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Abstract
Aim: This study aimed at determining the potential role of Acanthus montanus extract on the fertility of female mice exposed to Levonorgestrel. 
 Study Design: The study was a completely randomized design employing relevant statistical tools for analysis and interpretation.
Place and Duration of Study: The study was carried out in the Department of Animal and Environmental Biology, Rivers State University. The experiment lasted for 35 days between April  and June 2023.
 Methodology: A total of 24 Female mice and 12 males were divided into six groups (A-F) in ratio 1male: 2females. Group A served as the control. B was administered 0.75mg of levonorgestrel only, C was administered  0.375mg of levonorgestrel. D was administered 0.75mg of levonorgestrel+500mg/kg/bw of Acanthus montanus, E was administered 0.375mg of levonorgestrel+500mg/kg/bw of Acanthus montanus, F was administered 500mg/kg/bw of Acanthus montanus only for 30days. Fertility indices such as gestation length, sex ratio, litter size, and pups weight were assessed. 
Results: show a significant decrease in survival rate of pups in group B and C compared to group A and other treatment groups. Litter size of pups also significantly increased in group A, D and E (coadministered  levonorgestrel and Acanthus montanus) and group F compared to group B and C. Moreover, as the gestation length increased, the mean weight and survival rate decreased. 
Conclusion: The results of this study has proven that despite the effect of levonorgestrel on fertility indices of female mice, especially in group B and C, Acanthus montanus is not fetotoxic but provided an ameliorative effect against levonorgestrel with significant improvement on the female fertility and fecundity.
Keyword:  Acanthus montanus, fertility, fetotoxic, Levonorgestrel, pups, sex ratio




1. Introduction

Throughout history, human population have experienced fluctuation driven by factors such as diseases, famine, war and technological advancements. However, the advent of industrialization improved health care, sanitation and agricultural practices precipitated a dramatic surge in population growth [1]. The unprecedented combination of increasing life expectancy reduced infant mortality and enhanced reproduction capacity which led to an exponential rise in global population numbers.
As of present day, the global population exceeds 7.8 billion and continues to grow at a staggering rate. This growth is not uniform with disparities existing between regions, countries and demographic groups. While some nations grapple with declining birth rate and aging populations, other face of challenges of rapid population growth, urbanization and resource scarcity. These dynamics underscore the complexity of the population explosion phenomenon and its multifaced impact on societies worldwide [2].
Human reproduction is a central aspect of human biology and society shaping individual lives, familiar relationships and population dynamics. Understanding the intricacies of human reproduction is crucial for promoting reproductive health, informed family planning and sustainable population management. 
Contraceptives have been pivotal in modern medicine, providing effective means of family planning and pregnancy prevention. They come in various forms, such as oral pills, intrauterine devices (IUDs), injectable hormones, and implants. These methods typically function by altering hormonal levels to prevent ovulation, thicken cervical mucus, or change the uterine lining to make it less conducive to implantation [3]. Despite their effectiveness, contraceptives can induce a range of side effects, including hormonal imbalances, weight changes, mood swings, nausea, and menstrual irregularities. Long-term use of hormonal contraceptives has been linked to more serious issues like cardiovascular problems, decreased bone density, and potential impacts on long-term fertility [4].
In recent decades, the use of hormonal contraceptives, such as levonorgestrel, has significantly contributed to family planning and reproductive health worldwide. However, concerns over the potential side effects associated with synthetic progestogens have prompted ongoing research into alternative approaches to contraception and reproductive health management. Among these alternatives, traditional medicinal plants have garnered  attention for their potential therapeutic benefits and relatively low risk of adverse effects. Acanthus montanus, a plant indigenous to various regions in Africa, has long been utilized in traditional medicine for its purported medicinal properties, including its role in managing male reproductive health issues. [5] reported its higher efficiency in the spermatogenic process with no systemic or reproductive toxicity.

Levonorgestrel, a synthetic progestin commonly used in contraceptive pills and emergency contraception, exerts its contraceptive effects primarily by suppressing ovulation, altering cervical mucus consistency, and impairing endometrial receptivity[6]. While highly effective, levonorgestrel has been associated with a range of side effects in female mammals, including alterations in estrous cycles, hormonal imbalances, and changes in reproductive organ morphology. These side effects underscore the need for further exploration of alternative approaches that may offer similar contraceptive efficacy with fewer adverse outcomes. [7]
The intersection of traditional herbal medicine and synthetic contraceptive use present a unique and under explored field of research with significant potential benefits for women's reproductive health. 
Contraceptives, while highly effective in preventing pregnancies and allowing for family planning, can lead to several adverse effects including hormonal imbalances, weight changes, mood swings, nausea, disruptions in menstrual cycles cardiovascular problems, decreased bone density, and potential impacts on long-term fertility.[8]  However, traditional herbs such as Acanthus montanus has been used to address a range of health issues e.g. aches, pain, epilepsy[9,10] fertility in male [5]  while others report its antifertility  properties  in males [9,11]. Therefore, the dearth of scientific report on female fertility is the basis of this study.

