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ABSTRACT 
 

Polycystic ovary syndrome (PCOS) is a multifactorial endocrine disorder that is commonly diagnosed in women of reproductive age. The 
reported incidents of PCOS are drastically increasing every year worldwide, however, the etiology of PCOS is still not fully comprehended. A 
traditional herb such as Nigella sativa (NS) is being consumed as an alternative to modern medications to manage the signs of PCOS. The 
effectiveness of NS against PCOS signs and symptoms is being widely published, but studies focusing on its effect on ovarian dysregulations 
are limited. Hence, this review was written to provide an updated summary of NS and the ovaries of PCOS subjects. This review gathered 
publications from studies conducted in an in vivo and clinical trial settings and is anticipated to be a reference for future research involving 
NS and PCOS subjects. 
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INTRODUCTION 
 

Polycystic ovary syndrome (PCOS) 

Polycystic ovary syndrome (PCOS) is one of the most common 

endocrine disorders in women. It was reported that PCOS had 

affected around 20% of women globally (Rao et al., 2020). The 

exact causes of PCOS are still not defined but 

hyperandrogenism is one of the most reported possible causes 

of PCOS. Hyperandrogenism results from the imbalance of the 

hypothalamic-pituitary-ovarian axis (HPO) and oxidative 

stress (OS) (Ashraf et al., 2019; Sun et al., 2021) which may 

lead to impaired follicular development (Bertoldo et al., 2019). 

An imbalance of the HPO axis occurs when there is an increase 

of gonadotrophin-releasing hormone (GnRH) from the 

hypothalamus, favoring the production of luteinizing hormone 

(LH) instead of follicular stimulating hormone (FSH) (Ashraf et 

al., 2019).  

In normal conditions, the development of primordial follicles 

to primary follicles and subsequently to secondary follicles are 

gonadotropin-independent while further maturation of 

preantral follicles to antral follicles is FSH-dependent (Rimon-

Dahari et al., 2016; Cox & Takov, 2018). The LH receptors will 

be formed on the antral follicles as the further development 

will be LH-dependence. LH will be responsible for stimulating 

antral follicles into Graafian follicles (Franks & Hardy, 2018). 

Then, the matured oocyte will be released, and follicles will be 

further developed into corpus luteum. In PCOS conditions, the 

excessive level of androgen will block the development of 

follicles and a low level of FSH will cause the accumulation of 

preantral and antral follicles that cannot develop into corpus 

luteum (Figure 1) (John & Michael, 2021). Other than that, 

many atretic follicles will also be formed due to the excessive 

amounts of androgen. This is because androgen can go into the 

layer of granulosa cells of preantral follicles and bind to their 

cell receptors, resulting in cell death (Zhang et al., 2019; 

Aburawi et al., 2021). 

 

 
Figure 1. A normal and polycystic ovary (HealthDirect 

Australia Limited, 2024) 
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Nigella sativa – The black seeds 

Nigella sativa (NS) is a widely used medicinal plant. It is an 

annual herbaceous flowering plant (Figure 2) from the family 

of Ranunculaceae and is mostly grown or cultivated in South 

and Southwest Asia (Ramadan, 2016). Its seeds (Figure 3) and 

oil have been used for centuries to treat various ailments 

(Tavakkoli et al., 2017), and its efficiency is reported to be due 

to the different contained constituents. These include terpenes 

(thymoquinone, dithymoquinone, p-cymene, α-pinene, 

limonene, carvone, anethol, etc.), steroids (α-hederin), 

alkaloids (nigellicine, negillidine, nigellicimine, nigellicimine-

N-oxide), flavonoids (quercetin), saponins, fixed oil, coumarins, 

amino acids, and many others (Rajabian & Hosseinzadeh, 

2020; Ahmad et al., 2021). Thymoquinone is the major 

constituent of the NS oil contributing to its therapeutic 

potential as an antimicrobial, anti-inflammatory, and 

antioxidant. 

