
Summary. Thyroid hormones (TH) stimulate oxidative
metabolism in many tissues in the body, but testis is not
one of them. Therefore, in this sense, testis is not
considered as a target organ for TH. However, recent
findings clearly show that TH have significant functions
on the testis in general, and Leydig cells in particular;
this begins from the onset of their differentiation through
aging. Some of these functions include triggering the
Leydig stem cells to differentiate, producing increased
numbers of Leydig cells during differentiation by
causing proliferation of Leydig stem cells and
progenitors, stimulation of the Leydig cell steroidogenic
function and cellular maintenance. The mechanism of
action of TH on Leydig cell differentiation is still not
clear and needs to be determined in future studies.
However, some information on the mechanisms of TH
action on Leydig cell steroidogenesis is available. TH
acutely stimulate testosterone production by the Leydig
cells in vitro via stimulating the production of
steroidogenic acute regulatory protein (StAR) and StAR
mRNA in Leydig cells; StAR is associated with
intracellular trafficking of cholesterol into the
mitochondria during steroid hormone synthesis.
However, the presence and/or the types of TH receptors
in Leydig cells and other cell types of the Leydig cell
lineage is still to be resolved. Additionally, it has been
shown that thyrotropin-releasing hormone (TRH), TRH
receptor and TRH mRNA in the testis in many
mammalian species are seen exclusively in Leydig cells.
Although the significance of the latter observations are
yet to be determined, these findings prompt whether
hypothalamo-pituitary-thyroid axis and hypothalamo-
pituitary-testis axis are short-looped through Leydig
cells.

Key words: Thyroid hormone, Leydig cells, Stem cell
differentiation, Leydig progenitor cells, Steroidogenesis,
Aging

Introduction

Leydig cells are the main source of androgens in the
mammalian male. In this paper, efforts have been made
to review the available literature on TH on Leydig cells
in the postnatal testis.

Leydig Cells

Franz Leydig, a scientist from Germany, first
described the Leydig cells in the testis interstitium in
1850 (Leydig, 1850), in a comparative study of various
mammalian species (primates, carnivores, rodents, etc.).
Pol Bouin (1870-1962) and Paul Ancel (1873-1961)
were the first to strongly emphasize a possible endocrine
role for Leydig cells, i.e. that internal secretion of
Leydig cells controls male secondary characteristics
(Christensen, 1996). It is established now that the Leydig
cells are the main source of androgens in the mammalian
male and that the population of Leydig cells in the adult
testis, identified as the adult Leydig cells, are
differentiated postnatally during the neonatal pre-
pubertal period (Roosen-Runge and Anderson, 1959;
Mancini et al., 1963; Niemi and Kormano, 1964; Baillie,
1964; Lording and de Kretser, 1972). The adult Leydig
cells, hereafter referred to as Leydig cells in many places
in the text, reside in the testis interstitium (Fig. 1) as
large polyhedral cells. Among species, variations are
seen in Leydig cell number, size, morphological
characteristics and their relationship to blood vessels and
other surrounding structures; these are unique to each
species (Fawcett et al., 1973) and will not be discussed
in this review. Luteinizing hormone (LH) produced by
the gonadotrophs of the anterior pituitary gland, is
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considered as the primary regulator of Leydig cell
structure and function in the postnatal testis.

Thyroid Hormones (TH)

J.F. Gudernatsch (1912) provided the first evidence
for TH and their role in cellular differentiation. It is now
established that thyroxine (T4) and triiodothyronine (T3)
are produced by the thyroid gland and T3 is at least five
times more potent than T4. The most characteristic effect
of TH is their ability to stimulate oxidative metabolism
in many tissues in the body, however, in this sense, testis
is not considered as a target organ for these hormones.
TH secretion is regulated by thyroid hormone releasing
hormone (TRH) and thyroid stimulating hormone (TSH)
from the hypothalamus and the anterior pituitary,
respectively. 

The rest of the text of this paper is divided into six
subheadings, namely, Leydig cell lineage, TH on
postnatal Leydig cell differentiation and steroidogenic
function, mechanism of action of TH on Leydig cell
steroidogenesis, TH receptors in Leydig cells and the

presence of TRH in Leydig cells; possible significance
of the latter is also discussed. 

