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Abstract

Aconitum Brachypodum Diels (AB) is a plant of Aconitum L. The dried roots of AB have analgesic and
anti-inflammatory activity. However, the processing is required to reduce toxicity before use because of its
high toxicity. Studies on the toxicity, pharmacodynamics, and chemical composition of processed
Aconitum Brachypodum Diels. (PAB) are still lacking at present. In this study, the composition changes of
AB and PAB were determined by UPLC-QE-Orbitrap-MS. The intensity of diester alkaloids was greatly
reduced, while the monoester alkaloids were significantly increased. An acute toxicity experiment was
used to evaluate the toxicity differences between AB and PAB, while the acetic acid-induced writhing pain
experiment and croton oil-induced ear edema experiment were applied to evaluate the analgesic and anti-
inflammatory properties. The acute toxicity test of AB showed that the median lethal dose (LD50) was
1.37 g/ kg, while the maximum tolerance of PAB was 30.0 g/kg. It was apparent that the toxicity of PAB
was significantly reduced. The alkaloid component of PAB could significantly inhibit the mice’'s ear edema
and significantly reduce the number of mice writhing. Based on the above findings, 10 compounds,
including songoramine (1), neoline (2), bullatine C (3), dihydroatisine (4), bullatine A (5), maltol (6), 15-0-
acetylsongorine (7), 15-C-acetylsongoramine (8), songorine (9), and aldohypaconitine (10) were
separated and identified from the alkaloid component of PAB. Compounds 4, 6, 8, and 10 were firstly
separate from Aconitum. Finally, molecular docking to anti-inflammatory analgesic target protein was
carried out. The results showed that the 10 compounds and target proteins had good binding capabilities,
wherein 15-0O-acetylsongoramine could interact with the key protein Akt1 of Pi3k-Akt pathway and adjust
the downstream NF-kB critical pathway to play an anti-inflammatory analgesic effect.

1. Introduction

Aconitum is a genus of Ranunculaceae [1, 2]. As a class of medicinal plants, it has a long record in
Chinese history [3]. Aconitum plants have been shown in the literature to treat rheumatism, promote blood
circulation, and disperse stasis [4]. There are about 100 species of aconitumin China, and they are
primarily found in the southwest [5]. Aconitum Brachypodum Diels (AB) is a plant in the genus Aconitum,
known as “snow grass” in China, which is bitter, acrid, warm in nature, and highly toxic. It has been
recognized as having a good curative effect for relieving arthritis, dispersing blood stasis, healing
wounds, promoting blood circulation, and relieving pain [6]. AB mainly contains non-alkaloid, and alkaloid
components [7, 8], Fsitosterol, carotene, and stearic acid are the mainly non-alkaloids, and the alkaloids
mainly include aconitine, hypoconitine, and artemisinin, etc. These alkaloids are mostly diterpenoids,
which are currently considered to be the main components and toxic components of AB [9-11].

Aconitine is the representative highly toxic substance in AB, which is known to have strong cardiotoxicity
and neurotoxicity [12—15]. According to literature research, aconitine can be hydrolyzed into aconine with
very little toxicity during decoction. Generally, aconitine in AB is almost completely destroyed after
decocting for 3 to 4 hours. Therefore, when using AB as medicine, it must be processed first. At present,
the majority of research has focused on the separation and identification of active components of AB. So
far, the research about processed Aconitum Brachypodum Diels. (PAB) are lacking.
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With the development of the traditional Chinese medicine industry and material technology [16—-22],
traditional Chinese medicine has been developed and utilized in different application fields. For example,
combining traditional Chinese medicine and material science has expanded the application direction of
traditional Chinese medicine. In recent years, using cheap agricultural and forestry waste and other
biomass as raw materials, and using simple and clean processes to prepare carbon materials such as
activated carbon with good performance, has become a research hotspot. Some scholars have processed
Chinese herbal medicine into nanoscale biological functional materials to enhance and improve the
therapeutic effect of traditional Chinese medicine in various diseases [23, 24]. Some scholars have
studied the applications of Chinese medicine residue in the field of composite materials, which do not
pollute the environment and become a high value-added product [25, 26]. The main active component of
AB is diterpene alkaloids, which have analgesic, anti-inflammatory, local anesthetic, anti-tumor and other
pharmacological effects. The study of chemical components of AB and PAB can provide basic research
data for the new application of this Chinese herbal medicine.

