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Abstract 

Background: Polycystic ovary syndrome (PCOS) is the common hormonal condition that affects adult women of reproductive age. PCOS can cause hormonal 

imbalance, excess androgen levels, and cysts in the ovary; irregular periods with a lack of ovulation can make it difficult to become pregnant. Lifestyle changes 

can improve PCOS symptoms, but medications and fertility treatments are not effective. The goal of this study is to see how Hemp Tribe HempowHer effects 

PCOS caused by Dehydroepiandrosterone (DHEA) in rats, and to compare it with the standard drug metformin hydrochloride.  

Materials and Methods: DHEA was injected into a group of female rats to induce PCOS. Twenty-one days after induction of PCOS, Hem Tribe HempowHer 

granules and Metformin Hydrochloride were administered to the PCOS-induced animals orally for 14 days. Their body weight, hormone levels, estrous cycles, 

and histopathological studies were conducted and compared with the normal, standard metformin hydrochloride-administered animals.  

Results: The results indicated body weight reduction in both the metformin hydrochloride-treated group and the HempowHer-treated group. Vaginal smear 

after 21 days of PCOS induction and 14 days after treatment with HempowHer showed normalization of the estrous cycle when compared to PCOS-induced 

groups. Hormonal analysis 21 days after induction of PCOS followed by 14 days of treatment with HempowHer significantly regulated the hormonal levels 

of luteinizing hormone, testosterone, progesterone, prolactin, and insulin when compared to the PCOS-induced group. Significant reduction of atretic follicles 

and increase in corpus luteum shown in histopathological studies of HempowHer-treated animals when compared to the PCOS-induced group indicate that the 

HempowHer supplement increases the possibility of the regulation of the estrous cycle, reduces the formation of ovary cysts, and improves ovary health.  

Conclusion: The HempowHer, as per the study, regulates the estrous cycle and hormonal levels pertaining to ovary health and reproduction, reduces cyst 

formation, and ameliorates symptoms of PCOS. 
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1. Introduction  

Polycystic ovary syndrome (PCOS) is a complex endocrinal 

reproductive disorder in a coalition with metabolic 

abnormalities of women, especially at their reproductive 

stage. Irregularity in menstrual cycle and menstruation, 

hormonal imbalance, and unhealthy ovary formation are 

normally observed in PCOS women during their reproductive 

stage. PCOS is characterized by hyperandrogenism, 

hirsutism, irregular and painful menstrual cycles, 

amenorrhea, cystic ovaries, and anovulation. The metabolic 

features of PCOS are insulin resistance, hyperinsulinemia, a 

high incidence of impaired glucose tolerance, obesity, 

inflammation, endothelial dysfunction, hypertension, and 

dyslipidaemia, resulting in an increased risk of diabetes and 

cardiovascular diseases. Besides, compromised quality of 
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life, anxiety, depression, and other mood disorders are also 

observed in PCOS.1 

The global prevalence of PCOS is highly variable, from 

a minimum of 2.2% to a maximum of 26.0% of reproductive-

age women; in India, it ranges from 3.7% to 22.5%.2 

The key pathophysiological contributors to PCOS are 

hyperandrogenism, insulin resistance, and altered 

folliculogenesis. Hyperinsulinemia due to insulin resistance 

alters ovarian function, leading to excessive androgen 

production and the formation of unhealthy ovaries in women 

with PCOS. This Hyperandrogenism increases the amplitude 

of luteinizing hormone (LH) pulses, and androgen production 

in theca cells for its hyperactivity causes endocrine-based 

infertility.3 

PCOS is the most common cause of anovulation, 

characterized by arrested growth of antral follicles. Even 

though the stopped growth of antral follicles likely shows the 

unusual hormone levels in PCOS (especially due to high 

insulin), more and more evidence suggests that there are 

problems with how follicles develop right from the very 

beginning, before they depend on gonadotropins. This leads 

primarily to excess small primary follicles and deformation 

of the consequent stages towards the selection of dominant 

follicles. The reduced follicle-stimulating hormone (FSH) 

responsiveness and the premature granulosa cell luteinization 

prevent the dominant follicle selection, leading to follicular 

cyst and follicular arrest.5 

Cannabis sativa has been shown to possess significant 

anti-inflammatory effects by modulating immune responses. 

