
 *Corresponding author. 

Email: wanezumi@usm.my  

eISSN: 2550-2166 / © 2024 The Authors.  

Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

Food Research 8 (5) : 289 - 302 (October 2024) 
Journal homepage: https://www.myfoodresearch.com 

Fertility and teratogenic study of the aqueous extract of Hibiscus sabdariffa L. in 

female Sprague Dawley rats 

Iffah Izzati, C.A., Mohamad Luqman, H.G., Wan Amir Nizam, W.A. and  
*Wan Ezumi, M.F. 

School of Health Sciences, Universiti Sains Malaysia, Health Campus, 16150 Kubang Kerian, Kelantan, 

Malaysia 

Article history: 

Received: 12 December 2023 

Received in revised form: 27 

March 2024 

Accepted: 30 April 2024 

Available Online: 10 October 

2024 

 
Keywords: 

Hibiscus sabdariffa,  

Female fertility,  

Teratogenicity,  

Oestrous cycle,  

Congenital malformation 

 

DOI: 
https://doi.org/10.26656/fr.2017.8(5).415 

Abstract 

Hibiscus sabdariffa (roselle) has long been gaining attention in phytotherapy research due 

to its medicinal properties. Despite its benefits, there is very scarce information available 

on the reproductive toxicity of this plant. The aqueous extract of H. sabdariffa (AEHS) 

was tested in the present study to investigate its potential effects on fertility and 

teratogenicity in 40 female Sprague Dawley rats. AESH treatment was administered orally 

by gavage at four different dosages: 250, 500 and 1000 mg/kg/day or distilled water 

(control). Treatment began from pre-mating and continued through mating up to the 19th 

day of pregnancy periods. Throughout this study, the reproductive parameters were 

evaluated until the day of sacrifice (day 20th of pregnancy). Results obtained revealed no 

significant differences in general physical health, behaviours and maternal body weights 

throughout the treatment period. Furthermore, the mean length of the oestrous cycle was 

not statistically affected, even though a few rats displayed irregular cycles. In addition, 

there was no statistical significance in the mating and pregnancy indices, number of 

corpora lutea and implantation sites, percentages of pre-implantation loss and post-

implantation death and reproductive organ weights. Foetal parameters such as the number 

of live foetuses, sex ratio and body weight were also not statistically affected by AESH. 

Ultimately, there were no signs of teratogenicity observed since none of the foetuses 

exhibited congenital malformations. In conclusion, these findings imply that the oral 

administration of AEHS up to 1000 mg/kg/day did not pose any significant toxicity on the 

fertility and teratogenicity but slightly affected the oestrous cycle in rats.  

1. Introduction 

Herbal medicines, either in the form of dried, 

powdered, capsulated, mixed food, liquids, beverages, or 

raw materials have been widely utilised since ancient 

times to enhance general health and treat a variety of 

diseases (World Health Organisation (WHO), 2023a). 

Herbal medicines are generally considered safe (Moreira 

et al., 2014). However, the products may cause adverse 

side effects due to toxic constituents (George, 2011) or 

possible diverse phytochemicals interactions (Lee and 

Bae, 2017). Moreover, most herbal medicines remain 

untested and their uses are either poorly monitored or not 

even monitored at all (Ekor, 2013). 

Hibiscus sabdariffa Linn, popularly known as 

roselle, is an annual Malvaceae family shrub that 

originated from West Africa and was introduced in 

Malaysia in the 1990s. The plant exhibits a rapid growth 

rate within a short duration and can be found scattered 

around the tropical and subtropical climatic regions 

(Mohamad et al., 2011). Hibiscus sabdariffa plays a 

considerable economic role nowadays as it is extensively 

commercialised in the market as food products, soft 

drinks, sauces, wines, natural dyes, preserves and dietary 

supplements due to its encouraging therapeutic values 

(Wu et al., 2018; Salami and Afolayan, 2020). This plant 

is typically valued for its calyx, flower, leaves, and seeds 

(Xie et al., 2019) as traditional remedies for treating 

common cold, toothache, headache, indigestion, kidney 

and urine bladder stones, and many more (Maganha et 

al., 2010). It is rich in phytochemicals that are 

therapeutically beneficial to humans including alkaloids, 

anthocyanins, carbohydrates, cardiac glycosides, 

flavonoids, gums, minerals, phenols, polyuronides, 

energy, carbohydrate, protein, fat, reducing sugar, 

saponins, tannins, vitamins, essential and volatile oils 

(Islam, 2019; Salami and Afolayan, 2021). Anthocyanin 

is the most favoured marker compound in H. sabdariffa 
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due to its antioxidant, anticancer and anti-inflammatory 

properties (Li et al., 2022) that possess various 

pharmacological benefits, including the ability to lower 

blood pressure, inhibit tumour formation, prevent 

diabetes, improve heart disease (Kaur et al., 2015).  

Since the last decades, numerous studies have been 

conducted investigating the overall pharmacological 

activities of H. sabdariffa. It is reported to exert 

antihypertensive (McKay et al., 2010), 

antihyperlipidemic (Ali and El-Anany, 2017), 

cardioprotective (Lislivia Yiang et al., 2017), 

antioxidants (Wu et al., 2018), anticancer (Izquierdo-

Vega et al., 2020), anti-obesity, and hepatoprotective (Al

-Snafi, 2018) effects. In addition, this plant has been 

extensively explored for its antiviral, antidiabetic, 

cardiovascular, lipid profile, smooth muscle, wound 

healing, gastrointestinal, urinary, reproductive, and 

central nervous system properties (Singh et al., 2017).  

