Impact of Cannabis sativa on Reproductive Cycling and Fertility Success in Female Albino Rats: A Functional Study

Abstract

Nitrogen-containing compounds like cannabisativine and anhydrocannabisativine are found primarily in the roots and leaves. Scientists have highlighted these for their unique ability to influence the central nervous system (CNS) and their potential contribution to the plant's overall toxicity profile. These provide the plant's aroma and contribute to the entourage effect, where multiple compounds work together to enhance or modulate the effect of THC. This study investigates the functional reproductive consequences of exposure to Cannabis sativa in female albino rats (Rattus norvegicus). By monitoring the oestrous cycle through vaginal cytology and evaluating anti-implantation activity, the research quantifies how different extracts (crude, aqueous, and ethanolic) disrupt the timing of reproductive receptivity and the success of early pregnancy. Results indicate a dose-dependent prolongation of the dioestrous phase and a significant reduction in implantation sites, particularly with alcoholic extracts (80% anti-implantation at 75mg/kg). These findings suggest that cannabis consumption poses a significant risk to the hormonal triggers and uterine environment required for successful mammalian conception.
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1. Introduction
Cannabis is a genus of annual, flowering herbs in the Cannabaceae family. Indigenous to Central and South Asia, the plant has been integrated into human civilization for millennia. While its botanical classification remains a subject of debate among taxonomists—with some recognizing three distinct species (C. sativa, C. indica, and C. ruderalis) and others viewing them as subspecies of a single undivided species—its versatility as a resource is undisputed.

Cannabis sativa is a versatile, fast-growing dioecious herb characterized by its palmate leaves and specialized resin-producing glands called trichomes. Historically, its "habit" or growth pattern allowed it to thrive in diverse climates, leading to its widespread adoption across ancient civilizations. Its value is multi-dimensional uses a source of high-quality cellulosic and woody fibers (hemp) used for textiles and paper. Its seeds are rich in essential fatty acids and proteins. Traditionally used in Ayurveda and ancient Chinese medicine to treat rheumatism, epilepsy, malaria, and even complications during childbirth or postpartum hemorrhage.

Cannabis is widely known for its complex chemical profile, containing over 100 different cannabinoids. The most prominent of these is tetrahydrocannabinol (THC), the primary psychoactive constituent responsible for the high associated with recreational use. However, recent scientific focus has shifted toward non-psychoactive compounds such as cannabidiol (CBD), cannabigerol (CBG), and cannabinol (CBN), which are being heavily researched for their therapeutic and medicinal potential.

The pharmacological power of the plant lies in its secondary metabolites. While the focus is often on cannabinoids, the plant contains over 500 active compounds, the most researched group, including Delta-THC (psychoactive) and CBD (non-psychoactive). These are terpenophenolic compounds that mimic the body’s natural endocannabinoids.

Nitrogen-containing compounds like cannabisativine and anhydrocannabisativine are found primarily in the roots and leaves. Scientists have highlighted these for their unique ability to influence the central nervous system (CNS) and their potential contribution to the plant's overall toxicity profile. These provide the plant's aroma and contribute to the entourage effect, where multiple compounds work together to enhance or modulate the effect of THC.

Research into the impact of C. sativa on female reproduction has identified it as a potent antifertility and abortifacient agent. Scientists focus on several key mechanisms of it.

Studies show that cannabinoids activate CB1 receptors in the hypothalamus. This inhibits the release of GnRH (Gonadotropin-Releasing Hormone), which in turn reduces the secretion of LH (Luteinizing Hormone) and FSH (Follicle-Stimulating Hormone) from the pituitary gland. Without these hormones, the surge required for ovulation does not occur. In female albino rats, researchers have documented a significant prolongation of the estrous cycle, specifically increasing the duration of the diestrus phase (quiescence) and reducing the frequency of the proestrus phase (the fertile window).

Cannabis sativa, widely known for its psychoactive compound Delta (Delta-9) (THC), interacts extensively with the endocannabinoid system (ECS). The ECS is a critical regulator of the mammalian reproductive axis. While the plant has various medicinal applications, its interference with the delicate balance of Luteinizing Hormone (LH) and Follicle-Stimulating Hormone (FSH) remains a concern.

