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Abstract: This study evaluated the therapeutic effects of Citrullus colocynthis seed extract (CCSE) on PCSK9 expression 
in a high-fat diet (HFD)-induced insulin resistance (IR) model in Wistar rats. Fifteen phytoconstituents from CCSE were 
screened for drug-likeness using SwissADME and docked against PCSK9 (PDB ID: 6U26). In vivo, 30 HFD-induced-IR 
rats were divided into five groups: one control (saline) and four treatment groups received CCSE (100,200,300,400 mg/kg) 
for 28 days. Hepatic PCSK9 mRNA expression was analyzed by qRT-PCR, with relative fold changes. Data were 
statistically evaluated by ANOVA. In-silico analysis demonstrated all selected compounds complied with Lipinski’s Rule 
of Five, indicated favorable oral bioavailability. Topological polar surface area (TPSA: 9.23-55.38 Å²) and number of 
rotatable bonds (NRB <10) further supported their drug-like properties.  Strong binding affinities were of compounds 
Cyclopropane carboxylic acid and 2,4-di-tert-butylphenol (-7.4 and -5.5 kcal/mol)  to PCSK9.  In-vivo results showed that 
CCSE significantly downregulated hepatic PCSK9 mRNA expression at a dose of 300mg & 400mg/kg (p < 0.05 vs. 
control), with the highest reduction (3.2-fold) observed at the 400 mg/kg dose. CCSE significantly downregulated hepatic 
PCSK9 mRNA expression and confirmed through both in-silico and In-vivo approaches. This suggests its potential as a 
natural therapeutic agent for managing metabolic disorders. 
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INTRODUCTION 

 

Citrullus colocynthis (L.) Schrad., commonly known as 
bitter apple in English, anaderi in Sanskrit, rakhal in 
Bengali, hanzal in Urdu, hanjal in Hindi, picktumatti in 
Tamil and kattuvellari in Malayalam, possesses a wide 
range of medicinal properties. This plant has exhibited 
antioxidative, hypoglycemic, antibacterial, anticancer, 
anti-inflammatory, analgesic, gastrointestinal protective, 
antimicrobial, antidiabetic, hypolipidemic, antineoplastic, 
profibrinolytic, anti-allergic, pesticidal and immune-
stimulatory activities (Li et al., 2022). C. colocynthis 
(hereafter abbreviated as) CC contains various bioactive 
compounds, including cucurbitacins, flavonoids and 
polyphenols, which contribute to its therapeutic potential 
(Altemimi et al., 2023). Several animal and 
epidemiological studies have reported the hypolipidemic 
and hypoglycemic effects of CC (Afshari et al., 2021). CC 
was shown to reduce lipid levels in both animal models and 
hyperlipidemic human subjects. In clinical trials involving 
hyperlipidemic non-diabetic individuals, administration of 
300 mg/day of powdered CC seeds significantly reduced 
cholesterol and triglyceride levels. Furthermore, aqueous 

extracts of CC seeds demonstrated the ability to promote 
pancreatic beta-cell regeneration and increase pancreatic 
beta-cell size in rats (Amin et al., 2017). The plant’s 
ethanolic extract (1.2 g/kg/day) also normalized blood 
cholesterol levels in hyperlipidemic rabbits. The 
pleiotropic effects of CC were comprehensively 
summarized by Li et al., (2022). Hypercholesterolemia 
include increased level of low density lipoproteins (LDL) 
resulted from LDL recycling prevention by endocytosis of 
LDL by lysocomes. Intracellular increased LDL resulted 
from the binding of low density lipoprotein receptors 
(LDLR) with proprotein convertase subtilisin/kexin-type 9 
(PCSK9) and caused familial hypercholesterolemia. 
PCSK9 was recognized as a novel therapeutic target for the 
treatment of hypercholesterolemia (Ahamad & Bhat, 
2022). Hypercholesterolemia was associated with 
increased inflammatory substances leading to altered 
insulin function and insulin resistance (Hong et al., 2022). 
Insulin resistance and altered metabolic states were 
reported to affect PCSK9 expression by disrupting lipid 
homeostasis feedback pathways. Consequently, the 
complex interactions among a high-fat diet, hepatic insulin 
resistance and PCSK9 gene expression underscored the 
nuanced relationships between dietary habits and 
metabolic dysfunction. Up-regulation of hepatic PCSK9 *Corresponding author: e-mail: sattarhashmi5767@gmail.com 
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mRNA was associated with increased hepatic fat 
accumulation and elevated cholesterol levels (Emma G. R. 
et al., 2020). In the present study, administration of 
Citrullus colocynthis seed extract (CCSE) significantly 
may ameliorated these independent risk factors. 
 