 

 
Figure 2. The Nigella sativa flowers (Rayhanah Group Sdn 

Bhd, 2024) 

 

 

Figure 3. The Nigella sativa seeds (Melissa, 2024) 

 

Nigella sativa in PCOS: The reported works  

The available reports on the effects of NS on the improvisation 

of PCOS symptoms are limited. The study reports are mainly on 

hormonal changes, redox disturbances, histological analysis, 

and improvement of the menstrual cycle. For instance, a 

laboratory animal-based study was conducted to observe the 

protective effect of NS on the number of cystic follicles in 

letrozole-induced PCOS mice. In this study, both NS seeds 

powder (10g/kg body weight) and NS oil (4ml/kg body 

weight) were used. The results showed that both forms of NS 

have a similar protective effect which decreased the number of 

ovarian cystic follicles (Anwar et al., 2016). The same research 

group also published a study on the ameliorative impact of NS 

on serum testosterone levels in letrozole-induced PCOS mice, 

reporting that NS in both liquid and solid states improved 

serum testosterone levels (Anwar et al., 2021). Other studies 

on the improvement of NS on body weight (Arivoli, 2019; Nafiu 

et al., 2019; Ammar & Salem, 2021; Anwar et al., 2021; Naghsh 

et al., 2023), and the weight, volume, and gross appearance of 

ovaries in PCOS mice were also reported (Anwar et al., 2021).   

Supplementation with NS oil to letrozole-induced rats reported 

a significant increase in the number of rats undergoing regular 

cycles, the average number of regular cycles, the appearance of 

corpus luteum, and the reduced number of cystic follicles 

(Nafiu et al., 2019). This study also reported on the improved 

levels of circulating gonadotropins, and the increased activities 

of superoxide dismutase (SOD) and glutathione peroxidase 

(GPx) (Nafiu et al., 2019). A double-blinded controlled clinical 

trial conducted on PCOS patients with oligo-amenorrhea, with 

the intervention of NS oil also indicated that NS has the 

potential against menstrual irregularities as it shortens the 

menstrual interval and increases the frequency of the 

menstrual cycle in PCOS patients (Naeimi et al., 2018; Naeimi 

et al., 2020). These findings were also supported by a report of 

a non-randomized clinical trial on 40 PCOS women that 

showed that a 60-day intake of NS (powder form) resulted in a 

normal 28-day menstrual cycle in 50% of the women, a normal 

3-5 days cycle duration in 85% of the women, and a completely 

cleared cysts in 15% of the women (Arivoli, 2019). The 

improving body weight, ovarian morphology, ovulation, and 

serum LH and FSH following thymoquinone intervention in 

PCOS-induced Wistar rats were also reported (Javanshir et al., 

2018).  

The potentials of NS are being continuously reported with the 

addition of a report on the synergistic effects of NS hydro-

alcoholic extract and honey on the hormonal regulations in 

PCOS-induced rats (Naseran et al., 2020). This laboratory-

based study on Wistar rats reported a significant decrease in 

LH, estrogen, and testosterone; and an increase in FSH level 

following supplementation with 600mg/kg NS extract and 

2400mg/kg honey for 28 days. An increase in the progesterone 

level also was reported following the intake of 300mg/kg NS 

extract and 1200mg/kg honey. Similarly, a study by Khani et al. 

(2021) reported that NS hydro-alcoholic extract declined the 

levels of LH, estrogen, testosterone, and malondialdehyde 

(MDA) and elevated the levels of progesterone and antioxidant 

enzymes including SOD, GPx and catalase (CAT) in PCOS-

induced rats. NS hydro-alcoholic extract also improved the 

ovarian histological structure in which the number of Graafian 

follicles was increased while the number of cystic and atretic 

follicles decreased (Khani et al., 2021).  

