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RESEARCH ARTICLE 

Investigation of Anti-inflammatory, Antipyretic and Analgesic 
Activities of Citrullus colocynthis in Albino Rats through in vivo 
and Pharmacoinformatics Studies 

Mubashir Hassan1,*, Nureen Zahra2, Amtul Shafi2, Saba Shahzadi1, Ahmed Mousta-
fa3,4 and Andrzej Kloczkowski 1,5,* 

1The Steve and Cindy Rasmussen Institute for Genomic Medicine, Nationwide Children’s Hospital, 
Columbus, Ohio, 43205, USA; 2Institute of Molecular Biology and Biotechnology, The University of 
Lahore, 54000, Punjab, Pakistan; 3School of Psychology, Faculty of Society and Design, Bond Uni-
versity, Gold Coast, Queensland, Australia; 4Department of Human Anatomy and Physiology, The 
Faculty of Health Sciences, University of Johannesburg, Johannesburg, South Africa; 5Department 
of Pediatrics, The Ohio State University College of Medicine, Columbus, Ohio, 43205, USA 

Abstract: Introduction: Hyperpyrexia, algesia and inflammation are pathological disor-
ders which are treated with synthetic as well as herbal medications.  

Aims: The basic aim of the present study is to evaluate the ethnopharmacological activities 
of phytoconstituents that are present in C. colocynthis (fruit extract) by using in vivo and in 
silico studies.  

Methods: Thirty-six albino rats were used in our studies with an average weight between 
150-170 g. Anti-inflammatory activity was investigated using carrageenan (an extract from
a red seaweed) that induced edema in albino rat paws. However, in antipyretic and analgesic 
activity studies, yeast and acetic acid were used to cause pyrexia or algesia, respectively. Differ-
ent doses of acetone fruit extract were used to treat inflammation, pyrexia and algesia.  

Results: Our results showed that the maximum percentage inhibition of acetonic fruit ex-
tract in anti-inflammatory and analgesic activities was observed at 70% and 100%, respec-
tively, with 400 mg/kg doses, and in pyretic activity the maximum inhibitory percentage 
was 86% with a 100 mg/kg dose. In in silico analysis, we have shown that bioactive com-
pounds (α-spinasterol, ascorbic acid and chlorogenic acid) found in fruit extract have out-
standing inhibition properties that involves proteins PTGS2, TLR2 and TRPV4. C. colo-
cynthis fruit extract shows results that are statistically significant (p < 0.005) and compara-
ble to a reference drug. Acetonic fruit extract of C. colocynthis can be used as a natural and 
safe remedy with no side effects.  

Conclusion: Both in vivo and in silico studies on chlorogenic acid, ascorbic acid and α-spinasterol 
have shown that these are inhibitory compounds that can be used for boosting the immune response.  
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1. INTRODUCTION
Medicinal plants and herbs are used for the

treatment of multiple diseases and have been 
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regularly used in medical applications for millen-
nia [1, 2]. Citrullus colocynthis (C. colocynthis) is 
a valuable herbaceous plant commonly known as 
bitter apple or bitter cucumber which belongs to 
the Cucurbitaceae family [3]. C. colocynthis can 
be found all around the world, such as in East and 
West Tropical Africa, Northern Africa, Egypt, 
Asia, and Australia [4, 5]. 
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C. colocynthis has angular leaves and fluffy-
haired stem and its fruit is smooth, extremely bit-
ter, yellow and has the size of an apple [6]. Bitter 
apple produces 15 to 30 fruits that are spherical 
ranging from 7 to 10 cm in diameter [3]. It has 
been demonstrated that most of the pharmacologi-
cal efficacy of this plant is linked to the fruit and 
has been applied to the treatment of different dis-
eases [6]. Extracts of immature fruits show differ-
ent pharmacological activities, that is, antibacterial 
activity, anti-inflammatory, antipyretic, antioxi-
dant, anti-diabetic, anticancer, immunostimulant, 
analgesic, and an-ti-hypolipidemic [7, 8]. Phyto-
chemical analysis of C. colocynthis uncovers the 
presence of chemically bioactive compounds such 
as 2-O-beta-D-glcopyranosyl-cucurbitacin B and 
2, 25-di-o-beta-D-glucopyranosyl cucurbitacin L, 
Isoorientin 3-o-methyl ether, p-Hydroxy benzoic 
and Caffeic acid that are present in different parts 
of plant [9]. Phyto-constituents such as α-
spinasterol, ascorbic acid and chlorogenic acid 
have been selected in this study based on their 
pharmacological activities i.e., anti-inflammatory, 
antipyretic and analgesic properties [10]. 

