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The aim of this study was to identify and characterise a novel flavonoid glycoside, hypocroside (compound 1), isolated from Rivea 

hypocrateriformis and evaluate its antifertility activity. The ethanolic extract of the aerial parts of R. hypocrateriformis was fractionated 

by chromatographic techniques, and the structure of the novel compound was elucidated using 1H NMR, 13C NMR, mass spectrometry, 

TLC and HPLC analyses. The ethyl acetate fraction (FERH) and the isolated compound (compound 1) were selected from the crude 

extract for biological evaluation. Their antifertility activity was assessed in rats using anti-implantation, estrogenic and anti-estrogenic 

assays. FERH and compound 1 exhibited anti-implantation activity at doses of 100 and 200 mg/kg body weight and 12.50 and 25 mg/kg 

body weight, respectively. Both treatments exhibited significant anti-estrogenic activity and increased uterine weight in immature 

ovariectomised rats. The reduction in the number of implantation sites in female rats confirmed the antifertility activity of compound 1 

and identified it as a promising antifertility agent with anti-estrogenic potential. Molecular docking analysis examined the binding of 

compound 1 with the target protein. Compound 1 formed hydrogen bonds with PHE337 (2.63 Å), GLN414 (2.57 and 2.38 Å), ASN407 

(2.39 Å), SER341 (2.34 Å) and ASP411 (2.68 Å). The molecular docking results and the in vitro anti-estrogenic activity support the role 

of compound 1 as an inhibitor of the estrogen receptor. 
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INTRODUCTION 

 Herbal remedies have been used in traditional medicine 

for centuries and remain an important source of bioactive com-

pounds for the prevention and treatment of a wide range of 

human diseases [1,2]. Medicinal plants are rich in structurally 

diverse secondary metabolites with significant pharmacolo-

gical properties, making them valuable resources for the dis-

covery of novel therapeutic agents [3]. Among these, plant 

derived antifertility compounds have received considerable 

attention as potential alternatives to synthetic contraceptives 

because of their therapeutic potential and natural origin [4,5]. 

                                                           
This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This 

license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original 
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Several medicinal plants possess antifertility activity, which 

has been associated with the presence of phytoestrogens and 

other bioactive constituents capable of modulating reproduc-

tive function [4]. Flavonoids, particularly flavonol glycosides, 

constitute an important class of phytochemicals with estrogenic 

and anti-estrogenic activities relevant to antifertility research [4]. 

These properties make flavonol glycosides attractive candi-

dates for the development of plant-based antifertility agents. 

 Rivea hypocrateriformis is a vigorous woody climbing 

shrub in the Convolvulaceae family that grows in subtropical 

forests of India and Pakistan. The indigenous people of 

Karnataka state of India use the plant medicinally to treat a 
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variety of illnesses, including malaria and to reduce pain. The 

plant has been reported to possess anticancer, antidiabetic, 

anti-inflammatory, antidepressant and analgesic activities, and 

has traditionally been used for the treatment of burns, piles 

and pregnancy interruption [6,7]. Phytochemical investigat-

ions have revealed that R. hypocrateriformis contains alkaloids, 

glycosides, tannins, saponins, phenolic compounds, steroids 

and flavonoids [5]. Zamarrud et al. [8] reported the isolation 

of desmethyl bergenin hemihydrate from R. hypocrateriformis. 

The chemical diversity of this species makes it a valuable 

source of bioactive metabolites with therapeutic relevance. 

Preliminary screening of the ethanolic extract of the aerial parts 

of R. hypocrateriformis exhibited anti-implantation activity, 

justifying further phytochemical investigation. This study 

describes the isolation and structural characterisation of a 

novel flavonoid glycoside, hypocroside (compound 1), from 

the aerial parts of R. hypocrateriformis. The antifertility 

activity of the isolated compound was evaluated through anti-

implantation, estrogenic and anti-estrogenic assays and its 

interaction with the estrogen receptor was examined by mole-

cular docking. 

