay 

Tyrosinase activity was assayed as DOPA oxidase 
activity using the method described previously [21]. The 
cells were washed twice with ice-cold phosphate- 
buffered saline (PBS) and lysed with 1% Triton X-100 
(pH 7.5). Tyrosinase activity was then analysed by 
spectrophotometry. The concentration of dopachrome in 
the reaction mixture was measured at 475 nm. The 
reaction mixture, containing 220 ml of freshly prepared 
substrate solution 20 μl [1% L-DOPA in 0.1 M sodium 
phosphate (pH 6.0)] and 200 μl of enzyme solution, was 
incubated at 37°C. The change in absorbance was 
measured for the first 2 h of the reaction (i.e. while the 
increase in absorbance was linear). Corrections were 
made for the auto-oxidation of L-DOPA in the controls. 
Enzymatic activity was expressed as the percentage of 
that in the control cells. The values were normalised 
against the protein content of the samples. The protein 
concentration was determined by the Bradford method 
using a commercial kit (sangong). 

4 Results 
4.1 ISL Decreased B16 Cell Viability 

The viability of the treated B16F0 cells was analyzed 
using the MTT assay. It was found that with the addition 
of ISL to the culture medium for 24 h or 48 h, the 
viability of the B16F0 cells was significantly reduced in 
a concentration-dependent manner compared with the 
control cells (Fig. 1). 
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Figure 1. The effect of ISL on B16F0 cells viability 

Cells were planted on the cell culture plates at the density of 4 104 
cells/ml, and then treated with ISL at different concentrations (5, 10 and 20 
μg/ml) for 24 h and 48 h. The results were presented as a percentage of 
control group viability. Data were expressed as mean ± SEM of five 
determinations. 
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4.2 Effects of ISL on Morphological Changes in 

Melanoma B16 Cells 

A morphologic change accompanied by extended 
dendrites was induced in melanoma cells after treatment 
with different concentration of ISL. 

 

 

 

Figure 2. Effect of 5, 10, 20 μg/ml ISL with respect to 
control on B16F0 cell proliferation and morphology 

changes after 48 h incubation 

Cells were seeded and treated as described in the materials and methods; 
then digital images were obtained by observation with an inverted 
microscope at x10. 

4.3 ISL Induces Melanogenesis in Melanoma B16 

Cells 

The extracellular melanin secretion and the 
intracellular melanin synthesis in presence or absence of 
graded concentration of ISL were estimated. Data were 
expressed as the change of the melanin content level, 
10μg/ml ISL could increase melanin content remarkably 
compared with control. The results are presented in Figs 
3 and 4.  
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Figure 3. Effect of varying concentration of ISL on 

extracellular melanin levels in B16F0 cells 

* P＜0.05 vs.control, ** P＜0.01 vs.control. Each experiment was done 
three times. 
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Figure 4. Effects of ISL on intracellular melanin 

level in B16F0 cells 

* P＜0.05 vs.control, ** P＜0.01 vs.control. Each experiment was 
done three times. 

 

4.4 Effects of ISL on Tyrosinase Activity in 

B16F0 Melanoma Cells 

The effect of ISL on tyrosinase activity was examined 
because of the key role of this enzyme in melanogenesis. 
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The enzyme activity in the crude extracts of the treated 
cells was measured using L-dopa as an enzyme substrate. 
The results are shown in Fig. 5. The cellular tyrosinase 
activity in the crude extract was considerably increased 
after stimulation by 10 μg/ml ISL.  
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Figure 5. Effect of varying concentration of ISL on 
tyrosinase activity in B16F0 melanocyte cells  

* P＜0.05 vs.control. 

5 Discussion 

The activity of tyrosinase is the rate regulatory step in 
melanin biosynthesis. Some agonists of tyrosinase 
activity are known, but ISL, a natural compound, has not 
been observed to activate tyrosinase activity under in 
vitro conditions. 

Using a moderately melanotic B16F0 melanoma cell 
line, we studied the effects of ISL on cellular 
proliferation and melanogenesis. Following 24 or 48 h 
treatment with ISL, the cells exhibited a concentration- 
dependent increase in cellular inhibition. The growth 
inhibitory effect of ISL was due to retardation of 
proliferation. As shown in Fig. 1, the cells were 
determined by MTT assay. 

The present results show unequivocally that ISL 
stimulates melanin biosynthesis by stimulating the 
tyrosinase activity in B16F0 murine melanoma cells in 
culture (Fig. 3 and Fig. 4). Because tyrosinase plays an 
essential role in the process of melanogenesis. 

A morphologic change accompanied by extended 
dendrites was induced in melanoma cells after treatment 
with ISL. The altered morphology was similar to that of 
neural cells. Many of dendrites of neighboring cells and 
had synapse-like knobs on their dendrites.  

In summary, the results presented here have 
demonstrated some evidence to suggest that ISL plays a 
positive regulatory role in melanogenesis through 
modulating the expression of tyrosinase. 
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Abstract: Effects of UV-B and UV-C radiation on the accumulation of photoprotective compounds scytone-
min and oligosaccharide-linked mycosporine-like amino acids (OS-MAAs) in Nostoc flagelliforme were 
studied. Results revealed that both UV-B and UV-C played a positive role in the production of scytonemin, 
though UV-C and high level (5W/m2) of UV-B showed inhibition after exposure for 12h and 36h. Obviously 
different influences of UV-B and UV-C on OS-MAAs accumulation were observed. Results showed that the 
synthesis of OS-MAAs was affected by different UV-B levels but the UV-C maight play a negative role in its 
production. In this paper, we conclude that the optimal UV source and intensity is UV-B at 3 W/m2 for 
stimulation of scytonemin and UV-B at 1 W/m2 for OS-MAAs. 
 
Keywords: Scytonemin; mycosporine-like amino acids; cyanobacteria; Nostoc flagelliforme; UV radiation 

1 Introduction 

With the substantial loss in the stratospheric ozone 
layer and consequent increase in solar ultraviolet radia-
tion on the earth’s surface, incidence of skin cancer and 
other photoaging complications is increasing [1]. Interest 
in searching for natural photoprotective compounds has 
been augmented in recent years [2]. Cyanobacteria are a 
group of Gram-negative, oxygen producing photosyn-
thetic prokaryotes that have survived and flourished on 
the earth for more than two billion years with the crea-
tion of oxygenic environment [3]. During the long evolu-
tionary process, cyanobacteria have possessed complete 
UV-protective mechanisms, one of which is the ability of 
secreting a series of photoprotective compounds [4].  

The most two common photoprotective substances in 
cyanobacteria are scytonemin and mycosporine-like 
amino acids (MAAs). Scytonemin is an lipid-soluble 
dimeric pigment with a molecular weight of 544 Da and 
a structure based on indolic and phenolic subunits [5] 
(Fig.1a) and can be induced by high photon fluence rate 
in cyanobacteria. It absorbs significantly at 252, 278 and 
300 nm, and remains chemically stable after it is synthe-
sized. Due to the above unique properties scytonemin has 
been applied to develop a variety of daily sunscreens [2]. 
Furthermore, scytonemin is also an inhibitor of polo-like 
kinase 1 activity and of various other cell cycle-regula- 
tory kinases that could be used to build up several novel 
classes of therapeutically valuable drugs [6].  

Typically MAAs are intracellular, small (<400 Da), 
colorless and water-soluble compounds that consist of 

cyclohexenone or cyclohexenimine chromophores con-
jugated with the nitrogen substituent of amino acids or its 
imino alcoholb [7] (Fig.1b). In some cyanobacteria, ex-
tracellular oligosaccharide-linked MAAs (OS-MAAs) 
may also occur [8]. MAAs are favored as photoprotective 
compounds because they have maximum UV absorption 
between 310 and 362 nm, high molar extinction coeffi-
cients, the capability to dissipate absorbed radiation effi-
ciently as heat without producing reactive oxygen species 
(ROS) [9]. Besides the production of sun care products, 
MAAs have been commercially explored in the manu-
facture of several non-biological materials such as pho-
tostabilizing additives in plastics, paints and varnishes 
[10].  

Nostoc flagelliforme, a traditional edible cyanobacte-
rium in China, is distributed in arid or semiarid areas 
with poor environments, especially accompanied by high 
intensity solar radiation [11]. L. Ferroni has reported the 
high levels of scytonemin and OS-MAAs contents in N. 
flagelliforme [12], which suggest that N. flagelliforme is 
a potential source for natural photoprotective compounds. 
However, studies on the accumulation of secondary me-
tabolites under UV radiation in N.flagelliforme are still 
scarce. In this paper, different UV sources (UV-B and 
UV-C), different UV intensity and different radiation 
durations are employed to study the scytonemin and 
OS-MAAs accumulation in N. flagelliforme. 

2 Materials and Methods 
2.1 Organisms and Culture Conditions 
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The N. flagelliforme was collected from the eastern 
side of the HelanMountain in Yinchuan, Ningxia Hui 
Autonomous Region, China and was stored in dry condi-
tions at room temperature for 36 months before being 
used in experiments. The dissociated cells were obtained 
according to the methods previously reported [13], and 
were cultured in 250mL BG110 axenic culture medium in 
500-mL conical flask at 25°C under continuous illumina-
tion of 60 μ mol photon m− 2 s− 1 and were grown to its 
late growth phase as inoculums. 

2.2 UV Lamps and UV Treatment 

50mL homogenized suspension of N. flagelliforme 
cells from their exponential growth phase (5mg dry 
weight) was used and irradiated under UV-B and UV-C 
lamps (maximum output was at 313 and 254 nm, respec-
tively, Nanjing Hua Qiang Electronic Co.,Ltd, China), 
using UV light meters to measure the UV irradiance. The 
culture suspension was placed in glass petri dishes of 90 
mm diameter over a magnetic stirrer and irradiated for 3, 
6, 12, 24, 36, 48 and 60h (triplicate for each treatment). 
Cultures maintained under continuous illumination of 60 
μmol photon m−2 s−1 light intensity provided from fluo-
rescent tubes were always treated as control. Deionized 
water was added to the petri dishes in order to avoid 
volume change due to evaporation.  

2.3 Estimation of Scytonemin 

Scytonemin was extracted with 100% acetone by 
grinding the cells in the solvent with a motor-driven tis-
sue grinder. Extracts were clarified by centrifugation at 
5000 rpm. The scytonemin content in supernatant was 
estimated at 384 nm in a UV-VIS spectrophotometer 
(Purkinje, TU-1810, China) using a extinction coefficient 
of 112.6 liters g-1 cm-1 [14]. 

2.4 Estimation of OS-MAAs 

For extraction of OS-MAAs, 5 mL cell suspension was 
centrifuged at 5000 rpm for 10min and the pellet was 
extracted in 5 mL of methanol (30% vol/vol) for 30min 
at 50  water bath in darkness. The OS℃ -MAAs concen-
tration was calculated from recorded spectra of the 
methanol extracts by using a specific extinction coeffi-
cient of 17 liters g-1cm-1 at 312 nm [8]. 

2.5 Determination of Biomass 

The cell dry weight (DW, g.L-1) of N.flagelliforme 
was calculated through a method described by Yu [15]. 

2.6 Statistical Analysis 

All the experiments were carried out in triplicates and 
results were presented as mean ± standard deviation (SD) 

from three different readings. The statistical analyses 
were carried out using SPSS 18.0 and Origin 8.0. Data 
obtained were analysed statistically to determine the de-
gree of significance between treatments using two way 
analysis of variance (ANOVA).  

 
Figure 1.Structure of scytonemin (a) and basic structure of 

MAAs (b) 

3 Results and Discussion 

Cyanobacteria developed early during the Precambrian 
era (between 2.8 and 3.5 × 109 years), that was before the 
existence of the present ozone shield, it was presumed 
that these organisms faced high intense solar UV radia-
tion (include UV-C) and this was the main reason for 
UV-C was used as a UV source in this experiment.  

Fig.2 and Fig.3 showed the effects of UV-B and UV-C 
on the induction of scytonemin in N.flagelliforme. Re-
sults revealed that scytonemin content increased subse-
quently as the time of exposure increasing. Low levels (1 
and 3 W/m2) of UV-B continuously stimulated the syn-
thesis of scytonemin, and the induction was 139.44% as 
compared to control after 60h of exposure to 3 W/m2. 
However, high level (5 W/m2) of UV-B had a adverse 
effect on the scytonemin production at the late stage of 
exposure time (from 36 h to 60 h). During the first 12h, 
significant inductive effects of UV-C on scytonemin 
synthesis were observed and 5 W/m2 UV-C resulted in an 
increase of 67.61%. 
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Figure 2. Scytonemin content changes in N. flagelliforme 
cells under different UV-B levels and different radiation 

durations 

 
Figure 3. Scytoemin content changes in N. flaglliforme cells 

under different UV-C level and different radiation 
durations 

Effects of UV-B and UV-C on the induction of 
OS-MAAs in N.flagelliforme were shown in Fig.4 and 
Fig.5. As shown in Fig.4, the effects of UV-B on 
OS-MAAs production were variable depending on the 
radiation intensity. 1 W/m2 UV-B continuously induced 
the secretion of OS-MAAs, after 60 h continuous UV-B 
exposure, the content increased by 43.16%. However, 
decreases were observed at the end stage of exposure 
time both under the 3 and 5 W/m2 UV-B levels. Effects 
of UV-C on the accumulation of OS-MAAs did not meet 
expectations (Fig.5). In addition to an slight enhancement 
in OS-MAAs content at the early exposure stage, UV-C 
caused rapid decrease of OS-MAAs as compared to con-
trol after 6 h of irradiation.  

Scytonemin is thought to be synthesized from metabo-
lites of aromatic amino acid biosynthesis and serves as 
the main photoprotective compound in cyanobacteria [5]. 

The reason for its accumulation may relate to the UV 
induced serious injury to cells. Through the analysis 
above, we supposed that the slow growth rate of scy-
tonemin content under 5 W/m2 UV-B and different levels 
UV-C during the later period was caused by the 
UV-induced metabolic inhibition. However, no decline 
in concentration finally indicated it possessed good pho-
tostability. 

 
Figure 4. OS-MAAs content changes in N. flagelliforme cells 

under different UV-B levels and different radiation 
durations 

 
Figure 5. OS-MAAs content changes in N. flagelliforme cells 

under different UV-C levels and different radiation 
durations 

The biosynthesis of MAAs is presumed to occur via 
the first part of shikimate pathway, MAAs are synthe-
sized in bacteria, fungi, cyanobacteria, phytoplankton 
and macroalgae but not in animals, which lack the shiki-
mate pathway[16]. Studies with cyanobacteria have 
shown that MAAs prevent 3 out of 10 photons from hit-
ting cytoplasmic targets. Cells with high concentrations 
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of MAAs are approximately 25 % more resistant to ul-
traviolet radiation than those with no or low concentra-
tions. UV-B induced overproduction of MAAs has been 
reported in many documents, however, the reasons for 
the decline in OS-MAAs content under high levels of 
UV-B needs further study. 

4 Conclusion 

In this experiment, both UV-B and UV-C can stimu-
late the synthesis of scytonemin in N.flagelliforme at the 
early stage of UV exposure and the effect of UV-C is 
more obvious. After an extended radiation time, the 
high-intensity (5 W/m2) UV-B and three levels (1, 3 and 
5W/m2) of UV-C may inhibit the scytonemin production. 
With regard to OS-MAAs, it seems that the synthesis is 
influenced by the UV-B levels and the UV-C may play a 
negative role in its production. From the results described 
in this paper, we conclude that the optimal UV sources 
and intensities for stimulation of scytonemin and 
OS-MAAs are UV-B at 3 W/m2 and UV-B at 1 W/m2, 
respectively.  

For thousands of years in China, N. flagelliforme is 
considered to be a functional food with high medicinal 
value. In recent years, the nutritional value, physiological 
and ecological characteristics, extracellular polysaccha-
ride and training methods have been extensively studied 
in this organism. However, there is a lack of study on the 
secondary metabolism and related metabolites. We sin-
cerely hope that our research can fill some gaps of 
knowledge in this field. 
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Abstract: According to the variable weights combination prediction model are proposed based on traditional 
index smoothing prediction and grey system predinction, aiming at to minimize the error sum of squares. 
Beijing water resources system in 2009 is taken as an example to simulation. And using the same way 
forecast predicts 2010 Beijing water resources. A model based on the theory of fuzzy probability is used to 
calculate the risk degree in water. The sensitive factors of water shortage risk of Beijing in 2010 are identified 
by discrimination analysis. 
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1 Introduction 

Combination prediction, proposed by Bates and 
Grange in 1969 [1], is a prediction method that is 
combining the useful information contained in all single 
prediction methods [2]. The objective of combination 
prediction is to improve the prediction accuracy as high 
as possible by using the information that is provided by 
various methods. Currently, the research of combination 
prediction method concentrates on the weights 
determination of each single prediction method, and the 
combination weights are normally divided into constant 
weights and time-varying weighs. Time-varying weighs 
is better than constant weights. 

The shortage risk of water resources is to make 
regional water system of the probability of a water 
shortage happened and corresponding impact of water 
shortage due to water and water existing fuzzy and 
random character, in a specific environment conditions. 
Based on the theory of fuzzy probability，a model which 
can be used to comprehensively evaluate both the 
probability and the impact degree due to water shortage 
risk is developed．In the model a membership function is 
constructed to evaluate the fuzziness of water resources 
systems. On this basis, an evaluation model for water 
shortage risk based on fuzzy probability is obtained. The 
sensitive factors of water shortage risk are identified by 
discrimination analysis. 

Beijing is a severe shortage of water resources in the 
world, its per capita water resources of less than 300 m3, 
for the national average per capita, 1/8 of the world, 1/30 
of the severe water shortages of area. The shortage of 
water resources has influenced and restricted the capital 
social and economic development. So it is important to 
recognition the main factors on the shortage of water 
resources, take the corresponding effective measures to 

avoid risk or reduce the harm caused.  

2 Model 
2.1 Fixed Weights Combination Prediction 

Model Based on Grey-Index Smoothing  

The weights are determined by optimal combination 
method, and the fixed weights combination prediction 
method is given based on minimum error sum of squares. 
Firstly, index smoothing prediction model and grey 
model GM(1,1) prediction[2] is used for single 
prediction to obtain the prediction errors, and then linear 
combination is carried out for single prediction values, 
and the minimum error sum of squares is taken as the 
object function to find the combination weights. Finally 
the optimal weights vector of every time is taken as 
occupied important degree of each single prediction 
model in combination prediction model to obtain the 
final fixed weights combination prediction model. 

Assume that  is the actual observed value at time iy

 1,2, ,i i n  ;  is the prediction value of the 

jth

i jy

 1,2, ,j   m  prediction method at time i;  is 
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 prediction method;  

is the ith history data; 
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    is the ith prediction 
deviation of the jth prediction method; jw is the 
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combination weight coefficient of the jth prediction 
method. 

The prediction deviation of combination model is: 
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Object function is the square sum of the difference 
between the prediction value of combination model and 
the prediction value of object variable, the optimal rule is 
established by minimizing the square sum of the 
difference, and the linear programming  is obtained: 
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To solve the above linear programming problem, we 

can find the optimal combination prediction model based 
on grey-index smoothing is: 


1 1 2 2i iy w y w y           (5) 

Where  is the prediction value of index smoothing 

prediction model at time i, and  is its weight.  is 

the prediction value of 

1iy

1w 2iy

 1,1GM  prediction model at 

time i, and  is its weight. The analytic expression of 

weight is: 
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Where 
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jk kj ji
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    is the covariance of 

deviation of two models.  

2.2 Model for Evaluating Water Shortage Risk 

Based on Fuzzy Probability 

Water resources system based on the fuzzy uncertainty 
[3], and constructs a suitable membership function to 
describe the water supply crash damage. Assume that  

d sx W W   is shortages of water,  w x  is 

membership function of the shortages of water in the 
fuzzy sets: 

  : 0 1e wW x x            (7) 
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Where sw

mw

is the supplying water;  the requirement 

of water;  is the minimum in the requirement of 

water;  is the maximum in the requirement of water; 

P is an integer which is greater than 1. 

dw

aw

The shortage risk of water resources is defined as the 
probability of occurrence in A fuzzy events[4]-[6]:  

     
f

n

f A

R

P A y f y d y 
    (9) 

Quick Clust process is used to intuitive that the 
shortage of water resources of the risk degree. Euclidean 
distance is the measure of interval for variable and 
Chsquaremeasure is the similarity between variables 
[7]-[8]: 
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3 Example Analysis  

Beijing water resources system is taken as an example 
to evaluate.The water resources data for 9 years is shown 
in table 1. 

3.1 Fixed Weights Combination Prediction 

Table 1. Water consumption and water resources in total from 2001 to 2009 
2009 Real Combination Absolute error Relative error 

Water consumption 
Water resources 

35.5
21.8

35.423 
21.939 

-0.077 
0.139 

-0.002 
0.006 
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Table 2. Index smoothing and GM (1,1) predictive value and error 

Year 01 02 03 04 05 06 07 08 09 

Water consumption（108 m3） 
Water resources（108 m3） 

38.9
19.2

34.6
16.1

35.8
18.4

34.6
21.4

34.5
23.2

34.3
24.5

34.8
23.8

35.1 
34.2 

35.5 
21.8 

                      (IS: Index smoothing) 

 

Table 3. Combination predictive value and error 

2009 Real IS Absolute error Relative error GM（1,1） Absolute error Relative error 

Water consumption
Water resources 

35.5 
21.8 

35.612 
21.076 

0.112 
-0.724 

0.003 
-0.332 

35.034 
22.662 

-0.466 
0.862 

-0.013 
0.040 

 

Water consumption and water resources in total in 
2010. And the water consumption and water resources 
are 35.725 and 23.924. The water consumption and water 
resources from 2001 to 2010 are shown in figure 1.  

 

Figure 1. Water consumption and water resources 
from 2001 to 2010  

3.2 Evaluate Water Shortage Risk 

First, model (9) is used to calculate the lacks water 
risk degree in Beijing respectively from 2001 to 2010. 
The results are 1.00, 0.94, 0.88, 0.65, 0.55, 0.47, 0.54, 0, 
0.68, 0.58.  

Second, Quick Clust process is used to intuitive that 
the shortage of water resources of the risk degree. The 
final class centers and features of all kinds of risks such 
as shown in table 4. 

Table 4. The final class centers and features 

Category Center Characteristics 

Min risk  

Lower risk 

Med risk 

More risk 

Max risk 

0.03 

0.32 

0.54 

0.73 

0.84 

Negligible 

Acceptable 

Edge risk  

More serious  

Cannot afforded  

Final, according to the above evaluation model, the 

lacks water risk degree in Beijing in 2010 is 0.58 which 
is in the danger of edge.  

4 Conclusions 

In this paper, fixed weights combination prediction 
model based on grey-index smoothing is used to 
predicted the total water consumption and water 
resources of Beijing in 2010; and the fuzzy probability 
method is used to calculate the shortage risk of water 
resources in Beijing from 2001 to 2010, Quick Clust 
process is used to intuitive that the shortage of water 
resources of the risk degree. 2010 Beijing is modest level 
of water shortage So we must take the recycled water 
reuse and diversion measures to improve Beijing water 
shortages. 
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Abstract: Mandelic acid and analogues were synthesized from benzaldehyde or substituted benzaldehydes 
with chloroform in the presence of 40% NaOH by the combination of catalytic amount of phase transfer ca-
talysis cetyltrimethylammonium bromide (CTAB), and microwave irradiation. The catalyst CTAB possessed 
high catalytic activity for the reaction and mandelic acid and analogues were obtained with yields of 
70.9%-93.6% within 12 to 27 minutes under microwave irradiation. Effects of different factors, such as cata-
lyst concentration, reaction temperature, power of microwave, had been investigated to obtain the optimum 
condition. 
 
Keywords: Mandelic acid; phase transfer catalyst; microwave irradiation; synthesis 

1 Introduction 

Mandelic acid (MA) is an important starting com-
pounds for the resolution of (R)-mandelic acid and 
(S)-mandelic acid [1-4]. Mandelic acid derivatives have 
been widely employed for the manufacture of semisyn-
thetic penicillins or cephalosporins, and for the synthesis 
of various other pharmaceuticals [5,6]. Many approaches 
for the synthesis of mandelic acid have been reported 
[7-9], and two pathways have risen into prominence. One 
is based on the hydrocyanation of benzaldehyde in the 
presence of chloroform, which gives rise to the corre-
sponding cyanohydrin, followed by hydrolysis in the 
presence of strong acid such as concentrated acid 
(Scheme 1). This procedure involved poisonous raw ma-
terials, generated copious quantities of salt and is not 
compatible with sensitive functional groups. The other 
pathway is feasible by combining a chlorination of hyp-
none and a hydrolysis in alkaline water (Scheme 2), but it 
also involves many disadvantages, such as harsh condi-
tion, long reaction time and low yield.  

Microwave-assisted reactions have received a great 
deal of attention since 1986 [10], because this technique 
is more convenient and easily controlled compared with 
traditional methods. A large number of organic reactions 
can be carried out in higher yields, shorter reaction time 
and milder conditions under microwave irradiation 
[11,12]. We have reported one-pot, three-component 
reaction of aromatic aldehydes, malononitrile and barbi-
turic acid under microwave irradiation successfully [13]. 

 
 

CHO HCN
CHCl3

HCl
OH

CN

OH

COOH
Scheme 1. Synthesis of mandelic acid via benzaldehyde  

and hydrocyanic acid 

Cl2 NaOH
OH

CHCl2

OH

COOH

O

 
Scheme 2. Synthesis of mandelic acid via benzaldehyde  

and chlorine 

In recent years, “green synthesis” is one of the most 
fascinating developments in organic synthesis. Wender 
defined the “ideal synthesis” as one in which the target 
molecule is prepared from readily available, inexpensive 
starting materials in one simple, safe, environmentally 
acceptable, and resource-effective operation that pro-
ceeds quickly and in quantitative yield [14]. To the best 
of our knowledge, the synthesis of mandelic acid and 
analogues from benzaldehyde or substituted benzalde-
hydes with chloroform by the combination of phase 
transfer catalysis and microwave irradiation has not yet 
been reported. In continuation of our research interest in 
the use of microwave irradiation and green synthesis [15], 
we report herein, the microwave-assisted synthesis of 
mandelic acid and analogues from benzaldehyde or sub-
stituted benzaldehydes with chloroform in the presence 
of 40% NaOH by the combination of a single phase 
transfer CTAB, and microwave irradiation. 

2 Results and Discussion  

To achieve suitable conditions for the synthesis of man-
delic acid and analogues, various reaction conditions have 
been investigated in the model reaction of benzaldehyde 
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with chloroform in the presence of 40% NaOH by the 
combination of phase transfer catalysis cetyltrimethyl-
ammonium bromide (CTAB), and microwave irradiation 
to give mandelic acid (2a) (Scheme 3). Initially, we ex-
amined the effect of the catalyst cetyltrimethyl ammo-
nium bromide (CTAB) on the model reaction of benzal-
dehyde with chloroform affording mandelic acid 2a 
(Scheme 3). The results are presented in Table 1. 
 

CHO
40% aq. NaOH OH

COOH

R R
+ CHCl3

CTAB  MW

2a-j1a-j

Scheme 3. Synthesis of mandelic acid and analogues 2a-j 

The phase transfer catalysis CTAB played a crucial role 
in the model microwave-assisted reaction. Without CTAB, 
the reaction time is long and the yield is only 20.6% (Ta-
ble 1, Entry 1). The phase transfer catalysis CTAB is 
highly effective, the model reaction could be carried out 
with 1.0 mol% catalyst loading, affording 53.6% yield of 
mandelic acid 2a after irradiated 15mins at 60 °C (Table 1, 
Entry 3). The increase of the amount of CTAB remarka-
bly accelerated the reaction (Table 1, Entries 4-13). The 
model reaction in the presence of 5 mol% CTAB was 
found to be completed after 15 min. at 60 °C under mi-
crowave irradiation, giving mandelic acid 2a in 89.5 % 
yield (Table 1, Entry 14). However, when the amount of 
CTAB exceeded 5 mol%, the yield decreased (Table 1, 
Entries 15-16). 

Table 1. The effect of catalyst concentration on the  
model reactiona 

Entry 
Catalyst 
(mol%) 

Irradiation 
time(min) 

Yieldb (%) 

1 0.0 20 20.6 
2 1.0 10 50.6 
3 1.0 15 53.6 
4 1.0 20 54.3 
5 1.5 15 59.9 
6 1.5 20 62.8 
7 2.0 15 67.2 
8 2.0 20 67.8 
9 2.5 15 73.2 
10 3.0 15 76.9 
11 3.5 15 82.5 
12 4.0 15 84.7 
13 4.5 15 86.5 
14 5.0 15 89.5 
15 5.5 15 85.6 
16 6.0 15 80.8 

a Reaction conditions: benzaldehyde (20 mmol), chloroform (10 mL), 40% 
NaOH (15 mL), temperature 60 0C, microwave power 500W.  

b Isolated yield. 

The effect of reaction temperature on the model reac-
tion was also examined. The model reaction at 30 °C for 
10 min. gave only a 38.2% yield of desired mandelic acid 
2a; even when the reaction time was extended for 20 min. 

at 30 °C, the yield can only obtained 42.8% (Table 2, 
Entry 3). The increase of reaction temperature remarka-
bly accelerated the reaction (Table 2, Entries 4-9). A high 
yield can be obtained within 15 min. when the model 
reaction was carried out at 60 °C (Table 2, Entry 8). 
However, for this reaction, a higher temperature was 
unfavorable (Table 2, Entries 10-11). 

Table 2. The influence of temperature on the  
model reactiona 

Entry Temperature(°C)
Irradiation 
time (min.) 

Yield b (%) 

1 30 10 38.2 
2 30 15 41.3 
3 30 20 42.8 
4 40 15 52.6 
5 40 20 53.9 
6 50 15 77.5 
7 50 20 78.6 
8 60 15 89.5 
9 60 20 89.1 

10 70 15 82.1 

a Reaction conditions: benzaldehyde (20 mmol), chloroform (10 mL), 40% 
NaOH (15 mL), CTAB (1 mmol ), microwave power 500W. 
b Isolated yield. 

The effect of microwave power on the model reaction 
was also examined. The microwave is another important 
factor for the reaction. In the absence of microwave, the 
reaction must be performed for 6 h to produce a low 
yield of 40.4% (Table 3, Entry 1). One can observe that 
microwave with different powers leads to various results 
(Table 3, Entries 2-13). The yield increased at first and 
then decreased with a variation of microwave power 
from 100 to 600 W. The addition of microwave can ef-
fectively enhance the yield up to 73.7% and reduce the 
reaction time to 10 min. (Table 3, Entry 9). The best 
yield (89.5%) was obtained with microwave power at 
500 W (Table 3, Entry 11). 

Table 3. The effect of microwave power on the  
model reactiona 

Entry 
Microwave 
power(W) 

Reaction 
time(min) 

Yieldb (%) 

1 0 3600 40.4 
2 100 30 51.6 
3 100 60 52.7 
4 200 15 56.4 
5 200 30 58.9 
6 200 60 60.5 
7 300 15 64.2 
8 300 20 65.7 
9 400 15 73.7 

10 400 20 75.8 
11 500 15 89.5 
12 500 20 88.4 
13 600 15 80.3 

a Reaction conditions: benzaldehyde (20 mmol), chloroform (10 mL), 40% 
NaOH (15 mL), CTAB(1 mmol), temperature 60 0C. 
b Isolated yield. 
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This method was further studied in several recations of 
substituted benzaldehydes 1b-j with chloroform in the 
presence of 40% NaOH by the combination of phase 
transfer catalysis cetyltrimethylammonium bromide 
(CTAB), and microwave irradiation to give the respec-
tive mandelic acid analogues 2b-j. The results are pre-
sented in Table 4. 

Table 4. Synthesis of mandelic acid and analogues 2a-j 
catalyzed by CTAB under microwave irradiationa 

Entry Product R 
Irradiation 
time b (min.) 

Yield c (%)

1 2a H 15 89.5 
2 2b 4-Me 12 93.6 
3 2c 4-OMe 14 90.3 
4 2d 4-OH 15 86.5 
5 2e 3-OMe-4-OH 17 85.7 
6 2f 4-F 20 79.6 
7 2g 4-Cl 20 76.4 
8 2h 4-Br 20 72.5 
9 2i 3-Cl 25 65.8 
10 2j 2-Cl 27 60.9 

a Reaction conditions: substituted benzaldehyde (20 mmol), chloroform (10 
mL), 40% NaOH (15 mL), CTAB (1 mmol ), temperature, 60 0C, micro-
wave power 500W. b Monitored by TLC. 
c Isolated yield. 

We found that the results were excellent in terms of 
yields using aromatic aldehydes carrying electron-donat- 
ing substituents (Table 4, entries 2-5). Under the same 
conditions, however, the reactions with aromatic alde-
hydes carrying electron-withdrawing groups required a 
longer time and the yields of some products notably de-
creased (Table 4, entries 6-8). It was also found that the 
meta-and ortho-substituted aromatic aldehydes generally 
gave lower yields, probably due to the large steric effect 
(Table 4, entries 9-10). That is to say, steric factors played 
a key role in affecting the rates of reaction and the reac-
tions required a longer time. 

3 Experimental 
Apparatus and Analysis  

All reagents were purchased from commercial sources 
and used without further purification. The microwave 
irradiation reactions were carried out in a tempera-
ture-controlled single beam microwave oven for organic 
synthesis MARS5 (Microwave Apparatus CEM Corpo-
ration, Matthews, NC, USA). IR spectra were recorded 
on a Nicolet FT IR-500 spectrometer. 1H NMR spectra 
were recorded on a Bruker DPX 300 MHz spectrometer, 
and shifts are given in ppm downfield from TMS as an 
internal standard, CDCl3 as the solvent. Elemental analy-
sis was performed on an Elementar Vario EL III analyzer. 
Melting points were determined on a XT-5A digital 
melting-points apparatus and are uncorrected. 

General procedure for the synthesis of mandelic acid 

and analogues 2a-j  Preparation of mandelic acid (2a) is 
described as an example: Benzaldehyde (20 mmol), 
chloroform (10 mL) and phase transfer catalysis CTAB 
(1 mmol), were placed in a three-neck 100 mL flask and 
stirred in a microwave reaction vessel  at 60 °C (the 
microwave power was set at 500 W). Then 15 mL 40% 
aq. sodium hydroxide was added dropwise under micro-
wave irradiation. After addition, the reaction was con-
tinued to irradiated at 60 °C for some times until the 
benzaldehyde has completely reacted, as indicated by 
TLC. Then the reaction mixture was quenched in 30 mL 
water, the aqueous layer and organic layer were sepa-
rated. The aqueous layer was acidified to a pH value of 
approximately one by using 50% aq. concentrated hy-
drochloric acid, and then extracted with ethyl acetate 
(2×20 mL). The combined extracts were distilled to re-
move ethyl acetate under reduced pressure. After recrys-
tallization from toluene, pure mandelic acid 2a was ob-
tained by filtration. 

Mandelic acid (2a)  White solid, m.p. 188-189 °C; IR 
(KBr) υ: 3412, 3215, 2918, 2849, 1726, 1503, 1452 cm-1; 
1H NMR (300MHz, CDCl3) δ: 9.06 (s, 1H, COO-H), 
7.32-7.69 (m, 5H, ArH), 5.11 (s, 1H, O-H ), 2.43 (s, 1H, 
C-H); MS-ESI (m/z): 152.9 (M+H). 
4-Methyl mandelic acid (2b)  White solid, m.p. 

136-137 °C; IR (KBr) υ: 3406, 3257, 2933, 2829, 1703, 
1499, 1472 cm-1; 1H NMR (300MHz, CDCl3) δ: 8.92 (s, 
1H, COO-H), 8.17 (d, J=8.1 Hz , 2H, ArH), 7.32 (d, 
J=8.1 Hz, 2H, ArH), 5.36 (s, 1H, O-H ), 2.45 (s, 1H, C-H), 
2.37 (s, 3H, CH3); MS-ESI (m/z): 167.1 (M+H). 

4-Methoxyl mandelic acid (2c) White solid, m.p. 
109-111°C; IR (KBr) υ: 3465, 3278, 2913, 2809, 1674, 
1487, 1445 cm-1; 1H NMR (300MHz, CDCl3) δ: 9.13 (s, 
1H, COO-H), 8.29 (d, J=9.1 Hz , 2H, ArH), 7.11 (d, J 
=9.1 Hz, 2H, ArH), 5.67 (s, 1H, O-H ), 3.91 (s, 3H, CH3), 
2.49 (s, 1H, C-H); MS-ESI (m/z): 181.3 (M-H). 

4-Hydroxyl mandelic acid (2d) White solid, m.p. 83-85 
°C; IR (KBr) υ: 3465, 3278, 2913, 2809, 1674, 1487, 1445 
cm-1; 1H NMR (300MHz, CDCl3) δ: 10.9 (s, 1H, O-H ), 
9.22 (s, 1H, COO-H), 8.42 (d, J=8.1 Hz, 2H, ArH), 6.93 
(d, J= 8.1 Hz, 2H, ArH), 5.61 (s, 1H, O-H ), 2.46 (s, 1H, 
C-H); MS-ESI (m/z): 169.2 (M+H). 

3-Methoxyl-4-hydroxyl mandelic acid (2e) White solid, 
m.p. 132-134 °C; IR (KBr) υ: 3489, 3298, 2968, 2843, 
1689, 1487, 1456 cm-1; 1H NMR (300MHz, DCl3) δ: 
10.82 (s, 1H, O-H ), 9.31 (s, 1H, COO-H), 8.27 (s, 1H, 
ArH), 7.89(d, J=8.4 Hz, 1H, ArH), 6.95(d, J= 8.4 Hz, 1H, 
ArH), 5.67 (s, 1H, O-H ), 3.86 (s, 3H, CH3), 2.51 (s, 1H, 
C-H); MS-ESI (m/z): 199.1 (M+H). 

4-Fluoro mandelic acid (2f) White solid, m.p. 134-136 
°C; IR (KBr) υ: 3408, 3226, 2926, 2839, 1713, 1499, 1436 
cm-1; 1H NMR (300MHz, CDCl3) δ: 9.26 (s, 1H, COO-H), 
7.12-7.41 (m, 4H, ArH), 5.37 (s, 1H, O-H ), 2.39 (s, 1H, 
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C-H); MS-ESI (m/z): 169.3 (M-H). 
4-Chloro mandelic acid (2g) White solid, m.p. 117-119 

°C; IR (KBr) υ: 3388, 3247, 2918, 2844, 1702, 1478, 1439 
cm-1; 1H NMR (300MHz, CDCl3) δ: 9.19 (s, 1H, COO-H), 
7.39 (d, J=6.5 Hz, 2H, ArH), 7.27 (d, J= 6.5 Hz, 2H, 
ArH), 5.46 (s, 1H, O-H ), 2.41 (s, 1H, C-H); MS-ESI 
(m/z): 187.4 (M+H). 
4-Bromo mandelic acid (2h) White solid, m.p. 120-121 

°C; IR (KBr) υ: 3399, 3256, 2903, 2852, 1713, 1489, 1452 
cm-1; 1H NMR (300MHz, CDCl3) δ: 9.25 (s, 1H, COO-H), 
7.32 (d, J=7.2 Hz, 2H, ArH), 7.16 (d, J= 7.2 Hz, 2H, 
ArH), 5.41 (s, 1H, O-H), 2.42 (s, 1H, C-H); MS-ESI (m/z): 
232.1 (M+H). 

3-Chloro mandelic acid (2i) White solid, m.p. 
112-113 °C; IR (KBr) υ: 3389, 3236, 2911, 2835, 1701, 
1465, 1431 cm-1; 1H NMR (300MHz, CDCl3) δ: 9.22 (s, 
1H, COO-H), 7.29-7.41 (m, 4H, ArH); 5.58 (s, 1H, O-H), 
2.48 (s, 1H, C-H); MS-ESI (m/z): 185.5 (M-H). 

2-Chloro mandelic acid (2j) White solid, m.p. 
117-119 °C; IR (KBr) υ: 3376, 3241, 2906, 2857, 1714, 
1451, 1429 cm-1; 1H NMR (300MHz, CDCl3) δ: 9.33 (s, 
1H, COO-H), 7.21-7.34 (m, 4H, ArH); 5.52 (s, 1H, O-H), 
2.42 (s, 1H, C-H); MS-ESI (m/z): 185.6 (M-H). 

4 Conclusion 

The reaction of benzaldehyde or substituted benzalde-
hydes with chloroform can be efficiently performed in the 
presence of 40% NaOH by the combination of catalytic 
amount of phase transfer catalysis CTAB, and microwave 
irradiation giving good to high yields of the respective 
mandelic acid or mandelic acid analogues 2a-j. Phase 
transfer catalysis CTAB is promising for the development 
of green catalysts. 
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Abstract: N-maleoyl-amino acid-curcumins were synthesized from curcumin and N-maleoyl amino acids by 
using 1,3-dicyclo-hexylcarbodiimide (DCC) as a condensation agent at 30°C under ultrasonic irradiation. The 
condensation agent DCC possessed high activity for the reaction and N-maleoyl-amino acid-curcumins were 
obtained with yields of 71.2%-85.6% within 2.5 to 3.5 h under ultrasonic irradiation. Effects of different fac-
tors, such as concentration of condensation agent, reaction temperature, frequency of ultrasound, had been 
investigated to obtain the optimum conditions. 
 
Keywords: DCC; N-maleoyl amino acid; ultrasonic irradiation; N-maleoyl-amino acid-curcumin; 
esterification 

1 Introduction 

Curcumin (diferuloylmethane, 1,7-bis(4-hydroxy-3- 
methoxyphenyl)-1,6-hepta-diene-3,5-dione), isolated as a 
yellow pigment from the root of Curcuma longa L., is a 
chemopreventive and chemotherapeutic natural product.  
Curcumin is commonly used as a food colourant, spice in 
India, better known as “Indian solid gold” due to its nu-
merous therapeutic activities, its pharmacological safety 
and its colour [1]. This naturally occurring and synthetic 
compound has been reported to process anticarcinogenic 
[2], anti-inflammatory [3], antioxidative [4], anti-cancer 
[5] and anti-HIV [6] activities. Some studies on the can-
cer chemopreventive activities have been carried out 
with curcumin, which inhibits tumorigenesis during both 
the initiation and promotion stages in several animal 
models possibly through inhibition of cyclo-oxygenase 
and lipoxygenase [7] and blocking the formation of ara-
chidonic acid metabolites. Other studies have also shown 
that curcumin inhibits COX-2 expression in human gas-
trointestinal epithelial cells [8].  

Pharmacologically, curcumin is quite safe and doses 
as high as 8 g/day have been administered orally to hu-
mans with no side effects [9]. However, curcumin is un-
stable at a pH 7.4 and insolubility in water at acidic and 
neutral pH conditions. Another drawback is its very poor 
bioavailability [10]. Cellular uptake is slow and it gets 
metabolised fast once inside the cell, requiring repetitive 
oral doses in order to achieve significant concentration 
inside the cells for therapeutic activity. Moreover, the 
transportation across the cellular membrane of the in-
fected cells is also changed, which necessitates the 
molecule to be transported to be well internalised with 
the changed environment of the cell. 

It has also been reported that the activity of curcumin 

depends upon the presence of the phenolic groups and 
the α, β-unsaturated carbonyl moiety [11]. The 
α,β-unsaturated carbonyl moiety acts as a Michael reac-
tion acceptor to covalently bind with sulfhydryl-rich 
proteins (Keap 1), signaling the up-regulation of phase 2 
enzymes. On the other hand, other studies also concluded 
that the central methylene hydrogens of curcumin are 
important for antioxidant activity [12]. Recently, Lit-
winienko demonstrated that both the phenolic groups and 
the central methylene hydrogens may be involved in the 
mechanism of formation of the phenoxyl radical, de-
pending on reaction conditions [13]. So, one of the ac-
cessible approaches was to make monooconjugates of 
curcumin by covalent attachment with some ligands, 
which internalise with cellular environment of infected 
cells. The amino acids, for example, glycine is essential 
components of bacterial cells. These components when 
linked covalently to curcumin molecule may act as car-
rier molecules as the cells recognise these molecules and 
thereby might increase the intracellular delivery of cur-
cumin. The conjugates also are likely to be metabolised 
comparatively slowly.  

Ultrasound has increas- ingly been used in organic 
synthesis in last three decades, this technique is more 
convenient and easily controlled compared with tradi-
tional methods. A large number of organic reactions can 
be carried out in higher yield, higher selectivity of reac-
tions, shorter reaction time and milder conditions under 
ultrasonic irradiation. We have reported one-pot, three- 
component reaction under ultrasound irradiation [14]. To 
the best of our knowledge, the synthesis of curcumin 
monooconjugates with amino acids by the combination 
of DCC condensation agent and ultrasonic irradiation has 
not yet been reported. In continuation of our research 
interest in the use of ultrasonic irradiation and green 
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synthesis, we report herein, the ultrasound-assisted syn-
thesis of N-maleoyl-amino acid-curcumins from curcu-
min and N-maleoyl amino acids by using DCC as a con-
densation agent under ultrasonic irradiation.  

2 Results and Discussion  

During the synthesis, the amino function of amino ac-
ids was protected with maleic anhydride as N-maleoyl 
amino acids 2a-f. These acylation reactions could be 
easy carried out in water with high yields without any 
catalyst. These obtained solid of N-maleoyl amino acids 
are relatively stable and could be easy saved. The 
N-maleoyl amino acids 2a-f was subjected to esterifica-
tion with curcumin to afford the corresponding 
N-maleoyl-amino acid-curcumins 4a-f using DCC as a 
condensation agent under ultrasonic irradiation (Scheme 
1). 
 

 

 

 

 

 

 

 
Scheme 1. Synthesis of N-maleoyl-amino  

acid-curcumins 4a-f 

To achieve suitable conditions for the synthesis of 
N-maleoyl-amino acid-curcumins, various reaction condi-
tions have been investigated in the model reaction of 
curcumin with N-maleoyl glycine 2a. Initially, we exam-
ined the effect of the condensation agent DCC on the 
model esterification reaction of curcumin with N-maleoyl 
glycine 2a affording N-maleoyl-glycine-curcumin 4a. 
The results are presented in Table 1. 

