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INTRODUCTION
The epidemiology and etiology of liver injury vary 

among the population of different countries. The risk of drug-
induced liver damage is low in the general population but 
higher in hospitalized patients and liver cirrhosis is often treated 
with pharmaceuticals, nutritional supplements, and botanical 
medicines. Recent evidence showed that oxidative stress has been 

linked to the major pathogenic mechanism of chemical-induced 
liver injury resulting in various disorders such as hepatotoxicity, 
cancer, diabetes, hypertension, various neurological disorders, etc. 
[1]. Hepatotoxicity is usually caused by a viral infection, excess 
alcohol consumption, non-alcoholic fatty liver disease (NAFLD), 
and drug toxicity [2]. Among the modulated genes in liver disease, 
Liver X receptors (LXRs) is a nuclear receptor that regulates lipid 
equilibrium and cytoplasmic cholesterol homeostasis. They have 
a key regulatory role in the immune system including de novo 
lipogenesis and inflammation. The binding of synthetic cholesterol 
derivatives, endogenous and certain oxysterols to LXR are widely 
recognized as the biologically active LXR ligands [3]. Two 
isoforms of LXR viz., NR1H3 and NR1H2, in which NR1H3 is 
highly expressed in liver tissue, with a lower level in the kidney, 
spleen, adipose tissue, and intestine [4,5]. The promoter region in 
LXRα conforms to the regulation of LXRα and LXRβ. Specific 
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With respect to the existing targets of liver disorders included in 
the therapeutic target database, the proteins implicated in liver 
cirrhosis were located [10]. Each protein identified as the cause 
of liver cirrhosis has its gene ID acquired from UniProt [11] and 
phytocompounds acting on liver targets were identified. 

G-Profiler web server
The study of biological data frequently involves 

looking at the number of genes associated with different diseases. 
G: Profiler software server is frequently used to determine 
biological categories that are enriched in gene lists (https://biit.
cs.ut.ee/profiler). GOSt uses g: Convert to map gene/protein IDs 
across different namespaces, g: Orth to map orthologous genes 
across species, and g: SNPense to map human single nucleotide 
polymorphisms identifiers to genes to perform the enrichment 
analysis of single or multiple gene lists [12].

Set of pathway and network analysis of C. pepo
STRING database was used to identify a set of proteins 

involved in liver disease [13] and enrichment analysis of gene 
was employed to infer the related pathways that are altered by the 
phytocompound. Detailed examination of the pathways implicated 
in liver pathogenesis was found using the KEGG database. 
The network linking phytocompounds, protein molecules, and 
identified pathways was built using Cytoscape 3.7.2 [14].

Docking studies

Protein retrieval and preparation 
PubChem online database was utilized to retrieve the 3D 

structure of all phytocompounds and minimized using MMFF94 
forcefield [15]. A literature search and Research Collaboratory 
for Structural Bioinformatics database (https://www.rcsb.org/) 
were used to identify the protein and Protein Data Bank ID for 
NR1H3 protein (1UHL) and 3-hydroxy-3-methylglutaryl-CoA 
reductase (HMGCR) protein (2R4F). Protein was prepared via 
protein preparation wizard panel of Schrodinger’s (2021–2), 
where water beyond 5 Ǻ from Het groups was removed, zero 
bond order to metals was created, polar hydrogen was assigned 
Methionine residues were restored, and Restrain energy 
minimization was carried out using optimized potential for liquid 
simulation (OPLS3e) force field [16,17].

Ligand preparation
The ligprep panel of Schrodinger’s (2021-2) was used 

to generate possible states of ligands at the target pH using the 
Epik module. Chirality was retained for the selected ligand and 
at most one stereoisomer was generated for the given ligand, 
finally, energy was minimized using the OPLS3e force field [18].

Grid generation
The glide module of Schrodinger containing a receptor 

grid generation panel was utilized to create a grid at the binding 
site. The site of the co-crystal ligand was considered a binding 
site and a grid was generated. 

Ligand docking 
The glide module of Schrodinger’s was utilized for 

ligand docking and Maestro 12.3 was used to visualize the 

oxysterols or synthetic ligands modulate both LXR isoforms 
[6,7]. Expanding knowledge of LXR function in fatty acid and 
cholesterol homeostasis has been considered a major precursor 
from the pharmaceutical point of view. 