EXPERIMENTAL 

 In this experiment, all chemicals and reagents were of 

analytical grade and used as such. Thin-layer chromato-

graphy (TLC) and column chromatography were performed 

using silica gel 60 F254 plates and silica gel (60-120 mesh) 

(Merck), respectively. Analytical HPLC was performed on an 

Agilent 1200 Series system equipped with a multi-wave-

length UV/VIS detector (254 nm) using a Zorbax RX-C18 

column (150 × 4.6 mm, 5 m; Agilent Technologies). UV-

Vis spectra were recorded on a UV-Vis spectrophotometer, 

FTIR spectra on a Nicolet Impact 400 FTIR spectrophoto-

meter using KBr pellets and 1H & 13C NMR spectra on a 

Bruker 600 MHz spectrometer in CDCl3 with TMS as the 

internal standard. Melting points were determined in open 

capillaries and are uncorrected. 

 The aerial parts of R. hypocrateriformis were collected 

from Belur, Bidar district, India. The plant was authenticated 

by the Department of Botany, Gulbarga University and a 

voucher specimen (HGUG No. 90) was deposited in the 

departmental herbarium for future reference. 

 Extraction: The aerial parts of R. hypocrateriformis (2.5 

kg) were air-dried and crushed prior to 48 h Soxhlet extrac-

tion. The ethanol extract was concentrated under reduced 

pressure in a rotary evaporator to yield 150 g of crude ethanol 

extract, which was suspended in water. Petroleum ether and 

ethyl acetate were used to extract the solution further. After 

extracting the solvent, the ethyl acetate extract (25 g) was parti-

tioned using silica gel column chromatography and eluted 

with a CHCl3-MeOH gradient (95:5% MeOH) to yield six 

fractions. To obtain compound 3, fraction 1 was treated to 

column chromatography (silica gel, CHCl3-MeOH, 10:1) (10 

mg). Fractions 2 to 4 were purified further using RP-18 column 

chromatography and eluted with MeOH-H2O (20% and 40% 

MeOH) to yield compound 2. (18 mg). From fractions 5 and 

6, compound 1 was purified using column chromatography 

with silica gel and the solvent system CHCl3-MeOH (2:1). 

Then, the isolated compound 1 (93 mg) was further purified 

by RP-18 column chromatography. 

 Experimental animals: An albino male adult Wistar 

rats (180-220 g) of either sex were obtained from the Central 

Animal House of the M.R. Medical College, Gulbarga, India. 

Rats were randomly divided into five groups (n = 6) and main-

tained under standard laboratory conditions (20 ± 2 ºC, 50% 

relative humidity and a 12 h light/12 h dark cycle). Animals 

received a commercial pellet diet (Amrut Laboratories, Pranava 

Agro Industries Ltd., Sangli, India) and water ad libitum. All 

experimental procedures were approved by the Institutional 

Animal Ethics Committee (No. HKES COP/IAEC/2012/54) 

and conducted in accordance with CPCSEA guidelines [9].  

 Acute toxicity studies: Wistar albino rats weighing 180-

220 g of either sex were used. The study was conducted in 

accordance with OECD guidelines [9] and no adverse effects 

or mortality were observed in mice and rats given up to 4000 

mg/kg over a 24 h period. The animals were monitored daily 

for mortality and moribund status. 

 Anti-implantation (antifertility) activity: The anti-

implantation study was conducted in accordance with the 

recommendations by Ferreira et al. [10]. The vaginal smear 

of each female rat was examined daily and only rats in their 

normal estrous cycle were selected. At the beginning of the 

estrous cycle, female rats in the proestrous phase were 

confined overnight with male rats of proven fertility in a 2:1 

ratio and the next morning, vaginal smears from each rat were 

examined for indications of copulation. The next day was 

designated as the beginning of pregnancy. The pregnant female 

rats were randomly divided into six groups, each consisting 

of six animals. Group I received 1% Tween 80 and served as 

the vehicle control. Group II received tamoxifen (10 mg/kg 

body weight) as the positive control. Groups III and IV recei-

ved the ethyl acetate fraction (FERH) of R. hypocrateriformis 

at doses of 100 and 200 mg/kg body weight, respectively. 