The ovulatory process relies on precise rhythmic transitions between the proestrus, oestrous, metoestrous, and dioestrus phases. Any exogenous disruption can lead to "functional sterility." This study aims to quantify the degree to which oral administration of cannabis extracts disrupts these cycles and prevents successful embryo implantation in a rat model.
Recent research into the impact of Cannabis sativa on the reproductive systems of female rats reveals a complex picture that varies significantly depending on the dosage, the specific extract used, and the timing of exposure. While historical data often pointed toward purely inhibitory effects, recent studies provide a more nuanced functional perspective on how these substances interact with the Hypothalamic-Pituitary-Gonadal (HPG) axis and peripheral reproductive organs.
The primary mechanism through which cannabis affects female reproduction is by modulating the release of Gonadotropin-Releasing Hormone (GnRH) from the hypothalamus (Ghosh, 2021). Cannabinoids (specifically THC) act on CB1 and CB2 receptors in the central nervous system. High doses are generally associated with a reduction in the secretion of Follicle-Stimulating Hormone (FSH) and Luteinizing Hormone (LH) (Ghosh, 2021; Ryan et al., 2021). This central inhibition can lead to anovulatory cycles and reduced production of estrogen and progesterone (Ghosh, 2021).

Conversely, very recent preclinical evaluations (2025) using standardized Cannabis sativa extracts (CSE) in Wistar rats found that doses up to 56 mg/kg/bw did not significantly alter sex hormone levels or the regular estrous cycle, suggesting that moderate or controlled medicinal doses may have a higher safety profile than previously thought (Joaquim et al., 2025).

Research focusing on peripheral reproductive organs has identified dose-dependent structural changes. In studies involving albino mice and rats, high doses (e.g., 6–12 mg/100g) have been shown to cause degeneration of ovarian follicles and a marked absence of corpora lutea, which are essential for maintaining early pregnancy (Ghosh, 2021). There is a documented significant decrease in both ovarian and uterine weight following chronic high-dose cannabis treatment, likely due to suppressed steroidogenesis and oxidative stress (Ghosh, 2021).

The functional success of reproduction from implantation to live birth is a critical area of current study. A 2025 study reported that fertility remained unaffected in female rats treated with specific cannabis extracts, with no impairment of blastocyst implantation or direct toxic effects on the embryo during the first seven days post-pregnancy (Joaquim et al., 2025). While implantation may occur, other research warns that cannabis use during the preconception or gestational period may still be associated with increased risks of preterm birth and low birth weight (Ryan et al., 2021).

1.1. Research Objectives

· To evaluate and compare the anti-implantation potential of crude powder, aqueous, and ethanolic extracts of Cannabis sativa in female albino rats.

· To quantify the dose-dependent impact of these extracts on the duration and regularity of the oestrous cycle phases (Proestrous, Oestrous, Metoestrous, and Dioestrous).

· To determine the efficacy of different extraction solvents (polar vs. non-polar) in isolating the bioactive compounds responsible for reproductive interference.

· To investigate the physiological mechanism of functional sterility by analyzing changes in vaginal cytology as an indicator of gonadotropin (LH/FSH) suppression.

1.2. Research Hypotheses

· Oral administration of Cannabis sativa extracts will significantly prolong the dioestrous phase and decrease the number of uterine implantation sites in a dose-dependent manner.

· The ethanolic (alcoholic) extract will exhibit higher biological potency compared to aqueous and crude forms due to the lipophilic nature of active cannabinoids (THC/CBD), leading to a higher percentage of anti-implantation activity.
2. Methodology
Experiments were done on female albino rats weighing between 100 and 150 gm. Rats were kept in laboratory cages (60 cm*45 cm*45 cm) under natural conditions. Rats were acclimatized to the laboratory conditions for 7 days before the commencement of the experiment. Four groups of rats were made. Each group had 5 rats. The first group of rats was used as the control, and the remaining three were divided into sets, each with 5 rats. A balanced laboratory diet (Hindustan Lever Limited) was given to all rats, and water was allowed ad libitum.