Leydig cell lineage

Figure 2 shows a schematic representation of the
Leydig cell lineage. Mesenchymal cells of the testis
interstitium are the precursors/stem cells to Leydig cells
(Mancini et al., 1963; Baillie, 1964; Niemi and
Kormano, 1964; Lording and de Kretser, 1972; Fawcett
et al., 1973) and they embryologically originate either
from the mesonephric tubules or loose connective tissue
of the developing gonad derived from the embryonic
mesoderm (Byscove, 1986). In the postnatal testis they
are either found at the peritubular region or central
interstitium (randomly scattered); those in the
peritubular region have been identified as the precursor
cell type for Leydig cells (Lording and de Kretser, 1972;
Haider et al., 1995; Russell et al., 1995; Chemes, 1996)
and several recent studies have confirmed this
observation in the pre-pubertal rat (Ariyaratne et al.,
2000a,c,d) and adult rat testes following ethane-
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Fig. 1. A light micrograph of a guinea pig testis
interstitium (I) to show Leydig cells, which appear as
large polygonal-shaped structures. BV: blood
vessels; E: elongated spindle-shaped cells in the
testis interstitium; those present at the periphery of
the seminiferous tubules (S) are commonly known as
peritubular mesenchymal cells and are the
stem/precursor cells to Leydig cells. Bar: 20 µm



dimethane sulfonate (EDS)-treatment (Ariyaratne et al.,
2000b; EDS kills Leydig cells within 48hrs and
therefore, EDS-treated adult rat testis is a good model to
study Leydig cell differentiation) using the universally
accepted marker, 3ß-hydroxy steroid dehydrogenase (3ß-
HSD) for all steroid secreting cells. At the onset of the
process of Leydig cell differentiation, a mesenchymal
cell which is a non-steroidogenic cell is differentiated
into the second cell type in the lineage, the progenitor
cell, which is steroidogenic (Mendis-Handagama and
Ariyaratne, 2001; see Figure 3). Following
differentiation, these progenitor cells proliferate and also
differentiate into the next cell stage, the newly formed
adult Leydig cells; progression of these events
accompany the movement of these cells away from the
peritubular location towards the central interstitium
(Mendis-Handagama and Ariyaratne, 2001). With
advancement of age and the progression of the Leydig
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Fig. 2. Schematic diagram of Leydig cell
lineage.The stem cells for Leydig cells are
the mesenchymal cells in the testis
intersitium, which are spindle-shaped and
non-steroidogenic. They first differentiate
into progenitor cells, which are also spindle-
shaped, but possess few steroidogenic
enzymes (e.g. 3ß-HSD) and LH receptors.
Thyroid hormone is critical to stimulate the
mesenchymal cells to differentiate into the
progenitor cells (the first step in Leydig cell
differentiation) to begin the process of
Leydig cell differentiation. Progenitor cells
differentiate into mature adult Leydig cells
through stages of newly formed adult
Leydig cells and immature adult Leydig

cells, respectively.  (used with permission from the publisher, Mendis-Handagama and Ariyaratne, 2001, Biol.Reprod. 65, 660-671). 

Fig. 3. Representative light micrographs from a 10 day old rat testis
immunolabeled for 3ß-HSD (shown in brown color) and demonstrate
early steps in Leydig cell differentiation. With thyroid hormone
stimulation, mesenchymal cells in the periphery of the seminiferous
tubules (S) differentiate into progenitor cells (arrows in Figures A and B),
which are sti l l  spindle-shaped; with the progression of their
differentiation towards the newly formed adult Leydig cells, they become
rounder in shape (compare cells depicted by arrows arrow in Figure B,
with A) and move gradually away from the peritubular region towards
the central part of the testis interstitium. (used with permission from the
publisher, Ariyaratne et al., 2000, Biol. Reprod. 65, 660-671). Bar: 20
µm.