The condensation agent DCC is played a crucial role in 
the model reaction. Without the condensation agent DCC, 
the esterification reaction could not be carried out (Table 
1, Entry 1). When DCC was added, the esterification re-
action could be smoothly carried out. When the reactants 
were mixed in the molar ratio of curcumin to DCC 1:1, 
and exposed to ultrasonic irradiation at 30 °C for 2 h gave 
only a 54.4% yield of desired N-maleoyl-glycine- curcu-
min 4a (Table 1, Entry 2); even when the reaction time 
was extended for 3 h at 30 °C, the yield can only obtained 
61.4% (Table 1, Entry 4). 

 
 
 
 
 

Table 1. The effect of DCC concentration on the  
model reactiona 

n (3) Entry n(DCC)׃
Irradiation 

time(h) 
Yieldb (%) 

1 0 4.0 0 
2 1.0 2.0 54.4 
3 1.0 2.5 59.7 
4 1.0 3.0 61.4 
5 1.1 2.0 69.2 
6 1.1 2.5 73.4 
7 1.1 3.0 74.1 
8 1.15 2.5 77.7 
9 1.20 2.5 82.5 

10 1.25 2.5 85.6 
11 1.30 2.5 85.5 
12 1.35 2.5 85.6 

a Reaction conditions: curcumin (4 mmol), N-maleoyl glycine (4.4 mmol), 
p-toluenesulfonic acid (0.5 mmol), acetonitrile (15 mL), temperature 30 0C, 
ultrasound frequency 60 kHz;  
b Isolated yield. 

The increase of the amount of DCC remarkably accel-
erated the reaction. The model reaction in the molar ratio 
of curcumin to DCC 1:1.25 was found to be completed 
after 2.5 h under ultrasonic irradiation, giving N-maleoyl- 
glycine-curcumin 4a in 85.6 % yield (Table 1, Entry 10). 
However, when the the molar ratio of curcumin to DCC 
exceeded 1:1.25, there is no apparent effect on the yield 
(Table 1, Entries 11-12). 
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Table 2. The influence of temperature on the  
model reactiona 

Entry Temperature(°C)
Irradiation 

time (h) 
Yield b (%) 

1 20 2.0 56.7 
2 20 2.5 62.5 
3 20 3.0 63.4 
4 25 2.5 74.6 
5 25 3.0 77.9 
6 30 2.5 85.6 
7 30 3.0 83.2 
8 35 2.5 81.5 
9 45 2.5 77.1 

10 55 2.5 71.5 

a Reaction conditions: curcumin (4 mmol), N-maleoyl glycine (4.4 mmol), 
DCC (5 mmol), p-toluenesulfonic acid (0.4 mmol), acetonitrile (15 mL), 
ultrasound frequency 60 kHz;  
b Isolated yield. 

Curcumin is heat-sensitive and susceptible to oxida-
tion. So, the effect of temperature on the model esterifi-
cation reaction was investigated as summarized in Table 
2. Here it can be observed that there was much varied in 
the performance of the system, as the yield of 
N-maleoyl-glycine-curcumin 4a varied from 56.7% to 
85.6%. Generally speaking, higher temperature acceler-
ate the reaction rate and produces higher yields. But in 
this model esterification reaction, curcumin is 
heat-sensitive and gradually oxidation upon reaction with 
oxygen. Under a higher temperature, its oxidation speeds 
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up, which reduces the yield of product. Furthermore, 
N-maleoyl glycine 2a is also easily oxidized at high 
temperature. Because of this, all the further experiments 
were carried out at 30 °C. 

The effect of ultrasound frequency on the model reac-
tion was also examined; the results are presented in Ta-
ble 3. The pronounced effect of ultrasound can be easily 
demonstrated from the results shown by the entries 1-3 in 
Table 3. In the absence of ultrasound, the reaction must 
be performed for 5 h to produce a low yield of 40.1 %, 
even when the reaction time was extended for 8 h at   
30 °C, the yield can only obtained 57.4% (Table 3, En-
tries 1-2). The addition of ultrasound can effectively en-
hance the yield up to 85.4% and reduce the reaction time 
to 3.0 h (Table 3, Entry 8). One can observe that ultra-
sound with different frequency leads to various results 
(Table 3, Entries 3-10). The yield increased at first and 
then decreased with a variation of ultrasound frequency 
from 25 to 100 kHz. The best yield (85.6%) was ob-
tained with ultrasound frequency at 60 kHz (Table 3, 
Entry 7). 

Table 3. The effect of the ultrasound frequency on the 
model reactiona 

Entry 
Frequency 

(kHz) 
Reaction 
time(h) 

Yieldb (%) 

1 None 5.0 40.1 
2 None 8.0 57.4 
3 25 2.5 68.5 
4 25 3.0 72.6 
5 40 2.5 74.1 
6 40 3.0 77.8 
7 60 2.5 85.6 
8 60 3.0 85.4 
9 80 2.5 77.5 

10 100 2.5 70.8 

a Reaction conditions: curcumin (4 mmol), N-maleoyl glycine (4.4 mmol), 
DCC (5 mmol), p-toluenesulfonic acid (0.4 mmol), acetonitrile (15 mL), 
temperature 30 0C; b Isolated yield.  

Table 4. Synthesis of N-maleoyl-amino acid-curcumins  
4a-f catalyzed by DCC under ultrasonic irradiationa 

Entry Compound R Timeb(h) Yieldc(%)

1 4a H 2.5 85.6 

2 4b CH(CH3)2 2.5 83.7 

3 4c CH2CH(CH3)2 3.0 78.8 
4 4d CH2CH2SCH3 3.0 80.4 
5 4e CH(CH3)CH2CH3 3.5 71.2 
6 4f CH2C6H5 3.5 72.9 

a Reaction conditions: curcumin (4 mmol), N-maleoylamino acid (4.4 mmol), 
DCC (5 mmol), p-toluenesulfonic acid (0.4 mmol), acetonitrile (15 mL), 
temperature 30 0C, ultrasound frequency 60 kHz.  b Monitored by TLC. c 

Isolated yield. 

This method was further studied in several recations of 
N-maleoyl amino acids 2b-f with curcumin under ultra-
sonic irradiation to give the respective N-maleoyl-amino 
acid-curcumins 4b-f. The results are presented in Table 4. 

The result showed that all the yields achieved in the syn-
thesis of N-maleoyl-amino acid-curcumins induced by 
DCC under ultrasonic irradiation were over 70% (Table 
4) and all the reaction times were about 2.5-3.5 h, even 
for the N-maleoyl amino acids with long carbon chains 
or branched chains, such as in the case of 4e and 4f (Ta-
ble 4, Entries 5-6), where the yields for synthesis of this 
two N-maleoyl-amino acid-curcumins respectively were 
71.2%, 72.9% and the reaction time only 3.5 h. The 
yields of the N-maleoyl-amino acid-curcumins turned to 
be much lower as the atom numbers of the N-maleoyl 
amino acids became more or N-maleoyl amino acids with 
branched chain, such as in the case of 4e (71.2%) and 4f 
(72.9%) (Table 4, Entries 5-6). This may be due to steric 
hindrance in the N-maleoyl amino acids. 

3 Experimental 
Apparatus and Analysis  

All reagents were purchased from commercial sources 
and used without further purification. Sonochemical reac-
tions were carried out in a KQ-250E medical ultrasound 
cleaner and an output power of 250 W. IR spectra were 
recorded on a Nicolet FT IR-500 spectrometer. 1H NMR 
spectra were recorded on a Bruker DPX 300 MHz spec-
trometer, and shifts are given in ppm downfield from 
TMS as an internal standard, CDCl3 and DMSO-d6 as the 
solvents. Elemental analysis was performed on an Ele-
mentar Vario EL III analyzer. Melting points were deter-
mined on a XT-5A digital melting-points apparatus and 
are uncorrected.  

General procedure for the synthesis of N-maleoyl 
amino acids 2a-f A 50 mL round-bottomed flask was 
charged with 2 (4.4 mmol), p-toluenesulfonic acid (0.4 
mmol), DCC (4.4 mmol) and dry acetonitrile (15 mL), the 
reaction flask was located in  the ultrasound cleaning 
bath, where the surface of reactants is slightly lower than 
the level of the water. The mixture was irradiated at 30 °C 
for 10 min, then, curcumin (4 mmol) was added. The 
mixture was continued to irradiate at 30 °C for the time 
period as indicated in Table 4. After the completion of the 
reaction (monitored by TLC), glacial acetic acid (5 mL) 
was added and the solution was stayed in a refrigerator 
overnight. The separated solid was filtered and the filtrate 
was concentrated under reduced pressure. The obtained 
crude products were washed with water. The collected 
precipitate was purified by recrystallization from 80% 
EtOH-H2O, to afford the corresponding N-maleoyl-amino 
acid-curcumin 4a-f . 

N-Maleoyl-glycine-curcumin (4a): m.p. 80-83 °C; IR 
(KBr) υ: 3417, 1739, 1635, 1607, 1463 cm-1; 1H NMR 
(300MHz, CDCl3) δ: 3.13 (s, 2H, CH2N), 3.79 (s, 2H, 
CH2CO), 3.79 (s, 3H, CH3), 3.92 (s, 3H, CH3), 5.96 (s, 
1H, OH), 6.52 (d, J=9.3 Hz, 2H, CH=); 6.88-7.49 (m, 8H, 
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ArH, CH=), 7.67 (d, J=9.3 Hz, 2H, CH=); Anal. Calcd for 
C27H23NO9: C 64.15, H 4.59, N 2.77. Found: C 64.19, H 
4.55, N 2.69.  

N-Maleoyl-valine-curcumin(4b): m.p.105-108 °C; IR 
(KBr)υ: 3435, 1723, 1639, 1574, 1513, 1451 cm-1; 1H 
NMR (300MHz, DMSO-d6) δ: 3.65 (s, 2H, CH2CO), 3.74 
(s, 3H, OCH3), 3.83 (s, 3H, OCH3), 5.36(s, 1H, OH), 6.79 
(d, J=9.0 Hz, 2H, CH=); 6.78-7.61(m, 8H, ArH, CH=), 
7.6 (d, J=9.0 Hz, 2H, CH=); Anal. Calcd for C30H29NO9: 
C 65.80, H 5.34, N 2.56; Found:C 65.72, H 5.391, N 
2.49. 

N-Maleoyl-leucine-curcumin (4c): m.p. 108-111 °C, 
IR (KBr) υ: 3416, 1719, 16308 1574, 1527, 1446 cm-1; 1H 
NMR (300MHz, CDCl3) δ: 1.03-1.21 (m, 6H, 2CH3), 
2.03-2.17 (m, 2H, CH2), 2.89-2.99 (m, 1H, CH), 3.48 (t, 
J=7.0 Hz, 1H, CHN), 3.76 (s, 2H, CH2CO), 3.81 (s, 3H, 
OCH3), 3.89 (s, 3H, OCH3), 5.65 (s, 1H, OH), 6.41 (d, 
J=9.0 Hz, 2H, CH=); 6.53-7.46 (m, 8H, ArH, CH=), 7.78 
(d, J=9.0 Hz, 2H, CH=); Anal. Calcd for C31H31NO9 : C 
66.30, H 5.56, N 2.49; Found: C 66.24, H 5.49, N 2.41. 

N-Maleoyl-methionine-curcumin (4d): m.p. 185-187 
°C; IR (KBr) υ: 3431, 1639, 1621, 1573, 1526, 1450 cm-1; 
1H NMR (300MHz, CDCl3) δ: 1.89-1.99 (m, 2H, 
CH2CH2S), 2.16 (s, 3H, SCH3), 2.59 (dd, J=8.4, 5.8 Hz, 
2H, CH2S), 3.92 (s, 2H, CH2CO), 3.79 (s, 3H, OCH3), 
3.92 (s, 3H, OCH3), 4.38 (t, 1H, J=7.4 Hz, CHN), 5.75 (s, 
1H, OH), 6.48 (d, J=9.3 Hz, 2H, CH=); 6.79-7.52 (m, 8H, 
ArH, CH=), 7.65 (d, J=9.1 Hz, 2H, CH=); Anal. Calcd for 
C30H29NO9S: C 62.16, H 5.04, N 2.42; Found: C 62.03, H 
4.96, N 2.51. 

N-Maleoyl-isoleucine-curcumin (4e): m.p. 82-85 °C, 
IR (KBr) υ: 3421, 1726, 1639, 1593, 1527, 1462 cm-1; 1H 
NMR (300MHz, CDCl3) δ: 0.95-1.07 (m, 6H, 2CH3), 
1.26-1.33 (m, 2H, CH2), 2.83-3.01 (m, 1H, CH), 3.78 (d, 
J=3.0 Hz, 1H, CHN), 3.85 (s, 2H, CH2CO), 3.88 (s, 3H, 
OCH3), 3.97 (s, 3H, OCH3), 5.85 (s, 1H, OH), 6.54 (d, 
J=9.2 Hz, 2H, 2CH=); 6.82-7.68 (m, 8H, ArH, CH=), 
7.69 (d, J=9.2 Hz, 2H, 2CH=); Anal. Calcd for 
C31H31NO9: C 66.30, H 5.56, N 2.49; Found: C 66.22, H 
5.51, N 2.42. 

N-Maleoyl-phenylalanine-curcumin (4f): m.p. 110- 
113 °C; IR(KBr) υ: 3415, 1633, 1583, 1569, 1521, 1465 
cm-1; 1H NMR (300MHz, CDCl3) δ: 3.32(d, J=5.8 Hz, 2H, 
CH2Ph), 3.72 (s, 3H, OCH3), 3.83 (s, 2H, CH2CO), 3.89 
(s, 3H, OCH3), 4.52 (t, J=7.2 Hz, 1H, CHN), 5.85 (s, 1H, 
OH), 6.58 (d, J=9.1 Hz, 2H, CH=); 6.92-7.63 (m, 13H, 
ArH, CH=), 7.71(d, J=9.1 Hz, 2H, 2CH=); Anal. Calcd 
for C34H29NO9: C 68.56, H 4.91, N 2.35; Found: C 70.43, 
H 4.83, N 2.41.cm-1; 1H NMR (300MHz, CDCl3) δ: 9.19 
(s, 1H, COO-H), 7.39 (d, J=6.5 Hz, 2H, ArH), 7.27 (d, J= 
6.5 Hz, 2H, ArH), 5.46 (s, 1H, O-H ), 2.41 (s, 1H, C-H); 
MS-ESI (m/z): 187.4 (M+H). 

 

4 Conclusion 

The esterification of curcumin with N-maleoyl amino 
acids can be efficiently performed under ultrasonic irra-
diation in the presence of DCC condensation agent giv-
ing good yields of the respective N-maleoyl-amino 
acid-curcumins. 
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Abstract: Bis(indolyl)methanes were synthesized by one-pot condensation reaction of aromatic aldehydes 
with indole using FeCl3·6H2O as green catalyst. The catalyst FeCl3·6H2O was found to be an effective cata-
lyst for this one-pot condensation reaction and bis(indolyl)methanes were obtained with yields of 
82.7%-93.5% within 1.5 to 3.5 h at 50 0C in benzene. Effects of different factors, such as class of solvent, 
catalyst concentration, reaction temperature, had been investigated to obtain the optimum condition. 
 
Keywords: Bis(indolyl)methane; indole; FeCl3·6H2O; aromatic aldehyde; synthesis 

1 Introduction 

Indoles and their derivatives have been shown to pos-
sess various pharmacological and biological properties, 
such as antibacterial, antioxidative, insecticidal, and cy-
totoxic activities [1,2]. Bis(indolyl)alkane, one of indole 
derivatives, constituted an important group of bioactive 
metabolites of terrestrial and marine origin [3-7]. During 
the past decade, a large number of natural products con-
taining bis(indolyl) alkanes have been isolated from ma-
rine sources [8,9].  

Consequently, the synthesis bis(indolyl)alkane deriva-
tives have received an increasing attention, various 
methods for the preparation of bis(indolyl)alkane deriva-
tives have been reported in the literaturare. In a general 
way, bis(indolyl)-alkane derivatives were synthesized by 
condensation reaction of indoles with various aldehydes 
and ketones catalyzed by various catalysts. Protic acid 
[10-11] and Lewis acid [12] are known to promote these 
reactions. However, these procedures suffered from some 
limitations when several substrates are sensitive to protic 
acids. Most recently, a great effort has been made to find 
mild and clean procedure in the synthesis of bis-indo-
lylmethanes and some catalytic systems have been de-
veloped, such as metal salts In(OTf)3 [13], Dy(OTf)3 [14], 
Ln(OTf)3 [15], CeCl3·7H2O [16], and molecular iodine 
[17], as well as solid acidic catalysts [18], such as clays 
and Zeolites, etc. However, some of these methods suf-
fered from some drawbacks such as high reaction tem-
perature, long reaction time, low yields, causing toxic 
wastes and expensive regents. Thus, there is still scope to 
develop simple and practical method for the synthesis of 
bis(indolyl)methanes. 

The green chemistry advocated in the middle of 1990s 
suggests people to reduce or eliminate the utilization and 
producing of matters which are harmful to human health, 
social security and ecological environment, such as reac-

tants, catalysts, solvents, products, by-products etc. One 
of the ultimate goals for organic reactions is to reduce the 
use of harmful catalyst. FeCl3·6H2O is a non-explosive, 
nontoxic, inexpensive, easy handling, and eco-friendly 
catalyst, so, in order to expand the application of 
bis(indolyl)alkane derivatives and in continuation of our 
research interest in green synthesis [19], we wish to re-
port herein, a novel and efficient one-pot reaction of 
aromatic aldehydes with indole for the synthesis of some 
bis(indolyl)methanes using FeCl3·6H2O as green catalyst. 

2 Results and Discussion  

To achieve suitable conditions for the synthesis of 
bis(indolyl)methanes, various reaction conditions have 
been investigated in the model reaction of benzaldehyde 
with indole (Scheme 1). 

To optimize the reaction conditions, initially, we stud-
ied the effect of different solvents on the reaction of ben-
zaldehyde 1a with indole 2 affording 3,3´-bis-indolyl 
phenylmethane 3a. Deb has reported that the reactions of 
indoles with various aldehydes were carried out in a 
protic solvent to afford bis(indolyl)methanes in good 
yields [20], so, the solvents including THF, ethanol, ace-
tone, acetonitrile, chloroform, dichloromethane and ben-
zene were examined. The results were listed in Table 1. 
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Scheme 1. Synthesis of 3,3´-bis-indolyl  
phenylmethane 3a 
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Table 1. The influence of solvent on the model reactiona 

Entry Solvent Time(h) Yield b (%)

1 THF 3 85.6 
2 Ethanol 3 81.8 
3 Aacetone 3 80.3 
4 Acetonitrile 3 88.4 
5 Chloroform 3 84.7 
6 Dichloromethane 3 87.2 
7 Benzene 3 90.6 
8 Benzene 2 90.4 

a Reaction conditions: benzaldehyde (1 mmol), indole (2 mmol), solvent (4 
mL), FeCl3·6H2O (0.05 mmol), temperature 50 0C. b Isolated yield. 

All solvents examined afforded moderate yields of the 
desired products (Table 1). Nevertheless, the reaction 
using benzene as the solvent gave the best result (Table 1, 
entries 7-8). Thus, benzene was chosen as the solvent for 
all further reactions. 

Next, we examined the effect of the catalyst 
FeCl3·6H2O on the model reaction of benzaldehyde with 
indole. The results are presented in Table 2. 

Table 2. The effect of catalyst concentration on the 
model reactiona 

Entry 
Catalyst 
(mol%) 

Time(h) Yieldb (%) 

1 0.0 3.0 0 
2 1.0 1.5 47.8 
3 1.0 2.0 50.4 
4 1.0 2.5 50.8 
5 1.5 2.0 55.5 
6 2.0 2.0 62.7 
7 2.5 2.0 71.8 
8 3.0 2.0 76.4 
9 3.5 2.0 79.8 

10 4.0 2.0 83.6 
11 4.5 2.0 87.2 
12 5.0 2.0 90.4 
13 5.0 2.5 90.6 
14 5.5 2.0 90.6 
15 6.0 2.0 91.1 

a Reaction conditions: benzaldehyde (1 mmol), indole (2 mmol), benzene (4 
mL), temperature 50 0C. b Isolated yield. 

The catalysis FeCl3·6H2O played a crucial role in the 
model reaction of benzaldehyde with indole. Without the 
catalyst FeCl3·6H2O, the reaction cannot be carried out 
(Table 2, Entry 1). The yield of model reaction was sig-
nificantly affected by the amount of catalyst FeCl3·6H2O. 
The catalysis FeCl3·6H2O is highly effective, the reaction 
of benzaldehyde with indole could be carried out with 1.0 
mol% catalyst loading, affording 50.4% yield of 
3,3´-bis-indolyl phenyl-methane 3a after 2 h (Table 2, 
Entry 3). The increase of the amount of catalyst 
FeCl3·6H2O remarkably accelerated the reaction (Table 2, 
Entries 5-11). The model reaction in the presence of 5 
mol% FeCl3·6H2O was found to be completed at 50 0C 
after 2 h, giving 3,3´-bis-indolyl phenylmethane 3a in 

90.4 % yield (Table 2, Entry 12). However, when the 
amount of FeCl3·6H2O exceeded 5 mol%, the yield was 
not affected so much (Table 2, Entries 14-15).  

We further examined the effect of reaction temperature 
on the model reaction of benzaldehyde with indole. The 
model reaction at 25 °C for 2 h gave only a 47.5% yield 
of desired 3,3´-bis-indolyl phenylmethane 3a (Table 3, 
Entry 1); even when the reaction time was extended for 
2.5 h at 25 °C, the yield can only obtained 50.3% (Table 
3, Entry 2). The increase of reaction temperature re-
markably accelerated the reaction (Table 3, Entries 3-8). 
A high yield can be obtained within 2 h when the model 
reaction was carried out at 50 °C (Table 3, Entry 9). 
However, for this reaction, a higher temperature was no 
advantage (Table 3, Entries 11-12). 

Table 3. The influence of temperature on the  
model reactiona 

Entry Temperature(°C) Time(h) Yield b (%) 

1 25 2.0 47.5 
2 25 2.5 50.3 
3 30 2.0 65.6 
4 30 2.5 69.5 
5 40 2.0 76.5 
6 40 2.5 80.2 
7 50 1.5 80.6 
8 50 2.0 90.4 
9 50 2.5 90.6 
10 60 2.0 87.5 
11 65 1.5 85.6 
12 65 2.0 82.7 

a Reaction conditions: benzaldehyde (1 mmol), indole (2 mmol), benzene (4 
mL), FeCl3·6H2O (0.05 mmol). b Isolated yield. 

To evaluate the effectiveness of the catalysis 
FeCl3·6H2O and explore the scope of this reaction, dif-
ferent substituted aromatic aldehydes (1b-j) were reacted 
with indole 2 under similar conditions furnishing the re-
spective bis(indolyl)- methanes (3b-j) (Scheme 2). The 
results are summarized in Table 4.  

+
N
H

1a-j 3a-j

CHO

2

FeCl3·6H2O

H
N

N
H

R

R

  

Scheme 2. Synthesis of bis(indolyl)methane 3a-j 

The result showed that all the yields achieved in the 
synthesis of bis(indolyl)methanes induced by FeCl3·6H2O 

were over 80% and all the reaction times were about 
1.5-3.5 h (Table 4). Aromatic aldehydes bearing either 
electron-withdrawing or electron-donating groups under-
went the condensation reaction giving high yields of the 
corresponding bis(indolyl)methane derivatives. 
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Table 4. Synthesis of bis(indolyl)methanes 3a-j catalyzed  
by FeCl3·6H2O

a 

Entry Product R Timeb(h) Yieldc(%) 

1 3a H 2.0 90.4 
2 3b 4-Me 2.5 86.7 
3 3c 4-OMe 2.5 82.7 
4 3d 4-OH 3.5 84.6 
5 3e 3-OMe-4-OH 1.5 90.3 
6 3f 3-Me 1.5 92.6 
7 3g 3-OMe 1.5 93.5 
8 3h 3-Cl 2.0 86.7 
9 3i 3-NO2 2.0 89.7 

10 3j 2-Br 1.5 91.8 

a Reaction conditions: aromatic aldehyde (1 mmol), indole (2 mmol), ben-
zene (4 mL), FeCl3·6H2O (0.05 mmol), temperature, 50 0C; b Monitored by 
TLC; c Isolated yield. 

3 Experimental  
Apparatus and Analysis  

IR spectra were recorded on a Nicolet FT IR-500 
spectrometer. 1H NMR spectra were recorded on a 
Bruker DPX 300 MHz spectrometer, and shifts are given 
in ppm downfield from TMS as an internal standard, 
CDCl3 as the solvent. Elemental analysis was performed 
on an Elementar Vario EL III analyzer. GC-MS were 
recorded using a Finnigan Trace 2000 GC/MS system. 
Melting points were determined on a XT-5A digital 
melting-points apparatus and are uncorrected. 

General procedure for the synthesis of bis(indolyl)- 
methanes 3a-j A 50 mL flask was charged with aromatic 
aldehyde(1 mmol), indole (2 mmol) and FeCl3·6H2O 
(0.05 mmol) in benzene (4 mL). This mixture was stirred 
at 50 °C until aromatic aldehyde has completely reacted, 
as indicated by TLC. The reaction mixture was cooled 
and diluted with water. Then, the reaction mixture was 
extracted with ethyl acetate (20 mL) for twice. Organic 
phases were combined and dried over sodium sulphate 
and concentrated to dryness. Purification of the products 
was performed by a short column chromatography eluted 
with ethyl acetate/petroleum ether to give the desired 
products 3a-j in high yields (Table 4). 

3,3´-Bis-indolyl phenylmethane (3a) Pink solid,  m.p. 
126-127 °C; IR (KBr) υ: 3429, 3088, 1506, 1453 cm-1; 1H 
NMR (300 MHz, CDCl3) δ: 7.76 (s, 2H, N-H), 7.40 (d, 
J=7.9 Hz, 2H, Ar–H), 7.39-7.33 (m, 3H, Ar-H), 7.31-7.26 
(m, 3H, Ar-H), 7.28-7.24 (m, 1H, Ar-H), 7.22-7.18 (m, 
2H, Ar-H), 7.09-7.01(m, 2H, Ar-H), 6.58 (s, 2H, Ar-H), 
5.90 (s, 1H, C-H); MS (EI, 70 eV): m/z =323 [M+H]+; 
Anal. Calcd for C23H18N2: C, 85.68; H, 5.63; N, 8.69. 
Found: C, 85.69; H, 5.65; N, 8.73. 

3,3´-Bis-indolyl-(4-methylphenyl)methane (3b) Pink 
solid, m.p. 93-95 °C; IR (KBr) υ: 3418, 3058, 1486, 1436 
cm-1; 1H NMR (300 MHz, CDCl3) δ: 7.93 (s, 2H, N-H), 
7.36 (d, J =7.9 Hz, 2H, Ar-H), 7.33(d, J=8.2 Hz, 2H, 

Ar-H),  7.23(d, J =8.0 Hz, 2H, Ar-H), 7.25-7.16 (m, 2H, 
Ar-H), 7.13 (d, J=7.9 Hz, 2H, Ar-H), 7.05-6.99 (m, 2H, 
Ar-H), 6.66 (s, 2H, Ar-H ), 5.85 (s, 1H, C-H), 2.38 (s, 3H, 
CH3); MS (EI, 70 eV): m/z = 336 [M]; Anal. Calcd for 
C24H20N2: C, 85.68; H, 5.99; N, 8.33. Found: C, 85.61; H, 
5.90; N, 8.35. 

3,3´-Bis-indolyl-(4-methoxyphenyl)methane (3c) 
Pink solid, m.p.185-186 °C; IR (KBr) υ: 3436, 3029, 1503, 
1421 cm-1; 1H NMR (300 MHz, CDCl3) δ: 8.97 (s, 2H, 
N-H), 7.29 (t, J=7.5 Hz, 4H, Ar-H), 7.19(d, J=7.1 Hz, 2H, 
Ar-H), 7.03 (t, J =7.4 Hz, 2H, Ar-H), 6.75 (t, J =7.5 Hz, 
2H, Ar-H), 6.62 (s, 2H, Ar-H ), 5.81 (s, 1H, C-H), 3.81 (s, 
3H, CH3); MS (EI, 70 eV): m/z = 352 [M]; Anal. Calcd 
for C24H20N2O: C, 81.79; H, 5.72; N, 7.95. Found: C, 
81.72; H, 5.65; N, 7.99. 

3,3´-Bis-indolyl-(4-hydroxyphenyl)methane (3d) 
Pink solid,  m.p. 210-212 ◦C; IR (KBr) υ: 3438, 3076, 
1497, 1419 cm-1; 1H NMR (300 MHz, CDCl3) δ: 9.69 (s, 
2H, N-H), 8.61 (s, 1H, O-H), 7.26 (t, J =7.7 Hz, 4H, 
Ar-H), 7.16 (d, J=7.5 Hz, 2H, Ar-H), 7.06 (t, J =7.6 Hz, 
2H, Ar-H), 6.89 (t, J =7.5 Hz, 2H, Ar-H), 6.69 (s, 2H, 
Ar-H ), 5.75 (s, 1H, C-H); MS (EI, 70 eV): m/z = 339 
[M+H]+; Anal. Calcd for C23H18N2O: C, 81.64; H, 5.36; N, 
8.28. Found: C, 81.58; H, 5.42; N, 8.34. 

3,3´-Bis-indolyl-(3-methoxy-4-hydroxyphenyl)-meth
ane (3e) Pink solid, m.p. 99-101 °C ; IR (KBr) υ: 3506, 
3055, 1632, 1392 cm-1; 1H NMR (300 MHz, CDCl3) δ: 
9.89 (s, 2H, N-H), 8.02 (s, 1H, O-H), 7.36-6.75 (m, 11H, 
Ar-H), 6.61 (s, 2H, Ar-H ), 5.85 (s, 1H, C-H), 3.84 (s, 3H, 
CH3); MS (EI, 70 eV): m/z = 369 [M+H]+; Anal. Calcd 
for C24H20N2O2: C, 78.24; H, 5.44; N, 7.61. Found: C, 
78.32; H, 5.39; N, 7.71. 

3,3´-Bis-indolyl-(3-methylphenyl)methane (3f) Pink 
solid, m.p. 99-100 °C; IR (KBr) υ: 3408, 3052, 1602, 
1461, 1422 cm-1; 1H NMR (300 MHz, CDCl3) δ: 7.89 (s, 
2H, N-H), 7.41 (d, J=7.9 Hz, 2H, Ar-H), 7.29(d, J =8.2 
Hz, 2H, Ar-H),  7.21-7.15 (m, 5H, Ar-H), 7.09-6.93 (m, 
3H, Ar-H), 6.59 (s, 2H, Ar-H ), 5.82 (s, 1H, C-H), 2.33 (s, 
3H, CH3); MS (EI, 70 eV): m/z = 336; Anal. Calcd for 
C24H20N2: C, 85.68; H, 5.99; N, 8.33. Found: C, 85.53; H, 
5.91; N, 8.28. 

3,3´-Bis-indolyl-(3-methoxyphenyl)methane (3g) 
Pink solid, m.p. 189-190 °C; IR (KBr) υ: 3429, 3075, 
1458, 1269, 1163 cm-1; 1H NMR (300 MHz, CDCl3) δ: 
7.95 (s, 2H, N-H), 7.44 (d, J=7.8 Hz, 2H, Ar-H), 7.39 (d, 
J =8.2 Hz, 2H, Ar-H), 7.25 (d, J=7.8 Hz, 1H, Ar-H), 
7.24-7.16 (m, 2H, Ar-H), 7.06-6.98 (m, 2H, Ar-H), 6.95 
(d, J=7.7 Hz, 1H, Ar-H), 6.92 (d, J=2.2 Hz, 1H, Ar-H), 
6.79-6.69 (m, 1H, Ar-H ), 6.64 (s, 2H, Ar-H ), 5.84 (s, 1H, 
C-H), 3.79 (s, 3H, CH3); MS (EI, 70 eV): m/z =352 [M]; 
Anal. Calcd for C24H20N2O: C, 81.79; H, 5.72; N, 7.95. 
Found: C, 81.76; H, 5.63; N, 7.91. 

3,3´-Bis-indolyl-(3-chlorophenyl)methane (3h) Pink 
solid, m.p. 66-68 °C; IR (KBr) υ: 3408, 3033, 1459, 1099, 
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746 cm-1; 1H NMR (300 MHz, CDCl3) δ: 7.85 (s, 2H, 
N-H), 7.44-7.35 (m, 5H, Ar-H), 7.28-7.15 (m, 5H, Ar-H), 
7.06-6.99 (m, 2H, Ar-H), 6.61 (s, 2H, Ar-H ), 5.88 (s, 1H, 
C-H); MS (EI, 70 eV): m/z =357 [M]; Anal. Calcd for 
C23H17N2Cl: C, 77.42; H, 4.80; N, 7.85. Found: C, 77.51; 
H, 4.72; N, 7.76. 

3,3´-Bis-indolyl-(3-nitrophenyl)methane (3i) Pink 
solid, m.p. 263-665 °C; IR (KBr) υ: 3412, 3063, 1526, 
1349, 741 cm-1; 1H NMR (300 MHz, CDCl3) δ: 8.26 (t, 
J=2.0 Hz, 1H, Ar-H), 8.13-8.08 (m, 1H, Ar-H), 8.05 (s, 
2H, N-H), 7.75 (d, J=7.9 Hz, 1H, Ar-H), 7.48 (t, J=7.9 Hz, 
1H, Ar-H), 7.35 (d, J=8.2 Hz, 2H, Ar-H), 7.26-7.19 (m, 
2H, Ar-H), 7.06-7.01 (m, 2H, Ar-H), 6.69 (s, 2H, Ar-H ), 
5.98 (s, 1H, C-H); MS (EI, 70 eV): m/z = 368 [M+H]+; 
Anal. Calcd for C23H17N3O2: C, 75.19; H, 4.66; N, 11.44. 
Found: C, 75.11; H, 4.58; N, 11.38. 

3,3´-Bis-indolyl-(2-bromophenyl)methane (3j) Pink 
solid, m.p. 90-91°C; IR (KBr) υ: 3418, 3051, 1452, 1028, 
cm-1; 1H NMR (300 MHz, CDCl3) δ: 7.93 (s, 2H, N-H), 
7.62 (d, J=7.9 Hz, 1H, Ar-H), 7.46 (d, J=7.9 Hz, 2H, Ar- 
H), 7.34 (d, J=8.2 Hz, 2H, Ar-H), 7.24-7.15 (m, 4H, Ar- 
H), 7.14-7.09 (m, 1H, Ar-H), 7.05-6.98 (m, 2H, Ar-H), 
6.63 (s, 2H, Ar-H ), 6.16 (s, 1H, C-H); MS (EI, 70 eV): 
m/z =401 [M]; Anal. Calcd for C23H17N2Br: C, 68.78; H, 
4.21; N, 6.89. Found: C, 68.64; H, 4.05; N, 6.81. 

4 Conclusion 

The reaction of benzaldehyde or substituted benzalde-
hydes with indole can be efficiently performed in the 
presence of catalytic amount of FeCl3·6H2O giving good 
to high yields of the respective bis(indolyl)methane de-
rivatives. The catalysis FeCl3·6H2O is promising for the 
development of green catalysts. 
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Abstract: A efficient protocol for the synthesis of Schiff bases of N-(l,2-dihydro-2-oxo-3H-indol-3-ylidene)- 
amino acids has been developed by the convenient condensation of isatin with amino acids. The catalyst 
p-toluenesulfonic acid (p-TSA) possessed high catalytic activity for the condensation reaction and 
N-(l,2-dihydro-2-oxo-3H-indol-3-ylidene)-amino acids were obtained with yields of 70.4%-85.5% within 3 to 
4 h at 70 0C in methanol and dioxane (1:1). Effects of different factors, such as catalyst concentration, reac-
tion temperature, class of solvent, had been investigated to obtain the optimum conditions. 
 
Keywords: Isatin; amino acid; p-toluenesulfonic acid; Schiff base; synthesis 

1 Introduction 

Isatin, also named 1H-indol-2,3-dione, a nature oce-
anic antibiotics extracted from lobster [1], now has been 
confirmed existing in natural indigo [2], a traditional 
Chinese medicine and it is also an endogenous indole 
present in mammalian tissues and fluids [3]. Isatin is a 
privileged lead molecule for designing potential bioac-
tive agents, and its derivatives have been shown to pos-
sess a broad spectrum of bioactivity, as many of which 
have been assessed as anti-HIV [4], antiviral [5], anti- 
tumor [6], antifungal [7] and anticancer [8] agents. These 
interesting properties have prompted many efforts toward 
the structure modification and biologieal activity optimi-
zation of isatin derivatives.  

The Schiff base (or azomethine), named after Hugo 
Schiff, has a wide range of applications. For example, it 
can be used as a catalyst, nonlinear optical materials, 
electroluminescent materials and so on [9]. The synthesis 
of novel Schiff bases and the research of their physio-
logical activities has become important due to their anti-
cancer and antimicrobial activities [10,11]. As a part of 
drug development programs, numerous methods for the 
synthesis of various kinds of Schiff base have been re-
ported [12-16]. 

The amino acids, for example, glycine is essential 
components of bacterial cells. These components when 
linked covalently to isatin molecule may act as carrier 
molecules as the cells recognise these molecules and 
thereby might increase the intracellular delivery of isatin. 
The conjugates also are likely to be metabolised com-
paratively slowly.  

To the best of our knowledge, the synthesis of Schiff 
base of N-(l,2-dihydro-2-oxo-3H-indol-3-ylidene)-amino 
acids from isatin with amino acids in the presence of 
p-toluenesulfonic acid (p-TSA) has not yet been reperted. 

In order to expand the application of isatin derivatives, 
we wish to report a novel and efficient method for the 
synthesis of Schiff base of N-(1,2-dihydro-2-oxo-3H- 
indol-3-ylidene)-amino acids by the convenient conden-
sation of isatin with amino acids. 

2 Results and Discussion  

To achieve suitable conditions for the synthesis of 
N-(l,2-dihydro-2-oxo-3H-indol-3-ylidene)-amino acids 3, 
various reaction conditions have been investigated in the 
reaction of isatin 1 with glycine 2a as a model reaction 
(Scheme 1). 
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Scheme 1. Synthesis of 
N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-glycine 3a 

Initially, we examined the effect of the catalyst 
p-toluenesulfonic acid (p-TSA) on the model reaction of 
isatin 1 with glycine 2a affording N-(1,2-dihydro-2-oxo- 
3H-indol-3-ylidene)-glycine (3a) (Scheme 1). The results 
are presented in Table 1. 

The p-TSA played a crucial role in the model reaction. 
Without p-TSA, the reaction time is long and the yield is 
only 46.2% (Table 1, Entry 1). The catalysis p-TSA is 
highly effective, the model reaction could be carried out 
with 1.0 mol% catalyst loading, affording 54.8% yield of 
N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-glycine (3a) 
at 70 0C after 3 h (Table 1, Entry 3). The increase of the 
amount of p-TSA remarkably accelerated the reaction 
(Table 1, Entries 5-11). The model reaction in the pres-
ence of 5 mol% p-TSA was found to be completed at 70 
0C after 3 h, giving N-(1,2-dihydro-2-oxo-3H-indol-3- 
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ylidene)-glycine (3a) in 85.5% yield (Table 1, Entry 12). 
However, when the amount of p-TSA exceeded 5 mol%, 
the yield was not affected so much (Table 1, Entries 
14-15). 

Table 1. The effect of catalyst concentration on the  
model reactiona 

Entry Catalyst (mol%) Time(h) Yieldb (%) 

1 0.0 6 46.2 
2 1.0 2 51.6 
3 1.0 3 54.8 
4 1.0 4 55.2 
5 1.5 3 60.5 
6 2.0 3 64.4 
7 2.5 3 68.2 
8 3.0 3 71.9 
9 3.5 3 75.1 
10 4.0 3 79.9 
11 4.5 3 82.6 
12 5.0 3 85.5 
13 5.0 4 84.8 
14 5.5 3 85.6 
15 6.0 3 85.2 

a Reaction conditions: isatin (10.5 mmol), glycine (10 mmol), dioxane (10 
mL), methanol (10 mL), temperature 70 0C; b Isolated yield. 

Next, we examined the effect of the solvent through 
some experiments. To search for the optimal solvent, the 
reaction of isatin with glycine was examined using 
methanol, ethanol, dioxane as solvent. The results were 
listed in Table 2.  

Table 2. The influence of solvent on the model reactiona 

Entry Solvent Time(h) Yield b (%) 

1 Methanol 3 66.2 
2 Methanol 4 64.7 
3 Ethanol 3 59.6 
4 Ethanol 4 57.6 
5 Dioxane 3 76.5 
6 Dioxane 4 77.5 
7 Dioxane:Methanol (1:1) 3 85.5 
8 Dioxane:Methanol (1:1) 4 86.1 
9 Dioxane:Methanol (1:2) 3 81.4 

10 Dioxane:Methanol (2:1) 3 80.7 

a Reaction conditions: isatin (10.5 mmol), glycine (10 mmol), solvent (20 
mL), p-TSA(0.5 mmol), temperature 70 0C; b Isolated yield. 

The results showed that when the reactions were alone 
carried out in methanol, ethanol, or dioxane, the reaction 
yields were lower (Table 2, entries 1-6). Combination of 
methanol and dioxane afforded good yields of the desired 
product (Table 2, entries 7-10). Nevertheless, the reaction 
using methanol and dioxane (1:1) as the solvent gave the 
best result (Table 2, entries 7-8). Thus, methanol and di-
oxane (1:1) was chosen as the solvent for all further reac-
tions. 

We attempted to further improve the yield by per-

formed the model reaction in different temperature. The 
model reaction at 30 °C for 2 h gave only a 39.4% yield 
of desired N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)- 
glycine (3a) (Table 3, Entry 1); even when the reaction 
time was extended for 4h at 30 °C, the yield can only 
obtained 45.2% (Table 3, Entry 3). The increase of reac-
tion temperature remarkably accelerated the reaction 
(Table 2, Entries 4-11). A high yield can be obtained 
within 3 h when the model reaction was carried out at 70 
°C (Table 3, Entry11). However, for this reaction, a 
higher temperature was unfavorable (Table 3, Entries 
12-13).  

Table 3. The influence of temperature on the  
model reactiona 

Entry Temperature(°C) Time(h) Yield b (%)

1 30 2 39.4 
2 30 3 44.7 
3 30 4 45.2 
4 40 2 48.6 
5 40 3 54.7 
6 50 2 64.5 
7 50 3 68.8 
8 60 2 73.4 
9 60 3 77.7 

10 70 2 82.1 
11 70 3 85.5 
12 80 2 80.6 
13 80 3 75.7 

a Reaction conditions: isatin (10.5 mmol), glycine (10 mmol), dioxane (10 
mL), methanol (10 mL), p-TSA(0.5 mmol); b Isolated yield. 

This method was further studied in several recations of 
isatin with amino acids (1b-j) under similar conditions 
furnishing the respective N-(1,2-dihydro-2-oxo-3H-indol- 
3-ylidene)-amino acids (3b-j) (Scheme 2). The optimized 
results are presented in Table 4. 

3a-j

+
N
H
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NH2

COOH
p-TSA
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N
H

O

N

R

COOH

2a-j1

Scheme 2. Synthesis of 
N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-amino acids 3a-j 

The result showed that under the same conditions, all 
the yields achieved in the synthesis of N-(1,2-dihydro- 
2-oxo-3H-indol-3-ylidene)-amino acids 3a-j induced by 
p-TSA at 70 0C were about 70% (Table 4) and all the 
reaction times were about 3-4 h. It was also found that 
amino acids with long carbon chains (Table 4, entries 2-6) 
or with aromatic ring (Table 4, entries 7-10) generally 
gave lower yields, probably due to the large steric effect. 
That is to say, steric factors played a key role in affecting 
the rates of reaction and the reactions required a longer 
time. 
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Table 4. Synthesis of 
N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-amino  

acids 3a-j catalyzed by p-TSAa 

Entry Product 2 Timeb(h)  Yield c (%)

1 3a Gglycine (2a) 3.0 85.5 
2 3b L-Alanine (2b) 3.5 82.6 
3 3c L-Valine (2c) 3.5 80.7 
4 3d L-Methionine (2d) 3.5 78.2 
5 3e L-Aspartic acid (2e) 4.0 75.4 
6 3f L-Arginine (2f) 4.0 72.6 
7 3g L-Phenylalanine (2g) 4.0 70.5 
8 3h L-Histidine (2h) 4.0 72.8 
9 3i L-Tyrosine (2i) 4.0 73.7 
10 3j L-Tryptophane (2j) 4.0 67.4 

a Reaction conditions: isatin (10.5 mmol), amino acid (10 mmol), dioxane 
(10 mL), methanol (10 mL), p-TSA(0.5 mmol), temperature, 70 0C; b Moni-
tored by TLC; c Isolated yield. 

3 Experimental 
Apparatus and Analysis  

IR spectra were recorded on a Nicolet FT IR-500 
spectrometer. 1H NMR spectra were recorded on a 
Bruker DPX 300 MHz spectrometer, and shifts are given 
in ppm downfield from TMS as an internal standard, 
DMSO-d6 as the solvent. Elemental analysis was per-
formed on an Elementar Vario EL III analyzer. Melting 
points were determined on a XT-5A digital melt-
ing-points apparatus and are uncorrected. 

General procedure for the synthesis of N-(1,2-dihy-
dro-2-oxo-3H-indol-3-ylidene)-amino acids 3a-j A 100 
mL flask was charged with isatin 1 (10.5 mmol), amino 
acids (10 mmol) and p-TSA (0.5 mmol) in methanol (10 
mL) and dioxane (10 mL). This mixture was stirred at 70 
°C until amino acid has completely reacted, as indicated 
by TLC. After the completion of the reaction, the reac-
tion mixture was allowed to cool and a lot of precipita-
tion was isolated by filtration, and then washed three 
times with cold methanol to afford the pure product as 
solid. 

N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-glycine 
(3a) White solid, m.p. 287-288 °C; IR (KBr) υ: 3439, 
3188, 1665, 1630, 1613, 1503, 1403, 1337, 1128 cm-1; 1H 
NMR (300 MHz, DMSO-d6) δ: 10.15 (s, 1H, N-H), 9.76 
(s, 1H, COO-H), 6.83-7.68 (m, 4H, ArH), 4.25 (s, 2H, 
CH2); Anal. Calcd for C10H8N2O3: C 58.82, H 3.95, N 
13.72; found C 58.76, H 3.89, N 13.76.  