This study first reported the composition and acute toxicity of PAB. Then, alkaloid, non-alkaloid, alcohol
extraction, and water extraction samples were prepared by different separation and extraction methods,
and their pharmacological activities were determined. The structures of the compounds, which were
isolated from the alkaloids component of PAB, were further identified. Finally, the molecular docking
technology was applied, and the analgesic, anti-inflammatory protein targets were selected as a receptor
to carry out molecular docking with isolated compounds, and the contribution of isolated compounds to
inflammation and analgesia pharmacological activity were analyzed. Based on the research results of
this paper are expected to guide the scientific processing of AB and provide data support for clinically
safe drug use.

2. Materials And Methods
2.1 material

The roots of Aconitum Brachypodum Diels. (AB) were gathered in Huize county of Yunnan Province, P R.
China, 2018. The plant was identified by SU Tai’s group at Yunnan Institute of Materia Medica (YIMM),
and the voucher specimen (20181030001) was preserved at the Department of Analysis and Testing
Laboratory, YIMM, in China.

2.2 Experimental cells and animals

Mouse Mononuclear Macrophages Cells (RAW264.7) were provided by Kunming Cell Bank (cell number:
KCB200603YJ). The ethical code for animal experimentation is 2021-0002. Kunming mice (weight: 18-
22 g) were purchased from Beijing Hfk Bioscience Co., Ltd.

2.3 Reagents

Methanol, acetonitrile, acetic acid, ethanol, ethyl acetate, diethylamine, and CMC-Na (National
Pharmaceutical Group Chemical Reagent Co., Ltd.); hydrochloric acid (Chongqging Chuandong Chemical
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(Group) Co., Ltd.); NaHCO4 (Xilong Chemical Co., Ltd.); CHCI5, petroleum ether (Li'an Longbo Medicine
Chemistry Co., Ltd.) were used. DMEM high sugar medium, fetal bovine serum, a pancreatic enzyme, and
PBS buffer Gibco were provided by Thermo Fisher Scientific. TNF-a and IL-6 kits were provided by Beijing
Dakewei Biotechnology Co., Ltd. Croton oil was purchased from Sigma. Acetone was obtained from
Shanghai Shenbo Chemical Co., Ltd. Indomethacin was obtained from Shanghai Aladin Biochemical
Technology Co., Ltd.; diclofenac diethylamine emulgel (Voltaren) was obtained from GSK Consumer
Healthcare Schweiz AG.

2.4 Processing of Aconitum Brachypodum

Firstly, the roots of AB were washed, soaked in water for 20 h, then taken out, slit, and steamed at 90—
100°C for 2 to 3 h. After that, AB was taken out to dry at 130°C for four h, the processed Aconitum
Brachypodum Diels. (PAB) were thus prepared.

2.5 UPLC-QE-Orbitrap-MS Qualitative Analysis of AB and
PAB

2.5.1 Sample preparation and extraction

100 pL of cold water was added to the AB and PAB samples (100 mg), and after vortexed for the 60s, 400
uL of methanol acetonitrile solution (1:1) was added and vortexed for 60s. The solutions were sonicated
(30 min, 4°C, 250 W, 50 kHz) and centrifuged (12000 rpm, 20 min, 4°C).

2.5.2 UPLC Conditions

The instrument: Thermo Scientific Vanquish, UPLC, USA. The analytical conditions: HSS T3 column of
Waters (1.8 pm, 100x2.1T mm), 40°C, 0.3 mL/min, 2 pL; solvent system, A was 0.1% formic acid in the
water, B was acetonitrile/isopropyl alcohol (1:1, 0.1% formic acid was added); gradient program, 0.0-2.0
min (90:10,A: B), 6.0-15.0 min (40: 60,A:B),15.1-17.0 min (90: 10, A: B).

2.5.3 QE Conditions

The instrument: QExactive, Thermo Fisher Scientific, USA; the detector: ESI. Other conditions were carried
out as set by the instrument.

2.5.4 Data analysis

The raw MS data were processed by Progenesis Ql. OPLS-DA was performed with SIMCA-P 14.1
software.