Previous research has confirmed both the effectiveness and 

safety of cannabinoids in the treatment of inflammatory 

conditions. There is a growing interest in the role of 

endocannabinoids as vital regulators of the female 

reproductive system. These compounds have been associated 

with various changes in this system, such as folliculogenesis, 

oocyte maturation, and the secretion of ovarian hormones. 

Additionally, endocannabinoids play a critical role in the 

pathophysiology of PCOS.6 Despite this, the impact of 

cannabinoids has not been thoroughly assessed, and the 

modulation of endocrine regulation remains underexplored. 

Consequently, this study aims to examine the effects of a 

hemp seed formulation (HempowHer) in a rat model of 

PCOS, with a particular emphasis on estrous cyclicity and 

hormonal aspects.  

2. Materials and Methods  

Hemp Tribe HempowHer granules, formulated by MMC 

Healthcare Chennai, contain hemp seed powder, myo-

inositol, D-chiro-inositol, zinc, and chromium per 15g. The 

active components of this formulation contain cannabinoids 

(Figure 1).  

Glyciphage Tablets (Metformin 500mg) were purchased 

from the drugstore. Dehydroepiandrosterone (DHEA) was 

used for induction of PCOS. Isoflurane was used for 

anaesthesia and excess was used for euthanasia. All other 

chemicals used were of pharmaceutical/analytical grade.7  

 

Figure 1: Hempowher and metformin formulations 

2.1. Experimental animals  

We analysed the therapeutic efficacy of HempowHer in an 

in-vivo polycystic ovarian syndrome experimental model. 

The IAEC has approved the experimental animal protocol. 

We issued thirty female Sprague Dawley rats weighing 180-

220 gm. Animals were caged in standard polypropylene 

cages and acclimatized for one week in the animal house at a 

controlled temperature of 25ºC ± 2°C and humidity of 60 ± 

5% under a 12-hour light and dark cycle. All animal protocol 

experiments were carried out according to the guidance of the 

Committee for the Purpose of Control and Supervision of 

Experiments on Animals (CCSEA) guidelines on the ethical 

use of animals. The animals were provided with food and 

water ad libitum.  

2.2. Treatment protocol 

The rats were divided into groups as follows: a saline group 

(n =6) received 50 µL of sterile saline 0.9%; a DHEA group 

(n = 6) received 6 mg/kg of Dehydroepiandrosterone 

(DHEA) in sesame oil subcutaneously (s.c.); a standard group 

(n = 6) received Metformin; a low-dose treatment group (n = 

6) received HempowHer; a high-dose treatment group (n = 6) 

received HempowHer. All dosages were diluted in 50 µL of 

normal saline (Table 1).  

2.3. Induction of PCOS  

To induce PCOS, a dose of 6 mg/kg of body weight of DHEA 

was injected into the group of animals designated for the 

PCOS treatment over a period of 21 days. The DHEA was 

dissolved in sesame oil and was injected subcutaneously. 

2.4. Study plan  

The plan was to track changes in body weight, check vaginal 

smears for estrous cycles, and collect blood samples for 

hormone tests and ovary examination.  

2.5. Measurement of bodyweight 

Bodyweight of Sprague Dawley female rats was measured 

using a commercially available weighing balance. The body 

weight was measured at regular intervals throughout the 

experiment.8 
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Table 1: Treatment protocol 

Group Treatment 

Control Normal saline throughout the study 

PCOS Group 

(Negative group) 

DHEA s.c for 21 days 

Metformin Group DHEA s.c for 21 days followed by 

100mg/kg Metformin Hydrochloride 

p.o for 2 weeks 

HempowHer low 

dose  

DHEA s.c for 21 days followed by 

200mg/kg HempowHer p.o for 2 weeks 

HempowHer 

High Dose 

DHEA s.c for 21 days followed by 

400mg/kg HempowHerp.o for 2 weeks 

N=6 Female Sprague Dawley Rats in each group 

2.6. Vaginal smear collection  

Vaginal smear test was performed daily to determine the 

estrus stage. We took a vaginal smear 21 days after inducing 

PCOS with DHEA and a 4-day cycle. After this treatment 

with Metformin and Hemp Tribe HempowHer for 14 days 

and 4 days cycle again, the smear was taken. 

A moistened (Normal Saline) cotton bud swab was 

inserted into the vagina. Gently the cells were removed from 

the vagina lumen and walls, transferred them to a glass slide, 

and allowed them to air-dry. The air-dried smears were fixed. 

