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Abstract \

Synthesis of hitherto unreported 1,2,3-benzotriazol-1-yl-[N—(N’-arylthiocarbamoyl)]
amidines from benzo-1,2,3-triazol-1-ylamidinium p-toluene sulfonate is reported.

Keywords: Benzo-1,2,3-triazole, Thiocarbamoylamidine, Microwave irradiation )

1. INTRODUCTION

The chemistry of 1,2,3-benzotriazole was extensively studied and developed by Katrizky during
the last two decades and consequently, 1,2,3—-benzotriazole has emerged as a major synthetic auxillary
in organic synthesis. The 1, 2, 3-benzotriazole moiety is seen to serve as a better leaving group and 1,
2, 3-benzotriazole based reagents act as acyl anion and isothiocyanate equivalents [1-3].
Benzotriazole derivatives have also been used in the synthesis of bioactive triazinones [4],
guanidine’s, thioureas [5] and other heterocyclic systems [6]. Apart from its use as an auxilliary in
synthesis, recent studies highlight the application of benzotriazole derivatives in medicinal chemistry
due to their anticancer, antifungal, antibacterial, antitubercular, antioxidant and antiviral activities [7].
Synthetic strategies have recently been reported for the preparation of primary, secondary and tertiary
amines in high yields using a variety of 1,2,3-benzotriazole based reagents such as 1-
(triphenylphosphoroylideneaminomethyl)  benzotriazole (1) [8]. The use of 1-acyl-1,2,3-
benzotriazoles as convenient trifluoroacylation agents [9] and as acylating agents for furan and
thiophene rings [10] further exemplify the use of benzotriazole based reagents in synthesis. The use of
1-amidino-1,2,3-benzotriazoles as guanylating agents for the conversion of amines to guanidines
have been explored [5,11]. We have reported the synthesis of 1-(N-arylamidino)-1,2,3-benzotriazole
derivatives and their use in guanidine synthesis [12]. We have also reported that the N-
thiocarbamoylamidine derivatives of 3,5—-dimethylpyrazole can be used as an efficient thiocarbamoyl
transfer reagent [13]. Thus, such pyrazolyl thiocarbamoy lamidines on reaction with amines produce
thiocarbamoylguanidines, which in turn are useful precursors for heterocycle synthesis. We have also
shown that pyrazolylthiocarbamoylamidines are also good precursors for thiazole and triazole ring
synthesis [14]. In this context, we now report the synthesis of thiocarbamoylamidine derivatives of
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1,2,3-benzotriazole, starting from benzo-1,2,3-triazol-1-ylamidinium p-toluenesulfonate (2). The
required amidinium salt (2) has now been prepared easily under microwave activation.

N
" N
A\ /
N N
N TsO"
+
1 | H,N NH,
CH,N=—PPh, ’

2. EXPERIMENTAL

2.1. Materials and Methods

All solvents and reagents used were of analytical grade, purchased from Merck— India. Melting
points of all compounds were determined by open capillary method and are uncorrected. The FTIR
spectra were recorded on Agilent Technologies FTIR spectrophotometer. The *H and *3C nmr spectra
were recorded in DMSO on Bruker DPX 400 MHZ NMR spectrometer by using TMS as the internal
standard. The Thin Layer Chromatography (TLC) was performed on aluminium foil- backed, silica
gel 60 Fzs4 TLC plates from Merck. The spots were visualized under UV light or in iodine vapour.
Samsung domestic microwave oven model M183 DN was used for microwave experiments.

2.2. Preparation of benzo-1,2,3-triazol-1-ylamidinium p-toluene sulfonate (2) under
microwave irradiation

To a mixture 1,2,3-benzotriazole (119 mg, 1 mmol) and p-toluene sulphonic acid (190 mg, 1
mmol), cyanamide (50 mg, 1.2 mmol) followed by distilled water (0.04 mL) was added. The whole
reaction mixture was mixed well to obtain a homogeneous, pale brown coloured paste which was
microwave irradiated at 180W for 30 s with a resting interval of 10 s after each 10 s irradiation to
avoid overheating. The mixture was triturated well with a glass rod at each interval to maintain
homogeneity. Cooling afforded benzo-1,2,3-triazol-1-yl- amidinium p-toluene sulfonate (2) as a
white solid. The crude compound was crystallized from 2-propanol. Crude yield 0.318 g, 95%;
crystallized yield 64%; mp 178-180°C (Lit. mp*? 181-183°C). Analysis: Found: C, 50.57; H, 4.60; N
20.92: Calc. For Cy4H;sNsSO; (333.37): C, 50.44, H, 4.54; N, 21.01%; IR (KBr): 3662, 3297, 3234,
3074, 1712, 1546, 1224, 1161, 1124, 1035, 1010, 822, 785, 765, 744, 681 cm™; '"H NMR: (300 MHz,
DMSO-dg): 6 2.07-2.28 (s, 3H), 7.11-7.13 (d, 2H, ArH), 7.47-7.49 (d, 2H, ArH), 7.63-7.68 (t, 1H,
ArH) 7.82-7.87 (t, 1H, ArH), 7.99-8.02 (d, 1H, ArH), 8.30-8.32 (d, 1H, ArH), 9.99 (br s, NH).

2. 3. Preparation of benzo-1,2,3-triazol-1-ylamidine (3)

Benzo-1,2,3-triazol-1-yl-amidinium p-toluenesulfonate (2) (3.33 g, 10 mmol) was dissolved in

hot distilled water (40 mL). Potassium carbonate (1.38g, 10 mmol) was added with stirring and after
gas evolution, the solution was cooled in ice-salt mixture whereupon the free base crystallised. On
recrystallization from chloroform, benzo-1,2,3-triazol-1-ylamidine (3) was obtained as white
prisms. Crude yield 1.1 g, 68%; Crystallised yield 58%; mp: 129-131°C.
Analysis: Found: C, 51.97; H, 4.47; N, 43.28: Calc. for C;H;Ns (161.17): C, 52.16; H, 4.38; N,
43.46%); IR (KBr): 3387, 3275, 3120, 2360, 2208, 2164, 1672, 1492, 1472, 1054, 1011, 779, 766, 744,
721 cm™'; 'H NMR: (300 MHz, CDCls): & 5.22-6.46 (br, NH), 7.44-7.49 (t, 1H, ArH), 7.59-7.64 (t,
1H, ArH), 8.09-8.12 (d, 1H, ArH), 8.44-8.47 (d, 1H, ArH); *C NMR: (75 MHz, CDCl,): § 115.0,
119.9,125.2, 129.4, 131.4, 146.7, 150.4; ESI MS: m/z: 162 [M+1]".

2.4. General procedure for the synthesis of benzo-1,2,3-triazol-1-yl-[N—-(N’-aryl)
thiocarbamoyl] amidines (4a—e)

Method A: Directly from benzo-1,2,3-triazol-1-yl-amidinium p—toluenesulfonate (2)

To DMF (2 mL), containing dry powdered KOH (28 mg, 0.5 mmol), benzo-1,2,3-triazol-1—
ylamidinium p-toluenesulfonate (2) (138 mg, 0.5 mmol) and a pinch of tetrabutylammonium bromide

(2]
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(TBAB) were added. The mixture was stirred magnetically in an ice bath for 20 min followed by the
addition of aryl isothiocyanate (0.5 mmol) in DMF (1 mL). Then the ice bath was replaced by water
bath of 60°C and stirred for another 2 hr. Then, the reaction mixture was added to ice-water (30 mL)
with stirring and stored for coagulation. The solid product so formed was filtered and washed with
petroleum ether (5mL x 4) and dried. The purity of compounds was checked by TLC using ethyl
acetate: pet. ether (1:3) as eluent. The crude compounds were crystallized from ethanol.

Method B: From benzo-1,2,3-triazol-1-ylamidine free base (3)

To a solution of benzo-1,2,3-triazol-1-ylamidine (3), obtained as described above, (81 mg, 0.5
mmol) in DMF (2 mL) aryl isothiocyanate was added (0.5 mmol) and the solution was stirred for 6-7
h. The progress of the reaction was monitored by TLC using ethyl acetate— petroleum ether (1:3) as
eluent. When the reaction was over, the reaction mixture was added to ice water (50 mL) with stirring
and stored for coagulation. The solid product formed was filtered, washed with petroleum ether (4 x 5
mL) and dried.

2.4.1. Benzo-1,2,3-triazol-1-yl-[N-(N’—phenyl) thiocarbamoyl] amidine ( 4a)

m. p. 160-61°C; IR: 3354, 3157, 3000, 1651, 1591, 1524, 1453, 1371, 1118, 1047, 793, 738, 689 cm™
L 'H NMR (400 MHz, CDCly): & 7.05-7.48 (m, 5H), 7.48-8.20 (b m, 3H), 8.45-8.90 (b m, 1H),
11.00-11.50 (b, 1H); *C NMR (100 MHz, CDCl;): 5 189.61, 154.27, 146.79, 138.12, 130.54, 129.94,
129.64, 128.93, 127.17, 126.99, 126.66, 124.60, 119.99, 119.20; ESI MS: m/z: 162 [M+1]".

2.4.2. Benzo-1,2,3-triazol-1-yl-[N-(N’-4—chlorophenyl) thiocarbamoyl] amidine ( 4b)

m. p. 162-64°C; IR: 3347, 3153, 2989, 1647, 1528, 1483, 1438, 1375, 1244, 1170, 1043, 857, 823,
745, 674 cm™'; '"H NMR (400 MHz, CDCly): § 7.15-7.40 (m, 4H), 7.45-8.02 (m, 2H), 8.05-8.30 (b
m, 1H), 8.40-8.75 (b m, 1H), 11.00-11.50 (b, 1H); *C NMR (100 MHz, CDCly): § 154.44, 136.65,
135.79, 130.48, 129.93, 129.69, 129.57, 126.84, 125.86, 120.59, 120.17; FAB MS: m/z: 331.5
[M+H]

2.4.3. Benzo-1,2,3-triazol-1-yl-[N-(N’-4-methylphenyl) thiocarbamoyl]amidine ( 4c)

m. p. 158-60°C; IR : 3475, 3356, 3024, 2995, 1649, 1587, 1483, 1436, 1373, 1103, 1070, 1047, 860,
796, 746, 719, 698 cm™*; *H NMR (400 MHz, CDCl,): & 2.30-2.50 (m, 3H), 7.05-7.40 (m, 4H), 7.45-
7.95 (m, 2H), 8.00-8.18 (b m, 1H) 8.45-8.90 (b m, 1H), 11.10-11.40 (b, 1H); *C NMR (100 MHz,
CDCl5): 6 189.55, 154.09, 146.78, 137.02, 136.71, 135.67, 129.93, 129.78, 129.54, 129.39, 126.12,
125.81,120.45, 119.95, 21.13; ESI MS: m/z: 333 [M+Na]", 311 [M+H]".

2.4.4. Benzo-1,2,3-triazol-1-yl-[N-(N’-4-methoxyphenyl) thiocarbamoyl] amidine ( 4d)

m. p. 160-62°C; IR: 3429, 3287, 3004, 1640, 1509, 1390, 1300, 1166, 1103, 1013, 834, 752, 719 cm”
' 'H NMR (400 MHz, CDCls): & 3.80-3.95 (m, 3H), 6.80-7.05 (m, 2H), 7.10-7.40 (m, 2H), 7.45-
7.95 (m, 2H), 8.00-8.20 (m, 1H), 8.35-8.85 (m, 1H), 11.15-11.45 (b, 1H); **C NMR (100 MHz,
CDCls): 6 189.84, 158.73, 158.24, 154.11, 147.02, 131.20, 129.92, 129.47, 127.82, 127.72, 121.39,
120.47, 115.62, 115.49, 55.56; FAB MS (m/z): 327.5 [M+H]".

2.4.5. Benzo-1,2,3-triazol-1-yl-[N-(N’-4—ethoxyphenyl) thiocarbamoyl] amidine ( 4e)

m. p. 161-63°C; IR: 3377, 3209, 3026, 2983, 1651, 1597, 1512, 1442, 1384, 1305, 1244, 1109, 1045,
802, 758, 711 cm™; *H NMR (400 MHz, CDCl5): & 1.35-1.55 (m, 3H), 3.95-4.15 (m, 2H), 6.85-7.05
(m, 2H), 7.15-7.45 (m, 2H), 7.60-7.95 (m, 2H), 8.00-8.20 (b m, 1H), 8.35-9.00 (b m, 1H), 11.10-
11.45 (b, 1H); *C NMR (100 MHz, CDCls): & 189.76, 158.10, 154.10, 146.78, 131.02, 130.58,
127.71, 126.56, 125.63, 120.47, 119.95, 114.92, 114.69, 63.88, 14.84; FAB MS: m/z: 341 [M+H]".

3. RESULTS AND DISCUSSION
The reaction of benzo-1,2,3-triazol-1-ylamidinium p—toluenesulfonate with heterocumulenes,

such as isothiocyanates, have not been reported from elsewhere. We now wish to report the
conversion of benzo-1,2,3-triazol-1-ylamidinium p-toluenesulfonate (2) to benzo-1,2,3-triazol-1-

(3]
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yI-[N—(N’-arylthiocarbamoyl)] amidines (4). Thus, it was now found that benzo-1,2,3-triazol-1-
ylamidinium p-toluenesulfonate (2) in a polar aprotic solvent such as N,N’-dimethylformamide
(DMF) in presence of dry powdered KOH and a trace of a phase transfer catalyst such as tetra—n—
butylammonium bromide, would react with aryl isothiocyanates to afford benzo-1,2,3-triazol-1-yl-
[N—(N’—arylthiocarbamoyl] amidines (4a—e) (Scheme 1, Method A). In order to establish that the
reaction proceeded through the formation of the free base, the above reaction was also conducted in
two steps, by first converting the benzo-1,2,3-triazol-1-ylamidinium p-toluenesulfonate (2) to its
free base (3) and then reacting it with aryl isothiocyanates (Scheme 2, Method B). However, the two-
step approach required the mechanical stirring of the reaction mixture for 7h for the completion of
reaction as shown in Scheme 2, while in the reaction as shown in Scheme 1 was completed within 2.5
h. It is also notable that the yield of compounds 4a—e by the one—step method (Scheme 1) was better
than the overall yield by the two-step method (Scheme 2). For example, the yield of benzo-1,2,3—
triazol-1-yl-[N—-(N’—phenyl)thiocarbamoyl] amidine (4a) by Method A in Scheme 1 was 58%.
Though the second step of Scheme 2 yielded the compound (4a) in 81%, the step 1 yielded benzo-
1,2,3—triazol-1-ylamidine free base (3) in 63% only, thus resulting in an overall yield of compound
(4a) by Method 2 of 51% (Table 1). The structure of the synthesized compounds was established
based on IR, *H, **C NMR and mass spectral evidences. The *H NMR spectra seemed to indicate that
these benzo-1,2,3—triazol-1-yl-[N—(N’-aryl)thiocarbamoyl] amidines show tautomerism in that the
spectral peaks were generally broad, appearing as multiplets. Chromatographic analysis and the fact
that identical products were formed by Methods A and B further established the homogenity of the
presently obtained benzotriazolylthiocarbamoylamidines. Careful crystallization and a preliminary
single crystal x—ray diffraction studies showed the product to be homogenous and the presence of only
one tautomer in solid state (data not shown). These studies along with variable temperature, solvent
dependent and 2D nmr analysis are in progress.

Table 1: Comparison of yields of compounds (4a—e) from scheme 1 and scheme 2.

Sl. Compound Schemel Scheme 2
No. Yield (%) Step | Step Il Yield | Overall Yield
Yield (%) (%) (%)

58 81 51

//

TGy

N,

NHCSN@
4a

47 65 41
63%

5. O: 60 72 45
NHCSNH@OCHZCH3

(4]
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Scheme 1: Method A: Direct conversion of benzo-1,2,3-triazol-1-ylamidinium p—toluenesulfonate
(2) to benzo-1,2,3-triazol-1-yl-[N—(N-aryl)thiocarbamoyl]amidines (4a—e).
(4a: R=H, 4b: R=Cl, 4c: R=CHjs, 4d: R=OCHgs, 4e: R=OCH,CHj for both Scheme 1 and II)

N
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Scheme 2: Method B: Two step conversion of benzo-1,2,3-triazol-1-ylamidinium p-
toluenesulfonate (2) to benzo-1,2,3-triazol-1-yl-[N—-(N-aryl)thiocarbamoyl]amidines (4a—e)
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/Abstract \

Antimalarial drug 5—(4—chlorophenyl)-6—ethyl-2,4—pyrimidinediamine (PYR) was investigated
using FT IR and FT Raman spectra along with its molecular geometry, natural bond orbital and its
molecular electrostatic potential computed using B3LYP/6-311++G (d,p) basis set. Dihedral angle
between pyrimidine and phenyl rings has been extensively studied which plays an important role in
the proper docking of the drug molecule in the active site of the enzyme. The strong splitting of the
stretching vibrations of amino group in PYR explains the existence of intermolecular N-H---N and
N—H---C1 hydrogen bonding network. MPA scheme shows that Cl; atom attached to the phenyl ring
is the most reactive site during electrophilic attack.

Keywords: FT-Raman, Anti-malarial, Drug activity, DFT, Pyrimidine ring j

1. INTRODUCTION

Pyrimethamine (PYR) drug acts by inhibiting the dihydrofolate reductase activity of the
Plasmodium falciparum enzyme dihydrofolate reductase-thymidylate synthase (PfDHFR-TS), which
is involved in the reproduction of the parasite. PYR interferes with the biosynthesis of parasite by
inhibiting the enzyme DHFR of plasmodia thereby blocking the biosynthesis of purine and pyrimidine
which are essential for DNA synthesis and cell multiplication leading to failure of nuclear division at
the time of schizont formation in the erythrocytes and liver [1]. The PYR drug shows enhanced
activity in combination with Sulfadoxine. When used in combination, it produces a synergistic effect
on the parasite and can be effective even in the presence of resistance to individual component [2].
The present work deals with the vibrational spectral investigations of PYR using FT-IR and NIR FT-
Raman spectra along with DFT computations to analyze the structural and bonding features
responsible for drug activity, nature of hydrogen bonding and charge transfer interactions.
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2. EXPERIMENTAL AND COMPUTATIONAL

A Nikon Eclipse 50i microscope using an Nd: YAG laser at 1064 nm of 300 mw output as the
excitation source and a liquid nitrogen-cooled Ge-diode detector with the powder sample in a
capillary tube to measure the NIR-FT Raman spectrum of PYR. FT-IR spectrum of the sample was
recorded using FT-IR 8400s Shimadzu spectrometer in the region 4000400 cm™ with the standard
KBr pellet technique and spectral resolution was 4 cm ™.

Density Functional Theoretical (DFT) computations were performed by B3LYP/ 6-311++G(d,p)
basis set using GAUSSIAN’09 program package [3]. Natural bond orbital (NBO) analysis of PYR
was performed using NBO 3.1 program at same level.

3. RESULTS AND DISCUSSION

3.1. Structural analysis

Optimized structural parameters of PYR (Figure 1) obtained by DFT and compared with XRD
data are listed in Table 1. Slight deviations computed geometry from experimental values is probably
due to the intermolecular interactions in the crystalline state. C—C bond lengths in the pyrimidine ring
of Cs—C, (1.420 A) is slightly increased compared with C,~Cs (1.397 A) due to the presence of
nitrogen. In the benzene ring, the simulated angles of C7-C8-C9 (121.39°), C8-C9-C10 (119.13°),
C8-C7-C12 (117.95°), C9-C10-C11 (121.0°), C10-C11-C12 (119.11°) and C7-C12-C11 (121.42°).
This deviation of the C-C-C bond angles from the normal value of 120° in the benzene ring shows the
asymmetry in the benzene ring due to substitution of chlorine and pyrimidine ring.

Fig. 1: Optimized molecular structure of PYR

Dihedral angles C;—C,—C;—Cs is 82.4° (78.04°) and Cs—C,—C;—Cy, is 74.4° (78.92°) between 2,4—
diaminopyrimidine and p—chlorophenyl rings confirmed pyrimethamine molecules can be described
with two dihedral angles involving the pyrimidine and phenyl rings. Thus, the phenyl ring avoids
coplanarity with the pyrimidine ring and attains a position approximately perpendicular to it. The
same observation has been made in the modelling studies on dihydrofolate reductase-pyrimethamine
complexes [4, 5] and it reveals that the relative orientation of the two rings of PYR play a key role in
drug binding.

Similarly, another torsion angle C,—~Cs—C,,—C,; connecting ethyl group with pyrimidine ring is
calculated to be 110.2° which represents the deviation of the ethyl group from the benzene plane
while the experimental torsion angle is measured to be 97.8°. The formation of dihydrofolate
reductase—pyrimethamine complexes indicate that this dihedral angle plays an important role in the
proper docking of the drug molecule in the active site of the enzyme and that the change in the torsion

[7]
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angle representing the orientation of the ethyl group does not affect the overall binding energy of the
enzyme-drug complex [6].

Table 1: Geometrical parameters of PYR by DFT along with XRD data

Bond Exp Cal Bond Angle Exp. Cal. Torsion Angle Exp. Cal.
Length A A ) ) ) )
Ci—N; 1.336 1.339 C:1-N—Cs 116.47 116.36 Ci-N,-C3-C,4 -0.74 -0.71
N,-Cs 1.353 1.334 N,-C3-C, 122.03 122.45 N C3-C4—Cs 0.88 0.82
C;-C, 1.376 1.420 Cs-C,—Cs 116.17 115.56 Cs-N;—Ci—Ng -0.36 -0.32
C,—Cs 1.414 1.397 N,—C1—Ng 126.64 126.58 N,—C3-C4—-C; 179.9 117.69
Ne—C1 1.336 1.337 Cs+C4—Cy 120.22 120.12 Cs-C,—Cs—Cy -81.2 -78.05
Cs— N 1.338 1.343 C+Cr—Cg 121.08 121.23 CsC;—-Cg—Cy 179.6 179.60
C1—Nyy 1.350 1.368 C—Cg—Cy 120.95 121.29 C—Cg—Cy—Cy 0.17 -0.18
C,-Cy 1.492 1.492 CgCy—Cyo 118.80 119.13 CgCo—Cio—Cy1 -1.42 -0.14
C;-Cg 1.381 1.402 Cy—CirCy 121.65 121.00 CoC1pCp—Cyp 1.02 0.02
Cg—Cy 1.389 1.392 C1-C 11—Ci 118.91 119.11 C1—N,—C3—Nyg 179.6 178.24
Co— Cyo 1.366 1.391 N,—C3-Nig 117.12 116.16 N,—C3-Njg—Hig 178.8 164.77
C10-Cu1 1.359 1.391 C3—Nyg—Hig 116.15 116.56 N,—C3—N1g—Hoo -13.05 11.93
Cu-Cyp | 1.385 1.393 C3Nyg—Ha 122.05 119.68 C3N,—C;—N,; 179.5 177.48
Cp-Cy 1.374 1.402 N2—C1 Nz 116.89 116.53 No—C1—Ny; —H,» -1725 -166.00

Nai—Hp | 0.852 1.006 C1—N2 Ha, 117.80 117.08 N,—C1-N, —Ha3 -10.01 -15.50
Nai—Hys | 0.808 1.006 C1—Ny—Has 116.09 117.49 C3C4—Cs5—Cyy 177.8 -179.80
C3—Nygg 1.340 1.367 Cs—Cyy—Hys 109.41 107.21 C4Cs—Cpy—Hys 23.67 -13.16
Ng—Hg | 0.891 1.007 Cs—Cys—Hye 109.41 110.35 C4~ Cs— Cy—Cyxp -97.24 110.22
Nig—Cy | 0.877 1.006 Cs Cy—Cyxr 111.08 112.53 C5—Cos—Co7—Hag 61.41 176.85
Co—Hyg | 0.970 1.093 Co4—Co7—Hog 109.47 110.53 C5—C24—Co7—Hgo 178.5 56.84

Cy—Clyz | 1.748 1.759 Cy—Ci0Cly7 119.35 119.49 CgCo—Ci19Cly7 178.3 179.98

3.2. Natural Bond Orbital Analysis

NBO analysis of PYR was performed and presented in Table 2 for both monomer and dimer.
Lone pair interaction of LP(1)N2; and LP(1)Nis with anti-bonding 7*(C;—Ng) and 7*(N>—C3) has a
considerable energy difference (~55 kJ mol™), which is an evidence for charge transfer from nitrogen
atom to the t*(C1—Ng) and 7t*(N,—Cs) and induces partial 7t character. Intermolecular charge—transfer
interactions are formed by the orbital overlap between the bonding (i) and anti-bonding (t*) orbitals.
This investigation obviously clarifies the formation of two intermolecular H-bonded interactions

between LP(1)N, LP(1)N3; and 7> Nao—Ha,, * N1g—Ha anti-bonding orbitals respectively, illustrating
the existence of strong N-H-:-N intermolecular hydrogen bonding in PYR supported by the XRD data.

Table 2: 2" order perturbation theory analysis of Fock matrix in NBO basis for PYR

Donor NBO Acceptor NBO | E®@ kcal/ mol E(j) -E(i) F(i,j)

(i) ()] a.u. a.u.
7C1— N, (Monomen) 7C,—Cs 33.78 0.34 0.096
7N, — C; (Monomer) 7Ci—Ns 39.14 0.31 0.104
7C. — Cs (Monomer) N, —C; 34.18 0.26 0.088
LP,Ny, (Monomer) “N,-C, 56.68 0.28 0.119
LP;N2 (Monomer) 7 Cy— Ng 50.27 0.28 0.113
LP,N, (Dimer) “Nuo— Hay 8.14 1.06 0.085
LP;{Nzy (Dlmer) ﬂ*ng — Hy 1.77 1.13 0.085
LP;N3; (Dlmer) 7I*C32 — Na3 62.15 0.26 0.121
LP1Ngsg (Dlmer) R*N31 —Css 59.58 0.26 0.119

(8]
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3.3. Vibrational spectra analysis

The vibrational analysis of Pyrimethamine is performed on the basis of the characteristic
vibrations of amine, Pyrimidine ring, Phenyl ring, Methyl, Methylene groups and skeletal bonds.
Raman and Infrared spectra are shown in Figure 2 and 3 as well as calculated vibrational wave
numbers assignments are given in Table 3.

3.3.1. Amino group vibrations

Asymmetric and symmetric amino group vibrations are usually expected in the region 3380—
3350 cm™ and 3310-3280 cm™, respectively [7]. Intense IR bands at 3481 and 3468 cm™ correspond
to the asymmetric stretching of the amino groups attached to the pyrimidine ring and symmetric
stretching vibrations of the amino groups manifest as a strong IR band at 3311 cm™ and at 3311 and
3324 cm™ as split bands in Raman. Lowering of N-H bands provides a strong diagnostic point for
detection of interaction between the drug and other molecules due to the possibility of intermolecular
N-H---N and N-H:---Cl hydrogen bonding hydrogen bonding.
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Fig. 2: FT IR and Raman spectra of PYR

3.3.2. Pyrimidine/Phenyl ring vibrations

Numbering of the vibrations of pyrimidine can generally be made by analogy with those for
benzene and its derivatives proposed by Wilson. Most of the substituted pyrimidines exhibit four
bands in the range 1600-1375 cm™ due to aromatic ring stretches [8]. In pyrimidines, pairs of
absorption bands of 8a, 8b, 19a, and 19b have been assigned as the CC and CN coupled vibrations [9].
In PYR, the vibration 8a appears as a very strong band in IR at 1560 cm™ and a weak band in Raman
spectrum at 1569 cm™. The most intense Raman band in PYR at 1520 cm™ and at 1436 cm™ in IR are
correlated to very intensive C=C/C-N stretching vibrations (8b and 19b modes) of the pyrimidine
ring. Phenyl ring mode 8a manifests as very strong band in IR at 1596 cm™ and the 8b mode appears
as medium Raman band at 1535 cm™ being calculated at 1584 and 1552 cm™. With strong donor and
acceptor substituents, the 19a mode in p-disubstituted benzene can be expected in the region 1460-
1530 cm™ with larger intensity and 19b appears as medium band between 1370 and 1470 cm™. The
intense IR band observed at 1506 cm™ corresponds to the 19a mode while the corresponding
computed wave numbers are calculated to be 1481 cm™. 19b mode appears in Raman at 1374 cm™
(calculated at 1374 cm™). Carbon-hydrogen stretching vibrations give rise to bands in the region
3100-3000 cm™ in all the aromatic compounds [10]. C-H stretching vibrations in the benzene
derivatives arises from two nondegenerate modes a4 (3072 cm™), by, (3060 cm™) and two degenerate
modes ez (3047 cm™), ey, (3099 cm™), i.e. vibrations 2, 13, 7 and 20, respectively. C—H stretching
vibration 20b is observed in IR at 3087 cm™ as strong shoulder bands and the most intense IR band at
3144 cm™ corresponds to ring C—H stretching mode 2.

9]
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Table 3: Vibrational assignments for PYR

Vealculated VIR VRaman Assignments
3576 3481(vvssh) NH, asymmetric stretch
3558 3468 (vvs)
3459 3324 (w NH, symmetric stretch
3445 3311 (Ws) | 539 §W§ y
3100 3144 (vvs) 3158 (w) 2 Benzene ring vibration
3099 3087 (vssh) 20b Benzene ring vibration
3021 2975 (s) CHs asymmetric stretch
3001 2937 (m) CH, asymmetric stretch
2944 2913 (m) CHz symmetric stretch
2933 2877 (w) CH, symmetric stretch
2800 (w) 2796 (w) N-H- - -ClI stretch / N-H- - -N stretch
2749 (w) 2785 (w)
1651 (vvs) NH, Scissoring
1605 1631 (vvs)
1584 1596 (vs) 8a, Benzene ring vibration
1566 (vvs) 8a, PYM ring vibration
1564 1558 (we) 1569 (w)
1552 1535 (vw) 8b, Benzene ring vibration
1537 1520 (vvs) 8b, PYM ring vibration
1481 1506 (ssh) 19a, Benzene ring vibration
1480 1481 (msh) CHjz asymmetric bending
1453 1477 (vs) CH, Scissoring
1417 1436 (vvs) 19b, PYM ring vibration/ CH, twisting
1404 (vvs)
1379 1374 (vw) 19b, benzene ring vibration
1365 1332 (m) CHs symmetric bending
1317 1298 (w) CH, wagging
1282 1280 (s) 3, benzene ring vibration
1268 1246 (w) 14, benzene ring vibration
1257 1233 (m) CH, Twisting
1229 1218 (s) CH, Twisting
1165 1170 (vvw) 1169 (w) 9a, benzene ring vibration
1139 1113 (w) NH, rocking
1092 1085 (s) 18b, benzene ring vibration
1068 1047 (w) 18a, benzene ring vibration
CH; asymmetric deformation/
1046 1022 (m) NH, rocking
1008 1011 (s) CH, Rocking

3.3.3. Methyl/Methylene vibrations

CH; asymmetric stretching appears at 2975 cm™ in IR as strong bands and corresponding mode
is computed at 3021 cm™. Symmetric CHj stretching mode band is observed at 2913 cm™ as medium
Raman band, which is calculated at 2944 cm™ and the asymmetrical and symmetrical bending
vibrations of methyl group occur near 1450 and 1375 cm™ respectively [11]. Asymmetrical bending
vibrations appear in IR at 1481 cm™ as medium band while the medium Raman band at 1332 cm™ is
due to the symmetrical umbrella mode, which are predicted at 1480 and 1365 cm™ by DFT
calculations.

Methylene asymmetric and symmetric stretching bands are usually observed near 2953 and 2868
cm* respectively. Asymmetric stretching modes appear as medium IR band at 2937 cm™ (calculated
at 3001 cm*) while the symmetric stretching vibration is observed at 2877 cm™ (calculated at 2933
cm™) in IR. Scissoring mode of the CH, group gives rise to a characteristic band near 1465 cm™ in IR
and Raman spectra which is correlated to the strong band observed at 1477 cm™ in IR.

(10]



Bulletin of Pure and Applied Sciences/ VVol.37-C —Chemistry (No.1)/ January-June 2018

3.4. Molecular Electrostatic Potential (MESP) Analysis

Molecular electrostatic potential surface of PYR (MESP) was determined by B3LYP/6-
311++G(d,p) level in order to understand the relative polarity of the molecule. The variation in
electrostatic potential produced by a molecule is largely responsible for the binding of a drug to its
receptor binding sites, as the binding site in general is expected to have opposite areas of electrostatic
potential. The different values of the electrostatic potential at the surface are represented by different
colors: red represents regions of most negative electrostatic potential, blue represents regions of most
positive electrostatic potential, and green represents regions of zero potential. It is evident that the
region around the hydrogen atoms of the carbon and nitrogen atoms are electron deficient (light blue
color), therefore binding site for electrophiles (Figure 3). The region around the nitrogen of the
pyrimidine ring represents the most electron rich region and it is the binding site for nucleophiles.

Fig. 3: Electrostatic potential at the surface

4. CONCLUSIONS

Vibrational spectra and DFT quantum chemical computations at B3LYP/6-311++G(d,p) level
were performed on PYR to investigate the structural and bonding features responsible for drug
activity, nature of hydrogen bonding and charge transfer interactions. Dihedral angle between the
pyrimidine ring and phenyl ring indicating the coplanarity of the phenyl ring with the pyrimidine ring.
NBO analysis explains the formation of two intermolecular H-bonded interactions illustrating the
existence of strong N-H::-N intermolecular hydrogen bonding in PYR supported by XRD data. C=C
stretching vibrations are expected to be sensitive to possible drug-target interactions. From MESP
map the binding sites of electrophiles and nucleophiles have been identified. MPA scheme shows that
Cly; atom attached to the phenyl ring, Cy atom of the phenyl ring and few carbon atoms of the
pyrimidine ring are the most reactive sites during electrophilic attack.

REFERENCES

[1] Yuvaniyama J., Chithumsub P., Kamchonwongpaisan S., Vanichtan J., Sirawaraporn W.,
Taylor P., Walkinshaw M.D. and Yuthavong Y., Nature Structural Biology, 10(5), 2003, 357-
365.

[2] Anita C. Rudy and Wesley J. Poynor, Pharmaceutical Research, 7(10), 1990, 1055-1060.

[3] Frisch M.J,, et.al, Gaussian’09, Revision C.02, Gaussian Inc., Wallingford CT, 2010,

[4] Sethuraman V. and Muthiah P.T., Acta Cryst., E58, 2002, 0817-0818.

[5] Clare E. Sansom, Carl H. Schwalbe, Peter A. Lambert, Roger J. Griffin and Malcolm and
Stevens F.G. , Biochimica et Biophysica Acta, 995, 1989, 21-27.

[6] Desiraju G.R., Angew. Chem. Int. Ed. Engl., 34, 1995, 2311-2327.

[71 Smith B., Infrared Spectral Interpretation, a systematic Approach, CRC press, Washington,
DC., 1999.

[8] Varsanyi G., Vibrational Spectra of Benzene Derivatives, Academic Press, New York. 1969.

[9] Dollish F.R., Fateley W.G., Bentley F.F., Characteristic Raman Frequencies of Organic
Compounds, Wiley, New York., 1997.

[10] Socrates G., Infrared Characteristic Group Frequencies, Wiley, New York. 1980.

[11] Robert M Silverstein and Francis X Webster, Spectroscopic identification of Organic
Compounds, John Wiley & Sons Inc, Sixth ed., New York., 2003.

[12] Soni Mishra, Deepika Chaturvedi, Anubha Srivastava, Poonam Tandon, Ayala A.P. and Siesler
H.W., Vibrational Spectroscopy, 53, 2010, 112-116.

(11]



Original Article Bulletin of Pure and Applied Sciences.
Vol.37 C (Chemistry), No.1, 2018:; P.12-19

Print version ISSN 0970 4620

Online version ISSN 2320 320X

DOI 10.5958/2320-320X.2018.00003.1

Solid state synthesis of 5-anilino—3-(3,5-dimethylpyrazol-1-yl)-1,2,4-
thiadiazoles

K.G. Krishnapriya, K.N. Rajasekharan”

Author Affiliations
Department of Chemistry, University of Kerala, Kariavattom campus, Thiruvananthapuram 695581,

Kerala, India.

Corresponding Author
*K.N. Rajasekharan, Department of Chemistry, University of Kerala, Kariavattom campus,
Thiruvananthapuram 695581, Kerala, India.

E-mail: krishnapriyakg06@gmail.com

Received on 12" January 2018
Accepted on 28" January 2018

ﬁbstract \

We wish to report the synthesis of 5-anilino—3—(3,5—dimethylpyrazol-1-yl)-1,2,4-thiadiazoles
by a solid state, mechanochemical oxidative cyclization of 3,5—dimethyl-1-[N—(N’—
arylthiocarbamoyl) amidino] pyrazoles, which in turn have also been accessed through a solvent free,
green technique.

Keywords: 1,2,4-thiadiazole, mechanochemistry, hetarylthiocarbamoylamidine,  oxidative
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1. INTRODUCTION

The synthesis of 1,2,4-thiadiazoles, a versatile class of S-N heterocycles, has claimed recent
attention owing to their remarkable biological activities since a wide spectrum of therapeutic
applications have been reported for substituted 1,2,4-thiadiazoles [1]. The clinically prescribed
antibiotic cefozopram is a 1,2,4-thiadiazole derivative. Several reports exist on the pharmacophore
properties of 1,2,4-thiadiazoles. For example, 3,5-bis(indolyl)-1,2,4-thiadiazole derivative showed
potent cytotoxicity against human cancer cell lines [2] and a substituted 1,2,4-thiadiazole has been
identified for the treatment of multiple sclerosis and rheumatoid arthritis [3]. The bioactive properties
of 1,2,4-thiadiazole have also received recent attention in G protein coupled receptor modulation [4]
and glycogen synthase kinase inhibition [5]. Literature also exists on the antimicrobial, anti—
inflammatory, anticancer, anticonvulsant, antidepressant, antioxidant, radio protective, and anti—
leishmanial activities of 1,2,4-thiadiazoles [6-8]

Mechanochemical reactions are effected by either hand grinding or by mechanical milling in the
absence of solvents [9]. The latter is carried out using using steel balls in a mixer, shaker or planetary
mill. Mechanochemical synthesis has been suggested to be advantageous over the conventional
solution phase thermal synthesis due to its energy efficiency, product selectivity, operational



Bulletin of Pure and Applied Sciences/ VVol.37-C —Chemistry (No.1)/ January-June 2018

simplicity, health and environmental safety. This field of synthesis has attracted much recent attention
as it also aims to establish safe alternatives to synthesis using solvents. The application of
mechanochemical method to a wide variety of organic reactions have recently been reviewed [10].
These reactions include Michael additions, Knoevanagel and Barbier reactions, pinacol
rearrangement, Grignard reactions, Wittig and Horner—Wadsworth-Emmons reactions as typical
examples. A number of metal-catalyzed transformations, including Suzuki, Heck—Mizoroki,
Sonogashira and Glaser couplings, have been done mechanochemically, [11]. Mechanochemistry
sometimes becomes the preferred method for reactions that are low-yielding and tedious to conduct in
solution. For example, N-heteroacenes are mechanochemically synthesised by cyclocondensation
between 1,2—dicarbonyl compounds and 1,2—diaminoarenes, avoiding the formation of side products
seen in the corresponding solution phase synthesis [12].

Oxidation of thiourea derivatives to form substituted ureas, formamidinium disulfide and 2—
aminothiazoles and 1,2,4-thiadiazoles has been recently reviewed [13]. Oxidative cyclisation of
suitable thiocarbamoylamidines, thiocarbamoylguanidines and thioureas resulted in 1,2,4-thiadiazoles
[1,15]. A recent, green version of this approach the involved iodine—catalyzed oxidative dimerization
of thioamides in water using molecular oxygen as an oxidant [15]. We have earlier reported that 1-
[N—(N’-arylthiocarbamoyl)amidino]-3,5-dimethylpyrazoles are useful starting materials for 5-acyl-
2,4—diaminothiazole and 3,5-diamino-1,2,4—triazole synthesis [16]. We now wish to report the
synthesis of 1-[N—(N’-arylthiocarbamoyl)amidino]-3,5-dimethylpyrazoles and their oxidation
leading to 5-anilino-1,2,4-thiadiazoles under solid state conditions mechanochemically.

2. RESULTS AND DISCUSSION

We had reported the synthesis of 1-[N—(N’-arylthiocarbamoyl)amidino]-3,5-dimethylpyrazoles
earlier by the reaction of 3,5-dimethylpyrazol-1-ylamidine (1), either as a salt, or as its free base,
with isothiocyantes (2) under thermal condition in presence of solvents [16]. Now we report the
application of mechanochemistry for the preparation of hitherto unreported 1-[N—(N’-
arylthiocarbamoyl)amidino]-3,5-dimethylpyrazoles (3a—€). The reaction methodology involves a
simple hand grinding of reactants; 1-amidino-3,5—-dimethylpyrazole nitrate and aryl isothiocyanates
in an agate mortar with a pestle for 20 min in presence of solid KOH and tetra—n—butylammonium
bromide TBAB as a solid phase transfer catalyst (Scheme 1).

I\{ I\( v =
- N N NHAr
Kf:;gﬁssig b

HN NH, . HNO; HN N NHAr

1 3a-e 4a-e
3a :Ar=3-CH30Cg Hs 4a :Ar= 3-CH;0Cq Hs
3b:Ar= 3-CH3C6_H5 4b :Ar= 3'CH3C6_H5
3c: Ar=3-CICg Hsg 4c¢ : Ar= 3-CICq Hs
3d : Ar=4-FCgHs 4d : Ar= 4-FCgH5
3e: Ar=4-BrCgHs 4e : Ar= 4-BrCgHs
Scheme 1:

The compounds prepared by this mechanochemical approach are found to be identical with those
obtained by corresponding, but lengthy, solution phase thermal reaction by TLC analysis, melting
point and FTIR spectral data. The newly obtained 1-[N—(N’-arylthiocarbamoyl)amidino]-3,5-
dimethylpyrazoles were characterised by FTIR, *H NMR, **C NMR and HRMS. The IR spectrum of
the product 3a obtained by the reaction of 3,5-dimethylpyrazol-1-ylamidine (1) with 3-
methoxyphenyl isothiocyanate showed N-H stretching vibrations at 3385 and 3242 cm™. Bands due

(13]
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to C—H stretching of the aromatic ring appeared at 3055 cm™ Bands due to C=C bending of aromatic
ring were observed at 1633 cm™. The NMR spectrum of 3a, recorded in CDCl; first seemed to
indicate the formation of a mixture of products since discreet peaks with well defined integral
hydrogen counts were not present in the spectrum. Instead, peaks were generally broad and showed
non- integral hydrogen counts. For example, the peak due to the H4 of the pyrazole ring appeared as a
cluster of two broad peaks centered at 5.87 and & 6.01 respectively. It was then observed that
normalisation of peak areas of other peak clusters, based on the combined integrated area under the
above cluster of two broad peaks representing H4, indicated that the cluster of three peaks in the
region 51.90-2.80, with peak—centres at & 1.99, 2.22 and 2.70, accounted for the six hydrogens of the
two methyl groups. Similarly, the broad peak centered at 6 3.78 accounted for three hydrogens of the
methoxy group and the peak clusters in the region & 6.70-7.70 accounted for four aryl hydrogens.
The three NH hydrogens appeared as a broad peak at & 7.89, a cluster of two broad peaks in the region
5 8.30-8.80 and another cluster of two peaks in the region & 10.40-11.30 three NH hydrogens
respectively. The **CNMR spectrum showed peaks at & 55.40 corresponding to the methoxy carbon,
and benzene ring carbons and the pyrazole ring carbons in the region 5 109-160. The reason for the
above peak heterogenity and broadening in the NMR spectra in CDCl; is attributable to the presence
of tautomers. The other possibilities of the formation of a mixture of products, or due to product
decomposition or dimerisation, were ruled out by the following observations. The repetition of the
reaction under entirely different conditions developed earlier by us [16] afforded the same product as
evidenced by FTIR, mp and mixed mp studies and in comparable yield, thus excluding the formation
of a product mixture. The HRMS data showed no evidence for any other side products. Based on the
above data, the structure of the compound obtained from 3,5—-dimethylpyrazol-1-ylamidine (1) with
3—-methoxyphenyl isothiocyanate was assigned as 1-[N—(N’-3-methoxyphenylthiocarbamoyl)
amidino]-3,5-dimethylpyrazole (3a). Additional confirmation of the product homogenity of 3a arose
from its subsequent oxidative cyclisation under very mild conditions leading to a single product, as
described below. Similar reaction of 3,5-dimethylpyrazol-1-ylamidine nitrate (1) with 3-
methylphenyl, 3—chlorophenyl, 4-bromophenyl and 4—fluorophenyl isothiocyanates (2b—e) afforded
1-[N—-(N’-arylthiocarbamoyl)amidino]- 3,5-dimethylpyrazoles (3b—e) in fairly good yield.

In the light of our earlier success in the synthesis of heterocycles including 2,4-diaminothiazoles
and 1,2,4-triazoles starting from 1-[N—(N’-arylthiocarbamoyl)amidino]-3,5-dimethylpyrazoles [16]
[Jenardanan et al., 1997] and recently reported mechanochemical heterocycle synthesis [Sherin et al.,
2015], we have now attempted a solid state synthesis of 5-anilino—3-pyrazol-1-yl-1,2,4—thiadiazoles
by the oxidative cyclisation of 1-[N—(N’-arylthiocarbamoyl)amidino]-3,5-dimethylpyrazoles. Such
pyrazole substituted 1,2,4-thiadiazoles had been synthesised by Godfrey and Kurzer by the reaction
of acetylacetone on -anilino-3-hydrazino-1,2,4-thiadiazole [17]. Our solid state synthesis of
thiadiazoles involved the grinding of 1-[N—(N’-arylthiocarbamoyl)amidino]-3,5—-dimethylpyrazoles
(3a—e) with iodine for 5-10 mins. The resulting compounds are found to be identical with that
obtained from corresponding solution phase reaction. Thus, our work now provides a rapid,
solventless alternative to access the title compounds. The IR spectrum of the product 4a formed by the
oxidative cyclisation of 1-[N—(N’-3—-methoxyphenylthiocarbamoyl)amidino]-3,5—-dimethylpyrazole
showed N-H stretching vibrations at 3267 and 3216 cm™. Bands due to C—H stretching of the
aromatic ring appeared at 3066 cm™ Bands due to C=C stretching of aromatic ring were observed at
1628 cm™. In the "H NMR spectrum, two methyl groups in the pyrazole ring were appeared as singlet
each at ¢ 2.19 and 2.56. A singlet at ¢ 3.78 is assignable to the methoxyphenyl group and another one
at ¢ 6.12 is attributed to the H4 of the pyrazole ring. The four aryl hydrogens appeared as two
doublets at 6 6.70 and 7.05, a singlet at 0 7.23 and a triplet at 0 7.33. A singlet at 0 11.19 is ascribed to
the NH hydrogen. In the ** C NMR spectrum peaks at 13.82 and 14.10 corresponds to methyl carbons,
methoxy carbon appeared at 55.61. The pyrazole, benzene and thiadiazole carbons were seen between
104-180 ppm. The spectral evidences confirm the structure of the compound obtained as 5-(3—
methoxyanilino)-3—(3,5—-dimethylpyrazol-1-yl)-1,2,4-thiadiazoles (4a).

(14]
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Table 1: Yield and melting point of 1-[N—(N’-arylthiocarbamoyl)amidino]-3,5-dimethylpyrazoles
(3a—e)

SI. No. Compound Yield (%) Melting point (°C)
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Table 2: Yield and melting point of 5-anilino—-3—(3,5-dimethylpyrazol-1-yl)-1,2,4-thiadiazoles

(4a—e)
SI. No. Compound Yield (%0) Melting point (°C)
1 OCHs
E/N\ N @ 68% 20527
N x—NH
4da
2 CHj
éN\N N . @ 64% 240-242
AN
4b
3 cl
E/N\N N " O 63% 275-276
N N
4c

(15]
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4
=N 68% 253-254
\ N =
SN N NH@_
\(N_?/
4d
5

=N
\ N 62% 222-223
N N NH@_Br
de

3. EXPERIMENTAL

All melting points are uncorrected and were determined by open capillary method. The thin layer
chromatography analyses were performed using silica gel-G. coated on glass plates or commercial
plastic plates. The spots were visualized in iodine vapour or under UV light. The IR spectra were
recorded on Shimadzu FTIR spectrophotometer. The NMR spectra were recorded in CDCl; and
DMSO on Bruker DPX 400 MHZ NMR spectrometer at room temperature. The HRMS-ESI analysis
was performed on an Agilent 6520 QTOF-MS/MS system. All chemicals used were from Sigma
Aldrich and E. Merck, India.

3.1. Synthesis of 1-[N—(N’-arylthiocarbamoyl)amidino]-3,5—-dimethylpyrazoles (3a—)
Method A:

1-Amidino-3,5-dimethyl-pyrazole nitrate (100 mg, 0.5 mmol ), powdered potassium hydroxide
(28 mg, 0.5 mmol ) and tetra—n—butylammonium bromide TBAB (5 mg) were ground in a mortar and
pestle for 3 min. To this mixture, aryl isothiocyante (0.5 mmol) was added and the grinding
continued at room temperature for 15-20 minutes. An initially observed oil like appearance of the
ground mixture turned to a solid mass. The solid then was worked up by grinding with petroleum
ether, followed by water, to obtain 1-[N—(N’-arylthiocarbamoyl)amidino]-3,5-dimethylpyrazoles.
The products were then collected by decantation and filtration. Purification involved crystallization
from ethanol-water (1:1).

Method B:

The above reactions between 1-amidino-3,5-dimethyl-pyrazole nitrate (1) and aryl
isothiocyanates (2a—e) were repeated under conditions developed earlier in our laboratory. Thus, to a
suspension of 1 (100 mg, 0.5 mmol mmol) in N,N-dimethylformamaide (DMF, 2 mL), containing
powdered KOH (28 mg, 0.5 mmol ), aryl isothiocyanates (0.5 mmol) in DMF (1 mL)was added
dropwise with stirring at 0 °C during 20 mins. The temperature of the reaction mixture was then raised
to 65-70 °C and the stirring was continued for another 2 h. The reaction mixture was then poured into
ice water to obtain solid product.

The compounds prepared by this method were:
1-[N-(N’-3-Methoxyphenylthiocarbamoyl)amidino]-3,5-dimethylpyrazole (3a): Yield: Method
A: 65%, m.p. 115-117 °C.; Method B: 71%; m. p. 118 °C; IR: 3385, 3242, 3055, 1633, 1539, 1390,
1317, 1114, 968, 825, 684 cm™ ; *H NMR (400 MHz, CDCls, 25 °C): 6 : 1.90-2.80, bm, 6H; 3.70-
3.90, b, 3H; 5.80-6.10, b, 1H; 6.40-7.60, m, 4H; 7.70-8.00, b, 1H; 8.30-8.80, b 1H; 10,45-11.25,
b,1H ; *C NMR (100MHz, CDCls, 25 °C): § = 14.13, 14.98, 16.16, 55.40, 111.43, 111.89, 117.85,
129.44, 139.41, 143.96, 151.69, 155.68, 188.64.

HRMS (ESI): [M+H]" 304. 1154 (calcd), 304.1226 (found )

[16]
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1-[N-(N’-3-methylphenylthiocarbamoyl)amidino]-3,5-dimethylpyrazole (3b): Yield: Method A:
63%, m.p. 86-88 °C. Method B: 70 %; m. p. 87 °C ; IR: 3194, 3034, 1641, 1481, 1392, 1313, 1124,
975, 840, 775, 684 cm™; 'H NMR (400 MHz, CDCls, 25 °C): 6 : 1.85-2.80, bm, 9H; 5.75-6.10, b,
1H; 6.90-7.55, m, 4H; 7.80-8.10, b, 1H; 8.35-8.55, b 1H, 10.40-11.15, b,1H.

3C NMR (100MHz, CDCl;, 25 °C): 6 = 14.13, 14.90, 14.23, 21.26, 111.33, 115.63, 119.47, 122.62,
12515, 125.44, 126.19, 128.56, 138.63143.95, 151.63, 155.61, 188.62.

HRMS (ESI): [M+H]" 288. 1205 (calcd), 288.1275 (found ).

1-[N-(N’-3-Chlorophenylthiocarbamoyl)amidino]-3,5-dimethylpyrazole (3c): Yield: Method A:
75%, m.p. . 136-138 °C. Method B: 79 %; m. p. 137 °C ; IR : 3401, 3174, 3058, 1613, 1523, 1479,
1363, 1013, 911 cm™; 'H NMR (400 MHz, CDCls, 25 °C): § : 1.90-2.85, bm, 6H; 5.80-6.15, b, 1H;
7.05-7.55, m, 4H; 7.85-8.20, b, 1H, 8.25-8.60, b 1H, 10.60 —11.20, b,1H.; **C NMR (100MHz,
CDClg, 25 °C): 6 = 13.66, 13.71, 15.10, 111.63, 116.59, 118.61, 122.47. 122.96, 124.22125.71,
129.73, 130.65, 134.22, 139.39, 143.82, 151.94, 156.16, 188.65; HRMS (ESI): [M+H]" 308. 0658
(calcd), 308.0723 (found).

1-[N-(N’-4-Fluorophenylthiocarbamoyl)amidino]-3,5-dimethylpyrazole (3d): Yield: Method A:
60%, m.p. 121-122 °C. Method B: 65 %; m. p. 122 °C ; IR : 3453, 3200, 3032, 1635, 1501, 1326,
1214, 964, 823 cm™; 'H NMR (400 MHz, CDCl;, 25 °C): § : 1.85-2.75, bm, 6H; 5.75-6.15, b, 1H;
6.95-7.65, m, 4H; 7.80-8.05, b, 1H, 8.15-8.90, b 1H, 10.65 -11.25, b,1H ; *C NMR (100MHz,
CDCls, 25 °C): 0 = 13.70, 14.88, 16.19, 111.48, 115.50, 115.72, 126.88, 127.76, 127.84, 134.52,
143.85, 151.81, 155, 88, 162.23, 189.18.

HRMS (ESI): [M+H]" 292. 0954 (calcd), 292.1031 (found ).

1-[N-(N’-4-Bromophenylthiocarbamoyl)amidino]-3,5-dimethylpyrazole (3e): Yield: Method A:
62%, m.p. 123-125 °C. Method B: 68 %; m. p. 122 °C; IR : 3408, 3360, 3061, 1620, 1579, 1428,
1285, 1114, 968 cm™; 'H NMR (400 MHz, CDCls, 25 °C): § : 1.80-2.85, bm, 6H; 5.80-6.10, b, 1H;
7.05-7.65, m, 4H; 7.80-8.15, b, 1H, 8.15-8.90, b 1H, 10.45 -11.30, b,1H ; *C NMR (100MHz,
CDCls, 25 °C): 0 = 13.71, 15.10, 16.06, 111.65, 119.34, 125.96, 126.95, 132.00, 137.34, 143.79,
144.79, 151.49, 155,94, 188.67.

HRMS (ESI): [M+H]" 352. 0153 (calcd), 352.0206 (found ).

3.2. Synthesis of 5-anilino—3—(3,5—-dimethylpyrazol-1-yl)-1,2,4-thiadiazoles

Method A: solid stae reaction

1-[N—-(N’-Arylthiocarbamoyl)amidino]-3,5-dimethylpyrazoles (3a—e) (0.5 mmol) and iodine
(0.5 mmole) were ground for 5-10 mins in an agate mortar. Work up by grinding with few drops
dilute ag. ammonia solution, followed by water, afforded solid 5-anilino-3—(3,5-dimethylpyrazol-1-
yl)-1,2,4-thiadiazoles (4a—e). The products could be collected by filtration. Purification involved
crystallization from ethanol.

Method B:Solution phase reaction

To a solution of 3a—e (0.5 mmol) in methanol (5mL), iodine solution in methanol (0.5mmol) was
added and kept closed at room temperature with occasional shaking for 1 h. Work up with dilute aq.
ammonia solution, followed by water, afforded solid 5—-anilino—3—(3,5-dimethylpyrazol-1-yl)-1,2,4—
thiadiazoles (4a—e). The compounds prepared by the above two methods were identical as shown by
TLC, FTIR, m.p. and mixed m. p. anaylsis.

5—(3—-Methoxyanilino)-3—-(3,5-dimethylpyrazol-1-yl)-1,2,4-thiadiazole (4a): Yield: Method A:
68%, m.p. 225-27 °C. Method B: 64%; m. p. 226 °C; IR: 3267, 3216, 3066, 1628, 1531, 1463, 1378,
1218, 842, 771 cm™; *H NMR (400 MHz, DMSO, 25 °C): § = 2.19 (s, 3H, CHs), 2.56 (s, 3H, CHj),
3.78 (s, 3H, OCHy), 6.12 (s, 1H, pyrazole H), 6.70 (d, 1H, ArH, J= 9.2 Hz), 7.05 (d, 1H, ArH, J=7.8
Hz), 7.23 (s, 1H, ArH), 7.33 (t, 3H, ArH, J= 8.2 Hz), 11.19 (s, 1H, NH) ; *C NMR (100MHz, DMSO,

(17]
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25 °C): 6 = 13.82, 14.10, 55.61, 104.37, 109.05, 109.12, 110.68, 130.80, 140.94, 141.91, 149.90,
158.94, 160.55, 179.12

5—(3—-Methylanilino)-3-(3,5-dimethylpyrazol-1-yl)-1,2,4-thiadiazole (4b): yield: Method A:
64%, m.p. 240-42 °C. Method B: 65%; m. p. 240-42 °C ; IR: 3252, 3204, 3081, 1620, 1531, 1382,
1166, 931 cm™; 'H NMR (400 MHz, DMSO, 25 °C): ¢ = 2.19 (s, 3H, CHg), 2.33 (s, 3H, CH;), 2.57
(s, 3H, CHg), 6.12 (s, 1H, pyrazole H), 6.94 (d, 1H, ArH, J= 7.2 Hz), 7.28-7.36 (m, 3H, ArH), 11.14
(s, 1H, NH) ; *C NMR (100MHz, DMSO0, 25 °C): 6 = 13.82, 14.09, 21.65, 109.05, 115.52, 118.94,
124.57, 129.78, 139.29, 139.78, 141.93, 149.89, 158.89, 179.22

5—(3-Chloroanilino)-3—(3,5-dimethylpyrazol-1-yl)-1,2,4-thiadiazole (4c): Yield: Method A:
63%, m.p. 275-76 °C. Method B: 65%; m. p 275°C ; IR: 3241, 3118, 3058, 1613, 1531, 1423, 1382,
1121, 976, 801 cm™; 'H NMR (400 MHz, DMSO, 25 °C): 6 = 2.20 (s, 3H, CH3), 2.58 (s, 3H, CHy),
6.14 (s, 1H, pyrazole H), 7.17(s, 1H, ArH), 7.44 (s, 2H, ArH),7.87 (1H, ArH), 11.35 (s, 1H, NH) ; *C
NMR (100MHz, DMSO, 25 °C): ¢ = 13.83, 14.09, 109.20, 116.80, 117.87, 123.27, 131.52, 134.16,
141.07, 141.97, 150.07, 178.87

5—(4-Fluoroanilino)-3—(3,5-dimethylpyrazol-1-yl)-1,2,4-thiadiazole (4d): vyield: Method A:
68%, m.p. 253-254 °C. Method B: 72%; m. p. 253 °C ; IR: 3271, 3218, 3036, 1628, 1589, 1501,
1441, 1393, 1218, 1106, 827 cm™; "H NMR (400 MHz, DMSO, 25 °C): § = 2.19 (s, 3H, CHs), 2.57
(s, 3H, CHy), 6.12 (s, 1H, pyrazole H), 6.94 (d, 1H, ArH, J= 7.2 Hz), 7.28-7.36 (m, 3H, ArH), 11.14
(s, 1H, NH) ; *C NMR (100MHz, DMSO, 25 °C): § = 13.82, 14.04, 109.04, 116.41, 116.64, 120.29,
136.30, 141.94, 149.86, 157.34, 158.90, 159.73, 179.25

5—(4-Bromoanilino)-3—(3,5-dimethylpyrazol-1-yl)-1,2,4-thiadiazole (4e): Yield: Method A:
90%, m.p. 222-223 °C. Method B: 96%; m. p 222 °C ; IR: 3241, 3181, 3048, 1609, 1557, 1479,
1397, 1300, 1110, 81 cm™; *H NMR (400 MHz, DMSO, 25 °C): ¢ = 2.19 (s, 3H, CHs), 2.54 (s, 3H,
CHjy), 6.12 (s, 1H, pyrazole H), 7.54-7.61(m, 4H, ArH), 11.26 (s, 1H, NH)

C NMR (100MHz, DMSO, 25 °C): § = 13.83, 14.06, 109.09, 115.20, 120.28, 131.92, 132.61,
139.10, 141.99, 149.94, 158.86, 178.87

4. CONCLUSION

In conclusion, we have now shown that 3,5-dimethyl-1-[(N-arylthiocarbamoyl)amidino]
pyrazoles are useful starting materials for accessing 5-anilino-1,2,4-thiadiazole derivatives, thus
complementing our earlier report on their use to prepare 2,4—diaminothiazoles and 3,5-diamino-
1,2,4-triazoles. We have also demonstrated that the above oxidative heterocyclization of 3,5-
dimethyl-1-[(N-arylthiocarbamoyl) amidino] pyrazoles can effectively be achieved by
mechanochemically in a green chemical approach.
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Abstract

In this work, FT-IR and FT-Raman spectra of Ethyl N-[1—(piperidin—1-ylmethyl)
benzimidazol-2—yl]carbamate have been recorded in the regions 4000-400 cm™ and 3500-50
cm™ respectively. The molecular structure, geometry optimization, intensities and vibrational
wave numbers were obtained by DFT levels of theory B3LYP with 6-311G(d,p) standard basis
set. The complete vibrational distributions were performed on the basis of the potential energy
distribution (PED) of the vibrational energy distribution analysis (VEDA 4) program. The
harmonic frequencies were calculated and scaled values were compared with experimental FT-IR
and FT-Raman data. The oscillator strength, wavelength and energy were also calculated by TD-
DFT method. Molecular electrostatic potential (MESP), total electron density distribution and
frontier molecular orbitals (FMOs) are constructed at B3LYP/6311G(d,p) level to understand the
electronic properties. The charge density distribution and site of chemical reactivity of the
molecules has been obtained by mapping electron density isosurface with electrostatic potential
surfaces (ESPs. Ethyl N-[1-(piperidin—1-ylmethyl) benzimidazol-2—yl]carbamate was screened
for its antifungal activity.

Keywords: Ethyl N-[1-(piperidin—1-ylmethyl) benzimidazol-2—yl]carbamate, HOMO, LUMO,
MESP, Antifungal

1. INTRODUCTION

EthyIN-[1-(piperidin—1ylmethyl) benzimidazol-2—yl]carbamate is a systemic agricultural
fungicide used to control of certain fungal diseases of stone fruit. Title compound belongs to the
family of Benzimidazoles. These are organic compounds containing a benzene ring fused to an
imidazole ring. It is a systemic benzimidazole fungicide that is selectively toxic to microorganisms
and invertebrates, interfering with cell functions, such as meiosis and intracellular transportation. The
selective toxicity of benomyl as a fungicide is possibly due to its heightened effect on fungal rather
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than mammalian microtubules [1]. Calmon etal. [2] explained the Kinetics and mechanisms of
conversion of methyl 1—(butylcarbamoyl)-2-benzimidazole carbamate (benomyl) to methyl 2-
benzimidazolecarbamate (MBC). Decreased permeability as a mechanism of resistance to methyl
benzimadazol-2-yl carbamate (MBC) in Sporobolomyces roseus was explained by Nachmias et al.
[3]. Van ketel [4] reported the Sensitivity to the pesticide benomyl. Fiscor etal. [5] supported the
mutagenicity testing of benomyl, methyl-2—benzimidazole carbamate, streptozotocin and N-methyl—
N'—nitro—N-nitrosoguanidine in Salmonella typhimurium in vitro and in rodent host-mediated assays.
The main objective of the present study is on the structural analysis of present compound using
theoretical and experimental techniques. To the best of our knowledge no detailed spectroscopic
studies of these compounds were performed.

2. EXPERIMENTAL

Compound was purchased from Sigma Aldrich (St.Louis, MO, USA) and used without further
purification. The room temperature fourier transform infrared spectra of the title compound was
measured in the region 400-4000cm™ , at a resolution of +1 cm™, using Perkin Elmer Spectrometer
equipped with mercury vapour lamp and globar as source. The UV-Visible spectra of compound were
examined in the range 190-900 nm using CARY100 BIO UV-Visible Spectrometer in acetone
solvent. The antifungal activity of compound was analysed by the well diffusion method against the
fungi Aspergillus niger and Candida albicans.

2.1. Computational

The combination of spectroscopic methods with DFT calculations are the powerful tools for
understanding the fundamental spectral properties and the electronic structure of the compounds.
Gaussian 09 software program package was used for theoretical calculation [6]. The quantum
chemical calculations were performed by applying density functional theory [7-8] method with the
three parameter hybrid functional (B3) [9-10] for the exchange part and the Lee-Yang—Par (LYP)
correlation function [11]. The wave number values computed contain known systematic errors and
therefore, scaling factor 0.9682 [12] has been used. The potential energy distribution (PED) was
calculated with the help of VEDA 4 program package [13]. The Raman activities (S;) calculated by
Gaussian 09 program has been converted to relative Raman intensities (I;) using the following
relationship derived from the basic theory of Raman scattering [14].

f(vo -vi)*s,
hcv,
Vi {1—exp(— KT H

where vy is the exciting wavenumber, v; the vibrational wavenumber of the normal mode, h, ¢
and k;, are the universal constants and f is the suitably chosen common normalization factor for all the
peak intensities.UV-Visible spectra, electronic tranistions, vertical excitation energies and oscillator
strengths were computed with the time-dependent DFT method. Gaussview 5.0.8 visualization
program [15] has been utilized to the shape of highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO).

3. RESULTS AND DISCUSSIONS

3.1. Structural analysis

The optimized molecular structure of compound was performed by using Gaussian 09 program.
The results of calculated geometrical parameters ( bondlengths, bond angles and dihedral angles) were
compared with the experimental values [16-17]. In benzimidazole region, the bondlength C;,—
N11(1.327A) shortened while comparing to other C-N bondlengths like C;,—N15(1.338 A) and C1,—Ny,
(1.343 A) due to the influence of Nis—His...0,4 strong intramolecular hydrogen bonding. The
optimized structure of compound as shown in Figure 1.

(20]
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Fig. 1: Optimized molecular structure

The bondlengths N;;—C1,—N35(109.3°), Ni1—C1,—N14(123.8°) decreases while comparing to Ny3—Cqp—
N14(127.00) In title Compound, the dihedral angles N11—C12—N14—H15(—178.80), N11—C12—N14—Cs
(1.1°), Ni3—Ci2—Ny4—H;5(0.5°) and N13—C12—Ny34—Ci6(=179.6°) exhibit the nonplanarity nature of the
benzimidazole region.

3.2. Vibrational analysis

The compound consists of 44 atoms, it has 126 normal vibrational modes. The calculations were
made for a free molecule in vacuum, while experiments were made for a solid sample. Complete
assignments of the fundamentals were propsed based on the calculated PED values. The FT-IR
spectrum of compound shown in Figure 2.
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3.2.1. N-H vibrations

Normally, in all the heterocyclic compounds, the N-H stretching vibration occurs in the region
3500-3000 cm™ [18]. The band appear at 3295 cm™in FTIR spectrum is assigned to the N—H
stretching mode of the compound.

3.2.2. C=N and C-N vibrations

In general, imidazoles have three or four bands in the regions1660-1450 cm™ due to C=N and
C=C stretching vibrations. The intensities of these bands depend on the nature and position of the
substituents. Benzimidazoles absorbs at 1560-1520 cm™ due to C=N stretching vibration.. Thus, the
band observed at 1487 cm™ is assigned to C=N stretching vibration. The red shift of the C=N
stretching frequency of title compound is due to the presents of carbonyl group at C,, carbon. The
fundamental modes observed at 1398, 1249, 1215 cm™* and 1259cm™ in the IR spectrum, are assigned
to C—N stretching modes. The CNC in-plane bending mode is calculated at 957 cm™. The CNC out of
plane bending mode is assigned at 628 cm™ in the IR spectrum. The NCN out of plane bending mode
is found at 598 cm™ in IR spectrum. The CCN out of plane bending mode is attributed to 329 cm™ in
Raman spectrum.

3.2.3. C-H vibrations

The strong to medium intensity bands occur in the region 3100-3000 cm™ is common for
aromatic structure. In the present study, the aromatic C—H stretching vibrations are observed at 3047
cmtin IR spectrum. The bands due to C-H in—-plane bending vibrations occur in the region1290-950
cm ™ The bands observed at 1154, 1124, 1008 cm™ in IR spectrum are assigned to C-H in—plane
bending vibrations of the molecule. The C-H out of plane bending modes is usually medium intensity
and is observed in the region 950-600 cm™ The out of plane C—H bending vibrations are observed at
931 and 851 cmtin IR spectrum.

3.2.4. C-C vibrations

The ring C-C stretching vibrations occur in the region 1650-1430 cm™ [19]. In the present
study, the C—C stretching vibrations of compound are observed at 1629 and 1596 cm™ in the infrared
spectrum. The C—C stretching vibrations are assigned to the modes 1353 and 1314 cm™in the IR .The
ring CCC in—plane bending vibrations are generally weak often being masked by other stronger
absorptions due to the substituent groups. The in—plane bending vibrations of compound are
theoretically determined at 891, 808, 582 cmand the calculated out of plane vibrations are 431, 392,
249, 139 and 101 cm ™ These assignments are in good agreement with literature.

3.3 UV-visible spectral analysis

Electronic transitions have been investigated by UV-Visible spectroscopy. Absorption maximum
(Amax) Was calculated by TD-DFT method. The experimental UV-Visible absorption spectrum of the
sample is shown in figure 3. The UV-Visible spectrum was measured in acetone and it is found that
the absorption bands are observed at 210nm. A very strong band at 210nm is a characteristic peak of
aromatic system due to m—7_ transition.

1.2 | 210

solvent - acetone
1.0
0.8

0.6

Abs

0.4
0.2
0.0 Mt

200 400 00 &00
Wavelength {nrm)

Fig. 3: UV-Visible spectrum
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3.4 HOMO-LUMO ANALYSIS

Molecular orbitals, both the highest occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) and their properties such as energy are very useful for
physicists and chemists are the main orbital taking part in chemical reaction while the energy of the
HOMO is directly related to the ionization potential, LUMO energy is directly related to the electron
affinity [20-21]. This is also used by the frontier electron density for predicting the most reactive
position in m—electron system and also explains several types of reaction in conjugated system [22].
The conjugated molecules are characterized by a small highest occupied molecular orbital-lowest
unoccupied molecular orbital separation, which is the result of a significant degree of intramolecular
charge transfer from the end—capping electron—donor groups to the efficient electron—acceptor group
through n—conjugated path[23]. Surfaces for the frontier orbitals were drawn to understand the
bonding scheme of compoundl and it's related compounds. The energy difference between HOMO
and LUMO orbital which is called as energygap is a critical parameter in determining molecular
electrical transport properties because it is a measure of electron conductivity.
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Fig. 4: HOMO-LUMO ENERGY GAP

3.5. MESP

The electrostatic potential is also well suited for analyzing processes based on the "recognition”
of one molecule by another, as in drug-receptor, an enzyme-substrate interactions, because it is
through their potentials that the two species first "see" each other [24-25]. To predict reactive sites of
electrophilic and nucleophilic attacks for the investigated molecule, MESP at the B3LYP/6-311G
(d,p) optimized geometry was calculated. The negative (red and yellow) regions of MESP were
related to electrophilic reactivity and the positive (blue) regions to nucleophilic reactivity (Fig.5). The
predominance of green region in the MESP surfaces corresponds to a potential halfway between the
two extremes red and blue colour. As can be seen from the MESP map of the title compound,
negative regions are mainly localized over the carbonyl groups The maximum positive regions are
localized over the benzimidazole ring. As can be seen from the MESP map, regions having the
negative potentials are over the electronegative atoms.

Fig. 5: Molecular Electrostatic potential
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3.6. Antifungal activity

The antifungal activity of title compound Iwere evaluated by the well-diffusion method against
the fungi viz, Aspergillus niger and candida albicans cultured on potato dextrose agar as medium. The
stock resolution was prepared by dissolving the compounds in DMSO and the solutions were serially
diluted to find MIC (Minimal Inhibitory Concentration) values wells of approximately 10 mm was
bored using a well cutter and samples of different concentration was added. The zone of inhibition
was measured after overnight incubation and compared with that of standard antibiotics. The well was
filled with the test solution using a micropipette and the plate was incubated 72H for fungi at 35 °C.
During this period the test solution diffused and the growth of the inoculated microorganisms was
affected. The inhibition zone was developed, at which the concentration was noted [26].The
antifungal and solvent test for fungal strains were increased and mentioned in Table 1. It is noticed
that itself has no activity on the figure.

Table 1: In vitro Antifungal activity

Sl. Zone of inhibition(mm)

No. Fungal pathogen | 250(ug) | 500(ug) | 1000(ug) | Clotrimazole(ug)
1 Aspergillus niger 15 25 25 30
2 Candida albicans nil nil 15 27

The experimental values show considerable activity observed in candida albicans against
aspergillus niger, Clotrimazole as the standard drug used for this study. The inhibitory activity of the
synthesized compound on the organism shows high activity in high concentration of the title
compound increases; the inhibition of fungal strains also increases. Figure 6(a) and 6(b) indicates the
antifungal activity of title compound at different concentrations for two antifungal pathogens
(aspergillus niger and candida albicans). The presence of benzimidazole region in title compound is
responsible for the antifungal action.