2.6 Acute toxicity experiment of AB and PAB

The acute toxicity experiment was used to assess the acute toxicity of AB and PAB. LD5, was calculated
according to the previously described methods [27]. According to the result of preparation, the initial dose
of AB was 2.0 g/kg, then diluted eight dose groups down based on 0.9-fold, that was 1.80, 1.62, 1.46,

1.31,1.18,1.06, 0.96, 0.86 g/kg, and the solvent control group which gave equal volume pure water was
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established. Different doses of samples were provided by single gavage administration in 24 h, and the
potential toxicity reaction and death of animals were observed.

The PAB sample was given to the mice in the highest dose (10.0 g/kg) 3 times in 24 h. There were no
toxic reactions and deaths in the animals. Therefore, in the formal experiment, the maximum dose of PAB
was given 3 times in 24 h (the time interval between 3 times gavage administrations was 4 h), and the
possible toxicity reaction and death of animals were observed.

2.7 Pharmacological investigation
2.7.1 Extraction of different active components
2.7.1.1 Alkaloid component

After being reflux extracted 3 times by 70% ethanol from crushed PAB, it was filtered and concentrated by
vacuum drying. After adding hydrochloric acid to reduce the pH of the solution to 3, ethyl acetate (EtOAc)
was used to extract the concentration three times. The acidified solution was treated with ammonia water
to bring them to pH 10. EtOAc was used to extract the solutions, then the extraction was concentrated
under reduced pressure and dried.

2.7.1.2 Non-alkaloid component

After being reflux extracted 3 times by 70% ethanol from crushed PAB, it was filtered and concentrated by
vacuum drying. After adding hydrochloric acid to reduce the pH of the solution to 3, EtOAc was used to
extract the concentration three times. The extraction was concentrated under reduced pressure and dried.

2.7.1.3 Water extract component

The crushed PAB was cooked twice with water for one hour each time to extract the water-extracted
components. After that, it was filtered, concentrated under reduced pressure, and dried.

2.7.1.4 Alcohol extract component

The crushed PAB was cold soaked three times with 60% ethanol solution for 24h. The collected extraction
was then concentrated under reduced pressure and dried.

2.7.2 In vitro anti-inflammatory experiment
2.7.2.1 Cell culture

RAW264.7 cells were subcultured, digested with 0.25% trypsin, subcultured with DMEM high glucose
medium containing 10% fetal bovine serum, and cultured at 37°C in an incubator with 5% CO, saturated

humidity. The solution was changed once a day, and each experiment was taken from the same passage
cells.

2.7.2.2 Effects of samples on IL-6, TNF-a in Raw264.7 cells
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The extracts and indomethacin were prepared into corresponding working solutions with the culture
medium containing 100 pg/L LPS. RAW264.7 cells (1.0x10° cells/mL, 100pL/well) were inoculated for 24
h (37°C, 5% CO,). The blank control group was added to the fresh culture medium, the LPS model group
was added to a culture solution containing 100 pg/L LPS, the positive control group and the test sample
group were added with the corresponding concentrations of prepared solutions, and continued to
cultivate for 24 h. The ELISA kit was used to determine the levels of IL-6 and TNF-a in the supernatant.

2.7.3 In vivo anti-inflammatory experiment

Croton oil-induced ear edema was used to evaluate the anti-inflammatory activity[28]. 120 mice were
randomly assigned, which included a blank control group, a positive control group (Voltaren 40 mg), and
two dose groups (1 mg and 4 mg) of alkaloid, non-alkaloid, water extract, and alcohol extract. Each trial
group was smeared the right ear at the volume of 0.04 mL for 3 consecutive days.

1 h after the last operation, cotton dipped in pure water was used to gently wipe the residual subject on
both sides of the right ear, then 2% croton oil (20 pyL) was applied to the right ear of mice to make
inflammation model. After 4 h of modeling, the mice were sacrificed, and the ears were prepared into the
ear tabs, the quantity of the ear tabs was weighed, and the edema degree was calculated according to
Formula (1):

Ear edema =right ear quality - left ear quality (1)

2.7.4 Mice pain resistant (writhing times) experiment

Mice were divided randomly, which included a blank control group, a positive control group (Voltaren 100
mg), and two dose groups (2.5 mg and 10 mg) of alkaloid, non-alkaloid, water extract, and alcohol
extract. Each day for three days, 0.1 mL of the respective group’s solution was applied to the abdomen of
the mice, while the solvent group received 0.1 mL of pure water.

After the last operation of 1 h, 0.62% of the acetic acid solution was injected (10 mL/kg). The writhing
time intervals between 5 to 20 min after injection were recorded.