Non-steroidal anti-inflammatory drugs (NSAIDs) 
are commonly prescribed for the symptomatic re-
lief of pain and fever in children, and their anti-
inflammatory effects are useful for juvenile arthri-
tis and musculoskeletal (MSK) disorders [11-13]. 
Three different target molecules such as Prosta-
glandin-endoperoxide synthase 2 (PTGS2), Toll-
like receptor 2 (TLR2) and Transient receptor po-
tential cation channel subfamily type 4 (TRPV4) 
are involved in inflammation and fever infections. 
In inflammatory pathways, PTGS2 is involved in 
NF-kappa B, arachidonic acid (AA), Vascular en-
dothelial growth factor (VEGF) and tumor necro-
sis factor (TNF) signaling pathways. PTGS2 is a 
rate-limiting enzyme that catalyzes the production 
of prostaglandin (PG) from AA, which plays an 
inflammatory role and damages the internal envi-
ronment of cells. AA generally exists in the form 
of phospholipid in the cell membrane, a variety of 
stimuli are capable to activate phospholipase A 
and release AA from the membrane. Free AA con-
verts into PG under the action of PTGS2 and caus-
es inflammation [14]. 

During infectious diseases, the temperature of 
the body must be regulated. TLR2 causes the re-
lease of cytokines in a different cell type that de-
livers fever-inducing signals to AH/POA and in-

duces fever [15]. TLR2 is essential for the devel-
opment of brain-controlled illness responses such 
as fever [16]. TRPV is a family of transient recep-
tor potential cation channels that contains six sub-
types, ranging from TRPV1 to 6. The change in 
the expression of the TRPV4 is associated with 
thermal hyperalgesia. It has been demonstrated 
that inflammation mediates serval secondary mes-
sengers, such as protein kinase A (PKA), phospho-
lipase Cβ (PLCβ) and protein kinase C (PKC) 
which activate TRPV4. Importantly, TRPV4 re-
leases the following pain transmitters: neuropep-
tide substance P (SP) and calcitonin gene-related 
peptide (CGRP) in the spinal dorsal horn. TRPV4 
might also lead to electroacupuncture (EA) in-
duced analgesia [17]. TRPV4 is a protein that in-
duces writhing in the albino rat [18]. The perspec-
tive of the present study is to evaluate the anti-
inflammatory, antipyretic and analgesic activities 
of phytochemicals present in selected plant extract 
through in vivo and in silico model. 

2. MATERIALS AND METHODS
2.1. Experimental Section

2.1.1. Sample Collection

C. colocynthis fruit was directly collected from
field region of Bahawalpur, Punjab, Pakistan. Fur-
thermore, the collected samples were identified by 
a botanist from the University of Punjab. Albino 
rats having an average weight of 150-170 g, were 
purchased from the University of Lahore (UOL) 
and used for evaluation of anti-inflammatory, an-
algesic, and antipyretic activities.  

2.1.2. Preparation of Extract 

C. colocynthis fruit was soaked in acetone (po-
lar solvent) in glass bottles. Mixture was shaken 
gently for 3-4 minutes and then placed for 16 days 
at room temperature. On the 16th day, the mixture 
was filtered with Whatman filter paper and col-
lected in Eppendorf tube. 

2.1.3. Anti-inflammatory Activity  

Carrageenan-induced edema is a well-defined 
model of acute inflammation [4, 19]. Thirty-six 
albino rats were divided into three groups, each 
group containing 12 rats. A group of rats was eu-
thanized with ketamine (150-200 ul dose of each 
rat) delivered by injection into the lateral tail vein. 
The 0.1 ml dose of 1% of carrageenan was inject-
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ed into sub plantar region of the left hind paw for 
all albino rats, which caused edema. The control 
(normal) group was medicated with normal saline, 
a standard group with diclofenac, and an experi-
mental group with acetone fruit extract of varying 
concentrations of 50, 100, 200, and 400 mg/kg, 
respectively. 

2.1.4. Antipyretic Activity 

Albino rats were divided into different groups 
according to anti-inflammatory activity model. All 
groups were treated with 2 ml/kg of Brewer’s 
yeast mixed with normal saline [20]. After 21 
hours of injecting yeast into their necks below the 
nape, hyperpyrexia was induced. Control group 
was treated with 2 ml of distilled water, the exper-
imental group was treated with different concen-
trations (50, 100, 200 and 400 mg/kg) of acetone 
fruit extract and the standard group with paraceta-
mol. 