Despite the promising prospect of H. sabdariffa as a 

herbal medicine, there is still a lack of studies on the 

possible effects of this plant extract on female fertility 

and teratogenicity. Most of the reports in the literature 

describe the mild effects of this plant solely on male 

animals with fewer studies delineating its therapeutic 

effects specifically on the female reproductive system. 

Even though unrelated to female fertility, recent studies 

have documented that H. sabdariffa extract acted as a 

phytoestrogen in ovariectomised rats, modulated 

oestrogen receptor expression (Lorenzana-Martínez et 

al., 2023), and improved spatial memory performance 

and hippocampal BDNF expression (Lorenzana-

Martínez et al., 2022). Back to our present study, 

scientific information related to the risks of any 

substance, mainly herbal products, on the aspects of the 

female reproductive system particularly on the fertility 

and capability of producing healthy offspring without 

teratogenic effects, is vital to be investigated since the 

female reproductive system is more vulnerable towards 

the deleterious consequences of any xenobiotics (Torres-

Rojas and Jones, 2018). Teratogenicity is the ability of 

xenobiotics to induce foetal deformities when a pregnant 

mother is exposed to it during the critical organogenesis 

period of intrauterine life (Eléfant et al., 2020). 

Teratogenic agents or teratogens can be categorised into 

four types; physical agents, chemicals and drugs, 

infection and metabolic conditions. The adverse effects 

of teratogens include abortions, low birth weight, 

congenital disabilities, lactation disorders, premature 

birth, stillbirth et cetera (Kour, 2016; Sorelle et al., 

2019). According to recent data by the WHO (2023b), it 

is estimated that 240,000 cases of newborn fatalities are 

reported worldwide within 28 days of birth every year 

due to congenital disabilities and cause a further 170,000 

deaths of children between the ages of 1 month and 5 

years. Even though the present study has to be conducted 

in animal surrogates due to unethical conduct directly 

towards human subjects, the obtained scientific data are 

of utmost importance to serve as models in providing 

initial insights and elucidating potential implications for 

human beings (Noroozzadeh et al., 2017). 

Hence, this study was conducted to evaluate the 

potential effects of the aqueous extract of H. sabdariffa 

calyces (AEHS) on fertility and teratogenicity in female 

Sprague Dawley rats by adapting the Organization for 

Economic Cooperation and Development (OECD) 

guidelines No. 422: Combined Repeated Dose Toxicity 

Study with the Reproduction/Developmental Toxicity 

Screening Test (OECD, 2015). The calyces of this plant 

are the most commonly consumed part because of their 

high contents of phenolic compounds specifically 

anthocyanins, namely delphinidin-3-O-sambubioside and 

cyanidin-3-0-sambubioside (Hassan et al., 2015). The 

aqueous extract and oral route of administration were 

chosen for this study to reflect the traditional usage of 

this extract by mimicking human practices as closely as 

possible. The evidence from this study could provide 

scientific information on the safety profiles of this herb, 

particularly on female reproductive health and would 

increase awareness of the use of herbal products during 

pregnancy. From a broader perspective, this study is 

expected to help protect human exposure, improve the 

reliability of products and regain customer confidence. 

 

2. Materials and methods 

2.1 Plant materials 

The calyces of H. sabdariffa were supplied by 

HERBagus Sdn. Bhd, Pulau Pinang. The sample was 

then authenticated by a botanist from the Forest Research 

Institute Malaysia (FRIM). A voucher specimen No. PID 

050515-05 was deposited at the Herbal Medicine 

Research Centre (HMRC), Institute for Medical 

Research, Malaysia. 

2.2 Plant extraction 

The AEHS was prepared using a sonication method 

in the HMRC, Institute for Medical Research, Malaysia. 

Initially, fresh H. sabdariffa calyces (1 kg) with seeds 

removed were washed with water and air dried. The 

dried samples were ground to a fine powder using a 

universal cutting mill. The extraction procedure was 

divided into three cycles to maximise yield. In a 

sonicator, each cycle was run for 30 mins at 25°C. The 

H. sabdariffa powder was mixed with distilled water and 

subsequently heated until it reached 80°C because hot 

water appeared to be a highly effective solvent, resulting 

in a yield of over 78%. In the three extraction cycles, the 
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ratios of H. sabdariffa powder to distilled water volume 

were 1:10, 1:7, and 1:4 respectively. After each cycle, 

the extraction underwent filtration using a tea filter sock, 

and the combined filtrates from all three cycles were 

placed in the freezer overnight at -20°C. The frozen 

filtrate was then subjected to a two-day freeze-drying 

process. The resulting yield was collected and stored in a 

bottle at 4°C until required. The authenticity of AEHS 

was confirmed by the presence of two crucial 

anthocyanin derivatives; Delphinidn-3-O-sambubioside 

and Cyanidin-3-O-sambubioside by HPLC profiling 

(Maizatul Hashima et al., 2018). 

2.3 Dosage calculation and preparation 

The doses used in this current study were selected 

based on the pharmacological dose (300 mg/kg) of 

AEHS reported in previous research conducted on rat 

models (Maizatul Hashima et al., 2018; Rason et al., 

2018). Three dose levels were decided by manipulating 

the pharmacological dose to find the optimal dose range 

involving a low, medium and high dose for in vivo 

experiment. Furthermore, the OECD guideline No. 422 

(OECD, 2015) also recommends that the doses of the test 

substance for toxicity study should be at least three 

different dose levels. Therefore, dose levels of 250, 500 

and 1000 mg/kg/day were chosen, while distilled water 

was used as vehicle control for the present treatment 

plan.  

Prior to oral dosing, the AEHS powder was weighed 

and reconstituted with distilled water to a volume of 0.7 

ml to produce the three aforementioned doses. The doses 

were kept in labelled aliquot tubes and maintained at -

20°C in the refrigerator until use.  