Fig. 4. A representative light micrograph immunolabeled for 3ß-HSD to
demonstrate newly formed adult Leydig cells (arrows) at postnatal day
21 in a rat testis. Note that the newly formed adult Leydig cells appear
as rounder profiles and are found near the peritubular region as well as
away from the tubules (used with permission from the publisher,
Ariyaratne et al., 2000, Biol. Reprod. 63, 493-502). Bar: 22µm



cell differentiation process, the newly formed adult
Leydig cells (Figs. 4, 5) transform into immature Leydig
cells and finally attain the status of mature adult Leydig
cells found in the sexually mature testis (Fig. 1).

Thyroid hormones in postnatal Leydig cell
differentiation

Until recent years, little was known about the effects
of TH on the differentiation of Leydig cells in the
postnatal testis. The observation that the adult rats
subjected to transient neonatal hypothyroidism contain
twice the number of Leydig cells per testis compared to
the age-matched untreated controls (Mendis-Handagama
and Sharma, 1994) raised the question of the mechanism
of this Leydig cell hyperplasia following transient
neonatal hypothyroidism. It was shown later that Leydig
cell differentiation in the neonatal-prepubertal testis is
arrested with hypothyroidism (Mendis-Handgama et al.,
1998; Teerds et al., 1998) and increased numbers of
precursor cells/mesenchymal cells are generated during
this period (Mendis-Handgama et al., 1998). Although it
is reported elsewhere (Hardy et al., 1996) that increased
proliferation of postnatally differentiated Leydig cells
from day 8 through 50 postpartum is the principal
mechanism responsible for this Leydig cell hyperplasia
in adult rats subjected to transient neonatal
hypothyroidism, evidence is available to discard this
conclusion. First, the postnatally differentiated Leydig

cells are not present at day eight in the prepubertal rat
testis (Mendis-Handagama et al., 1987; Mendis-
Handagama and Ariyaratne, 2001) and the only Leydig
cell type present at this time (i.e. at postnatal day 8) is
the fetal Leydig cell (16, 19-21). Second, it is a proven
fact that Leydig cell differentiation in the prepubertal
testis (Mendis-Handagama et al., 1998; Ariyaratne et al.,
2000a) and in the adult testes following EDS treatment
(Ariyaratne et al., 2000b) is arrested with
hypothyroidism. As revealed by immunocytochemistry
for 3ß-HSD, the universal marker for all steroidogenic
cells, not only Leydig cells, but all other cell types in the
Leydig cell lineage (i.e. progenitors, newly formed
Leydig cells and immature Leydig cells) were absent in
testes of these hypothyroid rats. These observations
clearly showed that postnatal Leydig cell differentiation
does not take place under hypothyroid conditions, i.e.
TH is critical for the onset of mesenchymal cell
differentiation into Leydig progenitors to begin the
process.

Continuous exposure of lactating mothers to
polychlorinated biphenyls (PCB) causes significant
effects on Leydig cell structure and function; hypotrophy
and reduced capacity to produce testosterone in vitro in
response to LH stimulation (Kim et al., 2000).
Additionally, it is reported that PCBs disrupts the thyroid
gland function in humans (Langer et al., 1998; Cheek et
al., 1999; Nagayama et al., 1998) as well as in many
other mammalian species such as the rat (Collins, 1980;
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Fig. 5. A
representative light
micrograph of a
newly formed adult
Leydig cell (arrow)
at postnatal day 21
in a rat testis. The
newly formed adult
Leydig cells are
much smaller than
the mature adult
Leydig cell, and
have relatively little
cytoplasm in
contrast to the adult
Leydig cells in a
sexually mature
testis. S:
seminiferous
tubules; I: testis
interstitium. 
Bar: 8 µm.



Saeed and Hansen 1985; Ness et al., 1993; Cooke et al.,
1996; Kato et al., 1998, 1999; Desaulniers et al., 1999)
and the grey seal (Wolstad and Jensen, 1999). Based on
the observations of Cooke et. al (1996) and Kim et al.
(2000) it appears that PCB exposure during the neonatal
period has subjected these rats to undergo a transient
hypothyroid status, which has caused an interference in
the normal process of Leydig cell differentiation during
prepuberty and produce a defect in the steroidogenic
function of the Leydig cells in the adult testis.