Fig. 6: Antifungal activity with (a) aspergillus niger and (b) candida albicans
5. CONCLUSIONS

In the present work, the optimized geometric parameters ( bondlengths, bond angles and dihedral
angles) were theoretically determined and compared with the experimental results. The increase in
wavenumber from the expected value leads to the redshift and exhibits the possibility of
intramolecular hydrogen bonding. The lowering of HOMO-LUMO bandgap supports fungicidal
activity of title compound. The experimental UV-Visible spectrum shows an absorption maxima at
210 nm(n—n*) in the acetone solvent. The maximum positive regions are localized over the
benzimidazole region. Thus from above investigations, it can be concluded that title compound is a
good antifungal agent to treat diseases and further work can be responsible for biological activity.

[24]
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Abstract

The synthesis of nanocrystalline AysBosM00O, by an auto-igniting combustion technique is
reported. The structural characterization done by X-ray diffraction, Fourier transform Raman
spectroscopy and infrared spectroscopy reveals that the as-prepared powder itself is phase pure
with tetragonal structure. The particle size determined from Transmission electron microscopy are
in the range 23-25 nm. The optical band gap determined show that the compounds are wide
bandgap semiconductors. The photoluminescence spectrum of AgsBosM0O, shows green
emission, associated with the perfect order and crystallinity of the sample. All the samples are
sintered at a temperature less than 875°C. The dielectric constant and loss factor of the samples
are measured at radiofrequency range and its variation with temperature is also studied. The effect
of change in composition of A* site of scheelite AMO, compounds comparative are also
presented. The experimental results show that nano AgsBosMoO, is an excellent luminescent
material and also a promising ‘Low temperature Co—fired Ceramic. Also it is inferred that we can
fine tune both optical and dielectric properties to desired values according to our requirements by
adjusting the cationic stoichiometric ratio in [AOg] octahedron.

Keywords: nanocrystalline, scheelite, AMO, compounds, FT Raman

1. INTRODUCTION

The quest for new and novel materials with excellent properties is increasing day by day due to
the rapid technological development and processing techniques all over the world. Materials in the
form of crystals, films, micron to nano sized powders and composites have caught much attention of
the researchers. Among them, nanomaterials stand prominent due to their exceptional properties
which are completely different from their other forms.
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Scheelite compounds characterized by tetragonal structure with general formula AMO, are
extensively studied due to their remarkable optical and electrical properties and wide range of
applications including solid-state lasers, optic fibre, stimulated Raman scatters, low-temperature
radiation detectors, scintillators and microwave applications [1-5]. The unique properties of these
materials can be tailored by trying different stoichiometric ratios or combinations of these compounds
such as A«B1-xMO,, AMoW,.,O, etc. Only a few reports have appeared in literatures on such
combinations of scheelite group materials and their vast potential has not yet been exploited. The
structural properties and photoluminescence behaviour in the CaSr, WO, system at room
temperature was investigated by Porto et al [6] and that of BagsSrosMoO, by Wei et al [7]. Zhuravlev
et al [8] has studied the stability of solid solutions in scheelite type molybdates and tungstates.
Sri«Ca,WO, solid-solution films were prepared by Cho and Yoshimura [9]. Red-luminescence
phosphors CagsSrosMoO,:Eu®* for white LED have been reported by Shi et al [10]. The gas sensing
property of BagsSrosMoO, thick film [11] and the enhancements of magneto resistance in
Lag7Cap.155r0.1sMn;_Mo,O3 compound have also been investigated [12]. The different synthesis
techniques used in these studies are soft chemical method [6], molten salt method, citrate method [8],
sol-gel method [10] and solid state reaction [12, 13]. The preparation of Ba;SrkWQO, and
Ba;«Ca,WO, films by mechanically assisted solution reaction by Rangappa et al [14] at room
temperature has also been reported.

Among the reported works much attention is devoted to the tuning of luminescence properties of
the scheelite compounds while studies on its dielectric properties, sintering behaviour, band gap
studies remain restricted. In view of this fact in mind we had made an attempt to study the structural,
optical, sintering and dielectric behaviour of BagsSrosM00Qy, SrysCagsMo0O, and BagsCaysMoO, of
nanopowder synthesized through a modified combustion technique, for the first time. Brief
comparisons between the parent compounds AMoO, and the compositions were also presented in the
chapter and its suitability for various applications have also been discussed.

2. EXPERIMENTAL

Similar procedure was adopted for the preparation of the compositions AgsBosMO, (A=B=Ba,
Sr, and Ca) through modified combustion technique. The only distinction is in the stoichiometric
amount of initial reagents to be taken.

As a typical instance, the preparation of BaysSrosMoO, nanopowder through the modified
combustion process was detailed. For the preparation of Bay sSrosM00,, aqueous solutions containing
Ba, Sr and Mo ions were prepared by dissolving stoichiometric amounts of Ba(NOz),, Sr(NOs), and
ammonium molybdate in double distilled water. Citric acid was then added to the solution as
complexing agent. The amount of citric acid to be added was calculated based on the total valence of
the oxidizing and the reducing agents for maximum release of energy during combustion. Oxidant to
fuel ratio of the system was adjusted by adding concentrated nitric acid and ammonium hydroxide
solution and the ratio was kept at unity. The precursor solution of pH ~7.0 was stirred well for
uniform mixing and a clear solution with no precipitate or sedimentation was obtained. The solution
was then heated using a hot plate at ~250 °C in a ventilated fume hood. The solution boils on heating
and undergoes dehydration accompanied by foam. On persistent heating the foam gets autoignited
giving a voluminous fluffy powder of nano BagsSrosMo0,. Thus obtained nano powder itself is used
for further characterisation. A similar pattern was followed in case of SrysCapsMoO, and
Bag5CagsM00,.

Structure of the as-prepared powder was examined by powder X-ray diffraction (XRD) technique
using a Bruker D-8 X-ray Diffractometer with Nickel filtered Cu Ko radiation. Particulate properties
of the combustion product were examined using transmission electron microscopy (TEM, Model-
Hitachi H-600 Japan) operating at 200 kV. The Infrared (IR) spectra of the samples were recorded in
the range 400-4000 cm™ on a Thermo-Nicolet Avatar 370 Fourier Transform Infrared (FTIR)
Spectrometer using KBr pellet method. The Fourier transform—Raman spectra of the samples were
carried out at room temperature in the wave number range 50-1200 cm-1 using Bruker RFS/100S

[27]
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Spectrometer. The photoluminescence (PL) spectra of the samples were measured using Flurolog@-3
Spectroflurometer. For low frequency dielectric studies the pellets were made in the form of a disc
capacitor with the specimen as the dielectric medium. Both the flat surfaces of the sintered pellet were
polished and then electroded by applying silver paste. The capacitance of the sample was measured
using an LCR meter (Hioki-3532-50 LCR HiTester) in the frequency range 100 Hz-5 MHz at
different temperature from 30-250 °C.

3. RESULTS AND DISCUSSIONS
3.1. STRUCTURAL ANALYSIS

3.1.1. XRD Analysis

The XRD pattern of as-prepared BagsSrosMoQO,, SrpsCagsMoO, and BagsCagsMoO,
nanopowder is shown in the figure 1. All the peaks are indexed for a perfect tetragonal structure based
on the spectral data in the JCPDS file 30-0157 for BaysSrosMoO, and file 30-1287 for
Sro5CagsMo0,. The XRD pattern of BagsCagsMoO, is found to be iso-structural with the other two
compounds of similar composition. Thus BagsCaosM00, also possesses tetragonal structure and the
XRD pattern is indexed on the basis of JCPDS files reported for BagsSrosMoO,4 and SrqsCagsMo0s,.
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Fig. 1: XRD pattern of as-prepared nano AysBosMo0O, (A=B=Ba, Sr, Ca)

Table 1: Calculated lattice parameters, unit cell volume and crystallite size estimated by the Scherer

formulae
Compounds Crystal Experimental Unit cell Crystallite
Structure lattice parameters (A) Volume (A%) size (nm)
Bag 5Sry5M00, Tetragonal | a=b=5.490, c=12.495 376.006 23
Sro5CagsM00, Tetragonal | a=b=5.310, c=11.759 331.557 22
Bag5CagsM00, Tetragonal | a=b=5.482, c=12.488 375.293 24

No additional peak representing impurities or secondary phase or un-reacted multi could be
observed in the XRD patterns. This suggests that all the compounds are single phase with scheelite
structure. Thus the XRD patterns confirm that the modification of cation ratio in the A% site of
AMOQ,, did not lead to structural transformation. This may be due to the fact that all the substituted
elements (Ba, Sr, Ca) have comparable ionic radii as they belong to same group of the periodic table.
So they adhere well into the lattice structure without structure distortion. Phase formation was also
complete during the combustion process itself, without any calcination step. Thus the modified
combustion method for the synthesis of nanopowder offers an economic and time saving technique.

3.1.2. Vibrational Spectroscopic Studies
In order to study the vibrational spectra and conduct a detailed structural investigation, Raman

and FTIR spectra of AysBosM00, is recorded which are given in figure 2, and 3, respectively.

(28]
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Fig. 2: Raman spectra of as-prepared nano AqsBosMo0, (A=B=Ba, Sr, Ca)

On comparison with the vibrational spectra reported for the compounds BaMoO,, SrMoO,,
CaMo0,, BaWO,, SrWO, and CaWO,, the sample AqsBosMO, also seem to exhibit a similar spectral
pattern with respective shifts in the wave number positions [15-19].

The internal modes include the vibrational and rotational modes of the tetrahedron and are
observed in the region 900—180 cm™* whereas the external group consists of lattice phonon modes

corresponding to the motion of Ba** /Sr** cations and the rigid molecular units and are attributed to
peaks in the region 160-78 cm ™.
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Fig. 3: FTIR spectra of as-prepared nano AysBosM00, (A=B=Ba, Sr, Ca)

The most intense band of Raman spectra observed above 850 cm™ in all the spectra are attributed
to the Ay mode of vibrations. The By modes are assigned to peaks in the wave number range 845-830
cm . The next highest bands of Raman spectra responds to internal mode of vibration, Eg..The modes
involving the free rotation in the limiting case of the uncoupled MoO, ions in BagsSrosMoQ,,
SrysCaysMo0,, BagsCaysMoO, are observed above 200 cm™ which has the Ey, symmetry. This
vibration mode shows highest wave number shift on comparing with AMO4 compounds where this

mode is assigned to peaks around 180 cm™. The external modes 2Bg and 2E, are assigned to the
lowest frequency bands.

The IR spectrum shows a very strong absorption a band in which higher wavenumber is due to
Metal-Oxygen (M-0) stretching vibration mode and the latter due to the weak Metal- Oxygen (M-
0) bending vibration. These correspond to the IR active vsA, and v4A, modes of vibrations.

The splitting up of non-degenerate peaks, superposition of certain peaks into a broad peaks, small
shift in the vibration mode frequencies, inactivity of certain active peaks in the Raman spectra of the
compounds points to lowering of symmetry of the crystal structure. Thus all these compositions
possess certain degree of shot range structural disorder. However there is no evidence for secondary
phase or any other impurities. A trace of MoOs unit which was noticed in the Raman spectra of

[29]
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SrMoQO,4 was absent in this case. So the distortion is only short range. The vibrational analysis
confirms the XRD result that AqsBosMO,4 own tetragonal structure.

3.2. TEM analysis

The TEM studies on the morphology of the as-prepared nanopowder obtained by the combustion
route are shown in the figure 4. The micrograph showed that the particles are of submicron size in the
range of 20-25 nm. The nano particles of all the compounds possess nearly spherical morphology and
the absence of agglomeration of the particles indicates the good nanocrystalline nature of the sample.
The majority particle size obtained from the TEM are 23nm, 22nm and 25nm for A0.5B0.5MO4
(A=B=Ba, Sr, Ca) respectively.

SAED patterns are composed of a number of bright spots arranged in concentric rings. The ring
nature of the electron diffraction pattern is indicative of the polycrystalline nature of the crystallites,
but the spotty nature is due to the fact that the fine crystallites having related orientations are
agglomerated together resulting in a limited set of orientations.

U R e R T

Fig. 4: TEM image of as-prepare i nano AysBosMo0, (A=B=Ba, Sr, Ca)
3.3. Optical properties

3.3.1. Photoluminescent Studies

The PL emission spectrum of AgsBosMoO,4 nano powder is shown in the figure 6. The sample
shows intense green emission. The reason for the PL emission of scheelite structure is explained in
literatures in many ways viz. due to structural disorder, morphology, charge—transfer transitions into

(30]
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the [MoO,]* complex, the existence of MoO; and distorted MoO, complex clusters, particle sizes,
crystalline degree, morphology, and surface defects [24-26].
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Fig. 5: PL spectra of AgsBosMo0O, (A=B=Ba, Sr, Ca)

For our sample, as there is no long range structural disorder, the main reason for the green
emission in the PL emission spectrum can be the charge—transfer transitions within the [MoO4]*
complex, in the ordered system. Wei et al reported a blue emission for BagsSrosMoO, and ascribed it
to the T, —'T; electronic transitions into the [MoO,] tetrahedron groups [7]. A striking green
luminescence was observed by varying the ratio of Ca and Sr in Sr,_,CaMo0O,:Tb** by Wang et al
[27]. The PL emission of BaMoO, SrMoO, and CaMoQO, prepared through the same combustion
method also showed an intense green emission along with a weak red emission which is because of
the presence of MoOs—MoQ, clusters and on annealing, the red emission peak vanished [20,21]. Thus
the observed green emission is associated with the perfect order and crystallinity of the sample.

Accordingly we can also make out that luminescence behaviour primly depends on [MoO4]* in
molybdates scheelite class of compounds. The change of stochiometry in A* of AMO, could
persuade a small wavelength shift. Hence when the composition is altered systematically as A; and
B, We can obtain different compositions which yield blue emission as well as green emission.
Thus we can fine tune the PL emissions which have much advantage in laser applications.

3.4. SINTERING
The sintering behaviour of the nanocrystals of AysBosMO, powder synthesized through the
present combustion route was studied.

Table 2: Sintering temperature, soaking time and relative density of sintered AMO, and AgsBosMOQO,
(A=B=Ba, Sr, Caand M=Mo, W)

Compounds Sintering Soaking time Relative Density
temperature (°C) (h) achieved (%)
BaMoO, 750 3 95
SrMoO, 850 2 96
CaMoO, 775 3 96
Bag5Sro5sM00O, 820 3 96
Sro5CagsM00, 875 3 96
Bags5Cag5M00, 800 3 96

A highly sintered specimen was obtained on sintering the compacted nanopowder for all the
samples in the temperature range 815-875 °C. The change in composition has influenced the sintering
temperatures of the compounds. The sintering temperatures with respective soaking time, density
achieved by the compounds along with the same details of AMO, compounds prepared by the same
method are also depicted in the Table 2.

(31]
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The change in composition had resulted in an increase of sintering temperature. The maximum
density that can be achieved is 96% whereas it is 98% in the case of SrM0O,.The soaking time
required for all the compounds are 3 hours. It is to be noted that as all the samples are sintered at a
temperatures below 900 °C. Hence these samples are ideal candidates for LTCC applications.

3.5. Dielectric Properties

The dielectric properties of a material determine its functionality. The dielectric behaviour of the
sintered samples of Aq5BosMO, nanocrystals are studied in the frequency range 100 Hz to 5MHz. The
variation of dielectric constant (g;) and the loss factor (tand) with frequency are shown in the figure 8.
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Fig. 8: Variation of ¢ and tans with frequency of sintered AgsBosM004 (A=B=Ba, Sr, Ca) pellets

The dielectric constant and the loss factor of the samples also show significant change. It can be
clearly noted that loss factor decreases as frequency increases while the dielectric constant remains
almost unaltered in the high frequency above 1 kHz. On comparing with AMO, compounds the
dielectric constant of the composition seems to be higher. All the compositions show low loss factor
values. The values of dielectric constant and very low loss factor indicate the suitability of the sample
as a candidate for electronic and dielectric applications.
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Fig. 9: Variation of & and tand with temperature of sintered AqsBosM00, (A=B=Ba, Sr, Ca) pellets

The variation of g and tand with temperature, in the range 30-250 °C is shown in Figure 9. It is
evident from the graph that the variation of dielectric constant with temperature is very minimal in the
measured temperature range. The loss factor value lowers with the increase of temperature and is of
order 107 at temperature above 100 °C. The temperature coefficient of dielectric constant (TCK) is
determined using the equation given below between temperature 250°C and 30°C at 5MHz.
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Kas0 =Ko
220

30

Tk = x10°ppm/o C

where Kz and Kssq are the dielectric constants at 30 °C and 250 °C respectively, and 220 is the
temperature difference.

The obtained Tcx values are negative. This indicates that AgsBosMO, nano powder have
relatively low temperature coefficient of dielectric constant when compared to AMoO,. It is clear
from the graph that the temperature dependence of dielectric constant is very minimal in the measured
range. The loss factor decreases with increase of temperature and is of order 10~ at temperature above
150 °C. Thus nano AosBosMO, compositional compounds are suitable for temperature dependent
dielectric applications.

The lower dielectric constant and the low loss factor value make nano structured AgsBosMO,
prepared by the present method a promising candidate for LTCC applications, substrate application
and as electronic packing materials. That the dielectric constant remains almost constant on heat
treatment ensures the suitability of AgsM0gsMO, and AgsWosMO4as LTCC material in multi layer
circuits.

The main advantage noticed in varying the A?* cation composition in AMO, compounds are
changes in the dielectric properties. Thus we can infer that the dielectric properties can be fine tuned
by adjusting the cation composition, as needed. Thus dielectric constant of these compositional
materials can be varied from low to moderate dielectric constant materials with low dielectric loss
according to our requirement.

It is also to be noted that even though the sintering temperature of these solid solutions is higher
than scheelite compounds, it is less than 950 °C which makes these materials ideal for LTCC
applications. As dielectric constant of the solid solution can be lowered or raised, and are low loss
materials with negative TCK value, we can finely mould these materials according to our needs.
Bivalent metal molybdates and tungstates with scheelite structure allows us to conclude that the
chosen solid solutions are excellent luminescent wide band gap materials with moderate dielectric
constant and are suitable for numerous optical and electrical properties as discussed.

4. CONCLUSIONS

Nanocrystalline semiconducting AgsBosMO,4 (A=B=Ba, Sr, Ca and M=Mo) were synthesized
through a modified combustion process. The X-ray diffraction studies have shown that the
nanopowder were single phase and possess tetragonal structure. The splitting up of non-degenerate
peaks, superposition of certain peaks into a broad peaks, small shift in the vibration mode frequencies,
inactivity of certain active peaks in the Raman spectra of the compounds points to lowering of
symmetry of the crystal structure. Thus all these compositions possess certain degree of short range
structural disorder. FT-IR and Raman spectral analysis confirms the XRD results that the as prepared
powder itself is phase pure. TEM analysis confirms the nanocrystalline nature of the sample having
particle size in the range of 20-25nm and all the compositions possess nearly spherical morphology.
The band gaps of the compositions are found to be higher than AMoO,. The nanocyrstalline
AysBosMO, are found to be a excellent photo luminescent material with strong green and shows a
blue shift in emission wavelength with respect to change of substitutions elements. Thus we can fine
tune the emission wavelength from blue to green region according to our needs. These nanocrystals
could be sintered at a relatively low temperature in the range 800-875 °C for 3h to a high density.
Sintering temperature seems to be increased with respect to AMO4 compound prepared through the
same method. The temperature coefficients of dielectric constant for all the samples were negative
which makes them suitable for temperature sensitive applications. Thus by varying cationic ration in
AMO, scheelite system, we can fine tune its properties to the desired values in a limited range. The
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low sintering temperature, dielectric constant and minimum loss makes nano AqsBosMO, excellent
composition for low temperature co-fired ceramics, substrate material, and electronic packing
materials.
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ﬁbstract \

Most of the natural resources of drinking water are found to be contaminated with various
toxic materials. One of the most relevant pollutants is organic dyes. Photocatalysis is a promising
green technology for the removal of dyes. In the present work heterostructured NiO/ZnO
nanocomposite was prepared using co—precipitation method, analyzed using XRD, SEM and
UV/Vis spectroscopy. For comparison purpose NiO was also prepared. Comparison of XRD’s of
metal oxides with JCPDS confirmed the formation of heterojunctions. UV/Vis absorption studies
confirmed the shift of the optical absorption towards the visible region. The photocatalytic
degradations of dyes namely Malachite Green, a basic and Congo Red, an acidic dye were carried
out using the prepared composite. Factors affecting photocatalytic degradation like effect of
contact time, amount of photocatalyst and dye concentration were also investigated. Results
suggested an increase in degradation efficiency in the case of heterojunctions nanocomposite as
compared to individual metal oxide.

Qywords: Photocatalysis, Heterojunction, Nanocomposite, Photocatalyst, Co-precipitation /x

1. INTRODUCTION

Nature has its own mechanism for water recycling to provide us with sufficient quantity of fresh
water with consumable purity level. Modern human activities have however disrupted the balance
between the usage and natural purification process, leading to a shortage of potable water. Most of the
natural resources of drinking water are found to be contaminated with various toxic materials and
pathogenic microorganisms. One of the most relevant pollutants is organic dyes. The dyes have
diverse applications in various industries of paper, leather, cosmetics, drugs, electronics, plastics and
printing and approximately 80% of the synthetic dyes are consumed by the textile industry. Dyes are
non biodegradable compounds and human exposure to wastewater which contains dyes is highly
dangerous and these carcinogenic compounds show high resistance against biological, physical and
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chemical reactions. Many researchers consider advanced oxidation process as the most effective,
economically feasible and applicable technology for the removal of organic dye pollutants.
Nanotechnology is widely applied for purification and treatment of waste water. The novel properties
of nanomaterials such as large surface area, potential for self assembly, high specificity, high
reactivity and catalytic potential make them excellent candidates for this application. An expanding
trend for the nanomaterials is the fabrication of composite structures with materials capable of
enhancing the properties. Many efforts have been made for the synthesis of different coupled
semiconductors [1-4]. The synthesized coupled semiconductors significantly improve the
photocatalytic efficiency by decreasing the recombination rate of the photogenerated electron-hole
pairs and present potential application in water splitting, organic decomposition and photovoltaic
device [5]. In the present study heterojuction NiO/ZnO nanocomposite is prepared and applied as
photocatal yst.

2. MATERIALS AND METHODS

AR grade chemicals obtained from Merck were used for the preparation of NiO/ZnO
heterojunction. NiO (NF) and NiO/ZnO (NZF) were prepared by the co—precipitation method in
presence of capping agent. NF and NZF annealed at 5000c for three hours, was used for analysis.
XRD studies were carried out using XPERT-PRO model powder diffractometer (PAN analytical,
Netherlands) employing Cu-Ka. radiation (A = 1.54060A0) operating at 40kV, 30mA. SEM of the
samples was obtained using JEOL/EO Model JSM-6390LV scanning electron microscope. The
absorbance spectra, reflectance spectra and photocatalysis studies of the sample was studied using
JASCO V 650, UV/Vis spectrophotomer.

Metal oxides prepared in the present study were obtained in the form of hydroxides. The nickel
hydroxide was obtained as dark green powder where as in the case of NiO/ZnO was obtained as light
pista green powders. But both the annealed samples were black in colour.

3. RESULTS AND DISCUSSION

X-ray diffractograms of NF and NZF is shown in Figure 1. The well defined X-ray diffraction
peaks in the case of NF and NZF indicate that NiO and NiO/ZnO formed are crystalline in nature.
Also, the diffraction peaks are notably broadened indicating the smaller crystallite size. In order to
confirm the phase purity of the samples prepared, the interplanar spacing (dhkl values), 26 values and
relative intensity values corresponding to the observed diffraction peaks were compared with the
standard values of NiO in case of NF and in case of NZF the observed diffraction peaks were
compared with the standard values of NiO and ZnO as reported by JCPDS~International Centre for
Diffraction Data.
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Fig. 2: XRD Spectrum of NF and NZF
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XRD pattern for ZnO prepared using the very same procedure in our lab was used for JCPDS
comparison in case of ZnO [6]. The obtained pattern for ZnO was found to match well with JCPDS-
ICDD pattern number #79-0205. From the comparison of diffraction peaks NF with JCPDS-ICDD
pattern number #78-0423 it is clear that NiO formed was a cubic system with FCC lattice. The data
obtained for NiO/ZnO matched with JCPDS-ICDD pattern number #78-0423 of NiO and JCPDS-
ICDD pattern number #79-0205 of ZnO separately. From JCPDS, NiO shows cubic system with FCC
lattice and ZnO shows hexagonal system with primitive lattice. The variation observed in the d values
of the crystal planes in case of NZF when compared to NiO and ZnO, confirms the formation of
composites. This is also supported by the disappearance of the peak corresponding to (1 0 3) of ZnO
in the XRD of the nanocomposite. The average crystallite size was calculated from the line
broadening of the XRD pattern, making use of Scherrer formula. The crystallite size calculated using
FWHM (Full width at half maximum) values of five major peaks in the XRD spectrum of NF using
Scherrer equation are shown in the Table 1. In case of NZF the average crystallite size of NZF
calculated from the line broadening of the XRD pattern, using FWHM values of seven major peaks in
the XRD spectrum making use of Scherrer formula are shown in Table 2.

Table 1: Crystallite size calculation of NF using Scherrer equation

20 0 Cos@ FWHM | D (nm)
36.845 18.42 0.9488 0.719 11.65
42.873 21.44 0.9309 0.774 11.03
62.518 31.26 0.8549 0.858 10.84
75.075 37.54 0.7932 0.914 10.96

Average Crystallite size =11.12+ 0.3 nm

Table 2: Crystallite size calculation of NS using Scherrer equation

20 0 Cos@ FWHM D (nm)
31.54 15.77 0.9624 0.383 21.56
34.20 17.10 0.9558 0.397 20.95
36.04 18.02 0.9509 0.353 23.67
42.85 21.42 0.9309 0.577 14.79
47.34 23.67 0.9159 0.459 18.91
56.41 28.20 0.8814 0.460 19.60
62.44 31.22 0.8553 0.801 11.60

Average Crystallite size = 18.73+ 3 nm

The SEM images of NF and NZF are shown in Figure 2. NF showed agglomeration of spherical
particles or cauliflower like morholopgy and NZF showed agglomeration of very small spherical
particles of almost simlar uniform dimensions.

[37]
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Fig. 2: SEM images of (a) NF and (b) NZF

The UV-Vis absorption spectrum of the NF taken in the wavelength range 210 to 850 nm with 1
nm resolution is shown in the Figure 3. Presence of an absorption band is observed in the range 225
nm — 270 nm with A4 Situated at 249nm in case of NF.
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Fig. 3: UV/VisAbsorbance, Reflectance spectra and Tauc Plot of NF

An additional absorption band is observed in the wavelength range 270 nm — 305 nm. It is
reported in literature that optical energy band gap of NiO lies in the range (3.6-4.0 eV) [Adler and
Feinleib, 1970] and is attributed to charge-transfer transition between the valence bands of O (p)
states to conduction bands of Ni d (e,4) states [7]. The absorption edge is found to be 4.98 eV for NF.
Figure 3 also shows the reflectance spectrum obtained for NF. The percentage reflectance

corresponding to Amax Situated at 249 nm was found to be 12.94 %.

The materials also showed sub band gaps. This might be due to d-d transitions. The optical band
gap of NF determined from the absorption spectra using Tauc’s relation were 2.84 eV and 3.79 eV.
Tauc’s plot drawn for NF is also shown in Figure 3.
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Fig. 4: UV/Vis Absorbance, Reflectance spectra and Tauc Plot of NZF

The UV-Vis absorption and reflectance spectra of NZF taken in the wavelength range 210 to 870
nm with 1 nm resolution is shown in the Figure 4. Presence of a weak absorption band was observed
in the range 225 nm — 270 nm with A, Situated at 256nm and also another strong absorption band in
the range 260 nm — 400 nm with Amax Situated at 360 nm was also obtained. The shift of peak from
252 nm of NF to 256 nm in NZF can be attributed to the interaction between NiO and ZnO. The
second band can be attributed to the presence of ZnO which could be assigned to the intrinsic band-
gap absorption of ZnO due to the electron transitions from the valence band to the conduction band
(O2p — Zngy) [8]. The absorption edge was found to be 3.44 eV for NZF. Figure 4 also shows the
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reflectance spectrum obtained for NZF. The percentage reflectance corresponding to Amax values for
NZF were found to be 9.6%. The optical band gap determined from the absorption spectra using
Tauc’s relation for NZF is shown in Figure 4.

Surface area and surface defects play an important role in photocatalytic efficiency and many
other practical properties. In the present work the nanocomposite showed good visible light
absorption in addition to UV absorption. Hence proper tuning could make these nanocomposites
excellent candidates for many practical applications such as anti-bacterial, deodorizing, air purifying,
anti fogging and as other surface purification agents.

The prepared sample was used as photocatalyst for the degradation of Malachite Green, and
Congo Red. Organic dyes of 1000 ppm concentration were prepared and the desired concentrations
were taken and used as dye samples. The photocatalytic activity of samples for the degradation of the
dyes; Congo red (CR) and Malachite green (MG) and were studied using the respective photocatalyst
in the presence of UV illumination in a photoreactor. The experiments were performed by suspending
the desired amount of photocatalyst into 300 ml of dye solution of desired concentration which was
varied from 25 ppm to 75 ppm. The experiment was carried out isothermally at 300 K. The
concentration of residual dye in the solution after irradiation for 2 hrs was determined by monitoring
the absorbance intensity of solution samples at their maximum absorbance wavelength by using UV-
Vis spectrophotometer (JASCO V 650 UV-Vis spectrophotometer). In the present work various
factors affecting photocatalytic degradation like effect of contact time, amount of photocatalyst and
dye concentration were also investigated. To study the effect of contact time on the photodegradation
of organic dyes, the following procedure was adopted. To the respective dye solution of
concentration, 25 ppm in 300 ml solution kept at 300 K, 0.1 g of the photocatalyst was added and was
kept under UV light. After desired time intervals [30, 60, 90 and 120 min], 10 mL of the solution was
taken out, centrifuged and UV-Vis absorption spectra was recorded. In the above experiment, the
amount of photocatalyst was varied from 0.025g to 0.125g to study its effect on photodegradation.
Dye solutions of three different concentrations were selected (25 ppm, 50 ppm and 75 ppm) to study
the effect of initial dye concentration on photodegradation efficiency.

The photocatalytic degradation efficiency was calculated as follows:

Photocatalytic degradation efficiency (%) = @ 1 110 @

Co: initial concentration of dye solution [mgL-1],
Cq: final concentration of dye solution [mgL-1],

In the present work NiO/ZnO composites prepared are coupled heterogeneous system. When
NiO/ZnO coupled metal oxide is irradiated by visible light, the electrons in the valence band (VB) of
ZnO and NiO are excited to their conduction bands (CB) or to the defect levels present in the band
gap. The excited electrons from CB of NiO are transferred to the low lying CB of ZnO. The holes are
transferred from the VB of ZnO to the VB of NiO. This in turn leads to the efficient separation of
photogenerated electron-hole pairs. As a result, the photocatalytic activity of the NiO/ZnO coupled
metal oxide is significantly enhanced. The efficient visible light photocatalytic degradation shown by
the coupled metal oxides could be due to the stoichiometry deficiency induced on coupling and the
formation of defect energy levels. Figure 5 shows the suggested mechanism in the case of
photocatalytic degradation process using NiO/ZnO. In contrast to single phase photocatalysts,
heterojunction semiconductors or integrated multi-semiconductor systems possess significant
advantages in promoting the separation of electron-hole pairs and keeping reduction and oxidation
reactions of photocatalysis at two different reaction sites. Formation of heterojunction greatly
diminishes the electron—hole pairs recombination and increases the life time of charge carriers, thus
promoting the photocatalytic efficiency. A schematic diagram of the mechanism of photocatalysis is
given below.

(39]



Baiju V et. al. / Photocatalytic degradation of an acidic dye and a basic dye using heterostructured
photocatalyst

© tramafer

g \_\“ '-.‘_f.k‘

H,0 } ol H HO co, :

Fig. 5: Mechanism of Photocatalytic degradation process using NiO and NiO/ZnO hetrojunction
nanocomposite

The percentage of photodegradation increased with increase in contact time of the dye and the
catalyst. The amount of catalyst loading is one of the main parameters for the degradation efficiency.
In order to avoid the use of excess catalyst it is necessary to find out the optimum loading for efficient
removal of dye. The results showed that when catalyst dosage was increased from 0.025 to 0.075 g,
the percentage de—colorization increased. However, on further increase in dosage of the catalyst
beyond 0.1 g, there was a slight decrease in the degradation percentage. In the absence of
photocatalyst it was found that CR dye is difficult to be oxidized by only UV light. The increase in
degradation rate with increase in the catalyst loading is due to increase in total active surface area i.e.
availability of more active sites on catalyst surface [9]. However, it increases significantly upon
addition of photocatalyst due to the generation of higher amount of hydroxyl radical through the
interaction of UV light with photocatalyst. But above 0.1 g, the percentage degradation significantly
decreased due to decrease of formation of hydroxyl radicals. It should be pointed out that, the catalyst
loading affects both the number of active sites on photocatalysts and the penetration of UV light
through the suspension [10]. With increasing catalyst loading the number of active sites increases, but
the penetration of UV light decreases due to shielding effect [11]. It should also be noted that the
optimum value of catalyst loading is strongly dependent on the type and initial concentration of the
dye and the operating conditions of the photoreactor [12]. The optimum concentration of the catalyst
for efficient UV photodecolorization and degradation was found to be 0.1 g/300ml.

1.0
1.2+

0.8 1
1.0+

0.6 1
0.8

=
=
L

Absorbance (a.u)
Absorbance (a.u)

S
=
|

e
(5]

0.4+

T T 0.0 T T
300 400 500 300 400

‘Wavelength (nm) ‘Wavelength (nm)

Fig. 6: Photocatalytic degradation of CR and MG

The rate of photocatalytic degradation decreased with the increasing initial dye concentration. As
the initial concentration of a dye increases, the colour of dye solution becomes deeper which results in
less penetration of light to the surface of the catalyst, decreasing the number of excited dye molecules.
With increase in initial concentration of dye more and more organic substances are adsorbed on the
surface of the photocatalyst. Therefore, the generation of hydroxyl radicals is reduced, since there are
only fewer active sites in the system [13]. Similar results have been reported by other researchers for
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the photocatalytic oxidation of pollutants [9]. The activity of the nanocomposite was also compared
with the counterpart.

4. CONCLUSIONS

It was observed from the UV/Vis spectral analysis that the nanocomposites showed absorption in
visible range in addition to UV light. Hence these materials could be used as photocatalyst in the
degradation of organic dyes under solar ray irradiation. Results suggested an increase in degradation
efficiency in the case of heterojunction nanocomposite when compared to metal oxide. It is suggested
that these materials could be efficiently used as anti—bacterial, deodorizing, air purifying, anti fogging
and as other surface purification agents.
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ﬁbstract \

In the present work, polyindole based metal oxide nanocomposites were synthesised through
chemical oxidation method. For comparative study, the counterparts, polyindole was synthesised
through chemical oxidation method and the metal oxides were synthesised through chemical co-
precipitation method. Structural studies were done using XRD. Phase purity and crystallinity of
these samples were confirmed from XRD. XRD confirmed the formation of nanocomposites.
Crystallite sizes were calculated using Scherrer equation for metal oxides. The present study
investigates the antimicrobial activity of the synthesized samples as antibacterial agents. The gram
positive bacteria: S. epidermidis and C. perfringens, gram negative bacteria: E. coli and V. cholera
were the microbes used in the present study. The study confirms that the polyindole based metal
oxide nanocomposites samples prepared in the present study showed antibacterial agent activity.
The results suggest that proper tuning can make them good antimicrobial agents.

Qywords: Nanoparticles, Antibacterial agents, polyindole, /

1. INTRODUCTION

The advances in the field of nanosciences and nanotechnology led to the development of
inorganic and organic nanocomposites that are nowadays widely used as antimicrobials. It is a matter
of fact that the binding of the particles to the bacteria depends on the surface area available for
interaction. Since the reactions takes place at the surface of a chemical or material; the greater the
surface for the same volume, the greater will be the reactivity. The smaller size of nanoparticles helps
them to easily reach the nuclear content of bacteria which will give more bactericidal effect than the
larger particles.

Conducting polymers because of its ability to be doped in reduced or oxidized form (redox
properties) has facilitated its usefulness in certain biological applications [1]. Also they can be used
in the form of powders, aqueous dispersions and as coatings on variety of substrates. In addition to
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polymer materials which possess an intrinsic antibacterial activity, these properties can be induced
into polymer. This can be achieved through adsorption or coating of an antibacterial agent onto the
polymer surface, by direct incorporation of an antibacterial agent into the polymer structure during its
synthesis or by immobilization of an antibacterial agent onto the polymer through ionic or covalent
bonding [2, 3]. Recent studies indicate that among the polymers inherently showing antibacterial
properties includes conducting polymers such as polyaniline. Polyaniline contains quarternary
ammonium salts (QAS) and halamines. The antibacterial activity of QAS and halamines are due to the
presence of charged nitrogen as well as due to chloride ions. A perfect recipe for making an
antibacterial agent is the presence of QAS and halamines [4].

The polymeric matrices are considered as good host materials for metal and metal oxide
nanoparticles. They provide additional qualities, such as processability, solubility and thermal
stability to the systems formed [5]. Several efforts have been made for fabrication of polymeric
material with potential antimicrobial activity [6]. Moreover, the nanocomposites prepared using
inorganic metal oxide nanoparticles and organic polymers can find better utilization due to the
enhanced antimicrobial activity. All these open the possibility of formulation of a new generation of
bactericidal materials. Thus it was thought of interest to study the antimicrobial properties of
polyindole having similar structure like PANI and Polypyrrole.

In the present work nickel oxide (NiO), nickel oxide-magnesium oxide (NiO-MgO) and nickel
oxide-zinc oxide (NiO-ZnO) was prepared in presence of capping agent, citric acid using co-
precipitation method. Polyindole and polyindole based metal oxide nanocomposites were prepared
using chemical oxidation method. The aim of the work was to study the variations in the properties of
the counterparts when compared to the nanocomposites. The samples synthesizedwas characterized
using X-ray Diffraction Spectroscopy (XRD). The present study investigates the antimicrobial activity
of the synthesized samples as antibacterial agents. The results of all the samples were also compared.

2. EXPERIMENTAL

AR grade chemicals obtained from Merck were used for the preparation of all the samples. NiO
annealed at 500 °C (NF), NiO annealed at 700 °C (NS), NiO-MgO annealed at 500 °C (NMF), NiO—
MgO annealed at 700 °C (NMS), NiO-ZnO annealed at 500 °C (NZF) and NiO-ZnO annealed at
700°C (NZS) were the metal oxide parts prepared in the present study using co-precipitation method.
Polyindole (P1) was the conducting polymer selected for the work. Polyindole based NiO (PIN),
polyindole based NiO-MgO (PINM) and polyindole based NiO-ZnO (PINZ) were the polyindole
based based metal oxides prepared in the present study. PI, PIN, PINM and PINZ were prepared using
chemical oxidation method. @ XRD study was carried out using XPERT-PRO model powder
diffractometer (PAN analytical, Netherlands) employing Cu-K,, radiation (A = 1.54060A°) operating
at 40kV, 30mA.

3. RESULTS AND DISCUSSIONS

3.1 XRD Analysis

The XRD pattern of Pl was found to match well with the XRD patterns in literature [7]. The
XRD of polyindole shows the presence of numerous sharp crystalline peaks in the diffraction pattern
having 26 values between 15° and 30°. This can be related to the scattering from bare polymeric
chains at the inter-planar spacing. Figure 1 shows the XRD diffraction pattern of PI.

An XRD peak is known to be the measure of crystallinity and the appearance of peaks in the
XRD of the polymer confirms the crystalline nature rather than amorphous nature. Higher the degree
of regularity in arrangement or ordering of the polymer chain, higher is the crystallinity [8]. The
presence of sharp crystalline peaks in the XRD graph indicates good electrostatic (dipole-dipole)
interactions among the adjoining molecular chains in the P1 matrix and also their highly ordered state
[9]. The XRD results justify the Pl nanostructures as crystalline in nature.
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X-ray diffractograms of NF and NS are shown in Figures 2 and 3 respectively. The well defined
X-ray diffraction peaks in the case of NF and NS indicate that NiO formed are crystalline in nature.
Also, the diffraction peaks are notably broadened indicating the smaller crystallite size.
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In order to confirm the phase purity of the samples prepared, the interplanar spacing (dna values),
20 values and relative intensity values corresponding to the observed diffraction peaks were compared
with the standard values of NiO reported by JCPDS-International Centre for Diffraction Data. From
the comparison of diffraction peaks NF and NS with JCPDS-ICDD pattern number #78-0423 it is
clear that NiO formed was a cubic system with FCC lattice.

The average crystallite size were calculated from the line broadening of the XRD pattern, making
use of Scherrer formula [10,11] The crystallite size calculated using FWHM (Full width at half
maximum) values of five major peaks in the XRD spectrum of NF and NS using Scherrer equation
and was found to be 11 nm and 19 nm respectively. It is found that the crystallite size and crystallinity
increase with increase in annealing temperature. This is due to agglomeration of particles at higher

temperatures.

From the XRD analysis of PIN it is clear that the NiO particles are well distributed in the polymer
matrix. The well defined peaks of planes (11 1), (200), (220) and (31 1)and (2 2 2) of NiO were
found to be incorporated into the XRD diffraction pattern of polyindole. Also the crystalline peaks in
the region between 15° and 30° observed in PIN showed variations when compared to Pl which also
supports the formation of nanocomposite. Figure 4 shows the XRD pattern of PIN.
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Similar to NF and NS, NZF and NZS also showed well defined X-ray diffraction peaks which
indicated that NZF and NZS too had crystalline nature. Again, the broader diffraction peaks indicated
the smaller crystallite size. The interplanar spacing (dng values), 20 values and relative intensity
values of NZF and NZS corresponding to the observed diffraction peaks were compared with the
standard values of NiO and ZnO as reported by JCPDS-International Centre for Diffraction Data. The
obtained pattern for ZnO (ZF) was found to match well with JCPDS-ICDD pattern number #79-0205.
The data obtained for NiO/ZnO matched with JCPDS-ICDD pattern number #78-0423 of NiO and
JCPDS-ICDD pattern number #79-0205 of ZnO separately. From JCPDS, NiO shows cubic system
with FCC lattice and ZnO shows hexagonal system with primitive lattice. Figures 6 and 7 show XRD
patterns obtained for NZF and NZS respectively.

The variation observed in the d values of the crystal planes in case of NZF and NZS when
compared to NiO and ZnO, confirmes the formation of composites. This is also supported by the
disappearance of the peak corresponding to (1 0 3) of ZnO in the XRD of the nanocomposite.
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The average crystallite size of NZF and NZS calculated from the line broadening of the XRD
pattern, using FWHM values of seven major peaks in the XRD spectrum making use of Scherrer
formula and was found to be 18 nm and 22 nm respectively. Due to agglomeration of particles at
higher temperatures the crystallite size and crystallinity was found to increase with increase in
annealing temperature.

XRD of PINZ confirms the formation of nanocomposite. The well defined peaks of planes (1 0
0), 002)and (1 01) of ZnO and (200), (220), (3, 11)and (2 2 2) of NiO were found to be
incorporated into the XRD spectrum of polyindole. It is clear that the metal oxide particles are well
distributed in the polymer matrix. Here also the crystalline peaks in the region between 15° and 30°
observed in PINZ showed variations when compared to the XRD of Pl which also supports the
formation of nanocomposite. Figure 8 shows the XRD pattern of PINZ.
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NMF and NMS also showed well defined X-ray diffraction peaks which indicated the crystalline
nature of NMF and NMS. Here also the broader diffraction peaks obtained indicated the smaller
crystallite size. The interplanar spacing (dna values), 26 values and relative intensity values of NMF
and NMS corresponding to the observed diffraction peaks were compared with the standard values of
NiO and MgO separately. Figure 9 shows XRD diffraction pattern obtained for MgO. The obtained
pattern for MgO was found to match well with JCPDS-ICDD pattern number #89-7746. The obtained
data for NMF and NMS were matched with JCPDS-ICDD pattern number #78-0423 of NiO and
JCPDS-ICDD pattern number #89-7746 of MgO separately. From JCPDS comparison it is clear that
MgO like NiO has a cubic system with FCC lattice. Hence it could be concluded that NMF and NMS
also formed a cubic system with FCC lattice. Figures 10 and 11 show XRD pattern obtained for NMF
and NMS respectively.
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The average crystallite size of NMF and NMS calculated from the line broadening of the XRD
pattern, using FWHM values of three major peaks in the XRD spectrum making use of Scherrer
formula and was found to be 6 nm and 16 nm respectively. Due to agglomeration of particles at higher
temperatures the crystallite size and crystallinity was found to increase with increase in annealing
temperature.

Both NiO and MgO are cubic systems with FCC lattice and the ionic radii of Ni** and Mg**are
also similar. Their lattice parameters are also very close very close. For these reasons, the two oxides
can easily form nanocomposite in which the ratio between the components can vary without
disturbing the homogeneity. As NMF is formed, the individual XRD peaks of NiO and MgO merges
together resulting in the same crystal planes.
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XRD of PINM confirms the formation of nanocomposite. The well defined peaks corresponding
tothe planes (11 1), (200),(220),(3,11)and (2 2 2) of NiO/MgO were found to be incorporated
into the XRD spectrum of polyindole. The variation in the peaks observedin PINM and PI in the
region between 15° and 30° supports the formation of hanocomposites. It is clear that the metal oxide
particles are well distributed in the polymer matrix. Figure 12 shows the XRD pattern of PINM.

3.2 Antibacterial Studies
The polyindole based metal oxide nanocomposites: PIN, PINZ and PINM showed significant

antibacterial effects on the gram positive bacteria: S. epidermidis and C. perfringens, gram negative
bacteria: E. coli and V. cholera.

In the case of metal oxides the activity was found to be annealing temperature dependent. The
activity of NF was found to higher than NS (Table 1). Similarly the activity of the nanocomposite
metal oxides NZF and NMF annealed at 500 °C was found to higher than those of NZS and NMS, the
metal oxide nanocomposites annealed at 700 °C (Tables 2 and 3). This decrease in activity of samples
annealed at higher temperature can be attributed to decrease in surface to volume ratio due to increase
in particle size. The antimicrobial activity of the nanoparticles is generally known to be a function of
the surface area which is in contact with the microorganisms. Reactions take place at the surface of a
chemical or material. Hence, the smaller size and the higher surface to volume ratio i.e., larger surface
area of the NF when compared to NS has enhanced its interaction with the microbes. Table 1 gives the
values of zone of inhibition area of NF and NS. Similarly, and NZF and NMF nanocomposites when
compared to NZS and NMS have enhanced activity (Table 2 and 3).
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Among NF, NZF and NMF the activity was found to be highest for the metal oxide composite,
NZF. Here the activity can be attributed to the combined activities of NiO and ZnO. Antimicrobial
effects of ZnO nanoparticles can be attributed to several mechanisms:

1. Induction of oxidative stress due to ROS (reactive oxygen species) generation,

2. Membrane disorganization due to accumulation of ZnO nanoparticles in the bacterial membrane
and also their cellular internalization,

3. Release of Zn ions that may be responsible for antimicrobial activity by binding to the membrane
of microorganisms.

These factors when combined with the activity of Ni*could have resulted in its higher
antimicrobial activity when compared to NF. The zone of inhibition area of NZF is shown in Table 2.

In the case of NMF also the activity was found to be higher than NF. Here the inhibition of
microbial growth can be attributed to the combined effect of NiO and MgO. The mechanism of the
antibacterial activity of the MgO nanoparticles are mainly attributed to the presence of defects or
oxygen vacancies at the surface of the nanoparticles which lead to the lipid peroxidation and reactive
oxygen species generation. The activity was higher for NZF. This might be due to the specific activity
of NZF to the selected microbes when compared to NMF. Furthermore, other factors such as
nanoparticle diffusion rates may also affect bacterial strain differently. The zone of inhibition area of
NMF and NMS are given in Table 3.

These materials also being good photocatalysts, their antibacterial mechanism can also be
attributed to the destruction of the outer membrane of bacteria by the generated superoxide anion
radicals (+O%") as the reactive species. The reactive species such as *OH and *O? are generated at the
catalyst's surface, hence the high surface area is very beneficial for degradation of bacteria.

Polyindole prepared in the present study, was found to have significant antimicrobial activity.
Like polyailine, polyindole also contains quarternary ammonium salts (QAS) and halamines. Hence
the antibacterial activity of Pl can be attributed to the activity of QAS and halamines which are
present in the polymer chain due to the presence of charged nitrogen as well as due to chloride ions.
Nitrogen is present in the PI structure itself and the presence of chloride ions in the polymer chain as
dopant. The presence of these two combined with the polycationic nature of polymer and the presence
of polyfunctional groups is supposed to be a perfect recipe for making an antibacterial agent.

Table 1: Comparison of Antibacterial and Antifungal activity of NF, NS, Pl and PIN

Samples E. coli C. perfringens | V. cholerae | S.epidermidis
ZOI (mm) ZOI (mm) ZOI (mm) ZOI (mm)
NF 10 12 9 13
NS 9 10 7 11
Pl 8 9 7 10
PIN 15 18 14 19

Composite of Pl with metal oxides; PIN, PINZ and PINM have higher activities when compared
to their counter parts. All the factors of Pl combined with the activity of metal oxides was found to
enhance the activity of the respective nanocomposite. The activity was found to be highest for PINZ
than for PINM. Among the polyindole nanocomposites, PIN had lowest activity. The value of zone of
inhibition area (ZOI) for PIN is given in Table 1. The corresponding values for PINZ and PINM are
given in Table 2 and 3 respectively.
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Table 2: Comparison of Antibacterial and Antifungal activity of NZF, NZS, Pl and PINZ

Samples E. coli C. V. cholerae | S.epidermidis
ZOIl (mm) | perfringens ZOI (mm) ZOl (mm)
ZOIl (mm)
NZF 17 19 15 20
NZS 11 13 9 15
Pl 8 9 7 10
PINZ 20 23 18 25

Table 3: Comparison of Antibacterial and Antifungal activity of NMF, NMS, Pl and PINM

Samples E. coli C. perfringens | V.cholerae | S.epidermidis
ZOI (mm) ZOIl (mm) ZOI (mm) ZOI (mm)
NMF 16 17 13 18
NMS 10 12 8 14
Pl 8 9 7 10
PINM 18 20 16 22

Among the microbes the activity of these samples was highest for S. epidermis and then for C.
perfringens. Both these are gram positive bacteria. For all the samples, the activity was highest for
gram positive than for gram negative bacteria. Among gram negative bacteria the activity was higher
for E. coli than for V. cholerae. The variation in the sensitivity or resistance to both gram positive and
gram negative bacteria populations could be due to the differences in the cell structure, physiology,
metabolism or degree of contact of organisms with nanoparticles. Gram negative bacteria have a
special cell membrane structure which possesses an important ability to resist antimicrobial agents; it
has a relatively impermeable lipid based bacterial outer membrane. Greater sensitivity among gram
positive bacteria can also be attributed to the greater abundance of amines and carboxyl groups on
their cell surface than gram negative bacteria and the greater affinity of the antimicrobials used in the
present work towards these groups.

4. CONCLUSIONS

The antimicrobial activity of all the synthesized nanocomposites were studied and compared. The
results varied considerably. Antimicrobial activity was found to decrease withincrease in particle size
in case of metal oxides. The presence quarternary ammonium salts (QAS) and halamines, the
polyfunctional group and polycationic nature of polymer chain when combined with the activity of
metal oxides enhanced antimicrobial activity of polyindole based metal oxide nanocomposites. The
results indicate that both nanometal oxides and nanocomposites are effective against gram positive
bacterial strains and gram negative bacterial strains. Activity was found to be highest for gram
positive bacteria. Antimicrobial activity was found to be highest for polyindole based NiO/ZnO
nanocomposite. Proper tuning of the nanocomposite is expected to improve its antimicrobial activity.

REFERENCES

[1] PengH, Zhang L, Soeller C and Travas-Sejdic J, Biomaterials, 30, 2009, 2132-2148.

[2] Bilek F Krizova, T and Lehocky M, Colloids and Surfaces B: Biointerfaces, 88, 2011, 440-447.
[3] Radheshkumar C and Munstedt H, Mater. Lett., 59, 2005, 1949-1953.

[4] Seshadri D T and Bhat N V, Indian Journal of Fibre and Textile Research, 30, 2005, 204-206.
[5] NakaK, Itoh H, Park S and Chujo Y, Poly. Bull., 52, 2004, 171-176.

[6] Siedenbiedel F and Tiller J C, Polymers, 4, 2012, 46-71.

[71 Goel S, Advanced Science, Engineering and Medicine, 4, 2012, 438-441.

[8] Hutten P FV and Hadziioannou G, John Wiley, New York, 3, 1997, 1-85.

[9] Taylan N B, Sari B and Unal H I, J. Polym. Sci.: Part B: Polym.Phys.,48, 2010, 1290-1298.

[51]



Dedhila Devadathan et. al. / Antibacterial studies of polyindole based metal oxide nanocomposites

[10] Chen J, Schmidt, Chen J, Wang L, Weidner D J, Zhang J and Wang Y, Journal of Materials
Science, 40, 2005, 5763-5766.

[11] Mattei G, Mazzoldi P, Post M L, Buso D, Guglielmi M and Martucci A, Advanced Materials
19, 2007, 561-564.

[52]



Original Article Bulletin of Pure and Applied Sciences.
Vol.37 C (Chemistry), No.1, 2018:; P.53-63

Print version ISSN 0970 4620

Online version ISSN 2320 320X

DOI 10.5958/2320-320X.2018.00008.0

2D and 3D QSAR model generation of CDK4 inhibitors
Divya V*, Pushpa V.L.**, Sarithamol S, Manoj K.B!

Author Affiliations
lDepartment of Chemistry, Sree Narayana College, Kollam, Kerala, India.

Corresponding Author
*Pushpa V.L, Department of Chemistry, Sree Narayana College, Kollam, Kerala, India.

E-mail: drpushpavi2017@gmail.com

Received on 10" January 2018
Accepted on 24" January 2018

Abstract

2D and 3D QSAR studies were applied on a set of CDK4 inhibitors which were assayed by
same method to model and understand inhibitory activities. Among the various 2D QSAR models
generated, ten models created by Kernel-Based Partial Least Square (kpls) regression method had
high scores with an average value 0.8561. Top ranked model kpls_ linear_15 has a score value of
0.8804, R? 0.8947 and Q? 0.8909. This model considers linear fragments and ring closures.
Bioactive conformation of the ligand molecules were identified by docking analysis of highly
active molecule 2 (pIC50 =8.796) in the Extra Precision mode with CDK4 homology model and
the binding affinity was obtained as XP GScore of —8.072 which is the total contribution of
coulomic interactions, binding interactions and van der Waals interations. All optimized structures
were aligned and an atom based 3D QSAR model was established (R°=0.9651, R%,=0.8191 and
Q%=0.7368). This model was assigned large contribution of hydrophobic/ nonpolar features,
electron withdrawing features and hydrogen bond donor features to the biological activity. The
influences of these structural features were validated by analyzing the docking results. These
outcomes will direct advance structural alteration and prediction of new CDK4 inhibitors.

Words: QSAR, Homology model, CDK4, Docking, Drug design /

1. INTRODUCTION

Cell cycles are regulated by different types of Cyclins and Cyclin Dependent Kinases. Of these,
the holoenzyme [1] formed by the complexation of G1/S-Specific Cyclin D1 and Cyclin Dependent
Kinase 4 and 6 (CDK4/6) are of particular interest because the mutation in its genome level [2-5] or
over expression of either the proteins (Cyclin D1 and CDK4) or the holoenzyme is very significant in
the proliferation of different types of cancers.

ATP competitive CDK4 inhibitors have shown to cause apoptosis at the G1/S level and thus
promote cancer cell death. In the present study, we performed 2D and 3D QSAR studies on 43 ATP
competitive CDK4 inhibitors founded on their structures and biological activities to get understanding
into the vital structural aspects that influence selective inhibition. 2D QSAR models were generated
following a best-practices methodology like generation of descriptors, validate, generate a large
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number of QSAR models and apply models for prediction [6]. Atom based 3D QSAR study was
employed for finding out the significance of electrostatic features, steric factors, non-bonding
interactions etc of the same data set. For finding out the bioactive conformation of the ligand
molecule, several structure-based designing strategies including homology modeling of CDK4 and
docking analysis of highest biologically active molecule (2) were carried out. Assuming the docked
form of the molecule 2 as the active conformation, all the prepared molecules were aligned on it and
went for Atom based 3D QSAR modeling.

2. EXPERIMENTAL

2.1. Data Set

3D structures of 43molecules having inhibitory activity towards CDK4 in terms of IC50 [7-10]

were drawn and prepared by using the ligprep module of Schrodinger software suits. The molecules

were randomly divided into training sets (33 molecules 75%) and test sets (11 molecules, 25%) for

developing the robust 2D and 3D QSAR models (Figure 1).
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Fig. 1: Structure of molecules with CDK4 inhibitory activity

2.2. 2D QSAR study

[59]

AUtoQSAR is a fully automated QSAR model generator from Schrodinger Software suit. By
considering all the 1D, 2D and 3D structural data as input and computed descriptors and fingerprints
and best suitable QSAR modelsare also generated using CANVAS module of Schrodinger Software
suit. It adopts different approaches like Kernal- based partial least squares, Naive Bayes and
ensemble-based recursive partitioning for model generations. Different QSAR models are ranked
basedon their performance. Diverse machine learning approaches were executed for training
individualistically using these descriptors and fingerprints. Those descriptors were eliminated which
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were having the same value for all compounds since they do not provide any significant data. Various
descriptors with substantial collinearities were also eliminated since they do not provide any useful
contributions to the development of QSAR. The maximum allowed correlations between any pair of
independent variables were adjusted to 0.80.Reduction was achieved by performing hierarchical,
agglomerative clustering on the absolute Pearson correlation matrix of the descriptors, which is a
proper similarity matrix. 50 different random splits of learning set into 75% training set and 25% test
set and went for QSAR model generations. A total of 400 models are generated.A quality score is
assigned to each model based on its performance on both its training set and test sets and are sorted by
decreasing score and the top ten retained.

2.3. Modeling and 3D QSAR studies

Conformations of ligands in the bioactive form, its orientation in the lattice and alignments
are the main contributing factors for the 3DQSAR analysis [11]. Since no inhibitor bound CDK4
protein crystal structure was reported, a homology model of CDK4 was constructed using the crystal
structure of CDK2 (1GIH; 2.8A resolution) complexed with CDK4 inhibitor, 10 [12]. Knowledge
based model building method was adopted by which insertions were constructed and gaps were closed
with segments from known structures and returned to a single model of the structure. The inhibitor
molecule bound with the template protein structure was also selected while building the model.

(b) e

Fig. 2: (a) Homology model of CDK4 with natural ligand, 10 (b) Ligand interaction diagram of
modeled CDK4 and natural ligand,10 (c) Homology model of CDK4 with compound 2 and (d)
ligand interaction diagram of modelled CDK4 and compound 2.

Molecular alignment is crucial for the construction of reliable 3D QSAR models. The sensitivity
of alignment based 3D-QSAR was determined by the superimposition of bioactive conformations of
molecules on each other [13]. In this study, docking based alignment was adopted since this method is
comparatively accurate without much subjective influence. Docked conformation of 2 was selected as
a template for alignment since it had a high biological activity (Figure 2). Docking was performed in
extra precision mode. Receptor Grid was generated around the centroid of workspace ligand by
selecting the molecule. The scaling factor corresponding to van der Waals radii of non-polar receptor
atoms was adjusted to 1.0 and the partial atomic charge cut off was specified below 0.25. All other
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prepared molecules were aligned on the bioactive conformation of the template molecule, 2. Figure 3
represents the alignment of molecules on the bioactive conformation of 2.

Fig. 3: The alignment of molecules on the bioactive conformation of 2.

Both internal and external cross validation techniques were used for developing model since
the consistency of the model and prediction of biological activity of those molecules which were not
included in the training set were dependent on its statistical implication. Same molecules were
considered for training and test set as that of 2D QSAR model. An atom based QSAR model was
developed based on these molecules.

The 3D grid covering the space occupied by the ligands was specified as 1A .maximum number
of partial least square factors was chosen as 3. With an aim to get better predictions of test set
molecules, we have to avoid unproductive variables. This had to be achieved by eliminating variables
with It levell less than 2. Since the number of training molecules was 33, leave one out (LOO) cross
validation statistics was used for internal validation the QSAR model.

3. RESULTS AND DISCUSSIONS

3.1. 2D QSAR study

Based on 2D structural information and biological activity of 43 structurally prepared molecules,
497 physiochemical and topological descriptors along with a variety of Canvas fingerprints were
generated and based on these independent variables, models were built. A large number of models
were built and validated using different random training and test sets. The quality of the model was
evaluated by analyzing the score. Top ranked ten models were listed in Table 1. From the analysis, it
was found that Kernel-Based Partial Least Square (kpls) regression method using both descriptors and
fingerprints generates high scored model.

The robustness of the model can be assessed by its score value. As the accuracy level
approaches to 1, corresponds to perfect predictions. The score value can be calculated as

Scorey = accuracyies (1.0—Jaccuracyiain—aCcuracyest|)

In the present study, all the top ranked ten models have score values greater than 0.82 and has an
average value of 0.8561. Scatter plot of top scored model is presented in Figure 4.

The correlation coefficients R%f the models between the observed and predicted activity of the
training set have an average greater than 0.85 and that of the test sets also have an average Q* value
0.8675.The average RMSE and standard deviations of all these models were 0.4897 and 0.5222
respectively. And all these statistical results were largely established for high performance. Top
ranked model, kpls_linear_15shows the highest score (0.8804), R?(0.8947) and Q? (0.8909)and does
considerably better than all other fingerprint types. This finding advocates that this model is a robust
fingerprint method that has utmost chance of perfect execution with any settings.
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Table 1: Statistical parameters of 2D QSAR models

2 2 MW (Null
Model Code Score S.D R RMSE Q Hypot(hesis)
kpls_linear_15 0.8804 | 0.4693 | 0.8947 | 0.4693 | 0.8909 0.5264
kpls_molprint 2D 50 0.8801 | 0.5216 | 0.8762 | 0.3431 | 0.9342 0.4234
kpls_dentritic 17 0.8691 | 0.5231 | 0.8767 | 0.4985 | 0.8546 0.515
kpls_dentritic_49 0.866 0.5522 | 0.8632 | 0.4673 | 0.8701 0.5475
kpls_molprint 2D 15 0.8609 | 0.5455 | 0.8577 | 0.4728 | 0.8892 0.5264
kpls_linear 49 0.8532 | 0.5136 | 0.8816 | 0.5105 | 0.8439 0.5475
kpls_dentritic 20 0.852 0.4882 | 0.8885 | 0.5056 0.869 0.1848
kpls_molprint_ 2D _49 0.8394 | 0.5614 | 0.8586 | 0.5432 | 0.8238 0.5475
kpls_dentritic 15 0.839 0.5082 | 0.8765 | 0.5295 0.861 0.5264
kpls_molprint 2D 24 0.8206 | 0.5384 | 0.8671 | 0.5554 | 0.8371 0.2262
kpls_linear_15

Activity (predicted)

e o Training Set

3 e e TestSet
3 4 5 6 7

Activity (observed)

— y=x

Fig. 4: kpls linear 2D QSAR model

3.2. Modelling and 3D QSAR studies

Homology model of CDK4 was constructed in the ligand bound form considering CDK2 as a
template using the Prime module of Schrodinger software suitlle12, Val 20, Ala 33, Val 77, Phe 93,
Glu 94, His 45, Val 96, GIn 98, Asp 99, Thr 102, Glu 143, Leu 147, Ala 157 and Aspl58 are the
binding region residues [14].

Both Intrinsic forces and extrinsic forces considerably stimulate the bioactive conformation of
the molecule [15-16]. Consistency of 3D QSAR model was governed by the determination of
bioactive conformations. In order to find out the bioactive conformation of the ligands, docking
procedure was adopted. The molecule, 2 with highest biological activity in terms of pIC50 (8.796)
was selected for flexible docking with CDK4 in its active site in which the natural ligand 10 was
bound. Figure 2(a) and (b) represents the bound conformation and the ligand interaction diagram of
natural ligand 10 (pIC50=7.00) and the modelled CDK4. The bound molecule formed two hydrogen
bonds with Val 96 of CDK4 and another hydrogen bond with Lys 35. The natural ligand is a diaryl
urea derivative, 10 with specific inhibition towards CDK4. Figure 2(c) and (d) characterizes the
docked conformation of ligand, 2 (pIC50=8.7959) which had a high biological activity in terms of
pIC50 with modelled CDK4. Compound 2 forms two hydrogen bonds with CDK4 at residues Asp99
and Aspl158; both were in the hinge region. A salt bridge was also formed between Asp158 and the
ligand molecule. These two hydrogen bonding connections together with salt bridge contributes
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positively towards its high XPGScore of —8.072, docking score of —7.826 with glide energy of —
58.781. Glide XP GScore is the total contribution of Coulombic interactions, binding interactions and
van der Waals interactions [17]. Desolvation energy as well as strain energy caused by either ligand
molecule or the protein obstructs binding. These penalties were also considered for calculating the XP
GScore. It is symbolized as follows:

XP GScore = EcouI+EvdW+Ebind+Epenalty
Ebind = Ehydfenclosure"'Ehbfnnfmotif"’Ehbfccfmotif"'EPl+Ehb7pair+ Ephobicfpair
Epenalty = Edesolv+EIigandfstrain-

Observed biological activity and predicted biological activities predicted by both 2D QSAR and
3D QSAR methodology are summarized in Table 2 and the scatter plot is shown in Figure 5.
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Fig. 5: Scatter plot of Atom Based 3D QSAR model

Predictiveness of the model can be assessed by foretelling the activity of an internal test set and
external test set of molecules. The robustness of the model was depend on the R%, and R%,=(PRESS,-
PRESS)/(PRESS,) where PRESS, is the mean of the observed biological activity while PRESS is the
sum of the squares of the differences between the predicted and the observed activity values [18]. Q?
is the Predictive correlation coefficient is a measure of predictive ability of the derived QSAR model
and is calculated by Q?[19]. Q*= (SD — PRESS) / SD where SD is the sum of squared deviations
between the biological activities of the test set molecules and the mean activity of the training set
molecules, while PRESS is the sum of squared deviations between the observed and the predicted
activities of the test set molecules. A greater F value (Fischer Statistic value) infers that a more
noteworthy correlation has been reached. This value can be considered as a degree of the statistical
implication of the regression model [20]. It is counted as a norm to define whether a more complex
model is significantly better than the other.
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Table 2: Experimental and predicted inhibitory activities of CDK4 inhibitors

. 2D QSAR 3D QSAR
Titl Set | Y(Ob

e ¢ (Obs) Y(Pred) | Error Y (Pred) Error

1 test 6.6383 | 6.9581 0.3198 6.6423 0.004

train | 8.7959 | 7.7489 -1.047 8.357 —0.4389

train | 8.1549 | 7.6977 | -0.4572 7.2029 —-0.9520

train | 7.6778 | 7.2336 | -0.4342 7.1773 —0.5005

train | 7.5376 | 7.2336 —-0.304 6.7842 -0.7534

train | 7.3768 | 7.4071 0.0303 6.8681 —0.5087

2
3
4
5 test 7.6383 7.7489 0.1106 8.2422 0.6039
6
7
8

train | 7.2518 | 6.8874 | —0.3643 6.8692 —0.3826

9 test 7.1871 | 6.6438 | -0.5433 6.9593 -0.2278
10 train 7 6.716 —0.284 7.1362 0.1362
11 train | 6.9586 | 6.8466 -0.112 6.7248 —0.2338
12 test 6.8861 | 6.8536 | —-0.0324 7.0125 0.1264
13 train | 6.7959 | 6.8946 0.0987 6.534 —-0.1884

14 train | 6.7959 | 6.7073 | —0.0886 7.0568 0.2609

15 train | 6.6778 | 6.6646 | —0.0132 6.8627 0.1849

16 train | 6.6576 | 6.6646 0.007 6.7753 0.1177

17 train | 6.6021 | 6.2655 | —0.3366 6.4314 -0.1607

18 train | 6.5376 | 6.7453 0.2077 6.6921 0.1545

19 test 6.3665 | 6.7073 0.3407 6.4845 0.1180

20 train | 6.3279 | 6.2884 | —0.0395 6.3393 0.0114

21 train | 6.1938 | 6.9522 0.7583 6.2408 0.0469

22 train | 6.1739 | 5.8557 | -0.3182 6.2738 0.0999

23 train | 6.1427 6.381 0.2383 7.0082 0.8655

24 train | 6.0506 | 6.4888 0.4382 6.1108 0.0602

25 train | 5.6198 | 5.6885 0.0687 5.2709 —0.3489

26 test 5.6198 | 6.4599 0.8401 5.7231 0.1033
27 train | 5.4337 | 6.5224 1.0787 5.9143 0.4706
28 test 5.4202 | 6.1872 0.767 5.7141 0.2939

29 train | 5.3979 | 6.4291 1.0312 5.7598 0.3618

30 train | 5.1192 | 5.2328 0.1136 4.8807 —0.2385

31 train | 5.1192 | 5.2328 0.1136 4.8807 —-0.2385

32 train | 4.6383 | 4.6038 | —0.0343 4.5532 —-0.0851

33 train | 4.4337 4.197 —0.2467 4.3804 —0.0633

34 test 43979 | 4.8321 0.4341 4.8762 0.4783

35 train | 4.3565 | 3.9429 | -0.4137 3.9519 —0.4046

36 train | 4.1135 | 4.5766 0.4631 4.2018 0.0883

37 test 4.0458 | 3.9236 | -0.1222 4.3203 0.2745

38 train 4 4.8517 0.8517 5.5669 1.5669

39 train | 3.9586 | 3.7166 —0.242 3.5797 -0.3789

40 train | 3.9208 3.647 —0.2738 3.8295 -0.0913

41 train | 3.8239 | 3.5352 | -0.2887 3.8021 -0.0218

42 test 3.6576 | 3.5555 | -0.1021 3.9973 0.3397

43 train | 3.4685 | 4.0912 0.6227 3.7151 0.2466
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Table 3: Results of Atom based 3D QSAR

# Factors 4
Standard Deviation 0.3052
R’ 0.9651
Ry 0.8191
R’ Scramble 0.6922
Stability 0.91
F 145.2
P 5.55E-15
RMSE 0.75
Q? 0.7368
Pearson R 0.8696
Hydrogen bond donor 0.090997
Hydrophaobic/non-polar 0.577229
Positive ionic 0.02014
Electron withdrawing 0.31158

From the analysis it is found that R? for regression is 0.9651and cross validated R? computed
from predictions obtained by a leave one out (LOO) procedure is 0.8191. High values of both R”and
R?., are indicators of the high predictive ability of the model. Stability nearer to one (0.91) indicates
the model predictions should be stable. Greater value of variance ratio (F=145.2) specifies high
statistical significance. Greater degree of the confidence of the model was indicated by smaller value
of P (5.55E-15).Q? is the Predictive correlation coefficient is a measure of predictive ability of the
derived QSAR model and in the present study; it is found that Q% is 0.7368. This result was pointing
to fact that the proposed model has best predictive ability.

The field contributions of factors of Hydrophobic or nonpolar influence were 57.7% and 31.1%
respectively signifying that the hydrophobic or nonpolar fields have greater impact on the model.

Fig. 6: Contour maps of atom based QSAR model in combination with compound 2 and 43 ()
and (b) hydrophobic/ nonpolar feature, (c) and (d) Electron withdrawing effect and (e) and (f)
hydrogen bond donor feature

In atom based QSAR, a molecule is treated as a set of overlapping van der Waals spheres [21].
The consequence of spatial arrangement of structural features on CDK4 can be visualized in the
Contour plot analysis. Figure 6 (a) and (c) represents the contour maps of atom based QSAR model of
compound 2 of highest activity (plC50=8.7959) and Figure 6(b) and (d) represent that of compound
43(pIC50=3.4685). Here, blue cubes represent positive coefficient towards the inhibition and the red
cubes represent negative coefficient towards inhibition of CDK4. From Figure 6(a) which represents
the hydrophobic or non-polar feature, the blue cubes around benzopyrrolizin—5—one and the pyrazole
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moiety contribute positively towards its hydrophobic nature whereas the carbonyl group in the 5"
position of benzopyrrolizine contributes negatively. Influence of chlorine is remarkable towards
inhibitory activity as it is covered with blue contours. Blue contours which favor better activity were
absent in the case of 43 and this is supported by its low pIC50. Introduction of carbons, halogens and
C-H in the regions favouring hydrophophic/ nonpolar regions may enhance the inhibitory activity of
the molecule. Other significant component that impacts on the activity is the electron withdrawing
character which includes different types of hybridization, hydrogen bond acceptor features, n-electron
donation features etc and is shown in Figure.6 (c) and (d). Presence of diamide linkage, pyrazole
moiety and benzopyrrolizin-5-one contribute positively towards the biological activity of the
compound 2whereas the presence of hydroxyl group in the naphthyl ring of 43 has a negative electron
withdrawing effect and thus it has a lower bioactivity. Insertion of non-ionic nitrogens and oxygens
may intensify plC50 value. Hydrogens attached to polar atoms which are categorized as hydrogen
bond donor attributes also contribute significantly towards the inhibitory activity (Figure 6(¢e) and (f)).
High activity of 2 is also supported by the presence of hydrogen bonding groups as it is specified by
the blue contour areas. Compound 43 lacks hydrogen bonding feature at certain specific areas.
Nitrogen in the pyrrazole ring forms a hydrogen bond with Asp158 as per the docking analysis. Also,
hydroxyl group (—-OH) at the 7 position of the naphthyl ring reduces the inhibitory effect.

4. CONCLUSIONS

A set of molecules with CDK4 specific inhibition was examined to relate pIC50 values against
CDK4 to the molecular structure. High predictive ability of 2D and 3D QSAR models was
substantiated by leave one out (LOO) and internal and external validation procedures. The
performance of KPLS approach was resulted in 10 best predictive models with an average score value
of 0.8561. 3D QSAR results proved that electron withdrawing, hydrogen bonding as well as
hydrophobic non-polar interactions affects considerably the biological activity. The scrutiny of the 3D
contour maps permitted us to spot areas of identified inhibitors that require a physiochemical features
to increase activity. Docking study of compound 2 support these results.

