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ABSTRACT
Cocktail of herbal mixtures are blends of multiple herbs or formulations containing several extracts designed to enhance therapeutic efficacy through synergy, often promoted for fertility enhancement. This research investigated the effects of three branded cocktail of herbal mixtures on the reproductive hormones of Wistar rats. 36rats were used for LD50 determination, and 80rats for the administration of the mixtures. Animals were divided into four major groups comprising twenty (20) rats, one control group and three (3) treatment group each. Group A (control) and three experimental groups treated with the mixtures at different doses per group (both low doses of the mixtures at 500mg/kg and high doses of 1500mg/kg per body weight for 40 days. Group B was treated with sample A, Group C and D with samples B and C respectively. Reproductive hormonal parameters assessed were luteinizing hormone (LH), follicle-stimulating hormone (FSH), progesterone, testosterone and estradiol. The results revealed significant difference (p<0.05) in LH (3.86 ± 0.01 to 5.95 ± 0.02 µl), progesterone (1.98 ± 0.03 to 20.50± 0.42µl), testosterone (0.13 ± 0.01 to 1.45 ± 0.71 µl) and estrogen (22.50 ± 1.41 to 77.00 ± 4.24 µl)  levels across treatment groups compared with the control, while FSH showed no significant change. These findings suggest that the herbal cocktails modulate reproductive hormones in a dose-dependent manner, with possible endocrine-disrupting effects at higher concentrations. The observed hormonal alterations highlight potential fertility risks, and emphasize the need for proper evaluation and regulation.
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1. INTRODUCTION
Cocktail of Herbal Mixtures or Remedies are derived from natural sources, primarily plants. They are recognized as the utmost alternative to orthodox medicine and are used as contemporary medicines by approximately 60% of the world population both in developing and developed countries (Rickert et al., 2000). They are habitually consumed devoid of a prescription and there are audacious and prevalent views that they are nontoxic and have been used for decades without any form of harm due to the fact that they are natural (Markbere & Ogoun, 2022). World Health Organization defined cocktail of herbal mixtures as any part of a plant that can be employed medicinally or as a raw material for the production of effective drugs (World Health Organization, 2005).  These herbal mixtures have long been used for the management and treatment of several diseases and extensive study had been conducted on whole herbs, their essential oils and extracts as an ethnopharmacological technique (Rastogi et al., 2016) to evaluate their efficacy on several diseases such as allergies, asthma, eczema, premenstrual syndrome, rheumatoid arthritis, migraine, menopausal symptoms, cancer, diabetes, atherosclerosis, hemorrhage, and inflammatory disorders. For the treatment and prevention of hyperlipidemia, several therapeutic traditions use herbal compositions. These mixtures are composed of different plant constituents with medicinal properties such as Vernonia amygdalina, Cajanus cajan, Zingiber officinale, Allium sativum, Carica papaya, Saccharum officinarum, Moringa oleifera, Magnifera indica, Citrus aurantifolia, Caramel, etc.  Reproductive hormones are essential regulators of the human reproductive system, influencing sexual development, reproductive processes, and various physiological functions. These hormones include estrogens, progesterone, testosterone, luteinizing hormone (LH), follicle-stimulating hormone (FSH), etc. Each, playing distinct roles in both male and female reproductive health. The coordination of reproductive hormones is critical for normal reproductive function and overall health in both men and women. Disruptions in these hormonal levels can lead to reproductive health issues, infertility, and systemic impacts, emphasizing the importance of understanding their regulation and interactions (Cheng, 2010).
Cocktail of Herbal Mixtures are being explored for their potential to enhance fertility amongst other claims. The National Agency for Food and Drug Administration and control (NAFDAC), a food and Drug Law Enforcement Agency in Nigeria, is yet to provide a confirmed generated information publicly on the scientific and therapeutic clarification of these mixtures. These branded concoctions are registered and approved by NAFDAC with a disclaimer concerning its numerous therapeutic claims by manufacturers. The effects of these mixtures on reproductive hormones and overall reproductive health lack rigorous scientific testing or validation, raising concerns about their efficacy and safety (Ajibade, 2020). Thus, this study.

