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Summary

Sertoli cells, the major site of intermediary metabolism in the testis, aredbeftarthyroid hormone action,
though thyroid hormone receptors are present in Leydig cells aésbaV earlier shown specific changes in
basal and LH-induced steroidogenic activity in Leydig cells of adult rats with transient prepuberal - onset
hypothyroidism. In this paper we report the response of Sertoli cell lipids and lipogenic enzymes in adult rats to
prepuberal onset hypothyroidism. Hypothyroidism was induced in 30 day old ratgtmaktnyroidectomy

After 60 days, one group of hypothyroid rats was allowed to attain euthyroidism by L-thyro)irep(dcement
therapy (intramuscular injection of 6ug/T00 g body weight for thirty days) and sacrificed. Sertoli cells were
isolated by enzymatic dispersion and the concentration of various lipid fractions and the activities of lipogenic
enzymes were assessed. Hypothyroidism increased Sertoli cell total lipids and total cholesterol, glycereides and
phospholipids. Of the lipogenic enzymes, activities of glucose-6-phosphate dehydrogenase, 6-phospho gluconate
dehydrogenase and malic enzyme decreased, whereas those of isédtPate dehydrogenaseTl R-citrate
lyase, fatty acid synthase ame glycerophosphate dehydrogenase increasgaeplacement to thyroidectomized
rats maintained normal levels of most of the parameters. The present study indicates that thyroid hormones have
an inhibitory efect on Sertoli cell lipogenesis. It is suggested that accumulation of lipids in Sertoli cells may be
one of the biochemical mechanisms underlying prepuberal-onset hypothyroidism—induced male,infieichity

can be corrected with timely treatment gtd maintain euthyroidism.
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Introduction testicular taget of T, These authors also showed that
thyroid hormones play an essential role in regulating the
Mammalian testis is now considered as gear developmentand functions of Sertoli cells (Palmero et al.,

organ for thyroid hormones (Jannini et al., 1995; Longcop&d89)- Now it has become an established concept that
2000; Aruldhas, 2002). Howeveill 1980 thyroidologists, thyroid hormone(s) is one of the important regulators of
reproductive biologists and endocrinologists attributed t@sticular growth, maturation and function, along with
effect of thyroid hormones, if angn mammalian testicular gonadotrophinsand sex steroids (Jannini et al., 1995;
function to its indirect ééct on general body metabolismHuhtaniemi, 1999; Laslett et al., 2000; Longcope, 2000;
(Myant, 1964) since thyroid hormones failed to increadd@nna etal., 2001; Aruldhas, 2002; Mendis-Handagama
oxygen production from the testis vitro (Barker and and Ariyaratne, 2005; Jansen et al., 2007).

Klitgaard, 1952), and attempts to identify specific thyroid The highest expression of both &Rand
hormone receptors in testis were not successfkg) i rat Sertoli cells has been demonstrated during
(Oppenheimer etal., 1974). Howeveseries of studies, g4y neonatal life when thyroid hormone secretion is high
which emanated from our laboratory on testiculafpaimero et al., 1989; Jannini et al., 1990, 1994; 1999,
intermediary metabolism in hypo- and hyperthyroid ratsooo; Bunick et al., 1994; Buzzard et al., 2000; Canale et
suggested direct action of thyroid hormones on tesgq;_, 2001; McCoard et al., 2003). Though most of the
(Aruldhas et al., 1982a, b, 1983, 1984, 19864, b). Thifdies on expression of TR in rat Sertoli cells suggest
idea gained support from the findings of Palmero et &iminution of the same by the third week of postnatal life,
(1988, 1992, 1993, 1995) that Sertoli cells of immatuiginciding with the cessation of Sertoli cell proliferation,
rats and piglets have specifigréceptors (TR), and are gnd become undetectable in adults (Jannini et al., 1990,
under the homologous regulatory control of thyroidgga, 1995, 1999, 2000; Cooke, 1995; Buzzard et al.,
hormones, thus qualifying these sustentacular cells as $h#)0: Canale et al., 2001), immuno-histochenstadies
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have shown the presence of TR in the interstitium of adudits subjected to prepuberal-onset hypothyroidism (Antony
rat testis also @gami et al., 1990; Macchia et al., 1990)et al., 1995). In thisgper we report inhibitory déct of
Though TRi2, avariant of TRB, is not expressed in Sertolithyroid hormones on Sertoli cell lipids and lipogenic
cells of normal adult rats, transient neonatal hypothyroidisghzymesn vivoin mature rats subjected to hypothyroidism
induces its expression (Jannini et al., 199%a2 was  from prepuberal age onwards.

