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ABSTRACT

	As part of this study, we evaluated the effect of an aqueous extract of Hibiscus sabdariffa calyxes on the fertility of female rats. The objective was to explore the estrogenic effect of this plant on Rattus norvegicus. Fifteen rats, selected for their regular cycle, were divided into three groups of five and received either distilled water or doses of 250 and 500 mg/kg of the extract, administered daily by gavage for 30 days. The results highlighted significant changes in the estrous cycle, including a lengthening of the estrous phase and a reduction in the diestrus phase, with the effect being more pronounced at the 250 mg/kg of bw dose. Histological analysis of the ovaries of the rats revealed that the extract did not cause any damage to these organs. The ovaries of the treated rats showed an increased number of follicles at various stages of maturation as well as corpus luteum compared to the control rats. Furthermore, examination of uterine horn sections showed that after treatment with 250 mg/kg bw, there was an average increase in uterine lumen diameter, endometrial thickness, and average uterine gland development compared to control rats.
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1. INTRODUCTION 

Reproduction is the function that ensures the survival of the species. The goal of every couple in traditional African society is to have at least one child (N’guessan et al., 2006). However, some couples often encounter difficulties conceiving. This can be caused by certain abnormalities, including infertility. Infertility is defined as the difficulty for a couple to have a child after one year of cohabitation punctuated by frequent and unprotected sexual intercourse (Gnoth, 2005; WHO, 2018). Infertility treatments available today use surgical methods and medications (Purvis and Christiansen, 2008). Beyond their effectiveness, these treatments are very expensive for many populations in developing countries, and the hospitals capable of providing them are generally very far from rural areas (Chambers et al., 2016). Thus, traditional medicine becomes an alternative. The Ivorian pharmacopoeia is rich in numerous plants, including the species Hibiscus sabdariffa L., a vegetable belonging to the Malvaceae family. This plant is recommended for treating high blood pressure, type 2 diabetes, anemia, sexual weakness, and malaria (Akpo et al., 2022). It is also used to regulate cholesterol, as well as an antiseptic and a cardioregulator. In food, this plant is consumed as a vegetable, beverage, and jam (Lepengue et al., 2011). Traditional healers even recommend consuming the calyces of Hibiscus sabdariffa from the first day of menstruation when trying to conceive. Studies have shown that the calyces of Hibiscus sabdariffa induce hormonal fluctuations. Thus, Sirag et al. (2013) showed that the ethanolic extract of Hibiscus sabdariffa calyces increased estradiol levels in female rats. However, the properties of Hibiscus sabdariffa calyces on female reproduction are not fully understood. Our work, which aims to evaluate the estrogenic potential of Hibiscus sabdariffa calyxes in female rats, is part of this context. More specifically, it will determine the effect of an aqueous extract of Hibiscus sabdariffa calyxes on the oestrus cycle and reproductive organs.

2. material and methods 

2.1 Material

2.1.1 Plant Material

The dried calyces of Hibiscus sabdariffa used were sourced from the Gouro market located in the Adjamé commune (Abidjan), in southern Côte d'Ivoire. These calyces originated in Burkina Faso.

2.1.2 Animal Material

The animal material consisted of thirty (30) albino female rats (Rattus norvegicus), of the Wistar strain, weighing between 120 g and 160 g, and were pubescent and nulliparous. The rats were obtained from the animal facility of the Higher Normal School (Côte d'Ivoire). Environmental conditions were controlled, with a temperature between 26°C and 30°C and a photoperiodic cycle of 12 hours of light and 12 hours of darkness. The animals had free access to drinking water provided in bottles and to a diet consisting of a standardized mixture of bread, corn, fish, and soy. 

2.2 Methods

Ethics statement
All experiments were conducted in accordance with international guidelines.

2.2.1 Extraction

Dried Hibiscus sabdariffa calyces were ground into a powder. The resulting powder was macerated in 200 g of the powder with 2 L of distilled water. The solution was stirred using a magnetic stirrer for 24 hours. After 24 hours, the solution was filtered four times through absorbent cotton and once through filter paper. The resulting filtrate was incubated for 72 hours at 45°C. The extract obtained is viscous and dark red in color; this constitutes the aqueous extract of Hibiscus sabdariffa calyces (EACHS).

