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Abstract 
Purpose: To investigate the male contraceptive potential of the ethanol leaf extract of Hibiscus rosa-
sinensis (EEHR) in male Sprague Dawley rats.  
Methods: The extracts of Hibiscus rosa-sinensis (HR) leaves were prepared by maceration using 
distilled water, ethanol, and methanol as solvents. Phytochemical analysis and antioxidant potential 
were assessed using DPPH (2,2-diphenyl-1-picrylhydrazyl) and hydrogen peroxide scavenging assay. 
Sprague Dawley rats were administered EEHR daily and its effect on sperm count, sperm motility, 
biochemical parameters, organ weight analysis and histopathological changes was assessed after 21 
days of treatment. Molecular docking studies of target proteins (1D2S,1E3G) with phytochemical 
constituents reported in leaves of HR were also carried out.  
Results: Phytochemical analysis revealed the presence of phenol, tannin, flavonoids, terpenoids, 
triterpenes and diterpenes. Antioxidant effect of EEHR was significantly higher in aqueous and 
methanol extracts compared to ethanol extract (p < 0.05). Sperm count, sperm motility, and weight 
reduction of epididymal caput/corpus, and absence of changes in biochemical content were significantly 
reduced in EEHR compared to control (p < 0.05). Histopathological analysis revealed alterations in 
seminiferous tubules and intraepithelial vacuolation in EEHR-treated rats. Molecular docking results 
showed that quercitrin, (-)-epicatechin, and quercetin showed the most effective binding with the target 
protein (1D2S), whereas quercetin, rhamnetin, and quercitrin showed effective binding with the target 
protein (1E3G).  
Conclusion: Ethanolic extract of leaves of Hibiscus rosa-sinensis (EEHR) significantly reduces sperm 
count, sperm motility, epididymal caput/corpus weight, and induces alterations of seminiferous tubules. 
Furthermore, docking study results clearly support the contraceptive potential of EEHR. 
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INTRODUCTION 
 

Population growth is one of the major problems 
faced by developing countries with low-resource 
settings. It needs to be controlled to have a 
significant effect on global growth and women’s 
health. Family planning delays pregnancies in 
young women, prevents unintended pregnancies, 
reduces risks related to pregnancy in older 
women and limits family size. Such initiatives 
prevent population surge and alleviate sexual 
and reproductive risks (SRH) in women. Reports 
suggest that 214 million women of reproductive 
age in developing countries are not using 
modern contraceptive methods, and 80 – 90 
million unintended pregnancies occur annually, 
which are preventable [1]. 
 
Although the United Nations Population Fund 
Annual Report focuses on the achievement of 
Millennium Development Goals (MDG) on areas 
such as poverty, primary education, women 
empowerment, child and maternal health, more 
progress is needed in sexual and reproductive 
health. Diversified family planning approaches 
are currently available, but they are more skewed 
toward women than men [2]. Men could play a 
greater role in contraception and current trends 
also necessitate the need for the development of 
effective contraceptive agents that are useful. 
Such an approach will reduce the burden carried 
by women, support women to improve their 
sexual and reproductive health and significantly 
contribute to women's empowerment. 
 
Medicinal plants have been used to treat many 
diseases. Traditional medicine practices carry a 
strong platform relying on various principles and 
methods based on multiple cultures' theories, 
beliefs and experiences. World Health 
Organization (WHO) emphasizes phytochemicals 
as rich sources of various drugs that may be 
explored further. Over 80,000 plants are used as 
medicinal plants worldwide, and a significant 
number have been passed down from one 
generation to another. In many countries, 
medicinal plants are used in longstanding 
traditional medicine practices [3]. Reports 
suggest that reproductive rights, along with 
family planning, are major challenges faced by 
Malaysian women [4]. The Contraceptive 
Prevalence Rate (CPR) in Malaysia has been 
capped at 55 % for all contraceptive methods, 
while modern contraceptive methods usage rate 
is at a low 35 % rate compared to other 
neighbouring countries. This scenario is 
attributed to factors such as cultural attitudes, 
misconceptions, fear of contraceptive use, 
negative responses from healthcare workers and 
lack of male contraceptives [5]. 