2.0 Materials and methods
A total of thirty-six (36) Swiss mice divided into 6 groups (A-F) were used for the study. This involved 12 males and 24 females in ratio 1 male :2 females, with an average weight of 22.9±2.45g. Fresh Acanthus montanus leaves were obtained from a farmland in Igwuruta, Rivers State. Leaves were washed thoroughly, and homogenized, the liquid was extracted and filtered. Group A served as the control not given levonorgestrel or A. montanus. group B was administered  0.75mg/kg/bw of levonorgestrel,  group C was administered 0.375mg of levonorgestrel.  Group D was administered 0.75mg of levonorgestrel and 500mg/kg/bw of Acanthus montanus,  group E was administered 0.375mg of levonorgestrel and 500mg/kg/bw of Acanthus montanus, and group F was administered 500mg/kg/bw of Acanthus montanus only.  Group B- E were gavaged the contraceptive drug [levonorgestrel] immediately after mating was confirmed.
The results were statistically analyzed and expressed as mean + standard deviation (SD). For the comparison between groups, the one-way analysis of variance (ANOVA) and correlation of the JASP version 0.18.3 and the software used was Microsoft excel 365
3.Results & Discussion
3.1 Survival rate of pups at birth from female mice  exposed to  Acanthus montanus  and levonorgestrel
 Group A had the survival rate was 90.9%, while in group B, all pups died at birth giving a survival rate of 0%.  However, group C, D, E and F recorded 100% , 44.4%. 66.6%, and 90.4% survival rate respectively.
There was a significant (p=0.05) reduction in the survival rate of pups in group B  compared to other groups including the control group. 
Table 1:  Shows the survival of the pups at birth
	
Groups 
	No. of pups at birth
	No. of surviving pups
	No. of dead pups
	Survival rate

	Control
	22
	20
	2
	90.9%

	B (0.75mg only)
	2
	0
	2
	0%

	C (0.375mg only)
	1
	1
	1
	100%

	D (0.75mg + A. montanus)
	9
	4
	5
	44.4%

	E(0.375mg+ A. montanus)
	12
	8
	4
	66.6%

	F (A. montanus  only)
	21
	19
	3
	90.4%



Table 2:  Fertility indices of female mice exposed to Acanthus montanus and levonorgestrel
There was a significant increase in the number of surviving pups in the groups A and F with 20 and 19 pups respectively when compared to other groups exposed to levonorgestrel  only or in combination with Acanthus montanus.
The sex ratio of the pups from female mice shows that group A, E and F had the highest number of male pups with 12, 5 and 10 respectively compared to other groups. The number of male to female ratio of pups significantly (p=0.05) increased among this groups with group A having the highest number of males, closely followed by group F. The number of females across the groups reduced compared to the number of males. 
The weight of pups at birth shows that there was no significant difference in the weight across the groups although group B and C had the lowest mean weight of 1.0g and 1.1g respectively. All the female mice in the group A and F had 100% fertility while group D and E had 75% fertility, group B and C had 25% with one abnormality observed in the pups of group B.  
Table 2: Fertility indices of female mice exposed to Acanthus montanus and levonorgestrel
	Groups 
	LS of surviving pups
	NOM
	NOF
	Sex ratio
	MW of pups at birth (g)
	% fertility 
	No. of abnormality
	No of dead pups

	A 
	20
	12
	8
	12:8
	1.3±0.2
	100%
	0
	2

	B 
	0
	0
	0
	-
	1.0±0.1
	25%
	1
	2

	C 
	1
	1
	-
	1:0
	1.1±0.1
	25%
	0
	0

	D 
	4
	2
	2
	1:1
	1.3±0.1
	75%
	0
	5

	E 
	8
	5
	3
	5:3
	1.3±0.2
	75%
	0
	4


*LS- Litter size,  NOM-number of males , NOF– number of females MW-mean weight

3.3 Litter Size from female mice exposed to levonorgestrel and  Acanthus montanus 
In fig 1, there was a significant (p<0.001) decrease in the number of pups at birth in group B with no pup and C with1 pup compared to group A with 22 pups.  In group D, E and F  the number of pups increased significantly (p<0.001) to 9, 12 and 22 respectively,  