also isolated from adult human testis (Benbrook and Pfahl,

1987).TRa2 does not bind T whereas it has a negativeM aterialsand Methods

effect on other TR isoforms (D’Armiento and Jannini, .

1992; Jannini et al., 2000). Studies from our Iaboratofa)‘/“mals

and a few others on steroidogenesis and intermediary ) ) ]
metabolism indicate that adult rat testis is also vulnerable 1 Nirty days old Vistar rats from our animal stock
to changes in thyroid hormone status (Aruldhas et alvere used for the present stuitats maintained in a well-
1982a, b, 1983, 1984, 19863, b; Ando et al., 1990; Bisw@ntilated animal room with 12 + 1 hr dark and light
et al., 1994; Antony et al., 1995), and thyroid hormon&shedule were provided with pellet food (Hindustan Lever
modulate Leydig cell function, and androgen and estrogkinited, India) and clean drinking watad libitum They
receptors in Sertoli cells of neonatal rats (Antony et alere divided into the following groups (each group, n=15).

1995; Jana et al., 1996; Panno et al., 19964, b). _
Group | : Euthyroid control rats

Testis being a specializedyan, regulation of its . 60days old
metabolic activities might undge modification to suit its 90 davs old
specific needs. Sertoli cells, which play a pivotal role in y
regulating spermatogenic and steroidogenic functiogsyoup I : Hypothyroid rats

(Skinner 1991; Bardin et al., 1994; Griswold, 1998), are . 60 days old
the major site of intermediary metabolism in the testis. The
Sertoli cells provide nutrients for the dividing germ cells, * 90 days old

which are in close association during the progression of
spermatogenesis (Steinger and Steinbger, 1971; Group Ill : Hypothyoid rats reverted to euthyroid state
Fawcett, 1975; de Kretser and Ket®94). Since Sertoli

cells nurse the spermatogonia, this relationship can in tdfguction of hypothyroidism

influence the development of spermatids (Skinner and

Griswold, 1980; Skinnef991, 2005). Apart from nutrients, _ _ . :
ggumal Ethics Committee. Hypothyroidism was induced

the paracrine growth factors from Sertoli cells such : ) :
insulin-like growth factor (IGF) system components?Y sugical thryoidectomy under deep anesthesia.

epidermal growth factor (EGF) and transforming grOWt}l{hyroidectomised rats were supplemented with 1% CaCl
factor (TGF) also regulate germ cells (Sharpe, 1993). Whiledrinking water to compensate the loss due to the removal
immature Sertoli cells secrete estradiol)(Bnd anti- Of parathyroid glands along with thyroid gland.
Millerian hormone(AMH), mature Sertoli cells secreté&lypothyroid rats were reverted to euthyroid state by
5a - dihydrotestosterone (DHT) (de Kretser and KE9984), supplementing T'at a daily dose of 6 ug/100g body weight
the enzymey—glutamyl transpeptidase and proteins such éhrough intramuscular route) from day 31 post-
androgen binding protein (ABP) and transferrin, which atbyroidectomy for 30 days (Aruldhas et al., 1982a; Antony
under the regulation of FSH as well as testosterone. Serédlal., 1995).
cells also secrete the peptide hormones inhibin and activin _ _
(Sharpe, 1993; Sharpe et al., 2005). Control rats for thyroidectomised group were
sham-operated and those foy ffeatment group were
Early studies from our laboratory have establishdteated with the vehicle (alkaline saline, pH 7.8, daily)
that thyroid hormones have specifideet on diferent during the experimental period. The total duration of
testicular lipids and lipogenic enzymes in prepuberal, pubegdperiment was 60 days. At the end of the experiments,
and adult rats (Aruldhas et al., 1983, 1984, 1986&b) the rats were anaesthetized and blood was collected, serum
another study we reported specific changes in basal @®parated and frozen until analysis. The rats were, then,
LH-induced steroidogenic activity in Leydig cells of adultlissected to remove the testes.