 
Malaysia is a country with rich biodiversity and 
abundant natural resources that are used for 
treating various health disorders. Use of plant 
resources to treat various disorders is widely 
practised in traditional medicine in Malaysia [6]. 
One of such plant species that is traditionally 
used is the Hibiscus plant, reported to possess a 
wide variety of pharmacological activities such as 
antidiabetic, cytotoxicity, anti-parasitic, wound 
healing properties and much more. Consumption 
of flowers of Hibiscus rosa-sinensis crushed with 
sour gruel and jaggery has been used as a 
contraceptive in traditional medicine; the juice of 
crushed flowers is mixed with sugar to treat 
hypermenorrhea and flower buds minced with 
milk are used to treat various gynaecological 
problems [7-9]. Therefore, this study investigated 
the effect of Hibiscus rosa-sinensis leaves 
extract on spermatogenesis in male rats. The 
outcome of the study would provide valuable 
insight and create newer approaches for male 
contraception. Further studies are expected to 
develop a reversible, safe, and effective modern 
contraceptive that is used in males to prevent 
unintended pregnancies, share the contraception 
burden, and empower millions of women. 
 

EXPERIMENTAL 
 
Collection of plant leaves 
 
The leaves of Hibiscus rosa-sinensis were 
identified and collected from the garden area of 
AIMST University student residences. The plant 
parts were authenticated by USM Herbarium, 
Pusat Pengajian Sains Kaji-hayatl, Universiti 
Sains Malaysia, Pulau Pinang (herbarium 
voucher number 11838). The collected leaves 
were washed thoroughly under running water to 
remove any impurities present on the leaves' 
surface. The leaves were dried in a hot air oven 
at 20 ± 2 °C for 3 days. After drying, the leaves 
were crushed into a coarse powder using an 
electrical grinder. The ground powder was then 
stored in airtight containers until further use. 
 
Extraction 
 
Powdered leaves were extracted with ethanol, 
methanol, and distilled water by maceration for 3 
days with intermittent shaking at normal room 
temperature. Later, the extract was filtered using 
a muslin cloth, and the ethanol and methanol 
extracts were concentrated using a rotary 
evaporator (Yamamoto, Japan). Aqueous extract 
was prepared by freeze-drying. After 
evaporation, the extracts were kept in a 
refrigerator at 4 °C until further use. 
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Preliminary phytochemical screening 
The crude methanol extract was assessed for 
secondary metabolites such as phenol, tannin, 
flavonoids, saponins, terpenoids, triterpenes, 
diterpines, glycosides, anthraquinones, alkaloids 
and steroids using methods adapted from 
Begashaw et al [10]. 
 
Phytochemical analysis  
 
Total phenolic content (TPC) present in the plant 
extract was determined by Follin-Ciocalteau 
method [11]. Gallic acid was used as a standard. 
This was done in triplicate to obtain an average 
value. The value obtained was compared to the 
calibration curve and total phenolic content was 
calculated and expressed as mg of gallic acid 
equivalent (mg GAE) per g dry weight. 
 
Total flavonoid content in the plant extracts was 
determined using the aluminum chloride 
colourimetric method [11]. In this method, 
quercetin was used as standard. This was done 
in triplicate to obtain an average value. The value 
obtained was compared to the calibration curve 
and total flavonoid content was calculated and 
expressed as mg of quercetin equivalent (mg 
QE) per gram dry weight. 
 
Antioxidant assay 
 
The free radical scavenging properties of the 
ethanolic, methanolic, and aqueous extracts of 
leaves of Hibiscus rosa-sinensis were 
determined using 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) and hydrogen peroxide methods [12]. 
 
Animals 
 
Healthy, male Sprague-Dawley rats (250 - 300 g) 
were used in the animal study. The rats were 
obtained from the Centralized Animal House of 
AIMST University. The animals were placed in a 
polycarbonate cage under standard laboratory 
environmental conditions in a 12-hour light and 
dark cycle. The animals were given ad libitum 
access to food and water. Ethical approval was 
obtained from the AIMST University Human and 
Animals Ethics Committee (approval no. 
AUAEC/FOP/2021/18). 
 
