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Abstract 

The estrous cycle is a recurrent process that describes changes in reproductive hormone levels caused by ovarian 

activity under the influence of pituitary hormones. Estrous cycles are characterized by morphological changes in 

ovaries, the uterus and the vaginal cells. The length of the estrous cycle and the frequency of the reproductive 

cycle in each organism are different. In mice, lasts for about 4-5 days.  
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The estrus cycle consists of four phases, namely proestrus, estrus, metestrus and diestrus. During this period, the 
vaginal mucosa undergoes tremendous structural changes  and is affected by hormones such as FSH (stimulates 
the growth and development of ovarian follicles), LH (regulates estrogen and progesterone hormones), 

progesterone dan estradiol. Previous studies showed that in proestrus phase serum estradiol concentrations 

higher than all other estrus stage (p-value <0.001). FSH concentrations tend to be higher during proestrus. 

During estrus, serum estradiol concentrations were significantly lower than proestrus (p-value < 0.001) higher 
than metestrus (p-value = 0.005). Admission to metestrus coincides with the continuous rise in levels of the 

progesterone hormone. Estrus, 17-β-estradiol decreased and peak prolactin levels. The Serum estradiol increased 

from metestrus through proestrus (ANOVA p-value <0.001). During metestrus, serum estradiol concentration 

was significantly lower than proestrus (p-value <0.001), estrus (p-value = 0.005) and diestrus (p-value = 0.034), 
LH concentrations tend to be higher during proestrus and metestrus. The concentration of serum LH and FSH 

did not differ statistically across the whole of the estrous cycle (Kruskal-Wallis test p-value = 0.333 and 0.643, 

respectively). Serum estradiol concentrations were lower than proestrus (p-value < 0.001) and higher than 

metestrus (p-value = 0.034). In this article will be discussed explanation of each hormone and its effect to the 

estrus cycle, especially changes in vaginal cells. 

Keywords: FSH; LH; Estradiol; Progesterone; Estrus Cycle; vaginal cells. 

1.  Introduction 

The estrous cycle (British spelling, oestrous) is the main reproductive cycle of other species females of non-
primate vertebrates, for example rats, mice, horses, pig have this form of reproductive cycle. Estrous cycles are 

characterized by morphological changes in ovaries, the uterus and the vagina [39]. Estrous cycle is the 

reproductive system in most mammals, reproductive hormones cause the cycles to start after puberty in sexually 

mature females. The mean duration of the estrous cycle was 4-5 days for 60%-70% of female rats. The short 
length of the estrous cycle of rats makes them ideal for investigation of changes occurring during the 

reproductive cycle.The rat has been elected as the main animal model in several studies involving reproduction. 

Progress in our understanding of the complexity of GnRH action on the pituitary and the various mechanisms 

involved in differential LH mediation and FSH biosynthesis and secretion in gonadotropin, is still being 
discussed. Gonadotropin, luteinizing hormone (LH) and follicle-stimulating hormone (FSH), are produced 

exclusively in gonadotropin cells of the anterior pituitary and secreted into the blood where they regulate 

steroidogenesis and gametogenesis in the gonads. The synthesis and secretion of LH and FSH are influenced by 

GnRH. The synthesis and secretion of LH and FSH are arranged either positively or negatively by peptide 
gonadal and steroids [1]. The GnRH receptor suppression and serum gonadotropin with combined estradiol and 

progesterone treatment [2]. These hormones play an important role in the reproductive cycle. The reproductive 

cycle is a repetitive process that occurs in the reproductive system of adult female animals that exhibit changes 

in certain reproductive organs. These organs are such as ovaries, oviducts, uterus, and vagina. The reproductive 
cycle in mammals (primates) is called the menstrual cycle, whereas the reproductive cycle in non-primates (rats) 

is called the estrous cycle [3]. The estrous cycle is a recurrent process that describes changes in reproductive 

hormone levels caused by ovarian activity under the influence of pituitary hormones. Changes in reproductive 

hormone levels further lead to structural changes in the reproduction tract network. The length of the estrous 
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cycle and the frequency of the reproductive cycle in each organism are different. In mice, the estrus cycle lasts 

for about 4-5 days [3,4,5,6], and during this period, experiencing vaginal mucosa remarkable structural changes 

[7,8]. 