2. MATERIALS AND METHODS
Study Area
The study was carried out in Port Harcourt, Rivers State, Nigeria.
Sample Collection
Three samples of Cocktail of Herbal Mixtures were purchased from a vendor in Port Harcourt    Metropolis, Rivers State. Animals were procured from Animal house, Department of Pharmacology, University of Port Harcourt, Rivers State.
Determination of LD₅₀ 
The Acute oral toxicity (LD₅₀) of the cocktail of herbal mixtures was determined using the method described by Lorke (1983). 
Animal Grouping
Eighty (80) Wistar rats weighing 120-150 g of both sexes were used for this study. The animals were acclimatized under standard laboratory conditions (14 days) and provided with feed and water ad libitum. The animals were weighed and distributed into four major groups comprising twenty (20) rats, one control group and three (3) treatment group each. Each group was further subdivided into two subgroups of ten (10) rats each. After acclimatization period, the treatment commenced and the    cocktail of herbal mixtures were administered orally for a period of 40 days daily. 
Group A served as the Control and received standard feed and clean water ad libitum,
Group B received a low dose (500 mg/kg) and high dose (1500 mg/kg) of Sample A
Group C received a low dose (500 mg/kg) and high dose (1500 mg/kg) of Sample B
Group D received a low dose (500 mg/kg) and high dose (1500 mg/kg) of Sample C

Determination of Reproductive Hormone Levels in Serum of Male and Female Wistar Rats
Reproductive Hormonal levels were assessed using AccuBind ELISA Test System as described by Monobind Incorporated, (2019).
Statistical Analysis
Data were analyzed using One-way Analysis of Variance (ANOVA), followed by Tukey’s Post-hoc test for multiple comparisons using the IBM Statistical Package of Biological and Social Sciences (SPSS). Values were expressed as Mean ± Standard deviation of triplicate determination.

3. RESULTS
Table 1: Acute Toxicity (LD50) Evaluation of the cocktail of herbal mixtures in Wistar Rats Using Lorke’s Method

	Phase
	Dose (mg/kg bw)
	Number of Rats
	Number of Deaths
	Observed Signs of Toxicity

	
	
	
	
	

	Phase I
	10
	3
	0
	None observed

	
	100
	3
	0
	None observed

	
	1000
	3
	0
	None observed

	Phase II
	2600
	1
	0
	None observed

	
	3900
	1
	0
	None observed

	
	5000
	1
	0
	None observed


*No mortality or adverse clinical signs were observed in any of the animals at all tested doses.



Table 2: Hormonal parameters of Wistar rats administered low and high doses of the herbal mixtures
	Parameters

Groups
	LH
(µl)
	FSH
( µl)
	PROG
( µl)
	TESTO
( µl)
	ESTROGEN E2 
( µl)

	A

BL (500mg/kg)

BH (1500mg/kg)

CL (500mg/kg)

CH (1500mg/kg)

DL(500mg/kg)

DH (1500mg/kg)

	4.13±0.01c

3.97±0.02b

3.86±  0.01a

4.05±0.06 c

5.95±0.02 e

4.96±0.04 d

4.84±0.03d  

	3.46±1.44a

1.89±0.71a

3.11±0.78 a

2.55±0.05a

3.92±0.71 a

2.53±0.14 a

2.48±0.14 a

	13.80±0.14c

2.03±0.04a

1.98±0.03 a

17.60±0.28d

11.50±0.42b

2.17±0.07a

20.50±0.42e

	0.24±0.04a

1.45±0.71c

0.78±0.01b

0.18±0.04a

0.23±0.02a

1.33±0.07c

0.13±0.01a

	58.00±1.41c

22.50±3.54 a

22.00±1.41 a

60.00±7.07c

65.00±4.24c

34.00±7.07b

77.00±4.24d



Values are expressed as mean ± standard deviation. Values bearing different superscript letters across the columns are significantly different (p< 0.05).
A- Control, BL- Low dose of Sample A, BH- High dose of Sample A, CL- Low dose of Sample B, CH- High dose of Sample B, DL- Low dose of Sample C, DH- High dose of Sample C.
LH- Luteinizing Hormone, FSH- Follicle-Stimulating Hormone, PROG- Progesterone, TESTO- Testosterone, ESTROGEN E2- Estradiol