Effect of ethanol extract of EEHR on 
spermatogenesis 
 
Ethanol extract (EEHR) contains a higher 
amount of TPC and exhibits more antioxidant 
effect compared to methanolic and aqueous 
extracts. Hence, EEHR was used for 
pharmacological studies. The animals were 

divided into four groups comprising 6 animals 
each. Group 1 was the control; groups 2, 3, and 
4 received 400, 800 and 1600 mg/kg, 
respectively, of EEHR. The EEER were 
suspended in 0.5 % w/v Carboxymethyl cellulose 
(CMC) and administered once daily through oral 
gavage for 21 consecutive days. Changes in 
body weight were monitored at regular intervals. 
At the end of the study, blood samples were 
collected from the animals for serum biochemical 
analysis. Animal semen was collected from the 
cauda epididymis for microscopic analysis of the 
sperm. Thereafter, the animals were sacrificed to 
harvest organs for histopathological analysis. 
 
Sperm motility 
 
Sperm samples were collected from the cauda 
epididymis at the end of the study. The cauda 
epididymis was isolated and placed in a petri 
dish containing Biggers, Whitten, and 
Whittingham (BWW) medium to allow the sperm 
to swim (swim-up technique). An appropriate 
volume of spermatozoa was transferred to a 
preheated cell count plate. From a total of 200 
spermatozoa, the active ones were observed 
using a microscope to calculate sperm motility. 
 
Sperm count 
 
After the motility test, the rest of the sperm 
suspension was quickly transferred to a water 
bath (60 °C) for 5 to 10 min to induce 
inactivation. The sperm suspension was then 
placed on a Neabeur haemocytometer and the 
cells were counted microscopically. Number of 
spermatozoa was calculated using the red blood 
cell counting method [13]. 
 
Biochemical analysis 
 
Blood samples were collected from the animals 
through the orbital sinus under diethyl ether 
anesthesia. The samples were centrifuged at 
3000 rpm for 20 min and serum was collected. 
The serum sample was used to estimate 
glucose, aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), alkaline 
phosphatase (ALP), bilirubin, creatinine and urea 
using Reflotron kit and Reflotron Plus 
biochemical analyzer (Roche Diagnostics, 
Germany). 
 
Histopathology of the testis 
 
The testes of the animals were dissected, 
weighed and recorded. The testes were then 
placed in a container containing 10 % formalin 
solution and kept till further use. The testes were 
then fixed in Bouin’s fluid and dehydrated in a 
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series of graded ethanol. The sample was 
cleared in benzene and embedded in paraffin. 
Testicular tissue was sectioned at 5 μm and the 
sections were stained with Eosin and 
Haematoxylin, and examined microscopically 
[14]. 
 
Molecular docking studies 
 
(+)-Catechin, (-)-epicatechin, rhamnetin, 
quercetin 3,4'-diglucoside, quercetin 7,4'-
diglucoside, quercetin 3,7-diglucoside, 
hyperoside, isoquercitin, kaempferol 3-o-
glucoside, kaempferol 7-o-glucoside, quercitrin 
and quercetin are the few phytoconstituents of 
Hibiscus rosa-sinensis plants [7,15,16]. Chemical 
constituents present in Hibiscus rosa-sinensis 
species and their structure were used for 
molecular docking studies to ascertain possible 
role of interaction between the Hibiscus rosa-
sinensis constituents and targeted proteins 
(1D2S and 1E3G proteins). 
 
Hardware and software specifications 
 
All simulation experiments were executed using 
a DELL workstation with Windows 10 (64-bit as 
OS, Intel® CoreTM i7-11,800 CPU@2.30 GHz 
processor, 16 GB RAM, 4 GB GPU). Docking 
studies were performed using AutoDock 4.2.6 
and MGLTools 1.5.6. The Protein Data Bank was 
used to get all co-crystallized protein structures. 
ChemOffice Suite 2015 by PerkinElmer 
Informatics was used to generate all ligand 
structures. Ligplot+ was used to depict 2D 
protein-ligand interactions. PyMol was used to 
display 3D protein-ligand interactions. 
 