The biologically active conformation of the inhibitor molecules was provided by the docking
study of the homology model of CDK4. This helped in the substantiation of QSAR models with
respect to the protein environment and give exquisite perceptions for the structure activity
explanations. With the aid of this information, we can design new active molecules with enhanced
pharmacological properties.
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New pyrazolone based fluorinated ligand, 3-methyl 4-(2,2,3,3,3—penta fluoro-1-
hydroxypropylidene)-1-phenyl-1H-pyrazol-5(4H)-one has been synthesized and well
characterized. Europium—containing complexes were synthesized by adduct formation between 3-
methyl 4—(2, 2, 3, 3, 3-penta fluoro—1-hydroxypropylidene)-1-phenyl-1H-pyrazol-5(4H)-one and
europium (I11) complex and a bidentate neutral donor 1,10-phenanthroline (phen). The emission
spectra of the complexes display characteristic sharp peaks in the 575-700 nm region associated
with the °Dy—'F; (J = 0-4) transitions of the Eu®* ion.

Keywords: Lanthanide complex, PL properties, pyrazolone, fluorinated ligand, Eu*

1. INTRODUCTION

Lanthanide ions possess fascinating optical properties and are largely involved in various
technological applications which are largely governed by their interaction with light. Light emitting
diodes (LED’s), television and computer displays, optical fibres, optical amplifiers, lasers, as well as
responsive luminescent stains for biomedical analysis, medical diagnosis, and cell imaging rely
heavily on lanthanide ions [1]. The two most useful lanthanides, Eu** and Tb*, have unusual
spectroscopic characteristics, including longer lifetime (milliseconds), very sharp emission bands, and
large Stokes shifts [2]. Unfortunately, as a consequence of the parity (Laporte) forbidden nature of the
4f transitions, the direct absorption of Ln(l11) cations is only very weak, and they hence have very low
molar absorption coefficients (typically less than 10 M*cm™) and hence a lower emission which
limits their practical usage. In order to circumvent these lower values of extinction coefficients, the
luminescent metal ion can be chelated to a chromophore—containing group which functions as an
‘antenna,’ by absorbing incident light and transferring this excitation to the metal ion, which can then
deactivate by undergoing its typical luminescent emission. This process of ‘antenna effect” will only
be effective if the triplet level of the ligand is situated slightly above the accepting energy levels of the
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lanthanide ion. This is because the accepting energy levels of the visible luminescent lanthanides are
all situated at relatively high energy position of UV region in the spectra. Among these antenna
molecules, p—diketone ligand is one kind of important antennae for the Eu®* and Tb®" ions [3]. -
diketonates, as they are negatively charged bidentate ligands can form 3:1 complexes with metals,
which are overall neutral. Neutral ligands like phenanthroline can be coordinated in addition, because
the coordination number of the ions is eight. Among the widely known ligands —diketone appears to
meet the requirements for lanthanide luminescent purpose. The advantage of the use of B—diketone
ligands is that they form stable complexes with Ln*cation.The m—n transition of p—diketones is
intense and occurs over a significant range of wavelengths that is appropriate for sensitization of
Ln* cation luminescence. The replacement of C-H bonds in a B-diketone by C—F bonds is significant
in the design of highly luminescent lanthanide complexes concerned the efficient emission. C—F
oscillators lower the vibrational energy of the ligands and decrease the energy loss caused by ligand
vibration and thereby enhances the emission intensity of the lanthanide ion. Further due to the heavy-
atom effect, which facilitates inter system crossing, the lanthanide—centered luminescent properties
are enhanced [4].

These are of special interest in the fabrication of OLED devices because the ternary complexes
with phenanthroline or bathophenanthroline have a much lower sublimation point that allows easy
sublimation of these materials on OLED devices. The lowered sublimation points are caused by
distortion of the symmetry in the complexes and vacuum deposition of the complexes is relatively
easily achieved.

2. EXPERIMENTAL

2.1. Materials and Methods

Commercially available chemicals: Europium (1lI1) nitrate fluoropropionate (TCL), 1,10-
phenanthroline are used without further purification. Infrared spectra of all samples were performed
on KBr pellets in the 4000400 cm™ region with a resolution of 4 cm™, by accumulating 64 scans
using a Perkin—Elmer Spectrum One FT-IR Spectrometer. A Bruker 300 MHz NMR spectrometer
was used to record the 'H NMR spectrum of the ligands. The excitation and emission spectra of the
samples spectra were recorded on a Spex—Fluorolog FL3 22 spectrofluorimeter equipped with a
double grating 0.22m Spex 1680 monochromator and a 450W Xe lamp as the excitation source
operating in the front face mode.

2.2. Synthesis of the Ligand
Synthesis of 3 — methyl 4-(2,2,3,3,3—penta fluoro-1-hydroxypropylidene)-1-phenyl -1H-
pyrazol-5(4H)-one (HMPP)

0.25g (1.435 mmol)1-Phenyl-3-methyl-5—pyrazolone and 0.111g (1.498mmol) calcium
hydroxide was taken in a RB flask. It is dissolved in 1,4dioxane (10ml). Heated in a water bath at
60°C for about half an hour. It is cooled and 0.275¢g (1.432mmol) of ethyl pentafluoropropionate (Cs-
HsFs0,) was added and stirred for 6 hours. The resulting solution was quenched with water, added
2M HCI, and the solution was extracted twice with chloroform. The organic layer was dried over
sodium sulphate (Na,SQ,), and the solvent was evaporated. The reaction mixture is then purified by
chromatography on a silica gel column with mixture of chloroform (20%) and hexane (80%) as the
eluent to get the vyellow solid as the product. 3-methyl 4-(2,2,3,3,3—pentafluoro-1-
hydroxypropylidene)-1-phenyl-1H-pyrazol-5(4H)—one (HL).
'H NMR (CDCls) :8 = 7.26-7.86(m, 5H, phenyl); 1.73(s, 3H, CHs of the pyrazole ring) (ppm) IR
(KBr)Vmax: 2929, 1628(C=0), 1597, 1503, 1358, 1213, 749cm™

CHs CH,
N=

N= o)
o + )]\ Ca(OH), o\ s
C,Fe Ac - >
1,4-Dioxane/100°C /6h OH
o) o)

Scheme 1: Synthesis of the ligand
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2.3. Synthesis of the binary complex

The Eu(l11) complex with the ligand HL was synthesized according to the following method
Eu (L)3.2H,0: An ethanolic solution of Eu(NOs);.6H,0 (0.5 mmol) was added to a solution of HL
(1.5 mmol) in ethanol in presence of NaOH (1.5 mmol). Precipitation took place immediately, and
the reaction mixture was stirred for 10 hrs at room temperature (Scheme 2). The product was filtered,
washed with ethanol, then with water. The complex was then purified by recrystallization from
acetone—water mixture, dried and stored in a desiccator.
IR (KBI) v 3391, 1612, 1577,1484, 1400, 1232, 1154, 757 cm™.

2.4. Synthesis of ternary complex

Synthesis route of the complex is shown in Scheme 3. The complex was prepared by stirring
equimolar solutions of Eu(L)s;.2H,O and 1,10-phenanathroline in CHCI; for 24 hrs at room
temperature. The product was obtained after solvent evaporation and is purified by recrystallization
from chloroform-hexane mixture.
Eu(L)sphen: IR (KBr) v 3065,1641, 1613, 1485, 1439,1316, 1235, 1152, 1053, 757 cm’*.

CH,
9'/ __LaFs
N

3
©/ Sy +  EU(NOs); 6H,0 _SNaOH
o)

CsFs

2. Synthesis of binary complex Eu(L)3.2H,0

OH,
EK 1,10-phenanathroline
OH, CHClIy/24h/ RT

Scheme 3: Synthesis of ternary complex Eu(L)s(phen)

3. RESULTS AND DISCUSSIONS

3.1. Synthesis and characterization of the ligand

The ligand HL was prepared as described as in Scheme 1 and was characterized by *H NMR. In
the'H NMR spectrum of the ligand, no peak corresponding to the enolic-OH has been observed.
However, the absence of a peak at ¢ 3.4 ppm, corresponding to the methylene proton at the fourth
position of the pyrazolone ring, confirms the existence of the ligands in the enolic form.

3.2. Structure and characterization of Europium(l11) complex

The synthesis procedure for europium complexeswere shown in Schemes 2 and 3. The IR spectra
of the binary complex show a broad absorption in the region 3000-3500 cm™, indicating the presence
of solvent molecules in the complex. The existence of solvent molecules in lanthanide complexes with
B—diketones is well documented [5]. On the other hand, the absence of the broad band in the region
3000-3500 cm™ for the ternary complex, suggests that water molecule has been displaced by the
bidentate ligands. The carbonyl stretching frequency of the ligands has been shifted to lower wave
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numbers in all these complexes indicating the involvement of carbonyl oxygen in the complex
formation with Eu®* ion. Red shifts are observed in the C=N of 1,10-phenanthroline in the ternary
complexes show the involvement of nitrogen in complex formation with Eu** ion in these complexes.

3.3. UV-Vis Spectra

UV-Vis absorption spectra of the p-diketone, 1,10-phenanthroline, and their corresponding
Eu(l11) complexes are measured in CH;CN (c=2x10"°) are shown in Figure 1. The maximum
absorption bands at 288 nm for the ligands HL is attributed to singlet-singlet =—=* enol absorption of
B—diketonates. Furthermore, compared with the spectra of the ligands HL, the absorption band of the
corresponding europium complexes are all red shifted by 2 nm, which is a consequence of the
enlargement of the conjugate structure of ligands after coordinating to the Eu®" ion. The spectral
shapes of the absorption spectra of Eu(lll) complexes in CH3;CN are similar to those of the
corresponding ligands, indicating that the coordination of the europium ion does not significantly
influence the energy of the singlet state of the f—diketone ligands.
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Fig. 1: UV-Visible spectra of HL and complexes 1-2 in acetonitrile (c = 2 x 107> M).

The molar absorption coefficients (¢) of the ligands HL is calculated as 2.81x10* (288 nm)
Lmol™cm™, revealing that the ligand has a strong ability of absorbing light. Similarly, the determined
molar absorption coefficients (&) of the complexes Eu(L)s(H20), and Eu(L)s(phen) were 7.6x10"
(290 nm) L mol~*cm™, which is about three times of those of the corresponding ligand, indicating the
presence of three ligands in each complex molecule and is in good agreement.

3.4. PL Properties of Europium (111) Complexes 1-2

The solid state excitation and emission spectra of the europium complexes 1-2, recorded at 298
were shown in Figure 2. The excitation spectra were obtained with emission monitored at *Dy—'F;
hypersensitive transition around 612 nm. The room temperature excitation spectra of the europium
complexes exhibit a broad band between 250 and 450 nm, which can be assigned to 'z—n* electron
transition of the ligands [6-7].
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Fig. 2. Room-temperature excitation and emission spectra of complexes 1-2 (A= 380 nm), emission
monitered around 613 nm.

The excitation spectra also show a series of narrow bands assigned to the 4f-4f transitions from
the 'F ground level to the excited states. However, these bands are less intense than those bands
corresponding to the S,—$S; transition of the ligands. This result gives evidence of europium
luminescence sensitization through intramolecular energy transfer from the f-diketones. Further, it
also proves that luminescence sensitization via excitation of the ligand is much more efficient than the
direct excitation of the Eu®* ion absorption level [8]. The normalized photoluminescence spectra of
the complexes 1-2 in solid state under the excitation wavelengths that maximize the Eu®" emission
intensity are shown in Figure 2. The emission spectra of the complexes display characteristic sharp
peaks in the 575-700 nm region associated with the >Do—'F; (J = 0-4) transitions of the Eu** ion. The
five expected peaks of the °Dy—'Fo4 transitions are well resolved, and the hypersensitive
*Dy—'F,transition is very intense, pointing towards a highly polarizable chemical environment around
the Eu®" ion, and is responsible for the red emission colour of the complexes. Further, the emission
spectra of complexes show only one peak for the *Do—'F,, indicating the presence of a single
chemical environment around the Eu®* ion and also show that the metal ion occupies a low-symmetry
site [9]. It is also important to mention that the emission spectra of the europium complexes do not
exhibit ligand centered transitions, indicating that there is an efficient intramolecular energy transfer
from the ligands to the Eu** ion.

3.5. Energy transfer between ligands and Europium(l11)

Generally, the sensitization pathway in luminescent europium complexes consist of the excitation
of the ligands from the ground state to their excited singlet states, and subsequently through the
intersystem crossing of the ligands to their triplet states, following the energy transfer from the triplet
state of the ligand to the central ion [10]. In this process, the 4f electrons of the Eu**ion are excited to
the °D, manifold ion from the ground state, finally the Eu**ion emits when the 4f electrons undergo a
transition from the excited state of *Dyto the ground state [11].

4. CONCLUSIONS

New pyrazolone based fluorinated ligand, 3-methyl 4-(2,2,3,3,3-penta fluoro-1—
hydroxypropylidene)-1-phenyl-1H-pyrazol-5(4H)—-onehas been synthesized and well characterized.
Europium-containing complexes were synthesized by adduct formation between 3-methyl 4-(2, 2, 3,
3, 3—penta fluoro-1-hydroxypropylidene)-1—-phenyl-1H-pyrazol-5(4H)-one and europium (I11)
complex and a bidentate neutral donor 1,10-phenanthroline (phen). The emission spectra of the
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complexes display characteristic sharp peaks in the 575-700 nm region associated with the *Dy—'F,
(J = 0-4) transitions of the Eu®* ion. The sensitization mechanism for luminescent europium
complexes involves a triplet pathway, in which the transfer of energy absorbed by the ligand to the
Eu®* ion takes place from the ligand—centered triplet excited state. The results demonstrate that the
substitution of solvent molecules by bidentatephen molecule in Eu(L)s(H.O).greatly enhances the
metal—centered luminescence.
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This study focuses on the preparation of Ethylenediaminetetraacetic acid (EDTA)-
functionalized magnetic chitosan (CS) graphene oxide (GO) nanocomposites (EDTA-MCS/GO) by
biogenic method and its removal efficiency for heavy metals namely, Pb(ll) and As(lll) from
aqueous solutions. The synthesized nanocomposite was characterized by XRD, SEM, and FTIR
analysis. The influence of various operating parameters, such as pH, metal ion concentration, and
contact time on the removal of the metal ions, was investigated. The equilibrium data was
evaluated by Langmuir, Freundlich and sips isotherms, while the heavy metal adsorption reaction
kinetics was analyzed by Lagergren pseudo-first-order and pseudo-second-order kinetic models.
The adsorption—desorption studies conducted over 6 cycles illustrate the viability and repeated use
of the adsorbent for the removal of Pb(ll)and As(I11) from aqueous solutions.

Keywords: Adsorption, Heavy metals, Nanocomposites, Kinetics, Isotherms
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1. INTRODUCTION

The discharge of wastewater containing heavy metals into the environment has increased
continuously as a result of various human activities. Heavy metal contamination in such effluents
presents a serious threat to the environment and human health because of their toxicity, non-
biodegradability, carcinogenicity, and bioaccumulation in living organisms. Heavy metals such as
Lead (Pb) and Arsenic (As) poses several risks to human health and long-term exposure in drinking
water may cause cancer, muscular weakness, loss of appetite, and nausea. These issues require
effective treatment of wastewater to decrease pollutants to acceptable levels. In this regard, many
techniques have been developed for the removal of heavy metals from wastewater, such as chemical
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precipitation, ion exchange, reverse osmosis, and adsorption. Among these, adsorption is the preferred
technology because of its simplicity, effectiveness, and low cost [1].

In recent years, carbonaceous nanomaterials such as graphene oxide (GO), a two- or three
dimensional nanosheet, have attracted the attention of researchers because of their unique properties
and large composition diversity. The presence of a wide range of consecutive oxygen functional
groups on the GO surface and large surface area provides abundant attachment sites for the
functionalization of other compounds, such as chitosan (CS) and ethylene diamine tetra acetic acid
(EDTA). This can ultimately increase the number of surface functional groups, which might enhance
heavy metal adsorption. CS with primary amino groups is easily functionalized with different organic
ligands, such as GO and EDTA, to improve its adsorption capacity. EDTA chelates with divalent
metals, in which one carboxyl group is freely available and one water molecule is coordinated to the
metal center [2].

In the present study EDTA—functionalized magnetic chitosan graphene oxide (EDTA-MCS/GO)
nanocomposites is synthesized using biogenic method. Adsorption behavior of synthesized EDTA-
MCS/GO nanocomposites for divalent Pb** and trivalent As®** ions in aqueous solution is studied.

2. MATERIALS AND METHODS

2.1. Synthesis of EDTA-functionalized magnetic chitosan graphene oxide (EDTA-MCS/GO)

GO was synthesized from sugar cane bagasses oxidation. About 0.5 g of grounded sugar cane
bagasse powder mixed with 0.1 g of ferrocene was taken in a china dish and directly kept in a muffle
furnace at 300°C for 10 min under atmospheric condition. The black solid product was subjected for
further analysis. The synthesis of EDTA-MCS/GO was a two-step process. In the first step, FeCl; (2
g) was dispersed in HCI. CS (2.0%) solution was obtained by dissolving low weight CS in HCI. GO
solution, CS solution, and distilled water were added together and vigorously stirred for 1 h at room
temperature. Then, NH; solution was added to induce the precipitation of a blackish material. The
obtained product (MCS/GO) was washed several times with DI water and absolute ethanol, and
finally dried in an oven. In the second step, EDTA and dried ground MCS/GO dispersions were
mixed and allowed to react for 24 h at room temperature. Finally, the synthesized EDTAMCS/ GO
nanocomposite was oven dried at 600C then manually grinded into a fine powder for adsorption
studies.

2.2. Adsorption Experiments: Batch type contact method

Adsorption experiments were carried out in a thermostatic water bath shaker at 150 rpm rate at a
particular temperature for predetermined time intervals using 100ml clean and dried Stoppered
bottles. The metal ion concentrations in liquid phase were determined by atomic absorption
spectroscopic studies. The amount of metal ions adsorbed in (mg/g) at equilibrium (ge) was calculated
from the mass balance of initial and final metal concentrations in the agueous phase. The amount of
metal ion adsorbed at time gewas calculated from mass balance equation.

C,-C)V
Qe = M .................................. (]_)

m
where ( is the adsorbed metal ions per unit mass of adsorbent(mg/g) and V is the sample volume in
L, mis the weight of the adsorbents.
The removal efficiency of various nanoadsorbents was calculated by using the equation,

% removal = Mxloo ............................. (2)

(0]
where, C, and C, are the initial and the equilibrium concentrations of heavy metal ions.

The quantity of metal ions adsorbed at selected time intervals was determined and used for
kinetic analysis. Through the batch adsorption experiments it is possible to collect the details of the
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applicability of adsorbent materials. But for studying the practical application in a bulk, continuous
column studies are to be conducted in waste water effluents.

The adsorption conditions for the adsorbents were optimized by varying experimental parameters
such as contact time, pH, initial concentration of adsorbate, pH, and adsorbent dose by batch method.

2.3. Instrumentation

The XRD measurement was performed on an XPERT-PRO powder diffractometer with Cu-Ka
radiation as the X-ray source in the 26 range of 10-90°. The surface morphology was measured by a
scanning electron microscope (SEM) of model JED-2300 system. FTIR spectra were recorded using
Perkin-Elmer FTIR Spectrophotometer in the wave number range of 400 cm™ to 4000cm™ by KBr
disc method. Adsorption studies were carried out using GBC-AAS spectrometer having lamp current
5milli ampere and a wave length 270nm.

3. RESULTS AND DISCUSSION

3.1. XRD Analysis

The XRD pattern of the GO is shown in Figure 1a. The peak at 20 = 11.6° indicates that the
agricultural sugarcane bagasse is fully oxidized into graphene oxide with the interlayer distance of
0.79 nm. This XRD pattern can be attributed to well graphitized two-dimensional structures made of
GO sheets. The synthesized nanocomposite shows (Figure 1b), several sharp and strong diffraction
peaks in, ranging from 26 = 30-70°, attributed to magnetic nature of nanocomposite. The XRD peak
at 26=30° indicated the amorphous behaviour of CS. A peak around 26=18° might be the evidence of
the presence of EDTA. These XRD peaks confirmed the formation of EDTA-MCS/GO
nanocomposite [2].
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Fig.1: XRD spectrum of (a) Graphene Oxide (b) EDTA-MCS/GO nanocomposite

3.2. SEM Analysis

Surface morphologies and structures of the EDTA-MCS/GO nanocomposites were obtained
from SEM analysis (Figure 2). The SEM image of GO (Figure 2a) revealed a sheet-like structure of
sp>-hybridized carbon atoms with a smooth surface and crumpled edges. The SEM image of EDTA-
CS (Figure 2b) revealed the spherical nanoparticles with smooth particle surface. The SEM image in
Figure 2c shows small rounded magnetic chitosan (MCS) particles distributed roughly onto the GO
surface. CS was well dispersed with GO and showed a close attachment, which indicated bonding
between GO and CS. By adding EDTA, the size of magnetic particles increased. Therefore, in the
surface of the GO sheets, comparatively large, rounded magnetic EDTA-CS particles were observed.
This phenomenon increased the surface availability of the nanocomposites for adsorption and
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prevented GO agglomeration. EDTA functional groups and amino groups present in CS could form
chemical bonds with the GO sheet surface.

2560 X10000 fpm 12 45 SEI 26KV X10,000 1pm 1246 SEI

Fig. 2: SEM image of (a)GO,(b) EDTA-CS (c) EDTA-MCS/GO nanocomposites

3.3. FTIR Analysis

The FT-IR result shows (Figure 3) that EDTA-MCS/GO contains humerous oxygen and nitrogen
functional groups. A broad band observed at 3386 cm™ was assigned to O-H or N-H stretching
vibrations from adsorbed H,O or —NH, groups of CS on the surface of EDTA-MCS/GO.The band at
563 cm* was recognized as FeO bond stretching in EDTAMCS/ GO. The stretching vibration and
bending vibration of the N-H bond appeared in a band at 1080cm™, which was assigned to —NH
groups in EDTA or CS on the surface of EDTAMCS/GO. Another vibrational band at 1375cm™ was
assigned to C-OH. A strong band at 1640 cm™ was attributed to CO bond vibrations in carboxyl
functional groups. Bands at 2920 and 2845 cm™ resulted from C—H bonds in alkane groups. These O
and N functional groups could act as available adsorption sites and play important roles in the
removal of metal ions from aqueous solutions.

100

80 +

[o)]
o
1

Transmittance (%)

35'00 ' 30'00 ' 25'00 ' 20'00 ' 15'00 ' 10'00 ' 5(')0
Wavenumber (cm™)
Fig. 3: FTIR spectrum of EDTAMCS/GO

3.4. Adsorption Studies

Present study focuses on the feasibility of synthesized EDTAMCS/GO as high efficient
adsorbents for the removal of Lead ions (Pb(ll)) and Arsenic ions (As(lll)) from aqueous solutions.
The effect of various operational conditions such as pH, adsorbent dosage and contact time was
systematically studied. Adsorption kinetics and isotherm models were also analyzed to reveal the
adsorption mechanisms.
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The effect of pH on the adsorption capacity of metal ions such as Pb(ll) and As(llIl) was
evaluated in a pH range of 2.0 to 9.0 by agitating 100 ppm metal ion solution with 0.1g of EDTA-
CS, GO and EDTA-MCS/GO separately. From Figure 4 it is observed that the percentage of
adsorption of metal ions increased with increase in the solution pH for all adsorbents. The low
adsorption in the acidic region can be attributed to the competition between hydrogen and metal ions
for the same sites. The increase in pH makes the EDTA-MCS/GO surface more negative, thus
enhancing electrostatic interactions between metal ions and the adsorbent, resulting in higher retention
of metal species [3].

In the case of lead it exists as Pb®*, PbOH* and Pb(OH)*" depending on pH. At lower pH value,
low metal ion uptake was observed. At low pH values, the adsorbent is positively charged due to the
presence of H* ions on its surface and hence offers repulsive force to approaching Pb?* ions. However,
more Pb?* uptake is observed as the pH increases which are due to the fact that at high pH values, lead
still has a net positive charge but exists as PbOH" while most active sites on the adsorbent are
deprotonated. This leads to net attractive force that is responsible for high Pb removal from solution.
But at elevated pH values i.e, in strong basic region, the uptake of metal ions decreased, may be due
to the hydroxide formation. In the present study the removal efficiency in the case of all the three
samples was found to increase with pH and attained maximum at pH 6 and then it was found to
decrease. At all pH values EDTAMCS/GO showed maximum removal efficiency.

The pH of the solution was found to have a great effect on the adsorption of As(l11) ions also.
The adsorption increased sharply with pH and attained almost a constant value from pH 8 onwards
and then showed a slight decrease in adsorption level [Figure 4]. The hydrolysis and precipitation of
metal ions affect adsorption by changing the concentration and form of soluble metal species those are
available for adsorption. Depending upon the pH of the solution, various species of arsenic can be
formed during the hydrolysis. The hydrolysis extent of As(lII) ions is unimportant up to
approximately pH 8. [4]. In this case also at all pH values EDTAMCS/GO showed maximum removal
efficiency. After each adsorption process, the final pH of the solution was recorded. It was found that
after adsorption pH of the solution was lower compared to initial pH. This decrease in pH is an
indication for ion exchange mechanism for removal of metal ions and the adsorption of metal ions
onto EDTAMCS/GO surface by the release of H* ions [5].

0
%
A,_—A/A A 84
2 —0
Po —o—0
S 04 —~
> o &
< _—a—N o
> / -
Q A > o
c &4 E
.% S
= [ ] 'S &
L &0+ =
= A L &4
g [ —m— a =
[S)
g ™ / —o— 3 B
L —A— ¢ £
x / & ]
704 A ¢
Eé 7
&5
4
T T T T T T T T T T T T T T T T
i1 2 3 4 5 6 7 8 9 10 L L L

pH 1 2 3 4 ;—’FHE 7 8 9 10
Fig. 4: Removal efficiency vs pH for Pb(11) and As(l11)

The dependence of adsorbent dosage on metal ion adsorption was studied by varying the amount
of adsorbents from 0.025 to 0.2 mgL™. From Figure 5, it can be observed that the removal efficiency
of the adsorbents are enhanced by raising the adsorbent dosage and reached a saturation level at
higher dosage. This is expected due to the fact that at higher concentrations of adsorbents greater is
the availability of exchangeable sites for the ions. But increase in dosage beyond a certain level results
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in no further increase in adsorption, may be due the fact that the amount of ions bound to the
adsorbent and the amount of free ions in the solution remains constant [6].
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The dependence of adsorption capacity of EDTAMCS/GO on the initial concentrations of Pb(ll)
and As(l11) ranging between 50 to 200 mg/L using 0.1 gm of the adsorbent is represented in Figure 6.
The adsorption capacities increased steadily with increase in metal ion concentrations. The increase in
the concentration gradient acts as a driving force for the adsorption process. When the concentration
of metal ions increases, the active sites of EDTA-MCS/GO are surrounded by more metal ions, and
the number of metal ions competing for available binding sites increases leading to an increased
uptake of metal ions from the solution. Therefore the value of g increased with increase of initial
metal ion concentration (C,). It is also evident that adsorption capacity of EDTA-MCS/GO is higher

as compared to EDTA-CS and GO; this is because of the presence of more active sites in EDTA-
MCS/GO.
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Fig. 6: Adsorption efficiency vs initial metal ion concentrations for Pb(I1) and As(l11)

The kinetic data were analyzed using the pseudo-first-order and pseudo-second- order kinetic
models for EDTA-MCS/GO [Figure 7].
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The kinetic data were analyzed using the following pseudo-first-order and pseudo-second- order
kinetic models:

Q¢ = qe(]-_ e_klt)

_ KoQet
1+ K50t

t

where g, and g are the amounts of solute adsorbed per unit mass of the adsorbent at equilibrium and
time t (min), respectively, k; is the pseudo-first-order rate constant (min™) and k, is the pseudo-
second-order rate constant of adsorption (g/mg/min). The pseudo-first-order and pseudo-second-order
kinetic parameters were estimated from the experimental data using non-linear curve fitting procedure
and the results are given in Table 3.3. The pseudo-first-order equation showed a poor correlation with
experimental data, whereas the pseudo-second-order equation indicated a good correlation as
indicated by a lower value of %* and higher value of R? (nearing unity). In addition, g, which is the
adsorption capacity, agreed very well with both the experimental and calculated values. The kinetic
data indicates that the adsorption process is controlled by pseudo second-order equation. Also, this
suggests the assumption behind the pseudo-second-order model that the metal ion uptake process is
due to chemisorptions involving valence forces through the sharing or exchange of electrons between
adsorbent and adsorbate [7].
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Figure 7: Kinetic plots for Pb(Il) and As(I11)

Table 1: Kinetic parameters for the adsorption of Pb(I1) and As(111)

Metal ion | g.(mg/g) Pseudo-first-order Pseudo-second-order
Exp [ a(mglg) [ ki/min [ R® | 5 | q«mg/g) | kemin™ | R® | o
44.98 54.6 0.02| 096| 35 4582 | 0.5x107| 0.96 | 0.61
Pb(11) 93.65 122 0.02] 0.97 6 97.99 | 0.1x10™*| 0.95| 0.23
12191 | 162.11 0.02] 0.98 8 128.32 | 0.1x10™| 0.96 | 0.57
149.87 | 190.61 0.01| 0.95 9 155.32 | 0.1x10™*| 0.99 | 0.17
34 41.44 0.02| 096| 35 3459 | 0.6x10*| 0.96| 3.21
73.33 89.66 0.02] 0.98 8 7469 | 0.3x10*| 0.98| 3.62
As(I11) 11091 | 163.65 001] 096 47 124.22 | 0.4x10*| 0.95| 5.71
121 | 168.81 0.01| 098] 29 128.47 | 0.1x10™| 0.97 | 4.62
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The adsorption of metal ion on EDTA-MCS/GO was examined by well-known models to
interpret equilibrium isotherm data. The experimental data of equilibrium adsorption were analyzed
using the non-linear forms of Langmuir, Freundlich and Sips, isotherm equations:

qmbCe
= e e 5
i 1+bC, ©)
Qo = KECYM o (6)
QK Ce™
B 4 e 7
L K CY/M "

where ge and Ce are the equilibrium concentrations when an adsorbate gets adsorbed onto the
adsorbent and gm denotes the maximum adsorption capacity and b is the Langmuir constant. ke
(function of energy of adsorption and temperature) and 1/n (also called as the heterogeneity
coefficient) are the Freundlich constants. If the 1/n value is less than 1, then it can be assumed that the
adsorbent material is heterogeneous in nature. Qs, is the Sips maximum adsorption capacity, Ks is the
Sips equilibrium constant and 1/ns is the Sips model exponent.

The experimental and model fits of Langmuir, Freundlich and Sips isotherms of Pb(ll) and
As(111) adsorption onto EDTA-MCS/GO are shown in Figure 8. The isotherm constants were
calculated using non linear regression analysis and the results are listed in Table 2. Here also the
values of R? and y* showed that the adsorption of metal ions onto EDTA-MCS/GO was best fitted
with Sips isotherm model over the concentration ranges studied. Sips isotherm model is a combination
of Langmuir and Freundlich adsorption isotherm models. At higher concentration Sips favors
Langmuir model while at lower concentration it favors Freundlich model. The R? values for all the
three isotherms models were beyond 0.99 which indicate the suitability of models in explaining
adsorption mechanism. Lower value of ¥* and higher value of R? show a very good mathematical
agreement with Sips isotherm model. Sips isotherm gives the idea of multilayer adsorption at lower
concentration and monolayer at higher concentration of the metal ion.

160 160

g.(ma/g)
g.(ma/g)

Gy cmL)

Fig. 8: Experimental and model fits of Langmuir, Freundlich and Sips isotherms of Pb(l1) and As(l11)
adsorption onto EDTA-MCS/GO
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Table 2: Langmuir, Freundlich and Sips isotherm constants for the adsorption of Pb(Il) and As(l11)
onto EDTA-MCS/GO

Pb(I) As(I11)
Om Mg/ 166.67 130.62
Langmuir b L/gng 0.19 0.01
R 0.99 0.93
N 45 14
ke mg “"L /g 4447 7.12
. 1/n 0.27 0.59
Freundlich =u 0.98 0.88
XZ 2.0 2.2
Qs mg/g 169.23 149.21
U’:;g 0.10 0.005
Sips 1n 0.73 2.03
s . .
R® 0.99 0.95
N 1.1 8.3

In the present work the maximum adsorption capacity obtained using EDTA-MCS/GO for Pb?*
adsorption was 169.23 mg g and for As(Il1) it was 149.21 mg g™ under optimum conditions. This
result suggests that the EDTA-MCS/GO prepared in the present study can be considered as a
promising material for the removal of heavy metal ions from industrial waste water.

The desorption capacity of the prepared EDTA-MCS/GO was checked with HCI having different
concentrations, ranging from 0.001 to 0.1 M . It was observed that the adsorbed Pb(Il) and As(l1)
could be desorbed from the spent adsorbent using 0.1 M HCI and hence it could be used for the
regeneration of EDTA-MCS/GO The adsorption—desorption process was carried out for six cycles
with 0.1M HCI [Figure 9] and it was found that there was only a slight decrease in the adsorption
capacity with respect to the regeneration cycles. However desorption capacity decreases to some
extent because of the possible penetration of metal ions into inner cavities (pore diffusion or
intraparticle diffusion). Therefore it could be included in the list of very effective adsorbent for
Pb(Il)and As(I1) in real process such as industrial waste water treatment .

I Adsoption
I Desomtion

4 B Adsoption 1 A&
41 I D=somtion 1004

g

g

Adsorption - Desorption(%)
8
Adsorption -Desorption(%)

1 2 3 4 5 6
Cycle Number

Gyde Number

Fig. 9: Adsorption—desorption cycles for Pb(1l) and As(llI)
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The practical efficiency and effectiveness of the adsorbents prepared were tested with industrial
waste water. The collected waste water sample had Pb(ll) and As(111) concentrations higher than the
acceptable concentration for drinking water. Batch experiments conducted with industrial waste water
showed that higher amount of adsorbent was needed compared to original metal ion solution. This
discrepancy was due to the competitive adsorption of matrix ions with binding sites/screening effect
by other metal ions.

4. CONCLUSION

This work demonstrated the efficient removal of divalent (Pb**) and trivalent (As®*) metal ions
using EDTA-MCS/GO nanocomposite. The synthesized nanomaterial was characterized by XRD,
SEM, and FT-IR. The pseudo-second-order kinetic model gave better correlation with the adsorptions
of all the metal ions than the pseudo-first order model. Sips isotherms were the best fits isotherm
model for all metal ion adsorption. The synthesized nanocomposite exhibited a good regeneration
capacity. Efficient removal of metal ions in real wastewater was also tested. Therefore, EDTAMCS/
GO nanocomposite is a promising adsorbent metal ion removal from wastewater.
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ﬁ;stract

Theoretical calculations of energies, geometries polarizability, hyperpolarizabilities of (2E)

~

—3—
(4—-aminophenyl)-1—(4—-nitrophenyl)prop—2—-en-1-one(ANC)  and  6—(4—aminophenyl)-4—(4—

nitrophenyl)-1,6—dihydropyrimidin-2—ol(ANCU) were studied based on density functional
theory(DFT) using hybrid functional B3LYP with basis set 6-311G(d,p) and UV-Visible spectral
analysis using time—dependent (TD-DFT) with same basis set. Calculated HOMO and LUMO
energies represent the stability of the molecule. Stabilization energies of strong interactions are
obtained from NBO analysis. The hyperpolarizability values of ANC and ANCU are thousand
times than that of standard NLO material urea. The MESP analysis show variation in activity site

thus the whole chemistry of the molecules changed with the condensation of chalcone with urea.

Keywords: Chalcone, Pyramidine, Hyperpolarizability, Intramolecular charge transfer

A

4

1. INTRODUCTION

Chalcones are the important class of organic compounds which possess non linear optical
properties which varies with the substituent’s present in the chalcone skeleton [1.2]. In chalcones two
phenyl rings are connected through enone system, commonly benzoyl ring is designed as ring A and
phenylene ring as ring B (Figure 1). Carbonyl group attached to the ring A can have a polar nature

C*-O" which will be enhanced by electron donation from the skeleton and thus act as acceptor
especially when electron donating substituent are attached to ring B in ortho and para position.

end,
The

presence of donor acceptor entities with a conjugated linker is a characteristic feature shown by
compounds with intramolecular charge transfer (ICT) and show non linear optical properties (NLO).
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Compounds with chalcone skeletons have different pharmacological activities such as anticancer,
antileishmanial, antiinflammatory, anti TB, antimicrobial, antifungal, antioxidant, cytotoxic,
antitumour activities [3-8]. In the present study (2E)-3-(4-aminophenyl)-1-(4-nitrophenyl)prop-2-
en-1-one(ANC) is selected in such a way the donor property of ring B is enhanced by p-amino
substitution and the acceptor property was enhanced by p-nitro substitution. The effect of linker chain
is altered by the condensation urea at the enone moiety which resulted in a heterocyclic pyramidine
ring formation (Ring C) in 6-(4-aminophenyl)-4—(4-nitrophenyl)-1,6-dihydropyrimidin-2—
ol(ANCU). The ring can effectively change the NLO properties of chalcone derivative. A detailed
investigation was done based on the geometry optimization, NBO analysis, HOMO-LUMO and their
energies and band gap, MESP analysis on the difference in first order hyperpolarizability of ANC and
ANCU.

2. EXPERIMENTAL
2.1. Computational details

The computation of ground state geometries, electronic structures, fundamental frequencies,
polarizability, hyperpolarpolarizabilities, electronic absorption, natural charge and natural bond
orbital analysis for the title compounds was done using DFT with Gaussian 09 package [9]. The
Becke’s three parameter exchange—corrected exchange potential and the Lee-Yang-Parr gradient
corrected correlation potential(B3LYP) along with double zeta split valence basis set 6-311G(d,p)
was used to perform geometry optimization [10]. The electron absorption spectra require excitation
and oscillator strengths, these calculations were done using TD-DFT [11] with the same basis set.
Graphical representation of MESP, highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) data in structure optimized files were made using the
Gaussview visualization program [12].

3. RESULTS AND DISCUSSIONS
3.1. Geometry Optimization

The important optimized geometry parameters of ANC and ANCU obtained from Gaussian 09
and were shown in Table 1. The optimized geometries visualized from Gaussview program and the

numbering scheme for ANC and ANCU are in given in Figure 1.

Table 1: Selected geometrical parameters of ANC and ANCU

: (A)

Theoretical bonds ANC | ANCU
Ce—Cy 1.512 | 1.486
C;-GCs 1.472 | 1.348
Cs—Cy 1.351 | 1.508
Co—Cip 1.449 | 1.523
Ciz—N; 1.379 | 1.389
Cs—-Ny 1.481 | 1.474
C:-0 1.224 -
Theoretical dihedral angles (°)
Cs-Cs—C;—Cyg -18.1 | -15.3
Ce—C,—Cs—Cy 176.8 | 179.4
C7-Cg-Cy—Cyo 179.0 | -123.8
Cg—Cy—Cyo—-Cypy -1.3 | -1245
C:-GCs-C/-0O, 162.7 -
Cs-Cs—C7— N3 - 166.4
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Fig. 1: Optimized geometries

The pyramidine ring formation at enone moiety not only alters the bond lengths in alkene
skeleton but also in the substituent’s as shown by Cs;—N, and Ci3—-N; The bond length of C¢—C; is
decreased and Cy—C, was increased. The single and double bond characters C¢—C; and C;—Cg were
reversed by ring formation. Increase of bond length of Co—Cyo from 1.449 to 1.523A in illustrates the
lesser conjugation of donor end ANCU however enhanced conjugation is observed in acceptor end
(The C¢ — C;bond lengthshortened from 1.512A to 1.486A). The pyramidine ring formation alters the
overall geometry of the compounds, the ring B flipped away however ring A become more planar to
the newly formed ring C as indicated by the dihedral angle C;—Cg—Cg— Cypand Cg—Co—C;o—Cy; Which
support the view that the conjugation in ring A increased and ring B reduced.

3.2. Non-linear Optical Properties

The inter related properties, dipole moment(p), polarizability(og), average polarizability (Aa),
first order polarizability(f,) of the investigated molecules are calculated with B3LYP/6-311G(d,p)
basis set, using finite-field approach. All these properties depend on the presence of applied electric
field and the molecular structure of a system. The total dipole moment defines as

2 2 2\1/2
= (e + 1y + )

The mean polarizability and anisotropy of polarizability are defined as
1
0 =§((XXX +0yy +05,)

1
Ao = ﬁ[(axx - otyy)2 +(Otyy - otzz)2 +(a,, — otxx)2 +60txzz]1/2

The components of the first hyperpolarizability can be calculated using following equation,

Bi =Bii +1/3X(Biy +Biij +Byii), (1)

Using the x,y,z components, the magnitude of the first hyperpolarizability tensor was calculated by
B =(B +B, +B.)"?

The values of hyperpolarizability in a.u have been converted to esu by conversion B: 1 au. =
0.008639 x 10 esu

The dipole moment of the title compounds ANC, ANCU is 9.61D and 12.11D respectively and
hyperpolarizability (B) components of ANC, ANCU calculated using DFT/B3LYP 6-311G(d,p)
method are listed in Table 2. The static first order hyperpolarizability of ANC (86.95 x 107 esu) is
reduced to 40.12 x 107> esu by the ring formation in ANCU. Both molecules have same donor and
acceptor groups(amino and nitro respectively), The pyramidine ring formation in eneone skeleton at

(82]
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the middle of the compound decrease the effective m electron conjugation from donor to the acceptor
end which reduces the NLO activity of urea condensed product ANCU to half of the ANC. However
both the molecules have higher NLO activity than the standard NLO material urea (0.13x107*° esu)
[13]. The NLO activity of ANC and ANCU were 67,000 and 31,000 times than that of urea.

Table 2: Hyperpolarizability components of ANC and ANCU

Components ANC LOANCU
10" esu

Bxx 84.11 | 14.7
Broxy 13.84 1.75
By 2.01 0.15
Byyy 0.27 0.58
Byxz -3.82 | 12.97
Bryz -0.42 1.57
Byyz 0.02 1.05
Bz -0.36 | 12.25
Byzz -0.15| 4.95
Bz 0.31 | 14.59
Brot 86.95 | 40.12

3.3. Frontier Molecular Orbitals and excitation spectra

Chemical reactivity of a molecule is highly dependent on the orbital properties and energy of
frontier molecular orbitals [14], highest occupied molecular orbita(HOMO) and lowest unoccupied
molecular orbital(LUMO). Lower HOMO-LUMO energy difference that is small band gap enhances
effective overlapping of these orbitals which resulted in easy ICT. lonization potential of a molecule
depends on the ability of donating electron and is associated with HOMO and the characteristics of
LUMO are associated with electron affinity [15].

@ _ . 4
‘a.o" s o
» LUMO
, 0 .0 BT
- ] J . \’
9 ¢ J i;“

3.07 eV (ANC) 3.46 eV (ANCU)

> @
J.,‘ J." ?
Q. gu 3\) HOMO & “
o . e 9 v
® o 9

Fig. 2: Frontier molecular orbitals of ANC and ANCU

The Figure 2 represents the FMO’s of ANC, ANCU. In ANC the energies of HOMO and LUMO
are —-5.95 and -2.89 eV respectively. HOMO localized over ring B (donor end), ethylenic bond and
carbonyl group, LUMO delocalized over phenyl ring A (acceptor end). The band gap is 3.07eV. In
ANCU HOMO energy is -5.81eV and mainly localized on the pyramidine ring at the middle region of
the molecule this indicates the less conjugation of lone pair of electrons from amino group to the
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pyramidine ring which is observed by the flipping of ring B. The lowest unoccupied molecular orbital
lies at —2.35 eV delocalized on the electron withdrawing nitro substituted phenyl ring A, and the band
gap is 3.46eV. This demonstrates intramolecular charge transfer in both cases but in different part of
the molecule, the extent of ICT reduces in ANCU thus the NLO property. More easily charge
excitation takes place in case of ANC due to the lower band gap it helps to develop enhance
hyperpolarizability. The electronic translational behaviour of ANC and ANCU have been studied
using time-dependent density functional theory with B3LYP/6-311G(d,p) basis set in gas phase. The
calculated UV-Vis spectrum of ANC consists a maximum absorption peak at 446nm corresponds to
the n—7*(homo to lumo) transition (98%), the Amax Value of ANCU at 403nm also attribute to
n—n*(H to L) excitation (95%).

3.4. Molecular Electrostatic Potential

Molecular electrostatic potential (MESP) plot specifies the net electrostatic effect produced at a
point by the total charge distribution over the molecule [16]. MESP surface helps to assess the
nucleophilic and electrophilic binding sites in order to assign biological recognition and H-bonding
interactions [17]. The different electrostatic potentials are represented by different colours. More
electron dense region is represented by red colour and more positive region as blue colour. Green
represents the neutral potential. Fig. 3 depicts the MESP map of ANC, ANCU. In ANC, the partial
negative potential(orange colour) are mainly situated over nitro group and the highest negative
potential on carbonyl oxygen atom, positive potential are localized over hydrogen atoms of amino
group. In ANCU no change is observed for the electrophilic attacking centre, however the carbonyl
centre has reduced nature due to more conjugation with the ring A as suggested by the geometry
parameters. The shift in nucleophilic attack centre is observed, the highest at the ring C with a
lowering nature in amino groups of ring B indicating a total variation in the chemistry of molecule by
the condensation with urea.

Fig. 3: MESP plots of tile compounds

3.5. Natural Charge Analysis

The charge on each atoms were determined on the basis of natural charge analysis calculated
using NBO method at B3LYP/6-311G(d,p) basis set in vacuum. The atomic charges of selected
atoms are tabulated in Table 3. The graphical representation of charge analysis of equivalent atoms
(C1—Cy5) of ANC, ANCU are given in Figure 4. All hydrogen atoms in both cases are positively
charged. More positively charged carbon atom among C;—C;s are C; due to the presence of
electronegative oxygen atom. Alternative higher and lower electronic charges represent the electron
conjugation in both cases. In ANCU, two nitrogen and hydroxyl oxygen atom of the pyramidine ring
possess negative charge and the carbon atom in between nitrogen atoms have positive charge
(0.5029).
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Table 3: The natural atomic charges

Atoms | ANC ANCU
Cs 0.1274 | 0.1259
Cs —0.1283 | -0.110
[ 0.2565 | 0.1613
Cs —0.1002 | -0.0462
Co 0.1064 | 0.2145
Cw | -0.0843 | —0.1417
Cis 0.1316 | 0.1105
N, —0.0312 | —0.0469
N, 0.1720 | 0.1678
0304 —s—ANC
—+—ANCU
025 4
0.20
015 4
g’ 0.10
% 005 4
E 0.00
-0.05 4
-0.10 4
-0.15 4
1 I £I3I Iéll I%I él; Iél éI’\IUI’II1I’\‘Z"\‘E"\Z"\‘S"\‘BIW

Atoms

Fig. 4: Natural charge Diagram
3.6. Natural Bond Orbital Analysis

The Natural Bond Orbital(NBO) study using NBO program [18] executed in Gaussian ’09
characterize all the intra—, inter molecular interactions and corresponding stabilization energies(E®).
Stabilization energy depends on the strength of donor-acceptor interface. Tabulation of intensive
intramolecular interactions of ANC, ANCU are in Table 4.

From the table 4 it is clear that @ to ©* interactions within the phenyl rings are of comparable
stabilization energies. Maximum stabilization energy is reported in case of interaction within the nitro
group. In the donor end, amino group interact with the phenyl ring B with stabilization energies
137.90, 123.05kJmol™ described in case of ANC and ANCU respectively. It illustrate that in ANC the
donor interaction is better, when it condensed with urea that donor interaction decreases and the intra
molecular charge transfer (ICT) within the molecule reduced. The significant condition for a molecule
to be NLO active is it must possess an ICT from donor end to acceptor end, as distance between donor
to acceptor end increases the NLO activity also increases. In case of ANCU it weakens due to the
presence of pyramidine ring, stabilization energy of 4.98 kJmol™ shows that weak o to 6* interaction
of that ring with the acceptor end, the presence of ring C decreases the p—electron delocalization. As a
result the first order hyperpolarizability value of ANC is 2 times that of ANCU.
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Table 4: Second-order perturbation theory analysis of Fock matrix in NBO basis corresponding to the
intramolecular interactions of ANC and ANCU computed at B3LYP/6-311G (d,p) level

ANC ANCU
Donor Acceptor E® Donor NBO(i) Acceptor E®
NBO(i) NBO(j) (kimol™) NBO(j) (kJmol™)
nCs— Cg nCs—C, 96.36 nCi— Cq m Co—Cs 103.30
nC;-C, nC;— 0Oy 62.43 nCi-Cs nC;—Cg 56.15
nC;-C, nC3—-Cy 92.93 nCy— Cs e 105.65
nC;-C, m Cs— Cg 87.95 nC;— Cg nCi—Cg 47.74
nCs;-C, ' N,— O, 110.21 6C;—Ns 6 Cs—C; 4.98
nCg— Cy nC;— 0Oy 97.99 n(2) O, n N3-C; 129.87
nCi0—Cis m Cs— Co 86.36 n(2) N, m N3—Cyy 216.52
n(1) N, 1 Ci3—Cu 137.90 n(1) N, m C15Cu 123.05
n(2) O, o CeCy 81.84 n(3) Os n N0, 683.62
n(3) O3 e 691.99

E® means energy of hyperconjugative interactions (stabilization energy).
4. CONCLUSIONS

Using density functional theory with hybrid functional B3LYP, the geometries, electronic
structures, dipole moment, hyperpolarizability, natural charge and natural bond orbital analysis,
frontier molecular orbital analysis, corresponding energies, band gap and electrostatic potential map
of two potential nonlinear optical materials, (2E)-3—(4—aminophenyl)-1—(4-nitrophenyl)prop—2—-en—
1-one(ANC) and 6—(4—aminophenyl)-4—(4-nitrophenyl)-1,6-dihydropyrimidin-2—ol(ANCU)were
performed using Gaussian software. The optimized geometries shows that ANC is almost planar and
ANCU is non planar in nature. The hyperpolarizability calculations reveals that both molecules are
thousands of times more NLO active than standard urea, among them ANC is more active. This is due
to the strong ICT in ANC. ANC and ANCU posses a band gap of 3.07eV and 3.46 eV respectively.
FMO plots illustrate a charge transfer within the molecules for both cases. Both molecules are polar in
nature. NBO analysis confirms a prominent intramolecular interaction on nitro group. Natural charge
analysis shows all hydrogen atoms are positively charged and presence of two electronegative
nitrogen atoms adjacent to carbon atom in ring C of ANCU have maximum positive charge(0.5029¢).
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ﬂatract \

Endocannabinoid receptor agonists are highly recognized for its anti-inflammatory property.
Their immunomodulatory effect can be utilized for the treatment of different types of
immunomodulatory diseases. The present study comprised of 3 D QSAR analysis of a well aligned
set cannabinoid receptor agonists. The model generated has revealed its statistical significance and
ability for external test set prediction by producing better R? and Q? values. A five feature
pharmacophore, AAADH generated from the cannabinoid receptor agonistic activity has produced
valid information on the agonistic activity of the compounds. The systematic analysis of the QSAR
model has furnished a clear output on how to improve the activity of the compounds through
structural modifications. Since cannabinoid receptor agonists are having the property of reducing
the expression of macrophages and T cells, especially interleukin 4, interleukin6, and interleukin 5,
they are highly recommended for drug designing for those diseases managed by T—cell signaling
pathways.

Keywords: Endocannabinoid receptors, 3D QSAR study, Pharmacophore, Regression analysis,
Model validation /

1. INTRODUCTION

Cannabinoids are a class of compounds showing activity towards cannabinoid receptors (CB).
Cannabinoid receptors include CB 1 and CB2. CB1 is expressed in brain and CB2 is seen in the cells
of immune system. Both the cannabinoid receptors play a vital role in the regulation of immune
system. Several studies have been suggested for the therapeutic effect of cannabinoids and their
endogenous ligands [1]. Arachidonic acid metabolites were found to have properties similar to the
compounds seen in the plant cannabis sativa. These compounds are indicated as endocannabinoids.
Cannabinoids are explored as potent anti-inflammatory agents and the actions include induction of
apoptosis, inhibition of cell proliferation, suppression of cytokine production and induction of T-
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regulatory cells. Cytokines are important cell signaling proteins works behind immunomodulatory
diseases. Asthma is a chronic inflammatory disease of the airways characterized by eosinophilia,
increased vascular permeability in the bronchial mucosa, mucus hyper secretion and airway hyper
responsiveness [2]. Although there is a general consensus about the use of corticosteroids and
bronchodilators as main therapeutic measures for the prevention and management of asthma, the
identification and development of promising new substances with anti-asthmatic effects that can flank
and co—operate with the above drugs is a fertile field for basic and clinical research [3] because of its
primary medical interest. Arachoidonic acid metabolic pathway is a causative for asthma like
autoimmune diseases [4]. Recently, claims have been made for the beneficial effects of cannabis and
cannabinoids, the active components of Cannabis sativa. Many works have been reported for the
antiasthmatic activity of cannabinoids. A 9-tetrahydrocannabinol (THC), the principal component of
cannabis sativa has reported for reduction in the expression of interleukin 4 by creating inhibition in
the IL4 signaling pathways. The THC is the first reported cannabinoid receptor ligand[1]. Asthma is
one among those diseases, managed by IL4 signaling pathways. A 9-tetrahydrocannabinol (THC) is
a well known cannabinoid receptor agonist. Many compounds including phytochemical compounds
were reported to act as cannabinoid receptor agonists.

Quantitative structure activity relationship (QSAR) is a well accepted insilico technique utilized
by leading pharmaceutical companies for effective, systematic and speedy method of drug designing
process. The QSAR model is a statistically derived structure activity relationship which can make use
of successful activity prediction of new set of compounds before going for its synthesis and can
design compounds with better activity properties. The process can reduce the time of discovery of
drugs and can do the whole process in a more economic way [5]. The present study include QSAR
analysis of a set of cannabinoid receptor agonists to derive functional alert for the receptor agonistic
property and the responsible functionality can be utilized for designing drugable compounds for
asthma like immunomodulatory diseases.

2. EXPERIMENTAL
2.1. Insilico analysis — Data set

A bioassay of 82 cannabinoid receptor agonists was reported by Angela Berry et al, in their
patent work US 7,928,123 B2, Apr. 19, 2011 [6]. The data set comprised of a diverse set of
compounds having the scaffold of sulfonamides with activity (EC50) concentrations ranging from
0.04nM to 99nM. The present study has executed a three dimensional (3 D) QSAR analysis on the
dataset for generating a successful QSAR model for the activity prediction of new series of
compounds (Figure 1). The dataset was divided into training and test set in the ratio 75:25. The
splitting were done in such a way that test set should have all the features of the training set, means,
maximum structural and activity diversity were seen among training set compounds [7-8]. The EC50
values were converted into their negative logarithmic representations for statistical significance. The
data set with activity values are included in supplementary information (Table SI. 1)

1
Rz_?:o
H3C—(|3 CHj
C
HT/ X0
R1

Fig. 1: General structure of bioassay compounds
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2.2. Ligand preparation for QSAR study

All the 82 compounds were drawn in the 2D sketcher of maestro interface of the schrodinger
software. Structure optimization and energy minimization were done using the ligprep module at a
force field of OPLS_2005 and pH 7.4.

The structural alignment (Figure 2) is an essential feature for a meaningful QSAR modeling [8].
The present study has been aligned all the structures with the most active compound from the
bioassay through flexible ligand based alignment using largest common Bemis—murcko scaffold
alignment. A total of 68 compounds showing very good alignment with the active compound were
obtained. Those 68 compounds were subjected to atom based 3D QSAR analysis after splitting them
into training and test set in the ratio 75: 25.

Fig. 2: Structural alignment with the active bioassay compound number 9 (EC50= 0.04nM)
2.3. Generation of pharmacophore

Pharmacophoric feature is a 3 dimensional feature of a set of compounds meant for biological
activity [9]. Compounds were assigned as actives and inactives by assuming that compounds with
activity (pEC50) below 7.25 as inactive and compounds with activity above 9.6 as actives. A total of
9 active and 5 inactive compounds were considered for pharmacophore generation. The activity
threshold for dataset was generated on the basis of activity distribution (7.047-10.398).
Pharmacophore feature generation was done by using the phase module of Schrodinger software. The
module has offered some 6 pharmacophoric features including aromatic feature, hydrophobic,
hydrogen bond acceptor, hydrogen bond donor, negatively charged and positively charged groups. A
common pharmacophoric feature has derived from a set of 14 least and top active compounds using a
tree—based partition algorithm which clusters similar pharmacophore based on their intersite distances
and angles. The best pharmacophoric feature, the feature which is better aligned with the most active
compounds, among a set of generated features was selected on the basis of survival active and
survival inactive score. The survival score is the net result of volume and selectivity scores of aligned
ligands, contributions from number of matches, relative energy of reference ligand and the activity of
reference ligand. The pharmacophoric features were also mapped for least active compounds to
discriminate between active and inactive compounds. A feature with very good active—inactive
distinguishing ability should have high survival active score and less survival inactive scores. The
scoring methodology include alignment of sites, vector and volume scores, selectivity, number of
compounds matched, activity and relative conformational energy.

2.4. 3D QSAR analysis
A total of 68 better aligned sulfonyl amide compounds were chosen for atom based 3D QSAR

modeling. 17 compounds were considered as test set while remaining 51training set compounds were
utilized to develop a meaningful QSAR model using the 3D descriptor properties such as hydrogen

(90]
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bond donors, hydrophobic effect, negative ionic effect, positive ionic effect and electron withdrawing
effect. Partial least square analysis was executed to derive the model from the dataset [10]. The PLS
factor should be 1/5 of the number of compounds in the training set. The PLS factor for the present
study was 5. Leave one out cross validation technique was done for checking the validity and
robustness of the model.

3. RESULTS AND DISCUSSIONS
3.1. Pharmacophore generation

All the 68 structurally aligned sulfonamide derivatives were subjected for pharmacophore
generation using the phase module. After careful analysis of the scores and alignment of the active
ligands to the generated hypothesis, the pharmacophore hypothesis AAADH was selected as the
potential feature responsible for the biological activity. This five feature pharmacophore encompasses
three hydrogen bond acceptors, one hydrogen bond donor and a hydrophobic group. Oxygen atom in
the oxazole ring, carbonyl group of the amide linkage and S=O of the sulfonyl group contributed to
the biological activity as hydrogen bond acceptors, the 3° carbon attached to the oxazole ring stands
for hydrophobic effect and amino group of amide linkage could work behind hydrogen bond donor
effect.

Fig. 3: (a) Pharmacophoric feature furnished by the cannabinoid receptor agonists, highest active
compound aligned with the pharmacophore

The pharmacophoric feature should retain as such for an effective cannabinoid receptor agonistic
activity. The highest active compound 3-tert-butyl-N—{3-methyl-3-[(3—methylbutane) sulfonyl]
but-1-en—2-yl}-1, 2—oxazol-5-amine could align better with the feature with a finess score of 2.82
(Figure 3). Pharmacophoric feature with inter atomic distances and angles is included in
supplementary information (Figure SI 1)

The feature AAADH has got highest survival score (Table 1), survival inactive score and lowest
energy of conformation and all the top 9 active compounds could furnish high fitness score with the
feature. These findings shed light on the potential effect of the five feature pharmacophore AAADH
towards the cannabinoid receptor as very good agonists. This agonistic feature can be exploited for
the treatment of immunomodulatory diseases like asthma, cancer etc.
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Table 1: Pharmacophore scoring data

Pharmacophoric Survival Survival Matches | Activity | Energy
feature score inactive score
AAADH.1170 3.783 1.811 9 9.699 0.000
AAADH.1509 3.742 1. 617 9 9.699 1.162
AAADR.90 3.780 1.329 9 10.000 1.767
AAADR.54 3.763 1.408 9 9.699 2.338
AAADR.371 3.771 1.473 9 10.000 1.767

3.2. 3D QSAR analysis

Atom based 3D QSAR model has been furnished with 68 cannabinoid receptor agonists by
partial least square method keeping 51 compounds as training and 17 compounds as test. The PLS
factor was chosen as 5. Five models were generated. The statistical data table is shown below (Table
2).

Table 2: Statistical analysis, F— variance, p— statistical significance, RMSE- deviation from reference
ligand, SD- standard deviation

PLS factor | SD R2 F P RMSE | Q2 Pearson—r
1 0.7354 | 0.2433 | 14.8 | 0.000367 | 0.75 |0.2672 | 0.5333
2 0.571 | 0.5537 | 27.9 | 1.31E-08 | 0.56 | 0.5962 | 0.7866
3 0.491 | 0.6774 | 30.8 | 6.95E-11 | 0.55 | 0.6118 | 0.7869
4 0.3562 | 0.8341 | 54 | 3.19E-16 | 0.51 |0.6623 | 0.8336
5 0.2683 | 0.9081 | 83 | 1.18E-20| 0.39 |0.8002 | 0.9042

Among the five models, model having PLS factor 5 has chosen as the stable better predictive
model. The robustness and stability of the model has revealed through the regression coefficient, R*=
0.9081, statistical significance of the model was expressed through high F value and low p value, here
the values obtained were 83 for F and 1.18E-20 for p. external predictability of the model was
assessed by cross correlation coefficient, Q* = 0.8002. The value of Q? >0.5 indicate external
predictability of the model. Linearity of the model was checked by plotting experimental and
predicted activity for training set and test set (Figure 4). Contour plots for the QSAR model could
explain the structural requirement for a better cannabinoid receptor agonistic activity (Figure 5).
Experimental and predicted activities are seen in supplementary information (Table SI. 2).
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Fig. 4: (a) training set, (b) test set linear relationship
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Red cubes in the contour map indicate negative contribution towards activity property and blue
cubes indicate positive contribution towards receptor agonistic property. Hydrophobic effect,
hydrogen bond donor effect, negative ionic effect and electron withdrawing effect were found to have
contribution towards cannabinoid receptor agonist property. Hydrogen bond donor effect of oxazole
ring and amide NH2 group had a positive contribution towards the agonistic property. The
hydrophobic effect of isopropyl group has positive contribution towards the agonistic property. If a
methyl group occupy the position of isopropyl group (compound 36), then the activity was found to
be considerably decreases. The hydrophobic effect of tertiary methyl group near to the oxazole ring
favors the receptor agonistic property. The negative ionic effect of oxygen atom of oxazole ring
disfavors the activity. Electron withdrawing effect of the same group again degrades the agonistic
property. This QSAR model of cannabinoid receptor agonists can make use of finding out of drug like
compounds for immunomodulatory diseases like asthma.

Hydrogen bond donor—compound 9 Hydrogenbond donor-compound 36

..
T

rophobic—compound 36

Negative ionic —compound 9

“Electron withdrawing- compound 9 on withdrawing-compou

Fig. 5: QSAR contour plots, blue cubes— activate the system, red cubes— deactivate the system,
compound 9- top active , compound 36— least active
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Supplementary Information

Fig. SI 1: Pharmacophore with (a) inter atomic distances and (b) angles

Table SI 1: Data set for QSAR analysis

Structure and Compound ID EC50 pEC50 Structure and Compound ID EC50 pEC50
(nM) (nM)
0.04 10.398 1.6 8.796
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Table SI. 2: Data set experimental activity vs predicted activity
Comp. QSAR | pEC50 Predicted Prediction Comp. QSAR pEC50 Predicted Prediction
ID set pEC50 error ID set pEC50 error
9 training | 10.398 9.6801 -0.717842 7 training 8.796 8.77226 -0.02362
51 test 9.699 9.47192 -0.227052 8 training 8.208 8.35615 0.148539
52 test 8.187 8.77964 0.592551 10 training 8.77 8.67728 | -0.0922718
53 training 7.623 7.89008 0.266656 11 training 9.046 9.07498 0.029225
55 training 8.824 8.61947 -0.204441 12 training 10 9.96743 -0.0325713
56 training 7.152 7.19752 0.0457043 13 test 10 9.85228 -0.147721
57 training 7.481 7.54609 0.0646071 14 training 7.73 7.69398 -0.036506
58 training 9.222 9.18004 | -0.0418104 15 training 8.42 8.3951 -0.025117
59 training 9.155 9.34103 0.18613 16 training 8.432 8.53315 0.10135
60 test 7.907 8.12637 0.219788 17 test 7.903 8.02274 0.119648
62 training 9.523 9.60147 0.0785926 19 training 8.658 8.65333 | -0.0042489
63 test 7.351 8.62973 1.27907 21 training 8.398 8.03332 -0.364619
64 test 8.347 8.94083 0.594042 22 training 7.129 7.10838 | -0.0206345
65 test 7.638 8.12787 0.48959 25 training 8.602 8.63269 0.0306333
66 training 9.699 9.29249 -0.406476 26 training 8.699 8.73257 0.0336
68 test 8.62 8.57511 -0.044674 27 training 8.081 8.07824 | -0.0026833
70 training 7.971 7.97145 | 0.00083213 28 training 7.554 8.11246 0.558066
71 training 7.728 7.73938 0.0112258 29 training 8.149 8.25114 0.102402
72 training 7.842 7.83926 | -0.0023731 30 training 7.754 7.76457 0.0100847
73 training 7.208 7.19677 | -0.0115426 31 training 7.967 7.87896 -0.0876144
75 training 7.721 7.64738 | -0.0738618 32 test 7.507 7.63933 0.132094
7 training 7.588 7.86684 0.278461 33 test 8.143 8.10202 | -0.0406441
78 training 9.301 9.20349 | -0.0975403 35 training 7.886 7.67424 -0.211814
79 training 7.932 7.88681 | -0.0450086 36 training 7.047 7.58875 0.541542
80 training 7.917 7.83818 | -0.0790376 37 training 7.356 7.36949 0.0139261
81 training 7.78 7.80597 0.0260798 38 test 7.282 7.73844 0.456107
82 test 9.699 9.67298 | -0.0259857 39 training 7.465 7.49711 0.0324086
69 training 7.214 7.26149 0.0475314 40 test 8.469 8.43126 | -0.0372636
1 training 7.77 7.73025 | -0.0392977 41 test 7.348 7.30492 | -0.0428357
2 training 7.502 8.49557 0.993884 45 training 8.027 8.08945 0.0625777
3 training 7.733 7.95356 0.220728 47 test 7.4 7.85626 0.456146
4 training 8.26 8.24248 -0.017154 48 training 9.699 9.58391 -0.11506
5 training 8.481 8.54184 0.06035 49 training 7.812 7.59503 -0.217451
6 training 9.699 9.42945 -0.269517 50 test 10 9.18682 -0.81318
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4. CONCLUSION

The pharmacophoric feature AAADH derived from the cannabinoid receptor agonists comprised
of 5 potential features. The features include three hydrogen bond acceptors, one hydrogen bond donor
and one hydrophobic feature. This feature gave a clear idea on the potential feature of the ligands
responsible for the receptor agonistic property. The 3D gsar model derived from the aligned date set
of 68 sulfonamide compounds revealed its statistical significance by the regression coefficient R*=
0.9081, analysis of variance, F= 83, statistical significance, p = 1.18E-20 and cross correlation
coefficient, Q*= 0.8002. Q% > 0.5 stands for external test set predictability of the model. The model
analysis has revealed the significance of electron withdrawing effect of alkyl substituents attached to
the sulfonyl group, hydrophobic effect of oxazole ring substituents and electron withdrawing effect of
sulfonyl group behind the receptor agonistic property. The observations suggested that the present
QSAR model of cannabinoid receptor agonists can be utilized for rational drug designing for immuno
modulatory diseases.
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ﬁbstract \

Nanoceramics can be utilized for various applications like electronic, ionic, thermal, optical and
catalytic. In particular, the combination of a relatively large portion of interfacial or grain boundary
atoms along with the interactions of photons, electrons, or dislocations can lead to unusual
mechanical and electrical behavior. In this work, we synthesize Pr,Zr,0; oxides through solution
combustion synthesis and study the band gap of the material. The effect of strain on the broadening
of X ray peaks were also analysed using Hall Williamson analysis.

Keywords: Nanoceramics, Oxides, Pr,Zr,0-, Crystallite size

. 4

1. INTRODUCTION

Nano—ceramics have received a considerable attention during the last two decades due to their
capability to demonstrate improved or unique characteristics as compared to conventional bulk
ceramic materials. Nano—ceramics can be utilized for various applications like electronic, ionic,
thermal, optical and catalytic. In particular, the combination of a relatively large portion of interfacial
or grain boundary atoms along with the interactions of photons, electrons, or dislocations can lead to
unusual mechanical and electrical behaviour.

Among the ternary metallic oxides, compounds of the general formula, A;B,O; (A and B are
metals), represent a family of phases isostructural to the mineral pyrochlore, (NaCa) (NbTa)OgF/(OH)
[1]. Thespace group of the ideal pyrochlore structure is Fd3m and there are eight molecules per unit
cell (Z=8). In A;B,0O; pyrochlores, A is usually a trivalent rare earth ion, but can also be a mono,
divalent cation and B may be 3d, 4d or 5d transition element having an appropriate oxidation state
required for charge balance to give rise to the composition A;B,0; [2]. Pyrochlore unit cell contains
eight A, B, O(1)s O(2) formula units, and for better and easy understanding one—eighth of the
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pyrochlore unit cell is shown in figure 1. With the choice of B atom as origin, the cation sublattice is
an alternate arrangement of A-site (16d) and B-site (16c) cations along the 110 direction in an fcc
lattice. The anion sublattice is comprised of three different oxygen sites, two of which are occupied
(8b) and (48f), and the third site (8a) is vacant. Hence, the anion vacancies are ordered. The A-site
cations are eight coordinated and are located within scalenohedra (distorted cubes). The B—site cations
are six—coordinated and are located within trigonal antiprisms. All anion sites are tetrahedrally
coordinated: the 8a site is surrounded by four B cations, and the 8b site by four A cations. The 48f
oxygen is surrounded by two A and two B cations that are slightly displaced from the center of the
tetrahedral site towards the unoccupied 8a site. The magnitude of the displacement is represented by
the positional parameter, x, of oxygen at the 48f site, which is 0.375 for the ideal fluoritestructure. The
pyrochlore crystal structure also tolerates vacancies at the A and O sites to a certain extent with the
result that cation and anion migration within the solid is feasible. Recently, it has been shown by our
group that anion rich pyrochlores like Ce,Zr,Og are also possible [3]. The pyrochlore structure is
closely related to the fluorite structure AX,, except that there are two cation sites and one—eighth of
the anions are absent as shown in the Figure 1 for the ordered pyrochlore, A;B,0-, the phase stability
of the superstructure is basically determined by the A and B site cation radius ratio.

8a site -
\ O at 48f
|

B at 16c _~

Fig. 1: (a): Unit cell of fluorite (Fmm), yellow atoms represent A** cations and the red O* and (b):
Unit cell of pyrochlore (Fd3m), Blue spheres represent A** cations, yellow B*and red O*

It is worth noting here that compounds with similar cationic radii are more likely to form as
disordered fluorites than ordered pyrochlores, for instance,Er,Zr,0O; having ra/rs ~1.39 crystallizes as
a disordered fluorite structure whereas Er,Ti,O; with ra/rg ~1.66 crystallizes as a ordered pyrochlore
structure. Since more number of (3+, 4+) ions are possible, therefore, large number of pyrochlores
having (3+, 4+) cations are reported in literature compared to pyrochlores having (2+, 5+) cations.
Recently, (1+, 6+) pyrochlores like KOs,Oq are reported in the literature [4,5,6]. In general,
pyrochlores exhibit a wide variety of interesting physical properties because a diverse range of
constituent ions can be chosen to obtain the desired properties. The pyrochlore structure exhibits a
greater degree of complexity than the fluorite structure. The cubic pyrochlore structure is similar to
the cubic fluorite structure but with a large number of the oxygen atoms displaced (and one in eight
missing). In this work, we synthesize Pr,Zr,O; oxides through solution combustion synthesis and
study the band gap of the material.

2. EXPERIMENTAL

Among the available, solution chemistry routes, the solution combustion techniques are capable
of producing the nanocrystalline powders of oxide ceramics at a lower calcination temperature in a
surprisingly short time [7, 8]. Generally the powder obtained by this technique has compositional
homogeneity, the highest degree of phase purity coupled with the improved powder characteristics
like narrow particle size distribution, higher surface area and better sinterability;but those depend
heavily on the adopted processing parameters. All the oxide materials were prepared by the
combustion of aqueous solutions containing stoichiometric amounts of corresponding metal nitrates

[100]



Bulletin of Pure and Applied Sciences/ VVol.37-C —Chemistry (No.1)/ January-June 2018

and citric acid redox mixtures in a Pyrex dish. Stoichiometry of the redox mixture for the combustion
is calculated based on the total oxidizing and reducing valencies of the oxidizer (O) and of the fuel
(F), which serve as numerical coefficients so that the equivalence ratio, f. (O/F), becomes unity and
the heat released is at a maximum [9,10]. According to the principles used in propellant chemistry, the
oxidizing and reducing valencies of various elements are considered as follows: C=4,H=1, O = -2,
N =0,M =2, 3, 4, etc. Thus, the oxidizing valency of a divalent metal nitrate, M (NO;), becomes -10;
M(NOs); = -15; M(NOs),=-20; and the reducing valency of HMT (CsHsO7) becomes +18. Therefore,
the molar ratio of the divalent metal nitrate to fuel (citric acid is) is 15/36, i.e., 1:0.4166. The
exothermicity of combustion reactions as well as combustion time can be increased by the presence of
redox compounds, such as NH4sNOz/NH;ClO,. This will facilitate the formation of the pure crystalline
phase and doping.