Groups V and VI received the isolated flavonol glycoside, 

compound 1, at doses of 12.5 and 25 mg/kg body weight, 

respectively. Beginning on day 1, the phytocompounds were 

delivered orally via catheter tube for 7 consecutive days. All of 

the animals were laparotomised on the 10th day of pregnancy 

under light ether anaesthesia. The number of implants imp-

lanted in both uterine horns was counted. The anti-implan-

tation percentage was calculated by using formula:  

  c t

c

Anti-implantation (
I I

100
I

%)
−

=   

where Ic = number of implantation sites in control; and It = 

number of implantation sites in test. 

 Anti-estrogenic activity: Under light ether anesthesia 

and aseptic conditions, immature female albino rats (21-23 

days old; weighing 35-45 g) were bilaterally ovariectomised 

using the dorsolateral approach as previously described [11]. 

After recovery, the animals were randomly divided into six 

groups, with six rats in each group. Group I received 1% 

Tween 80 and served as the vehicle control. Group II received 

tamoxifen (10 mg/kg body weight) as the positive control. 

Groups III and IV received the ethyl acetate fraction (FERH) 

of R. hypocrateriformis at doses of 100 and 200 mg/kg body 

weight, respectively. Groups V and VI received the isolated 
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flavonol glycoside, compound 1, at doses of 12.5 and 25 mg/kg 

body weight, respectively. 

 All treatments were administered orally once daily for 7 

consecutive days. On the 8th day, the animals were anesthetised 

with light ether and sacrificed. The final body weight, vaginal 

opening and vaginal cornification were recorded before sacri-

fice. The uterus was carefully excised, blotted free of surro-

unding tissues and weighed immediately using an analytical 

balance. Blood samples were collected and serum was 

separated for biochemical analysis, including the estimation 

of estrogen and cholesterol levels. 

 Molecular docking simulation: The X-ray crystal stru-

cture of the human estrogen receptor ligand-binding domain 

complexed with 17-estradiol (PDB ID: 1ERE) was retrieved 

from the RCSB Protein Data Bank. The structure of hypo-

croside (compound 1) was drawn in two dimensions and energy-

minimised in three dimensions using ACD/ChemSketch. 

Protein and ligand structures were prepared for molecular 

docking using AutoDock Tools 1.5.6 following the reported 

protocol [12]. The binding site was selected according to an 

earlier study [13]. A grid box of 40 × 40 × 40 Å was generated 

with grid center coordinates of x = 9.529568, y = 45.998682 

and z = 131.374773. 

 Molecular docking was performed using AutoDock Vina 

1.1.2. Flexible ligand docking was carried out by treating the 

receptor as rigid while allowing the ligand ten rotatable bonds. 

Docking poses were ranked according to binding affinity, and 

the top-ranked pose with the lowest RMSD was selected for 

interaction analysis. Protein–ligand interactions were visua-

lised using BIOVIA Discovery Studio Visualizer 2021. Binding 

affinity, hydrogen bonds, hydrophobic interactions and other 

non-bonded contacts were used to evaluate the binding inter-

actions between compound 1 and the estrogen receptor [14]. 

 Molecular dynamics simulation: Molecular dynamics 

(MD) simulations were performed using GROMACS 2018.1. 

The docked human estrogen receptor-compound 1 complex 

with the highest binding affinity was selected for simulation 

following the protocol described by Patil et al. [15]. The protein-

ligand complex, comprising 3,860 residues with 3,795 protein 

backbone atoms, was simulated for 100 ns under NPT condi-

tions at 310 K and 1 bar pressure. Trajectory analyses, inclu-

ding root-mean-square deviation (RMSD), root-mean square 

fluctuation (RMSF), radius of gyration (Rg), ligand-protein 

hydrogen bonds and solvent-accessible surface area (SASA), 

were performed using QtGrace [15]. 