2.1.5. Analgesic Activity  

To evaluate the analgesic activity of C. colo-
cynthis fruit extract, acetic acid was injected in rats 
to induce writhing [4, 19]. All the groups were 
medicated with acetic acid. One hour after inject-
ing acetic acid into the intraperitoneal cavity, the 
control group was treated with 0.1 ml/kg of dis-
tilled water, standard group with diclofenac at var-
ying concentrations (50, 100, 200, and 400 mg/kg) 
and experimental group with C. colocynthis fruit 
extract at concentrations 50, 100, 200 and 400 
mg/kg. The writhing time was measured with the 
help of stopwatch. 

2.2. Computational Methodology 

2.2.1. Preparation of Target Proteins 
The 3D structures of PTGS2, TLR2 and 

TRPV4 of albino rats (Rattus norvegicus) were 
accessed from UniProtKB/Swiss-Prot database 
(https://swissmodel.expasy.org/interactive) be-
cause protein structures of PTGS2, TLR2 and 
TRPV4 were not present in Protein Data Bank 
(PDB) (www.rcsb.org). These proteins are in-
volved in various pathways, including anti-
inflammatory, antipyretic and analgesic activities. 
PTGS2, TLR2 and TRPV4 structures were re-
trieved from the SWISS-MODEL 
(https://swissmodel.expasy.org/interactive) with 

sequence entries P35355, Q6YGU2 and Q9ERZ8 
respectively. UCSF Chimera 1.6 [21] was used to 
minimize the conformational energies of selected 
protein models and the structures were saved in 
PDB format with PyMoL [22]. Furthermore, VA-
DAR 1.8 online server was used to calculate the 
protein architecture and the statistical percentages 
of α-helices and β-sheets, turns and coils 
(http://redpoll.pharmacy.ualberta.ca/vadar) and 
WinCoot was used to analyse the Ramachandran 
plots [23]. 

2.2.2. Selection of Phytocompound and Ligand 
Preparation 

A comprehensive literature survey was per-
formed, showing that α-spinasterol, ascorbic acid 
and chlorogenic acid are all present in C. colocyn-
this fruit [24-26] and con-firmed by online data-
base Dr. Duke [10]. α-spinasterol, ascorbic acid, 
chlorogenic acid and standard drugs (diclofenac and 
paracetamol) were retrieved from the PubChem da-
tabase (https://pubchem.ncbi.nlm.nih.gov/) having 
accession numbers: 5281331, 54670067, 1794427, 
3033 and 1983 respectively and downloaded in 
SDF format. The retrieved phytocompounds were 
designed in ChemSketch (ACD/ChemSketch, ver-
sion 2020.2.0, Advanced Chemistry Development, 
Inc., Toronto, ON, Canada, www.acdlabs.com, 
2021) and accessed in PDB format for further 
docking studies. 

2.2.3. Prediction of Ligand Binding Site of Tar-
get Proteins  

The active sites of PTGS2, TLR2 TRPV4 pro-
vide significant information regarding the func-
tionality of mediated signalling pathways. The ac-
tive binding sites of PTGS2, TLR2 and TRPV4 
were predicted by using Depth Residue 
(http://cospi.iiserpune.ac.in/depth/), an online tool 
which explores the probability of amino acids in-
volved in the formation of active binding sites. 
Furthermore, literature data confirms that these 
residues are good candidates for the binding sites 
[27]. 

2.2.4. Receptor Grid Generation and Molecular 
Docking 

The grid generation for the binding pocket is an 
important step before performing the docking 
studies. A cubic grid box with specific values of 
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Fig. (1). The percentage inhibition of acetone fruit extract of C. colocynthis (red) against inflammation in comparison with a 
standard drug (diclofenac) (blue). (A higher resolution / colour version of this figure is available in the electronic copy of the 
article). 
 

 
Fig. (2). Percentage inhibition of acetone fruit extract of C. colocynthis (red) against py-rexia in comparison with a standard 
drug (paracetamol) (blue). (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
 

 
Fig. (3). Percentage inhibition of acetone fruit extract of C. colocynthis (red) against algesia in comparison with a standard drug 
(diclofenac) (blue). (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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Table 1. Percentage inhibition of anti-inflammatory, antipyretic, analgesic activities of C. colocynthis. 