A mixture of high purity Pr,Oz; (2.0205gm), ZrO (NOg3), 2H,O (2.9794gm) and citric acid
(5.2585gm) are taken in a beaker. After mixing the metal nitrate solutions in beaker, 30 ml nitric acid
is added and stirred continuously for 30 minutes. The fuel used for the synthesis is citric acid. In order
to attain a pH of 7, liquor ammonia is added drop by drop and the solution is heated at 100 °C to
remove as much of water content. After evaporation of the water content, the slurry was then
introduced into a muffle furnace preheated to 400°C. The mixture frothed and ignited to combust with
a flame, giving a voluminous and foamy Pr,Zr,0;.The structure and phase purity of the powder were
examined by XRD using Regaku, DMax C, Japan X- ray diffractometer with Nickel filtered Cu K,
radiation. The UV-visible spectra of samples were recorded by dispersing the sample in ethanol
medium using an ultrasonic bath. The absorption spectra were recorded at room temperature using
SHIMADZU-2550 UV-Visible Spectrophotometer in the range from 200-800 nm.

3. RESULTS AND DISCUSSIONS
3.1 XRD Analysis

The XRD pattern of the as prepared powder sample obtained by the present combustion synthesis
is shown in Figure 2.
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Fig. 2: XRD pattern of Pr,Zr,0;

The powder XRD patterns of the sample confirm that the sample is crystalline in nature. Also,

the diffraction peak is slightly broadened indicating small crystallite size. High intensity peaks with
even—-numbered miller indices, representing average fluorite-type unit cells. The superstructure peaks
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at 20 at=14°, 38°, 46°, etc. are very weak in intensity [11, 12]. Progressive structural transformation
into defect pyrochlore structure can also lead to a decrease in intensity of the superstructure peaks.
Hence it is very difficult to directly determine from the XRD pattern whether the average structure of
the compounds is defect pyrochlore or defect fluorite. From the absence of the superstructure peaks, it
can be concluded that the structure is defect fluorite [13,14,15]. All the reflections in the Xrd pattern
shows that Pr,Zr,0O; has cubic lattice, with lattice parameter a = 10.43 A.  Another important
observation is that some of the Bragg peaks show asymmetric broadening in contrast to symmetric
broadening expected due to strain.

3.2. Determination of Average Crystallite Size Using Scherrer equation

A perfect crystal would extend in all directions to infinity, so we can say that no crystal is perfect
due to its finite size. This deviation from perfect crystalline leads to a broadening of the diffraction
peaks. However, above a certain size (100-500 nm) this type of broadening is negligible. Crystallite
size is a measure of the size of a coherently diffracting domain. Due to the presence of polycrystalline
aggregates, crystallite size is not generally the same thing as particle size. In this section the crystallite
sizes of sample is determined from X-ray diffraction line broadening using Scherrer equation [16].
Scherrer equation is the simplest method of determining the average crystallite size of a
nanocrystalline sample from X-ray diffraction line broadening. Scherrer equation is,

t=Kr/ (Bhkl)measured X COS@hH

Here, t is the average crystallite size normal to the reflecting planes, K is the shape factor which lies
between 0.95 and 1.15 depending upon the shape of the grains (K=1 for spherical crystallites), A is the
wavelength of X-rays used and (Bh)measured 1S the measured FWHM of the diffraction line in radians
and Onq IS the Bragg angle corresponding to the diffraction line arising from reflections from the
planes designated by the Miller indices (h k I). In order to estimate the FWHM the following
procedure was adopted. A Pseudo-Voigt 1 function which assumes the peak shape is symmetrical
was used to fit the peak profiles. Pseudo-Voigt 1 is one of the most convenient functions used for the
profile fitting of X—ray diffraction peaks and it is represented by the expression,

( 4in2(x-x)

(1- uW4In ZLe @

y=Yo+A +

where, vy is the dependent variable (Intensity in the present case), X is the dependent variable (20 in
the present case), ie, X. is the peak centre, A is the measure of maximum intensity and W is the Full
Width at Half Maximum and p is the profile shape factor. The curve fitting was done using Microcal
Origin Version 9. The best fit was chosen taking into account the minimum error as well as the
realistic values for individual variables. From Table 1, it can be noted that the average crystallite size
of the sample ~18 nm.

Table 1: Scherrer size of crystallites

20 () 0(° FWHM (°) Crystallite size t, (hm)
29.02 14.51 0.7957 11.6

33.64 16.82 0.8271 11.3 9.4nm
48.34 24.17 1.2402 7.9 '
57.41 28.71 1.4843 6.9
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Fig. 3: Peak fitting using pseudo Voigh 1 function

3.3. Hall-Williamson Method to Separate Crystallite Size and Strain Broadening

Hall-Williamson analysis of the nanocrystalline samples is carried out assuming Uniform
deformation model [17]. In crystals, we can observe two types of strain, Uniform strain and non-
uniform strain. Uniform strain causes the unit cell to expand or contract in an isotropic way. This
simply leads to a change in the unit cell parameters and shift of the peaks. There is no broadening
associated with this type of strain. Non—uniform strain leads to systematic shifts of atoms from their
ideal positions and to peak broadening. This type of strain arises due to point defects (vacancies, site—
disorder), plastic deformation (cold worked metals, thin films) films) and poor crystalline. This model
doesn’t take into account the anisotropic nature of the crystal. In this model, microstrain € is assumed
to be uniform in all crystallographic directions and Hall- Williamson equation can be written as

BrcosOhy = (KMt) + (4<e> sinbpy).

Plotting the measured values of (Bri) corrected @s @ function of (4sinbyy), the microstrain <¢> can be
estimated from the slope of the line and the crystallite size from the intersection of the vertical axis.
The Hall-Williamson plot assuming uniform deformation model for the sample is shown in Figure 4.

It can be noted that the microstrain and crystallite size contribution can be separated using Hall—
Williamson analysis. Further, the microstrain values obtained for the sample is small in magnitude.
Strain and particle size are calculated from the slope and y-intercept of the fitted line respectively.
From the lattice parameters calculations it was observed that this strain might be due to the lattice
shrinkage. The crystallite size obtained when considering the strain contribution using Hall
Williamson analysis assuming uniform deformation model is found to be 70 nm. Presence of defects
can also affect the anisotropy of the crystal which leads to non—uniform nature of the crystal. For
confirmation some other techniques such as Warren—-Averbach model and Rietveld analysis have to
be employed.
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3.4. Determination of Band gap energy from UV-Visible Absorption Spectra

UV-Visible absorption spectroscopy is widely used for calculating the bang gap energy of
semiconductor materials including nanostructured materials. Also UV-Visible spectrum of the
samples gives information about excitonic or inter band transition of nanocrystalline materials. From
the absorbance value, knowing the concentrations of the samples, absorption coefficient o was
estimated. The optical band gap of a semiconductor can be estimated using the following equation for
semiconductor,

ohv= A (hv- Eg)"

where, A is a constant, a is the absorption coefficient and Eqisthe band gap of the material. The value
of the exponent determines the transition. If the transition is allowed direct n=1/2, for allowed
indirect n=2, forbidden direct n=3/2 and forbidden indirect n=3. The exact value of band gap can be
determined by plotting (ahv)"" versus hv graph and extrapolating the straight line portion of the graph
to hv axis. The UV-Visible spectrum of the sample is shown in Figure 5.

0.74

0.64

Absorbance

o
N
" 1 "

0.14

0.04

T T T T T T T T T T T T T T T
200 300 400 500 600 700 800 900
A(nm)

Fig. 5: UV-Visible spectrum of Pr,Zr,0,
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The optical transition of the sample is reported to be an allowed direct one. Hence in the
following analysis the value of n is set as 1/2. Figure 6 shows the plot of (ahv)® versus hv for sample.
By extrapolating the straight line portions of the plots, the exact value of the band gap are obtained
and was found to be 2.69 eV[18].The Pr compound shows moderate transmittance at UV wavelengths
and the blue end ofthe visible range, gradually increasing to a maximum at the red end.The valance
band and conduction band of Pr,Zr,O; consist of Pr 4f orbitals and Zr 4d orbitals. The energy gap
between these two orbitals strongly depends on the crystallite size. The O 2p orbitals lie below the Pr
4f orbital and do not affect the bandgap of the materials. Hence, the quantum size effect and Pr 4f
orbitals affect the bandgap, resulting in the variation of the bandgap energies for these nanoceramics.

2.2
| | Equation y=a+b*
2 0 Weight No Weighting
““ 7 | Residual Sum of 0.03719
1 | Squares
18 -1 | Pearson's r 0.99741
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1 6 a Value Standard Error
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1.4 1
Nl-\ T B
> . .
£ 1.2+ —— Linear Fit of Sheetl B
E .
= 1.0
0.8 1
0.6 1
0.4 1
0.2 1
0.0 , : : , ,
2 4 6
hv(eV)

Fig. 6: (f(R)hv)1/n versus hv plot of Pr,Zr,0;
4. CONCLUSIONS

A modified combustion process has been developed for the synthesis of nanoparticles of
Pr,Zr,0;. The xrd analysis concluded that the structure is defect fluorite, having cubic lattice.
Average Crystallite size of the sample was calculated from Debey-Scherrer equation is to be 9 nm.
Hall Williamson analysis was carried out to separate the strain contribution in X-ray line broadening.
The size obtained from the analysis was found to be 70 nm, which is many times higher than as that
obtained from Scherrer calculation. This may be due to the anisotropy of the crystal. Band gap energy
of the sample was obtained from UV-Visible spectroscopic analysis of the sample. It was found to be
2.69 eV which is in agreement with the wide band gap nature of defect fluorite. This also supports the
larger anisotropy of the structure.
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fAbstract \

Zinc oxide nano particles prepared using starch as capping agent were prepared and then
incorporated into a zinc terephthalate framework. ZnO@Zinc terephthalate framework composites
were then characterised by FTIR, XRD, SEM and thermogravimetric analysis. N, adsorption
isotherms were obtained to calculate BET surface area and pore parameter of the framework.
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1. INTRODUCTION

Metal-organic frameworks (MFs) otherwise called inorganic coordination polymers are formed
from metal or metal ion clusters which are linked by multitopic organic linkers [1-3]. Porous network
structures have been used in the fields including storage of gas [4], sensing [5], catalysis [6] and for
medicinal filed and as ailments in biomedicine [7, 8]. Functionality and acidic and basic moieties in
the microporous structures gives them unique identification mark among other inorganic polymers.
Supramolecular entities make them more flexible for host guest interactions [9, 10]. Properties of
materials used in the field of ceramics, biopolymers can be enhanced by incorporating the
nanomaterials into the porous metal organic framework [11].

+ @ ———

organic metal ions or metal organic
linkers clusters frameworks
Fig 1: Formation of MOF’s.
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The present work focuses on the synthesis and characterisation of Zinc oxide nanoparticles @
Zinc terephthalate MOF.

2. EXPERIMENTAL

2.1. Preparation of Zinc terephthalate framework (H6J)

Zn(NO);.6H,0 (0.012 mol ) and terephthalic acid (0.012 mol) were dissolved in Dimethyl
formamide with mild stirring, and 3 mL of trimethyl amine (TEA) was added to the solution drop
wise and the system was and heated at 100 °C for 3 hours in an air oven. The resulting crystals were
collected and dried.

2.2. Preparation of ZnO @ Zinc Terephthalate MOF (H7J)

Prepared Zinc terephthalate framework and Zinc acetate was dissolved in dilute HCI solution.
Then solution of NaOH was added to the above solution until precipitation occurs, refluxed for 2
hours. The precipitates were then collected by filtration. The compound was dried at 60°C. These
compounds are named as ZnO@ Zinc terephthalate framework (H7J).

ZnO@Zinc terephthalate framework (H7J) was then calcined at 450 °C for 3 hrs. This calcined
product was named as H8J.

2.3. Preparation of zinc oxide nanoparticles using starch as capping agent (H9J)

0.01 M starch solution was prepared in 100 ml water. 100 mL of 0.1 M zinc acetate solution was
added drop wise to the starch solution. Then 100 mL of 1 M NaOH solution was added to it till the pH
was 12 and the mixture were stirred continuously for 3 hours. The resulting precipitate was filtered,
washed, dried and calcined at 450 °C for 3 hours.

The nanoparticles and the MOF’s were characterised by FTIR, XRD, SEM, BET and
thermogravimetric analysis.

3. RESULTS AND DISCUSSIONS

3.1. FTIR Analysis

Figure 2 shows the FTIR spectrum of Zinc terephthalate framework (H6J), ZnO@Zinc
terephthalate framework (H7J), Calcined ZnO@Zinc terephthalate framework (H8J) and ZnO
nanoparticles (H9J).
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Fig 2: FTIR spectrum of ZnO@ Zinc terephthalate framework composites.

In Zinc terephthalate framework, the peaks at 1400 and 1762 cm™ corresponds to the symmetric
and anti-symmetric vibration of —CO group in H,BDC respectively. Peaks ranging from 1300-825
cm™ correspond to in-plane C-H bending which identifies the possibility of formation of zinc
terephthalate framework. The peaks in ZnO@ Zinc terephthalate framework with a slight deviation of
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fingerprint values show the possibility of entrapping other moieties in the framework. Peaks at 1400—
1500 cm™ corresponds to C=0 bonds. Peaks at 3600 cm™ corresponds to OH stretching vibrations
which indicates the formation of zinc oxide. In Zinc oxide nanoparticles using starch as capping agent
shows peaks at 450-500 cm™ corresponds to metal oxide bond (Zn-O) and the broad peak at 3500
cm™ range corresponds to water molecules. The IR spectrum of calcined ZnO@MOF is exactly
similar to that of zinc oxide prepared by starch as capping agent, which reveals the possibility of the
degradation of ZnO@MOF structure to ZnO.

3.2. X-ray diffraction analysis

Figure 3 represents the XRD pattern of Zinc terephthalate frame works and its ZnO composites.
The powder XRD pattern of Zinc terephthalate (H6J) frameworks shows characteristic peaks at 26
values in the range of 5° to 30° such as at 6.5, 9, 13, 15, 23.7, 24.0, 26.3 and 30. Similar XRD patterns
are reported for Zinc terephthalate framework prepared from different zinc precursor [12].
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Fig. 3: XRD pattern of ZnO@Zinc terephthalate framework composites

XRD pattern of ZnO@Zinc terephthalate framework reveals that the product is composed of both
zinc terephthalate frameworks and ZnO nanoparticles as it is clear from the peaks observed at 31.7,
34.4 and 36.2 corresponds to pure zinc oxide, in addition to the above said peaks of the Zinc
terephthalate framework structure. ZnO and calcined ZnO@MOF show same XRD pattern indicating
the complete conversion of ZnO@MOF to ZnO nanoparticles and their average particle size
calculated from Debye Scherer equation is 25nm.

3.3. SEM analysis

Figures 4 represent the scanning electron micrographs of zinc oxide @ zinc terephthalate frame
work. It shows an irregular flaky crystalline morphology which is different from small crystals with
well-defined cubic morphology for Zinc terephthalate framework reported by Biemmil et al. [12].
The destruction of the cubic morphology to this flaky morphology is attributed to the incorporation of
ZnO nanoparticles.

Figs. 4: SEM images of zinc oxide @ zinc terephthalate frame work.
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Figs. 5: SEM images of calcined zinc oxide @ zinc terephthalate frame work.

The SEM image of the calcined zinc oxide @ zinc terephthalate frame work is shown in Figure 5
Micrograph reveals that the flaky structure has been completely converted into granular morphology
with particle size of 25-40 nm as calculated from XRD. This conversion of morphology clearly
confirms the formation of Zinc oxide by the calcination of zinc oxide @ zinc terephthalate frame
work, which is also clear from the XRD patterns

3.4. BET surface area analysis
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Fig. 6: Nitrogen adsorption and desorption isotherm of ZnO@zinc terephthalate frame work

The BET surface area and Pore parameter of zinc oxide@zinc terephthalate frame work were
calculated according to the N, adsorption isotherms (Figure 6) at 77.35 K. The adsorption and
desorption isotherms are almost same indicating that the configuration of MOF is retained during this
process. Adsorption isotherm resembles type 1V isotherm indicating the mesoporous nature of the
framework. BET surface area of the compound is found to be 5.524 m?/g. This value is insignificant
when compared with BET surface area of zinc terephthalate framework, which is 839.6 m?/g [13].
The decrease in BET surface area is attributed to the encapsulation of ZnO nanoparticles in Zinc
terephthalate framework. Similarly pore volume is found to be 0.175 cc/g which is found to be
smaller than the reported value of 0.34 cc/g [13].
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3.5. Thermogravimetric analysis
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Fig. 7: TG curves of ZnO@Zinc terephthalate framework composites

Thermogravimetric analysis of ZnO@Zinc terephthalate framework composites are shown in
Figure 7. Thermograms of both Zinc terephthalate framework and ZnO@Zinc terephthalate
framework show two major weight losses. The first weight loss, between 40 to 206°C, is assigned to
the removal of solvent molecules occluded within the pores of framework structure. The second
weight loss from 440 to 550°C is attributed to the destruction of terephthalate molecules in the
framework structure. The percentage of weight loss is found to be more for ZnO@Zinc terephthalate
framework. Indicating incorporation of ZnO nanoparticles, which replaces the solvent molecules
occluded in the framework. In the case of Zinc terephthalate framework, the first and second weight
loss is 17% and 22% respectively, but it is 7.7% and 24% respectively for ZnO@Zinc terephthalate
framework. The same kind of two stage decomposition thermogram for zinc terephthalate framework
was reported by Loiseau et al [14]. Thermogram of calcined ZnO@Zinc terephthalate framework
shows no significant weight loss in the whole temperature range of 40 to 800°C. This high thermal
stability is attributed to the formation of ZnO nanoparticles by the calcination of ZnO@Zinc
terephthalate framework.

4. CONCLUSIONS

FT-IR spectrum reveals the presence of characteristic functional group within the MOF structure
and ZnO@MOF composites of terephthalate systems. The formation of ZnO nanoparticles is also
evidenced from FTIR. The crystal structures of all these materials have been identified from XRD
patterns. XRD pattern and FTIR spectrum of ZnO and calcined ZnO@ Zinc terephthalate composites
are found to be same indicating the degradation of framework to ZnO nanoparticles with average
particle size of 25 nm. SEM images of ZnO@Zinc terephthalate show the flaky crystalline
morphology which is different from the normal cubic structure of Zinc terephthalate framework. The
destruction of cubic topology of framework structure is attributed to the incorporation of ZnO
nanoparticles. SEM image of calcined ZnO@ Zinc terephthalate framework structure shows a
granular morphology of size between 25-45 nm which clearly confirms the formation of zinc oxide.
N, adsorption and desorption isotherm is a type-1V isotherm indicates mesoporous framework
structure. Surface area and pore volume calculated from BET equation is less than that of reported
value that confirms the encapsulation of ZnO in Zinc terephthalate framework. Thermal analysis
shows a two stage decomposition thermogram for both Zinc terephthalate framework and ZnO@ Zinc
terephthalate framework systems. But, the percentage of weight loss is found to be more for Zinc
terephthalate framework structures compared to ZnO@ Zinc terephthalate framework composite
systems. This indicates the encapsulation of ZnO in Zinc terephthalate framework
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/Abstract \

Synthesis of oxovanadium (IV) complex with anazodye 4-[(E)—(4-hydroxy-2,5—
dimethylphenyl) diazenyl]-1,5-dimethyl-2—phenyl-1,2—dihydro-3H-pyrazol-3—-one (HL) derived
from 4—-aminoantipyrine and 2,5-dimethylphenol are reported. The complex has been characterized
by elemental analysis, molar conductance, magnetic susceptibility data, FT-IR, UV-Vis, NMR and
ESR spectra.The physico—chemical studies and spectral data indicate that HL acts as a bidentate
chelating ligand. The thermal behaviour of the complex was investigated by thermogravimetric
techniques. The complex is found to be neutral and a square pyramidal geometry has been
tentatively proposed. The ligand HL and complex were screened for antibacterial activity.

Keywords: Azo dye, Oxovanadium(lV) complex, Thermal studies, Antibacterial

1. INTRODUCTION

In the last few years, there was growing interest in the synthesis and physico-chemical studies of
first row transition metal complexes with a number of azo dye ligands [1]. Azo dyes are used for
dyeing of polyester fabrics,cotton and wool [2], certain metal complexes of azo dyes were also found
to be effective for non-linear optical materials [3,4], IR cut—off filters, water ink-jet links, recordable
digital video disks, etc [5]. Metal complexes of azo dye ligand have played a major role in the
development of coordination chemistry. The interest of chemists in the study of oxovanadium(lV)
complexes is due to their powerful influence in inhibiting the function of a large range of enzymes
and promoting the function in effect of diabetic animals and these types of complexes are reported to
have antiviral, antitumor and antibacterial activities [6,7]. They are known to be involved in a number
of biological reactions such as inhibition of DNA, RNA and protein synthesis [8].In the present study
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the synthesis and spectral characterization of oxovanadium(lV) complex of an azo dye, HL was
reported along with its thermogravimetric analysis and antibacterial activity.

2. EXPERIMENTAL

The chemicals used for the synthesis of the compounds were obtained from Merck Chemical
Company, Mumbai, India and used without any further purification.The solvents used were of AR
grade.

2.1. Synthesis of ligand (HL)

Synthesis of ligand, HL (CisH21N4O,) was carried out by diazotization of 4-aminoantipyrine
followed by coupling reaction with 2,5—-dimethylphenol [9]. The product (HL) obtained was filtered
under suction, washed with cold water, dried and recrystallized from methanol. The purity was

ascertained by TLC. The structure of HL is shown in Figure 1.
HO CH,

i @
H3C

Fig. 1: Structure of dimethylphenol azoantipyrine, HL

2.2. Synthesis of oxovanadium(1V) complex

The oxovanadium complex was prepared by the method reported earlier [10]. A hot ethanolic
solution (20 mL) of vanadyl sulphate hydrate (2 mmol) was added to a hot ethanolic solution (20 mL)
of the ligand (2 mmol) and refluxed on a water bath for about 3-5 hours.The resulting solution was
concentrated to half of its volume and allowed to cool. The solid complex formed was filtered and
washed with ethanol and finally dried over calcium chloride in a desiccator.

2.3. Characterization

The melting points of the compounds were studied by using Analab melting point apparatus. FT-
IR spectra of ligand and complex were recorded using KBr pellets on a Perkin EImer Spectrum 65
FT-IR spectrophotometer in the region 400-4000 cm™. The UV-Vis absorption spectrum was
measured in the range 200-800 nm using quartz cuvette on a Perkin Elmer Lambda 25 UV-Vis
Spectrophotometer in methanol solution and its *H NMR spectrum was recorded on a (DMSO-d6,
ppm) 500 MHz Bruker/ TOPSIN NMR instrument using TMS as a reference. Elemental analysis(C,
H, N) were carried out by CHNS Rapid analysis instrument.The electron spin resonance (ESR)
measurements of the complex at liquid nitrogen temperature were recorded on Electron Spin
Resonance Spectrometer-JEOL equipment.Vanadium and sulphate were estimated in the complex by
standard methods [11,12].The molar conductance of the complex in methanol solution (10~ M) at
room temperature was measured using a Systronics direct reading conductivity meter. Magnetic
susceptibility of the complex was measured at room temperature (28+2 °C) on a Sherwood Scientific
Magnetic Susceptibility Balance.The thermo gravimetric measurements were made on Shimadzu
DTG-60 differential thermogravimetry equipment at a heating rate of 10 °C/ min in nitrogen
atmosphere with the temperature range 0-1000 °C.The antibacterial studies of the ligand and complex
were conducted at Biogenix Research Centre, Valiyavila, Thiruvananthapuram.

3. RESULTS AND DISCUSSIONS
The ligand, HL and complex are non-hygroscopic solids. The ligand melt in the range 239-240

°C and the complex remain intact up to 300 °C. The complex is soluble in organic solvents like
chloroform, DMF and DMSO. The molar conductance of 10 M solution of the complex exhibited

[114]
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non-electrolyte behaviour in methanol. The results of elemental analysis and magnetic susceptibility
values of the complex are listed in Table 1.

Table 1: Analytical data of ligand and complex

Ligand/ complex | Color % of C % of H % of N % of S % of V Hett
Obs. Cal. | Obs. | Cal. | Obs. Cal. Obs. | Cal. | Obs. | Cal. | insm
HL Red | 66.87 67.85 | 455 | 5.93 | 15.96 | 16.21 - - - -
[VO(HL)(SO.)] Dark | 45.01 4569 | 4.43 | 4.01 | 1149 | 11.22 | 6.62 6.41 | 10.86 | 10.2 | 1.74
brown

3.1. Spectral measurements

The characteristic IR spectral assignments of ligand and complex are presented in Table 2. A
new band is formed at ~ 3434 cm™ (instead of 3118 cm™) [13] which implies that the H-bond of
ligand was broken and the OH group in the ligand does not participate in coordination with the
VO(IV) ion. The stretching vibration of C=0 in the pyrazolone ring [14],of the ligand is shifted to
~1596 cm™ in the complex showing the participation of the C=O group in coordination. The
stretching vibration N=N group exhibits a negative shift to 1444 cm™ [15] in the complex which
indicates the participation of N=N group of the ligand in the complex formation. A new band is
formed at 974 cm™ in the spectrum of the complex, which indicate a strong V=0 stretching band
[16,17]. Thus IR data suggest neutral bidentate ligand behaviour in the complex. Also the IR spectra
of the complex shows a weak intense band which may be due to vV-N (490 cm™) [18] and vV-O
respectively.The presence of an ionic sulphate group in the complex is confirmed by the appearance
of three bands at 1130-1135, 955-960 and 602-608 cm™ [17] respectively.

Table 2: Spectral measurements of VO(IV) complex of HL

Ligand/ IR spectra NMR (ppm) UV-Vis spectra ESR
complex v(em™) (in ethanol)
v(em™)
HL 3118 (OH), 8 9.85 (s, proton of OH | 39062 (n—7)
1635(C=0), group), 62.65 (s, proton | 26881 (n—n*) -
1494 (N=N) of >C—CHj), §3.37 (s,

proton of N-CHy), &
7.25-7.42 ( m, protons
of phenyl rings)

[VO(HL)(SO4)] | 3434 (OH), 38910 (n—m) A (200),
1596 (C=0), 3 10.2 (s, proton of OH | 31545 (n—xn") | Aular (80),
1444 (N=N), group) 14814 (d- d) Ay, (120),
974 (V=0), 01(2.543),
490 (V—N), gllar(z'lg)i
1130-1135(S04) 0av(2.3076)

955-960 (SO.)

The assignments of *H NMR spectrum of HL is based on earlier reports [19, 20] and listed in
Table 2. On analyzing the spectrum of [VO(HL)SO,], the presence of singlet due to phenolic proton
indicates the non-participation of the —OH group during coordination, which is also confirmed by the
IR spectra.

The electronic spectral bands of VO (IV) complexes of HL recorded in methanol are given in
Table 2. The n—n" and n—n transitions observed in the electronic spectra of the ligand appear in the
spectra of the complex. One more band is observed in complex in the region 14814 cm™ which may
be due to d-d transition [21, 22].

[115]
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3.2. ESR spectrum

The X-band ESR spectrum (Figure 2) of an oxovanadium(lVV) complex was recorded in DMSO
at room temperature and at nitrogen temperature (77K) and analyzed by the method of Mishra et al
[23,24].The room temperature ESR spectra show eight lines,which are due to hyperfine splitting
arising from the interaction of the unpaired electron with a **V nucleus having the nuclear spin which
confirms the presence of a single oxovanadium(lV) cation as the metallic centre in the complex.The
anisotropy is not observed due to rapid tumbling of molecules in solution at room temperature and
only g-average values are obtained. However the anisotropy is clearly visible at liquid nitrogen
temperature and eight bands are observed separately which are in good agreement for a square
pyramidal vanadyl complexes [25-27].The values are measured from the spectra are An, Avtp,Aavdil,
Oir, Gav(Table 2) which are in good agreement for a square-pyramidal structure.

L LR

Fig. 2: ESR spectrum of [VO(HL)SQ,]

3.3. Magnetic susceptibility

The oxovanadium(1V) complex was found to be air stable and exhibit a magnetic moment at
room temperature in the solid state. Oxovanadium(IV) has an electronic configuration of [Ar] 3d" and
hence has a single unpaired electron.The magnetic moment values of the vanadyl complexes ranges
from 1.71-1.76 BM which corresponds to a single electron of the 3d" system of square pyramidal [28]
oxovanadium(lV) molecule.The magnetic moment value of synthesized [VO(HL)SO,] is 1.74 BM
and is shown in Table 1.

3.4. Thermo gravimetric analysis

Thermal studies were carried at the heating rate 10 °C/ min in nitrogen gas is given in Figure 3.
The complex shows a plateau up to 210°C which indicates that the complex is stable up to 210 °C and
no coordinated water molecule is present in the complex. The TG curve shows two stage

[116]
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decomposition, the first stage corresponds to a mass loss of 16.61% (210-290 °C) which can be
assigned to the anionic part,the second stage corresponds to a mass loss of 80.76% (410-550 °C),to
the complete decomposition of the complex to give VO,. Thel6.61 and 80.76% percentage mass loss

during the first and second stage decomposition is in good agreement with the theoretical value.

M ass,mg

[

(=]

(=)
(=)

(=)

o

- Fooon

_emperature.:I:

Fig. 3: TG and DTG curves of [VO(HL)SO,]

m

(=)

Mass loss,mgC

The computational details and the kinetic parameters of the two stages of thermal decomposition

of the complex [VO(HL)SO,] are given in the Table 3. The Coats-Redfern plots of the two stages of
decomposition are given in Figures 4(a) and (b).

The energy of activation for the first stage decomposition is found to be 216.27 kJ/mol and that

of second stage is 236.63 kJ/mol. The values of the correlation coefficient (r) are closer to unity
indicating that the calculated kinetic parameters (Table 4) fit perfectly with the experiment.

Table 3: Computational details of the I and 11 stages of decomposition of [VO(HL)SO4]

Temp (°C) mg TK RT W A ga CR
| 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
210 410 3.24 256 483 683 2.07039 1.46413 0 0 0 0 0 0 - -
220 420 3.20 253 493 693 2.02840 1.44300 0.04 0.03 0.0645 0.0148 0.0689 0.0149 -15.0751 -17.283
230 430 3.12 245 503 703 1.98807 1.42248 0.12 0.11 0.1935 0.0543 0.2400 0.0566 -13.8683 -15.981
240 440 2.99 2.34 513 713 1.94932 1.40252 0.25 0.22 0.4032 0.1086 0.6756 0.1183 -2.87259 -15.272
250 450 2.85 2.19 523 723 1.91205 1.38313 0.39 0.37 0.6290 0.1827 1.6956 0.2123 -11.9911 -14.716
260 460 2.74 2.00 533 733 1.87617 1.36426 05 0.56 0.8064 0.2765 4.1666 0.3513 -1.12993 -14.240
270 470 2.67 176 543 743 1.84162 1.3459 0.57 0.8 0.9193 0.3950 11.400 05714 -0.16061 -13.781
280 480 2.64 154 553 753 1.80832 1.32802 06 1.02 0.9677 0.5037 30.000 0.8389 -9.22952 -13.423
290 490 2.62 128 563 763 1.77620 1.31062 1.0 1.28 - 0.6321 - 1.2973 - -13.014
- 500 - 1.05 773 - 1.29366 - 151 - 0.7456 - 1.9658 - -12.624
- 510 - 0.84 783 - 1.27714 - 1.72 - 0.8494 - 3.1533 - -12.177
- 520 - 0.69 793 - 1.26103 - 1.87 - 0.9234 - 5.2289 - -11.697
- 530 - 0.6 803 - 1.24533 - 1.96 - 0.9679 - 9.1631 - -11.161

CR=InZ2,  n=2, r=0.99945
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Fig. 4: (a) Coats—Redfern plot of stage | decomposition (b) Stage Il decomposition

Table 4. Kinetic parameters for the thermal decomposition of [VO(HL)SO,]

Stage Peak (°C) | Activation Energy | Pre-exponential Entropy of
(E) Term (A) activation(AS)
(kJ/mol) (s (JKmol™)
[ 243 216.27 1.0898x10™ —214.842
Il 486 236.63 1.8274x10% —243.967

On the basis of all the above spectral data and physico-chemical studies, a square pyramidal
geometry (Figure 5) has been tentatively proposed for the complex.

N—nN

HaC R X0

|
N V=—=S80,
SN

o}
CHjy
HiC
OH

Fig. 5: Suggested structure of [VO(HL) SO4]

3.5. Antibacterial activity

The ligand HL and the complex [VO(HL)(SO,)] have been screened for their possible
antibacterial activity by Agar-Well Diffusion method against Staphylococcus aureus and E coli
bacteria at different concentrations (25, 50, and100 pl).The antibacterial activity was assayed by
measuring the diameter of the inhibition zone formed around the well. Gentamycin was used as a
positive control. From the result, it is clear that both the ligand and the complex show the antibacterial
activity (Staphylococcus aureus and E—coli) at different concentrations.

Fig. 6: Antibacterial activity of the ligand HL and its complex [VO(HL)SO4] tords @
Staphylococcus (b) E-coli
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4. CONCLUSIONS

The dimethylphenol azo antipyrine (HL) was synthesized by diazotization and coupling reaction.
The synthesized oxovanadium complex was characterized by elemental analysis, molar conductance,
magnetic susceptibility data, FT-IR, UV-Vis, NMR and ESR spectral studies. The molar conductance
of 10 M solution of the complex exhibited non-electrolyte behaviour in methanol. The physico-
chemical studies and spectral data indicate that the complex has square-pyramidal structure and the
ligand HL coordinate to metal ion through the carbonyl oxygen and nitrogen of azo moiety. The
thermal behaviour of the complex was investigated by thermogravimetric techniques and verifies the
Coats-Redfern equation.The ligand HL and complex were screened for antibacterial activity towards
staphylococcus aureus and E-coli.
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m)stract \

The yellow colored pigment, curcumin present in turmeric is responsible for its various
biological activities like antioxidant, anti-inflammatory and anticarcinogenic activity. Different
functional group present in curcumin includes a —diketone group, carbon—carbon double bond and
two phenyl rings with hydroxy and methoxy substituents. A controversy exists in literature on the
site and mechanism for the antioxidant activity (AOA), the keto—enol/phenolic moiety present in
curcumin. In the present work AOA of curcuminoids and its boron complex with oxalic acid —
rubrocurcumin analogues were conducted which differ in the substituent in the benzene ring. Since
in rubrocurcumin analogue fB-diketone group is blocked through bonding with boron its influence
will be absent in its antioxidant activity.

Q&ywords: curcumin, antioxidant, rubrocurcumin, f—diketone /

1. INTRODUCTION

Curcumin isolating from the rhizomes of the plant turmeric shows remarkable pharmacological
activities and is widely used as a spice and food coloring agent [1-2]. The antioxidant activity of
curcumin is mainly responsible for its biological activities [3—-6]. However its instability in water
mediated system and its low bioavailability reduces its application as an oral drug. Curcumin
derivatives and analogues are better options for drug applications and many reviews are observed in
literature. A closely related molecule of curcumin having enhanced AOA is the best choice. Since
curcumin has different functional groups structure activity relationship study will help to find the
actual antioxidant site for curcumin and the ways to enhance its activity [7-9]. Commercial curcumin
contains three different curcuminoids; curcumin (C1), demethoxycurcumin (C2) and
bisdemethoxycurcumin (C3) and their antioxidant nature decreases in the order C1>C2>C3 [10-11].
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Fig. 1: Keto-enol tautomeric forms of curcumin

Curcumin exist in equilibrium with the keto enol tautomeric forms (Figure 1) and in solution it
exists mainly in enol form. NMR spectroscopic studies in solvents of various polarities have shown
that curcumin exists predominantly as enol tautomer [12-13]. The physical, chemical and biological
activities of curcumin may be due to its unique chemical structure and the existence of keto-enol
tautomeric forms. Curcumin in the enol form has better activity because of its ability to accept and
donate hydrogen bonds and its ability to chelate positively charged metal ions [14].

The enol form of curcumin is excellent metal chelators and will form complexes with all metal
ions and helps to prevent Alzheimer’s disease caused by metal deposition in brain tissues [15-18].
The metal complexation deny the possibility of enolic group to act as the antioxidant centre and the
present group demonstrated a slight decrease in the antioxidant property of transition metal complexes
[19]. In the present work the antioxidant property rubrocurcumin analogues were revealed in which
curcumin complexes with boric acid along with oxalic acid. Rubrocurcumin classically used for the
estimation of boron in different matrices even at low concentration i.e. less than 1 ppm [20]. The less
hydrolytic stability of these boron complexes is its main drawback in using them as
spectrophotometric reagent for boron determination [20-21]. However the low hydrolytic stability of
these complexes makes them a suitable candidate for the carrier system for the delivery of curcumin
in human body.

All curcuminoids; curcumin (C1), demethoxycurcumin (C2) and bisdemethoxycurcumin (C3)
form the corresponding rubrocurcumin analogues RC1, RC2 and RC3 when reacted with boric acid
and oxalic acid (Figure 2) [22]. Another rubrocurcumin analogue (RC4) was prepared using a
curcumin analogue which doesn’t have any substituent in benzene ring (C4). AOA studies of these
compounds will give clear indication regarding the structure activity relationship in the antioxidant
mechanism of curcumin and the influence of methoxy group in its AOA.

HO OH

o/ \o
+
o Toluene, 100°C
B
HO” “OH Stirred for 3 to 5 hrs
+

e OH RC1:R' =R?=OH: R*=R®=0CH,

RC2: R'=R® = OH: R’= H; R*=0CH,

RC3:R' =R?=0H:R®=R*=H

Rc4:R'=R°=R°=R*=H
Fig. 2: Synthesis of rubrocurcumin analogues.
2. MATERIALS AND METHODS

2.1. Antioxidant activity assay

The AOA of curcuminoids and rubrocurcumin analogues were assayed as reported in literature
[25]. To 0.5 mL of diluted ABTS solution having absorbance 0.8 to 0.9, 2.5 mL of sample in
methanol at different concentrations (1-9x10™> pg/mL) were added and the percentage of radical
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scavenged was determined for each concentrations of sample relative to a blank containing no sample.
The percentage inhibition was calculated using the equation

% inhibition = (1—i}100
AC
Where A is the absorbance of the remaining ABTS radical in presence of sample and A is the
absorbance of blank without sample. All the analyses were done in duplicate and the averaged results
were used for analysis of the data. From the % inhibition vs. concentration graph, 50% fall in ABTS
solution was determined as 1Cso value in UM which determines the AOA of a compound.

3. RESULTS AND DISCUSSIONS

DPPH method was commonly employed for the study of free radical scavenging activity
however not suitable for rubrocurcumin analogues since they absorb in the same region of DPPH
radical. The AOA of four different curcuminoids along with all the synthesized rubrocurcumin
analogues were assessed using ABTS method. The AOA values depends on the method used, the time
and reaction conditions such as solvent polarity, pH, temperature and concentration of the reactive
species [19, 26-29]. The radical scavenging activity of curcuminoids and its rubrocurcumin analogues
are shown in Table 1 as ICso values. A larger ICs, value indicates low AOA. The AOA of
curcuminoids decreases in the order C1 > C2 > C3 and are consistent with reported antioxidant
activity of curcuminoids in DPPH method [10]. C4 shows no AOA up to the concentration of 30 x
10~ pg/mL supporting the antioxidant property of curcuminoids is due to the presence of hydroxyl
group present in the phenyl rings [7-8]. The o-methoxy group can form an intramolecularhydrogen
bond with the phenolic hydrogen making the H-atom abstraction from the o-methoxy phenols
surprisingly easy which resulted in the enhance antioxidant activity of C2 and C1 over C3 [30].
However Somparn et al., suggested that the antioxidantactivities of curcumin and its derivatives can
arise both from the o-methoxyphenol and from central methylenic hydrogen in the central seven
carbon chain and B-diketone moiety [10]. However the absence of antioxidant activity of C4 and the
antioxidant activity shown by the transition metal complexes [19] of curcumin show that the enol
moiety have no role in initiation [28] or the antioxidant activity of curcumin and its analogues.

Table 1: ICs values in pM of curcumin and its rubrocurcumin analogues

Curcuminoids 1Cso(uM) Rubrocurcumin analogues 1C50(uM)
Cl 11.65 RC1 11.82
Cc2 15.74 RC2 13.73
C3 21.50 RC3 18.02
C4 No activity RC4 No activity
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Fig. 3: ABTS scavenging activity of curcuminoids and its rubrocurcumin analogues.
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The AOA order of rubrocurcumin analogues is RC1 > RC2 > RC3 indicating the influence of
lactone ring of rubrocurcumin in antioxidant behaviour. Similar to C4, RC4 doesn’t show any AOA
up to the concentration of 30x10™ pg/mL. The percentage inhibition vs. concentration graph used to
calculate the 1Cso values for the curcuminoids and its rubrocurcumin analogues are shown in Figure 3.
The ICs value of C1 and RC1 are comparable and is within the error percentage. However a
comparatively large variation is observed for C2 and C3 with its rubrocurcumin analogues.

Antioxidant reaction mechanism for rubrocurcumin

Litwinienko et al., suggested that the antioxidant activity of curcumin take place by SPLET
mechanism, where the first stage is the ionization of Ar-OH into Ar-O~ anion by the solvent. In the
second stage electron transfer occurs from this anion to free radical [19], which is highly depended on
the hydrogen bonding interaction of solvent with the phenolic moiety [28].The formation of
phenoxide ion determines the AOA activity and is largely depend on the nature of diketone moiety. In
polar medium the enol moiety exchange its hydrogen with the solvent and the formed anionic group
displaces electrons towards the phenolic groups through the extended conjugated structure of
curcumin making the conversion of phenolic OH to Ar-O~ anion less susceptible. In rubrocurcumin
analogues, the diketone moiety complexes with boron atom to form [BO,] moiety which is less
negative and will promote the formation of Ar—O™ anion in faster rate than curcumin. The influence of
charge delocalization is prominent in free Ar—-OH rather than intramolecularly hydrogen bonded Ar-
OH as in C1 and C2. In RC1 methoxy group is present in ortho position forms intramolecular
hydrogen bond which retard the influence electron flow of from [BO,] moiety thus its activity is
similar to that of C1.

The results of AOA of rubrocurcumin analogueis a clear indication that the OH group is not
independently acting as AOA group as claimed by Barclay [7]. The electron flow and the molecular
dissociation via free radical rupture process may be totally different and require detailed investigation
by studying in different solvent systems and rubrocurcumin analogues with changes in lactone rings.

4. CONCLUSIONS

Rubrocurcumin is an admirable molecule which can be used as the biological carriers for
curcumin in human body. Not many studies were reported so far on its biological activities. In this
work an attempt were made to study its AOA using ABTS method. A comparative study was also
conducted between curcuminoids and their corresponding rubrocurcumin analogues to check the
influence of boron complexation in its AOA. From the result it is clear that the rubrocurcumin
analogues are good antioxidant agents similar to curcumin and RC2 and RC3 are more active than its
corresponding curcuminoids. The increase in AOA of these compounds may due to the electronic
interaction of [BO4] moiety towards the antioxidant site.

Acknowledgement

The authors are thankful to the SAIF, CUSAT for carrying out the spectral analysis. One of the
authors (JJ) is grateful to CSIR for its financial support in the form Senior Research Fellowship.

REFERENCES

1. Anand P., Thomas S. G., Kunnumakkara A. B., Sundaram C., Harikumar K. B., Sung B.,
Tharakan S. T., Misra K., Priyadarsini I. K., Rajasekharan K. N., Aggarwal B B., Biochemical
Pharmacology, Vol. 76, 2008, 1590-1611.

2. Chattopadhyay I, Biswas K, Bandyopadhyay U, Banerjee R K., Current Science, 87, 2004, 44-53.

3. Nelson K. M., Dahlin J. L., Bisson J., Graham J., Pauli G. F., Walters M. A., Journal of Medicinal
Chemistry, 60, 2017, 1620.

4. Sun X, LiuY, LiC., Wang X., Zhu R, Liu C,, LiuH., Wang L., Ma R., Fu M., Zhang D., Li Y.,
BioMed Research International,2017, 2017, 1.

[124]



© N

10.
11
12.
13.
14.

15.
16.

17.

18.

19.

20.
21.

22.
23.
24.
25.
26.
217.
28.

29.
30.

Bulletin of Pure and Applied Sciences/ VVol.37-C —Chemistry (No.1)/ January-June 2018

Pulido-Moran M, Moreno—Fernandez, Ramirez—Tortosa, Ramirez—Tortosa M.,. Molecules, 21,
2016, 264.

Liu X-F., Hao J-L., Xie T., Mukhtar N. J., Zhang W., Malik T. H., Lu C. W., Zhou D. D,
Frontiers in Pharmacology, 8, 2017, 66.

Barclay L R, Vingvist M R. Org. Lett.2, 2000, 2841-2843.

Priyadarsini K I. Current Pharmaceutical Design, 19, 2013, 2093-2100.

Javanoic S. V., Boone C. W., Steenken S., Trinoga M., Kaskey R. B., Journal of American
Chemical Society, 123, 2001, 3064-3068.

Somparn P., Phisalaphong C., Nakornchai S., Unchern S., Morales N. P., Biological and
Pharmacological Bulletin, 30, 2007, 74-78.

Sreejayan N., Rao M N., Arzneimittelforschung. 46, 1996, 169-171.

Kawano S, Inohana Y, Hashi Y, Lin J-M., Chinese Chemical Letters, 24, 2013, 685—-687.
Manolova Y., Deneva V., Antonov L., Drakalska E., Momekova D., Lambov N.
SpectrochemicaActa Part A: Molecular and Biomolecular Spectroscopy, 132, 2014, 815-820.
Kumaraswami P., Sethuraman S., Krishnan U. M., Journal of Agriculturaland Food Chemistry,
Vol.61, 2013, 3278-3285.

Baum L., Ng A., Journal of Alzheimer’s disease, 6, 2004, 367-377.

Jiang T., Wang L., Zhang S., Sun P-C., Ding C-F., Chu Y-Q., Zhou P. (2011). Journal of
Molecular Structure, 1004, 2011, 163-173.

Jiang T., Zhi X, Zhang Y., Pan L., Zhou P., BiochimicaetBiophysicaActa Molecular Basis of
Disease, 1822, 2012, 1207-1215.

Jiang T, Zhou G-R, Zhang Y-H, Sun P-C, Du Q-M, Zhou P. RSC Advances, 2, 2012, 9106—
9113.

Priya R. S., Balachandran S., Daisy J., Mohan P. V., Universal. Journal of. Physics and.
Application, 3, 2015, 6-16.

Liu Y-M, Lee K., Marine Chemistry, 115, 2009, 110-117.

Takahashi 1., Ishikuro M., Takada K., Abiko K., Tsunoyama K. Metallurgical and Materials
Transactions A. 41, 2000, 57-60.

John J., Sudha Devi R., Balachandran S., Babu K. V. D., Journal of Thermal Analysis and
Calorimetry, 130, 2017, 2301-2314.

Asha R., Devi R. S., Priva R. S., Balachandran S., Mohanan P. V., Abraham A. Chemical
Biology and Drug Design, 80, 2007, 887-892.

Dinesh Babu K. V., Rajasekaran K. N., Organic Preparations and Procedures International, 26,
1994, 674-717.

Re A, Pellegrini N., Proteggente A., Pannala A., Yang M., Rice-Evance M. Free Radical Biology
and Medicine, 26, 1999, 1231-1237.

Abramovic H, Grobin V., Ulrih N P, Cigic B., ActaChimicaSlovenica, 64, 2017, 491-499.

Anissi J., Hassouni M. E. I., Quardaoui A, Sendide K., Food Chemistry, 150, 2014, 438-447.
Litwinienko G, Ingold K U., Accounts of Chemical Research, 40, 2007, 222-230.

Xie J., Schaich K. M. (2014). Journal of Agricultural and Food Chemistry. 62, 2014, 4251-4260.
Chen W F., Deng S. L., Zhou B., Yang L, Liu Z L., Free Radical Biology and Medicine, 40, 2006,
526-535.

[125]



Original Article Bulletin of Pure and Applied Sciences.
Vol.37 C (Chemistry), No.1, 2018; P.126-130

Print version ISSN 0970 4620

Online version ISSN 2320 320X

DOI 10.5958/2320-320X.2018.00017.1

An integrated approach on evaluation of hydrochemical parameters of
riverine systems in Trivandrum urban area along with phosphate removal
studies

Karthika V. S'?, Harsha Mahadevan®?, V. Viswadas™®, Vinu V. Dev'?, K. Anoop
Krishnan®*

Author Affiliations

"Hydrological Processes (HyP) Group, National Centre for Earth Science Studies (NCESS), Akkulam,
Trivandrum-695011, India

2Department of Chemistry, Government Arts College, Thycaud, Trivandrum-695001, India

®Research Scholar, University of Kerala, Trivandrum, India

Corresponding Author
*K. Anoop Krishnan. Hydrological Processes (HyP) Group, National Centre for Earth Science
Studies (NCESS), Akkulam, Trivandrum-695011, India

E-mail: sreeanoop@rediffmail.com

Received on 16" January 2018
Accepted on 31% January 2018

Abstract

The present work focuses on the quality aspects of riverinesystems in Trivandrum urban area
during premonsoon season of 2017along with phosphate removal studies. Altogether, 11 water
samples collected from Karamanariver, Killiyar and Parvathy Puthanar canal, andsubsequently
analysed for various physic-chemical parameters. In situ measurements made for finding out the
parameters such as pH, electrical conductivity, total dissolved solids and dissolved oxygen, which
was in the range of 6.6-6.9, 265.6-6317.0 puS/cm, 4.7-65.5 mg/L and BDL-4.9 mg/L,
respectively. The biochemical oxygen demand and alkalinity were found to be in the range of
BDL-3.8 mg/L and 19.5-53.7 mg/L, respectively. Other parameters such as chloride (1.4-28.1
mg/L), sulphate (177.6-585.0 mg/L), nitrite (BDL-1.95 mg/L), silicate (7.1-27.3 mg/L) and
phosphate (BDL-5.5 mg/L) were also determined. The results showed that most of the
hydrochemical parameters were found to be within the standard limit prescribed by BI1S(2012)
except hardness, conductivity, TDS and Phosphate. In general, the study was helpful in evaluating
the level of pollution in Trivandrum urban area during pre monsoon season. In the application
side, the phosphate removal studies from Parvathy Puthanar were carried out using a novel
zirconium impregnated bentonite clay.

Keywords: Physic-chemical parameters, Trivandrum urban area, bentonite clay, phosphate
adsorption




Bulletin of Pure and Applied Sciences/ VVol.37-C —Chemistry (No.1)/ January-June 2018

1. INTRODUCTION

Freshwater resources are deteriorating day-by-day and now become a global problem. Therefore,
the continuous monitoring of these precious resources are highly warranted to know the extent of
pollution levels. The physic-chemical and biological characteristics of water bodies showed the health
of a particular environmental system. Any of these parameters beyond the limit of maximum
permissible level may cause serious threat to flora and fauna. Most of the rural communities depends
upon rivers, streams, water reservoirs, ponds, lakes, etc for their domestic as well as agricultural
needs, whereas urban people depends on these water sources for domestic and industrial purposes.
The domestic, agricultural and industrial wastes have been discharged back to these water sources,
from which these water resources get polluted and ultimately lead to different types of diseases and
toxic effects. The human activities includeurbanization and conversion of agricultural land to
impervious building and road increase the rate of urban runoff, the highly contaminated water streams
enriched with nutrients deteriorates the water resources instantaneously leading to eutrophication of
water bodies. Higher pollutant concentration leads to the degradation of water to a very large extend.
Therefore monitoring of physic-chemical and microbiological quality of water required for the safe
and sustainable life on earth.

Nutrient pollution monitoring studies give an input about their dynamics in the riverine systems.
These studies are highly helpful in developing viable treatment techniques to reduce the concentration
of nutrients such as phosphate, below the permissible limits. Among the various techniques,
adsorption is found to be an efficient and ecofriendly technique in removing phosphate from agqueous
phase. In this context, we designed our work by integrating the nutrient monitoring studies in the
riverine systems along with its removal studies for maintaining a sustainable ecosystem in the river
basins.

2. MATERIALS AND METHODS

Thiruvananthapuram district is the capital city of Kerala, situated between north latitudes 8° 17’
and 8° 54' and east longitudes 76° 41' and 77° 17'., Karamana river, Killiyar river and Parvathy
Puthanar are the three major rivers flowing through the urban part of the district, which is being
mainly polluted by municipal wastes and sewerages. To monitor the nutrient flux, the fieldwork was
conducted in these rivers during the pre monsoon season of 2017 and the study area is as shown in
Figure 1.
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Fig. 1: Study Area
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The laboratory analysis of samples was carried out using standard procedures [1]. The titrimetric
methods were used for the determination of total alkalinity and acidity. The amount of DO and BOD
was determined by EDTA titrimetric method. The colorimetric methods of analysis include the
estimations of nitrite, sulphate, silicate and inorganic phosphate. All the chemicals used were of GR
grade.The Mohr’s argentometric titration method was used for chloride determination. At the same
time calcium, magnesium and total hardness was determined by EDTA titrimetric method. The
adsorption experiments were carried out using the riverine water collected from different riverine
streams of Trivandrum urban area using the zirconium pillared bentonite clay.

3. RESULTS AND DISCUSSIONS

3.1. Hydrochemical parameters

The permissible limit for pH prescribed by WHO is 6.5-8.5. The pH below 4.8 and above 9.2 is
deleterious for aquatic organisms especially for fish [2]. The selected samples shows a range of 6.6—
6.9, implies slightly acidic nature of water.Conductivity defines the water quality and it indicates the
level of dissolved solids in water. Collected water samples show conductivity values varies from
265.6 —6317uS/cm. Conductivity was found to be high at station 4 and low at station 7. The TDS
values are ranged from 4.73- 645.50 mg/L. The variation of nitrite in all three riverine systems is
presented in Figure 2.
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The DO concentration more than 5 mg/ L favours good growth of flora and fauna. In the present
study, DO was varied between BDL-4.48 mg/L.In the present study, BOD ranges between BDL-3.84
mg/L. Water sample collected from Karamana river Basin (station 3) having high value of BOD.

Alkalinity is usually imparted by the carbonate or bicarbonate ions of natural water. The
collected samples have alkalinity in the range of 19.52— 53.68 mg/L. In natural freshwater, high
concentration of chlorides may be treated as an indicator of sewer pollution. In the present study,
chloride ranges between 1.4-28.1 mg/L. A maximum value of 28.1 mg/Lwas found at S11, while a
minimum value of 1.4 mg/L was found in S1.Domestic sewage and industrial effluents, besides
biological oxidation of reduced species may add Sulphate to natural water. In our study area, Sulphate
concentration varies from 5.85-177.6 mg/L. Station 5 show higher value of Sulphate
concentration.Nitrite concentration in the present study varies from BDL-1.95 mg/L. Water sample
from Parvathy Puthanar exhibit maximum nitrate (1.95 mg/L).Phosphate determination may help to
judge if the pollution is due to domestic sewage or not [3]. Under normal condition, the concentration
of phosphate should not exceed 5mg/L. In the selected samples phosphate present in the range 0.014-
5.47 mg/L, which indicates high degree of phosphate pollution.In our study area, silicate values range
from 7.07-27.33 mg/L. Overload of silicate may influence the composition of other nutrients
especially phosphate and nitrite. Enrichment of silicate reduced the nutrient concentration. This also
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implies serious environmental issues and deterioration.Hardness of water is caused by polyvalent ions
like Ca?", Mgz+, iron etc, which is dissolved in water. Water containing calcium and magnesium are
said to be hard.In the present study, most of the stations exhibit higher hardness.

3.2 Application of zirconium pillared bentonite clay for cleaning Parvathy Puthanar

Adsorption is not only an economical technique, but also simple in operation as the variables are
rather flexible and the separation is almost complete with in a short time.In order to study phosphate
adsorption,water samples collected from Parvathy Puthanar (man-made canal) is used. The
concentrations of phosphate in Parvathy Puthanar at different stations are shown in Table 1.

Table 1: The phosphate concentration at different stations, Parvathy Puthanar

Stations (Parvathy Puthanar) | Amount of Phosphate (mg/L)
Station 1 5.47
Station 2 3.71
Station 3 2.23

Batch adsorption studies were performed at normal experimental conditions for the removal of
phosphate from the samples collected from Parvathy Puthanar using the zirconium pillared bentonite
clay. In our experiments, phosphate concentration of 15mg/L showed a maximum adsorption of 91.0
%, when the real samples are spiked with 10 mg/L of phosphate solution. The % of adsorption and
spiking details are given in Table 2.

Table 2: The adsorption percentage of phosphate at various spiking events

Station Phosphate Concentration (mg/L) Adsorption (%)

Station 1 | 5.47 mg/L (phosphate present in real system) + 10 mg/L 91%
(Spiking)

Station 2 | 3.71 mg/L (phosphate present in real system) + 12 mg/L 79%
(Spiking)

Station 3 | 2.23 mg/L (phosphate present in real system) + 13 mg/L 87%
(Spiking)

4. CONCLUSIONS

A detailed hydrochemical profiling of three major riverine systems in the urban area of
Trivandrum district carried out. Among the parameters, conductivity, hardness, total dissolved solids
and Phosphatewere found to be above the maximum permissible levels. Considering the nutrient
profile, sulphate shows maximum concentration (5.85-177.66 mg/L) compared to other nutrients such
as nitrite (BDL-1.95 mg/L), silicates (7.07-27.33 mg/L) and phosphate (BDL-5.47 mg/L). The water
samples collected from Parvathy Puthanar exhibit maximum concentration of nitrates and phosphates
shows the high degree of pollution among other rivers.The result of the study concluded that the
present status of the river water system in Trivandrum Urban area is almost suitable for all aquatic
lives, domestic and agricultural uses.Necessary initiatives, therefore, should be taken against river
bank erosion, use of excessive fertilizers and pesticides to improve the overall quality of the water for
sustainable management. Moreover, further research and periodic monitoring of river water quality is
of importance for the improvement or maintenance of the river waters. Also, the newly developed
adsorbent was found to be highly efficient for phosphate removal.
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The current paper has focussed on the synthesis and characterization of calcium ferrite
nanoparticles by solution combustion method. Calcium ferrite nanoparticles were prepared by a
solution based method using calcium chloride (CaCl,), ferrous sulphate (FeSO,), dl-Alanine and
sodium hydroxide (NaOH) as a precipitant and the obtained precipitation was calcined under 500
°C for 4 hours. The resulting material was characterized by using X-ray diffractometry, Scanning
electron microscopy, FTIR Spectroscopy and UV-Vis spectroscopy. The magnetic characterization
was done by using a vibrating sample magnetometer. The electrical conductance, salinity and total
dissolved solid measurements of the prepared nanoparticles were conducted. From PXRD results
the calculated crystalline size is 12 nm. SEM micrograph reveals the formation of spherical
structures. The FTIR spectrum confirms the Ca—O and Fe-O bonds in the sample. The VSM
analysis reveals that the particle shows superparamagnetism.

Qywords: Calcium ferrite, Nanoparticles, Combustion, Super paramagnetism /

1. INTRODUCTION

Ferrites are iron based oxides with technologically fascinating magnetic properties, making them
a prominent category in magnetic materials.The behaviour of ferrite compounds depends on the
method of preparation as well as the purity, crystallinity and magnetic properties of the input
materials [1]. Ferrites are divided into three families; spinels, hexagonal ferrites and garnets. Spinel
type oxides with general formula AB,O, are the most widely used in the family of ferrites [2]. The
ferrite particles in nano-regime with significant change of physical properties provide more
advantages over the bulk ferrites. In the nano—-regime ferrites were found to have undergone changes
in magnetic properties due to superparamagnetism and surface spin effects until the stable magnetism
occurs below the blocking temperature [3,4].
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The CaFe,0,type structure includes edge and corner sharing BOg octahedral, constituting a very
distinctive network similar to the one formed in pervoskite related compounds, this structural network
suggests that interesting physical properties may exist in the CaFe,O, compounds, where B-site atoms
are transition metal magnetic elements, such as high-T¢ superconductivity in cuprates, quantum
magnetic characters in ruthenates, strongly correlated features in magnetates [5]. In comparison with
the other ferrites such as MnFe,O4 NiFe,04 ZnFe,O4 CoFe, 04 and CuFe;O,, calcium ferrite has a
significant advantages; it is biocompatible and eco-friendly due to the presence of Ca*" instead of
heavy metals [6].Calcium ferrites have extensive applications in the optical memory devices [7],
magnetoplumbite structure [8,9] and steel making industries [10,11]. Also it has considerable
applications in information storage devices, magnetic bulk cores, magnetic fluids, microwave
absorbers, catalysts and medical diagnostics [2,3,12].

Combustion synthesis has emerged as an important technique for the synthesis and processing of
advanced ceramics, catalysts, composites, alloys, intermetallicand nanomaterials. In this method, the
exothermicity of the redox chemical reaction is used to produce useful materials. Combustion
synthesis processes are characterized by high temperatures, fast heating rates and short reaction times.
These features make combustion synthesis an attractive method for the manufacture of
technologically useful materials at lower cost compared to conventional ceramic processes [13,14].

2. MATERIALS AND METHODS

Calcium chloride (CaCly), Ferrous sulphate (FeSO,), Sodium hydroxide (NaOH), dl-alanine
and absolute ethanol (99.9%). Calcium chloride and ferrous sulphate were purchased from SD fine
chemicals. All other chemicals were of analytical grade. All the aqueous solutions were prepared
using distilled water.

The first solution 0.2 M CacCl,, 0.4 M FeSO, and 0.2 M dl-alanine was dissolved in 250 mL of
distilled water and the second solution was prepared by 3M NaOH pellets in 250 mL distilled water.
The second solution was added drop by drop with continues stirring on magnetic stirrer. The obtained
particle solution was taken in the condenser and boiled at 100°C temperature for about 2 hours then
the hot solution was filtered using Whatmann filter paper (G-41) and dried at 100 °C in a hot air oven
for about 1 hour, then obtained powder was washed with ethanol 3—4 times to remove the impurities
present in the CaFe,O4 nanoparticles.

Solution combustion derived product was characterised by PXRD. Powder X-ray diffraction
patterns were collected on X’PERT- PRO- PHILIPS X-ray Diffractometer with CuKa radiation with
diffraction angle range 26 = 20°- 80° operating at 40 kV and 30 mA. TheFT-IR studies have been
performed on a Shimadzu DR-43S FTIR Spectrophotometer with KBr pellet technique in the
frequency range 4000- 400 cm™.The UV-Vis spectra of the prepared calcium ferrite nanoparticles
were recorded on Perkin Elmer A25 UV-Vis Spectrophotometer. The Product was morphologically
characterized by SEM analysis which was performed on a JEOL Model JSM-6390LV electron
scanning microscope.The VSM analysis of the prepared CaFe,O, nanoparticles were done on
Lakeshore VSM 7410and the conductance were measured on Thermoscientific Orion 5 Star.

3. RESULTS AND DISCUSSIONS

The calcium ferrite nanoparticles are prepared by solution combustion method and its properties
were characterized by Powder XRD, FT-IR spectroscopy, UV-Vis spectroscopy, Scanning electron
microscopy and VSM analysis.

The crystalline size of the prepared calcium ferrite nanoparticles was obtained from PXRD
results. Infrared spectra give the different vibrational modes present in the sample. The optical
property can be obtained from UV-Vis absorption spectrum. The surface morphology of the prepared
nanoparticles can be studied by SEM micrographs. VSM analysis gives the magnetic properties of the
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calcium ferrite nanoparticles. Also the electrical conductance, salinity and TDS measurements of the
prepared nanoparticles were conducted.

3.1. PXRD studies for phase formation and crystalline size

The formation of nanocrystalline phase of prepared sample was confirmed by PXRD
measurements. The XRD pattern of the obtained calcium ferrite nanoparticle is shown in Figure 1. All
peaks can be well indexed to the structure of calcium ferrite (matched with JCPDS PDF No 72— 1199)
with highly crystalline nature. All the diffraction peaks can be indexed to (220), (320), (040), (131),
(311), (331), (401), (520), (260), (600), (170), (022) and (042) reflections. The crystalline size is
calculated from the full width at half maximum (FWHM) of the diffraction peaks using Debye
Scherer’s formula method [15] using the following equation.

Kk

B BcosO
Where‘d’ is the average crystalline dimension perpendicular to the reflecting phases; ‘A’ is the X— ray
wavelength, k is Scherer’s constant (0.94). ‘B’ is the full width at half maximum (FWHM) intensity
of a Bragg reflection excluding instrumental broadening and ‘@’ is the Bragg’s angle. Here (040)
reflection has maximum intensity. Therefore, full width at half maximum of (040) reflection is
considered as B. The calculated crystalline size of the sample is found to be 12 nm.
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Fig. 1: XRD pattern of the obtained calcium ferrite nanoparticle

3.2. FT-IR spectroscopic studies

FTIR spectroscopy is an imperative vibrational technique to identify and construe the different
bond formation in the material. The FTIR spectrum of calcium ferrite nanoparticles recorded in the
range of 4000-400 cm ™. The bands at 420 cm™, 557 cm™ and 590 cm™ correspond to the stretching
vibrations of Ca—O & Fe-O bonds. The bands at 1138 cm™, 1163 cm™ corresponds to the stretching
vibrations of C-O [16,17].

3.3. UV-Vis spectroscopy studies

In order to determine the optical property, the UV-Vis spectrum was recorded. The sample
shows a strong absorption peaks (Amax) at 262 nm in the UV region and two absorption bands at 364
nm and 463 nm in the visible region. This can be attributed to photo excitation of electron from
valence band to conduction band.
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3.4. Morphological analysis

Figure 2 shows SEM micrographs of CaFe,O, nanoparticles. The micrographs revealed that the
particles are spherically agglomerated having uniform size and distribution. Due to this particle size
cannot be measured and so it can be found out from Transmission Electron Microscopy TEM
analysis.

The agglomeration of CaFe,O, was caused by the high surface energy and magnetic dipole

interaction between ferrite particles [18]. The particles are having large number of voids due to the
release of gaseous products.
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Fig.2: SEM micrographs at different magnifications

3.5 Magnetic characterization based on VSM

The hysteresis curve of the synthesized CaFe,O, nanoparticles was measured using a VSM
(Vibrating sample magnetometer) at room temperature (Fig.3). It is apparent from the figure that the
magnetization of calcium ferrite nanoparticles results in high superparamagnetic behaviour at room
temperature. The magnetic saturation (Ms) value of 1.236 emu/qg is calculated per gram of the sample
at room temperature. The coercivity (Hci) value is 8.73 G. Superparmagnetism is a form of
magnetism, which appears in small ferromagnetic or ferromagnetic nanoparticles [19].
Superparamagnetism occurs in nanoparticles which are single domain, ie; composed of a single
magnetic domain. This is possible when their diameter is below 3-50 nm, depending on the materials
[20].
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Fig. 3: VSM of CaFe,O, nanoparticles

3.6. Measurement of Electrical conductance, salinity and TDS

Calcium ferrite clearly indicates that they are highly clustered, compact have flake like
morphology and well-connected grains. Some of the particles are in spindle like shape with well—
connected grain to each others. The conductivity of calcium ferrite nanoparticle is found to be 2.8
uSem™. The low electrical conductivity of calcium ferrite and high dielectric constant can be utilized
in microwave materials [21].

Salinity is a measure of all the salts dissolved in water [22]. Salinity is usually measured in parts
per thousand (ppt). The salinity of calcium ferrite nanoparticle is 0 ppt. Thus it is insoluble in water.

Total dissolved solids (TDS) is the measure of the combined content of all inorganic and organic
substances contained in a liquid in molecular, ionized or micro—granular suspended form [23,24]. The
two principal methods of measuring total dissolved solids are gravimetric analysis and conductivity.
The TDS of prepared calcium ferrite nanoparticle is 1 mg/L; it is not a health hazard.

4. CONCLUSIONS

CaFe,O, nanoparticles were successfully prepared by the simple solution combustion method
using FeSO, CaCl,and dl-alanine. Powder XRD results shows that the synthesized product is well
matched with JCPDS file no: 72-1199. The average crystalline size is 12 nm which is calculated from
Debye-Scherer’s formula. The FT—-IR spectrum confirms the Ca—O and Fe-O bonds in the sample.
The VSM analysis of the prepared nanoparticles revealed their superparamgnetic behaviour. The
electrical conductance of the sample is found to be 2.8uScm™. SEM micrographs reveal that the
particles are spherically agglomerated.
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/Abstract \

The present work includes the synthesis and characterization of complexes of (E)-4—-((2,6—
dihydroxyphenyl)diazenyl)benzoic acid with metal ions Mn(ll), Cu(ll) and Zn(ll) and characterized
by elemental analysis, spectroscopic data including FT-IR, *"H-NMR and electronic spectra. It has
been found that the azodye behaves as a neutral bidentate N, O donor which chelates with the metal
ions Cu(ll) and Mn(ll) in 1:2 and with Zn(ll) in 1:1 stoichiometry. Magnetic moment and
electrolytic conductance data confirms this. The azodyes and complexes were screened for
antimicrobial activity. The ligand and the complexes show better antimicrobial activity.

4

(eywords: 4—aminobenzoic acid, resorcinol, antimicrobial activity, NMR spectra

1. INTRODUCTION

Many of the metal complexes are deeply colored and are used as dye and pigment before they
were recognized as co-ordination compounds [1]. The structure and constitution of metal complexes
of azo dyes are extensively studied by co-ordination chemists. It was Morgan and his students, who
made significant contribution on the importance of co-ordination chemistry in dyeing technology.
Variation in color or shade, resulting from changes in metal ion present in the bath, as on the fibre
during dyeing supports the formation of co-ordination compounds [2-3].

The azo dyes having a donor group in the ortho position to the azo group are generally
chelating agents. Stability and instability refers to the position of equilibrium, i.e., to the equilibrium
constant. This constant is a measure of enthalpy and entropy changes and hence a thermodynamic
property. The thermodynamic stability of metal chelates is influenced by the basicity of the ligand,
chelate ring size, number of chelate rings per ligand and nature of metal. The stability of metal
complexes increases with increase in basic strength [4]. It is found that the chelate ligands form stable
complexes than those formed by their mono—dentate analogues. The chelate stability arises largely
from favorable entropy changes [5]. In this work we have prepared an azo dye from resorcinol and 4-
amino benzoic acid; (RABA). The complexes of zZn(Il), Mn(Il) and Cu(ll) were prepared using
RABA.
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2. EXPERIMENTAL

2.1. Materials and Methods

All the chemicals used are of analytical grade and purchased from Merck. The complexes were
analyzed for metal and halide content by standard methods [8]. The electrical conductance of the
complexes in methanol and DMF (10~ m solution) were measured at room temperature using a
Systronics direct reading conductivity meter. The Infrared spectra of the ligands and complexes were
recorded in the range of 4000-400 cm™ on a Perkin Elmer spectrum 65 IR spectrophotometer.
Electronic spectra of the ligands and the complexes in methanol were measured in the range 200-900
nm on Perkin EImer Lamda 25 UV-Visible spectrophotometer. The Elemental analyses (C, H, N)
were carried out on a Vario EL-IIl CHN Elemental analyzer at the SAIF, Cochin University of
Science and Technology. The magnetic moments were measured at room temperature on a Sherwood
Scientific magnetic susceptibility meter. The proton NMR spectrum of the ligand and zinc complex
was recorded in Brucker, Ascend™ 400 NMR spectrometer at 400MHz.

2.2. Preparation of ligand

The ligand used for the present study is resorcinol azo benzoic acid [RABA]. 3.425g of 4—
aminobenzoic acid was dissolved in 14ml 1:1 HCI. Then it is cooled. This solution was diazotized by
using a cooled solution of 1.725g of NaNO, in 10ml of water. This solution was filtered and cooled.
Prepared another solution by dissolving 2.75g of resorcinol in 22.5ml 2%NaOH. Into this the
diazotized mixture was added with constant stirring. The red precipitate obtained was allowed to
attain room temperature. It was suction filtered and dried over anhydrous CaCl, in a desiccator.

2.3. Preparation of complexes

The complexes are synthesized by a general method. Methanolic solution of the metal salt
(0.01mol) and ligand (0.01mol) are mixed. The ligand solution is added gradually in small portions
with good stirring to the metal salt solution when sudden color change was occurred indicating the
complex formation. Then it was kept under reflux for 2-3 hours, on a water bath for completion of
reaction. Afterwards, the solid complexes formed were filtered, washed with ethanol to remove excess
ligands. It was then dried in vacuum desiccator.

3. RESULTS AND DISCUSSIONS

The complexes reported here are stable, colored and non-hygroscopic amorphous solids. They
are partially soluble in acetone and methanol, and completely soluble in DMSO, but insoluble in
water, chloroform and ethanol. The microanalytical data are shown in the Table 1 given below. The
experimental values are in good agreement with the theoretical values. Based on the elemental
analysis , the empirical formulae of Zn(ll), Mn(Il) and Cu(ll) complexes can be formulated as
[Zn(RABA)(H,0),]CH;COO’, [Mn(RABA),(H,0),] and [Cu(RABA),] respectively.

Table 1: Microanalytical data of the complexes

Compound C% H% N % 0% Metal %
P Cal Obs Cal | Obs Cal Obs Cal Obs Cal Obs
RABA 60.47 | 60.54 | 3.88 | 3.81 | 10.85 | 10.91 | 24.81 | 23.5 - -

[Zn(RABA)(H;0),] 4353 | 4357 | 3.63 | 3.67 | 7.81 | 7.78 | 26.79 | 26.71 | 18.24 | 18.27
CH3;COO

[Mn(RABA),(H,0),;] | 51.58 | 51.52 | 3.64 | 3.61 | 9.26 | 9.30 | 26.45 | 26.47 | 9.08 | 10.01

[Cu(RABA),] 54.03 | 54.10 | 3.12 | 3.08 | 9.70 | 9.63 | 22.16 | 22.21 | 11.00 | 10.98

The magnetic moment value calculated for Mn(11) and Cu(ll) complexes are 6.12 BM and 1.81
BM respectively. The magnetic moment value supports octahedral structure for Mn(Il) complex and
square planar structure for Cu(ll) complex. The molar conductance of the complexes (10~ molar
concentration) were carried out in DMSO indicated that Mn and Cu complexes are non—electrolytes
[6]. But Zn(11) complxes act as 1:1 electrolyte. The values are presented in the Table 2 below.
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Table 2: Molar Conductance of the complexes in DMSO

Complex Molar Conductance in Assignment
DMSO (ohm™cm?mol™)
[Zn(RABA)(H20),]CH;COO™ 65 1:lelectrolyte
[Mn(RABA),(H,0),] 27 Non-electrolyte
[Cu(RABA)] 32 Non-electrolyte

3.1. UV-Vis Spectra

Table 3 given below shows the electronic spectral details of the synthesised compexes. The
ligand is characterized by two absorption bands in the UV region. A high intensity band at 393nm is
attributed to n— transition and low intensity band at 259 nm is attributed to 7—m_ transition of azo
group. The absorption bands in the complexes are shifted and new bands are appeared due to d—d
transition. The band at 648 nm in Mn(Il) complex suggests an octahedral geometry to the complex.
The bands at 597 nm and 684 nm in Cu (II) complex suggests a square planar geometry to the
complex.