2.8 Isolation and identification of compounds from PAB

60 kg of PAB were ground into powders and extracted with 70% EtOH (three times, reflux for 2 h). Under
reduced pressure, the extracting solution was concentrated at 68 L. Then, about 6 L of 7% hydrochloric
acid solution was added under constant stirring to adjust the pH to about 3. After extracting with EtOAc
(3%90 L), the acidified solution was treated with ammonia water to bring them to pH 10. EtOAc (380 L)
was used to extract the solutions, and the resulting extract was concentrated to create the crude alkaloid
fraction (475 g). Based on TLC analysis, 14 main fractions (Fr. 1-14) were obtained from the crude
alkaloid fraction over silica gel (200—300 mesh) using a CHCIl;/MeOH (1:0-3:1, v/v) mixture with

increasing polarity.
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After separation and purification, The Fr.8 (10.6 g) afforded compound 1-6. The weights were 112, 320,
76, 14, 5, and 30 mg. With the aid of a similar separation process and method to the above, Fr.10 (17.1 g)
afforded compounds 7 (152 mg) and 8 (60 mg), and the Fr.12 (2.7 g) provided compound 9 (12 mg) and
10 (8 mg).

Compounds were separated by classical methods, such as column chromatography and preparative
liquid phase (Agilent 1100). Compounds were identified by classical methods, such as Bruker DRX-500

spectrometers ("H and '3C NMR spectra).

2.9 Molecular docking analysis of active target
2.9.1 Active target acquisition

Chemdraw2019 software to obtain the 3D structure of the compound, Target Prediction database such as
http://www.swisstargetprediction.ch/ was used to inquire probably protein targets of analgesia and anti-
inflammatory.

The String database (https://cn.string-db.org/) was used to evaluate the interactions between compound
targets and anti-inflammatory analgesic interactions. The protein interaction relationship was discovered
by limiting the research species to “HOMO SAPIENS” and setting the connection fraction to 0.400. Then,
the interactions between targets and proteins were displayed using the Cytoscape 3.7.0 software to
create PPI networks. The network topology characteristics were examined using tools for network
analysis to identify important targets. As receptors, the first six targets were chosen [29].

2.9.2 Molecular docking score

The program Autodock-vina (1.1.2) was used for docking simulation, and the structures of the
compounds were processed with Autodocktools (1.5.7) to minimize the energy, which was saved as a
pdbaqt file. The top six targets were used to conduct the semi-flexible molecule docking with the
corresponding compound, and the score of each receptor and compound was obtained.

2.9.3 Molecular docking visualization

Opening Pymol 2.3.0 and discovery studio client were used to visualize the docking results. 15-C-
Acetylsongoramine was chosen as a representative compound based on the aforementioned key target
selection experiment to examine the specific binding between 15-0-acetylsongoramine and each target,
and the visualized molecular docking figures were obtained.

2.10 Statistical analysis

The data was analyzed using SPSS 17.0 statistical software, and the experimental results were
represented by x + s. The level of the inspection was a = 0.05. The acute toxicity experimental LDy and
95% were calculated using Bliss [30].
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3. Results And Discussion

3.1 UPLC-QE-Orbitrap-MS Qualitative Analysis of AB and
PAB

The positive total ion chromatogram of AB and PAB (Fig. 1) showed that the chemical composition
changed significantly. The ttest was used to combine the multivariate analysis of OPLS-DA, and different
metabolites were screened (VIP >1 and P<0.05). The variation trend of the intensity of the alkaloid
component in AB and PAB (Fig. 2) showed that the diester alkaloids (aconitine, hypaconitine, 3-
acetylaconitine, and 3-deoxyaconitine) were significantly reduced, while the monoester alkaloids (14-
benzoylaconine, benzoylhypaconine, benzoylmesaconine) and aconine were significantly increased.

After retrieving the NiH Chemid Plus chemical toxic database, after mouse intravenous injection
aconitine, hypaconitine, 3-acetylaconitine, LD55 were 0.10, 0.47, 0.4 mg/kg, 14-benzoylaconine,
benzoylhypaconine, benzoylmesaconine were 10.1, 23, 21 mg/kg, and aconine was 117 mg/kg. After the
mouse abdominal injection 3-deoxyaconitine, the LDsg was 1.9 mg/kg. The above LD50 was normalized
and then multiplied by the respective response intensity to obtain the virulence values in the form of a
heat map (Fig. 3). From the perspective of total toxicity, the poison value of AB was higher than the PAB
significantly.