The air-dried glass slide was stained with diluted 

phenolphthalein (1:20, v/v) for 20 minutes. We washed the 

stained smears by dipping the glass one or two times. The 

stained smears were allowed to air dry in a vertical position. 

Microscopic analysis using an optical microscope determined 

the stage of cyclicity.  

Four phases of the estrous cycle comprised different 

predominant cells as  

1. The proestrus consists of nucleated epithelial cells. 12 

hours 

2. Estrus consisting of flat, irregular, cornified epithelial 

cells without a nucleus. 12 hours 

3. Metestrus consisting equal mixture of leukocytes, 

nucleated epithelial cells, and a few cornified 

epithelial cells. 21-24 hours 

4. Diestrus consisting of many leukocytes. 57-60 hours 

At the end of the treatment period, animals were 

anesthetized with a mixture of Isoflurane overdose.8 

2.7. Blood sampling and ovary harvesting 

The blood samples were taken by cardiac puncture. The 

serum was separated and used for estimation of PCOS related 

hormones. After sacrificing the animals, ovaries were 

harvested, removed the fat, weighed them, and fixed them in 

10% formalin. 

An enzyme-linked immunosorbent assay (ELISA) was 

used to measure the hormone levels of FSH, progesterone, 

LH, testosterone, prolactin, and insulin in the serum. We 

calculated the levels using biochemical kits.9 

2.8. Histopathology  

The harvested ovaries were cut into thin slices of 5 μm after 

being preserved in 10% formalin and placed in paraffin 

blocks, and then slides were made using hematoxylin and 

eosin stains. The slides were then examined for 

histopathological changes under a light microscope. Slides 

prepared from different parts of the ovary allowed counting 

the total number of follicles in each ovary.10 

2.9. Statistical analysis 

Statistical analysis of all data was expressed as mean ± SD 

(standard deviation). One-way ANOVA for repeated 

measures followed by Dunnet’s test was used for multiple 

comparisons. Statistical analysis was done using Software 

Graph Prism version 10.03.  

3. Results  

3.1. Body weight  

A significant increase in body weight was observed in the 

DHEA group, when compared to all the other groups. In all 

the other groups the body weight was found to be normal in 

comparison to the control group (Table 2).  

Table 2: Initial and final body weights for all the treatment 

groups 

Groups Body weight 

Initial Final 

Control 253.33 ± 6.80 249 ± 4.50(after 21 

days) *** 

PCOS Group 

(Negative group) 

234.38 ± 0.57 386.66 ± 7.76(after 

21 days) 

Metformin Group 226.40 ± 8.65 255.33 ±5.50(after 

treatment) *** 

HempowHer low 

dose  

225.12 ± 5.29 263 ± 5.25(after 

treatment) *** 

HempowHer High 

Dose 

237.35 ± 2.08 256.33 ± 2.51(after 

treatment) *** 

***p<0.001, in comparison with the disease control. 

3.2 Estrous cycle analysis 

3.2.1. Before induction 

All the groups showed proestrus (epithelial cell with nucleus, 

few leukocytes), estrus (cornified with few epithelial cells 

and leukocytes), metestrus (predominant cornified cells), and 

diestrus (mostly leukocytes) phases observed in a 4-day cycle 

3.2.2. After induction of PCOS 

All the groups showed a prolonged diestrus phase except the 

normal control group. 

3.2.3. After treatment 

The estrous cycle regularized to regular phases in the 

HempowHer-treated and metformin-treated groups, but the 

negative control group showed only a prolonged diestrus 

phase. (Figure 2). 
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P = Prosterous phase E = Estrous phase M/D = Metestrus and Diestrus phases 

Figure 2: A): Normal control; B): PCOS disease control; C): Metformin; D): Hemp Tribe HempowHer (low dose); E): 

Hemp Tribe HempowHer (High Dose) 

3.2.4. Hormones 

Following the induction of PCOS, the levels of FSH and LH 

hormones markedly decreased, followed by a substantial 

increase post-treatment. A significant rise was observed in 

the negative control group. We noted a substantial increase in 

the high dose of HempowHer, which was comparable to 

metformin therapy (Figure 3, Figure 4).  

Testosterone levels rose markedly in all groups, except 

for the normal control group. Post-treatment, testosterone 

levels dramatically decreased in both the metformin and 

HempowHer groups. Progesterone levels also showed a 

similar trend (Figure 5).  