4. DISCUSSION
Table 1 presents the acute oral toxicity test of the cocktail of herbal mixtures, which revealed no signs of toxicity or mortality in all test animals across both phases of the study. In Phase I, rats administered 10 mg/kg, 100 mg/kg, and 1000 mg/kg showed no observable adverse effects. Similarly, in Phase II, higher doses of 1600 mg/kg, 2900 mg/kg, and 5000 mg/kg body weight produced no deaths or clinical symptoms such as salivation, diarrhea, restlessness, or convulsions during the 48-hour observation period. Based on these findings, the LD₅₀ of the herbal cocktail is considered to be greater than 5000 mg/kg body weight, indicating that the mixture has low acute toxicity when administered orally. In accordance with standard toxicological practice, sub-chronic treatment doses were selected as 10% and 30% of 5000 mg/kg, corresponding to 500 mg/kg and 1500 mg/kg body weight, respectively. These doses were subsequently used in the 40-day oral exposure study to evaluate histological and biochemical effects (Lorke, 1983).
Hormone levels recorded in Table 2, include Luteinizing Hormone (LH), Follicle-Stimulating Hormone (FSH), Progesterone (PROG), Testosterone (TESTO), and Estradiol (ESTROGEN E2). 
Luteinizing Hormone is critical in regulating gonadal function, including ovulation in females and testosterone production in males.  This hormone level was determined in male Wistar rats and the highest level, recorded in Group CH (5.95 ± 0.02 µl), and the lowest level in Group BH (3.86 ± 0.01). The control group had an LH level of 4.13± 0.01µl. The increased LH in Group CH, suggests that the mixture stimulates the hypothalamic-pituitary gonadal axis. This could lead to increased testosterone synthesis, enhanced libido and spermatogenesis. While the low LH level in Group BH indicates a suppressive effect on the hypothalamic-pituitary gonadal axis. This may lead to reduced testosterone production, impaired spermatogenis and reduced libido.  Dubey et al. (2024) reported increased LH secretion in Wistar rats.
The highest Follicle-Stimulating Hormone (FSH) level in the male Wistar rats was in Group CH (3.92 ± 0.71 µl) and the lowest, in Group BL (1.89 ± 0.71 µl). The control group had an FSH level of 3.46 ± 1.44µl.  FSH regulates follicular development in females and spermatogenesis in males (Gauthaman & Ganesan 2008). From the result, there was no statistical difference in FSH levels which implies that they were relatively stable. This study, deviates from findings by He et al. (2018). 
The highest progesterone level in the female Wistar rats was in Group DH (20.50± 0.42µl), and the lowest progesterone level was in Group BH (1.980 ± 0.03 µl). The control group had a progesterone level of 13.80± 0.14 µl. Progesterone plays a key role in reproductive function and maintaining pregnancy (Patisaul & Jefferson, 2010). The increase in progesterone in Group DH, suggests a luteotropic effect, stimulating corpus luteum function. While the low progesterone in Group BH suggests, an inhibitory effect at high doses, potentially due to altered steroidogenic enzyme activity. Both effects could lead to irregular menstrual cycles. Rodríguez-Gómez et al. (2023) and Mahmoud et al. (2021) reported similar findings.
The highest testosterone level in male Wistar rats was in Group BL (1.45 ± 0.71 µl), the lowest testosterone level was in Group DH (0.13 ± 0.01 µl). The control group had a testosterone level of 0.24 ± 0.04 µl. Testosterone is essential for male reproductive function and secondary sexual characteristics. The high testosterone in Group BL may promote increased libido and sperm production. Also, the low testosterone in Group DH, suggests a strong anti-androgenic effect and may reduce male sexual characteristics. Ogbuewu et al. (2011) reported similar findings.
Estradiol is the primary female sex hormone but is also present in males at lower levels. Its level, ranged from Group BH (22.00 ± 1.41 µl) to Group DH (77.00 ± 4.24 µl). Control group had an estradiol level of 58.00 ± 1.41µl. The high level of estradiol in Group DH indicates a strong estrogenic effect, which could lead to enhanced estrogenic responses especially endometrial hyperplasia and irregular cycles. The low level in Group BH may result to hypoestrogenic effects such as reduced fertility. This outcome aligns with studies by Takahashi and Osada (2017) and Patisaul and Jefferson (2010).

5. CONCLUSION

The cocktail of herbal mixtures had significant effects on reproductive hormones. There was a significant difference in luteinizing hormone, progesterone, testosterone and estrogen levels. However, there was no significant difference in follicle-stimulating hormone. The hormonal markers revealed significant modulations including potential endocrine disrupting effects particularly at higher doses. The detection of these observed systemic effects in the hormones, indicates potential fertility risk, highlighting the need for further safety evaluation and toxicity monitoring by a regulatory body.
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