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ABSTRACT: The toxins of the Bufonid toads have been used
formerly as ethnomedicine to treat different diseases, including
chronic hepatitis, hypertension, and multiple cancers. Thus, toads’
venom has a great impact on traditional health care. However, the
main emphasis of this study is to identify natural components
present in toad parotoid gland secretion and evaluate their
antiangiogenic effects. Sterol-rich extracts of parotoid gland

Duttaphrynus melanostictus

secretions were isolated in an ethyl acetate medium from a natural - ™~
population of Indian common toads (Duttaphrynus melanostictus) : ,L?é\j‘?c:é 23
from the coastal region (Purba Medinipur, West Bengal) of the 9 By
Indian subcontinent. The antiangiogenic activity was assessed using D S —

In Vivo CAM assay Identified sterol compounds

a chick embryo chorioallantoic membrane (CAM) assay. Gas
chromatography—mass spectrometry (GC—MS) analysis was
conducted to determine the chemical composition. In silico molecular docking was subsequently employed to detect putative
biologically active substances with antiangiogenic potential. The majority of the sterol components were identified and mainly
cholesterol was found at the greatest concentration (31.10%). According to the quantitative analysis Campesterol (15.73%), y-
sitosterol (10.09%), lathosterol (2.79%), stigmasterol (0.933%), and brassicasterol (0.466%) were also present. According to the
outcome of the CAM assay, there was 51.62% suppression of blood vessel formation when compared to the untreated. Bonferroni’s
posthoc test analysis revealed a statistically significant difference at p < 0.001. Using GraphPad Prism software 8.1.2, nonlinear
regression analysis yielded ECs, values of 24.27 pug/mL. Following identification, the primary bioactive chemicals in the extract
under investigation showed a more robust interaction with vascular endothelial growth factor receptors (VEGFRs) in silico molecular
docking experiments. To the best of our knowledge, this is the first-hand report on the ethyl acetate extract (sterol-rich) of parotid
gland secretion from the Indian common toad showing antiangiogenic activity by targeting VEGFRs. However, the findings of this
study suggest that the bioactive compound from the investigated extract can be considered for the development of antiangiogenic
medicine.

Bl INTRODUCTION compounds. The treatment of numerous illnesses has made
substantial use of natural ingredients or their derivatives.”®
Several scientists have proposed using animal body parts and
metabolic byproducts (biological secretions and excrements) in
combined therapy to block angiogenesis.” The fact that human
populations from various nations have employed the amphibian
species bufonid toad to treat illnesses is indicative of their

significance in traditional medicine.” Interestingly, in the past,

The formation of new blood vessels from pre-existing blood
vessels is called angiogenesis. Initially, the Pro-angiogenic
factors concentration gradient controls the activation and
migration of endothelial cells which then attach to the blood
vessels, and initiate the formation of new blood vessels." This
neovascularization is crucial for tumor growth beyond 1-2 mm
in diameter.””> Neovascularization is the most important route
for the invasion of cancer cells, metastasis, and the growth of

tumors. The prevention of this angiogenesis process may create Received: November 28, 2024
hindrances for the progression of cancer. Many antiangiogenic Revised:  January 24, 2025
compounds have since been developed to prevent the Accepted:  January 28, 2025

development or propagation of cancer.* Throughout the Published: March 4, 2025

globe, research is being carried out to discover drugs that
combat antiangiogenic cancer, particularly using natural
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China used to make anticancer curable ethnomedicine from the
venom of the common Asian toad species, Bufo gagrarians
Cantor, 1842, and Bufo melanostictus (Schneider, 1799)"

A sterilized hot water extract of the dried skin of the toad Bufo
gargarizans, and traditional Vietnamese medication isolated
from B. melanostictus, demonstrated notable effects on malignant
tumors, including esophagal and liver cancers."'~'* Moreover,
several chemical components possessing diverse biological
activities have been extracted from these extracts, such as
bufadienolides, cyclic amides, indole alkaloids, and polypep-
tides, with bufadienolides being the primary active component.
Recent research has also demonstrated the anticancer activity of
certain bufadienolides, as demonstrated by bufalin, bufotalin,
Gama bufotalin, cinobufotalin, and cinobufagin.ls_26 Previous
investigations on B. melanostictus-antineoplastic factor 1 (BM-
ANF1) from common Indian toad (B. melanostictus Schneider)
has reported strong antitumor and cytotoxic activity.” >
Selected physiological actions of the crude toad toxin or purified
bioactive components of the Bufonid family have been reported
in very few publications.