Isoniazid (INH) is considered a first-line drug for 
the treatment of tuberculosis. Several cases of INH-induced 
hepatotoxicity have been detected in different patients. INH is 
metabolized in the liver by N-acetyl transferase 2 into acetyl-
INH. A number of secondary metabolites, including monoacetyl 
hydrazine (MAH) and diacetyl hydrazine are produced during 
the metabolism of acetyl-INH. A covalent connection between 
acetyl hydrazine and liver macromolecules and the formation 
of free radicals from reactive metabolites of MAH have both 
been hypothesized as mechanisms by which INH metabolites 
may impact the rate of INH-induced hepatotoxicity. 

To combat the drug-induced hepatotoxicity includes 
the utilization of antioxidant nutraceuticals to target liver 
inflammation triggered by oxidative stress. From the plants, 
secondary metabolites have eminent pharmacological activity 
for the management of multiple ailments such as diabetes, 
hypertension, cancer, hepatotoxicity, allergy, etc., and these 
secondary metabolites protect the cells from free radicals, and thus 
they act as free radical scavenging activity. Recently researchers 
are more focussing on fruit materials. Which are considered a rich 
source of natural antioxidants, plant secondary metabolites such 
as phytosterols, terpenoids (carotenoids), polyphenols (phenolic 
acids, flavonoids). Cucurbita pepo seeds (C. pepo L.) are a rich 
source of unsaturated antioxidants, fatty acids, and fibers and 
known to have hepatoprotective and anti-atherogenic activities. 
Cucurbita pepo is widely used as functional food or medicine 
because of a rich source of carotenoids, polyunsaturated fatty acids. 
It has high contents of alkaloids, flavonoids, terpenoids, proteins, 
lipids, carbohydrates, minerals, and phytosterols. In general, 
hepatoprotective plants contains a variety of phytocompounds, 
such as phenols, glycosides, alkaloids, flavonoids, carotenoids 
coumarins, steroids, lignans, essential oils, monoterpenes, organic 
acids, carotenoids, xanthines, triterpenoids, etc. As such, on the 
basis of the traditional use, the present investigation was carried 
out to evaluate the molecular mechanism of C. pepo by network 
pharmacology approach supported by in vivo hepatoprotective 
studies.

MATERIALS AND METHODS

Computational approach 

Retrieval of phytocompounds and proteins  
involved in liver disease

The reported phytocompounds from C. pepo were 
collected from phytochemical databases, and PubChem was 
employed to retrieve structural data on those compounds from 
several open-source libraries. The potential probable protein 
targets of phytocompounds for liver cirrhosis were then identified. 
Throughout the dataset’s construction, duplicate phytochemicals 
and proteins related to liver cirrhosis were removed. PubChem 
database was employed to retrieve each phytocompound’s 
canonical simplified molecular-input line-entry system 
(SMILES) [8]. SMILES were queried in SwissTargetPrediction 
[9] for the target prediction at a percentage similarity of >0.1%. 
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binding interactions. Extra precision mode for docking was 
carried out to understand the binding energy and orientation of 
ligands within the binding pocket. To visualize the interaction 
between the ligand and the protein following molecular docking, 
the posture scoring the lowest BE was chosen. The nuclear 
receptor superfamily’s NR1 subfamily includes the NR1H3 
protein, which is encoded by the gene. NR1 family members are 
the primary modulators, controlling transcriptional regulation 
in the maintenance of lipid homeostasis and inflammation. 
As demonstrated, experimental research in mice lacking this 
gene suggests that it may be crucial for controlling cholesterol 
homeostasis [19].

