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INTRODUCTION
An increasing body of research highlights the importance of gender 
differences in the epidemiology, pathophysiology, and treatment of 
various diseases, especially non-communicable diseases (1).

Furthermore, females are at a greater risk of suffering from 
osteoarthritis, heart disease, urinary tract problems, stroke, depression, 
and anxiety (2). 

However, although females comprise almost half of the human 
population, there is a reported discrepancy in the presentation of the 
genders in health studies (3). 

In humans, it has been shown that the gut microbiota is influenced by 
changes in estrogen and androgen levels due to factors such as 
pregnancy, puberty, menopause, or PCOS. In this regard, women with 
PCOS (hyperandrogenic) show a markedly altered microbiota (4,5)

 It changes from the first to third trimester of pregnancy, with an overall 
increase in Proteobacteria and Actinobacteria and reduced richness 
(6,7)

A bidirectional relationship is established between host hormones and 
the host’s gut microbiome. Moreover, sex hormones can affect 
bacterial growth and virulence. Namely, the sex hormones estriol and 
estradiol inhibit bacterial virulence through hindering quorum 
sensing, while progesterone was shown to enhance the development of 
oral Bacteroides species and Prevotella intermedius (8).

 Sex differences in gut microbiota composition increase at puberty, 
with girls' gut microbiota becoming more similar to that of adults with 
pubertal progression. These results might also suggest that gut 
microbiota may affect the timing of puberty, possibly by regulating 
host sex hormone levels (9,10)

In men and postmenopausal women, urinary estrogen levels have 
shown a strong association with gut microbiota richness and alpha-
diversity, whereas premenopausal female estrogen levels, highly 
variable when collected during menstrual cycles, did not show this 
association (11,12)

Regarding hormonal changes associated with puberty, no differences 
in microbial alpha-diversity have been observed in prepubertal mice, 
while the microbiota of post-pubertal mice shows a sex bias (13). 

In another study, after reducing androgen levels by castration, the 
microbiota of castrated males showed more similarities with the 
microbiota of females than with the microbiota of gonadal-intact 
males. Gonadectomy has demonstrated the influence of sex hormones 
on the observed sexual bias in gut microbiota composition (14)

It has recently been suggested that part of the sex bias of the gut 
microbiota may depend on bile acids, as the bile acid pool is larger in 
males than in females (15,16)

After being synthesized in the liver from cholesterol, they are 
metabolized by the gut microbiota into secondary bile acids, which in 
turn can modify the structure of the microbiota and lead to various 
pathologies (17,18)

Recently, it has been reported that the gut microbiota of 
postmenopausal women is more similar to that of men than that of 
premenopausal women, with no significant differences actually 
observed between postmenopausal women and men of equivalent age 
(19,20)

SEX HORMONES ARE BRAIN HORMONES
The gut microbiota performs several essential protective, structural, 
and metabolic functions for host health, including food processing, 
digestion of complex host-indigestible polysaccharides, pathogen 
displacement, and synthesis of vitamins (21–22). 

As well as a direct action on the gut mucosa and the enteric nervous 
system (ENS), the metabolic output of the gut microbiota gives it a 
reach well beyond the local GI compartment. Thus, considering the 
ability to influence the function of distal organs and systems, in many 
respects, the gut microbiota resembles an endocrine organ (23,24).

The gut microbes release their hormonal products into interstitial 
tissue to be picked up by blood and lymph capillaries, and these 
secretions are usually effective in low concentrations on target organs 
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ABSTRACT
The gut microbiome, a complex ecosystem of microorganisms in the digestive tract, can significantly influence the body's endocrine system, 
impacting hormone production. A balanced gut microbiome is essential for maintaining a healthy immune system. When the gut microbiota is 
imbalanced, it can trigger chronic low-grade inflammation throughout the body, including the reproductive organs. Inflammation can disrupt 
hormone production and signalling, potentially leading to irregular menstrual cycles, ovulation problems, and decreased sperm quality. 
Imbalances in the gut microbiota can alter this process, leading to imbalances in estrogen levels. Excessive levels of estrogen or the accumulation of 
certain estrogen metabolites can disrupt the delicate hormonal balance necessary for conception and successful pregnancy. Gut hormones, gastric 
inhibitory peptide (GIP), play an important role in fertility, particularly PCOS. GLP-1,(Glucagon-like Peptide-1) An incretin hormone that can 
influence fertility and may have direct effects on the ovaries and reproductive axis. Adiponectin, a hormone, has anti-inflammatory and antidiabetic 
effects and is also implicated in fertility and reproductive processes. Prolactin plays a crucial role in reproductive health, including fertility, 
menstrual cycles, and embryo implantation. Other Gut hormones, ghrelin, leptin, and peptide YY (PYY), indirectly affect reproductive health. The 
gut microbes can alter the levels of estradiol, progesterone, and corticosterone and produce neurosteroids like allopregnanolone. These are 
important for reproductive function.  They can modify steroid hormones through enzymatic processes, impacting the menstrual cycle and other 
reproductive events. The production of allopregnanolone by specific bacteria has been linked to increased levels in pregnant women, suggesting a 
role in postpartum mood regulation. 
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or tissues remote from the enteric microbiota. As well as providing an 
important direct source of humoral agents, both active compounds and 
precursors, which act at distal sites, the microbiota also plays an 
indirect role in regulating complex endocrine networks. Moreover, 
specific members of the overall microbial community can respond to 
hormones secreted by the host (25,26). 