2.4 Animal husbandry and maintenance 

The approval for this study was obtained from the 

USM Institutional Animal Care and Use Committee 

(IACUC) with the reference number: USM/Animal 

Ethics Approval/2020/(124)(1083). Forty virgin, female 

Sprague Dawley (SD) rats at the age of 10-11 weeks old, 

weighing between 190-220 g were used in this study. 

They were randomly divided into treatment groups 

containing 10 rats in each group (n=10/group). 

Additionally, 40 male rats of the same age, weighing 

between 230-290 g were utilised for mating purposes. 

The selection of female rats at this range of age and 

weight for this study was based on the OECD test 

guidelines No. 422 (OECD, 2015) and the suitable 

physiological and reproductive characteristics of fertile, 

young adults of this rat strain, as they reach young 

adulthood at approximately six weeks of age. Our rats of 

2-3 months old are equivalent to 18.18-27.27 human 

years, based on the puberty formula of one human year 

equals 3.3 rat days (Sengupta, 2013). This age range 

could result in the most favourable reproductive 

outcomes across major experimental stages of pre-

treatment and treatment (premating, mating and 

pregnancy) periods in this study. Furthermore, the use of 

SD rats has long been approved for reproductive and 

developmental toxicity testing by international 

regulatory organisations.  

All rats were supplied by the Animal Research and 

Service Center (ARASC), Universiti Sains Malaysia 

Health Campus, Kubang Kerian, Kelantan, Malaysia. 

They were group-housed in polypropylene cages at 

23±1°C with 12 hrs of light and dark rotation in the 

controlled animal room. Standard rat pellets and tap 

water ad libitum were supplied for the animals. The chip-

wood bedding was changed regularly to ensure proper 

hygiene and prevent the accumulation of ammonia and 

carbon dioxide which are detrimental to the rats' health. 

The animals were permitted to be acclimatised for 7 days 

before the commencement of the study. 

2.5 General health and oestrous cycle  

Prior to dosing, all animals were examined for any 

physical and behavioural abnormalities whereas body 

weights were measured daily. Any signs of toxicity, 

including physical changes in fur, skin, eyes, mucous 

membrane, respiratory signs, posture, examination of 

irregular motor activity, behaviour and abnormal 

occurrences in excretory production were recorded. The 

time of onset for any changes, duration, and degree of 

the changes were recorded.  

Apart from physical and behavioural changes, the 

rats were also observed for their oestrous cyclicity for 10 

days before starting the treatment (pre-treatment) period 

by performing daily vaginal smears to confirm the 

regularity of the oestrous cycle prior to introduction with 

AEHS. The tip of the blunt-ended glass dropper was 

gently inserted into the vaginal opening and 0.9% normal 

saline was flushed in and out of the vagina. The vaginal 

fluid obtained from the rats was placed on labelled glass 

slides and subsequently observed under a light 

microscope with 10x magnification. Three types of cells 

were identified; leukocytes, epithelial, and cornified 

cells. The proportions among these cells were analysed 

for the determination of the oestrous cycle stages. The 

length of the oestrous cycle was also calculated by 

counting the number of days from the first oestrous in a 

cycle to the next oestrous phase in a subsequent regular 

cycle (Wan Ezumi et al., 2017). Those possessed with 

abnormal patterns or irregular length of the oestrous 

cycle or health deficits were excluded from the study. 
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 2.6 Aqueous extract of Hibiscus sabdariffa treatment  

Dosing with AEHS to female rats was subsequently 

commenced by oral gavage on the first day of dioestrus 

of the pre-mating period for an approximately 10-day 

duration and continued into the mating period (maximum 

14 days) and lasted up to day 19 (D19) of pregnancy or 

post-coitus (pc). During the treatment periods, dosing 

was conducted every day between 0900 and 1000 hours 

with selected doses; 250, 500, 1000 mg/kg/day or 

distilled water (control group). The treatment volume of 

0.7 mL each was delivered using a bulb-tipped gavage 

needle attached to a syringe at its end. Within a few mins 

of dosing, the rats were monitored to ensure that they 

were not injured or regurgitated the extract. 

2.7 Mating and pregnancy 

Female rats with regular oestrous cycles were placed 

together with males in the evening of the proestrus phase 

on a 1:1 basis to induce pregnancy. Vaginal plug from 

each female was examined for the presence of sperm on 

the following morning. A sperm-positive vaginal smear 

indicated that the female had mated and this was 

considered as D0 pc. Upon successful mating, the female 

was separated from the male and returned to her original 

cage. If there were females that failed to mate during the 

first time cohabitation, they would be re-mated with the 

male in the next proestrus of the oestrous cycle. 

2.8 Animal dissection and maternal gross examination 

At the end of the experimental period, all rats were 

fasted overnight. On the day of the scheduled sacrifice 

which was on D20 pc, the rats were euthanised with 60 

mg/kg of sodium pentobarbital (Nembutal®) via 

intraperitoneal (IP) injection. IP injection was conducted 

in rats by firming manual restraint with the head and 

body tipped downward to move the viscera away from 

the surface of the ventral abdomen. A 26G needle 

attached to a 1 ml syringe was inserted into the lower 

right quadrant of the rat midline to prevent inadvertent 

injection to any internal organs such as the urinary 

bladder, cecum, and liver. The toes of the rat were then 

pinched (pedal reflexes) to confirm deep anaesthesia was 

achieved. Once the rats were unconscious and did not 

respond to any stimuli, they were laparotomised and 

macroscopic assessments of external and internal organs 

were performed. 