These results showed that the toxicity of AB decreased after processing. From the perspective of various
components, aconitine was accounted for a significant portion of the toxicity contributions, suggesting
the toxicity reduction mechanism of PAB. It was closely related to the decrease in aconitine content and
was consistent with the literature reports[31-33].

3.2 Acute toxicity experiment

As shown in Table 1, all animals were generally good in the control group, and there was no obvious
abnormal reaction or death. In the AB group, the maximum tolerance was 0.86 g/kg with no animal
death. The mice’s minimum lethal death of the AB was 0.96 g/kg, with animal mortality of 10%.
Additionally, the lethality increased in a gradient with increasing AB dose. All mice died when the AB dose
was 2 g/kg. The LD5, of AB was 1.37 g/kg, and the 95% confidence interval was 1.28 ~ 1.46 g/kg.
Anatomical observation of animal death during the observation period did not reveal significant
abnormalities.

In the PAB group, some mice showed a mild toxic reaction, mainly diarrhea, and no significant toxic
reactions or death were observed throughout the observation period. Therefore, we concluded that the
maximum tolerance of PAB was 30.0 g/kg.
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Table 1
Animal toxicity reaction and death of AB and PAB.

group  dose Total number number of mice  mortality LDs, and 95% confidence
(9/kg) of mice death rate/% interval
control - 10 0 0 -
AB 2.00 10 10 100
1.80 10 9 90
1.62 10 8 80
1.46 10 4 40
1.31 10 2 20 1.37 g/kg
1.18 10 3 30 (1.28 ~1.46 g/kg)
1.06 10 2 20
0.96 10 1 10
0.86 10 0 0
PAB 30.0 10 0 0 -

3.3 Pharmacological investigation
3.3.1 In vitro anti-inflammatory experiment

As shown in Fig. 4 and Fig. 5, the alkaloid components of PAB at concentrations of 2.5 ug/mL, 5 pg/mL,
and 10 pg/mL significantly reduced both contents of TNF-a and IL-6, compared with the model group (P
<0.05). In addition, the non-alkaloid component of PAB with a concentration of 10 pg/mL and the water
extract component of PAB (0.5 pg/mL) significantly decreased both levels. The alcohol extract
component of PAB significantly reduced the content of IL-6 at a concentration of 2 ug/mL (P< 0.05),
however, there was no effect on the content of TNF-a significantly. These results suggest that some
components of PAB might substantially alleviate the inflammatory response of cells induced by LPS.

3.3.2 In vivo anti-inflammatory experiment (croton oil-
induced ear edema)

As shown in Fig. 6, the Voltaren (positive control, 40 mg) and alkaloid component of PAB (4 mg)
significantly decreased the mice's ear edema (P< 0.05) after continuous 3 days. In contrast, the non-
alkaloid component of PAB, alcoholic extract component of PAB, and alcoholic extract component of PAB
did not decrease the mice’s ear edema. Therefore, we speculate that PAB plays an anti-inflammatory role
mainly through the alkaloid component.
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3.3.3 Mice pain resistant (writhing times) experiment

To detect the analgesic effect of PAB component, we conducted the mice pain-resistant experiment. As
shown in Table 2 and Fig. 7, there were no significant effects on the body weight of mice compared to the
control group (P> 0.05). After 3 days, the Voltaren (positive control, 100 mg) and alkaloid component (10
mg) significantly reduced the number of writhing in mice (P<0.05) and displayed an obvious analgesic
effect. The non-alkaloid component of PAB, the water extract component of PAB and the alcohol extract
component of PAB did not significantly affect the writhing of mice.