The gut microbiota and, despite the obvious physical dissimilarity, its 
ability to function as a collective to influence other organs within the 
host and, in turn, to be responsive to the secretions of other host organs 
satisfies the most important conditions of any conceptual definition of 
an organ (27).

SEROTONIN- THE MOOD STABILIZER.
Lactococcus lactis subsp. cremoris (MG 1363) 201, L. lactis subsp. 
Lactis (IL1403) 201, Lactobacillus plantarum (FI8595) 201, 
Streptococcus thermophilus (NCFB2392) 201 , Escherichia coli K-12 
156, Morganella morganii (NCIMB, 10466) 202, Klebsiella 
pneumoniae (NCIMB, 673) 202, bacteria release Serotonin.
Serotonin helps regulate mood, sleep, appetite, and digestion. It is 
closely linked to feelings of happiness and emotional balance. Low 
levels often lead to depression.

DOPAMINE ---THE REWARD HORMONE
Bacillus cereus 33, B mycoides 33 ,B. subtilis 33, Proteus vulgaris 33, 
Serratia marcescens 33, S. aureus 33, E.coli 33 ,E. coli K-12 156, M. 
morganii (NCIMB, 10466) 202, K. pneumoniae (NCIMB, 673) 
Dopamine is responsible for the feelings of pleasure, motivation, and 
reward.It helps to reinforce positive behaviours by a sense of 
satisfaction when achieving something.

GABA
L. brevis DPC6108 10, B. adolescentis DPC6044 10, B. dentium 
DPC6333 10, B. dentium NFBC2243 10, B. infantis UCC35624 
10,and  L. rhamnosus YS9 71 

In the gut, trillions of microbes form a complex community, commonly 
known as the gut microbiota.(28)

Gut microbiota produces thousands of unique small molecules or 
metabolites that can potentially affect host health (29)

Commonly identified metabolites include short-chain fatty acids 
(SCFAs), bile acids, choline metabolites, vitamins, amino acids, and 
neurotransmitters. (30,31)

 The bidirectional communication pathway between the gut microbiota 
and the gut and their interaction with the central nervous system is 
termed the brain–gut–microbiome axis (32)

The gut microbiota and its metabolites affect host health through the 
brain and peripheral systems (33)

Metabolites travel by sending signals to the brain via the vagus 
nerve10 or–blood-brain barrier (BBB) after crossing the intestinal 
barrier (34). 

These metabolites are considered postbiotics because they can 
improve disease phenotypes and regulate the gut microbiota and 
metabolic pathways (35). In contrast,  the gut microbiota and 
postbiotics leads to a variety of diseases in the host, such as metabolic, 
cardiovascular, and neurological diseases (36,37)

ACETYLCHOLINE
L. plantarum 122 Histamine L. lactis subsp. cremoris (MG 1363) 201 
L. lactis subsp. lactis (IL1403) 201 L. plantarum (FI8595) 201 S. 
thermophiles (NCFB2392) 201 M. morganii (NCIMB, 10466) 202 K. 
pneumoniae (NCIMB, 673) 202 H. alvei (NCIMB, 11999) 

The Gut Microbiome: “virtual organ” 
The gut microbiota performs several functions and is described as a 
“virtual organ.”  (38)