Table 3: Absorptions of the ligand and complexes

Compound Amax (NM) Assignment
RABA 393 n—m
259 e
[Mn(RABA),(H,0),] 394 n—m
259 I
648 d—d transition
[Cu(RABA),] 390 n—m
259 I
597 ’Byy—E,
684 ’Byg—"Byg

3.2. FT-IR Spectra
The IR spectral data (Table 4) of the ligand RABA and complexes with Zn(I1), Mn(I1) and Cu(Il)
are in agreement with an expected range.

Table 4: Infrared spectral data of the ligand and complexes

RABA | Zn(RABA)(H,0),JCH; | [Mn(RABA)(H,0),] | [Cu(RABAY] | Assignment
(®cm™) COO (b cm™) (®cm™) (®cm™) (®cm™)
1477 1417 1412 1420 UN=N
1242 1236 1241 1229 VC_0 (chelated)
1602 1597 1596 1601 V=0 (free)
- 778 728 768 VM-N
- 690 667 653 VM-0

The band at 1477cm™ in the ligand is attributed to azo group. This is shifted to 1417cm™in Zn

complex, 1412cm™ in manganese complex and 1420 cm™ in copper complex suggesting a
coordination of metal ion to nitrogen of azo group. The band at 1242cm ™ in the ligand is attributed to
C-O stretching. This is shifted to 1236cm™ in Zn complex, 1241cm™ in manganese complex and
1229cm™ in copper complex. The carbonyl absorption of ligand and complexes are given by the
bands at 1602cm™ (in ligand), 1597cm™ (in Zn complex), 1596cm™ (in Mn complex) and at 1601cm™
(in Cu complex).
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3.3. NMR Spectra

Proton NMR spectra (Figure 1) of the ligand RABA gives the following signals: Multiplet of
aromatic proton of the benzoic acid part at 7.6-8.1 ppm. Multiplet of aromatic proton of the resorcinol
part at 6.3-6.6 ppm. Singlet signal due to —OH of -COOH group at 12.39 ppm. Singlet signal due to —
OH of resorcinol part at 10.89 ppm.

The proton NMR spectrum of the Zn(ll) complex shows the following signals: Multiplet of
aromatic proton of the benzoic acid part at 7.6-8.1 ppm. Aromatic proton of the resorcinol part shows
a multiplet at 6.3—-6.5 ppm. The singlet obtained due to —OH of —COOH group is seen at 12.57 ppm.
Singlet signal of —OH (resorcinol part) is obtained at 10.79 ppm. From the spectra of the ligand and
the complex we can confirm that one of the —OH group in the resorcinol is coordinated to the metal.
The less intense peak at 10.78 ppm indicates the second —OH group of the resorcinol remain
unchanged in its position. It is not coordinated to the metal.

T

(a)

Q

\

{
N

N
H i

N

HO'

(c)

CH;CO0~

Fig. 2:Proposed structure for (a) [Mn(RABA),(H,0),], (b) [Cu(RABA),] and (c)
[Zn(RABA)(H,0),]CH;COO~

On the basis of these observations and discussions it can be suggested that RABA is acting as a
bidentate ligand. The Zn (Il) and Cu(ll) complexes have co-ordination number four and assumes
tetrahedral and square planar geometry respectively and Mn(11) complex has co-ordination number six
and assume octahedral geometry (Figure 2).
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3.4. Antibacterial activity

The invitro biological screening effect of the investigated compounds were tested against the
bacteria Staphylococcus aureus by using Agar-well diffusion method by taking DMSO as solvent for
RABA and [Mn(RABA),(H,0),].

Fig. 3: Antibacterial activity of (a) RABA and (b) [Mn(RABA),(H,0)]
The result indicates that the [Mn(RABA),(H,0),] shows greater antibacterial activity (Figure 3) than
RABA against Staphylococcus aureus. Stock concentration was taken as 10mg/ml. The details are
given in Table 5.

Table 5: Antibacterial activity of the RABA and [Mn(RABA),(H,0)]

Sample Concentration (ng/mL) Zone of inhibition (cm)
Ligand Streptomycin (10ug) 3.5
RABA 250 Nil
500 Nil
1000 1.0
Mn complex Streptomycin (10ug) 3.5
[Mn(RABA),(H20)] 250 Nil
500 Nil
1000 1.3

3.4.  Antifungal activity

The antifungal activity was determined by Agar well diffusion method with concentration of
stock as 10mg/ml against the organism Candida albicans (Figure 4) and the results are shown in
Table 6. The results indicate that the [Mn(RABA),(H,0),] shows greater antifungal activity than
RABA against Candida albicans.
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Fig. 4: Antibacterial activity of (a) RABA and (b) [Mn(RABA),(H;0).]

Table 6: Antibacterial activity of the RABA and [Mn(RABA),(H,0),]

Sample Concentration (ng/mL) Zone of inhibition (cm)
Ligand Clotrimazole 15
RABA 250 Nil
500 Nil
1000 1.0
Mn complex Clotrimazole 15
[Mn(RABA),(H,0),] 250 Nil
500 Nil
1000 1.3

4. CONCLUSIONS

An azo dye is prepared from resorcinol and 4-amino benzoic acid (RABA). The complexes of Zn(ll),
Mn(11) and Cu(Il) were prepared using RABA. Characterization of the ligand and complexes has been
done on the basis of analytical and physico-chemical methods. From their spectral and magnetic data
it is concluded that the manganese complex possess octahedral geometry having the formula
[Mn(RABA),(H,0),] and copper complex possess square planar geometry having formula
[Cu(RABA),]. Tetrahedral geometry is assigned for the zinc complex [Zn (RABA) (H,0),] on the
basis of conductance measurements, IR and NMR spectral studies. The ligand and metal complexes
were screened for their biological activities against Staphylococcus aureus and Candida albicans. The
ligand and the complexes showed better antimicrobial activity.
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KAbstract x

A novel 1,4-benzothiazine derivative, 1-(3-methyl-4H-benzo[1,4]thiazin-2-yl) ethanone
(ATPAC) is synthesized from 2-aminothiophenol and acetylacetone and is characterized by
elemental analysis, *H NMR, IR spectroscopy and electronic spectroscopy. Antimicrobial property of
the title compound was determined by MIC using E. coli, V. cholerae and C. albicans.

u(eywords: 1,4-benzothiazine, ATPAC, Antimicrobial, j

1. INTRODUCTION

Heterocyclic thiazine derivatives are important because they are biological constituents of many
biomolecules and drugs [1]. It has been noticed that structural modifications in the thiazine and its
derivatives results in valuable medicinal properties that should be further explored through structure
activity relationship (SAR) methods for the development of highly potent compounds against multi—
drug resistant microorganisms and other diseases. Thus, the research to explore different avenues of
chemical modifications of thiazine and its available derivatives to obtain novel active compounds
should be continued [2, 3]. They also act as multidentate ligands for different metals due to the
presence of nitrogen and sulfur atoms and are thus used extensively in coordination chemistry to
obtain new frameworks with potential bioactivity [4]. Several heterocyclic compounds in the
developmental phase have the potential to be part of new drugs and also play an important role in
modern drug discovery [5]. A large number of thiazine ring containing drugs with versatile type of
applications are being used clinically while their chemosensing properties are not explored.

2. EXPERIMENTAL

Synthesis of ATPAC [1-(3—methyl-4H-benzo[1,4]thiazin-2-yl)ethanone]

2—aminothiophenol and acetylacetone were taken in 1:1 stoichiometric ratio and are separately
dissolved in methanol. The two solutions mixed together, stirred for 10 minutes and kept aside for two
days. Orange red crystals obtained were filtered, washed with ethanol and stored in desiccator.
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3. RESULTS AND DISCUSSIONS

A novel 1,4-benzothiazine derivative, [1-(3—-methyl-4H-benzo[1,4]thiazin—2-yl)ethanone] is
synthesized from the reaction between 2—aminothiophenol and acetylacetone (Scheme 1). Formation
of ATPAC in different reaction conditions were explored (Table 1). The reaction was studied: (a)
without solvent at room temperature by intimate mixing in a mortar; (b) in ethanol (i) RT, (ii) with
heating; (c) in ethanol-acetic acid (i) RT, (ii) with heating; (d) in methanol (i) RT, (ii) with heating (e)
in methanol-acetic acid (i) RT, (ii) with heating. The maximum yield was compared and the optimum
reaction condition was fixed according to the reaction temperature, time, solvents etc. Under all
conditions 1,4-benzothiazine was formed exclusively and the best yield was obtained under RT

methanol conditions. Fairly good yields were obtained, with separation of pure crystalline product.
CH,

H
NH, o N CH,
Methanol
+ R — e
RT CH,
SH (o] S
1 2 O o

ATPAC
Scheme 1: Formation of ATPAC

Table 1: Reaction conditions and the corresponding yields of ATPAC

Sovents Reaction conditions Yield
Temperature Time (%0)
Without solvent RT 2 days 95
RT 2 days 98
Methanol 150 °C 5 hours 95
RT 2 days 70
Ethanol 150 °C 5 hours 65
. RT 2 days 5
Ethanol + Acetic acid 150 °C 5 hours 80
. RT 2 days 85
Methanol + Acetic acid 150 °C 5 hours 85

The new ring system was obtained via oxidative cyclization by reacting a mixture of
acetylacetone (1) and 2—-mercapto aniline (2) in methanol at room temperature. Since the 2—mercapto
aniline (2) readily oxidize to bis(o—aminophenyl)disulfide (3) under these reaction conditions, the
reaction is considered to proceed via an intermediate (4), which is readily cyclized by the scission of
the sulfur—sulfur bond upon the attack by the nucleophilic enaminone system. The possible

mechanism is proposed in Scheme 2.
CH; H H
N CH
NH2 o N CH3 3
’ ‘ | CH
3
? ° CH; <
SD oHs D °© atpac ©
H,N @\NH2

3 4
Scheme 2: Mechanism of oxidative cyclization

[144]



Bulletin of Pure and Applied Sciences/ VVol.37-C —Chemistry (No.1)/ January-June 2018

The result of elemental analysis and physical properties of ATPAC are given in Table 2. The
percentages of C, H, N and S showed close agreement with the molecular formula C;;H;;NSO.

Table 2: Physical and analytical data of ATPAC

Compound | Colour | M.P. Elemental percentage Calc. (found)
(°C) C H N S 0]
ATPAC Orange 242 64.077 5.340 6.796 15.530 8.257
Red (64.390) | (4.890) | (6.950) | (15.290) | (8.480)

IR Spectrum of ATPAC
The benzothiazine, ATPAC exhibit a characteristic peak in the region 3443 cm™. This shift to
a lower frequency suggests the possibility of a strong —NH...O intermolecular hydrogen bond. The IR
band observed at 1798 cm™ in ATPAC may be due to carbonyl group. IR spectra of the compound
ATPAC is given in Figure 1.
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Fig. 1: IR Spectrum of ATPAC

'H NMR Spectrum of ATPAC

In the "H NMR spectra of ATPAC, we have a signal at 11.100 ppm, which corresponds to the N—
H proton frequency. Signals in the range 8.866—9.177 ppm with relative intensities in the rato 1:2:1
represent 4 aromatic protons in the benzene ring. We have another signal at around 4.452 ppm. It is
given by methyl protons attached to C=0. Signal at 4.413 ppm also shows the presence of methyl
protons, but attached to Nitrogen. The shift in the NMR frequency of two types of methyl protons is
due to the presence of electronegative oxygen and nitrogen atoms in the vicinity of methyl protons.
There is a sharp signal at around 5.6 ppm which is of DMSO. *H NMR results agree well with the
assigned structure of ATPAC. *H NMR spectrum of ATPAC is shown in Figure 2.
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Fig. 2: 'H NMR Spectrum of ATPAC

Electronic spectrum of ATPAC
Electronic spectrum of ATPAC was recorded in acetonitrile (Figure 3). The spectrum of ATPAC

shows a relatively weak band at 298 nm, assigned to n—=* transition of the thiazine and carbonyl
group. In addition, one strong band also appeared at 220 nm assignable to m—m* transitions,
respectively.

Absorbance

200 300 400 500 600 700 800
W avelength (nm)
Fig. 3: Electronic spectrum of ATPAC

Antimicrobial properties
The synthesized compound ATPAC is screened for the antimicrobial activities against two

bacteria and one fungus. The bacteria used for the study are Escherichia coli and Vibrio cholerae. The
fungus used is Candida albicans. The test was performed using the disc diffusion agar technique. The
minimum inhibitory concentration (MIC) is determined by different concentrations such as 100%,
75%, 50% and 25%. The activity was compared with known antibiotic Erythromycin. The results are
tabulated in Table 3. Photographs showing antimicrobial activities are given below.
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The antimicrobial activity results show that the synthesized ATPAC is active only against V.
cholera and is inactive towards E. Coli and C. Albicans. The MIC value for V. Cholerae is 50%.

Fig. 4: Antimicrobial activity against (a) E. Coli (b) V. Cholera and (c) C. Albicans

Table 3: Antimicrobial activity of ATPAC

Organism Zone of inhibition in mm
100% | 75% | 50% | 25% | Control | Erythromycin
E. coli NZ NZ NZ | Nz NZ 12
V. cholerae 13 10 8 NZ NZ 18
C. albicans NZ NZ NZ | Nz NZ -
NZ: No Zone

4. CONCLUSIONS

An 1,4-benzothiazine derivative was synthesized from 2—aminothiophenol and acetylacetone by
oxidative cyclization reaction. Different reaction conditions are chosen to optimize the best reaction
condition which gives the maximum yield and it was observed that reaction carried out in methanol at
room temperature produced an yield of 98%. The synthesized compound was characterized by means
of elemental analysis, FT-IR, *H NMR and electronic spectroscopy. The compound is active against
the bacteria V. cholera with MIC 50%. Thus, the acetylacetone based benzothiazine provided good
antibacterial agent for V. cholerae.
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/Abstract \

Heterometallic metal organic frameworks (MOFs) of transition metal ions have been
hydrothermally synthesized with 1,4-benzenedicarboxylic acid as the organic linker in ethanol
medium. The synthesized MOFs are found to be nanocrystalline and photoluminescent.

Keywords: MOF, hydrothermal synthesis, 1,4-benzenedicarboxylic acid, nano crystalline

4

1. INTRODUCTION

The discovery of MOFs in eighties created a revolution in chemistry. MOFs are hybrid
crystalline materials with distinct structural properties and tuneable pore size, formed by the
connectivity of metal ions and organic linkers [1]. MOFs find applications in gas storage, separation,
photocatal ysis, optoelectronics, sensors, bioimaging etc. Bimetallic MOFs find applications in gas
storage and separation [2—-4]. But the research in this area is still in its infancy. Hence we have
synthesized bimetallic MOFs of transition metal ions such as zinc(l1), copper(ll) and manganese(ll)
and were characterised using FT-IR, SEM-EDS, PXRD and photoluminescent spectroscopy with a
view to explore their applications in various fields.

2. EXPERIMENTAL

The heterometallic MOFs have been synthesized under solvothermal conditions by the reaction
of 1,4-benzenedicarboxylic acid with corresponding metal salts. Heterobimetallic MOFs have been
synthesised using various combination of transition metal ions such as Zn(Il), Cu(ll) and Mn(Il) with
1,4-BDC in ethanol solvent. The reaction was carried out in an autoclave at 150°C for 3 days under
autogeneous pressure and cooled afterwards to get crystals. The crystals were filtered off, washed
thoroughly with ethanol and dried at room temperature.
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3. RESULTS AND DISCUSSIONS

3.1. IR spectral studies

In the IR spectrum of the ligand, there is a strong band at 1673cm™, due to COOH stretching of
benzene ring. The presence of absorption around 3200-2800cm™ is due to OH stretching of COOH
bond. The band at 3200-2800cm™corresponding to OH is absent in various MOFs. The absorption
band at 1673cm™ in the ligand is shifted from 1673cm™ to values between 1668cm* to 1524cm™ in
all MOFs which indicates that the metal is bonded to carboxylic group.

3.2. Powder XRD Analysis

The PXRD data show the crystalline nature of MOFs. The particle sizes are calculated using
Debye—Scherrer equation, D= K)\/Bcos®. The calculated grain sizes in all the cases show that the
frameworks are nanosized. The nature of the peaks indicates the crystalline nature of MOFs. In the
PXRD patterns of heterobimetallic Zn/Cu -BDC MOF (Fig.1) and Cu/Mn-BDC MOF (Fig.2) the
high intensity Bragg diffraction peaks are observed at 26 = 14.77, 17.69, 24.17, 27.74, and 33.24" and
at 20=18.35, 26.11, 28.06 and 36.48" respectively. The average grain sizes of these MOFs are
calculated as 4.01 nm and 4.08nm respectively, from Debye — Scherrer formula and are found to be
nano sized. The peaks indicate the crystalline nature of MOFs
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Fig.1: Powder XRD of heterobimetallic Zn/Cu-BDC MOF
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Fig. 2: Powder XRD of heterobimetallic Cu/Mn-BDC MOF
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3.3. SEM-EDS Analysis

The morphology of MOF crystals were studied by SEM analysis. The SEM image of
heterobimetallic Zn/Cu-BDC MOF (Fig.3) shows an agglomeration of particles. The SEM image of
heterobimetallic Cu/Mn-BDC MOF (Fig.4) shows that the particles are crystalline in nature and has a
structure similar to a cauliflower.

The elemental analyses of the newly synthesized MOFs of Zn/Cu & Cu/Mn with 14—
Benzenedicarboxylic acid were carried out using EDS (Fig.5 & Fig.6). The results show that all the
compounds contain the expected elements in their energy dispersive spectra. The EDS spectra
confirm the successful synthesis of all these MOFs.

'3
E
2 ym EHT = 5.00 kv Signal A = SE1 Date :12 Oct 2017
|—| WD =11.0mm Mag= 7.00 KX Time :13:29:23

Fig. 3: SEM image of heterobimetallic Zn/Cu -BDC MOF

EHT = 5.00 kv Signal A = SE1 Date :12 Oct 2017
WD =11.0 mm Mag= 5.00 KX Time :15:17:33

Fig. 4: SEM image of heterobimetallic Cu/Mn -BDC MOF

[150]



Bulletin of Pure and Applied Sciences/ VVol.37-C —Chemistry (No.1)/ January-June 2018

3.15K o
2.80K
245K
210K
1.75K

1.40K £y

1.05K

0.70K Zn

035K Cu 7y

0.00K
0.0 1.3 26 39 5.2 6.5 7.8 91 104 117 130 |

Lsec: 20.0 0 Cnts 0.000 keV Det: Octane Plus Det

Fig. 5: EDS of heterobimetallic Zn/Cu -BDC MOF
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Fig. 6: EDS of heterobimetallic Cu/Mn -BDC MOF

3.4. Photoluminescent studies

The solution state photoluminescence properties of the ligand and the synthesized MOFs have
been investigated in methanol at room temperature from 400 —750nm. The ligand shows emission
maxima at 331 when excited at 300nm, corresponding to n—* and n—n* transitions and also due to
conjugation in the ligand.
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Fig. 7: PL of BDC excited at 300 nm

The emission maxima are observed at 404 nm, 426 nm for Zn/Cu MOF, when excited at 360nm.
The emission maxima are observed at 476nm, 503nm and 540nm for Cu/Mn MOF, when excited at
360 nm.
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Fig. 8: PL of heterobimetallic Zn/Cu-BDC MOF (Excitation wavelength 360nm)
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Fig. 9: PL of heterobimetallic Cu/Mn-BDC MOF (Excitation wavelength 360nm)

The PL spectra indicate that the synthesized MOFs are luminescent in nature due to ligand
centred emissions. The emission spectra of transition metal complexes are due to ligand centred
emissions and charge transfer spectra. The metal ion does not seem to have an effect on the shape of
the emission spectra. Detailed investigations on the luminescence lifetimes and quantum yields may
provide the missing insights on the luminescence properties of these compounds.

4. CONCLUSIONS

Photoluminescent and nanocrystalline heterobimetallic MOFs; Zn/Cu BDC MOF and Cu/Mn
BDC MOF have been hydrothermally synthesized and characterized using FT-IR, PXRD, SEM-EDS
and photoluminescent spectroscopy. The applicability of these MOFs as multifunctional materials
may be explored in future research.
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ﬁbstract \

The reaction of UO2(NO3),.6H,0O with the proton transfer compound obtained from 2,2’-
dithiobis(benzoic acid) and 4—-aminoantipyrine, (HAAP".HTBA"), led to the formation of a novel
complex of the formulae [(HAAP),UO,(HTBA),(NOs),]. This complex was characterized using IR,
elemental, NMR and magnetic measurement along with the single crystal X-ray study of the ion
pair. The anion is a six coordinated complex with an octahedral geometry around the UO,(Il) atom.
UO,(I1) complex and (HAAP.HTBA") were screened for antibacterial properties and have exhibited
potential activity.

Qewords: 4—aminoantipyrine, Uranyl, 2,2’—dithiobis(benzoic acid), XRD /}

1. INTRODUCTION

The different aspects of proton transfer systems have been studied by chemists in the recent
years. Proton transfer attracts considerable attention because it plays a key role in a wide variety of
biological and chemical phenomena [1]. Proton transfer in molecular association between carboxylic
acids and Lewis bases confers considerable stability upon the structure making process, resulting
generally in more hydrogen bonding associations particularly in systems involving the protonated
amine functional groups. Fascinating molecular topologies and crystal packing motifs due to
hydrogen bonding interactions are observed in the self assembly of various amines with carboxylic
acids [2, 3]. Molecular association between 4—aminoantipyrine and 2—mercaptobenzoic acid, resulted
in the formation of one such proton transfer salt, (HAAP*.HTBA", Figure 1). In this compound 2,2’—
dithiobisbenzoic acid , the oxidized product of 2—mercaptobenzoic acid acts as the proton donor and
amino group of 4-aminoantipyrine is the proton acceptor. The flexible 2,2’—dithiobisbenzoic acid , a
multifunctional ligand containing both carboxylic and thio groups, can potentially afford various
coordination modes and coordination architectures [4, 5].
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2. EXPERIMENTAL

2.1. Synthesis of proton transfer salt.

The compound HAAP"HTBA™ was synthesized by refluxing equimolar amounts of 2-
mercaptobenzoic acid and 4-amino antipyrine in 50% ethanol-water mixture for 15 h. Brown
coloured blocks (M.P 224°C-225°C), separated after partial room temperature evaporation of the
solvent.

2.2. Synthesis of complex, [(HAAP),UO,(HTBA),(NOs),]

Equimolar solution of UO, (NOs),.6H,0 in methanol (20 mL) was added to a stirring solution of
proton transfer compound,( HAAP*.HTBA") in methanol-acetone mixture and refluxed for about 10h.
The pale yellow solid complexes separated on slow evaporation of the reaction mixture was filtered,
washed with methanol and dried.

3. RESULTS AND DISCUSSIONS

3.1 Single Crystal Structure of the proton transfer ion pair, (HAAP".HTBA")

The compound, (HAAP*.HTBA") crystallizes in the space group P-1 with triclinic crystal system.
The crystal structure reveals the formation of a 1:1 proton transfer compound held together by
hydrogen bonds [5].

Fig. 1: Ortep diagram of (HAAP*.HTBA")

The cation and anion moieties of ligand are held together by a combination of N-H...O and O-
H...O hydrogen bonds. The presence of NH;" is the source of extensive hydrogen bonds in the lattice.
These non-covalent interactions form an extended ID supramolecular chain network.

3.2 Characterization of the complex, [[HAAP),UO,(HTBA),(NOs),]

The infrared spectrum of the ion—pair is characterized by a broad ammonium band centered at
3075 cm™ along with bands at 1608 & 1492 cm™ corresponding to the asymmetric and symmetric
stretching vibrations of N-H bands of NH; “[5]. The C=0 stretch of the pyrazolone ring is observed
at 1664cm™ which remains as such in the complex also. The band corresponding to the stretching of
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carboxylic —C=0, which is observed as a superimpossible band along with the pyrazolone —C=0 in
the ligand spectrum is red shifted to 1697 cm™ in the complex indicates the coordination of carboxylic
—-C=0. The presence of NH;" bands without much shift in frequency in the spectrum of the complex
confers that of the cation moiety does not involve in complex formation. Hence the coordination of
the ion pair ligand to the metal occurs via the anion part only. A new strong peak at 1697 cm™ shows
an increase shift of the metal coordinated C=0 of —COOH group of the anion moiety and a weak
broad band around 3631 cm™ shows the -OH stretching of the COOH group [5,6,7]. Another new
band at 1630cm™ confirms the coordinated COO™ group [8]. Also the strong peak at 1582 cm™ in the
ligand spectrum corresponding to COO- group is lowered to 1562 cm™ in the spectrum of the
complex due to metal coordination. Strong peaks at 1461 cm™ and 1353 cm™ are attributed to
asymmetric and symmetric stretching vibrations of coordinated COO™ group [8]. A strong band
characteristic of trans UQ, is observed at 916 cm™ which may be assigned to v, (0=U=0) and a
medium intensity band at 856 cm™ is assignable to vs (O=U=0) [6]. Two strong bands at 1220cm™
and 1360 cm™ with a separation of 140cm™ corresponding to vl and v4 and a medium band at 1024
cm™ corresponding to v2 of the nitrate group indicate the presence of terminal monodentate nitrate

group [9].

Table 1: Characterization of ligand & the UO,(Il) complex

Compound Composition %found (calc) Hers (BM)
Carbon Hydrogen | Nitrogen
Sulphur
HAAP" . HTBA" 62.15 (63.90) 4.13 12.01 -
10.06 (9.46) (4.73) (12.43)
[(HAAP),UO,(HTBA),(NOs),] 36.23 (35.50) 3.71 4.80 0
14.48 (13.56) (3.57) (5.60)

Table 2: FT-IR bands and tentative assignments of the ligand and UO(11) complex

Compound -C=0 N-H -C=0 | -COO- | -COO- | 0=U=0 | O=U= | wvyn Vu-o
of of of (asy) (sym) (asy) (0]
COOH | NH;" | pyrazol (sym)
one
(HAAP" HTBA") 1664 3075 1664 1582 1492 - - - -
[(HAAP),UO, 1697 3064 1664 1560 1392 916 856 576 465
(HTBA)>(NO3),]

The NMR spectral data of the ligand and the complexes are given in Tables 3 and 4. The ‘H NMR
spectra of the ligand is dominated by the presence NH;", COO-, COOH signals and the complex
spectrum also shows the respective peaks with a slight shift. The **C NMR spectra of the complex
also shows similarity towards the ligand except that there is a blue shift on the carboxylate -C=0
and there is a red shift on the -C=0 of carboxylic acid [10] indicates their coordinating to the metal.

Table 3: *H NMR chemical shifts of ligand and complex

[HAAP".HTBA] [(HAAP);UO,(HTBA),(NOs),] Assignment
2.103 2.231 C-CH;
2.746 2.935 N-CHjs

7.222-8.045 7.185-8.558 Aryl protons
10.262 10.356 NH;" of Pyrazolone
12.647 13.103 Carboxylic COOH

[156]



Bulletin of Pure and Applied Sciences/ VVol.37-C —Chemistry (No.1)/ January-June 2018

Table 4: ®CNMR chemical shift of ligand and complex

[HAAP".HTBA] [(HAAP),UO,(HTBA),(NO;),] Assignment
9.82 10.305 C—CHjs
38.18 37.635 N-NH;
119-138 120-141 Aryl carbons
161 160 —C=0 of pyrazolone
167 163 —C=0 of Carboxylate
170 176 —C=0 of COOH

3.3. Antibacterial Studies

The antibacterial activity of the compound, (HAAP".HTBA") was evaluated by means of Disc
Diffusion [11, 12] method against two gram positive bacteria namely B. Cereus and S. Aureus and
two gram negative bacteria namely V. Cholarae and S . Thyphimurium and the results are discussed in
the Table 5.

Table 5: Zone of growth of antibacterial activity

Compound B. Cerus | V. Cholerae | S. Typhimurium | S. Aureaus
(HAAP" HTBA") 7 mm 9 mm 1 mm 2mm
[(HAAP),UO(HTBA)2(NOs),] 10 mm 9.5 mm 2mm 2.5 mm
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/Abstract \

Jasminum Multiflorum is a shrub having many medicinal values. Its chemical constituents were
extracted with methanol by column chromatography. The components were isolated by TLC and
characterized using spectral techniques such as FTIR, C** NMR and H! NMR. The isolated phenolic
compounds are tannin and flavonoids.

E(eywords: Flavanoid, FTIR, Jasminum multiflorum, Tannin, TLC J

1. INTRODUCTION

Plants have played a significant role in maintaining human health and improving the quality of
human life for thousands of years, and have served humans well as valuable components of
seasonings, beverages, cosmetics, dyes, and medicines [1]. Research on medicinal plants has attracted
considerable attention since they are rich source of natural compounds. Recently the usage of herbal
remedies has been increased among the people. The leaves, roots, and fruits of plants have been used
as traditional medicine. Natural products are phytochemicals that occur naturally in plants. These
phytochemicals are responsible for colour and organoleptic properties, such as the deep purple of
blueberries and smell of garlic. The term is generally used to refer to those chemicals that may have
biological significance but are not established as essential nutrients [1, 2]. Jasminum multiflorum is a
species of Jasmine in the family Oleaceae. It is an ornamental shrub native to India and Southeast
Asia with different biological activities [2-4]. Jasmine flower forms a vital ingredient of almost all
ayurvedic medicines owing to its diverse curing qualities [5]. The present study was carried to detect
the phytoconstituents, followed by the spectroscopic characterization of Jasminum multiflorum.

2. MATERIALS AND METHODS
2.1. Chemicals and methods

Solvents and chemicals used for the present study obtained from Merck, Calbiochem. UV
Spectra was taken in DMSO from 200 to 800 nm using UV-1800(Shimadzu). FT-IR Spectra was
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taken dissolving in DMSO. H' NMR and C** NMR was obtained from National Institute for
Interdisciplinary Science and Technology (CSIR), Thiruvananthapuram.

2.2. Preparation of methanolic extract

The leaves of Jasminum Multiflorum were air dried and pulverized to get powder. From the
powder 40g is weighed and extracted using methanol in a Soxhlet apparatus. Methanol is evaporated,
by using rotary vacuum evaporator (Buchi).

2.3. Column chromatographic separation of compounds

Chromatography is a simple analytical technique used for the separation of the compounds in a
mixture. In column chromatography, the sample is adsorbed in silica and passed through the column
by eluting with different solvents. Compounds are eluted based on the polar nature of the solvent and
the sample component. Silica gel of 100-200 mesh is packed using ethyl acetate. After packing,
column is kept for 60 minutes. Methanolic extract of Jasminum multiflorum is adsorbed in silica. The
column is eluted with solvents petroleum ether, toluene, chloroform, ethyl acetate followed by
gradient elution of methanol and water (90:10, 70:30, 50:50 and 30:70).

2.4. Identification of compounds by TLC

The TLC plate coated with silica gel is used for the separation. Solvent system used is Ethyl
acetate, Methanol: Water (81:11:8). Developed plate is kept in iodine chamber for the visualization of
the compounds.

2.5. Phytochemical analysis
The qualitative analysis for the phytoconstituents such as Tannins, Flavonoids, Saponins, Cardiac
glycosides, Steroids and Terpenoids was performed by reported methods [6, 7].

3. RESULTS AND DISCUSSION

3.1. Phytochemical analysis of Jasminum multiflorum

The active constituents of plants are responsible for their chemotherapeutic value. The
methanolic extract of Jasminum multiflorum was subjected to phytochemical screening for various
phytoconstituents, which revealed the presence of tannins and flavonoids. Phenolic compounds have
been reported to be potential free radical scavengers [8]. The plants rich in tannins have significant
activity in cancer prevention and are used in treating intestinal disorders [9, 10]. Flavonoids are
known to possess a wide range of biological activities such as antioxidant, antimicrobial, anti—
inflammatory and anticancer activities [8, 11-13].

3.2. TLC separation
TLC separation (Fig.1) using Track 13 of Methanol: Water (50:50) shown single spot and R
value at 0.6206. This fraction is characterized by spectroscopic techniques.

Fig. 1: TLC separation of plant extract

[159]
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Table 1: Track and Solvent used

multiflorum leaves

Track | Solvent
8 Chloroform—-d
9,10 | Ethyl acetate
11 Methanol: Water (90:10)
12 Methanol: Water (70:30)
13 Methanol: Water (50:50)
14 Methanol: Water (30:70)

Table 2: TLC Separation of various fraction

Fraction Rs
9 0.7930, 0.5862, 0.5172
10 0.4137, 0.5172
11 0.6206, 0.4137
12 0.6206
13 0.6206

3.3. UV- Visible Spectra

UV Spectrum of the plant extract was taken in DMSO (Fig.2) at a wavelength range of 200 to
800 nm. A single peak was obtained at 276 nm. The spectra for phenolic compounds (tannins) and
flavonoids typically lie in the range of 230-290 nm [14,15]. The result of UV-vis spectroscopic
analysis confirms the presence of tannins and flavonoids in the methanolic extract of Jasminum

multiflorum.
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Fig. 2: UV-vis Spectrum of the plant extract
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3.4. FT-IR Spectra
The FT-IR spectrum (Fig. 3) was recorded to identify the functional groups present in Jasminum
Multiflorum based on the peak values in the region of infrared radiation.
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Fig. 3: FTIR Spectrum of the plant extract

FTIR studies enable the identification of the chemical constituents and elucidation of the
structures of compounds [8, 9]. The major bands were observed at 3423.8, 1654.2, 1434.4, 1404.5,
1017.1 cm™. The peak at 3423.8 cm™ indicates the O—H stretching. The bands 1654.2 cm™, 1434.4
cm™ and 1404.5 cm™ corresponds to the C—C stretch, confirming the presence of aromatic
compounds. The peak at 1311.4 cm™ represents C—O stretch which shows the presence of alcohols,
carboxylic acids, esters and ethers. In addition, some weak absorption bands were also recorded in the
spectra [8,9].

3.5. NMR studies

The C* and HNMR spectra are shown in Fig. 4 and Fig. 5 respectively. The C** NMR
spectrum gave peaks at 71, 163, 172, 207, 209 ppm. The peak at 71ppm corresponds to carbon of C-
O group and those at 163,172,207 and 209 ppm values correspond to C=0 group.
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Fig. 4: **C Spectrum of the plant extract
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Fig. 5: "H NMR Spectrum of the plant extract

4. CONCLUSION

The extract obtained from Jasminum multiflorum was subjected to phytochemical analysis,

which shows the presence of tannin and flavonoids. Using column chromatography and TLC the
components were extracted and isolated. Spectral analysis also showed the presence functional groups

that

may be present in these chemical constituents. Further studies can be carried out regarding its

anti—bacterial activity and other medicinal applications.
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Seasonal Variation in the Fatty Acid Composition of Oil from Mohachao narel, a
Sweet Endosperm Coconut (Cocos nucifera 1.) Population from Maharashtra

P. AJITHKUMAR! AND K. SAMSUDEEN?

!Government Arts College, Thiruvananthapuram
’Central Plantation Crops Research Institute, Kasaragod
email : ajithkumargck@gmail.com

ABSTRACT

Coconut palm (Cocos nucifera L.) is one of nature’s
greatest gifts to mankind, belonging to Arecaceae.
Practically all parts of the plants are useful in one way or
the other but the dried kernel (copra) and the oil extracted
from it are the mostimportant product of the coconut palm.
‘Mohachao Narel’, a coconut variant characterized by
sweet and soft endosperm with less fibre content, has been
reported from Guhagar taluk of Ratnagiri district of
Maharashtra State in India. Farmers of the area get a
premium price for sweet endosperm nuts and the sweet
kernel is mainly used for raw consumption. Two types of
nuts (sweet and normal) were developed in these palms. An
experiment was conducted with an objective to analyze the
fatty acid composition of oil from sweet and normal
endosperm type nut of these palms at various seasons.
Saturated and unsaturated fatty acids, ratio of saturated to
unsaturated fatty acids were estimated. Short and medium
chain saturated fatty acids (SMCSFAs) and long chain
saturated fatty acids (LCSFAs) and their ratio was worked
out. Profile of mono and poly unsaturated fatty acids were
also studied, during three different seasons. Variation in
the composition of fatty acid of coconut oil was noticed
between these two types. The concentration of SMCSFAs
was lower in sweet type. Ratio of SMCSFAs to LCSFAs
was also lower in sweet type. Unsaturated fatty acid was
higher in sweet type. Composition of Unsaturated fatty acid
was also varied between these types. Concentration of
Linoleic acid, an essential fatty acid and Oleic acid was
much higher in sweet type. Mono unsaturated fatty acids
and poly unsaturated fatty acids were higher in sweet type.
The ratio of saturated fatty acid to unsaturated fatty acid
was much lower in sweet type, compared to that of the
normal type. Significant seasonal variations were also
observed in both the types of nuts for all these parameters.
The results indicate that oil from the sweet type coconut is
very unique in terms of fatty acid composition.

Keywords Sweet kernel coconut; fatty acids; GLC;

lauric acid; oleic acid; linoleic acid.

Due to its multifarious uses, coconut (Cocos
nucifera L.) symbolizes an important plant for the
rural communities in developing tropical countries since
it provides the basis for food production and by-product
utilization in addition to its uses in industrial processing
(Persley, 1992). Every part of this ‘tree of life’ is
beneficial to mankind in one manner or other, the most

extensively used part being the endosperm and its
derivatives. Coconut endosperm, which is hard and
white in colour, is rich in proteins, amino acids, sugars,
vitamins, minerals and growth factors. The endosperm
is mostly used for extraction of coconut oil and culinary
purposes.

Certain coconut palms produce nuts containing
soft, jelly-like endosperm, called Makapuno in
Philippines (Torres, 1937), which has been
commercially exploited for product diversification
especially in confectionary industries. Mutants similar
to Makapuno-type have also been reported from other
coconut-growing regions: Coco Gra (Seychelles),
Kopyor (Indonesia), Thairu or Nei Thengai (India),
Dikiri Pol (Sri Lanka), Mapharao Khati (Thailand),
Sap (Vietnam), Niu Garuk (Papua New Guinea) and
Pia (Polynesia) (Arunachalam and Rajesh, 2008). This
Makapuno trait results in abortion of embryo and is
known to occur because of the effect of lethal
recessive gene (Zuniga, 1953). Similar types have been
sporadically reported from India (Arunachalam and
Rajesh, 2008).

Recently, another variant with sweet and soft
endosperm, named ‘Mohachao Narel’ has been
reported from Guhaghar taluk of Ratnagiri district of
Maharashtra State in India (Anitha Karun et al., 2010;
Samsudeen et al., 2010). Studies on fruit component
traits of sweet and normal nuts of this population
revealed that endosperm thickness was similar in both
sweet and normal types, but the endosperm weight
was more in normal types. Copra weight and copra
recovery was more in normal nuts compared to sweet
endosperm types. Oil content of sweet endosperm nuts
was significantly lower than normal endosperm. Total
soluble sugars (Brix values) were same in both type
of nuts, but organoleptic test showed that water in
sweet endosperm nuts was poor in taste. Sweet
endosperm nuts get a premium price and are mainly
used for raw consumption (Samsudeen et al., 2010).

Twenty seven palms of ‘Mohachao Narel” were
located in Guhaghar taluk of Ratnagiri district (N17°
28°55” to N17° 29°50” and E73° 11°03” to E73°
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Table 1. Area percentage of fatty acids in normal
and sweet nuts in all seasons

Area percentage
Fatty acid Normal Sweet

Mean | SD Mean SD
C6(caproic acid) 0.43 | 0.07 0.24 0.02
C8(Caprylic acid) 7.60 | 1.26 4.00 0.33
C10(capric acid) 549 | 0.82 2.66 0.34
C12(lauric acid) 4799 | 1.12 3478 | 2.70
Cl4(myristic acid) | 18.93 | 2.11 21.02 | 0.22
C16(Palmitic acid) 7.28 | 047 13.92 | 0.99
C18(Stearic acid) 220 | 0.27 2.25 0.40
C18:1(Oleic acid) 498 | 1.04 15.66 | 0.81
C18:2(Linoleic acid)| 1.30 | 0.24 4.50 0.75
C24(Lignoceric
acid) 0.13 | 0.01 0.00 0.00

19°50°*). The number of nuts with sweet endosperm
per bunch varied from 10 to 77 percent in different
palms (Samsudeen et al., 2010).

Coconut oil is the most important product of the
coconut palm. Fatty acids are long chain organic acids
having usually from 4 to 30 carbon atoms; they have
single carboxyl group and a long, non polar
hydrocarbon tail; which gives most lipids their
hydrophobic and oily or greasy nature. Fatty acids are
the basic components of triglycerides (stored fat) and
Phospholipids (cell membranes). Three fatty acids
esterified in glycerol is triglyceride. Fat is triglyceride
in solid form, and oil is triglyceride in liquid form. Fatty

Trends in Biosciences 11 (7), 2018

acids are classified as saturated (containing only single
bonds) and unsaturated fatty acids (containing one or
more double bonds). Compound with one double bond
is mono unsaturated fatty acid and those with more
than one double bond are polyunsaturated fatty acids.
Most of the polyunsaturated fatty acids are also
essential fatty acids as human body cannot synthesis
them. Fatty acids are also classified based on its size
or length of carbon chains. Accordingly there are short
chain fatty acids(less than 8 carbon atoms), medium
chain fatty acids(MCFAs) with8 to 12 carbon atoms
and long chain fatty acids(LCFAs) with >12 carbon
atoms. MCFAs are quickly and directly absorbed by
the human body without getting deposited as fat. Hence
they are considered superior to LCFAs in dietary. (Jain
et al., 2005) Present study concentrated on a
comparative analysis of fatty acid profile of oil from
both the sweet type and the normal type nuts in
‘Mohachao Narel’, at various seasons.

MATERIALS AND METHODS

A field survey was conducted during summer
season in the initial stage of the study, at Guhagar
taluk in Ratnagiri district of Maharashtra. A total of
27 mother palms possessing nuts with sweet kernel
(‘NSD’) have been identified in this area. The
identified palms were marked for further studies. In
this study, as many mature nuts as possible from each
of the 27 palms were harvested during three seasons-
pre monsoon , monsoon and post monsoon. The
collected nuts were transported to CPCRI, Kasaragod.

Nuts were dehusked, broken and categorized

Table 2 Area percentage of fatty acid components of oil from normal and sweet type nuts at various

seasons
Area Percentage
Fatty acid Normal Sweet
Post Post

Premonsoon | Monsoon | monsoon | CD | Premonsoon | Monsoon | monsoon | CD
C6 (caproic acid) 0.36 0.40 0.51 0.02 0.25 0.23 0.22 ns
C8 (Caprylic acid) 6.52 7.06 9.23 0.43 4.15 3.57 4.27 0.16
C10 (capric acid) 4.60 5.51 6.38 0.66 2.64 2.30 3.05 0.12
C12 (lauric acid) 47.72 46.89 49.34 0.76 33.64 32.43 38.28 0.83
C14 (myristic acid) 21.60 18.23 16.97 0.90 20.95 21.17 20.95 ns
C16 (Palmitic acid) 7.45 7.61 6.79 0.68 14.51 14.58 12.67 0.78
C18 (Stearic acid) 2.32 2.37 1.90 0.35 2.66 1.88 2.21 0.49
C18:1 (Oleic acid) 4.14 6.31 4.49 0.63 15.78 16.45 14.73 0.74
C18:2 (Linoleic acid) 1.08 1.60 1.23 0.15 5.09 4.88 3.52 0.39
C24 (Lignoceric acid) 0.13 0.14 0.12 0.01 -- -- -- --
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them as sweet or normal types, on the basis of
organoleptic test. Two nuts collected from the
individual experimental palms processed to copra for
oil extraction. Oil was extracted from the copra, using
petroleum ether, in socs plus extractor (Sadasivam and
Manikam, 1996). Clear oil was obtained after the
evaporation of solvent .Qil from ten nuts, each of both
types (sweet and normal) were bulked together for
three different seasons and were separately analyzed
for fatty acid profile. The analysis was replicated thrice
for each type per season and the mean values were
reported. The oil samples (200mg) were used for
methyl esterification and the gas liquid chromatography
(GLC) performed, following the method of Padua
Resurrection and Banzon (1979). The identification
of the peaks was carried out by retention times. The
concentration of each fatty acid was calculated by
dividing the area of the fatty acid by the sum of all
peak areas of fatty acids.

RESULT AND DISCUSSION

Individual fatty acid concentration was worked
out and presented here. Fatty acid compositions were
discussed in terms of saturated, unsaturated, mono-
unsaturated, poly-unsaturated, short and medium chain
saturated fatty acids (SMCSFAs) and long chain
saturated fatty acids (LCSFAs). Significant variations
in concentration of individual fatty acids between these
two types of nuts (fig.1 & 2) and seasons were
observed. The data on fatty acid composition of oil
from both types of nuts in all three seasons together
and those in three seasons separately is presented in
table-1and table-2 respectively.

Saturated fatty acids (SFAs)

The data on different fatty acids of the two types
showed that, there was significant variation in the area
percentage of fatty acids in oils from both. It was
clear from the result that coconut oil contained mostly
saturated fatty acids. Among the saturated fatty acids,
lauric acid (C12) was present in maximum
concentration. Myristic acid (C14) and Palmitic acid
(C16) were also present in appreciable concentrations.
Other saturated fatty acids present were caproic acid
(C6), Caprylic acid (C8), Capric acid (C10), stearic
acid (C18), and Lignoceric acid (C24). The
concentration of all the SMCSFAs (C6 to C12) was
significantly higher in the normal type compared to
those in the sweet type (Table-1). But the concentration
of LCSFAs (C14, C16 and C18) was significantly
higher in sweet type than those in the normal type.

Concentration of palmitic acid was almost double
(13.92%) in sweet type (Table-1). The data showed
that Lignoceric acid was present only in normal type.
Concentration of lauric acid was the highest (47.99%)
in normal type, while it was only 34.78% in sweet
type (Table 1). The result of normal nut is in line with
Gregorio (2005) and Gopala et al. (2010), they reported
that coconut oil is rich source of lauric acid. Lauric
acid has been reported to have antimicrobial properties
(Hoffman et al., 2001; Ouattar et al., 2000; Dawson
et al., 2002; Alexey Ruzin and Richard, 2000). In
addition, Lauric acid has been found to increase high-
density lipoprotein (HDL) or good cholesterol and has
a more favorable effect on lowering the total to HDL
cholesterol ratio than any other fatty acid (Mensink et
al., 2003; Thijssen and Mensink, 2005). Lauric acid
comprises about half of the fatty acid content in
coconut oil. Only other plant source of lauric acid is
palm kernel oil. Otherwise it is found in human breast
milk, cow’s milk and goat’s milk.

Concentration of C6, C8 and C10, in normal nut,
showed a steady and significant increase from pre
monsoon to post monsoon, through the monsoon
season. But in sweet type the variation in C6 was not
significant; while C8 and C10 showed the highest
concentration during post monsoon, followed by pre
monsoon and monsoon (Table-2). Concentration of
lauric acid, in both type of nuts were highest during
post monsoon and the least during monsoon season
(Table-2). Concentration of C14 was significantly
higher (21.6%) during pre monsoon, compared to
monsoon and post monsoon seasons, in normal nuts;
while, in sweet type there was no significant variation
(Table-2). Concentration of palmitic acid was higher
during monsoon season, in both types of nuts, followed
by pre monsoon and post monsoon seasons (Table-
2). Stearic acid concentration was higher and on par
during pre monsoon and monsoon seasons, in normal
nut. But in sweet type it showed higher value (2.66%)
during pre monsoon and the least (1.88%) during
monsoon season (Table-2).

Unsaturated fatty acids (USFAs)

Two USFAs were recorded in both types of nuts.
They were oleic acid (C18:1) and linoleic acid (C18:2).
Concentration of oleic acid (15.66%) and linoleic acid
(4.50%) was higher in sweet type, compared to normal
type (4.98% and 1.30% respectively) (Table-1).
Compared to the saturated fatty acids, both types
showed lower concentration of unsaturated fatty
acids. Higher amount (20.16%) of unsaturated fatty
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acids was in sweet type, while the normal type had
6.28% only (Table-3). Oil with higher content of
unsaturated fatty acids is more vulnerable to lipid
peroxidation or rancidity. On the other hand, the
unsaturated fatty acids increase the levels of good
cholesterol (HDL) by taking the LDL to the liver to
be broken down and removed from the body (Mensink
R. P.,, and Katan M. B. 1989). Hence from dietary
angle sweet type is desirable. Amount of oleic acid
(6.31%) and linoleic acid (1.60%) was significantly
higher during monsoon season, in normal nut; while in
sweet nut, concentration of oleic acid and linoleic acid
was significantly higher and on par during pre monsoon
and monsoon seasons (Table-2).

Table 3. Area percentage and ratio of SFAs and
USFAs (all seasons)

Table 4. Area percentage and ratio of SMCSFAs
and LCSFAs (all seasons)

SMCSFAS
Nut SMCSF /LCSFAS
type AS LCSFAS RATIO
Normal 61.51 28.54 2.16
Sweet 41.68 37.19 1.30

SFAs/USF
Nut type SFAs USFAs As
Normal 90.05 6.28 14.34
Sweet 78.87 20.16 391

Saturated fatty acids to unsaturated fatty
acids ratio

Total saturated fatty acids is higher in normal
type (90.05%) compared to the sweet type (78.87%).
But the sweet type showed higher value of total
unsaturated fatty acids (20.16%) compared to the
normal type (6.28%) (Table-3). The ratio of saturated
fatty acid to unsaturated fatty acid was 14.34% in
normal type, while it was only 3.91% in sweet type
(Table-3). Amount of total SFAs was higher during
post monsoon season, in both types of nuts, followed
by pre monsoon and monsoon seasons (Table-6).
Concentration of total USFAs was significantly higher
during monsoon, in both types of nuts (Table-6). The
ratio of saturated fatty acid to unsaturated fatty acid
was significantly higher during pre monsoon (17.38),
followed by post monsoon (15.92)and monsoon
(11.15),in normal type; while it was higher during post
monsoon (4.47), followed by pre monsoon (3.78) and
monsoon (3.57) seasons (Table-6). Oil with lower ratio
of saturated fatty acid to unsaturated fatty acid
favorably influence the LDL/HDL cholesterol ratio
and is desirable in the diet (Muller et al., 2003). The
present study showed lower ratio of saturated fatty
acid to unsaturated fatty acid in sweet type and hence
desirable for dietary purposes.

Table 5. Area percentage of Mono and Poly
Unsaturated fatty acids (all seasons)

Nut type MUSFAs | PUSFAs Total
Normal 4.93 1.30 6.23
Sweet 15.66 4.50 20.16

Ratio of SMCSFAs and LCSFAs

The content of SMCSFAs (C12 and less) and
LCSFAS (>C12) and the ratio of SMCSFAs to
LCSFAS varied in these two types. The area
percentage of short and medium chain saturated fatty
acids (SMCSFAs) and long chain saturated fatty acids
(LCSFAs) and their ratio are presented in the Table-
4.The result indicated that short and medium chain
saturated fatty acids (SMCSFAs) was higher
(61.51%) in normal type and lower (41.68%) in sweet
type. Long chain saturated fatty acids (LCSFAs) were
higher (37.19%) in sweet type, while it was lower
(28.54%) in normal type. The ratio of SMCSFAs/
LCSFAS was higher (2.16) in normal. It was lower
(1.30) in sweet type. Amount of SMCSFAs was
significantly higher during post monsoon season, in both
types of nuts; while those during pre monsoon and
monsoon seasons were on par (Table-7).
Concentration of LCSFAs was higher during pre
monsoon, followed by monsoon and post monsoon
seasons, in both types of nuts (Table-7). The ratio of
SMCSFAs/LCSFAS was higher during post monsoon,
and it was almost similar during the other seasons, in
both types of nuts (Table-7). Saturated fatty acids
are considered undesirable in the diet mainly because
of the presence of LCSFAS. The SMCSFAs are
directly absorbed and not deposited as fat and hence
are not harmful for human consumption, on the
contrary there are some benefits of including medium
chain fatty acids in the diet (Temme et al., 1997,
Mensink et al., 2003). A high ratio of SMCSFAs/
LCSFAS in the diet has health benefits (Hoffman, 2001;
Mensink and Katan, 1992). The high ratio of
SMCSFAs/LCSFAS in normal type compared to the
sweet type is desirable.
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Table 6. Area percentage and ratio of SFAs and
USFAs during various seasons

Satura- |Unsatura-
Nut Season ted ted SFAs/
type Fatty acid|Fatty acid| USFAs
(SFAs) | (USFAs)
Pre
monsoon 90.71 5.22 17.38
Normal |Monsoon 88.21 791 11.15
Post
monsoon 91.23 5.73 15.92
Pre
monsoon 78.81 20.87 3.78
Sweet [Monsoon 76.15 21.34 3.57
Post
monsoon 81.66 18.25 4.47

Mono and poly unsaturated fatty acids

The area percentage of monounsaturated fatty
acids (MUSFAs) and polyunsaturated fatty
acids(PUSFAs) are presented in table-5. From the
analysis it was observed that both MUSFAs and
PUSFAs were higher in sweet type. The analysis
showed that oleic acid (18:1) was the only
monounsaturated fatty acid present in both the types
and the polyunsaturated fatty acid present was linoleic
acid (18:2). The area percentage of monounsaturated
fatty acid (oleic acid) was 15.66% in sweet type and
4.93% only in normal type. The area percentage of
polyunsaturated fatty acid (linoleic acid) was 4.50%
in sweet type and 1.30% in normal type (Table-5).
Concentration of MUSFAs was significantly higher
during monsoon (6.31%), followed by pre monsoon

Table 7. Area percentage and ratio of SMCSFAs
and LCSFAs during various seasons

Nut SMCSF SMCSFAs/
type Season As LCSFAs LCSFAs
Pre 59020 | 31.50 1.88
monsoon
Normal [Monsoon 59.86 28.35 2.00
Post 6546 | 2578 2.54
monsoon
Pre 4069 | 38.12 1.07
monsoon
Sweet [Monsoon 38.53 37.62 1.02
Post 45.83 | 35.84 128
monsoon

Table 8. Area percentage of mono and poly
unsaturated fatty acids during various

seasons

Nut type [Season MUSFAs | PUSFAs | Total

Normal |Pre 4.14 1.08 522
monsoon
Monsoon 6.31 1.60 791
Post 4.49 1.23 5.72
monsoon

Sweet Pre 15.78 5.09 20.87
monsoon
Monsoon 16.45 4.88 21.33
Post 14.73 3.52 18.25
monsoon

(15.78%) and post monsoon (14.73%), in sweet type;
while in normal type it was higher during monsoon
(6.31%), followed by post monsoon (4.49%) and pre
monsoon (4.14%) (Table-8). Amount of PUSFAs was
higher during pre monsoon (5.09%), followed by
monsoon (4.88%) and post monsoon (3.52%), in sweet
type. It was higher during monsoon (1.60%), followed
by post monsoon (1.23%) and premonsoon (1.08%)
in normal type nut (Table-8).The high content of
MUSFAs, especially oleic acid is associated with a
low incidence of coronary heart disease (CHD)
because it decreases total cholesterol (10%) and low-
density lipoprotein cholesterol (Dennys et al., 2006;
Mensink and Katan, 1989; Rickman, 2004). It was
reported earlier that oleic acid blocks the action of a
cancer-causing oncogene, called HER-2/neu, which
is found in about 30% of breast cancer patients
(Menendez et al., 2005). Present study showed that
total concentration of MUSFAs and PUSFAs was
almost three times higher in sweet type compared to
that in normal type , during all seasons (Table-5 and
8) and hence the sweet type is desirable for dietary
purposes.

The results of the present study showed that the
coconut oil profile in terms of saturated, unsaturated,
mono-unsaturated, poly-unsaturated, short and
medium chain saturated fatty acids (SMCSFAs) and
long chain saturated fatty acids (LCSFAs) were
different in sweet type nut and normal type nut, during
all seasons. It was observed that percentage of short
and medium chain saturated fatty acids (SMCSFAs)
was more in normal type compared to sweet type.
Higher percentage of SMCSFAs found in normal type
was due to presence of more lauric acid, caprylic acid
and caproic acid. Coconut oil is used for human
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Fig. 1. Chromatogram of oil from sweet kernel

consumption, cosmetic and industrial purposes. Quality
required for human consumption is different from that
of other uses. Healthy dietary requirement is the major
factor deciding the selection of oil for consumption.
Coconut oil quality from health angle has been under
scrutiny for some time now. It was considered
unhealthy because of high saturated fatty acid content
around 90% in the coconut oil. But, recent studies have
shown that the medium chain fatty acids which
constitute more than 65% of saturated fatty acids in
coconut oil are good for health (Dayrit, 1995).
According to Rajan (2006), coconut oil is the healthiest
oil on earth because it contains higher content of short
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and medium chain saturated fatty acids (SMCSFAs).
SMCSFAs are directly absorbed from the intestine to
portal veins and transferred to liver for utilization as
ready source of energy (B-oxidation in the
mitochondria). They are not usually circulated or stored,
nor they undergo oxidative stress, and hence
SMCSFAs prove to be most protective and safe for
human consumption. He also revealed that coconut
oil is Cardio protective and prevents degenerative
diseases including cancers. The importance of
SMCSFAs was also reported by Blackburn et
al.,(2001) and Enig (2001). According to them
SMCSFAs do not contribute to the low- density
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Fig. 2. Chromatogram of oil from normal kernel
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lipoprotein (bad cholesterol) in the body. Moreover,
Lauric acid content in coconut oil which is
approximately 50% lead to increase in high-density
lipoprotein (HDL) and has favorable effect on
lowering the total to HDL cholesterol ratio than any
other fatty acid (Mensink et al., 2003; Thijssen and
Mensink, 2005). The result of present study revealed
that oil from normal type nut is better in giving health
benefit compared to the sweet type. The higher
concentration of lauric acid, SMCSFAs and the higher
ratio of SMCSFAs/LCSFAS in the oil of normal type
nuts makes them more suitable for human
consumption.

On the other hand oil from sweet type nuts had
lower level of saturated fatty acids, lower ratio of
saturated fatty acid to unsaturated fatty acid, higher
level of unsaturated, mono and polyunsaturated fatty
acids in the oil of sweet nuts, compared to that from
the normal nut. Oil with lower ratio of saturated fatty
acid to unsaturated fatty acid favorably influence the
LDL/HDL cholesterol ratio and is desirable in the diet
(Muller et al.,2003). This study showed lower ratio of
saturated fatty acid to unsaturated fatty acid in sweet
type and hence desirable for dietary purposes. The
high content of MUSFAs, especially oleic acid is
associated with a low incidence of coronary heart
disease (CHD) because it decreases total cholesterol
(10%) and low-density lipoprotein cholesterol (Dennys
et al., 2006; Rickman, 2004). It was reported earlier
that oleic acid blocks the action of a cancer-causing
oncogene, called HER-2/neu, which is found in about
30% of breast cancer patients (Menendez ef al., 2005).
Present study showed that concentration of MUSFAs
and PUSFAs was three times higher (20.16%) in sweet
type compared to that in normal type (6.23%). The
present study revealed that the fatty acid composition
of oil from sweet type nuts contains a healthy mixture
of all the types of fatty acids. So coconut palms with
sweet nuts, ‘Mohachao Narel’ should be efficiently
exploited for further breeding programme.
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ABSTRACT

The aim of the study is to characterize the bioactive
chemical compounds present in crude methanolic leaf
extract of Acalypha firuticosa. Qualitative determination
of the different biologically active compounds from crude
extracts of A. fruticosa using Gas Chromatography—Mass
Spectrometry (GC-MS) revealed 15 types of high and low
molecular weight chemical entities with varying quantities
present in the leaf extracts. These chemical compounds
are considered biologically and pharmacologically
important. Thus, identification of different biologically
active compounds in the methanolic leaf extracts of A.
Sfruticosa warrants further biological and pharmacological
studies.

Keywords  Acalypha fruticosa, Euphorbiaceae,; crude

extract; bioactive compounds.

Medicinal plants are considered as rich resources
of ingredients which can be used in drug development
either pharmacopoeial, non-pharmacopoeial or
synthetic drugs. It plays an appreciable role in the
development of human cultures around the whole
world. Moreover, some plants are considered as
important source of nutrition and as a result of that
they are recommended for their therapeutic values
(Rooksarr et al., 2017). Isolation of natural products
from plants is still a challenging task. Undoubtedly
hybrid methods like LC-NMR or GC-MS made on-
line structure elucidation possible and provided
impressive examples of natural product identification
without prior isolation (Ammar et al., 2017).

Acalypha fruticosa Forssk. belongs to the family
Euphorbiaceae inhabiting the foot hills of Western
Ghats of Coimbatore and Erode districts, Tamil Nadu,
India. The leaves are prescribed for digestive troubles
such as dyspepsia, colic and diarrhea. The root portion
is used in Siddha system of medicine for curing
gonorrhea (Pullaiah, 2006). Boiled root decoction is
used to cure cerebral malaria (Sahoo, 2001). Despite
these huge medicinal values still the medical properties
of this plant is unexplored yet. Hence, the present work
was aimed at to identifying the therapeutic bioactive
compounds from the study species, Acalypha

fruticosa.

MATERIALS AND METHODS

Collection of plant materials

The clean and healthy leaves of the study species,
Acalypha fruticosa were collected from Chennimalai
(highly arid), Erode district and they were shade dried.

Preparation of plant extracts

To know the presence of major phytochemicals,
the shade dried leaves of the population of
Maruthamalai were made into a fine powder of 40
mesh size using the pulverizer. Following that, 100 g
of the powder was filled in the filter paper and
successively extracted using 500 ml solvents viz.
petroleum ether, hexane, chloroform and finally with
methanol using the soxhlet extractor for 8 — 10 hours
(Gafner et al., 1985). The extract was filtered through
Whatman No.1 filter paper to remove all undissolved
matter, including cellular materials and other
constitutions that are insoluble in the extraction
solvents.

Gas Chromatography - Mass Spectrometry
(GC-MS) (Joachim and Hiibschmann, 2008)

Gas chromatography (GC) analysis was carried
out at South Indian Textile Research Institute
(SITRA), Coimbatore. It is one of the key techniques
generally used for screening/ identification of many
groups of plant phytochemicals. The high attainable
separation power in combination with wide range of
the detectors employing various detection principles
to which it can be coupled makes GC an important,
often irreplaceable tool in the analysis at trace level
of plant phytochemical compounds. Gas
chromatographical study includes the important
optimization process such as i) introduction of sample
extract onto the GC column, ii) separation of its
components on an analytical column and iii) detection
of target analysis by using mass spectrometric (MS)
detector.
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Table 1. Chemical components of the methanolic extract of the Acalypha fruticosa leaves using GC-

MS analysis.

S.No Component Molecular R_etenti_on Molecular weight
formula time/min. (m/z)
1. Benzene, Ethyl (CAS)- CsHio 2.230 106
2. Lycorenan-7-One, 1,8,9,10- Trimethoxy-1-Methyl- C19H2505N 4.111 347
3. Hexyl Tiglate C11H2002 7.643 184
4. 2H- Indeno1,2-B Oxirene Octahydro-1A.Alpha 1B.B- CoH140 8.223 138
5. Aromadendrene CisHos 10.034 204
6. 1,5 Diazacyclododecan-6-One- C10H200N2 10.784 184
7. Phenol, 2,4,-Bis(1,1- Dimethyl ethyl) Ci4 H220 12.506 206
8. 1-Dotriocantonal C32He6O 13.987 466
9. Butenoic acid 3,7 dimethyl 6-octenyl ester C14H2402 14.086 224
10. Vitamin A Aldehyde C20H280 18.809 284
11. 7, 9 -Di —Tert-Butyl-1-Oxaspiro [4,5] Deca — 6,9 Diene C17H2403 19.680 276
—-2,5-DI
12. Cyclopenten-1-one, 4, hydroxyl — 3 methyl -2-(2,4- C11H1402 19.980 178
Pentadienyl)
13. Citronellyl propionate Ci3H2402 22.100 212
14. Piperidine, 1-(2-Phenylethyl)-(CAS) - CisHN 23.121 189
15. 1-Dodecene Ci2Ho 25.263 168

GC-MS analysis

Five ml of methanol extract was evaporated to
dryness and reconstituted in 2 pl methanol. The
extracts were then subjected to GC-MS analysis.
Chromatographic separation was carried out with CE
GC 8000 top MSMD 8000 Fyson instrument with Db
35 mr column (10 mx 0.5 mm, 0.25 im film thickness).
Heating programs were executed from 100 - 250 °C
at 3 minutes by using the helium was used as a carrier
gas with a flow rate of 1 ml/min in the split mode
(1:50). An aliquot (2 il) of oil was injected into the
column with the injector heater at 250 °C.

Analytical conditions

Injection temperature at 250°C, interface
temperature at 200°C, quadruple temperature at 150°C
and ion source temperature at 230°C were maintained.
Injection was performed in split less mode.

Data analysis

The mass spectra of compounds in samples were
obtained by electron ionization (EI) at 70 eV, and the
detector operated in scan mode from 20 to 600 atomic
mass units (amu). Identifications were based on the
molecular structure, molecular mass and calculated
fragmentations. Resolved spectra were identified for
phytochemicals by using the standard mass spectral
database of WILEY and NIST.

RESULTS AND DISCUSSION

The methanol extracts of the leaves of A.
fruticosa were obtained from dry habitat of
Chennimalai (highly arid) and subjected to GC-MS
analysis. The phytochemical components with their
retention time (RT/min.), molecular formula and
molecular weight (m/z) are presented in Table 1 and
Figs. 1 - 15. The analysis by using GC-MS technique
revealed the presence of following fifteen compounds:
One compound of phenolic group, Phenol, 2,4,-Bis(1,1-
Dimethyl ethyl), one compound of aldehyde group,
Vitamin A aldehyde, one compound of alkane group,
Cyclopenten-1-one, 4, hydroxyl - 3 methyl -2-(2,4-
Pentadienyl), five compounds of alkaloid group, 2H-
Indeno12-B Oxirene Octahydro-1A.Alpha 1B.B-,
Lycorenan-7-One, 1,8,9,10- Trimethoxy-1-Methyl-,
Benzene Ethyl (CAS)-, Piperidine, 1-(2-Phenylethyl)-
(CAS) and quinone alkaloids of 1 - Dodecene, one
compound of diterpenoid group, 7, 9 -Di —Tert-Butyl-
1-Oxaspiro [4,5] Deca — 6,9 Diene — 2,5-DI, four
compounds of saturated cyclic hydrocarbon group,
Citronellyl propionate, Butenoic acid 3,7 dimethyl 6-
octenyl ester, Hexyl Tiglate and 1,5
Diazacyclododecan-6-One, one compound of
sesquiterpenoids group, Aromadendrene and one
compound of fatty alcohol, 1-Dotriocantonal. They
are mainly the constituents of essential oils such as
aromatic phenolic compounds, and a single
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Fig. 1. Mass spectra of the methanolic extract component I of Acalypha fruticosa leaves of Chennimalai

population.
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Fig. 2. Mass spectra of the methanolic extract component II of Acalypha fruticosa leaves of Chennimalai
population.
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Fig. 3. Mass spectra of the methanolic extract component III of Acalypha fruticosa leaves of Chennimalai

population.
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Fig. 4. Mass spectra of the methanolic extract component IV of Acalypha fruticosa leaves of Chennimalai
population.
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Fig. 5. Mass spectra of the methanolic extract component V of Acalypha fruticosa leaves of Chennimalai

population.
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Fig. 6. Mass spectra of the methanolic extract component VI of Acalypha fruticosa leaves of
Chennimalai population.
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Fig. 7. Mass spectra of the methanolic extract component VII of Acalypha fruticosa leaves of

Chennimalai population.
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Fig. 8. Mass spectra of the methanolic extract component VIII of Acalypha fruticosa leaves of

Chennimalai population.



ANADAKUMAR et al., Identification of Bioactive Compounds Present in the Crude Methanolic Leaf Extract 1009

Sample ID; AND Acquired on 18-Jul-2009 at 18:57:3E
Reverse fit factor [REV]; 514
EM-26 1202 (14.026) Rf (2,6.000)
1 Bfef
T fig .0
o

|
: 123.2

D—:MWMM[...l‘rl‘l....'l.|...|'....l....l....|....,.---.----.---

R:G17  MIST 28625 BUTENOIC ACID, 3 7-DIMETHYL-G-0CTENYL ESTER

Hit 15
woq 4o 0
o] g1.0 ?fﬁjj
] B7.0
] @0 % 1230 1330
| 0 A
il L e
I:I I:IIIIII IIII:IIIIIII:IIIIIII:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|-|-|||‘.E
50.0 100.0 1500 200.0 2500 2000 2500 4000

Fig. 9. Mass spectra of the methanolic extract component 1X of Acalypha fruticosa leaves of
Chennimalai population.
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Fig. 10. Mass spectra of the methanolic extract component X of Acalypha fruticosa leaves of Chennimalai
population.
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Fig. 11. Mass spectra of the methanolic extract component XI of Acalypha fruticosa leaves of
Chennimalai population.
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Fig. 12. Mass spectra of the methanolic extract component XII of Acalypha fruticosa leaves of

Chennimalai population.
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Fig. 13. Mass spectra of the methanolic extract component XIII of Acalypha fruticosa leaves of
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14. Mass spectra of the methanolic extract component XIV of Acalypha fruticosa leaves of
Chennimalai population.
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Fig. 15. Mass spectra of the methanolic extract component XV of Acalypha fruticosa leaves of

Chennimalai population.
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Fig. 16. Gas chromatogram of the methanolic extract of Acalypha fruticosa leaves of Chennimalai

population.
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diterpenoids, 1-Dodecene which has been reported to
have many medicinal properties (Alma et al., 2003).
(Lei et al., 2008) reported that this Dodecene
diterpenoid natural compound have served as anti-
tumor promoting agents. Generally terpenoids are an
important volatile part of plants and play vital role in
traditional herbal remedies. They are used as
antibacterial, antineoplastic, anti-carcinogenic,
antimalarial, anti-ulcer and hepaticidal and diuretic and
other pharmaceutical functions (Rodriguez, 2004;
Bertea, et al., 2005).

CONCLUSION

The GC-MS identification studies may give a
platform for lightening the traditional knowledge in a
perpetual manner. Here we reported the presence of
15 different compounds in methanolic leaf part of A.
fruticosa for exploring the drug leads in
pharmaindustries. Thus, the GC-MS identified
phytoceuticals are indeed responsible for eliciting the
traditional activity of this study species, Acalypha
fruticosa. Futhermore, the phytochemical
characterization of the extracts, the isolation of
responsible bioactive compounds and their biological
activity are necessary for future studies.
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ABSTRACT

The complexity and heterogeneity nature of cancer makes
it difficult to successfully diagnose and treat cancer.
Advances in cancer research have been focused on studying
molecular level of the disease, and nanotechnology plays a
critical role in overcoming the obstacles in cancer biology.
Gold nanoparticles may offer an advanced non-invasive,
site directed therapy against cancer with highly tunable
optical and physico-chemical characteristics Gold
nanoparticles are widely used in biomedical applications
such as imaging, diagnostics, targeted drug delivery and
photo-thermal therapeutic applications. Also gold
nanoparticle renders several advantages of size-shape
tunability, biocompatibility and easy surface modification
method that are useful for studying size effect in biomedical
applications.The present work we checked the antioxidant
and anticancer property of goldnanoparticles. Integrity of
the cell is affected by oxidative stress when the generation
of oxidants overwhelms antioxidant defense mechanism.
Production of free radicals will lead to a disturbance in the
antioxidant mechanism of the cell and finally result in cell
death. These are by products of biological redox reactions
and are involved in various pathological conditions. In this
work we checked the stability of gold nanoparticlein DMEM
at different time intervals. In vitro cytocompatibility of
this drug complex was analysed using MTT Assay, Neutral
Red Assay, Lactate Dehydrogenase Assay in 3T3L1
adipocytes. Anti cancer activity of this drug complex on
MCF7 human breast cancer cell line was studied by
morphological analysis using Phase contrast microscopy.

Keywords Anticarcinogenic Activity, Gold

Nanoparticles, In Vitro Approach

Nanotechnology is a multidisciplinary area of
research in life sciences, engineering and medicine
with broad band applications for molecular imaging,
molecular diagnosis and targeted therapy (Misraet al.,
2010).Nanotechnology may be used to achieve
therapeutic dosing via targeted therapies, sustained
release of drug profiles and provide an intracellular
sanctuary to protecttherapeutic compounds from
efflux or degradation (Panayam and Labhasetwar,
2004).Nanoparticles possess enhanced permeability
and retention effects (EPR), which makes them
accumulate in tumor tissues to higher extents than in
normal tissues due to theleaky tumor blood vasculature
(Ferrariet al., 2005; Iyeret al., 2006). Moreover, the
highsurface area of nanoparticles is advantageous to

load drugs and thus enhance drug’ssolubility, stability
and pharmacokinetic parameters (Ghoshet al., 2008).