N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-L-alanine 
(3b) White solid, m.p. 267-268 °C; IR (KBr) υ: 3418, 
3036, 2969, 1637, 1586, 1479, 1411, 1369, 1338, 1149 
cm-1; 1H NMR (300 MHz, DMSO-d6) δ: 10.51 (s, 1H, 
N-H), 9.98 (s, 1H, COO-H), 7.48-7.89 (m, 4H, ArH), 3.35 
(q, J=3.9 Hz, 1H, CH), 1.19 (d, J=3.9 Hz, 3H, CH3); Anal. 
Calcd for C11H10N2O3: C 60.54, H 4.62, N 12.84; found C 
60.51, H 4.58, N 12.78. 

N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-L-valine 
(3c) White solid, m.p. 295-296 °C; IR (KBr) υ: 3456, 
3337, 1673, 1632, 1516, 1494, 1408, 1325, 1161 cm-1; 1H 
NMR (300 MHz, DMSO-d6) δ: 10.45 (s, 1H, COO-H), 
7.18-7.29 (m, 4H, ArH), 3.89 (d, J=6.1 Hz, 1H, CH), 
3.51(s, 1H, N-H), 3.23-3.31 (m, 1H, CH), 1.22 (d, J=4.5 
Hz, 6H, 2CH3); Anal. Calcd for C13H14N2O3: C 63.40, H 
5.73, N 11.38; found C 63.46, H 5.81, N 11.31. 

N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-L-methi- 
onine (3d) White solid, m.p. >300 °C; IR (KBr) υ: 3289, 
3198, 1703, 1622, 1487, 1456, 1359, 1123 cm-1; 1H NMR 
(300 MHz, DMSO-d6) δ: 10.41(s, 1H, COO-H), 7.02-7.31 
(m, 4H, ArH), 3.39 (t, J=5.6, 3.9 Hz, 1H, CH), 2.47-2.53 
(m, 2H, CH2), 2.47 (t, J=4.8, 3.9 Hz, 2H, CH2), 2.45 (s, 
1H, N-H), 1.75(s, 3H, CH3); Anal. Calcd for 
C13H14N2O3S: C 56.11, H 5.07, N 10.07; found C 56.17, 
H 5.13, N 10.13. 

N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-L-aspar- 
tic acid (3e) White solid, m.p. 290-292 °C; IR (KBr) υ: 
3447, 3345, 1674, 1628, 1519, 1453, 1401, 1312, 1151 
cm-1; 1H NMR (300 MHz, DMSO-d6) δ: 10.49 (s, 1H, 
COO-H), 10.42 (s, 1H, COO-H), 6.83-7.61 (m, 4H, ArH), 
3.96 (t, J=6.5, 4.6 Hz, 1H, CH), 3.25 (s, 1H, N-H), 3.29 (d, 
J=4.6 Hz, 2H, CH2); Anal. Calcd for C12H10N2O5: C 54.92, 
H 3.84, N 10.69; found C 54.97, H 3.76, N 10.61. 
N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-L-argini- 

ne (3f) White solid, m.p. >300 °C; IR (KBr) υ: 3336, 3256, 
1706, 1684, 1626, 1478, 1429, 1345, 1107 cm-1; 1H NMR 
(300 MHz, DMSO-d6) δ: 10.72 (s, 1H, COO-H), 10.21 (s, 
1H, N-H), 9.74(s, 1H, N-H), 7.63 (s, 1H, N-H), 6.73-7.58 
(m, 4H, ArH), 5.56 (s, 2H, NH2), 3.46 (t, J=6.0, 4.2 Hz, 
1H, CH), 3.11-3.23 (m, 2H, CH2), 2.02-2.14 (m, 2H, 
CH2), 1.39-1.56 (m, 2H, CH2); Anal. Calcd for 
C13H17N5O3: C 53.59, H 5.88, N 24.05; found C 53.64, H 
5.94, N 23.98. 

N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-L-phenyl 
alanine (3g) White solid, m.p. 296-297 °C; IR (KBr) υ: 
3417, 3262, 1708, 1623, 1521, 1479, 1325, 1189 cm-1; 1H 
NMR (300 MHz, DMSO-d6) δ: 10.47 (s, 1H, N-H), 8.36 
(s, 1H, COO-H), 6.83-7.42 (m, 9H, ArH), 3.59 (t, J=5.2, 
3.6 Hz, 1H, CH), 3.39 (d, J=3.6 Hz, 2H, CH2); Anal. 
Calcd for C17H14N2O3: C 69.37, H 4.80, N 9.52; found C 
69.31, H 4.74, N 9.59. 

N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-L-histidi- 
ne (3h) White solid, m.p. >300 °C; IR (KBr) υ: 3334, 
3254, 1730, 1689, 1621, 1475, 1403, 1342, 1109 cm-1; 1H 
NMR (300 MHz, DMSO-d6) δ: 10.62 (s, 1H, COO-H), 
10.26 (s, 1H, N-H), 8.96 (s, 1H, N-H), 8.09 (d, J=4.1 Hz, 
1H, =CHN), 6.71-7.63 (m, 4H, ArH), 6.81 (d, J=3.6 Hz, 
1H, =CHN), 3.87 (t, J=5.8, 4.1 Hz, 1H, CH), 3.15 (d, 
J=4.1 Hz, 2H, CH2); Anal. Calcd for C14H12N4O3: C 59.15, 
H 4.26, N 19.17; found C 59.21, H 4.32, N 19.25. 

N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-L-tyrosi- 
ne (3i) White solid, m.p. >300 °C; IR (KBr) υ: 3211, 3026, 
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1612, 1593, 1558, 1516, 1458, 1417, 1363, 1154 cm-1; 1H 
NMR (300 MHz, DMSO-d6) δ: 10.72 (s, 1H, COO-H), 
10.22 (s, 1H, N-H), 6.75-7.66 (m, 4H, ArH), 7.09-7.18 (m, 
2H, ArH), 6.48-6.57 (m, 2H, ArH), 5.78 (s, 1H, O-H), 
3.21 (t, J=5.6, 3.9 Hz, 1H, CH), 3.13 (d, J=3.9 Hz, 2H, 
CH2); Anal. Calcd for C17H14N2O4: C 65.80, H 4.55, N 
9.03; found C 65.87, H 4.51, N 9.08. 

N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-L-trypto- 
phan (3j) Brown solid, m.p. 297 °C (Dec.); IR (KBr) υ: 
3416, 3295, 3138, 1641, 1597, 1428, 1399, 1303, 1225, 
1112 cm-1; 1H NMR (300 MHz, DMSO-d6) δ: 10.62 (s, 
1H, COO-H), 10.27 (s, 1H, N-H), 8.57 (s, 1H, N-H), 
6.69-7.99 (m, 8H, ArH), 7.52 (d, J=15.8 Hz, 1H, CH=), 
3.49 (t, J=5.2, 3.7 Hz, 1H, CH), 3.36 (d, J=3.7 Hz, 2H, 
CH2); Anal. Calcd for C19H15N3O3: C 68.46, H 4.51, N 
12.61; found C 68.51, H 4.57, N 12.69. 

4 Conclusion 

In conclusion, we have found an efficient and conven-
ient procedure for the preparation of Schiff bases of 
N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-amino acids 
from isatin and amino acids in the presence of p-TSA in 
combination of methanol and dioxane (1:1) at 70 °C. The 
reaction of isatin with amino acids can be efficiently per-
formed giving good to high yields of the respective 
N-(1,2-dihydro-2-oxo-3H-indol-3-ylidene)-amino acids. 
This method is the most simple and convenient and would 
be applicable for the synthesis of different types of isatin 
Schiff base derivatives. 
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Abstract: Citric acid inhalation causes cough in guinea pigs, which could be prevented and cured after adi-
ministering Maxingshigan decoction for continuous several times. However, the time and concentration-effect 
relationships have not been fully clarified. In this paper, Maxingshigan decoction (nine doses and four time 
phases) was set for treating citric acid-guinea pig cough, which was detected by the System of Biomechanical 
parameter Collection, amicrophone and visual observation. The results showed citric acid-guinea pig cough 
number could also be decreased after administering Maxingshigan decoction only 1 time. And the best time 
for detecting cough number was 1 h after administering Maxingshigan decoction. The concentration-effect 
relationship of Maxingshigan decoction on cough likes wave, and the dose of Maxingshigan decoction 
(3.24g/kg) is the best for treating cough. The citric acid-guinea pig cough number was also decreased at 4 h 
after administering Maxingshigan decoction, but it is lower than that at 1 h. The time and concentration-effect 
relationships of Chinese Medicinal Herbs may be set as modern medicine. 
 
Keywords: Time and concentration-effect relationships; cough; Maxingshigan decoction

1 Introduction 

Inhalation of a citric acid aqueous solution is com-
monly used experimentally to evoke cough in guinea-pig 
and man. Acid-induced cough may be directly relevant to 
the chronic cough [1]. That pH value in airway is associ-
ated with inflammatory diseases, which contribute to 
cough [2]. Lots of Chinese Medicinal Herbs, considered 
anti-inflammatory and anti-bacterial, are known to pre-
vention and treatment of cough [3]. In a long time, Chi-
nese Medicinal Herbs may be administered long-term for 
treatment of disease. However, the time and concentra-
tion-effect relationships of cough change after adminis-
tering Chinese Medicinal Herbs are not fully known. 

Maxingshigan decoction is a formula of Traditional 
Chinese Medicine, which is a combination of plant spe-
cies and minerals such as Herba Ephedrae, Semen Ar-
meniacae Amarum, Gypsum Fibrosum and Radix et Rhi-
zoma Glycyrrhizae [4]. On a basis of clinical experiences, 
the Maxingshigan decoction plays an important role in 
prevention and treatment of cough. Citric acid inhalation 
causes cough in guinea pigs, which could be prevented 
and cured by Maxingshigan decoction in our study. 
However, the time and concentration-effect relationships 
have not been fully clarified. 

In this paper, Maxingshigan decoction was adminis-
tered only 1 time or continuous several times for treat-
ment of cough in guinea pigs. The cough number was 

detected at 1 h and 4 h by cough transfer-signal, voice 
and visual observation. The results showed Maxingshi-
gan decoction (3.24g/kg) could decrease cough number 
after administering for 1 h. The concentration-effect rela-
tionship of Maxingshigan decoction on cough likes wave, 
and the dose of Maxingshigan decoction (3.24g/kg) is the 
best for treating cough. 

2 Materials and Methods  
2.1 Animals  

Male guinea pigs (weighting 200～250 g, obtained 
from the Dongchang Center of Laboratory Animal, 
Changsha, China) were used in our study. All animals 
were kept in a temperature-controlled environment, with 
common laboratory food and water freely available. 

2.2 Measurement of Cough 

Unanesthetized male guinea pigs, which bound by res-
piratory-flow transducer, were placed in an individual 
transparent chamber and exposed to citric acid (0.4 M) 
generated with an ultrasonic nebulizer (Yuyue Medicine 
Technologies, China). The time of exposure to the citric 
acid was 4 min, followed by a further observation period 
of 6 min. Individual cough number was detected by the 
System of Biomechanical parameter Collection, amicro-
phone placed inside transparent chamber and individual 
visual observation. The animal exposed to citric acid for 
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1 min and cough number was counted for 3 min before 
experiments. Only animals, which cough number was 
counted between 10 and 30 times, were chosen for fur-
ther studying. 

2.3 Experimental Design 

To examine the effect of Maxingshigan decoction on 
citric acid-guinea pig cough. Guinea pigs were randomly 
divided into five groups such as control, codeine, 
high-dose Maxingshigan decoction (4.86g/kg, High-Ma), 
middle-dose Maxingshigan decoction (3.24g/kg, Mid-
dle-Ma) and low-dose Maxingshigan decoction (2.16g/kg, 
Low-Ma). Maxingshigan decoction had been continu-
ously administered for 7 days before citric acid-induced 
guinea pig cough model having been founded. Numbers 
of cough were counted with the System of Biomechani-
cal parameter Collection, amicrophone and visual obser-
vation, which are responsible for cough transfer-signal, 
voice recording and individual counting.  

To investigate the time-effect relationships of citric 
acid causes cough in guinea pigs after administering 
Maxingshigan decoction. Guinea pigs were randomly 
divided into five groups such as control, 0.5h, 1h, 2h and 
4h group. Four different administering time groups, but 
the concentration of Maxingshigan decoction was only 
3.24 g/kg. The cough number was counted at 0.5 h, 1 h, 2 
h and 4h, respectively. 

To explore the concentration-effect relationships of 
citric acid causes cough in guinea pigs after administer-
ing different doses Maxingshigan decoction. Guinea pigs 
were randomly divided into 10 groups such as control, 
0.96, 1.44, 2.16, 3.24, 4.86, 7.29, 10.94, 16.41 and 24.61 
g/kg group. The cough number was counted at 1 h and 4h 
after administering Maxingshigan decoction, respec-
tively. 

2.4 Drugs 

Citric acid was obtained from Sigma (USA.). Codeine 
was purchased from Qihai pharmacy Pharmacy Co., Ltd 
(Qihai, China). Herb Ephedrae, Semen Armeniacae 
Amarum, Gypsum Fibrosum and Radix et Rhizoma Gly-
cyrrhizae obtained from professor Rao Y. (The National 
Pharmaceutical Engineering Center for Solid Preparation 
in Chinese Medicinal Herbal Medicine, Nanchang, 
China). All Herbs were checked on basis of medicine law. 
And Maxingshigan decoction was prepared by traditional 
method. 

2.5 Statistical Analysis 

Data were analysed with SigmaPlot (SPSS Inc., Chi-
cago, IL, USA). All data were shown as mean ± SEM in 
this text and figures. Statistical significance between two 

groups was tested by Student’s t-test. The p value less 
than 0.05 was considered significant. 

3 Results 
3.1 Maxingshigan Decoction Decrease Cough 

Number 

Numbers of cough was measured by the combination 
of transfer-signal, voice and individual counting. The 
results showed citric acid could induce guinea pig cough 
(58.86 ± 11.73 times). Both Low-Ma and Middle-Ma 
decrease cough number (40.71±18.63 times, 35.1±3.85 
times) after adiministering Maxingshigan decoction for 
continuous several times, but not High-Ma (49.33±12.58 
times) (Figure1.). The results showed the dose (3.24g/kg) 
of Maxingshigan decoction is the best concentration for 
treatment of cough.  

 

Figure 1. The effect of Maxingshigan decoction  
on cough 

*, mean p＜0.05, **,mean p＜0.01,VS control, n=8.  

3.2 Time-Effect Relationships of Maxingshigan 

Decodtion on Cough 

The concentrations of Maxingshigan decoction 
(3.24g/kg) was set for treatment of cough in these ex-
periments. Cough number was detected after 
administering various times up to 4 h (0.5 h, 1h, 2h, 4h) 
in citric acid-guinea pig cough. Figure2. showed that 
citric acid could induce guinea pig cough (53.63 ± 10.78 
times). Cough number was decreased after administering 
Maxingshigan decoction for 1 h (34.83±9.15 times) and 
4 h (42.83± 9.04 times), but not 0.5 h (48.83 ±10.23 
times) and 2 h (52.17 ± 3.06 times). The 1 h after admin-
istering is the best phase for treatment of disease in Chi-
nese Medicinal Herbs. 
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Figure 2. Time-effect relationships of Maxingshigan  
decodtion on cough 

*, mean p＜0.05, **,mean p＜0.01,VS control, n=6. 

3.3 Concentration-Effect Relationships of 

Maxingshigan Decoction on Cough 

That effect of Maxingshigan decoction on citric 
acid-guinea pig cough was discovered. As nine doses 
were set for detecting the effect of Maxingshigan decoc-
tion on cough, the concentration-effect relationship was 
discovered. The results showed both 1 h and 4 h after 
administering, but the concentration-effect relationship 
of Maxingshigan decoction on cough likes wave. At 1 h 
after administering, the concentration of Maxingshigan 
decoction from 0.96g/kg to 3.24g/kg or from 10.94 g/kg 
to 24.61 g/kg, the concentration was increased and the 
cough number was decreased, but not the concentration 
of Maxingshigan decoction from 3.24g/kg to 7.29g/kg 
(Figure3.A). At 4 h after administering, the concentration 
of Maxingshigan decoction from 2.16g/kg to 4.86g/kg, 
the concentration was increased and the cough number 
was decreased, but not the concentration of Maxingshi-
gan decoction from 4.86g/kg to 10.94g/kg (Figure3.B). 
The effect of Maxingshigan decoction on cough at 4 h 
after administering less than that 1 h after administering. 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Concentration-effect relationships of  
Maxingshigan decodtion on cough 

A, count number of cough after administering Maxingshigan decodtion for 1 
h. B, count number of cough after administering Maxingshigan decodtion 
for 4 h. *, mean p＜0.05, **,mean p＜0.01,VS control, n=8. 

4 Discussion 

Cough is one of the most common symptoms of respi-
ratory disease. Maxingshigan decoction, a traditional 
Chinese formula, has been considered to be a good clas-
sic prescription for treatment of cough. The time and 
concentration-effect relationships of Maxingshigan de-
coction on cough likes wave line was demonstrated in 
this paper. Maxingshigan decoction (3.24g/kg) could 
decrease cough number after administering for 1 h, and 
the dose of Maxingshigan decoction (3.24g/kg) is the 
best concentration for treating cough. In this paper, 
cough number was counted by the System of Biome-
chanical parameter Collection, amicrophone placed in-
side transparent chamber and individual visual observa-
tion. The results would be more accurate than that indi-
vidual visual observation only.  

In a long time, time and concentration-effect relation-
ships are indistinguishable in Traditional Chinese Medi-
cine. On a basis of clinic experiences, Chinese Medicinal 
Herbs may be administered long-term for treatment of 
disease [5]. And time and concentration-effect relation-
ships of Chinese Medicinal Herbs are not same as mod-
ern medicine. In this paper, cough number was decreased 
after administering Maxingshigan decoction only 1 time. 
And found that the concentration-effect relationship of 
Maxingshigan decoction on cough was a wave line. It is 
not same as concentration-dependent manner in modern 
medicine. The complexes of compound may play an im-
portant role in these differences. 

The 1 h after administering is the best phase for treat-
ment of disease in Chinese Medicinal Herbs. Lots of 
pharmacokinetic are nonlinear in rats and humans with 
decreased total clearance at higher doses [6]. In this pa-
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per, the change of symptom was used to detecting time 
and concentration-effect relationships. Results would be 
an example for blooding in serum-pharmacology meth-
ods [7].  

In conclusion, the time and concentration-effect rela-
tionships of Chinese Medicinal Herbs may be set as 
modern medicine, but it would be more difficult than that 
in modern medicine. 
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Abstract: In order to explore the attenuation of sepia ink glycosaminoglycan (SIGG) towards immune system 
injury, S.D. rats were employed to be administered with intraperitoneal cyclophosphamide (CP) and/or oral 
sepia ink glycosaminoglycan. The results showed that cyclophosphamide can induce the immune system in-
jury by determination of number of leukocytes and lymphocytes in sera, and the antioxidant capacity in spleen. 
The SIGG at different doses all can inhibit the damage induced by cyclophospahmide to some extent. 
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1 Introduction 

Cyclophosphamide (CP), a most commonly used anti-
tumor drug which belongs to alkylating agent that mainly 
used in bone marrow transplantation, chronic and acute 
leukemias, multiple myeloma, lymphomas and rheumatic 
arthritis[1,2]. It is inactive until undergoing the activation 
in liver, and it can induce many side effects like hemor-
rhagic cystitis[3], decline of leukocytes[4] because of the 
toxic metabolin, which limit its application in practice.  

Sepia is a kind of invertebrate Mollusca who can eject 
the dark ink to protect themselves. Recently, there is an 
increasing interest in functions of sepia ink and re-
searches have showed that sepia ink possesses multiple 
biological functions like hemostasis[5], anti-tumor[6], 
anti-oxidation[7], anti-bacteria [8, 9] etc.. Actually, the 
history that sepia ink used as medicine in China can trace 
back to Ming Dynasty according to the Compendium of 
Materia Medica compiled by a famous doctor called 
Shi-Zhen Li. Previous researches demonstrated that the 
main compositions of fresh ink were melanin and pepti-
doglycan, and the peptidoglycan was the primary active 
ingredient. Researchers have done some work on separa-
tion and purification of sepia ink polysaccharides, they 
found that glycan chain was a new structural glycosami-
noglycan consisting of glucuronic acid (GlcA), 
N-acetylgalactosamine (GalNAc) and Fucose (Fuc)[10, 
11]. Sepia ink polysaccharide was a group of fucose-rich 
glycosaminoglycans (GAGs). They obtained three 
fucose-rich GAGs with biochemical technology and dis-
covered that the three GAGs had the same repeating unit 
of trisaccharide structure ｛ -3GlcA β 1-4(GalNAc α
1-3)Fucα1-)｝n. Currently, rarely information about the 
activity of purified sepia ink glycosaminoglycan was 
unveiled. With all these consideration in mind, the objec-
tive of this work is to explore the amelioratory effect of 
sepia ink glycosaminoglycan on immune system injury 

induced by cyclophosphamide.  

2 Materials and Methods 
2.1 Drugs and Chemicals 

Cyclophosphamide was procured from Pu-de Phar-
macy Limited Co., Shanxi, China. DEAE-sepharose F.F., 
SephadexG-15 were bought from Amersham Pharmacia 
Biotech company. Fresh sepia ink was obtained from 
fishermen and rapidly brought to the laboratory and 
stored at -40  before use. All other chemicals and so℃ l-
vents used are of analytical grade. 

2.2 Preparation of Sepia Ink Polysaccharide 

Extraction of SIGG from sepia ink was done according 
to the method[12]: Fresh ink taken directly from ink sacs 
of sepia was acidified to pH 4–5 with 0.1 M HCl and the 
solution was allowed to stand for 24 h at 4°C to partici-
pate melanin. Melanin was removed after centrifugation 
at 5,000 g for 1 h. Melanin-free ink was then digested 
with 2 volumes of 1% (w/v) papain in Tris–HCl buffer 
(50 mM, pH 6.8; containing 5 mM Cys and 5 mM EDTA) 
at 60°C for 24 h. Digestion was repeated twice to ensure 
the cleavage of the protein/peptide moiety. Crude mela-
nin-free SIGG was obtained after precipitation with 4 
volumes of ethanol. Protein was removed by the method 
of savage (chloroform: n-Butanol= 4: 1) for several times. 
Crude SIGG was dehydrated in freeze drier and grinded 
sufficiently in mortar. At last, SIGG was purified by us-
ing the DEAE-sepharose F.F. and desalted by using 
Sephadex G-15. (Fig.1 showed the maximum adsorbtion 
peak of SIGG) The samples were freeze-dried at 50 C 　
for 24 h. 

2.3 Animals and Experimental Protocol 

Healthy S.D. rats at 12 weeks of age were served as 
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experimental animals for the study. All animals were 
acclimatized 7 days prior to the commencement of the 
treatment and allowed free access to food and water. Rats 
were randomly divided into 6 groups; each group has 10 
animals, male and female share equal quantity in each 
group. Control animals (group A) were administered 
with normal saline throughout the experimental period (7 
days) and intraperitoneal normal saline at the beginning 
of experiment, respectively. Model animals (group B) 
were fed saline and intraperitoneally injected CP dis-
solved in saline at a dose of 100 mg/kg body weight at 
the beginning of experiment. Animals in group C and D 
were administrated with SIGG at dose of 10, 20 mg/kg/d 
body weight respectively during the experimental period 
and intraperitoneally injected normal saline at the begin-
ning of experiment. Co-treated animals (group E and F) 
were injected with CP (as in model group) and SIPS (as 
in group C, D respectively). At the end of experiment 
(the 7th day), animals were sacrificed via cervical de-
capitation, spleen was excised and washed with ice-cold 
normal saline, take a portion of tissue and make a 10% 
homogenate in ice-cold physiological saline to determine 
the antioxidant ability. Sera were prepared for investiga-
tion of peripheral lymphocytes and leukocytes. 

2.4 Organ Index of Spleen Determination 

Organ index of spleen was calculated and expressed as 
the ratio of organ weight to body weight, gram per gram 
(g/g). 

2.5 Peripheral Blood Profile Determination 

Blood was collected and sera was separated by cen-
trifugation at 3000×g for 10 minutes. The level of leu-
kocytes, lymphocytes in sera was determined by auto-
matic hematocyte counter (Micros60, HORIBA ABX, 
France). 

2.6 Determination of Antioxidant Ability in 

Spleen 

The level of SOD, CAT, T-AOC and MDA was as-
sessed by kit procured from Jiancheng Bioengineering 
research institute (Nanjing, China). 

2.7 Data Analysis 

The results were given as mean ± standard deviation 
(S.D.). Differences between groups were assessed by 
one-way ANOVA using SAS software for windows. Post 
hoc testing was performed using the least significance 
difference test. P values less than 0.05 were considered to 
be statistically significant. 

3 Results 
3.1 Organ Index of Spleen 

The changes of organ index of spleen as shown in 
Fig.2 that cyclophospahmide can obviosly decrease the 
index of spleen compared with control group (P＜0.05). 
High dose SIGG can significantly inhibit the decrease of 
index of spleen(P＜0.05), while low dose SIGG had no 
obvious effect on it (P＞0.05). 

3.2 Changes of Leukocytes and Lymphocytes in 

Sera 

Fig.3 and Fig.4 showed that cyclophosphamide mark-
edly declined the number of leukocytes and lymphocytes 
(P＜0.01), and the SIGG at different doses all can en-
hance the decline of leukocytes and lymphocytes induced 
by cyclophosphamide (P＜0.05 or P＜0.01). 

3.3 Changes of Antioxidant Capacity in Spleen 

and Sera 

Table 1 unveiled the changes of the antioxidant capac-
ity in spleen. The data in the table demonstrated that 
spleen was attacked by the free radical severely. How-
ever, all SIGG groups cotreated with CP showed the at-
tenuation effect of SIGG towards free radical in spleen 
compared with model group(P<0.05 or P＜0.01). 

4 Discussions 

Spleen is the largest immune organ in body, which 
contains lots of immune cells that can induce T lympho-
cytes and B lymphocytes and macrophage. What’s more, 
spleen is not only the important position of humoral im-
munoresponse, but also the important place of cellullar 
immunologic response. 

Determination of organ index of spleen and antioxi-
dant capacity in spleen showed that spleen was attacked 
by free radical and damaged to some extent, which mark-
edly affect the immunologic function of body. There is 
an effective antioxidation defense system including some 
antioxidase and nonenzymatic anti- oxidative substance 
in organism, which can clear up the excessive free radi-
cals and protect the histocyte. So, the activity of SOD, 
CAT, T-AOC and the content of MDA in tissue can in-
directly reflect the degree of injury of histocytes. Com-
bining with the examination of peripheral blood leuko-
cytes and lymphocytes, we can arrive at a conclusion that 
cyclophosphamide has resulted in immune system injury. 
On the other side, SIGG at different doses showed the 
inhibiting effect on the parameters metioned above, 
which demonstrated the attenuation effect towards im-
mune system injury induced by cyclophospahmide. The 
mechanism would be that SIGG undergo activating im-
mune cells and cleaning up the superabundant free radi-
cals, thereby play an important part in immune system 
protection. 
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Table 1. Antioxidant capacity in spleen 

 
SOD 

(U/mg prot) 
CAT 

(U/mg prot) 
MDA 

(nmol/mgprot) 

T-AOC 
(unit/milligra

m prot) 
A 17.2±1.18 0.94±0.14 0.53±0.11 6.17±1.45 
B 27.6±2.54* 1.41±0.09** 0.67±0.06* 10.11±1.54**
C 15.8±1.98 0.87±0.15 0.52±0.13 5.94±1.31 
D 14.9±1.29 0.91±0.11 0.49±0.05 6.19±1.78 
E 19.2±3.07 1.1±0.43# 0.55±0.09# 8.57±2.59# 
F 20.6±2.85# 0.99±3.99# 0.51±0.08# 8.79±0.71# 

 
Figure 4. Changes in number of lymphocytes in sera 

 

 

 
Note: A: control group; B: model group; C: low dose SIGG; D: high dose 
SIGG; E:cotreated CP and low dose SIGG; F: cotreated CP and high dose 
SIGG. “*”  or “**” means P<0.05 or P < 0.01 VS control group, “#” or 
“##” means P <0.05 or P<0.01VS model group. 
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Abstract: To optimize the extraction process of sulforaphane from vegetables and make sure the key factors 
to affect sulforaphane yield. orthogonal test L9 (3

4) was designed to investigate the effect of pH value, the 
ratio of material to buffer (g/mL) (solid to buffer), zinc concentration (Zncl2, mM/L) and reaction time (hour) 
on the amount of sulforaphane generated at room temperature. The results showed the ratio of material to 
buffer influencing on the formation of sulforaphane was significantly higher than factors of zinc concentration, 
pH value and reaction time (P <0.05), and the final protocol was decided: material to buffer ratio 1:20 (g/mL), 
pH value 7.0, zinc (Zncl2) concentration 8.0 mM/L and reaction time 2.0 h. The optimal extract process 
increased sulforaphane yield of 31.9% at maximum. The reasons why four factors affected the yield of 
sulforaphane was also discussed in detail through enzyme engineering and bioinformatics in the paper. 
 
Keywords: Sulforaphane; orthogonal design; enzyme engineering; bioinformatics; high performance liquid 
chromatography (HPLC); glucosinolates; glucoraphanin

1 Introduction 

The cruciferous vegetables are rich in glucosinolate, 
which are modified by amino acids, bearing an N-sulfate 
and an S-glucose moiety, but not all fruits and vegetables 
are equally effective. When cruciferous vegetables are 
crushed, bittern by insect or the human as well as in the 
harsh environment, gulcosinolate in special protein can 
be released and reacted with myrosinase, producing 
different second products in different pH condition, such 
as D-glucose, sulfate and intermediates. Then these 
intermediates change into bioactivities. Broccoli 
(Brassica oleraceae var. italica) typically has as its 
major aliphatic glucosinolate, methionine-derived 
glucoraphanin (4-methylsulphinylbutyl glucosinolate, 
RAA) [1]. Epidemiological studies suggest that 
sulforaphane is considered to be responsible for the 
major part of cancer prevention by up-regulating phase II 
detoxification enzymes that might clear chemical 
carcinogens and reactive oxygen species [2-4]. More and 
more papers are reporting sulforaphane can reduce the 
risk of most cancers of liver, lung, stomach, breast, colon, 
prostate and so on [5-9]. 

The first report about sulforaphane determination is 
Spencer and Daxenbichler (1980) [10] by gas 
chromatography-mass (GC/MS). Chiang (1988) [11] and 
Bertelli (1988) [12] also study the determination method 
of sulforaphane by GC/MS and high performance liquid 
chromatography (HPLC). But sulforaphane is unstable 
and depredated at high temperature. Most reported 

protocols are too complex or time-wasting. Liang (2006) 
[13] and Zhang (2007) [14] develop the extraction 
methods of sulforaphane, yet there are no detailed 
parameters about the pretreatment. Zhang (2009) [15] 
optimize hydrolysis conditions of sulforaphane by 
orthogonal design on solid to liquid, pH value and 
reaction time. Besides, sulforaphane yield is also affected 
by metal ions. Liang (2006) [16] studies effects of 
several metal ions on enzyme related with sulforaphane 
generation and reveals that zinc ion can significantly 
improve sulforaphane generation, while iron, calcium 
and other metal ions inhibit sulforaphane generation. But 
there is little research about the effect of pH, the ratio of 
solid to liquid, zinc ion concentration and reaction time 
on sulforaphane generation. 

Sulforaphane is becoming a hot topic on studies 
ofclinical medical, food chemistry and nutrition. So the 
study focus on optimization process of extracting 
sulforahane from broccoli seed by orthogonal design, 
analyzing the reasons affecting the yield of sulforaphane 
and bioactivity of myrosinase according to enzyme 
engineering and bioinformatics. Finally optimization 
process might provide basis for cancer research, 
sulforaphane extraction, as well as nutrition. 

2 The Materials and Methods 

Broccoli (Brassica oleraceae var. italica) seed 
“zhongqing 2” was harvested in field in December 2008 
at Institute of Vegetables and Flowers, Chinese Academy 
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of Agricultural Sciences (Beijing). 
Sulforaphane standard was purchased form LKT 

Biochemical Company (USA), and the purity was above 
99%. HPLC grade methanol, double-distilled water 
Milli-Q quality water system (Millipore, Bedford, USA) 
were obtained from Supervision and Testing Center for 
Vegetable Quality, Ministry of Agriculture (Beijing, 
China). Phosphates (K2HPO4 and KH2PO4), ethyl acetate 
of analysis reagent were purchased from Beijing 
chemical works (Beijing, China). 

Firstly, broccoli seed was crushed into powder by 
grinder. Then 0.50 gram powder was exactly weighed 
and hydrolyzed with phosphate buffer, and then the 
mixture was extracted by ethyl acetate. Extraction and 
mixture was together centrifuged at 6000 rpm (×g) 10 
minutes, repeating another two times based on the 
residuals. The collected three times supernatant were 
evaporated by rotator at 35 , and the residuals were ℃
dissolved by 10 mL methanol, filtered through Agela 
(China) No. 0.22 μm (D 13 mm) nylon filter paper and 
stored at -20  for analysis.℃  

Orthogonal design L9 (3
4) was set for the study based 

on three levels and four factors. Four factors were 
individually pH value, solid to buffer (g/mL), zinc 
concentration (mM·L-1, Zncl2) and reaction time (hour), 
following relatively three levels (Table 1). 

Table 1. Factors and levels of orthogonal design 

Factors 

Levels 
 pH 
value 

/A 

Solid to 
buffer

（g/mL）/B 

Zinc 
concentration 
（mM/L）/C 

Reaction 
time 

（h）/D 
1 5.0 1:05 1.0 1.0 

2 6.0 1:10 8.0 2.0 

3 7.0 1:20 20.0 3.0 

 
A SHIMADZU LC-20A HPLC system equipped with 

a SPD-20 UV detector and a reverse-phase C18 column 
(250 × 4.6 mm, 5μm, SHISEIDOTM) was used for 
sulforaphane analysis. A gradient mobile phase which 
consisted 5% tetrahydrofuran (Pump A) and 100% 
methanol (Pump B) was chosen, pump B solvent was 
40% initially and then changed linearly to 60% in 10th 
min, and return to 100% after 10th min, equilibrating for 
15 min at a flow rate of 0.80 mL/min. The absorbance 
was at 254 nm and the column oven temperature was set 
at 32 . The HPLC chromatograms of sulforaphane ℃
from extracted samples and standard were shown in 
Figure 1, 2. 

The standard of sulforaphane (1.0 mg/mL) was diluted 
into different concentrations: 5.0 µg/mL, 5.0 µg/mL, 50.0 
µg/mL, 10.0 µg/mL, 200.0 µg/mL and 300.0 µg/mL. The 
linear equation based on the peak area responses (Y) and 
theoretical concentration (X). One standard solution and 
one sample were analyzed by recording peak areas, the 

precision of the HPLC system was calculated by the 
relative standard deviation (RSD). And recovery and 
stability related to extraction were examined by spiking 
known amounts of sulforaphane standard in extracted 
solution with six repeats every treatment. 

Data was represented as average ± standard devation 
(Mean±SD) (n=3), and a t-test was performed for 
analyzing the data (а=0.05) by SAS Version 8.0 (Chinese 
Academy of Agricultural and Sciences). 

3 The Results and Discussion 

The linear equation based on peak area responses (Y) 
and theoretical concentration (X) was Y = 4623.7 + 
516.2X, R2 = 0.9998 at the range of 5.0 to 300.0 µg/mL 
standard samples. The RSD (%) for standard and extract 
samples were 2.5E-9 and 0.81 (RSD %) respectively 
(n=6). The average recovery of sulforaphane was 96.2 ± 
1.3% (Mean ± RSD, n=6). In our study, we detected one 
same standard samples by keeping the record every two 
hours, the RSD of stability was 0.22% (n=5).  

The chromatograms shown in figure 1 and 2 were 
standard and extract samples, both of them were with the 
same retention time based on the peak areas. The data 
suggested that different treatment had a different result 
(Table 2), and there were a significant difference among 
them (α=0.05). The ranges of sulforaphane detected in 
nine treatments of the orthogonal test were 5.319-7.015 
g/kg DW. And the highest content 7.015 g/kg DW was 
1.32 time than the lowest content 5.319 g/kg DW. The 
result revealed that optimal treatment No. 9 was better 
than the other treatments in the experiment. 

 

 

Figure 1. HPLC chromatograms of standard sulforaphane 

 

Figure 2. HPLC chromatograms of extract  
sulforaphane sample 
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Table 2. Data analysis of orthogonal design 

NO A B C D SF content（g/kg）

1 1（5） 1(1:05) 1(1) 1(1) 5.539 BC 

2 5 2(1:10) 2(8) 2(2) 6.672 AB 

3 5 3(1:20) 3(20) 3(3) 6.309 ABC 

4 2（6） 1:05 8 2 5.319 C 

5 6 1:10 20 1 6.913 AB 

6 6 1:20 1 3 6.582 ABC 

7 3（7） 1:05 20 3 6.088 ABC 

8 7 1:10 1 1 6.242 ABC 

9 7 1:20 8 2 7.015 A 
T1j 18.52 16.946 18.363 18.694 
T2j 18.814 19.827 19.006 19.006 
T3j 19.345 19.906 19.31 18.979 
Rj 0.825 3.446 0.947 0.312 

 
T= 56.679 

Note: Different capital letters show significant difference at P=0.01. 

The highest content of sulforaphane all the treatments 
7.015 g/kg DW was 1.46 time higher than Nathan (2001) 
report’s data, which was more meaningful for industry 
production of sulforaphane. 

Data analysis of variance showed the factor of solid to 
buffer was at significant level (α=0.05) (Table 3). The 
range data (Table 2) suggested four factors had different 
effects on sulforaphane content. The first was solid to 
buffer, the followings were separately zinc concentration, 
pH and reaction time. The treatment of No. 9 might be 
better protocol: solid to buffer (g/mL) 1:20, zinc 
concentration 8.0 mM/L, pH 7.0 and reaction time 2.0 
hours. 

Table 3. Data analysis of variance 

Factor Devsq Df F value 
F critical 

value 
significant 

level 
pH 0.117 2 0.857 6.940  

Solid to 
buffer 

1.896 2 13.890 6.940 * 

Zinc 
concentration 

0.156 2 1.143 6.940  

Reaction 
time 

0.526 2 3.853 6.940  

Error 0.27 4    

 
The same broccoli seed was validated by the protocol 

of No. 9 treatment. Data were recorded dividedly with 
three repeats and final result were 6.985 g/kg DW, 7.002 
g/kg DW and 7.051 g/kg DW. The result of validation 
suggested the protocol of No. 9 treatment was repeatable 
and stable, as well as consistent with No. 9 detection data. 
So No. 9 treatment was chosen as optimal protocol for 
hydrolysis of glucoraphanin into sulforaphane. 

Solid to buffer: enzyme kinetics studies show that 
enzyme reactions not only depend on pH, temperature 
and activation agent, but also relevant substrate 
concentration. When substrate concentration is at low 
level, there is a positive correlation between reaction rate 
and substrate concentration, and the reaction is often 

shown as one order reaction. According to the 
performance level for mixed reaction as increase of the 
substrate concentration, there is no longer increase of 
reaction rate. When substrate concentration at a certain 
level, the reaction rate decreases gradually, and finally 
the reaction rate achieves maximum level (Vmax) so that 
the reaction performance shows that zero level. In this 
study, solid to buffer (g/mL) 1:20 might increase the 
content of sulforaphane. We speculated that substrate 
concentration promoted the reaction achieve the 
maximum level (Vmax). 

Zinc concentration: myrosinase becomes the main 
factor influencing sulforaphane content when 
glucoraphanin is constant. The reaction of enzyme and 
substrate not only needs optimum temperature and pH, 
but also a right activator. Myrosinase belongs to the 
binding-protein family. Bioinformatics analysis reveals 
there are some ligand in the structure of myrosinase, such 
as fucose, glucose, xylose, BMA, liew, zinc ion and so 
on (Fig 4). The same ligand zinc ion may stable its 
structure, performancing as one activator (Figure 4). At 
the same time, when ZnSO4 meets myrosinase, the yield 
of sulforaphane will decrease, which might caused by 
existing of SO42- reversing the reaction. 

 
 

Figure 4. The ligands of myrosinase protein 

(Zinc ligand showed in pink box) 

pH: different enzymes require different pH condition, 
and most of them are changing from pH 5.0-8.0, animal 
pH value is pH 6.5-8.0, while plant and microbial pH 
4.5-6.5. Higher or lower pH value may decrease 
bioactivities of relative enzymes by changing their 
structures. So glucoraphanin hydrolyzes into different 
products at different pH conditions, and sulforaphane is 
the major product in neutral condition [17], while nitrates 
in alkaline condition. In our study, the result was 
consistent with previous reports. 

Reaction time: along with the reaction of enzyme 
continuing, the concentration of the substrate decreases, 
and the collision frequency of enzyme and substrate also 
decrease gradually so that the activity of enzyme begin to 
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decrease. At the same time, due to the instability of 
sulforaphane, it easily changes into its similar nitriles or 
other products, which also reduces the product of 
sulforaphane. In the study, there was a higher yield of 
sulforaphane in one to two hours. Liang (2004) report 
about the determination of vegetable seeds by HPLC and 
show that broccoli seed (Zhongqing 2) is with higher 
content of sulforaphane 4.618 mg/kg [17]. We had also 
tested the same style broccoli seed (Zhongqing 2) and got 
a higher content 7.015 mg/kg by optimized process, 
which was about 1.52 times higher than his reported 
result. Then we validated the optimal protocol and 
proved it to be with a stable and repeatable character. At 
the same time, we discovered ethyl acetate as solvent 
instead of methylene chloride and acetone also making 
the experiment stable, easy and lower toxicity. There 
were few impurity peaks based on extracting 
sulforaphane from broccoli seed. In a word, the optimal 
protocol and the higher sulforaphane content in broccoli 
seed might be useful and meaningful for medical, food 
chemistry research as well as nutrition. 

4 Conclusion 

The study provided one development method for 
extracting higher sulforaphane by orthogonal test L9 (3

4). 
The optimization condition for sulforaphane hydrolysis 
was validated with a good yield comparing to the other 
treatments. So the study laid the foundation for 
sulforaphane extract and medical research. 
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Abstract: The aim of the study is to discuss the anti-tumor mechanism of CMPGF (Cordyceps militaris(Fr) 
Link polycarbohydrate GF), which can induce H22 cell (mice transplanted ascites hepatoma cell lines) 
apoptosis in vivo. We established H22 transplanted tumor model in mice and observed ultrastructural changes 
of H22 tumor tussues by electron microscope. Apoptosis changes and apoptotic cells were present in tumor 
tissue in the eary stage after H22 mice were treated with CMPGF. To study the promoting-apoptosis effect of 
CMPGF. Annexin  FITC/PI double marking quantitative method was performed in the early stage of H22 Ⅴ
cells. The apoptotic cell percentages of CMPGF low-dose group, medium-dose group and high-dose group 
were 5.08%, 9.77% and 5.17% respectively. Medium-dose group increased obviously. Because we were not 
sure whether the apoptosis was associated with the expression of p53, immunohistochemistry methods were 
used to detect p53 protein in tumor tissue treated with CMPGF. Immunohistochemistry analysis demonstrated 
the expression level of mutatant p53 decreased. 
 
Keywords: Cordyceps militaris(Fr) Link polycarbohydrate; apopotosis; H22; p53 

  

1 Introduction 

The relationship of apoptosis and tumorigenesis is a 
hot research in recent years. The induced apoptosis can 
make cancer cells shrink or disappear, so it is an 
important and promising approach to try to induce tumor 
cells apoptosis to cure the tumors. Apoptosis has become 
a new outcome to assess the curative effect. Improving 
the ratio of tumor cell apoptosis and proliferation is a 
new requirement in clinical chemotherapy; apoptosis test 
is also a fast and effective screening method of anti-
cancer drugs. 

Cordyceps militaris(Fr) Link is one of medicinal 
caterpillar fungus. Its main medicinal ingredients include 
caterpillar fungus acid, caterpillar fungus element and 
caterpillar fungus polysaccharide. Cordyceps militaris
（Fr）Link has some effect such as anti-fatigue; improve 
immunity and anti-cancer and so on [1].so it is a medicinal 
fungus of high medical and economic value. The 
effectiveness of its artificially propagated products more 
unveiled its broad developmenting prospect.  It has 
become a serious problem to be solved to learn the role of 
specific active substances and their mechanisms. This 
study is designed to uncover the tumor cell apoptosis 
induced by CMPGF, cultured artificially Cordyceps 
militaris(Fr) Link extract in H22 mice. We hope further 
development and application experiment basis can be 
provided.  

 

2 Materials and Method 
2.1 Materials 

Male Kunming mice used in present study, which body 
weight were 20 ± 2 gram were provided by the 
Experimental Animal Center of Heilongjiang University 
of Chinese Medicine, Production License: SCXK 
(Beijing No. 2007-0001) .Cordyceps militaris(Fr) Link 
were planted by the department of Microbiology of 
Northeast Forestry University. Cordyceps militaris(Fr) 
Link polysaccharide GF was extracted according to 
Sasak’s method and identified by Molish’s method.H22 
tumor cell line was purchased from the Cancer Institute 
of Heilongjiang Province. Cyclophosphamide (sigma), 
Annexin Ⅴ (BD), PI (BD), buffer (BD). Flow cytometry 
FACScalibur (BD). Transmission electron microscopy 
T12 D 326(Philips). 

2.2 Methods  

2.2.1 Influence of CMPGF on the Ultrastructure of 

H22 Tumor Tissue Observed by Electron Microscope  
Select 7-9d tumor strains growing well and take ascites 

sterilely. Dilute ascites with saline to 2 × 106 / ml, stain 
with 0.2% trypan blue and account the total number of 
viable cells which was more than 95%. 0.2ml ascites / 
each mouse was inoculated in the subcutaneous of the 
right forelimb axillary after disinfection. Then the 
inoculated mice were randomly divided into 5 groups: 
CMPGF low-dose group (25mg/kg), CMPGF medium-

126

International Conference of Natural Products and Traditional Medicine (ICNPTM 2011)

978-1-61896-030-6 © 2012 SciRes.