Protein and ligand structure preparation 
 
The proteins employed in this study were: (i) 
Crystal structure of the N-terminal Laminin G-like 
Domain of SHBG in complex with 
dihydrotestosterone (PDB ID: 1D2S), and (ii) 
Human Androgen Receptor Ligand binding in 
complex with the ligand metribolone (R1881; 
PDB ID: 1E3G). The proteins were prepared 
using AutoDock 4.2.6 program, which involved 
removing water molecules, adding polar 
hydrogen, defining the AD4 atom type, and 

adding Gasteiger charges to the protein system. 
Additionally, selective flips to residues were 
used, and all-atom interactions were 
investigated. The ligands were prepared using 
ChemOffice Suite 2015 and AutoDock 4.2.6 
modules in individual structures in ChemDraw 
19.1, followed by energy minimization using the 
MM2 module. The final protein and ligand 
structures were saved in .pdb format for protein–
ligand docking studies. 
 
Docking validation and identification of active 
site region 
 
The purpose of the re-docking was to assess the 
quality of the docking process and the 
effectiveness of the docking methods. The DHT 
(co-crystallized ligand) from 1D2S protein and 
R18 (co-crystallized ligand) from 1E3G protein 
were extracted with UCSF Chimera 1.16 and 
redocked into the active site using AutoDock 
4.2.6. The root mean square deviation (RMSD) 
was then computed by superimposing the 
redocked complex onto the reference co-
crystallized complex in AutoDock 4.2.6. The 
deviation must be less. The 3D grid box for both 
proteins was found by wrapping all the 
macromolecular residues that interact with the 
ligand around the internal ligand as a center. 
This guarantees that all potential ligand 
conformations are contained within the grid box 
(active site; Table 1). 
 
Molecular docking  
 
All molecular docking simulation studies were 
performed using AutoDock 4.2.6 program (ADP). 
After successful execution of AutoGrid 4.2, 
docking was initiated for all individual ligands 
using AutoDock 4.2 execution file. Before 
proceeding, the parameters were set as follows: 
number of genetic algorithm (GA) runs was set to 
50, with 2,500,000 evaluations and population 
size of 150. The machine-generated .dlg file 
offers binding energies for every run and 
inhibition constant, along with a clustering 
histogram. From the histogram, low-energy 
conformer from the largest cluster was selected 
for analysis. Thereafter, the protein–ligand 
complex interactions were visualized. 

 
Table 1: Tabular representation of the grid parameters used in the study 
 

PDB ID 3D grid-box dimensions (Å) Spacing (Å) 3D coordinates for center of the grid box 

x-axis y-axis z-axis x-axis y-axis z-axis 

1D2S 40 40 40 0.375 21.806 10.811 32.304 

1E3G 40 40 40 0.375 0.059 30.755 4.301 

 
  



Venkateskumar et al 

Trop J Pharm Res, October 2025; 24(10): 1213 

 

 
Statistical analysis 
 
Results were presented in mean ± standard error 
of mean (SEM) and compared using one-way 
analysis of variance (ANOVA) followed by 
Tukey’s post-hoc test. P < 0.05 was considered 
statistically significant. 
 

RESULTS 
 
Yield 
 
Percentage yield of ethanolic, methanolic, and 
aqueous extract of leaves of Hibiscus rosa-
sinensis was 15.17, 8.23 and 13.17 % w/w, 
respectively. Both the ethanol and methanol 
extracts were brownish green in colour, while the 
aqueous extract was dark brown in colour. 
 
Phytochemical screening 
 
Total phenolic and flavonoid content was higher 
in ethanol extract compared to methanol and 
aqueous extracts (Table 2). 
 
Table 2: Total phenolic content and total flavonoid 
content of leaves of Hibiscus rosa-sinensis (mean ± 
SEM; n = 3) 
 

Extract Total phenolic 
content (mg GAE) 

Total flavonoid 
content (mg QE) 

Ethanol 51.73±20.87 94.71±1.16 
Methanol 29.90±10.04 83.70±13.43 
Aqueous 24.57±10.44 125.07±9.70 

 
Antioxidant activity 
 
Ethanol extract exhibited free radical scavenging 
properties at low concentrations against DPPH 
and hydrogen peroxide radicals compared to 
methanol and aqueous extract (Table 3). 