Bioactive compounds from medicinal plants played a 
pivotal role in the development of medicine and healthcare 
advancements (Asif & Hashmi, 2021; Murthy & Paek, 
2021). Therefore, the antihyperlipidemic effects of 
Citrullus colocynthis (CC) bioactive compounds may 
effect hepatic PCSK9 expression in hypercholesterolemia. 
This study evaluated the therapeutic potential of Citrullus 

colocynthis seeds extract (CCSE) on PCSK9 hepatic 
expression in high-fat-diet induced hypercholesterolemic 
insulin resistant wistar rats. 
 

MATERIALS AND METHODS 
 

In-silico studies 

The bioactive compounds of Citrullus colocynthis (CC) 
were retrieved in-silico by online searching databases like 
PubMed, Google Scholar and Web of Science with 
keywords such as bioactive compounds of C. colocynthis,  
HPLC analysis. GC-MS analysis. Retrieved compounds 
were labeled (IDs 201-217) for ease and 2D structures were 
obtained from the PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/). Drug-likeness and 
pharmacokinetic properties were evaluated using Swiss 
ADME following the method described by Chen et al., 
(2020). Compounds showed confirmation to Lipinski’s 
rule of five were selected for molecular docking. 
 

Molecular docking studies 

Molecular docking studies of retrieved compounds were 
performed against PCSK9 (PDB ID: 6U26), as outlined by 
Mahmoudi Ali et al., (2023). Protein preparation steps 
included removal of attached ligands and water molecules 
from PDB file, addition of polar hydrogen atoms and 
repairing missing atoms, assigned charges and PDBQT 
files were saved for further procedure. Grid construction 
was carried out in AutoDock Vina with the following 
dimensions: X = 62, Y = 64, Z = 94; center coordinates: X 
= 25.691, Y = 10.001, Z = 18.177; spacing: 1.0. Ligand-
protein interactions were visualized using Discovery 
Studio 4.0. 
 

Preparation of animal model 

CC seeds were collected from Bahawalpur, Pakistan and 
authenticated (Voucher No. A144/UCCM). Citrullus 

colocynthis hydro-ethanolic seed extract (CCSE) was 
prepared according to the protocol by Youl et al. (2020). 
Thirty male Wistar rats (140–180 g, 6–8 weeks old) 
obtained from UCCM were fed a high-fat diet (HFD) to 
induce insulin resistance, as described by Zhang et al. 
(2020). Insulin resistance was evaluated through impaired 
glucose tolerance (IGT) and values of tail vein glucose 
ranged between 145-199 mg/dl were considered IR. 

Insulin-resistant rats were randomly divided into five 
groups containing 6 rats in each group: Group I (normal 
saline) and Groups II-V, which received CCSE at 100, 200, 
300 and 400 mg/kg body weight (Manzoor et al.,2022, 
Sindhu et al., 2023)  respectively, for 28 days. On day 29, 
hepatic tissues were harvested for analysis of PCSK9 
mRNA expression. Ethical approval for animal handling 
was granted by departmental review and ethical committee 
of UCCM, IUB vide No.904/UCCM. 
 