 The microbiota can produce diverse compounds that play a major role 
in regulating the activity of distal organs, including the brain. The 
influence of the microbiota in regulating metabolic activity is now 
recognized, with increasing evidence suggesting involvement in 

glucose and weight regulation. Microbial signatures that increase the 
risk of diabetes mellitus and obesity have been put forward. Likewise, 
a role for the microbiota in regulating the HPA axis has been 
established, as well as the serotonergic system via modulating 
tryptophan availability. Unlike other endocrine organs, the microbiota 
has intense plasticity and can alter dramatically and rapidly in response 
to diet.(39) 

Unlike other endocrine systems or organs, which secrete a single or at 
most a small number of humoral agents, the gut microbiota has the 
potential to produce hundreds of products. From a morphological and 
biochemical perspective, it is far larger and more biochemically 
heterogeneous than any other endocrine organ in man. The 
biochemical complexity of the gut microbiota even exceeds that of the 
brain, and many of the hormones produced by the microbiota are also 
neurotransmitters within the central nervous system (CNS). For 
example, aminobutyric acid (GABA), the most important inhibitory 
transmitter in the brain, is produced by several lactobacilli. 
Monoamines such as noradrenaline, dopamine, and serotonin are also 
produced by certain strains of bacteria    

The Association Between Gut and Fecundity: Recent Discoveries
The bacteria residing in your gut, collectively known as the gut 
microbiome, can affect reproductive health. They influence hormone 
production and nutrient absorption, both of which are essential for 
fertility. A healthy gut is essential for maintaining hormonal balance, 
which is vital for the success of conception and pregnancy. The 
connection between the gut microbiota and your body's endocrine 
system helps to regulate the production and metabolism of hormones 
like oestrogen and progesterone. Imbalance of these hormones can 
disrupt the menstrual cycle and affect conception. Without proper 
nutrient absorption, your body may lack the vitamins and minerals 
necessary for fertility. To support your gut health and improve fertility, 
it's improved fertility, it is important to focus on nurturing the gut 
microbiome through a diet rich in specific nutrients and beneficial 
bacteria. (40)

The gut microbiota evolves from childhood to old age and can be 
altered due to exogenous pressures, including poor nutrition, smoking, 
stress, drug exposure, and antibiotic exposure (41,42)

Trillions of good bacteria resides in gut.The bacteria are responsible 
for converting bound oestrogen to active oestrogen.With out healthy 
microbiome,oestrogen breakdown and function can become impaired 
and may lead to health issues,including endometriosis, PCOS,and 
fertility.
The gastrointestinal (GI) tract contains the largest endocrine organ in 
the body. A large number of endocrine cells are dispersed among the 
epithelial cells of the gut mucosa and react to changes in gut contents 
by releasing hormones that are, in general, targeted to other parts of the 
digestive system (47)

There are at least 14 different populations of enteric endocrine cells 
scattered throughout GI epithelia (48) 

Enteric endocrine cells release various biologically active compounds 
such as gastrin, secretin, stomatostatin, cholecystokinin, 
chromogranins (Cgs), and serotonin (5-hydroxytryptamine: 5-HT) 
(49)

 The hormones released from the enteric endocrine cells are important 
enteric mucosal signalling molecules influencing gut physiology. 
Alteration of endocrine cell function, particularly in the context of 5-
HT, is associated in several GI diseases, including inflammatory bowel 
disease (IBD), coeliac disease, enteric infections, colon carcinoma, 
and functional disorders such as irritable bowel syndrome (IBS) (50)

"Gut-Reproductive Hormones Axis”
Female infertility is a multifactorial condition influenced by various 
genetic, environmental, and lifestyle factors. Recent research has 
investigated the significant impact of gut microbiome dysbiosis on 
systemic inflammation, metabolic dysfunction, and hormonal 
imbalances, which can potentially impair fertility. The gut-brain axis, a 
bidirectional communication system between the gut and the brain, 
also plays a significant role in regulating reproductive functions. 
Emerging evidence suggests that the gut microbiome can influence 
brain functions and behaviour, further emphasizing the importance of 
the microbiota-gut-brain axis in reproduction(51)
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The gut hormone connection
The gut-hormone axis significantly influences women's health 
impacting menstrual cycles, mood, and conditions like PMS and 
PCOS.Gut dysbiosis disrupts estrogen metabolism. bacteria produce 
β-glucuronidase, an enzyme that determines whether oestrogen is 
recycled within the body or properly eliminated. The imbalance of gut 
hormones produces premenstrual syndrome, endometriosis, and 
uterine fibroids. leaky gut syndrome can trigger systemic inflammation 
and elevate cortisol level.(52)

CONCLUSION
Recent studies on immunoendocrine interaction have generated new 
interest in elucidating the role of gut hormones in the inflammatory 
process and immune function. In addition to enhancing our 
understanding of the pathogenesis of inflammatory changes, these 
studies give new information on 5-HT  in the context of 
immunoendocrine interactions in the gut and intestinal homeostasis. 
Steroids and metabolic hormones play vital roles in intestinal 
homeostasis, and dysbiotic microbiota may trigger intestinal barrier 
dysfunction and affect other organs, leading to chronic low-grade 
inflammation, metabolic disorders, and immune dysfunction. 
Together, estrogens, androgens, progestogens, insulin, and other 
hormones regulate women’s health. 

