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THE ESTROUS CYCLE IN FEMALE RATS UNDER
CONDITIONS OF EXPERIMENTAL HYPOTHYROIDIS

The article presents the results of an experimental study aimed at investigating changes
in the estrous cycle of female rats following partial thyroidectomy. The goal of modeling
hypothyroidism by removing half of the thyroid gland was to examine the mechanisms
through which thyroid dysfunction affects the reproductive system. Following surgery, a
statistically significant increase in thyroid-stimulating hormone (TSH) levels was observed in
the animals, confirming the development of hypothyroidism.

An analysis of estrous cycle dynamics revealed significant alterations: the overall duration
of the cycle was markedly prolonged due to an extended diestrus phase, indicating a delay
or absence of ovulation. The frequency of estrus in hypothyroid females was significantly
reduced, pointing to a decrease in reproductive activity. Persistent anovulatory cycles were
identified, which are considered a prerequisite for infertility.

Possible pathophysiological mechanisms of this phenomenon are discussed, including
the impact of reduced thyroid hormone levels on the hypothalamic-pituitary-gonadal
axis, altered sensitivity of gonadotropin receptors, and disruption of sex hormone balance.
Particular attention is given to the role of thyroid hormones in maintaining normal ovarian
function and ensuring ovulatory processes. The fi ndings i ve practical s gnificance pr
understanding the pathogenesis of fertility disorders associated with hypothyroidism and
may be applied to improve approaches to the diagnosis and treatment of endocrine-related
infertility.

Thus, the study highlights the importance of regular monitoring of thyroid gland function
in women of reproductive age to prevent potential reproductive complications.
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Introduction. The thyroid gland plays a critical role not only in maintaining normal metabolism
butalso in supporting reproductive function. Disorders of this gland, such as autoimmune thyroiditis
(Hashimoto's thyroiditis), subclinical and overt hypothyroidism, as well as thyrotoxicosis, are
frequently associated with infertility and an increased risk of pregnancy complications. Thyroid
hormone deficiency during gestation raises the likelihood of developing gestational hypertension,
preeclampsia, preterm labor, and cognitive impairments in oftspring (Zhou, Tao, Huang, Zhu, &
Tao, 2017; Modi, & Garg, 2025; Dosiou, 2020; Egger, Conze, & Wehrend, 2024).

Thyroid dysfunction is one of the most common endocrine disorders in women of reproductive
age, significantly affecting reproductive health. According to clinical and epidemiological studies,
hypothyroidism occurs in 2-4% of women during their reproductive years. This condition may
lead to anovulatory cycles, luteal phase defects, hyperprolactinemia, and general sex hormone
imbalance, ultimately resulting in reduced fertility.
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Undiagnosed and untreated thyroid dysfunction remains one of the leading causes of endocrine
infertility. A large-scale study of 394 infertile women revealed elevated thyroid-stimulating
hormone (TSH) levels above 4.2 uIU/mL in 23.9% of cases, indicating hypothyroidism. Another
investigation identified thyroid dysfunction in 16% of infertile women, with overt hypothyroidism
(9.6%) and subclinical hypothyroidism (4.0%) being the most prevalent forms, especially in cases
of secondary infertility (over 21.8% of cases) (Verma, Sood, Juneja, & Kaur, 2012; Akande, Isah,
Aliyu, & Adesiyun, 2022).

Experimental studies have demonstrated that thyroid hormones actively participate in the
regulation of the hypothalamic-pituitary-gonadal axis by modulating gonadotropin secretion,
ovarian steroidogenesis, and ovulatory processes. Specifically, reduced levels of triiodothyronine
(T3) and thyroxine (T4) may decrease the synthesis of luteinizing hormone (LH) and follicle-
stimulating hormone (FSH), as well as alter tissue sensitivity to gonadotropins (S. Wang, Pu,
Chiang, Ho, & P. Wang, 1987; Chiao et al., 1999; Feldt-Rasmussen, Effraimidis, & Klose, 2021;
Malova et al., 2021).

Menstrual cycle disturbances are among the most common reproductive dysfunctions in
hypothyroidism (Giingér Semiz, & Hekimsoy, 2024). Hypothyroidism leads to hypomenstrual
syndrome and such menstrual irregularities as opsoligomenorrhea, hyperpolymenorrhea, and
less frequently, amenorrhea. Moreover, prolonged uncompensated hypothyroidism causes chronic
anovulation and uterine bleeding. The pathogenesis, clinical course, diagnosis, and treatment
of hypothyroidism remain incompletely understood. This is evidenced by frequent relapses,
insufficient treatment efficacy, and resulting reproductive disorders.