PCSK9 hepatic expression 

PCSK9 mRNA expression was analyzed using quantitative 
real-time PCR (qRT-PCR) based on the protocol of LIU et 

al. (2022). The primer sequences used were: PCSK9 
forward: 5′-CACCTTTGGGTCGAGTGCTGAG-3′, 
reverse: 5′-CGCTGTTGAAGTCGGTGATG-3′; and 18S 
rRNA forward: 5′-GCACATCGGGGTTGAAGAGG-3′, 
reverse: 5′-AAACTCTGGGGGAGGTCCGT-3′. GAPDH 
was used as the reference gene. Fold change in gene 
expression was calculated using the 2^-(ΔΔCT) method. 
All experiments were performed in triplicate. Statistical 
significance was evaluated using Student’s t-test for 
individual variables comparing group 1(control) with 
individual treated groups and one way ANOVA with post-
hoc Tuky’s test was performed for multiple variables 
(Group I vs. CCSE-treated groups) and results were 
expressed as mean ± standard deviation (SD). A p-value of 
<0.05 was considered statistically significant. All test were 
performed by IBM SPSS V.20. 
 
RESULTS 

 
In-silico analysis retrieved fifty-five compounds from the 
literature. Among these, the 2D structures of seventeen 
chemical constituents (IDs 201-217) were available and 
were subsequently evaluated for drug-likeness and 
ADMET properties using the SwissADME web-based 
online portal (table 1). All compounds complied with 
Lipinski’s Rule of Five, which indicated favorable oral 
bioavailability. Their topological polar surface area 
(TPSA) values ranged from 9.23 to 55.38 Å², remaining 
below the 140 Å² threshold, suggested good hydrogen 
bonding potential and bioavailability. The number of 
rotatable bonds (NRB) for compounds 201-214 remained 
below 10, indicated conformational stability. Skin 
permeability values (Kp: -2.19 to -7.39 cm/s) were low 
across all compounds, while gastrointestinal (GI) 
absorption was high for all except compound 210. Blood-
brain barrier (BBB) penetration was predicted for most 
compounds, except 204, 210 and 215-217. Cytochrome 
P450 (CYP) inhibition varied; compounds 209-212 and 
214-217 did not inhibit major CYP isoforms.  
 
However, all compounds-except 206-were predicted to 
inhibit P-glycoprotein (P-gp). Bioavailability scores were 
consistently 0.55 for all evaluated compounds. These 
findings indicated that the selected constituents exhibited 
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favorable drug-like properties, supporting their potential as 
candidates for orally administered therapeutics. Detailed 
results are presented in table 1. 
 

All compounds that met Lipinski’s Rule of Five were 
subjected to molecular docking against the PCSK9 protein 
(PDB ID: 6U26). The docking analysis revealed that seven 
compounds (202, 203, 206, 209, 211, 212 and 214) 
exhibited binding energies indicative of strong affinity 
toward the 6U26 structure, which corresponds to the C-
terminal domain of PCSK9.  Cyclopropane carboxylic acid 
(compound 212) demonstrated the highest binding affinity 
at -7.4 kcal/mol, while 2,4-di-tert-butylphenol (compound 
214) showed the lowest affinity at -5.5 kcal/mol.  Results 
of the molecular docking analysis showed hydrogen bond 
interactions and the corresponding 2D and 3D molecular 
structures given in fig. 1.  
 
Based on the docking results, key amino acid residues of 
PCSK9 namely LEU436, ARG461, VAL435, VAL359, 
ARG357, ALA328 and ALA649 were found to interact 
with the seven active CC compounds (202, 203, 206, 209, 
211, 212 and 214), suggesting a potential binding site 
(table 2). The two- and three-dimensional visualizations of 
the six top-scoring compounds are also illustrated in fig. 1. 
 
Hepatic expression of PCSK9 mRNA and PCSK9-18S 
mRNA in Group I (insulin-resistant rats) showed relative 
fold change (2^-ΔΔCT) values of 1.076 ± 0.157 
(P < 0.046) and 1.038 ± 0.325 (P < 0.003), respectively, 
after normalization to the GAPDH reference gene. Group 
II exhibited significant downregulation with relative fold 
change values of 0.662 ± 0.115 (P < 0.046) and 
0.814 ± 0.252 (P < 0.003), respectively.  
 