It is also being demonstrated that hyperthyroidism
causes accelerated Leydig cell differentiation (Teerds et
al., 1998; Ariyaratne et al., 2000a,c). Additionally, it is
reported that greater numbers of mesenchymal cells are
recruited into Leydig cells with TH treatment in
prepubertal (Ariyaratne et al., 2000c) and EDS treated
(Ariyaratne et al., 2000b) adult rats. These findings
indicate that thyroid hormone causes proliferation of
mesenchymal precursor cells and acceleration of their
differentiation into Leydig progenitors; this is in addition
to its effects of enhanced proliferation of progenitors and
newly formed Leydig cells in the prepubertal testis
(Ariyaratne et al., 2000a,c). A yet unresolved question
on the effect of TH on the initiation of mesenchymal
precursor cell differentiation to begin the process of
Leydig cell differentiation is whether this effect is direct
or indirect. Based on the demonstration of the presence
of thyroid receptor mRNA in mesenchymal precursor
cells (Hardy et al., 1996), it is possible to suggest that
TH act directly on the mesenchymal precursor to trigger
this process. However, it still needs to be demonstrated
that this mRNA expression is followed by protein
synthesis to confirm this fact. Irrespective of this
possible direct action of thyroid hormone on
mesenchymal cells, it is also possible to predict that
thyroid hormones may have an indirect effect on
mesenchymal cell differentiation into progenitors in the
postnatal testis. A logical hypothesis could be built on
the known facts on TH action of Sertoli cell maturation
and anti-Mullerian hormone (AMH) production by the

Sertoli cells in the neonatal-prepubertal testis. This is
because AMH is suggested as a negative regulator of
Leydig cell differentiation (Racine et al., 1998).

Anti-Mullerian hormone and thyroid hormone on
Leydig precursor cell differentiation

Anti-Mullerian hormone which is also called the
Mullerian-inhibiting substance (MIS) or Mullerian
inhibiting factor (MIF) is a member of the transforming
growth factor (TGF) ß family of cytokines that includes
TGF ß, activins, inhibins and the bone morphogenetic
proteins. Anti-Mullerian hormone produced by the
Sertoli cells in the developing male fetal testis causes
regression of the Mullerian ducts (Josso, 1986; Lee and
Donohoe, 1993). AMH production by the rat Sertoli
cells decreases gradually and dramatically after the 3rd

and 5th postnatal days, respectively and present at a very
low level on the 20th postnatal day (Zhou et al., 1993).
Although it is been reported that the measurement of
AMH mRNA is not an accurate index of AMH
production (Jannini et al., 1995) the fact that a dose-
dependent decrease occur in AMH mRNA production by
the immature Sertoli cells with triiodothyronine (T3) is
an interesting observation with respect to the hypothesis
on the indirect role of TH on Leydig cell differentiation.
This is because AMH has been suggested as a negative
regulator for postnatal differentiation of Leydig cells
(Racine et al., 1998). A schematic diagram of the
hypothesis on the mechanism of action of TH in
precursor cell differentiation into the Leydig cell
progenitors to begin the process of postnatal
differentiation of Leydig cells is shown in Figure 6.

Thyroid hormones on testicular steroidogenesis 

Thyroid abnormalities has long been known to cause
reproductive disturbances in the male as well as in the
female (Jannini et al., 1995). Studies on the male have
largely been focused on changes in Sertoli cells because
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Fig. 6. Hypothesis on thyroid hormone
action on mesenchymal cell
differentiation into Leydig progenitor
cell to begin the process of Leydig cell
differentiation. Thyroid hormone could
act directly on the mesenchymal cells
to tr igger the onset (i.e. +ve
regulation). Anti-Mullerian hormone
(AMH) produced by the immature
Sertoli cells inhibits (-ve regulation)
this differentiation. As thyroid
hormones act on immature Sertoli
cells to cause cell maturation, it is a
possibility that this action inhibits the
production of AMH, and thereby
inhibits the inhibitory action of AMH on
mesenchymal cell differentiation,

which triggers the onset of mesenchymal cells differentiation (+ve regulation).



it was generally believed that this cell is primarily
affected by TH in the postnatal testis (Jannini et al.,
1995). Nevertheless, few available data indicate strongly
that TH are closely associated with the function of
Leydig cells in the adult testis by influencing the
hypothalamo-pituitary testicular axis. It is reported that
thyroid dysfunction often results in abnormalities of
gonadotropin release, sex steroid metabolism and
testicular function. The presence of nuclear T3 receptors
in gonadotrophs of the rat pituitary gland is supportive

of the effect of TH on gonadotropin release (Sasaki et
al., 1991).