2. Discussion 

II.A. The types of hormones that play a role in the estrus cycle are : 

FSH 

As a kind of gonadotropins, FSH is secreted by the basophilic cells of the anterior pituitary and have important 

roles in gonadal hormone production and regulation of the reproductive process [9]. The FSH receptor is a G-
plus receptor protein, which is mainly expressed in Sertoli Testicular cells and ovarian granular cells [10]. As an 

employer FSH hormone in the hypothalamus-pituitary-gonadal (HPG) axis is, GnRH is secreted primarily from 

hypothalamic neurons Into the capillary plexus of the median eminence and reach the anterior pituitary, 

combined with GnRH receptor to regu- late the secretion of FSH [11].The Follicle-stimulating hormone (FSH) 
stimulates the growth and development of ovarian follicles, where the development of ova or egg cells and 

promote the secretion of estrogen by the ovaries. Maximum FSH is the best predictor of FSH-based ovarian 

reserve [12]. The FSH receptor is expressed only in ovarian granulosa cells [13]. FSH acts primarily to promote 

follicular growth, granulosa cell proliferation, aromatization of androgens to estrogens, and LH receptor 
expression. LH is also necessary for follicle growth, particularly at the late stages, and, as noted below, induces 

ovulation [40] 

LH 

LH in conjunction with FSH stimulates these internal cells of follicle to secrete oestrogen. The LH causes 

preovulatory enlargement of follicle. The gonadotrophins luteinising hormone (LH) is essential for the 

completion of follicular maturation and development of mature preovulatory (Graafian) follicles. The 
Luteinizing hormone (LH) formation of the hormone-producing corpus luteum in the ovaries after ovulation and 

regulates the hormones estrogen and progesterone [14]. 

Estrogen 

The steroid hormones involved in the estrus cycle produced by the ovaries are estrogen and progesterone. 

Estrogen is a steroid compound that acts as a reproductive hormone in females. The hormone is responsible for 

the growth and development of the vagina, uterus, and vital organs for ovum transport, zygote maturation, and 

the concept of zygote implantation. In addition, the hormone is involved in endometrial thickening and in the 
setting of the estrus cycle. Therefore, estrogen content is much higher in the body of female rats that are at the 

age of fertile [15]. Fertile period marked by the release of the female egg cells mature through the events of 

ovulation [16]. During this period, the hormone estrogen achieve a maximum level and then declined rapidly. 

After ovulation occurs, low levels of estrogen will be replaced by an increase in progesterone levels. The 17-β-
estradiol increase indirectly stimulates the hormone gonadotropin-releasing neurons in the hypothalamus and 
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septum which, in turn, activates responsive cells in the anterior pituitary to release the luteinizing hormone and 

follicle-stimulating hormone into the circulation [17,18]. Changes in vaginal mucosa histological and 
cytological sex steroid hormone dependent. The main hormone that drives vaginal mucosal changes is estradiol 

[19]. 

Progesterone 

The Progesterone is a steroid hormone involved in the estrus and pregnancy cycles, progesterone includes the 

progestagen hormone class. The Progesterone is produced by the corpus luteum in the ovaries after ovulation 

and in the adrenal glands located near the kidney, as well as inside the placenta during pregnancy [15]. 

Increased progesterone levels indicate ovulation has occurred and progesterone levels will peak in midluteal 
phase of the cycle. Fluctuations in levels of these hormones are a response to the workings of pituitary hormones 

in the ovary organs [3]. The Progesterone is responsible for preparing the reproductive system for implantation 

of the zygote. This suggests that progesterone present in preovulatory plasma may trigger sexual behavior in 

some species. The Progesterone has a dominant role in regulating the estrus cycle [15], levels of progesterone in 
the blood of mice at the beginning of the estrous cycle is less than 5 ng / ml, after ovulation levels of more than 

5 ng/ml [20]. The Progesterone is considered to represent identified ovulation event, progesterone will only be 

secreted through a body formed after ovulation. After ovulation occurs, progesterone levels begin to increase, 

and continue to increase until it reaches the maximum amount [3].The Fluctuations in progesterone levels 
throughout the cycle to give a complete picture of the hormone progesterone profile. The level of progesterone 

at the time of non-estrus increased four times compared to the time of estrus [21]. The role of progesterone 

vaginal mucosal epithelium of the less obvious but records indicate that they may have a mild effect of estradiol 

antagonistic effects on the vaginal mucosa [22]. 