The rats were placed on their dorsal on a dissection 

pad, and physical examinations of both external and 

visceral organs were conducted. After performing a gross 

examination, the dissection began by incising along the 

midline of the anterior abdomen of the rat up to the 

sternum. The abdominal cavity was opened wide to 

perform gross internal examinations of visceral organs 

such as the cervix, ovaries, uterus, kidney, adrenal 

glands, liver, spleen, and gastrointestinal tract. Only the 

ovaries, cervix and gravid uterus were removed from the 

body, trimmed of fats and dried in absorbent paper 

before weighing. For the uterus and ovaries, it is 

important to identify the left and right sides of these 

organs to establish a correlation between the number of 

implantations (in the uterus) and corpora lutea (in 

ovaries) of each side to represent the number of pre-

implantation loss. The gravid uterus was cut open with 

micro-scissors, and the number and position of 

implantations, early or late resorptions and dead or live 

foetuses were counted. Uteri of apparently non-pregnant 

females were slit opened and immersed in 0.5% 

ammonium sulphide solution for approximately 5 to 10 

mins under a fume hood to examine the presence of any 

implantation sites. For the ovaries, the number of 

ripening corpora lutea was counted to further calculate 

the percentage of pre-implantation loss. 

2.9 Foetal gross examination 

Following macroscopical examination of the dams, 

all foetuses were separated from the uterus and the 

umbilical cords were carefully cut and removed. The 

foetuses were further examined for teratogenic 

parameters such as the number of live or dead foetuses, 

body weight, sex ratio (male: female), and occurrence of 

external malformations. Started with the head to eyes, 

palate, nares, limbs, neck, spine, chest, abdomen, orifices 

tail and genitals were closely inspected to check for any 

congenital malformations under a stereo microscope. 

Further, their body weight and sex ratio were recorded. 

The sex of the foetuses was identified by examining their 

anogenital distance which was the distance between the 

anus and the external genitalia. 

 2.10 Parameters of the study 

A considerable number of parameters were recorded 

throughout this study. The parameter checklist is 

outlined in Table 1.  

2.11 Statistical analysis 

All numerical data were analysed using GraphPad 

Prism Version 8.01 (Graphpad Software Inc., La Jolla, 

CA, USA). Firstly, the data were checked for normality 

using Normality and Levene's tests to check for 

homogeneity of variance. Subsequently, if the data 

showed a normal distribution and homogenous, 

parametric tests followed by post-hoc tests (when 

necessary) were performed. In contrast, non-parametric 

tests were utilised for skewed and non-homogenous 

data. Table 2 tabulates the selection of the statistical tests 

for each parameter in the present study. The quantitative 

data from each parameter were compared across all 
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independent groups in every analysis. Those parametric 

data were expressed as mean ± standard error of the 

mean (SEM). Additionally, the non-parametric data were 

expressed as the median (IQR). 

The 0.05 level of probability was used as the 

criterion for significance and represented as different 

superscript letters. 

3. Results and discussion 

Hibiscus sabdariffa has a long history of application 

as food and medicine with no reported harmful effects. 

The popularity of H. sabdariffa nowadays is evidenced 

by the emergence of diverse commercial products 

containing this herb for various purposes. The medicinal 

No. Maternal Parameters Foetal Parameters 

1. Fates of dams: survivability or death. Number of live foetuses per litter 

2. Physical condition Number of dead foetuses per litter 

3. Behavioural changes Gross congenital malformation 

4. Daily maternal body weight (MBW) Foetal body weight 

5. Gravid uterine weight (GUW). Foetal sexes 

6. 
Corrected maternal body weight 

 = MBW D20-GUW 
  

7. Pattern of oestrous cycle   

8. Length of oestrous cycle   

9. 
Mating index 

 = (No. of females mating / No. of females cohabited) × 100 
  

10. Days required for successful mating   

11. 
Fertility index 

 = (No. of females pregnant / No. of females sperm positive) × 100 
  

12. Number of corpora lutea per litter   

13. Number of implantation sites per litter   

14. 
Number of resorption sites 

(early and late resorption) 
  

15. 
Pre-implantation loss (%) 

 = (No. corpora lutea – No. implantation / No. corpora lutea) × 100 
  

16. 
Post-implantation death (%) 

 = (No. implantation - No. live foetuses / No. implantation) × 100 
  

17. Absolute reproductive organ weights (ovary, cervix and gravid uterine weight)   

18. 
Relative reproductive organ weights (%) 

 = (Absolute organ weight / body weight D20) × 100 
  

Table 1. The study parameter checklist. 

Study Parameters Parametric Tests Non-parametric Tests 

i) Maternal parameters:   
Daily body weight Two-way analysis of variance (ANOVA) repeated measures  

Gravid uterine weight (GUW) One-way ANOVA  

Corrected maternal body weight One-way ANOVA  

Length of oestrous cycle  Kruskal-Wallis 

Mating index One-way ANOVA  

Days for successful mating One-way ANOVA  

Fertility index One-way ANOVA  

No. of corpora lutea One-way ANOVA  

No. of implantation sites One-way ANOVA  

Number of resorption sites One-way ANOVA  

Pre-implantation loss (%)  Kruskal-Wallis 

Post-implantation death (%)  Kruskal-Wallis 

Absolute organ weights One-way ANOVA  

Relative reproductive organ weights (%) One-way ANOVA  

ii) Foetal parameters   
No. of live foetuses One-way ANOVA  

No. of dead foetuses One-way ANOVA  

Foetal body weight One-way ANOVA  

Foetal sexes One-way ANOVA  

Table 2. The checklist of study parameters and statistical analysis. 
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properties of this herb also have made it a focus of 