The experiments were approved by the Institutional
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I solation of Sertoli cell-enriched preparation [.8-AFP-114543), antibodies NIDDK-anti rTSH-S-
o . S-C21381; NIDDK-anti rFSH — S-H- AF P-C 097881)

Testes were decapsulated with fine sterile force%d reference (NIDDK- rFSH-RP2-AFP-5153 B: NIDDK-
and Leydig cells were removed using collagenase unqes_ pp_ AFP-4621B) TSH concentration is expressed

an environment of 95% (and 5% CQas described 4 ng/m| of NIDDK-+ TSH-RP2 standard and FSH as ng/
elsewhere (Antony etal., 1995), and thereafter the Sertglf o \ppK- rTSH-RP2 standard. The cross reactivity

cells were separated (Steinperet al., 1975). Briefly ot t5H antibody to other hormones was 5.6% for rLH,
seminiferous tubules were resuspended in Fianced 1 304 o rESH. '<0.003% for rPRL and 0.7% rGH. The
salt medium containing trypsin (0.5 mg/ml) and DNAS@, ¢ yeactivity of FSH antibody to other hormones was
(Img/ml) and incubated for_lO min afGI?_The SUSPENsIoN _q 5o for rlLH, <0.2%for rTSH, 0.01% for rPRL and
was shaken gently for 5 min, homogenized usingfdil g The intra-assay variations were 4.7-6.9% for rTSH
homogenizer and filtered through a 75um metal grid 19,4 3 7.8 995 for rFSH; inter-assay variations were 8.2%
remove germ cell contaminants. The Sertoli cell-enriched, TsH and 12.2% for rESH. Sensitivity of assays was

preparation present in the mesh had a purity of 80-85¢01ng/m| and 0.2 ng/mL for TSH and FSH, respectively
The main contaminants werefdifent types of germ cells.

Total and free Jand T, were assayed by solid phase
Extraction of intratesticular testosterone RIA using commercial kits obtained from Diagnostics
Products Corporation, Los Angeles, USA. Sensitivities of
Intratesticular testosterone was extracted followingiese assays wer@251 g/dL for total T,, 0.01 ng/dL for
the method of Jean-Faucher e{B985). The decapsulatedfree T,7 ng/dL for total Iand 0.12 pg/mL for free,T
testis was homogenized in N-ethylmalemide (5mM), which
inhibits the transformation of testosterone into DEIAd CcAMP was assayed by liquid phase RIA using the
testosterone was extracted in ethyl acetate: iso-octane glygbbbtained from Amersham Intl., Buckinghamshire, UK,
(2:1, wiv). The second extract was allowed to percolatellowing the method of Steiner et al. (1972) The
into the column under nitrogen at low pressurdntra - and interassay variations of the assay was 4.0 -
Progesterone in the extract was eluted with 3.5 ml isB-5% and < 1%, respectivelyThe sensitivity of the assay
octane under nitrogen at low pressure and discarded. Aftés 0.05 pmol / tube.
this, testosterone was eluted with 3.5 ml benzene (40%
iso-octane, dried under nitrogen and dissolved in 2
gelatine phosphate bfefr (pH 7.0). Recovery of The activities of glucose-6-phosphate
testosterone in this procedure was upto 80%. dehydrogenase (D-glucose 6-phosphate NADP-
1-oxidoreductase, E.C. 1.1.1.4B%br and Viller, 1979,
Hormone assays 6-phosphogluconate dehydrogenase (6-phospho-D-
gluconate NADP—-2—oxido-reductase (E.C. 1.1.1.4) (King,
Allhormones were assayed by radioimmunoassag74), NADP+-isocitrate dehydrogenase (D-Isocitrate-
(RIA) as explained earlier (Antony et al., 1995)NADP+ oxidoreductase, E.C.1.1.1.4B¢rnt and
Testosterone was assayed by liquid phase RIA usiBgrgmeyer 1974, malic enzyme (NADP+ malate
protocol and reagents (Batch No. KO7981) received frogghydrogenase, E.C.1.1.1.40) (Ochoa, 1955) ard A
World Health Oganization (WHO). The maximum citrate lyase (AP citrate oxaloacetate lyase, E.C. 4.1.38)
binding of the testosterone antiserum was 40% and its crpsgere, 1962) were determined spectrophotometrically
reactivity to cortisol, dihydrotestosterone, androstenedio@ycerophosphate dehydrogenase (L-glycerol-3 phosphate:
and androstenediol was 0.001%, 14%, 0.8% and 6%AD oxidoreductase, E.C. 1.1.1.8) activity was assayed
respectively The inter-assay and intra-assay variatiorfg|lowing the method described by White (1975), and fatty
were 6% and 4%, respectiveljhe sensitivity of the assay acid synthase (E.C. 2.3.1.38) adopting the method of Smith
was 0.3 pg /ml. and Abraham (1975).