However, the majority of earlier chemical investigations used
toad venom extracts in the forms of ethanol, water, and
methanol. The ethyl acetate extract of parotoid gland secretions
from Indian common toads (natural population), particularly
those from the Indian subcontinent’s coastal area (Purba
Medinipur, W.B.), remains unknown for having antiangiogenic
activity. The current work aims to employ GC—MS to identify a
combination of bioactive chemicals, mostly sterol compounds,
in an ethyl acetate extract of parotoid gland secretion (PGS)
from Indian common toads. The less harmful antiangiogenic
potentials were subsequently evaluated. Using an in silico
method, the mechanisms of action of the main sterols produced
from the extract mentioned above on vascular endothelial
growth factor receptors (VEGFRs-VEGFR1, VEGFR2, and
VEGFR3) were investigated because VEGF (vascular endothe-
lial growth factor) is the most prominent inducer of angiogenesis
by binding to its receptors (VEGFR1 and VEGFR2) on the
endothelial cells, thus activating the cascade of many down-
stream signaling pathways essential for angiogenesis. Thus,
VEGFR inhibitors (e.g., small molecule tyrosine kinase
inhibitors like sorafenib, sunitinib, and monoclonal antibodies
like bevacizumab) are commonly used in cancer therapy to
block blood supply to tumors. The main sterols were also tested
for their toxic effects and mutagenicity.

B MATERIALS AND METHODS

Chemicals and Reagents. All of the chemicals and solvents
were of analytical grade. Ethyl acetate (Cat. No. 1096231000)
and dimethyl sulfoxide (DMSO) (Cat. No. 1029521000) were
purchased from Merck (Darmstadt, Germany).

Secretion Collection and Extraction. The collection of
parotoid gland secretion from the Indian common toad was
carried out in their natural habitat by manual compression of
both parotoid glands, which are located behind their eyes. The
secretions were collected in an ice jacket container from Indian
common toads distributed in the agricultural land (87° 44’ 36.6”
E, 21° 5.1’ 10.6” N), located in the coastal region (Purba
Medinipur) of the Indian subcontinent, during May 2023. After
collection, the animals were released to their natural habitat
without any harm, and collected secretions were extracted with
ethyl acetate by the cold maceration technique. The ethyl
acetatesoluble extract was filtered by Whatman paper No. 1 and
concentrated in vacuo. Then, the resultant sample was prepared

for GC—MS analysis and chick embryo chorioallantoic
membrane (CAM) assay by making a concentration of 1 mg/
mL. The study was approved by the University Ethics
Committee of Vidyasagar University, Paschim Medinipur
(Ethical No. VU/IAEC/CPCSEA/12/7/2022 dated
22.11.2022).

GC—MS Analysis. An Agilent 6890B gas chromatograph
(Agilent Technologies) coupled with a tandem quadrupole mass
spectrometer and a multipurpose sampler (Gerstel, Germany)
was used to perform GC studies of the ethyl acetate extract of
PGS. The Restek MXT-1 capillary column (crossbond 100%
dimethyl polysiloxane; 30 m X 250 mm X 0.25 mm; Restek) was
used for the GC tests. The injection was carried out in the split-
less mode at 28 °C for 0.75 min of split valve off-time. Helium,
the carrier gas, was employed at a steady flow rate of 1.1 m/min.
The temperature of the column oven was configured to range
from 35 to 285 °C, with a 5 min maintenance period and a 10
°C/min increase to 280 °C for 10.5 min. The final temperature
was set at SO °C/min to 285 °C and maintained for 29.9 min.
The electron impact (EI) ion source was set at 23 °C with
electron energy of 70 eV. The solvent cutoff time was set to 3
min with full scan mode (m/40—800 Da). Collision energies
were set to 5, 10, 15, and 20 eV for each run. The nitrogen flow
was set at 1.5 mL/min, and the helium flow was set at 2.25 mL/
min. The product ion scan ranged from 40 to 400 Da. The
bioactive components of PGS were identified using relative
retention times and a database search in commercial mass
spectrum databases of the National Institute of Standards and
Technology (NIST-17). The Agilent Mass Hunter quantifica-
tion software (Version B.07.00) was utilized for data analysis.