Cancer nanotherapies have been implemented
to undertake several limitations of the conventional
drug delivery systems, which are: nonspecific for
distribution and targeting, low water solubility, poor
oral bioavailability and lower therapeutic efficacy (Yih
and Al Fandi, 2006).In contrast to normal cells tumor
anatomical defectiveness along with functional
abnormalities such as tumor blood vessels with irregular
shape, dilated, leaky or defective and endothelial cells
disorganized with large fenestrations, results in
extensive leakage of blood plasma components into
the tumor. These features help the retention of
nanoparticles in tumor site, long enough, to allow local
nanoparticle disintegration and release of the drug into
tumor’s vicinity (Wang and Thanou, 2010; Iyeret al.,
2006; Liu et al., 2007) On the other hand, active
targeting overcome permeability limitations of the
passive targeting since it allows tissue penetration and
cellular uptake by cancer cells (Pathaker al., 2007,
Peer et al., 2007; Cho et al., 2008). This active
targeting involves the functionalization of a carrier
system containing the chemotherapeutical agents,
which are selectively recognized by the overexpressed
receptors existing at the surface of the interest cancer
cells (Pathaker al., 2007; Peer et al., 2007; Cho et
al., 2008). The surface charge of gold nanoparticles
has also been shown to be important in determining
particle toxicity, with cationic gold nanoparticles
exhibiting moderate toxicity owing to the electrostatic
binding of the particles to the negatively charged cell
membrane. In contrast, anionic particles have no
toxicity as they are repelled from the membrane
(Goodman et al 2004). Taken together, the size, shape,
and surface charge of gold nanoparticles need to be
carefully considered when designing gold nanoparticles
for human use in order to optimize their therapeutic
function, while concurrently decreasing their toxicity
profile by minimizing their cellular uptake and
interactions. On the other hand, active targeting
overcome permeability limitations of the passive
targeting since it allows tissue penetration and cellular
uptake by cancer cells (Pathaker al., 2007; Peer et
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al., 2007; Cho et al.,, 2008). This active targeting
involves the functionalization of a carrier system
containing the chemotherapeutical agents, which are
selectively recognized by the overexpressed receptors
existing at the surface of the interest cancer cells
(Pathaket al., 2007; Peer et al., 2007; Cho et al.,
2008). Since ligand-receptor interactions can be highly
selective, the functionalization of the nanoparticle
surface will allow a more precise targeting for tissues
of interest and will reduce of the toxic effects in the
surrounding normal tissues (Pathaker al., 2007; Peer
etal., 2007; Cho et al., 2008). As a result, the potential
benefits of such delivery vehicles include, controlled
and long-term release rates, extended bioactivity,
reduced side effects, decreased administrated
frequency to the patient, and the ability to co-deliver
multiple drugs with synergistic effects to the same
target site (Brewer et al., 2011; Pathaket al., 2007,
Farokhzad and Langer, 2009).

MATERIALS AND METHODES

All chemicals and reagents used were of
analytical grade. All biochemical kits were purchased
from M/s Sigma, USA. The cell lines used in the study
(MCEF-7, breast cancer cells) was procured from Rajiv
Gandhi Centre for Biotechnology,
Thiruvananthapuram and normal cell (3T3L1) was
procured from Department of Biotechnology,
University of Kerala.

The Gold nanoparticle was procured from
Department of Optoelectronics, University of Kerala.
All other chemicals and reagents used in the study
were of analytical grade quality

STABILITY ANALYSIS BY UV - VISIBLE
SPECTROPHOTOMETER

Stability of the AuNPs was studied by dispersing
AuNPs in DMEM medium and incubatedat different
time intervals. Absorption spectra of samples were
recorded. The stability of AuNPs in DMEM was
determined using uv — visible spectrophotometer.

ANTIOXIDANT SCAVENGING ASSAYS

Hydrogen peroxide scavenging activity

The hydrogen peroxide scavenging ability was
determined according to the method described by
Ruchet.al., 1989. Compound was dissolved in
phosphate buffer (0.1 M, pH 7.4) at various
concentrations and mixed with 600 il of hydrogen
peroxide solution. Ascorbic acid was used as the
reference compound. The concentration of the
hydrogen peroxide was measured by reading the

absorbance values of the reaction mixtures at 230nm
after 10minutes against a blank solution containing
phosphate buffer without hydrogen peroxide and the
percentage inhibition of hydrogen peroxide was
calculated

Nitric oxide radical scavenging activity

Nitric oxide radical scavenging activity was
performed (Ilavarasan et al.,2005) using Griess
reagent. Sodium nitroprusside (SmM, 1ml) in
phosphate buffer saline (PBS) (0.1 M, 7.4 pH) was
mixed with 3 ml of different conc. of the compound
and incubated at 25°C for 150 min. 0.5 ml of the
samples was mixed with 0.5 ml of Griess reagent and
measure the absorbance at 546 nm. The nitric oxide
radicals scavenging activity was calculated as
percentage inhibition.

DPPH radical scavenging assay

DPPH radical scavenging activity was measured
by the method of Blois et al., 1958. The free radical
scavenging activity of the compound was measured
in terms of hydrogen donating or radical scavenging
ability using the stable radical DPPH. The reaction
mixture containing 2.5 ml of DPPH solution (0.1 mM
in methanol), 0.2 ml plant extract (adjusted to 3 ml by
adding methanol) and absorbance recorded after 30
minutes at 517nm.Quercetin was used as standard.

CELL MORPHOLOGY

Cells were seeded in to a 96 well micro titer
plate (5,000 cells/well) in 10% DMEM and incubated
for 24hours. Once the cells have attached Gold
nanoparticle was added in different concentration
(100-300pg/ml) in duplicate and incubated for 24hours
at 37°C. Cells treated with 10mM concentration of
Cisplatin were taken as positive control and another
set maintained without any treatment as control. The
cell morphology was observed using phase contrast
Mmicroscopy.

CYTOTOXICITY ASSAYS

MTT CELL PROLIFERATION ASSAY
(Mosmann et al., 1983)

Cells were seeded in to 96well microtiterplate
(5000 cells/well) in 10%DMEM and incubated for 24
hours. Once the cells have attached, Gold nanoparticle
was added in different concentration (100-300pg/ml)
in duplicate and incubated for different time intervals
(24,48,72hours) at 37°C. Cells treated with 10mM
concentration of Cisplatin taken as positive control and
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another set maintained without any treatment as
control. The outermost wells of the plate were avoided
to reduce the dying effects. Instead they were filled
with PBS for maintenance of humidity. After
incubation at each time interval the medium was
removed and equal volumes of fresh medium were
added along with 20 ml MTT (5mg/ml) to each well.
The plates were kept for 3hours incubation. The
yellowish MTT is reduced to dark colored formazan
by visible cells only. The fomazan crystals formed
were solubilized with MTT lysis buffer (20% SDS in
50% dimethyl formamide). The plate was kept
protected from light, overnight at 37°C in an incubator.
The color developed was quantitated with ELISA plate
reader (BioRad systems, USA)measuring wavelength
570 nm.

The cells survival (CS) expressed as percentage
was calculated as follows.

CS = (OD drug exposed cell / Mean OD
control wells) x 100

The graph was plotted by taking percentage
viability in the y-axis and concentration of drug in the
X-axis.

NEUTRAL RED UPTAKE (NRU) ASSAY
(Lasarow et al., 1992)

Cells were treated with different concentration
(100-300 pg/ml) in duplicate and incubated for different
time intervals (24,48,72 hours) at 37°C. After
incubation, a solution of Neutral red, a vital dye is added
to the 96 well plates. The plates were incubated at
standard culture conditions to allow neutral red uptake
by the cells. After 2 hours incubation, decanted excess
neutral red and PBS was added to the wells .The
solvent extracts the neutral red dye contained within
the cells. The plates were placed on a plate shaker to
fully extract the neutral red and evenly distribute the
dye in each well and absorbance with a 540 nm was
measured using a micro plate reader (BioRad, USA).
The absorbance value (optical density) are then used
to determine the viability of each well comparing the
optical density of the each material treated well
compared the negative control well.

LDH CYTOTOXICITY ASSAY (Waterbuck
and Meer et al., 2005)

This is a colorimetric assay that quantitatively
measures LDH, a stable cytosolic enzyme that is
released into the culture medium upon cell damage or
lysis occurs during both apoptosis and necrosis
(Wolterbeek and Meer, 2005). LDH catalyzes the

reduction of NAD+ to NADH and H+ by oxidation
of lactate to pyruvate, which in turn catalyze the
reduction of a tetrazolium salt to a colored formazan
and the absorbance of the formazan developed can
read at 490 nm. The amount of formazan produced is
proportional to the amount of LDH released into the
culture medium.

REAGENTS

1.  Assay Buffer: dissolve the cell based assay
buffer tablet in 100 ml distilled water. It should
be stable for 1 year at room temperature.

2. LDH diaphorase- Reconstitute with 150 ml assay
buffer

3. LDH reaction solution

PROCEDURE

Cells were added in 24 well plates, exposed to
gold nanoparticle with different concentration (100-
300 pg/ml) and incubated for different time intervals
(24,48,72 hours). After incubation

the cell suspension was centrifuged at 400 rpm
for 5 minutes and transfer 100 ml of the supernatant
to each well in a microplate. Then add 100 ml of
reaction solution to each well and incubate plate with
gentle shaking for 30minutes at room temperature.
Read the absorbance at 490 nm using a plate reader
(BioRad, USA).

A (A +A | )100

LDH activity can be determined by plotting a
graph against absorbance in y axis and time interval
in X axis.

control

RESULTS

1 CHARACTERISTICS & PROPERTIES OF
GOLD NANOPARTICLES (AuNPs)

1.  1UV-VISIBLE SPECTRUM

The UV-Visible spectrum showed a strong
absorption band of AuNPs and exhibited a
characteristic peak absorption at 530 nm .The strong
absorption band in the visible region is due to the
surface plasmon resonance phenomena, a
characteristic property of AuNPs, which is the origin
of the brilliant red colour of nanoparticle in solution.

1.2DETERMINATION OF THE STABILITY
OF THE PARTICLE

TheUV- Visible spectrum analysis shows that,
AuNPs are stable in DMEM solution at different time
intervals. The results indicate that the particles have
good stability in the medium.



ANJANA et al., Anticarcinogenic Activity of Gold Nanoparticles: An /n Vitro Approach

g
=
g
|

- 530 nm

e e T i Frrl e Tie T3 YT
waelmgh{nm)

Fig. 1. UV-Visible absorption spectrum analysis
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Fig. 4. AuNPs in DMEM (48 hours)

Figure 1-4 show the stability of the particle in DMEM at different time intervals.
2 FREE RADICAL SCAVENGING ASSAYS

Determination of the free radical scavenging activity of AuNPs
A. H,0, ASSAY

800
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Fig.10. Scavenging activity of different concentration of AuNPs on hydrogen peroxide. Values are means
+ SD of six determinations.

B. NITRIC OXIDE ASSAY

A0 1 NITRIC OXIDE ASSAY
90

80 -
70 -+
60 -

50 +
a0 - —— AuNP

30 A == Ascorbic acid

%% of mhibition

20 +
10 A

0 T T T T T
10 20 30 40 50 60

concentration (puM/ml)

Fig. 5. Scavenging activity of different concentration of AuNPs on NO radicals.Ascorbic acid is used as
standard. Values are means = SD of six determinations.
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Fig. 6. DPPH,evaluating the antioxidant potential of AuNPs.Quercetin was used as a standard.Values are
means = SD of six determinations.
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3CYTOCOMPATIBILITY IN NORMAL CELL

Understanding the interactions of nanosized objects with living cells is of greatimportance for the development
of nanobiotechnology because of the increaseddiagnostic and therapeutic applications. Gold nanoparticles (AuNPs)
offer a great potential in the diagnosis of cancer. In order to use this forclinical trials, a detailed study oncellular
uptake,toxicity evaluation and biocompatibility is necessary.

A) MORPHOLOGY OF NORMAL CELL (3T3L1 ADIPOCYTES)
3T3-L1 cells have a fibroblast-like morphology.

Fig. 7. 3T3L1 CELL

4 CYTOCOMPATIBILITY IN NORMAL CELL.

Toxicity of AuNPs at different time interval was checked in normal cells (3T3L1) by MTT, NRU and LDH
leakage assays. The results are shown in the following figures.

a. MTT Assay

120 -

MTT assay

100 -

& 80 -

=2

3

= 60 | =1 00pM/ml
E m200p0M/ml
; = 300pM/ml

40 A . .
m Cisplatin (pU/ml)

20

24 hour 48hour 72 hour

time interval

Fig. 8. Results of MTT assay for AuNPs: Percentage of viability showed above90% viable cells up to
72 hours treatment even at maximum concentration (300 iM/ml). Cytotoxicity was found in Cisplatin
(10uM/ml) treated group. The results are means = SD from six independent experiments.
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b. NRU Assay
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Fig.9. Results of NRU assay for AuNPs. Percentage of viability showed above90% viable cells upto 72
hours treatment even at maximum concentration (300iM/ml). Cytotoxicity was found in Cisplatin
(10uM/ml) treated group. The results are means = SD from six independent experiments.

c. LDH Assay
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Fig. 10.Results of LDH leakage for AuNPs:There is no significant increase in LDH leakage in
AuNPstreated group when compared to untreated control. Increased leakage found in
Cisplatin(10uM/ml)treated group. The results are means + SD from six independent experiments.



1022

Trends in Biosciences 11 (7), 2018

5 ANTI CANCER PROPERTIES OF AuNPs

S.IMORPHOLOGY IN HeLa CELLS.

The result
showed that the cells
treated with AuNPs
at various
concentrationswas
irregular confluent
aggregates with
round and polygonal
cell morphology. The
result was
comparable to that in
Cisplatin treated

group.

-

Fig. 11.Morphological changes of HeLa cell line after 24 hrs incubation of
AuNPstreatment: A:Control cells; B: Cells treated with 100iM/ml; C: Cells
treated with 200 iM/ml ; D:Cells treated with 300iM/ml; E: Cells treated with
Cisplatin (10uM/ml).

5.2 MORPHOLOGY IN MCF-7 CELLS.

Fig. 12. Morphological changes of MCF 7 cell line after 24 hrs incubation of AuNPstreatment:
A:Control cells; B: Cells treated with 100iM C: Cells treated with 200 iM/ml ; D:Cells treated with
300iM/ml; E: Cells treated with Cisplatin (10puM/ml).



ANJANA et al., Anticarcinogenic Activity of Gold Nanoparticles: An /n Vitro Approach 1023

DISCUSSION

Cancer is a growing health problem around the
world, particularly with the steady rise in life
expectancy, increasing urbanization, and the
subsequent changes in environmental conditions and
lifestyle (Ferlay et al., 2010). The distant metastases
are regarded as the major reason to cause cancer
death (Lacroix et al., 2006). So the cancer treatment
at an early stage is highly expected and accurate
diagnose of cancer is essential to determine the extent
of disease and to plan appropriate therapies (Berois
et al.,2000).

Gold nanoparticles are widely used in biomedical
applications such as imaging, diagnostics, targeted
drug delivery and photo-thermal therapeutic
applications. Also gold nanoparticle renders several
advantages of size-shape tunability, biocompatibility
and easy surface modification method that are useful
for studying size effect in biomedical applications.

Gold nanoparticles have a long history of medical
usage. Red colloidal gold has been used by the Chinese
since 2500 B.C. as a drug for longevity (Higby et al.,
1982)whereas colloidal gold has been used for
rejuvenation medicine(Richards et a/.,2002). Two
properties of AuNPs make them suitable candidates
fortherapeutic applications: a) Antibodies and other
biomolecules can easily be attached to the surface of
AuNPs; b) Plasmon resonances of gold nanoparticles
make them to havephoton capture ability that favours
the use of nanoparticles superior to photothermal dyes
(Loo et al., 2004).

The stability of the gold nanoparticle was studied
in DMEM medium at different time intervals (2 hr, 4
hr,24 hr, 48 hr) and the absorption spectra was
determined using UV-Visible spectrophotometer. The
absorbance peak exhibited a characteristic peak at
530 nm .The strong absorption band in the visible region
is due to the surface plasmon resonance phenomena,
a characteristic property of AuNPs, which is the origin
of the brilliant red colour of nanoparticle in solution
(Raji Vet al, 2011).

Integrity of the cell is affected by oxidative stress
when the generation of oxidants overwhelms
antioxidant defense mechanism. Production of free
radicals will lead to a disturbance in the antioxidant
mechanism of the cell and finally result in cell death.
These are by products of biological redox reactions
and are involved in various pathological conditions.
Cytocompatibility studies such as MTT, NRU and

LDH assays were studied on normal cells.

On morphological analysis, control cells did not
show any morphological changes but treated cells were
in irregular confluent aggregates with round and
polygonal cell morphology. In treated MCF 7 and
HeLa cells, destruction of monolayer was observed.
The treated polygonal cells after 24h of incubation
begun to shrink and became spherical in shape. The
cell shrinkage increased progressively in dose and time
dependent manner. This shrinkage may be due to the
growth inhibitory effect of compound.
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ABSTRACT

A preliminary survey on the diversity of spiders was
conducted on the bank of river Pampa at Poovathoor,
Pathanamthitta District, Kerala on the first week of
February, 2015. A total of 39 species belonging to 17
families were recorded. Among these 17 families,
Salticidae represented the most number of spider species
(10) which was followed by Araneidae (6). Fecenia protensa
belonging to family Psechridae spotted in the study was
reported for only the third time from India. Porcataraneus
bengalensis, a rare species belonging to Araneidae was
also recorded during the survey.

Key Words. Spider,; Diversity;, Wetland Ecosystem; Bio-
indicator.

The spiders operate within the balance of nature
and their role in nature’s plan is beneficial to man.
They are characterised by high within-habitat
taxonomic diversity and exhibit taxon and guild-specific
responses to environmental change. They are
distributed to every continent except Antarctica and
have adapted to all known ecological environments,
except air and open sea. Spiders serve practical roles
as biological agents for the control of crop pests
(Breene et al., 1993). They prove to be useful
indicators of the overall species richness and health
of biotic communities (Norris, 1999). Despite this, very
little is known about the abundance, distribution and
natural history of many species.

About 46,777 valid species belonging to 4,057
genera and 112 families are known globally (World
Spider Catalog, 2017), while Indian fauna consists of
1686 valid species belonging to 438 genera and 60
families (Sebastian and Peter, 2009; Keswani et al.,
2012). Spiders play important roles in the dynamics of
a specific habitat and are sensitive to habitat loss,
climatic change and environmental upheavals (Daniel,
2002). Though spiders form one of the most ubiquitous
and diverse groups of organisms existing in Kerala,
their study has always remained largely neglected.
They have, however, largely been ignored because of
the human tendency to favour some organisms over
others of equal importance because they lack a
universal appeal (Humphries et al. 1995).

In India, most ecological studies on spiders were
prevalent in agro-ecosystems mainly in rice ecosystem
and coffee plantations (Sebastian et al., 2005; Kapoor,
2008). Little is known about the composition of the
arachnid communities of natural ecosystems. It was
in this circumstance that the present survey of spiders
on the bank of river Pampa at Poovathoor was
undertaken. The main objective of the study was to
get a preliminary data regarding the diversity of spiders
on the bank of river Pampa — a wetland body of
ecological importance and to assess the ecosystem
health of the area based on spider diversity.

MATERIALS AND METHODS

Study area

The study was conducted on the right bank of
river Pampa at Poovathoor in Koippuram Panchayath,
Pathanamthitta District, Kerala. The 150 sq.m selected
was an area with riparian vegetation including different
types of grasses and some bamboo plants. In this
particular plot, there was a myristica plantation also.
The area is located at 9°20' 10" North latitude and 76°
40' 10" East longitudes.

Mode of survey

The survey of spiders was carried out on the
first week of February, 2015. The survey was started
at 11 Am and lasted for 5 hours. The collection
methods (Coddington et al., 1991) adopted was: Aerial
Hand Collection, Ground Hand Collection and Beat
Sheet Method.

Only few species were photographed and
identified in their natural habitat. In most cases it was
difficult to assess the specimen so that they were
captured for further identification and after that they
were released in their natural habitat. The identification
of spiders was done following ‘Handbook of spiders’
by Tikader, 1987 and ‘Spiders of India’ by Sebastian
and Peter, 2009.

RESULT
In the present study, 39 species of spiders
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Table 1. List of Spiders identified during the survey carried out at Poovathoor on the first week of
February, 2015.

SI. No FAMILY SPECIES
1 Araneidae Clerck, 1757 Argiope pulchella(Thorell,1881)
2 ” Gasteracantha geminata (Fabricius, 1798)
3 ” Cyclosa confraga (Thorell, 1892)
4 ” Anepsion maritatum (O.Pickard-Cambridge,1877)
5 ” Neoscona mukerjei (Tikader, 1980)
6 ” Porcataraneus bengalensis (Tikader, 1975)
7 Clubionidae Wagner, 1887 Clubiona drassodes (O.Pickard-Cambridge, 1874)
8 Gnaphosidae Pocock, 1898 Zelotes sp.
9 Hersiliidae Thorell, 1870 Hersilia savignyi(Lucas, 1836)
10 Lycosidae Sundevall, 1833 Pardosa sumatrana (Thorell, 1890)
11 ” Hippasa greenalliae (Blackwall, 1867)
12 Linyphiidae Blackwall, 1859 Atypena adelinae (Barrion & Litsinger, 1995)
13 Liocranidae Simon, 1897 Oedignatha sp.
14 Oxyopidae Thorell, 1870 Oxyopes shewta (Tikader, 1970)
15 ” Oxyopes javanus (Thorell, 1887)
16 ” Hamadruas sp.
17 Pholcidae C.L. Koch, 1850 Pholcus sp.
18 Pisauridae Simon, 1890 Pisaura gitae (Tikader, 1970)
19 Psechridae Simon, 1890 Fecenia protensa (Thorell, 1891)
20 Salticidae Blackwall, 1841 Phintella vittata (C.L. Koch, 1846)
21 ” Brettus albolimbatus (Simon, 1900)
22 ” Telamonia dimidiata (Simon, 1899)
23 ” Hyllus semicupreus (Simon, 1885)
24 ” Bavia kairali
25 ” Myrmarachne plataleoides (O.Pickard-Cambridge, 1869)
26 ” Curubis tetrica (Simon, 1902)
27 ” Chalcotropis pennata (Simon, 1902)
28 ” Epeus tener (Simon, 1877)
29 ” Ptocasius yashodharae (Tikader, 1977)
30 Sparassidae Bertkau, 1872 Heteropoda venatoria (Linnaeus, 1767)
31 ” Thelcticopis sp.
32 Tetragnathidae Menge, 1866 Tylorida ventralis (Thorell, 1877)
33 ” Opadometa fastigata (Simon, 1877)
34 ” Tetragnatha viridorufa (Gravely, 1921)
35 Theridiidae Sundevall, 1833 Meotipa picturata (Simon, 1895)
36 ” Theridion sp.
37 ” Chrysso angula (Tikader, 1970)
38 Trachelidae Simon, 1897 Utivarachna sp.
39 Uloboridae Thorell, 1869 Uloborus sp.
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Fig. 1. Percent Occurrence of spider species belonging to different families recorded from Poovathoor on

the first week of February 2015

belonging to 17 families were recorded (Table 1).
Salticidae was represented by the most number of
spider species i.e. 10. It was followed by Araneidae
with 6 species. Oxyopidae, Tetragnathidae and
Theridiidae were represented by 3 species each.
Lycosidae and Sparassidae were represented by 2
species. Only 1 species was represented in the case
of Linyphiidae, Liocranidae, Trachelidae, Uloboridae,
Pholcidae, Pisauridae, Psechridae, Clubionidae,
Gnaphosidae and Hersiliidae. Percent occurrence of
spider species belonging to different families recorded
from the area is given in Fig. 1. Rare species like
Fecenia protensa belonging to family Psechridae and
Porcataraneus bengalensis belonging to family
Araneidae were also spotted during the survey.

DISCUSSION

The present study revealed that, the right bank
of river Pampa at Poovathoor is qualitatively rich in
spiders with 39 species coming under 17 families. It
indicates that out of the 60 families identified so far
from Kerala, nearly 28% families were recognized
from the study area. Diversity generally increases
when a greater variety of habitat types were present.
The study area is endowed with different types of
habitats such as small patches of grassland, riparian
vegetation and bamboos, myristica plantation and
shrubs. This may be the reason for the species
richness. Also, the selected spot was an undisturbed
patch with no signs of pollution.

In the present study Salticidae represented the

most number of spider species which corroborates
with the spider survey carried out by Malamel and
Padayatti (2014) at Kumarakom Bird Sanctuary. Out
of the total 39 species recorded in the study 2 rare
species were obtained from the spot. Among them,
Fecenia protensa is only the third report from India.
This sighting has a great importance owing to the fact
that their presence in this area supports the existence
of Malayan element in the fauna of peninsular India
as suggested in the Satpura Hypothesis (Malamel et
al.,2013). All the four valid species belonging to genus
Fecenia are found in Southeast Asia and nearby
regions and only one species, Fecenia protensa,
extends to Sri Lanka and Southern peninsular India.
This occurrence of single species supports the
existence of Malayan element in the fauna of
peninsular India as suggested in Satpura Hypothesis
by Hora (1949).

Spiders are extremely sensitive to small changes
in the habitat structure. Spiders are often limited to
areas within the range of their “physiological
tolerances” which make them ideal for land
conservation studies (Riechert and Gillespie, 1986).
Therefore, documenting spider diversity patterns in
this wetland ecosystem can provide important
information to justify the conservation of this wetland
ecosystem.

CONCLUSION

The species richness of spiders is significantly
higher in systems that have not been heavily
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manipulated as observed in the present study. Further
studies can build upon the present data and continue
to catalogue the poorly documented spider fauna and
perhaps discover new species along the way. At a
time when all the ecosystems are experiencing lot of
anthropogenic disturbances, the present investigation
emphasizes the urgent need to conserve wetland
ecosystems and associated regions of the area. Spiders
are well documented as a potential bio-indicator in
various ecosystems and their role in the dynamics of
insect pest population control is well known, therefore,
the data can be used in designing a future Biological
Monitoring Program (BMP) on the bank of river
Pampa.
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ABSTRACT

An ecosystem is a dynamic complex of plant, animal and
microbes such biotic and light, temperature, humidity such
abiotic components. Ponds are habitats of great
importance as they provide water for domestic, agricultural
and industrial use as well as providing food. This
freshwater ecosystem have been severely affected by
anthropogenic disturbances, it leads to the serious negative
effect on the structure and functions of this pond ecosystem.
Natural pond ecosystem in Adichanallur Village, Kollam
district was selected for present study. In the present study,
various biotic components of this natural pond ecosystem
were collected , stored and studied. In the pond ecosystem
there was an interdependence between its components.
There was a transfer of food from plants through a chain
of organisms consisting of different levels of consumers
and finally through death and decay reached the
decomposers. This transfer of food from the producers
through a series of organisms with repeated eating and
being eaten is transferred to as the food chain. The present
study helped to identify various biotic and abiotic
components of a natural pond ecosystem and calculated
the biodiversity rate of a natural pond ecosystem.
Physiochemical parameters are checked during the study.

Keywords biotic; abiotic, food chain

An ecosystem is a dynamic complex of
plant,animal and microorganism communities and the
nonliving environment,interacting as a functional unit.
A pond are habitats of great human importance as
they provide water for domestic,industrial and
agricultural use as well as providing food.The study
of the relationship between organism and environment
is called ecology(Odum,1995). An ecosystem which
is described by a habitat,organisms which live in it
and interaction between both of them.The interaction
of plants ,animals and microbes with the abiotic
properties of their environment . The species inhabiting
the different habitats belonging to an ecosystem are
linked through a food web. All organisms full at least
one of these functions: producers, consumers,
decomposers (Nebel & Wright,1993).The biotic
community together with its non-living environment

forms an interacting system called ecosystem. Thus,
ecosystem is “ the basic structural and functional
unit of ecology “ (Verma,1995) Ecosystem has two
structural components (Odum,1995).They are biotic
components (living things) and abiotic components (
non-living things).The biotic components are divided
into three groups they are producers, consumers and
decomposers(Agarwal,1997). The consumers are
three types — first order consumers, second order
consumers and third order consumers. Aquatic
ecosystems contain several types of organisms that
are classified based on the locality and adaptations.
Three groups of aquatic organisms include plankton,
nekton and benthos. Planktons are the organisms that
float near the surface of the water.Nectons are the
free swimming organisms and the benthos is the bottom
dwelling organisms. The biodiversity of pond
ecosystem is currently threatened condition that is due
to the uncontrolled activity of human.

METERIALS AND METHODS

Study area

A pond from the Adichanallur village ,Kollam
district, Kerala state was selected for the present
study. The water sample collected for study from this
pond.

Analysis of physical parameters

The physical parameters like temperature and
turbidity were calculated by the following standard
filtration methods.

Analysis of chemical parameters

The chemical parameters such as pH, alkalinity,
total hardness, dissolved oxygen and BOD were
calculated by following Winkler’s method.

Abiotic components such as temperature of the
atmosphere and pond water were measured with the
help of a thermometer. The collected animals and
plants from the pond with the help of a net and stored
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Table 1.
SINo: | Producers First order Second order Third order Decomposers
consumers consumers consumers
1. Navicula Amoeba Hydra Frog Bacteria
2. Chlamydomonas Rotifers Planaria Large fish Fungus
3. Volvox Daphnia Snail Fresh water
snake

4. Asterionella Vorticella Leech Terrapin
5. Microcystis Actinosphaerium Cyclops Pond heron
6. Chara Dragon-fly

nymph
7. Potamogeton Tad-pole larva

of frog
8. Vallisneria Small fishes
9. Hydrilla
10. Nymphaea
11. Sagittaria
12. Typha

them in museum jars. Prepared temporary mounts of
various micro-organisms from the pond, and identified
them .The specimen collected, were identified and
preserved in formalin.

RESULT AND DISCUSSION

The physiochemical character of the pond were
analysed The temperature of the pond was 27 °C .The
turbidity is recorded as 9 mg/1 in this pond. The pH
value of the pond is 7 in this pond water. The dissolved
oxygen content is determined as 6 mg/l. Biological
Oxygen Demand (BOD) 8 mg/l. (Table 2).The
percentage of producers, consumers and decomposers
are analysed and these biotic components are
represented in Table 1.

The biotic components collected from the pond
ecosystem are in the table given below.

The abiotic components such as temperature of
the atmosphere and pond water measured are given
and the turbidity, pH rate ,Dissolved oxygen,BOD
represented the below table.

In the work, various biotic components of a pond

Table 2.

ecosystem were collected and studied. The abiotic
components such as temperature of water and
atmosphere were measured and compared.The
producers collected and identified from the pond
ecosystem were Navicularia, Chlamydomonas,
Volvox, Asterionella, Microcystis, Richteriella,
Chara, Potamogetom, Nymphea, Sagittaria and
Typha. From these Richteriella, Microcystis,
Asterionella, Volvox, Chlamydomonasand
Navicularia were microscopic producers and other

were rooted hydrophytes.

The first order consumers collected and identified
were Amoeba, Rotifers, Daphnia, Vorticella, and
Actinophaerium. These consumers were microscopic.
The second order consumers were Hydra, Leech,
Planaria, Cyclops, Dragon-fly nymph,tad-pole larva
of frog, small fishes and snail. Third order consumers
were frog, large fishes, fresh water snake and
terrapins. The decomposers were bacteria and fungi.
In the pond ecosystem there was an interdependence
between its components. There was a transfer of food
from plants (producers) through a chain of organisms

SI Ecosystem Atmospheric Water Turbidity(mg/l) pH Dissolved BOD
No: temperature temperature oxygen (mg/l)
(°O) (°C) (mg/l)
1. Pond 34 27 9 7 6 8
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consisting of different levels of consumers and finally
through death and decay reached the
decomposers. This transfer of food from the producers
through a series of organisms with repeated eating
and being eaten is referred to as the food chain. Many
food chains were interconnected with each other to
form a network called food web (Odum, 1975: Verma,
1995; Agarwal, 1997). The present work helped us to
collect and study various biotic and abiotic components
of a natural pond ecosystem and analysed the

physiochemical nature of this pond ecosystem.
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ABSTRACT

The plant Smilax wightii A.DC. belonging to the family
Smilacaceae is a medicinal plant in the Western Ghats.
This ethnobotanically important plant is very limited in
distribution and hence underutilized. The plant is used in
Indian and Chinese systems of medicine to cure various
ailments. Root is the medicinally important plant part. In
Ayurveda, root of Smilax wightii is used to cure diseases
related to the nervous system and urinary disorders. In
Chinese system of medicine the plant is used to cure skin
diseases, venereal diseases, swelling, abscesses,
dysentery, amoebiasis, gastric complaints and also for the
treatment of spermatorrhoea to promote fertility. The aim
of the present study is to analyze the phytochemical
composition and the antibacterial potential of the root of
Smilax wightii using different bacterial strains as target
microorganisms. Initially the plant material was subjected
to Soxhlet extraction using solvents of increasing polarity.
The phytochemical profiling was done using standard
procedures to analyze the presence of metabolites. The
methanolic extract of the root was evaluated for their in
vitro antibacterial property through disc diffusion method.
The target microorganisms selected were the bacterial
strains pathogenic to humans. Both Gram positive and
Gram negative bacterial strains were used with
Amoxycillin as the standard. After incubation, clear zones
of inhibition were measured and the activity index was
calculated. The root extract showed considerable
antibacterial property. The study proved the presence of
bioactive compounds in Smilax wightii that inhibit the
multiplication or growth of the target microorganism. So
the plant has the potential to be used against many bacterial
infections and further research will help for the
development of a potential antibacterial drug from this
plant.

Keywords  Antibacterial, Root, Smilax Wightii,

Phytochemistry, Methanolic extract

The plant Smilax wightii A.DC. (Smilacaceae),
is an endemic plant in the Western Ghats. It is a woody
trailing vine which is sparsely spiny in nature with
quadrangular branches (Gamble, 2004). The leaves
are broadly ovate to suborbicular and round to
cuspidate at apex. Smilax wightii is a valued medicinal
plant in India. The plant is ethnobotanically important,

since it is used to cure various ailments in Indian and
Chinese systems of medicine. But, because its limited
distributionthe plant is underutilized. A decoction of
the bulbous roots of this plant is used to promote the
healing of sores, swellings and abscesses.In Ayurveda
root is used to cure diseases related to the nervous
system and the urinary disorders. There are reports
regarding the plant being usedto cure skin diseases,
venereal diseases, dysentery, amoebiasis,gastric
complaints and also for the treatment of
spermatorrhoea to promote fertility (Adhikarier al.,
2010). But sufficient scientific data is not available to
support its commercial use.The plant has proved to
possess strong antioxidant activity and anti-
inflammatory activity (Maheswariet al., 2014).The
medicinal properties of the plant are not completely
known and are yet to be explored. The therapeutic
potential of any plant is determined by its
phytochemical constitution. Regarding the
phytochemistry of Smilax species, besides having the
common classes of phytochemicals, they show high
diversity in its Saponin content. They have been
reported to contain phytoconstituent dioscin, plant
steroids such as sarsaponin, smilasaponin,
diosgenin,asperagenin,smilagenin and sarsapogenin.
Steroidal saponins also contribute to the therapeutic
potential of the plant. So preliminary phytochemical
profiling is the key step in analyzing the medicinal
properties of any plant.

Diseases caused by the pathogenic bacteria are
a major health hazard in both developed and developing
countries. The commonly used synthetic antibiotic
drugs have their share of toxic side effects. Also the
increasing antibiotic resistance among pathogens is a
major issue to be taken care of. So the need of the
hour is a better natural therapy to combat these
diseases. Screening of medicinal plants for their
antibiotic potential is the initial step towards achieving
this. Antimicrobial compounds are compounds secreted
by microorganisms, or derived from plants or
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synthesized in the laboratory which in certain
concentration inhibit the growth, multiplication or
metabolism of microorganism (Blood, 1990).
According to ethnobotanical evidences Smilax wightii
is being effectively used against some bacterial
diseases. So the chances are high that the plant
contains bacteriocidal compounds. So the present study
focuses on the preliminary phytochemical screening
and the investigation of the antibacterial potential of
the root of the plant Smilax wightii.

MATERIALS AND METHOD

Plant Collection

The plant material was collected from Athirumala
forest range of Peppara Wildlife sanctuary, in
Thiruvananthapuram district of Kerala, India.

Preparation of Extract

The collected plant material was washed in
running water and shade dried. Then it was powdered
using a grinder and stored in an air tight container.
Soxhlet extraction was done using solvents of
increasing polarity. The solvents used were petroleum
ether, chloroform, methanol and distilled water. The
extract was collected and filtered. The filtrate was
evaporated inside an oven at a temperature of 50°C.

Phytochemical Profiling

Phytochemical profiling was done using standard
procedures described by Harborne (1973)and Trease
and Evans(1989), to analyse the presence of
metabolites.

Test for alkaloids

(i)Mayer’s Test

Filtrates were treated with Mayer’s reagent
(Potassium Mercuric lodide). Formation of a yellow
coloured precipitate indicates the presence of alkaloids.

(ii)Wagner’s Test

Filtrates were treated with Wagner’s reagent
(Iodine in Potassium lodide). Formation of brown/
reddish precipitate indicates the presence of alkaloids.

(iii) Dragendroff’s Test

Filtrates were treated with Dragendroff’s
reagent (solution of Potassium Bismuth Iodide).

Formation of red precipitate indicates the presence of
alkaloids.

Test for flavonoids

(i)Alkaline Reagent Test

Extracts were treated with few drops of sodium
hydroxide solution. Formation of intense yellow colour,
which becomes colourless on addition of dilute acid,
indicates the presence of flavonoids.

(ij)Shinoda test

To 2ml test solution, few fragments of
Magnesium ribbon (LobaChemie, India) were added
and to it conc. H2SO4 was added drop wise. Pink
scarlet or crimson red colour appears.

Test for glycosides

Keller- killiani test

Crude extract was mixed with 2ml of glacial
acetic acid containing 1-2 drops of 2% solution of
FeCl, 2 ml of con.H,SO, was poured along the side
of the test tube. A brown ring at the junction indicated
the presence of Glycoside.

Test for Cardiac glycosides

Keller- killiani test

Crude extract was mixed with 2ml of glacial
acetic acid containing 1-2 drops of 2% solution of
FeCl,. Then 2 ml of con. H,SO, was poured along the
side of the test tube. A blue —green colour indicated
the presence of cardiac glycosides.

Test for reducing sugar

Fehling’s Test

To 2ml test solution, equal quantity of Fehling’s
solution A and B was added and solution was heated.
A brick red precipitate indicates the presence of
glycosides.

Detection of saponins

Foam Test

0.5 gm of extract was shaken with 2 ml of water.
If foam produced persists for ten minutes it indicates
the presence of saponins.



1034 Trends in Biosciences 11 (7), 2018

Test for tannins

Ferric chloride test

A small quantity of the extract was added to 2
ml of water in a test tube. To this mixture 2 to 3 drops
of diluted ferric chloride solution was added and the
appearance of a green to blue-green colour indicated
the presence of Tannins.

Test for phlobatannin

0.5g of the crude extract was dissolved in
distilled water and filtered. The filtrate was boiled with
2% HCI. Deposition of red precipitate indicated the
presence of phlobatannin.

Test for terpenoids

Salkowski test

To the test solution 2 ml. chloroform was added.
Then 3 mL of conc. Sulphuric acid was added and
shaken well. Appearance of yellow colour shows the
presence of triterpenoids.

Test for steroids

Salkowski test

To the test solution 2ml chloroform was added.
Then 3 mL of conc. Sulphuric acid was added and
shaken well. Appearance of reddish brown colour at
lower layer indicates presence of steroids.

Test for Coumarins

To ImL of the crude extract add 0.5 mL of 40%
NaOH and 1 mL of ethanol. Formation of yellow colour
indicated the presence of coumarins.

Antibacterial Activity

Agar-Disc diffusion assay (Kirby et al., 1966)
was used to study the antibacterial potential of the
methanolic extract of the root of Smilax wightii against
the target microorganisms.

Target Microorganisms

The microorganisms used were six bacterial
strains pathogenic to humans. It included the Gram
positive bacteria Bacillus. The Gram negative bacteria
selected were Salmonella, Klebsiella, Escherichia coli,
Serratia and Vibrio cholerae. The selected bacterial
strains are very pathogenic and they can cause many
serious diseases.

Reagents

1.Nutrient Agar Medium (1 L)

The culture medium was prepared by dissolving
31.16 g of nutrient agar (HI Media) and10g Agar in
1000ml of distilled water. The prepared medium was
autoclaved at 15 Ibs pressureat 121°C for 15 minutes.
The autoclaved medium was mixed well and poured
onto 100mm sterile petriplates.

2. Nutrient broth

The nutrient broth was prepared by adding 1.5g
of Peptone powder in 100mL distilled water. The
medium was poured into sterile culture tubes with SmL
in each tube. This medium was autoclaved at 15 Ibs
pressure at 121°C for 15 minutes.

Preparation of inoculum

The selected bacterial strains were inoculated
into 5 mL of the nutrient broth in sterile condition. This
was incubated at 37°C for two hours.

Preparation of extract

The increasing concentrations of the root
methanolic extract namely 250pg/mL, 500pg/mL,
1000ng/mL were prepared using DMSO. The antibiotic
drug AmoxycillinTrihydrate was used as the standard.
Paper discs with a diameter of 4.5mm made from
Whatman No.1 filter paper were impregnated with
the different concentrations of the root methanolic
extract and 20ug/mL concentration Amoxycillin
Trihydrate.

Agar-Disc Diffusion Assay

The selected bacterial suspensions (1.5% 10%)
were ascepticallyswabbed onto the surface of the Agar
plates with the help of sterile inoculation loop. The
paper discs prepared were placed on the surface using
sterile forceps. The petri-plates were incubated at 37°C
for 24 hours. After incubation the zone of inhibition
was measured and the activity index was measured
using the equation:

Diameter of the zone of inhibition
by the plant extract

Activity index =
Diameter of the zone of

inhibition by the standard
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Table 1. Preliminary phytochemical screening of Smilax wightii root extracts
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ROOT EXTRACT

PHYTOCHEMICAL
GROUP PETROLEUM CHLOROFORM METHANOL DISTILLED

ETHER WATER
Alkaloids --- -+ + +++ ++
Flavonoids --- -+- +++ +++
Glycosides --- - ++ - I
Cardiac glycosides --- - S R
Reducing sugars --- -+- +++ R
Saponins --- - +++ + 4+
Tannins --- - -+ I
Phlobatannins --- - S R
Terpenoids +++ ++- +-+ -+
Steroids --- - + +- -
Coumarins --- - +++ R

+ + indicate the presence of the phytochemical

- -indicate the absence of the phytochemical

RESULT AND DISCUSSION

All the medicinal and other properties possessed
by plants are conferred to them by the diverse class
of phytochemicals they contain. Phytochemicals are
secondary metabolites and are often found in
disposable parts of the plants (Kumar and Singh, 1976).
So analysis of the phytochemical constitution of the
plant extract is an important step in investigation of
the various properties possessed by any plant. So the
preliminary phytochemical profiling of the root extract

of Smilax wightii was done using various standard
methods. The Petroleum ether, Chloroform, Methanol
and distilled water extracts were analyzed. The results
are summarized in the table 1.

In the phytochemical screening the petroleum
ether and chloroform extracts showed the presence
of trace amounts of terpenoids and alkaloids. The
methanolic extract indicated the presence of
alkaloids,flavonoid, glycosides, reducing sugars,
saponins, tannins,steroids, coumarins etc. The distilled

Table 2. The diameter of the zone of inhibition produced by Smilax wightii root extract on the

nutrientAgar plates

Bacterial strain Diameter of the zone of inhibition (in mm)
Drug Root extract Root extract Root extract
20 pg/mL 250 pg/mL 500 pg/mL 1000 pg/mL
Salmonella 31 13 17 26
Klebsiella 25 06 13 20
Bacillus 30 20 24 26
Escherichia coli 29 13 18 19
Serratia 25 Nil Nil Nil
Vibrio cholerae 31 Nil 19 23
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Table 3. The antibacterial activity index of Smilax wightiiroot methanolic extract against the selected

bacterial strains.

Bacterial strain Type of strain Activity index

Root extract Root extract Root extract

250 pg/mL 500 pg/mL 1000 pg/mL
Salmonella Gram(-) 0.41 0.54 0.83
Klebsiella Gram(-) 0.24 0.52 0.80
Bacillus Gram(+) 0.66 0.80 0.86
Escherichia coli Gram(-) 0.44 0.62 0.79
Serratia Gram(-) Nil Nil Nil
Vibrio cholerae Gram(-) Nil 0.61 0.74

water extract too had alkaloids, flavonoids, saponins
etc. Among the four solvents used, highest number of
phytochemicals was recorded in the root methanolic
extract. So the root methanol extract was selected
for further analysis.

Antibacterial activity study through Agar —
Disc diffusion Assay

There are numerous human pathogenic bacteria
in the environment that cause serious health hazards
worldwide. They lead to mortality and morbidity in
the human population. The development of multidrug
resistance among pathogens has become the major
challenge in curing these diseases. Most of the drugs
used in modern day medicine are originally extracted
from plant sources like roots, leaves, barks and seeds
(Moore and Winston, 1996). At present there is a need
for the development of a potent,plant based antibiotic
compound to combat these bacterial diseases.So the
screening of Smilax wightii for its antibacterial
potential was done. The antibacterial activity study
of the root methanolic extract of Smilax Wightii
against six pathogenic bacterial strains was done
through Agar —Disc diffusion Assay.The zone of
inhibition was measured and recorded in the table 2.

The zone of inhibition represents the inhibition
of the microbial growth by the plant extract. The zone
of inhibition produced by the different concentrations
of the root methanolic extract is comparable with the
zone of inhibition produced by the antibiotic drug
AmoxycillinTrihydrate. The root extracts with the
increasing concentrations like 250ug/mL, 500ug/
mL,1000pug/mL showed a concentration dependent
increase in the antibacterial activity. The clear zone

produced by the 1000 ug/mL concentration of the root
methanolic extract was much closer in values to the
clear zone produced by the antibiotic. There was good
inhibitory activity against the bacterial strains like
Salmonella,Bacillus, Vibrio cholerae and Klebsiella.
There was no activity recorded against the Gram
negative bacteria Serratia. There are reports regarding
the Smilax zeylanica leaves showing antibacterial
activity against many strains. It produces an inhibitory
zone of 5.39 to 9.87mm in plates containing E.coli
(Aslam et al.,2013). The activity index was calculated
and recorded in the Table 3.

The activity index is the measure of the
antibacterial activity. The values suggest that Smilax
wightii root methanolic extract has higher bactericidal
activity against the pathogenic strains like Salmonella,
Bacillus, Vibrio cholerae, Escherichia coli and
Klebsiella. The highest inhibitory activity was recorded
against the bacterial strain Bacillus with an activity
index of 0.86, followed by Salmonella and Klebsiella
with the activity index of 0.83 and 0.80 respectively.
So the present analysis has proved that the plant
Smilax wightii possess antibacterial activity which is
comparable with Amoxycillin, a commercially available
antibiotic drug. It is obvious that the plant contains
some metabolites that has strong bactericidal property.

CONCLUSION

The phytochemical profiling of the root of Smilax
wightii indicated the presence of the diverse class of
phytochemicals. The root methanolic extract contain
more diverse class of phytochemicals. The results
indicated the presence of compouds like Alkaloids,
flavonoid, glycosides, Reducing sugars, Saponins,
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Tannins, steroids and Coumarins which may contribute
to the antibacterial activity of the compound. Hence
the antibacterial activity of the root methanol extract
was analysed. This too showed that the root extract
has considerable antibacterial activity against the target
microorganisms. So there are some metabolites present
in the plant Smilax wightii that inhibits the
multiplication or growth of the target microorganisms.
The present investigation has justified the use of the
root of Smilax wightii against bacterial ailments by
traditional healers. So the plant has the potential to be
used against many bacterial infections and after
further research the plant can be used for the
development of a potential antibacterial drug.
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ABSTRACT

Bioaccumulation and biomagnification of heavy metals
(HMs) in the environment have become a major threat for
all living organisms including plants. Exposure to heavy
metals has been documented to induce changes in the
expression of plant proteins. Proteins are macromolecules
directly responsible for most biological processes in a
living cell, while protein function is directly influenced by
posttranslational modifications, which cannot be identified
through genome studies. Therefore, it is necessary to
conduct proteomic studies, which enable the elucidation of
the presence and role of proteins under specific
environmental conditions like heavy metal stress. The
plant selected for present study was Alternanthera sessilis
belonging to the family Amaranthaceae. In order to assess
the role of HMs accumulation towards protein profile of
the plants, plants were exposed to increasing of Cd, Cr and
Pb for a period of 30 days under heavy metal stress
condition. The HMs metal concentration in the bioparts of
experimental plant revealed that the treated plants
accumulated enormous quantity of lead, cadmium and
chromium as compared to control plant in various bioparts.
Highest accumulation was shown by Pb treated plants and
maximum was reported in Pb treated root. Among three
metals, Cd was least accumulated compared to other two
metals. The result showed significant HMs absorption and
accumulation by Alternanthera sessilis root and areal parts.
There is a strong positive correlation between
concentration of HMs in soil and plant parts. Present study
demonstrated that the exposure of plants to heavy metal
resulted in the reduction of growth parameters. The total
protein content of leaves, roots and stem declined in treated
plant in comparison to control. To enhance the
understanding of the molecular mechanisms, comparison
of protein profile changes due to heavy metal stress is
done by SDS-PAGE analysis and found that several proteins
were newly synthesized. The work suggests the
relationship between HMs stress and alterations of protein
patterns which will provide a new insight for better
understanding of the molecular basis of stress responses
to plants. Metallothioneins (M Ts), which widely distributed
in eukaryotic and prokaryotic organisms, are a class of
cysteine-rich heavy metal-binding proteins with low
molecular weights. To date, the molecular mechanisms
that regulate heavy metal tolerance have not been fully
investigated. Further studies will clarify the roles of A.
sessilis MT genes in metal homeostasis and scavenging of

ROS and assess the applicability of 4. sessilis MTs to
phytoremediation of contaminated soils.

Metallothioneins; SDS-PAGE; Alternanthera
sessilis;, phytoremediation, heavy metal.

Key words

Plants experience biotic and abiotic stresses that
endanger their survival. In a broad sense, plant stress
can be defined as “any unfavorable condition or
substance that affects or blocks a plant’s metabolism,
growth or development” (Lichtenthaler,1996). The
metallic elements with atomic weight more than twenty
and those with a relative density greater than 5 g cm~
3 and specific gravity greater than 4 are considered
as heavy metals. Heavy metal pollution has emerged
as one of the major threats to agricultural crops. Metals
like Zn, Ni, Cu, Mo, Mn, Cd, Co, Cr, Pb etc. when
present in high concentrations in soil show potential
toxic effects on overall growth and metabolism of
plants (Schutzendubel and Polle, 2002; Hall and
Williams, 2003). Heavy metal ions such as Cu,+, Zn,+,
Mn,+, Fe,+, Ni+, and Co,+ are essential
micronutrients for plant metabolism but when present
in excess, and other non essential metals such as Cd, +,
Hg,+, Ag,+, and Pb + can become extremely toxic
(Williams, et al., 2000). The toxic influence of these
metals on plants results in strong and fast inhibition of
growth processes. The detrimental effects of these
heavy metals on the photosynthetic apparatus often
correlates with progressing senescence processes
(Molas, 2002; Sobkowiak and Dekert, 2003; Alaoui et
al.,2004).

Heavy metals that have been identified in the
polluted environment include As, Cu, Cd, Pb, Cr, Ni,
Hg and Zn. The presence of metal may vary from
site to site, depending upon the source of individual
pollutant. Excessive uptake of metals by plants may
produce toxicity in human nutrition, and cause acute
and chronic diseases (Garbisu and Alkorta, 2001).
Heavy metals selected for present study was Pb, Cr,
and Cd. Environmental lead contamination increased
substantially in the 20th century with the advent of
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motor vehicles and the use of lead in petrol. Children
are at particularly high risk of exposure to
environmental lead, because of their elevated rates of
development, ingestion and metabolism, and because
of their developmental and behaviour patterns.
Chromium (Cr) is the 24™ element of the Periodic
table and the most important stable states are 0
(elemental metal), +3 (trivalent) and +6 hexavalent.
Chromium induced metabolic disturbance include
inhibition of photosynthesis and electron transfer chain
(Shanker et al., 2003) and disturbance in water
relations. Cadmium is a non-essential element that
negatively affects plant growth and development. It
is released into the environment by power stations,
heating systems, metal-working industries or urban
traffic. It is widely used in electroplating, pigments,
plastic stabilizers and nickel-cadmium batteries (Sanita
di Toppi and Gabrielli, 1999). It is recognized as a
significant pollutant due to its high toxicity and large
solubility in water (Pinto et al., 2004).

The exposure of plants to toxic levels of heavy
metals triggers a wide range of physiological and
metabolic alterations (Villiers ef al., 2011). The most
widespread visual evidence of heavy metal toxicity is
the reduction in plant growth along with leaf chlorosis,
necrosis, turgor loss, a decrease in the rate of seed
germination, and a crippled photosynthetic apparatus,
often resulted in progressing senescence processes
and plant death (Carrier ef al., 2003; Dalcarso et al.,
2010). All these effects are related to ultrastructural,
biochemical, and molecular changes in plant tissues
and cells brought about by the presence of heavy
metals (Gamalero et al., 2009).

The identification of the functional genes or
proteins that are involved in responses to heavy-metal
stress is a fundamental step in understanding the
molecular mechanisms of stress responses; such an
understanding could lead to the development of
transgenic plants that have an enhanced tolerance to
heavy-metal stress or to plants capable of being used
in phytoremediation (removal of toxic elements from
soils). A large number of physiological and biochemical
analyses have been carried out in analyzing the plant
response to heavy metals, which has been the subject
of some excellent reviews (Sanita di Toppi and
Gabrielli, 1999).

In order to alleviate the stress and re-establish

cellular homeostasis and antioxidant capacity, plants
have developed highly effective mechanisms to
regulate the uptake, accumulation, distribution, and
detoxification of heavy metal ions (Hossain and
Komatsu, 2013). Vital components in these
mechanisms are metal transporters responsible for
metal uptake and vacuolar transport, chelators for
heavy metal detoxification and tolerance, and
chaperones which play a significant role in the delivery
and trafficking of metal ions (Clemens 2001, Sharma
et al 2008), all of which are protein molecules. That is
why the identification of protein markers could serve
as a good starting point for revealing new aspects of
heavy metal stress in plants (Bona et a/ 2007). If the
toxic metal concentration exceeds a certain threshold
inside the cells, an active metabolic process
contributes to the production of chelating compounds.
Specific peptides such as Phytochelatins (PCs) and
Metallothionein M Ts are used to chelate metals in the
cytosol and to sequester them in specific subcellular
compartments. A large number of small molecules
are also involved in metal chelation inside the cells,
including organic acids, amino acids, and phosphate
derivatives (Rauser 1999). Metallothioneins (MTs) are
ubiquitous low-molecular-weight, cysteine-rich
proteins that can bind metals via mercaptide bonds
and first MT was characterized from horse kidneys
as cadmium-binding proteins in 1957 (Margoshes &
Vallee, 1957).

The positive correlation between MT expression
in diverse organisms and the environmental metal
concentration suggests that MTs can be effective
biomarkers of heavy metal pollution. Such monitoring
programs have already gained great potential
comprehensively in aquatic and terraneous
invertebrates (Chu et al., 2006; Dallinger et al., 2004;
Navarro et al., 2009). In plants, MTs are favorable
candidates for phytoremediation of heavy metal
contaminants, a low-cost, effective, and sustainable
plant-based approach for environment governance
(Eapen & D’Souza, 2005; Memon & Schroder, 2009).
Aim of the present study also includes evaluating stress
potential of weed plant Alternanthera sessilis in
heavy metal contaminated soil. Since these weeds are
widespread in many geographical areas and survive
many stressed conditions, they are selected for the
study and can be used as phytoremediator for heavy
metals.
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MATERIALS AND METHODS

Bioassay

Pot culture method was adopted for the bioassay.
Healthy plants of Alternanthera sessilis were
collected from its natural habitat. Threshold level of
each metal was estimated and three different treatment
concentrations (T1, T2, T3) of each metal salt was
applied to soil. Garden soil was collected and uniformly
saturated with varying concentrations of Lead nitrate
(50, 100 and 150 mgKg!), Cadmium sulphate (20, 30
and 50 mg Kg'), Potassium dichromate (50, 75 and
100 mg Kg') as T1, T2, T3 for each metal. The test
plants were grown in pots containing 2kg medium
saturated with corresponding concentration of metal.
After one month, plants were harvested, washed with
double distilled water, blotted and separated leaves
and roots were used for the study.

A known quantity of the sample was digested
with a mixture of concentrated nitric acid and
perchloric acid (4:1) for eight hours and the digested
sample was cooled filtered and made up to a known
volume. The analysis of trace elements (cadmium, lead
and chromium) was carried out following the method
of APHA (1992). The estimation of heavy metals were
performed by aspirating the digested sample in Atomic
absorption spectrophotometer, Perkin Elmer model
2380 and the values expressed in mg Kg!.

Protein profiling

Total protein levels were determined following
the method of Lowry et al. (1951) using bovine serum
albumin as a reference. SDS-PAGE for total proteins
in control and treated plant samples was carried out
according to the method of Laemmli (1970). Proteins
were extracted with 0.1 M ice-cold phosphate bufter
(pH 7.2) and centrifuged. 200 pl of the protein was
mixed with 50ul 10% SDS loading buffer containing
1.875M Tris HCI buffer (pH 6.8), 10% SDS, 5%
sucrose, 5% mercaptoehanol and 1% bromophenol
blue. The samples (50 pl sample + 25ul loading dye)
were boiled for 3 min and loaded onto 12%
polyacrylamide gel. The gel was run at 200 V and
proteins were detected by Coomassie brilliant blue R-
250 staining.

MT Content

MT in the leaf tissues after in vivo exposures
was determined by the concentration of SH-groups

following the method of Viarengo ef al. (1997). Plant
tissue samples were homogenized (sucrose 0.5 M,
PMSF 0.5 mM, B-mercaptoethanol 0.01% in Tris—HCl
buffer 20 mM, pHS.6), centrifuged (14 000 x g, 20
min, 4&%C) and cold absolute ethanol and chloroform
were added to the supernatant. These samples were
centrifuged (7000xg, 10 min, 4 &%C), cold ethanol
was added to the supernatant and the mixture was
maintained at “20 &£%C for 1 h. Samples were
centrifuged again (7000 x g, 10 min, 4 2%C) and the
pellet was resuspended in the same buffer as used
for homogenization, but with 87% ethanol and 1%
chloroform. After that samples were dried at 35 &%C
for up to 24 h, the pellet was resuspended (0.25 M
NaCl, 1 N HCI, 4 mM EDTA) and Ellman reagent
(0.43 mM DTNB buffered with 0.2 M Na-phosphate,
pH 8.0) was added to the sample. MT was estimated
using reduced glutathione as a reference at 412 nm
and expressed as nM MT mg protein”1.

RESULTS AND DISCUSSION

Heavy metal accumulation in Alternanthera
sessilis

Lead: The concentrations of lead in the soil and plant
tissues are given in (Fig 1). Accumulation of lead was
high in the roots followed by stem and leaves. More
over, the plant was able to withstand a concentration
of 150 mg Kg-' without much change in the
morphology and functions that indicated its possible
utility as an accumulator of lead.. Once introduced in
to the soil matrix, lead is very difficult to remove. The
metal is strongly bound to organic matter by adsorption,
precipitation and complexation. Water soluble and
exchangeable lead are the only fractions readily
available to plants. Soil pH has a significant effect on
the mobility of lead within soil. Lead neither enters
into solution nor into the biological cycle as it gets
inactivated at high pH and remains immobile in the
soil. Lead had very short retention time in water and
major portion of lead is bound to the cell walls of plants.
The normal range in the concentration of lead in plants
is0.1to 10 ug g (Leeper, 1978). The values reported
herein were well above the normal range. The
Alternanthera sessilis survived under high
concentration of lead in the soil with slight variation in
the morphological and biochemical parameters.

Cadmium : Phytoaccumulation of cadmium in the
roots were comparatively higher than leaf and stem
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Fig 1. Accumulation of heavy metals(mg kg') in Alternanthera sessilis

Pb- Lead treated plant
T1- Treatment 1

Cr- Chromium treated plant
T2- Treatment 2

(Fig 1). Transportation of heavy metals from root to
shoot has been studied in several species, including
ryegrass (Secale cereale; Jarvis et al., 1976).
Movement of Cd from roots to shoots is likely to occur
via the xylem and to be driven by transpiration from
the leaves. Evidence for this was provided by Salt et
al.(1995) who showed that ABA- induced stomatal
closure dramtaically reduced Cd accumulation in
shoots of Indian mustard.

Chromium : The concentration of chromium was high
in the roots followed by stem and leaves (Fig 1). There
was a gradual decrease in accumulation in leaves as

Cd- Cadmium treated plant
T3- Treatment 3

the concentration of treatment increased while
increase was displayed in stem and root. Vincent et
al. (2001) opined that the uptake of the metal depend
on the soil pH, drainage status, presence of organic
matter, sewage sludge, microbial activity, plant species,
chemical form.

The term hyper accumulator is used to describe
plants that accumulate more than 1000ig/gram dry
weight in their shoots in the natural habitat (Brooks et
1977).
bioconcentration factor and translocation factor

al., Results based on analysis of

revealed that uptake of these metals was more in the

Table 1. Bioconcentration factor and Translocation factor in A.sessilis Under Heavy Metal Stress

Treatment(mgKg?') TF BCF
leaf stem root
Cd T1 1.382 0.031 0.0026 0.0215
T2 0.327 0.043 0.0115 0.0258
T3 1 0.0538 0.0431 0.0474
Cr T1 1.049 0.0243 0.0434 0.355
T2 0.624 0.2264 0.0491 0.0722
T3 1.138 0.239 0.148 0.0946
Pb T1 1.808 0.0974 0.0727 0.1203
T2 1.221 0.134 0.1265 0.0821
T3 1.702 0.128 0.1483 0.0954
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Pb- Lead treated plant
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roots than shoots of the plant species investigated in
this trial (Table 1). Ogunyemi et al. (2003) reported
accumulation of Pb and Cd in the shoots and roots of
Amaranthus cruentus grown in soils from landfill sites
with concentration higher than the optimum allowed
by FAO/WHO for dietary consumption.

Protein Content and SDS Profile

In comparison with the control, total protein
content of root tissue exhibited significant reduction
in plants treated with all heavy metals (Table 1).

. Protein content of the stem tissue showed
significant reduction in all metal treated plants
compared to the control (Fig 2). Protein content of
the leaf tissues also was reduced on treatment with
all heavy metals more or less uniformly. Reduced
protein content may due to inhibition of protein
synthesis as reported by Reddy and Prasad (1992)
and Orcutt and Nilsen, (2000) or unavailability of
essential components like aminoacids (Prasad, 1997)
or inhibition of aminoacids mobilization to the site of
protein synthesis (Bishno 1993).

Alternanthera sessilis expressed several new
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under heavy metal stress

Cd- Cadmium treated plant
T3- Treatment 3

polypeptides under heavy metal stress. Several bands
were also found to be induced in Alternanthera
sessilis, in Cd treated A. sessilis, five new bands in
Cd T1 treatment (molecular weight- 104.138, 83.015,
58.918 ,43.012, 37.94 KDa), 8 new bands in Cd T2
treatment (molecular weight- 106.271, 81.622, 72.859,
58.918, 50.485, 43.012, 23.365, 21.255 KDa) and 9
new bands in Cd T3 treatment (molecular weight-
210.858, 106.271, 63.037, 44.105, 41.25, 37, 22.436,
21.255, 20 KDa) were observed (Fig 3). Four
polypeptides present in control were found missing in
Cd treatment. Band with Rf value 0.411 and 0.584
were induced due to Cd treatment were seen on
Treatment T1 and T2 (Table 2), but disappeared in
high concentration Cd treatment (T3).

Eight new bands in Cr treatment T1 (molecular
weight- 127.542, 106.271, 72.159, 63.037, 59.489,
42.653,23.524 KDa), 8 new bands in Cr T2 (molecular
weight- 130.155, 06.271, 72.159, 60.649, 52.473,
26.688,23.052, 21.691, 15.29 KDa), 5 new bands of
molecular weight- 104.138, 83.015, 58.918, 43.012,
37.94 KDa were detected in Cr treatment T3 (Fig
3). Two bands with molecular weights 108.447 KDa
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SDS PAGE protein profiling of Alternanthera sessilis (L.) R. Br treated
with heavy metals

C Crl Cr2 Cr3 Cdl Cd2 Cd3 Pbl Pb2 Pb3 Mr

C- Control

Crl- Chromium treatent 1
Cr2- Chromium treatment 2
Cr3- Chromuim treatmnet 3
Cdl- Cadmium treatment 1
Cd2- Cadmium treatment 2
Cd3- Cadmium treatment 3
Ph1- Lead treatment 1

Ph2- Lead treatment 2

Pb3- Lead treatment 3

Mr- Protein Marker

Rf value of bands obtained in Alternanthera sessilis under heavy metal stress

VP R 1- Control
——— e § i 2- Chromium treatent 1
3| i 51 i 3- Chromium treatment 2
el ———*-—-4*_ . 4- Chromuim treatmnet 3
Tt | 5 Cadmium treatment 1
w—z—‘__—i—w 6- Cadmium treatment 2
st | Z: 7- Cadmium treatment 3
| s | ] 2! e 8- Lead treatment 1
_— it 9- Lead treatment 2
—eet - o L 10- Lead treatment 3
= 20 I__"": . e [ 11- Protein Marker
e d v

Molecular weight of bands obtained in Alternanthera sessilis under heavy metal stress

s g3: B By R 1- Control

— " S T, 2- Chromium treatent 1
4l 3- Chromium treatment 2

I i ! 4- Chromuim treatmnet 3

CEA e e A - 5- Cadmium treatment 1

—nt 6- Cadmium treatment 2

o s B " -
[ Rap—— ?;i:__u_i_”'_:_” 7- Cadmium treatment 3

= L il = : o 8- Lead treatment 1
B =1 9- Lead treatment 2
1 1 | 10- Lead treatment 3

s —t i | 11- Protein Marker

Fig 3

and 68.098 KDa noted in control disappeared due to polypeptide were synthesized and dissociated (Fig 3).
Cr treatment in A. sesslis. Band with Rf value 0.188 Pb treatment induced nine new bands (molecular
and 0.307 were induced due to Cr treatment were weight- 117.608, 60.066, 51.969, 44.195, 40.228,
seen on Treatment T1 and T2, but disappeared in high 23.844,22.896,22.285, 18.523 KDa) in treatment (T1),
concentration Cr treatment (Table 3). 9 new bands (molecular weight- 190.38, 106.271,

In lead treated A. sessilis also many new 73.566, 55.068, 50.975, 42.653,33.913, 22.896,20.969
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Table 2. Rf Value and Molecular weight of protein bands in Cd treated Alternanthera sessilis

Control Cd1 Cd2 Cd3
Band |Relative| Mol. Band |Relative| Mol. Band |Relative| Mol. Band |Relative| Mol.
Number| Front | Wt |Number| Front | Wt |Number| Front | Wt (Number| Front | Wt
(KDa) (KDa) (KDa) (KDa)
1 0.059 |203.798 1 0.059 |203.798 1 0.059 |203.798 1 0.054 |210.858
2 0.183 | 108.447 2 0.193 | 104.138 2 0.188 |106.271 2 0.188 |106.271
3 0.252 | 84.432 3 0.257 | 83.015 3 0.262 | 81.622 3 0.252 | 84.432
4 0.337 | 68.098 4 0.411 | 58.918 4 0.302 | 72.859 4 0.376 | 63.037
5 0.48 | 51.469 5 0.48 | 51.469 5 0.411 | 58.918 5 0.485 | 50.975
6 0.579 | 43.373 6 0.584 | 43.012 6 0.49 | 50.485 6 0.569 | 44.105
7 0.678 | 36.203 7 0.658 | 37.94 7 0.584 | 43.012 7 0.609 | 41.25
8 0.876 | 21.399 8 0.876 | 21.399 8 0.678 | 36.203 8 0.673 37
9 1 15 9 1 15 9 0.812 | 23.365 9 0.842 | 22.436
10 0.881 | 21.255 10 0.881 | 21.255
11 1 15 11 0.926 20
12 1 15
KDa) in treatment (T2) and 8 new bands (molecular MT Content

weight- 203.798, 104.138, 72.859, 55.068, 50.485,
43.737,40.228, 22.742 KDa) in treatment T3 ( Table
4). Protein profiling by SDS PAGE analysis showed
several new bands with difference in molecular weight
and number under individual metals probably due to
difference in their metal binding property or differences
in tolerance potential of Alternanthera sessilis
towards each metal.

Metallothionein content varied with increasing
concentration of heavy metals and shown in Fig 4. In
plants, MTs are induced by various abiotic stresses
but are also expressed during development (Rauser
1999). MTs probably have different functions in
response to different heavy metals and could also
participate in additional antioxidant protection
mechanism and plasma membrane repair (Hamer
1986).

Table 3. Rf Value and Molecular weight of protein bands obtained in Cr treated Alternanthera sessilis

Control Crl Cr2 Cr3
Band Relative | Mol. Wt. | Band Relative | Mol. Wt. Relative | Mol. Wt. Relative | Mol. Wt.
Number | Front (KDa) | Number | Front (KDa) Front (KDa) Front (KDa)
1 0.059 203.798 1 0.059 203.798 1 0.059 203.798 1 0.059 203.798
2 0.183 108.447 2 0.144 127.542 2 0.139 130.155 2 0.193 104.138
3 0.252 84.432 3 0.188 106.271 3 0.188 106.271 3 0.257 83.015
4 0.337 68.098 4 0.252 84.432 4 0.307 72.159 4 0411 58918
5 0.48 51.469 5 0.307 72.159 5 0.396 60.649 5 0.48 51.469
6 0.579 43.373 6 0.376 63.037 6 0.47 52.473 6 0.584 43.012
7 0.678 36.203 7 0.406 59.489 7 0.574 43.737 7 0.658 37.94
8 0.876 21.399 8 0.48 51.469 8 0.678 36.203 8 0.876 21.399
9 1 15 9 0.589 42.653 9 0.748 26.688 9 1 15
10 0.678 36.203 10 0.822 23.052
11 0.807 23.524 11 0.866 21.691
12 0.871 21.544 12 0.995 15.29
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Table 4. Rf Value and Molecular weight of protein bands obtained in Pb treated Alternanthera sessilis

Control Pbl Pb2 Pb3
Band | Relative |Mol. Wt.| Band [ Relative | Mol. Wt.| Band | Relative | Mol. Wt.| Band | Relative | Mol. Wt.
Number | Front (KDa) | Number | Front (KDa) | Number | Front (KDa) | Number | Front (KDa)
1 0.069 190.38 1 0.049 218.163 1 0.054 210.858 1 0.015 276.892
2 0.197 77.746 2 0.187 83.544 2 0.187 83.544 2 0.059 203.798
3 0.261 56.333 3 0.246 60.511 3 0.251 59.085 3 0.192 80.593
4 0.31 48.239 4 0.3 48.936 4 0.3 48.936 4 0.256 57.693
5 0.384 43321 5 0.438 40.036 5 0.374 43,947 5 0.36 44902
6 0.438 40.036 6 0.483 37.534 6 0.483 37.534 6 0.473 38.076
7 0.493 37 7 0.571 31.083 7 0.567 31.424 7 0.606 28.802
8 0.576 30.747 8 0.65 26.113 8 0.645 26.399 8 0.714 21.659
9 0.65 26.113 9 0.852 16.555 9 0.739 20 9 0.872 16.019
10 0.828 17.249 10 0.985 10 10 0.985 10 10 0.906 15.124
11 0.99 9.733 11 0.985 10
1.2
‘T"
=
Q
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Fig 4. Metallothionein content in Alternanthera sessilis under heavy metal stress

Pb- Lead treated plant

T1- Treatment 1 T2- Treatment 2

CONCLUSION

The work suggests the relationship between
heavy metal stress and alterations of protein patterns
which will provide a new insight for better

Cr- Chromium treated plant

Cd- Cadmium treated plant
T3- Treatment 3

understanding of the molecular basis of stress
responses in plants. The result showed significant
heavy metal absorption and accumulation by

Alternanthera sessilis root and areal parts. The
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heavy metal concentration in the plant was found in
descending order Pb>Cr>Cd. The total protein
content of plant declined in treated plant in comparison
to control. SDS-PAGE analysis indicated that several
proteins were newly synthesized. There is a strong
positive correlation between concentration of heavy
metals in soil and plant parts. Metallothionein content
varied with different heavy metal treatment. Further
studies will clarify the roles of 4. sessilis MT genes
in metal homeostasis and scavenging of ROS and
assess the applicability of A. sessilis MTs in
phytoremediation of contaminated soils.
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ABSTRACT

In the present study, the nutritional composition of
Plectranthus rotundifolius tubers in terms of proximate
composition, vitamin and mineral content, and antioxidant
enzymes were evaluated. Proximate analysis is the
partitioning of compounds in a food into six categories:
moisture, ash, protein, lipid, carbohydrate and fibre. P.
rotundifolius tubers were found to contain 82.81%
moisture, 5.85% protein, 5.26% carbohydrate, 1.36%
Lipid and fibre and 4.72% ash. Mineral content analysis
indicated the presence of Li, Al, Cr, Mn, Fe, Ni, Co, Cu, Zn,
Ga, As, Se, Sr, Ag, Ba, Na, K and Ca in P. rotundifolius
tubers. Significant presence of these minerals indicates
that P. rotundifolius is a good mineral source. Vitamin
analysis revealed the significant presence of antioxidant
vitamins, Vitamin A (0.426 + 0.05 mg/g wet weight, Vitamin
C (0.96 = 0.06 mg/g wet weight) and Vitamin E (9.89 +
0.15 mg/g wet weight). This potentiates the use of P.
rotundifolius tubers as a vitamin source. Moreover, due to
the antioxidant nature, these vitamins act as a potent
scavenger of free radicals. In addition to that, P.
rotundifolius tubers were found to contain significant
amount of antioxidant enzymes Superoxide Dismutase
(0.0651 = 0.06 units/mg protein), Catalase (0.167 + 0.16
units/mg protein), Glutathione Peroxidase (31.97 = 0.05
units/mg protein) and Glutathione S Transferase (19.68 +
0.10 units/mg protein), which highlights the antioxidant
nature of the tubers. Hence this study highlights the
potential of P. rotundifolius tubers as an excellent
nutritional source.