Another study (Eini et al., 2020) using NS hydro-alcoholic 

extract on the quality of oocytes retrieved from PCOS-induced 

mice during in vitro maturation was also reported and 

indicated that NS extract improves oocyte maturation, 

oxidative status, and epigenetic modifications. A significant 

increase was observed in the expression of the Dnmt1, Hdac1, 

Cdk1, Mapk, and Gpx1 genes with a significant decrease in Cox2 

gene expression of the mature oocytes. These important genes 

play roles during fertilization and embryonic development 
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(Eini et al., 2020). Improved ovarian antioxidant activity was 

also shown through the increase of total antioxidant capacity 

(TAC) and decline of malondialdehyde (MDA) level following 

supplementation with NS hydro-alcoholic extract in PCOS-

induced rats (Kohzadi et al., 2017).  

Combined supplementation of 500mg of metformin and 500mg 

thymoquinone (NS oil, capsule) showed that NS capsule intake 

added the improvising effect to metformin as it resumed 

menstrual regularity, reduced body weight, and regained 

oxidative balance in the overweight and obese PCOS patients 

(Jahromi et al., 2023). Another randomized double-blind 

clinical trial on combined supplementation using NS and black 

pepper showed an increase in the pregnancy rates, size of 

dominant follicles, number of follicles, and endometrial 

thickness compared to the control group which was treated 

with letrozole and tamoxifen (Jahromi et al., 2023).  

 

The possible effects of Nigella sativa 

Various beneficial effects of NS have been suggested as an 

antimicrobial, cardioprotective, gastroprotective, 

neuroprotective, anticancer, anti-diabetic, anti-dyslipidemia, 

anti-obesity, immunomodulatory, anti-inflammatory, 

nephroprotective, and anti-arthritic activities (Ahmad et al., 

2021). NS as an anti-infertility agent has been reported 

previously, however the particular reports on ovarian function 

are limited. From the reports discussed above, NS of different 

forms such as extract, oil, and powder exerted promising 

effects towards improvisation of the PCOS-induced ovarian 

dysregulation including folliculogenesis (follicular growth), 

hormonal levels, structural histology, and oxidative stress. 

Both experimental studies and clinical trials reported on the 

enhanced outcomes of the studied parameters, suggesting the 

promising effects of NS in PCOS patients.   

The mechanism of action of NS towards the managing of PCOS-

induced reproductive disorders is not fully established, but it 

was reported to be possibly due to its phytoestrogen effects. 

Phytoestrogens are derived from plants and possess structures 

similar to endogenous estradiol (Desmawati & Sulastri, 2019). 

They can bind to the alpha and beta estrogen receptors 

(Paterni et al., 2014). Alpha estrogen receptors promote cell 

proliferation, while beta receptors are responsible for cell 

apoptosis (Sirotkin & Harrath, 2014). Once the receptor binds 

to the ligand, it moves from the cytoplasm to the cell nucleus. 

There, it binds to and influences the area that controls the DNA 

transcription process or small RNA, which in turn affects the 

expression of certain genes. Therefore, phytoestrogens have 

the potential to regulate all processes influenced by estrogen, 

including the induction of sex hormones (Sirotkin & Harrath, 

2014).  

Reports on the phytoestrogen effect of NS have been reported 

earlier in a study conducted to evaluate NS's estrogenic activity 

using ovariectomized rats (Parhizkar et al., 2011). The study 

findings showed a significant increase in uterine weight. NS 

also improved the endometrial histological structure through 

the increase of luminal and glandular epithelium height, 

increase of endometrial and myometrial diameters, and 

increase the number of endometrial glands (Parhizkar et al., 

2011). The effect of NS on the uterus was also reported by 

Sabrina et al. (2023) where co-supplementation of vitamin E 

and NS resulted in a significantly higher endometrial thickness 

and the other uterine structures were not disrupted. Other 

effects of NS were NS oil reported to help remove uterine 

content of missed abortion through the reduction of human 

chorionic gonadotropin (hCG) hormone and facilitation of 

cervix dilation (Mohammadi et al., 2024). Another review also 

reported that NS treatment had improved the follicle count, 

corpus luteum, and level of testosterone and progesterone in 

infertile women (Darand et al., 2019).  