2.2.2 Vaginal Smear Preparation

Smears were taken from nulliparous and non-pregnant female rats to determine the different stages of the female rat estrous cycle. This technique is subdivided into two steps:
- A cotton swab moistened with physiological saline (0.9% NaCl) was gently inserted into the female's vagina without causing stress, then gently rotated in the same direction until slight resistance was encountered (Bleu, 2013). The cotton was then removed, and the sample was spread onto a clean microscope slide.
- Staining was performed with methylene blue. A drop of 2% methylene blue diluted 1/10 was placed on the microscope slide onto which the vaginal swab had been spread. Using a coverslip, the preparation was covered, and the examination was performed three minutes after the drop was applied to allow the sample to be impregnated by the stain.

2.2.3 Slide Examination

The slides were examined under a light microscope, with a count of 200 cells from one end of the slide to the other (Kouakou et Tahiri, 2018). Thus, the percentage of cell types determined allows us to define the different phases of the estrous cycle, namely: proestrus (clean smear, 40 to 50% eosinophils and a low presence of leukocytes); estrus (clean smear, 60 to 90% eosinophils, no leukocytes); diestrus I or metestrus (dirty smear, 20 to 40% eosinophils, relatively numerous leukocytes); and diestrus II or anestrus (very dirty smear, 10% eosinophils, very numerous leukocytes).

2.2.4 Selection of rats with regular cycles

This part of the experiment lasted 15 days and aimed to select female rats with regular cycles for the remainder of our study. Vaginal smears were collected from 8-week-old, nulliparous, and non-pregnant female rats every morning at the same time, for a total of 24 female rats. At the end of 15 days, female rats exhibiting two successive cycles of approximately equal duration (4 to 5 days) and alternating between the proestrus, estrus, metestrus, and diestrus phases were selected. These rats were considered to have a regular cycle, and the others, which did not exhibit regular cycles, were excluded from the study.

2.2.5 Animal Treatment

The treatment lasted 30 days and was administered to 15 previously selected female rats, divided into three groups of 5 animals. The control group (T0) received distilled water, group 1 (EACHS250) received 250 mg/kg of aqueous extract of Hibiscus sabdariffa calyces, and group 2 (EACHS500) received 500 mg/kg of bw of aqueous extract of Hibiscus sabdariffa calyces. The different treatments were administered daily by gavage. Vaginal smears were also collected daily at the same time to monitor for any changes in estrous cycles following the administration of the aqueous extract of Hibiscus sabdariffa calyces throughout the treatment. At the end of treatment, the animals were euthanised after anaesthesia with ether, and the organs (ovaries, uterine horns and cervix) were removed, weighed, and then the ovaries and uterine horns were fixed in 10% formalin for histological sectioning.

2.2.6 Histological Sectioning Technique

For histological sectioning, the harvested ovary and uterine horn underwent a series of successive dehydrations in ethanol baths, followed by paraffin embedding. Thin sections of 5 μm were then prepared using a microtome. The resulting slides were deparaffinized with water and then stained with hematoxylin and eosin before being examined under a light microscope (Olympus CKX41, Germany).

2.2.7 Statistical Analyses

Statistical analyses were performed using Graphpad Prism 8 software. Values ​​are presented as mean ± SEM. Analysis of variance (ANOVA) was applied to the results to assess the effect of the treatment, with a significance level of α = 5%. If p < 0.05, the difference is significant (*). if p < 0.01, the difference is very significant (**); if p < 0.001, the difference is highly significant (***); if p < 0.0001.

3. results and discussion

3.1 Results

3.1.1 Effect of the aqueous extract of Hibiscus sabdariffa calyces on the mass of reproductive organs

A significant increase in uterine horn was observed at doses of 250 mg/kg of bw (p < 0.05) and 500 mg/kg of bw (p < 0.01). While the cervix and ovaries did show increases, these were not statistically significant (Table 1).