Molecular dynamics
To evaluate the stability of complex formation, a 

30 ns molecular dynamics (MD) simulation was performed 
on ligand-protein complexes using the Desmond software. 
Using the simple point charge water model, the system in 
a cubical box with 10 Å × 10 Å × 10 Å periodic boundary 
conditions was solvated. Na+/Cl- counter ions were also 
added, which further neutralized the solution. Bond angles 
and lengths of heavy atoms geometry were restrained 
by the SHAKE algorithm. Long-range interactions were 
calculated by “particle mesh Ewald” method. The cut-off 
value for “Lennard-Jones interactions” was set at 10.0 Å. 
Additionally, the system was loosened up or minimized using 
default settings. A Nosé-Hoover chain thermostat with a 1.0 
ps relaxation time and the Martyana-Tobias-Klein barostat 
method with a 2.0 ps relaxation time were then used for the 
final 30 ns of the production run, with a Coulombic short 
range cutoff radius set to 9.0 Å and the temperature and 
pressure being set to 300 K and 1.01325 bar, respectively. 
To infer the structural stability, root-mean-square fluctuation 
(RMSF) of residues, root-mean-square deviation (RMSD) of 
complex, and protein radius of gyration were analyzed. In 
order to infer stable interactions within the ligand—protein 
throughout MD simulation, the ligand-protein percentage 
fraction interactions were analyzed during 30 ns simulation. 

In vitro studies

Collection and authentication of C. pepo
The ripe fruits of C. pepo were purchased locally in June 

month of 2020 from the local area of Belagavi region, Karnataka 
then plant seeds were authenticated by Central Research Facility 
B.M.K. Ayurveda Mahavidyalaya, Belagavi. With voucher 
specimen number CRF/Auth./2020/1 and CRF/Auth./2020/2.

Preparation of plant extract and fraction
The C. pepo fruits were peeled, the seeds were 

carefully hand-removed from the pulp, cleaned, rinsed, and the 
damaged seeds were separated. The remaining seeds were then 
dried in an oven at 40°C for 24 hours. Dried seeds were then 
ground in an electrical grinder. 70% v/v ethanol was used as a 
solvent for the maceration of dried seeds and 5% chloroform 
(preservative) for 72 hours. The extract was filtered and the 
raw material that remained in the maceration was subjected 
to soxhlation (70% v/v ethanol). Filtrates of maceration and 
soxhlation were concentrated at 40°C under reduced pressure 

using a rotary evaporator which yield total extract. Finally, 
the extract was subjected to fractionation. Fractionation was 
performed as explained by Cos et al. [20]. The hydroalcoholic 
extract was dissolved in water and the dichloromethane mixture 
and dichloromethane fraction were further mixed with methanol 
(90%) to obtain the sterols fraction.

Yield of the extract (%) = (weight of extract/weight 
of dried seeds) × 100. The percentage yield of extract/ 100 g 
of powder was found to be 14% and the percentage yield of 
fraction using 20 g of hydroalcoholic extract of C. pepo was 
found to be 4%.

Liquid chromatography-mass spectrometry (LC-MS)  
profile of the hydroalcoholic extract of C. pepo

When using the LC-MS 2010A (Shimadzu Japan) 
to run the sample, the following requirements were upheld. 
Methanol and water were employed in a 90:10 v/v ratio as the 
mobile phase, with a flow rate of 200μl/minute. The C18 column 
served as the stationary phase. The sample was injected (µl) after 
being dissolved in the mobile phase. The chemicals in the sample 
were identified using the electrospray ionization peaks [21].

Assessment of hepatoprotective activity of C. pepo by in vivo
The Institutional Animal Ethics Committee (Reg. No. 

221/Po/Re/S/2000/CPCSEA at its meeting date of 21/01/2022) 
was evaluated the protocol of the study. Albino-Wistar rats 
weighing 160 to 180 g were housed in standard laboratory 
conditions of temperature (25°C ± 2°C), 12 hours in light and 
dark places, and with food and water ad libitum. INH (50 mg/
kg p.o) was administered daily for 28 days in drug-induced liver 
toxicity model, to all animals except group 1. Silymarin (50 mg/
kg, p.o) was used as standard. The animals were segregated into 
seven groups of six each as follows [22]. Group-I: received food 
and water. Group-II: (control) received INH (50 mg/kg) p.o. 
up to 28 days. Group III: received Silymarin 50 mg/kg orally 
and INH (50 mg/kg) p.o. up to 28 days. Group IV: received 
500 mg/kg of C. pepo extract and INH (50 mg/kg). Group V: 
received 50 mg/kg of C. pepo steroid fraction and INH (50 mg/
kg). Under ether anaesthesia, blood was collected from each rat 
via the retro-orbital plexus for biochemical analysis, including 
aspartate aminotransferase (AST), alanine transaminase 
(ALT), alkaline phosphatase (ALP), bilirubin estimate, high-
density lipoprotein (HDL) low density lipoprotein (LDL), 
very low density lipoprotein (VLDL), triglyceride (TG) and 
total cholesterol (TC). The blood serum was separated by 
centrifugation at 2,500 rpm for 15 minutes after the blood had 
been allowed to coagulate at 37°C for 30 minutes. The animals 
were euthanized and the liver was promptly removed and 
processed for histological analysis.

