


Evaluation of Some Reproductive Hormones of Female Wistar Rats Exposed to Water Pipe Tobacco

ABSTRACT
Water pipe tobacco (shisha) smoking has gained increasing popularity, particularly among young females under the misconception that it is less harmful than cigarette smoking. Despite growing evidence of its adverse health effects, limited information exists on its impact on female reproductive hormones. This study evaluated the effects of water pipe tobacco smoke on selected reproductive hormones of female Wistar rats. Twenty-five adult female Wistar rats (120–150g) were randomly assigned into five groups: a control group with no exposure, and four experimental groups exposed to shisha smoke for 10 or 20 minutes daily for periods of 2 or 4 weeks. Serum concentrations of estrogen, progesterone, and prolactin were determined using standard methods. Data were analyzed using one-way analysis of variance followed by post hoc LSD, with statistical significance set at P≤ 0.05. The results showed a significant alteration in reproductive hormone levels in shisha-exposed groups compared to the control. Estrogen levels increased in moderately and highly exposed groups, while progesterone and prolactin levels significantly decreased across all exposure groups. Estrogen levels varied across groups, with a decrease observed in Group 2 (54.00 ± 4.26 pg/ml) compared to the control (65.33 ± 5.68 pg/ml), while Groups 3, 4, and 5 exhibited elevated levels (86.33 ± 4.04, 71.00 ± 6.00, and 76.33 ± 4.04 pg/ml, respectively). Progesterone levels were markedly reduced in all exposed groups (7.60 ± 4.68, 10.46 ± 1.12, 10.86 ± 1.95, and 13.20 ± 3.06 ng/ml) relative to the control group (27.26 ± 5.45 ng/ml), with statistically significant differences (p ≤ 0.05). Similarly, prolactin concentrations significantly decreased in all treated groups (ranging from 0.63 ± 0.10 to 0.73 ± 0.10 ng/ml) compared to the control (1.60 ± 0.62 ng/ml). These findings suggest that exposure to water pipe tobacco smoke disrupts hormonal balance in female Wistar rats, potentially impairing reproductive function. The study highlights the endocrine-disrupting potential of shisha smoking and underscores the need for increased public health awareness regarding its reproductive health risks.
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INTRODUCTION 
Water pipe tobacco, commonly known as shisha or hookah tobacco, is a flavoured tobacco product smoked using a water pipe (Nwauche et al., 2025). Water-pipe tobacco is usually flavoured and sweetened to attract youths by providing a better taste, which probably explains why some youths do not use other forms of tobacco but only in a hookah (Ali Anbeeh & Meer Ahmad, 2018). The use of tobacco is steadily increasing worldwide, with cigarette smoking being the most common form (Poyrazoglu et al., 2010). However, there are several other ways of consuming tobacco, one of which is hookah smoking, also referred to as water-pipe smoking, shisha, hubble-bubble, narghile, goza, or Indian water pipe. While considerable attention has been focused on cigarette smoking, hookah smoking has received less emphasis (Ahmed et al., 2011) and, in many regions, remains poorly regulated.
According to Chaouachi (2009), water pipe smoking has been practiced extensively for over 400 years and has been described by public health officials as a global tobacco epidemic. Water pipe smokers inhale significant amounts of CO due to the combustion of charcoal used to heat the tobacco. Regular waterpipe smoking is associated with respiratory symptoms, impaired pulmonary function, and an elevated risk of developing lung diseases, including chronic obstructive pulmonary disease (COPD). Additional adverse health effects encompass an increased risk of arterial stiffness, ischaemic heart disease, and various cancers, notably lung cancer (Akanbi et al., 2025). It is estimated that over 100 million people smoke shisha daily worldwide (Poyrazoglu et al., 2010). The practice of waterpipe smoking is prevalent across the Arabian Peninsula, China, India, Pakistan, Bangladesh, Turkey, Europe, and North America. Despite the widespread perception among users that hookah smoking is less addictive and poses fewer health risks than cigarette smoking, empirical research has consistently demonstrated contrary evidence (Martinasek et al., 2011). A sharp increase in the popularity of water-pipe use has been reported in recent years (Radwan et al., 2003), particularly among young people. Shisha smoking is now recognized as an emerging health-risk behavior, and its use is considered habit-forming (Shihadeh et al., 2004). A single session of shisha smoking exposes individuals to approximately 9–11 times the carbon monoxide and nearly twice the nicotine compared with the consumption of a single cigarette (Cham et al., 2024).
The consumption of shisha tobacco products results in the inhalation of numerous toxic substances, including particulate matter, nicotine, carbon monoxide, and nitrogen oxides. Nicotine, a key constituent of tobacco smoke, is primarily responsible for the dependence associated with tobacco use. Upon inhalation, nicotine rapidly enters the bloodstream and reaches the brain, where it binds to nicotinic receptors and triggers the release of dopamine, generating pleasurable sensations that reinforce addictive behaviour (Shihadeh et al., 2014; Elsayed et al., 2016).
Reproductive hormones play a crucial role in regulating the development, maturation, and function of the reproductive system in both males and females. Reproductive hormones are secreted by both the anterior pituitary gland and the gonads, comprising a combination of steroid and peptide hormones (Manocha et al., 2018). These hormones are primarily regulated by the hypothalamic–pituitary–gonadal (HPG) axis and include estrogen, progesterone, follicle-stimulating hormone (FSH), luteinizing hormone (LH), prolactin, and testosterone. In females, proper hormonal balance is essential for ovulation, menstrual cycle regulation, fertility, and maintenance of pregnancy.  Reproductive hormones not only facilitate the proper development of the reproductive system but also support the differentiation and functional maintenance of reproductive organs. Moreover, they play a critical role in the regulation of the skeletal, immune, and cardiovascular systems, which are closely linked to various adverse health outcomes in humans (Li et al., 2024). 
The consumption of water pipe tobacco, particularly among young females, has become increasingly prevalent in recent years, largely due to the misconception that it is less harmful than cigarette smoking. Despite extensive research on the adverse health effects of cigarette smoking, there is limited information on the biochemical and endocrine effects of short- and long-term exposure to water pipe tobacco, especially in females. Therefore, this study was designed to evaluate the effects of water pipe tobacco smoke exposure on selected reproductive hormones estrogen, progesterone, and prolactin female Wistar rats.
MATERIALS AND METHODS	
Reagents and Chemicals 
Reagents and chemicals used were of analytical grade.
Purchase of Shisha Materials
A commercially available shisha pot apparatus and coal sample was purchased from a local retail shop in Port Harcourt, Rivers State. 
Purchase of Animals
Twenty five adult female Wistar rats weighing between 120-150g were purchased from the animal house of Animal and Environmental Biology, Rivers State University. They were acclimatized for a period of seven days prior to exposure with feed and water ad libitum. 
Preparation of water pipe tobacco and administration. 
The base was filled with water and the stem was inserted into the base. The shisha tobacco flavor was sprinkled into the bowl and covered with an aluminum foil. A pin was used to create little holes on the foil, the coal was lit and placed on the foil. 
A hose was used to connect the Shisha pot and a pressure pump to an inhalation chamber were the animals were kept. The pressure pump extracted the smoke from the Shisha pot and it was released to the animals for a period of time. 
Experimental Design. 
The animals were grouped into five groups as shown in the table below:
Table 1: Experimental Design. 
	Groups
	Exposure period
	Durations