2.1 Extract Preparation

Plant material was collected from the Dehradun/Shiwalik region and processed into three forms:

Crude Powder: The dried powder of each plant was taken, and a suspension was made by dissolving a known quantity of powder in distilled water (w/v) and mixing thoroughly. The aqueous suspension was used for administration to the rats. Oral dose by catheter tube was given to the experimental rats. 
Aqueous Extract: For preparing the aqueous extract, the powder was left for 24 hours at room temperature after boiling it in distilled water (w/v) for 30 minutes. Dry residue or decoction was obtained after filtration and evaporation the extracts. This residue was administered as an extract to the experimental rats.
Ethanolic Extract: The ethanolic extract was prepared with the help of Soxhlet Apparatus as suggested by Khanna and Chaudhury (1968). The 0% ethyl alcohol was used as a solvent for extraction. The extract was dried up under low temperature. The dried extracted material was administered to female rats.
2.2 Experimental Design 
Doses and Administration 

Doses were prepared by dissolving the plant material in distilled water. Different doses, i.e., 25 mg, 50 mg, and 75 mg/kg/day/rat, were dissolved in distilled water with 10% gum acacia powder and administered for different durations. The volume was adjusted in such a way that one ml of solution corresponded to 25mg of plant material. Similarly, other doses of 50 mg/kg and 75 mg/kg were prepared and administered. The three doses were administered to different sets of rats for different durations. The doses were given to two sets of rats, one for a histological study and the second for a reversibility study. The 10 mg gum acacia powder dissolved in distilled water, used as the vehicle, was administered to the control rats for the same period as in the experimental rats.
Record of weight

The body weight of control and experimental rats was taken before the commencement (initial) and at the end (final) of the experiment, and recorded in tabular form. 

Vaginal Smear Methods
For preparing vaginal smear, a fine, knobbed dropper filled with water is inserted into the vagina of each female rat and pressed gently. Dropper was withdrawn after sucking the inner contents of the vagina. The smear was prepared by spreading a thin layer of vaginal content over the slide and examined under a compound microscope. There are four stages of the oestrous cycle in albino rats, characterised by the following pictures of vaginal cytology. Dioestrous: In dioestrous, the vaginal smear consists of leucocytes mixed with a few nucleated epithelial cells. Proestrous: The spherical epithelial cells with nuclei mark the stage of proestrous.Oestrous: Vaginal smear shows large cornified epithelial cells. Sexual receptivity (mating) begins in the late proestrous and reaches its maximum oestrous. Metoestrous: Vaginal smear consists of an even mixture of cornified cells and leucocytes.

Fertility Test: Rats were mated with proven fertile males. The presence of spermatozoa in the vaginal smear marked Day 1 (D1) of pregnancy.

Anti-Implantation Assessment: For an anti-implantation study, mature female rats with regular oestrous cycle were left overnight with mature male rats (3:1). The next morning, the vaginal smear of female rats was examined for the presence of spermatozoa. The presence of spermatozoa was treated as evidence of successful mating. The first day of the pregnancy is assigned on the day when spermatozoa are found in the vaginal smear. A dose of 25 mg/kg, 50 mg/kg, and 75 mg/kg body weight was given from the first day (D1) up to the 7th day (D7). The same procedure was repeated for all groups of rats. After 7 days of administration of a dose and 3 days of rest, on day 10, animals were laparotomized. The horn of the uterus was examined for the presence of implants. If implants are not present, it indicates the anti-implantation and anti-fertility effects of the plant. 

3. Results

The rats of the controlled group administered with 10 % gum acacia suspension in distilled water showed no effect on early pregnancy, as evidenced by a large number of implantation sites in almost all the rats. 

The cannabis sativa crude powder showed mild anti-implantation activity at a higher dose. When the dose of 25 mg/kg was administered to rats, the zero % of rats showed anti-implantation activity. The dose level of 50 mg/kg and 75 mg/kg was administered to the rats, and they showed 20% ant-implantaion activity, respectively. Only 20% rats showed anti-implantation activity in both doses of Cannabis sativa, respectively. 

When the dose of 25 mg/kg body weight of hot water extract was fed to the rats from D1 to D10 of pregnancy, no implantation activity was observed in any rats. The percentage of anti-implantation activity was 20 % in the dose level of 50 mg/kg. When the highest dose, 75 mg/kg, was given to the rats, the 40% of rats showed anti-implantation activity. There was no significant reduction in the number of implants at this dose level. 
The alcoholic extract of Cannabis sativa showed significant anti-implantation activity. The effect was dose dependent lowest to the highest doses. At the administration of the lowest dose, i.e., 25mg/kg, the anti-implantation activity was seen in 20% of rats. The percentage of anti-implantation activity for higher doses, i.e., 50 mg/kg and 75 mg/kg body weight, was 60% and 80%, respectively. The alcoholic extract of Cannabis sativa also exhibited a significant reduction in the number of implants.