Statistical analysis 
Network analysis results were expressed in gene count 

and false discovery rate. Docking binding energy is expressed 
in kcal/mol. During MD analysis, RMSD and RMSF were 
considered for evaluation. In vivo experiments results were 
expressed as Mean ± SEM and the difference among the mean 
was evaluated using one-way ANOVA followed by Tukey’s 
test, using GraphPad Prism version 8.0.



180 Ugare et al. / Journal of Applied Pharmaceutical Science 14 (01); 2024: 177-188

RESULTS

In silico studies

Mining of phytoconstituents and their target prediction 
135 phytoconstituents from C. pepo were mined 

from literature and public phytochemical databases. These 135 
phytocompounds were predicted to be 408 protein molecules in 
the SwissTargetPrediction server.

Gene enrichment analysis of network
The gene set enrichment analysis of 408 targets 

revealed 26 targets that are potential to modulate 11 molecular 
pathways associated with liver cirrhosis. Out of 135 compounds, 
18 compounds were found to target these 26 targets. These 
phytoconstituents majorly are of steroids. Among 11 pathways 
(Fig. 1) targeted by phytocompounds, Metabolic pathways, 
peroxisome proliferator-activated receptors (PPAR) signaling 
pathway, and insulin resistance are directly linked in the 
pathogenesis of liver disease against INH-induced hepatotoxicity 
(Table 1).

Druggability (absorption, distribution, metabolism and excretion, 
ADME) and side effects of compounds

Except (+)-Dehydrovomifoliol, Clerosterol, 
Codisterol, Isofucosterol, Cucurbitacin-D, Cucurbitacin-I, 
22-Dihydrobrassicasterol the potential adverse consequences 
of the remaining phytosterols were projected (Table 2). The 
likelihood of phytosterol side effects is mostly nephrotoxicity 
with Pa 0.5, which indicates the least probability to induce 
the impact. The ADME profile of each phytosterol such as GI 
absorption, blood–brain barrier (BBB) permeation, P-gp substrate, 
CYP1A2 inhibitor, CYP2C19inhibitor, CYP2C9inhibitor, 
CYP2D6inhibitor, CYP3A4 inhibitor, LogKp (skin permeation) 
by Swiss ADME are mentioned in (Table 3)

Docking studies
The binding energy and mode of interaction of each 

phytocompounds against NR1H3 and HMGCR receptors are 
summarized in Tables 4 and 5. Among these Schottenol has 
the highest H-bond interaction with NR1H3 i.e. 24 viz Hie421, 
Gln424, Val425, Leu428, Leu439, Phe234, Phe257, Thr238, 

Figure 1. Network analysis of the interaction between phytocompounds, modulated targets, and pathways involved in the 
pathogenesis of liver. Larger size nodes and higher edges represent highly interconnected compound, proteins, and pathways. While 
small seize nodes and edges represent, less modulated phytocompounds, proteins, and pathways.
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Molecular dynamics 

Stability of Schottenol with NR1H3
The RMSD of both backbone and complex was found 

to be stable throughout 30 ns MD simulation (Fig. 4). The average 
RMSD of the backbone was found to be ~2.0 Å and the complex 

Leu260, Ala261, Ser264, Ile339, Phe326, Phe335, Leu331, 
Arg305, Thr302, Glh301, Met298, Ile295, Trp443, Thr314, 
Ile313, Tyr321 (Fig. 2) and Alpha-Spinasterol has the highest 
H-bond interaction with HMGCR i.e. 10 interactions viz., 
Lys691, Asp690, Met655, Met657, Asn658, Ser661, Lys662, 
Glu665, Arg590, Val683 in Figure 3.

Table 1. Pathways modulated by C. pepo compounds.