Keywords Plectranthus  rotundifolius,  Tubers,

Nutritional evaluation

Any substance of both plant and animal origin,
which is consumed in order to provide nutritional
support to the body, is regarded as food. It should
contain all the essential nutrients (both micronutrients
and macronutrients) in sufficient quantity for
maintaining the nutritional status of the body. Balanced
diet supplies all nutrients in adequate amount in order
to maintain optimal health. Most food has its origin in
plants, since they are indispensable constituent of
human diet supplying the body with minerals, salts,
vitamins and certain hormone precursors, in addition
to protein and energy (Amaechi., 2009). Plant tubers,
also known as nature’s buried treasures have been
important sources of food for thousands of years. The
main nutritional value of roots and tubers lie in their

potential ability to provide one of the cheapest sources
of dietary energy in the form of carbohydrates and
are vital for economically meeting the quantitative
and qualitative nutritional needs of many a nation
(Idusigie and Olayide., 1975; Olojede., 2013).

Plectranthus rotundifolius (Fig 1) belongs to
the mint family and is a perennial herbaceous plant,
commonly known as Chinese potato, coleus potato or
Hausa potato. Tubers of this plant is used as a
vegetable, most commonly eaten as cooked vegetable.
These tubers have medicinal properties and are used
as purgative, carminatives and as antihelmintics
(Anbuselvi and Hemapriya., 2013). Reports indicate
that they are also used to treat nervous and sensory
disorders associated with ear and eye problems
(Catherine et al., 2006). In spite of their importance
as a food source, there are only a few published data
on the nutritional composition of Plectranthus
rotundifolius tubers. The present study was therefore
initiated to evaluate the nutritive values of
Plectranthus rotundifolius tubers and to enhance the
knowledge on the nutritional implication on feeding
these tubers.

Fig. 1. Plectranthus rotundifolius
A : Cultivar, B : Individual Plant C : Tuber (Sample
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MATERIALS AND METHODS

Specimen collection

Plectranthus rotundifolius tuber samples were
collected from Central Tuber Crops Research Institute
(CTCRI), Sreekaryam, Thiruvananthapuram district
of Kerala state, India during the months of February
and March. The specimen was authenticated by an
expert (Dr. Valsaladevi, Curator, Department of
Botany, University of Kerala), KUBH-6012.

Proximate analysis

Estimation of the total carbohydrate content was
performed by the method of Hedge and Hofreiter.,
1962. Carbohydrate is first hydrolysed into simple sugar
(glucose) using dilute hydrochloric acid. In hot acidic
medium glucose is dehydrated to hydroxmethyl
furfural, which upon reacting with anthrone forms a
green coloured product, which is read colorimetrically
at 630nm. The crude protein content of the tuber in
both PBS and Alkali soluble fraction was estimated
by Bradford assay (Bradford., 1976). Tubers were
weighed and ground in both PBS and alkali and the
protein was precipitated by using 10% TCA. The
tubes were centrifuged and the concentration of
protein in the pellet was quantified using Bradford
reagent. The moisture content of P. rotundifolius
tuber samples was estimated by hot air oven method.
Weighed tuber sample was placed in a preweighed
dry crucible, the lid of the dish was loosened and heated
inan oven at 105 = 1p C for 3 days. After 3 days, the
dish was removed from the oven, cooled in a desicator
and weighed. % moisture content can be calculated
by the formula..

Loss in gram of the material on drying x 100

% moisture content =

Weight in gram of the material taken for the test

Ash content was estimated by placing the sample
in a high temperature muffle furnace capable of
maintaining temperatures of between 500 and 600 °C
for 24 hrs. Water and other volatile materials are
vaporized and organic substances are burned in the
presence of oxygen in air to CO,, H,O and N,. Most
minerals are converted to oxides, sulfates, phosphates,
chlorides or silicates. The % ash content can be
calculated by the formula..

Weight in gram of ash obtained x 100

% ash content =

Weight in gram of the material taken for the test

Antioxidant vitamin composition

The concentration of the antioxidant vitamins
Vitamin A, Vitamin C and Vitamin E was estimated in
Vitamin A
concentration was determined using UV irradiation
method. Ground tuber sample was shaken with equal
amount of ethanol and heptane and the two layers
were allowed to separate. The heptane layer was
divided into two equal parts and one part was
irradiated for 3 hours with UV light. The extinction
of the non irradiated part was read at 327nm using
the irradiated part as blank. The vitamin A
concentration was determined from the standard curve
by plotting the extinction of standards plotted in the
same way. Vitamin C in the tuber sample was
estimated by the method of Omaye et al., 1962.
Ground tuber sample was mixed with distilled water
and DTCS reagent. After incubation at 37° C for 3
hours, ice cold 65% Sulphuric acid was added and
again incubated at 37° C for 30 min. Series of
standards were prepared and processed in the same
way. Absorbance was determined at 520 nm and the
concentration of Vitamin C was estimated.
Concentration of Vitamin E in the tuber sample was
estimated by the method of Varley et al., 1984. The
reaction is based on the conversion of ferric to ferrous
ions by tocopherols which then forms a red colour
with 2,2°- dipyridyl. Tocopherols and carotenoids in
the ground tuber sample was first extracted with xylene,
mixed with 2,2° — dipyridyl reagent and the extinction
was measured at 460nm to measure carotenoids. A
correlation was made for these after adding ferric
chloride and reading at 520nm. The amount of vitamin
E can be calculated using the formula.

(AA520nm - AA460nm) x conc
[S]x 0.29 x Total volume

Plectranthus rotundifolius tubers.

Vitamin E (ug/g) =

AA520nm x Vol for experiment
x Weight of sample

Mineral Analysis

The inductively coupled mass spectrometry
system Thermo Scientific ICAP Qc was used for the
elemental analysis. The external calibration solutions
were prepared from standard certified multielement
solution (MER CK).Thermo scientific BRANSTEAD
Smart2pure water containing 1% suprapur grade Nitric
acid (MERCK) was used to get a range of
concentrations 25ppb, 50ppb, 100ppb, 250ppb, 500 ppb
for all elements. Samples containing higher
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concentration of elements than this calibration range
are diluted and analyzed by applying dilution factors.
The ion optics was tuned using Thermo scientific Tune-
B ICAP-Q solution in standard mode and KED mode.
Mass and detector calibration was conducted using
Thermo scientific Setup solution ICAPQ. Powdered
tuber sample was acid digested with nitric acid and
Sulphuric acid and was hold for 25min, zero ramp time
at 400 watts and then retained for 30 min, 5 ramp at
500 watts. After cooling, the vessels were opened and
the samples are diluted to 100ml with Milli-Q water
(Thermo Scientific, Barnstead, Smart 2 pure). The
vessels were closed and shaken thoroughly to
complete the dissolution. The details of the instrument
are given below.

Operating Conditions
Peristaltic pump speed - 40 rpm
Cool flow - 14.00 L/min
Sampling depth - 5
Plasma power - 1550 watts
Auxiliary flow - 0.80 L/min
Nebulizer flow - 0.97
No of main runs — 3

Elements Sodium, Potassium and Calcium were
detected by the technique of Flame photometry,
which works on the basis of heating the metal, such
that the atoms of the metal travel from ground state
to their excited state. The atoms then return to their
ground state and release their energy as photons of
ultraviolet radiation. The wavelength of the UV
radiation is then measured. The reagent in this
experiment is the standard stock solution of NaCl, KC1
and CaCl2 added to deionized H20 to make different
concentrations of aqueous Na+ Cl, K+ Cl, Ca2+ Cl,
to be analyzed by the flame photometer. The solutions
of known concentration and the emission intensities
from the flame photometer are used to make a
calibration curve from which the concentration of the
unknown can be determined.

Activity of antioxidant enzymes

The activity of the antioxidant enzymes
Superoxide Dismutase (SOD), Catalase, Glutathione
Peroxidase (Gpx) and Glutathione S transferase in the
tuber samples were monitored. Activity of Superoxide
dismutase was measured by the method of Kakkar et
a.l, 1984, The assay mixture contained 0.052M sodium
pyrophosphate buffer (pH 8.3), 186 uM PMS, 300

uM NBT, 780 uM NADH, appropriately diluted
enzyme preparation and water to a final volume of 3
ml. Reaction was started by the addition of NADH,
incubated at 30° C for one minute, stopped by the
addition of glacial acetic acid followed by n-butanol.
The mixture was allowed to stand for 10 minutes,
centrifuged, the butanol layer taken out and measured
at 560 nm against a butanol blank. A system devoid
of enzyme served as the control. Activity of catalase
was measured by the method of Aebi H, 1984.
Reaction mixture containing enzyme preparation (in
50 mM phosphate buffer, pH 7.0) and 30 mM H,0O,
(in 50 mM phosphate buffer, pH 7.0) was prepared.
A system devoid of the substrate (H,0,) served as
the control. Reaction was started by the addition of
the substrate and decrease in absorbance monitored
at 240 nm for 30 seconds at 25°C. The difference in
absorbance per unit time was expressed as the activity.

Activity of Glutathione Peroxidase determined by
the procedure of Lawrence et a/, 1976 as modified
by Agerguard et al, 1982. The reaction mixture
contained 0.1M Phosphate buffer (pH 7.4), 20mM
Sodium azide, 0.1mM NADPH, and water. To this,
enzyme source was added and the mixture was
allowed to incubate at room temperature for 5 minutes.
The reaction was initiated by the addition of 7.5mM
H,O, solution. The oxidation of NADPH was
measured using a spectrophotometer at an interval
for next 20s for Smin at 340nm. Activity of Glutathione
S Transferase was monitored by the method described
by Habig et al., 1974. Reaction mixture consists of
both substrates GSH and CDNB (1-chloro-2,4-
dinitrobenzene) in 0.1M Phosphate buffer (pH 6.5).
Enzyme source was added to this mixture and the
readings were recorded against distilled water blank
for a minimum of 3 minutes at 340nm. The complete
assay mixture without the sample served as the control
to monitor non- specific binding of the substrates.

RESULTS

Proximate composition

P, rotundifolius tubers were subjected to crude
carbohydrate, crude protein, crude lipid, moisture and
ash content analysis by the methods described in
chapter 2 and the result is presented in Fig. 2.

The moisture and ash content of the tuber
ranged from 82.81% and 4.72% respectively. The
tubers were found to contain 5.85% crude protein and
the concentration of protein in PBS and alkali soluble
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fractions are presented in Table 1. Carbohydrate
content was found to be 5.26% and the other 1.36%
was expected to be lipid and fibre. Substantial
quantities of minerals are expected as indicated by
the ash content. The major content of the tuber was
found to be moisture, contributing to the shorter shelf
life of this otherwise rich food material.

Table 1. Concentration of protein in both PBS
and Alkali soluble fraction of P.
rotundifolius tubers. Values are
expressed as mean £ SEM of samples
analyzed in triplicate.

Significant amount of vitamin A (0.426 + 0.05
mg/g wet weight), Vitamin C (0.96 + 0.06 mg/g
wet weight) and Vitamin E (9.89 + 0.15 mg/g wet
weight) were obtained and the tubers were especially
found to be a rich source of vitamin E (alpha-
tocopherol) in particular. This indicates the vitamin
abundance and the antioxidant nature of P.
rotundifolius tubers.

Table 3. Concentration antioxidant vitamins in
P. rotundifolius tubers. Values are
expressed as mean £ SEM of samples
analyzed in triplicate.

Protein Fraction Content (mg/g wet
weight) PARAMETERS | ESTIMATED QUANTITY
PBS Soluble Fraction 325+0.15 (mg/g wet weight)
Alkali Soluble Fraction 26.0+0.07 VITAMIN A 0.426 + 0.05
. . VITAMIN C 0.96 = 0.06
Mineral Analysis
VITAMIN E 9.89 £0.15

P. rotundifolius tubers were subjected to
mineral content analysis. All minerals except Sodium,
Potassium and Calcium were analyzed by ICP-MS.
Analysis of Sodium, Potassium and calcium were
carried out by Flame Photometric Analysis. The result
of mineral analysis is illustrated in Table 2. Several
essential minerals were found in the tubers. Rich
amount of Iron, Sodium and Calcium are of particular
nutritional significance and enhance the nutritional
importance

Vitamin content Analysis

P. rotundifolius tubers were subjected to
antioxidant vitamin analysis by the methods previously
discussed. The results are illustrated in Table 3.

Antioxidant enzyme assay

As a conformation of the antioxidant nature of
P. rotundifolius tubers, the activities of the antioxidant
enzymes Superoxide dismutase, Catalase, Glutathione
peroxidase and Glutathione s transferase were
monitored. The results are indicated in Table 4. The
tubers were found to have significant activities of the
enzymes superoxide Dismutase (0.0651 + 0.06 units/
mg protein), Catalase (0.167 + 0.16 units/mg protein),
Glutathione Peroxidase (31.97 + 0.05 units/mg protein)
and Glutathione S Transferase (19.68 +0.10 units/mg
protein), which highlights the antioxidant nature of the
tubers.

Table 2. Mineral content analysis of P. rotundifolius tubers f P rotundifolius tubers.

Parameter Estimated Quantity (ppm) Parameter Estimated Quantity (ppm)
Li 0.6 Ga 1.9
Be 0.0 As 0.1
Al 3923 Se 1.1
Cr 2.2 Sr 9.7
Mn 7.7 Ag 2.2
Fe 267.7 Cd 0.0
Ni 5.9 Ba 10.3
Co 0.9 Ca 166.27
Cu 15.8 Na 201.89
Zn 12.9 K 99.67
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Table 4. Activity of antioxidant enzymes in P.
rotundifolius tubers. Values are
expressed as mean £ SEM of samples
analyzed in triplicate.

Antioxidant Enzyme Activity (Units/mg
protein)

Superoxide Dismutase 0.0651 £0.06
(SOD)

Catalase 0.167+£0.16
Glutathione Peroxidase 31.97£0.05
(GPx)

Glutathione S 19.68 £ 0.10
Transferase (GST)

DISCUSSION

In the present study, proximate composition,
mineral and vitamin analysis and activities of
antioxidant enzymes of Plectranthus rotundifolius
tubers were evaluated. The partitioning of compounds
in a food into six categories viz. moisture, ash, crude
protein, crude lipid, crude fiber and nitrogen free
extracts (digestible carbohydrates) based on the
chemical properties of the compound is termed as
proximate analysis. Generally plant tubers are rich in
starch and indeed they are often considered solely as
a source of carbohydrate for diets or of industrial use
(Peter, R. S., 2003). Tubers do contain protein, but
their levels are substantially lower than that of seeds
(Peter, R.S., 2003). In our study, P. rotundifolius
tubers were found to contain substantial quantity of
carbohydrate and protein, while slightly deficient in
lipids and fibers.(fig.2)

Proximate Composition of P. rotundifolius Tuber
LIPID AND FIBRE

(1.36%) CARBOHYDRATE

15.26%)
PROTEIN
(5.85%)

ASH (4.72%)

MOISTURE
{B2.81%)

Fig 2. Proximate composition of P. rotundifolius
tubers

Ash content in food is obtained as the residue
remaining after all the moisture has been removed as
well as the organic material (fat, protein, carbohydrates,
vitamins, organic acid etc) have been incinerated at a
high temperature. It is generally taken to be a measure
of the mineral content of the original food (Onwuka,
2005). Presence of significant ash content in P,
rotundifolius reveals the mineral abundance in the
tuber sample. Moreover mineral analysis also revealed
the presence of significant minerals like iron, sodium
and potassium in significant amount (Table 2).
Moisture content of a feed sample is related to the
shelf life of the sample (Olaitan et al., 2015). High
moisture content in feed samples often leads to
spoilage from increasing microbial action when stored
(Onyeike et al., 1995). The major content of the tuber
was found to be moisture, contributing to the shorter
shelf life of this otherwise rich food material.

Vitamins are the organic compounds that are
required in minute quantities to sustain life and prevent
disease. In the present study, the amount of antioxidant
vitamins like Vitamin A, Vitamin C and Vitamin E was
found in appreciable quantity (Table 3). Vitamin A is
required by human for normal growth of body cells,
skin, and for proper vision and its deficiency can result
in night blindness and reduced resistance to diseases.
Vitamin C aids wound healing and also help in resisting
infection. Its deficiency can cause scurvy, poor wound
healing and low resistance to infection. The
recommended dietary allowance of vitamin C is 45mg
per day (WHO, 1991). Vitamin E is a powerful, fat-
soluble antioxidant that helps protect cell membranes
against damage caused by free radicals and prevents
the oxidation of LDL cholesterol. It is necessary for
structural and functional maintenance of skeletal,
cardiac, and smooth muscle and it also assists in the
formation of red blood cells and helps to maintain
stores of vitamins A and K, iron, and selenium. In the
present study, vitamin analysis of P. rotundifolius
tubers revealed the presence of substantial quantities
of Vitamin A, C and E. This potentiates the use of
these tubers as a food rich in vitamins with potent
free radicals scavenging activity.

Antioxidant enzymes have been considered to
be of particular importance for the scavenging of free
radicals. Superoxide Dismutase (SOD), Catalase,
Glutathione Peroxidase (GPx) and Glutathione S
Transferase (GST) plays important roles in the removal
of superoxide, hydrogen peroxide and hydroxyl
radicals. In our study, the activities of these enzymes
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were monitored, and significant activity was found in
the sample (Table 4). This is a confirmation of the
antioxidant nature of P. rotundifolius tubers.

This work is focused on the nutritional and
antioxidant potential of P. rotundifolius tubers, which
revealed the potential nutritive value of these
moderately consumed tubers. They can be used as
an alternative source against hunger and malnutrition,
which is currently one of the major problems in many
developing countries. The outcome of this work is
aimed at spreading the knowledge on the nutritive value
of these tubers and promote their utilization as a
valuable food source.
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ABSTRACT

Plant tissue culture technology is being widely used for
large scale plant multiplication. Bananas and plantains
constitute the fourth most important global food commodity.
India’s fertile soils support hundreds of banana varieties,
but farmers only cultivate roughly 12 local and 30 exotic
varieties commercially. Nendran (AAB) is a popular
variety in Kerala where it is relished as a fruit as well as
used for processing. In this study, five Nendran ecotypes
cultivated in Kerala such as Attunendran, Changanasseri
nendran, Chengazhikodan, Manjeri nendran and
Mettupalayam nendran were used for micropropagation.
The cultures of the collected ecotypes were successfully
initiated and established through meristem culture in MS
medium containing BAP (3 mg/L). Media optimization for
multiplication of selected ecotype, Changanessry nendran,
was done by using different concentrations of BAP and
combinations of BAP (0.5, 0.1, 1, 2, 3,4 and 5 mg/L) and
NAA (0.5and 0.1 mg/L) in MS medium. Number of shoots
and growth parameters were measured for finding out
optimal media. Combination of BAP and NAA at a
concentration of 0.5mg/L and 0.1 mg/L respectively was
found to be optimal media for culturing Changanasseri
Nendran. Established cultures of five ecotypes were
successfully hardened.

Keywords Nendran, Micropropagation; MS medium;

BAP; NAA; Ecotype

Plant cell culture has been hailed as one of the
most significant potential adjuncts to plant improvement
(Brown and Thorpe; 1995). The composition of a
medium, preferable to a certain plant species, is nearly
the main task for the establishment of a successful
plant cell and tissue culture technique. Shoot-tip
cultures of Musa cultivars (both banana and plantain)
are induced by culturing small excised shoot apices
on modified MS semisolid medium supplemented with
various concentrations and combinations of auxins and
cytokinins (Nirmalya B. and Edmond de L., 1985).
The different types of banana have not been fully
exploited since Cavendish types mainly dominate the
market place globally (Sumalatha A., 2016).

In tissue culture, plant growth regulators (PGR)
are critical media components in determining the
developmental pathway of the plant cells. Cytokinins

such as benzylaminopurine (BAP) and kinetin are
generally known to reduce the apical meristem
dominance and induce both axillary and adventitious
shoots formation from meristematic explants in banana.
Concentration of BAP is an important factor to increase
the multiplication rate for plantlets and concurrently
control its mutagenic effect so as to decrease the
percentage of morphologically abnormal plantlets
formation (U. P. Bhosale, 2011).

The majority of edible bananas are (Musa L.)
are triploid (2n = 3x = 33) cultivars known as deserts,
plantains or cooking bananas with predominant AAA,
AAB and ABB genomes (Aish M. et.al., 2007). The
procedure for commercial micropropagation of banana
plantlets consists of four stages: Culture initiation, bud
multiplication, plantlet regeneration and acclimatization
in the nursery. TTC plantlets’ uniformity of growth
makes it possible to control the time of flowering and
harvesting, and give a significant increase in yield and
fruit quality (Shin-C. H. and Hong-Ji S., 1998).

India’s fertile soils support hundreds of banana
varieties, but farmers only cultivate roughly 12 local
and 30 exotic varieties commercially. Each of these
types varies subtly in their taste, appearance, and even
aroma. In Kerala, the variety, Nendran ranks first in
commercial value. The cultivators of the Agasthiamalai
ranges call this variety “King of Banana”. The shelf-
life of the fruits of Nendran is more, compared to that
of others. So, the fruits of Nendran have been exported
to the Arabian and European countries. There are
many varieties of banana cultivated in the
Agasthiamalai ranges. Medicinally inflorescence axis
of Nendran is a good lithontryptic; its fruit is laxative
and the flower is for menstrual disorder. Fruit pulp
contains vitamins B1, B2, B3, vitamin C, amino acids,
iron, calcium, phosphorus and proteins in substantial
amount which are the daily need diet for human beings
(J. Lohi das, 2010).

Nendran is known to display considerable
diversity in plant stature, pseudostem colour, presence
or absence of male axis, bunch size, etc. Bunch has
5-6 hands weighing about 12-15 kg. Fruits have a
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distinct neck with thick green skin turning buff yellow
on ripening. Fruits remain as starchy even on ripening.
Nendran is highly susceptible to Banana Bract Mosaic
Virus (BBMV), fungal attack and nematodes( Sheela
and Ramachandran Nair,2001).

Fewer studies in micropropagation were done in
ecotypes of nendran. It is very essential to optimize
the culture media of these ecotypes in large scale
production. So this study is focused to initiate and
establish the cultures of five selected varieties of
nendran such as Attunendran, Changanasseri nendran,
Chengazhikodan, Manjeri nendran and Mettupalayam
nendran and media optimization of selected ecotype,
changanassery nendran.

MATERIALS AND METHODS

Explants

Sword suckers of selected elite plants of banana
cultivars (Attunendran, Changanassrei nendran,
Chengazhikodan, Manjeri nendran and Mettupalayam)
were collected from fields at Mannarkkad and the
pseudostem containing the meristem was selected as
explant. The sheathing leaf bases were removed from
the pseudostem, leaving the young leaves around the
meristem.

Chemicals and instruments

Chemicals for MS media, sucrose, myo-inositol
and plant hormones such as indole-3-butyric acid (IBA),
Naphthalene acetic acid (NAA), benzyl aminopurine
(BAP) used were tissue culture grade. Aseptic
operations (inoculations were carried out in a laminar
air flow hood (Frendz Inc). The instruments were
frequently glass bead sterilized during manipulation.

Culture initiation

The explant material was washed thoroughly in
running tap water for 15-20 minutes. Then the explants
were treated with 0.1% Carbendazime (a fungicide)
and Cefotaxime (an antibiotic) in a shaker for about
20 minutes and transferred to laminar air flow cabinet
for aseptic manipulation. Subsequently they were
briefly rinsed with distilled water followed by treatment
with 0.1% mercuric chloride solution for 10 minutes
and then washed 5-6 times in sterile distilled water.
Intact shoot apex and one or more pairs of leaf
primordial together with 2-3 mm in size including the
rhizomatous base were selected for inoculation. The
explants are cultured in nutrient medium (MS with 3
mg/L BAP) (Murashige T., 1978). Multiplication of

shoots is done at regular intervals to increase the
number of plants.

Media optimization for Changanassery
nendran

From the cultures initiated, Changanassery
nendran was selected for studies on medium
optimization. Cultures of banana (Changanassery)
cultivar raised from shoot tip culture were used for
the study. Initiated cultures were multiplied and
maintained in MS medium with 3mg/L BAP solidified
with 10 g/L Agar Agar. For shoot multiplication, clumps
with shoots were transferred to fresh medium
regularly. By regular subculturing the stock plants were
multiplied to sufficient quantities for further
experiments. In order to find out a better media for
multiplication of Banana cv. Changanassery, explants
were cultured in different combinations of auxin &
cytokinin. The explants were cultured in, different
concentrations of BAP(cytokinin), i.e, 0-5 mg/L and
combinations of BAP & NAA (auxin) shown in Table
1. The cultures were maintained 4 weeks and the data
about the length of shoots, girth of shoots, number of
leaves, and length of leaves were taken and has been
recorded.

Table 1. Concentrations of BAP and NAA used
in media optimization studies

SL.No. BAP (mg/L) NAA (mg/L)
1 0.1 0.1
2 1 0.1
3 2 0.1
4 0.1 0.5
5 1 0.5
6 2 0.5
Rooting

After obtaining the required number of shoots
by multiplication they are transferred to rooting
medium. The medium used for rooting is MS+0.5 mg/
L IBA. Roots develop in two week’s time.

Hardening

After rooting phase banana plantlets were
removed from containers, the gel like medium is gently
washed off from developed roots. Pre-hardened
plantlets with well developed roots were taken to green
house for hardening. Soils with well mixed dried leaves
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Table 2. Response of explants during culture initiation of the five cultivars of Banana

Variety No. of shoot Percentage of Browning Time taken No. of shoots
tips survival for developed after
initiated shoot bud for 17 weeks of
establishment initiation
Attunendran 10 60% moderate 6-7 weeks 50
Changanasseri nendran 12 83.3% moderate 5-6 weeks 52
Chengazhikodan 10 50% moderate 5-6 weeks 30
Manjeri nendran 10 30% moderate 7-8 weeks 18
Mettupalayam 10 30% moderate 7-8 weeks 30

were taken as potting media.

RESULTS AND DISCUSSION

Culture initiation of nendran ecotypes

Chengazhikodan, Manjeri and, Mettupalayam
nendran showed considerable variation in percentage
of contamination and time taken to develop into shoot
clumps (Table 2). The frequent subculturing (5-7) days
in the beginning reduced the rate of browning and
contamination to a great extent. After establishment,
the interval between subcultures was increased to 2
weeks and then to 4 weeks. The highest percentage
of survival is shown by cv. Changanasseri nendran
(83.3%) and least survival rate (30%) by Manjeri and
Mettupalayam nendran. The major contamination was
due to fungi. Bacterial contamination was also
observed in some. After 2 weeks greening of the leaf
sheaths occurred and the meristem became enlarged.
Meristems of cv. Changanasseri and cv.
Chengazhikkodan showed early response compared
to others. After 7-8 transfers new shoots developed

from the axillary buds. The meristems of cv.
Attunendran became multiplying in 6-7 weeks while
the cv. Manjeri nendran and cv. Mettupalayam took
about 7-8 weeks to become multiplying cultures.

Optimization of multiplication media for
Changanasseri nendran

BAP has a marked effect in stimulating the
growth of axillary and adventitious buds and foliar
development of shoot tip cultures. Medium containing
3 mg/L BAP was used for initiation. Various
concentrations of BAP ranging from 0-5 mg/L (0, 1,
2, 3, 4, and5mg/L) and also combination of BAP and
NAA at different concentrations were tried out (Table
1 & Figure 1). Response in shoot production and
growth parameters was recorded after four weeks
(Table 3). No significant increase in number of shoots
up to 5 mg/L BAP. Parameters like number of leaves,
girth of shoots were found to show an increase at
higher concentrations of BAP. Length of shoots and
leaf tend to increase at lower concentrations of BAP.

Table 3. Response of Changanassery nendran on MS medium supplemented with different

concentrations of BAP.

SL. No. BAP No.of shoots sl::) ‘i)ntftll:] (;fn Girth of shoots in | No. ofleaves | Length of leaf in
mg/L (Mean+SD)* (Mean£SD)* cm (Mean£SD)* (Mean< SD)* cm (Mean+SD)*
1 0 la 4.4+1.43b 0.26+0.05 2.2+0.45a 3.3+1.12cd
2 1 la 9+0.29¢ 0.24+0.05 3.4+0.55b 2.8440.59¢cd
3 2 la 7.7+0.44d 0.28+0.08 3+0.71ab 4+0.71e
4 3 la 2.7+£0.29a 0.26+0.05 2.8+0.84ab 1.4+0.36ab
5 4 1.254+0.50ab 3.54+0.70ab 0.3240.10 3.84+0.84bc 2.2+0.44bc
6 5 1.50£0.55b 2.8+0.57a 0.30+0.14 4.6£1.34¢ 0.8+0.44a

(*values followed by the same alphabet are not significantly different by Duncan’s Multiple range test at Pe”’0.05 within a

column)
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Fig.1. Response of Changanassery nendran in MS+ BAP
(A-Basal medium, B- 1 mg/L , C- 2 mg/L, D- 3 mg/L, E- 4 mg/L, F- 5 mg/L)
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Fig. 2. Response of Changanassery nendran in MS+ BAP+NAA
* 0.5+ 0.1; B- 0.5+ 0.5;C-1+ 0.1; D-1+ 0.5; E- 2+ 0.1; F- 2+ 0.5)
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Figure 3: Hardened plants of banana nendran ecotypes
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Table 4. Effect of various concentrations of BAP and NAA in the growth and shoot proliferation of

banana cv. Changanasseri.

SL. No. of shoots Lengt.h of Gil‘tl.l of shoots No. of leaves Length of leaf
No. BAP NAA (Mean=SD)* shoots in cm in cm (Mean: SD)* in cm
(Mean£SD)* (Mean£SD)* (Mean£SD)*
1 0.5 0.5 1.20+0.45a 5.6+0.63b 0.24+0.55a 3.4+0.55b 1.98+0.36b
2 0.5 0.1 4.20+1.10a 3.3+0.27a 0.26+0.55a 2.44+0.89a 0.92+0.26a
3 1 0.5 lab 3.3+1.15a 0.3a 2.6+0.55ab 1.06+£0.49ab
4 1 0.1 1.60+0.55ab 4.1£0.96ab 0.3£0.10a 0.33+0.10ab 2.4+1.10b
5 2 0.5 1.40+0.55¢ 3.0£0.71a 0.284+0.04a 0.284+0.04a 2ab
6 2 0.1 2.20+0.84b 3.7£2.39a 0.44+0.09b 0.4440.09a 2.24+0.09ab

(*values followed by the same alphabet are not significantly different by Duncan’s Multiple range test at Pe”’0.05 within a

column).

Effect of BAP and NAA on
proliferation

Three levels of BAP (0, 1, and 2mg/L) were
tried in combination with two levels of NAA (0.1, 0.5
mg/L) in factorial combination. The data are presented
in Table 4 & Figure 2. The highest number of shoots
was observed in combination of 0.5mg/L. BAP and
0.1 mg/L NAA. 4-5 shoots per explants were obtained
in these combinations. This response was higher to
that observed in treatment of 5 mg/L BAP alone (Table
3). . Higher concentration of BAP and kinetin beyond
optimum levels were also reported to cause necrosis
and reduction in shoot formation during in vitro
multiplication of banana cv. Nendran (Madhulatha et
al., 2004). NAA at a concentration of 0.5 mg/L had a
negative effect on shoot number. The number of shoots
decreased to 1-3 shoots per explants.

shoot

Incorporation of NAA leads to an increase in
the number of rootable shoots when compared to the
addition of BAP alone. The increase in concentration
of NAA from 0.1mg/L to 0.5mg/L resulted in the
increase in the number of leaves, and number of
shoots. All the parameters like number of leaves, length
of leaf, girth of shoot, and length of shoot decreased
with the addition of NAA compared to treatment
where BAP was used alone. At the same time it
resulted in a significant increase in the number of
shoots. The results of this experiment show that the
incorporation of NAA at 0.1mg/L along with 0.5mg/L
BAP can significantly improve shoot number. Basal
medium (MS) supplemented with moderate amounts
of BAP and NAA is effective in shoot multiplication
and growth (Lohidas and Sujin, 2015). The ideal level
of BAP for this combination may have to be decided

after repeated subculture in same medium as discussed
earlier since all explants came from medium containing
3mg/L BAP.

Rooting and hardening

All the multiplied shoots were kept in rooting
media (MS+ 0.5 mg/L IBA). To initiate rhizogenesis,
IBA or NAA are commonly used in the proliferation
medium (Strose et al., 2005). Rooted shoots were
hardened successfully (Figure 3).

CONCLUSION

Five selected ecotypes of M. paradisiaca cv.
Nendran were initiated in the MS medium with 3 mg/
L BAP. Each ecotype has different initiation period.
Media optimization studies were conducted in
Changanassery nendran using MS containing BAP
alone and BAP and NAA combinations. Number of
shoots and other growth parameters were analyzed
to find out optimal media. From the studies, a
combination of BAP and NAA in MS medium at
concentration of 0.5 mg/L and 0.1 mg/L respectively
found to be the optimal media for multiplication of
ecotype, Changanassery nendran.
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ABSTRACT

Ponds are an important freshwater habitat having richness
and rarity in the population of plant and animal species.
The ecosystem services they offer include mainly the water
management and nutrient retention. A Pond indicates
blends of three diverse nourishment web parts, one based
upon cyanobacteria and green growth, another based upon
expansive plants, and another based upon rotted plants
(Boon E et al, 2013). Maintaining clean ponds is one of the
simplest and most effective ways to protect fresh water
wildlife. The pond selected for the study was the
Mithranandapuram fresh water pond with an area of 100
cents located in Thiruvananthapuram Corporation limits
on the western side of Sri Padmanabhaswamy Temple
which has ritualistic and historical importance and is used
by the temple priests to take ritualistic bath prior to
performing poojas. Sampling was done in the month of
March and November, 2016. The physico-chemical
properties and bacteriological analysis of the water samples
were done using standard methods. Water samples were
in the alkaline range in both seasons. Temperature varied
from 30.2-34.4°C; pH, 8.1-8.6; conductivity, 34-270 pmol/
cm; total hardness, 35-240 mg/L; total alkalinity, 24-72
mg/L; chloride, 30-42 mg/L; sulphate, 15.04-32.6 mg/L;
ammoniacal nitrogen, 0.03-1.8; DO, 2.4-2.8 mg/L; BOD,
0.8-1; and Chemical Oxygen Demand, 14-16 mg/L, all
showing high value in the summer season. Coliform count
was far above the safety limit of WHO and had the highest
number of bacterial count in summer. Groups of
phytoplankton encountered were Chlorophyceae, diatoms
Bacillariophyceae and Euglenophyceae. Rotifers and
Copepods were also seen. High count in both the seasons
indicates poor water quality. Presence of rotifers and
copepods indicate the presence of decomposed organic
matter and the high level of pollution. The present study
shows the need of maintenance and conservation of a temple
pond in an urban area, a symbol of our heritage and culture,
rich in biological diversity, in a sustainable and holistic
manner, which can create a better habitat and environment
for all, thus bridging the gap between science and practice.

Keywords Biological diversity, Conservation,

Ecosystem services, Physico-chemical
parameters, Holistic

Ponds are an important freshwater habitat having
richness and rarity in the population of plant and animal
species. The ecosystem services they offer include
mainly the water management and nutrient retention.
A Pond indicates blends of three diverse nourishment

web parts, one based upon cyanobacteria and green
growth, another based upon expansive plants, and
another based upon rotted plants'. Maintaining clean
ponds is one of the simplest and most effective ways
to protect fresh water wildlife. A large pond that will
not dry out in the dry season along with the active
involvement of the community can provide safe
drinking water supplies®. The greenery of Kerala is
maintained because of the moderate amount of annual
rainfall we get but it is observed that in the urban area
of Thiruvananthapuram District, there is scarcity of
drinking water which is mainly due to improper
management of the available fresh water sources,
especially the ponds which help in percolating the rain
water to the ground and increase the water table.
Maintaining clean ponds is one of the simplest and
most effective ways to protect freshwater wildlife.
Planktons dominate the limnetic zone of the pond and
they play a crucial role in the food chain. Plankton
has short life spans and when they die, they fall into
the deep-water part of the pond. Ponds are among
the maximum various freshwater habitats and were
recently determined to help extra species, in addition
to extra unusual, rare, and threatened species in
comparison to lakes, rivers, and streams?. Physico-
chemical parameters and plankton diversity are an
important criterion for evaluating the suitability of water
for drinking and other purposes. The pond selected
for the study was the Mithranandapuram fresh water
pond with an area of 100 cents located in
Thiruvananthapuram Corporation limits on the western
side of Sri Padmanabhaswamy Temple which has
ritualistic and historical importance and is used by the
temple priests to take ritualistic bath prior to performing
poojas. The cleaning and maintenance works of this
pond was started in 2011 and is still on its half way
due to various technical and financial constraints. In
November, 2014, a private company “Crystal” along
with “Biocel Company” cleaned the pond using some
enzymes which is supposed to destroy the sludge and
dirt in the water. The details of the process were not
revealed by the Companies. Pond water is being used
for the rituals but the overall aesthetic appearance of
the pond is not satisfactory.
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Fig. 1. Graph showing the physicochemical parameters of water samples

MATERIALS AND METHODS

The present study was conducted to understand
the physico-chemical and biological characteristics of
the temple pond water seasonal wise to assess the
quality of water and the pond biodiversity. The water
samples were analyzed for the eleven physico-
chemical properties. Sampling was done in the summer
and post-monsoon seasons during morning hours
between 7:00 A.M. to 11:00 A.M. Water samples from
the pond were collected separately in polyethylene
bottles, BOD bottle and for bacteriological analysis in
sterilized bottles. All the precautions were taken during
the sampling. The collected water samples were
analyzed for different physico-chemical parameters
such as temperature, pH, electrical conductivity, total
hardness, alkalinity, chloride, sulphate, ammoniacal
nitrogen, dissolved oxygen, biological oxygen demand
and chemical oxygen demand by the standard
methods*. Plankton was identified using standard
keys>® and photographs were taken using binocular
microscope with image analyser.

RESULTS AND DISCUSSION

The difference in value during the post monsoon
and summer seasons is shown in Figs.1&2. The values
were within the permissible limits’ but showed notable
difference with high value in the summer season. pH
ranged from 8.1-8.6 (Table.1). According to Umavathi
et al., pH range of 5.0-8.5 is best for planktonic

growth®. Electrical Conductivity is a useful tool to
evaluate the purity of water’. High value observed
may be due to an abundance of dissolved salts from
the minerals from rain water runoff, or other
discharges which points to the pollution status'® as
well as trophic level of the aquatic body (Fig.1). A
study by Shrivastava and Kanungo has also reported
a high range of Electrical Conductivity'!. High values
of calcium and magnesium hardness observed during
summer can be due to low water levels and organic
matter in the pond (Fig.1). Increase in calcium and
magnesium concentrations during pre-monsoon may
be the effect of bacterial decompositions'2. Estimation
of dissolved oxygen is a key test in water pollution. In
the present study dissolved oxygen did not show
significant seasonal variation (Fig.1). High alkalinity
of the pond in both the seasons point to the poor water
quality (Fig.2). Chemical Oxygen Demand value
(Table.1) was seen to be higher than the Biochemical
Oxygen Demand value in both the seasons (Fig.1)
which points to the existence of organic substances in
the pond which in the coming period can affect the
quality of water. Coliform count was far above the
safety limit and had the highest number of bacterial
count in summer. Occurrence of pathogens or indicator
organisms in ground or surface water mainly depends
on the range of human activities and animal sources
that release pathogens to the environment'3.
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Table 1. Physicochemical parameters &
Bacteriological Results of water

samples
Parameters Post Sum
Monsoon mer
pH 8.1 8.6
Temperature (°C) 30.2 34.4
COD 14 16
Total Coliform (MPN/100ml) 75 110
Faecal Coliform (MPN/100ml) 45 38

Phytoplankton and Zooplankton are considered
as bio-indicators (Figs.3-8) which are useful in
predicting the level and degree of pollutants.
Chlorophyceae sps pediastrum, oocystis, oedogonium,
cladophora was seen more followed by
Bacillariophycea sps, Navicula, Fragillaria and
Euglenophyceae sps, euglena and phacus. Diatoms
remain as benthic or epiphytic forms and can serve
as good indicators of organic pollution. Diatoms are
ubiquitous in aquatic habitats, where they are important
primary producers and are an important food source
for zooplankton and are useful in biomonitoring.
Presence of navicula, a motile diatom in both the

seasons, considered to be indicator of organic
pollution'* points to the abundance of decaying organic
material. Presence of Euglenophycea in both the
seasons is a good indicator of availability of rich
organic nutrient in the pond. Brachionus sps were seen
to be dominating in the pond which can be due to more
alkaline nature of this water body. Density of
zooplankton, especially rotifers increase significantly
with increase in nutrient concentration'. Copepod is
also an ecologically and economically important group
of zooplankton. Copepods recorded from the pond in
both the seasons, point to the abundant availability of
the phytoplankton in the pond as food source.

CONCLUSION

The Temple Pond was seen to be least
maintained. Wastes were seen dumped on either sides
of the pond at the entry point and aquatic weeds,
decaying plant parts and solid wastes were seen
floating in the water surface. High value of several
parameters in both seasons indicates poor water
quality. High count in both the seasons indicates water
unfit for consumption. Groups of phytoplankton and
zooplankton in the pond indicate the high nutrient
content and enhanced freshwater biodiversity.
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Fig.3. Copepod Fig.4. Phacus

Fig.5. Navicula Fig.6.Brachionus

Fig.7. Pediastrum  Fig.8. Euglena
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Biological monitoring can be used as a valuable method
for protecting and conserving the biological integrity
of a natural ecosystem. Bio-indicators along with
physico-chemical quality can provide valuable
information about the health status of the pond.
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ABSTRACT

Functional foods enclose a wide range of food and its
ingredients with a variety of bioactives responsible for
their efficiency in health promotion and disease prevention.
Coconut Palm is considered very auspicious in Indian
system of medicine and culture with several medicinal
properties. In Kerala due to the over usage of soft drinks,
use of natural coconut products is diminishing day by day.
For these reasons we carried out an analysis of natural
coconut products such as Tender coconut water, Toddy and
Neera and their significant beneficial effects in health
and disease by comparative evaluation of the major
nutritional components as well as the microbiological
qualities during refrigerated storage.Fresh coconuts of
tender stages (4-6 months), Neera marketed by Kaipuzha
Agricultural producers, Kollam and fresh Toddy from
Sicillipuram were taken. Qualitative analysis of
carbohydrates & amino acids, quantitative analysis of
carbohydrates by Nelson-Somogyis method and Roe-
Pappado Paulose method, estimation of Magnesium by
Atomic Absorption Spectrophotometric method, Sodium
and Potassium by Flame Photometric method were carried
out. P¥ was determined using P paper. Isolation and
enumeration of microorganisms were also done using pour
plate and spread plate method. Analysis of minerals
revealed that the concentration of potassium was higher
in all the three natural coconut drinks, while sodium and
magnesium were present in lower concentrations. Higher
concentration of potassium found in these natural coconut
drinks particularly the Tender Coconut Water suggests
that it is beneficial for cardiovascular disease and
hypertension. In microbial analysis no growth was
observed in any dilution of Neera and Tender coconut water.
We conclude that all the natural drinks from coconut palm
are equally good and contain appreciable amounts of
bioactive components. But most studies have shown that
Tender Coconut Water is the best choice for health
promotion and disease prevention and it is beneficial for
patients suffering from cardiovascular disease and
hypertension.

Keywords  Functional foods; Tender Coconut Water,
Neera, Toddy; Hypertension, Diabetes;

Cardiovascular diseases

Functional foods emerge as the strongest positive
determinant of promptness to compromise on taste.

According to the International Food Information
Council (IFIC), functional foods are foods or dietary
components that may provide a health benefit beyond
basic nutrition. Functional foods represent one of the
most intensively investigated and widely promoted
areas in the food and nutrition sciences today. Diet is
only one aspect of a compendious approach to good
health.

Coconut water with its many applications is one
of the world’s most versatile natural products. This
refreshing beverage is consumed worldwide because
it is nutritious and beneficial for health. Cocos nucifera
is one of the highest nutritional and medicinal value
plants with various fraction of proteins which play a
major role in several biological applications such as
antimicrobial, anti-inflammatory, anti-diabetic, anti-
neoplastic, anti-parasitic, insecticidal and leishmanicidal
activities ( Selvaraj Mohana Roopan, 2016). The wide
application of coconut drinks can be justified by its
unique chemical composition of sugars, vitamins,
minerals and amino acids. The total sugar content and
acidity of coconut water did not change with maturity
(Prakruthi Appaiah et al, 2015).

Overwhelming evidence from epidemiological,
in vivo, in vitro and clinical trial data indicates that, a
plant based diet can reduce the risk of chronic disease,
particularly cancer. Tender Coconut Water is a natural
isotonic beverage with almost the same level of
electrolyte as we have in our blood (Prathapan A,
Rajamohan T, 2011) The richness of macro and micro
nutrients in Tender Coconut Water are reported to
have hypolipidemic,
hepatoprotective effects (Sandhya et al, 2008).
Innovative fermented functional beverages using

cardioprotective and

coconut water as the main ingredient is being used
for providing the intrinsic health properties. Coconut
water is a non diary substrate that can be introduced
as a new vehicle for the consumption of functional
cultured beverages especially by vegetarians.

Sodium, Potassium, Phosphorous, Chloride and
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Table I. Qualitative Analysis of Carbohydrates

TEST FOR Tender Coconut Water TODDY NEERA
CARBOHYDRATES
Carbohydrates
Molisch’s test + + +
Starch _ _ _
Iodine test
Reducing sugar
Fehling’s Test + + +
Benedict’s Test + + +
Picric acid Test + + +
Fructose
Phloroglucinol Test + + +
Ketohexose
Seliwanoff’s test +++ ++ ++
Pentose sugar
Bial’s Test - - -
+++ - present +- slightly present
++ - moderately present - absent
Table II. Qualitative Analysis of Amino acids.
TEST FOR Tender Coconut Water TODDY NEERA
AMINOACIDS
Amino acids
Ninhydrin Test + + +
Aromatic amino acids
Xanthoproteic Test + + +
Folin’s Test + + +
Tyrosine
Millon’s Test + + +
Tryptophan
Hopkins- Cole Test _ + +
Aldehyde Test _ + +
Ehrlisch’s Test _ + +
Arginine
Sakaguchi’s Test + + +
Cysteine and Cystine
Basic lead acetate Test + _ _
Cysteine
Nitroprusside Test + _ _
Proline
Isatin Test +
Test for Methionine _
Hystidine and Tyrosine
Pauly’s test + + +
Histidine
Biuret Test + + +
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CARBOHYDRATE Tender Coconut TODDY (g/dl)* NEERA((g/dl)*
Water(g/dl)*
GLUCOSE 4.400 3.500 1.500
FRUCTOSE 1.600 1.200. 0.600

*values are means of triplicate determination

Magnesium are the major minerals found in coconut
water, besides Vitamin C and sugars (Magda 1992;
Campos et al, 1996; Nadanasabapathy and
Kumar,1999). Functional activities as anticarcinogenic
(Sylianco et al, 1992) and intravenous hydrating
solution used in severe dehydration cases have been
reported for coconut water (Magat and Agustin 1997;
Falck et al, 2000). Hypertension is the most important
known risk factor for stroke. Clinical, experimental
and epidemiological evidence suggests that a high
dietary intake of potassium is associated with lower
blood pressure. High intake of potassium from food
sources may protect against health problems
associated with stroke. Modern human diet is both
excessive in NaCl and deficient in fruits and
vegetables which are rich in K" and HCO; yielding
organates like citrate. With the modern diet, the K/
Na'ratio and HCO,/CI ratio have both become
reversed. Dietary potassium modulates both the
pressure and hyper calciuric effects of the modern
dietary excess of NaCl. Evidence shows that reduced
sodium intake lowers blood pressure and can prevent
hypertension. According to systematic reviews and
meta-analyses, sodium reduction does not affect
fasting glucose levels or consistently affect insulin
resistance, (Patel S M et al, 2015) nor does it affect
glycated hemoglobin levels in patients with diabetes
(Suckling RJ et al,2010).Analysis of the National
Health and Nutritional Examination Follow-Up Study
(NHEFS) found that dietary sodium intake was either
inversely or directly associated with increased risk of
cardiovascular disease.

MATERIALS & METHODS

This was a study which was carried out at the
Coconut Research and Development Centre,
Laboratory East Pattom, Trivandrum, Kerala, India
for a period of 6 months from December 2015 to May
2016. The study included samples of Tender Coconut
Water, Toddy and Neera received from appropriate

places and brought to the lab in a sterile container
with adequate cooling and used for each day
experiment.

The presence of carbohydrates was detected
using qualitative analysis and the main sugars present
in it, viz. glucose and fructose were estimated by
Nelson-Somogyi’s method and Roe- Pappado Paulose
method respectively. Using Atomic Absorption
Spectrophotometer method, Magnesium was
quantitatively analysed. Through Flame Photometric
Method, Sodium and Potassium were analysed. P" of
the three samples was determined on the first, third
and fifth day using P" paper. Isolation and enumeration
of microorganisms were done. For isolating bacteria
and fungi, pour plate and spread plate method were
used.

RESULTS

From the qualitative analysis it was observed that
all the three natural coconut drinks contains reducing
sugars namely glucose and fructose in appreciable
amounts, while starch and pentose sugars are absent.
(Table-I)

Qualitative analysis of Tender Coconut Water
reveals that it contains amino acids such as Arginine,
Cystine, Proline and Histidine. In addition to these
amino acids, Tryptophan and Methionine were
detected in Neera and Toddy.(Table-1I)

Quantitative analysis of glucose by Nelson-
Somogyi method indicate that Neera has lower amount
of glucose than either Tender Coconut Water or Toddy.
When fructose was estimated by Roe-pappado
paulose method, it was found that all the three
beverages contained lower amounts of fructose than
glucose while Neera contains the lowest
amount of fructose among the three natural drinks.

(Table-1I)

Quantitative analysis of minerals present in
coconut drinks revealed a higher concentration of
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Table IV. Quantitative Estimation of Minerals

MINERAL TCW(mg/dl) TODDY (mg/dl) NEERA (mg/dl)
Magnesium(Mg+) 14.50 4.75 5.60
Sodium( Na+) 32 12 14
Potassium(K+) 176 132 145
K-+/Na+ ratio 55 11 10.3

Potassium ; while the amount of Sodium and
Magnesium were lower. Among the minerals present,
the amount of Potassium was higher in all the three
natural drinks. When the Potassium/Sodium ratios
were looked at, it was found that Tender Coconut
Water has the minimum ratio compared to Toddy and
Neera. (Table-1V)

An analysis of the P levels of fresh samples of
Tender Coconut Water, Neera and Toddy showed
that the values were 4.0, 4.0. and 2.0 respectively.
These observations indicated that all the drinks
were acidic in nature. Among the three, Toddy is
highly acidic. Tender Coconut Water was clear
and colourless. Toddy was turbid and less viscous
while the Neera was partially colourless and less
viscous. It was also found that there was no change
in the pH between the first , third and fifth days.
(Table-V)

Microbial analysis of the samples indicated that
among the three samples namely Neera, Toddy and
Tender Coconut Water, only Toddy was found to
contain microbes after pour plate method with serial
dilutions. The microbe was identified to be Gram
positive. Colonies were not observed after 3™ day and
5% day of plating in Neera and Tender Coconut Water.
Tests showed positive results for Toddy which may
be its general microbial characteristic responsible for
the biochemical properties.(Table-VI)

DISCUSSION

Over the past few years, the disease spectrum

Table V. Determination of pH

across the world has undergone a classical
epidemiological transition shifting its focus to non-
communicable diseases- including cardiovascular
diseases, hypertension, diabetes mellitus and chronic
kidney diseases. While these diseases may have a
genetic predisposition, there is a strong association with
environmental influences, suggesting that they are
lifestyle related.

Natural coconut drinks are good sources of
minerals namely sodium, potassium, calcium,
manganeese and magnesium. Sodium and potassium
are two critical minerals that have consistently been
identified as nutrients of concern in the diet . These
two cations have an inverse relation in the body and
hence it is important not only to look at the individual
mineral intakes but also the ratio of these two minerals
in the diet. Recent data suggest that the dietary sodium
to potassium ratio is more strongly associated with an
increased risk of hypertension and cardiovascular
disease-related mortality than the risk associated from
either sodium or potassium alone. The effect of a
chronic high salt intake is a gradual increase in blood
pressure throughout life. The INTERSALT study
(International Study of Salt and Blood Pressure)
suggested a strong relation between salt intake and a
progressive increase in blood pressure with age is,
0.4 mm Hg per year for a 6 g/day salt intake. (Elliot P
etal, 1996)

Among the minerals present the amount of
potassium was higher in all the three natural coconut
drinks. Potassium was identified as a shortfall nutrient

pH TCW TODDY NEERA
1* day 4 2 4
31 day 4 2 4
5t day 4 2 4
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Tender Coconut Water TODDY NEERA
FRESH SAMPLE(1* day) No colonies 45 CFU/10™! dilution No colonies
Observation after 3™ day No colonies 50 CFU/10! dilution No colonies
Observation after 5™ day No colonies 50 CFU/10! dilution No colonies

by the Dietary guidelines for Americans 2010 advisory
committee. Increased intake of potassium is beneficial
in patients with coronary heart disease and
stroke (Suter,1999) The committee concluded
that there was a moderate body of evidence of
the association between potassium intake
and blood pressure reduction in adults, which in
turn influences the risk of stroke and coronary
heart disease. Evidence is also accumulating of
the protective effect of adequate dietary potassium
on age related bone loss and reduction of kidney stones.
Low potassium-to-sodium intake ratios are more
strongly related to cardiovascular disease risk than
either nutrient alone. Western diets have led to a
decrease in potassium intake with reduced
consumption of fruits and vegetables with a
concomitant increase in sodium consumption through
increased consumption of processed foods. (Weaver
CM, 2013).

In this study it was observed that all the three
natural coconut drinks contain reducing sugars namely
glucose and fructose in appreciable amounts. Other
benefits of increasing potassium consumption may
include improved glucose control, glucose intolerance
and insulin resistance becoming a concern for
hypertensive individuals prescribed to potassium
wasting diuretics (Michael S. Stone et al, 2016). Both
glucose and fructose content was higher in Tender
Coconut Water compared to Toddy and Neera.
Glucose intolerance can often be a result of severe
hypokalemia due to a deficit in potassium balance that
may occur in primary or secondary aldosteronism or
prolonged treatement with diuretics. Studies show that
high potassium intake may be associated with a
decreased risk for developing type 2 diabetes mellitus
in women with a BMI of 29 or less (Vasanti.S.Malik,
Frank B.Hu, 2012).This relationship also extends to
the kalemic effects of insulin. Higher plasma insulin
levels are associated with increased potassium
absorption into cells.

Several studies have shown an increased risk of
cardiovascular disease or death among people
consuming less than 3.0 g of sodium per day, as
compared with average intake (Graudal N et al, 2014;
P Fister R et al, 2014) but many of these studies
included people at high cardiovascular risk, (O’Donnell
M.J et al, 2011; Thomas MC, Moran J et al, 2011)
who were not representative of the general
population. The association between sodium intake
and cardiovascular disease is complex and may be
modified by other dietary factors, such as potassium
intake, which has also been associated with
cardiovascular risk (Aburto N.J et al, 2013; Cook NR
et al, 2009). It is clearly evident from the study that
the ratio of Na*/k" is lesser in these natural coconut
drinks. Tender Coconut Water shows lesser amount
of Na'/k* ratio than Toddy and Neera. The
antihypertensive effect of increased potassium intake
is related to numerous mechanisms. Acutely, increased
plasma potassium is associated with endothelium
dependent vasodilation via stimulation of Na+-K+
ATPase pumps and the opening of potassium channels
in vascular smooth muscle cells and adrenergic nerve
receptors (Anne R. Crecelius et al, 2014). In addition
to enhanced vasodilation, other possible mechanisms
in which potassium is proposed to lower blood pressure
and improve vascular outcomes include increases in
sodium excretion, modulation of baroreceptor
sensitivity, reduced sensitivity to catecholamine related
vasoconstriction, improved insulin sensitivity and
decreases in oxidative stress and inflammation.
(Graudal N.A et al, 2012)

Qualitative analysis of Tender Coconut Water
reveals that it contains amino acids such as Arginine,
Cystine, Proline and Histidine. In addition to these
amino acids, Tryptophan and Methionine were
detected in Neera and Toddy. Amino acids are
essential for healing wounds and repairing tissue,
especially in the muscles, bone, skin and hair as well
as for the removal of all kinds of waste products
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produced in connection with the metabolism, Studies
revealed that Tender Coconut Water is a resource of
amino acid L.Arginine (Anthony Loperito Loki and
T.Rajamohan, 2003). There are reports that
L.Arginine possesses hypertensive and
cardioprotective properties (Anurag and Rajamohan

2013)

The P! levels of fresh samples of Tender
Coconut Water, Neera and Toddy was 4.0, 4.0 and
2.0 respectively. P" level plays an important role in
maintaining the day-to-day function and overall health.
Natural juices from plant sources have a low PH ,which
means it is acidic. Similarly the present observations
indicate that all the drinks are acidic in nature. Among
the three, Toddy is highly acidic. Tender Coconut Water
was clear and colourless. Toddy was turbid and less
viscous while the Neera was particularly colourless
and less viscous.

Microbial analysis indicate that there
was no microbes in Neera and Tender Coconut Water,
only Toddy was found to contain microbes. The
microbe identified was Gram positive. Fungal
contamination was also absent in the three samples
as there was no growth in SDA plates. Test showed
positive results for Toddy are general characteristics
and morphology, microbial analysis and biochemical
characteristics. Since Tender Coconut Water and
Neera contains no microbial growth after the
refrigerated storage at regular intervals of time it is
beneficial for the promotion of health and disease

prevention.

As pointed by the results of the present study,
we suggest that the coconut based beverages have a
high potential as functional foods and hence effective
steps should be taken to popularize the health benefits
of these drinks. They can be used as a perfect food
supplement for persons having hypertension, diabetes
and cardiovascular diseases.
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ABSTRACT

Asystasia chelonoides var.chelonoides, Nees
(Acanthaceae) is an under shrub distributed throughout
India. It is extensively used as a relief for Asthma and
Jaundice. The leaves have good hypoglycemic and
hypolipidemic effect. Pharmacognostic studies of the plant
were carried out following the WHO guide lines on the
establishment of quality standards for medicinal plants.
Other physiochemical parameters were also determined.
Pharmacognostic investigations include macro and
microscopic studies on fresh and powdered leaves,
organoleptic study, stomatal index, physiochemical
constants like total ash and extractable values to facilitates
the correct identification.

Key words Asystasia chelonoides, pharmacognosy,
hypoglycemic, hypolipidemic.

Asystasia chelonoldes var.chelonoides, is a
member of the family Acanthaceae. It is commonly
called “Kattumanikulukki pachila”. Tribal people use
the leaves and flowers with honey for giddiness and
Jaundice. Studies are going on throughout the world
for the search of protective molecules that would
provide maximum protection to the liver, kidney as
well as other organs and practically very little or no
side effects would be exerted during their function in
the body (Montilla et al.; 2005; Mansour et al.; 2006).
A number of herbs are traditionally used in different
countries in response to drug or toxin induced hepatic
and renal disorders. (Beshbishy et al.; 2005). Good
medicinal practices in neutraceutical and
pharmaceutical industries warrants to correct
identification of the dried plants or powdered drug
which detects and prevents the adulterations if any.
The adulteration is done deliberately, but its may occur
accidently in some cases (Kokate ef al.; 2008)
According to WHO (1988), the macroscopic and
microscopic description of a medicinal plant is the first
step towards establishing the identity and the degree
of purity of such materials and should be carried out
before any tests are undertaken. (Anonymous 2002)
and Khandelwal 2003).

MATERIALS AND METHODS

The plant specimens for the proposed study were

collected from Kollam and Thiruvananthapuram
District of Kerala. The specimens were identified and
authenticated by The Flora of Presidency of Madras
(Gamble, 1935). Care was taken to select healthy plants
and for normal organs. The stem, petiole, root and
leaf were subjected to pharmacognostic studies (Evans
1996). The external morphology of the plant parts and
other structural peculiarities were studied in the
macroscopic observation. The moisture content, ash
test, leaf microscopy, stomatal index were identified.

Stomatal Index: Take leaf fragments of about
5x5mm in size in a test tube containing about Sml of
chloral hydrate solution and heat in a boiling water
bath for about 1 5minutes or until the fragments become
transparent. Transfer a fragment to a microscopic slide
and prepare the mount with lower epidermis
uppermost in chloral hydrate solution and put a small
drop of glycerol-ethanol solution in one side of the
cover glass to prevent the preparation from drying.
The number of stomata and total number of epidermal
cells are counted.

5
Stomatal index = — X 100
E+5

RESULTS AND DISCUSSION

Macroscopic Studies

Macroscopic characters of the stem shows
branched, cylindrical, solid, slight woody and glabrous
stem. Leaves are lightly coloured when young and
dark green at maturity. Leaves with

reticulate venation is an important diagnostic
features of the drug plant. Inflorescence paniculate,
corolla pale yellow about 0.75inch long .Fruit is an
elliptical capsule with a collateral solid base, opening
widely in a reflexed curve. Seeds compressed, angular,
glabrous and tuberculate.

Microscopic studies:

Stem — The stem is four angled 2-3 mm thick. It
consists of a thin epidermis, prominent cuticle, broad
cortex, discrete vascular bundles and large pith.
Epidermal cells are small and rectangular. Beneath
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Table 1. Physico chemical parameters of leaf
samples of Asystasia chelonoides
var.chelonoides, Nees.

SINo | Factors Value
1 Moisture content 52.52%
2 Total Ash 7.47%
3 Water Soluble Ash 3.78 %
4 Acid Insoluble Ash 0.48 %

the epidermis single row of collenchyma cells followed
by chlorenchymatous cortex. Vascular bundles have
prominent, circular bundle cap, rectangular mass of
phloem and xylem tissue. Xylem has thick walled
vessels embedded with parenchymatous cells and
fibres. Phloem has sieve elements and phloem
parenchyma. The pith is wide and parenchymatous.

Leaf — Leaves opposite, entire on the margins,

Habit: Asystasia chelonoides var.chelonoides,
Nees

Stomata

elliptic, ovate, glabrous, the base always narrowed, 1-
2.5 inch long, 1-1.5 inch broad. Leaf has smooth and
even lamina with a midrib. The adaxial epidermis is
thick with elliptical cells and prominent cuticle. The
abaxial epidermis is with rectangular cells with thick
cuticle. The vascular bundles are collateral with thick
walled xylem elements. The ground tissue beneath
the vascular bundle is parenchymatous. There are
three or four layers of rectangular cells forming a
narrow band in between the adaxial epidermis and
the vascular bundle on the adaxial part. The mesophyll
tissue is differentiated into one or two layers of
compact palisade cells and spongy tissue having
loosely arranged cells.

Stomata and stomatal index — For studying
stomatal morphology and the index calculation,
epidermal peelings were prepared. stomata are diacytic

TS of stem

T S of root
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type, which is surrounded by two subsidiary cells. Powder Microscopy

The stomatal index was calculated by counting In the powder, leaf fragments and bark elements
the number of stomatal cells as well as upper and were observed. Hairs, bristles and Trichomes were
lower epidermal cells. The stomatal index was found present. Xylem trachieds and vessels of varying length.

to be 28.15. Thin walled xylem fibres were present.
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Physico Chemical Parameters

Various Physico- chemical parameters like
moisture content, total ash, water soluble ash, acid
soluble etc were also calculated. (Table 1)

Pharmacognostic analysis of Asystasia showed
many important features useful for the authentification
of the drug plant. Macroscopic characters of the stem
are glabrous and quadrangular. Massive
sclerenchymatous thick walled fibres and vessels are
also unique to Asystasia. Diacytic type of stomata is
a useful identification mark of the plant. The
microscopical studies of the transverse section showed
the presence of simple and glandular trichomes, which
is characteristic of the family Acanthaceae. The
extractive values are useful to evaluate the chemical
constituents present in the crude drug and also help in
the estimation of specific constituent soluble in a
particular solvent (Ozarkar, K.R 2005).
Pharmacognostic studies of Asystasia also help in the
identification and preparation of a monograph of the
plant.
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ABSTRACT

Drought tolerance mechanism in plants still remains a
biological challenge to scientists because of multiple of
factors. Most of the works were carried in lichens,
bryophytes, the resurrection plant Selaginella and a few
dicot flowering plant species. Limited works were
undertaken among ferns related with desiccation tolerance.
The present study was carried to unravel the molecular
and biochemical specificities of the forked fern —
Dicranopteris linearis against desiccation under in vitro
conditions. In vitro experiments were conducted against
five different desiccation regimes such as 2,4, 6, 8 and 10
d using poly ethylene glycol (PEG) treatments under
controlled conditions and also subsequent rehydration. A
set of control was also maintained under optimal
conditions. All the experiments were conducted following
standard protocols and the results were statistically
analysed using two way ANOVA. Primary metabolic
analysis revealed varied pattern in the levels of sugars,
free amino acids and proteins. The higher concentration
of sugar and amino acid proline in the tissues confirm
their role as osmolytes. Enhanced level of protein
concentration and total free amino acid suggests its role
as stress protein to mitigate metabolic pathways. Flavonoid
content relates its role as antioxidant in the fern. Optimal
level of RWC was maintained during different regimes of
desiccation. Trehalose level further substantiates the
resurrection nature of the plant. FTIR analysis reveals
desiccation stress influenced carbohydrate, protein, lipid,
and cell wall pectin synthesis pathway from day 2 to 10.
Chlorophyll fluorescence and photosynthetic pigments
analysis revealed that the ferns withstand desiccation via
maximum quantum Yyield of PSII and photochemical
quenching. The amount of total phenolic compounds and
the fractionated phenolic acid level increase significantly
up to 4 day of desiccation and subsequently maintained
their level till 10" day. Changes in the dynamics of
antioxidants and antioxidant (AOX) enzymes provide an
insight of defense system in the fern against various
degrees of oxidative stress, and the integrated stress
tolerance of plants. The subcellular localization of
desiccation induced H,O, synthesis and its relation to
H*ATPase of the desiccated fronds was studied. The role of
NO in ameliorating desiccation stress coupled with DNA
damage in the fronds subjected to desiccation at different

Dicranopteris linearis

regimes was also carried. ABA level also substantiate the
desiccation tolerance potential of the fern.Four different
MAPK pathways were activated in the fronds in response
to desiccation. The overall results revealed the desiccation
tolerance capacity of the fern under induced desiccation
stress conditions.

Keywords Desiccation tolerance; Dicranopteris

linearis; osmolytes; antioxidants;

chlorophyll fluorescence,; phenolic acids;
MAPK pathways.

Desiccation tolerance was reported widely in the
plants like mosses, ferns, their reproductive structures,
seeds of higher plants and rarely in the whole flowering
plants (Alpert and Oliver, 2002). Drought and
desiccation tolerance are correlated with physiological
and biochemical events in the cell system. The
population explosion, climate change and the need of
water for agriculture are regularly increasing.
Therefore, the researchers have initiated their efforts
to analyse efficacy of water-usage tolerance against
drought and targeting to apply these information into
a biotechnological mode for crop improvement
(Leprince and Butnik, 2010). The resurrection plants
are unique source for tolerant genes and also possess
novel osmolytes. Ferns are widely distributed along
the tropical parts of the world and mostly tolerant to
drought. Dicranopteris linearis commonly known as
forked fern was chosen for the present study to
undravel the mechanism of desiccation tolerance using
analytical, biochemical and molecular tools.

MATERIALS AND METHODS

Dicranopteris linearis (Burm.f.) Underw. was
collected from the wild habitats of Ponmudi Hills,
Thiruvananthapuram, Kerala. /n vitro experiments
were conducted against five different desiccation
regimes such as 2, 4, 6, 8 and 10 d using poly ethylene
glycol (PEG) treatments under controlled conditions
and also subsequent rehydration. A set of control was
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Fig 1 a& b. TEM images of 4 and 6 day desiccated leaf cells showing cerium per hydroxides deposited

along the membrane.

also maintained under optimal conditions. All the
experiments were conducted following standard
protocols and the results were statistically analysed
using two way ANOVA.

RESULT AND DISCUSSION

As an initial part of the study, RWC of the
desiccated and rehydrated fern was analysed. 60 to
85.5% of RWC was noticed in the fronds of the
desiccated ferns up to 8 days of desiccation. Similarly,
the RWC recovery reached approximately 90% during
the fully hydrated condition. Thus, suggests that the
frond was capable of storing water and able to recover
from continuous cycles of desiccation via rehydration.

Metabolic profile of the forked fern against
desiccation rehydration treatment was further
analysed. The level of total sugar change significantly
during the treatment periods and also, the total proteins
suggests its role as stress related proteins. Similarly,

the amount of free amino acids also increased
concomitant with desiccation periods. Increase in the
level of phenylalanine — the amino acid crucial for
initiating secondary metabolite synthesis was noted.
Proteomics studies of the resurrection fern
Polypodium virginianum have revealed the
production of specific proteins in connection with
rehydration after desiccation i.e., rehydration-specific
polypeptides which were instrumental in helping the
plant to recover completely during rehydration
(Reynolds and Bewely, 1993). Proline, the osmolyte
which provide tolerance to stress was also enhanced.
The data were statistically significant at 1% level.
Agduma and Dionisio-Sese (2015) reported highest
proline content in the desiccated S. tamariscina
compared to its control plant. In contrast, rehydrated
S. tamariscina was showed lower proline content
relative to the desiccated samples. Similarly, desiccated
fronds of Selaginella bryopteris showed an

C 2 4

N TS SSm—

42 kDa
38 kDa

Fig 2 a. Desiccation induced activation of 42 and 38kDa protein kinase of D. linearis exposed to

0,2,4,6,8,10 days of desiccation.
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Fig 2b. Differential activation of MAPKs by desiccation treatment (2-10d) in D.linearis.

increased proline content when compared to control.
The rehydrated fronds showed reduced proline content
though it was still approximately 4 times higher than
that of control fronds (Pandey et al., 2010). The
increase in the concentration of flavonoids subjected
to desiccation treatment indicates its positive role as
an effective antioxidant. Trehalose, the disaccharide
also showed a positive response with desiccation as
revealed by HPLC chromatograms. In Selaginella
lepidophylla high trehalose level (AU than 130 mg/g
DW) was noticed during dry as well as hydrated
conditions and was considered as one of the reason
for acquisition of desiccation tolerance by the species
(Pampurova and Dijck, 2014).

Desiccation treatments influence the
physiological and biochemical process and thereby
regulating the biomass of plants. Fourier transform
infrared spectrometry (FTIR) was attempted to

evaluate the changes of functional groups in the

desiccated fronds. The obtained IR spectra were
further processed by de-convolution and curve fitting
to examine the chemistry of the molecules and its
structural changes. 2 d desiccation stress changed the
peak areas of proteins, lipids and cell wall pectin.
Almost all the compounds were changed significantly
compared to the control at 10 d of desiccation. The
FTIR method provides remarkable way to analyze the
structural conformation of the proteins. The C-O,
NH,, and C-N bonding of the peptide linkage absorb
wavelength of light in between 1800 and 1200 cm!
region. The absorption band of C-O stretching
vibrations of the amide group depends on the nature
of hydrogen bonding between C-O and N-H moieties
and was particularly applicable for detecting the
secondary models of polypeptides. The experimental
results suggest that the FTIR technique was effective
in analyzing the environmental stress response of the
plants.
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Table 1. Influence of desiccation (2-10days) and rehydration stress on Activity of enzymes (U/mg
protein) - NADPH oxidase (NOX), Superoxide dismutase (SOD),Catalase(CAT), Ascorbate
peroxidase (APX), Monodehydro ascorbate reductase (MDHAR), Dehydro ascorbate

reductase (DHAR) and Glutathione reductase (GR) and in D.linearis .

Values were the

means of five replicates and significance of F were denoted by ** (p < 0.01).

Superoxide Ascorbate Monodehydro Dehydro
NADPH oxidase P . ascorbate ascorbate Glutathione
Days dismutase | Catalase(CAT) | peroxidase
(NOX) (SOD) (APX) reductase reductase reductase (GR)
(MDHAR) (DHAR)
Control 211.104 5.634 3.72 158.22 12.66 50.93 143.1
D R D R D R D R D R D R D R
2 405.37 | 314.78 | 7.06 | 7.31 8.36 5.56 |248.981195.87| 60.97 | 35.02 | 58.17 | 32.91 |240.99|258.76
4 860.11 | 820.22 | 7.69 | 5.67 | 17.11 | 16.29 |281.86|259.44 | 80.08 | 31.81 | 237.90 | 232.82 | 414.37|382.83
6 1294.03 | 888.51 | 12.78 [10.34| 17.64 | 16.18 |281.99]250.51 | 84.42 | 52.21 | 221.70 | 239.24 | 385.04 [ 322.14
8 1330.64 | 988.26 | 14.77 | 8.29 | 30.17 | 28.39 |482.231460.63 | 91.84 | 62.09 | 413.13 | 370.57 | 481.84 [ 649.82
10 1536.87 [1314.73 1 13.86 | 8.72 | 21.17 | 17.95 |504.32|387.20| 94.10 | 64.83 | 281.77 | 222.98 | 320.89 [266.86
F ratio 1933.36%* 32.37%* 531.91%* 1699.44%** 66.30%* 356.12%* 183.56**
D
H 723.72%* 65.57%* 42 .44%* 391.47** 495.99** 15.22%* 0.86
CD 26.079 1.246 0.986 7.917 4.736 18.618 25.694
D
H 16.497 0.788 0.624 5.007 2.995 11.775 16.250

Exploring the mechanism of desiccation tolerance
is crucial in order to unravel the position of ferns in
tropical region of the earth. Pigment and fluorescence
responses of the forked fern against desiccation and
rehydration stress were analyzed. Chlorophyll a and
b pigments were increased (2™ day) marginally
indicating the physiological tolerance of the stressed
plants with duration of desiccation. Similarly, the
carotenoids also showed a steady increase. The
quantum yield potential of photosystem II (F /F ) was
0.61, 0.77, 0.79, 0.80 and 0.76 respectively, when
subjected to 2, 4, 6, 8 and 10 days of desiccation. The
F /F _ratio, Fm, Fv, Fo the potential parameters of
chlorophyll fluorescence can be used for early
detection of desiccation stress in the fern. The present
results revealed that desiccation stress resulted an
initial reduced F /F_ which may be due to the
decreased efficiency of energy transfer from the
antennae molecules to the reaction centers and / or
inhibition of the activity circumscribed around PSII
reaction centers (Abdeshahian et al., 2010). Further,

photosynthetic quenching and ETR and non-
photochemical quenching were maintained remarkably
in the fronds till the 8 d of desiccation stress.