CAM Assay. The effect of parotoid gland secretion on
angiogenesis was assessed using the CAM assay as described
before.”* > The primary benefits of the CAM model include
high vascularization qualities, great repeatability, simplicity, and
cost-effectiveness. Experiments on chicken embryos did not
require approval from the institutional animal ethics committee.
In brief, 3-day-old fertilized chick eggs were purchased from a
nearby hatchery (A.R.D. Department State Poultry Farm
RK.V.Y Project, C8H6+PPM, Midnapore Railway Station Rd,
Midnapore, West Bengal 721101). They were weighed, and
following that, the eggs were cleaned with 70% ethanol to
remove contamination from the eggshell. The eggs were then
incubated at 37 °C for 48 h under constant humidity. The egg
tray was automatically tilted for a 45° angle every 30 min,
mimicking the natural process. On the fifth day of incubation,
using the process of candling, viable eggs with moving embryos
were separated and the unfertilized eggs were discarded. A
scalpel was used to make a small window (1 X 1 cm) on the wide
end of the eggs, where the air sac is located at the fifth day of
incubation. 2—3 mL of albumin was withdrawn. Fertilized eggs
were divided into four groups of six eggs each; Group 1: Control
(0.01% DMSO), Group 2: 10 ug/mL of sterol extract, Group 3:
20 pg/mL of sterol extract, and Group 4: 25 pug/mL of sterol
extract. On the seventh day of incubation, a sterile disc (6 mm)
piece was inserted into the chorioallantoic membrane through
an opened small square window of an egg.

The ethyl acetate extracts were dissolved in DMSO (0.1% v/
v) and placed onto a sterile Whatman paper disc (6 mm) at
various concentrations (10, 20, and 25 pg/mL). Sterile paper
disks containing 0.1% DMSO were used as both the compound’s
vehicle and the control. The sterile Whatman paper disks,
impregnated with the desired concentration, were then
aseptically placed in the CAM. The window aperture was
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Table 1. Main Compounds of Sterol-Containing Extract of Parotoid Gland Secretion in Indian Common Toad, as Determined by

GC-MS

sl. no compound name cas no. RT
1 cholesterol 57-88-5 17.957
2 lathosterol 80-99-9 18.095
3 brassicasterol 474-67-9 18.433
4 campesterol 474-62-4 18.706
S stigmasterol 83-48-7 18.875
6 y-sitosterol 83-47-6 19.416
7 1,2-benzenedicarboxylic acid, monononyl ester 57-10-3 9.113
8 octadecanoic acid 57-11-4 10.697
9 2’-(trimethylsilyl) oxy-2,3,6'-trimethoxychalcone 15.27

area of % MW MF score NIST LIB (2017)%
31.1 386.7 CyH,,sO 87.15
2.79 386.7 C,,Hy60 72.14
0.466 398.7 CysH,yO 71.89
13.06 400.7 CysHy6O 80.17
0.933 412.7 C,oH,50 78.28
11.19 414.7 CyoH50O 87.82
3.03 256.43 g/mol C7H,,0,4 71.38
1.85 284.5 g/mol C,gH;360, 88.77
0.0528 330.3 g/mol C, HysOsSi 58.77

subsequently sealed using adhesive tape, and the eggs were
incubated for 48 h at 37 °C with a constant humidity of 85%.
After 48 h, the eggs were opened, and the CAMs were
photographed using a digital camera. The experiments were
repeated three times, with four eggs per condition. Before and
after treatment, images of the same CAM’s surface within the
same test sample were contrasted. Representative images were
analyzed using the web-based WimasisWim CAM service
(Wimasisa GmbH, Munich, Germany) to measure angiogenesis
(https://www.wimasis.com/tube-formation-assay). The anti-
angiogenic effect was then calculated using the following
formula:

% inhibition = score of control vessels
— score of treated vessels

X 100/score of control vessels

The toad sample collection and CAM assay images were
obtained by using an Oppo Reno Pro 5G (SOMP Sony imx890
with an OIS camera; Oppo Mobiles India Private Ltd., India).

Molecular Docking. The Auto Dock 4.2 program was used
to dock the major bioactive compounds of PGS,” campesterol,
and y-sitosterol against the human VEGFR1 (3HNG), VEGFR2
(3EWH), and VEGFR3 (4BSJ) molecular target to identify
potential inhibitors.**~° The three-dimensional (3D) struc-
tures from PubChem were used to prepare the ligands and the
Open Babel GUI (Graphical user interface) was used to convert
them to the Protein Data bank (PDB) format.’” Auto Dock
version 4.2 was used for protein (PDB ID: 3EWH) that was
downloaded from the Research Collaboratory for Structural
Bioinformatics (RCSB) PDB optimization through the removal
of water and other atoms, the addition of a polar hydrogen
group, and then the assignment of Kollman energy.”” The
following predetermined parameters were used for the
Lamarckian genetic algorithm-based molecular docking process:
a maximum of 2,500,000 energy evaluations, a mutation rate of
0.02, a crossover rate of 0.8, and an initial population of 150
randomly assigned individuals. For every ligand target docking,
50 independent runs were carried out. To achieve the best
binding, the pose of the reduced native ligand which shows a
great deal of similarity to the original cocrystallized ligand, the
grid box was optimized.”® Docking parameter validation was
based on the residues included in the docking interaction, the
root-mean-square deviation (RMSD) value, and the generated
pose. The most appropriate binding conformations were chosen
based on the lowest values of the free energy of binding (AG)
and inhibition constant (K;). The root-mean-square deviation
value was found to be less than 2AA between the native cocrystal
and the docked positions. Biovia Discovery Studio Visualizer
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2019 was used to study the molecular interactions between the
target3 ;)rotein and chosen ligands at their lowest binding energy
pose.