KEGG ID Pathway name Gene count FDR Genes set within the pathway

hsa03320 PPAR signaling pathway 10 1.40E-14 PPARG, FABP1, FABP3, FABP4, PPARD, RXRG, RXRB, PPARA, RXRA, 
NR1H3

hsa04931 Insulin resistance 5 4.68E-05 NR1H2, PTPRF, PPARA, IL6, NR1H3

hsa01100 Metabolic pathways 11 0.00013 CYP26B1,CYP51A1, CYP24A1, CYP26A1, CYP2C9, HMGCR, CYP11B1, 
CYP11B2, CYP17A1, CYP2C19, CYP19A1

hsa04920 Adipocytokine signaling pathway 4 0.00013 RXRG, RXRB, PPARA, RXRA

hsa04659 Th17 cell differentiation 4 0.00037 RXRG, RXRB, IL6, RXRA

hsa04932 Non-alcoholic fatty liver disease 4 0.0014 PPARA, IL6, RXRA, NR1H3

hsa04976 Bile secretion 3 0.0021 HMGCR, RXRA, NR1H4

hsa00591 Linoleic acid metabolism 2 0.0067 CYP2C9, CYP2C19

hsa04152 AMPK signaling pathway 3 0.0067 PPARG, HMGCR, HNF4A

hsa00590 Arachidonic acid metabolism 2 0.0219 CYP2C9, CYP2C19

hsa00982 Drug-metabolism cytochrome P450 2 0.0233 CYP2C9, CYP2C19

Table 2. Druggability and rule of five drug-likeness score of phytocompounds.

Compounds Lipinski rule of five Side effects

Molecular 
weight (g/mol) HBA HBD Log P Drug likeness score

Pa Pi Side effect
S. No Acceptable values <500 <5 <5 <10 0 to 2

1 Linoleic acid 280.4 2 1 5.88 0.09 0.304 0.152 Nephrotoxicity

2 Cucurbic acid 212.28 3 2 1.82 −0.14

3 Octadecanoic acid 284.5 2 1 7.65 −0.54
0.500 0.050

Nephrotoxicity

0.474 0.209 Hepatotoxicity

4 Schottenol 414.7 1 1 8.58 0.18 0.322 0.135 Nephrotoxicity

5 Alpha-Spinasterol 412.7 3 1 2.68 0.29 0.254 0.212 Nephrotoxicity

6 Chondrillasterol 412.7 1 1 7.87 −0.05 0.254 0.212 Nephrotoxicity

7 (+)-Dehydrovomifoliol 222.28 1 3 1.38 −1.14 Nil Nil Nil

8 Clerosterol 412.7 1 1 8.58 0.68 Nil Nil Nil

9 Codisterol 398.7 1 1 7.70 0.43 Nil Nil Nil

10 Isofucosterol 412.7 1 1 7.82 0.85 Nil Nil Nil

11 Cucurbitacin-D 516.7 7 4 2.61 0.39 Nil Nil Nil

12 Cucurbitacin-I 514.6 7 4 2.86 0.26 Nil Nil Nil

13 22-Dihydrobrassicasterol 400.37 1 1 7.87 0.59 Nil Nil Nil

14 Cryptoxanthin 552.9 1 1 12.83 0.78 0.7 0.012 Myocardial 
infarction

15 Eicosadienoic acid 308.5 2 1 −7.61 −0.30 0.304 0.152 Nephrotoxicity

16 Delta-7-Ergostenol 400.7 1 1 8.00 −0.03 0.28 0.179 Nephrotoxicity

17 Abscisic acid 264.32 4 2 2.56 −0.86 0.244 0.159 Nephrotoxicity

18 7 beta,13-Dihydroxykaurenolide 332.20 4 2 2.12 −0.34 0.312 0.294 Nephrotoxicity

Pa: Probable activity; Pi: Probable inactivity. 
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was ~2.2 Å. The residues involving the ligand interaction, i.e., 
Phe329, Phe245, Leu274, Phe271, Ala275, Trp457, Met312 
showed the least fluctuation compared to the N- and C- terminal 

residues. The compound “Schottenol” was found to interact with 
Phe329, Phe245, Leu274, Phe271, and Ala275, Trp457, and 
Met312 of NR1H3 throughout 30ns MD simulation.

Table 3. The ADME profile of each phytocompounds of C. pepo by Swiss ADME.