In intact mature animals, who were hypothyroid due
to diseases, thyroidectomy, or administration of
chemicals such as propylthiouracil (PTU), a marked
decrease in body, testis and accessory sex organ weights
(Maran et al., 2000a; Cristovo et al., 2002) occur.
Additionally, serum concentrations of testosterone
(Chandrasekhar et al., 1986; Hoffman et al., 1991;
Antony et al., 1995; Maran et al., 2001; Cristovo et al.,
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Fig 7. Androgens (testosterone and androstenedione) in serum and testicular incubates of control EDS rats and T3-treated EDS rats. Testosterone in
serum (A) and testicular incubates (B) were first detected at 14 days in T3-treated EDS rats but not in control EDS rats. This finding agreed with the
observation that new Leydig cell differentiation has taken place in the T3-treated EDS rats at day 14 and not in the control EDS rats. At day 21,
testosterone levels in serum and testicular incubates were two-fold greater in T3-treated EDS rats compared to controls; T3-treated EDS rats had
greater number of Leydig cells compared to control EDS rats. Androstenedione levels in serum (C) and testicular incubates (D) were greater in T3-
treated EDS rats compared to control EDS rats and explained by the greater numbers of newly formed adult Leydig cells in the T3-treated EDS rats
(used with permission from the publisher, Ariyaratne et al., 2000, Biol. Reprod. 63, 1115-1123).



2002) and Leydig cell responses to exogenous
gonadotropins (Chandrasekhar et al., 1986; Wortsman et
al., 1987; Hoffman et al., 1991; Antony et al., 1995) are
observed to be reduced. Furthermore, morphological
changes such as reduced numbers of Sertoli and Leydig
cells, a reduced tubular diameter, interstitial edema and
thickening of basal membrane of seminiferous tubules
have been reported in the adult hypothyroid males
(Wortsman et al., 1987; Hoffman et al., 1991; Tahmaz et
al., 2000). By contrast, patients with Grave’s disease
(chronic hyperthyroidism) show high basal levels of
serum testosterone, estradiol and gonadotropic hormones
(Foldes et al., 1982; Kumar et al., 1996). In addition, an
exaggerated pituitary and testicular response to
exogenous gonadotropin releasing hormone (GnRH) is
seen in hyperthyroid patients (Rojdmark et al., 1988),
which demonstrates an altered hypothalamo-pituitary-
testicular axis under hyperthyroid conditions. 

Studies in EDS-treated adult rats have shown that
daily T3 treatment following the EDS injection causes
detectable serum testosterone levels on day 14 post EDS
in contrast to control EDS rats, where the serum
testosterone levels were still undetectable (Fig. 7A,
Ariyaratne et al., 2000c). These results have been further
confirmed by the observations on LH-stimulated
testicular testosterone secretory capacity in vitro of these
rats, where detectable amounts of testosterone was seen
in the testicular incubates of T3-treated EDS rats in
contrast to control EDS rats (Fig. 7B). At 21 days post
EDS, testosterone levels in serum and testicular
incubates of the T3-treated EDS rats in that study
showed significantly greater amounts compared to
control EDS rats (Fig. 7A,B). A somewhat similar
pattern is seen for androstenedione in serum and
testicular incubates in these control EDS and T3-treated
EDS rats (Fig. 7C,D).