various scientific investigations. Nevertheless, data 

concerning its toxicity profile, specifically its impact on 

the female reproductive system, remains scarce. To date, 

the in vivo general oral toxicity evaluations of this herb 

have covered acute (Onyenekwe et al., 1999), subacute 

(Prommetta et al., 2006), subchronic (Mahfudh and 

Ikarini, 2018), and chronic (Sireeratawong et al., 2013) 

exposures with no substantial deleterious impacts on 

crucial outcomes. Despite the lack of reported toxicity 

and severe adverse effects associated with H. sabdariffa, 

it is crucial to conduct a reproductive toxicity study on 

animal models that specifically examines fertility and 

teratogenicity to ascertain the potential damage that this 

plant may inflict on humans. The current study utilised 

AEHS calyces because this type of extraction is safe, can 

extract polar compounds and mimic human practices in 

the traditional usage of this plant. Calyces are the most 

exploited part of this plant and are obtained by removing 

the petals of its flower.  

The combination of results and discussion of this 

present study are elaborated according to maternal and 

foetal parameters.  

3.1 Maternal parameters 

3.1.1 General health and behaviour  

All female rats survived and did not exhibit any 

weird behavioural changes during the pre-treatment and 

treatment (pre-mating, mating and gestation) periods. 

Correspondingly, the rats at any dose tested throughout 

the administration of AEHS also showed no 

abnormalities in their physical appearances; eye colour, 

nasal discharge, skin, urine and fur conditions, or any 

symptoms of impaired respiration and vaginal bleeding. 

Observation of these parameters is crucial to determine 

and predict the rapid effects of the test chemicals on 

experimental animals (Liju et al., 2013; OECD, 2015).  

However, three rats that received the high dose of 

AEHS (1000 mg/kg/day) experienced diarrhoea at early 

administration of AEHS for several days less than a 

week. This condition was somehow only transient and 

did not continue longer as they quickly recovered. This 

condition might be due to the mild laxative effect of H. 

sabdariffa because it contains ascorbic acid and glycolic 

acid as previously reported by Obouayeba et al. (2014). 

The current findings demonstrated that AEHS did not 

show obvious toxic effects as there were no substantial 

abnormal signs on the general health and behaviour of all 

rats examined. This finding provides significant insights 

regarding possible systemic toxicity in parental animals 

prior to subsequent scrutinization of their progenies. 

3.1.2 Maternal body weight, weight gain and 

corrected maternal body weight  

During the pre-treatment period, the body weights of 

rats in all groups were increasing over time with no 

significant differences (P>0.05) observed between the 

control and treated groups. Likewise, the body weights 

of rats continued to increase and appeared comparable 

(P>0.05) among all experimental groups when AEHS 

treatments were initiated throughout the pre-mating 

period (Table 3). Additionally, the similar increasing 

trend in the body weight of females during the gestation 

period was not statistically different among all groups 

(P>0.05) (Figure 1).  

Moreover, there were no significant differences 

reported in the corrected maternal body weight (P>0.05). 

The corrected maternal body weight in the AEHS-treated 

groups (Group 2 and Group 4) were lower compared to 

the control group whereas Group 3 (500 mg/kg/day) was 

slightly higher than the control animals. However, these 

observations were not dose-related and statistically not 

significant (Table 3). A recent in vivo assay confirmed 

that administration with H. sabdariffa extract of 50 and 

Parameters 
Group 1 Group 2 Group 3 Group 4 

P-value 
(Control-DW) (250 mg/kg) (500 mg/kg) (1000 mg/kg) 

Maternal body weight (g)      
D1 pre-treatment 217.7±4.16 212.7±3.70 214.9±3.69 217.8±3.50 P>0.05 

D1 treatment (premating) 254.9±3.55 247.5±3.21 249.0±3.31 247.7±2.71 P>0.05 

D0 pc 264.9±4.41 263.6±1.20 263.9±1.80 261.3±3.04 P>0.05 

D20 pc 369.8±5.45 365.0±7.05 369.4±6.36 365.0±7.03 P>0.05 

Maternal weight gain (g)      
D6-D16 pc 66.30±3.66 62.40±2.14 57.60±3.20 55.00±4.20 P>0.05 

D6-D21 pc 104.9±2.68 101.4±6.24 105.5±5.28 103.7±5.07 P>0.05 

D16-D21 pc 38.60±3.72 39.00±6.19 47.90±3.06 48.70±2.32 P>0.05 

Corrected maternal body weight (g) 309.4±7.31 301.6±7.17 311.9±5.71 305.7±6.02 P>0.05 

Table 3. Effect of AEHS treatment on maternal parameters during pre-treatment and treatment periods. 

All data were analysed by One-way ANOVA test. Values are presented as Mean ± SEM (parametric data), n = 10 rats for each 

group.  
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100 mg/kg body weight significantly reduced fat 

absorption in rats and increased fat excretion through 

faeces. The inhibitory activities of this plant extract on 

digestive enzymes suggest that it may be a promising 

dietary supplement for preventing obesity (Yang et al., 

2023).  

Body weight changes are among the crucial 

parameters in toxicity studies. A 10% body weight 

change relative to controls has become a suitable 

indicator for mild but not excessive toxicity (van Berlo et 

al., 2022). Our data on the maternal body weights are in 

agreement with the previous findings conducted by 

Olatunji et al., (2008), as they found no significant 

decline in body weight of the rats when administered 

with 25 and 50 mg/kg of H. sabdariffa extracts. In 

contrast, Iyare et al. (2010) reported that administration 

of aqueous extract of H. sabdariffa at 1.8 g/100 ml 

during pregnancy had decreased pregnancy weight gain 

and caused postpartum weight loss. This kind of effect 

was, however, not seen in the current experiment. 