	1
	Control group (no shisha exposure)
	4 weeks

	2
	10 minutes per day
	2 weeks

	3
	20 minutes per day
	2 weeks

	4
	10 minutes per day
	4 weeks

	5
	20 minutes per day
	4 weeks



Assessment of reproductive hormones
The serum was used to analyze estrogen, progesterone and prolactin concentrations. The serum concentrations of these hormones were estimated by ELISA assay kits (DRG Diagnostics Marburg, Germany) according to the manufacturer's instructions
Statistical Analysis
[bookmark: _GoBack]All biochemical data were subjected to statistical analysis to identify differences among rat treatment groups using one-way ANOVA followed by post hoc LSD tests, implemented in SPSS version 27. A significance threshold of P ≤ 0.05 was adopted. Data are expressed as mean ± standard deviation (S.D.)


RESULTS AND DISCUSSION
Table 2: Some reproductive hormones of female Wistar rats exposed to Water pipe tobacco for a period of 2 and 4 weeks. 
	GROUPS 
	Estrogen (pg/ml)
	Progesterone (ng/ml)
	Prolaction (ng/ml)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	











Each value is a mean of three replicates expressed as mean  Standard Deviation. Values with superscript letter (a) indicates significant difference at p≤0.05 when group 1(normal control rats) is compared with other groups. Values with superscript letter (b) indicates significant difference when group 2 is compared with other groups. Values with superscript letter (c) indicates significant difference when group 3 is compared with other groups. Values with superscript letter (d) indicates significant difference when group 4 is compared with other groups. Values with superscript letter (e) indicates significant difference when group 5 is compared with other groups. 