REFERENCES
1.  Kautzky-Willer A., Harreiter J., Pacini G. Sex and gender differences in risk, 

pathophysiology and complications of type 2 diabetes mellitus. Endocr. Rev. 
2016;37:278–316. doi: 10.1210/er.2015-1137. [DOI] [PMC free article] 

2 .  What Health Issues or Conditions Affect Women Differently Than Men? [(accessed on 1 
February 2022)]; Available online: https://www.nichd.nih.gov/health/topics/womens 
health/conditioninfo/howconditionsaffect.

3.  Friedson-Ridenour S., Dutcher T.V., Calderon C., Brown L.D., Olsen C.W. Gender 
analysis for one health: Theoretical perspectives and recommendations for practice. 
Ecohealth. 2019;16:306–316. doi: 10.1007/s10393-019-01410-w. [DOI] [PubMed] 
[Google Scholar]

4. Insenser M, Murri M, Del Campo R, Martinez-Garcia MA, Fernandez-Duran E, 
Escobar-Morreale HF. Gut microbiota and the polycystic ovary syndrome: influence of 
sex, sex hormones, and obesity. J Clin Endocrinol Metab. 2018;103(7):2552–62. 
https://doi.org/10.1210/jc.2017-02799.

5.  Liang Y, Ming Q, Liang J, Zhang Y, Zhang H, Shen T. Gut microbiota dysbiosis in 
polycystic ovary syndrome: association with obesity—a preliminary report. Can J 
Physiol Pharmacol. 2020;98(11):803–9. https://doi.org/10.1139/cjpp-2019-0413.

6.  Zhou L, Ni Z, Yu J, Cheng W, Cai Z, Yu C. Correlation between fecal metabolomics and 
gut microbiota in obesity and polycystic ovary syndrome. Front Endocrinol (Lausanne). 
2020;11:628. https://doi.org/10.3389/fendo.2020.00628.

7.  Koren O, Goodrich JK, Cullender TC, Spor A, Laitinen K, Backhed HK, et al. Host 
remodeling of the gut microbiome and metabolic changes during pregnancy. Cell. 
2012;150(3):470–80. https://doi.org/10.1016/j.cell.2012.07.008.

8. Rizzetto L., Fava F., Tuohy K.M., Selmi C. Connecting the immune system, systemic 
chronic inflammation and the gut microbiome: The role of sex. J. Autoimmun. 
2018;92:12–34. doi: 10.1016/j.jaut.2018.05.008. [DOI] [PubMed] [Google Scholar]

9.  Korpela K, Kallio S, Salonen A, Hero M, Kukkonen AK, Miettinen PJ, et al. Gut 
microbiota develop towards an adult profile in a sex-specific manner during puberty. Sci 
Rep. 2021;11(1):23297. https://doi.org/10.1038/s41598-021-02375-z.

10.  Yuan X, Chen R, Zhang Y, Lin X, Yang X. Sexual dimorphism of gut microbiota at 
different pubertal status. Microb Cell Fact. 2020;19(1):152. https://doi.org/10. 
1186/s12934-020-01412-2.

11.  Yuan X, Chen R, Zhang Y, Lin X, Yang X. Gut microbiota: effect of pubertal status. BMC 
Microbiol. 2020;20(1):334. https://doi.org/10.1186/s12866-020-02021-0.

12.  Fuhrman BJ, Feigelson HS, Flores R, Gail MH, Xu X, Ravel J, et al. Associations of the 
fecal microbiome with urinary estrogens and estrogen metabolites in postmenopausal 
women. J Clin Endocrinol Metab. 2014;99(12):4632–40. https://doi.org/10.1210/jc. 
2014-2222.

13.  Yurkovetskiy L, Burrows M, Khan AA, Graham L, Volchkov P, Becker L, et al. Gender 
bias in autoimmunity is influenced by microbiota. Immunity. 2013;39(2):400–12. 
https://doi.org/10.1016/j.immuni.2013.08.013.