 
Table 3: Antioxidant effects of extracts of leaves of 
Hibiscus rosa-sinensis (IC50 values) 
 

Extract DPPH 
method 

Hydrogen peroxide 
method 

Ethanolic  434.10 462.38 
Methanolic 534.46 622.21 
Aqueous 553.92 668.11 
Ascorbic acid  52.82 464.89 

 
Sperm motility 
 
Treatment with EEHR at 1600 mg/kg 
demonstrated significant dose-dependent 
reduction in sperm motility (Figure 1) and sperm 
count (Table 4) compared to control (p < 0.05). 
 
Table 4: Effect of ethanolic extract of Hibiscus rosa-
sinensis leaves (EEHR) on sperm count (mean ± 
SEM; n = 6) 
 

Group (mg/kg) Sperm per milliliter (× 106/mL) 

Control 17.50 ± 1.34 
EEHR 400 17.00 ± 0.97 
EEHR 800 13.33 ±0. 49* 
EEHR 1600 11.17 ± 0.70*** 

**P < 0.01, ***p < 0.001 vs control 
 

Biochemical analysis 
 
Treatment with EEHR at all doses did not show 
any significant changes in glucose, AST, ALT, 
ALP, bilirubin, urea, and creatinine levels 
compared to control (Table 5). 
 
Organ weight 
 
Treatment with EEHR at all doses did not show 
any significant changes in absolute organ weight 
of the testis and epididymal cauda compared to 
control (p > 0.05). 

 
 
Figure 1: Effect of ethanolic extract of Hibiscus rosa-sinensis leaves (EEHR) on sperm motility. values are mean 
± SEM (n =6). **P < 0.01 compared to control 
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Table 5: Effect of ethanolic extract of Hibiscus rosa-sinensis leaves (EEHR) on biochemical parameters (mean ± 
SEM; n = 6) 
 

Group 
(mg/kg)  

Glucose 
(mg/dL) 

AST (U/I) ALT (U/I) ALP (U/I) 
Bilirubin 
(µmol/L) 

Urea 
(mg/dL) 

Creatinine 
(mg/dL) 

Control 91.48±4.65 91.17±5.74 47.05±3.09 113.38±5.03 14.18±0.36 41.85±0.76 0.76 ± 0.04 
EEHR 400 89.55±4.95 91.78±5.10 51.18±5.60 111.67±7.75 13.97±0.71 47.72±8.44 0.81 ± 0.04 

EEHR 800 87.75±2.78 86.97±3.80 49.68±1.69 110.62±3.19 14.93±0.55 47.08±2.57 0.83 ± 0.03 

EEHR1600 90.30±3.70 90.27±3.05 49.27±2.20 113.12±9.79 14.68±1.43 51.75±3.94 0.80 ± 0.04 

 
Table 6: Effect of ethanolic extract of Hibiscus rosa-sinensis leaves (EEHR) on the weight of the epididymis 
caput and epididymis cauda (mean ± SEM; n = 6) 
 

Group 
(mg/kg) 

Weight of 
testes (g) 

Weight of epididymal 
caput/corpus (g) 

Weight of epididymal 
cauda (g) 

Control 3.10±0.03 0.72±0.02 0.43±0.02 
EEHR 400 2.93±0.08 0.49±0.06** 0.39±0.02 
EEHR 800 3.08±0.05 0.48±0.06** 0.41±0.03 
EEHR 1600 2.99±0.06 0.49±0.02** 0.39±0.03 

**P < 0.01, ***p < 0.001 vs control 
 

 
 
Figure 2: Photomicrograph of a section of testis of animals administered EEHR. ST (seminiferous tubules), SC 
(sustentacular cells), IC (interstitial cells). (A) Sections of testis of EEHR 400 mg/kg administered animal showing 
the normal configuration. (B) Sections of testis of EEHR 400 mg/kg administered animal showing the normal 
configuration. (C) Sections of testis of EEHR 800 mg/kg administered animal showing vacuolated degeneration of 
Sertoli cells and spermatocytes. (D) Sections of testis of EEHR 1600 mg/kg administered animal showing 
vacuolated degeneration of Sertoli cells, loss of spermatogonia, spermatids and spermatocytes (Haematoxylin 
and Eosin staining, ×400) 
 

Furthermore, treatment with EEHR at 400, 800 
and 1600 mg/kg resulted in significant reduction 
in epididymal caput/corpus compared to control 
(Table 6). 
 