 Statistical analysis: The data were presented as mean ± 

SEM and statistical significance was determined using one-

way ANOVA followed by Student’s t-test. p < 0.05 and p < 

0.001 were considered significant values. 

RESULTS AND DISCUSSION 

 Hypocroside (compound 1) is obtained as pale-yellow 

gummy (93 mg) from the aerial parts of R. hypocrateriformis 

as shown in Fig. 1. The FTIR spectrum of compound 1 exhi-

bited a broad absorption band at 3446 cm-1, which is the 

characteristic of hydroxyl (–OH) groups. Absorption bands 

at 2964, 2920, 2854 and 2445 cm–1 were assigned to the 

symmetric and asymmetric C–H stretching vibrations of  

 
Fig. 1. Structures of hypocroside isolated from ethanolic extract of R. 

hypocrateriformis 

 
methyl and methylene groups. The bands at 1744 and 1735 

cm–1 were assigned to the carbonyl stretching vibrations of 

the lactone and ,-unsaturated carbonyl groups, respect-

ively, while the absorption band at 1264 cm–1 was attributed 

to C–O–C stretching. 

 The ¹H NMR spectrum of compound 1 was also consis-

tent with the proposed structure and showed signals at  0.86 

(s, 6H, 2 × CH3),  1.50 (m, 17H, 17 × CH),  1.30-3.60 (m, 

30H, 15 × CH2),  4.25 (t, 5H, 5 × OH),  5.70 (t, 3H, 3 × CH) 

and  7.20 (m, 1H, Ar–H). The 13C NMR spectrum accounted 

for all 42 carbon atoms of the molecule. Signals at  13.81 

were assigned to two methyl carbons, whereas resonances at 

 22.18 and 38.91 corresponded to methylene carbons of the 

CH2-CH2-OH moiety. Aromatic carbon resonances appeared 

between  143.13 and 168.53, while signals at  29.93 and 

59.83 were assigned to the CH2-CH2-OH side chain. The 

carbonyl carbons resonated at  206.93, and signals at  

31.32, 48.18, 29.93 and 59.83 were attributed to the alicyclic 

ring carbons. 

 The mass spectrum showed a molecular ion peak at m/z 

823 ([M+H]+), consistent with the molecular weight of 

compound 1. The fragmentation pattern (Fig. 2) generated 

prominent ions at m/z 796 (11%), 317 (90%) and 348 (100%). 

The ion at m/z 317 resulted from the loss of a C11H20O4 

fragment, whereas the base peak at m/z 348 underwent further 

fragmentation through the loss of CO2 and a CHO radical to 

yield a fragment ion at m/z 276 (98%). This fragmentation 

pattern supports the proposed structure of the compound 1.  

 HPLC analysis of compound 1 was performed at 254 

nm. The chromatogram contained peaks at retention times of 

3.356, 4.014, 8.717 and 9.251 min, with the peak at 3.356 min 

representing the major constituent of the extract. Flavonoid 

peaks were identified by comparing their retention times (3.108, 

3.303, 3.521 and 4.063 min) with that of the quercetin stan-

dard. Peak identities were confirmed by co-injection of the 

corresponding standard, which resulted in an increase in peak 

intensity without any change in retention time. Quercetin 

eluted at a retention time of 3.108 min and was well resolved 

from the remaining peaks. The chromatographic profile con-

firmed the isolation and purity of compound 1. The same 

procedure was followed for all reference standards. Thus, 

based on the combined chromatographic and spectroscopic 

analyses, compound 1 was identified as 3,8,9,10-tetrahydroxy- 

4-((4-(2-hydroxyethyl)-6-(((2R,5R)-2-(2-hydroxy-ethyl)-5-(((2S, 

4R,5S)-5-(2-hydroxyethyl)-4-methyltetrahydro-2H-pyran-2- 
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Fig. 2. Mass fragmentation of compound 1 (hypocroside) 
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yl)oxy)-4-methylcyclohexyl)oxy)-3-oxooctahydro-2H-chro-

men-2-yl)oxy)-2-(hydroxymethyl)-2,3,4,4a-tetrahydro-1H-

benzo[c]chromen-6(10bH)-one. 