14.  Org E, Mehrabian M, Parks BW, Shipkova P, Liu X, Drake TA, et al. Sex differences and 
hormonal effects on gut microbiota composition in mice. Gut Microbes. 
2016;7(4):313–22. https://doi.org/10.1080/19490976.2016.1203502.

15.  Frommherz L, Bub A, Hummel E, Rist MJ, Roth A, Watzl B, et al. Age-related changes 
of plasma bile acid concentrations in healthy adults-results from the cross-sectional 
KarMeN study. PLoS ONE. 2016;11(4):e0153959. https://doi.org/10.1371/journal. 
pone.0153959.

16.  Xiang X, Backman JT, Neuvonen PJ, Niemi M. Gender, but not CYP7A1 or SLCO1B1 
polymorphism, affects the fasting plasma concentrations of bile acids in human beings. 
Basic Clin Pharmacol Toxicol. 2012;110(3):245–52. https://doi.org/10.1111/j.1742-
7843.2011.00792.x.

17.  Guzior DV, Quinn RA. Review: microbial transformations of human bile acids. 
Microbiome. 2021;9(1):140. https://doi.org/10.1186/s40168-021-01101-1.

18.  Ridlon JM, Harris SC, Bhowmik S, Kang DJ, Hylemon PB. Consequences of bile salt 
biotransformations by intestinal bacteria. Gut Microbes. 2016;7(1):22–39. 
https://doi.org/10.1080/19490976.2015.1127483.

19.  Mayneris-Perxachs J, Arnoriaga-Rodriguez M, Luque-Cordoba D, Priego-Capote F, 
Perez-Brocal V, Moya A, et al. Gut microbiota, steroid sexual dimorphism and its impact 
on gonadal steroids: influences of obesity and menopausal status. Microbiome. 
2020;8(1):136. https://doi.org/10.1186/s40168-020-00913-x.

20.  Population-level analysis of gut microbiome variationScience, 352 (6285) (2016), pp. 
560-564

21.  Trompette A, Gollwitzer ES, Yadava K, et al. Gut microbiota metabolism of dietary fiber 
influences allergic airway disease and hematopoiesis. Nat Med. 2014;20:159 –166.

22.  Grenham S, Clarke G, Cryan J, Dinan TG. Brain-gut-Microbe communication in health 
and disease. Front Physiol. 2011;2:94.

 23.  Forsythe P, Sudo N, Dinan T, Taylor VH, Bienenstock J. Mood and gut feelings. Brain 
Behav Immun. 2010;24:9 16. 

24.  Evans JM, Morris LS, Marchesi JR. The gut microbiome: the role of a virtual organ in the 

endocrinology of the host. J Endocrinol. 2013;218:R37–R47 
25.   Freestone PP, Sandrini SM, Haigh RD, Lyte M. Microbial endocrinology: how stress 

influences susceptibility to infection. Trends Microbiol. 2008;16:55– 64.
26.  Lyte M. Microbial endocrinology and infectious disease in the 21st century. Trends 

Microbiol. 2004;12:14 –20.
27.  Lyte M. The microbial organ in the gut is a driver of homeostasis and disease. Med 

Hypotheses. 2010;74:634 – 638. 
28.  Zhang, T. et al. Stronger gut microbiome modulatory effects by postbiotics than 

probiotics in a mouse colitis model. npj Sci. Food 6, 53 (2022).
29.  Furness, J. B. The enteric nervous system and neurogastroenterology. Nat. Rev. 

Gastroenterol. Hepatol. 9, 286–294 (2012).
30.  Nicholson, J. K. et al. Host-gut microbiota metabolic interactions. Science 336, 

1262–1267 (2012)
31.  Bravo, J. A. et al. Communication between gastrointestinal bacteria and the nervous 

system. Curr. Opin. Pharmacol. 12, 667–672 (2012).
32.  Marcobal, A. et al. A metabolomic view of how the human gut microbiota impacts the 

host metabolome using humanized and gnotobiotic mice. ISME J. 7, 1933–1943 (2013).
33.  Bravo, J. A. et al. Ingestion of Lactobacillus strain regulates emotional behavior and 

central GABA receptor expression in a mouse via the vagus nerve. Proc. Natl Acad. Sci. 
USA 108, 16050– 

34.  Yano, J. M. et al. Indigenous bacteria from the gut microbiota regulate host serotonin 
biosynthesis. Cell 161, 264–276 (2015).