Histopathological examination 
 
Treatment with EEHR at 400 mg/kg showed 
neither the thickness of the basement membrane 

nor Intratubular germ cell neoplasia. The rat 
testes and spermatic cord were within normal 
limits. Treatment with EEHR (800 and 1600 
mg/kg) showed vacuolated degeneration of 
Sertoli cells, loss of spermatogonia, spermatids 
and spermatocytes. Spermatogonia in EEHR 
1600 mg/kg group were observed to have 
undergone apoptosis, and few tubules had fluid 
and edema. The interstitium of both EEHR at 400 
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mg/kg and 1600 mg/kg had dilated lymphatics 
and edema, while EEHR at 800 mg/kg was seen 
to have mild congestion and edema (Figure 2). 
 
Docking validation 
 
Redocking studies revealed binding energies of -
11.19 and -11.99 kcal/mol, Ki values of 6.33 and 
1.63 nM and reference RMSDs of 0.597 and 
0.655 Å, for 1D2S and 1E3G proteins, 
respectively. 
 
Molecular docking 
 
The superimposed conformation of the docked 
internal ligand with DHT, concerning its 
crystallized conformation obtained from co-
crystallized complex structure (PDB: 1D2S) and 
R18 concerning its crystallized conformation 
obtained from the co-crystallized complex 
structure (PDB: 1E3G) are presented in Figure 3. 
 
1D2S protein 
 
The detailed docking analysis data are shown in 
Table 7, the detailed interaction analysis is 
presented in Table 8 and the visual pose view is 
shown for the top three ligands in Figures 4 to 6. 
The results suggest that all ligands revealed 

favourable binding energies and inhibition 
constants. Among the ligands, Quercitrin, (-)-
epicatechin, and Quercetin displayed the most 
effective binding within the active site. These top 
three hits showed binding energies of -9.50, -
8.03 and -7.91 kcal/mol and inhibition constants 
of 108.13, 1.31 and 1.60 μM, respectively. These 
data are comparable to the co-crystallized ligand, 
which suggests how well the ligands fit into the 
sub-pockets of the protein’s active site. 
 
1E3G protein 
 
The detailed docking analysis data are shown in 
Table 9 and the detailed interaction analysis is 
presented in Table 10, while the visual pose view 
is shown for the top three ligands in Figures 7 to 
9. All the ligands revealed favourable binding 
energies and inhibition constants. Among the 
ligands, quercetin, rhamnetin, and quercitrin 
displayed most effective binding within the active 
site. These top three hits showed binding 
energies of -9.47 kcal/mol, -9.44 kcal/mol, and -
8.25 kcal/mol and inhibition constants of 113.98 
nM, 120.27 nM, and 894.60 nM, respectively. 
These data are comparable to the co-crystallized 
ligand, which suggests how well the ligands fit 
into the sub-pockets of the protein’s active site. 

 

 
 
Figure 3: Superimposed conformation of the docked internal ligand with (a) DHT concerning its crystallized 
conformation obtained from the co-crystallized complex structure (PDB: 1D2S) and (b) R18 concerning its 
crystallized conformation obtained from the co-crystallized complex structure (PDB: 1E3G) 
 
Table 7: Tabular representation of molecular docking analysis of various ligands with 1D2S protein 
 

Ligand Name Binding Energy 
(Kcal/mol) 