Drug-Likeness Prediction with ADMET. To determine
each compound’s Absorption Distribution Metabolism Ex-
cretion and Toxicity (ADMET) attributes, the simplified
molecular input line entry system (SMILES) was copied from
PubChem and entered into the chem-informatics online tools
SwissADME* and pkCSM.*""** SwissADME also predicted
Lipinski parameters and drug-likeness.*~**

Statistical Analysis. The means + standard deviation (SD)
of the results are displayed. A one-way analysis of variance
(ANOVA) followed by the Bonferroni posthoc test was used to
assess the statistical significance. Using GraphPad Prism
software 8.1.2, nonlinear regression analysis was used to
determine the ECg, values, or concentrations, that caused 50%
inhibition in blood vessel proliferation. Statistical significance
was indicated by a p-value of less than 0.0S.

B RESULTS

GC—MS analysis was employed to examine the major bioactive
substances present in the ethyl acetate extract of parotoid gland
secretion obtained from a natural population of Indian common
toads. GC—MS analysis in the ethyl acetate polar solvent
medium revealed that different sterols, such as cholesterol
(31.1%), lathosterol (2.79%), brassicasterol (0.466%), campes-
terol (13.06%), stigmasterol (0.933%), and y-sitosterol
(11.19%), are present in the parotoid gland secretion from a
natural population of Indian common toad. Sterols were seen
between 17 and 20 min in terms of retention times. Molecular
ion (m/z) values, information from published sources, and
information from the GC—MS (NIST) library were used to
identify these sterols (Table 1 and Figure 1). The chemical
structures of the identified compounds are shown in Figure 3.
Lathosterol and y-sitosterol were identified for the first time in
the parotoid gland secretion of the natural population of Indian
common toads.

Antiangiogenic Activity of the Sterol-Containing
Extract of Parotoid Gland Secretion. Different concen-
trations were used to determine the antiangiogenesis effect of
the sterol-containing extract from parotoid gland secretion
(Figure 3A) and established by the more efficient antiangiogenic
screening CAM assay. The antiangiogenic effect of the tested
compound was evaluated through image analysis using the
WimCam software program (Figure 3B), where inhibition of
angiogenesis was evaluated based on four parameters:
percentage of vessel density, total vessel network length, total
segments, and sprouting ability indicated by total branching.
The CAM assay was performed using three concentrations of 10,
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Figure 1. GC—MS chromatogram for the ethyl acetate extract of
parotoid gland secretion in Indian common toad indicates the
abundance of sterol compounds. The peak is denoted by letters A:
cholesterol, B: lathosterol, C: brassicasterol, D: campesterol, E:
stigmasterol, and F: y-sitosterol.

20, and 25 pug/mL with 10 yL volume of each concentration
inoculated per egg. Extracts at 10 20, and 25 pg/mL exhibited
24.39, 30.81, and 51.62% inhibition at statistical significance at p
< 0.01 and p < 0.001, respectively, when compared with the
untreated sample (Figure 4).

According to these observations, the ethyl acetate extract of
parotoid gland secretion exhibits a significant dose-dependent
reduction (Table 2). Our study found that the EC(-24.27 ug/
mL of ethyl acetate extract inhibited the development of blood
vessels.

Table 2. Effect of the Sterol-Containing Extract on the
Chorioallantois Membrane Angiogenesis Assay

blood vessel density % of
[

concentration (%) inhibition ECy,
untreated 24.62 + 0.2630
VC control 26.9 + 0.4956 9.30% 24.27 pg/mL
(0.1% DMSO)
10 pg/mL 18.6 + 0.6316 24.39%
20 pg/mL 17.1 + 0.9003 30.48%
25 pg/mL 11.9 £ 0.7993 51.62%