 
 

 

dose group of (50mg/kg), CMPGF high-dose groups 
(100mg/kg), cyclophosphamide group and negative 
control group (equal volume saline), normal feeding. 
After 6h of inoculation, one times every day and 
continuous administration of 12d. observe the animal 
tumor growth until the tumors of negative control group 
up to over 1 g, after 24 h of the last administration, mice 
were sacrified by neck dislocation method and fixed in 
the supine position, disinfect the chest with 75% alcohol, 
dissect right axillary and get the tumors and wash them 
with cold saline, then blot with filter paper. 

Take 3 copies of tumor tissues of each group, which  
were placed in petri dishes and put a small amount of 
fixative in dishes, cut the tissue size of 2mm3 and then the 
following procedure were performed: prefixed 
(3%glutaraldehyde) →washed (phosphorylation liquid) → 
postfixed (osmium tetroxide) → rinsed (distilled water) → 
acetone gradient dehydration (50%, 70%, 90%, 100%) → 
soaked (24 hours) → polymerization (24 hours) → 
embedded (embedding Agent 812 #) →semi-thin section 
→ ultrathin sections →electron staining →observing 
ultrastructure of tumor cells by electron microscope half 
thin section-ultra-thin slices and electron microscope and 
dyeing ultrastructures of tumor cells. 

2.2.2 Detecting of H22 Tumor Cell Apoptosis Effect in 

the Early Stage Induced by CMPGF by Annexin  / Ⅴ

PI Double Staining Quantificative Assay 
Take each tumor tissue, prepare conventionally cell 

suspension liquid, wash 2 times with PBS and regulate 
cell concentration to 1 x 106 / ml, prepare three QC 
samples to set fluorescent compensation and cross-door 
range of flow cytometric analysis. No dyeing cells, and 
only use annexin V dyeing cells which were fluorescently 
labeled, with only the PI dyeing of cells. Following kit 
instructions, add FITC Annexin V and PI, analysize with 
computer. Each sample collected 10 000 cells. 

2.2.3 The Influence of CMPGF on the Expression of 

p53 
Take the tumor tissues of negative control group and 

CMPGF low, medium and high-dose group, by 
conventional fixed, paraffin-embedded sections of 5μm. 
routine dewaxing to water, immersed in 3% H2O2 and 
incubated for 10min at room temperature to eliminate 
endogenous peroxidase activity, washed with distilled 
water, PBS for 5 minutes, antigen Microwave repair ed 
with 0.lmol / L citrate buffer. Dropping closed normal 
goat serum at room temperature for 10-15 minutes, pour 
out, plus p53 antibody of 1:50 dilution and incubated 
overnight at 4 ℃, washed with PBS, 3 minutes × 3 times. 
Add biotin-labeled secondary antibody, incubated in 37 
℃ for 10-15 minutes. Washed with PBS again plus avidin 
labeled with horseradish enzyme, washed with PBS, 

dropping DAB staining, hematoxylin, conventional 
dehydration,  mounted with neutral gum. And then use a 
series of conventional means testing. 

The statistical treatment: Data use average said 
±Standard deviation and compare between groups with t 
test mean.  

3 Results 
3.1 Influence of CMPGF on the Ultrastructure of 

H22 Tumor Tissue Observed by Electron 

Microscope  

Electron microscopy showed the polygonal or diamond 
cells were present in negative control group. These cells 
have round nucleus, clear nucleolus, cytoplasm rich in 
organelles (Fig. 1A); most of the microvilli dropped out, 
necrotic cell debris can be seen and most of the nuclear 
heterochromatin marginate and aggregate in CMPGF 
low-dose group (Figure 1B); a large number of apoptotic 
cells or apoptotic disintegration of necrotic cells were 
fount in CMPGF medium-dose group showed (Fig. 1C); 
part of the nuclear fragmentation, cytoplasmic vacuoles 
of varying sizes and nuclear structure like apoptosis 
appeared in High-dose group(Fig. 1D); part of the 
collapsed and necrotic cells, the nuclear heterochromatin 
margination and blurred organelles were present in 
cyclophosphamide group.   

3.2 Detecting of H22 Tumor Cell Apoptosis Effect 

in the Early Stage Induced by CMPGF by 

Annexin  / PIⅤ  Double Staining Quantificative 

Assay 

Flow cytometry analysis showed that compared with 
negative control group, H22 tumor cell apoptosis was 
significantly increased in each CMPGF group. Apoptosis 
rate was 2.79% in negative control (Figure 2A), 5.08% in 
CMPGF low-dose group (Figure 2B), 9.77% in CMPGF 
medium-dose group (Figure 2C), 5.17% in high-dose 
group (Figure 2D), and2.74% in cyclophosphamide group 
(Figure 2E). 

3.3 The Influence of CMPGF on the Expression 

of p53 

It can be seen from Table 1 that the expression of 
mutant p53 protein was significantly down-regulated in 
H22 tumor tissues of CMPGF groups, compared with the 
negative control group (P <0.05). 

4 Discussion 

Apoptosis is a cell autonomous process, genetically 
controlled and expressed as cell shrinking, nuclear 
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chromatin condensation, nuclear marginalization, 
membrane foaming, and formation of apoptotic bodies 
and so on. It is different from cell necrosis. Cell necrosis 
is non-autonomous process, loss of integrity of its 
membrane and chemical gradients, leakage of cytoplasm 
contents   inducing the cell lysis and death [2] can be seen 
in cell necrosis. Qualitative detection of apoptosis depends 
on the morphological observation. in this study, electron 
microscopy analysis showed an initial presentation of 
apoptosis in CMPGF low-dose group, significant 
structural features of apoptosis in the medium and high-
dose groups. All these indicated that CMPGF can induce 
apoptosis. Flow cytometry are required in the quantitative 
detection of apoptosis. In 1992, Fadok reported 
phospholipids phosphatidylserine (PS) in the inner 
membrane migrate to the outside of cells in the early stage 
of apoptosis [3]. In 1995, Vermes detected the apoptotic 
cells by phospholipids binding protein Annexin V, which 
have a high affinity for PS. Since PS also expose surface 
of necrotic cells to present the Annexin V-positive, PI 
(DNA dye) staining must be used at the same time to 
distinguish the necrotic cells. Annexin V/PI double-
parameter method can distinguish apoptotic cells from 
normal cells and dead cells. It is the preferred method of 
quantitative apoptosis detection by flow cytometry at 
present [4-5]. Flow cytometry analysis showed that 
apoptosis rate was 2.79% in the negative control group, 
indicating that H22 tumor cells in mice have spontaneous 
apoptosis, apoptosis rate significantly increased in 
CMPGF low, medium and high-dose group, indicating 
that CMPGF can induce apoptosis and the medium-dose 
group was the best. 

p53 gene is a apoptosis-related cancer suppressive 
gene, located in the nucleus, it is a phosphorus protein of 
molecular weight 53kD including 393 amino acids. p53 
gene have two types, wild-type and mutant [6]. Wild-type 
p53 acts as “molecular policeman”, monitoring the 
integrity of cell gene, it can prevent gene mutation cells 
which have a tendency to convert cancer cells by cell 
suicide through apoptosis induction. Wild-type p53 play 
a tumor suppressor role. When the p53 gene mutates, it 
lost the ability to monitor cell cycle and initiate apoptosis 
program, leaving the cell proliferation control, and is 
closely related to the development of many tumors [7-8]. 
Wild-type p53 protein expressed in normal cells has a 
very short half-life, its expression cannot usually be 
detected by immunohistochemistry; but the expression 
protein of mutant p53 gene, which is cancer-causing gene, 
has a longer half-life, so it can be detected by 
immunohistochemistry method [9]. In the present study, 
p53 protein in H22 tumor tissues were detected by 
immunohistochemistry, the results showed that mutant 
p53 protein expression of H22 tumor tissues were down-

regulated in CMPGF low, medium and high-dose (P < 
0.05). 

All above showed that CMPGF can induce H22 tumor 
cells apoptosis, associated with down-regulate the 
expression of mutant p53. But further mechanisms need 
to be explored. 

 

  
A. Negative control                         B. CMPGF low-dose group      

 
C. CMPGF  medium-dose group              D. CMPGF high-dose group        

 
E. Cyclophosphamide group 

Figure 1. Ultrastructure of tumor cells under different 
treated(×2550) 

                                       
A. Negative control                      B. CMPGF low-dose group           
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C. CMPGF  medium-dose group       D. CMPGF high-dose group        

 

E. Cyclophosphamide group 

Figure 2. H22 cell apoptosis induced by CMPGF detected 
by Annexin V /PI technique 

Table 1. The influence of CMPGF on the expression of p53 

Groups mice numbers 
p53 expression 

value 
P value 

Negative 
control 

30 40.01±3.88  

Low-dose 
group 

30 34.57±3.50 <0.05* 

Medium-dose 
group 

30 33.23±3.08 < 0.05* 

High-dose 
group 

30 33.90±3.46 < 0.05* 

Note: * compared with negative control P<0.05. 
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Abstract: The study is to discuss the influence of Cordyceps militaris (L.ex Fr) Link polysaccharides 
GF(CMPGF) to the micronucleus formation rate of polychromatic erythrocyte (PCE) of bone marrow cells in 
mice and chromosome aberration rates induced by cyclophosphamide (CP), and to explore its anti-mutagenic 
effect. Micronucleus test and chromosome aberration test techniques were used in this study; we can get the 
results by microscopy and counting. The micronucleus inhibition rates were 29.75%, 36.20% and 44.48% 
respectively in MPGF low, medium and high-dose group. Inhibition rates were increased with the dose 
increasing. Compared with the cyclophosphamide group, each dose group were significantly different (P 
<0.05); The aberration rates which were decreased with the dose increasing were 36.7 ± 5.46, 20.8 ± 3.52 and 
18.1 ± 3.28 respectively in MPGF low, medium and high-dose group’s CMPGF can reduce the micronucleus 
inhibition rates of PCE of bone marrow cells in mice and the aberration rates induced by CP, CMPGF have 
antimutagenic activity. 
 
Keywords: Cordyceps militaris polycarbohydrate; micronucleus; chromosome aberration; cyclophosphamide 
 

1 Introduction 

Cordyceps militaris (L.ex Fr) Link and cordyceps 
sinensis belong to eumycota, Ascomycotina, 
pyrenomycetes, sphaeriales, claviticpitaceae and 
oedyceps[1]. It has some effect such as anti-fatigue; 
improve immunity and anti-cancer and so on [2]. Chinese 
medicine usually used to treat tuberculosis, the elderly 
chills, cough, weakness, anemia, maternal and elderly 
weakness, spontaneous sweating, waist and knee pain, 
weakness, coughing up blood, vomiting blood, etc. 
modern studies have shown that cordyceps has anti-tumor, 
anti-aging, and enhance Immunity and so on. 

Mutation is the genetic variation of the genetic 
material of organisms (chromosome or gene). Modern 
research shows that many human healths-threaten 
diseases such as cancer, aging and certain degenerative 
diseases are associated with the occurrence of mutation 
effects. Reducing chromosome mutation rate of the 
body’s normal cells and chromosomes by drugs with 
anti-mutant has far-reaching significance for the health of 
human life. This project examines the influence of 
CMPGF to micronucleus formation and chromosome 
aberration ratio of PCE in bone marrow cells of mice 
induced by cyclophosphamide to lay the foundation for 
further application. 

2 Materials and Methods 

2.1 Materials 

Kunming mice used in present study, which body 
weight was 20 ± 2 gram and gender were half for males 
and half for females were provided by the Experimental 
Animal Center of Heilongjiang University of Chinese 
Medicine, Production License: SCXK (Beijing No. 2007-
0001). Cordyceps militaris were planted by the 
department of Microbiology of Northeast Forestry 
University. CMPGF was extracted according to Sasak's 
method and identified by Molish’s method. 
Cyclophosphamide (Batch number: K06R045) was 
produced by sigma. Biological microscopy (CHK-213) 
was produced by Olin Olympus Corporation of Japan. 

2.2 Methods 
2.2.1 Micronucleus Test of PCE 

The mice were randomly divided into 5 groups: 
negative control group, CP group, CMPGF low-dose 
group, CMPGF medium-dose group and CMPGF high-
dose group. The mice of negative control group and CP 
group received intramuscular injection with saline 
respectively on 1 ~ 10 days. The mice of CMPGF low, 
medium and high-dose groups were injected with 
CMPGF of 25 mg/kg, 50mg/kg and 100mg/kg 
respectively. The mice of CMPGF group and CP group 
received intraperitoneal injection of CP (CP 40mg/kg) on 
9 and 10 days. The mice were killed by cervical 
dislocation 6h after injection on the 10th day. Get the 
double side of the femur, remove muscles with 75% 
ethanol soaked gauze, cut the femoral head, wash he bone 
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marrow cells with 3ml normal saline, centrifuged to 
1000rpm/min for 5 minutes, discard the supernatant and 
make the slices regularly. Three slices were made in each 
mouse, then numbered, dried naturally, fixed with 
methanol, stain with 1:9 of Giemsa and observed by oil 
microscope. Count 1000 PCE of cell-integrity and 
distributed evenly, appropriately colored area in each 
slide by double-blind count. Record the micronucleus 
cells (MN) and calculate rate of micronuclei per thousand 
(MN ‰). Inhibition rate according to the following 
formula: 

Inhibition rate (%) = [(the MN number of positive 
group-the MN number of experimental group)/the MN 
number of positive group] × 100%. 

Data presented as mean ± standard deviation, mean 
comparison between groups using t test. 

2.2.2 Chromosome Aberration Test of Mouse Bone 

Marrow Cells 
Animal species, grouping, and pre-treatment were 

same with the micronucleus test, and finally, 2 h after the 
injection of CP, Colchicines (4ug/g) was injected 
intraperitoneally; the mice were killed by cervical 
dislocation 4h after the injection. Get the Bilateral of the 
femur, remove muscles with 75% ethanol soaked gauze, 
cut the femoral head, wash the bone marrow cells into 
centrifugal tubes with physiological saline sucked in 
syringe, wind and percuss with a straw evenly, centrifuge 
with 1000rpm/min for 8 minutes, discard the supernatant, 
add 9ml 0.075MKCL solution to the centrifuge tube, 
wind and percuss to cell suspension with a straw evenly, 
Treat it with hypotonic solution at 37℃for 30 minutes, 
fix,  dry, stain with 1:9 of Giemsa for 8 minutes, observe 
by oil microscope. Count 100 metaphase cells of each 
animal which were well dispersed and colored clearly, 
record the number of chromosome structure 
abnormalities and abnormal cells. Each set of data as 
mean ± standard deviation, mean comparison between 
groups with t test.  

3 Results 
3.1 Influence of CMPGF to the PCE 

Micronucleus of Mice Bone Marrow Cells 

Induced by CP  

3.1.1 The Cytological Features of PCE 
Micronucleus were mostly single, round, smooth edges 

and tidy, caryochrome same as nuclear was blue-violet, 
the diameter was usually 1/20 ~ 1/5 under Oil immersion 
(Figure 1A). The micronucleated cells of PCE treated 
with CP, in one field of vision, cell micronucleus appear 
simultaneously in two Cells (Figure1B.1C). 

 

            

Figure 1A                  Figure 1B 
 

Figure 1C 
Figure 1. Micronucleus map marrow  

(Giemsa staining, ×100) 

3.1.2 Influence of CMPGF to the Micronucleus Rate 

of PCE Induced by CP 
The results of Table 1 showed that: CMPGF can 

reduce the bone marrow cell micronucleus rate induced 
by CP. Inhibition rates of micronuclei increased with the 
increasing doses in low, medium and high-dose groups, 
which were significantly different (P <0.05), compared 
with the CP group. 

Table 1. Influence of CMPGF to the PCE micronucleus 
bone marrow cells induced by CP 

Groups PCE 
micronucleus 

rate (‰) 
Inhibition 
rate (%) 

Negative 
control 

1000 1.90±0.74  

CP group 1000 32.6±5.58  
Low-dose 

group 
1000 22.9±3.93 29.75 

Medium-
dose group 

1000 20.8±3.52 36.20 

High-dose 
group 

1000 18.1±3.28 44.48 

3.2 Influence of CMPGF to the Chromosome 

Aberration of PCE Induced by CP 

Chromosomal aberrations cytological features of bone 
marrow cells treated with CP were the fracture and partial 
deletion of chromosome. 

The results of Table 2 showed that: CMPGF can 
reduce the rate of chromosomal aberrations induced by 
CP. The rate of chromosomal aberrations in CMPGF 
high-dose group was low. Compared with the CP group, 
CMPGF low, medium and high-dose groups were 
significantly different (P <0.05). 
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Table 2. Influence of CMPGF to the chromosome 
aberration of PCE induced by CP 

Groups 
Observed 

cell numbers 
aberration 
rate (%) 

P 

Negative 
control 

100 20.7 ±3.58  

CP group 100 43.5 ±6.17  
Low-dose 

group 
100 36.7 ±5.46 <0.05 

Medium-
dose group 

100 34.9 ±3.87 <0.05 

High-dose 
group 

100 28.5 ±4.53 <0.05 

4 Discussion 

Micronucleus formation is a genetic end point of cells 
by the genetic toxicology. Breaking of the chromosome 
and deferring to the late cell division or the destruction of 
chromosomes and spindle association of genetic damage 
can be detected by micronucleus test [3], the number of 
cells was observed by the number of micronuclei to 
determine the mitotic chromosome replication and 
whether these two processes is abnormal. Therefore, the 
micro-nuclear is often as an observation of whether there 
are indicators of mutagenicity induced by chemical 
substances. There has been a large number of 
applications in the genetic toxicity test of the foreign 
compounds (such as pharmaceuticals, food additives, 
pesticides, cosmetics, environmental pollution, etc.) and 
genetic damage detection of occupational exposure group 
and detection of Ecological Environment. Mammalian 
red blood cells in the ripening process can discharge the 
main nucleus and remain the micronuclei in the cell. Easy 
to identify, the results are stable and repeatable [3-4]. The 
study used the mouse bone marrow micronucleus test. 

Analysis of bone marrow cell chromosome aberration 
test can observed chromosome aberration of intermitosis 
and prophase. It can reflect such as broken pieces cracks, 
circular chromosomes, polyploidy and other distortion 
results, and the results are reliable, able to reflect directly 
the level of incidence of bone marrow cell chromosome 
aberration and can judge whether the test substances have 
mutation effect [5]. 

Micronucleus test, chromosome aberration test are 
widely used in detection of chromosomal damage in the 
classic techniques, including the cellular level and 
chromosome level of detection range. Micronuclei and 
chromosomal aberrations exists a direct relationship, but 
not the same, Micronuclei can reflect the structure 

aberrations of part chromosome, this mainly refers to the 
instability of distortion; addition to fragments of 
chromosome aberrations in the micronucleus can be 
formed, the chromatic breaks, single or multiple Article 
lagging chromosomes can form micronuclei, and 
chromosome aberration test is more precise in form of 
chromosome damage observed in the genetic toxicology 
screening in the two detection methods are often used. 

“Anti-mutant” and “mutation” are relative, according 
to the determination of relevant indicators of genetic 
toxicology; they can guide the anti-mutation screening 
material. Resistance mutation is to prevent gene 
mutations or chromosomal aberrations and other genetic 
material injury. 

CP as a mutagen can induce the formation of 
micronuclei and chromosomal aberrations. In the use of 
mutagens, CMPGF were given to observe the anti-
mutation effect at the same time. The micronucleus test 
in the present study showed that the micronucleus rate 
was 1.90 ‰ in negative control group, in a spontaneous 
mutation of the 1‰ ~ 3‰ range. three doses of CMPGF 
groups can significantly inhibit the micronucleus 
formation of PCE induced by CP and have significant 
differences compared with CP (P<0.05); chromo-some 
distortion analysis showed that three-dose CMPGF can 
reduce the chromosome aberration rates induced by CP 
and have significant differences compared with CP(P 
<0.05). The results of the study suggest that CMPGF 
with anti-mutation effects can reduce the damage to the 
chromosomes, it can prevent genetic damage such as 
chromosomal aberrations have a very good effect, and 
there is a good prospect. 
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Abstract: This review is focused on the research development in food habits of Hepialidae larvae, in which, 
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1 Introduction 

Cordyceps sinensis, as one of the well-known medical 
herbs in China, is beneficial to lung and kidney. It is a 
combo of Hepialidae larvae and fungus, formed through 
parasitization of Hirsutella sinensis on the Hepialidae 
larva (Lepidoptera，Hepialidae) [1]. The parasite will 
soon be filled with all the mycelium and become stiff 
when the Hepialidae larvae have been infected, which 
lead to the death of the parasite at last. Spring to summer, 
the stroma of Cordyceps sienesis (Berkeley) Saccardo 
sprout from the head of the parasite in appropriate condi-
tions, such as the temperature and humidity. In recent 
years, wild Cordyceps sinensis resources are decreasing 
while the demand for Cordyceps sinensis is increasing, 
which leads to the result that the yield of agrestal Cor-
dyceps sinensis cannot meet the demand. Besides, plants 
which are enjoyed by the Hepialidae larvae have de-
creased sharply. Consequently, the conservation and arti-
ficial cultivation of Cordyceps sinensis become neces-
sary choices. The cultivation of Hepialidae larvae is the 
base of the artificial cultivation of Cordyceps sinensis.  
Food habits research of Hepialidae Larvae has been re-
searched for many years, and many results have been 
acheived. 

2 The Distribution of the Hepialidae 

The insects of Hepialidae belongs to Insecta, Lepi-
doptera, Hepialidae, which is mainly distributed in Si-
chuan, Yunnan, Gansu, Qinghai, Tibet and other prov-
inces. Research has shown that 95% of the Hepialidae 
distribution areas are very narrow, and different species 
are usually distributed in different ranges, and sometimes 
there even are various species in different slopes and 
elevations in the same mountain [2]. 

The distribution center of the Hepialidae sp. is the 
area of latitude 27°~30°, longitude 95°~103°, which 
shows obviously zonal distribution, regional combination 
landscape and vertical distribution [3]. The Hepialidae is 

mainly distributed in the elevation of 3200~5100 m high 
plateau and high mountain gorge, and the most suitable 
elevation range for their growth is 3600~4800m[4]. The 
climate of these areas is the Tibetan Plateau climate, 
which character is low temperature, large temperature 
difference between day and night, no absolute frost-free 
period, long time frozen soil and sunny and strong ultra-
violet light, modern glaciers in local area, various micro-
climates [5]. The soil most suitable for the growth of the 
Hepialidae is alpine meadow soil. Douxi Zhu [6] et al. 
discovered that fertile humus soil was suitable for the 
survival of the Hepialidae larva. And the soft black soil 
is formed by the dense rot roots with normal thickness of 
20 cm ~ 30 cm. The distribution of plant communities in 
meadow significantly limits the distribution of the Hepi-
alidae populations. Moreover, the plant seasonal aspect 
has a very close relationship with the populations and 
biomass of the Hepialidae [7]. 

The geographical distribution of the Hepialidae is 
controlled by integrated multiple ecological factors, such 
as food, vegetation, soil structure, temperature and hu-
midity [4]. But the temperature, humidity, the content of 
soil salt and the soil pH are not major factors which in-
fluence the growth of the Hepialidae larvae, and biologi-
cal factors (e.g. vegetation) may play a leading role [8]. 

Compared with the adult stage, the larval stage of the 
Hepialidae is very long, varying from 2 to 5 years [9]. 
Larvae live in the soil [9-10], they create tunnels about 
20cm deep in the soil to the need of feeding and activity, 
and generally they live in (0)5~20(30) cm soil layer, but 
the active ones may concentrate in the scope of 10~15cm 
[5]. 

3 The Study Methods in Insects Food Habits 

The option and utilization of food are necessary condi-
tions to the growth of insect [11]. Insects play irreplace-
able roles in nature and human life, they can meet the 
physical and spiritual needs of human. The exploitation 
of medicinal materials and feed, such as the Hepialidae 
and the Tenebrio molitor, the prevention of harmful in-Fund project: The manuscript is subsidized by Chengdu Enwei Group 

Company. 
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sects and the breeding of economic insects (e.g. silk-
worm), do need the study of insect food habit, which 
may contribute to the more efficient use of insects and 
bring greater social and economic benefits. Now the in-
sects feeding habits are carefully researched in the food 
preference, the quantitative and qualitative analysis of 
food choice, food utilization, and so on [11]. Moreover, 
these elements are not isolated studied but studied to-
gether at one time to get the relationships between each 
other. 

Direct observation and artificial breeding methods are 
often used in studying insects feeding habits [11-13]. 
Usually these two methods are combined closely in a 
research. Zhonggui Lin et al. [14] adopted both methods 
to study the feeding habit of Hylobitelus xiaoi Zhang and 
its hazard and prevention technology. They confirmed 
feeding site, type and style of Hylobitelus xiaoi Zhang, 
Yunbing Wang et al. [15] used these two methods to 
conclude that 58 insect species of the Scarabaeoidea 
were sorted to herbivorous, omnivorous and sapro-
phagous insects. Qunfang Yang et al. [16] determined 
the food intake of grasshoppers using leaf area method 
and the proportion method, which can directly calculate 
the intake of certain insects except those living in the soil, 
feeding less, growing slowly, taking plants roots. How-
ever, Di Chen et al.[17] analyzed the stable carbon iso-
topic compositions of the Hepialidae larvae in Mountain 
Sejila on the Tibetan Plateau. And the local Hepialidae 
larvae were divided into plants roots feeding and humus 
substance feeding. The method can accurately track the 
diet composition of certain insects, which was suitable to 
study the feeding habit of insects, such as the Hepialidae 
larvae, but it cannot accurately figure out the ratio of 
every food composition in the total food intake. In order 
to get an appropriate proportion of food for the Hepiali-
dae larvae, molecular identification of foregut contents, 
which can identify different kinds of food debris, has 
been applied in researches [10]. All methods above 
should be adopted at one time to analyze the natural food 
components of the Hepialidae larvae in quality and quan-
tity. 

Other researches come down to the effects that foods 
bring to the growth and propagation of insects. Junhong 
Zhu et al. [18] recorded and analyzed the growth cycle, 
pupae weight, livability of the Spodoptera litura feeding 
different foods, and identified the foods fitting the 
growth of Spodoptera litura. The flow of the research 
failed to get an appropriate food combination satisfying 
the basic growth of the Spodoptera litura Fab. and keep-
ing them healthy and weight increase. Tapia D H[19] 
found the consanguineous relationship between food and 
the competitive exclusion of Myzus persicae. It can be 
concluded that individuals, populations, macro nutrition 
and micro chemical signals are the research direction for 
food utilization. Yikai Chen[20] detemined the nutri-
tional components of the plants preferred by the Hepi-
alidae larvae. It provided an idea that analysis system, 
such as the nutrition comparison of food-Hepialidae lar-
vae-Cordyceps sinensis, can be established through 
similar methods, which may contribute to the industrial 
development and the generalize of artifical Cordyceps 
sinensis. 

In summary, there are various research methods and 
burdensome complex content in studying insect feeding 
habits. When studying a certain insect feeding habits 
workable, effective methods should be chosen based on 
its characteristic and the research task. 

4 The Plants that Hepialidae Larvae Feeding 

Researches had been done on the feeding habits of 
Hepialidae larvae. From 1950 to 1961, Tailu Chen et al. 
firstly found the altitude distribution of Cordyceps sinen-
sis and Polygonum viviparom were similar. In the fol-
lowing researches, they fed larvae the roots of Poly-
gonum viviparom in room, and the larvae grew normally, 
which confirmed the opinion for the first time that Hepi-
alidae larvae eat Polygonum viviparom [21]. In 1973, 
Tailu Chen [21] pointed out that the Hepialidae larva was 
a kind of phytophagous insect and could resist hunger for 
a long time while the imagos eat nothing.  

Studies have shown that Hepialidae larvae eat many 
plants. Tab. 1 shows the plants known that preferred by 
the Hepialidae larvae [4, 6-7, 9]. 

Table 1. Plant list that Hepialidae larvae prefer to eat 

Family Genus Species Characters Distribution 

Polygonaceae Polygonum Polygonum capitatum Rhizome hypertrophy Jiangxi, Hunan, Hubei, Sichuan, Guizhou, 
Guangdong, Guangxi, Tibet. North India, 
Nepal, Sikkim, Bhutan, Myanmar and Viet-
nam 

  Polygonum viviparum Rhizome hypertrophy，rich in starch Jilin, Inner Mongolia, Xinjiang, Shaanxi, 
Gansu, Qinghai, Sichuan, Tibet, Korea,
Japan, Mongolia, India, Europe and North 
America, in alpine humid grassland 

  Polygonum macrophyllum Rhizome hypertrophy Yunnan, Guizhou, Sichuan, Qinghai, Gansu,
Shaanxi, Tibet; India. In alpine grasslands,
altitudes 3000-5000m 
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Family Genus Species Characters Distribution 

  Polygonum angusstifolium Perennial herb Distributed in eastern Siberia, Mongolia, 
China (Inner Mongolia). 

  Polygonum glaciale Small annual herb Hebei, Shanxi, Gansu, Qinghai, Sichuan, 
Yunnan, Tibet. 

  Polygonum orientale Annual herb, 2-3 m In whole China; Korea, Japan, the Philip-
pines, India, Australia, Russia. in the village
street and the waterfront edge of the wet-
land. 

 Rheum Rheum pumilum Small perennial grass, 10-20 cm high Distributed in Tibet and Qinghai. 

 Oxyria Oxyria digyna Perennial herb, 15-30 cm high Jilin, Shaanxi, Qinghai, Sichuan, Yunnan, 
Tibet; Korea, Japan, Mongolia, Europe and 
North America. in the valley slopes or 
mountain regions. 

 Rumex Rumex acetosa Perennial herb, 30-80 cm high Jilin, Liaoning, Hebei, Shaanxi, Xinjiang, 
Jiangsu, Zhejiang, Hubei, Sichuan and Yun-
nan; northern and eastern Asia, Europe and 
America, in the humidity fertile mountains.

  Rumex madaio Perennial herb, about 1 m high. Root 
hypertrophy and large, yellow. 

Sichuan, Guizhou, Jiangsu, Fujian, Hu-
nan. 

Rosaceae Potentilla Potentilla anserina Roots fleshy, fusiform Northeast, North, Northwest, Southwest; 
other parts of the world’s temperate there. In 
the valley or wet meadow. 

  Potentilla fruticosa Deciduous shrub, 1.5m high Liaoning, north, northwest, Sichuan, Yun-
nan; Japan, Mongolia, Russia, Siberia, 
Europe, North America, too. In High Peak 
thickets. 

 Malus Malus pumila Arbor,15m high Liaoning, Hebei, Shanxi, Shandong, 
Shaanxi, Gansu, Sichuan, Yunnan 

Gentianaceae Gentiana Gentiana macrophylla Perennial herb, 20-60 cm high, thick 
taproot, long and conical 

Heilongjiang, Inner Mongolia, Hebei, 
Shanxi, Shaanxi, Ningxia, Gansu, Qinghai, 
Sichuan and northwest; Russia, Mongolia, in 
the mountains 2000-3000m altitude grass-
land or forest edge. 

  Gentiana algida Perennial herb, 15-25 cm high, fibrous 
roots 

Jilin, Gansu, Xinjiang, Sichuan; Russia. 

Umbelliferae Daucus Daucus carota Linn. var. 
sativa Hoffm. 

Roots fleshy, long conical, fleshy, yellow 
or red 

Usually planted everywhere. 

 Ligusticum Ligusticum scapiforme Perennial herb, 5-25 cm high Sichuan, Yunnan, near the hillside turf. 

Gramineae Hordeum Hordeum vulgare Linn. var. 
nudum Hook.f. 

Whisker roots Tibet, Qinghai, Sichuan  Yunnan, Gansu 
elevation 4200-4500 m. 

  Hordeum vulgare Annual grass, whisker roots Yangtze River, Yellow River and Qing-
hai-Tibet Plateau. 

 Festuca Festuca ovina No rhizome Distributed in the temperate regions of Eura-
sia and North America, China's northwest 
and southwest  

 Deyeuxia Deyeuxia arundinacea Perennial herb Distributed in southwest, central, east, north, 
northeast, northwest in China. 

 Poa Poa crymophila Perennial herbs, whisker roots, with a 
sand cover, with rhizomes, tillering abil-

ity 

Mainly distributed in Qinghai, Gansu, Tibet, 
Sichuan, Xinjiang; India. 

Solanaceae Solanum Solanum tuberosum Herbal high 0.3-1m, massive rhizome, 
flat rounded spherical or moment 

Widely planted in temperate regions around 
the world. 

Liliaceae Polygonatum Polygonatum sibiricum Perennial herbs. Roots will occur, mast 
fleshy, yellow-white, slightly flat, circle

Hebei, Inner Mongolia, Shaanxi, Guizhou, 
Hunan, Yunnan, Anhui, Zhejiang Guangxi.

Compositae Pyrethrum Pyrethrum tatsienense Perennial herb, 7-25 cm high Sichuan, Yunnan, in alpine meadow. 

 Saussurea Saussurea pinnatidentata Perennial herb, 25-80cm high,  fusiform 
root 

Inner Mongolia, Gansu, Qinghai. In natural 
meadow, saline and farm, elevation 
2200-3200m. 

  Saussurea laniceps Perennial herb, 15-30 cm high, thick 
rhizomes 

Southwestern Sichuan, northwestern Yunnan 
and eastern Tibet. 

 Artemisia Artemisia annua Perennial herb All over in China. 

Juncaginaceae Triglochin Triglochin maritimum Perennial herb of wet Distributed in northeast, north, northwest, 
southwest provinces in China; also widely 
distributed in the north temperate zone and 
the north frigid zone. 
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Family Genus Species Characters Distribution 

Ranunculaceae Caltha Caltha scaposa Perennial herb, 10-15 cm high Southern and eastern Tibet, northwest Yun-
nan, western Sichuan, southern Qinghai, 
southern Gansu; Nepal, India, in elevation 
2800-4100m in the wet meadow or valley. 

 Oxygraphis Oxygraphis glacialis Perennial grass, 2-9cm high. Rhizome 
roots short, , slender 

Tibet, northern Yunnan, western Sichuan, 
southern Shaanxi, Gansu, Qinghai and Xin-
jiang; Central Asia, Russia, Siberia, Mongo-
lia in 3000-4800m altitude alpine meadow.

 Ranunculus Ranunculus tanguticus Perennial herbs. Thin roots, the upper part 
slightly  swollen. 

Distributed in Shanxi, Shaanxi, Gansu,
Qinghai, Sichuan, Yunnan, Tibet provinces; 
Nepal, India. 

 Paeonia Paeonia lactiflora Perennial herb, 60-80 cm high Gansu, Shaanxi, Shanxi, Hebei, Northeast 
Inner Mongolia and; Mongolia, Russia, 
Siberia. 

 Thalictrum Thalictrum alpinum Perennial herb Tibet and Xinjiang; in 2500-4750m altitude 
meadow or marsh grass slopes. 

Caryophyllaceae Arenaria Arenaria bryophylla Cushion-like perennial herb. Roots thick, 
lignified 

In elevation of 4200-5400 meters alpine 
meadow and alpine rubble. Distributed in 
Tibet and Qinghai. Kashmir, Nepal, Sikkim.

  Arenaria lancangensis Cushion-like perennial herb. Roots, 4-11
㎝ high 

In northwestern Yunnan, western Sichuan, 
southeastern southeast Qinghai, southeast 
Tibet, in alpine meadow of elevation 
3500-4800m. 

Primulaceae Primula Primula pinnatifida Perennial herb Northwestern Sichuan, Yunnan, southeastern 
Tibet. 

Cyperaceae Carex Carex  schneideri Perennial herb, rhizome clusters Sichuan, Yunnan, Tibet. 

  Carex atrofusca Perennial herb, 15-30 cm high, sparse 
clusters, rhizome with short stolons.

Distributed in Gansu, Qinghai, Sichuan, 
Yunnan, Tibet. 

 Kobresia Kobresia pygmaea Cushion-like herb Distributed in Inner Mongolia, Hebei, 
Shanxi, Gansu, Qinghai alpine meadow and 
alpine shrub meadow, altitude 3200-5400m.

  Kobresia humilis Short rhizome Xinjiang, in sunny slopes of subalpine 
meadow at an elevation of 2500-3000m. 

Campanulaceae Codonopsis Codonopsis lanceolata Trailing perennial herb Mainly in the Northeast of China. 

Leguminosae Astragalus Astragalus yunnanensis Perennial herbs, thick taproot. Distributed in Sichuan and Yunnan. In 
slopes or grassland of elevation 3000-4300m 

  Astragalus balfourianus Perennial herb Distributed in Sichuan, Yunnan, growing in 
altitude of 2,650-4,000m. 

  Astragalus frigiolus Perennial herb, 20-60㎝high, erect stem. In North America, Pakistan, Central Europe, 
Russia, India and Sichuan, Yunnan, Xinjiang 
in china, growing in altitude of 2,000m. 

  Astragalus levitubus Perennial herb Western Sichuan and northwestern Yunnan. 
In elevation of 4,000m. 

  Astragalus floridus Perennial herb Roots stout, Straight. Gansu, Qinghai, Sichuan and Tibet. In the 
elevation of 2600-4300m. 

  Astragalus xiaojinensis Perennial herb,40㎝ high In northern Sichuan. In elevation of 3500m 
on the slopes. 

  Astragalus tongolensis Perennial herb Roots stout, Straight. In Sichuan. In the hillside above 3000m 
altitude. 

  Astragalus ernestii Perennial herb Roots stout. Western Sichuan, northwestern Yunnan and
eastern Tibet. In 3900-4500m altitude. 

Convolvulaceae Convolvulaceae Ipomoea batatas Herbaceous perennial vine, white, red or 
yellow root. 

Planted widely in China. 

Salicaceae Salix Salix lindleyana Cushion-like shrubs, prostrate trunk and 
rooting. 

Tibet and northwestern Yunnan, in 4000m 
altitude 

Ericaceae Rhododendron Rhododendron amesiae Shrub, 2-4 m high western Sichuan, altitude 2200-3000 m. 

  Rhododendron capitatum Evergreen shrub, about 1m high Qinghai, Gansu, altitude 2500-3600m. 

  Rhododendron przewalskii Evergreen shrub,  near 3m high Qinghai, Gansu, Shaanxi, Sichuan, altitude 
4000m. 

  Rhododendron anthopo-
gonoides 

Evergreen shrub, 1-3m high Gansu, Qinghai and Sichuan, altitude 
2900-3700m. 

  Rhododendron keysii Evergreen shrub, about 4m high Southern Tibet, Bhutan. Altitude 
2800-4500m. 

  Rhododendron microgynum Shrub, 0.6-1.6 m high Northwestern Yunnan and southeastern 
Tibet, altitude 3350-4250m. 

  Rhododendron 
chamaethomsonii 

Erect shurb,15-90㎝ high Northwestern Yunnan and southeastern 
Tibet, altitude 4200-4500m. 
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Family Genus Species Characters Distribution 

  Rhododendron pumilum Small evergreen shrub, about 20 cm high. Southwest Yunnan, southern Tibet, Sikkim, 
Myanmar, altitude 4000m around. 

Explanation: Characteristics and distribution of plant in the table are neatened according to Flora of China and Atlas of higher plants in China. 
 

Plants Hepialidae larvae prefer are distributed in 33 
Genera of 18 Families, most of which are distributed in 
altiplano area, such as Sichuan, Yunnan, Qinghai and 
Tibet, which shows an identical distribution with the 
distribution of Hepialidae larvae. As we can see from the 
table, most plants are Perennial herb with fleshy roots or 
rhizome. Researches had shown that plants in Polygona-
ceae, Leguminosae, Cyperaceae, Gramineae, Ranuncu-
laceae are Hepialidae larvae’s favorite food[28], of 
which plants in Polygonum (Polygonum viviparum, Po-
lygonum macrophyllum), Rheum(Rheum pumilum), As-
tragalus are often firstly be chosen to feed the larvae. 
Other plants such as carrots, apples and potatoes are also 
the food Hepialidae larvae prefer to take. Food with 
Rheum pumilum showed an obvious increase in avoir-
dupois to the antitheses without Rheum pumilum [24]. 
Carrots can be used to be the food feeding the Hepialidae 
larvae, while potatoes are not appropriate as they rot and 
go moldy easily [25]. The Hepialidae larvae usually take 
the fresh and tender roots growing in current year [29]. 
Under artificial conditions, plants are easier to be chosen 
than in nature [30]. It had been reported that the Hepi-
alidae larvae feed every few days [25], they had an abil-
ity of anti-hunger and took the soil humus in hunger [28]. 

Fei Liu et al. [31] detected the nutrition of different 
Polygonum viviparum from Sichuan and Chongqing and 
showed that the ash and total sugar contents of Poly-
gonum viviparum in Chongqing were significantly higher 
than those in Sichuan, and the contents of K elements in 
Chongqing Polygonum roots were significantly higher 
than that in Sichuan Polygonum root, and Mg, Fe, and 
Mn elements were significantly lower than those in Si-
chuan Polygonum roots. 

5 Discussion 

Up to date, 63 kinds of Hepialidae have been found in 
China[8, 21, 32-47], and 10 of which have been re-
searched on biological characteristics. The ten Hepiali-
dae are Hepialus armoricanus[21], H. menyuanicus[28, 
40], H. yushuensis[40], H. gonggaensis [48], H. oblifor-
cus, H. baimaensis[39], H. renzhiensis, H. deqinensis, H. 
altaicola and H. jianchuanensis[51]. There are various 
biological characteristics in different Hepialidae, and 
deeper and wider researches are needed. 

Hepialidae feed only at larval stage, and larvae make 
tunnel in the soil living in caves, which is not conducive 
for observational study[10]. Therefore, strict control of 
temperature and humidity are required when using soil-

less culture, and isolated breeding is also important as 
the larvae often attack each other when they encounter. 
Accordingly, one of the key factors to reveal the Hepi-
alidae larvae feeding habits is the designing of research 
methods. 

Although researches on the feeding habits of Hepiali-
dae larvae have made great progress, the order of plants 
taken by Hepialidae larvae is not clear, and the feeding 
habits of larvae in different ages have not been identified 
respectively, and no results show the effect of different 
organs of plant material on the larvae. The Hepialidae 
larvae take many kinds of plants, most of which are wild 
plants with limited production, so that the development 
of artificial food is hot. 
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Abstract: Introduction of alien germplasm from different species into crop plants is commonly used in wide 
hybridization-based plant breeding programs. Alien introduction may cause the frequent observation of novel 
traits in hybridization-derived offspring. The origin of novel traits in the derived hybrid progenies may be ex-
plained, in part, by structural changes of chromosomes and perturbation of epigenetic state of the recipient 
genome (e.g., DNA methylation patterns). Therefore, it is necessary to analyze the levels and patterns of ge-
nomes DNA methylation when study the hybrid progenies. This paper presented a sensitive and reproducible 
method for determining global genomic DNA methylation (GDM) alterations using high-performance liquid 
chromatography (HPLC). All results of injection precision, stability, repeatability and recovery test indicate 
that this method was adequate, valid and applicable. Furthermore, thirteen wheat-rye translocation lines were 
analyzed to obtain their global genomic DNA methylation (GDM) changes using this method, respectively in 
shoot and root samples. The results showed that DNA methylation levels were diverse among these cultivars. 
Meanwhile, the GDM levels showed significantly differences between different tissues, shoots and roots, of 
same cultivar. These results demonstrated that this developed method was feasible for quality evaluation of 
global genomic DNA methylation (GDM) for wheat (Triticum aestivum L) and its derived hybrid progenies, 
even could be applied to its close relatives. It is meaningful for further studies of interspecific hybridization 
and crop breeding programs. 
 
Keywords: Wheat-Rye translocations lines; HPLC; global genomic DNA methylation (GDM) 

1 Introduction 
Introduction of superior alien germplasm from differ-

ent species to crop plants is an important and efficient 
way for the improvement of crop breeding because of the 
origin of many adaptive traits. Lots of studies have fo-
cused on genetic and epigenetic changes caused by hy-
bridization to explore the underlying mechanism for the 
origin of novel traits in the derived hybrid progenies [1, 
2]. 

DNA methylation, the addition of a methyl group to a 
cytosine base, is one of epigenetic modifications. It is 
evolutionarily ancient and plays essential roles in mul-
tiple cellular activities, including maintenance of ge-
nomic integrity, formation and perpetuation of heteroch-
romatin, controlling of gene expression and genomic 
imprinting [3]. In plants, DNA methylation commonly 
occurs at cytosine bases within all sequence contexts: the 
symmetric CG and CHG contexts (where H=A, T, or C) 
and the asymmetric CHH context. DNA methylation in 
plants predominantly occurs on transposons and other 
repetitive DNA elements [4]. In plants, de novo methyla-
tion is catalyzed by DOMAINS REARRANGED ME-
THYLTRANSFERASE 2 (DRM2) and maintained by 
three different pathways: CG methylation by DNA 
METHYLTRANSFERASE 1 (MET1), CHG methyla-
tion by CHROMOMETHYLASE (CMT3) and asymme-

tric CHH methylation through persistent de novo methy-
lation by DRM2 [5]. 

Patterns of DNA methylation can be analyzed in total 
DNA, site-specific DNA sequences, or in sequences that 
undergo rapid changes in methylation status. The quanti-
fication of total DNA methylation is useful for deter-
mining global genomic changes that site-specific se-
quence techniques may not detect. While this approach 
does not differentiate between coding and non-coding 
sequences of DNA, nor detect subtle differences in the 
methylation status of individual genes, it is an appropri-
ate technique for assessing the larger-scale epigenetic 
effects of hybridization, stress and acclimation responses 
in plants [6]. High-performance liquid chromatography 
(HPLC) is considered the most reliable and sensitive 
technique to determine total DNA methylation [7]. 
HPLC analysis can also resolve and detect modified 
bases other than 5-methylcytosine that may have biolog-
ical significance. The procedure for HPLC analysis of 
DNA from plants was first reported by Wagner and Ca-
pesius [8]. Methods were also established for mamma-
lian and microbial DNA by Kuo et al. and Gehrke et al. 
[9], which have since formed the basis of HPLC analysis 
of DNA for a wide range of tissues. Then, the procedures 
were reviewed and developed for plants tissues by Jason 
W. Johnston [6].  