II.B. The estrus cycle 

The estrus cycle is divided into two phases, the follicular phase and the luteal phase. The follicular phase is the 

formation of follicles until cooking, while the luteal phase is the phase after ovulation, then the formation of the 
corpus luteum and until the start of the cycle. The estrus cycle consists of four phases, namely proestrus, estrus, 

metestrus and diestrus. Each phase in the cycle is determined based on the epithelial cell form on vaginal 

cytology observation [6,23]. The cytokines vaginal cytology reflect underlying endocrine events [24.25]. The 

vaginal exfoliative cytology can be used as a general guide to determine the desired endpoint estrus stage, and 
definitive confirmation was obtained from the evaluation stage of estrus vagina [26] Vaginal exfoliative 

cytology is an established tool for the assessment and classification of the rat estrous cycle phases. This stage 

[19,22,23,25,27,28,29] then absolute, and no other diagnostic steps are taken to ensure that the vaginal cytology 

results in a correct classification of the estrous cycle [30.31]. Correlating the level of estradiol, and serum 
gonadotropin with an estrus cycle stage of a single morning blood sample is sufficient to show serum estradiol 

changes throughout the estrous cycle [26]. Sampling every day for serum levels of estradiol by phlebotomy can 

not be regarded as a good tool to monitor the stages of estrus in mice, because it can lead to morbidity and 

mortality unwarranted [32].  
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The estrous cycle lasts four days and is characterized as: proestrus, estrus, metestrus and diestrus, which may be 

determined according to the cell types observed in the vaginal smear.The following are the types of phases in 

the estrous cycle :  

Proestrus 

The proestrus phase of the estrous cycle corresponds to the human follicular phase of the menstrual cycle [24]. 
During proestrus vaginal smear contains many nucleated epithelial cells and some leukocytes [27,28,29,33]. In 

proestrus phase serum estradiol concentrations higher than all other estrus stage (p-value <0.001). FSH 

concentrations tend to be higher during proestrus [26]. 

Estrus 

During estrus there is characterized the cornification of the cells and the loss of leukocytes. Papinal vaginas are 

characterized by the almost exclusive detection of irregularly shaped squamous epithelial squamous cells often 

in clumps [27,28,29,33]. Under the influence of estradiol vaginal mucosal epithelium stratifies and become 
cornified. On the other hand, the withdrawal of estradiol leads to a widespread desquamation of the mucosal 

epithelium to the vaginal lumen. During estrus, serum estradiol concentrations were significantly lower than 

proestrus (p-value <0.001) higher than metestrus (p-value = 0.005). Admission to metestrus coincides with the 

continuous rise in levels of the progesterone hormone. Estrus, 17-β-estradiol decreased and peak prolactin levels 

[26]. 

Metestrus 

In the course of the metestrus, the sloughed cornified coating and mucosal invasion by leucocytes occurs, cell 

types present in the vaginal swab during this fragmented stage, the cornified epithelial cells and the small dark 

leukocyte sodium [27,28,29,33]. The Serum estradiol increased from metestrus through proestrus (ANOVA p-

value <0.001). During metestrus, serum estradiol concentration was significantly lower than proestrus (p-value 
<0.001), estrus (p-value = 0.005) and diestrus (p-value = 0.034), LH concentrations tend to be higher during 

proestrus and metestrus [26]. As progesterone levels begin to rise and there was a small spike in the 17-β- 

estradiol levels in response to the activation of the corpus luteum [34,35,36] causing regression of the corpus 

luteum following a sharp decline in the level of progesterone [37.38]. Finally, go to diestrus in mice occurs and 

levels of circulating progesterone peaks [34]. 