Groups Dose (mg/kg) %Inhibition Anti-inflammation Activity %Inhibition Antipyretic Activity %Inhibition Analgesic Activity 

Control 

50 0 0 0 

100 0 0 0 

200 0 0 0 

400 0 0 0 

Standard 

50 37.5 85 45.5 

100 28.5 37 45 

200 40 75 72 

400 100 76 85 

Fruit 

50 20 62 63 

100 50 86 65 

200 33 74 88 

400 70 85 100 

 

x-axis, y-axis and z-axis for each of the three pro-
teins was assigned. The grid box for PTGS2 with 
ligands was adjusted at x = 26.5 Å, y = 41.8 Å and 
z = 13.1Å. Similarly, for TLR2 the binding pocket 
dimensions were determined by keeping the grid 
cantered at x = -1.6 Å, y = 32.5 Å and z = -17.0 Å, 
while the grid centre for TRPV4 was set at x = -
134.5 Å, y = 122.7 Å and z = 130.4. Moreover, the 
exhaustiveness value was fixed for all docking 
complexes to obtain the finest binding conforma-
tional pose of selected compounds. Docking stud-
ies were performed by using PyRx, a virtual 
screening tool [28]. The different docking com-
plexes were analyzed based on binding energy 
values (kcal/mol) and interactive behaviour such 
as hydrogen and hydrophobic interactions. The 
graphical representation of docking complexes 
was generated by using Discovery Studio and 
Chimera 1.6 tools, respectively. 

3. RESULTS  

3.1. Anti-inflammatory Activity 

3.1.1. Carrageenan Induce Edema in Rat Paw 
In the anti-inflammatory activity study, the ace-

tone fruit extract of C. colocynthis at different 
concentrations (50, 100, 200 and 400 mg/kg) 
showed significant results. The maximum inhibi-
tion of 70% was observed for a dose of 400 mg/kg. 

For doses 50, 100 and 200 mg/kg, the achieved 
inhibition percentages were 20, 50 and 33%, re-
spectively. Similar experiments with doses 50, 
100, 200 and 400 mg/kg of a standard anti-
inflammatory drug, diclofenac, showed inhibition 
activities of 37.5, 28.5, 40 and 100%, respectively. 
All results were statistically significant with p < 
0.005 (Fig. 1). 

3.2. Anti-pyretic Activity 
The acetone fruit extract of C. colocynthis 

shows significant antipyretic activity with p < 
0.005 at different concentrations of 50, 100, 200 
and 400 mg/kg comparable to the standard drug 
(paracetamol). Percentage inhibition of acetone 
fruit extract in pyrexia assay, at varying concentra-
tions of 50, 100, 200 and 400 mg/kg were 62, 86, 
74 and 85%, respectively. Likewise, the control 
group showed 0% inhibition after induced pyrexia. 
The inhibition percentages were 85, 37, 75 and 
76% for varying concentrations of paracetamol 50, 
100, 200 and 400 mg/kg, respectively (Fig. 2). 

3.3. Analgesic Activity 
The acetone fruit extract of C. colocynthis 

shows statistically significant (p < 0.005) analgesic 
activity. The maximum inhibition of the treated 
group (100%) was observed for 400 mg/kg dose. 
For doses with concentration of 50, 100 and  
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200 mg/kg the observed inhibition percentage was 
63, 65 and 88%, respectively. Similar studies per-
formed with a standard analgesic drug, diclofenac, 
at varying concentrations of 50, 100, 200 and 400 
mg/kg, for the standard group showed 45.5. 45, 72, 
and 85% inhibition, respectively. The control 
group did not show analgesic activity (i.e., 0% in-
hibition) after injecting acidic acid (Fig. 3). In Ta-
ble 1, the percentages of inhibition of anti-
inflammatory, antipyretic and analgesic activities 
are shown. 

3.4. Statistical Analysis 
Data obtained from rat experiments were statis-

tically analyzed by computing means and standard 
deviations. Statistical effects were evaluated using 
ANOVA and all results were considered statisti-
cally significant only with p ≤ 0.05. 

3.5. In silico Analysis 

3.5.1. Protein’s Structure Assessment  
PTGS2 belongs to the family of peroxidases 

and is composed of two chains (A and B) having 
604 residues and 69.1 kDa molecular mass, with 
sequence identity; 87.64%. Protein structure was 
revealed from UniProtKB/Swiss-Prot database. 
Furthermore, the structural analysis of PTGS2 by 
VADAR 1.8 indicated that it consists of 44% of α-
helices, 13% of β-sheets, 26% of turns and 42% of 
the coil. Similarly, the analysis of the Ramachan-
dran plot indicated that 95.99% amino acids were 

present in the allowed region. TLR2 consists of a 
single chain (A) containing 704 amino acids and 
having 89.4 kDa molecular weight. A thorough 
structural analysis of TLR2 indicated that it con-
sists of 12% of α-helices, 39% of β-sheets, 24% of 
turns and 47% of coil. Similarly, Ramachandran 
plot indicates that 90.68% of amino acids are pre-
sent in the favored region. TRPV4 is comprised of 
four chains (A, B, C and D) having 871 amino ac-
ids with 98.01 kDa molecular weight and it con-
sists of 49% of α-helices, 8% of β-sheets, 24% of 
turns and 41% of coil. Similarly, Ramachandran 
plot shows that 94.99% of amino acids are found 
in the favored region. Fig. (4) depicts the Rama-
chandran graphs of all selected proteins. 