This paper optimized and presented a sensitive and re-
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producible method for determining 2`-deoxycytidine and 
5-methyl-2`-deoxycytidine using HPLC system. Fur-
thermore, thirteen wheat-rye translocation lines were 
analyzed to obtain their global genomic DNA methyla-
tion (GDM) changes using this method, respectively in 
shoot and root samples. The results showed that there 
were significant differences of GDM between these 
translocation lines and between the two parts in same 
line.  

2 Material and Methods 
2.1 Chemicals and Reagents  

Standards of 2`-deoxycytidine and 5-methyl-2` 
-deoxycytidine with purity of 100% were supplied by 
Sigma-Aldrich. Nuclease (S1) and alkaline phosphatase 
(CIAP) were purchased from TaKaRa. HPLC grade ace-
tonitrile and methanol (Tedia, USA) were used for the 
HPLC analysis. The potassium dihydrogen phosphate 
(KH2PO4) was of AR grade. The water used in all expe-
riments had a resistivity of 18.2 MΩcm. 

2.2 Instrumentation and Chromatographic  
Conditions  

HPLC analysis was performed using a quaternary 
pump, a manual simple injector with a 20 µl loop and a 
photo diode-array detector set to 280 nm.  

An gradient elution protocol was performed, consisted 
of 8 min with buffer A (10mM KH2PO4 adjusted to pH 
3.7 with phosphoric acid, 0.22 μm filtered), followed by 
a linear gradient from 8 to 23 min to buffer B (25% v/v 
acetonitrile in 10 mM KH2PO4 adjusted to pH 3.7 with 
phosphoric acid, 0.22 μm filtered), followed by a linear 
gradient from 23–28 min to buffer A, followed by 28-38 
min with buffer A, on a YMC-Pack ODS-A C18 column 
(150 × 4.6 mm I.D. S-5μm,12nm), with a flow rate of 1.0 
ml/min. The effluent was monitored at a wave length of 
280 nm. Injection volume was 10 μL and the analyses 
were carried out at temperature 25℃. Deoxycytidine 
methylation (%) was calculated as 
5-methyl-2`-deoxycytidine concentration divided by the 
combined concentration of 2`-deoxycytidine and 
5-methyl-2`-deoxycytidine, multiplied by 100.  

2.3 Plant Material, DNA Extraction and DNA 
Digestions 

Thirteen wheat-rye chromosome translocation lines 
“Chuan-nong” series were analyzed in the present study, 
including Chuan-nong10 (CN10), Chuan-nong11 (CN11), 
Chuan-nong12 (CN12), Chuan-nong17 (CN17), 
Chuan-nong18 (CN18), Chuan-nong19 (CN19), 
Chuan-nong21 (CN21), Chuan-nong22 (CN22), 
Chuan-nong23 (CN23), Chuan-nong24 (CN24), 

Chuan-nong25 (CN25), Chuan-nong62 (CN26) and 
Chuan-nong27 (CN27). Pedigree of these cultivars was 
according to REN Tian-heng [10]. 

Mature seeds were surface-sterilized with 75% ethanol 
and were placed in 15 cm Petri dishes on two layers of 
soaked filter paper. After germination, plant seedlings 
were grown in an incubator at (25±0.5) ℃ under 16 h 
of daylight and 8 h of darkness for 20 d. Then, the ge-
nomic DNA was isolated from shoots and roots respec-
tively using cetyltrimethyl-ammonium bromide (CTAB) 
procedure according to Murray and Thompson [11]. The 
genomic DNA was checked for quality and quantity by 
agarose gel electrophoresis (0.8% agarose) and fluorime-
try (BioSpec-mini, Shimadzu, Japan). 

The method employed for DNA enzymatic hydrolysis 
was adapted from Johnston [6]. Nuclease S1 and alkaline 
phosphatase digestions were performed using 10μg of 
nucleic acid. Nucleic acids were denatured by heating to 
95 °C for 8 min and held on ice quickly for 5 min. Di-
gestion reactions were according to Johnston with some 
modifications. Samples were centrifuged at 10,000 × g 
for 5 min after digestion and the supernatant were then 
filtered (0.22 μm) prior to HPLC analysis.  

3 Results and Discussion 
Peaks were identified using standards. Chromatogram 

of standards was shown in Fig. 1.  

3.1 Methodology Validation 
3.1.1 Calibration, Linearity and Limit of Detection  

Under the optimized experimental conditions, calibra-
tion curves of 2`-deoxycytidine showed good linearity in 
2.5–315 ng, and 5-methyl-2`-deoxycytidine showed good 
linearity in 3.5–445 ng. Correlation coefficients (r) of 
these calibration curves were 1.0 (Fig. 2). The detection 
limits were all no less than 0.05ng/mL. 

3.1.2 Injection Precision 
The injection precision was determined by replicate 

injections of the same sample six times in one day. The 
relative standard deviations (RSD) of relative retention 
time (RRT) and relative peak area (RPA) for 2dC were 
lower than 0.61% and 0.13%, respectively. The RSDs of 
RRT and RPA for 5mdC were lower than 0.67% and 
0.14%, respectively. 

3.1.3 Sample Stability Test 
The sample stability test was determined with one 

sample during four weeks. In this period, the solution 
was stored at temperature -20℃. The RSDs of RPA for 
2dC and 5mdC were lower than 1.14% and 0.93%, re-
spectively. The results indicated that the sample re-
mained stable for four weeks.  
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Figure 1. The chromatograms of standard compounds  
a stand for 2`-deoxycytidine (2Dc) and b stand for 
5-methyl-2`-deoxycytidine (5mdC). 

3.1.4 Repeatability 
The repeatability was assessed by analyzing six inde-

pendently prepared samples of DNA. The RSDs of RPA 
for 2Dc and 5mdC were lower than 2.86% and 4.71%, 
respectively. 

All results of injection precision, stability and repeata-
bility test indicate that this method was adequate, valid 
and applicable.  

3.2 Global Genomic DNA Methylation (GDM) 
Levels of Thirteen Wheat-Rye Translocation 
Lines  

Samples of thirteen wheat-rye translocation cultivars 
in different tissues were investigated (Table 1). Their 
average relative standard deviations (R.S.D.) were all 
below 4.3%. As deduced from HPLC analyses, genomic 
DNA methylation levels were found to be diverse among 
these cultivars in both tissues. The rate varies from 
11.22% (CN21) to 24.42% (CN25) in shoots and from 
3.80% (CN24) to 7.51% (CN10) in roots. Meanwhile, 
the GDM levels showed significantly differences be-
tween different tissues, shoots and roots, of same cultivar 
(Figure 4). Chromatograms were shown in Fig. 3a and b.  

3.3 Recovery Test  

The wheat-rye translocation cultivar CN17 was used 
for recovery test. Sample with known content was accu-
rately weighed and mixed with equal, 80% and 120% 
standard solutions, respectively. They were pretreated 
and analyzed using the method above. The average re-
coveries were found to be more than 93% and R.S.D. 
were all less than 6.9%.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Calibration curves of 2`-deox ycytidine (2Dc) and 
5-methyl-2`-deoxycytidine (5mdC) 

 

Table 1. Global genomic DNA methylation (GDM) levels of 
thirteen wheat-rye translocation lines (n=5) a 

Shoot                      Root 

 Mean (%) R.S.D. (%) Mean (%) R.S.D. 
(%) 

CN10 23.34 1.5 7.51 1.9 
CN11 11.94 2.4 4.94 3.3 

CN12 11.70 3.9 4.09 3.4 
CN17 15.42 1.2 5.41 1.7 

CN18 14.42 1.3 4.82 3.3 
CN19 13.51 3.1 6.41 2.0 
CN21 11.22 2.0 4.75 1.6 

CN22 11.58 4.1 4.97 1.9 
CN23 21.55 2.4 6.74 1.4 
CN24 17.42 2.7 3.80 2.7 

CN25 24.42 2.4 4.82 1.4 
CN26 19.53 1.4 3.95 1.9 
CN27 18.75 2.0 4.95 2.1 

 

 

 

b 
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(a) Retention time (minute) 

 

 
(b) Retention time (minute) 

Figure 3. HPLC chromatograms for: (a) root samples; (b) 
shoot samples 

1 stand for 2`-deoxycytidine (2Dc) and 2 stand for 
5-methyl-2`-deoxycytidine (5mdC).  

4 Conclusion 
In summary, the whole method optimized and pre-

sented in this paper was stable, sensitive and eproduceble. 
The results demonstrated that this method was feasible 
for quality evaluation of global genomic DNA methyla-
tion (GDM) for wheat (Triticum aestivum L) and its rela-
tives.  
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Figure 4. Global genomic DNA methylation (GDM) 

levels of thirteen wheat-rye translocation lines in 
shoots and roots, respectively 

Data are mean (±) S.E of five replicates 
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Abstract: Oleanolic acid (OA), a triterpenoid found in many plant species, has attracted attention due to its 
important pharmacological properties. However the poor water solubility affects its bioavailability. A m-PEG 
supported OA with a succinate linker was synthesized. The product was characterized by 1HNMR．The water 
solubility studies showed that the water solubility of m-PEG supported OA improved more than 500 times 
than OA.  
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1 Introduction 

Oleanolic acid (OA) (Fig.1) is a facile pentacyclic 
triterpenoid which is widely present in natural plants in 
the form of free acids or aglycones [1]. This triterpenoid 
compound has attracted considerable interest owing to its 
significant biological activities and promising clinical 
application as chemotherapeutic and chemopreventive 
agent (anti-tumor, anti-HIV and anti-inflammation, as 
well as many others [2]). OA has been marketed in China 
as an oral drug for liver disorder. OA is relatively 
non-toxic, and have been used in cosmetic and health 
product [3].  

 
HO

OH

O

 

Figure 1. Structure of oleanolic acid  

However the poor water solubility of OA and its 
derivatives affect their absorption in vivo. Derivatives 
obtained by chemical structural modifi cation to increase 
the water solubility were the important methods to 
increase the bioavailability and the clinical therapeutic 
effect. Poly (ethylene glycol) (PEG) is a water soluble 
amphiphilic polymer showing excellent biocompatibility 
is frequently used in biomedical applications [4]. Drugs 
modified with PEG carriers also benefit from lowered 
immunogenicity and better tumor uptake. In this study, 
m-PEG supported OA was prepared with a succinate 
linker.  

 

2 Result and Discussion 

The synthetic route of the m-PEG supported OA (4) is 
shown in Scheme 1. Commercially available m-PEG was 
successfully converted to m-PEG-DA 2 in high yield. 
Compound 3 can be obtained with oxalylchloride from 2. 
The compound 3 was reacted with OA to give m-PEG 
supported Oleanolic acid 4 successfully. 

The water solubility of m-PEG supported OA 4 and 
OA was compared. The result showed that water 
solubility of m-PEG supported OA was improved more 
than 500 times from 4.4×10-3 mg/mL (OA) to 2.4 mg/mL 
(Table 1).   

Table 1. Water solubility of m-PEG supported OA  
and OA  

compound Solubility in water (mg/mL)

OA 4.4×10-3 

4  2.4  

3 Experiment  

3.1 Procedure for the Preparation of m-PEG-1, 

4-Succinic Acid Single Ester (2) 

m-PEG-2000 (20 g, 10 mmol ) was added to a mixture 
of 1,4-Succinic anhydride (2.5 g, 50 mmol) and pyridine 
(2 mL) in CHCl3 (150 mL) at room temperature. The 
reaction mixture was heated to 80°C for 48 h and then 
cooled to room temperature. The mixture was filtered 
through a Celite pad, and the filtrate was subjected to 
evaporation under reduced pressure. The crude product 
was dissolved in a saturated solution of sodium bi- 
carbonate (150 mL), and extracted with ethyl acetate (10 
mL ×3), then cooled to 0˚C - 5˚C. The pH was adjusted 
to 2-3 by progressively adding HCl solution (1 mol/L). 
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Scheme 1. The synthesis route of m-PEG-OCOCH2CH2CO-OA (4) 
 

The aqueous layer was extracted with chloroform (100 
mL×3). The organic layer was washed with water (20 
mL×3) and the dried over anhydrous sodium sulfate. The 
solution was concentrated and the residue was purified 
by recrystallization in cold ethyl ether in yield 90 %. 
1HNMR(400 MHz, CDCl3), δH 2.52 (t, 4H, CH2CH2), 3.3 
(s, 3H, CH3), 3.4~3.8 (br, PEG-CH2CH2O), 4.2 (t, 2H, 
CH2). 

3.2 Procedure for the Preparation of 

m-PEG-OCOCH2CH2COCl (3) 

m-PEG-DA 2 (2.1 g, 1.0 mmol) was dissolved in dry 
toluene (25 mL). The reaction mixture was cooled to 0℃, 
followed by the addition of oxalyl chloride (0.3 g, 2 
mmol) and one drop of dimethylformamide. This 
mixture was stirred for 3 h at 30-40℃under argon. The 
solvent was removed by distillation in vacuo. Compound 
3 was used for next step without further purification.  

3.3 Procedure for the Preparation of 

m-PEG-OCOCH2CH2CO-OA (4) 

The compound 3 was dissolved in dry toluene (25 mL), 
and oleanolic acid (1.36 g, 3 mmol) and triethylamine 
(0.3 mL, 3 mmol) were added. The reaction mixture was 
refluxed for 16h, followed by removal of the solvent by 
distillation in vacuo and then cooled to room temperature. 
Water (30 mL) was added and extract with chloroform 
(10 mL×3)，the organic layer was washed with water 
(10 mL×3) and dried over anhydrous sodium sulfate.  
The solvent was removed in vacuo and the residue was 

crystallized with cold ethyl ether. The crude product was 
purified by column chromatography on silica gel eluted 
with (DCM/Petroleum Ether=1:10→1:5→1:3) to give 
the compound (1.3 g , 51%) as a pale yellow solid. 
1HNMR (400 MHz，CDCl3), δH 0.83 (s, 3H, CH3), 0.91 
(s, 3H, CH3), 0.91 (s, 3H, CH3), 1.02 (s, 3H, CH3), 1.03 
(s, 3H, CH3), 1.08 (s, 3H, CH3), 1.14 (s, 3H, CH3), 2.36 
(m, 1H, H-2), 2.52（t, 4H, CH2CH2）, 2.54 (m, 1H, H-2), 
2.68 (dd, 1 H, J=4.5 Hz, H-18), 3.3 (s, 3H, CH3), 3.4~3.8 
(br, PEG-CH2CH2O), 4.2 (t, 2H, CH2), 5.30 (t , 1H , J = 
3.3 Hz, H-12).  
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Abstract: In this paper we present a study of optimized option system of the microbial enhanced oil recovery 
(MEOR) via a fuzzy clustering technique. At First, in order to arrange a large number of strains information, 
strains database was established. Then based on the fuzzy clustering analysis method, similarity matrix about 
the concrete reservoir and strains data was established with the use of angle cosine and then Transitive closure 
method was applied to make clustering analysis. Finally the most suitable strain for specific reservoir was 
singled out; the whole process was systematized by VB. 
 
Keywords: Microbial enhanced oil recovery; fuzzy cluster analysis; optimized option system; VB  

 

1 Introduction 

Two-thirds of the oil ever found is still in the ground 
even after primary and secondary production [1]. MEOR 
is a tertiary oil recovery process where microorganisms 
or their metabolites are used to retrieve unrecoverable oil 
from an oil reservoir. MEOR represents a truly eco- 
friendly petroleum recovery process employing biotech-
nological resources and techniques that can be used to 
replace and augment the traditional EOR processes and 
flooding chemicals [2, 3]. MEOR refers to petroleum 
recovery methods, which involve the use of a mixed mi-
crobial population and the metabolic products including 
biosurfactants, biopolymers, acids, solvents, gases and 
also enzymes to increase recovery of oil from depleted 
and marginal reservoirs, thereby extending the life of the 
oil wells [4]. In selective plugging approaches, microbial 
cell mass and/or biopolymers plug high-permeability 
zones and lead to a redirection of the water-flood [5]. 
Biosurfactants are produced in situ which leads to in-
creased mobilization of residual oil and reduces interfa-
cial tension between oil and water, oil and rock inter-
faces. Biopolymers are used to increase viscosity of wa-
ter-flood. Acids, gases and solvents are used to increase 
the permeability through the porous network and to 
re-pressurize the oil reservoir [6]. 

Specific operations are divided into ground fermented 
and underground fermented. The cost of Underground 
fermentation is lower, and the process is simpler [7, 8]. 
But microorganisms must survive in the extreme envi-
ronment of the oil reservoirs. MEOR, to be economically 
viable, demands the use of microbial strains, which best 
fit at such reservoir conditions as temperatures, pressure, 
pH and salinity. All in all, with the exhaustion of oil, 

MEOR must be one of the important methods. 
Clustering analysis is a fundamental but important tool 

in statistical data analysis. In real life, due to the vague-
ness and uncertainty of information as well as the 
vagueness of human feeling and recognition, it is diffi-
cult to exactly evaluate and convey the feeling [9, 10]. 
Furthermore, a cluster method based on fuzzy equiva-
lence relation is presented to tackle the cluster analysis 
under fuzzy environment.  

Every year there are many micro-organisms are fil-
tered out which might apply in MEOR, but in the spe-
cific field application, there are a lot of strains data and 
messy environment factors. How to filter out the most 
efficient strain which is adapted to specific mine scien-
tifically and rapidly will be the contents of the study. In 
this paper, the fuzzy clustering analysis method is used 
in microbial enhanced oil recovery, and the entire proc-
ess is systematic. 

2 The Model 

Fuzzy clustering analysis which is used in microbial 
enhanced oil recovery needs some improvement to 
change into cluster selection method. In order to make it 
more convenient to manage and apply strains. Create a 
strain database and a table, then input the information of 
strains data such as temperature, salinity, pH, and surface 
tension reduction value which are best adapted to the 
growth conditions. The strains data can be applied into 
MEOR. 

2.1 Build an Application Interface 

First, build an application interface by VB.
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Program in analyze control by VB. Define the corre-

sponding variables and a two-dimensional array a(i, j), 
then use adodc to build the links between database and 
VB. Finally read the strains information of the strain 
database in array a(i, j). Calculate the number of strains 
in the database and suppose the number is count. 

2.2 Data Correction [11] 

Strains data were transformed using Specific field data 
by formula, the optimal stain was clustered first which 
was the closest to field environment. In the meantime, 
biosurfactant was produced more than other strains. 

The information of strains data, pH and salinity cor-
rection formula is: 
X'=（k-|x-k|）/k 
k is the data of field 
the correction formula of surface tension is: 
X'=M-x 
where M equals one. 

The corresponding code for Data correction process: 
p = Text3.Text '  p represents  the input value of  pH 
in the field .  
k = Text4.Text '  k represents  the input value of  sa-
linity  in the field . 
For i = 1 To count 
     For j = 2 To 4 
           If  j = 2 Then 
                a(i, j) = (p - Abs(p - a(i, j))) / p 
           ElseIf j = 3 Then 
          a(i, j) = (k - Abs(k - a(i, j))) / k 
        ElseIf j = 4 Then 
      a(i, j) = 1 - a(i, j) 
    End If 
 Next j 
Next i 

2.3 Data Standardization [12] 

In order to reduce the influence of different outline,   
standard deviation method was adopted to data stan-
dardization: 

'X ik k
ik

k

x x

s


     （1） 

(i=1,2,3…,count; k=1,2,3,4) 
where Xik were the measured values, Xk the sample mean 
and Sk the sample standard deviation. Suppose the num-
ber of strain was i while the strain data indicator was k. 

The corresponding code for Data standardization proc-
ess: 
M = 0 
For i = 1 To count 
  M=M + a(i, 1) 
Next i 
  M= M / count 
F = 0 
For i = 0 To count 
    F = F + (a(i, 1) - M) ^ 2 
Next i 
F = Round(Sqr(F / count), 3) 
For i = 1 To count  
   a(i, 1) = Round((a(i, 1) - M) / F, 3) 
Next i '   Standardization the first column data 
M = 0 
For i = 1 To count 
    M = M+ a(i, 2) 
Next i 
M = M / count 
F = 0 
For i = 1 To count 
 F = F + (a(i, 2) - M) ^ 2 
Next i 
F = Round(Sqr(F / count), 3) 
For i = 1 To count 
  a(i, 2) = Round((a(i, 2) - M) / F, 3) 
Next i '  Standardization the second column data 
M = 0 
For i = 1 To count 
  M = M + a(i, 3) 
Next i 
M = M / count 
F = 0 
For i = 1 To count 
  F = F + (a(i, 3) - M) ^ 2 
Next i 
F = Round(Sqr(F / count), 3) 
For i = 1 To count   
  a(i, 3) = Round((a(i, 3) - M) / F, 3) 
Next i '  Standardization the third column data 
M = 0 
For i = 1 To count 
  M = M + a(i, 4) 
Next i 
M = M / count 
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F = 0 
For i = 1 To count 
 F = F + (a(i, 4) - M) ^ 2 
Next i 
F = Round(Sqr(F / count), 3) 
For i = 1 To count 
  a(i, 4) = Round((a(i, 4) - M) / F, 3) 
Next i '  Standardization the fourth column data 

2.4 The Establishment of Similarity Matrix [12, 

13] 

There are several methods for calculating the similar-
ity matrix R, such as the maximum-minimum method, 
the similarity coefficient method and the angle cosine 
method. We used the angle cosine method which used 
the following formula: 

  

m

1
ij

2 2

1 1

r =
ik jk

k

m m

ik jk
k k

x x

x x



 

 

         （2） 

( i = 1, 2, ⋯, count; j = 1, 2, 3, 4). 
where m was the count of each column, and i the order of 
data.  

The corresponding code for similar matrices process : 
For i = 1 To count 
       For j = 1 To count 
   t(i, j) = Round(Abs(a(i, 1) * a(j, 1) + a(i, 2) * a(j, 2) + 
a(i, 3) * a(j, 3) + a(i, 4) * a(j, 4)) / Sqr((a(i, 1) ^ 2 + a(i, 2) 
^ 2 + a(i, 3) ^ 2 + a(i, 4) ^ 2) * (a(j, 1) ^ 2 + a(j, 2) ^ 2 + 
a(j, 3) ^ 2 + a(j, 4) ^ 2)), 3) 
       Next j 
Next i   'The establishment of similarity matrix by Co-
sine method  

2.5 Matrix Transformation 

Use the square method to obtain the equivalent matrix: 
RR =R2，R2 R2=R4…Until Rn = R2n was obtained, 
the equivalent matrix was R= Rn [14, 15]. 



According to calculation rules of fuzzy mathematics, 
AB equals A and A plus B equals B, where the value 
of B is larger than A. The corresponding code for equiva-
lent matrix process was as follows: 
For i = 1 To count 
            For j = 1 To count 
               For k = 1 To count 
                   If t(i, k) <= t(k, j) Then 
                       dmin(k) = t(i, k) 
                    Else 
                dmin(k) = t(k, j) 

              End If 
            Next k 
         dMax = dmin(1) 
 For k = 1 To count 
         If dmin(k) >= dMax Then 
             dMax = dmin(k) 
                  End If 
                Next k 
            R(i, j) = dMax 
         Next j 
      Next i 
  For i = 1 To count 
        For j = 1 To count 
            If t(i, j) <> R(i, j) Then 
                For i1 = 1 To count 
                    For j1 = 1 To count 
                        t(i1, j1) = R(i1, j1) 
                    Next j1 
                 Next i1 
              GoTo 100 
            End If 
        Next j 
Next i 

2.6 Cluster Analysis [16] 

After finding out the largest number in the equivalent 
matrix, two strains were obtained. Finally use the mine 
temperature to filter out the best strain. It was the MEOR 
strain which was most suitable in interface mine. The 
corresponding code for cluster analysis process was as 
follows: 
 M = R(1, 1) 
 For i = 1 To count 
     For j = 1 To count 
         If  i < j And R(i, j) > M Then 
          M = R(i, j) 
       End If 
     Next j 
  Next i 
  For i = 1 To count 
     For j = 1 To count 
        If i < j And R(i, j) = M Then 
       Text7.Text=i 
       Text8.Text=j ' text7 and text8 are embedded 
textboxes 
     End If 
   Next j 
Next i   
max1 = Val(Text7.Text) 
max2 = Val(Text8.Text) 
If a(max1, 1) < a(max2, 1) Then 
    temp = max2 
ElseIf a(max1, 1) = a(max2, 1) Then 
    If a(max1, 4) < a(max2, 4) Then 
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        temp = max1 
    Else 
        temp = max2 
    End If 
Else 
         temp = max1 
End If 
Text5.Text = jzName(temp) '  It manifested the name of 
optimal strain which was selected by the system   
Text6.Text = Text1.Text ' It manifested the name of field 
which was adapted to the optimal strain. 

2.7 System Integration 

Program in cancel control: Unload Me. 
Make this process exe file and complete the construc-

tion of MEOR optimization option system. 

3 Conclusion 

Based on fuzzy equivalence relation, this paper pre-
sented a cluster analysis method to solve MEOR problem. 
In this paper, fuzzy clustering analysis was applied in 
microbial enhanced oil recovery. Use database to man-
age the strain information, then make the process of 
fuzzy clustering programme. So that it can process the 
large amounts of data rapidly and play an important part 
in the field of microbial enhanced oil recovery. But in 
this paper, construction method of Optimal Microorgan-
ism community in microbial enhanced oil recovery was 
not involved. It wound be the direction and goal of future 
research.  
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Abstract: This paper mainly described the yield of essential oils which were obtained by hydrodistillation 
and the antioxidant capacity of essential oil of Rhizoma et Radix Notopterygii. The yield of volatile oils 
ranged 0.5% from 4.6% (ml/100g). The antioxidant activities of essential oils of Rhizoma et Radix Notop-
terygii were investigated from two aspects: the capacity of removing superoxide anion radical ( ) and the 
clearance of hydroxyl radical(﹒OH). The antioxidant and antiradcal scavenging properties of the selected 
oils were tested by 1,10-phenanthroline Spectrophotometry and the visible lightmediated pro-oxidant effects 
of Vitamin B2. All examined oils exhibited a free radical scavenging activities, ranging of 0.85 %　 - 7.08% of 

clearance and 2.73%-3.68%﹒OH inhibition. 

-
2O

-
2O

 
Keywords: Rhizoma et Radix Notopterygii; essential oil; yield; antioxidant 

1 Introduction 

Qianghuo, Notopterygium incisum Ting ex H.T.Chang 
and N. franchetii H.de Boiss (Apiaceae)[1] is an peren-
nial herb that has been widely used in traditional Chinese 
medicine as well as in some ethnics, such as Tibetan and 
Qiang minorities. The underground part of the herb has 
been traditionally used in the treatment of pain relieving, 
cold-expelling and dampness-dispersing. In previous 
research[2-3], the chemical composition of volatile oils 
from Radix et Rhizoma Notopterygii had been studied, 
however, there are few reports on the study of the anti-
oxidant capacity of aqueous extracts by 1,10-phenan-
throline Spectrophotometry and the visible light medi-
ated pro-oxidant effects of Vitamin B2. 

The biological activity of Notopterygii, such as antim-
icrobial [4] and anti-inflammatory[5] have been investi-
gated .To the best of our knowledge, there is no report on 
the antioxidant activity of the essential oils from Notop-
terygium. We emphasized on the antioxidant capacities  
of volatile oils by removing and﹒OH produced by 
radical systems. Surrounded by kinds of pollution that it 
increased the damage of free radicals: food, health prod-
ucts and medicines we took is an important way of re-
ducing the risk of them in body[6]. With the emerge 
of· OH and  , they led to cell damage and degradation. 
Since ancient times, our ancestors used their wisdom and 
ShenNong who had tasted the herbs to test which were 
useful, toxic or dental, with the time passing by, more 
and more attentions having been paid to natural products 
(terrestrial plants, animal products, marine organisms and 
products of microorganisamal fermentation), since the 
tendency of modern society, people have put more effort 
on the their own health. In this article the author would 

mainly report the yield of essential oils from Notoptery-
gium and their antioxidant capacity: the removing of 
superoxide anion and clearance of hydroxyl radicals.  

-
2O

-
2O

2 Materials and Methods 
2.1 Materials 

Chemical reagents and apparatus : 1,10-phenanthroline 
monohydrate, FeSO4·7H2O, H2O2(30%), KH2PO4, Nitro 
blue tetrozolium (NBT), NaOH(Sinopharm Chemical 
Reagent Co.,Ltd), Volatile oil, UV2550 spectropho-
tometer (Shimadzu), heated water bath (Beijing Jingke-
huarui Co.,Ltd), vortex (Haimen Kylin-Bell apparatus 
Co.,Ltd), Biotek Synergy 2(Gene Company Limited). 
Others were high grade chemical reagents. 

2.2 Plant Material 

The samples were selected on the basis of different 
provinces and three counties were chosen in each prov-
ince, plus three commercial use according to morpho-
logical differences (table1). The Rhizoma et Radix 
Notopterygium were collected from 12 cities of Sichuan, 
Gansu and Qinghai provinces in November, 2010. 
Specimen were taxonomically identified by professor Lin 
Yulin and vouchers were deposited at the Herarium of 
Institute of Medicinal Plant Development (IMPLAD). 
Samples were dried in the local place after harvesting.  

2.3 Methods 

2.3.1 Isolation of the Essential Oil 
According to the reported literature[7] ,the essential 

oils were obtained by hydrodistillation. 90 g ( through 
No.2 sieve) dried and ground powder of Rhizoma et 
Radix of Notopterygii together with 500 ml water were 
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submitted to hydrodistillation to a 1 L round-bottomed 
flask, 4 glass beads, and soaked for an hour, heated gen-
tly till to boiling in a heating thermostat set, maintained 
about 6 hours. At the end of each distillation the oils 
were collected, dried over anhydrous Na2SO4 and after 
filtration, measured and kept at a temperature of 4°C for 
further analysis. The respective colors of volatile oils at 
first were transparent and turned to light green gradually. 
On the day of assay, the extracts were vortexed for ten 
seconds and cooled to room temperature. 

2.3.2 Antioxidant Activity Riboflavine 

Photosensitization 
Use the buffer to prepare the radical system[8-9]: com-

position of 3.3*10-6mol/L vitamin C, 0.01mol/L Me-
thionine, 4.6*10-5mol/L NBT (prepare when needed, 
protected from light). Mixed 3 ml of radical system and 
0.1ml essential oil from different producing areas to-
gether, 4000lx light for 30 min at room temperature, with 
distillation water as reference solution, to detect the larg-
est absorbance wavelength at 560nm, A; Water as the 
control group, A0. To calculate the clearance of radical 
according to the formula: 

-
2O clearance=

0

0

A

A-A
×100 

2.3.3 1,10-phenanthroline Spectrophotometry 
The antioxidant activity was determined by 1,10-phe-

nanthroline spectrophotometry assay, using hydroxyl 
radical ·OH, according to the procedure described by 
Wang Duoning [10] with some modification. The assay 
was performed by UV2550 and Biotek Synergy 2 simul-
taneously. Take 0.5ml of 1,10-Phenanthroline(5mmol/L) 
to 0.75mol/L phosphate (pH7.4) 2.4ml, mixed on the 
vortex, adding 7.5mmol/L Ferrous sulfate solution 0.5ml, 
votexed after each ones, then add 0.1ml essential oil to 
test tube, add 3% H2O2 0.5ml. Finally, keep the reaction 
solution in 310K incubation for half an hour, then meas-
ured at 510nm. The experiment was divided into three 
groups: A0 (no essential oil and no H2O2), A1(no essential 
oil but with H2O2),M(essential oil and H2O2). To calcu-
late the clearance of ·OH, i.e., I% 

I % = [ (M- A1) / (A0 - A1) ] ×100 
The antioxidant activity (﹒OH clearance) was per-

formed on different instruments. The reaction solution 
was fulllength-scanned by UV2550 spectrophotometer 
system. The max absorbance wavelength was 510nm in 
this situation. While in Biotek Synergy 2, combined with 
the reported literature [11-12], two wave-length 510nm 
and 536nm was chosen to detect the absorbance of the 
antioxidant of the reaction solution. The analysis was 
carried out using a 96-well microplate, 100μl were added. 
All the essential oil samples were analyzed three times. 
All the data collected for each assay are the averages of 

triplicate experiments. 

3 Results and Discussion 

The yield of essential oils of the different origins of 
the Rhizoma et Radix Notopterygii were shown in Table 
1. The mean oil yields of Notopterygium. incisum and N. 
franchetii were 0.5% ~4.6% and 1.1%~2.7%(ml/100g), 
respectively(Table 1). Samples from Qinghai provinces 
were all lower than the required criteria of the Chinese 
Pharmacopoeia (2010 edition), 1.4% (ml/100g), and so 
did the specimen from Lintao, Gansu province. Note-
worthy, samples from Sichuan were all higher than 1.4% 
(ml/100g). Three commercial specifications were all fit 
the criteria of the Chinese Pharmacopoeia (2010 edition) 
ranging 2.7% from 3.4%, the striped and irregular-nodal 
Notopterygium had the similar content of essential oils. 
According to the table 1 and Fig.1, ABa has the highest 
yield among the 12 batches of the samples.  

Table 1. The yield of essential oil in Notopterygium 

origin sciespe essential 
oil % 

(ml/100g) 

description ncollectio 
date 

Banma, 
Qinghai 

N.incisum 0.9 wild Oct,2010 

Gande, 
Qinghai 

N.incisum 0.5 wild Oct,2010 

Dari, 
Qinghai 

N.incisum 0.7 wild Oct,2010 

Aba, 
Sichuan 

N.incisum 4.6 wild Oct,2010 

Rangtang, 
Sichuan 

N.incisum 2.4 wild Oct,2010 

Dege, 
Sichuan 

N.incisum 2.0 wild Oct,2010 

Kangding, 
Sichuan 

N.incisum 3.4 wild Oct,2010 

Xining1, 
Qinghai 

N.franchetii 2.7 wild Oct,2010 

Xining2, 
Qinghai 

N.franchetii 2.7 wild Oct,2010 

Minxian, 
Gansu 

N.franchetii 1.7 cultured Oct,2010 

Weiyuan, 
Gansu 

N.franchetii 1.9 cultured Oct,2010 

Lintao, 
Gansu 

N.franchetii 1.1 cultured Oct,2010 

The discrimination of morphological identification[13]:Kangding was silk-
worm Notopterygium,Xining1 was striped Notopterygium; Xining2 was 
irregular-nodal Notopterygium. 
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Figure 1. The yields of essential oils from different areas 
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Figure 2. The clearance of superoxide anion 

 

Fig.2. showed the X axis, the origins of samples, the Y 
axis described the removing capacity of superoxide anion 
produced by the visible light-mediated pro-oxidant ef-
fects of Vitamin B2, Riboflavine. The 12 batches of an-
tioxidant capacity range 0.85% from 7.08% per gram, 
respectively. GD showed the lowest superoxide anion 
clearance, DG explained the highest capacity among 12 
batches, while KD, AB and RT had the similar antioxi-
dant capacity, samples from Qinghai province described 
the lower superoxide anion removing capacity compared 
to other two provinces. 

As shown in Fig.3 described the same specimen de-
tected by two instrument, left column was UV2550 de-
tection value ,and the right column was obtained by Bio-
tek Synergy 2, the full length scan of 400nm-800nm by 
UV2550 showed that 510nm have the largest absorption, 
so both of them were compared the 510nm absorption 
values. The coefficient of variation between the triplet 
value of UV2550 was 1.09%- 35.64%, as a consequence 
of the low reproducible of the free hydroxyl radical 
clearance, and according to the reported literature[14] , 
then Biotek Synergy 2 was introduced to this experiment. 
Fig.3. showed that DQ has the most antioxidant capacity 
among the 12 batches by Synergy 2, and higher than 
UV2550 in the majority samples. 

Fig.4. described the two absorbance wavelength by 
Biotek Synergy 2, it clearly showed that 1,10-phenan-
throline spectrophotometry had more absorbance under 
536 nm than 510 nm. Both of the two wavelengths 
showed the same tendency of the absorbance, but under 
536nm detection had higher value than 510nm. It indi-
cated that 536 nm was more suitable for the 510nm in 
this hydroxyl radical clearance experiment. 

Compared Fig.3 with Fig.4, Synergy 2 was time-sav-
ing, convenient and with less amount of test samples, but 
the reuse of the 96 well-microplate would minimize the 
quantitative of samples, Biotek Synergy 2 could be si-
multaneously detected at dual wavelength. According to 
Fig.3 and Fig.4, 536nm have the more absorption in the 
1,10-phenanthroline spectrophotometry. 
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Figure 3. Different instrument under the 510nm  

absorption 

 
Figure 4. Comparison of two different wavelengths 

 
From the Fig.2 and Fig.4, of the three commercial 

specification, KD was in accord with in the removing of 
superoxide anion and hydroxyl radicals. During the 
clearance of hydroxyl radicals, cultured N. franchetii 
were superior to wild N. franchetii, while in the remov-
ing of superoxide anions, cultured N. franchetii were 
inferior to wild N. franchetii. Among the three producing 
areas, Sichuan province has the most antioxidant activi-
ties. It was in accordance with traditional conception that 
Sichuan’s Notopterygium is relatively good quality. 
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Abstract: Dopamine is a major neurotransmitter in the brain, and is implicated in the regulation of motion, 
cognition, drug addiction and so on through acting on dopamine receptors. The D3 receptor is an important 
therapeutic target of central nervous system diseases, such as drug addiction, Parkinson’s disease and 
schizophrenia. Dopamine D3 receptor agonists and partial agonists are of extremely high value to research. 
Some representative D3 receptor agonists and partial agonists reported in recent years were classified 
according to their structural characteristics in this article. At the same time their basic properties and 
applications were stated simply, the structure-activity relationships were summarized, and the outlook was 
raised in the end in order to provide a reference for the development of novel dopamine D3 receptor agonists 
and partial agonists with high affinity and selectivity.  
 
Keywords: Dopamine; D3 receptor; agonist; partial agonist; structure-activity relationship 

1 Introduction 

Dopamine (DA) is one of the most important 
neurotrans-mittters in the central nervous system (CNS), 
and is implicated in the regulation of motion, cognition, 
emotion, drug addiction and so on by activation of 
dopamine receptor subtypes which are members of the G 
protein coupled receptor (GPCR) protein superfamily. 

There are five functionally active dopamine receptor 
subtypes which have been classified into two major types 
of dopamine receptors, D1-like and D2-like dopamine 
receptors. The D1-like receptor subtypes include the D1 
and the D5 dopamine receptors, the D2-like receptor 
subtypes include the D2, D3 and D4 dopamine receptors 
according to the similarities in primary structure and 
pharmacologic properties[1]. The destruction of balance 
of dopamine neurotransmitter and dopamine D3 receptor 
can cause diseases, such as Parkinson’s disease (PD), 
schizophrenia, etc, so the dopamine D3 receptor is a 
critical drug target for CNS disease. 

2 Structure Classification 
2.1 Type of Single Basic Core 

Some representative compounds of this type are 
pramipexole, ropinirole, etc., and the common structural 
feature of these compounds is that each ligand contains 
only one core which has an aromatic ring or heterocycle 
generally. In addition, the hydrophilic amino nitrogen 
combines one or two n-propyls. 

 

7-OH-DPAT is a selective agonist. It possess a 
moderate binding affinity to the D3 receptor with 1000 
and 10000-fold selectivity over the D2 and D4 receptor 
respectively, and has no binding affinity to σ、5-HT1A 
and other receptors, representing for potent and high 
selective D3 ligands at present[2].   
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1 (PD-128907)                      2  

Compound 2 has a Ki value of 8nM for its binding 
affinity to the D2 receptor and has >1250-fold selectivity 
over the D2 receptor[3]. Since the structure of Compound 
2 is novel and simple, dopamine D3 receptor-selective 
ligands with better activity and selectivity would bring 
about if compound 2 is modified as a lead compound.  

Compound 3 (pramipexole) which belongs to 
second-generation non-ergot alkaloids, is a drug for 
Parkinson’s disease(PD), and it is a D3 receptor agonist 
with a Ki value of 0.78nM for its binding affinity to the  
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NH
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N

 
3 (Pramipexole)             4 (Ropinirole) 

D3 receptor. In addition, compound 3 showed more than 
80-fold selectivity for the D3 receptor versus the D2 
receptor in cells expressing the mitogenic response of D2 
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and D3 receptors [4]. Pramipexole is mainly a drug for PD, 
and is also effective for depression [5]. 

Compound 4 (ropinirole) which also belongs to 
second-generation non-ergot alkaloids, is another drug 
for Parkinson’s disease(PD). ropinirole showed the 
characteristic of D3 receptor agonists, and had a 
moderate binding affinity to the D3 receptor with a 
16-fold selectivity versus the D2 receptor in the 
mitogenic function tests[4]. It is fit for Parkinson’s 
disease and moderate to severe restless legs syndrome. 
Pramipexole and ropinirole are all available through a 
single therapy or in combination with levodopa to treat 
PD in various stages of treatment, especially patients 
with early PD[5,6]. Further more, D-264, pramipexole and 
ropinirole can increase synthesis and secretion of 
tyrosine hydroxylase positive neurons, brain-derived 
neurotrophic factor and glial cell line-derived 
neurotrophic factor, so they are suggested to have a 
neuroprotective function[7, 8].  

S

N
H2N

N

H
N

O

 

5 (CJ-51073) 

Chen, et al. reported that structural modification of 
pramipexole resulted in a series of analogues which had 
higher binding affinity. Compound 5 is the best compou- 
nd in these analogues, and displayed a Ki value of 0.41 
nMfor its binding affinity to the D3 receptor with 
800-fold selectivity over the D2 receptor. This compound 
was found to be a partial agonist at the D3 receptor with 
no detectable binding activity at the D2 receptor in vivo 
functional assays [9]. 

2.2 Type of Aryl Methanamide 

After relevant literature was studied, it was found that 
most D3 receptor (partial) agonists have the common 
structure characteristic, i.e. they contain a functional 
group of methanamide, in another words, they are 
characteristic of the structure model of “H-L-T”. “H” 
stands for the part of basic core structure, “T” stands for 
the part of tail attached with “H” by a link which can be 
a alkylene or trans-olefinic bond carbon chain or 
trans-1,4-cyclohexyl, and all of them constitute the basic 
skeleton of this class of ligands. 

N N
N
H

MeO

O

 
6 (BP897) 

Naphthalene carboxamide derivative 6 (BP897) is a 
potent D3 receptor partial agonist with better 
pharmaco-logical activity. It has a Ki value of 0.9nM for 
its binding affinity to the D3 receptor with 70-fold 
selectivity versus the D2 receptor, and has no binding 
affinity to D1，D4，α1，α2，5-HT1A and 5-HT7 receptors[10]. 

In 2000, Foll and his collaborators reported that 
BP897 itself was not addictive, and did not affect 
cocaine self-administration behavior of its excitation, but 
it could cause mouse to reduce drug intake induced by 
cocaine-related suggestion in the secondary program, 
which showed that BP897 could reduce environmental 
relapse in the case of tiny dependence of itself [11]. 
However, later experiment displayed that BP897 could 
reduce cocaine craving behavior in mouse body mainly 
because of the function of its antagonizing of D3 receptor, 
rather than as partial agonists[12]. In 2004, Hsu, et al. 
reported that BP897 was efficient to patients with 
Parkinson’s movement disorders, but the effect was not 
significant as previously expected[13]. 

N N
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N N
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A new series of phenylpiperazine analogs has been 
developed by replacing the naphthamide in BP 897 with 
other aromatic groups, such as compound 7(Ki(D3)= 
0.5nM and compound 8(Ki(D3)=0.3nM) which both 
attain subnanomolar level[14]. 
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9 (RGH-237) 

Compound 9 (RGH-237) is a dopamine D3 receptor 
partial agonist, and its binding affinity to the D3 receptor 
of human and mouse is Ki(D3)=6.7nM and 1.6nM 
respectively with a good selectivity of more than several 
hundred folds over the D2 receptor, and its intrinsic 
activity is about 50%. The results further demonstrated 
that the ligand compound is effective to treat cocaine 
abuse, and the results support the conclusion that 
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dopamine D3 receptor partial agonist is effective to cope 
with cocaine abuse [15]. 
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10 (CJB090) 

Coumpound 10 was found to have a Ki value of 
0.5±0.2nM to the D3 with a D3:D2 selectivity ratio of 
50[16]. In 2009, Achat-Mendes, et al. reported that animal 
tests did not confirm that CJB090 could dilute 
cocaine-enhanced or cocaine-induced effects, but a 
certain dose of CJB090 could dilute to identify the 
stimulus effects of cocaine by acting on the D3 receptor 
with no harmful side effects [17]. 
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O

Cl

Cl

 
11 (PG01042) 

Compound 11(PG01042) has a high binding affinity 
(0.5±0.1nM) to the D3 receptor with a 36-fold selectivity 
over the D2 receptor [16]. In 2011, Riddle and his 
colleagues reported that PG01042 was a D3 
receptor-selective (partial) agonist, and had potential 
therapeutic effect to L-dopa induced dyskinesia with 
good prospect [18]. 

2.3 Type Derived by Combining Predominant 

Structures 

Except for those types of structural patterns, another 
part of the D3 receptor (partial) agonists have relatively 
novel structures, such as D-237, D-264, and so on. These 
ligand compounds are characterized of a certain length of 
alkylene connecting two different pharmacophores 
(predominant structure), and most ligands of this type 
contain phenylpiperazine fragment with good affinity 
and selectivity to the D3 receptor and are suggested with 
promising application. 