Effects of different extracts on t;:-: tr)llt(frr%ber of mice writhing and weight.
group dose (mg/animal) body weight (g)  writhing time (s)
control - 26.3+1.4 31.8319.50
voltaren 100 257120 22 58 + 16.70"
alkaloid 2.5 26.7+2.8 23.42+18.97

10 26.5%1.4 18.42+11.07"
non-alkaloid 2.5 26.3+2.0 26.17+16.85
10 26.0+1.7 2492 +18.77
water extract 2.5 258+1.4 25.00+14.73
10 258+1.6 26.00+13.01
alcohol extract 2.5 254+1.0 29.00+10.77
10 26.31+1.6 25.67+17.45

3.4 Isolation and identification of compounds from PAB

Overall, NMR and MS were used to determine the structures. Firstly, ten compounds (Fig. 8) were isolated
and purified from PAB using chromatographic techniques such as HPD100 and preparative HPLC.
Subsequently, physicochemical data and modern spectral analysis techniques were used to identify their
structures, which were songoramine (1), neoline (2), bullatine C (3), dihydroatisine (4), bullatine A (5),
maltol (6), 15-C-acetylsongorine (7), 15-O-acetylsongoramine (8), songorine (9), and aldohypaconitine
(10). For the first time, compounds 4, 6, 8, and 10 were isolated from this plant.

3.4.1 Songoramine

White amorphous powder; C,,H,gNO3, ESI-MS m/z356 [M + H]*; "TH NMR (MeOD, 500MHz, Supplementary
Table S1); 3C NMR (MeOD, 125MHz, Supplementary Table S2). The comparative analysis [34, 35]
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verified that the obtained compound 1 was songoramine.

3.4.2 Neoline

White amorphous powder; C,,H3gNOg, ESI-MS m/z438 [M + H]*; "TH NMR (MeOD, 500MHz, Supplementary

Table S1); '3C NMR (MeOD, 125MHz, Supplementary Table S2). After comparative analysis [34-36),
which verified that the obtained compound 2 was neoline.

3.4.3 Bullatine C

White amorphous powder; C,¢H,1NO-, ESI-MS m/z480 [M + H]*; "TH NMR (MeOD, 500MHz, Supplementary

Table S1); '3C NMR (MeOD, 125MHz, Supplementary Table S2). After comparative analysis [36], which
verified that the obtained compound 3 was bullatine C.

3.4.4 Dihydroatisine

White amorphous powder; C,,H3sNO,, ESI-MS m/z346 [M + H]*; TH NMR (CDCl;, 500MHz) &,: 0.81 (3H, s,
H-18),2.31 (2H, d, J=11.0Hz, H-19), 2.66 (2H, m, H-21), 3.59 (1H, brs, H-15), 3.69 (2H, t, J= 5.5Hz, H-22),
5.08, 5.02 (1H each, t, J= 1.5Hz, H-17); '3C NMR (CDCls;, 125MHz, Supplementary Table S2). After
comparative analysis [37, 38], which verified that the obtained compound 4 was dihydroatisine.

3.4.5 Bullatine A

White needle crystal; C,,H33NO,, ESI-MS m/z344 [M + H]*; TH NMR (Pyridine-d5, 500MHz Supplementary
Table S1); 3C NMR (Pyridine-ds, 125MHz, Supplementary Table S2). After comparative analysis [39],
which verified that the obtained compound 5 was bullatine A.

3.4.6 Maltol

Colorless needle crystal; C¢HgO3, ESI-MS m/z127 [M + H]*; TH NMR (CDCl3, 500MHz) &,: 2.35 (3H, s, 2-
CHy), 6.41 (1H, d, J= 5.5Hz, H-6), 7.69 (1H, d, J= 5.5Hz, H-5); 3C NMR (CDCl,, 125MHz) 65: 173.1 (C-4),
154.2 (C-6), 149.2 (C-2), 143.3 (C-3), 113.2 (C-5), 14.3 (2-CHj3). After comparative analysis [40], which
verified that the obtained compound 6 was maltol.

3.4.7 15-0O-acetylsongorine

Colorless square crystal; C,,H33NO,, ESI-MS m/z400 [M + H]*; "TH NMR (MeOD, 500MHz, Supplementary

Table S1); '3C NMR (MeOD, 125MHz, Supplementary Table S2). After comparative analysis [41], which
verified that the obtained compound 7 was 15-0O-acetylsongorine.

3.4.8 15-0O-acetylsongoramine

Powder (white, amorphous); C,4H3,NO,, ESI-MS m/z398 [M + H]*; "TH NMR (MeOD, 500MHz) &,: 2.08 (1H,
dd, J=16.0, 6.5Hz, H-11), 2.10 (3H, s, 15-OCOCH5), 2.66, 2.76 (1H each, dq, J= 12.0, 7.0Hz, H-21), 2.98
(1H, d, J=1.5Hz, H-20), 3.73 (1H, s, H-19), 4.03 (1H, d, J= 5.5Hz, H-1), 4.93 (1H, 1, J = 2.0Hz, H-17), 5.64
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(1H, t, J=2.5Hz, H-15); '3C NMR (MeOD, 125MHz, Supplementary Table S2). After comparative analysis
[42], which demonstrated that the obtained compound 8 was 15-O-acetylsongoramine.