Although direct effects of TH on Leydig cell
steroidogenesis in vivo or in vitro have not been studied
extensively, available reports clearly show that TH have
a significant role in this process. Valenty et al. (1997)
observed that isolated Leydig cells from hypothyroid
adult rats secreted less testosterone, both under basal
conditions as well as in the presence of cAMP and non-
cAMP mediated stimulatory substances. They (Valenty
et al., 1997) further noticed that this reduction of
testosterone production was due to decreased synthesis
of cAMP and reduced activity of the enzymes in the
androgen biosynthetic pathway but not due to changes in
LH receptor content. Moreover, it has been demonstrated
that culture of isolated Leydig cells from sexually
mature rats with TH resulted in stimulated secretion of
testosterone and estrogen under basal conditions as well
as in response to LH stimulation (Maran et al., 2000b).
Additionally, treatment of mouse Leydig cells with T3,
coordinately augments the levels of steroidogenic acute
regulatory (StAR) protein and StAR mRNA and steroid
production (Manna et al., 1999, 2001a,b). StAR protein
is involved in intracellular cholesterol transport
mechanism during LH-stimulated steroidogenesis in

Leydig cells (Stocco, 1996). Because the effects of T4 in
vivo (T4 is restricted to the vascular pool) are mediated
via T3 (T4 is converted to T3 in target tissues; T3 is 3-
to 5-times more active than T4; Norman and Litwick,
1997), it is possible to suggest that the stimulatory
effects of T3 in vitro on Leydig cell steroidogenesis
(Manna et al., 1999, 2000a,b; Maran et al., 2000b)
reflect the acute effects of TH on Leydig cells in vivo.

With aging, a progressive decline in circulating
testosterone levels is seen in humans (Hollander and
Hollander, 1958; Kirschner et al., 1968; Vermulen, 1976)
and other species including the rat (Bethea and Walker,
1979; Mendis-Handagama and Gelber, 1995; Kim et al.,
2002). Many studies on the effects of aging on Leydig
cell structure and function have revealed that Leydig
cells undergo atrophic changes in size (Mendis-
Handagama and Gelber, 1995; Kim et al., 2002) and
organelle content (Mori et al., 1982; Ichihara et al.,
1993). It is being shown that serum TH levels are
reduced with aging (Cizza et al., 1992, 1995) and
exogenous supplementation of TH alone to aged Brown
Norway rats (18 months of age) for 28 days could
reverse the LH-stimulated testosterone secretory
capacity per testis and per Leydig cell in vitro by 71%,
Leydig cell size by 82% and serum testosterone levels
by 33% compared to three month old control rats (Kim
et al., 2002). 100% reversibility in LH-stimulated
testosterone secretory capacity per testis and per Leydig
cell in vitro and Leydig cell size is achieved by the
combined treatment of T4 and LH (Kim et al., 2002).
Representative Leydig cells of control rats of 3, 6, 12
and 19 month of age and T4-, LH- and T4+LH- treated
Brown Norway rats are shown in Figure 8.

Studies in neonatal rats have shown that daily
subcutaneous injections of T3 to rat pups from birth to
21 days significantly reduce the LH-stimulated testicular
testosterone capacity in vitro up to day 21, in contrast to
the control rats which show no change in the
testosterone secretory capacity up to day 12; however,
this capacity declines thereafter (Ariyaratne et al.,
2000c; Fig. 9). These observations are correlated with
the capacity of the fetal Leydig cells in the neonatal
testis to secrete testosterone during this time of life as
they are the primary source of androgens in the neonatal
testis. As TH cause early atrophic changes in the fetal
Leydig cells (Ariyaratne et al., 2000c) the testicular
capacity to secrete testosterone in response to LH
stimulation in vitro is reduced in the neonatal rat pups
under hyperthyroid conditions. By contrast, testicular
androstenedione secretory capacity per testis in response
to LH stimulation in vitro in these neonatal rats under a
hyperthyroid status is significantly increased and is
explained by the increased numbers of newly formed
adult Leydig cells in the testes of hyperthyroid rat pups
(Ariyaratne et al., 2000c). Additionally, increased
amounts of cAMP (Valenty et al., 1997) and StAR
protein (Manna et al., 2001a,b) generated in Leydig cells
of hyperthyroid rats may have been complementary to
this effect. 
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Fig. 8. Representative light micrographs of testis interstitium of brown
Norway rats to demonstrate atrophy of Leydig cells (arrows) with aging (A-
3 months of age, B-6 months of age, C-12 months of age, D-19 months of
age) and the reversibility of the atrophic changes with treatments of LH (E),
TH (F) and LH+TH (G). ST: seminiferous tubules; Ly: lymphatic space; B:
blood vessels. Bar: 7.7µm (used with permission from the publisher, Kim et
al., 2002, Biol.Reprod.66,1359-1366).