Inhibition constant 

Co-crystallized ligand -11.19 6.33 nM 
(+)-Catechin -6.75 11.29 µM 
(-)-epicatechin -8.03 1.31 µM 
Rhamnetin -7.56 2.86 µM 
Quercetin 3,4'-diglucoside -6.10 33.79 µM 
Quercetin 7,4'-diglucoside -7.40 3.74 µM 
Quercetin 3,7-diglucoside -6.31 23.90 µM 
Hyperoside -7.69 2.30 µM 
Isoquercitin -7.46 3.42 µM 
Kaempferol 3-O-glucoside -7.74 2.13 µM 
Kaempferol 7-O-glucoside -7.60 2.69 µM 
Quercitrin -9.50 108.13 nM 
Quercetin -7.91 1.60 µM 
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Table 8: Tabular representation of various interactions between the ligands and 1D2S protein 
 

Ligand Name H-Bonds with distance Hydrophobic interactions 

Co-crystallized ligand Asn82 (2.73 Å) Asp65, Leu80, Gly58, Trp66, Phe56, Ile141, 
Ser42, Ser41, Leu171, Thr40, Met107, 
Val105, Phe67  

Quercitrin Asn82 (2.80 Å), Asp65 (2.58 Å), 
Trp66 (2.44 Å), Ser128 (2.68 Å), 
Val105 (2.84 Å) 

Gly129, Met139, Met107, Leu171, Ser42, 
Ser41, Thr40, Phe67, Leu80, His81  

(-)-epicatechin Asn82 (2.83 Å), Asp65 (2.84 Å), 
Gly58 (2.67 Å), Val105 (2.51 Å)  

Trp66, Asp59, Met139, Phe67, Ser42, Phe56, 
Ser41, Thr40, Lys106, Met107 

Quercetin Asn82 (2.98 Å), Asp65 (2.66 Å), 
Thr60 (2.82 Å), Ser42 (3.00 Å), 
Val105 (2.81 Å) 

Asp59, Gly58, Ile141, Leu171, Ser41, 
Val112, Phe67, Leu80, Trp66 

 

 
 
Figure 4: Overlay confirmation of Quercitrin with the co-crystallized ligand (DHT), highlighting the conserved 
residues (encircled red) 
 

 
 
Figure 5: Overlay confirmation of (-)-epicatechin with the co-crystallized ligand (DHT), highlighting the conserved 
residues (encircled red) 
 

 
 
Figure 6: Overlay confirmation of Quercetin with the co-crystallized ligand (DHT), highlighting the conserved 
residues (encircled red) 
 



Venkateskumar et al 

Trop J Pharm Res, October 2025; 24(10): 1217 

 

Table 9: Tabular representation of molecular docking analysis of various ligands with 1E3G protein 
 

Ligand name Binding energy 
(Kcal/mol) 

Inhibition constant 

Co-crystallized ligand -11.99 1.63 nM 
(+)-Catechin -7.14 5.85  µM 
(-)-epicatechin -8.83 339.48  µM 
Rhamnetin -9.44 120.27  µM 
Quercetin 3,4'-diglucoside +23.62 NA 
Quercetin 7,4'-diglucoside +31.87 NA 
Quercetin 3,7-diglucoside +23.26 NA 
Hyperoside -4.51 496.35  µM 
Isoquercitin -2.49 14.91 mM 
Kaempferol 3-O-glucoside -6.79 10.52  µM 
Kaempferol 7-O-glucoside -4.01 1.16 mM 
Quercitrin -8.25 894.60 nM 
Quercetin -9.47 113.98 nM 

 
Table 10: Tabular representation of various interactions between the ligands and 1D2S protein 
 

Ligand name H-Bonds with distance Hydrophobic interactions 

Co-crystallized ligand Gln711 (3.19 Å), and Arg752 
(2.57 Å) 

Met745, Val746, Thr877, Met742, Met780, 
Leu704, Leu701, Asn705, Leu707, Met749 

Quercetin Met745 (2.93 Å), Arg752 (2.90 Å), 
Asn705 (2.87 Å), Thr877 (3.03 Å) 

Met749, Val746, Leu873, Phe876, Met895, 
Gly708, Leu704, Gln711 

Rhamnetin Arg752 (2.85 Å), Met745 (2.95 Å), 
Leu704 (2.41 Å), Asn705 (2.83 Å), 
Thr877 (3.03 Å) 

Gln711, Met749, Gly708, Met895, Phe876, 
Leu873, Met780, Val746, & Gln711 

Quercitrin Phe764 (2.75 Å), Gln711 (2.54 Å), 
Thr877 (3.00 Å), Asn705 (2.50 Å) 