The functional data reveal a clear correlation between Cannabis sativa dosage and reproductive failure.

Table 1: Effect on Early Pregnancy (Anti-implantation)
	Treatment
	Dose (mg/kg)
	Avg. Implants (D11)
	% Anti-implantation 

	Control
	Vehicle
	8.70±0.87
	0%

	Alcoholic Extract
	25
	5.20±2.13
	20%

	
	50
	4.90±2.09
	60%

	
	75
	2.98±1.09
	80%


This table demonstrates the dose-dependent inhibitory effect of the alcoholic extract of Cannabis sativa on early pregnancy. As the dose increases from 25 mg/kg to 75 mg/kg, the average number of successful implantation sites drops significantly from 8.70 (Control) down to only 2.98. The Anti-implantation activity reaches a massive 80% at the highest dose (75 mg/kg). This indicates that the alcoholic extract contains high concentrations of active cannabinoids that either prevent the fertilized egg from attaching to the uterine wall or alter the uterine environment so drastically that pregnancy cannot be sustained.

Table 2: Comparison of Extract Potency (Anti-Implantation)

	Extract Type
	Potency Level
	Reason for Effect

	Crude Powder
	Low
	Low bioavailability; active compounds trapped in plant fibers.

	Hot Water
	Moderate
	Partial extraction of water-soluble metabolites; lacks the main cannabinoids.

	Alcoholic
	High
	High concentration of THC/CBD; crosses cell membranes easily.


This table summarizes the extraction efficiency and its subsequent impact on fertility. The bioactive compounds remain locked within the cellulose and fiber of the plant, making them difficult for the rat’s digestive system to absorb (low bioavailability). Boiling extracts some secondary metabolites, but since major cannabinoids (like THC) are hydrophobic, the most potent anti-fertility agents are left behind. Ethanol acts as a high-efficiency solvent for lipophilic cannabinoids. This extract contains the highest concentration of active compounds, which easily cross cell membranes to disrupt hormonal signalling and implantation.

Table 3:  Effect of Treatments on Dioestrous Phase in Rats
The control group maintained a normal cycle (3.08 days in dioestrus). In contrast, the 75 mg/kg alcoholic extract group showed a marked increase in the dioestrus phase, effectively locking the rats in a non-receptive reproductive state.

	Name of Treatment
	Dose (mg/kg)
	Duration of Dioestrous Phase (Days)
	% of Rats with Prolonged Dioestrous

	Control
	Vehicle (Gum Acacia)
	3.08±1.27
	0%

	Crude Powder
	25
	4.12±0.28
	20%

	
	50
	5.20±1.05
	20%

	
	75
	2.78±1.25
	40%

	Hot Water Extract
	25
	2.13±1.04
	0%

	
	50
	4.27±2.14
	20%

	
	75
	6.17±0.28
	40%

	Alcoholic Extract
	25
	5.18±0.79
	20%

	
	50
	4.09±1.02
	40%

	
	75
	5.01±0.68
	40%


The control group shows a dioestrous phase of 3.08±1.27 days. This is the "normal" resting phase where the reproductive system prepares for the next cycle. The 0% activity indicates that all rats in this group cycled regularly, providing a reliable baseline for comparison.

At the dosage increases from 25 mg/kg to 75 mg/kg across all extracts, there is a clear trend of prolonged dioestrus. Administration with Hot Water Extract (75 mg/kg) reached a peak of 6.17±0.28 days. This is nearly double the normal duration. This suggests that the extract is exerting an inhibitory effect on the release of Gonadotropins (LH and FSH). By keeping the rat in dioestrus, the plant extracts effectively prevent the animal from entering heat (Oestrus), which is the only time mating and ovulation can occur.

The column labeled % Activity refers to the percentage of rats within that specific group that exhibited an abnormally lengthened cycle. In the high-dose Alcoholic Extract group, 40% of the rats failed to cycle normally. This is a critical all-or-nothing metric. It shows that cannabis doesn't just slightly slow down the cycle; in a significant portion of the population, it almost entirely halts the reproductive transition.