Thus, the impact of hypothyroidism on menstrual and reproductive function remains
insufficiently elucidated. A key factor is thyroid hormone deficiency, which plays a fundamental
role in sustaining basal metabolism, tissue respiration, and the growth of most actively functioning
cells and tissues, including those of the reproductive system. Diagnosis relies on TSH level
assessment and confirmation via thyroxine concentration. Current guidelines emphasize the
necessity of incorporating thyroid function testing, particularly TSH measurement, into the
diagnostic protocols for women with reproductive disorders. This is especially pertinent in cases of
unexplained infertility and frequent anovulatory cycles (Sheehan, 2016; Davis, & Phillippi, 2022;
Akande, Isah, Aliyu, & Adesiyun, 2022).

Despite numerous clinical data, experimental models of hypothyroidism remain invaluable for
detailed investigation of reproductive dysfunction mechanisms at molecular and physiological
levels. Laboratory animal models, such as rats, allow the induction of hypothyroid states under
controlled conditions and facilitate evaluation of their effects on estrous cycle dynamics, hormonal
profiles, and the morphofunctional state of the reproductive system.

The objective of this study was to investigate the reproductive function of female rats under
experimental hypothyroidism.

Materials and Methods. The experimental study was conducted at the Department of Human
Anatomy and Physiology named after Professor Ya. R. Synelnikov at H. S. Skovoroda Kharkiv
National Pedagogical University and at the Central Research Laboratory of Kharkiv National
Medical University under a cooperation agreement (No. 75 /C 5-20/H, dated 2022).

The experiment was carried out on 27 sexually mature outbred female rats, whose estrous cycles
remained regular for 14 consecutive days, with a cycle length not exceeding 5 days, which is typical
for this species. The animals were housed in a vivarium under standard dietary conditions with
free access to water. The rats were divided into two groups: a control group (5 animals) and an
experimental group (21 animals). Hypothyroidism was induced in the experimental animals by
surgical removal of one-half of the thyroid gland. The postoperative model of hypothyroidism is
considered radical, more physiological, clinically relevant, and technically feasible (Stechenko et al.,
2007). Considering that thyroid-stimulating hormone (TSH) serves as a marker of hypothyroidism
(Surks et al., 2004), an enzyme-linked immunosorbent assay (ELISA) for TSH concentration was
performed in control animals and in a subset of experimental animals using the TSH ELISA kit
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(Germany). Blood samples for TSH assessment were collected post-mortem following euthanasia
by intraperitoneal injection of a triple anesthetic dose of sodium ethaminal, in accordance with the
euthanasia protocols outlined in the methodological guidelines of the Ministry of Health of Ukraine
and the general ethical principles of animal experimentation approved by the provisions of the
“European Convention for the Protection of Vertebrate Animals Used for Experimental and Other
Scientific Purposes.

In 12 females from the experimental group, the estrous cycle was monitored before and after the
induction of hypothyroidism over a 14-day period via analysis of vaginal smears. Vaginal smear
collection for the assessment of estrous cycle structure and duration was performed at the same time
each day. After drying and staining the smears with methylene blue following standard methodology,
the stages of the estrous cycle were determined under a light microscope: proestrus (follicular phase,
follicle growth stage) is characterized by nucleated epithelial cells; estrus (ovulation) - clusters of
numerous cornified squamous cells, visible macroscopically; metestrus (luteal phase) — a mixture of
nucleated epithelial cells, squamous cells, and leukocytes; diestrus (quiescent period) — dominance
of leukocytes covering the entire field of view.

All experimental procedures were performed in accordance with the “General Ethical Principles
for Animal Experiments”, approved by the First National Congress of Ukraine on Bioethics (Kyiv,
2001), the “European Convention for the Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes” (Strasbourg, 1986) (European Convention..., 1986), and the Law of
Ukraine 0f 21.02.2006 No. 3447-1V “On the Protection of Animals from Cruelty” (On the Protection
of Animals..., 2006), with strict compliance with the Bioethics Committee of H. S. Skovoroda
Kharkiv National Pedagogical University.