Molecular Docking. Two major bioactive compounds
(campesterol and y-sitosterol) of parotoid gland secretion
identified by GC—MS analysis from an Indian common toad
were selected and subjected to molecular docking with VEGFR-
1(3HNG), VEGFR-2(3EWH), and VEGFR-3(4BSJ). Axitinib
was used as a standard control. The docking results of bioactive
compounds are shown in (Figures 5—7). The docking results are
represented in the form of minimum binding energy values, K;
values, H-bond, and hydrophobic interactions and are tabulated
in (Tables 3—5). The hydrophobic amino acids (Lys861
Glu878, Cys912, and Asp1040) of the intracellular domain of
VEGEFRI1 are recognized as the key drug-binding residues
responsible for the maintenance of inhibitor activity.*®
Interestingly, the interaction profile of axitinib interacted
hydrophobically with Lys861 and Aspl046 and formed a
hydrogen bond with Cys912 while p-sitosterol formed a
hydrophobic interaction with Lys861 and campesterol formed
a conventional hydrogen bond with Asp1046 and hydrophobi-
cally interacted with cys912. The binding energies of y-sitosterol
and campesterol were —12.04 and —9.94 kcal/mol, greater than
axitinib (—9.5 kcal/mol). The inhibition constants (K;) of y-
sitosterol and campesterol were 1.49 and 52.07 nM, less than the
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Table 3. Binding Interactions of Major Sterol Compounds along with Standard Inhibitors with VEGFR1 (PDB-3HNG)—Docking and Interaction Analysis

ligand interaction

Val 909, Val 892, Phe 1041, Ala 859, Val 841, Leu 833, Cys 912, Asn 919, Asn 916

H-bond
Cys912(1-H), Asn919(1-H), Asn916(1-H),

Asp 1040(1-H)

inhibition constant
KI (nM)
108.09
52.07
1.49

(kcal/mol)

binding energy, AG

protein
(PDB ID)

compound

-9.5

3HNG
3HNG
3HNG

axitinib

Cys 912, Asp 1040, Val 892, Val 909, Cys 1039, Leu 1029, Try 911, Ala 855, Phe 1044, Leu 833

Leu 882, Cys 1018, Cys 1059, Val 892, Val 841, Phe 1041, His 1020, Ile 881

—-9.94
—12.04

campesterol

Tle 1019 (1-H), Arg 1021(1-H)

y-sitosterol

https://doi.org/10.1021/acsomega.4c10809
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Table 4. Binding Interactions of Major Sterol Compounds along with Inhibitors with VEGFR2 (PDB-3EWH)—Docking and

Interaction Analysis

protein inhibition
(PDB binding energy, constant KI
compound ID) AG (kcal/mol) (nM) H-bond
axitinib 3 EWH —8.76 380.53 Glu 885 (1-H)
campesterol 3 EWH —10.68 14.93 Cys 919 (2-H),
Glu 917(1-H)
y-sitosterol 3 EWH —11.04 8.13 Cys 919 (1-H)

LyS 920 (1-H)

ligand interaction

Val 848, Ala 866, Phe 1047, Lys 868, Thr 916, Asp 1046, Val 914, Glu 885, Leu
889

Cys 919, Glu 917, Val 899,Thr 916, Lys 868, Gly 843

Cys 919, Lys 920, Glu 885, Asp 1046, Lys 868, Thr 916, Phe 921, Leu 889, Val
899, Leu 840, Val 848, Ala 866, Leu 035, Cys 1045, Phe 918, PhE 1047

Table S. Binding Interactions of Major Sterol Compounds along with Inhibitors with VEGFR3 (PDB-4BSJ)—Docking and

Chimera Analysis
protein inhibition
(PDB-  binding energy,  constant KI
compound D) AG (kcal/mol) (nM)
axitinib 4BS] —6.01 39430
campesterol 4BSJ -9.52 105.01 GluS44 (1-H),
y-sitosterol 4BS] —8.31 815.02

H-bond

Ala429 (1-H), Glu426 (1-H),
Ser430 (1-H), Ala442 (1-H)

Glu426 (1-H), Arg545 (1-H)

ligand interaction

Ala442, Leu443, Thr444, lle547, Pro432, Ser431, Ala429, Glu426,
Ser430, Ala429, His425, Arg54S, Tyr43S, Thr446, Val511

Glu544, Lys427, Leu546, Arg54S, lle547, Trp463, TyrSS0,
Tyr43S, Tyr548, Ser433, Pro432, Phe549, ser431

Glu426, Arg54S, Tyr550, Pro432, lle547, Ser430, Ser431, Ala429,
Lys427, Tyr550, Tyr548, Trp463

Lathosterol(B)

Brassicasterol(c)

Campesterol(D) I

Stigmasterd(E) |

y-Sitosterol(F)

Figure 2. Chemical structure of (A) cholesterol, (B) lathosterol, (C) brassicasterol, (D) campesterol, (E) stigmasterol, and (F) y-sitosterol (the

structures were taken from the https:// pubchem.ncbi.nlm.nih.gov).