N
N

N

OH

 
12 ((-)-D-237) 

In 2008, Biswas, et al. reported that a novel hybrid 
approach combining 2-aminotetralin and arylpiperazine 
pharmacophoric moieties resulted in a series of ideal D3 
receptor ligands. For example, the representative 
compound 12(the L-isomer) displayed a Ki value of 
0.82±0.13nM to the D3 receptor with a D3:D2 selectivity 
ratio of 31.5. The researchers also did an experiment on 
animals with compound 12 and found that it showed the 
characteristics of partial agonists [19]. 
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S
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13 (D-264) 

In 2008, Biswas, et al. also reported that a novel 
hybrid approach combining pramipexole and arylpipera- 
zine pharmacophoric moieties resulted in a series of 
novel D3 receptor ligands with high binding affinity for 

the D3 receptor. For example, compound 13 (D-264) had 

a Ki value of 0.92±0.23nM to the D3 with a D3:D2 
selectivity ratio of 253[20]. In 2010, Li and his 
collaborators reported that D-264 was a D3 receptor 
agonist with potential treatment and neuroprotective 
effect to Parkinson's disease patients according to 
experiments [21]. 
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Ghosh, et al. also synthesized a novel hybrid series of 
D3 receptor ligands with high affinity for D3 receptors. 
Compound 14 possessed a Ki value of 1.21±0.16nM to 
the D3 receptor with a D3:D2 selectivity ratio of 47.7 and 
compound 15 possessed a Ki value of 12.23±0.60nM to 
the D3 receptor with a D3:D2 selectivity ratio of 121. In 
addition, whether they have neuroprotective effect to PD 
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patients will be studied in the future [22]. 
The hybrid ligands have novel structures with high 

affinity and selectivity to the D3 receptor, and represent 
one of the development trends of D3 receptor (partial) 
agonists with good prospect, so deserve further study. 

3 The Structure-Activity Relationships of D3 
Receptor (Partial) Agonists 
3.1 Type of Aryl Methanamide 

This type of D3 receptor (partial) agonists contain part 
I (basic core), part II (alkylene) which is generally a 
butylene, and part III (aromatic amide) (Figure1). 
Specifically, part I can be aminotetralin, tetrahydro 
isoquinoline, isoindole and 4-phenyl piperazine, etc., and 
generally contains polar groups or atoms with larger 
electronegativity which can produce binding affinity at 
key amino acid residues of the dopamine D3 receptor so 
that the ligands show corresponding affinity and 
selectivity to the D3 receptor. As far as ideal ligand 
activity is concerned, the most appropriate distance from 
aromatic ring center to the nitrogen atom is 4.8-5.5Å 
according to the structure analysis of some D3 receptor 
ligands with good activity. In addition, if the ligand only 
has part I and part II, it has better activity provided that 
the nitrogen atom at part II combines one n-propyl. 

Part II is alkylene, and generally butylene in the 
middle of ligand which adjusts the distance and 
geometrical conformation between part I and part III so 
that the ligand has appropriate afinity to the D3 receptor. 
However, Flexible butyl chain may reduces the 
selectivity, so some researchers attempt to introduce 
rigid alkyl chains, such as (1,4-cyclohexane-yl) ethyl 
chain. By the way, the stereochemistry of the compounds 
impacts its performance and the trans-substituted 
compounds have higher selectivity to the D3 receptors 
than the cis-substituted compounds. 

 

N
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N

N
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Cl

Cl

I. HII. L

III. T

  
Figure 1. Structure of aryl methanamide type of D3 

receptor (partial) agonists 

Part III affects affinity and other performance of 
ligands largely, and its structure can be reformed easely. 
It is very important to maintain co-planar structure of the 
aromatic ring or aromatic heterocycle, otherwise the 
binding affinity between the compound and the D3 
receptor will be reduced greatly. 

There are many methods to raise affinity and 
selectivity between this type of ligands and the D3 
receptor, for example, make structural modification of 
part I or/and part II through bioisosterism and other 
medicinal chemistry methods, adjust the length of carbon 
chain connecting part I and part III, change the 
methylene carbon chain flexibility through introduction 
of double bond or cyclohexane and other means. But 
later literature reported that rigidification was a good 
strategy to improve selectivity, but it was shown 
detrimental for D3 R affinity when applied to the linker. 
It is more desirable to incorporate the hydrogen bond 
acceptor and the aromatic moiety into a heterocycle. 
Moreover, rigidification can improve bioavailability and 
suppression of the hydrophile amide bond should be 
beneficial to brain permeation [23].   

3.2 Type Derived by Combining Predominant 

Structures 
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AR2
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III

 
Figure 2. Structure of hybrid type of D3 receptor 

agonists/partial agonists 

Hybrid type D3 receptor (partial) agonists generally 
consists of two different pharmacophores (predominant 
structure) and a alkylene connecting part I and part 
II(Figure 2). The docking of D3 receptor agonists/partial 
agonists and the D3 receptor with corresponding 
interfeature distances are depicted in Figure 3. Ar1 
denotes the aromatic ring of either aminotetralin or 
2-aminothiazole moieties, Ar2 is the phenyl ring attached 
to one of the piperazine nitrogens, and cat. denotes 
cationic. The distance between Ar1 and Ar2 is generally 
11.4-12.5Å, the distance between Ar1 and cat is 4.9-5.4 Å, 
and the distance between Ar2 and cat is 7.6-8.3 Å[24]. 

Since this type of ligands has been gradually 
developed in recent years with a small number, so only 
the initial structure-activity relationships can be summed 
up: 1) Part I contains a tetrahydro benzene ring with no 
substituent. 2) The nitrogen atom at etrahydro benzene 
ring generally combines a alkylene, and the ligand has 
good activity and selectivity when the nitrogen atom 
combine a n-propyl. 3) In general, The benzene ring 
connected to the nitrogen atom of piperazine can only 
combine a phenyl in the opposite position. In addition, 
the ligand has high selectivity and activity when the  
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Figure 3. Schematic of docking of D3 receptor 
agonists/partial agonists and D3 receptor [24] 

nitrogen atom connects a bulky aromatic heterocycle. 4) 
Part III is an alkylene which has great influence on 
affinity and selectivity of ligands, and is generally a 
ethylene. 

As for the three-part structures, there is minor change 
in part III, and it is useful to the ligand selectivity to 
introduce phenyl piperazine structure (II). It is relatively 
easy to change or modify part I. Consequently, we 
should pay more attention to part I when design hybrid 
class of D3 receptor (partial) agonists in the future. 

4 Outlook 

The dopamine D3 receptor regulates dopamine 
synthesis, release and the function of dopaminergic 
neurons, is related to drug addiction and other CNS 
diseases, and it is a critical drug therapeutic target of 
CNS diseases. The (partial) agonists developed 
according to the dopamine D3 receptor have broad and 
important applications in CNS field, and also have 
important reference values in in-depth studying of the 
detailed structure of dopamine receptors and the 
structural differences between receptor subtypes. 

At present, the dopamine D3 receptor (partial) agonists 
have made some applications in Parkinson's disease, and 
the research machine in drug addiction has also made 
some progress. I believe that more novel dopamine D3 
receptor (partial) agonists with high activity and 

selectivity to the D3 receptor will be developed and so 
the researchers can further study the detailed structure 
and physiological functions of dopamine receptors and 
explore new applications of the D3 receptor in the field 
of CNS diseases. 
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Abstract: Historically, the study of CNS diseases has focused on intraneuronal mechanisms, but clinical trials 
that followed have not been successful. In recent years, this neuron-based autonomous model has perceptibly 
shifted to a more integrative paradigm that emphasizes interactions between different types of brain cells. In 
this study we investigated the effect of Tong Luo Jiu Nao injections (TLJN), a traditional Chinese medicine 
preparation, on signal transmission between brain microvascular endothelial cells (BMECs) and neurons. First, 
an in vitro model of cerebral ischemia in BMECs or neurons was established by oxygen-glucose-deprivation. 
Injured neurons were cultured in the conditioned media from normal and injured BMECs treated with TLJN, 
and the activity, lactate dehydrogenase (LDH) leakage, free Ca2+ concentration of neurons were determined. 
In addition, differential proteins in the conditioned media of BMECs were analyzed and identified by 
comparing proteomic technology. The results showed the activity of injured neurons was significantly 
increased when they were grown in conditioned media of normal or injured BMECs treated with TLJN, 
compared with that of normal or injured BMECs, The changes of LDH leakage, free Ca2+ concentration were 
consistent with the changes of neuronal activity. Proteomic analysis showed there were varied differential 
proteins in the conditioned media of BMECs, which meant that in the different conditions the MVEC could 
secrete different active substances that could influence survival of the injured neurons. The results suggested 
that regulating the paracrine of BMECs could be the important target of the drug action on injured-neurons, 
which may be a novel path for therapeutic intervention in ischemic injury. 
 
Keywords: Brain microvascular endothelial cells; neuroprotection; Tong Luo Jiu Nao injection; calciumion; 
proteomics 
 

1 Introduction 

In recent 10 years chemical drug and biologic agent, 
aimed directly at the injured neurons, showed favorable 
result in preclinical study. However, it was very sorry 
that the result presented negative or neutral in crucial 
clinical trial. Besides ambiguous results, none could 
escape the termination of failure [1]. According to the 
viewpoint about the blood-brain barrier (BBB), medicine 
must be transmitted across the BBB to achieve blocking 
the damage of neurons or improving the function of 
neurons, but major solutes from circulatory system are 
prevented from entrying into brain by the BBB [2], only 
high-liposoluble and micromolecular ( ＜ 400-500Da) 
solutes can be transmitted across the BBB. 
Macromolecular drugs and biologic agent, such as 
monoclonal antibodies, recombination proteins, gene 
therapy, can not be diffused across the BBB [3]. 
Therefore, permeability of the BBB becomes bottleneck 
of developing of cerebropathy medicine. A new pathway 
of medicine action on the brain disease should be 

explored.  
In the previous clinic work, we found that the 

traditional Chinese medicine had reliable curative effect 
on the stroke, could effectively reduce neurologic deficit 
and facilitate functional recovery after stroke. However, 
it is difficult for the chemical composition of Chinese 
medicine to transmit across the BBB. Accordingly, we 
consider there was another pathway to mediate medical 
effect on neurons in brain. Based on these considerations, 
we simulated pathology process of cerebral ischemia in 
vitro, and collected the conditioned media from various 
cultured brain microvascular endothelial cells (BMECs) 
groups. Then the conditioned media were added into the 
culture fluid of the neurons, and the viability, nomadic 
calcium ion concentration of neurons were determined. 
We found that the conditioned media of BMECs caused 
the change of above-mentioned items. We further 
analyzed differential proteins in conditioned media of 
various MVEC groups by proteomics techniques. Thus 
we gained the evidence of the BMECs mediating effect 
of medicine on the neurons, and proposed the hypothesis 
that the BMECs might be the important target of the drug 
action on injured-neurons in ischemic injury. 

This work was supported by the Key Project of Chinese Ministry of 
Education (Grant No. 109023), by the National Program on Key Basic 
Research Project (“973” Program, Grant No. 2005CB523311). 
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2 Materials and Methods 
2.1 Materials  

DMEM-H and horse serum were purchased from 
Gibco-BRL (Gaithersburg, MD). Endothelial cell growth 
supplement (ECGS), MTT and DMSO, Fluo-3/AM 
molecule probe were from Sigma (St. Louis, MO). A 
CytoTox assay kit was from Promega (Madison, WI).  

Tong Luo Jiu Nao injections were provided by Kang 
Yuan Pharmaceutical Engineering Limited Company 
(Neimenggu, China), which were extracted from the 
Chinese herbs Panax notoginseng and Gardenia 
jasminoides. Its main component was determined as 
geniposide (4.95 mg/ml), ginsenoside (1.02 mg/ml) and 
geniposidic acid (1.73 mg/ml). The chemical structure of 
each component and the HPLC analysis spectrum had 
been described in a previous publication [4]. 

2.2 Culture and Identification of Rat Brain 

BMECs 

Refering to protocol reported by Baiguera S, et al [5], 
ten male SD rats(3-4 weeks old) were anesthetized and 
decapitated, the cerebral hemispheres were quickly 
isolated. Then surface vessels were removed using a 
sterile swab applicator, the cerebral cortex were carefully 
dissected out and finely minced into small pieces. After 
homogenization the suspension was filtered in turn 
through the 200µm and 74µm nylon mesh. The 
microvessels were collected by washing the 74µm mesh, 
and then were digested with 0.2% coilagenase (in DMEM) 
at 37°C for 20 min. The microvessels were resuspended 
in MVEC growth medium and were plated in culture 
dishes precoated with 0.1% A-gelatin. After becoming a 
confluent monolayer, cells were passed by splitting with 
0.05% Trypsin-EDTA. BMECs were used between 
passages 3 and 5 in this study. Identification of cells 
possessing Factor VIII-related antigen was performed by 
the immunoperoxidase method. 

2.3 Primary Culture and Identification of Rat 

Cortical Neurons 

The newborn (in 24 hours) rats were swabbed with 
75% ethanol, then were decapitated. The cerebral 
cortexes were removed and minced into small pieces. The 
piece was dissociated by using 0.125% trypsin at 37°C 
for 20 min. The digestion was stopped by DMEM 
supplemented with 10% FBS, followed by pipetting and 
passage through a 74µm mesh. The cells were 
resuspended in complete culture medium (DMEM-H, 3.7 
mg/ml NaHCO3, 4.766 mg/ml Hepes, 10% FBS, 10% 
horse serum, 2 mM L-glutamine, 100 U/ml penicillin and 
100 µg/ml streptomycin, pH 7.2-7.4) at a concentration of 
1.0×106/ml and seeded on poly-d-lysine-coated Petri 

dishes and cultured at 37 °C. At day 3, cytarabine was 
added to the medium to inhibit non-neuronal growth. The 
medium was changed at 48 hour intervals and the cells at 
day 12 were used for the experiments. The neurons were 
identified by immunofluorescence labeling with NSE 
antibody. 

2.4 Collection of the Conditioned Media from 

BMECs 

According to the method of Zhang Wandong, et al [6], 
the injured model of BMECs was prepared by Oxygen-
Glucose Deprivation (OGD). The cells were exposed to 
sugar-free Krebs solution (NaCl 6.9 g, KCl 0.35 g, 
KH2PO4 0.16 g, NaHCO3 2.1g, CaCl2 0.28 g, MgCl2 
0.2 g, dissolved into 1 L water, pH 7.3) in 93％ N2 and 
7% CO2 environment for 6 hours. The BMEC-culture 
medium was replaced with serum-free medium, and the 
supernatant fluids of cells were harvested as conditioned 
media after six hours. Four kinds of conditioned media 
from BMECs in various culture conditions were 
harvested: (1) conditioned medium from normal BMECs 
(N-CM), which were normally cultured without treatment; 
(2) conditioned medium from normal BMECs treated 
with TLJN (NT-CM) for 10 hours at a concentration of 2 
µl/ml (which is the optimal concentration of TLJN 
determined in a previous study); (3) conditioned medium 
from OGD-injured BMECs (I-CM); (4) conditioned 
medium from OGD-injured BMECs treated with TLJN 
(IT-CM) at a concentration of 2 µl/ml for 10 hours. 

2.5 Groups and Treatment of Neurons 

A group of neurons were cultured in 100% neuron 
culture medium as normal control. The other neurons 
were injured by Oxygen-Glucose Deprivation according 
to the method of Tauskela et al [7]. and then divided into 
groups. Injured neurons were cultured respectively in 
100% neuron culture medium as model control, in N-CM, 
in NT-CM, in I-CM, in IT-CM (the neuron culture 
medium to BMEC-conditioned medium ratio was 1:1). 
The neurons were cultured for 12 h for the following 
experiments. 

2.6 MTT Assay  

The neuronal mitochondrial activity was determined by 
MTT assay. About 5,000 normal or injured neurons/well 
were plated in a 96-well plate and incubated with a 
mixture of neuron culture media and various rBMEC-
cultured media (at a 1:1 ratio). After a 12 hour culture, 10 
µL of MTT wor 4 hours at 37 °C, 100µl DMSO was 
added to each well. The absorbance of each well was 
measured using a microculture plate reader with a test 
wavelength of 570 nm.  
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2.7 Lactate Dehydrogenase Assay 

A CytoTox assay kit (Promega, Madison, WI) was 
used for enzymatic assessment of LDH release, following 
the manufacturer’s instructions. The neurons were 
cultured for 12 hours as described above and medium was 
replaced with serum-free medium for further culturing for 
24 hours. Fluorescence emission at 590 nm was measured 
with a Safire plate reader (Tecan, Switzerland). LDH 
leakage rate was expressed as the result of the following 
equation: LLR = (OD value of the supernatant of the 
medium/OD value of the supernatant of lysed cells) × 
100%. 

2.8 Measurement of Intracellular Calcium 

Measurement of intracellular calcium in cultured 
neurons was performed as previously described [8]. 
Neurons were loaded with fluorescent dye fluo-3/AM 
(Molecular Probes, OR, USA) at a concentration of 10 
μmol/L, supplemented with 0.0025% pluronic acid, and 
kept in the dark for 50 min. Then the cells were washed 
with D-Hanks’ solution 2 times and kept in the dark for a 
further 20 min before fluorescence was measured. The 
cells were subjected to Ca2+ imaging with an Argus-20 
fluorescent imaging processor (BMG Lab Technologies, 
Offenburg, German), with an excitation wavelength of 
485 nm and an emission wavelength of 520 nm. 

2.9 Compared Proteomic Analysis of Various 

BMECs Conditioned Media 

To further explore the molecular basis of BMECs 
conditioned media exerting different effects, the 
differential proteins in two pair of the conditioned media, 
N-CM and I-CM, I-CM and IT-CM were analyzed and 
identified using unidimensional SDS-PAGE and the 
nano-liquid chromatography electrospray ionization  
tandem spectrometry (nanoLC-ESI-MS-MS) association 
technology. 

At first the salts in the conditioned media were 
removed by dislysis, then the samples were condensed, 
and total quantities of protein were determined by 
Bradford. The samples were evaluated by means of SDS-
PAGE and silver staining. If they are qualified, the 
proteins of samples were separated by SDS-PAGE and 
stained with Coomassie brilliant blue. Gray scale of the 
protein straps were quantitatively analyzed with scanning 
software ImageQuant (version 5.2, Amersham Bio- 
sciences). According to the result of image analysis, the 
difference straps were cut and treated with the process of 
reduction, alkylation, in-gel digestion and peptide 
extraction. Finally differential proteins were identified 
with nanoLC-ESI-MS-MS. Through the SWISS-PROT 
database retrieval, each protein’s related information was 
searched for and then analyzed. 

2.10 Statistical Methods 

All measures were summarized as mean ± SD. The 
data were analyzed with the SPSS 10.0 statistical package. 
One-way analysis of variance (ANOVA) was used to 
determine statistically significant differences among the 
groups. A P-value of <0.05 was considered statistically 
significant. 

3 Results 
3.1 Change of Neuronal Mitochondrial Activity 

The MTT assay was used to detect the mitochondrial 
activity of neurons. As shown in Table.1, the OD value in 
the model control was significantly decreased compared 
with the normal control, indicating that viability of the 
neurons was decreased by OGD. Compared with the 
model control, the OD values in N-CM and NT-CM 
groups were increased, which indicates that N-CM and 
NT-CM can improve the viability of the injured neurons, 
and the effect of NT-CM was more significant than that 
of N-CM (P<0.05). The OD value in the I-CM group was 
significantly decreased, which indicates that I-CM can 
further aggravate the damage of neurons. Compared with 
the I-CM group, the OD value in the IT-CM group was 
significantly increased (P<0.05). 

Table 1. Changes of activity of neurons 

groups n OD value 

Normal control 6 0.295±0.047 

Modle control 6 0.248±0.024* 

N-CM 6 0.274±0.045 

NT-CM 6 0.284±0.022# 

I-CM 6 0.205±0.033# 

IT-CM 6 0.254±0.024△ 

*P< 0.05 versus normal control group; # P< 0.01 versus model group;  
△P< 0.05 versus I-CM group. 

3.2 Change of Neuronal LDH Leakage Rate 

The degree of neuronal injury was determined by 
measuring the LDH leakage rate. As shown in Table. 2, 
the LDH release of the model control was significantly 
increased. N-CM as well as NT-CM, especially NT-CM, 
could reduce the leakage of LDH in injured neurons 
(P<0.05, P<0.01). The LDH leakage rate increased in the 
I-CM group (P<0.05), and that in the IT-CM group was 
significantly decreased compared with I-CM (P<0.05). 
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Table 2. Changes of leakage rate of LDH in neurons 

groups n LDH leakage rate 

Normal control 6 0.289±0.015 

Modle control 6 0.335±0.024** 

N-CM 7 0.311±0.016# 

NT-CM 6 0.306±0.012## 

I-CM 6 0.381±0.040# 

IT-CM 6 0.315±0.016△ 

**P< 0.01 versus normal control group; # P< 0.05, # # P< 0.01 versus 
model group; △P< 0.05 versus I-CM group. 

3.3 Change of Neuronal Ca2+ Concentration  

Neuronal cytoplasmic Ca2+ was labelled by the 
fluorescent dye fluo-3/AM. As shown in Table. 3, the 
concentration of Ca2+ in the model control group was 
significantly increased compared with that of the normal 
control group, which suggests that OGD induced a 
calcium overload in neurons. N-CM and NT-CM reduced 
the concentration of Ca2+ in neurons, and the decrease 
induced by NT-CM was more significant than that 
induced by N-CM (P<0.05). Compared with the model 
control, the fluorescence value was increased in the I-CM 
group (P<0.05), suggesting that injured BMEC paracrine 
signals could further deteriorate the calcium overload in 
neurons. Compared with I-CM, the fluorescence value 
decreased in the IT-CM group (P<0.01), indicating that 
the calcium overload induced by injured BMEC paracrine 
signaling could be alleviated by the intervention of TLJN. 

Table 3. Changes of [Ca2+]i in neurons 

groups n fluorescence value 

Normal control 10 31.23±5.61 

Modle control 9 42.26±7.37*** 

N-CM 9 41.65±8.69 

NT-CM 8 36.08±5.37# 

I-CM 9 47.32±5.32 

IT-CM 9 36.06±8.09#△△ 

***P< 0.01 versus normal control group; # P< 0.05 versus model group; 
△△P< 0.01 versus I-CM group. 

3.4 Compared Proteomics Study on Various 

BMECs Conditioned Media 

Glue image of silver staining showed that the protein of 
samples was successfully separated by SDS-PAGE. 
There were difference straps presented clearly among 
four samples. Then the samples were divided into two 
groups: group A including N-CM and I-CM, group B 
including I-CM and IT-CM. Paired samples were 
detected and analyzed. According to the result of image 

analysis, four significant different straps were cut, further 
identified with nanoLC-ESI-MS-MS.  

There were altogether 103 differential proteins 
identified in group A of samples (N-CM and I-CM). 
Among them, 70 proteins only appeared in N-CM and 33 
proteins in I-CM. There were altogether 64 differential 
proteins identified in group B of samples (I-CM and IT-
CM). Among them, 35 proteins appeared in I-CM and 29 
proteins in IT-CM. Subcellular localizations of these 
proteins were listed as follows: Secretion protein, cellular 
membrane, cytoplasma, cellular nucleus, cell organ, or 
unknown. The percentage of secretion protein in group A 
and B is 15.4%, 16.2% respectively. The functions of 
these differential proteins is involve in many aspects like 
energy metabolism, the protein synthesis and degradation, 
oxidative stress, the signal conduction, DNA transcription 
and repairing after damage as well as cell growth and 
proliferation, and so on. Fig. 1A shows functional 
classification of proteins identified in A group of samples 
(N-CM and I-CM). Fig. 1B shows functional 
classification of proteins identified in B group of samples 
(I-CM and IT-CM). 

 

 

Figure 1. Functional classification of differential proteins 
in BMECs media 

4 Discussion 

Homeostasis of brain depends on cooperation of the 
central nervous system and the circulation of blood. 
However, traditionally nervous system and blood vessel 
system were often isolated to research. The blood-brain 
barrier (BBB) may be unique integrating site of both, and 
is principally researched as a mechanical isolation barrier 
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in drug transport system. Nowadays study of drug 
transport involves in carrier-mediated transmembrane 
transport (CMT) and receptor-mediated transmembrane 
transport (RMT). Relative carriers include organ anion-
transporter, P-glucoprotein, multidrug resistance protein, 
nucleoside transporter and macromolecule amino acid 
transporter. Relative receptors include transferrin receptor, 
scavenger receptor et al [9]. Nevertheless ideal pathway 
of drug transmembrane transport is not obtained. The 
BBB is a dynamic door possessing powerful biological 
function, some of which may be undiscovered. Studying 
the BBB only from the angle of barrier function inhibited 
the research of drug effect on cerebropathy. Recently the 
conception of neurovascular unit (NVU), which is a 
functional unit formed by the tight contact of MVEC, 
astrocyte and neuron, was introduced in study of 
cerebropathy [10]. According to this theory, inter-cell 
tight contact and information transfer regulate 
homeostasis of internal environment in brain. Functional 
disorder of NVU could lead to occurrence of cerebral 
vascular diseases. Thus inter-cell information communi-
cation has been paid attention by more and more people.  

Previous studies showed that the traditional Chinese 
medicine had reliable curative effect on the cerebropathy, 
but it is difficult for the chemical composition of Chinese 
medicine to transmit across the BBB. From this phenome-
non we presume that the Chinese medicine could regulate 
the paracrine secretion of the brain BMECs, then through 
information transfer of active factors to achieve to resist 
damage of neurons. From the study we obtained the 
important conclusion that the MVEC could secrete some 
active substance that could influence survival of the 
neurons, internal mechanism involves in regulating 
calcium overload and mitochondrium function of neuron. 
Tong Luo Jiu Nao Injuction, through altering secretion 
function of BMECs, achieve to improve the damage of 
neunous. Main manifestation include: (1) N-CM 
displayed protective effect on the survival of injured 
neuron, especially NT-CM on injured neuron; (2) I-CM 
could further aggravate the damage of neurons. While IT-
CM did not display this harmful effect; (3) Increased 
concentration of [Ca2+]i in model group suggested OGD 
led to calcium overload. N-CM and NT-CM reduced the 
concentration of [Ca2+]i in the neurons. IT-CM 
significantly reduced the concentration of [Ca2+]i in the 
neurons compared with I-CM, which suggested the effect 
of IT-CM is significant in the respect of reducing the 
concentration of [Ca2+]i.  

Analysis of compared proteomics showed protein 
composition of various conditional media presented 
significantly difference, which provided the information 
of function factor involved in various effects of the 
MVEC. According to the result of compared proteomics, 
we consider that the effect of the MVEC on the neuron is 

a multi-molecular event accompanying the changes of 
many proteins; some of them are possible key proteins 
during the pathophysiological change, while some other 
proteins may be accompanying changes of the key 
proteins. The BMECs brought about protective function 
on the injured neurons, meanwhile the function proteins 
expressed by BMECs happened to change, which 
suggested that the protective function of BMECs may be 
relative with the change of proteins. Now we initially 
have gained some significant information from the 
proteomic results. For instance, Urocortin-2, a cortical 
hormone, can enhance the tolerance of cells to sugar 
deficiency in the stress state, and relieve the inflammatory 
reaction. In this study Urocortin-2 was identified in IT-
CM, but not in N-CM and I-CM, which suggests that 
Urocortin-2 is possibly one of the factors blocking the 
decrease of viability of neurons. Qur following works 
should be continued to verify the existence and function 
of these interested proteins, the result of study will be 
reported in time. 

Therefore, in the process of pathological change the 
BMECs are not only passive target cells, but also effector 
organ possessing complicated function, and have 
important influence on circumambient nerve cells. On 
one hand, secretion of normal BMECs has a tendency to 
protect the injured neurons, Tong Luo Jiu Nao Injuction 
can enhance this action. On the other hand, once the 
BMECs are damaged, they could generate some active 
substance, which could directly poison neurons. This 
conclusion is similar to one of Betz Al [11]. Tong Luo Jiu 
Nao Injuction can significantly relieve this poisonous 
effect of the BMECs and indirectly protect the injured 
neurons. So we consider the MVEC may be the important 
target of the drugs, mediating drug effect on brain 
diseases. This conclusion may provide a new pathway for 
the study of drug effect on brain diseases. 
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Abstract: The influence on germination characteristics of Ligusticum seed in four harvest time had been 
studied in this paper. The results showed that germination characteristics of Ligusticum seeds were significant 
differences in four harvest period. The seeds picked on October 15th had no germinating ability; the seeds 
picked on October 20th had germinating ability. To germinate the Ligusticum seeds in the dish of the four 
harvest periods, we discovered that seeds picked on October 25th was above 4 periods better on the 
germination rate, germination energy and germination index, germination rate was 36.67%, 15.34% higher 
than October 30th, 26.67% than October 20th; germination energy was 30%, 15% higher than October 30th, 
12% than October 20th; germination Index was 11.98%, 4.59% higher than October 30th, 9.32% than 
October 20th. These results suggested that Ligusticum seeds germination rate would be increased in timely 
harvest period. 
 
Keywords: Ligusticum; harvest period; germination characteristics 
 

1 Introduction 

Ligusticum(Ligusticum L, Umbelliferae), Liao 
Ligusticum(Ligusticum L, Umbelliferae)and Xinjiang 
Ligusticum(Conioselinum, Umbelliferae) are traditional 
Chinese herb whose rootstalk are used in oriental 
medicine for the treatmeat of cold, parietal headache, 
rheumatic limb bitong and alpine abdominal pain. Two 
Ligusticum, namely China and the Liao Ligusticum are 
collected in Chinese Pharmacopoeia of 2005 
edition,which have the efficacy Of inhibition , bulk cold 
and pain dampness[1]. The study of Ligusticum mainly 
focused on the chemical composition and pharmacology, 
but the germination characteristics of Ligusticum rarely 
reported. Study confirmed that the main chemical 
components of Ligusticum as terpenes, phthalides, allyl 
benzene, coumarins, sesquiterpene Bisabolol ketones and 
other types of physiologically active substances[2-9]. As 
a broad-spectrum traditional Chinese medicine, because 
of the long-term excavation, Ligusticum which mainly 
based on wildlife rarely cultivated is difficult to meet the 
market demand[10]. The germination of Ligusticum 
seeds research characteristics is particularly important, it 
can be improved to some extent, the number of 
Ligusticum seedlings, and tubers can be reduced as part 
of the use of Ligusticum that mainly by asexual 
reproduction. Therefore, this important development and 
use value, and concern has been extensively studied. 
This paper by studying three indicators of germination 
rate, germination energy, germination index and discount 
rate of dry in four harvest period(Which represents the 
amount of dry matter accumulation in different periods), 

then identify the characteristics of different harvest time 
difference between the germination by using significant 
analysis of the application. 

2 Materials and Methods 
2.1 Sampling Sites 

It that locates in Yaan, Liangshan, Meishan and 
Leshan City at the junction of four and calls Yongsheng 
Township Jinkouhe District in Leshan City stands in 
southwest Sichuan, Emei Mountain, a small cold 
mountain hinterland, with  elevation 1647m, (E103° 
04.299 ", N29° 22.954"), the average annual temperature 
is 16.3 ,℃  the average annual rainfall 946mm, a typical 
dry-hot valley climate. 

2.2 Test Materials 

Based on the Color of Ligusticum seed, traditional 
harvest period of it was in mid-October to early 
November. The experimental seeds picked in the 
traditional harvest period in four times, time interval was 
five days, seed respectively picked on October 15th 
(Denoted by Harvest period Ⅰ), October 20th (Denoted 
by Harvest periodⅡ), October 25th(Denoted by Harvest 
periodⅢ) and October 30th(Denoted by Harvest period 
Ⅳ). and then dried the seed in the shade with ventilation. 
Seeds of four different harvest periods stored in the 
refrigerator 5  after harvest with initially℃  removing of 
impurities, were collecting from annual plants in 
Yongsheng Township Jinkouhe District.  

The first phase of seeds (HarvestingⅠ): Green 
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double-hanging fruit seeds, with many filaments, was 
still tightly together long picked on October 15th, 2010. 

The second phase of seeds (Harvesting )Ⅱ : The seeds 
of double-hanging fruit that few filaments attached to has 
basically been separate, seeds picked on October 20th, 
2010 had turn yellow-green. 

The third phase of seeds (Harvesting Ⅲ): Seeds is no 
longer present state of double-hanging fruit, but 
performances pale yellow and fruit of separation 
harvesting on October 25th, 2010. 

The fourth phase of seeds (Harvesting Ⅳ): Picking 
on October 30th, 2010, Seeds has appeared on tan falling 
off naturally. 

2.3 Test Methods 

2.3.1 Seeds Treatments 

Seeds with pellet full and the same size of , , , Ⅰ Ⅱ Ⅲ
 period 150 each Ⅳ grain (3 replicates, each repeated 50) 

is for germination test of 25  ℃ after 0.5% KMnO4 
disinfection 30min, distilled water rinsed in dishes of 
moist single filter paper. The total germination time 
needs 20days from December 9, 2010 to December 29. 
Adding distilled water every day for the seeds during the 
test, germinated grains daily statistics from the sixth day 
(White radicle reaching half length of seed is the 
standard of germination). Germination rate: It is the 
percentage that normal germination of seeds in the total 
number of tested seeds with the 20days. 

Germination energy: It is the percentage that normal 
germination of seeds in the total number of tested seeds 
in 13days reaching the peak of seed gemination. 
Germination index: 
GI =Σ (Gt/Dt) (Gt is the number of germination in day t; 
Dt the number of days to germination).            (1) 

2.3.2 Measurement of Seeds in Physical Parameters 

Determination of TKW (Thousand Kernel Weight):It 
is the average weight multiplied by 10 of the seeds that is 
dry in the shade of 100 in the eight times weighing in the 
One over ten thousand electronic balance by using one 
hundred weighing method[11]. 

Determination of discount rate of dry: Accumulation 
of nutrients in four harvest periods is measured by using 
Low temperature drying method [11].  
Formula:  

Water content=(M2-M3)/(M2-M1)×100%           (2) 
M1: the weight of sample box and lid (g) 
M2: the weight of sample box, lid and seeds before  
drying (g) 
M3: the weight of sample box, lid and seeds after 
drying (g) 

The rate of dry matter accumulation=(1-Water 
content)×100%                               (3) 

2.4 Data Handling 

Use the Statistical software of SPSS 11.5, and then do 
significant analysis with Duncan. 

3 Results and Analysis 
3.1 TKW and Dry Matter Accumulation of 

Ligusticum Seeds in Four Harvest Periods 

TKW and the rate of dry matter accumulation is 
different in four harvest periods through the figure 1 and 
figure 2. TKW of Ligusticum seeds is gradually rising 
trend With the extension of the harvest time, TKW in 
October 30th is the heaviest is 1.3350g, 0.3570g higher 
than that of October 25th, 0.7401g than October 20th and 
1.0211g than October 15th. 

It performances a gradually rising trend with the 
extension of the harvest time in aspects of dry matter 
accumulation. However, it is down in October 25th 
whose rate of dry matter accumulation is 73.2%, 1.7% 
higher than October 30th, 4.3% than October 20th and 
4.6% than October 15th.It states that the rate of dry 
matter accumulation is the most in October 25th. 

 

 

Figure 1. The change of TKW of Ligusticum seeds 
in different harvest periods 

 
 

 
Figure 2. The change of the rate of dry matter 

accumulation of Ligusticum seeds in different harvest 
periods 
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3.2 The Influence of the Germination Process of 

Ligusticum Seeds in Different Harvest Periods 

Harvest period plays a important part in the 
germination of Ligusticum seeds. Germination process 
appears clear differences in four harvest time, seeds on 
October 30th regardless of the length of time, will not 
germinate, which is possible due to the lack of nutrition 
matter accumulation that meets the need of germination. 
Seeds of the other 3 periods basically finish germination 
in 16 days. The peak of germination of October 25th is in 
16d (18.3 grain), October 30th in 17d (10.7 grain),and 
October 20th in 15d (5 grain).The process of germination 
of seeds on October 25th that is the fast is present state 
of rising sharply from the outlook analysis of  the four 
curves. Relatively, the curves of October 20th and 
October 30th are gentle, and the process of germination 
is relatively slow. Variance analysis showed that seeds of 
four periods all reached significant difference (p<0.05). 
These phenomena  explains that the germination rate 
will rising in the appropriate period, however, it will 
slow down the germination rate in the harvest periods 
which is too late or early. 

 

Figure 3. The germination process of Ligusticum seeds in 
different harvest periods  

(for a total of 50 grain sprout) 

3.3 The Influence of the Germination 

Condition of Ligusticum Seeds in Different 

Harvest Periods 

3.3.1 The Influence of the Germination Rate 

Ligusticum Seeds in Different Harvest Periods 

The germination of October 25th is 36.67% through 
Table 1.seeds of October 15th will not germinate, which 
is possible due to the lack of nutrition matter 
accumulation that meets the need of germination. Test 
results show that the average germination rate of October 
25th is significantly higher than the rate of October 30th, 
October 20th and October 30th, October 30th 
significantly higher than the rate of October 20th and 
October 15th, October 20th and October 15th had 
reached a significant level. Pairwise comparison reached 
a significant level. 

Table 1. Germination rate multiple comparison results  
(the method of SSR) 

Harvest period 
after flowering

（d） 

The average 
of germination 

rate（%） 

Significant 
level of 5% 

Significant 
level of 1% 

October 25th 36.67 a A 
October 30th 21.33 b B 
October 20th 10.00 c C 
October 15th 0 d D 

Recording: Letters of different present significant, same is no significant 
(Lowercase letters p < 0.05, significant; Capital letters p < 0.01, extremely 
significant.) 

3.3.2 The Influence of the Germination Energy 

Ligusticum Seeds in Different Harvest Periods 

The germination energy of October 25th which is 15% 
higher than October 30th, 12% than October 20th is the 
highest in the four harvest periods. It expressed that 
germination uniformity of the seeds showed a high 
degree. The germination energy of October 15th is 0 
because of no germination. Results show that the average 
germination energy of October 25th is significantly 
higher than the rate of October 30th and October 15th, 
higher than October 20th. October 30th is significantly 
higher than October 15th, but no significant difference 
with October 20th. The germination of October 20th and 
October 15th is not significant. 

 

Table 2. Germination energy multiple comparison results  
(the method of SSR) 

Harvest 
period after 

flowering（d）

The average of 
germination 

energy（%） 

Significant 
level of 5% 

Significant 
level of 1% 

October 25th 30.00 a A 
October 30th 15.00 b B 
October 20th 8.00 b B 
October 15th 0 c C 

Recording: Letters of different present significant, same is no 
significant(Lowercase letters p < 0.05, significant; Capital letters p < 0.01, 
extremely significant.) 

3.3.3 The Influence of the Germination Index 

Ligusticum Seeds in Different Harvest Periods  

the germination index of October 25th which is 4.59% 
higher than October 30th, 9.32% than October 20th is the 
highest in the four harvest periods. The average 
germination index of October 25th is significantly higher 
than that of October 30th, October 20th and October 15th. 
October 30th is significantly higher than October 20th 
and October 15th. The difference between October 20th 
and October 15th is in the significance level of 0.05. 
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Table 3. Germination index multiple comparison results 
(the method of SSR) 

Harvest 
period (d) 

The average of 
germination 
index (%) 

Significant 
level of 5% 

Significant 
level of 1% 

October 25th 11.98 a A 
October 30th 7.39 b B 
October 20th 2.66 c C 
October 15th 0 d CD 

Recording: Letters of different present significant, same is no 
significant(Lowercase letters p < 0.05, significant; Capital letters p < 0.01, 
extremely significant.) 

4 Results and Discussion 
4.1 TKW and the Rate of Dry Matter 

Accumulation 

TKW is different in four harvest periods, TKW of 
Ligusticum seeds tends rising gradually. With the 
extension of the harvest time the seeds is in the 
completion of the accumulation of nutrients. The rate of 
dry matter accumulation of October 25th is preferable. 
Results directed that it is not good for germination 
because of the lack or loss of nutritional substances 
accumulation or loss in the harvest time which is too 
early or late. 

4.2 The Influence of the Germination Process 

Seeds of October 15th did not germinate in 20days, 
which is possible due to the lack of nutrition matter 
accumulation that meets the need of germination. The 
peak of germination of October 25th is in 16days (18.3 
grain), October 30th in 17 days (10.7 grain),and October 
20th in 15days (5 grain). The process of seeds germina- 
tion of October 25th that is the fast is present state of 
rising sharply from the outlook analysis of the four 
curves. Relatively, the curves of October 20th and 
October 30th are gentle, and the process of germination 
is relatively slow. 

4.3 The Difference of the Seeds in Germination 

rate, Germination Energy and Germination 

Index 

The germination rate of Ligusticum seeds in four 
collection periods are extreme significant positive 

correlations (p＜0.01). The seeds collected on October 
25th get the highest position on germination rate, 
germination energy and germination index, is 
respectively 36.67%, 30%, 11.98%, the index of the 
three of October 15th that is the lowest is 0, October 30th 
which is in the second location is separately 21.33%, 
15%, 7.39%, October 20th in the third location is 
separately 10%, 8%, 2.66%. The results of this study 
show that germination characteristics of Ligusticum 
seeds can be increased in the appropriate harvest period. 
The harvest period in this paper is October 25th when the 
germination rate, germination energy and germination 
index are preferable. It has some theoretical guidance in 
improving the number of Ligusticum plants when the 
definition of the harvest period. Simultaneously, it can 
save the resources of rootstalk of Ligusticum plants to be 
used as medicine.  
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Abstract: Ten flavones were isolated from the flower of Siraitia grosvenori. Their Structures were 
established by spectroscopic and chemical methods and by comparison with authentic samples. Their 
structures were identified as: 3-O-β-D-glucopyranosyl kaempferol 7-O-[β-D-glucopyranosyl-(1→2)-α-L-
rhamnopyrano-side] (1), 7-O-α-L-rhamnopyranosyl kaempferol 3,4'-di-O-β-D-glucopyranoside (2), 3-O-α-L-
rhamnopyranosyl kaempferol 7-O-[β-D-glucopyranosyl(1-2)-α-L-rhamnopyranoside](3), kaempferol 3,7-O-
α-L-dirhamnopyranoside(4), kaempferol-7-O-α-L–rhamno-pyranoside(5), 7-methoxyl kaempferol 3-O-β-D-
glucopyranoside (6), 7-methoxyl kaempferol 3-O-α-L-rhamnopyranoside (7), 3-O-β-D-glucopyranosyl 
kaempferol 7-O-α-L-rhamnopyranoside (8), kaempferol 3-O-α-L-rhamnopyranoside (9), kaempferol (10). 
This is the first time that these compounds are reported from the plant. All compounds were evaluated for 
antioxidant activity using FRAP and TEAC assays, where compound 2, 5, 10 proved to possess the most 
potent activity. 
 
Keywords: Siraitia grosvenori; flavonol glycosides; antioxidant activity  

1 Introduction 

Siraitia grosvenorii SWINGLE (formerly Momordica 
grosvenori SWINGLE), a traditional Chinese fruit, 
belongs to Cucurbitaceae and has been used as a 
pulmonary demulcent and emollient for the treatment of 
dry cough, sore throat, dire thirst, and constipation in 
folk medicine [1]. The flower of S. grosvenori is usually 
used as a tea in China, being drinked with hot water or 
mixed with green tea. It can smooth dry throat and 
comfort intestine [2]. Previously we have obtained a 
number of cucurbitane triterpene saponins from the fruits 
[3-4]. In our serial studies on this plant, we present 
herein the isolation and characterization of the ten 
flavonols from the flower of S. grosvenori (Fig. 1). This 
is the first time that these compounds are reported from 
the plant. At the same time, biological evaluation for 
antioxidant activities of compounds 1—10 were carried 
out using the FRAP (Ferric reducing ability of plasma) 
and TEAC (Trolox equivalent antioxidant capacity) 
assays. Details of the isolation, structure elucidation, and 
antioxidant properties of these compounds are discussed 
in this paper.  

2. Result and Discussion  

2.1 Phytochemical Study 

Fresh flower of S. grosvenori were extracted with 
methanol. A suspension of methanol-extract in water was 
subjected to a highly-porous polystynene gel, Diaion HP-
20, which was successively eluted with H2O and 30%, 
80%, and 100% methanol. The 80% MeOH-eluted 
fraction was chromatographed on silica gel. The obtained 
fractions were further purified by Sephadex LH-20, 
normal and reverse-phase silica gel to afford ten flavonol 
glycosides (Fig.1). 