Compounds GI 
absorption

BBB 
permeant

P-gp 
substrate

CYP1A2 
inhibitor

CYP2C19 
inhibitor

CYP2C9 
inhibitor

CYP2D6 
inhibitor

CYP3A4 
inhibitor

LogKp (skin 
permeation)

Linoleic acid High Yes No Yes No Yes No No −3.05 cm/second

Cucurbic acid High Yes No No No No No No −6.26 cm/second

Octadecanoic acid High No No Yes No No No No −2.19 cm/second

Schottenol Low No No No No No No No −2.38 cm/second

Alpha-Spinasterol Low No No No No No No No −2.92 cm/second

Chondrillasterol Low No No No No No No No −2.92 cm/second

(+)-Dehydrovomifoliol High Yes No No No No No No −7.30 cm/second

Clerosterol Low No No No No Yes No No −2.24 cm/second

Codisterol Low No No No No Yes No No −2.53 cm/second

Isofucosterol Low No No No No No No No −2.53 cm/second

Cucurbitacin-D High No Yes No No No No Yes −7.99 cm/second

Cucurbitacin-I Low No Yes No No No No Yes −7.54 cm/second

22-Dihydrobrassicasterol Low No No No No No No No −2.50 cm/second

Cryptoxanthin Low No Yes No No No No No −0.98 cm/second

Eicosadienoic acid High No No Yes No Yes No No −2.47 cm/second

Delta-7-Ergostenol Low No No No No Yes No No −3.44 cm/second

Abscisic acid Low No No No No No No No −2.24 cm/second

7 beta,13-
Dihydroxykaurenolide High No No Yes No No No No −2.45 cm/second

Table 4. Binding energy and mode of interaction of each phytocompounds against NR1H3.

Ligand Binding energy 
(kcal/mol) NHB Hydrogen bond residue

Linolenic-acid −4.8 6 Val400, Asn377, Leu422, Leu425, Val426, Arg429

Cucurbic acid −6.7 8 Leu453, Leu449, Phe271, Thr316, Phe329, Met312, Ala275, Trp457

Octadecanoic acid −7.5 6 Trp457, His322, Tyr320, Arg361, Phe329, Arg319

Schottenol −14.2 24
Hie421, Gln424, Val425, Leu428, Leu439, Phe234, Phe257, Thr238, Leu260, Ala261, Ser264, 
Ile339, Phe326, Phe335, Leu331, Arg305, Thr302, Glh301, Met298, Ile295, Trp443, Thr314, 
Ile313, Tyr321

Alpha-Spinasterol −7.6 6 Gln280, Val279, Leu452, Ile456, Ile301, Leu304

Chondrillasterol −8.9 6 Asn239, Phe329, Leu345, His435, Val439, Trp457

Dehydrovomifoliol −5.8 1 Lys305

Clerosterol −7.5 3 Leu452, Ile301, Val283

Codisterol −7.5 4 Leu452, Val279, Ile456, Ile301

Isofucosterol −7.5 4 Gln280, Val279, Leu452, Ile301

Cucurbitacin-D −7.4 6 Glu323, His322, Tyr320, Arg361, Leu365, Arg319

Cucurbitacin-I −7 3 Asp367, Arg318, Arg361

Dihydrobrassicasterol −7.4 4 Gln280, Ile301, Leu301, Val279

Cryptoxanthin −7.8 3 Leu330, Arg319, Arg316

Eicosadienoic acid −6.4 3 His322, Arg316, Trp457

Delta-7-Ergostenol −7.5 5 Gln280, Leu452, Val279, Ile456, Ile301

Abscisic acid −6.8 5 Leu452, Val279, Arg361, Phe329, Met312,

7-beta,13-Dihydroxykaurenolide −5.8 6 Val279, Leu452, Met312, Phe243, Arg316, Trp457
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Experimental wet lab studies

Cucurbita pepo phytocompounds profile
Physico-chemical investigations of C. pepo were 

represented in Table S1. The phytochemical screening of C. 
pepo showed the presence of alkaloids, glycosides, saponins, 
steroids, tannins, and flavonoids (Table S2). LC-MS profile 

showed alpha-linolenic-acid, alpha-spinasterol, chondrillasterol 
clerosterol, codisterol, isofucosterol, dihydrobrassicasterol, and 
cryptoxanthin (Table S3 and Fig. S1).

In vivo experimental validation
The hepatoprotective effect of hydroalcoholic extract 

and steroid fraction of C. pepo studied on INH (50 mg/kg, p.o) 

Table 5. Binding energy and mode of interaction of each phytocompounds against HMGCR.