3.6. Chemistry  
α-spinasterol (C29H48O) is a steroid with a mo-

lecular weight 412.7 g/mol, involved in anti-
inflammatory and antipyretic activities. Ascorbic 
acid (HC6H7O6) is water-soluble vitamin with hav-
ing molecular weight 176.12 g/mol and is involved 
in anti-inflammatory, antipyretic and analgesic 
activities [29, 30]. Chlorogenic acid (C16H18O9) is 
a cinnamate ester obtained by the condensation of 
trans-caffeic from carboxyl group with quinic acid 
from 3-hydroxy group and having molecular 
weight 354.31 g/mol and involved in analgesic 
activity [31]. Diclofenac (C15H14O6) is a known 
drug used for anti-inflammatory and analgesic ac-
tivities. Diclofenac has molecular weight 290.27 
g/mol [32]. Paracetamol (C8H9NO2) is a standard 

Fig. (4). Ramachandran plots of target proteins. (A higher resolution / colour version of this figure is available in the electronic 
copy of the article). 
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drug used in antipyretic activity with molecular 
weight 155.19 g/mol. The 2D structural represen-
tation of these selected phytocompounds has been 
shown in Fig. (5). 

3.7. Prediction of Binding Pocket 

3.7.1. Active Site Prediction of PTGS2, TLR2 and 
TRPV4  

An active site is the functional part of proteins 
which is involved in catalytic processes and differ-

ent chemical reactions [33]. Figs. (6A, B) showed 
the PTGS2 amino acids to be involved in the for-
mation of the binding site. The Depth Residue re-
sults show that the binding site of PTGS2 contains 
eight different amino amides such as Glu-366, 
Phe-367, Asn-368, Tyr-371, His-372, Trp-373, 
His-374 and Leu-377, respectively. The selected 
amino acids involved in the formation of the bind-
ing site have a probability value ranging from 0.81 
to 1.0. The results for PTGS2 predict four major 
peaks in binding regions which indicate the possi-

 
Fig. (5). 2D structure of selected phyto-compounds. (A higher resolution / colour version of this figure is available in the electronic 
copy of the article). 

 

 
Fig. (6). (A, B). Active site of PTGS2 attained from Depth Residue tool. (A higher resolution / colour version of this figure is 
available in the electronic copy of the article). 
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bility of forming the binding sites. The first peak is 
observed at Pro-139 having a good probability 
value 0.82. However, the second peak composed 
of Gln-189, His-190 and His-192 shows the high-
est probability value 1.0. The third peak contains 8 
amino acids Glu-366, Phe-367, Asn-368, Tyr-371, 
His-372, Trp-373, His-374, Leu-377 with proba-
bility values between 0.64 and 1.0. The fourth 
peak consists of 7 amino acids Val-509, Ala-513, 
Phe-515, Ser-516, Leu-517, Lys-518, Gly-519 
with probability ranging from 0.72-0.66. The third 
peak was selected by us as the binding site and 
these amino acids were also indicated in earlier 
studies as the active site [28]. 

The binding site of TLR2 consists of eight resi-
dues: Phe-266, Asn-267, Leu-270, Phe-284, Leu-
289, Ile-314, Leu-317 and Val-331. These binding 
site residues have probability values ranging from 
0.5 to 1. Figs. (7A, B) show the surface (A) and 
probability (B) of amino acids involved in binding 
pocket formation. The six active site residue peaks 
were observed at Phe-266, Phe-284, Leu-289, Ile-
314, Leu-317 and Val-331, respectively. 

The active site of TRPV4 consists of seven 
amino acids (Ser-372, Val-385, His-388, His-401, 
Arg-404, Trp-409 and Asn-425) and the probabil-
ity values of the selected residues range from 0.2 
to 0. 8. Figs. (8A, B) shows the surface of TRPV4 
(A) and amino acids probabilities of forming a 
pocket (B). It consists of six major peaks. The first 
peak corresponds to Leu-154, the second to Ala-
330 with 0.53 probability value, the third to Asp-
425 with 0.81 probability value, the fourth to Lys-
467 with 0.67 probability value, the fifth and the 
sixth to Ile 604 and Thr-739 respectively. The 
amino acids that are present between the second 
and the third peak have been selected as a binding 
pocket. 

