Hypothalamic-pituitary-ovarian Axis in Thyroid Dysfunction
AF Ajayi', RE Akhigbe!, LO Ajayi?

ABSTRACT

Background: It has been established that thyroid dysfunction causes impairment of reproductive
function. However, laboratory and human studies that associated this with female reproductive hor-
mones are conflicting and data reporting the effects of thyroid dysfunction on reproductive organs are
insufficient.

Aim: This study investigated the effect of experimental hypothyroidism and hyperthyroidism on
hypothalamic-pituitary-ovarian axis and reproductive organs morphometry and histology in female
rats.

Methods: Laboratory animals were randomized into one of the three groups. control, carbimazole-
induced hypothyroidism and levothyroxine-induced hyperthyroidism.

Results: Organ morphometry and serum follicle stimulating hormone (FSH) were statistically com-
parable across all groups. Serum progesterone increased in hypothyroid rats but was reduced in
hyperthyroid rats when compared with the control (p < 0.05). Body weight gain, serum luteinizing
hormone and oestradiol were significantly reduced in both hypothyroid and hyperthyroid states when
compared to the control. Hypothyroidism and hyperthyroidism also led to alterations in organ
cytoarchitecture.

Conclusion: Findings from this study suggest that impairment of reproductive function associated with
thyroid dysfunction is attendant with derangement of hormonal milieu and alteration in reproductive
organs cytoarchitecture. Luteinizing hormone and oestradiol are implicated.

Keywords: Fertility, follicle stimulating hormone, hyperthyroidism, hypothyroidism, luteinizing hormone, oestradiol,
progesterone

El Eje Hipotalamico-pituitario-ovarico en la Disfuncion Tiroidea
AF Ajayi, RE Akhigbe, LO Ajayi

RESUMEN

Antecedentes: Se ha establecido que la disfuncion de la tiroides causa deterioro de la funcion
reproductiva. Sin embargo, los estudios humanos y de laboratorio que asociaban tal disfuncion a las
hormonas reproductoras femeninas son contradictorios, y los datos que reportan los efectos de la
disfuncion tiroidea sobre los organos reproductores son insuficientes.

Objetivo: Este estudio investigo el efecto del hipotiroidismo y el hipertiroidismo experimentales sobre
el eje hipotalamico-pituitario-ovarico, y la morfometria e histologia de los organos reproductores en
ratas hembras.

Métodos: Los animales de laboratorio fueron asignados al azar a uno de estos tres grupos: control,
hipotiroidismo inducido por carbimazol, e hipertiroidismo inducido por levotiroxina.

Resultados: La morfometria de los organos y hormona foliculo-estimulante (FSH) en suero, fueron
estadisticamente comparables en todos los grupos. La progesterona sérica aumento en las ratas
hipotiroideas, pero se redujo en las ratas hipertiroideas en comparacion con el grupo de control (p <
0.05). EIl aumento de peso corporal, la hormona luteinizante en suero, y el estradiol se redujeron
significativamente tanto en condiciones de hipotiroidismo como en estado de hipertiroidismo, en
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comparacion con el grupo control.

El hipotiroidismo y el hipertiroidismo condujeron también a
alteraciones en la citoarquitectura de los organos.

Conclusion: Resultados de este estudio sugieren que la debilitacion de la funcion reproductora
asociada con la disfuncion de la tiroides, va acompanada de trastornos del medio hormonal, e implica
alteraciones de la citoarquitectura de los organos reproductores, la hormona luteinizante, y el

estradiol.