3.4.9 Songorine

Powder (white, amorphous); C,,H3,NO3, ESI-MS m/z358 [M + H]*; "TH NMR (MeOD, 500MHz,

Supplementary Table S1); '3C NMR (MeOD, 125MHz, Supplementary Table S2). After comparative
analysis [34, 35], which demonstrated that the obtained compound 9 was songorine.

3.4.10 Aldohypaconitine

Powder (white, amorphous); C33H,3NO1;, ESI-MS m/z630 [M + H]*, 652 [M + Na]*; "H NMR (CDClj,
500MHz) &,: 1.34 (3H, s, 8-OCOCHg), 2.68 (1H, brs, H-7), 3.21 (3H, s, 1-OCHj), 3.29 (3H, s, 6-OCH3), 3.94
(1H, brs, H-17), 3.96 (1H, s, 13-0H), 4.08 (1H, d, J= 7.0Hz, H-6), 4.27 (1H, d, J= 3.0Hz, 15-OH), 4.49 (1H, dd,
J=5.0, 3.0Hz, H-15), 4.89 (1H, d, J= 5.0Hz, H-14), 7.46 (2H, brt, J=7.5Hz, H-3', 5'), 8.02 (2H, brd, J=7.5Hz,
H-2’,6'), 8.09 (1H, s, N-CHO); '3C NMR (CDCl;, 125MHz, Supplementary Table S2). After comparative
analysis [43, 44], which demonstrated that the isolated compound 10 was aldohypaconitine.

3.5 Molecular docking analysis of active target

Six core target proteins in the network—AKT 1, JUN, PTGS2, PIK3CA, SLC6A2, and SLC6A3 were conducted
via virtual molecular docking verification based on the findings of Autodock Vina’s protein interaction
network analysis. The combinations of semi-flexible molecules that correspond to the six target proteins
selected as receptors were determined (Table 3). A strong binding capability is indicated by a score of
less than - 5 kcal/mol; the lower the score value, the more potent the binding ability [44, 45]. The
molecular docking score revealed that ten active compounds exhibited strong binding properties with
their respective target proteins, indicating that 10 compounds are more responsible for PAB’s analgesic
and anti-inflammatory actions. Combined with the result of key target protein semi-flexible molecular
docking, 15-0O-acetylsongoramine and AKT1, JUN, PTGS2, PIK3CA and SLC6AS3 target proteins had better
affinity, and their binding ability scores were - 9.5,-7.8,-7.6, - 7.8 and - 7.6 kcal/mol, respectively, which
were less than - 7 kcal/mol, indicating that 15-O-acetylsongoramine had a strong binding ability with key
targets. The binding ability of 15-0-acetylsongoramine and target SLC6A2 were - 5.3 kcal/mol, which
showed that 15-C-acetylsongoramine can interact with the target SLC6A2. The molecular docking
visualization of 15-O-acetylsongoramine and six main target proteins was also carried out (Fig. 9). AKTT,
JUN, PTGS2, PIK3CA, SLC6A2, and SLC6A3 all have molecular surfaces that can embed 15-0-
acetylsongoramine, which binds to the active pocket of the protein to form a stable complex. And then,
according to the interaction 2D graph analysis, the hydroxyl group of 15-O-acetylsongoramine formed a
hydrocarbon bond with THR473 of AKT1 protein; the methyl group and the methylene group of 15-0-
acetylsongoramine formed Pi-Alkyl/Alkyl interaction with PRO387, HIS547, TRP84, LEU89 and PHE472 in
AKT1 protein. And 15-0-acetylsongoramine formed van der Waals interaction with ARG85 ASP313
LYS92 and ASP476 in AKT1 protein. These interactions promote 15-O-Acetylsongoramine to be well
bonded to the active cavity of the AKT1 protein. The Akt1 protein, a crucial component of the Pi3k-Akt

Page 13/28



pathway, interacted with 15-O-acetylsongoramine to inhibit the regulation of its activity, affecting the
critical NF-kB pathway downstream and having an anti-inflammatory effect.