Diestrus 

In the diestrus phase the contents of the vagina consistently lack of cornified cells and leukocytes predominate 
in the smear. The frequency of the cornified epithelial cells decreases and the nucleated epithelial cells begin to 

be detected just before the transition to the proestrus [27,28,29,33]. The concentration of serum LH and FSH did 

not differ statistically across the whole of the estrous cycle (Kruskal-Wallis test p-value = 0.333 and 0.643, 

respectively). Serum estradiol concentrations were lower than proestrus (p-value <0.001) and higher than 

metestrus (p-value = 0.034) [26]. 



International Journal of Sciences: Basic and Applied Research (IJSBAR)(2017) Volume 35, No  1, pp 92-100 

97 
 

3. Conclusion 

Estrous cycle is the reproductive system in most mammals, reproductive hormones cause the cycles to start after 

puberty in sexually mature females. The mean duration of the estrous cycle was 4-5 days for 60%-70% of 

female rats. The rat has been elected as the main animal model in several studies involving reproduction. 
However, there are scarce and conflicting data related to its estrous cycle. The short length of the estrous cycle 

of rats makes them ideal for investigation of changes occurring during the reproductive cycle The estrous cycle 

lasts four days and is characterized as: proestrus, estrus, metestrus and diestrus, which may be determined 

according to the cell types observed in the vaginal smear. The estrous cycle is a recurrent process that describes 
changes in reproductive hormone levels caused by ovarian activity under the influence of pituitary hormones. 

Gonadotropin, Follicle-stimulating hormone (FSH) stimulates the growth and development of ovarian follicles, 

the site of ovum and promotes estrogen hormone secretion by the ovaries and Luteinizing hormone (LH) 

formation of the hormone-producing corpus luteum in the ovaries after ovulation and regulates the hormones 
estrogen and progesterone. Histological changes and cytology of the vaginal mucosa depend on the sex steroid 

hormone. The main hormone that drives vaginal mucosal changes is estradiol. The role of progesterone in the 

vaginal mucosa epithelium is less clear but the data suggest that they may have mild antagonistic effects of 

estradiol effects on the vaginal mucosa.  

Reference 

[1] Brown P and Mc.Neilly AS. Transcriptional regulation of pituitary gonadotrophin subunit genes. 

University of Edinburgh, Edinburgh EH3 9EW, UK: Reviews of Reproduction, 4: 117–124, 1999 

[2].Naik SI, Young LS, Saade G, Kujore, Charlton HM. & Clayton RN. Role of GnRH in the regulation of 

pituitary GnRH receptors in female mice. J. Reprod. Fert. 74:605-614, 1985 

[3] Champbell AN, JB Reece & LG Mitchell. Biologi edisi ke-5. Jilid 3. Terj. dari Biology 5th ed., 

oleh Manalu, W Erlangga, Jakarta. 2004 

[4] Caligioni, CS. Assessing Reproductive Status/Stages in Mice. Hoboken, NJ, USA: John Wiley & amp; 

Sons, Inc; 2001. 

[5] Goldman JM, Murr AS, Cooper RL. The rodent estrous cycle: characterization of vaginal cytology and 

its utility in toxicological studies. Birth defects research. Part B, Developmental and reproductive 

toxicology. 80:84–97, 2007 

[6] Byers SL. Michael V. Wiles, Sadie L. Dunn1, Robert A. Taft. Mouse Estrous Cycle Identification Tool 
and Images. Bar Harbor, Maine, United States of America. 7 (4), e35538, 2012 (PLoS ONE | 

www.plosone.org) doi:10.1371/journal.pone.0035538 

[7] Li S, Davis B. Evaluating rodent vaginal and uterine histology in toxicity studies. Birth Defects Res B 

Dev Reprod Toxicol. 80:246–252, 2007 [PubMed: 17570136] 

https://simple.wikipedia.org/wiki/Mammal
https://simple.wikipedia.org/wiki/Hormones
https://simple.wikipedia.org/wiki/Puberty
http://www.plosone.org/


International Journal of Sciences: Basic and Applied Research (IJSBAR)(2017) Volume 35, No  1, pp 92-100 

98 
 

[8] Rendi MH, Muehlenbachs A, Garcia RL, Boyd KL. 17 Female Reproductive System. Elsevier Inc, 

2011. 