?ﬁﬁzyme assays

Serum TSH and FSH were assayed by liquid phasgtermination of lipids
RIA using a double antibody technique as per the procedure
of WHO (Sufi et al., 1980) using specific rat antigens The total lipids were extracted in chloroform:
(NIDDK- rTSH — | — 9 — AFP 730 8C; NIDDK — (rFSH- methanol (2: 1 v/v) containing butylated hydroxyl toluene
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(0.01%) as an antioxidant (Folch et al., 1957) arslipplementation to thyroidectomized rats restored these
determined colorimetrically using phosphor-vanillin reagettormone concentrations to normal levels, except serum
(Frings et al., 1972). ofal glyceride glycerol, total testosterone @ble 1).

phospholipids and total cholesterol were also determined

colorimetrically (Aruldhas et al., 19864, b). Discussion

Statistics

The data on serum TSH, @nd T, ascertain the

~ Students test was employed to test the statisticahduction of hypothyroidism and restoration of euthyroid
significance of the data from thefeilent groups (Zall954).  status in untreated angitfeated thyroidectomized animals,

Results respectively The data on Sertoli cell enzymes involved in
_ NADPH generation suggest an enzyme-specifferdintial
Sertoli cell enzymes influence of thyroid hormones. The presientivo study

reveals that G-6-PDH, 6-PGDH and malic enzyme
ADP*- MDH) activities in Sertoli cells are under the

stimulatory control of thyroid hormones, whereas NADP

JCDH alone is under an inhibitory control. This can be

mes : — .
of the HMP- shunt pathwagictivities of Sertoli cell NADP G8duced f“’”.‘ decrea_se " the_ activities of first three
enzymes and increase in the activity of the latter observed

- ICDH, a-glycerophosphate dehydrogenasep-citrate | thyroidectomized rats, and restoration of all enzyme

lyase and fatty acid synthase increased in hypothyroid & tivities to the respective normal / near normal levels when

T lementation to h hyroid rats rever iviti . .
s Supplementation to hypothyroid rats reverted act tef animals were reverted to euthyroid state (except

of most of the enzymes to normal except for G-6-PDH a .
NADP* - ICDH, though they showed a trend towards IH%Q-E(}S-PDH and NADP- ICDH, which did not reach normal

: . évels in response to, Supplementation). Though the
levelin age matched control rats (Figs.1,2). reason for the diérential response of NADR ICDH and

Sertoil cell concentration of lipids the failure of it and G-6-PDH to revert to normal levels

Hypothyroidism brought about accumulation opvith reversal of euthyroidism is not clear at present, it

total lipids and total cholesterol, glyceride glycerol anfidicates that there is enzyme specifiteef of thyroid
phospholipids in Sertoli cells, which returned to normd]°rmones on NADPH generating systems in Sertoli cells.
with the reversal to euthyroid state (Fig.3). Testicular testosterone, and serum FSH and estradiol, well

known regulators of Sertoli cell, and the concentration of
Sertoli cell concentration of CAMP CAMP in Sertoli cell, reached normal levels with T
replacement. Probablpther regulators of Sertoli cell