axitinib (108.09 nM), which indicates that y-sitosterol and
campesterol have relatively higher binding affinity toward
VEGEFRI1. Lys861 forms a major amino acid residue of ATP
binding sites in the intracellular domain VEGFR1 and
interestingly, both y-sitosterol and axitinib inhibitors interacted
with it. Lys868, Asp1046, Cys919, and Glu885 are recognized as
the critical residues on the VEGFR2 kinase domain (PDB ID:
3EWH). The Cys919 residue is the main one responsible for
maintaining the inhibitory action.** Similar to the cocrystallized
ligand k11, campesterol and y-sitosterol exhibited a conven-
tional hydrogen bond with Cys919, as depicted in. Additionally,
k11 had an unfavorable interaction with Glu885 and Asp1046,
while y-sitosterol formed a van der Waals interaction with
Glu88S and Aspl1046. Axitinib has a conventional hydrogen
bond with Glu885. The binding energies of campesterol, y-

10484

sitosterol, and axitinib were —11.04, —10.68, and —8.76 kcal/
mol, respectively. The inhibition constants (K;) of y-sitosterol,
campesterol, and axitinib were 1.49, 52.07, and 108.09 nM,
respectively. Our test compound y-sitosterol, campesterol
exhibits higher binding affinity toward VEGFR2 than axitinib.
Similar to VEGFRI, Lys868 forms a crucial residue for ATP
binding in the case of VEGFR2 which was recognized to show
hydrophobic bonding with campesterol and p-sitosterol and
commercial inhibitors, axitinib. Campesterol and y-sitosterol
show strong interactions with VEGFR3 with greater binding
energy (—8.31 and —9.52 kcal/mol) and low K; values (815.02
and 105.01 nM) than established inhibitors (axitinib: binding
energy —6.01 kcal/mol and K; value 39.43 uM).
Drug-Likeliness. The selected major sterols are evaluated
for their drug-likelihood properties with the help of the Lipinski
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Figure 3. Effect of sterol-containing extract from parotid gland secretion (Indian common toad) on the chick embryo vascular system. (A)
Representative images of CAMs at 0 and 48 h after incubation with sterol-containing extract (10, 20, and 25 pg/mL). (B) Wimasis software-generated

blood vessel densities in CAM.

rule of five filters. This analysis helps to distinguish between
drug-like and nondrug-like molecules. Table refers to the drug-
likeness properties of Campesterol and y-sitosterol, which
clearly show that Campesterol and y-sitosterolpossess good and
acceptable drug-likeness properties like molecular weight,
flexibility, hydrogen bond donor, hydrogen bond acceptor,
and no violation of the Lipinski rule.

ADMET Analysis. Absorption Distribution Metabolism
Excretion and Toxicity (ADMET) analysis was performed to
understand the pharmacokinetic properties of the compounds.

B DISCUSSION

This study mainly assessed the antiangiogenic activity of an ethyl
acetate extract of parotoid gland secretion from a natural
population of Indian common toads by both in-vivo and in silico
methods. Reports from different studies have demonstrated
specific biological actions of the crude toad toxin or purified
bioactive components from the bufonid family. However, this is
the first study to look into the chemical constituents and
antiangiogenic potentials of the ethyl acetate extract of the
parotoid gland secretion of Indian common toads, particularly
from the Indian subcontinent’s coastal region (Purba Medi-
nipur, West Bengal). The venom’s chemical composition varies
greatly based on the type, the region in which it is produced, and
differences in the methods used for collection and process-
ing.** The solvent extraction approach plays a key role in the
separation of compounds with biological activity. The results
obtained for the intended activity vary because bioactive
substances have varying solubilities in different solvents. A
medium-polar solvent, ethyl acetate, is capable of extracting