Mechanism of action of thyroid hormones on Leydig
cell steroidogenesis

Based on the reviewed information, it is clear that
TH have significant regulatory role on Leydig cell
steroidogenic function. However, the precise mechanism
of action of these hormones on this cell is not clearly
apparent. It is possible to hypothesize that the in vivo
effects of TH are at least in part mediated via the Sertoli
cells. Nevertheless, direct actions of TH on Leydig cells
comes from in vitro studies. Study of Jana et al. (1996) is
the first to report on production of a 52 kDa soluble
protein by goat Leydig cells in vitro when exposed to
TH. This protein was capable of stimulating testosterone
secretion by the Leydig cells when added to their
incubation medium. More recent studies using molecular
biological techniques to analyze the effects of TH on
Leydig cells has shown that stimulatory effect of this
hormone on steroidogenesis is brought about by
increased synthesis of StAR protein mediated through
steroidogenic factor-1 (SF-1; Manna et al., 1999,
2001a,b). Moreover, these investigators were able to
demonstrate an acute stimulatory but a chronic
inhibitory effect of thyroid hormone on steroidogenic
enzymes and LH receptor content in mouse tumor
Leydig cells (Manna et al., 2001b). It is clear that further
studies are required to establish the precise mechanism
of action of TH on Leydig cell steroidogenesis.

Thyroid hormone receptors in leydig cells

Biological effects of TH on the target cells are
brought about by binding the hormones to their specific

receptors which are localized to nuclear as well as
cytoplasmic compartments of the cell (D’Armiento and
Jannini, 1992). These receptors basically act as nuclear
transcription factors and when bound with the hormone,
the hormone-receptor complex stimulates the
metabolism, growth and differentiation of the organism
by binding to regulatory regions of the responsive genes
(Openheimer, 1991). Thyroid hormone receptors are
encoded by two different genes α and ß. By alternative
splicing of the each of these transcripts, hormone
binding α1, ß1 and ß2 and non-hormone binding α2 and
α3 isoforms of the receptor are produced (Evans, 1988;
Chin, 1991; Lazar, 1993). The distribution of different
isoforms of the TH receptors in an animal, appears to be
dependant on developmental stage and the tissue
(Jannini et al., 1995). Presence (or absence) of TH
receptors in the testis has been investigated by using the
techniques of evaluating the specific nuclear binding of
the hormone, expression of receptor mRNA or
localization of receptor protein with the help of specific
antibodies. In early studies using isolated nuclei from
adult testis no nuclear binding of hormone was observed
(Openheimer et al., 1974) leading to the conclusion that
testis is an un-responsive organ as far as TH is
concerned. Further more, these early studies were also
unable to detect mRNAs of α1, ß1 or ß2 in the adult testis
(Murray et al., 1988; Santos et al., 1988; Barsano et al.,
1990; Strait et al., 1990). However, a renewed interest on
this subject was generated when Palmero and co-
workers (Palmero et al., 1988) demonstrated a specific
binding of TH to nuclei of Sertoli cells isolated from
immature rats. Since then, number of studies have shown
an age dependent TH receptor mRNA in the testis
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Fig. 9. LH-stimulated testicular testosterone (A) and androstenedione (B) production in vitro by the control and T3-treated rats during the neonatal-
prepubertal period. Testicular testosterone production (main source during this period is fetal Leydig cells) is maintained from birth to 16 days in control
rats, which shows a decline at day 21. In contrast, in T3-treated rats a concomitant decline in testicular testosterone production in vitro is observed with
the advancement of age, due to the atrophy of fetal Leydig cells in response to T3-treatment. By contrast, testicular androstenedione production in vitro
shows a concomitant increase with age in both control and T3-treated rats due to the differentiation of adult type Leydig cells; T3-treated rats had
significantly greater values than the control group from day 9 to 21 due to increased numbers of newly differentiated adult type Leydig cells. (used with
permission from the publisher, Ariyaratne et al., 2000, Biol. Reprod. 63, 493-502).