In Group III, expression levels were reduced to 
0.833 ± 0.467 (P < 0.075) and 0.893 ± 0.214 (P < 0.200), 
though the changes were statistically insignificant. Group 
IV demonstrated significant downregulation, with relative 
fold changes of 0.331 ± 0.054 (P < 0.001) for PCSK9 
mRNA and 0.206 ± 0.044 (P < 0.001) for PCSK9-18S 
mRNA. Similarly, Group V (treated with CCSE at 400 
mg/kg) showed markedly reduced expression values of 
0.206 ± 0.044 (P < 0.026) and 0.277 ± 0.155 (P < 0.014), 
respectively. Detailed qRT-PCR results, including 
expression levels of the reference gene (GAPDH) and all 
treatment groups, are presented in fig. 2 and table 3. 
Circulatory low density lipoproteins (LDL) in group-I 
(Mean±SD-mg/dl) was 84.16±3.45 versus in group-II-V 
was 60.16±5.45, 46.33±3.32, 35.83±1.94 and 31±4.64 
(P<0.007) respectively. 
 
DISCUSSION 

 
In-silico screening of 55 bioactive compounds from 
Citrullus colocynthis (Hamer & Thamer, 2023; Ahamad & 
Bhat, 2022) identified 17 potential candidates (IDs 201-

217) with favorable drug-likeness and ADMET profiles. 
These compounds complied with Lipinski’s Rule of Five, 
had acceptable topological polar surface area (TPSA: 9.23-
55.38 Å²) and consistent bioavailability scores (0.55). 
Subsequent molecular docking studies revealed that seven 
compounds displayed strong binding affinities with the 
PCSK9 protein (PDB ID: 6U26). Notably, cyclopropane 
carboxylic acid (compound 212) demonstrated the highest 
binding affinity (-7.4 kcal/mol).  
 
Key interacting amino acid residues included LEU436, 
ARG461 and ALA328, supporting previously reported 
interactions (Mahmoudi Ali et al., 2023).  Structural 
analysis confirmed that the binding pocket of PCSK9 is 
located at the interface of the C-terminal domain, allosteric 
site and catalytic domain (Zainab et al., 2021). The C-
terminal domain plays a crucial role in conformational 
alignment and stabilization during PCSK9-LDLR 
interaction, facilitating lysosomal degradation of LDLR 
and thus regulating plasma LDL cholesterol levels. Partial 
deletions in this region (amino acids 457-528 or 608-692) 
significantly impair PCSK9 secretion (Chapa et al., 2023), 
highlighting its functional importance. In line with this, 
Iqbal et al. (2023) emphasized that the C-terminal domain, 
in addition to the prodomain, mediates LDL receptor 
(LDLR) degradation and ligand interaction. 
 
In-vivo studies further validated these findings, where 
CCSE (Citrullus colocynthis seed extract) treatment at 
higher doses (300 and 400 mg/kg) significantly 
downregulated hepatic PCSK9 mRNA expression in high-
fat diet-induced insulin-resistant rats. The greatest 
suppression was observed at 400 mg/kg (P < 0.026). 
Expression of both PCSK9 mRNA and PCSK9-18S 
mRNA was markedly reduced following CCSE 
administration. These findings are consistent with earlier 
reports indicating that PCSK9 expression correlates 
positively with hepatic steatosis and the activation of 
lipogenic genes such as FAS, APOB and SREBP-1c, which 
contribute to liver fat buildup.  
 
Transcriptionally, PCSK9 is primarily controlled by 
regulatory factors including SREBP2, FOXO3, HNF1α 
and SIRT6. (He Q. et al., 2020; Lin et al., 2021; Li et al., 
2022). Downregulation of PCSK9 wass thus emerged as a 
promising therapeutic target in managing 
hypercholesterolemia (Ahamad & Bhat, 2022). Clinical 
studies have also reported that PCSK9 inhibitory therapies 
(PCSK9-iTs) effectively lower LDL cholesterol levels, 
consequently reducing the risk of cardiovascular events 
(CVEs) (Chapa et al., 2023). Circulatory low-density 
lipoproteins (LDL) levels in Group-I were 
84.16 ± 3.45 mg/dL, whereas treatment in Groups II to V 
significantly reduced LDL to 28.5%, 44.9%, 57.4%  and 
63.2%  respectively (P < 0.007) (fig. 3). Importantly, 
PCSK9-mediated pathways are also implicated in insulin 
resistance.  
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Free fatty acids and adipokines associated with 
hypercholesterolemia activate hepatic signaling cascades 
leading to insulin resistance and reduced pancreatic β-cell 
volume (Päth et al., 2022). PCSK9 itself has been reported 
to increase insulin granule size and impair insulin function, 
contributing to insulin resistance (Hong et al., 2022). 
However, PCSK9 downregulation does not impair insulin 
secretion, indicating its independent regulatory role (Päth 
et al., 2022). Our findings support the dual benefit of CCSE 