A key observation in Table 3 is that the Alcoholic Extract caused significant prolongation (5.18±0.79days) even at the lowest dose (25 mg/kg). This indicates that the ethanol-soluble compounds (likely cannabinoids like THC) are highly potent. Even a small amount is enough to disrupt the hypothalamic-pituitary-ovarian axis. The Crude and Hot Water extracts required higher doses (50–75 mg/kg) to achieve similar disruptions, likely because the active anti-fertility agents are less soluble in water.
3. Discussion
This study demonstrates a clear, dose-dependent relationship between Cannabis sativa administration and reproductive interference, though the potency varied significantly across different preparation types. Notably, the crude powder exhibited the lowest biological activity; while the 25 mg/kg dose failed to induce any anti-implantation effect, the higher thresholds of 50 mg/kg and 75 mg/kg yielded only a marginal 20% success rate. The limited efficacy of the crude form can be attributed to the matrix effect of the plant material. In its raw state, the primary bioactive secondary metabolites, specifically lipophilic cannabinoids, the digestive processes of the female albino rats may not achieve sufficient breakdown to ensure adequate systemic absorption, leading to low bioavailability.

In contrast, the hot water and alcoholic extracts demonstrated markedly superior anti-implantation activity. This shift in potency suggests that the extraction process, particularly using ethanol, successfully concentrates the hydrophobic constituents. This comparative analysis underscores that the reproductive toxicity of Cannabis sativa is fundamentally a function of both dosage and the solubility of its active metabolites.

The results demonstrate that Cannabis sativa acts as a potent anti-fertility agent. The 80% anti-implantation rate observed in the high-dose alcoholic extract group suggests that THC or other cannabinoids may alter the uterine receptivity or the transport of the fertilized egg.

The prolongation of the dioestrus phase (the period of sexual quiescence) indicates an inhibition of the gonadotropins necessary to trigger the oestrus (heat) phase. This lengthened dioestrous suggests that the extracts suppress the pituitary-ovarian axis. Furthermore, the reduction in implantation sites confirms that even when mating occurs, the biochemical environment of the uterus is compromised, preventing the embryo from attaching.

The study presents a clear, dose-dependent relationship between Cannabis sativa exposure and reproductive failure in female albino rats. The findings can be synthesized into three critical areas:

The data highlights that the method of preparation significantly dictates the severity of the anti-fertility effect. The Alcoholic Extract emerged as the most potent, achieving an 80% anti-implantation rate at the highest dose. This is attributed to the lipophilic nature of cannabinoids like THC; ethanol effectively extracts these active compounds, allowing them to cross cell membranes and interfere with the reproductive axis more readily than aqueous (water-based) preparations.

A pivotal finding is the significant lengthening of the dioestrous phase, which peaked at 6.17 days in the high-dose hot water group (nearly double the control). This prolongation suggests a suppression of the Hypothalamic-Pituitary-Ovarian (HPO) axis. By locking the rats in a state of sexual quiescence, the extracts prevent the transition to the Oestrus (heat) phase, effectively blocking the window for mating and ovulation.

Even when mating occurs, the study shows a drastic reduction in average implantation sites (dropping from 8.70 in controls to 2.98 in the high-dose alcoholic group).
5. Conclusion 
The findings of this functional study provide unequivocal evidence that Cannabis sativa serves as a potent, dose-dependent disruptor of mammalian reproductive success, effectively inducing a state of functional sterility. Through meticulous analysis of vaginal cytology and implantation rates, the research identifies the alcoholic extract as the most biologically active preparation, surpassing both hot-water and crude-powder extracts—due to the superior bioavailability of its lipophilic cannabinoids. The most significant physiological impact observed was the profound suppression of the Hypothalamic-Pituitary-Ovarian (HPO) axis, characterized by a marked prolongation of the dioestrous phase and a corresponding blockade of the fertile window. By interfering with the release of Gonadotropin-Releasing Hormone (GnRH) and subsequent pituitary hormones such as LH and FSH, the extracts prevent the essential transition to the oestrus phase required for ovulation. Furthermore, the study quantifies a drastic failure in early pregnancy success, where the average number of implantation sites plummeted from 8.70 in the control group to a mere 2.98 in the high-dose alcoholic group. This 80% reduction in implantation confirms that the bioactive constituents of C. sativa not only arrest the reproductive cycle but also fundamentally compromise the uterine environment, rendering it hostile to embryo attachment. Ultimately, these results establish the pharmacological potential of cannabis as a significant agent for reproductive interference and provide a robust scientific foundation for its further investigation as a source for plant-derived contraceptives.
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