The amount of phenolics and its fractionation in
the frond during successive periods of desiccation and
its localization using transmission electron microscope
(TEM) was also carried. Phenolics distribution at the
cellular level was localized in the parenchyma cells.
The content of phenolics showed positive correlation
with desiccation and subsequent rehydration as
compared to control and was substantiated by TEM.
Phenolics were noticed in the vacuoles of all cells and
also along the cell walls. Fractionation of phenols by
RP-HPLC reveals the waxing and waning pattern of
phenolic acid such as ferulic, hydroxy benzoic,
phloroglucinol and others in the tissue during the
different regimes of desiccation. The in situ location
of phenolics reveals the protective chemical defense
of the compound against environmental constraints.
Zivkovic et al., (2010) reported induction of high
amount of phenolics in rustyback fern (4splenium
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ceterach) following short term desiccation followed
by alterations in phenolic acid metabolism guided by
enzymes peroxidases and poly phenol oxidases.

Free radical-induced peroxidation leads to
damage membranes, enzymes and nucleic acids and
is likely to be the major causes of injury during
desiccation of plants. Protective mechanisms to
scavenge the peroxidatively produced free radicals
and peroxides have evolved within plants, keeping these
reactive molecules to minimum. The hydrogen peroxide
(H,0,) and superoxide radical (O,”), showed a
remarkable increase in the treated groups when
compared to control revealing its role as signaling
cascade. Peroxidation of membrane lipids is a sensitive
diagnostic index of oxidative stress. Lipid peroxidation
levels in the analysis showed an initial increase (2d)
followed by a decrease and maintained at par with
the control indicating the active anti-oxidative
machinery in the fern.

The differential responses of antioxidants may
help to understand the functional interplay of them in
the defense system. Reduced glutathione and
ascorbate content exhibited increase (up to 6 days)
followed by a decrease with duration of desiccation
(AU 6 days) and further the quantities were maintained
till the 10" day of stress when compared to control.
Among the antioxidant enzymes, ascorbate peroxidase
was up regulated to 3 folds (10" d) and superoxide
dismutase to 2 folds. Similarly, NADPH oxidase
(NOX) was increased to 1536.87 (6™ d) from 211.1
U/mg protein of control. Catalase, peroxidase and
glutathione reductase activities were also increased
remarkably under desiccation stress (Table 1).
Efficiency of the antioxidant system was also
supported by the membrane damage assay of lipid
peroxidation. The biochemical parameters were
strongly supported by the amounts of H,O, and O,~
contents. Pandey et al., (2010) in the study on
desiccation induced biochemical changes in
Selaginella bryopteris during dehydration noticed
increased activities of AOX enzymes SOD, APX and
CAT.

The subcellular localization of desiccation induced
H,O, synthesis and its relation to H'ATPase of the
desiccated fronds was studied. Desiccation induced
H,0, accumulation was noticed initially on the plasma
membrane, cell wall and subsequently continued into
the cytoplasm and cell organelles like chloroplast,

mitochondria (Fig la and b). Desiccation treatment
does not inhibit H*ATPase activity i.e., a positive
correlation between H, O, synthesis and H*ATPase
activity. This in turn favors plant’s adaptation in
maintaining transportation. The desiccation induced
stress in the cytosol leads to the formation of NO that
trigger DNA damage. The DNA migrations (comet
assay) i.e., tail DNA percent showed marginal
increase with duration of desiccation. The overall study
reveals that the NO induces the antioxidant machinery
and thereby ameliorates the cellular oxidative stress
by scavenging the radicals.

Desiccation induced oxidative stress was
exhibited as significant rise in the level of hydrogen
peroxide (H,O,) and it correlated positively with
duration. Subsequently, the activity of peroxidases
(POX) enzyme (both cytosolic and cell wall bound)
was also examined. The activity of cytosolic peroxidase
was significantly higher throughout the periods of
desiccation compared to wall bounded POX. Further,
the medium level of cell wall peroxidase activity
suggests its involvement in lignification of cell walls
during stressed conditions. Zivkovic et al., (2010)
reported an increased POX activity due to dehydration
stress in the rusty back fern Asplenium ceterach and
also suggested its role to efficiently scavenge H,O,
from the cells using phenolics and reduced ascorbate.

Abscisic acid (ABA), a signaling molecule was
also evaluated by HPLC against different regimes of
desiccation. Interestingly, a duration dependent positive
correlation was noticed. Vishwakarma et al., (2017)
substantiated the role of abscisic acid signaling vs
abiotic stress tolerance in plants.

Finally, to elucidate MAPK signal transduction
events leading to the cellular response was analyzed
initially by protein phosphorylation induced by
increased durations of desiccation. Exposure of forked
ferns fronds to desiccation activated four distinct
mitogen-activated protein kinases (MAPKs): SIMK,
MMK2, MMK3, and SAMK as evident by
immunokinase assay. Comparison of the kinetics of
MAPK activation revealed that SIMK, MMK2,
MMK3, and SAMK are activated effectively. SIMK
and SAMK were more activated than MMK2 and
MMK3.Overall the present results suggest that ferns
respond to desiccation by induction of several distinct
MAPK pathways (Fig 2 a and b).



1082 Trends in Biosciences 11 (7), 2018

ACKNOWLEDGEMENT

The authors hereby acknowledge the University
Grant Commission regional office, Bangalore for
providing FDP status to the teacher fellow for
completing the Ph.D. work (Order No.F.No.FIP/12th
plan/KLKE021 TF 06).

LITERATURE CITED

Alpert, P. and Oliver, M.J. 2002. Drying without dying. In
Desiccation and Survival in Plants: Drying Without Dying
(ed. M. Black and H. W.Prichard),. 3-43. Wallingford, UK:
CAB International.

Leprince, O and Buitink, J. 2010. Desiccation tolerance: From
genomics to the field. Plant Science. 179: 554-564

Reynolds, T L. and Bewley, J D. 1993. Characterization of protein
synthetic changes in a desiccation-tolerant fern, Polypodium
virginianum. Comparison of the effects of drying, rehydration
and abscisic acid. Journal of Experimental Botany .44: 921—
928

Agduma, AR. and Dionisio-Sese, ML. 2016. Cellular Biochemical
Changes in Selaginella tamariscina (Beauv.) Spring and S.
plana (Desv. ex Poir.) Heiron. as Induced by Desiccation.

Tropical Life Science Research .27:37-52

Pandey, V., Ranjan, S., Deeba, F., Pandey, AK., Singh, R., Shirke,
PA., Pathre, UV. 2010. Desiccation-induced physiological and
biochemical changes in resurrection plant, Selaginella
bryopteris. Journal of Plant Physiology.167:1351-1359

Pampurova, S. and Dijck, PV. 2014. The desiccation tolerant secrets
of Selaginella lepidophylla: What we have learned so far?. Plant
Physiology and Biochemistry. 80:285-290

Abdeshahian, M., Nabipour, M. and Meskarbashee, M. 2010.
Chlorophyll Fluorescence as Criterion for the Diagnosis Salt
Stress in Wheat (7riticum aestivum) Plants. International
Journal of Biological, Biomolecular, Agricultural, Food and
Biotechnological Engineering. 839-841

Zivkovic, S., Popovic, M., Dragisic-Maksimovic, J., Momcilovic,
I. and Grubisic, D. 2010. Dehydration-related changes of
peroxidase and polyphenol oxidase activity in fronds of the
resurrection fern Asplenium ceterach L. Archives of Biological
Sciences. 62: 1071-1081.

Vishwakarma, K., Upadhyay, N., Kumar, N., Yadav, G,, Singh, J.,
Mishra, RK., Kumar, V., Verma, R., Upadhyay, RG., Pandey,
M. and Sharma, M.2017. Abscisic acid signalling and abiotic
stress tolerance in plants: a review on current knowledge and
future prospects. Frontiers of Plant Science. 8: 161.

Received on 12-02-2018  Accepted on 16-02-2018



Trends in Biosciences 11(7), Print : ISSN 0974-8431, 1083-1094, 2018

Teak Phenylalanine Ammonia-lyase, its Purification, Characterization and

Kinetics

GREESHMA MURUKAN!" AND K. MURUGAN?

'Plant Biochemistry and Molecular Biology Laboratory, Dept. of Botany, University College,

2 Department of Biotechnology & Botany, Govt. Arts College, Thiruvananthapuram, 695 014,

Kerala, India.
Email: harimurukan@gmail.com

ABSTRACT

Anthocyanins are a group of flavanoid pigments with
immense therapeutical values. Teak leaves show sound
variation in the anthocyanin content between young to
mature leaves. Phenylalanine ammonia-lyase (PAL), the
key enzyme regulates the secondary metabolic pathway in
plants. In this juncture, the present study was targeted to
isolate, purify and characterize the enzyme. Phenylalanine
ammonia-lyase was isolated and purified to homogeneity
from the young leaf of teak using Sepharose 4B - L-
phenylalanine affinity column. The purified PAL displayed
a single band on SDS—polyacrylamide gel electrophoresis.
The specific activity of purified PAL enhanced about 156.6
fold with 4.03 % yield. The molecular mass of the purified
enzyme was estimated as53 kDa by size elution
chromatography. Optimum activity as a function of pH and
temperature was determined using phenyl alanine as
substrate. Optimum pH and temperatures values ranged
between the pH 8.0-9.0 and 40-50 °C. At the optimum pH
and temperature, the K values were determined by
Lineweaver—Burk method. The lower K value with phenyl
alanine (1.88 m M) reveals that PAL has significant
reactivity towards the substrate. The enzyme showed varied
responses towards Mg?*, Zn**, K*, but inhibited with KCN,
NaN,, Hg*, Pb*, Cu**, Co**, p-CMB, iodoacetamide and
NaBH. The enzyme inhibitor kinetics was also analyzed.
Future studies are warranted to sequence the enzyme
protein and also its functional expression.

Teak;
purification;, chromatography, kinetics.

Key words phenylalanine ammonia-lyase;

Phenylalanine ammonia-lyase (PAL), is the
starter enzyme involved in the deamination of
phenylalanine to trans-cinnamic acid of
phenylpropanoid pathway (PPP). The activation of
PAL is associated with the synthesis of secondary
products like phenols, flavonoids and lignins (Dikilitas,
2012). The properties, regulation, expression and
cellular distributions of PAL have been analyzed in
many species. The number of PAL genes ranges from
1 to 5 in the plant species reported so far (Angelika et
al., 2009). The different proteins encoded were

assumed to play role in diverse secondary metabolic

pathways such as the formation of structural
components or defence. In the French bean PALI
was expressed in roots, leaves and shoots, while PAL2
was expressed in roots, shoots and petals, and PAL3
only in roots. Tyrosine ammonia lyase (TAL), another
allied enzyme involved in catalyzing L-tyrosine to p-
coumaric acid, with the release of ammonia. This is
involved in many physiological reactions, including
antioxidant, antimicrobial, antimutagenic, anxiolytic,
analgesic, sedative, and immunoregulatory activities
(Sarina et al., 2014). For
hyperpigmentation by plant tyrosine ammonia lyase
was massively used. PAL is regulated co-ordinated

induction of

and environmentally by transcriptional regulation
through MYB, LIM and NTS transcription factors
(Zhao and Dixon 2011). The regulation of PPP is
channelling in plants. For example, in tobacco,
metabolic channelling towards lignin synthesis occurs,
via NtPAL1. This regulates the coupling with trans-
cinnamate 4-monooxygenase (NtC4H), which
catalyses the subsequent reaction in the pathway
towards lignin synthesis (Achnine et al., 2004). de Jong
et al., (2015) characterized the willow phenylalanine
ammonia-lyase gene family and revealed its differential
expression. PAL is an example for amino acid-
transforming enzymes that do not possess the cofactor
pyridoxal 5'-phosphate. Instead, it contains the unusual
dehydroalanine. The synthesis of the prosthetic groups
can be through autocatalysis of an inactive precursor,
as is the case for histidine decarboxylase.

Many studies among different plant species
showed that the induction of PAL activity was
correlated with the biotic and abiotic stresses. The
resistance of plants may depend on the rate and the
extent of PAL synthesis. Therefore, PAL provides the
level of resistance in the species against stress. For
example, Citrus species showed less growth at high
salinity with lower PAL activity and as a result of that
they became highly susceptible to nematode infection
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(Dunn et al., 1998). Partial purification and
characterization of the enzyme was reported from
many plants and further to investigate their properties.
Teak plants are known for their wood. Young coloured
leaves of the plant were used by the locals for curing
many disorders (Greeshma Murukan and Murugan,
2017). Previously, Greeshma et al., (2015) confirmed
that the young leaf of teak was rich in anthocyanin,
an important phytochemical of phenyl propanoid
pathway. In this scenario, the present study was
carried out includes purification, characterization and
kinetics of the PAL enzyme from the young leaf of
Tectona grandis L f.

PLANT MATERIAL

Fresh leaf samples of Tectona grandis L f.
was collected from its natural habitats,
Thiruvanathapuram, Kerala.

Isolation and Assay of Phenylalanine
ammonia lyase (PAL)

Isolation of PAL was done by the method of Gao
et al., (2008). 1 g of finely chopped fresh tissues was
homogenized in 10 ml 0.1 M Tris-HCI buffer containing
0.5 % PVPP at pH 8.8. The activity of PAL was
estimated by the method of Havir (1981). The activity
was related to the amount of ammonia formed by the
action of PAL on the substrate. The initial absorbency
was read at 290 nm. The reaction was allowed to
proceed for 30 min at room temperature, and was
stopped by the addition of 0.5 ml 10 % Trichloro acetic
acid (TCA), then the final absorbancy was recorded.
The difference between initial and final absorbancy
was used for the estimation of PAL. One unit of
enzyme activity was defined as amount of enzyme
that increases the absorbance by 0.1/min under
standard assay condition.

Purification and characterization of PAL

All the steps of PAL purification was carried
out at 4°C £1°C. Cunha (1988) purification protocol
was adapted with some modifications. 200 g fresh
young leaves of teak was chopped finely and
homogenized with 250 ml 0.1 M, pH 8.8 Tris-HCI
extraction buffer, containing 20 mM 2-mercaptoethanol
and 0.5 % PEG.

The crude extract was continued with
(NH,),SO, precipitation (20 - 80 %). (NH,),SO,

precipitated crude enzyme fraction was dialyzed
against 0.001 mM Tris-HCI buffer for 12 h. The
resulted (NH,),SO, precipitate was subjected to
DEAE cellulose ion exchange chromatography. The
enzyme protein was eluted with a linear gradient of
NacCl (0.1to 0.4M) in Tris-HCI buffer. The 0.16 to
0.32 M active fractions were subjected to (NH,),SO,
precipitation for 120 min. The precipitate was
centrifuged and dialyzed against 0.001 mM Tris-HC1
buffer for overnight.

The active DEAE cellulose enzyme fraction was
loaded on Sephacryl S-300 gel column which was pre-
equilibrated with 20 mM Tris - HCI at pH 7.5. 3 ml
fractions were collected with a flow rate of 1 ml/10
min using 20 mM Tris-HCl buffer (pH 7.5) containing
5 mM NaHSO,. The 16-20 fractions were pooled and
was salt precipitated for 120 min. The salt precipitate
was centrifuged and the pellet was subjected to dialysis
against 0.001 mM Tris-HCI buffer for 12 h.

Affinity column comprises sepharose 4B L-
phenyl alanine matrix and was equilibrated with acetic
acid (pH 6) at room temperature for 6 to 12 h. PAL
protein was eluted with 20 mM sodium borate
containing 5 mM L-phenylalanine (pH 6.0) at 24°C. 4
ml of fractions were eluted at the flow rate of 1 ml/
min. Purified protein fractions were salt precipitated,
dialyzed and evaluated for the PAL activity. Protein
content was assayed by Bradford method, (1976).

Analysis of molecular weight by size elution
chromatography

Sephacryl S-300 gel matrix was used for
measuring the molecular mass in the size elution
chromatography. Ovalbumin (43 kDa), lysozyme (14.3
kDa), ATPase (100 kDa) and bovine serum albumin
(68 kDa) in 0.1 M Tris buffer containing 10 % sucrose
were used as markers and was loaded gently. The
elution volume (Je) was calculated. A calibration curve
for the size elution column was drawn by plotting log
molecular mass against the partition coefficient (K ,,).
Lastly, the purified PAL was loaded to the column
and the elution volume was recorded. The molecular
mass was calculated from the K, compared with
the calibration curve.

Sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE)

Laemmli (1970) and Fairbanks et al. (1971)
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protocol was used to carry out SDSPAGE.
Concentration of acrylamide used for separating gel
and stacking gel were 10 % and 4 % respectively.

pH and temperature optima

The optimal pH of PAL activity was analyzed in
the assay mixture with different pH ranging from 4-
10 using acetate buffer (4.0-5.5), phosphate buffer
(6-8) and boric acid borax buffer (8.5-10.0). The
optimal temperature was evaluated by incubating the
assay mixture at pH 7 for 30 min at a temperature
ranging from 10 to 90°C. The residual enzyme activity
was also calculated.

Activity (U/mL) of the treated
enzyme solution

RA (%) =
Activity (U/mL) of the untreated
enzyme solution

x 100

Thermo stability and pH stability

PAL enzyme protein was pre-incubated at
temperatures in the range of 45-85°C for 30 min
at optimum pH for thermo stability evaluation. For
pH stability, enzyme extracts were pre-incubating at
pH values in the range of 4.0-9.0 for 30 min at
optimum temperature. The residual enzyme activity
was determined as previously described.

Effect of inhibitors

Potassium cyanide (KCN), sodium azide, p-
chloromerucuricbenzoate (p-CMB), sodium
borohydride, iodoacetamide, salicylic acid monovalent
and divalent cations such as K*, Cu?, Hg?", Pb**, Ca?,
cobalt and Mn?* were evaluated for their effectiveness
as inhibitors of PAL activity, using phenylalanine as
the substrate. The results were reported as % of
inhibition. The compounds showing highest inhibitions
were further assessed by studying the kinetics of
interaction of PAL with inhibitors. In separate
experiments, inhibitors at various concentrations were
added and were monitored at time intervals of 2 min
(up to 10 min). First and second order rate constants
were calculated.

Enzyme Kkinetics and substrate specificity

PAL activity was assayed using the substrates
phenylalanine, tyrosine, alanine, coumarate and
cinnamic acid at optimum pH. The Km value and

maximum velocity (Vmax) were determined by the
Lineweaver-Burk plot. Substrate specificity (¥max/
Km) was calculated by using the data obtained from
the above (Lineweaver and Burk, 1934).

RESULTS AND DISCUSSION

PAL catalyses the deamination of phenylalanine
in to trans-cinnamic acid, the first committed step
regulates the phenylpropanoid pathway in plants
(Reichert et al., 2009). The production of
phenylpropanoid compounds is important in various
processes such as plant development, defense and
plant-microbe signaling (Calabrese et al., 2004; Pilbak
etal., 20006).

Correlation of anthocyanin level with PAL
activity

Sound variation in the anthocyanin level was
noticed between the young (35.2 mg/g) and mature
teak leaves (17.6 mg/g). Interestingly, a positive
correlation was seen between PAL activity and
anthocyanin level in the young teak leaves (72 = 0.734,
P>0.1). However, the correlation between mean PAL
activity with the anthocyanin concentration of mature
leaves was insignificant (» = 0.14, P > 0.1).
Anthocyanin plays multiple roles in plants including
defense. Similarly the compound was used by the locals
as curative to many disorders like skin, inflammation,
microbicidal etc (Greeshma Murukan and Murugan,
2017). Therefore, PAL was subjected to purification
and characterization.

Purification data

PAL from young teak leaves was purified to
homogeneity using ammonium sulphate ((NH,),SO,)
precipitation (20 — 80 % saturation), ion exchange
(DEAE - cellulose), gel filtration (sephacryl S — 300)
and finally affinity chromatography (sepharose 4B -
L-phenylalanine). The crude leaf extract of PAL
revealed a specific activity of 4.61U/ mg protein. After
(NH,),SO, precipitation and dialysis, the enzyme
exhibited a specific activity of 249U / mg protein with
a purification fold of 54. Subsequently, the enzyme
was subjected to different chromatography. The 80
% ammonium sulphate protein precipitate was loaded
gently on ion exchange column and linearly eluted with
0.1 — 0.4 M NacCl in Tris —HCI bufter (0.001 M pH
6.5). The concentrated 0.16 to 0.32 M NaCl buffer
enzyme fractions was further purified by sephacryl S
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Table 1. Purification profile of the purified PAL from teak leaves

Enzyme activity Specific
e (Units/g tissue) | Total protein activity Fold e
Purification steps (mg) (Units/mg purification Yield (%)
protein)
Crude extract 4120 893 4.61 1.0 100
Ammonium sulfate 1743 7.0 249 54 423
80%
DEAE - cellulose 927 2.5 370.8 80.43 22.5
Sephacryl S — 300 478 1 478 103.7 11.6
Sepharose 4B - L- 166 0.23 721.7 156.6 4.03
phenylalanine

— 300. The elution profile from gel column 16 to 20
were pooled and revealed a specific activity of 478 U
/ mg protein. The enzyme was purified to homogeneity
by sepharose 4B - L-phenylalanine affinity column.
The resultant showed a single peak with remarkable
PAL activity. Thus, the overall protocol yielded a
purified PAL with specific activity 721.7 units with a
low protein of 0.23 mg. The specific activity of purified
PAL enhanced about 156.6 fold with 4.03 % yield
(Table 1). This is remarkable as compared to other
purified PAL from sweet potato (Tanaka and Uritani,
1977), soybean cell suspension cultures (Havir, 1981)
and tulsi plant (Hao et al., 1996).

Physical properties

Gel filtration chromatography was used to
elucidate the molecular mass of teak PAL. The
molecular mass of the purified PAL is 53 kDa

M 1 2 3 4 5
220
160
120
100
90
80 .
& B b
60 Y 53 kDa
— — G —
. — ——
40 - -
30 -

25—
20 —

Fig. 1. SDS-PAGE of the purified phenylalanine
ammonia lyase (PAL) of teak leaves

Lane 1 Marker, lane 2- crude PAL, lane -3 ((NH,),SO,)
precipitation, lane 4 ion exchange (DEAE - cellulose), lane 5 gel
filtration (sephacryl S — 300) and lane 6 affinity chromatography
(sepharose 4B - L-phenylalanine).

estimated from the markers, suggesting that the Teak
PAL exists as a monomer in the native form (Fig.1).
The molecular mass of Rhizoctonia PAL was the
sum of 70 and 90 kDa. Maize PAL was reported as
heterodimer. In fact, Teak PAL differs from the PALs
reported from Rhizoctonia, and maize in terms of their
heterodimeric or homotetrameric nature (Kalghatgi and
Rao, 1975; Bevan et al., 1989). Similarly, the molecular
mass of beans PAL was 83,000 Da (Bolwell and
Rodgers, 1991). Native and subunit molecular mass
of loblolly pine PAL was 280,000 Da and 74,000 Da
respectively (Whetten and Sederoff, 1992).

pH optima and stability

The residual activity of PAL after 24 h of pre-
incubation at 9 was 98.7% which is different from

that of Rhizoctonia solani, maize (pH optima 8.7 and
7.7) by Kalghatgi and Rao (1975) and Havir et al.,

140

120 4

100

80 4

60 4

Residual activity (%]

40

20 4

pH

Fig. 2.pH stability of the purified PAL from teak
leaves after a pre-incubation period of 24 h
at the indicated pH
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(1981) respectively. In phenyl propanoid metabolism
studies, the enzyme PAL was routinely assayed using
phenyl alanine to form trans-cinnamic acid at an
optimum pH 8.5. Further, it is found that PAL in teak
is reasonably stable over a range of alkaline pH 8 — 9
(Fig 2). In this aspect, the enzyme was similar to that
of other reported PALs (Hanson and Havir, 1981).
The low profile of the enzyme activity at acidic and
pH above 9.0 may be due to the possible structural
changes of the enzyme and/or the protein may undergo
Maillard reaction and/or Strecker destabilization
process.

Thermal optima and stability

Temperature sensitivity of PAL was analyzed
by incubating the enzyme at temperatures 10 - 90°C.
The teak PAL showed a peak activity at 50°C,
indicating the stability of the protein at this temperature
which was higher than the optimal temperature for
cotton PAL (Dubery and Smit, 1994). The enzyme
expressed a decreased activity from 60°C.

The thermal stability of the enzyme was also
evaluated by incubating the protein from 45 to 85°C
temperatures for 30 min, and after cooling, the residual
enzyme activity was calculated. Teak PAL lost nearly
60 % of the activity at 65°C and about 29.5 % of it at
75°C after 30 min (Fig 3). These thermo labile
properties were superior to PAL of Phaseolus
vulgaris (Cunha, 1988) and yeast (Fritz et al., 1976).
The reduction of residual activity with duration at higher
temperatures may be due to the unfolding of the protein

structure.

140
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Fig. 3. Thermal stability the purified PAL from
teak leaves at varying temperatures (45°C
— 85°C) versus time

Influence of inhibitors

The teak PAL assay was fortified with different
concentrations of cations, anions and inhibitors like
sodium azide (NaN,), KCN, Salicylic acid,
iodoacetamide, p-chloro-mercury-benzoate (p-CMB)
and sodium borohydride (NaBH)(Table 2 and 3). Teak
PAL activity was optimal with Mn?*, Ca*", K*, but
inhibited with KCN, NaN,, Hg**, Pb**, Cu**, Co*, p-
CMB, iodoacetamide and NaBH. In fact, teak PAL
was comparable with maize and potato, as the Pal
was deactivated by NaBH, at varying concentrations
(6 -30iM) (Havir et al., 1981). Further, PAL activity
was less affected by nickel. The impact of metal ions
on PAL activity was contradictory in plants (Monge
et al., 1995). However, commonly the Na*, K" and
nitrates have no influence on PAL activity, while Pb
2 Ni 2" and Zn ** were inhibits the enzyme effectively.

Kinetics of interaction of NaBH, p- CMB,
KCN, iodoacetamide and Hg *

Inhibitor enzyme kinetics was presented in the
Table 4 that NaBH, KCN, p- CMB, iodoacetamide
and Hg ** inhibit PAL activity significantly. It is of
immense importance to note the kinetics of interaction
of inhibitors with enzyme by monitoring the change of
activity. The PAL enzyme was incubated for 10 min
with various doses of NaBH, KCN, p- CMB,
iodoacetamide and Hg?". Regularly, at 2 min intervals,
the residual enzyme activity was monitored. The
enzyme was assayed when both the inhibitor and the
substrate were added together and assayed for 5 min
for any activity loss during the enzyme inhibitor
interaction assay. The value was normalized to 100 %
in each case and measured to calculate in % of
remaining activity when the inhibitor inhibited the
enzyme alone. At various doses of the inhibitor, the In
% remaining activity was plotted against the duration
of incubation. The slopes of the curves gave the first
order rate constants summarized in Table 4. Increase
in the extent of inhibition of enzyme activity was
reflected by increased value of rate constants. The
log of the first order rate constant was plotted against
log KCN, log NaBH, log p-CMB, log Hg 2+ ,
iodoacetamide and concentration and a second order
rate constant was calculated as 97.5 M sec”!, 89.7
M- sec!,79.6 M! sec’!, 74.6 M- sec’!, and 69.8 M-!
sec”! respectively. The data reveals that KCN was a
potent inhibitor of PAL (Figs.5 a, b ¢, d and e).
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Fig. 5a. Purified teak PAL against varying concentrations of KCN. (The concentrations of KCN used
were 50 to 450 uM *50 uM, 100 uM, 150 uM, 200 uM, 425 uM)
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Fig. 5b. Purified teak PAL against varying concentrations of sodium borohydride (NaBH) against time.
(The concentrations of NaBH used were 25-125 uM, ¢ -25 uM, 50 uM, 75 uM, 100 uM, 125 uM)
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Table 2. Effect of inhibitors on teak PAL activity: Samples were incubated with the inhibitor for 5
min at 25°C. Assays were done in triplicates

Inhibitors Conc. (mM) Percentage of
Inhibition (%)

Potassium 0.1 169 £0.23
0.5 43.7 +0.04

1 64 +0.67

Mercury 0.01 46 + 0.87
0.05 85+0.01

Lead 0.5 39 +0.88

1 66 +0.02
Copper 0.5 51.8+0.07

1 65+ 0.70

Cobalt 0.5 60 +0.34

1 71 £ 0.06

Manganese 0.01 13.2+0.01
0.1 19.6 £ 0.08
0.5 32.5+0.56
Calcium 10 uM 15.6 £0.07
50 uM 50.5+0.25

100 uM 61+ 0.29
Nickel 0.1 18.8 £0.04
0.5 37.6 +£0.27

Zinc 10 uM 31+0.09
50 uM 59.5+0.17
100 uM 79.5+0.98

F =874%*,CD =17.943, SE=0.972
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0.0014
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Fig. 6.e. Double reciprocal plot of teak PAL activity using the substrate coumarate
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Table 3. Effect of inhibitors on teak PAL activity: Samples were incubated with the inhibitor for 5
min at 25°C. Assays were done in triplicates

Inhibitors Conc. (mM) Percentage of
Inhibition (%)
Sodium azide 0.1 18.6 +£0.45
0.5 445+19
1 64+23
Sodium borohydride 25 uM 49 +£0.23
50 uM 80+3.1
125 uM 90 +3.7
Salicylic acid 100 uM 21+1
500 uM 389+1.7
1 mM 71+£2.5
p-CMB 100 uM 30 +4.8
300 uM 62+5.6
500 uM 85.9+0.08
KCN 50 uM 32+3.8
100 uM 83+6.4
250 uM 969+ 7.1
Iodoacetamide 0.1 12.4 £0.07
1 81+0.18

F =2598**, CD=3.126, SE= 0.543

Substrate specificity and Kinetics coumarate, cinnamate, and alanine. Differential

The substrate specificity was studied, using the activity was displayed by PAL against the substrates.

major substrates like tyrosine, phenylalanine, The Km value was calculated through double

Table 4. First order rate constant for inhibition of activity of teak PAL by p-CMB, Hg?**, NaBH and
KCN. p-CMB - p-chloromerucuricbenzoate, Hg**-Mercury, NaBH-Sodium borohydride,
KCN - Potassium cyanide and iodoacetamide - 1A

Inhibitor conc. (mM) 1 (Ks™ 2 (Ks™h 3 (Ksh 5 (Ks™h 10 (Ks™)
p-CMB 1.4 x1072 1.5 102 2.3 x107? 3.0 X102 3.2 x102

Hg** 1.5 x1072 1.7 x102 2.4 x107 3.3 x102 3.6 X102

NaBH 1.2 x1072 1.6 x107 2.0 X107 2.2 107 2.7 107

KCN 1.2 107 1.3 102 1.9 x107? 2.3 x107? 2.4 x107

IA 1.6 x1072 1.9 x102 2.5 %107 3.3 x102 3.9 x102
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reciprocal plot. The Km value is lower for
phenylalanine (1.88 mM) as compared to other
substrates like tyrosine (4.67 mM), alanine (7.9mM),
cinnamate (9.8 mM) and coumarate (10.6 mM). The
values were higher than maize PAL (Havir et al., 1981),
but comparable with pine PAL (Whetten and Sederoff,
1992). Further, the Km value for sweet potato PAL
was 30 iM (Tanaka and Uritani, 1977). The Km value
of PAL from tulsi plant was 329 iM (Hao et al., 1996).
All these substrates seem to be reversible competitive
inhibitors for PAL. Tyrosine, cinnamate, coumarate
and alanine were documented as substrates for PAL,
although the rate of reaction was less, but the amount
of activity detected was remarkable over an increased
duration of incubation. Havir et al., (1981) have
analyzed the potato PAL kinetics of cinnamate and
reported that it could not be classified as competitive
or non competitive inhibitor. Similarly, all the above
said compounds were known inhibitors of maize PAL
(Havir et al., 1981).

CONCLUSION

PAL, the marker enzyme of secondary metabolic
pathway was purified through salt precipitation to
affinity chromatographic technique. Fold of purified
PAL was 156.6. The molecular mass was detected
by gel elution chromatography (53 k Da). The enzyme
was characterized for pH, temperature, inhibitors and
substrates. The Km value is lower for phenylalanine
(1.88 mM). Further studies are planned to characterize
the PAL gene and to up regulation of its activity.
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ABSTRACT

Thuidium tamariscellum is a creeping epiphytic moss
growing on trunks and branches of woody trees of moist
shady rocky surface at high altitudes regions. The present
study was aimed to evaluate the cyclooxygenase (COX)
and lipoxygenase (LOX) inhibitory activity of terpenoids
from Thuidium tamariscellum. Initially, GC-MS analysis
of the purified terpenoid extract revealed the following
components such as Dodecanal, Tetradecanal,
Hexadecanal, Phytol isomer and 4,8,12,16-
tetramethylheptadecan-4-olide similarly the purified in-
vitro anti-inflammatory activity of terpenoid extracts was
assessed in carrageenan induced paw edema model in
Albino Wistar rats. Remarkable inhibition of paw edema
was noticed as compared to control and the activity was
comparable to ibuprofen. Further, the purified terpenoid
was evaluated for COX-2 and LOX-5 inhibitory activity to
determine the possible mechanism of their anti-
inflammatory potential. Antioxidant power was also
analyzed by DPPH scavenging potential. The results of
the study demonstrated that terpenoids from T.
tamariscellum significantly inhibited COX and LOX
activity like indomethacin (synthetic drug). Different
concentrations viz. 10, 25, 50, 75 pg/ml of the extract, and
indomethacin (25pg/ml) were showed remarkable
percentage inhibition of COX- 2. Similarly optimal
inhibition was also noticed for LOX activity. The treatment
significantly decreased the levels of NO and
myeloperoxidase. 25 pg/ml terpenoid extract revealed
60.25 % of DPPH radical inhibition and there by
pinpointing the antioxidant potential of the molecule. Thus,
the overall results justify the local use of the moss as
preventive of inflammation.

Keywords Thuidium tamariscellum, cyclooxygenase,
lipoxygenase, purified

antioxidant, paw edema

terpenoid,

Macrophages are the main immune cells,
involved in tissue damage in a number of inflammatory
conditions such as acute and chronic. ROS are
synthesized by activated macrophages like «O,’, H,0,,
and the highly reactive hydroxyl radical *OH; NOs,
arachidonic acid metabolites, and lysosomal enzymes
are necessary to perform their phagocytic function.
These cells also play an important role in the
development of various chronic diseases such as

cancer and allergies (Manish Mittal et al.,2014).
Traditional medicine has got an important role in
modern drug discovery, the use of plant based
medicines or their active components represents a
promissory alternative for the treatment of various
illness, including inflammatory disorders (Si-Yuan Pan
et al.,2013). Based on ethnopharmacological uses,
many medicinal plants have attracted considerable
interest, particularly in the treatment of various disease
conditions including chronic inflammatory diseases.
The research into medicinal plants with alleged
folkloric use as analgesics, anti-inflammatory agents,
should therefore be viewed as a fruitful and logical
research strategy in the search for new analgesic and
anti-inflammatory drugs. Currently, in many countries
natural products are used in traditional medical systems
as they are considered safer. But due to limited
knowledge of their biological activities & limited
scientific evidence natural bioactives has limited its
incorporation into clinical practice. (Choi et al.,2003).

Prostaglandins (PGs) and leukotrienes (LTs) are
two hormone-like substances released by the body
which is involved in the formation of inflammation.
These inflammatory inducing agents are produced
from arachidonic acid (AA) by the enzymes
cycloxygenase (COX) and lipoxygenase (LOX). COX
is the first enzyme in the pathway for producing PG
and thromboxane (Tx) from arachidonic acid and can
occur as three isoforms, COX-1, COX-2, COX-3.
LOX is the first enzyme in the pathway for producing
leukotriene (LT) from arachidonic acid. Isoenzymes
of LOX include 5-LOX, 12-LOX and two 15-LOX
isoforms (15 LOX-1 and 15 LOX-2). The current
strategy includes the development of dual LOX/COX
inhibitors with a higher safety profile, particularly
medicinal plants of folkloric use as pain relievers and
anti-inflammatory agents (Jenny et al., 2015).
Pharmacological validations on Indian medicinal plants
are limited and the enormous potential of the different
plants used in Ayurveda and tribal folklore has not
been exploited for their effective use in medicinal
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therapeutics. Thus, the present study aims to evaluation
of anti-inflammatory potential of terpenoid extract from
Thuidium tamariscellum and its mode of action.

MATERIALS AND METHODS

Thuidium tamariscellum belonging to
thuidaceace is a slender, yellowish-green epiphytic moss
growing on branches & trunks of trees at high altitude
areas. The moss were collected and identified by
authenticating with the herbaria of University of
Calicut, Kerala.

Fractionation was done by silica gel Column
Chromatography (CC) using petroleum ether:ethyl
acetate as solvent combinations. The purified fraction
was quantified for the presence of terpenoid as
described by Ferugson(1956) and further analyzed by
GC-MS.

GC-MS analysis

For GC-MS analysis, the sample was injected
into a HP-5 column (30 m X 0.25 mm i.d with 0.25 iM
film thickness), Agilent technologies 6890 N JEOL GC
Mate II GC-MS model. Helium was used as carrier
gas with a flow rate of 1 mL/min; the injector was
operated at 200 °C and column oven temperature was
programmed as 50 - 250 °C at a rate of 10 °C / min
injection mode. The following MS conditions were
used: ionization voltage of 70 eV, ion source
temperature of 250 °C; interface temperature of 250
°C; mass range of 50 - 600 mass units. A
chromatogram was obtained and the mass spectrum
of the unknown component was compared with the
spectrum of the known components stored in the NIST
library.

Carrageenan induced paw edema

The present study was conducted to evaluate
the anti-inflammatory effect of natural product on
carrageenan induced paw edema in rats. The terpenoid
extract was administered at doses of 200 and 400 mg/
kg to Wistar albino rats as the study dose and
Indomethacin at dose of 10 mg/kg as a standard drug
before an hour of administration of carrageenan (0.1
ml of 1% w/v into sub plantar region of rat paw). The
paw volume was measured using mercury
displacement technique with the help of
plethysmograph at 0 and 3h after carrageenan
injection. The difference between 0 and 3h reading
was taken as the volume of edema and percentage of
edema inhibition was calculated for each group.

Animal study

Experimental study was carried out using Swiss
albino mice weighing 30-35g. The animals were
procured from Biogen, Bangalore. The animals were
housed in polypropylene cages. The cages were
maintained clean and hygienic. The mice were fed
with commercial pelleted feed and water ad libitum.
The animal caring and handling were done according
to the CPCSEA guidelines.

Murine macrophages (RAW 264.7 cell line)

Murine macrophage was obtained from National
Centre for Cell Science (NCCS), Pune. RAW 264.7
cells were grown to 60% confluence followed by
activation with 1 iL lipopolysaccharide (LPS) (1ig/mL).
LPS stimulated RAW cells were exposed with different
concentration of sample solution. Indomethacin, a
standard anti-inflammatory drug in different
concentration corresponding to the sample were also
added and incubated for 24 h. After incubation the
anti-inflammatory assays were performed using the
cell lysate.

Cycloxygenase (COX) activity

The COX -2 activity was assayed by the method
of Walker and Gierse (2010). COX activity was
determined by reading absorbance at 632 nm.

5-Lipoxygenase (LOX) activity

The determination of 5-LOX activity was as per
Axelrod et al (1981). The LOX activity was monitored
as an increase of absorbance at 234 nm (Shimadzu),
which  reflects the formation of 5-
hydroxyeicosatetraenoic acid.

Myleoperoxidase (MPO) activity

Cell lysate was homogenized in a solution
containing 50 mM potassium phosphate buffer and
0.57% hexadecyltrimethyl ammonium bromide
(HTAB). Bradley et al., (1982) protocol was adapted
for the assay. The change in absorbance at 460 nm
was measured. MPO activity was presented as units
per mL of cell lysate. One unit of MPO activity was
defined as that degrading 1 iM of peroxide per minute
at 25°C.

Cellular nitrite levels

Cellular nitrite level was estimated by the method
of Lepoivre et al (1989). The absorbance was read at
540 nm against a Griess reagent.
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Antioxidant assay

DPPH Radical Scavenging Assay

2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH)
antioxidant method as described by Blois(1958) was
used to analyze the free radical scavenging ability of
the terpenoids extract from the moss and the
absorbance was measured at 517 nm. Ascorbic acid
was used as the standard.

Statistical analysis

All the data were mean SD of six independent
experiments. Significant level was noted as p < 0.05.

RESULTS AND DISCUSSION

The crude methanolic extract of the moss was
purified by silica gel column chromatography using
petroleum ether:ethyl acetate as solvent combinations.
The fraction eluted from the column was further
quantified for the presence of terpenoids. The fraction
eluted using 95:5 solvent combination showed
significant amount of terpenoids i.e 5.12 mg/g.
Subsequently, the fraction was subjected for GC-MS
analysis. Table 1 shows the terpenoid composition of
the moss as detected by using GC-MS spectra
technique. Retention time and the relative abundance
of each compound were recognized. The GC-MS
analysis of the purified fraction revealed the presence
of 5 peaks of terpenoids such as Dodecanal,
Tetradecanal, Hexadecanal, Phytol isomer and
4,8,12,16-tetramethylheptadecan-4-olide Out of which

Dodecanal showed the highest peak followed
by4,8,12,16-tetramethylheptadecan-4-olide. Similarly,
the filamentous green algae Spirogyra longata also
showed the presence of 8 terpenes including 4,8,12,16
tetramethyl heptadecan-4-olide. (Eman et al., 2015)

Effect of terpenoids extract on Carrageenan
induced paw edema

After administration of study drug, terpenoid
extract and carrageenan the paw edema of the
animals was measured using mercury displacement
technique with the help of plethysmograph at 0 and
3h after carrageenan injection. The terpenoid extract
from the moss reduced carrageenan induced paw
edema at all doses i.e a dose dependent anti-
inflammatory effects was noticed (Table 2). The
smallest dose 200mg/kg effectively reduced
carrageenan induced paw edema at the 3™ h after
administration. Similarly, 400mg/kg significantly
reduced carrageenan induced paw edema at the 2™ h
after administration as compared to the standard drug
indomethacin.

Antioxidant assay

Results of DPPH assay of the purified terpenoid
extract revealed remarkable IC, value of 16 pg/ml.
The standards quercetin and ascorbate under similar
conditions of the experiment was also analyzed. The
IC, values for scavenging DPPH radical for quercetin
and ascorbate were 5.7 = 0.24 and 28.3 + 0.36 pg/ml
respectively (Table 3).

Table 1. GC-MS analysis showing the terpenoid composition in Thuidium tamariscellum

SI no Compound(IUPAC Name) Molecular formula Retention time
1 Dodecanal, C12H240 18.65
2 Tetradecanal, C14H230 23.63
3 Hexadecanal, Ci6H32.0 28.11
4 Phytol isomer C20H400 34.82
5 4,8,12,16-tetramethylheptadecan-4-olide C,1H400: 41.05

Table 2. Anti- inflammatory potential on Carrageenan induced paw edema in Wistar albino rats by

purified fraction of terpenoid

Groups Paw volume in ml at different time interval

Oh 15th 2" p 3h %inhibition
Normal 0.27+0.04 0.30+0.04 0.324+0.02 0.32+0.02 -
Positive control 0.45+0.05 0.60+0.04 0.7540.02 0.97+0.06 -
Standard 0.17+0.02 0.65+0.02 0.5540.02 0.32+0.08 73.3
200mg/kg 0.42+0.04 0.55+0.04 0.50+0.08 0.47+0.02 63.5
400mg/kg 0.40+0.05 0.50+0.04 0.47+0.02 0.45+0.02 69.9
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Table 3. AOX potential of the terpenoid extract
of the moss 7. tamariscellum

Concentration DPPH scavenging effect (%)
(ng/ml)
10 37.7+4.2
20 56.4+3.9
30 72.94 £6.2
40 86.16 +£5.8

COX-2 & LOX-5 inhibitory activity of
indomethacin (standard drug) and purified
terpenoid

Dose dependent inhibition of COX-2 was
exhibited by the synthetic drug indomethacin and also
the purified terpenoid. Indomethacin showed an
inhibition at 25 ug/ml (79.2%) with an IC, value of
17.8 pg/ml. Concentration dependent percentage
inhibition of COX-2 was exhibited by various
concentrations (10, 25, 50 and 75 pg/ml) of purified
terpenoid. The IC, value was 30.6 ug/ml (Table 4).

Maximum LOX-5 inhibitory effect of
Indomethacin (25 pg/ml) was found to be 72.6% with
an IC, value of 14.5 ig/ml. Dose dependent inhibition
of LOX-5 was demonstrated by purified terpenoid i.e.,
increased percentage inhibition was exhibited by
purified terpenoid with different concentration (10, 25,
50 and 75 pg/ml), (Table 4).

Lipoxygenases (LOXs) are non-heme iron-
containing dioxygenases catalyzing the production of
leukotrienes. Leukotrienes function as inflammation
initiators and their activity is considered to be partly
responsible for the anti-inflammatory activity

(Shailasree sekhar et al., 2013). The percent inhibitory
activity against COX-2 and LOX -5 by the terpenoid
extracts at 10, 25, 50 and 75 pg/ml indirectly reveals
the percent inhibition of prostaglandins and leukotrienes
production.

The significance of the dual inhibition of LOX
and COX lies in the effective reduction of chronic
inflammatory disorders. COX inhibition has been
documented to be connected with protection of the
gastrointestinal integrity and thereby preventing the
formation of gastric ulcers (Hawkey 2001). The
gastrointestinal integrity level remains safe guarded
with the dual blocking of the enzymes as is clinically
proved in other studies (Hawkey 2001). The
occurrence of cardiovascular disorders in selective
COX-2 inhibition is also reduced in such situations of
dual inhibition (Afshin et al.,2011). The use of herbals
for the treatment of chronic inflammatory conditions
has existed for a long time but the validation for such
use has been of interest in the pharmaceutical
industries only recently. Most of the studies reported
were from higher plant groups. In the present study,
the purified terpenoids of the moss Thuidium
tamariscellum exhibits effective anti-inflammatory
potential in terms of dual inhibitions. The moss species
Thuidium tamariscellum was reported for traditional
use as curative but with no studies for correlation of
this effect on LOX/COX inhibition. The results
presented in this study have conclusively established
the presence of bioactive molecules in the extracts
capable of dual inhibition of LOX/COX enzymes
involved in biosynthesis of pro-inflammatory
leukotrienes and prostaglandins.

Table 4. Cycloxygenase and 5-Lipoxygenase inhibition by standard and terpenoid extract

(png/ml) COX-2 % Inhibition LOX-5 % Inhibition
Control | - -—--
Standard Control
10 325+1.3 44 +0.765
25 79.2+2.4 72.6 £2.65
50 90 +5.9 94.5 £1.98
Terpenoid extract
10 23.6 £0.98 27 +£0.432
25 452 +1.13 39.5+1.54
50 60.7 £3.67 61.4+3.76
75 74.5 £2.89 71.2£5.12

Values expressed are mean+ SD; n=6




GREESHMA and MURUGAN, Mechanism of Anti-Inflammatory Potential of Terpenoids from Thuidium tamariscellum

1099

Table 5. Estimation of myeloperoxidase and cellular nitrite levels in RAW 264.7 cell lines by standard

and terpenoid extract.

( ng/ml) Myeloperoxidase Enzyme (u/ml) Cellular nitrite level
Control | e ----
Standard Control

10 0.048 £0.002 322.3+10.2
25 0.034 +£0.001 219.7421.7
50 0.01 +£0.001 142.2+£10.8
Terpenoid extract

10 0.059 £0.005 410.5+16.3
25 0.045 +£0.002 300.149.78
50 0.030 £0.002 199.4 +15.3
75 0.016 =0.003 133.7 £2.76

Values expressed are mean+ SD; n=6

Nitric oxide (NO) and Myeloperoxidase
level

Inflammation is a reaction occurring in many
types of tissue injuries, infections or immunological
induction as a defense against foreign or altered
endogenous molecules. The process of inflammation
comprises a chain of reactions of the terminal tissues,
which tend to eliminate the injurious and to repair the
damaged region. NO is a short-lived free radical
produced from L-arginine by nitric oxide synthase
(NOS) that mediates diverse functions by activating
on diverse cells through interactions with various
molecular targets. Although NO acts as an essential
multifunctional mediator in many biological systems,
over synthesis of NO by inducible nitric oxide synthase
(INOS) is involved in different types of inflammation
and multistage carcinogenesis at inflammatory sites
(Ulrich et al., 2012). In the present study, a
concentration dependent and gradual enhancement in
the percentage inhibition was observed with terpenoid
extract of the moss. The NO level was reduced
t0133.7+2.76 at 75 ig/mL concentration. Indomethacin
at a concentration range of 10-50 ig/mL was also
employed and served as reference standard. The
lowest dose (10 ig/mL) produced 322.3 £10.2 nitric
oxide levels and the highest concentration produced
142.2 £10.8. Like terpenoid extract dose dependent
increase in the percentage of inhibition was observed
in all the concentrations tested. The results reveal that
the terpenoid extract inhibits the production of NO as
stimulated by LPS in mouse macrophage cell line
RAW 264.7. The results obtained are presented in
Table 5.

Myeloperoxidase level estimation showed that
the inhibition occurs in a concentration dependent
manner with the synthetic drug and terpenoid extract.
Maximum inhibition was seen with 75 pg/ml terpenoid
extract i.e., 0.016 £0.003 activity.

Recently many biological studies on crude plant
extracts revealed potent antioxidant and free radical
scavenging activities as well as ideal anticancer activity
(Mantovani et al., 2008). For example, many
Indigofera species exhibited effective anti-
inflammatory, analgesic and lipoxygenase inhibitory
activities (Bhagavan et al., 2013). Reactive Oxygen
or nitrogen Species (ROS/RNS) participate in normal
cell function as well as in pathological disorders such
as inflammation. Many studies have demonstrated the
participation of ROS and RNS in connection with
inflammation models.

Preliminary phytochemical and quantitative
analysis of Thuidium tamariscellum indicated the
presence of rich amount of terpenoid compounds. Anti-
inflammatory and antinociceptive activities as well as
antioxidant potential of many plants have been
attributed to their polyphenols (Gonzalez et al., 2011;
Sharififar et al., 2009) or to their high triterpene.
Polyphenols are known as important secondary plant
products in many medicinal plants. They have
fascinated the attention in relation to their wide range
of activities in the prevention of malignancy,
inflammation and heart diseases (Garcia-Mediavilla
et al., 2007). Research documents suggest that these
molecules may inhibit diverse enzymes, which are
activated during inflammatory conditions.
Prostaglandins and NO production is involved in
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inflammation. In addition, inducible nitric oxide synthase
(INOS), cyclooxygenase (COX-2) and lipooxygenase
-5 are responsible for the synthesis of huge quantities
of these pro-inflammatory mediators (Garcia-
Mediavilla et al., 2007). Many results confirm that
quercetin and kaempferol remarkably reduce the levels
of INOS, COX-2, lipoxygenase and reactive C-protein
(RCP) in a dose dependent manner (Tunon et al.,
2009). Similarly, flavonoids like kaempferol, quercetin
and daidzein blocks the activation of the signal
transducer and activator of transcription 1 (STAT-1),
another unique transcription factor for iNOS. Luteolin
7-glucoside, kaempferol and quercetin effectively
inhibit lipopolysaccharide (LPS)-induced PGE2
production. Many flavonoids significantly inhibit LPS-
induced COX-2 expression, while mPGES-1
expression was down regulated by them (Hamalainen
etal., 2011). Chu-Wen Li analyzed anti-Inflammatory
property of the ethanol extract of the root and rhizome
of Pogostemon cablin. Aratjo et al., (2013) evaluated
the cytotoxic and anti-inflammatory activities of
extracts and lectins from Moringa oleifera Seeds.
Senthil Kumar et al., (2016), studied the beneficial
effects of methanolic extract of Indigofera linnaci
on the inflammatory and nociceptive responses in
rodent models . Castro et al., (2014) documented in
vivo and in vitro anti-inflammatory activity of
Cryptostegia grandiflora. Sekhar et al., (2013)
analyzed in vitro antioxidant activity, lipoxygenase,
cyclooxygenase-2 inhibition and DNA protection
properties of Memecylon species. Bindu et al., (2016)
screened in vitro anti-inflammatory screening of stem
bark of Cordia obligua in RAW 264.7 cell lines.
Similarly, Jacob et al., (2015) studied the dual COX/
LOX inhibition: screening and evaluation of effect of
medicinal plants of Kerala as antiinflammatory agents.
The observed beneficial effects of terpenoid extract
of Thuidium tamariscellum on inflammatory
responses in paw edema and macrophages
substantiate their ethnic usage by the local people.

CONCLUSION

On the basis of the above results, it may be
summarized that the terpenoid extract of Thuidium
tamariscellum the bryophyta exhibited anti-
inflammatory activity by COX/5-LOX,
myeloperoxidase and nitric oxide inhibition. The results
were substantiated by paw edema data. This shows
the multiple mechanism of action of the phytochemical
in anti-inflammatory activity. The comparable
antioxidant activity expressed by the extract indicates

that there is an antioxidant component, which is also
explained by the fractionation of terpenoids by GC-
MS analysis
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ABSTRACT

The present investigation focuses on the Angiosperm
diversity along the Kanjirapuzha River, which is one of the
major tributary of river Thutha, which in turn drains into
Bharathapuzha, the second longest river of Kerala state.
Kanjirapuzha basin is located between 10°57' and 11°00'
North latitude and 76°26' and 76°32' East longitude, at
northern lip of Palghat gap of southern Western Ghats,
and it covers a total length of 32km. The present paper
summarizes the angiosperm diversity along the riparian
system of Kanjirapuzha along with phytogeographical
affinities. Documentation of riparian vegetation along
Kanjirapuzha basin recorded 196 species of flowering
plants under 62 families. Among these, majority of plants
belongs to the family Fabaceae (14 members) followed by
Euphorbiaceae (13), Asteraceae (13), Poaceae (12) and
Cyperaceae (11). The vegetation mainly consists of
herbaceous members (127), followed by shrubs (37) and
trees (30). From the data it was found that, there is a gradual
reduction in the number of native and strict riparian
elements and a massive inhabitation of invasive elements.
In the riparian vegetation of Kanjirapuzha, number of strict
riparian elements is below 10. Eight taxa recorded from
the Kanjirapuzha basin are endemic to Western Ghats
and at the same time, broad scale phytogeographical
affinities of the reverine flora extend to African, Australian,
Holarctic, Indo-Pacific and South American floristic
kingdoms. Inter-specific diversity is much evident in taxa
like Fimbristylis, Ficus, Ipomoea and Lindernia and two
members showed intraspecific diversity viz. Lindernia
rotundifolia and Lindernia crustacea. This study also
summarizes the major threats encountered in the
vegetation as grazing, construction of dams and check
dams, presence of invasive species, timber harvesting,
destruction of riparian elements, sand mining and tourism
and land encroachment for agriculture.

Keywords Riparian vegetation, Kanjirapuzha

Regulated river, Southern Western Ghats,
Palghat Gap, Thutha river

Rivers represent the most rapidly replenishing
and most continuing geomorphic features on the
surface of the planet. Riparian zones are the interface
between aquatic and terrestrial ecosystems. As

ecotones, they encompass sharp gradients of
environmental factors, ecological processes and plant
communities (Gregory et al., 1991). Depending on the
characteristics of the watercourse, riparian zones
range in size from narrow strips to extensive areas
associated with large, winding rivers or floodplains.
Riparian landscapes are highly threatened ecosystems
as they are inherently rare habitats, occupying a mere
one-thousandth of the earth’s surface (Hynes, 1970).

Rivers have been an integral part of human
development throughout history and they have been
considered as the pillars of human civilization as they
formed the nuclei for human settlements from the very
origin of mankind (Sunil et al., 2010). The unique
characteristic features of rivers and riparian ecosystem
along with their interaction with immediate environment
have gained more focus in the past two decades
(Naiman and Decamps 1993, 1997). There are few
studies in the Indian region dealing with riparian
vegetation analysis (Singh and Joshua, 1989; Bachan,
2003; Sreedharan, 2005; Sunil et al., 2010;
Nandhakumar et al., 2012; Vyas et al., 2012; Joby
Paul, 2013; Vincy et al., 2014; Bhaskar and Karthik
2015; Sankhwal et al., 2015; Shah et al., 2015) which
reports that riparian fragments of tropical regions are
composed of evergreen, semi evergreen and
deciduous matrix due to the edaphic and climatic
specificities. Its ecological uniqueness depends on
multiple factors viz., its origin, geological past, climate,
impact of monsoon and anthropological activities.

The Indian sub-continent is traversed by a large
number of rivers, which have played a pivotal role in
shaping the history of human civilizations. At the very
same time, they have been greatly exploited for
meeting the increasing demand of the human and are
therefore, now considered to be the most threatened
ecosystem (Malmgqvist and Rundle, 2002). Healthy
riparian forests are essential to the maintenance of
water quality and biological integrity in surface water
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Table 1. Study sites of sample plots

SI. No | Location Latitude Longitude
1. | Varmankode 11°00'00"N 76°32'32"E
2 Kanjirapuzha Dam 10°59' 22"N 76°32'5”E
3 Unnammedu 10°59'09"N 76°32'06"E
4 Thodamkulam 10°58'57"N 76°30'53"E
5. | Pullatta 10°58'39"N 76°30'45"E
6 Chooriyodu 10°5827"N 76°29'54"E
7 Kilirani 10°57'06"N 76°28'49"E
8 Mothikkal 10°57'03"N 76°26'49"E

systems, and their destruction often leads to
subsequent degradation of adjoining aquatic
ecosystems (Naiman and Decamps, 1997). In this
context, the present study has been conducted to
assess the flowering plant diversity in the riparian zones
of Kanjirapuzha in the northern lip of Palghat gap.
This is the first attempt to discern the river bank
vegetation of this riparian system.

MATERIALS AND METHODS

Study Area

Kanjirapuzha is the major rivulet of Thutha river,
which is the main tributary of Bharathapuzha and the
present investigation focuses on the angiosperm
diversity and phytogeographical affinities of the riparian
systems of Kanjirapuzha. The Kanjirapuzha basin is
located between 10°57" and 11°00' North latitude and
76°26' and 76°32' East longitude. The river draining
has a length of 32km with an area of 117km?. A
masonry earth dam, Kanjirapuzha dam is located in
this river and it has a catchment area of 7,000 hectares,
which lies entirely within the state boundary. It is built
for providing irrigation to a Cultural Command Area
(CCA) 0f 9,713 hectares of Palakkad district, Kerala.

The study area experiences a humid tropical climate
and an average rainfall of 2135 mm. The temperature
of this area ranges from 20° C to 38° C.

Methodology

The present study was carried out between
February 2017 to July 2017. For effective vegetation
analysis, eight different sample plots were selected
on a 32km stretch of Kanjirapuzha basin (Table 1).
These sample plots were selected based on various
factors such as proximity to the river, accessibility,

vegetation density, disturbance gradients, etc. All
species occurring in the study area were identified
with the help of regional floras, including Flora of
Palghat (Vajravelu, 1990), Flora of Presidency of
Madras (Gamble and Fischer, 1915-1936) along with
reference to local herbaria as MH and CALI.
Collected taxa were classified on the basis of APG
IV (Chase et al., 2016). The phytogeographical
affinities (Cox, 2001) and biological life form spectrum
(Raunkier, 1934) of vegetation were analysed.
Nomenclature of the plants was made up to date with
reference to IPNI, the plant list (www.theplantlist.org)
and Flowering Plants of Kerala (Sasidharan, 2002).
The elements were photographed using digital camera
of Nikon D810.

RESULTS AND DISCUSSION

Floristic analysis

Analysis of the riparian flora of Kanjirapuzha
basin revealed the presence of 196 angiosperms
belonging to 153 genera under 62 families. Of the taxa
recorded, 158 belong to dicotyledonae and 38 were
monocots. The present study recorded the dominance
of Fabaceae (14 members) followed by Euphorbiaceae
(13), Asteraceae (13), Poaceae (12), and Cyperaceae
(11). The vegetation mainly consists of herbaceous
members (112), followed by trees (31), shrubs (29)
and climbers (24) (Fig. 1).

In this study, it was found that the numbers of
endemic taxa are comparatively less and those present
are distributed all along the riparian zone of
Kanjirapuzha. Dioscorea alata, Naregamia alata,
Mussaenda frondosa, Ochreinauclea missionis,
Heliotropium rottleri, Ipomoea marginata,
Lindernia tamilnadensis and Ruellia prostrata are
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Table 2. Alien and invasive species recorded from Kanjirapuzha basin

SL. No Name of species Family
1 Ageratum conyzoides L. Asteraceae

2 Alternanthera tenella Colla, Mem. Amaranthaceae
3 Antigonon leptopus Hook. & Arn. Polygonaceae

4 Calotropis gigantea (L.) R. Apocynaceae

5 Catharanthus pusillus (Murr.) G. Apocynaceae

6 Chromolaena odorata (L.) King & Robins. Asteraceae

7 Cleome rutidosperma Wight & Arn. Cleomaceae

8 Cleome viscosa L. Cleomaceae

9 Cuscuta chinensis Lam. Convolvulaceae
10 Eclipta prostrata (L.) L. Asteraceae

11 Evolvulus nummularius (L.) L. Convolvulaceae
12 Grangea maderaspatana (L.) Poir. Asteraceae

13 Hyptis suaveolens (L.) Poit. Lamiaceae

14 Ipomoea carnea Jack. Convolvulaceae
15 Ipomoea obscura (L.) Ker-Gawl. Convolvulaceae
16 Ipomoea pes-tigridis L. Convolvulaceae
17 Lantana camara L. Verbanaceae

18 Melochia corchorifolia L. Malvaceae

19 Mikania micrantha Kunth. Asteraceae

20 Mimosa pudica L. Fabaceae

21 Monochoria vaginalis (Burm. f.) Presl. Pontederiaceae
22 Passiflora foetida L. Passifloraceae
23 Peperomia pellucida (L.) Kunth Piperaceae

24 Physalis angulata L. Solanaceae

25 Saccharum spontaneum L. Poaceae

26 Scoparia dulcis L. Plantaginaceae
27 Senna alata (L.) Roxb. Fabaceae

28 Senna tora (L.) Roxb. Fabaceae

29 Sida acuta Burm. Malvaceae

30 Synedrella nodiflora (L.) Gaertn. Asteraceae

31 Tridax procumbens L. Asteraceae

32 Urena lobata L. Malvaceae
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Table 3. Phytogeographic affinities of the plants of Kanjirapuzha

Distributional range Number of species %

Endemic 8 4.08
Indo-Pacific 67 34.18
Indo-Pacific and South American 24 12.24
Indo-Pacific, African and South American 25 12.75
Indo-Pacific and African 34 17.34
Indo-Pacific and Australian 14 7.14
Indo-Pacific and Holarctic 6 3.06
African 1 0.51

Indo-Pacific, South American, Australian and African 14 7.14
Indo-Pacific, African and Australian 3 1.53

Vegetation analysis

B Herbs
W Trees
Shrubs

B Climbers

Fig. 1. Vegetation analysis of the study area

the endemic taxa found along the riparian zones of
Kanjirapuzha. The percentage of occurrence of RET
taxa is very less and is represented by Cayratia
pedata and Ochreinauclea missionis.

According to bsienvis.nic.in (2017), the analysis
of the floristic elements of Kanjirapuzha showed that
32 plant species of the riparian elements of
Kanjirapuzha basin are invasive (Table 2). World’s
worst invasive alien species like, Lantana camara,
Ageratum conyzoides, Mikania micrantha, Sida
acuta, Synedrella nudiflora and Chromolaena
odorata are widely distributed in this region. The
human activities and other disturbances cause the
disappearance of native species and resulted in the
dominance of invasive elements. From the data it can
be inferred that most of the invasive elements belong
to the family, Asteraceae followed by Convolvulaceae.

Plant wealth of Kanjirapuzha showed
phytogeoraphical affinities with African, Australian,
Holarctic, Indo-Pacific and South American floristic
kingdoms (Table 3). Majority of the vegetation include

Indo-Pacific elements.

Raunkiaer’s life form spectra analysis of the
vegetation (Fig. 2) revealed that the biological spectra
consist of 8 Chamaeophytes, 3 Cryptophytes, 82
Phanerophytes and 103 Therophytes. The therophytes
(52.55%) dominated in the biological spectrum of
riparian vegetation followed by phanerophytes
(41.83%), chamaeophytes (4.08%) and cryptophytes
(1.53%).

Threats to riparian vegetation

The riverine vegetation along Kanjirapuzha basin
encounters many threats and it eventually affects the
diversity and species richness. One of the major threats
found in the riparian zone of Kanjirapuzha basin is the
dam construction and flow regulation. The changes in
flow regime can have a substantial effect on both
riparian plants and aquatic biota and this will lead to
the decline in riparian vegetation. Another major cause
of degradation of riparian vegetation is the introduction
of exotic and invasive species. These invasive species
reduce the native riparian vegetation and reduce the
species diversity. Other major threats to the riparian
ecosystem of Kanjirapuzha basin are grazing, land use
for agriculture, timber harvesting, cutting of riparian
elements and pollution by solid waste disposal.

CONCLUSION

The present floristic treatment restricted to
watershed of the river Kanjirapuzha revealed the
presence of 196 angiosperms belonging to 62 families.
Earlier floristic studies conducted in many parts of
Western Ghats recorded the dominance of Poaceae

members, but the present study showed the
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Fig. 2. Biological spectra of riparian vegetation along Kanjirapuzha basin

dominance of Fabaceae members and Poaceae has
been replaced back in the third position, due to frequent
floodplain disturbances.

The regulation of river flow directly impacts
floodplain wetlands. The construction of a dam or
check dams permanently submerges part of the
upstream floodplain, whereas the reduction or absence
of downstream flow disrupts the flood cycle, as
variable amounts of water may be released at different
times and for different periods than in the natural cycle
(Chauhan and Gopal, 2005). As Kanjirapuzha is a
regulated river with control in water inflow from the
reservoir, the vegetation along the riparian bed
experiences differential water inflow in different
seasons. Hence, much of the herbaceous vegetation
faces the flood plain effect in most of the seasons and
this in turn affects the frequency of occurrence of
these taxa.

The analysis of angiosperm diversity along
Kanjirapuzha basin for a short period revealed that
intense anthropogenic activities around the basin have
made a negative impact on the native riparian
vegetation. Most of the natural riparian vegetations
are replaced by alien invasive species and are
extremely fragmented also. Further documentation

and long term observations are essential to formulate
effective management strategies for the preservation
of this riverine ecosystem.
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ABSTRACT

Scaffolds are highly porous 3-D structures made up of
biopolymers used as support in tissue engineering. They
are cell friendly, biodegradable and contain functional
molecules for the attachment of cell, proliferation and
differentiation. In the present study the scaffolds was
fabricated by freeze — drying technique. The cross linked
scaffolds was subjected to further studies such as physical
and biological characterization. Morphological
characterisation of the scaffold was done by SEM. Swelling
ratio and degradation properties of the scaffolds were also
examined. The scaffolds found to be non-toxic and
cytofriendly in 1.929 culture studies.

Keywords tissue engineering, freeze — dryer;, SEM;

swelling ratio,; degradation rate

In recent years, Tissue Engineering has become
an excellent alternative in organ transplant, to replace
diseased or damaged organs. Tissue engineering is a
multidisciplinary field, which allows construction of 3D
structures to restore or maintain the lost function of a
tissue or organ. Tissue engineering use scaffolds, cells,
growth factors in ambient physical conditions for
constructions a transplant. Three dimensional
structures called scaffold promotes the regeneration
of the tissue, in order to reconstruct, replace or repair
living tissues and organs (1). The scaffold provides
the initial structural integrity, cell proliferation and
controls the shape of the functioning of the formed
tissue.

In tissue engineering, biopolymers have a pivotal
role in fabricating porous, biodegradable scaffolds. It
supplies the necessary support for cell attachment,
proliferation and differentiation for correct tissue
regeneration. Parallel to the formation of the new
tissue, the scaffold must undergo a biocompatible
degradation. In the present study, an effort was done
to find suitable biomaterial for scaffolds in tissue
engineering application. In this study two different
biopolymers, gelatin and pectin were used as they are
naturally derived ones. Gelatin is a derivative of
collagen which is the major constituent of skin, bones
and connective tissue (2, 3). It is one of the most

convenient proteins to use as it is much cheaper than
collagen and does not exhibit antigenicity (4). Pectin
is a naturally occurring biopolymer found in the cell
walls of plants. Pectin is a water-soluble carbohydrate
substance (5) .The advantages of these biopolymers
are in terms of material reproducibility, good process
ability and are easily available. These two polymers
have attracted increasing attention in pharmaceutical
and medical fields. The aim of this research work is
study the physical and biological properties of scaffolds
including morphology, swelling ratio, degradation rate,
cell attachment and cell proliferation.

MATERIALS AND METHODS

Materials

The materials were purchased commercially.
Gelatin (Fisher Scientific) and Pectin (Sisco Research
Laboratories) were used; analytical grade chemicals
were used in this work.

Preparation of the scaffolds

Gelatin and Pectin were dissolved at 37°c under
continuous agitation to obtain homogeneous solution.
The solutions were then poured into mould and frozen
overnight prior to lyophilisation. The resulting freeze
dried scaffolds were cross linked and subjected to
following studies.

Morphological observation

The morphology the scaffolds inner structure was
investigated by scanning electron microscopy (Hitachi
S-2400, Japan) at 20kV. The cross sections of the
scaffolds were coated with gold prior to SEM
observation.

Swelling property

The water up taking capacities of the scaffolds
were determined by using phosphate buffered saline
(PBS). Known weights of the scaffolds were placed
in the PBS (pH 7.4) solution. The wet weights of the
scaffolds were taken by blotting the scaffolds to
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Fig.3. Degradation rate of various scaffolds at different days.

remove excess water and then weighed immediately.
Then the swelling ratios of the scaffolds were
calculated.

In vitro biodegradation rate

The biodegradation of scaffolds was investigated

using stimulated body fluid solution (SBF, pH 7.4). The
samples of known weight were immersed in SBF
solution. Every other day, samples were taken from
the medium and weighed. The experiment was done
triplicates for each different scaffold. The extent of
in vitro degradation was expressed as a percentage.
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C

Fig.5. Viability of L929 cell adhesion on different scaffolds. Phase contrast microscopic image of various
scaffolds control (a) gel-pec (b), gelatin (c) pectin (d)

In vitro cytotoxicity test

Cytotoxicity of scaffolds was evaluated using
fibroblast 1.929 cells. For cell attachment, cells were
seeded onto the scaffolds in tissue culture plates
containing DMEM and are observed by phase contrast
inverted light microscopy. For cell proliferation, after
the culture, scaffolds were rinsed with PBS and 350
pl of MTT (0.5 mg/ml) was added and incubated at
37°C in 5% CO2 incubator .DMSO was added to
elute the fromazan crystals of MTT and the
absorbance of the solution was measured at 570 nm
using a spectrophotometer. The extent of in vitro cell

viability was expressed as a percentage of cell
adhesion and proliferation. All experiments were run
in duplicate.

RESULTS AND DISCUSSION

Morphological Characterisation of the
scaffolds

The microstructure of the gelatin and gelatin—
pectin scaffold is shown in Figure 1. The SEM images
shows that scaffold are highly porous and have smooth
surface structure .The pore size found in the range of
100- 400 um and in case of pectin and 100-700 um
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gelatin and 150- 500pum in the case of gelatin — pectin
scaffolds. The pores are uniformly distributed in the
solid matrix and are vary in size. The difference in
pore size is due to incorporation of cross linker which
imparts good interaction with the polymers. The
interconnected pores help in migration, proliferation
and differentiation of cells and provide nutrient supply
(6). The difference in structure of the scaffolds might
be due to the nature of material. In general, porosity
and pore size were important elements of biological
activity of porous scaffold biomaterials.

Swelling Property

The swelling ratio of various scaffolds was shown
in Fig.2. Among the different samples gelatin - pectin
scaffold showed minimum swelling ratio. This is
attributed due to good interaction between polymer
and incorporated organic fillers. The highest rate of
hydrophilicity was observed among gelatin alone
scaffolds. Gelatin is widely known for its hydrophilicity,
which absorb water up to 10 times of its dry weight.
The rate of water uptake was found to increase in
time and reaches in equilibrium state. The maximum
water uptake corresponding to the maximum hydration
ability of the scaffold. The swelling ability helps in the
uptake of nutrients to the interior of porous scaffold
during in vitro culture. During in vitro culture, the
increase in diameter of pore size facilitate the cells
not only to just attach but also to migrate inside the
scaffolds and grow in a three dimensional fashion (4).

Degradation of the scaffold

The invitro degradation rate of scaffold was
shown in Fig .3. The rate of degradation was slightly
less in gelatin - pectin compared to gelatin scaffold.
This is due to better interaction between polymers and
cross linker. As the time increase the degradation rates
of scaffold found to increase. The aim of tissue
engineering is the regeneration of new tissues with
controlled rate of degradation of biomaterials. Among
different porous scaffold gelatin -pectin scaffo