in modulating both lipid and glucose metabolism through 
its regulatory effect on PCSK9 expression. 
 
CONCLUSION 

 
We showed that CCSE treatment in HFD induced IR rats 
down regulate transcription of PCSK9 in hepatic tissue. 
Clinical trials are essential to confirm the potential of C. 
colocynthis seeds in preventing diabetes and 
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Fig. 1: Molecular docking interactions of CC compounds with 6U26 protein 
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atherosclerotic cardiovascular diseases. Citrullus 

colocynthis seeds may provide novel therapeutic agents as 
PCSK9 inhibitors. 
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Fig. 2: qRT-PCR results of PCSK9 mRNA hepatic expression 
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  Table 1: In-silico pharmacokinetics (drug likeliness) studies of C. colocynthis compounds 
 

 
 

Table 2: Molecular docking studies of C. colocynthis compounds 
 

Compound 
 

Mol. Wt. 
(g/mol) 

Binding 
energy 

H-bond 
bonding Alkyl Pi-alkyl 

Pi sigma 
bond 

Unfavorable 
bond 

pi-pi-
stacked 

202 

151.16 

-5.9 LEU:436, 
TRP:461, 
VAL:435 

ARG:458, 
ILE:416 PRO:438 

LEU:436, 
TRP:461, 
VAL:435 

  

203 

164.2 

-6.5 VAL:359, 
ARG:357, 
ALA:649, 
VAL:435  PRO:438 

VAL:359, 
ARG:357, 
ALA:649, 
VAL:435 

  

206 

245.32 

-6.5 
TRP:461, 
ALA:328 

PRO:331, 
CYS: 
358.Val:460 

PRO:331, 
CYS: 
358.Val:460 

TRP:461, 
ALA:328 

  

209 

150.17 

-5.9 VAL:359, 
ARG:357 
 

     

211 

150.22 

-5.6   PRO:438, 
LEU:440, 
VAL:650 THR:437 

PRO:438, 
LEU:440, 
VAL:650 

 

212 150.22 -5.5 VAL:435 PRO:438     
214 

350.45 

-7.4  

ALA:514 

LYS:494, 
HIS:643, 
PRO:639  TRP:566 ALA:514 

 
Table 3: Effect of CC extract on PCSK9 mRNA gene expression 
 

 
Groups 

Gene Tissue 
Group-I 

(HFD-IR) (qRT-PCR) 
CCSE treatment 

group (qRT-PCR) 
P-value 

Group-II 
CCSE 100mg/kg 

PCSK9 Hepatic 1.076±0.157 0.662±0.115 <0.046 
PCSK9 (18S) Hepatic 1.038±0.325 0.814±0.252 <0.003 

Group-III 
CCSE 200mg/kg 

PCSK9 Hepatic 1.024±0.462 0.833±0.467 <0.075 
PCSK9 (18S) Hepatic 1.038±0.325 0.893±0.214 <0.2 

Group-IV 
CCSE 300mg/kg 

PCSK9 Hepatic 1.038±0.360 0.331±0.054 <0.001 
PCSK9 (18S) Hepatic 1.038±0.325 0.206±0.044 <0.001 

Group-V 
CCSE 400mg/kg 

PCSK9 Hepatic 1.038±0.325 0.206±0.044 <0.026 
PCSK9 (18S) Hepatic 1.038±0.325 0.277±0.155 <0.014 
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