Moreover, the body weight progressions of AEHS-

treated and the control animals were still within the 

typical body weight range of Sprague Dawley rats of the 

same age. Based on our findings, it can be deduced that 

AEHS does not adversely alter the pattern of body 

weight in rats.  

3.1.3 Oestrous cycle 

During the pre-treatment and treatment (premating) 

periods, vaginal smears were monitored to determine the 

oestrous cyclicity of the female rats. The results revealed 

that most of the rats that accounted for 75% (30/40) 

showed a normal cycle length between 4 to 6 days and 

completed two cycles each within these aforementioned 

periods. However, 10 rats (25%) displayed slightly 

irregular cycles i.e. lengthened dioestrus (3 days or 

more) and oestrus (3 days or more). These 10 rats were 

from all experimental groups including the control. 

Nevertheless, these altered patterns of the oestrous cycles 

were temporary and occurred only once (for each 

affected rat) within the entire observed cycles in this 

study. This effect was not disregarded, as the particular 

rats were physically scrutinized but no abnormalities 

were discovered. They were still active, socialised, 

groomed and consumed foods normally. Overall, the 

length of the oestrous cycle reported no significant 

differences (P>0.05) between the control and treated 

groups during the pre-treatment and treatment periods 

(Table 4). 

Ekambaram et al. (2017) suggested that the oestrous 

cycle is a primary indicator in determining the 

reproductive cyclicity and an ancillary test in 

reproductive toxicology. The estimation of the phases in 

the oestrous cycle relies on the proportion of three types 

of cells; leukocytes, cornified epithelial and nucleated 

epithelial cells. Female rats that demonstrated a 4 to 6-

day oestrous cycle were judged to have a normal cycle. It 

was determined by counting the number of days from the 

first oestrous in a cycle to the next oestrous phase in a 

subsequent regular cycle (Wan Ezumi, 2017). However, 

the incidence of minor irregular cycles observed in the 

10 rats can be attributed to a transient hormonal 

imbalance from fluctuation in the reproductive 

hormones. This hormonal imbalance could potentially be 

induced by the daily monitoring of vaginal smears which 

could cause mild stress to the rats, leading to subsequent 

disruptions to ovarian function and the length of the 

oestrus cycle (Tetty et al., 2017). The oestrous cycle in 

rats is more consistent than in mice (Lovick and 

Zangrossi, 2021) but, it remains relatively sensitive to 

the influence of various confounding factors, including 

but not limited to environmental conditions, stress 

(Marcondes et al., 2001), noise (Castelhano-Carlos and 

Baumans, 2009), temperature (Hamid et al., 2013), 

photoperiod (Ekambaram et al., 2017), male animals 

(Sarkar et al., 2008), restraint and immobilisation 

(Shansky et al., 2006).  

3.1.4 Mating and pregnancy indices   

The mating index was calculated to estimate the 

mating performance of female rats when cohabitated 

with males. The rats in both control and treated groups 

underwent successful mating with a 100% mating index. 

The females were considered mated when sperm was 

detected in the vaginal smear. Moreover, there were no 

significant differences (P>0.05) found in the duration for 

successful mating in any of the treatment groups (Table 

Figure 1. Graph of maternal body weight during the gestation 

period when exposed to AEHS. The mean body weight of all 

experimental groups increased over time during the gestation 

period. No significant differences (P>0.05, Two-way 

ANOVA) in this parameter were observed among all 

experimental groups. 
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4).  

Further, the pregnancy index was measured to 

evaluate the ability of female rats to get pregnant when 

cohabitating with the males. It was discovered that all 

females who underwent successful mating were pregnant 

and hence, achieved a 100% pregnancy index. The 

statistical analysis performed on this parameter for all 

experimental animals was also deemed insignificant 

(Table 4). 

Hence, these findings demonstrate that the mating 

performance and initiation of pregnancy of all 

experimental female rats were not impacted by AEHS at 

any dose level. These parameters provide additional 

critical fertility information suggesting that AEHS does 

not induce alterations to the reproductive organs and 

related endocrine systems of the females. 

3.1.5 Gross examination 

At autopsy, there were no abnormal findings in all 

female rats of any treatment groups. The maternal 

visceral organs such as the heart, lungs, liver, spleen, 

kidneys and gastrointestinal tract showed no changes in 

their shapes, sizes, colours and position. Moreover, the 

reproductive organs such as the ovaries, gravid uterus, 

fallopian tubes and vagina appeared normal and 

comparable among all experimental animals.  

This finding shows that the visceral organs of female 

animals did not undergo any gross changes when 

exposed to AEHS of variable doses daily for more than a 

month.  

3.1.6 Number of corpora lutea and implantation sites 

The rats in the control group displayed the highest 

numbers of corpora lutea and implantation sites when 

compared to other AEHS-treated group animals. 

However, these differences were not statistically 

significant (P>0.05) (Table 4).  