 Acute toxicity and anti-implantation activity: Acute 

oral toxicity studies demonstrated that the ethyl acetate fract-

ion (FERH) and compound 1 were well tolerated in Wistar 

albino rats at doses up to 4000 mg/kg body weight, with no 

mortality or observable signs of toxicity during the experi-

mental period. These findings support a favourable safety 

profile under the tested conditions. The anti-implantation 

activity of the positive control (tamoxifen), FERH and com-

pound 1 is shown in Table-1. Tamoxifen, used as the positive 

control, exhibited the highest anti-implantation activity 

(77.55%), validating the experimental model. FERH exhi-

bited dose-dependent anti-implantation activity, with inhibi-

tion increasing from 35.53% at 100 mg/kg to 63.36% at 200 

mg/kg. Compound 1 exhibited even higher anti-implantation 

activity, increasing from 68.25% at 12.5 mg/kg to 75.55% at 

25 mg/kg. The higher inhibitory activity of compound 1 is 

relative to the ethyl acetate fraction, which identifies this 

compound as a major contributor to the antifertility activity 

of R. hypocrateriformis. 

 Compound 1 exhibited anti-implantation activity compar-

able to that of tamoxifen while maintaining a favourable 

safety profile, making it a promising natural antifertility can-

didate. Both FERH and Compound 1 exhibited a clear dose-

dependent increase in anti-implantation activity, emphasising 

the biological relevance of the isolated compound. The obser-

ved antifertility effect is likely associated with modulation of 

the hormonal milieu essential for implantation. Disruption of 

the estrogen-progesterone balance during early pregnancy can 

reduce uterine receptivity and interfere with embryo implan-

tation, leading to a lower implantation rate. Comparable mech-

anisms have been reported for several plant-derived flavo-

noids with antifertility properties [16].  

 Anti-estrogenic activity: The anti-estrogenic activity of 

the positive control (tamoxifen), FERH and compound 1 is 

shown in Table-2, while the corresponding serum estrogen and 

cholesterol levels are presented in Fig. 3. Tamoxifen exhi-

bited the highest uterine weight among all treatment groups, 

confirming the responsiveness of the experimental model. 

This response agrees with its well-established role as a selec-

tive estrogen receptor modulator (SERM), which exerts partial 

estrogenic effects in uterine tissue while antagonising estro-

gen receptor signalling in other target organs [17]. 

 Administration of FERH and compound 1 significantly 

altered uterine weight relative to the vehicle control. FERH 

caused a moderate increase in uterine weight, whereas hypo-

croside at 12.5 mg/kg elicited the highest uterotrophic response 

among the test compounds. Uterine weight at 25 mg/kg was 

lower than that observed at 12.5 mg/kg despite the higher dose, 

which may reflect a non-linear response involving differen-

tial regulation of estrogen receptor signalling. Treatment with 

FERH and compound 1 was accompanied by changes in serum 

estrogen and cholesterol concentrations (Fig. 3). FERH at 

100 mg/kg and compound 1 at 25 mg/kg were associated with 

higher serum estrogen levels than the control group, whereas 

FERH at 200 mg/kg and compound 1 at 12.5 mg/kg exhibited 

comparatively lower estrogen concentrations. Cholesterol con-

centrations differed across the treatment groups in a dose-

related manner. Given its central role as the precursor for 

steroid hormone biosynthesis, alterations in cholesterol meta-

bolism can influence estrogen and progesterone production 

and consequently, reproductive hormone homeostasis [18,19]. 