3.7.2. Binding Pockets Analysis and Ligands In-
teractions 

Docking results reveal that all ligands were re-
stricted to the active binding pocket of the target 
proteins (PTGS2, TLR2 and TRPV4). The superim-
position results of all three docking complexes re-
vealed that ligands showed similar conformational 

  

 
Fig. (7). (A, B). The binding pocket residues of TLR2 predicted by Depth Residue tool. (A higher resolution / colour version 
of this figure is available in the electronic copy of the article). 
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Fig. (8). (A, B). Binding pocket of TRPV4 predicted by Depth Residue tool. (A higher resolution / colour version of this figure 
is available in the electronic copy of the article). 

 

 
Fig. (9). (a) α-spinasterol (b) Ascorbic acid (c) Diclofenac binding conformation with PTGS2. (A higher resolution / colour 
version of this figure is available in the electronic copy of the article). 
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Fig. (10). (a) α-spinasterol (b) Ascorbic acid (c) Paracetamol binding conformation with TLR2. (A higher resolution / colour 
version of this figure is available in the electronic copy of the article). 
 

 

 
Fig. (11). (a) Chlorogenic acid (b) Ascorbic acid (c) Diclofenac binding confirmation with TRPV4. (A higher resolution / col-
our version of this figure is available in the electronic copy of the article). 
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Table 2. Binding energies of target proteins with all the ligands. 

Proteins 
Binding Energies (Kcal/mol) 

α-spinasterol Ascorbic Acid Chlorogenic Acid Diclofenac Paracetamol 

PTGS2 -9.6 -5.2 - -7.3 - 

TLR2 -10.6 -5.1 - - -5.9 

TRPV4 - -5.8 -8.6 -7.6 - 

 
Table 3. The nature of bonds between amino acids and ligands within the binding pocket of PTGS2, and bond distances (Å). 

Ligands Amino Acids Bond Distance (Å) Nature of Bond 

α-spinasterol 
His-193 4.35 and 4.38 Hydrophobic bond 

Ala-188 5.17 and 5.43 Hydrophobic bond 

Ascorbic acid 

Ala-185 2.77 Hydrogen bond 

Try-373 2.15 Hydrogen bond 

Thr-192 2.97 Hydrogen bond 

His-193 2.77 Hydrogen bond 

Diclofenac 

Ala-188 4.77 Hydrophobic bond 

His-372 4.84 Hydrophobic bond 

His-374 3.76 Hydrophobic bond 

 

 
Fig. (12). (a-c). The binding interaction of PTGS2 with three ligands (blue, yellow and cyan). Target protein (PTGS2) is in tan 
ribbon line format with a dark magenta surface. Red dotted lines show hydrogen bonds and blue dotted lines indicate hydro-
phobic interactions and their binding distances in angstrom (Å). (A higher resolution / colour version of this figure is available 
in the electronic copy of the article). 
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behavior and binding interactions as seen from re-
sults in Figs. (9-11). 

3.7.3. Molecular Binding Energy Analysis  
PTGS2 docked with the standard drug diclo-

fenac and the bioactive phytocompounds present 
in the plant (α-spinasterol and ascorbic acid), re-
spectively. The α-spinasterol and Ascorbic acid 
possessed docking energy of -9.6 and -5.5 
kcal/mol, whereas standard diclofenac exhibited -
7.3 kcal/mol. The docking results of TLR2 with 
paracetamol and the plant’s bioactive compounds 
(α-spinasterol and ascorbic acid) demonstrated that 
the top docking energy -10.6 kcal/mol was ob-
tained for α-spinasterol, and ascorbic acid showed 
binding score -5.1 kcal/mol, while paracetamol 
(standard drug) showed the binding score of -5.9 
kcal/mol. The docking results of TRPV4 with pa-
racetamol and the plant’s bioactive compounds 
(chlorogenic acid and ascorbic acid) showed that 
the top docking energies of chlorogenic acid and 
ascorbic acid were -8.6 and -5.8 kcal/mol respec-
tively, while diclofenac (standard drug) showed a 
binding score of -7.6 kcal/mol (Table 2). 