Reproductive hormones play a crucial role in regulating the development, maturation, and function of the reproductive system in both males and females. These hormones, primarily produced by the hypothalamic-pituitary-gonadal (HPG) axis, include estrogen, follicle-stimulating hormone (FSH), luteinizing hormone (LH), progesterone, and testosterone. The key reproductive hormones examined were: Estrogen, Progesterone, and Prolactin. Table 2 shows the effect of water pipe tobacco exposure on some female hormones of female Wistar rats exposed for a period of 2 and 4 weeks. The results showed that the level of estrogen increased in groups exposed to shisha except group 2 (exposed to shisha 10 minutes per day for two weeks) when compared to control group.  The level of progesterone decreased in all the groups exposed to shisha when compared to the control group. The concentration of prolactin decreased in all the groups exposed to shisha when compared to the control group. 
Estrogen: The level of estrogen increased group 3, 4, 5 but decreased group 2. Estrogen is essential for the female reproductive cycle, secondary sex characteristics, and bone health (Melmed et al., 2020). The possible reason could be that the toxicants in shisha smoke (e.g., polycyclic aromatic hydrocarbons (PAHs), heavy metals like cadmium) may act as xenoestrogens or endocrine-disrupting chemicals (EDCs). They can bind to the estrogen receptor, mimicking the hormone’s action, or interfere with its metabolism, specifically by inhibiting the hepatic clearance or degradation of endogenous estrogen, leading to its accumulation in the blood. Hyperestrogenism (excess estrogen) recorded in most groups can disrupt the negative feedback loop with the pituitary gland, leading to irregular cycles, infertility, and potentially increasing the risk of estrogen-dependent cancers (like breast or endometrial cancer) in the long term.
Progesterone: The levels of progesterone decreased in all shisha-exposed groups compared to the control group. Progesterone is crucial for maintaining pregnancy, regulating the menstrual cycle, and balancing the effects of estrogen. It is primarily secreted by the corpus luteum after ovulation (Hall, 2021; Stouffer and Hennebold, 2015). 
The toxicants in shisha smoke, particularly nicotine and carbon monoxide, are known to be vasoconstrictors and cause hypoxia (oxygen deprivation). This can negatively affect the ovarian cells, particularly the corpus luteum, impairing its function and reducing its ability to synthesize and secrete progesterone.  (Windham 1999). Furthermore, the endocrine disruption could inhibit the secretion of Luteinizing Hormone (LH), which is necessary to stimulate progesterone synthesis. Low progesterone levels are strongly associated with luteal phase defects, making implantation and maintenance of pregnancy difficult. It also suggests a state of anovulation (failure to ovulate) or a compromised corpus luteum, leading to significant subfertility or infertility.
Prolactin: The concentration of prolactin decreased in all the groups exposed to shisha when compared to the control group. Prolactin is mainly associated with lactation, but it also plays a role in ovarian function and immunity. (Freeman et al., 2000; Bole-Feysot et al., 1998). Its secretion is primarily under the inhibitory control of dopamine from the hypothalamus (Ben-Jonathan and  Hnasko, 2001). The complex mix of psychoactive and toxic substances in shisha smoke, including nicotine, could potentially influence the neurotransmitter balance in the brain. Nicotine is known to stimulate the release of dopamine in certain brain regions (Benowitz, 2009). An increase in central dopamine could lead to greater inhibition of prolactin release from the pituitary gland. Alternatively, the severe systemic stress induced by chronic exposure could directly affect pituitary function (Rivest, 1991). While very high prolactin is a concern, abnormally low prolactin can sometimes be associated with impaired immune function and may reflect the general stress-induced suppression of the HPO axis. (Matera, 1996). However, the most direct implication is the potential disruption of normal pituitary-level regulation due to the pharmacological action of the smoke constituents.

CONCLUSION 
This study demonstrated that exposure to water pipe tobacco smoke significantly alters reproductive hormone profiles in female Wistar rats. The observed increase in estrogen levels alongside the marked reduction in progesterone and prolactin concentrations across exposed groups indicates disruption of the hypothalamic pituitary ovarian axis. These hormonal imbalances may adversely affect ovulation, fertility, implantation, and overall reproductive health. The findings further suggest that the toxic constituents of shisha smoke, including nicotine, carbon monoxide, and other endocrine-disrupting compounds, contribute to ovarian and pituitary dysfunction. Therefore, water pipe tobacco smoking should not be considered a safe alternative to cigarette smoking, particularly among females of reproductive age. This study provides experimental evidence supporting the reproductive toxicity of shisha and emphasizes the need for stricter regulation, public health education, and further research on its long-term effects on female reproductive health.
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