[9] Coss D, Jacobs SB, Bender CE, Mellon PL. A novel AP-1 site is critical for maximal induction of the 

follicle-stimulating hormone beta gene by gonadotropin-releasing hormone. J BiolChem, 279:152–162, 

2004  

[10] Findlay JK, Drummond AE. Regulation of the FSH Receptor in the ovary. Trends Endocrinol Metab, 

10:183–188, 1999 

[11] Fuji S, Sato S, Fukui A, Kimura H, Kasai G, Saito Y. Continuous administration of gonadotropin-

releasing hormone agonist during the luteal phase in IVF. Hum Reprod. 16: 1671–1675, 2001 

[12] Julian A, Gingold, Joseph A, Lee, Michael,Whitehouse, Jorge Rodriguez-Purata, Benjamin Sandler, 

Lawrence Grunfeld, Tanmoy Mukherjee and Alan B Copperman. Maximum basal FSH predicts 

reproductive outcome better than cycle-specific basal FSH levels: waiting for a “better" month conveys 

limited retrieval benefits.Gingold et al. Reproductive Biology and Endocrinology. 13:91, 2015  

[13]Patsoula E. et al. 2001. Expression of mRNA for the LH and FSH receptors in mouse oocytes and 

preimplantation embryos Reproduction, 121: 455–461, 2001 

[14] Thackray VG. Fox Tales: Regulation of Gonadotropin Gene Expression by Fork head 

Transcription Factors. Mol Cell Endocrinol. 385(0):62–70, 2014  

[15] Hadley ME. Endocrinology. Ed. Ke-5. Prentice-Hall, Inc., New Jersey. 2000. 

[16] Sophia RA. Test Effect of Diuretic Suspension of Sambiloto Leaf Simplicia (Andrographis Paniculata 

ness) against White Rat (Rattus norvegicus L.) Female Sprague-Dawley Drop. Essay. Faculty of 

Mathematics and Natural Sciences University of Indonesia. Jakarta. 2003 

[17] Sarkar DK, Chiappa SA, Fink G and Sherwood NM. Gonadotropin-releasing hormone surge in pro-

oestrous rats. Nature. 264:461-463, 1976  

[18]Rajendren G and Gibson MJ. A confocal microscopic study of synaptic inputs to gonadotropin-
releasing hormone cells in mouse brain: regional differences and enhancement by estrogen. 

Neuroendocrinology. 73:84-90, 2001  

[19] Gupta PD, Vijayasaradhi S, Reddy AG. Keratinization of rat vaginal epithelium. III. Effect of estradiol 

on keratinization. Biology of the cell/under the auspices of the European Cell Biology Organization. 

65:281–289, 1989. [PubMed: 2473820] 

[20] Cameron EHD and JJ Scarisbrick. Radioimmunoassay of plasma progesterone. Clinical Chemistry. 19 

(12): 1403—1408, 1973 



International Journal of Sciences: Basic and Applied Research (IJSBAR)(2017) Volume 35, No  1, pp 92-100 

99 
 

[21] Sjahfirdi L., et al. Examination of progesterone hormone profile during female Estrus cycle (rattus 

norvegicus) cycle using infrared device Journal of Veterinary Medicine. 7 (1), March 2013 (ISSN: 

1978-225X) 

[22] Pessina MA. Differential Effects of Estradiol, Progesterone, and Testosterone on Vaginal Structural 

Integrity. Endocrinology. 147:61–69, 2005 [PubMed: 16210369] 

[23] Spornit, UM, CD Socin and AA Dravid. Estrous Stage Determination in Rats by Means of Scanning 

Electron Microscopic Images of Uterine Surface Epithelium. The Anatomical Record, 254: 116—126, 