 

CONCLUSION 

The effects of NS supplementation on PCOS-induced ovarian 

dysfunctions have been continuously reported, despite the 

molecular mechanism regulating the effects remains unknown. 

Other than its phytoestrogen effects, the promising effects of 

NS have been attributed to its potential as an antioxidant, anti-

androgenic, anticancer, and anti-inflammatory agent (Ahmad 

et al., 2013), which is due to the presence of thymoquinone, the 

primary bioactive compound (Amalia et al., 2022; Alaee et al., 

2023). The next research focus should be on finding and 

understanding the mechanism of action of NS, which might 

require a larger scale of laboratory experiments and clinical 

trials, as well as determining the optimal dose and duration of 

intake to achieve effective results.  

ACKNOWLEDGMENTS: A special thanks to all staff and 

members of the Faculty of Pharmacy, UiTM Selangor, Puncak 

Alam Campus, Malaysia for all the assistance and support 

provided in completing this study. The authors declare no 

conflict of interest. 

CONFLICT OF INTEREST: None 

FINANCIAL SUPPORT: None 

ETHICS STATEMENT: None 

REFERENCES 

Aburawi, S. M., Treesh, S. A., El Jaafari, H. A., El Ghedamsi, M. T., 

Nafati, N. A., Benmahmoud, O. A., Almajry, M., & Shebani, 

N. (2021). Effect of vitamin E on polycystic ovary 

syndrome induced by dehydroepiandrosterone in female 

albino mice: Histological study. Malaysian Journal of 

Pharmaceutical Sciences, 19(2), 111-130. 

doi:10.21315/mjps2021.19.2.8 

Ahmad, A., Husain, A., Mujeeb, M., Khan, S. A., Najmi, A. K., 

Siddique, N. A., Damanhouri, Z. A., & Anwar, F. (2013). A 

review on therapeutic potential of Nigella sativa: A 

miracle herb. Asian Pacific Journal of Tropical 

Biomedicine, 3(5), 337-352. 

Ahmad, M. F., Ahmad, F. A., Ashraf, S. A., Saad, H. H., Wahab, S., 

Khan, M. I., Ali, M., Mohan, S., Hakeem, K. R., & Athar, M. T. 

(2021). An updated knowledge of Black seed (Nigella 

sativa Linn.): Review of phytochemical constituents and 

pharmacological properties. Journal of Herbal 

Medicine, 25, 100404. 

doi:10.1016/j.hermed.2020.100404 

Alaee, S., Mirani, M., Derakhshan, Z., Koohpeyma, F., & Bakhtari, 

A. (2023). Thymoquinone improves folliculogenesis, 

sexual hormones, gene expression of apoptotic markers 



Jaafar et al.                                                                                                        World J Environ Biosci, 2024, 13, 2: 36-40 

 

39 
 

and antioxidant enzymes in polycystic ovary syndrome 

rat model. Veterinary Medicine and Science, 9(1), 290-300. 

doi:10.1002/vms3.958 

Amalia, A., Hendarto, H., Mustika, A., & Susanti, I. (2022). 

Effects of nigella sativa on female infertility: A systematic 

review. In Proceedings of the 6th International Conference 

on Medical and Health Informatics (pp. 234-237). 

doi:10.1145/3545729.3545776  

Ammar, I. M. M., & Salem, M. A. A. (2021). Amelioration of 

polycystic ovary syndrome-related disorders by 

supplementation of thymoquinone and metformin. Middle 

East Fertility Society Journal, 26(1), 1-9. 

doi:10.1186/s43043-021-00076-1 

Anwar, N. O. R. E. E. N., Nadeem, A. M. E. R., Naheed, K. I. S. H. W. 