Thyroidectomy resulted in decreased concentratigfictions may act syngistically with thyroid hormones
of CAMP in Sertoli cells, whereas, Supplementation to {0 maintain the enzyme activitwhich might not have
thyroidectomized rats restored its concentration at par wigached the optimum level. Nevertheless, the specific

Hypothyroidism decreased the specific activitie
of G-6-PDH, 6-PGDH and malic enzyme in Sertoli cell
whereas T supplementation to thyroidectomized rat
maintained normal activity of these enzymes. Unlike enzy

age matched control rats (Fig.2). inhibitory effect of thyroid hormone on NADPICDH
activity in Sertoli cells of rats is clearly attested by the
Hormones increased activity observed in thyroidectomized rats and

the decrease in the same in responsedopplementation.

Hypothyroidism brought about a significant decrease _ _
in serum total and freg @nd T, while serum TSH increased. NADPH being an essential co-enzyme for
T, supplementation to thyroidectomized rats restored thd§@ogenesis associated with malonyl CO-A synthetic
hormones concentration to normal levels, except serdthway and fatty acid chain elongation (Mayes, 1988),
testosterone.  Concentrations to normal level§yroidalinfluence on these enzymes may be expected to
Hypothyroidism brought about decrease of serum FSRflect on Sertoli cell lipid composition. Among all four
significantly whereas the reversal to euthyroid conditioRnzymes involved in NADPH generation, NABACDH
resulted in maintenance of normal serum FSH tablgrl). appears to be specifically associated with lipogenesis in

Sertoli cells of rats. This may be inferred from the observed

Serum and testicular testosterone and serugnsistency between responses of Sertoli cell lipids and

estradiol levels decreased in hypothyroid rats, the specific activity of NADP- ICDH under hypo- and
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Fig.1: Effect of prepuberal-onset hypothyroidism andéplacement on the specific activity of NADPH generating enzymes in
Sertoli cells of adult rats. All experiments were started on 31dpp. Short term experiments was for 30 days and long-term fc
60days. T replacement was begun on 61dpplués are mean+ SEM. n= 12. a,b,c-statistical significance at p<0 .050, 0.01 &
0.001 against the respective control.
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Fig. 2: Efect of prepuberal-onset hypothyroidism anddplacement on the specific activity of lipogenic enzymes and cAMP
concentration in Sertoli cells of adult rats. All experiments were started on 31dpp. Short term experiments was for 30 days al
long-term for 60days. Treplacement was begun on 61dpplués are meant SEM. n= 12.a, b, ¢ - statistical significance at
p<0 .05, 0.01 & 0.001 against the respective control.
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Fig 3: Efect of prepuberal-onset hypothyroidism andréplacement on the concentration of lipids in Sertoli cells of adult rats.
All experiments were started on 31dpp. Short term experiments was for 30 days and long-term for 60days. T
replacement was begun on 61dpplués are meant SEM. n= 12. a, b, c-statistical significance at p<0 .05, 0.01 & 0.001
against the respective control.
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Table 1: Serum and testicular hormones in control, thyroidectomized, asddplemented

thyroidectomized rats. &lues are mean +=SEM of 15 animals.

93

Puberal rats Adult rats
Control Hypothyroid | Control Hypothyroid | Tx + T,

Total T, (ug/dL) 4.9+0.10 0.5+0.0F 6.5+0.80 0.7+0.16 5.2+0.20
Total T, (mg/dL) 80.3+1.50 | 14.2+6.3 87.246.80 | 12.1+3.30 | 75.4+6.4
FT,(ng/dL) 0.9+0.05 0.23+0.012 1.2+0.08 0.12+0.00* | 1.12+0.04
FT,(pg/mL) 1.1+0.06 0.03+0.0% 1.4+0.10 0.21+0.012 | 1.5+0.10
FSH(ng/mL) 100.6+7.2 | 12.4+0.94 | 114.8+7.2 | 42.5+2.12 |108.2+4.2
TSH(ng/mL) 7.5+1.05 87+12.5 10.9+1.10 | 60.7#6.36 | 10.8+1.10
Serum T (ng/mL) 2.3+0.14 1.6+0.09 3.2+0.18 0.5+0.03 1.7+0.009
Testicular T