Statistical analysis was performed using the “Excel - 7” software (Microsoft Office, USA) with
application of the Student’s t-test.

Results and Discussion. At the first stage of the study, thyroid-stimulating hormone (TSH)
concentration was measured in 5 control and 7 experimental female rats, in which half of the
thyroid gland had been surgically removed. The results revealed that in the experimental group,
TSH concentration significantly increased — nearly twofold - reaching 9.35 ng/mL compared to
4.57 ng/mL in the control group (p < 0.05), which confirmed the presence of hypothyroidism in
these animals.

Further analysis of the estrous cycle in the experimental females demonstrated that induced
hypothyroidism led to specific alterations in the cycle’s structure and duration. In particular,
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Fig. Estrous cycle in female rats.
TEC - Total Estrous Cycle duration (days); IP - Interphase Period duration (days);
EF - Estrus Frequency over 14 days of observation
Note: * - statistically significant difference at p < 0.05 compared to baseline.

67



ISSN 2414-9810 (Print). ISSN 2616-6720 (Online). bionozia ma ekonoeis. 2025. Tom 11. Ne1

following postoperative hypothyroidism, the total estrous cycle (TEC) duration significantly
increased from 4.7 + 0.89 to 5.6 + 0.91 days (p < 0.05). This prolongation was mainly attributed to
an extended interphase period (diestrus), which reached 3.6 + 0.68 days compared to the baseline
values (p < 0.05). Additionally, the frequency of estrus episodes over the 14-day observation period
significantly decreased from 4.2 + 0.49 to 2.9 + 0.49 (p < 0.05) in comparison with the initial state
(see Fig.).

The prolongation of the diestrus phase may be attributed to a number of mechanisms triggered
by hypothyroidism. One such mechanism, discussed in the scientific literature, suggests that hy-
pothyroidism disrupts the activity of hypothalamic biogenic amines, leading to a reduction in the
secretion of gonadotropin-releasing hormone (GnRH or luteinizing hormone-releasing hormone),
which in turn results in decreased levels of luteinizing hormone (LH) and follicle-stimulating hor-
mone (FSH) (B. Khabrat, A. Khabrat, Lytvak, & Lysenko, 2018; Wu, Zhao, Wang, Tang, & Liu,
2021).

It is also important to note that the interaction between reproductive and thyroid functions is
regulated by common central mechanisms involving the tropic hormones of the pituitary gland
- LH, FSH, thyroid-stimulating hormone (TSH), and prolactin — which are under the control of
the hypothalamus and, to some extent, the cerebral cortex. Thyrotropin-releasing hormone (TRH)
stimulates the secretion of both TSH and prolactin by the pituitary. Hypothyroidism leads to in-
creased TRH secretion (via negative feedback), which may cause hyperprolactinemia. Elevated
prolactin levels disrupt the pulsatile secretion of gonadotropins and contribute to decreased LH
production and inhibition of ovulation (P. Goel, Kahkasha, Narang, Gupta, & K. Goel, 2015). Pro-
longed hypothyroidism is also known to induce the Van Wyk-Grumbach syndrome.

Another factor is the considerable similarity in the molecular structure of LH and TSH, which,
as described in the literature, may lead to potential competitive binding of TSH to LH receptors on
granulosa cells. This suggests that the reactive elevation of TSH levels in thyroidectomized females
might competitively block LH receptors in ovarian follicles, thereby impairing ovulatory processes
(Osuga, Toyoshima, Mitsuhashi, & Taketani, 1995).

Conclusions. In female rats with experimentally induced postoperative hypothyroidism, the
overall pattern of the estrous cycle is altered - its total duration increases due to prolonged diestrus,
while the frequency of estrus decreases.

The disruption of the estrous cycle caused by hypothyroidism may be attributed to shared cen-
tral regulatory mechanisms of thyroid and reproductive function, as well as to the structural ho-
mology between gonadotropic hormones and TSH.