 

TABLE-1 

ANTI-IMPLANTATION ACTIVITY OF POSITIVE CONTROL (TAMOXIFEN),  

ETHYL ACETATE FRACTION (FERH) AND HYPOCROSIDE (COMPOUND 1) 

Test compounds 
Dose (mg/kg body 

weight) 

Body weight gain (g) 

(Mean ± SEM) 

% Inhibition of implantation 

sites (Mean ± SEM) 
Anti-implantation (%) 

Control (1% Tween 80) – 46.155 ± 0.72 8.68 ± 0.26 – 

Tamoxifen (positive control) 10 50.32 ± 0.25 1.95 ± 0.32** 77.55 

FERH 100 32.94 ± 1.47 5.60 ± 0.59* 35.53 

FERH 200 42.92 ± 1.29 3.18 ± 0.47** 63.36 

Hypocroside (compound 1) 12.50 41.38 ± 0.47 2.76 ± 0.46** 68.25 

Hypocroside (compound 1) 25.00 37.94 ± 0.57 2.12 ± 0.47** 75.55 

Values are expressed as mean ± SEM (n = 6). Statistical significance was analysed using one-way ANOVA followed by Student’s t-test. p < 0.05 

and p < 0.001 compared with the vehicle control group. 

 
TABLE-2 

ANTI-ESTROGENIC ACTIVITY OF POSITIVE CONTROL (TAMOXIFEN),  

ETHYL ACETATE FRACTION (FERH) AND HYPOCROSIDE (COMPOUND 1) 

Test compounds 
Dose  

(mg/kg) 

Initial body  

weight (g) 

Final body  

weight (g) 

Body weight  

gain (g) 

Uterine weight  

(mg) 

Control (1% Tween 80) – 35.40 ± 1.76 40.90 ± 1.73 5.50 ± 3.08 34.00 ± 0.91 

Tamoxifen (positive control) 10 44.52 ± 0.92 59.64 ± 0.82 15.12 ± 0.50 69.49 ± 1.23** 

FERH 100 25.19 ± 1.55 73.13 ± 0.87 47.90 ± 1.77 38.72 ± 1.44** 

FERH 200 36.37 ± 1.61 39.30 ± 1.74 2.93 ± 1.98 42.80 ± 1.99* 

Hypocroside (compound 1) 12.50 41.90 ± 1.78 50.64 ± 1.81 8.71 ± 2.33 64.39 ± 1.33 

Hypocroside (compound 1) 25.00 37.20 ± 0.78 53.59 ± 0.56 16.48 ± 0.90 39.40 ± 1.74* 

Values are expressed as mean ± SEM (n = 6). Statistical significance was analysed using one-way ANOVA followed by Student’s t-test. p < 0.05 

and p < 0.001 compared with the vehicle control group. 
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 Molecular docking simulation: Compound 1 formed 

hydrogen bonds with the residues PHE 337 (2.63 Å), GLN 414 

(2.57 Å), GLN 414 (2.38 Å), ASN 407 (2.39 Å), SER 341 

(2.34 Å) and ASP 411 (2.68 Å). It also formed an electrostatic 

pi-anion bond with ASP 411 (4.60 Å) and a hydrophobic alkyl 

bond with LEU 345 (4.19 Å). With these interactions, comp-

ound 1 showed a binding affinity of -8.2 kcal/mol and a 

similar binding pattern was obtained from previous study [20]. 

With the in vitro results depicting its anti-estrogenic activity, 

it can be concluded that compound 1 could act as a potential 

estrogen-receptor inhibitor. The visualisation of binding 

interactions of HYPO with the target protein has been given 

in Fig. 4. The molecular docking analysis demonstrated a 

favourable interaction between compound 1 and the human 

estrogen receptor, supporting the potential molecular basis of 

its observed antifertility activity. However, the docking results 

should be interpreted as supportive computational evidence 

rather than a direct measure of biological potency. Although 

comparative docking with established estrogen receptor liga-

nds such as estradiol and tamoxifen was not performed in the 

present study, the observed binding affinity and key protein-

ligand interactions suggest that compound 1 can effectively 

interact with the receptor binding pocket.  