(ng/100mg tissue) 70.7+ 4.0 57 +4.3 652+2.1 | 31.3+4.7 |614+36
Serum E(ng / mL) 49+ 04 2.5 0.2 6.5+ 0.60 3.2+0.43 6.2 £ 0.70

Rats were thyroidectomized girzally on 30 dpp and sacrificed after 30 or 60 dayg6dg / 100 g body wt)
was injected.m. from day 31 after thyroidectomy for 30 days. For each paranme¢@ns with superscripts
are significantly dierent from controlsa = p <0.001

euthyroid conditions, whereas an opposite trend washypothyroid and Jireated hypothyroid rats, respectively
observed between Sertoli cell lipids and specific activitiesan be attributed to parallel changes in lipogenesis. The
of G-6-PDH , 6-PGDH and malic enzyme. Specifiailure ofG-6-PDH andNADP*- ICDH activity to revert to
activities of lipogenic enzymes likeTR—citrate lyase, complete normal status suggests that hypothyroidism-induced
o-glycerophosphate dehydrogenase and fatty acid synthekanges in Sertoli cell lipids need not be reflected uniformly
showed similar response as NADRCDH. ATP—citrate in all enzymes of the lipogenic pathwaie inhibitory efiect
lyase catalyzes the formation of acetyl Co-A, while fattyf thyroid hormone on Sertoli cell/R—citrate lyase observed
acid synthase catalyses the conversion of acetyl Co-A inicthis study is consistent with the earlier studies on whole
fatty acids, whereas-glycerophosphate dehydrogenaséestis of immature and mature rats (Aruldhas et al., 1983,
catalyses the conversion of dihydroxyacetone phospha&s4).

to glycerophosphate in the triacyl glycerol synthesis

(Banks etal., 1977; Deshpande et al., 1985; Mayes, 1988). Sertoli cell provides specific nutrients, including
Therefore, taking together from the stimulation of thesdifferert lipid classes, to developing germ cells in a stage-
lipogenic enzymes along with NADPICDH activity —specific manner (Means et al., 1978; Jutte et al., 1982; Rich
observed in the present styitlys suggested that prepuberabnd de Kretse983; Ueno and Mori, 1990; Skinn&991;

- onset hypothyroidism augments lipogenesis in Sertoli ceBardin et al., 1994; de Kretser and Kér®94; Griswold,

of puberal and adult rats. This proposal gets entrenche@b8). Therefore, changes in utilization of Sertoli cell lipids
by the accumulation of dérent classes of lipids observedby germ cells due to disruption of spermatogenic activity
in Sertoli cells of these rats. Hypothyroidism—inducednd increased germ cell degeneration in hypothyroid rats
augmentation of lipogenesis and accumulation of lipids (Amin and EI-Sheikh1977; Aruldhas, 1981; Chowdhury
Sertoli cells of thyroidectomized rats are reversible sinesd Arora, 1984; Francavilla et al., 1991; Simorangkir et
T, treatment to thyroidectomized rats decreased thk, 1997) may also lead to accumulation of lipids in Sertoli
activities of lipogenic enzymes and maintained them eglls. Similarly the stimulatory ééct of thyroid hormones
normal levels. Thus, accumulation and diminution of lipidsn spermatogenesis (Aruldhas, 1981; Francavilla et al.,
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1991) might have resulted in enhanced utilization of Sertsliudies, except for the inhibitonfett of thyroid hormones
cell lipids inT, replaced hypothyroid rats. on the specific activity of NADR ICDH isocitrate

dehydrogenase in Sertoli cellse\Wave also observed an

a-glycerophosphate dehydrogenase is Cor'Siderf':rf'F\ibitory effect of thyroid hormones on HMP-shunt
as a marker for thyroid hormone action on liver and Othshzymes and a stimulatoryfeft on NADP-iso-citrate
peripheral agans  (Nunez, 1988) . Oppenheimer et ahopy drogenases in Leydig cells (unpublished datder
(1978) classified testis as a non-responsigamto thyroid - ,4eherall these suggest that thyroid hormones have cell-
hormones since Jadministration to mature rats failed ©specific efect on testicular lipogenic enzymes, apart from