A. R., Jarral, S. A., Abdullah, M. S., Asad, A., & Laique, T. 

(2021). Impact of Nigella sativa on body weight, volume 

and weight of ovary in letrozole induced polycystic 

ovarian syndrome in mice. Pakistan Journal of Medical & 

Health Sciences, 15(9), 2355-2357. 

doi:10.53350/pjmhs211592355 

Anwar, N., Hamid, S., & Butt, S. A. (2016). Effect of Nigella sativa 

on several cystic follicles in letrozole-induced polycystic 

ovaries in mice. Pakistan Armed Forces Medical 

Journal, 66(3), 310-313.  

Anwar, N., Hamid, S., Nadeem, A., Asad, A., Waseem, N., & 

Mehmood, N. (2021). Effect of nigella sativa on serum 

testosterone levels in letrozole induced polycystic ovarian 

syndrome in mice. Pakistan Armed Forces Medical 

Journal, 71(1), 338-342. 

Arivoli, D. (2019). A Prospective Open Labelled Phase-II Non 

Randomized Clinical Trial On “Karunjchirakam 

Chooranam” for Raktha Soorai Vaayu (Poly Cystic Ovarian 

Syndrome) (Doctoral dissertation, Government Siddha 

Medical College, Palayamkottai). 

Ashraf, S., Nabi, M., Rashid, F., & Amin, S. (2019). 

Hyperandrogenism in polycystic ovarian syndrome and 

role of CYP gene variants: A review. Egyptian Journal of 

Medical Human Genetics, 20(1), 1-10. 

doi:10.1186/s43042-019-0031-4 

Bertoldo, M. J., Caldwell, A. S., Riepsamen, A. H., Lin, D., 

Gonzalez, M. B., Robker, R. L., Ledger, W. L., Gilchrist, R. B., 

Handelsman, D. J., & Walters, K. A. (2019). A 

hyperandrogenic environment causes intrinsic defects 

that are detrimental to follicular dynamics in a PCOS 

mouse model. Endocrinology, 160(3), 699-715.  

Cox, E., & Takov, V. (2018). Embryology, Ovarian Follicle 

Development. StatPearls Publishing LLC, USA.  

Darand, M., Hajizadeh, M., Mirmiran, P., & Mokari-Yamchi, A. 

(2019). The effect of Nigella sativa on infertility infertility 

in men and women: A systematic review. Progress in 

Nutrition, 21, 33-41. doi:10.23751/pn.v21i2-S.7088 

Desmawati, D., & Sulastri, D. (2019). Phytoestrogens and their 

health effect. Open access Macedonian Journal of Medical 

Sciences, 7(3), 495-499. doi:10.3889/oamjms 

Eini, F., Joharchi, K., Kutenaei, M. A., & Mousavi, P. (2020). 

Improvement in the epigenetic modification and 

development competence in PCOS mice oocytes by hydro-

alcoholic extract of Nigella sativa during in-vitro 

maturation: An experimental study. International Journal 

of Reproductive BioMedicine, 18(9), 733-746. 

doi:10.18502/ijrm.v13i9.7668 

Franks, S., & Hardy, K. (2018). Androgen action in the 

ovary. Frontiers in Endocrinology, 9, 452. 

doi:10.3389/fendo.2018.00452 

HealthDirect Australia Limited. (2024). Polycystic ovarian 

syndrome (PCOS). Available from: 

https://www.healthdirect.gov.au/polycystic-ovarian-

syndrome-pcos. 

Jahromi, R. A., Ansari, A., Zareibabaarabi, Z., Rahmanian, V., & 

Sharifi, N. (2023). Comparative effect of Nigella sativa+ 

black pepper and letrozole + tamoxifen on female 

infertility in women with polycystic ovarian syndrome: A 

randomized clinical trial. Journal of Medicinal and 

Chemical Sciences, 6(9), 2154-2163. 

doi:10.26655/JMCHEMSCI.2023.9.21 

Javanshir, S. T., Yaghmaei, P., & Hajebrahimi, Z. (2018). 