3.7.4. Binding Analysis of Phytocompounds with 
PTGS2 

The docking results of α-spinasterol, ascorbic 
acid and diclofenac against PTGS2 indicated that 
all drugs bind in the active region of target protein. 
α-spinasterol formed four hydrophobic bonds at 
different residues positions, such as His-193, Ala-
188 with bond lengths (Å). Likewise, ascorbic acid 
formed four hydrogen bonds with Ala-185, Try-
373, Thr-192 and His-193 and diclofenac formed 
three hydrophobic bonds with Ala-188, His-372 
and His-374 with appropriate binding distances 
(Table 3 and Fig. 12). 

3.7.5. Binding Analysis of Phytocompounds with 
TLR2 

Docking results for TLR2 with α-spinasterol 
showed that six hydrophobic interactions were ob-
served with three residues Phe-295, Phe-266 and 
Phe-284, respectively. Moreover, ascorbic acid 
formed one hydrogen bond with Thr-330 and 
standard paracetamol formed two hydrogen bonds 
with Phe-295 and Asn-296 (Table 4 and Fig. 13). 

 

 
Fig. (13). (a-c). Binding interaction of TLR2 with three ligands (blue, pink and light blue). Target protein (TLR2) is in yellow ribbon line 
format with green coloured surface. Red dotted lines show hydrogen bonds and blue dotted lines indicate hydrophobic interactions and their 
binding distances in angstrom (Å). (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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Table 4. The nature of bonds between amino acids and ligands within the binding pocket of TLR2 and their bond dis-
tances. 

Ligands Amino Acids Bond Distance (Å) Nature of Bond 

α-spinasterol 

Phe-295 5.46 Hydrophobic bond 

Phe-266 

5.15 

4.65 

3.64 

4.16 

Hydrophobic bond 

Phe-284 5.04 Hydrophobic bond 

Ascorbic acid Thr-330 2.18 Hydrogen bond 

Paracetamol 
Phe-295 2.25 Hydrogen bond 

Asn-296 1.99 Hydrogen bond 

 

 

 
Fig. (14). (a-c). The binding interaction of TRPV4 with three ligands (purple, red and green). Target protein (TRPV4) is in gray ribbon lines 
format with tan coloured surface. Red dotted lines show hydrogen bonds and blue dotted lines indicate hydrophobic interactions and their 
binding distance in angstrom (Å). (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
 



132      Recent Advances in Anti-Infective Drug Discovery, 2024, Vol. 19, No. 2 Hassan et al. 

Table 5. The nature of bonds between amino acids and ligands within the binding pocket of TRPV4 and their bond 
distances. 

Ligands Amino Acids Bond Distance (Å) Nature of Bond 

Chlorogenic acid 

Pro-358 2.91 Hydrogen bond 

His-401 2.33 Hydrogen bond 

Arg-404 2.70 Hydrogen bond 

Asp-420 2.47 Hydrogen bond 

Ser-768 2.03 Hydrogen bond 

Ascorbic acid 

Ser-360 2.08 Hydrogen bond 

Leu-362 2.37 Hydrogen bond 

His-401 2.29 Hydrogen bond 

Paracetamol 
Asn-361 2.24 Hydrogen bond 

Leu-362 2.15 Hydrogen bond 

 

Table 6. Common amino acids in docking complexes. 

Ligands PTGS2 TLR2 TRPV4 

α-Spinasterol 

Ala185, Ala188 
Gln189, Thr192 
His193, Phe196 
Gln200, His372 
His374, Leu376 

Leu261, Phe266 
Phe284, Cys287 
Pro291, Phe295 
Leu317, Phe322 
Thr330, Val331 

- 

Ascorbic acid 

Ala185, Ala188 
Gln189, Thr192 
His193, Tyr371 
Trp373, His374 

Leu376 

Leu261, Asn263 
Phe266, Phe284 
Pro295, Pro297 
Leu317, Phe325 

Thr330 

Cys353, Ser354 
Phe357, Pro358 
Ser360, Leu362 
Glu363, His401 

Chlorogenic acid - - 

Ser354, Pro358 
Ser360, Asn361 
Arg392, His401 
Arg404, Asp420, 
 Ser423, Ser768 

Arg775 

Diclofenac 

Ala188, Gln189, 
Thr192, His193, 
Tyr371, His372, 
His374, Val433 

- 

Leu350, Pro358 
Asn361, Leu362 
His401, Ser768 
Asp773, Arg775 

Paracetamol - 
Asp263, Gly293 
Asn295, Asn296  
Val303, Thr330 

- 

Note: Common residues are highlighted in red color. 
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3.7.6. Binding Analysis of Phytocompounds with 
TRPV4 

The TRPV4-chlorogenic acid docking complex 
showed that five hydrogen bonds were observed at 
Pro-358, His-401, Arg-404, Asp-420 and Ser-768, 
respectively, with appropriate binding distances. 
Similarly, ascorbic acid formed three hydrogen 
bonds with His-401, Leu-362 and Ser-360. Like-
wise, the diclofenac formed two hydrogen bonds 
with Asp-361and Leu-362 (Table 5 and Fig. 14). 
The comparative results showed that all the bind-
ing distances were less than 3 Å which enhances 
the stability of our docking complexes. 