AutoDock vina calculation reSL-JrI?:Ioef?I)igand and receptor (kcal/mol).
compounds AKT1 JUN PTGS2 PIK3CA SLC6A2 SLC6A3
Songoramine 9.5 -74 6.8 -7.5 -6.9 -8.1
Neoline 7.2 6.8 -6.7 -5.9 -5.2 6.7
Bullatine C 7.3 6.7 -6.8 6.1 -3.6 7.1
Dihydroatisine -8.9 72 64 -6.3 6.5 -7.2
Bullatine A -8.7 7.3  -6.6 -6.7 -4.7 -7.4
Maltol -5.2 -43 -5.5 -4.7 -5.3 -5.1
15-0O-acetylsongorine 9.3 -4 6.8 -6.5 4.7 -7.9
15-0-acetylsongoramine  -9.5 -7.8 -7.6 -7.8 -5.3 -7.6
Songorine 9 -7.8 7.1 -6.3 -4.7 -7.4
Aldohypaconitine -8.6 -7.1 -7.4 -7.5 2.0 -7.8

4. Conclusions

In this study, AB was processed to PAB, and the alkaloid component, non-alkaloid component, water
extract component, and alcohol extract component of AB and PAB were prepared. After that, the chemical
composition, acute toxicity, and pharmacological activity were measured. There were mainly eight
different alkaloid components in both AB and PAB, with PAB including lower diester alkaloids and higher
monoester alkaloids, which suggests that the toxicity components of PAB were reduced. And the acute
toxicity experiment also showed that LD s to mice of AB was 1.37 g/kg, but PAB only showed low toxicity
to mice. Analgesia, anti-inflammatory experimental results showed that the alkaloid component, non-
alkaloid component, water extract component, and alcohol extract component of PAB have in vitro anti-
inflammatory effects. The alkaloid component of PAB showed certain in vivo anti-inflammatory and
analgesic effects. Finally, ten compounds were separated from the alkaloid component of PAB, and then
docked to analgesic, active anti-inflammatory targets through molecular docking techniques. The results
showed that the separated ten compounds have significant contributions to analgesia and anti-
inflammatory activity. Especially 15-0O-acetylsongoramine, could affect the effect of anti-inflammatory
analgesia by participating in the adjustment of Pi3k-Akt and NF-kB pathway.
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Figure 1

Positive total ion chromatograms for (A) AB solution; (B) PAB solution.
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Figure 2

The variation trend of the intensity of the alkaloid component in AB and PAB.

Page 20/28



aconitine

14 benzoylaconine
aconine
hypaconitine

benzoylhypaconine

3_acetylaconitine
3_deoxyaconitine

total virulence

=
m

gvd

Figure 3

3e+09

2.5e+09

2e+09

1.5e+09

1e+09

. I 5e+08
benzoylmesaconine

Virulence thermograph of main metabolic markers in AB and PAB.

Page 21/28



400 400
[ B [ ##
A B |
300 s 300 i
) s
E | i E | I vy -
Zanr * [ 2 200 i 7 %
:o 1 = I /
z | Z 2 n
100 - / = | / /
ol , . % < /, //
M . z : » 3 A
G oo L ? 10 JRCC 15 5 1
.‘&é.@ alkaloid component {pg/ml.) wﬁ'ﬁﬁx non-alkaloid component {pg/ml.)
400 S0
X - I
C
I 400 - .
300 - [ ## I
g 300 | ’//
8 g [ * * 7 %
— L - [ = /"'
= 1 7 % ¥ 200 F /
: | . | . N
TR / - /
I / 100 | / /
all A it A A
oﬁ.ﬁc\ &053\ awﬁd@ ) 1 2 “ﬁo\ {“055\ B{@d& 03 1 2
& _‘&w{“ water extract component (pg/ml.) o _@.50‘9 alenhnl extract component (pg/ml.)
Figure 4
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blank control group) A. alkaloid component; B. non-alkaloid component; C. water extract component; and
D. alcohol extract component.
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Effects of different extracts on IL-6-a content (n= 5). (*£<0.05 versus model group, ##pP<0.001 versus
blank control group). A. alkaloid component; B. non-alkaloid component; C. water extract component; and
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Figure 8

The structures of compounds 1-10.
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Figure 9

Molecular docking map of 15-O-acetylsongoramine and targets.
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