Compound 1-10 are kaempferol glycosides. 
Comparing the H and C –NMR data (TABLE 1) with the 
literature values [5-14], they were determined as : 3-O-β-
D-glucopyranosyl kaempferol 7-O-[β-D-glucopyranosyl-
(1→2)-α-L-rhamnopyranoside] (1),  7-O-α-L-rhamnopyranosyl 
kaempferol 3,4'-di-O-β-D-glucopyranoside (2), 3-O-α-L-
rhamnopyranosyl kaempferol 7-O-[β-D-gluco-pyranosyl-(1-2)-
α-L-rhamnopyranoside] (3), kaempferol 3,7-O-α-L-
dirhamnopyranoside (4), kaempferol-7-O-α-L-
rhamnopyranoside (5), 7-methoxyl kaempferol 3-O-β-D-
glucopyranoside (6), 7-methoxyl kaempferol 3-O-α-L-
rhamnopyranoside (7), 3-O-β-D-glucopyranosyl kaempferol 7-
O-α-L-rhamnopyranoside (8), Kaempferol 3-O-α-L-
rhamnopyranoside (9),  kaempferol (10).  
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Figure 1. The structures of 1-10 

Table 1. 13C-NMR data for compound 1-10 from the flower of Siraitia grosvenori (DMSO-d6) 

C  NO. 1 2 3 4 5 6 7 8 9 10 

2 158.6 156.1 156.1 156.0 156.1 156.2 156.4 155.9 156.1 146.8 

3 134.6 134.1 134.6 134.5 134.5 133.2 134.4 133.5 134.5 135.6 

4 177.9 177.7 177.9 177.9 177.9 177.4 177.9 177.4 177.9 175.9 

5 160.9 160.9 160.9 160.9 160.9 161.2 160.9 160.8 160.9 160.7 

6 99.6 99.4 99.5 99.4 98.7 98.6 97.9 99.3 98.7 98.2 

7 162.4 161.7 161.4 161.7 164.1 165.0 165.2 161.6 164.1 163.9 

8 94.6 94.6 94.6 64.5 93.6 93.6 94.4 94.4 93.6 93.4 

9 157.0 156.2 157.7 157.7 156.7 156.8 157.5 156.7 156.7 156.2 

10 106.4 105.8 105.8 105.7 105.8 103.8 105.1 105.6 105.8 103.0 

1’ 121.6 123.6 120.3 120.3 120.3 120.8 120.4 120.7 120.3 121.7 

2’ 131.3 130.7 130.6 130.6 130.6 130.8 130.6 130.9 130.6 129.5 

3’ 115.0 115.9 115.4 115.3 115.4 115.0 115.4 115.1 115.4 115.4 

4’ 160.4 159.4 160.1 160.1 160.1 159.9 160.1 160.0 160.1 159.2 

5’ 115.0 115.9 115.4 115.3 115.4 115.0 115.4 115.1 115.4 115.4 

6’ 131.3 130.7 130.6 130.6 130.6 130.8 130.6 130.9 130.6 129.5 

R1-Rha-1 97.8 98.5 97.2 98.5 101.8   98.4   

- 2 80.4 70.0 79.8 70.3 70.2   70.0   

- 3 70.6 69.8 70.6 70.6 70.6   70.2   

-4 72.9 71.6 72.1 71.1 71.6   71.6   

-5 70.4 69.7 70.2 69.7 70.0   69.8   

-6 16.9 16.8 17.7 17.8 17.4   17.8   

R1-Glc-1 105.8  105.5        

2 74.4  73.9        

3 76.9  76.2        

4 70.8  69.8        

5 77.3  76.7        

6 61.6  61.0        

R1-CH3      48.5 48.3    

R2-1 102.7 100.8 101.9 101.8  100.8 101.7 100.8 101.8  

-2 74.6 74.2 70.1 70.2  74.2 70.2 74.2 70.2  

-3 77.9 77.6 70.3 70.6  76.6 70.1 76.6 70.6  
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Continued 

C  NO. 1 2 3 4 5 6 7 8 9 10 

-4 71.0 70.3 71.1 71.5  69.9 71.6 69.9 71.6  

-5 76.9 77.6 70.0 70.0  77.4 70.1 77.5 70.0  

-6 61.5 60.9 17.4 17.4  60.8 17.4 60.8 17.4  

R3-1  100.0         

-2  73.2         

-3  77.1         

-4  70.1         
-5  77.1         

-6  60.6         

 

2.2 Antioxidant Activity 

Among the flavonoids, kaempferol(10), kaempferol 7-
O-α-L-rhamnopyranoside(5), 7-O-α-L-rhamnopyranosyl 
kaempferal 3, 4'-di-O-β-D-glucopyranoside (2) have 
significant activity (TABLE 2). All of flavonoids 
aglycone is kaempferol. Based on the correlation between 
the structure and activity, we found that the 7, 3-hydroxyl 
groups at the aglycone are well related to the activity, if 
the 7-hydroxyl groups is methylated and 3- hydroxyl 
groups is glycoslated, the activity is decreased. Such as 7-
methoxyl kaempferol 3-O-β-D-glucopyranoside(6), 7-
methoxyl kaempferol 3-O-α-L-rhamnopyranoside (7), 
kaempferol 3,7-O-α-L-dirhamnopyranoside(4) and 
kaempferol 3-O-α-L-rhamnopyranoside(9) expressed no 
strong activity as that of kaempferol(10). If the 7-position 
of the aglycone connects to two sugar moieties, such as 
3-O-α-L-rhamnopyranosyl kaempferol 7-O-[β-D-
glucopyranoside-(1→2)- α-L-rhamnopyranoside](3) and 
3-O-β-D-glucopyranosyl kaempferol 7-O-[β-D-glucopyranosyl-
(1→2)-α-L-rhamnopyranoside] (1),they also showed no 
activity. In general, the hydroxyl group in the aglycone is 
contributed to the antioxidant activity. The occurrence of 
the hydroxyl group of kaempferol was considered to be 
crucial for the activity. This fact was coincident with the 
previously report [15]. 

3 Experimental  
3.1 General 

Optical rotations were measured with a P-1010 
polarimeter (JASCO, Japan) at 25C. TLC was 
performed on precoated silica gel 60 F254 plate (Merck), 
and detection was by spraying 10% aq. H2SO4. Column 
chromatographies were carried out on Kiesel gel (40-100 
mesh and 230-400 mesh, Kanto Chem.), Diaion HP-20 
(Mitsubishi Chemical Ind.). Sephadex LH-20 (25-100 
mm, Pharmacia Fine Chemicals), Wakogel 50 C18 (36-
212 mm, Wako Pure Chemical Industuies, Ltd.), 
Chromatorex ODS (30-50 m, Fuji Silysia Chemical 
Ltd.). FAB-MS were measured by JEOL JMS-DX303HF 

spectrometer (Xe atom beam, accel. voltage 2-3 kV, 
matrix glycerol), 200-300 mA. NMR spectra were  

Table 2. Total antioxidant capacity of compounds 
determined using the FRAP TEAC assay 

Compounds(1mg/ml) FRAP(umol trolox/g) TEAC(umol trolox/g)

1 61.21±0.4 94.98±8.45 

2 2854.69±33.54 2394.62±56.18 

3 102.67±0.17 98.81±5.9 

4 188.4±2.43 105.3±5.44 

5 6425.71±25.44 6368.31±100.38 

6 1430.62±0.58 1147.47±70.78 

7 486.59±2.37 472.98±39.89 

8 134.11±2.2 84.07±11.6 

9 357.18±4.51 298.69±10.52 

10 8712.9±79.79 7747.77±87.29 

 
recorded at 500 MHz for 1H and 125 MHz for 13C by 
JNC-A500 NMR spectrometer and chemical shifts were 
given on a δ (ppm) scale with tetramethylsilane as 
internal standard.  

2, 4, 6-tripyridyl-s-triazine; 2-2’-Azinobis (3-
ethylbenzoth-iazoline-6-sulfonic acid) diammonium salt 
(ABTS) and 6-hydroxy-2, 5, 7, 8-tetramethylchroman-2-
carboxylic acid (Trolox) were obtained from Sigma 
chemical Co (St. Louis, MO). Manganese dioxide was 
obtained from Merck (no. 805958). Buffer salts and all 
other reagents were of analytical grade. 

3.2 Plant Materials 

Flower of S. grosvenori were collected from Lingui 
county, Guilin city of Guangxi province, China, in 
October 2005 and identified by Professor Wei Huanan. A 
voucher specimen (FSG0510) of the plant is deposited at 
the Herbarium of Guangxi Institute of Botany, China. 
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3.3 Extraction and Isolation 

Fresh flower (3 kg) of Siraitia grosvenori was 
extracted with methanol (8L × 3) at room temperature for 
10 days. The extract was evaporated under reduced 
pressure to afford methanol extract (36.7 g). The extract 
was chromotograped on Diaion HP-20, with successive 
elution with H2O and 20%, 80%, and 100% methanol. 
The 80% methanol eluate (15.0 g) was submitted to silica 
gel column and eluted with CHCl3-MeOH-H2O (9:2:0.1; 
7:3:0.5; 6:4:1, v/v), gradient, to afford ten fractions. Fr. 
10 (600 mg) were repeatedly subjected to silica gel 
column chromatography with CHCl3-MeOH-H2O 
(8:2:0.2, v/v), followed by further purification with 
Wakogel C18 column chromatography (50-60% MeOH) 
afford 1 (16.2 mg) and 2 (25 mg). Fr. 9 (400 mg) 
followed by further purification with Chromatorex ODS 
(55-65% MeOH) to give 3 (56.0mg). Fr. 8 (400 mg) were 
repeatedly subjected to silica gel column chromatography 
with CHCl3-MeOH-H2O (8:2:0.2, 7:3:0.5, v/v) to afford 4 
(91.6 mg) and 9 (6.9 mg). Fr. 7 (795 mg) were repeatedly 
subjected to silica gel column chromatography with 
CHCl3-MeOH-H2O (8:2:0.2, v/v), followed on 
crystallization to afford 8 (128 mg). Fr. 5 (210 mg) were 
repeatedly subjected to silica gel column chromatography 
with CHCl3-MeOH-H2O (9:2:0.1; 8:2:0.2, v/v), followed 
on crystallization to yield 6 (10.1mg). Fr. 3 (613 mg) 
were repeatedly subjected to silica gel column 
chromatography with CHCl3-MeOH-H2O (9:2:0.1, v/v), 
followed on crystallization to yield 5 (55.6 mg). Fr. 1 
(970 mg) were subjected to Wakogel C18 column 
chromatography (50-60% MeOH), followed by further 
purification with Sephadex LH-20 (30-50% MeOH) and 
to afford 7 (32 mg) and 10 (23 mg).  

3.4 Ferric Reducing Ability of Plasma (FRAP) 

Assay 

FRAP assay was carried out by the method of Benzie 
and Strain (1996) [13] with a minor modification. FRAP 
assay measures the change in absorbance at 593 nm 
owing to the formation of a blue colored Fe (II)-2, 4, 6-
tripyridyl-s-triazine compound from colorless oxidized 
Fe (III) form by the action of electron donating 
antioxidants. Standard curve was prepared using different 
concentrations (1-10 µmol /ml) of FeSO4 × 7 H2O. All 
solutions were used on the day of preparation. In the 
FRAP assay the antioxidant efficacity of the antioxidant 
under the test was calculated with reference to the 
reaction signal given by an Fe2+ solution of known 
concentration, this representing a one-electron exchange 
reaction. The results were corrected for dilution and 
expressed in µmol Fe (II)/ml. 10 mg of sample powder 
was dissolved in 10 ml of distilled water or 50% ethanol 
solution. The sample to be measured within 5 min., it be 

adequately diluted to fit within the linearity range. All 
determinations were performed in triplicate.  

3.5 Trolox Equivalent Antioxidant Capacity (TEAC) 

Assay 

The Trolox equivalent antioxidant capacity (TEAC) 
was evaluated applying the ABTS radical cation 
decolorization assay [16, 17]. This spectrophotometric 
technique measures the relative ability of antioxidants to 
scavenge a longlived specific radical cation chromophore 
in relation to that of Trolox (6-hydroxy-2, 5, 7, 8-
tetramethyl-chroman-2-carboxlic acid), the water-soluble 
vitamin E analogue. Hence, the TEAC represents the 
concentration of Trolox with the same antioxidant 
activity as 1 mM solution for the examined samples. 1.25 
mM Trolox was prepared in phosphate buffered saline 
(PBS) for use as a stock standard. Fresh working 
standards were prepared daily by diluting this stock 
solution with PBS. ABTS·+ radical cation was prepared 
by passing a solution of ABTS through manganese 
dioxide on a filter paper. Excess manganese dioxide was 
removed from the filtrate by passing it through a 0.2 µm 
syringe filter. This solution was diluted in 5 mM PBS pH 
7.4 to an absorbance of 0.70 at 734 nm and pre-incubated 
at room temperature for 2 h prior to use. All samples 
were dissolved in 50% ethanol. Trolox or sample 
solutions (40µl) were added to 2.0 ml of diluted ABTS·+ 
solution (1.25 mM), The absorbance at 734 nm of the 
lower phase was taken in a Perkin Elmer (Lambda 25) 
spectrophotometer exactly 5 min after initiation of 
mixing. PBS blanks and 50% ethanol blanks were run in 
each assay. The scavenging activity is estimated within 
the range of the dose-response curve of Trolox and 
expressed as TEAC, which is defined as the concentration 
(mM) of Trolox having the antioxidant capacity 
equivalent to a 1.0mM or the tested sample solution. All 
determinations were performed in triplicate. 
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Abstract: Current status of Galium aparine L. in chemical composition and medical research was reviewed 
in this paper. Pointing out that establishing screening model to confirm relationship between its various 
biological activities and chemical composition, developing clear component, clear efficacy Modern Chinese 
medicine, should take advantage of this plant resources in future using. 
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Galium aparine L., a common weed in cornfield, is an 
herbaceous plant belonging to genus Galium of family 
Rubiaceae which is widely distributed over the wold. In 
the roadside, wilderness, ridges and meadows, it can be 
found, and it can harm the crops of winter wheat, winter 
rape and etc. At present, there are many research on 
Galium aparine L. most of them are on the control of 
Galium aparine with different herbicides in agricultural 
field, and the others are concentrate on the chemical 
composition and the application of traditional chinese 
medicine. In view of this, the current status of Galium 
aparine L. in chemical composition and medical research 
were summarized in this article, it was to use the Galium 
aparine L. effectively. 

1 Chemical Composition Research  

Chemical composition had been studied systematically 
on Galium aparine L. The results showed that the aerial 
parts of it are containing protopine[1], harmine, 
vasicinone 8-hydroxy-2,3-dehydrodeoxy-peganine and 
other alkaloids; monotropein, aucubin, asperu-loside[2] 
class of iridoid composition; rutin, quercetin galactlside 
and other flavonoids; chlorogenic acid, succinic acid, 
lactic acid and other organic acids; and coumarin, tannins, 
anthraquinones composition. The fruit of Galium aparine 
L. contains hordenine, jaligonic acid, luteolin, mannitol, 
inositol, ceryl alcohol, sitosterol and other ingredients. 

Chemical composition research on Galium aparine L. 
in China concentrated in the last two years. Yang Juan 
and Cai Xiaomei, Guizhou Province and Chinese 
Academy of Sciences, who were obtain six phenolic and 
eight flavonoids isolated from Galium aparine L., 
respectively, they are 1-(4-hydroxyphenyl)-ethanone, 
vanillic acid, 3,4-dihydroxybenzoic acid, p-hydroxy- 
cinnamic acid, gallic acid, 4-hydroxytruxillic acid, 
chrysoeriol, apigenin, luteolin, quercetin, chrysoeriol-7- 

O-β-D-gluco side, apigenin-7-O-β-D-glucoside, luteo- 
lin-4′-O-β-D-glucoside and luteolin-7-O-β-D-glucoside 
[3,4]; Li Jian, Dong Junxing and others who from the 
Institute of Radiation Medicine, Military Medical 
Sciences, obtained eleven compounds from Galium 
aparine 60% alcohol extracts, they were 4-hydroxy- 
benzoic acid, vanillic acid, protocatechuic acid, cytosine, 
cytidine, uracil, uridine, adenosine, xanthopurpurin, 2- 
methyl-1,3,6-trihydroxy-9, 10-allthraquinone-3-O-α- 
rhamnosyl(1 → 2)-β-D-glucoside, 2-carbomethoxy-3- 
prenyl-1,4-naphthohydroquinone-di-O-β-D-glucoside[5], 
and that the compounds of methyl anthraquinone and 
naphthalene, there may be the basis of the active 
substance for treatment of cancer. 

2 Medical Research 

As traditional Chinese medicine, Galium aparine is 
first recorded in Materia Medica of South Yunnan which 
was written by Lan Mao (AD 1396~1476) in the 
Songming County of Yunnan Province, it has been 
collected by the “Chinese Pharmacopoeia of the People’s 
Republic”, a volum of 1977 edition, and it aslo included 
in the “great dictionary of chinese materia medica”, 
“China Herbal”. According to the Chinese medicine 
theory, Galium aparine L. is characteristic of eliminating 
wet heat, dissipating blood stasis, reducing swelling and 
detoxifying that could be used in the treatment of 
stranguria with turbid discharge, hematuria, traumatic 
injury, acute appendicitis, boils, otitis media and other 
diseases. The book of “Materia Medica of South 
Yunnan” has taken on the Experiment prescription of 
decoction and taken with liquor, using 15g Galium 
aparine, 10g talcum, 5g liquorice, 10g Veronica persica; 
“Hunan drugs” records that the use of 10g of Galium 
aparine decoction with water can treat the women’s 
amenorrhea; “Chinese herbal medicine of Yunnan” aslo 
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have the experiment methods of using the Galium 
aparine and other Chinese medicine to cure the bruises, 
colds, swollen boil in early, acute appendicitis, breast 
cancer, gum bleeding and otitis. But the clinical research 
of modern chinese medicine mostly focuses on the 
anti-tumor, and the treatment of renal failure and so on. 

2.1 Anti-Tumor 

“The book of Universal medical health,” it recorded 
the using of Galium aparine, Barbed skullcap herb, 
Caulis lonicerae, Hedyotis diffusa, Indian mock- 
strawberry herb with decoction to treat the cancer of anus; 
and the Galium aparine, Caulis lonicerae, Barbed 
skullcap herb, Black nightshade herb, Salvia miltiorrhiza, 
Cortex lycii radicis, Herba dichondrae, Solomonseal, 
with decoction to treatment completed of leukemia. 
“Chinese herbal medicine of anti-cancer” provides us a 
prescription of Nux vomica semen strychni 0.9g and 
Rheum officinale, Galium aparine, Barbed skullcap herb 
and etc 30g respectively, with decoction (1 dose 
everyday) to treat acute leukemia. Yang Yijian and Yang 
Yongxian reported that the case of illness to use Galium 
aparine and other herbs to cure the left buttock 
carbuncle[6]. He Zongjian and Zheng Xiuchun adopted 
Galium aparine to completed the treatment of acute 
leukemia by strengthening qi and nourishing yin, there 
are 3 cases with life cycle of more than 9 years[7]. The 
health-center in San Dian district Xin Zhou County of 
Hubei Province reported that the use of fresh Galium 
aparine juice 0.25kg and dried Galium aparine 50g with 
wash, cut up and boiled with water for 30-60 minutes, 
and added brown sugar properly in it, then take it after 
mixing with water to cure breast cancer, esophageal 
cancer, jaw cancer, cervical cancer, there are 9 cases have 
achieved a certain effect[8]. 

At present, the patent of Chinese medicinal formulae 
in China which containing herbal ingredients such as 
Galium aparine to treat cancer is nearly twenty, and there 
are eleven patents for the treatment of leukemia. In all of 
them, Chen Fengzhuan made the XUE AI SAN ZHENG 
JI who made by Galium aparine account for 20% to 30%, 
Fringed iris herb account for 8% ~ 10%, Suncured 
ginseng account for 8%~10%, Prismatomeris tetrandra 
(Roxb.)K.Schum account for 10% to 20%, 8% ~ 10% of 
the Isatis indigoti-ca fort, Tuber fleeceflower stem 
account for 4% to 5%, Fructus corni account for 8% to 
13%, 8% to 10% of Lovage and animal bone proper for 
the treatment of blood cancer leukemia[9].Pan Wenguang 
execut the anti-leukemia tea with Chinese herbs such as 
Galium aparine and some active ingredients of 
anti-cancer drugs, microelement to treat leukemia, he 
thinks that these can replace chemotherapy and bone 
marrow transplantation, and the treatment effect is good. 

Zhou Guosheng invented a kind of Chinese medicine to 
cure leukemia, it included 10-20 copies of Galium 
aparine, Cortex lycii radicis, and Black nightshade herb, 
6-10 copies of Barbed skullcap herb, Caulis lonicerae, 
4-6 copies of dichondra repens forst and other supporting 
components, and it can used in the treatment of leukemia 
with various reasons by the conjunction of the main and 
auxiliary components of these, and it has good results. 
Wang Diliang invented the XUE KANG Pill of Chinese 
medicine, it was composed of Astragalus root, Red- 
rooted salvia, Root of rehmannia, Natural indigo, Cortex 
moutan, Root bark of the peony tree, Herba hedyotis 
diffusae, Kirilow groundsel herb, Barbed skullcap herb, 
and Galium aparine. It can healed leukocythemia 
availably. Zhao Shanzhi and Zhao Chuangong achieved a 
patent of prescription with 1-4 copies of Natural indigo, 
1-2 copies of Madagascar periwinkle herb, 0.7-4 copies 
of Fructus camptothecae acuminatae, 0.5-10 copies of 
Galium aparine, 10-20 copies of the Bark of 
cephalotaxus hainanensis Li., 15-30 copies of Securinega 
suffruticosa rehd, and 2-4 copies of Ovate tylophora root 
and Rhizome. They claimed that it is effective against 
leukemia quickly, no negative effects, high cure rate, and 
no recurrence after healing[11]. Zhao Shanzhi also applied 
for the treatment of erythro leukemia, megakaryocytic 
leukemia, chronic myelogenous leukemia, lymphocytic 
leukemia and blood diseases with Chinese medicine 
composition. These patents all contain Galium aparine. 

In addition to the leukemia, Galium aparine can also 
be used for treatment of other tumour. Chen Jianmin 
published a drug to treat lung cancer, he blend the 
Rumex madaio of 4-5.715g, Acvi of 3.2-3.43g, 
Celandine 10g, Wild buckwheat rhizome of 10g, 
Common sage herb of 9.71-10.4g, Galium aparine of 
9.71-10.4g, Ginseng of 6.3-7.2g, Astragalus root of 10g, 
largehead atractylodesrhizome of 4-5.715g, Patrinia 
heterophylla of 10g, English walnut seed of 9.71-10.4g, 
subprostrate sophora of 9.71-10.40g proportionally, and 
infuse, decoct them into decotion or take internally after 
grinding them into capsule[12]. Chen Daming aslo 
invented a treatment of Chinese medicine for lung cancer; 
it was composed of Spreading hedyotis herb, barbed 
skullcap herb, mulberry leaves, Galium aparine, 
Pseudo-ginseng, astragalus root, Donkey-hide gelatin by 
a certain percentage of prescriptions for Cough, Bloody 
sputum, Pneumonia, especially lung cancer patients. 
Ling Zhixian made an invention about Chinese medicine 
to treat cancer blood of stool. The drugs were made from 
Common selfheal fruit-spike, Dindygulen peperomia 
herb, Galium aparine of 15-18g, and Camellias, Japanese 
thistle herb or root of 9-12g respectively, it has the 
characteristics of low cost, easy to prepare, small toxicity 
and adverse reaction, and Significant effect[13]. Men 
Lianshe published the Chinese herbal formula of cancer 
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using Galium aparine for different modified tumor and 
disease; it has significant effect on tumors and cancers. 
Dong Li aslo invented a traditional Chinese medicine 
preparation for cancer, she blend the active ingredient of 
Spreading hedyotis herb of 80g, Radix scutellariae of 
40g, Honey-fried radix asteris of 30g, Buffalo horn cornu 
bubali of 40g’s, Barbed skullcap herb of 50g, Galium 
aparine of 60g, Bezoar of 5g, English walnut seed of 80g, 
Pinellia tuber of 15g, Cattail pollen of 30g, Common 
bletilla tuber of 60g, Solomonseal of 30g, Unibract 
fritillary bulb of 40g, Lily of 50g, Licorice root of 15g 
evenly. It can cure lung cancer with effective treatment, 
no side effects, and easy to take. Li Chenglin get extract 
from Chinese herbal medicine such as Vietnamese 
sophora root, Spreading hedyotis herb, Common selfheal 
fruit-spike, Zedoary, Galium aparine, Black nightshade 
herb for anti-cancer and tumor with certain processing 
technology. Xu Zhongting blend the Rheum officinale, 
Croton seed, Scorpion, Realgar, Polyphylla, Araceae, 
centipedes, Galium aparine, Euphorbia, Strychnos, 
Angelica, Gelatin with fried pasting yellow rice to pill 
for cancer. Zhou Wei made a drug with toad, lizards, 
black nightshade, ginseng, white dragon and snake grass, 
barbata, Galium aparine, TCS and other drugs at a 
certain ratio. The drug’s feature is short course, 
long-term increase in immune function, and the 
prevention and treatment of inhibition to kill cancer cells. 
The abroad aslo hold the relevant patents. The Russia 
Bojko Igor A published a patent for cancer with Galium 
aparine and other herbal medicine in 1995[14]. Kirillov N 
A, who use herbal medicine such as Galium aparine for 
the treatment and prevention of cancer[15]. The Bulgarian 
Girginov Girgin P aslo provided the patent for anticancer 
substances. All of these patents have Galium aparine. 

2.2 Renal Failure 

Dan Hua, Tian Yun, Hu Junhong and other people, 
who use drugs such as Galium aparine to cure 42 cases 
of Chronic renal failure early and mid renal failure with 
spleen and kidney blood detoxification method, and the 
curative effect is effective[16]. Xiang Shaowei and He 
Xiaoping and some others think that the Compound 
Immortality Capsules has the function of reduce serum 
transforming growth factor β1（TGF-β1）in patients with 
chronic glomerular disease. Xiang Shaowei, Xiang 
Chunlai and others made a clinical observation on the 
using of Nephritis Kang Tang to cure the 48 cases of 
chronic glomerulonephritis. The study found that the 
combination of Nephritis Kang Tang and Benazepril 
(ACEI) can improve clinical effect evidently, reduce 
urinary protein, ameliorate kidney function, and it also 
have the function of lower the patients’ serum TGF-β1, 
make the patients’ Serum laminin（LN）and Collagen Ⅳ 

(ColⅣ)better, and its index is more better than that in the 
western single-use medicine significantly. All of these 
were speculated that the Nephritis Kang Tang may have 
the function to against renal fibrosis[17]. He Xiaoping 
who comes from The Second Affiliated Hospital of 
Guangxi Medical College, use Grass jelly soup to cure 
30 cases of chronic renal failure by Galium aparine melts 
into Shaoyin Channel to clear heat and dampness, stasis, 
swelling, detoxification, diuretic. She agrees that Galium 
aparine could delay Glomeruloscle-rosis and Interstitial 
fibrosis[18]. 

2.3 Other 

Wen Haibin in the 10th of “Family Medicine” in 2001 
described a clinical medicine prescription who contains 
the Galium aparine to treat breast hyperplasia. Feng 
Dekuan exploited the function of detoxification of Eight 
Immortals grass, and developed Ba Xian Fu Gan Tang as 
its main drug to cure 30 cases of Hepatic diabetes by 
himself, 10 patients were cured after 4 weeks of 
treatment. Wang Yanfan use Shuang Zhu Ba Xian Tang 
which composed of Lacoste grass and Eight Immortals 
grass as the main medicines for the treatment of 30 cases 
of acute and chronic epididymitis, it was caused by 
ineffective antibiotic and without suppuration. The 
results were satisfactory[19]. Xu Yongzheng and Lu 
Zhifang also published the findings of Smilax glabra and 
Galium aparine to becomes the the main medicines to 
treatment ulcerative colitis. Wang Yan, Cao Dong, who is 
made the Herbs of Eight Immortals grass to Suppository. 
It was provided with the effect of analgesic and 
antimicrobial. The Russia is also using it to Cook 
Tincture, to improve their own immunity [20]. 

3 Pharmacological Research 

The related reports of pharmacological experiment 
mainly focused on the area of bring high blood pressure 
down, antibacterial and anticancer. The results showed 
that Galium aparine’s extract can lower blood pressure 
but not heart rate, and it has an effect on dogs with 
intravenous dozes of 1-1.5g (crude drug), and no toxicity. 
The components of clover saponins car in Galium 
aparine can lower blood pressure. The results of 
antibacterial test with flat paper method showed that the 
Galium aparine decoction has inhibition on 
staphylococcus aureus, E. coli and Shigella dysenteriae. 
The animal tumor can be removed by Dawu cancer 
injection, which was composed of the contract of Galium 
aparine and other Chinese medicine. The alcohol extract 
of Galium aparine can inhibit the MLV L615 with the 
dose of 2.2g/kg take orally every day or abdomen 
injection for 6 days, the inhibition ratio is 28.5%. The 
Screening Test of methylene blue tube agglutination 
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technique demonstrated that the crude Galium aparine of 
5g/ml reacted positively to immunophenotype in acute 
lymphoblastic leukemia and acute myeloblastic 
leukemia. 

4 Conclusions and Prospects 

In summary, the study on Galium aparine in abroad is 
mainly focused on chemical analyse, and there is aslo a 
few patents to use it for anticancer and improve 
immunity. But the chemical analyse in domestic is small, 
and the majority of them were utilized the function of 
Galium aparine’s detoxification and activating blood 
circulation to dissipate blood stasis to anticancer, ARF 
and other disease, most of them are the patent of Chinese 
medicinal formula. The pharmacological test showed that 
the Galium aparine can lower blood pressure, anti- 
bacterial and anti-cancer, and no toxicity.  

In addition to the Asperuloside have the function of 
lowering blood pressure of rabbits, Dong Junxing and 
some other people, who speculated that it contains 
compounds of anthraquinones and methyl naphthalene 
class, they thinks that these may be the active principles 
to cyberknife of Galium aparine, and the study on 
Galium aparine at home and abroad not to mention its 
chemical composition or the relationship between its 
active site and biological activity. But Galium aparine is 
monarch drug in the prescription of cancer and kidney 
disease, and it proved that the Galium aparine may 
contain the eliminating evil energy ingredients to kill 
cancer cells and the active ingredient to improve the 
oliguresis, azotemia and tubular necrosis, furtherly, it 
aslo have the potential to  develop into modern 
medicine relatively. Our study found that the component 
of aether petrolei and n-butyl alcohol of Galium aparine 
alcohol extract has strong proliferative capacity of inhibit 
leukemia cells K562 in vitro, but the activity of crude 
extract is weak. The value of Chinese herbal medicine is 
not only new compounds which isolated from themselves, 
but more important is to find the relationship between the 
compounds and their biological activity, it can improve 
our lives better, and it aslo provide new sources and 
ideas for us. It would establish relevant screening models 
by oriented-bioactivity from the extraction and 
separation of Galium aparine with relevant functional 
components, and thus confirming its chemical 
composition or the relationship between its active site 
and various biological activities to study its mechanism, 
and then develop a modern medicine with clear 
composition and pesticide effect. It should be the future 
development direction to take advantage of these rich 

plant resources adequately. 
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Abstract: Isoliquiritigenin (ISL) is the main active component of a commonly used traditional Chinese 
medicine (TCM) Glycyrrhiza uralensis. In this study, ISL interactions. with bovine serum albumin (BSA) 
were investigated using fluorescence quenching. The number of binding sites (n) and apparent binding 
constant (K) were measured. Thermodynamic parameters (ΔH0, ΔG0, ΔS0) were calculated at different 
temperatures. The distance (r) between the fluorescent donor (BSA) and fluorescent acceptor (ISL) were 
obtained using Förster’s theory of non-radiative energy transfer. The results of synchronous fluorescence 
spectra and UV–Vis absorption spectra both showed that the conformation of BSA changed upon interaction 
with ISL. 
 
Keywords: Isoliquiritigenin; bovine serum albumin; thermodynamic parameters; energy transfer 

1 Introduction 

Isoliquiritigenin (4,2’,4’-trihydroxychalcone, ISL), 
which exists in licorice and in vegetables including 
shallots and bean sprouts[1], is a member of the 
flavonoids, has been shown to exhibit a variety of 
biological activities, such as antioxidant [2,3], 
anti-inflammatory [4], estrogenic [5], chemopreventive [6] 

and antitumor activities [7] attenuating brain injury in 
cerebral ischemia–reperfusion [8]. ISL has also been 
reported to inhibit cell proliferation and/or induce 
apoptosis in lung, gastric, breast, prostate, colon and 
melanoma cancer cells [9].Our findings show that ISL 
affects the proliferation and redifferentiation in HL-60 
cells [10]. 

Serum albumins are the most abundant proteins in the 
circulatory system of a wide variety of organisms. Being 
the major macromolecule contributing to the osmotic 
blood pressure [11], they can play a dominant role in drug 
disposition and efficacy [12]. Many drugs and other 
bioactive small molecules bind reversibly to albumin and 
other serum components, which then function as carriers. 
Serum albumin often increases the apparent solubility of 
hydrophobic drugs in plasma and modulates their 
delivery to cells in vivo and in vitro. Consequently, it is 
important to study the interactions of drugs with this 
protein. The effectiveness of drugs depends on their 
binding ability. 

Fluorescence and UV–vis absorption spectroscopies 
are powerful tools for the study of the reactivity of 
chemical and biological systems. The aim of this work 
was to determine the affinity of ISL to bovine serum 

albumin (BSA), and to investigate the thermodynamics 
of their interaction. We also tried to find the 
stoichiometry of the ISL–BSA complex. To resolve this 
problem, the UV and fluorescent properties of ISL as 
well as BSA were investigated. 

2 Experimental 
2.1 Materials 

ISL (≥95%, Tian Ye Biotechnology Co., Ltd), Xian, 
China) and BSA (being electrophoresis-grade reagents, 
was obtained from Sigma) were used. The samples were 
dissolved in Tris–HCl buffer solution (0.05 mol L−1 Tris, 
0.10 mol L−1 NaCl, pH = 7.4). All reagents were of 
analytical reagent grade and doubly distilled water was 
used throughout. 

2.2 Apparatus 

All fluorescent measurements were carried out on an 
F-2500 fluorescence spectrophotometer (Hitachi, Kyoto, 
Japan) equipped with a xenon lamp source and 1.0 cm 
cell. A UV-2401 recording spectrophotometer 
(Shimadzu, Kyoto, Japan) equipped with 1.0 cm quartz 
cells was used for the UV spectrum scanning. All pH 
measurements were made with a pHS-3 digital pH-meter 
(Shanghai Lei Ci Device Works, Shanghai, China) with a 
combined glass-calomel electrode. The mass of sample 
was accurately weighed with a microbalance (Sartorius). 

2.3 Spectroscopic Measurements 

The absorption spectra of BSA, ISL and their mixture 
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were performed at room temperature. The fluorescence 
measurements were performed at different temperatures 
(298, 310 and 315 K). Excitationwavelength was 286 nm. 
The excitation and emission slit widths were set at 10 nm 
and 700V PMT. Appropriate blanks corresponding to the 
buffer were subtracted to correct background 
fluorescence. 

3 Results and Discussions 
3.1 Fluorescence Characteristics of BSA 

The concentrations of BSA were stabilized at10-5 mol 
L-1, and the content of ISL varied from 0 to 
2.205×10-6mol/L at the step of 0.9600×10-6mol/L. The 
effect of ISL on BSA fluorescence intensity is shown in 
Fig. 1. The intensity of fluorescence can be decreased by 
a wide variety of processes. Such decreases in intensity 
are called quenching. It is apparent from Fig. 2 that the 
fluorescence intensity of BSA decreased regularly with 
the increasing of ISL concentration. The fluorescence 
quenching data are usually analysed by the 
Stern–Volmer equation [13]: 
F0/F = 1 + Kqτ0[Q] = 1 + Ksv [Q]       (1) 

where Kq, Ksv, τ0 and [Q] are the quenching rate 
constant of the biomolecule, the dynamic quenching 
constant, the average lifetime of the molecule without 
quencher and concentration of quencher, respectively. 
Because fluorescence lifetime of biopolymer is 10-8s[14], 
quenching constant (Kq: L mol-1 s-1) at pH 7.40 can be 
obtained by the slope: 298 K, Ksv = 1.307×105, r = 
0.9892; 310 K, Ksv = 1.518×105, r = 0.9885 and 315K, 
Ksv = 1.745×105, r = 0.9864 Fig. 2 shows that curves 
have fine linear relationships, but changes of slopes with 
the increase of temperature. These results indicate that 
the probable quenching mechanism of fluorescence of 
BSA by ISL is a dynamic quenching procedure, because 
the KSV increased with the rising temperature[13]. 

 
Figure 1. Emission spectra of BSA in the presence of 

various concentrations of ISL 
c (BSA) = cBSA=2.205×10-6mol/L; c (ISL)/( 10- 6mol/L), cISL(10- 6mol/L) : 
1-12: 0，0.9600, 1.920，2.880，3.840，4.800，5.760，6.720，7.680，8.640，
9.600，10.56 ( T = 298 K) 

 
Figure 2. The Stern–Volmer curves for quenching of 

ISL to BSA 

3.2 The Determination of the Force Acting 

between ISL and BSA 

The interaction forces between a drug and biomolecule 
may include hydrophobic force, electrostatic interactions, 
van der Waals interactions, hydrogen bonds, etc. The 
slope of a plot of the bimolecular quenching constant 
versus 1/T (T, absolute temperature) allows one to 
calculate the energy change for the quenching process [14]. 
If the enthalpy change (ΔH0) does not vary significantly 
over the temperature range studied, then its value and 
that of entropy change (ΔS0) can be determined from the 
van’t Hoff equation: 

R

S

RT

H 00

lnK





        (2) 

where K is the Stern–Volmer quenching constant at 
the corresponding temperature and R is the gas constant. 
The temperatures used were 298, 310 and 315 K. The 
enthalpy change (ΔH0) is calculated from the slope of the 
van’t Hoff relationship. The free energy change (ΔG0) is 
estimated from the following relationship: 

000 STHG          (3) 

Table 1 shows the values of ΔH0 and TΔS0 obtained 
for the binding site from the slopes and ordinates at the 
origin of the fitted lines. 

Table 1. Stern–Volmer quenching constant KSV and relative 
thermodynamic parameters of ISL–BSA at pH = 7.4 

ΔH0(kJ·mol-1) ΔS0(J·mol-1·K-1) T(K) ΔG0(kJ·mol-1)

298 -29.18 

310 -30.75 12.5 139.8 

315 -31.61 
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From Table 1, it can be seen that the negative sign for 
free energy (ΔG0) means that the interaction process is 
spontaneous. The positive enthalpy (ΔH0) and entropy 
(ΔS0) values of the interaction of ISL and BSA indicate 
that the binding is mainly entropy-driven and the 
enthalpy is unfavorable for it, the hydrophobic forces 
playing a major role in the reaction [15]. 

3.3 Energy Transfer between ISL and BSA 

The Förster theory of molecular resonance energy 
transfer[16] points out: in addition to radiation and 
reabsorption, a Fig. 3. Spectral overlap of ISL absorption 
with BSA fluorescence c (BSA) = c (ISL) = 2.205 ×10-6 
mol/L. transfer of energy could also take place through 
direct electrodynamic interaction between the primarily 
excited molecule and its neighbors. According to this 
theory, the distance r of binding between ISL and BSA 
could be calculated by the equation (Eq. (4)) [17]: 
E = R6

0/( R
6
0 + r6 )            (4) 

where E is the efficiency of transfer between the donor 
and the acceptor, R0

 is the critical distance when the 
efficiency of transfer is 50%. 
R6

0 = 8.8 ×10- 25 K2 n - 4ΦDJ     (5) 
In Eq. (5), K2 is the space factor of orientation; n the 

refracted index of medium; Ф the fluorescence quantum 
yield of the donor; J the effect of the spectral overlap 
between the emission spectrum of the donor and the 
absorption spectrum of the acceptor (Fig. 3), which could 
be calculated by the equation: 

4
0

0

( ) ( )

( )

F d
J

F d

    
 









     (6) 

where F (λ) is the corrected fluorescence intensity of 
the donor in the wavelength range λ–(λ+Δλ); ε(λ) is the 
extinction coefficient of the acceptor at λ. The efficiency 
of transfer (E) could be obtained by the equation: 
E=1-F/F0                           (7) 

In the present case, K2 = 2/3, N = 1.336, and φ = 0.15 
[18]. According to the Eqs. (4)–(7), we could calculate 
that J=4.87 ×10-15cm3 ·L·mol-1; R0 = 2.12 nm; E = 
0.0693 and r =3.27nm. The average distance r < 8nm [19], 
and 0.5R0 < r< 1.5R0 

[20] indicate that the energy transfer 
from BSA to ISL occurs with high probability. 

c (BSA)= c (ISL) =2.205 ×10-6 mol/L. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. Spectral overlap of ISL absorption with 
BSA fluorescence 

3.4 Conformation Investigation 

The synchronous fluorescence spectra give 
information about the molecular environment in a 
vicinity of the chromosphere molecules. In the synchro- 
nous spectra, the sensitivity associated with fluorescence 
is maintained while offering several advantages: spectral 
simplification, spectral bandwidth reduction, and 
avoiding different perturbing effects. The authors[21] 
suggested a useful method to study the environment of 
amino acid residues by measuring the possible shift in 
wavelength emission maximum λmax, the shift in position 
of emission maximum corresponding to the changes of 
the polarity around the chromophore molecule. When the 
D-value (Δλ) between excitation wavelength and 
emission wavelength were stabilized at 15 nm or 60 nm, 
the synchronous fluorescence gives the characteristic 
information of tyrosine residues or tryptophan 
residues[22]. The effect of ISLon BSA synchronous 
fluorescence spectroscopy is shown in Fig. 4. It is 
apparent from Fig. 4 that the maximum emission 
wavelength moderate shifts towards long wave when 
Δλ=60 nm. The shift effect expresses that the 
conformation of BSA was changed. It is also indicated 
that the polarity around the tryptophan residues was 
increased and the hydrophobicity was decreased [23]. 
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Figure 4. Synchronous fluorescence spectrum of BSA 

(a) Δλ= 15 nm; (b) Δλ= 60 nm; cBSA = 2.205 ×10-6 mol/L ; 
CISL/(10 - 5 molPL) : 1～12 :0, 0.13756, 0.17512, 1.11269, 1.15025, 
1.18781, 2.12537, 2.16293, 3.10049, 3.13806, 3.17562, 4.11318. T = 298 K 

4 Conclusions 

In this paper, the interaction of ISL with BSA was 
studied by Spectroscopic methods including fluorescence 
spectroscopy and UV–vis absorption spectroscopy. The 
results of synchronous fluorescence spectroscopy and 
indicate that the secondary structure of BSA molecules is 
changed dramatically in the presence of ISL. The 
experimental results also indicate that the probable 
quenching mechanism of fluorescence of BSA by ISL is 
a dynamic quenching procedure, the binding reaction is 
mainly entropy driven, and hydrophobic interactions 
played a major role in the reaction. 
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Abstract: It’s revealed the phenomenon of Homonym and synonym in Qinghuajiao, the names of which such 
as Jinyang Qinghuajiao, Vine pepper and Jiuyeqing are usually used in market and consumption, but all of 
which are Z. armatum. in biology. There are two main production area, Jinyang in southwest of Sichuan (Li-
angshan) and Hongya, Emei in Sichuan basin. The market and consumption of Qinghuajiao extend in China. 
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1 Introduction 

Pepper of Sichuan (Rutaceae, Zanthoxylum), the 
homo-source both in food and drug [1,2], a traditional 
spices, Chinese herbal medicine, economical forest in 
China having been utilized for 2000 years[3]. In recent 
years, Green Prickleyash with green fruits is widely 
planted in Sichuan and Chongqing province in China 
which is welcomed by people as their rich aroma and 
mellow flavor of numb-taste. Why people enjoy them 
and how about its market? In order to answer these 
questions and aimed to support the exploiture of Green 
Prickleyash and learn more about it, investigations and 
studies had been done in counties of Sichuan where there 
are pepper of Sichuan being planted widely, including 
Hongya, Emei, Jinyang, Leshan, Danling, Meishan, San-
tai Lezhi, Pengxi, Yaan, Hanyuan and Ebian. 

2 Characters and Distribution of Green 
Prickleyash Resource 
2.1 Homonym and Synonym Phenomenon of 

Green Prickleyash 

People usually call pepper of Z. armatum with green 
fruits Green Prickleyash which is a popular name[4]. It’s 
shown in the investigations that edible Green Prickleya-
shes are Z. armatum and Z.schinifolium, different in 
morphology but similar in fruits character and the wild 
resources of both are found in Sichuan. Z. armatum is 
planted as economic tree in Sichuan and Chongqing, 
while the Z.schinifolium planted sporadically and grown 
mixed with Z. armatum isn’t large-scale planted because 
of its peculiar taste. Z.schinifolium cited in many papers 
is actually Z. armatum. Thus, the homonym phenomenon 
of Green Prickleyash leads to the misuse of its name, 
which shows that the studies on these two kinds of pep-
per resources are so weak that its taxonomic status is not 

clear. 
Another pepper called vine pepper is existed in re-

gions of plantation, where people regard vine pepper and 
Green Prickleyash as two kinds. Researches in aspects of 
tree shape, branches, compound leaves, fruits and its 
ingredients show that vine pepper is just another name of 
Green Prickleyash.  

2.2 The Breed of Green Prickleyash 

There are three breeds of Qinghuajiao registered by 
the National or Provincial Forest Cultivar Registration 
Board. They are Jinyang Qinghuajiao[5] from Jinyang 
county, vine pepper[6] from Hongya county and Jiu 
Yeqing[7] from Jiangjin City in Chongqing. In fact all of 
them are Z. armatum in academy. 

2.3 The Distributions of Qinghuajiao in Sichuan 

and the Climate Characters of These Regions 

The resources of Qinghuajiao are particularly rich in 
Sichuan. According to the relief and climate, two kinds 
of region can be generalized that subtropical monsoon 
climate s in mountains and ubtropical humid climate in 
basin. In Tab1 characters of the two regions (Jinyang and 
Hongya) are shown on aspects of physiognomy types, 
annual average temperature, sunshine, precipitation and 
altitude. The feature of Jinyang is dry, hot and rich in 
sunshine contrast with Hongya, which illustrates that the 
two varieties in the two regions have adapted the local 
environments. 
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Table 1. Characters of regions producing Qinghuajiao 

Breed Jinyang Qinghuajiao Vine pepper 

Prodition place Jinyang Hongya 

Relief 
Mountains in 

southwest Sichuan 
Sichuan Basin 

Climate type 
Subtropical monsoon 

climate 

Subtropical humid 

climate 

Annual average tempera-

ture（℃） 
21～13.3 16.6 

Annual sunshine（h） 1600 1006.1 

Annual frost-free period

（d） 
280～300 307 

Annual rainfall（mm） 800 1435.5 

Altitude（m） 500～1800 410～1300 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Distribution of the Z.armatum in Sichuan 

The Figure1 reveals that Qinghuajiao is mainly dis-
tributed in Sichuan Basin (Hongya, Emei, Leshan, Ebian) 
and Liangshan yi autonomous prefecture in mountains of 
southwest Sichuan (Jinyang, Leibo). Jinyang County is 
the biggest production region in Sichuan and also in 
China. The 70% population of which is Yi peoples. It is 
a needy county of State-level. As the pillar industry of 
the county, the Green Prickeyash is along the Jinsha river 
valley dry and hot and the plantation area of Green 
Prickeyash is more than 5 acres. The forestation of Jin-
yang Green Prickeyash in dry and hot river valley is with 
great dominance both in ecology and economy. 

Vine pepper with characters of barren resistance and 
fertility concentrated in Hongya, Emei, Ebian and 
Danling adapts the rich rainfall and less sunshine in the 
Sichuan basin well, While Jiu Yeqing is mainly distrib-
uted in Yibin, Zigong, Mianyang and Deyang. 

3 The Marketing Demands and Promising 
Future of Qinghuajiao 

3.1 The Marketing Demands of Qinghuajiao 

Huajiao is integral to Sichuan cuisine which is famous 
for numbing and burning sensation, so that its percapita 
consumption is first in China. Generally, the rational 
collecting period of huajiao is full ripe but qinghuajiao is 
not, commonly knowing “wanshuqi”. Because of its im-
maturity and insufficiently accumulation of numbing 
matter ,the distinctive numbing sensation is lighter than 
huajiao,for which it is easier for people to accept and 
develop qinghuajiao gradually, in addition to rich aroma, 
special flavor, refreshing taste and obviously enhancing 
appetite,so that the consumption of Qinghuajiao is rising  
continuously. Especially, its pure greenness also has a 
strongly decorative effect. 