Ligand Binding energy  
(Kcal/mol) NHB Hydrogen bond residue

Linolenic-acid −9.4 8 Leu345, His435, Val439, Trp457, Val279, Ile456, Ile301, Arg318

Alpha-Spinasterol −12.4 10 Lys691, Asp690, Met655, Met657, Asn658, Ser661, Lys662, Glu665, Arg590, Val683

Chondrillasterol −11.2 7 Pro813, Tyr517, Ile456, Ile301, His322, Tyr320, Arg361

Clerosterol −9.9 6 Leu452, Ile301, Trp457, Val279, Ile456, Gln280, Leu452,

Codisterol −10.4 6 Val279, Ile456, Ile301, His322, Tyr320, Arg318

Cryptoxanthin −9.6 4 Leu811, Cys527, Gln280, Leu452,

Cucurbic acid −10.5 5 Ile301, His322, Tyr320, Arg318

Cucurbitacin-D −12.4 6 Cys527, Val530, Tyr519, Tyr533, Cys527, Val530

Cucurbitacin-I −10.5 7 Cys527, Gln280, Leu452, His322, Tyr320, Arg361, Phe329

Dehydrovomifoliol −8.9 8 Phe271, Thr316, Phe329, Leu449, Phe329, Phe271, Tyr320, Arg318

Delta-7-Ergostenol −9.4 9 Val279, Leu452, Ile301, Val279, Ile456, Gln280, Leu452, Tyr320, Arg318

Fucosterol −14.4 6 Arg361, Phe329, His322, Tyr320, Arg318.

Schottenol −12.6 8 His322, Tyr320, Arg361, Phe329, His322, Tyr320, Arg318, Val530.

Octadecanoic acid −11.5 6 Phe329, Leu449, Phe329, Phe271, Tyr320, Arg318

Dihydrobrassicasterol −13.8 3 Phe329, Arg318, Gln280

Abscisic acid −11.9 3 Arg319, Gln280, Phe243

7-beta,13-Dihydroxykaurenolide −5.2 4 Met312, Arg316, Trp457, Gln280, Leu449

Figure 2. (a) 3D and (b) 2D binding orientation of Schottenol ligand in NR1H3 
binding pocket. (c) 3D and (d) 2D binding orientation of cocrystal ligand in 
NR1H3 binding pocket.

Figure 3. (a) 3D and (b) 2D binding orientation of Alpha-Spinasterol ligand 
in HMGCR binding pocket. (c) 3D and (d) 2D binding orientation of cocrystal 
ligand in HMGCR binding pocket.
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Figure 5. Effect of C. pepo on liver weight, AST, ALT, ALP, serum bilirubin, and total bilirubin. Data are presented as Mean ± SEM (n = 6), one 
way ANOVA followed by Tukey’s test was applied. *p < 0.05, **p < 0.01, ***p < 0.001 compared with normal group, #p < 0.05, ##p < 0.01, ###p 
< 0.001 compared with INH treated group.

Figure 4. Stability of Schottenol with NR1H3.
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Figure 6. Effect of C. pepo on total cholesterol, total protein, TG, HDL, LDL, and VLDL. Data are presented as Mean ± SEM (n = 6), one way ANOVA followed 
by Tukey’s test was applied. *p < 0.05, **p < 0.01, ***p < 0.001 compared with normal group, #p < 0.05, ##p < 0.01, ###p < 0.001 compared with INH treated 
group.

induced hepatotoxicity in Wistar rats. Initially, body weight and 
liver weight of the animals were examined. As a result, INH 
showed no significant effect on the rat body weight compared 
to normal and treated groups. However, a significant increase in 
the liver weight was observed in INH treated group and a slight 
decrease in the liver weight after treatment with Silymarin and 
C. pepo (Table S4). Hepatoprotective activity was monitored 
by estimating the serum transaminases such as ALP, serum 
bilirubin, and lipid profile in the livers of experimental rats. 
Pre-treatment of rats with different concentrations of test drugs 
and standard leads to normalization of INH-induced changes in 
the levels of all the biochemical parameters (Fig. 5 and Table 
S5). Further, the effect of C. pepo on cholesterol also revealed 
normalization of their level, in which enriched fraction was 
found to reduce cholesterol levels significantly compared to 
INH group (Fig. 6 and Table S6). According to the current 
investigation, fraction was shown to be more efficient than 
extract at preventing liver damage brought on by INH-induced 
oxidative stress. The results of this study give evidence in favor 
of the therapeutic usefulness of medications that can be used to 
treat liver damage caused by INH. In comparison to the extract, 
the bioactive directed fraction exhibits superior impact.