In the ovary of rats during the luteal phase, the 

dominant ovulatory follicles transform into structures 

called the corpora lutea in each reproductive cycle 

(Holesh et al., 2023). The number of corpora lutea is 

proportional to the number of ova released during 

ovulation. Additionally, the amount of corpora lutea 

quantified during dissection enables further analysis of 

the number of implantation sites and resorptions (Rocha 

et al., 2013). Based on these two parameters, there were 

incidences of pre- and post-implantation death (late 

resorption) in all experimental groups, both receiving 

Parameters 
Group 1 Group 2 Group 3 Group 4 

P-value 
(Control-DW) (250 mg/kg) (500 mg/kg) (1000 mg/kg) 

Length of oestrous cycle (days)b      
Pre-treatment 4.1 (0.6) 5 (0.15) 3.9 (0.66) 4.0 (0.68) P>0.05 

During treatment (premating) 4.3 (0.5) 4.0 (0.67) 5.0 (0.05) 4.3 (0.52) P>0.05 

Mating index (%)a 100 100 100 100 P>0.05 

Fertility index (%)a 100 100 100 100 P>0.05 

Pregnancy index (%)a 100 100 100 100 P>0.05 

Duration of mating (days)a 1.30±0.15 1.30±0.15 1.40±0.16 1.60±0.22 P>0.05 

No. of corpora lutea/littera 14.10±0.77 12.70±0.84 13.80±1.45 13.30±1.02 P>0.05 

No. of implantations sites/littera 11.20±0.25 10.40±0.50 10.10±0.38 10.20±0.36 P>0.05 

Pre-implantation loss/litter (%)b 19.33 (15) 15.33 (23.34) 24.67 (45) 20.67 (21.67) P>0.05 

Post- implantation death/litter (%)b 7.15 (12.88) 5.06 (11.25) 4.90 (11.46) 2.02 (2.27) P>0.05 

Litters with early resorption 0 0 0 0 - 

Litters with late resorption 4 3 5 1 - 

Gravid uterine weight (g)a 60.41±2.76 63.39±1.82 57.52±2.67 59.29±2.37 P>0.05 

Ovary (g)a      
Absolute weight 0.16±0.01 0.13±0.01 0.15±0.01 0.14±0.01 P>0.05 

Relative weight (%) 0.04±0 0.04±0 0.04±0 0.04±0 P>0.05 

Cervix (g)a      
Absolute weight 0.16±0.01 0.16±0.01 0.15±0.01 0.15±0.01 P>0.05 

Relative weight (%) 0.04±0 0.04±0 0.04±0 0.04±0 P>0.05 

Table 4. Effect of AEHS on maternal fertility and organ weight parameters during the treatment period. 

n = 10 rats for each group 
aData were analysed by One-way ANOVA test. Values are presented as mean ± SEM. 
bData were analysed by Kruskal-Wallis test. Values are presented median (interquartile range, IQR).  

about:blank
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AEHS and distilled water.  

 

3.1.7 Pre-implantation loss and post-implantation 

death  

The mean percentages of pre-implantation loss 

exhibited the highest value (26.81%) in the rats that were 

administered with 500 mg/kg/day AEHS, followed by 

the AEHS 1000 mg/kg/day group (23.31%). Meanwhile, 

the control group also displayed a comparable value 

(20.57%) and finally, those receiving 250 mg/kg/day 

AEHS exerted the lowest value (18.18%) of this 

parameter. However, statistically, there were no 

significant differences when analysed using a non-

parametric test, Kruskal-Wallis. Table 4 shows the 

values of the percentage of pre-implantation loss as 

median (IQR). 

The mean percentages of post-implantation death 

also exhibited no significant differences among all 

groups of animals (P>0.05, Kruskal-Wallis). This 

parameter exerted the highest value (4.81%) for the 

AEHS 250 mg group, followed by the control (4.46%), 

AEHS 500 mg (3.96%) and the lowest one (0.98%) was 

the AEHS 1000 mg group. The values of the percentage 

of post-implantation death are presented in Table 4 as the 

median (IQR). 

Both the percentages of pre-implantation loss and 

post-implantation death are critical parameters in 

reproductive toxicity studies. There is a well-established 

inverse relationship between the decreased number of 

implantations and the increased percentages of pre-

implantation loss and post-implantation death (European 

Medicines Agency, 2020). Pre-implantation loss is 

considered a natural event in pregnancy progression that 

signifies the failure of fertilised ova to advance to 

implantation. Even in humans, it is estimated that 40 to 

50% of fertilised ova fail to implant (Wilcox et al., 

2020). Post-implantation death in contrast, is a nonviable 

implantation that includes early or late resorption. 

Implantation constitutes an intricate phase in the 

establishment of a successful pregnancy. To be specific, 

early resorption is defined as a conceptus resembling a 

dark brown blood clot, where it has not yet undergone 

organogenesis with an absence of visible embryonic 

tissue at termination. Late resorption, on the other hand, 

is characterised as a foetus (D16 of developmental age or 

later) which had undergone organogenesis with visible 

placental and embryonic tissue at termination (Zati 

Bayani et al., 2022). In rats particularly, the implantation 

window corresponds to a period of approximately 24 hr 

between day 4 and day 5 of pregnancy which 

necessitates a variety of interconnecting factors including 

sex steroids, cytokines, prostaglandins etc. to ensure 

successful implantation (Oludare and Iranloye, 2016).  

As seen in this current study, the control group 

animals also exhibited comparable values of pre-

implantation loss and post-implantation death together 

with other AEHS-treated groups. This reflects that all 

dams including the control are at risk for both pre-

implantation and post-implantation death, with the exact 

underlying mechanisms being incompletely understood 

(Lucas et al., 2020). Despite natural and spontaneous 

events of these incidences as described above, chemical 

insult especially those having oestrogenic activities, 

during the sensitive window is another element that can 

cause implantation failure (Yuan et al., 2015). The 

strong oestrogenic activity of H. sabdariffa has been 

reported but the oestrogen-like ingredient of the plant 

remains ambiguous (Laskar et al., 2023). Accordingly, 

further investigation is necessary to validate the 

underlying reasons contributing to our current findings 

on the occurrences of pre-implantation loss and post-

implantation death across all experimental groups since 

we were unable to ascertain them in the present study. 

3.1.8 Reproductive organ weights 

Organ weights are reliable parameters to establish 

the physiological and pathological status of animals in 

toxicology studies (Raina et al., 2015). There were no 

unfamiliar findings in the female reproductive organ 

weights as no significant changes (P>0.05) in both 

absolute and relative weights of the ovary, cervix and 

gravid uterine of all experimental animals (Table 4). 