1999 

[24] Hawkins SM And Matzu, MM. The menstrual cycle: basic biology. Annals of the New York Academy 

of Sciences. 1135;10-18, 2008 

[25] Ashleigh C. McLean, Nicolas Valenzuela, Stephen Fai, Steffany A.L. Bennett1, Performing Vaginal 

Lavage, Crystal Violet Staining, and Vaginal Cytological Evaluation for Mouse Estrous Cycle Staging 

Identification, 67 (389):1 – 6, 2012 

[26] Gal Arnon, Lin Po-Ching, Barger Anne M, MacNeill Amy L, and KoCheMyong,Vaginal fold 

histology reduces the variability introduced by vaginal exfoliative cytology in the classification of 

mouse estrous cycle stages Published in final edited form as: Toxicol Pathol. 42(8): 1212–1220, 2014 

(doi:10.1177/0192623314526321) 

[27] Marcondes FK, Bianchi FJ, Tanno AP. Determination of the estrous cycle phases of rats: some helpful 

considerations. Brazilian Journal of Biology. 62:609–614, 2002 

[28] Martins RR, Pereira NML, Silva TMA. Liquid-base cytology: a new method for oestral cycle study in 
Wistar & apos;s rats. Actacirúrgica brasileira/ Sociedade Brasileira para Desen volvimento Pesquisaem 

Cirurgia. 20(1):78–81, 2005 [PubMed: 16186975] 

[29] Montes GS, Luque EH. Effects of ovarian steroids on vaginal smears in the rat. Actaanatomica. 

133:192–19, 1988. [PubMed: 3227778] 

[30] Cohen PE, Zhu L, Nishimura K, Pollard JW. Colony-stimulating factor 1 regulation of neuroendocrine 

pathways that control gonadal function in mice. Endocrinology. 143:1413–1422, 2002 [PubMed: 

11897698] 

[31] Spencer JL, Waters EM, Milner TA, McEwen BS. Estrous cycle regulates activation of hippocampal 
Akt, LIM kinase, and neurotrophin receptors in C57BL/6 mice. Neuroscience. 155:1106–1119, 2008 

[PubMed: 18601981] 

[32] Forbes N, Brayton C, Grindle S, Shepherd S, Tyler B, Guarnieri M. Morbidity and mortality rates 



International Journal of Sciences: Basic and Applied Research (IJSBAR)(2017) Volume 35, No  1, pp 92-100 

100 
 

associated with serial bleeding from the superficial temporal vein in mice. Lab animal. 39:236–24, 

2010 [PubMed: 20664572] 

[33] McLean AC, Valenzuela N, Fai S, Bennett SA. Performing Vaginal Lavage, Crystal Violet Staining, 

and Vaginal Cytological Evaluation for Mouse Estrous Cycle Staging Identification. J. Vis. (67), 

e4389, 2012. (doi:10.3791/4389)  

[34] Walmer DK, Wrona MA, Hughes CL and Nelson KG. Lactoferrin expression in the mouse 

reproductive tract during the natural estrous cycle: correlation with circulating estradiol and 

progesterone. Endocrinology. 131:1458-1466, 1992  

[35] Appelgren LE. Histochemical demonstration of drug interference with progesterone synthesis. Journal 

of reproduction and fertility. 19:185-186, 1969  

[36] Sander VA, Facorro GB, Piehl L, Rubin de Celis E and Motta AB. Effect of DHEA and metformin on 

corpus luteum in mice. Reproduction. 138, 571-579, 2009  

[37] Stocco C, Telleria C and Gibori G. The molecular control of corpus luteum formation, function, and 

regression. Endocrine reviews. 28:117-149, 2007  

[38] Rudolph M, et al. Induction of overt menstruation in intact mice. PLoS One. 7, e32922, 2012. 

[39] Goldman JM, Murr AS , Cooper RL . The rodent estrous cycle: characterization of vaginal cytology 

and its utility in toxicological studies. Birth Defects Res B Dev Reprod Toxicol , 80: 84-97, 2007  

[40] Chateau D, Geiger JM, Samama B and Boehm N. Vaginal keratinization during the estrous cycle in 

rats: a model for evaluating retinoid activity. Skin Pharmacol., 9: 9-16, 1996 