Thus, the study emphasizes the importance of regular monitoring of thyroid functional status in
women of reproductive age to prevent potential reproductive complications.
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ECTPAJIBHUI ITUK/TI CAMUIIb IIIYPIB HA T/II EKCITEPUMEHTAJIbHOTO TIITO-
TUPEO3Y

T. €. Komicosa', JI. II. Xapuenko?, A. B. Kosanp’

'XapkiBcbkuil HalioHabHUIT meparoriyamii yaiBepcuret imeHi I. C. CkoBopopy, M. Xapkis,
Ykpaina

*TTonTaBChKMIT HAIIOHAIBHUIT TTegarorivnmit yHiBepcuret imeni B. I. Koponenka, m. [Tonrasa,
Ykpaina

*TlonTaBChKUIT IHCTUTYT €KOHOMIKM i IpaBa BifkpuTOro Mi>X HApPOIHOTO YHIBEPCUTETY PO3BMU-
TKY JIIOVHA «YKpaiHa», M. [lonTasa, Ykpaina

Y cmammi npedcmasneni pe3ynvmamu ekcnepumeHmanvHo20 00CIiONeHHS, CHPAMO6AH020 HA
BUBUEHHS 3MIH eCIPAIbHO20 UUKILY Y CAMOK WLYPi6 Nic/is 4acmKo6020 6UOANEHHS UUMON00ioHOT
3ano3u. Memow M00en08aHHs 2inOMuUpeo3y waixom UdaneHHs ¥ uacmumu wumonodioHoi 3a-
JI03U CMAN0 6UBHEHHS MEXAHI3MI6 8NAUBY MUPOTOHOT OUCPYHKUIT HA PenpoOyKMUBHY CUCTEM).
ITicns onepamueHozo 8Mpy4aHHs y meapuH cnocmepieanocs CMamucmuuHo 3Ha4yuse nidsuuleH-
HA pieHs mupeomponrozo eopmony (TTT), uyo niomeepouno po3sumox 2inomupeosy.

Ananiz OuHaAMIKU eCMPAanvHo20 UUKILY NPOOEMOHCIMPYBAB iCTMOMHI 3MIHU: CNOCMepPieanocs 3Ha-
YHe N000BHEHHS 3a2aNbHOI MPUBATIOCT UUKITY 34 PAXYHOK NPOTIOHeAUil Oiecmpycy, w0 c8iduumo
npo 3ampumky abo eiocymuicmo osynauii. dacmoma ecmpycy y camox i3 einomupeosom 6yna cym-
MEBO 3HUNEHOI0, U0 6KA3YE HA 3HUNEHHS penpoOyKmueHoi akmuseHocmi. Buseneno possumok
CMILIKUX aHOBYTIAMOPHUX UUKTIIB, K] € nepedymMo6010 6e3nmidos.

062080p1010MbCA MOHIUBE NAMOPI3i0N02iuHi MeXAHI3MU 0aHO020 ABUULA, 30KPeMA BNUE 3HUINe-
HO020 PiHS MUPOIOHUX 20PMOHIE HA 2INOMANAMO-2inoPi3apHO-e0HAOHY 8icb, SMiHY WYMAUBOCHMI 20-
HadomponiHoeux peuenmopis i oucéanarc cmamesux copmonie. Okpemy ysazy npudineHo 062060-
peHHIo posi MmupeoioHUX 20pMOHIE Y NiIOMPUMAHHI HOPMATIbHOT PYHKUIT A€uHUKI6 Mma 3a0e3neueHHi
08ynamopHux npouecie. Ompumani pe3ynvmamu Marmo NPaKmuuHe 3HAUeHH 015 POSYMIHHA Na-

69



ISSN 2414-9810 (Print). ISSN 2616-6720 (Online). bionozia ma ekonoeis. 2025. Tom 11. Ne1

mozere3y nopyuieHv epmunvHOCi NP 2iNOMUpPeosi, a Maxox MOXymv OYmu 6UKOPUCAH] OIS
800CKOHATIEHHS Ni0X00i6 00 0iazHOCMUKU Ma iKYBaHHS 6e3nnid0s, No6 a3aH020 3 eHOOKPUHHUMU

NOpyUeHHIMU.
Takum uurom, 00CiONeHHS NIOKPECTIOE HeOOXIOHICMY pe2yNIsIPHO20 MOHIMOPpUH2Y PYHKUIOHATD-
HO20 CIAHY WUMono0dibHoT 3a103U y HIHOK PenpoOyKmMuU6HO20 8iKy 0715 NONePeOHeHHT MOHTIUBUX

penpooyKmuHUX yCKnaoHeH b.
Kniouosei cnoea: zinomupeos, ecmpanvHuil YUk, mupeomponHuii 20pMoH, ujumonodiona 3a-

71034.
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