The levels of insulin, estradiol, and prolactin did not 

demonstrate any treatment differences when compared to the 

negative control group (Figure 6, Figure 7). A significant 

difference was noted between the induction groups and the 

normal control group; however, no substantial inference was 

established post-treatment. 

3.10. Ovary weight and cysts in ovaries 

The ovarian weights from the DHEA group were 

significantly increased at 14 and 21 days after DHEA 

injection compared with the normal group. Consistent with 

these results, the ovarian size was also increased. In the 

treatment groups, the ovarian weights were less than in the 

PCOS group.  

3.11. Ovarian histopathology 

According to the histopathology the mean volume of atretic 

follicles has significantly increased in negative control, 

compared to control group. On the other hand, the results 

show a marked decrease after treatment with metformin and 

the HempowHer treatment groups. In contrast to the atretic 

cystic follicles, no corpus luteum was seen in the ovaries of 

negative control groups; more corpus luteum and Graafian 

follicles were observed in the ovaries of rats treated with low-

dose and high-dose Hemp Tribe HempowHer (Figure 8). 
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Figure 3: FSH levels in the different treatment groups 

 

Figure 4: LH levels in the different treatment groups 
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Figure 5: Testosterone levels in the different treatment groups 

 

Figure 6: Estradiol levels in the different treatment groups 
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Figure 7: Insulin levels in the different treatment groups 

 

Figure 8: Histopathology of rat ovaries with A): Control group showing normal corpus luteum and Graafian follicle, B): 

PCOS induced -there were many atretic follicles observed; no corpus luteum was observed. C): Metformin & D): Low-dose 

(HempowHer) treatment & E): High-dose (HempowHer) treatment—more growing follicles were observed, and corpora 

lutea were also observed. CL – Corpus luteum, GF – Growing follicle, AF – Atretic follicle, NF – Normal follicle 

4. Discussion 

Polycystic ovarian syndrome, abbreviated as PCOS, is a 

disorder found among reproductive women. The symptoms 

of PCOS are infertility and anovulation, menstrual disorders, 

and metabolic disturbances.11 The recommended treatments 

for women with PCOS, especially for PCOS patients with 

obesity, are lifestyle and nutrition interventions and weight 

loss. The current study shows that metabolic disorders in 

patients with PCOS may be improved by the intervention of 

dietary factors such as anti-inflammatory foods. Among 

dietary factors, omega-3 fatty acids play an important role in 

immune regulation, insulin sensitivity, and cellular 

differentiation.12 

The HempowHer could be used as a dietary supplement 

for improving excessive oxidative stress-mediated 

folliculogenesis disorder and hyperinsulinemia in women 

with PCOS.13 Consumption of omega-3 fatty acids could 

improve some cardiometabolic health issues in women with 
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PCOS by lowering the production of certain free radicals and 

could boost the activity of antioxidant enzymes. The nutrients 

in the hemp seeds and the content like myo-inositol, D-chiro-

inositol, zinc, and chromium in the HempowHer could be 

responsible for their effective mechanism of action, 

especially in PCOS treatment.  

Among the various models available for inducing PCOS 

in rats, the DHEA- induced PCOS model was chosen for this 

study. DHEA is a male hormone, androgen, which was found 

to be high in PCOS, which justifies this model.15 

DHEA-induced PCOS rats gained more weight, but the 

treatment with Metformin or HempowHer did not show a 

significant increase in weight. Obesity is a common finding 

in PCOS and aggravates many of its reproductive and 

metabolic features. The relationship between PCOS and 

obesity is complex, not well understood, and most likely 

involves a combination of genetic and environmental 

factors.16,17 

Women with PCOS exhibit irregular menstrual cycles 

and chronic anovulation, which are the primary clinical 

manifestations of PCOS.17 Hence, estrus cyclicity in PCOS 

rats was monitored, wherein PCOS rats exhibited arrested 

estrus cyclicity in the late diestrus phase of the cycle as 

compared to control groups. The cyclicity was normalized in 

the treatment groups, exhibiting reversion to normal cycles in 

PCOS rats.  

Follicle-stimulating hormone levels lead to follicular 

development and ovulation through an increase in the 

glutamine levels.18 In the current study, the PCOS-induced 

control group had significantly lower when compared to the 

HempowHer- and Metformin-treated groups, and vaginal 

smears also revealed reversal of estrous cyclicity to normal 

levels. This showed that regularization of the menstrual cycle 

in the treated groups when compared to the PCOS groups. 