Val746, Leu707, Met745, Met742, Met895, 
Trp741, Ile899, Phe891, Leu704, Met787, 
Leu873, Met780, Met749, Phe876, & Arg752 

 

 
 
Figure 7: Overlay confirmation of Quercetin with the co-crystallized ligand (R18), highlighting the conserved 
residues (encircled red) 
 

 
 
Figure 8: Overlay confirmation of Rhamnetin with the co-crystallized ligand (R18), highlighting the conserved 
residues (encircled red) 
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Figure 9: Overlay confirmation of Quercitrin with the co-crystallized ligand (R18), highlighting the conserved 
residues (encircled red) 
 

DISCUSSION 
 
This present study revealed that EEHR exhibited 
higher TPC and TFC contents, antioxidant 
activity and reduced sperm motility and count. 
Plant phenolics and flavonoids are a major group 
of compounds with free radical scavenging 
effects. Phenolics are considered a major food 
component in plants, and more than 8,000 
phenolic compounds are present in plant 
sources. These compounds donate hydrogen 
atoms or chelate metals, which inhibit free radical 
chain mechanism and lipoxygenase [15]. These 
findings are in accordance with published reports 
on the antioxidant activity of flavonoids and 
phenolics [17,18]. 
 
Antioxidant activity was assessed using DPPH 
and hydrogen peroxide scavenging assays and 
the results revealed that EEHR extract exhibited 
scavenging properties at low concentrations 
against DPPH and hydrogen peroxide free 
radicals. This activity is attributed to the presence 
of phenolics and flavonoids in the extract. 
Furthermore, EEHR may act by donating a 
hydrogen atom, chelating metals, inhibiting the 
free radical chain mechanism, inhibiting 
lipoxygenase, and scavenging free radicals. 
These observations are in correlation with 
existing reports on the antioxidant activity of 
Hibiscus rosa-sinensis species [19]. The EEHR 
extract at higher doses (1600 mg/kg) decreased 
spermatogenic parameters, including sperm 
count and motility, and produced significant 
changes in absolute organ weight of the testis 
and epididymal cauda. These findings are in 
tandem with earlier reports on antifertility 
potential of Hibiscus rosa-sinensis flower extracts 
in various solvents [20, 21]. 
 
The histopathologic analysis of tissues treated 
with EEHR at 800 and 1600 mg/kg clearly 
revealed vacuolated degeneration of Sertoli cells, 

dilated lymphatics and edema in the interstitium, 
loss of spermatogonia, spermatids and 
spermatocytes due to apoptosis in treated animal 
compared to control. These observed findings 
are in tandem with the histopathological findings 
reported in previous studies [20, 22]. It has been 
reported that atrophy of seminiferous tubules and 
degeneration of Sertoli cells lead to impaired 
male fertility [23]. This explains the antifertility 
activity of EEHR. Biochemical analysis showed 
that EEHR was not hepatotoxic, which is in 
tandem with earlier reports [24, 25]. Molecular 
docking studies showed that the binding between 
ligands such as quercetin, quercitrin and targeted 
proteins ID2S and IE3G was effective. 
Furthermore, ligand (-)-epicatechin displayed 
high binding with ID2S, whereas rhamnetin 
showed high binding towards IE3G Protein. The 
results were supported by high binding energies 
and high inhibition constants. These 
observations provide insights into possible 
mechanism of action of tested extracts for 
antifertility activity. These results also prove the 
intensity of ligands, fitting into sub-pockets of 
active site of targeted protein. 
 

CONCLUSION 
 
Hibiscus rosa-sinensis leaves extracts furnish an 
array of phytochemical compounds such as 
flavonoids and phenolic compounds, 
demonstrating significant antioxidant and 
antifertility effects with ligands that effectively 
bind to targeted proteins. Further isolation 
studies and molecular mechanistic studies need 
to be carried out to isolate specific compounds 
responsible for the contraceptive activity, 
specifically in males. These efforts would lay a 
platform for future studies that could end the 
search for male contraceptive agent. 
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