Palabras claves: Fertilidad, foliculo estimulante hormonal, hipertiroidismo, hipotiroidismo, hormona luteinizante, estradiol,

progesterona

INTRODUCTION

Procreation is a basic phenomenon necessary to sustain life.
It involves events regulated by the hypothalamic-pituitary-
gonadal axis. This axis affects the hormonal environment of
the female reproductive system, which thus influences men-
strual pattern and fecundity. Alteration of the female repro-
ductive hormones from their normal ranges optimal to
achieve proper reproductive functions may lead to infertility,
the inability to naturally conceive and carry pregnancy to
term despite regular unprotected sexual intercourse for a year
(1, 2). Infertility is a complex disorder with significant
medical, psychosocial and economic problems (3). Docu-
mented data revealed that 10-15% of couples in the world
experience infertility (4). This is higher in Sub-Sahara Africa
where 20-60% was reported (5). In Nigeria, 20-50% of the
causes of infertility are due to male factors while 50-80% are
due to female and unexplained factors (6). Risk factors for
infertility include, but may not be limited to, thyroid disease,
weight changes, hormonal imbalance, environmental factors
(such as chemical dust, pesticides), age, lifestyle, pathologies
and structural obstruction in the reproductive structures/
organs, pelvic inflammatory disease, sexually transmitted
disease and chemotherapy (3).

Thyroid dysfunction interferes with the physiology of
reproduction. Women are at higher risk of thyroid diseases
(7). The prevalence of abnormal thyroid-stimulating hor-
mone (TSH) level in infertile married women was reported as
6.3%, 4.8%, 2.6% and 1.5% for those diagnosed with ano-
vulatory infertility, unexplained infertility, tubal infertility
and male infertility, respectively (8). Hyperthyroidism is
associated with infrequent and scanty menses, and amenorr-
hoea, while hypothyroidism is associated with too frequent
and heavy menses (due to reduced levels of clotting factors
VII, VIII, IX and XI), diminished libido and anovulation.
Both hyperthyroidism and hypothyroidism have significant
effects on oestrogen and androgen metabolism (9-11).
Thyroid dysfunction upsets the body’s reproductive hor-
mones, thus halting ovulation; this could also shorten the
luteal phase and lead to loss of early pregnancies (7).

The present study was carried out to systematically
document the effects of thyroid dysfunction, hypothyroidism
and hyperthyroidism, on female reproductive hormones, as
an index of hypothalamic-pituitary-ovarian axis function. It
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also reports the effect of thyroid dysfunction on reproductive
organ morphology and histomorphology.

SUBJECTS AND METHODS

Animals

Female Sprague Dawley rats of comparable weight (151.2 +
3.4 g) were obtained from the Animal Holding Unit of the
Department of Physiology, Ladoke Akintola University of
Technology, Ogbomoso, Nigeria. The animals were kept in
wire mesh cages and were acclimatized to laboratory
condition (12 dark:12 light cycle). They were allowed unres-
tricted access to rat pellet and water.

Treatments

Rats were randomly allocated into three groups (n = 6):
control, hypothyroid and hyperthyroid. Thyroid dysfunction
was induced as described in our previous study (12). Hypo-
thyroidism was induced by administration of 5 mg/250 g
body weight of carbimazole, while hyperthyroidism was
induced by administration of 5 pg/100 g body weight of
levothyroxine. Treatments lasted for 35 days. Experimental
study was in accordance with the institution’s guidelines and
that of the European convention for the protection of verte-
brate animals and other scientific purposes — ETS-123 (13).

Determination of body weight gain, organ morphometry,
and female reproductive hormones

The weights of rats were recorded weekly (14), and at the end
of the experiment, the body weight gain of each rat was
determined as the difference between the final and initial
body weights. At the end of the experiment, blood samples
were collected by cardiac puncture under ether anaesthesia.
Serum was obtained and serum luteinizing hormone (LH),
follicle stimulating hormone (FSH), oestradiol, and proges-
terone were assayed. The ovaries, oviducts and uterus of rats
were excised, blotted with tissue paper and thereafter
weighed. The length and diameter of the excised organs were
also measured. Serum LH, FSH, oestradiol and progesterone
were assayed using standard assay kit (15). Histomor-
phologic studies were done as previously described (16, 17).
Tissue processing was carried out by autotechnicon. Several
5 um thick sections were prepared and mounted on slides and
stained with haematoxylin and eosin (H&E). Stained sec-
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tions were morphologically evaluated and the microphoto-
graph was taken.