Histopathological studies also showed more growing follicles 

with corpus luteum without atretic follicles for the 

regularization of ovary function and menstrual cycle for 

fertility in the treated groups.  

Testosterone level was significantly higher in the PCOS-

induced group compared to the normal control group. 

Testosterone levels in HempowHer treatment groups were 

decreased compared to the PCOS induced group. The ovaries 

are stimulated to produce excessive amounts of androgens, 

particularly testosterone, through the release of excessive LH 

by the anterior pituitary gland or through high levels of 

insulin in the blood. Hyperandrogenism is a key factor in the 

pathogenesis of most PCOS cases, as it leads to cystogenesis 

by impairing the maturation of developing follicles in the 

ovaries. Hyperandrogenism is the key feature of PCOS, 

resulting primarily from excess androgen production in the 

ovaries and, to a lesser extent, in the adrenals.19,20 

Steroid hormones synthesized by the ovaries function as 

autocrine agents and are crucial in regulating ovarian cell 

apoptosis. Estrogen serves as a crucial determinant for the 

viability of both granulosa cells and the corpus luteum. 

Estrogen can increase the levels of genes that prevent cell 

death while also boosting the levels of genes that promote cell 

death, which can lead to cell death in ovarian cysts and help 

reduce the symptoms of PCOS.21,22 The current study found 

that the treatment groups had improved estrogen levels 

compared to the disease control group.  

The hormone progesterone is essential for both 

pregnancy and the regulation of the reproductive cycle. The 

PCOS-induced group had a strikingly high level of 

progesterone, while the groups treated with HempowHer and 

metformin maintained lower progesterone levels when 

compared to the PCOS-induced group. This slight reduction 

in the progesterone level helps to enhance the estrogen level 

during ovulation and normalize the menstrual cycle. During 

the fall in progesterone, the menstrual cycle takes place. 

Higher progesterone levels lead to menstrual 

irregularities.23,24 

Insulin resistance can lead to infertility and elevated 

androgen levels, which intensify the characteristics of PCOS. 

Furthermore, the insulin-sensitizing medication metformin 

can ameliorate irregularities, enhance ovulation, and increase 

birth rates in individuals with PCOS, particularly in the 

presence of insulin resistance.25-27 Consequently, a robust 

correlation is expected between PCOS and insulin 

resistance.28 In this study, insulin was normal in the PCOS-

induced group compared to the normal control group. The 

study showed no significant difference between the groups. 

Hypersecretion of prolactin leads to amenorrhea, 

galactorrhoea, and infertility. Prolactin decreases the levels 

of FSH, where FSH was responsible for the development of 

follicles in the ovaries.29-33 Prolactin levels in the PCOS-

induced control group were significantly higher when 

compared to the control. Prolactin level was significantly 

decreased in the metformin treatment group. Administration 

of HempowHer showed a significant decrease in prolactin 

level.  

The current study showed that the HempowHer had the 

potential to ameliorate polycystic ovarian syndrome, which 

is statistically comparable with metformin. PCOS patients 

also suffer from weight gain, whereas the HempowHer-

treated group showed no significant increase in weight when 

compared to the PCOS-induced group. HempowHer has 

ameliorated the hormone levels, which are the major causes 

of PCOS, by showing a reduction in the levels of LH, 

testosterone, and prolactin and upregulating the levels of FSH 

and progesterone. Insulin levels were not affected 

significantly compared to PCOS-induced and treatment 

groups, except HempowHer high-dose group showed a slight 

reduction in the insulin level, which indicates there is the 

possibility of a reduction in insulin resistance. It was found 
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that the HempowHer group had fewer immature atretic 

follicles than the PCOS-induced group. Improvement in the 

amelioration of hormones and enzymes reduction in atretic 

follicles in the ovaries by the HempowHer-treated group 

suggests that it could be an ideal supplement for PCOS to 

reduce its symptoms, especially for the normalization of the 

menstrual cycle and fertility.  

5. Conclusion 

HempowHer has the property to regulate the estrous cycle, 

inhibit the gain in body weight during PCOS, and reduce the 

immature follicles by regulating the hormonal levels. Further 

studies are warranted to confirm the therapeutic validity of 

HempowHer in clinical studies and combination with 

existing allopathic medicines could also be explored. 
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