Table 1. Effect of the aqueous extract of Hibiscus sabdariffa calyces on reproductive organs after treatment
 
	

Organs (mg/kg of bw)
	Doses of Hibiscus sabdariffa aqueous extract (mg/kg of bw)

	
	T0
	[bookmark: OLE_LINK1]EACHS250
	EACHS500

	Cervix
	0,04 ± 0,01
	0,04 ± 0,01
	0,05 ± 0,01

	Uterine horn
	0,13 ± 0,01
	0,17 ± 0,01*
	0,19 ± 0,01**

	Ovaries
	0,04 ± 0,01
	0,05 ± 0,01
	0,06 ± 0,01


The values are the mean relative masses of the reproductive organs of female rats ± (ESM); n = 5; (*) for p < 0.05, a highly significant difference compared to controls, and (**) for p < 0.01, a highly significant difference compared to controls.

3.1.2 Effect of the aqueous extract of Hibiscus sabdariffa calyces on the estrous cycle of female rats

Daily administration of the aqueous extract of Hibiscus sabdariffa calyces for 30 days resulted in a significant disruption of the estrous cycle in the treated rats, as illustrated in Figure 1. Compared to the control group, animals receiving 250 or 500 mg/kg of bw showed an increased percentage of eosinophils and a decreased number of leukocytes in vaginal smears, indicating an altered cycle. 






 Fig. 1. Percentage of eosinophils and leukocytes
T 0 = Control  	EACH 250 = Dose 250mg/kg of bw	EACH 500 = Dose 500mg/kg of bw

[bookmark: _Toc146247182]The disruption of the cycle resulted in a highly significant increase (p ˂ 0.001) in the number of days in the oestrus phase (17.2 ± 0.2) and a highly significant decrease (p ˂ 0.001) in the number of days in the dioestrus phase (5.8 ± 0.37) in rats treated with 250 mg/kg (n = 5) of MC compared to rats in the control group (number of days in the oestrus phase: 11.40 ± 0.24 and number of days in the dioestrus phase: 12.40 ± 0.68). For the 500 mg/kg bw dose (n = 5), the same trend was observed, with an increase in the number of days in the oestrus phase (13.40 ± 0.40) and a decrease in the number of days in the dioestrus phase (8.60 ± 0.60) compared to the control group.The results are shown in Table 3, which shows the duration of each phase of the oestrus cycle during the treatment period.

Table 2.  Duration of the different phases of the oestrus cycle during the 30 days of treatment
	Phase of the cycle
	Duration of stages during the estrous cycle			

	
	Control 
	 EACH 250 
	EACH 500 

	proestrus
	6.2 ± 0.73

	7 ± 0.31
	8 ± 0.55 *


	estrus
	11.4 ± 0.24
	17.2 ± 0.2 ***
	13.4 ± 0.4 *

	diestrus
	12.4 ± 0.68
	5,8 ± 0.37 ***
	8.6 ± 0.6 **


T 0 = Control  	EACH 250 = Dose 250mg/kg of bw	EACH 500 = Dose 500mg/kg of bw

3.1.3 Effect of the aqueous extract of Hibiscus sabdariffa calyces on estrous of female rats

Aqueous extract of Hibiscus sabdariffa This treatment induced a marked prolongation of the estrous phase associated with a shortening of diestrus in treated rats. At 250 mg/kg of bw, estrus lasted approximately 17 days, compared to only 6 days for diestrus. At 500 mg/kg of bw , estrus lasted approximately 13 days, while diestrus extended over 9 days. This prolongation of estrus resulted in a progressive blockage of this phase in females, more pronounced at 250 mg/kg of bw (up to 100% between days 20 and 30) than at 500 mg/kg of bw (40% between days 20 and 30). The control group maintained a normal estrous cycle. These results show that the extract modifies the estrous cycle by increasing the duration of estrus and therefore the fertile period, with the effect being faster and more pronounced at 250 mg/kg. The control rats maintained a regular cycle throughout the treatment. The results are illustrated in Table 3.