Thymoquinone ameliorates some endocrine parameters 

and histological alteration in a rat model of polycystic 

ovary syndrome. International Journal of Reproductive 

Biomedicine, 16(4), 275-284. doi:10.29252/ijrm.16.4.275 

John, E. H., & Michael, E. H. (2021). Female physiology before 

pregnancy and female hormones. In: Guyton and Hall 

Textbook of Medical Physiology. Elsevier, Inc.  

Khani, S., Abdollahi, M., Khalaj, A., Heidari, H., & Zohali, S. 

(2021). The effect of hydroalcoholic extract of Nigella 

Sativa seed on dehydroepiandrosterone-induced 

polycystic ovarian syndrome in rats: An experimental 

study. International Journal of Reproductive 

BioMedicine, 19(3), 271-282. 

doi:10.18502/ijrm.v19i3.8575 

Kohzadi, R., Nejati, V., Razi, M., & Najafi, G. (2017). Effects 

Hydro-alcoholic extract of (Nigella sativa L.) on the level 

of malondialdehyde (MDA) and total antioxidant capacity 

(TAC) of the ovary tissue in a rat model of PCOS. Journal 

of Animal Environment, 9(3), 85-92. 

Melissa, P. (2024). Black cumin. Encyclopedia Britannica. 

Available from: 

https://www.britannica.com/plant/black-cumin 

Mohammadi, B., Nazari Robati, L., Tavakol, Z., & Movahhed, M. 

(2024). Evaluation of the effect of Nigella sativa oil on the 

outcome of missed abortion in women: A randomized 

double‐blind clinical trial. Health Science Reports, 7(4), 

e2029. doi:10.1002/hsr2.2029 

Naeimi, S. A., Hajimehdipoor, H., & Saber, S. (2020). Comparing 

the effect of Nigella sativa oil soft gel and placebo on 

oligomenorrhea, amenorrhea and laboratory 

characteristics in patients with polycystic ovarian 

syndrome, a randomized clinical trial. Research Journal of 

Pharmacognosy, 7(1), 49-59. 

doi:10.22127/rjp.2019.206178.1530 

Naeimi, S. A., Tansaz, M., Sohrabvand, F., Hajimehdipoor, H., 

Nabimeybodi, R., Saber, S., Shakiba, M., & Rohani, M. 

(2018). Assessing the effect of processed nigella sativa on 

oligomenorrhea and amenorrhea in patients with 

polycystic ovarian syndrome: A pilot study. International 

Journal of Pharmaceutical Sciences And Research, 9(11), 

4716-4722. doi:10.13040/IJPSR.0975-8232.9 

Nafiu, A. B., Alimi, S., Babalola, A., Ogunlade, A. T., Muhammad, 

F. D., Abioye, A. R. A. I., Abdulmusawwir, A. O., Oyewole, L. 

A., Akinola, O., Olajide, O. J., et al. (2019). Anti-androgenic 

and insulin-sensitizing actions of Nigella sativa oil 

improve polycystic ovary and associated dyslipidemia 



Jaafar et al.                                                                                                        World J Environ Biosci, 2024, 13, 2: 36-40 

 

40 
 

and redox disturbances. Journal of Complementary 

Medicine Research, 10(4), 186-199. 

doi:10.5455/jcmr.20190613045154 

Naghsh, N., Moridpour, A. H., Kavyani, Z., Musazadeh, V., 

Jafarzadeh, J., Safaei, E., Clark, C. C., & Faghfouri, A. H. 

(2023). The effect of Nigella sativa (black seed) 

supplementation on body weight and body composition: 

A GRADE-assessed systematic review and dose-response 

meta-analysis of randomized controlled trials. Journal of 

Functional Foods, 105, 105565. 

doi:10.1016/j.jff.2023.105565 

Naseran, S. N., Mokhtari, M., Abedinzade, M., & Shariati, M. 