Fig 1: Litter Size from female mice exposed to levonorgestrel and  Acanthus montanus

3.4 The gestation length of female mice exposed to levonorgestrel and Acanthus montanus
In fig 2,  the gestation length  recorded in the  group A, D and E was 21 days, in group B the gestation length was 24 days, group C had 20 days. While group  22 days, however there was no significant difference (χ² = 0.44)  in the gestation length across the experimental groups.   Also in fig 4, Group A, D and E had a gestation length of 21 days and a survival rate of 90.9%, 44.4% and 66.6% respectively, however group B had the longest gestation length of 24days and a survival rate of 0%. Also group F recorded a gestation length of 22 days and a survival rate of 90.4%. This indicates that there is a negative correlation (r =-0.79) between the gestation length and the survival rate. As the gestation length increases the survival rate decreases.


Fig 2:  Gestation length of female mice exposed to levonorgestrel and acanthus montanus




	




Fig 3: Correlation between gestation and survival rate of mice exposed to Acanthus montanus and levonorgestrel

Several studies have suggested that a combination of synthetic estrogen and progesterone typically found in hormonal contraceptives disrupted the animals’ reproductive cycling – these birth control products work by stopping ovaries from producing hormones at levels necessary to generate eggs and making the uterine lining in hospitable for an egg to implant.  They cause permanent or temporary sterility in either sex, reduce the number of offspring, or impair the fertility of offspring produced through a reduction in either fertility or fecundity [8,12].  In this study, there was no significant visible toxic effect, behavioral or body weight loss observed in all the animal. All experimental animals were properly fed leading to increased weight gain. Although there was no significant difference in the body weight gain across treatment group This suggests that both treatments were not clinically toxic to the female animals. 
In group B only one female gave birth out of four females and the pups died at birth giving 0% survival rate while Group C had only one surviving pup giving a survival rate of 100% (Table 1). This may imply that levonorgestrel possess post coital antiseptic activity and affects implantation especially at an increased dosage. This agrees with [12,13] who reported the reduction in number of embryonic implantation sites in females and the absence of pups in female rats exposed to contraceptive pills at 400mg/kg/bw/day. However immediate death was recorded in group B that was given 0.75mg of the contraceptive (levonorgestrel) alone and a very low birth rate was observed in group C that was administered 0.375mg of levonorgestrel only, this is due to the effect it has on the reproductive system,  although, [14]confirm that levonorgestrel acts to block or delay ovulation but does not affect fertilization or implantation. Furthermore, it was observed that very low birth rate was recorded in group  C, showing the adverse effect  of the contraceptive at a low dosage in the reproductive system , and in group D and E it was clear that Acanthus montanus was able to mitigate the severity of the drugs on the fertility and fecundity, thereby still making it possible for the mice to still give birth to a good number of pups without any abnormality. However,  levonorgestrel  prevented pregnancy, reduced birth weight, litter size  and prolonged gestation length especially in group B and C female mice, but the presence of Acanthus montanus have significantly influenced levonorgestrel based contraception as seen in groups D&E that had a good number of pups  upon co-administered Acanthus montanus and levonorgestrel. The observed effect of Acanthus montanus on levonorgestrel exposed to female mice may be mediated through various mechanism giving its rich phytochemical compositions, including flavonoids, Alkaloids, tannins, saponins and glycosides which are known for their therapeutic properties [5,15]. The presence of these constituents in Acanthus montanus may be responsible for the increase in fertility indices. This is at variance to [9,11] who reported delayed fetal growth, antifertility and fetotoxic effect of Acanthus montanus in female Wistar rats at1000mg/kg/bw.  Also, the result of the study indicates a skewed sex ratio in the treatment group, with a higher number of male mice compared to the female mice. The treatment administered to the mice might have influenced the hormonal environment during gestation, leading to a higher proportion of male pups, the treatment could be a contributing factor. According to [16], the possible explanation for excess male births could be a preference for Y-bearing sperm at fertilization and/or selective elimination of female embryos during pregnancy.
4. Conclusion
The results of this study have proven that despite the effect of levonorgestrel on fertility indices of female mice, especially in groups B and C, Acanthus montanus is not fetotoxic but provided an ameliorative effect against levonorgestrel with significant improvement on the female fertility and fecundity. Based on the finding of this study it is recommended that Acanthus montanus be further explored as a potential therapeutic agents to mitigate the adverse effects of levonorgestrel on female fertility, research with other animal models and eventually to human clinical trials to validate the safety and efficacy of Acanthus montanus in humans, particularly in women using hormonal contraceptive is recommended.
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