These findings demonstrate that AEHS had no adverse 

effects on the weights of the female reproductive organs.  

3.2 Foetal parameters 

3.2.1 Number of live foetuses 

There were 404 life foetuses examined from 40 dams 

in all experimental groups. The rats in the control group 

exhibited the highest number of live foetuses when 

compared to other groups. In addition, the control dams 

also produced a higher number of male foetuses 

compared to other treated groups. Even though there 

were distinct trends in the higher numbers of live and 

male foetuses in the control group when compared to 

other AEHS-treated groups, however, the values for 

these parameters were still statistically comparable 

(P>0.05) across all groups (Table 5). This indicates that 

daily exposure of AEHS to dams beginning before 

mating and continuing throughout the pregnancy period 

did not adversely impact the number of live progenies.  

3.2.2 Sex ratio 

The overall male-to-female sex ratio of all the 
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foetuses examined from all experimental groups was 

analysed to be 1.07:1. The highest male sex distributions 

were from Group 1 (control) whereas the female sex 

distributions were higher in Group 2 (250 mg/kg/day) 

and Group 3 (500 mg/kg/day) when compared to all 

groups of animals (Table 5). It has long been reported 

that maternal nutrition, specifically inadequate diet, can 

affect the sex and size of progenies (Rosenfeld and 

Roberts, 2004). Again, the same authors revealed that 

pregnant rats with a low-fat diet have foetuses with a 

significant male-to-female sex ratio distortion (1:3). 

They also have smaller foetuses, suggesting that there 

had been a selective loss of male embryos (Rosenfeld 

and Roberts, 2004). On top of that, Navara (2014) further 

described that humans demonstrated a similar kind of 

pattern. For instance, women with diseases that lower 

food intake or nutritional absorption such as anorexia, 

bulimia, and celiac disease, produce lower percentages 

of male offspring. However, with regard to the present 

investigation, there has been no scientific report on 

phytochemicals of AEHS that could potentially be 

associated with sex selection in foetuses from maternal 

exposure. 

3.2.3 Foetal body weight and gross examinations 

Based on Table 5, rats in the low-dose Group 2 (250 

mg/kg/day) exhibited the highest value of foetal body 

weight when compared to the other experimental groups. 

However, this was not statistically significant (P>0.05) 

among all groups. Multiple factors contribute to the 

variation of foetal body weight, such as genetic and 

environmental aspects. In certain cases, the presence of a 

smaller and lighter foetal weight within the normal range 

does not necessarily indicate that the development of the 

foetuses is retarded or less developed than expected for 

the particular gestational age (Chahoud and Paumgartten, 

2005). In addition, foetal body weights may vary due to 

the sex of foetuses as male foetuses (approximately 4.5 

g) are slightly heavier than females (Kalisch-Smith et al., 

2017). Besides, numerous studies reported that the 

position of foetal implantation in the uterus influences its 

body weight. The foetuses have differences in size and 

weight due to U-shaped uterine horns. According to 

Chahoud and Paumgarteen (2005), the foetal body 

weights are heavier at the middle horn position as 

compared to the position located at both ends of the 

uterine horn.  

Moreover, all foetuses exhibited normal physical 

characteristics without evidence of congenital 

malformations. According to Hofmann (2016), 

congenital malformation is referred to as a permanent 

structural change that is likely to have a negative impact 

on the species' survival or health. The external organs of 

rats such as head, eyes, nose, mouth, legs, limbs, tail, 

orifices etc. were in normal shapes, sizes and colours 

(Figure 2). Likewise, the rats’ internal organs also were 

comparable to those of control animals. Therefore, it can 

be concluded that no signs of teratogenic effects were 

observed in any of the rat foetuses examined.  

 

4. Conclusion  

Taking all data together, the present study has 

successfully elucidated the effects of AEHS on the 

female reproductive system in SD rats. It is revealed that 

AEHS at all dose levels did not produce any statistically 

substantial effects in all parameters tested except for the 

pattern of the oestrous cycle while the mean length of the 

cycle was comparable among all experimental groups. 

Parameters 
Group 1 Group 2 Group 3 Group 4  

P-value 
 (Control-DW)  (250 mg/kg)  (500 mg/kg) (1000 mg/kg) 

No. of live foetuses/littera 10.70±0.40 9.90±0.41 9.70±0.50 10.10±0.38 P>0.05 

Foetal body weight (g)a 3.47±0.03 3.90±0.05 3.65±0.04 3.65±0.03 P>0.05 

Sex ratio (male: female)b 1.34: 1 01:01.0 01:01.1 1.06:1 P>0.05 

Table 5. Effect of AEHS on foetal parameters. 

n = 10 rats for each group 
aData were analysed by One-way ANOVA test. Values are presented as mean ± SEM. 

bData were analysed by Chi-square. Values are in ratio. 

Figure 2. Photograph of normal foetuses with placenta 

attached from Group 4 (1000 mg/kg/day). No congenital 

malformations were observed in the position, size and shape 

of the foetuses when compared to the control group after 

being exposed to AEHS; (a) ovary, (b) foetus, (c) placenta, (d) 

umbilical cord, (e) cervix. 
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Nonetheless, the alteration in the oestrous cycle pattern 

did not negatively impact the progression of a successful 

pregnancy and the development of foetuses. Moreover, 

no evidence of teratogenicity in offspring following 

AEHS treatment. Future research with a longer duration 

of AEHS exposure is highly recommended to further 

delineate the dose range effects on female fertility and 

progeny. 
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