[bookmark: _Toc146247183]Table 3.  Summary table of the weekly number of animals blocked in estrus during treatment
	

Treatments
	Percentage of animals blocked in estrus (%)

	
	From the 1st to the 10th
	From the 11th to the 20th
	From the 21th to the 30th

	Control (T0)​
	0
	0
	0

	EACHS 250
	60
	80
	100

	EACHS 500
	20
	20
	40


[bookmark: _Toc149492093][bookmark: _Toc144278239]
3.1.4 Histological section of the reproductive organs of female rats
Histological analysis performed after 30 days of oral administration of the aqueous extract of Hibiscus sabdariffa shows that it causes no apparent damage to the ovaries of rats (Figure 2). The overall ovarian structure remains comparable to that of the controls. However, rats treated with doses of 250 and 500 mg/kg of bw show an increased number of follicles at various stages of maturation as well as a greater number of corpora lutea, suggesting stimulation of folliculogenesis and ovulation ( sections A2 and A3 ).
At the level of the uterine horns, a dose of 250 mg/kg of bw induces a moderate increase in the diameter of the uterine lumen, the thickness of the endometrium, and the development of the uterine glands, accompanied by a slight reduction in the myometrium and epithelium. At 500 mg/kg of bw , these effects are accentuated: the uterine lumen is enlarged, the endometrium is thickened, and the uterine glands are clearly developed, while the myometrium and epithelium appear less developed than in the control group.
[image: ]

[bookmark: _Toc149491564]Fig. 2. Micrograph of reproductive organs
Staining: Haematoxylin-Eosin; Magnification: X100, A1 : Microphotograph of the ovary of the control rat, B1 : Microphotograph of the uterine horn of the control rat A2: Microphotograph of the ovary of the rat treated with a dose of 250 mg/kg bw, B2: Microphotograph of the uterine horn of a rat treated with a dose of 250 mg/kg bw, A3: Microphotograph of the ovary of a rat treated with a dose of 500 mg/kg bw,B3: Microphotograph of the uterine horn of a rat treated with a dose of 250 mg/kg bw, PF: Primary follicle, PS: Secondary follicle, FT: Tertiary follicle, FD: De Graaf follicle, CJ: Corpus luteum, O: Oocyte II, GU: Uterine gland, L: Uterine lumen, E: Endometrium, CE: Epithelial cells, M: Myometrium
3.2 Discussion 