There are nearly 10 processed products of Qinghuajiao 
but the main products are fresh and drying preservation 
which account for 60%-70% on the market, meanwhile, 
the essential oil is 20% and other products is 10%. 
 

Table 2. The products and market price of Qinghuajiao 

The processed products Price（￥） 

Oil of fresh Huajiao 30 

Huajiao flavor 500 

Seed oil 14 

Micropowder of linolenic acid 50 

Purify dry Huajiao 75 

Essential oil of fresh Huajiao 700 

Microcapsule Huajiao powder 80 

Linolenic acid capsule 500 

Qinghuajiao flavor 700 

3.2 Promising Future of Qinghuajiao  

3.2.1 Enhance National and International Markets of 

Qinghuajiao Products 
Qinghuajiao has a distinctive taste and a fresh- 

comfortable aroma. Compared with traditional Pepper of 
Sichuan, Qinghuajiao is consumed by humans, because 
the outstanding points of Qinghuajiao involve their 
rich-fresh aroma and lower numb-taste. A number of 
edible Qinghuajiao, previously known of as unac-
quainted ones, began to receive more attentions. Along 
with exploiting more new edible Qinghuajiao menu and 
cultivating more consumers, gradually, the domestic 
markets of Qinghuajiao will be expanded. 

Exporting traditional Pepper of Sichuan Time is over. 
Recent years, the rate of export of Qinghuajiao is 
growing in Southeast Asia, Japan, Korea, etc. Owing to a 
wide range of applied fields, traditional Pepper of 
Sichuan is entering Euro-American market also, as 
Sichuan is one of exporting Pepper provinces. Besides 
supply of Qinghuajiao fails to meet the demand in 
national market, Qinghuajiao products are commanded a 
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ready market in Korea, Japan, Southeast Asia, America, 
etc. The price of Qinghuajiao is higher than the 15 to 20 
dollars/kg in New Yorkmarket and fresh green pepper 
and frozen green pepper have been well received in 
Japan market. 

3.2.2 The Ways of Deep Processing and Exploiting 

Qinghuajiao 
The future development of Qinghuajiao mainly de-

pends on the ways of deep process and exploitage. Mod-
ern medical research indicates that the extractives of 
Qinghuajiao have marked antiphlogistic and bacterio-
static action and lots. With the analysis of composition, 
separating composition and deep exploiting extractive 
techniques, Qinghuajiao product will has a promising 
future. The future of condiment products will be located 
in varieties, complex convenience and nutritive health. 

3.2.3 Enhance Its Ecological and Economic Effects 
Qinghuajiao is a variety of ecological and economic 

trees. The resistibility of Qinghuajiao is better than tradi-
tional Pepper of Sichuan’s, especially Jinyang Green 
Prickeyash adapts in dry and hot river valley and Vine 

pepper adapts in the rich rainfall and less sunshine re-
gions. The effects of Qinghuajiao are to improve the in-
come of the farmers in similar ecological region and en-
hance national unity and harmony. 
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Abstract: The purity of crude glycosaminoglycan(GAG) from Bullacta exarata was 90.82% through ultrafil-
tration and CTAB precipitation, its purity was detected by UV scanning and agarose gel electrophoresis, 
meanwhile the chemical composition of purified glycosaminoglycan were determinated using gelatin BaCl2, car-
bazole reaction and modified Elson-Morgan methods, the results showed that sulfate content was 3.95%, 
uronic acid content was 25.83% and amino sugar content was 14.19% in glycosaminoglycan from Bullacta 
exarata. 
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1 Introduction 

Glycosaminoglycans are structurally diverse linear 
polysaccharides which composed of repeating disaccha-
ride units. Glycosaminoglycans are widely located at 
cell-surface and in the extracellular matrix.As a kind of 
important biomacromolecule in vivo, glycosaminogly-
cans  participate in a variety of important biological 
functions, such as cell proliferation, cell differentiation 
and immunoregulation by combining with kinds of en-
zyme, growth factor and adhesionmolecules [1]. Scholars 
have isolated glycosamglycans from some marine animal, 
chondroitin sulfate, acid mucopolysaccharide and glyco-
protein were isolated from cartilage of shark [2], integu-
ment of sea star and stichopus japonicas [3,4], mol-
lush(such as scallop, clam, abalone and sea hare) [5] re-
spectively.Cassaro’s [6] reaearch showed that mollush 
were rich in glycosaminoglycans. China is abound in 
Bullacta exarata which is a typical kind of intertidal 
zoobenthos. 

Bullacta exarata has lots of nutritive material as well 
as some medical functions. According to the “Supple-
ment to the Compendium of Materia Medica”, Bullacta 
exarata have functions of tonifying liver, moistening 
lung,improving eyesight and regenerating fluid [7,8]. Up 
to date, there is no report about glycosaminoglycan from 
Bullacta exarata. On the basis of optimal extractive condi-
tion of glycosaminoglycan from Bullacta exarata, this 
paper did some research about purification and analysis 
of chemical compositions on glycosaminoglycan from 
Bullacta exarata which will surely lay the foundation for 
further study on structure and functions analysis of gly-
cosaminoglycan from Bullacta exarata. 

2 Materials and Methods 

Bullacta exarata were gathered from bathing beach of 
Tianjin. 

Hollow fiber membrane was from Tianjin Motimo 
Membrane Technology Co.,Ltd;TGL-16M high speed 
freezing centrifuge was from Changsha Xiangyi Centri-
fuge Instrument Co.,Ltd; TU1810 UV-visible spectro-
photometer was from Beijing Purkinje Instrument 
Co.,Ltd; SAGA-10TJ laboratory ultrapure water instru-
ment was from Nanjing Eped Technology Development 
Co.,Ltd; Agarose horizontal electrophoresis tank and DC 
regulated power were from Beijing Liuyi Instrument 
Factory; Rotary Evaporators was from Shanghai Yarong 
Instrument Factory. 

Extraction process of glycosaminoglycan from Bul-
lacta exarata: 

Bullactaexarata→shelling→homogenate→enzymoly- 
sis→inactivation of enzyme by boiling→decoloration 
withhydrogenperoide→pHadjustment→deproteinization 
by centrifugation→ethanolprecipitation→precipitation 
separation by centrifugation→washing by ethanol and 
acetone respectively→drying→crude glycosaminoglycan 

Purification of glycosaminoglycan: 
Deproteiniztion→ultrafiltration→ethanolprecipitation 
Dissolved crude glycosaminoglycan in ultrapure water, 

removed insoluble substance by centrifugation, added 
trichloroacetic acid to the supernatant until the tri-
chloroacetic acid content was 5%，removed the deposits 
by centrifugation, ultrafiltrated the supernatant using 
hollow fiber membrane (interception molecular mass of 
10000), ethanol precipitated the filtrate using etha-
nol-sodium acetate(mixed ethanol with 5% sodium ace-
tate aqueous solution, ethanol content 60%,v/v), stewing 
24h at 4 ,removed the supernatant by syph℃ o-
nage,collected precipitate,gained first-step purification of 
glycosaminoglycan(GAG-1) after drying. 
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CTAB(cetyl trimethyl ammonium bromide) precipita-
tion  

Gained second-step purification of glycosaminoglycan 
(GAG-2) by CTAB precipitation. 

Purity detecting of glycosaminoglycan  
Ultraviolet absorption spectrum 
In order to compare protein content and nucleic acid 

content between crude glycosaminoglycan and purified 
glycosaminoglycan, scaning crude glycosaminoglycan  
aqueous solution and purified glycosaminoglycan aque-
ous solution by TU1810 ultraviolet-visible spectropho-
tometer respectively. 

Agarose gel electrophoresis 
Used the method recorded in reference [9] . 
Analysis of chemical composition on glycosaminogly- 

can 
Sulfate Content 
Used the method of gelatin- BaCl2 [10]. 
Uronic acid conten 
Used the method of colorimetry of carbazole [11]. 
Hexosamine content 
Used the method of improved Elson-Morgan [12]. 

3 Results and Analysis 

Purification of Glycosaminoglycan from Bullacta ex-
arata 

The yield rate, recovery rate and content of GAG were 
showed in table 1.The GAG content in crude was 
21.50%,after first-step purification, the content was 
65.20% and the rate of recovery was 47.75%,after sec-
ond-step purification, the content raised to 90.82% and 
the rate of recovery was 82.14%. 

Table 1. The purification results of Glycosaminoglycan 

GAG 
Yield rate（%）（relative 

to fresh meterial） 

Recovery 

rate（%） 

Content of 

GAG（%）

Crude GAG 1.22  21.50 

GAG-1 0.096 47.75 65.20 

GAG-2 0.0648 82.14 90.82 

 
Purity Detecting of Glycosaminoglycan 
Ultraviolet Absorption Spectrum 
The spectrograms were showed as follow. Figure1 

showed that crude GAG had absorption peaks of 280nm 
and 260nm which meant that crude GAG contained lots 
of protein and nucleic acids. Figure2 showed that purifi-
cated GAG didn’t have absorption peaks of 280nm and 
260nm.Both figure1 and figure2 had intense absorption 
peak at 206nm.The purity of GAG was high after purifi-
cation. 

 

Figure 1. Ultraviolet absorption spectrum of crude GAG 

 

 

Figure 2. Ultraviolet absorption spectrum of purified GAG 

Agarose Gel Electrophoresis 
Purified glycosaminoglycan was analysed with agarose 

gel electrophoresis using heparin sodium and chondroitin 
sulfate as standard samples, the result was plate1, 
plate1showed that two standard samples and GAG-2 had 
positive reaction with toluidine blue and they could mi-
grated to anode under the action of electric field，this 
meant that GAG-2 had the characteristics of polyanion as 
standard samples.Both heparin sodium and chondroitin 
sulfate were of single pure component, of which the 
electrophoretogram spots were concentrative and clear. 
The electrophoretogram of GAG-2 had smearing.It 
might be analyzed that the glycosaminoglycan species 
were uniform or had large dispersion of molecular mass. 
plate1 also showed that migrating distance of GAG-2 
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was shorter than standard samples which may be con-
cerned with low sulfate content. 

Analysis of Chemical Composition on Glycosaminoglycan  
The chemical composition of glycosaminoglycan was 

analysed by chemical methods. The results showed that 
sulfate content was 3.95%, uronic acid content was 
25.83% and amino sugar content was 14.19% in glyco-
saminoglycan from Bullacta exarata(table2). Sheng 
Wenjing, et al [13] had analysed the chemical composi-
tion of the polysaccharides from the sea cucumber, sulfate 
content was 19.54-29.28%, uronic acid content was 
9.85-13.38%, hexosamine content was 4.92-10.18%. Wang 
Changyun, et al [14] had analysed the chemical composi-
tion of glycosaminoglycan from Argopecten Irradians, sul-
fate content was 6.66%, uronic acid content was 23.20%, 
hexosamine content was 22.60%. It is easy to be known that 
chemical composition of glycosaminoglycan from different 
mollusca are of great difference. Study showed that bioac-
tivity of glycosaminoglycans was closely linked with sul-
fate and acetyl, anticoagulant activity and antiviral activ-
ity of heparin sodium and chondroitin sulfate depended 
on position and connection type of sulfate. Heparin so-
dium with high degree of sulfation had high lipid-lower- 
ing activity and anticoagulant activity while heparin so-
dium with high degree of acetylation had low anticoagu-
lant activity [15]. 

 

 

 
1   2 3 

Plate 1. Agarose gel electrophoresis spectrum of 
Bullacta exarata GAG 

From left to right: 1. Bullacta exarata GAG; 2. heparin sodium; 3. chon-
droitin sulfate  

Table 2. The chemical composition of Glycosaminoglycan 

Composition Sulfate Uronic acid Hexosamine

GAG 3.95 25.83 14.19 

4 Conclusion 

The purity of GAG from Bullacta exarata could reach 
90.82% after two steps of purification;The chemical  

composition of glycosaminoglycan was analysed by 
chemical methods, the content of sulfate, uronic acid 
content and hexosamine was 3.95%, 25.83%and14.19%. 
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Abstract: In order to observe the effect of polyphenol from Malus asiatica Nakai (PM) on the changes of 
SOD activity and MDA content in the liver, brain tissue and serum of mice, totally 50 Kunming mice, which 
male and female was fifty-fifty, were divided into five groups (n=10) randomly: control group (physiological 
saline), 100 mg/(Kg·d) group, 200 mg/(Kg·d) group, 400 mg/(Kg·d) group, and 800 mg/(Kg·d) group, mice 
in different dosage groups were administered for 35 days successively, SOD activities and MDA contents in 
the liver, brain tissue and serum were detected. The results indicated that PM could increase the SOD activi-
ties in the liver, brain tissue and serum significantly, decrease MDA contents in the liver, brain tissue and se-
rum significantly. It showed that PM has better anti-oxidative activities, it is concluded that PM may be ex-
ploited as a good natural antioxidant as well as an important base material of functional foods and biomedici-
nals. 
 
Keywords: Polyphenol from Malus asiatica Nakai (PM); mice; anti-oxidation; superoxides dismutase (SOD); 
malondialdehyde (MDA)

1 Introduction 

Polyphenolic substance was a group of compound with 
remarkable antioxidation activity. Meanwhile, it was an 
excellent and natural antioxidant. The contents of apple 
and its pomace were extraordinarily rich source of poly-
phenolic substance. Plant polyphenols, the general name 
of polyphenolic substances, including proanthocyanidins, 
flavonols, phenolic acids, catechins, anthocyanins, dihy-
drochalcone and so on[1]. At present, finding the natural 
polyphenolic substance is a new hotspot in borne and 
abroad[2]. It was concerned about biological activity and 
health function of polyphenolic substance, especially the 
biological function of scavenging free radical, anti-lipid 
peroxidantion, delaying senility, preventing cardiovascu-
lar disease, anti-tumor, anti-irradiation, and so on[3,4]. 

Malus asiatica Nakai is also known as Malus pumila 
var. rinki Koidz., Malus domestica var. asiatica (Nakai) 
Ponomar, and so on. The plant widely distributed in the 
northeast of China, the polyphenolic constituents are rich 
in Malus asiatica Nakai[5]. At present, there have been 
many reports on biological activity evaluation on apple 
polyphenols[6,7], however, polyphenols from Mnalus 
asiatica Nakai (PM) have been not made a systematical 
and profound study on biological activity. In order to 
better develop and utilize Malus asiatica Nakai resources, 
polyphenols from Malus asiatica Nakai (PM) and mice 
were used to study on anti-oxidative effects of PM on 
mice by determining SOD activity and MDA content in 

liver, brain, and serum, so as to provide theoretical basis 
to screen antioxidative drugs. 

2 Materials and Methods 
2.1 Materials and Instruments 

Malus asiatica Nakai pomace, provided by Daqing 
longhead food Co.,Ltd, dried and crumbled at 50 , ℃
sieved by 40 eyes sifter and reserved; polyphenols from 
Malus asiatica Nakai (PM), prepared by microwave 
method, the total polyphenol content was 45.73%; The 
kits of superoxide dismutase (SOD) and maldondialde-
hyde (MDA) were provided by the Nanjing Jiancheng 
Bioengineering Institute; alcohol (analytical reagent). 

RE-52 rotary evaporation instrument (Shanghai yarong 
biochemical instrument factory); SHZ-IIIB-circulating 
water vacuum pump (Shanghai medical apparatus fac-
tory); UV-1100 UV-Vis spectrophotometer (Beijing 
rayleigh analytical instrument Co., Ltd.); HWC-3L Mi-
crowave extraction Equipment (Tianshui Huayuan Phar-
maceutical Equipment Technological Co.,Ltd); TGL-16G 
high speed centrifuge, ShangHai Anting Scientific In-
strument Factory; Vacuum freezing drier (Beijing sihuan 
scientific instrument factory). 

2.2 Animals 

Healthy mice of the species in Kunming, weight 20±2 
g, were purchased from Harbin Veterinary Research In-
stitute, Chinese Academy of Agricultural Sciences. 

The project was funded by Daqing science and technology bureau of 
Heilongjiang province (No. 2008-33).   
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2.3 Methods 
2.3.1 Preparation of Polyphenols from Malus asiatica 
Nakai (PM) 

Malus asiatica Nakai pomace →Crumbled →Sieved 
→Extracting by Microwave→ Centrifuged →Supernatant 
→Vacuum concentration →Vacuum freeze-drying →PM 

Main points of operation. 

2.3.1.1 Extracting 
The ratio of Malus asiatica Nakai pomace to ethanol 

solvent (50%) 1:20, extracting 2 min in 540W and 
2450MHz microwave conditions, then extracting 20 min 
at 80℃, the extracts were obtained.  

2.3.1.2 Centrifuging 
The extracts were centrifuged at 4000r/min for 10 

minutes to remove fine particles and powder. 

2.3.1.3 Concentrating & Vacuum Freeze-Drying 
The extracts were concentrated by rotary evaporation, 

and polyphenol from Malus asiatica Nakai (PM) was 
obtained by vacuum freeze-drying. 

2.3.2 Animal Grouping 
After a week normal diet, totally 50 Kunming mice, 

which male and female was fifty-fifty, were divided into 
five groups (n=10) randomly: control group (physiologi-
cal saline), 100 mg/(Kg·d) group, 200 mg/(Kg·d) group, 
400 mg/(Kg·d) group, and 800 mg/(Kg·d) group. Mice in 
different dosage groups were administered with the same 
volume solution of 100mg/ Kg·d bw, 200mg/ Kg·d bw 
and 400mg/ Kg·d bw, and 800mg/ Kg·d bw respectively 
once a day, the same volume physiological saline was 
administered to the control group. The above actions 
were to be done for 35 days successively. All mice were 
stopped eating 1 d before killing, but could drink water 
freely. 

2.3.3 Sample Collecting and Preparation 
The eyeball was taken and blood flowed into centrifu-

gal tube, after standing, the serum was obtained by cen-
trifuging at 2200r/min for 10 minutes. The mice were 
executed by isolating head to take out liver and brain tis-
sue by douching of 4  physiological saline. The liver ℃
and brain tissue were mixed by 9 times volume 4  ℃
physiological saline respectively, the 10% homogenates 
were obtained by grinding, the supernatant was collected 
by centrifuging at 3000r/min for 10 minutes and pre-
served at low temperature. 

2.3.4 Detection of Indexes 
Superoxide dismutase (SOD) and maldondialdehyde 

(MDA) were detected by the kits of SOD and MDA pro-
vided by the Nanjing Jiancheng Bioengineering Institute. 
SOD activities and MDA contents of mice liver, brain 

tissue and serum were detected exactly according to the 
operation instruction. 

2.3.5 Data Analysis 
The results were measured by x ±S. The data obtained 

were analyzed for ANOVA using SPSS 12.0 software. 
There was statistical significance (P < 0. 05). 

3 Results and Analysis 
3.1 Effects of PM on Activity of SOD and 

Content of MDA in the Liver Tissue of Mice 

SOD activity in the liver tissue of all dosage groups 
was higher than that in the control group, SOD activity of 
100 mg/Kg·d, 200 mg/Kg·d and 400 mg/Kg·d groups 
reached the remarkable level (P< 0.05), 800 mg/Kg·d 
dosage group reached the extremely remarkable level (P< 
0.01). MDA content in the liver tissue of all dosage 
groups mice was lower than that in the control group, 100 
mg/Kg·d group reached the remarkable level (P< 0.05), 
200 mg/Kg·d, 400mg/Kg·d, and 800 mg/Kg·d dosage 
groups reached the extremely remarkable level (P< 0.01). 
The results showed a dosage effect relationship between 
increasing SOD activity and decreasing MDA content in 
the liver tissue of mice. 

Table 1. Effect of PM on SOD activity and MDA content in 
the liver tissue of mice (n=10) 

Groups 
Dosage 

(mg/Kg·d)
SOD activity 
(U/mg pro) 

MDA content 
(nm/mg pro) 

Control 0 155.5850±9.71464 3.2550±0.43870 

100 159.9175±13.15023* 2.6913±0.21755* 

200 164.8063±11.97014* 2.2763±0.29981**

400 170.1413±11.49618* 1.9950±0.47011**
Treatment

800 186.1150±10.90741** 1.6250±0.36622**

Compared with control group, *p<0.05, **p<0.01. 

3.2 Effects of PM on Activity of SOD and 

Content of MDA in the Brain Tissue of Mice 

Compared with control group, excluding the 100 
mg/Kg·d dosage group (P> 0.05), SOD activities in the 
brain tissue of the rest 3 groups were higher than that in 
the control group, in which, 200 mg/Kg·d group reached 
the remarkable level (P< 0.05), 400 mg/Kg·d and 800 
mg/Kg·d dosage groups reached the extremely remark-
able level (P< 0.01). MDA content in the brain tissue of 
all dosage groups mice was lower than that in the control 
group, 100 mg/Kg·d group reached the remarkable level 
(P< 0.05), 200 mg/Kg·d, 400 mg/Kg·d, and 800 mg/Kg·d 
dosage groups reached the extremely remarkable level 
(P< 0.01). 
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Table 2. Effect of PM on SOD activity and MDA content in 
the brain tissue of mice (n=10) 

Groups 
Dosage 

(mg/Kg·d) 

SOD activity 

(U/mg pro) 

MDA content 

(nm/mg pro) 

Control 0 165.8688±28.59068 6.6788±0.55256 

100 172.6775±14.69545 5.1113±0.39621* 

200 194.0125±15.59863* 4.3088±0.52878**

400 236.6600±14.35399** 4.0175±0.70785**
Treatment 

800 282.4463±12.05785** 2.3688±0.72383**

Compared with control group, *p<0.05, **p<0.01. 

3.3 Effects of PM on Activity of SOD and 

Content of MDA in the Serum of Mice 

SOD activity in the serum of all dosage groups was 
higher than that in the control group, SOD activity of 100 
mg/Kg·d group reached the remarkable level (P<0.05), 
and SOD activity of 200 mg/Kg·d, 400 mg/Kg·d, 800 
mg/Kg·d dosage group reached the extremely remarkable 
level (P< 0.01). MDA content in the serum of all dosage 
groups mice was lower than that in the control group, 100 
mg/Kg·d group reached the remarkable level (P< 0.05), 
200 mg/Kg·d, 400 mg/Kg·d, and 800 mg/Kg·d dosage 
groups reached the extremely remarkable level (P< 0.01). 
The results showed that PM could improve the activity of 
SOD, and decrease the content of MDA in the serum of 
mice significantly. 

Table 3. Effect of PM on SOD activity and MDA content in 
the serum of mice (n=10) 

Groups 
Dosage 

(mg/Kg·d) 

SOD activity 

(U/mL) 

MDA content 

(nm/mL) 

Control 0 108.6100±10.54189 6.9963±0.74548 

100 117.1863±9.17063* 5.6350±0.63209* 

200 127.6375±7.56385** 4.5900±0.69129** 

400 132.2263±8.10067** 3.4650±0.48051** 
Treatment 

800 140.1225±4.69301** 2.0388±0.75106** 

Compared with control group, *p<0.05, **p<0.01. 

4 Discussion 

Metabolism of free radical will lose its balance when it 
was affected by many factors, such as senescence, envi-
ronmental pollution, pesticide, radiation, and so on, the 
imbalance will lead to the accumulation of free radical, 
activity decreasing of enzyme scavenging free radical, 
the structure and function of biological macromolecules 
were attacked and damaged by free radical, the content 
of malondialdehyde (MDA) produced by lipid peroxida-
tion increased. Exogenous antioxidant was used to adjust 

and treat imbalance of free radical, it is the new focus of 
nutrition and health, repairing the body damage and pre-
venting and curing diseases in future[8]. 

The polyphenol, which is considered as the most anti-
oxidant got from the diet, widely occurs in fruits and 
vegetables. It has been demonstrated in many studies that 
polyphenolic substance has biological activity of scav-
enging free radical, anti-lipid peroxidantion, and so 
on[9-11]. Mice were administered with apple polyphenol 
(AP) extract of 100 mg/(Kg·d), 200 mg/(Kg·d), 400 
mg/(Kg·d) and 800 mg/(Kg·d), the results showed that 
AP could increase the activity of SOD, and decrease the 
contents of MDA in the heart, liver, brain, kidney and 
serum of mice significantly (Jin ying, 2006) [12]. 

In our study, mice in different dosage groups were 
administered with the same volume solution of 100mg/ 
Kg·d bw, 200mg/ Kg·d bw, 400mg/ Kg·d bw, and 
800mg/ Kg·d bw respectively once a day for 35 days 
successively, the animal physiological status was normal 
during the study period. Compared with control group, 
the contents of MDA in the liver, brain tissue and the 
serum of mice treated decreased significantly, and the 
activity of SOD increased significantly, it showed a dos-
age effect relationship, but the polyphenol played the 
main role. 

5 Conclusion 

SOD activities of all dosage groups were higher than 
that in the control group, excluding the 100 mg/Kg·d 
dosage group of the brain tissue (P> 0.05), SOD activi-
ties of the rest groups were higher than that in the control 
group significantly. MDA contents in the liver, brain 
tissue and serum of all dosage groups mice were lower 
than that in the control group, in which, 100 mg/Kg·d 
group reached the remarkable level (P< 0.05), 200 
mg/Kg·d, 400 mg/Kg·d, and 800 mg/Kg·d dosage groups 
reached the extremely remarkable level (P< 0.01). It 
showed that PM has better anti-oxidative effect on mice. 
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Abstract: The changes of active ingredients of American ginseng (Panax quinquefolium L.) were analyzed in 
this paper. Active ingredient in imitation of ecological preservation conditions change, in order to evaluate the 
quality of fresh ginseng. The results showed that total sugar in American ginseng decreased by 16.14% after 
preservation for 180 days, polysaccharide decreased by 1.97%, total saponins decreased by 0.08%, the main 
saponin Rg1 decreased by 0.02%, Re decreased by 0.13%, Rb1 increased by 0.04%, and the content of amino 
acids increased by 0.66%. 
 
Keywords: American ginseng; preservation; active ingredient; change 

1 Introduction 

American ginseng (Panax quinquefoiuml L.) is a kind 
of perennial medicinal plant in Panax of Araliaceae, 
which is originally produced in USA and Canada and 
then transferred into China [1]. American ginseng was 
successfully introduced and cultivated in China in 1975, 
and it has been cultivated for more than 10 thousands 
acres. Its annual yield is more than 500 tons, which 
accounts for 6% of the total yield all over the world and 
ranks the third in the world [2]. The major active 
ingredients of American ginseng are American ginseng 
saponins, polysaccharides, polypeptides, amino acids, 
volatile oils and others [3,4], therefore, it has certain 
effects in preventing fatigue, reinforcing immunity, 
reducing blood sugar, improving memory and inhibiting 
tumor growth, and it has become one of the frequently 
used healthcare foods in our daily life [5,6]. American 
ginseng is mainly sold in the forms of dry ginseng and 
processed products, and preserved fresh ginseng has not 
been directly marketed now. People in south China like 
to cook soups with fresh ginsengs to nourish their bodies, 
and thus the requirements continuously increase since 
the smell of fresh American ginseng is strong. During 
the preservation of American ginseng, the major active 
ingredients of American ginseng, namely saponins, 
polysaccharides and amino acids change differently. 
Shibate S. (1966)[7] reported that the enzymatic activities 
in dry American ginseng increased at proper temperature 
due to moistening, and the saponin compounds were 
hydrolyzed and thus the therapeutic efficacy was reduced. 
Yang et al. [8] presumed that the contents of Rg1 and Re1 
in American ginseng gradually increased with the 
prolongation in the preservation duration. Yue et al. [9] 

reported that the accumulation of amino acids in the 
roots of Panax ginseng and Panax quinquefolium L. 
showed a typical “V” shape. Panax quinquefolium L. 

contained 17 kinds of amino acids and 7 kinds of 
essential amino acids for human body, and the content of 
amino acids in the germination period was the highest. 
Wei Yongdi reported that the total content of amino 
acids in American ginseng was 5.98% [10], and the 
sequence for total content of individual amino acid was 
arginine > glutamate > aspartic acid, and amino acids 
and polypeptides had certain effects in the healthcare 
functions of American ginseng. Li et al. [11] utilized sand 
preservation and combination of antistaling agents and 
refreshing bags to preserve American ginseng for 180 
days. The content of panaxsaponin in the American 
ginseng from sand preservation was maintained at a 
relatively high level, while the contents of crude 
polysaccharides and free amino acids changed mildly 
during the preservation period for 135 days and then 
showed relatively significant increases after 180 days; 
however, the content of crude polysaccharides in the 
American ginseng that was processed with antistaling 
agents and refreshing bags significantly decreased after it 
was preserved for 90 days, while the content of free 
amino acids did not change significantly. Since general 
investigations on the changes in the active ingredients 
during the preservation of American ginseng are still 
deficient, understandings and opinions on the quality of 
preserved ginseng are different.  

2 The Model 

2.1 Materials and Instruments  

Fresh American ginseng (which was provided by 
Jiashisen Traditional Chinese Medicine Development 
Company of Liuba County), refreshing bags (which were 
produced by Suzhou Deep Breath Refreshing Co., Ltd.). 

Sulphuric acid, hydrochloric acid, barium hydroxide, 
oxalic acid, anthrone, sodium citrate, glucose, perchloric 
acid, n-butanol, phosphoric acid, triketohydrindene 
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hydrate (they were all analytical pure grade), vanillin 
(which was produced by Shanghai Chemical Reagent 
Company of China Pharmaceutical Group), methanol 
(chromatographic pure), acetonitrile (chromatographic 
pure), 17 kinds of control preparations for amino acids 
(SIGMA Company), control preparations for panaxsa- 
ponin Rg1, Re and Rb1, and the purity was higher than 
97% (National Institute for the Control of Pharmaceuti- 
cal and Biological Products of China).  

Ozone sterilizing machine DHC12 (Shandong Lvbang 
Photoelectricity Equipment Co., Ltd.), high performance 
liquid chromatogram (HP1100), UV-2500 ultraviolet 
spectrophotometer (Shimazu, Japan), L-8900 automatic 
amino acid analyzer (Hitachi, Japan).  

2.2 Experimental Methods  

2.2.1 American Ginseng of Imitative Ecological 

Preservation  
American ginseng of four years were collected in the 

middle of October and the sediments were washed out, 
then American ginseng was immersed in 5 mg/L ozone 
water for two hours in order to eliminate the 
microorganisms on the surface of American ginseng and 
prevent mould development and corruption. The 
moisture content on the surface of American ginseng was 
air-dried and American ginseng was transferred into 0.5 
mmm compound refreshing bags, then the mixed gas 
containing 6% oxygen, 2% carbon dioxide and 92% 
nitrogen gas was filled in for sealing, and American 
ginseng was preserved, transported and marketed at 
3 ±1 , and imitative ecological preservation was ℃ ℃
carried out under the environmental conditions to mimic 
the dormancy of American ginseng in winter, the 
preservation duration was 180 days, the sprout of 
American ginseng was well-stacked and the fibrous roots 
were intact.  

2.2.2 Determination of Respiratory Intensity by Using 

Titration Technique 
A small bottle containing 50 ml barium oxide solution 

was placed in a brown bottle and a certain amount of 
fresh American ginseng was weighed and transferred 
into the brown bottle for every 45 days, subsequently the 
bottle was sealed with a piece of plastic membrane and 
kept in a refrigerator of 3  for 48 hours, and another ℃
bottle was prepared as the blank. Barium hydroxide 
solution can absorb the carbon dioxide that was released 
from the respiration of American ginseng, and the 
remaining barium hydroxide was titrated with oxalic acid, 
then the oxalic acid consumed in the blank experiment 
was subtracted and thus the released carbon dioxide from 
each kilogram of American ginseng per hour can be 

calculated, and that was the respiratory intensity of 
American ginseng. 

2.2.3 Determination of Total Sugar and 

Polysaccharide Contents by Using 

Anthrone-Sulphuric Acid Method 
Total sugar extraction: American ginseng was 

subjected to vacuum drying at 50  for every 45 days ℃
and grinded into powder, subsequently 1g powder 
sample was weighed, immersed with 500ml purified 
water for 12 hours and extracted for 3 hours by heating; 
the solution was metered to a final volume of 500ml and 
then filtrated, and 4ml of this filtered solution was 
metered to a final volume of 50ml for further 
determination.  

Polysaccharide extraction: 1g American ginseng 
powder was weighed and wrapped in a piece of filter 
paper and transferred into a round bottomed flask, then it 
was extracted with 80% ethanol in a water bath of  
70  for one hour, and the ethanol solution was ℃
discarded after centrifugation and the residues were 
rainsed with hot ethanol for three times, subsequently the 
filter paper bag was opened and the American ginseng 
residues were extracted with deionized water in a boiling 
water bath for three hours, and metered to a final volume 
of 500ml. 3ml of this solution was metered in a 
volumetric flask of 10ml for further determination. 

0.0926g standard preparation of glucose that had been 
dried to constant weight was accurately weighted and 
dissolved in distilled water, then metered to a final 
volume of 100ml as the stock solution. 1ml, 2 ml, 3 ml, 
4ml and 5ml stock solution of glucose was accurately 
transferred into five clean volumetric flasks of 50ml 
respectively, then they were metered with distilled water 
and prepared into standard glucose solutions in different 
concentration gradient (18.52 µg/ml, 37.04 µg/ml, 55.56 
µg/ml, 74.08 µg/ml and 92.60µg/ml).   

Six test tubes were prepared, among them 2ml 
distilled water was added in a test tube as the blank 
control and 2ml glucose solutions in different 
concentrations were added in the remaining five test 
tubes respectively; 8ml freshly prepared anthrone- 
sulphuric acid solution was added in each test tube 
respectively, and the six test tubes were heated in a 
boiling water bath for 10min, and the absorbance was 
determined at 625nm on a ultraviolet spectrophoto- 
meter after cooling, finally the standard curve was 
plotted. y=0.00971x+0.01226, R=0.99939. 

2ml sample solution for total sugar determination was 
transferred into a test tube, then 8ml anthrone- sulphuric 
acid solution was added, and the test method was the 
same to that for standard curve preparation, finally the 
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absorbance was determined and the total sugar content in 
the sample was calculated.  

Test method for polysaccharide content: the 
polysaccharide extract was used to determine the 
polysaccharide content according to the test method for 
total sugar.  

2.2.4 Determination of Total Saponin by Using 

Vanillin Method, Determination of Rg1, Re and Rb1 

by Using High Performance Liquid Chromatography 

2.2.4.1 Determination of Total Saponin by Using 

Vanillin Method 
Standard preparation of panaxsaponin Rb1 was 

precisely weighed and dissolved in 50% methanol to 
prepare the standard solution in 0.56mg/ml, subsequently 
40, 80 and 160μl standard solution was accurately 
transferred into volumetric flasks of 10ml respectively, 
then 0.2ml 5% vanillin-acetic acid solution and 0.8ml 
perchloric acid were accurately added, and the solutions 
were then fully mixed. The volumetric flasks were kept 
in a water bath at 60  for 15min and then immediately ℃
kept on an ice bath for 2 min. 5ml acetic acid was 
accurately added. Corresponding solvent was used as the 
blank and the absorbance was determined on the 
ultraviolet spectrophotometer at 546nm. The concentra- 
tions of the standard solutions were used as the X-axis 
and the absorbance was used as the Y-axis, and the 
standard curve was thus plotted. The linear equation was 
as followed: y=0.01046x＋0.004, correlation coefficient: 
r=0.99983. 

2.2.4.2 Determination of Rg1, Re and Rb1 by Using 

High Performance Liquid Chromatography 
Chromatographic column: C18 (4.6×150mm, 5µm), 

detection wavelength: 203nm, flow rate: 1.0ml/min, 
column temperature: 25 , sample℃  size: 20µL. Moving 
phase: acetonitrile for pump A and 0.1% phosphoric acid 
for pump B, and gradient elution was carried out.  

Table 1. The conditions of the gradient elution 

Time (min) Moving phase A (%) Moving phase B (%) 

0～10 

10～26 

26～50 

50～60 

18→20 

20→22 

22→40 

40→18 

82→80 

80→78 

78→60 

60→82 

 
One gram dried American ginseng powder was 

weighed and transferred into conical flasks with lids for 
every 45 days, then 50ml water saturated n-butanol was 
accurately added and the total weight was determined. 
The mixture was subjected to heat reflux extraction in a 
water bath for one hour, and the weight was measured 

again after cooling, then water saturated n-butanol was 
added to make up for the weight loss, and the solution 
was fully mixed and filtered. 25ml filtrate was accurately 
measured and transferred into a evaporating dish, and 
after the filtrate was evaporated to dryness and the resi-
dues were dissolved in proper amount of 50% methanol, 
and the solution was then transferred into a volumetric 
flask of 10ml and metered with 50% methanol to the 
scale, subsequently the solution was filtered after fully 
mixing and the filtrate was used for further determina-
tion.  

0.0069g standard preparation of panaxsaponin Rg1 
was accurately weighed (the purity was 97.7%), then 
dissolved and metered to a final volume of 10ml as the 
stock solution (the concentration was 674.1μg/ml), sub-
sequently 0.5ml, 1ml, 1.5ml and 2ml solutions were 
transferred and metered in volumetric flasks of 5ml re-
spectively, and thus a concentration gradient was pre-
pared (67.41μg/ml, 134.82μg/ml, 202.2μg/ml and 
269.64μg/ml). The equation was as followed:  
Y=6.71956×X-13.5548, R=0.99964. 

0.0064g standard preparation of panaxsaponin Re was 
accurately weighed, then dissolved and metered to a final 
volume of 10 ml as the stock solution (the concentration 
was 640 μg/ml), subsequently 0.5ml, 1 ml, 1.5 ml and 
2ml solutions were transferred and metered in volumetric 
flasks of 5 ml respectively, and thus a concentration gra-
dient was prepared (64 μg/ml, 128μg/ml, 192μg/ml, 
256μg/ml). The equation was as followed:  
Y=5.51095×X-11.14316, R=0.99988. 

0.0061g standard preparation of panaxsaponin Rb1 
was accurately weighed, then dissolved and metered to a 
final volume of 10ml as the stock solution (the concen-
tration was 610μg/ml), subsequently 1ml solution was 
metered to a final volume of 10ml, then 1ml and 2ml 
diluted solution was further metered to a final volume of 
5ml respectively, and thus a concentration gradient was 
prepared (61μg/ml, 122μg/ml and 244μg/ml). The equa-
tion was as followed:  
Y=4.92638×X-16.49978, R=0.99942. 

20µL sample solution was subjected to high perform-
ance liquid chromatography according to the chroma-
tographic conditions in , and the contents of ①
panaxsaponin Rg1, Re and Rb1 were calculated respec-
tively according to the standard curves. 

2.2.5 Determination of Amino Acids in American 

Ginseng by Using Amino Acid Automatic Analysis  
American ginseng was dried, grinded and sieved for 

every 45 days, and certain amount of powder was trans-
ferred into hydrolysis tubes, then the powder was frozen 
with 10ml 6 mol/L hydrochloric acid and three drops of 
newly distilled hydroxybenzene for 3 minutes, and the 
sample was subjected to evacuation followed by intro-
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duction of high purity nitrogen gas, then it was subjected 
to evacuation and introduction of nitrogen gas for an-
other two times, and the hydrolysis tubes were sealed at 
the presence of nitrogen gas. The tubes were kept in a 
thermostatic incubator at 110  for h℃ ydrolysis for 22 
hours, then they were taken out and cooled. Subse-
quently the hydrolysis tubes were opened and the digests 
were filtered, and the hydrolysis tubes were rinsed with 
deionized water for several times; the digests were all 
transferred into and metered in volumetric flasks of 50 
ml. 1ml filtrates were transferred into volumetric flasks 
of 5ml respectively and dried at 50  in a vacuum drying ℃
oven, then the residues were hydrolyzed with 1ml hy-
drochloric acid and dried, and this procedure was re-
peated twice and the solutions were finally evaporated to 
dryness, and the residues were dissolved in 1ml citrate 
buffer solution pH2.2 for further determination.  

0.200ml standard solution of amino acids was accu-
rately measured and diluted to a final volume of 5 ml 
with the buffer pH2.2, and the standard dilution concen-
tration 5.00nmol/50μL was used as the standard for 
amino acids for the determination, and the content of 
amino acids in the sample solution was determined on 
the amino acid automatic analyzer by using the external 
reference method. The formula for calculating the con-
tent of amino acids was shown as below: 

2 N V    

M

S W
X

  
  

In this formula: 
X-Amino acid percentage content, % 
S- Concentration of amino acids in the standard solu-

tion, nmol/μL 
N-dilution facto 
V- metered volume after hydrolysis,mL 
W- molecular weight of amino acids 
M- Mass of the sample,g 

3 Results and Analysis  

3.1 The Respiratory Intensity of American  

Ginseng 

The respiratory intensity during the imitative ecologi-
cal preservation of American ginseng: the respiratory 
intensity of unpackaged American ginseng at 3  was ℃
14.5 mgCO2·kg-1·h-1, and the respiratory intensity 
slightly increased (14.9 mgCO2·kg-1·h-1) after the sam-
ple was filled in the preservation bags for 45 days, the 
respiratory intensity was the lowest at 90 d (11.8 
mgCO2·kg-1·h-1) and gradually increased from 135 d to 
180 d, and the changing tendency was shown in Figure 
1.   
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Figure 1. Changes in the respiratory intensity during the 
preservation of American ginseng 

3.2 Total Sugar and Polysaccharide Contents in 

the Preserved American Ginseng 

The total sugar content in the American ginseng dur-
ing the preservation decreased from 44.83% to 28.69%, 
and the loss in total sugar was relatively significant, 
while the content of polysaccharides decreased from 
10.71% to 8.74% (which decreased by 1.97%), thus it 
can be found that the consumptions were mainly mono-
saccharides and starch other than polysaccharides, which 
may be attributed to the hydrolysis of starch and mono-
saccharides and the production of carbon dioxide and 
water due to the respiration during the preservation of 
American ginseng, and the changing tendency was 
shown in Figure 2.  
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Figure 2. Changes in saccharide content during the 
preservation of American ginseng 

3.3 Saponin Content in Preserved American 

Ginseng  

During the preservation of American ginseng, total 
saponin content increased from the beginning to 135 d, 
then it began to decrease from 5.56% to 5.48% (which 
decreased by 0.08%). The major saponin ingredient Rg 
decreased from 10.19% to 0.17%, Re content decreased 
from 1.18% to 1.15%, while Rb1 content increased from 
2.89% to 2.95%, which was mainly resulted from the 
consumption of saccharides and subsequent increase in 
relative content of saponin during the preservation, but 
not the increase in total saponin content in American 
ginseng. The changes in saponins in American ginseng 
were shown in Figure 3.   
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Figure 3. Changes in saponins during the preservation 
of American ginseng 

3.4 Amino Acid Contents in the Preserved 

American Ginseng 

Sixteen kinds of amino acids were detected during the 
preservation of American ginseng, and the amino acid 
with the highest concentration was arginine, followed by 
glutamate and aspartate, and tyrosine was not detected, 
among them seven kinds of amino acids were essential 
amino acids for human body, which accounted for 
20.12% of the total content. The contents of amino acids 
increased from 5.89% to 6.64%, and it showed a signifi-
cant increase at 135 d, which can be attributed to the 
decrease in saccharides partly, while the metabolic ac-
tivities were relatively low during the dormancy of 
American ginseng, and American ginseng stopped to 
grow and the consumption of amino acids was very low. 
The changes in amino acid contents were shown in Table 
2.  

Table 2. Amino acid contents in the preserved  
American ginseng 

Preservation time /d Types of 

amino acids 0 45 90 135 180 

Asp 1.01 0.98 1.01 1.08 1.07 

Thr 0.16 0.15 0.15 0.2 0.19 

Ser 0.15 0.14 0.14 0.14 0.13 

Glu 1.15 1.03 1.08 1.18 1.16 

Pro 0.42 0.43 0.44 0.47 0.46 

Gly 0.48 0.51 0.51 0.57 0.54 

Ala 0.25 0.28 0.28 0.29 0.29 

Cys 0.11 0.11 0.11 0.11 0.10 

Val 0.22 0.25 0.26 0.26 0.24 

Met 0.01 0.02 0.01 0.03 0.02 

Iso 0.13 0.14 0.14 0.15 0.15 

Leu 0.12 0.25 0.25 0.26 0.26 

Tyr - - - - - 

Phe 0.11 0.12 0.13 0.15 0.14 

Lys 0.26 0.31 0.32 0.33 0.34 

His 0.2 0.19 0.19 0.22 0.21 

Arg 1.2 1.21 1.23 1.33 1.34 

Total amino 

acid 
5.98 6.12 6.25 6.77 6.64 

4 Conclusion and Discussion 

(1) The respiratory intensity of American ginseng 
from imitative ecological preservation was generally 
maintained at a relatively low level. The respiratory in-
tensity increased from the beginning to 45 days, which 
may be attributed to the adaptive physiological changes 
of American ginseng in the preservation bag, subse-
quently the respiratory intensity increased after 135 days, 
which may be attributed to the functions of hormones 
and enzymes in American ginseng as well as germination 
and budding of American ginseng in March in the next 
year, and the change in respiratory intensity also re-
flected the metabolic changes in endogenous substances.   

(2) During the respiration of American ginseng during 
preservation, saccharide consumption was significant 
and the consumed substances were mainly starch and 
monosaccharides, which the decrease in polysaccharides 
was not significant, thus the effects on the polysaccha-
rides as active ingredients of American ginseng were not 
significant and their efficacy can not significantly de-
crease.  

(3) During the preservation of American ginseng, total 
saponin in American ginseng slightly increased in the 
first 135 days and then began to decrease, but the content 
was higher than the requirement (2%) in Pharmacopeia 
of China; the major saponin varieties Rg1 and Re 
slightly decreased, while Rb1 content increased. In fact, 
the total mass of American ginseng decreased and the 
changes in saponins were not significant, saponin con-
tents increased relatively, however, the total content of 
saponins and the contents of major saponins decreased 
when they were calculated in comparison to the mass of 
raw materials.   

(4) Amino acid contents continuously increased during 
the preservation of American ginseng, which may be 
attributed to the consumption of saccharides during the 
respiration of American ginseng, and the relative con-
tents increased due to the decrease in dry matter and they 
showed significant increases after preservation for 135 
days, which was related to the metabolism due to en-
dogenous physiological activity during germination and 
budding of American ginseng in March in the next year. 
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