several nonpolar substances. The ethyl acetate extracts of
parotoid gland secretion of Indian common toads under
investigation showed mostly sterols in the GC—MS results.
Compared to bufadienolides, the sterols found in toad venoms
have not been investigated as extensively. However, bufonid
toads cannot produce sterols independently and are mainly
acquired in dietary forms.*” Six compounds were found to be
present, three of which were major components, (Figure 1). By
comparison with reference compounds, these components were
identified as cholesterol (31.10%), campesterol (15.73%), and y-
sitosterol (10.09%) as major components: Lathosterol (2.79%),
brassicasterol (0.466%), and stigmasterol (0.933%) in trace
amount. Evidence from earlier research has indicated the
presence of y-sitosterol and cholesterol in the dried venom of
Taiwan toads (Bufo vulguris).48 5—20% y-sitosterol and a
combination of cholesterol have been identified in the sterol
fractions of skin extracts from Bufo vulgaris, B. vulgaris formosus,
and Bufo arenarum.”’ A sterol fraction was extracted from the
Argentine toad (B. arenarum)’’ and y-sitosterol was discovered
from the Chinese toad.’’ Only four sterols—cholesterol,
brassicasterol, stigmasterol, and campesterol—have been
previously detected in Vietnamese toads (B. melanostictus)."*
Furthermore, the Vietnamese toad B. melanostictus and the
Indian common toad (Duttaphrynus melanostictus) had a similar
sterol profile, except lathosterol being present and y-sitosterol
replacing f-sitosterol (Figure 2). Interestingly, the entire
detected sterols compounds in the ethyl acetate extract of the
parotoid gland secretion from the Indian common toad (D.
melanostictus) were recognized as anticancer agents in many
previous studies but failed to show the mechanism of
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Figure 4. Sterol-containing extract reduced capillary formation in vivo in the chick embryo vascular system. (A) Graph demonstrating the difference in
the number of the total branch. (B) Graph demonstrating the total segment. (C) Graph denoting the percentage inhibition in blood vessel density. (D)
Total vessel network length and total branch. * indicates statistical significance at p < 0.0S; ** indicates statistical significance at p < 0.01 and *** at p <

0.001 compared with the untreated sample.

association.The antiangiogenic effect of sterols from parotoid
gland secretion was investigated in vivo utilizing the chick
embryo CAM assay. CAM has the advantage of being simple to
use and inexpensive. Furthermore, the circulatory system of
CAM is directly accessible for observation and research, with no
metabolic or hormonal impacts.*” The quantification of vascular
alterations in the CAM in response to angiogenesis inhibition
was simplified by comparing images of CAM vessels with and
without the application of test chemicals. The qualitative
alterations in capillaries for each test sample were used to
quantify the antiangiogenic properties of ethyl acetate extracts.
In the current investigation, DMSO at a concentration of 0.1%
was employed as both the compounds’ vehicle and the control.
The results of the CAM assay are reported in (Figure 3). It was
discovered that the area of the CAM beneath the disc containing
0.1% DMSO (control) did not alter vascular density; the usual
branching pattern of blood vessels was seen, demonstrating that
disc weight does not affect blood vessel growth. According to
these observations, the ethyl acetate extract of parotoid gland
secretion exhibits a significant dose-dependent reduction. Our
study found that the EC4;-24.27 pg/mL (Table 2) of ethyl
acetate extract inhibited the development of blood vessels. Thus,
it is reasonable to suggest that the high concentrations of sterol
compounds in the ethyl acetate extract determined by gas

chromatography may contribute to their antiangiogenic proper-
ties (Figure 4).

Previous investigations have shown results that can provide
support for this deduction. It is reported that the antibacterial,
antitumor, cytotoxic, and even immune-promoting properties
are present in brassicasterol, stigmasterol, campesterol, and y-
sitosterol. Previous studies®>>* support the cytotoxicity activities
of y-sitosterol (plant source) against colon and liver cancer cell
lines. Additionally, campesterol (plant source) that was present
in parotoid gland secretion has been reported in the literature to
possess many important pharmacological actions that include
anticancer, antiangiogenic, antioxidant, and anti-inflammatory
activities.” ™% For instance, when lathosterol was combined
with cholesterol (plant source) and tested against cell lines, it
exhibited moderate cytotoxicity which is greater than the
individual compound.” This conclusion suggested that the
identified sterol compounds may be responsible for the observed
activity. Antiangiogenic substances may block blood vessels via
up- or down-regulating genes that control angiogenesis. One of
the best targets for inhibiting angiogenesis is VEGFRs.””®" Small
compounds that decrease VEGFR’s tyrosine kinase activity
prevent blood vessel sprouting by blocking downstream
signaling pathways associated with VEGFR.*>% Over the last
several years, the number of VEGFR inhibitors has expanded
substantially.®* Axitinib is one of them; it binds to the three
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Figure 6. 3D and 2D interaction diagrams of the Campesterol and y-
sitosterol with their acceptor VEGFR2 (PDB: 3EWH).

VEGF receptors, VEGFR1, VEGFR2, and VEGFR3, exclu-
sively.”>® Therefore, this drug served as the control for our
bioinformatical docking studies. Molecular docking of campes-
terol and y-sitosterol with all three VEGF receptors, VEGFRI,
VEGFR2, and VEGFR3, indicates that these sterols may bind to