(Jannini et al., 1990, 1994; Bunick et al., 1994); binding
of the hormone and expression of the mRNA was
highest in fetal testis, gradually declined during pre-
pubertal age and totally absent in adult testis. No
expression of ß receptor mRNA was detected in any of
these studies. In contrast, recent studies were able to
detect considerable amounts of receptor α1 mRNA even
in adult testis (Buzzard et al., 2000, Jannini et al., 2000;
Canale et al., 2001).

The question of the presence or absence of TH
receptors in Leydig cells and/or their precursor cell types
remains unsolved as the available reports have
discrepancies. Until recent, Leydig cell was not even
considered as a target cell for TH because many studies
reported that specific binding of the hormone or
expression of receptor mRNA is not seen in this cell type
(Santos et al., 1988; Jannini et al., 1990, 1994, 1995;
Palmero et al., 1992). However, TH receptor protein has
been localized to testicular interstitium in several
previous studies (Lue et al., 1988; Macchia et al., 1990;
Tagami et al., 1990). Recent studies using purified
Leydig cells and their precursors from rats at different
age groups, the presence of TRH α1 mRNA (but not the
protein) has been shown in Leydig cells and their
precursors, even in the adult animals (Hardy et al.,
1996). However, it is not yet clear whether the T3
receptor proteins are expressed in Leydig cells.
According to Palmero et al (1992), T3 receptors are
absent in nuclei of immamture pig Leydig cells. By
contrast, Tagami et al. (1990) demonstrated the presence
of nuclear T3 receptors in rat Leydig cells using
immunocytochemistry. Presence of TH receptor protein
in a subset of interstitial cells in rats has also been
reported by Buzzard et al. (2000) using immunolabeling
as well. However, the latter study was focused on T3
receptors in seminiferous tubules and therefore, no
detailed information is available in this study on the
testicular interstitial cell types that are positive for T3
receptors. Hence, the spatial and temporal expression of
TH receptors in the adult Leydig cell and the cells types
of its lineage remains to be established in future
investigations. 

Thyrotropin releasing hormone in Leydig cells

Thyrotropin-releasing hormone (TRH) is a
hypothalamic tripeptide-releasing factor that stimulates
thyrotropin (TSH) synthesis and secretion by the
thyrotrophs of the anterior pituitary gland (Schally et al.,
1969; Burgus et al., 1970); TSH stimulates the thyroid
gland to synthesize and secrete T3 and T4. TRH plays
the central regulatory role in the hypothalamic-pituitary-
thyroid axis. Therefore, it is interesting to note that TRH,
TRH mRNA and TRH receptor (TRH-R) gene
expression has been observed in Leydig cells in many
species including human (Wilber and Xu, 1998), rat
(Fang et al., 1993; Satoh et al., 1994; Liu, et al., 2001; Li
et al., 2002), mouse (Zhang et al., 1995), bull (Zraly et
al., 1997) and Siberian hamster (Rao et al., 1997). In

humans (Wilber and Xu, 1998), and rats (Liu et al.,
2001). TRH and TRH-R expression in the testis is
exclusively seen in Leydig cells. Suppression of
circulating TRH to non-detectable levels in bulls by oral
administration of nitrates cause suppression of Leydig
cell steroidogenic function in bulls (Zraly et al., 1997).
Moreover, developmental studies in rats have shown that
TRH mRNA expression in the rat testis is development
dependent; the earliest detection was at postnatal day 15,
and the signal was increased progressively on days 20,
35, 60 and 90 (Liu et al., 2001). Although the precise
role of TRH in Leydig cells is not clear at present, some
investigators suggest that TRH may function as
paracrine ( Fang et al., 1993; Wilber and Xu, 1998;) or
autocrine (Fang et al., 1993; Satoh et al., 1994; Liu et al.,
2001) regulator of testicular function. One such
paracrine role of TRH is thought to be to serve as an
inhibitory modulator of gonadotropin-stimulated
testosterone secretion (Wilber and Xu, 1998). All of the
above findings suggest that the presence of TRH in
Leydig cells have a significant role in the testis. Whether
hypothalamo-pituitary-thyroid axis and hypothalamo-
pituitary-testis axis are short-looped through Leydig
cells is a novel concept that needs to be tested in future
investigations.
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