35. Rudzki, L. et al. Gut microbiota-derived vitamins—underrated powers of a multipotent 
ally in psychiatric health and disease. Prog. Neuropsychopharmacol. Biol. Psychiatry 
107, 110240 (2021).

36.  Karczewski, J. et al. Regulation of human epithelial tight junction proteins by 
Lactobacillus plantarum in vivo and protective effects on the epithelial barrier. Am. J. 
Physiol. Gastrointest. Liver Physiol. 298, G851–G859 (2010).

37.  De Roos, N. M. et al. The effects of the multispecies probiotic mixture Ecologic® 
Barrier on migraine: results of an open-label pilot study. Benef. Microbes 6, 641–646 
(2015).

38.  Evans JM, Morris LS, Marchesi JR. The gut microbiome: the role of a virtual organ in the 
endocrinology of the host. J Endocrinol. 2013;218:R37–R47. [DOI] [PubMed] [Google 
Scholar]

 39.  Gerard Clarke 1, Roman M Stilling 1, Paul J Kennedy 1, Catherine Stanton 1, John F 
Cryan 1, Timothy G Dinan, Minireview: Gut Microbiota: The Neglected Endocrine 
Organ, Mol Endocrinol,2014 Jun 3;28(8):1221–1238. doi: 10.1210/me.2014-1108

40.  Dr. Sulbha Arora, Clinical Director, Nova IVF Fertility, Mumbai, The connection 
between gut and fertility, Times of India,2024

41.  G. Falony, M. Joossens, S. Vieira,Silva, J. Wang, Y. Darzi, K. Faust, A. Kurilshikov,et al. 
Population-level analysis of gut microbiome variation,Science, 352 (6285) (2016), pp. 
560-564

42.  L. Wen, A. Duffy,Factors Influencing the Gut Microbiota, Inflammation, and Type 2 
Diabetes.J. Nutr., 147 (7) (2017), pp. 1468S-1475S

43.  Xinyu Qi , Chuyu Yun , Yanli Pang, Jie Qiao. The impact of the gut microbiota on the 
reproductive and metabolic endocrine system, Gut Microbes2021 Mar 15;13(1):1894 
070. doi: 10.1080/19490976.2021.1894070

44.  Edwards DP. Regulation of signal transduction pathways by estrogen and 
progesterone[J]. Annu Rev Physiol. 2005; 67(1): 335–376. doi: 10.1146/annurev. 
physiol.67.040403.120151 [DOI] [PubMed] [Google Scholar]

45.  Franasiak JM, Scott RT. Introduction: microbiome in human reproduction[J]. Fertil 
Steril. 2015; 104(6): 1341–1343. doi: 10.1016/j.fertnstert.2015.10.021 [DOI] 
[PubMed] [Google Scholar]

46.  M B F, J F N, Blumberg RS. Immunology. Welcome to the microgenderome[J] Science. 
2013;339:1044–1045. [DOI] [PMC free article] [PubMed] [Google Scholar]

47.  Miller LJ. Gastrointestinal hormones and receptors. In: Yamada T, Alpers DH, Laine L, 
Owyang C, Powell DW, editors. Textbook of gastroenterology. 3rd edn. Philadelphia, 
PA: Lippincott-Williams and Wilkins; 1999. pp. 35–66. [Google Scholar]

48.  Rindi G, Kloppel G. Endocrine tumors of the gut and pancreas tumor biology and 
classification. Neuroendocrinology. 2004;80(Suppl. 1):12–15. doi:10.1159/0000 
80733. [DOI] [PubMed] [Google Scholar]

49.  Gershon, MD. Review article. Roles played by 5-hydroxytryptamine in the physiology 
of the bowel. Aliment Pharmacol Ther. 1999;13(Suppl. 2):15–30. [PubMed] [Google 
Scholar]

50.  Lundgren O. Enteric nerves and diarrhoea. Pharmacol Toxicol. 2002;90:109–20. doi: 
10.1034/j.1600-0773.2002.900301.x. [DOI] [PubMed] [Google Scholar]

51.  Fatima Ahmad , Salma H Ahmed , Fadi Choucair , Spyridon Chouliaras , Johnny 
Awwad, Annalisa Terranegra, A disturbed communication between hypothalamic-
pituitary-ovary axis and gut microbiota in female infertility: is diet to blame? J Transl 
Med 2025 Jan 21;23:92.

52.  The Times of India, The gut-hormone connection: Understanding how digestive health 
impacts female hormone balance,2025

International Journal of Scientific Research 75

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 14 | Issue - 08 | August - 2025