The overall objective of this work was to study the fertilizing effect of an aqueous extract of Hibiscus sabdariffa calyces on female rats. The estrogenic effect of the extract was evaluated in rats with regular cycles. The estrous cycle is a recurring pattern of hormonal variations that regulates fertility in several mammalian species. The estrous cycle refers to the reproductive cycle, which is similar to the human reproductive cycle, commonly called the menstrual cycle. In rodents, it comprises four phases: proestrus, estrus, metestrus, and diestrus, and lasts 4 to 5 days (Ajayi and Akhigbe, 2020). Vaginal cytology therefore remains the reference method in live animals for determining the stage of the estrous cycle. Microscopic examination of cell types in vaginal smears allows for the distinction of the different classic stages (Ajayi and Akhigbe, 2020). Thus, vaginal smears taken throughout the treatment of rats receiving doses of 250 and 500 mg/kg body weight in this study showed that the aqueous extract of Hibiscus sabdariffa calyces induced a disruption of the estrous cycle compared to that of control rats. This disruption resulted in a blockage of the estrous cycle in the rats during the estrous phase. This blockage was 100% in rats treated with the 250 mg/kg body weight dose and 40% in those treated with the 500 mg/kg body weight dose at the end of treatment. These results could be attributed to the presence of phytoestrogens, such as phenolic compounds, contained in the aqueous extract of Hibiscus sabdariffa calyxes (Rimoldi et al., 2007). Indeed, Mohd-Esa (2010) demonstrated that the aqueous extract of the calyxes of this plant contains phenolic compounds. The main mode of action of phytoestrogens is their estrogenic/anti-estrogenic activity via binding to estrogen receptors (Ionescu, 2021). These results are corroborated by the work of Lorenzana-Martínez et al., (2023). Indeed, in ovariectomized Wistar rats, an anthocyanin-rich calyceal extract of Hibiscus sabdariffa produced estrogen-like effects by modulating estrogen receptor expression, suggesting that H. sabdariffa could act as a phytoestrogen. Vaginal cytology is a reliable indicator of ovarian activity, and exogenous estrogens stimulate vaginal epithelial proliferation in adult rodents (Ajayi and Akhigbe, 2020). Therefore, the aqueous extract of Hibiscus sabdariffa may contain compounds with estrogen-stimulating activity. According to the findings of Lorenzana-Martínez et al. (2023), anthocyanin-rich extracts of Hibiscus sabdariffa modulate estrogen receptor expression and exhibit phytoestrogenic properties in ovariectomized Wistar rats. In our study, administration of 250 mg/kg body weight to adult rats resulted in estrous cycle suppression. This aqueous extract of Hibiscus sabdariffa calyces produces a rapid effect. The estrogenic effect of this extract would therefore be evident at low doses. The optimal dose would be 250 mg/kg of body weight. These results are similar to those of Bassong et al. (2022), who showed that the aqueous extract of H. sabdariffa calyces, at the lowest doses, offers the optimal effects of reducing tumorigenesis, which suggests that a beneficial (antioxidant and protective) effect is observed at low doses.
Histological examination of the ovaries revealed an increased number of follicles and corpora lutea in the treated rats. The corpus luteum is a product of ovulation. This increase could be explained by the aqueous extract of Hibiscus sabdariffa calyces. This could therefore stimulate follicular recruitment and growth and induce ovulation in a greater number of Graafian follicles. The presence of phytoestrogens would be responsible for the follicle-stimulating activity of the extract. Thus, the extract could have a central effect on the regulation of FSH and LH secretion by stimulating LH release, the peak of which corresponds to ovulation. Our results are consistent with those obtained by Adaay et al. (2013) when a PC ingested a mixture of Medicago sativa (Fabaceae) and Salvia officinalis (Lamiaceae). Extracts were administered to female mice. Histological analysis of uterine horns also showed that a high dose of the extract led to a significant increase in certain parameters, such as the endometrium. Endometrial thickness is widely used as an indicator of receptivity; increased thickness is associated with higher implantation rates, and treatments that increase endometrial thickness are therefore considered to promote implantation (Mathyk et al., 2023). The increase in endometrial thickness could be linked to stimulation of mitotic activity in the endometrium induced by the aqueous extract of Hibiscus sabdariffa calyces. The significant degree of development of the uterine glands suggests that the high-dose extract could stimulate the production of insulin-like growth factor 1 (IGF-1). The extract could also directly stimulate cell proliferation by acting as an estrogen stimulator or by stimulating estradiol release. Similar results were obtained by Bleu et al. (2012) after administering an aqueous extract of Passiflora foetida and 17β-estradiol to ovariectomized immature rats. Increased endometrial thickness is an important parameter for successful implantation and pregnancy. Therefore, the observation of this parameter in the treated rats indicates that the extract promotes optimal endometrial conformation for potential pregnancy. The overall results regarding increased organ mass and lengthened estrous cycles indicate that the Hibiscus sabdariffa extract has an estrogenic effect. Observation of ovarian and uterine horn sections confirms this effect, which stimulates folliculogenesis and promotes implantation. These results are directly related to the secondary metabolites present in the extract.

4. Conclusion

The results presented in this study show that the aqueous extract of Hibiscus sabdariffa calyxes has estrogenic effects and stimulates ovulation. It causes an increase in the size of the reproductive organs and a lengthening of the oestrus phase of the cycle. These promising pro-fertility effects create a favourable uterine environment and stimulate folliculogenesis. These observations would justify the recommendation by traditional healers that women use Hibiscus sabdariffa calyxes from the first day of their period in order to conceive. However, to further this study, it would be wise to evaluate the effect of Hibiscus sabdariffa calyxes on fertility by studying their action on the litter size of female rats after mating.
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Definitions, Acronyms, Abbreviations

Bw : body weight
EACHS : aqueous extract of Hibiscus sabdariffa calyces
EACHS250 : dose 250mg/kg of bw of aqueous extract of Hibiscus sabdariffa calyces
EACHS500 : dose 500 mg/kg of bw of aqueous extract of Hibiscus sabdariffa calyces
FSH : Follicle-Stimulating Hormone
LH : Luteinizing Hormone
T0 : control
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