(2020). Evaluation of the effect of nigella sativa hydro-

alcoholic extract and honey on gonadotropins and sex 

hormones level in the polycystic ovarian syndrome model 

of wistar rat. Scientific Journal of Kurdistan University of 

Medical Sciences, 25(1), 117-129. 

doi:10.52547/sjku.25.1.11 

Parhizkar, S., Latiff, L. A., Rahman, S. A., & Aziz, M. (2011). 

Evaluation of estrogen-like activity of Nigella sativa in 

ovariectomized rats. African Journal of Pharmacy and 

Pharmacology, 5(8), 1006-1011. doi:10.5897/AJPP10.257 

Paterni, I., Granchi, C., Katzenellenbogen, J. A., & Minutolo, F. 

(2014). Estrogen receptors alpha (ERα) and beta (ERβ): 

Subtype-selective ligands and clinical 

potential. Steroids, 90, 13-29. 

doi:10.1016/j.steroids.2014.06.012 

Rajabian, A., & Hosseinzadeh, H. (2020). Dermatological of 

Nigella sativa and its constituent, thymoquinone: A 

review. In: V.R. Preedy, R.R. Watson. Nuts and Seeds in 

Health and Disease Prevention. Academic Press, Elsevier. 

doi:10.1016/B978-0-12-818553-7.00024-3 

Ramadan, M. F. (2016). Black cumin (Nigella sativa) oils. 

In Essential oils in food preservation, flavor and safety (pp. 

269-275). Academic Press. 

Rao, M., Broughton, K. S., & LeMieux, M. J. (2020). Cross-

sectional study on the knowledge and prevalence of PCOS 

at a multiethnic university. Progress in Preventive 

Medicine, e0028. doi:10.1097/pp9.0000000000000028 

Rayhanah Group Sdn Bhd. (2024). Kenali Habbatussauda – 3 

Fakta Menarik Jintan Hitam. Available from: 

https://www.rayhanahmadu.com/blogs/news/kenali-

habbatussauda-3-fakta-menarik-jintan-hitam 

Rimon-Dahari, N., Yerushalmi-Heinemann, L., Alyagor, L., & 

Dekel, N. (2016). Ovarian folliculogenesis. In: Piprek R. 

(eds). Molecular Mechanisms of Cell Differentiation in 

Gonad Development. Results and Problems in Cell 

Differentiation. Springer, Cham. doi:10.1007/978-3-319-

31973-5_7 

Sabrina, M. J., Hannah, N. J., Ruzianisra, M., & Syairah, S. M. M. 

(2023). Co-supplementation of vitamin E & Nigella sativa 

improved the endometrial thickness in mice. 

International Journal of Anatomy and Research, 11(4), 

8778-8783. doi:10.16965/ijar.2023.222 

Sirotkin, A. V., & Harrath, A. H. (2014). Phytoestrogens and 

their effects. European Journal of Pharmacology, 741, 230-

236. doi:10.1016/j.ejphar.2014.07.057 

Sun, Y., Li, S., Liu, H., Bai, H., Hu, K., Zhang, R., Liu, Q., & Fan, P. 

(2021). Oxidative stress promotes hyperandrogenism by 

reducing sex hormone-binding globulin in polycystic 

ovary syndrome. Fertility and Sterility, 116(6), 1641-

1650. 

Tavakkoli, A., Mahdian, V., Razavi, B. M., & Hosseinzadeh, H. 

(2017). Review on clinical trials of black seed (Nigella 

sativa) and its active constituent, thymoquinone. Journal 

of Pharmacopuncture, 20(3), 179-193. 

Zhang, Z., Zhang, Y., Lin, F., Wang, Z., & Zhang, Z. (2019). 

Endocrine characteristics and regulatory mechanism of 

follicular development and ovulation failure in the 

mammalian ovary. In: Wang Z (eds). Polycystic Ovarian 

Syndrome. IntechOpen.  doi:10.5772/intechopen.89625 

 

 

 