the receptors at an affinity higher than that of axitinib. The
binding energies of standard compound axitinib for VEGFR1,
VEGFR2, and VEGFR3 were —9.50, —8.76, and —6.01 kcal/mol
respectively. The binding energies of y-sitosterol and campester-
ol for VEGFR-1 were —12.04 and —9.94 kcal/mol (Table 3)
respectively, for VEGFR-2, —11.04 and —10.68 kcal/mol
respectively (Table 4), and for VEGFR-3, —8.31 and —9.52
kcal/mol (Table S) respectively, which indicates that the y-
sitosterol and campesterol have higher affinity toward VEGFR-1
(3HNG), VEGFR-2 (3EWH), and VEGFR-3 (4BS]) than
standard compound axitinib. This shows that y-sitosterol and
campesterol may block the ATP binding site and critical residue
of VEGFR1 (Lys861 Glu878, Cys912, and Asp1040) (Figure S)
and VEGFR-2 (Lys868 Asp1046, Cys919, and Glu88S) (Figure
6), thus enforcing their inhibitory effect.”**” It is possible that
these substances effectively prevent angiogenesis by combining
several methods, including the binding of VEGFR and the up-or-
down-regulation of angiogenic proteins and genes. These
naturally occurring substances could thus be potent angio-
genesis inhibitors. For drug development, these sterols may
serve as a lead compound to synthesize novel derivatives with
improved binding properties to VEGF receptors. It was found
that campesterol and y-sitosterol obeyed Lipinski’s rule of five
(Table 6).°¢ ADMET analysis was undertaken to understand
better the bioactive compounds’ pharmacokinetic properties
(Table 7). Solubility, expressed as LogS, is an important
property of drug-like compounds. The solubility of major
bioactive compounds (—6.9 and —7.5) indicates their insoluble
nature.”” All compounds demonstrated positive results with
regard to human intestine absorption (HIA). The blood-brain
barrier (BBB) and colorectal cancer (Caco-2) have been
investigated to determine membrane permeability.”® All
compounds have positive BBB and Caco-2 values, indicating
that they can pass across the barriers. The compounds tested
were found to be noninhibitors of Renal Organic Cation
Transporter (ROCT) and substrates and inhibitors of P-
glycoprotein, indicating drug distribution.”” Because of its
significance in Phase-I drug metabolism, cyto-chrome P450
(CYP450) is regarded as the main parameter used for examining
ADME of pharmaceuticals.”’ According to the table, all
compounds are neither substrates nor CYP450 inhibitors. The
compounds were not associated with any toxicity issues,
including hepatotoxicity or mutagenicity. All compounds tested
negative for Salmonella/microsome mutagenicity assay
(AMES), indicating that they were harmless (Figure 7). The
results of the LDy, values and other toxicity hazards are
presented in Table 7.

B CONCLUSIONS

In vivo CAM experiment revealed that the ethyl acetate extract
of parotoid gland secretion from the Indian common toad has
significant antiangiogenic properties. This antiangiogenic action
might be attributed by the presence of high amounts of sterol
components. This discovery revealed a potential foundation for
the use of an ethyl acetate extract of parotoid gland secretion to

Table 6. Drug-likeliness Properties of Major Sterols from Ethyl Acetate Extract of Parotoid Gland Secretion of Indian Common

Toad
bioactive compounds molecular weight cLogP cLogS
y-sitosterol 414.72 5.07 —6.71
campesterol 400.68 4.92 —7.54

H acceptors H donors polar surface area rotatable bonds
1 1 20.23 6
1 1 20.23 S
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compounds
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and pkCSM

CNS
permeability

BBB
permeability

VDss

(log L/
kg)

Oral rat acute toxicity
(LDS0)(mol/kg)

hepatotoxicity ~mutagenic

renal OCT2

substrate

total clearance
(log mL/min/kg)

CYP3A4
substrate

CYP1A2
(log BB) (log PS) inhibitor

fraction
unbound

HIA
(%)

=S cm/s)
1.223
1.201

Caco2 permeability (log
Papp in 10

bioactive
compounds

2.08

no no no

0.57
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no no
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Figure 7. 3D and two-dimensional (2D) interaction diagrams of the
campesterol and y-sitosterol with their acceptor VEGFR3 (PDB-4BSJ).

prevent angiogenesis and a better treatment protocol for cancer.
The findings might shed light on the pharmacological basis for
the sterol-rich extract’s traditional usage in effective cancer

prevention.

Thus, the present study aims to evaluate the antiangiogenic
activity of sterols derived from the parotoid secretions (PGS) by
both the in vivo and in silico model of Indian common toad from
the Indian subcontinent. In future, detail evaluation of all of the

10489

https://doi.org/10.1021/acsomega.4c10809
ACS Omega 2025, 10, 10480—10492


https://pubs.acs.org/doi/10.1021/acsomega.4c10809?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c10809?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c10809?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c10809?fig=fig7&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c10809?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

different group of components present in parotoid gland
secretions of D. melanostictus, in different model organism,
help us to understand the details chemogenic and therapeutic
role.
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