DISCUSSION 
The present work described phytosterols from C. pepo 

can be preferred as liver protective agents in liver cirrhosis 
by preventing oxidative damage and inflammation caused 
by AntiTB drugs. Claims from the traditional system and the 
available literature, seeds of the C. pepo plant are used to treat 
liver disease. However, there is a lack of data on the molecular 
mechanism of C. pepo for the treatment of liver illness. 

Hence, the present study was designed to identify the potential 
bioactives and their molecular mechanisms for hepatoprotective 
activity. This study will extend from In silico research to wet-
lab evaluations to determine the hepatoprotective activity of the 
secondary metabolites from C. pepo. LXR is a major nuclear 
regulatory transcription gene of cholesterol sensing in liver. 
Once it gets activated, the other genes are highly regulated by 
binding to different cholesterol molecules and play a significant 
role in inflammation, immune regulation, lipid, and glucose 
metabolism. Some selective LXR activators such as desmosterol 
[23], the intestine-specific ligand GW6340, and the LXR-623, 
show adverse effects. Oxysterols and intermediates from the 
cholesterol derivatives [24] activate NR1H3 signaling.  The 
other enzyme, HMG-CoA reductase is the rate-controlling 
enzyme of the mevalonate pathway in cholesterol synthesis and 
its regulation is via a negative feedback mechanism by sterols 
and non-sterol isoprenoids derived from mevalonate, and the 
reaction is catalyzed by reductase. Cholesterol derivatives are 
major suppressors of this enzyme in mammalian cells and are 
responsible for the degradation of LDL via the LDL receptor. 

Phytocompounds–target network was constructed 
through network pharmacology and analyzed by molecular 
docking. The underlying mechanism of network-predicted 
hepatoprotective effect of C. pepo is a novel approach 
for the management of liver disease against INH-induced 
hepatotoxicity. This research showed that the biological network 
method was more effective in illuminating the connections 
between illnesses and phytocompounds. 

In the current study, we relied on a plethora of publicly 
available data sources to mine the phytocompounds present in 
the C. pepo and the PASS server was used to pick the compounds 
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with Pa >0.5, or 50%. Based on the constructed network, we 
selected the most highly modulated compounds from C. pepo 
and observed their interactions with highly modulated proteins. 
In docking, the lead hit molecule is determined by the three key 
points one) BE, which reflects binding affinity, 2) the number of 
H-bond interactions, and 3) the H-bond residues.

Oxidative stress, mitochondrial dysfunction. LDH 
leakage and apoptosis are critical factors in drug-induced 
hepatotoxicity and occurs due to the activation of the reactive 
oxygen species system and metal ions transition, which modify 
homeostatic proteins is one prime basis for the pathogenesis 
of INH-induced hepatotoxicity [25]. Phytosterols from C. pepo 
provide nutrition to the hepatocytes and contain a high amount 
of unsaturated fatty acids, a hydrogen-donating property that 
can stabilize and delocalize unpaired electrons by creating 
a hydrogen bond with free radicals and stopping the Fenton 
reaction. Finally, we constructed the network interaction 
between phytosterols of C. pepo their targets and probable 
pathways. The result reflects that phytocompounds mainly 
phytosteroids to regulate the fatty acids interactions with the 
multiple protein molecules involved in the pathogenesis of liver 
within the network. 

CONCLUSION
The present research proposes that, C. pepo steroidal 

fraction may be utilized as a hepatoprotective agent. The 
presence of secondary metabolites in this fraction may operate 
synergistically to have a potential therapeutic impact by 
targeting multiple proteins and modulating different pathways 
implicated in liver pathogenesis by reducing oxidative stress and 
cytotoxicity. This research provides strong in silico support for 
in vivo experiments investigating INH-induced hepatotoxicity. 
More specifically, it provides direction for promoting clinical 
studies involving human participants.
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