The interacted residues comparative analysis 
showed that most amino acids were common in all 
docking complexes. The comparative docking 
analysis showed that four residues Ala188, 
Gln189, Thr192 and His193 were common in 
PTGS2 against all drugs. Whereas, in TLR2 and 
TRPV4 one (Thr330) and two residues (Pro358 
and His401) were common in all docking com-
plexes (Table 6).  

4. DISCUSSION  
Carrageenan induced rat paw edema, pyrexia 

induced by brewer yeast and writhing caused by 
acetic acid are used to study anti-inflammatory, 
antipyretic and analgesic activities, respectively. In 
the in vivo study, acetone fruit extract of C. colo-
cynthis showed significant results of anti-
inflammatory, antipyretic and analgesic activities 
in albino rat models. The selected phytocom-
pounds along with standard drugs, also showed 
good conformational behavior and binding ener-
gies (Kcal/mol) in the binding region of the target 
proteins (i.e., PTGS2, TLR2 and TRPV4), respec-
tively. 

The comparison study showed the percentage 
inhibition of anti-inflammatory, antipyretic, anal-
gesic activities of C. colocynthis with respect to 
dose concentration (Table 1). They C. colocynthis 
extract with different concentrations of aqueous 
fruit extract showed comparable results with 
standard drug. The overall results depicted that 
with an increase in concentration the percentage 
inhibition value is also increased in inflammation, 
antipyretic and analgesic activities, respectively. In 
the current study, we studied the anti-
inflammatory activity of C. colocynthis in acetone 

fruit extract and it demonstrates that acetone fruit 
extract of 400 mg/Kg shows the highest percent-
age inhibition that, is 70% and it is statistically 
significant p < 0.05 as compared to standard drug 
(diclofenac). Whereas, for antipyretic, analgesic 
activities at same concentration showed 85 and 
100%, respectively.  

Molecular docking is computational approach 
which is being employed to check the binding con-
formational behaviors of ligands against target 
proteins [34-38]. The active site prediction of tar-
get proteins explores the interactive part and core 
residues which are significantly linked with differ-
ent functions. The generated prediction results 
showed that PTGS2 contains eight different amino 
acids with significant probability values. Similarly, 
TLR2 and TRPV4 binding pockets explore the 
core amino acids which might be most potent in 
the downstream signaling pathways. The predicted 
docking results justify the good binding potential 
of ligands (α-spinasterol, Ascorbic acid, Chloro-
genic acid, Diclofenac and Paracetamol) against 
respective molecules PTGS2, TLR2 and TRPV4, 
respectively (Table 1). The comparative results 
showed that α-spinasterol exhibited good energy 
values as compared to standard drug. The binding 
interaction profiles of α-spinasterol, ascorbic acid 
and diclofenac against PTGS2, TLR2 and TRPV4 
showed that ligands exhibited within the active 
target site of proteins and appropriate hydrogen 
bonding. The overall bonding results showed that 
the binding distance was comparable with standard 
value (< 3.5; hydrogen and 5; hydrophobic Å) and 
enhance the stability behavior of docking com-
plexes (Tables 2-5). The overall results showed 
that fruit extract of C. colocynthis possessed very 
good therapeutic potential and may be used in fu-
ture studies to explore novel phytochemicals 
against inflammatory, pyretic and analgesic activi-
ties. 

CONCLUSION 
The current research shows that acetonic extract 

of the fruit of C. colocynthis can be used as a natu-
ral and safe remedy to cure pain, fever and in-
flammation with limited side effects. The in vivo 
results showed that fruit extract of C. colocynthis 
exhibited good therapeutical potential against in-
flammatory, pyretic and analgesic activities. 
Moreover, in silico studies of α-spinasterol, 
chlorogenic acid and ascorbic acid with PTGS2, 



134      Recent Advances in Anti-Infective Drug Discovery, 2024, Vol. 19, No. 2 Hassan et al. 

TLR2 and TRPV4 receptors indicated good pro-
pensity for binding inside all studied target pro-
teins. Our research indicates that the fruit extract 
of C. colocynthis possesses very good therapeutic 
potential and may be used in future studies to ex-
plore novel phytochemicals against inflammatory, 
pyretic and analgesic activities. 
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