Statistical analysis
Data were analysed using one-way analysis of variance
(ANOVA) complemented with unpaired ¢-test. Duncan mul-
tiple range test and Turkey’s multiple comparison test were
used as post-hoc tests. Data are expressed as mean +
standard deviation.

RESULTS

Experimental hypothyroidism and hyperthyroidism led to
significant reductions in body weight gain when compared to
the control. The reduced weight gain observed in hypo-
thyroidism was significantly higher than that in hyper-
thyroidism [Fig. 1]. Figure 2 shows that reproductive organs
morphometry was comparable across all groups.
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Fig. 1:  Effect of thyroid dysfunction on body weight gain.
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Fig. 2:  Effect of thyroid dysfunction on reproductive organ morphometry.

Plasma FSH was similar across all groups. However, LH and
oestradiol levels were significantly lower in hypothyroidism
and hyperthyroidism in comparison with the control. Hypo-
thyroidism and hyperthyroidism led to significant rise and
fall in plasma progesterone, respectively [Fig. 3]. Figure 4
shows the histograph of female reproductive organs.

DISCUSSION

Thyroid hormones are pivotal to human development, sur-
vival and reproductive fecundity. Optimal levels of the
thyroid hormones are necessary for normal reproductive
development and function. Pathologies associated with
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Fig. 3:  Effect of thyroid dysfunction on female reproductive hormones.
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Fig. 4: Histograph showing the effect of thyroid dysfunction in the ovary

(I), oviduct (II) and uterus (III).

hypothyroidism and hyperthyroidism thus impair repro-
ductive function. Various studies have documented the
effects of altered thyroid states on reproduction. However,
none has reported the effect of hypothyroidism and hyper-
thyroidism on female reproductive hormones and repro-
ductive organs morphometry and histology. To the best of
our knowledge and at the time this study was reported, it is
the first to document the role of hypothalamic-pituitary-
ovarian axis and reproductive organs morphometry and his-
tology in thyroid dysfunction-induced impairment of repro-
ductive function.

Although observations from this study showed that
altered thyroid states did not influence reproductive organ
morphometry, they caused significant reduction in body
weight gain. Euthyroid state is required for optimal body
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growth and development. The reduction in body weight gain
seen in hyperthyroidism in the present study could be due to
increased metabolism and lipolysis induced by excess thy-
roid hormone via increase in mitochondrial number and
activity and increased Na™-K*-ATPase (18). The hypothy-
roidism-led reduction in body weight gain could be as a result
of hypothyroidism-induced growth retardation.

Findings from this study also revealed that experi-
mental altered thyroid states in animals led to reduced serum
levels of LH and oestradiol. This is in contrast with human
findings that reported hyperthyroid state-induced increased
levels of LH and oestradiol (19-21). However, our findings
are consistent with previous laboratory studies (22, 23).
Though there were no changes in the FSH levels in the
hyperthyroid and hypothyroid animals, their low LH levels
might account for the low oestradiol level.

Histological findings of this study also showed that
thyroid dysfunction altered the cytoarchitecture of female
reproductive organs. This seems to be the first study to docu-
ment the histomorphologic state of female reproductive
organs in altered thyroid states. It is a known fact that
oestradiol is responsible for the proliferation and growth of
specific cells in the body that are responsible for the develop-
ment of most secondary sexual characteristics of the female
(18). The altered cytoarchitecture observed in the study is
also associated with low oestradiol level.

Although there are conflicting reports on the effect of
altered thyroid states on female reproduction in human and
laboratory animals and the mechanism of hypothyroid, and
although hyperthyroid-induced impairment of female repro-
duction is yet to be fully understood, this study suggests that
impaired reproductive function seen in altered thyroid states
is due to poor weight gain, low LH and oestradiol levels, and
alterations in female organs cytoarchitecture. Early diag-
nosis and prompt management of hypothyroidism and
hyperthyroidism are important to preserve female fertility.
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