 Molecular dynamics simulation: Molecular dynamics 

(MD) simulations were performed to evaluate the stability of 

the protein-compound 1 complex over a 100 ns simulation 

period. Structural stability was assessed using root-mean-square 

deviation (RMSD), root-mean-square fluctuation (RMSF), 

radius of gyration (Rg), solvent-accessible surface area (SASA), 

ligand RMSD and protein-ligand hydrogen bond analyses. 

RMSD was used to monitor conformational stability through-

out the simulation, whereas RMSF provided information on 

residue-wise flexibility. The radius of gyration (Rg) was used 

to assess the compactness of the protein structure, and SASA 

was analysed to examine changes in solvent exposure.  

 The RMSD profiles of the protein backbone and the 

protein-compound 1 complex reached equilibrium within the 

range of 0.25-0.30 nm, with only minor fluctuations during 

the remainder of the simulation (Fig. 5). RMSF analysis 

identified relatively higher fluctuations in the N-terminal, 

C-terminal and loop regions, whereas the remaining residues 

exhibited limited mobility. The Rg values remained stable at 

approximately 2.35 nm and the protein retained its structural 

compactness throughout the simulation. SASA values exhibi-

ted only minor fluctuations, with the protein backbone ranging 

from 200 to 210 nm2 and the protein–compound 1 complex  

 

Fig. 3. Effect of the positive control (tamoxifen), ethyl acetate fraction (FERH), and hypocroside (compound 1) on serum estrogen (a) and 

cholesterol (b) levels in ovariectomized immature female rats 

 

 

Fig. 4. Visualization of binding interactions of hypocroside (compound 1) with the human estrogen receptor; (a) 3D representation and (b) 

2D representation 
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remaining close to 200 nm2, indicating little variation in solv-

ent exposure. Compound 1 maintained four hydrogen bonds 

with the receptor throughout the simulation, preserving stable 

interactions within the binding pocket. The molecular dyna-

mics data closely matched the molecular docking results and 

aligned with previous reports [21]. The MD trajectories (Fig. 

5) revealed that the protein-hypocroside complex remained 

stable over the 100 ns simulation period. 

Conclusion 

 In this work, hypocroside (compound 1), a novel flavo-

noid glycoside with antifertility activity, was isolated from 

Rivea hypocrateriformis. The compound was purified by 

column chromatography and its structure was elucidated using 
1H NMR, 13C NMR, mass spectrometry, TLC and HPLC 

analyses. The ethyl acetate fraction (FERH) and the isolated 

 

Fig. 5. Visualization of molecular dynamics trajectories of the human estrogen receptor–hypocroside (compound 1) complex during a 100 

ns simulation. (a) Protein–ligand complex RMSD, (b) Radius of gyration (Rg), (c) Root mean square fluctuation (RMSF), (d) Solvent-

accessible surface area (SASA) and (e) Protein–ligand hydrogen bonds. (Red: protein backbone atoms; black: human estrogen 

receptor–hypocroside complex) 
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compound were subsequently evaluated for their anti-implan-

tation, estrogenic and anti-estrogenic activities in vivo at doses 

of 100 and 200 mg/kg for FERH and 12.5 and 25 mg/kg for 

hypocroside. Both treatments exhibited anti-implantation 

activity, with hypocroside exhibiting higher inhibition of 

implantation than the ethyl acetate fraction. The reduced 

number of implantation sites in treated female rats establishes 

hypocroside as a promising candidate for antifertility therapy. 

Based on the results, it is suggested that hypocroside exerts 

its antifertility effect through modulation of estrogen-depen-

dent reproductive pathways. Molecular docking studies also 

demonstrated favourable binding interactions between hypo-

croside and the human estrogen receptor, while molecular 

dynamics simulations confirmed the stability of the protein-

ligand complex. These computational findings complement 

the biological activity observed in vivo. 
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