evolke an% chr?nge 'r? the activity of ]EeStiCUIafheir ogan-specific décts. In general, the responses of
a-glycerophosphate dehydrogenasghe data from the |;,,qenic enzymes in Sertoli cells reflect their status in the
present study provides clear evidence for an 'nh'b'tOWhoIe testis

control of thyroid hormones on Seiti cell
a-glycerophosphate dehydrogenase. This is interesting The testisspecific efect of iodothyronines may
sincea-glycerophosphate dehydrogenaseAnE-citrate be attributed to the specific type of TR present in it TR
lyase were shown to be under a stimulatory control @&the major thyroid hormone receptor in the testis, whereas
thyroid hormones in non-reproductivgians as in the case TR is predominant in most of the non-reproductivgams
of G-6-PDH and 6-PGDH (Oppenheimer et al., 1987). TNunez, 1988; Jannini et al., 1999yansient neonatal
was shown to stimulate adipose tissUdPAitrate lyase hypothyroidism —induced boost in Sertoli cell population
in hypophysectomized rats (Brown et al., 1966) and Was shown to occur normally in BRKO mice, whereas
stimulated fatty acid synthase activity in rat liver (Nunez failed in TR -KO mice, suggesting that, Tegulates
1988). All these reports are inconsistent with the presesertoli cell proliferation through T®R rather than TR,
study on Sertoli cells. Therefore, the discrepancy betwegtholsbeger et al., 2005). Therefore, the fdifential
the present study on Sertoli cells and the earlier studiesresponses of lipogenic enzymes between testis and other
non-reproductive gans may be attributed to argan- peripheral ggans may be the result of fdifence in the
specific modified d&ct of thyroid hormones to suit theisoforms of TR present in them.
specific needs of the gan/cell types. dstis being a
reproductive tissue, thefe€t of thyroid hormones on it Though FSH and testosterone are classical
may be diferent from the other non-reproductivegeeir hormonal regulators of Sertoli cell functions (Fawcett,
organs. Rao et al. (198reported thati-glycerophosphate 1975; Means et al., 1978; Rich and de Krets@83), the
dehydrogenase is non-responsive tmthe breast tissue, importance of thyroid hormones in Sertoli cell proliferation,
attesting the idea of gan-specific gect of thyroid maturation and function has come to stay (Cooke, 1995;
hormones on lipogenic enzymes. Maran et al., 1999a, b). Sertoli cell lipids are known to
have a definite correlation to FSH (Swerdlktfal., 1971;
Early studies from our laboratory on whole testige Kretser et al., 1974). The data on FSH in hypothyroid
of rats subjected to similar experimental protocol (Aruldhaats do not tally with the observed changes in Sertoli cell
et al., 1983, 1984) showed decreased activities of Glpids or lipogenic enzymes, except that of HMP shunt and
PDH, G-6-PGDH and NADRiso-citrate dehydrogenasemalic enzymes. While serum FSH remained low in hypo-
in hypothyroid rats and increase in response fo &nd hyperthyroid rats, lipid profiles and activities of
supplementation to thyroidectomized rats or in thyroidipogenic enzymes involved in fatty acid/acetyl Co-A
intact rats made hyperthyroid, whereas LH and FSH levaignthesis increased in hypothyroid rats. A recent study from
decreased in both conditions. On the other hand, NADJr laboratory on adult rats subjected to transient neonatal
NADP-malate dehydrogenases an@iPAcitrate lyase hypothyroidism for four weeks from birth showed increased
recorded increased and decreased activities in hypo- &8H binding to its receptors in Sertoli celle(katesh,
hyperthyroid rats, respectively (Aruldhas et al., 1982004). This suggests that changes in circulating FSH due
1984). Based on these findings, we proposed a testis-altered thyroid hormone status may be overcome by
specific inhibitory eflect of thyroid hormones onT#®-  Sertoli cells at the level of FSHR. Probahilyere were
citrate lyase and NAD/NADP-malate dehydrogenasspecific changes in FSH signaling in rats of the present
which are known to be under the stimulatory control aftudy leading to the inconsistency observed between serum
thyroid hormones in othergans. Interestinglyhe present FSH and Sertoli cell lipids / lipogenic enzymes. The
study on isolated Sertoli cells is consistent with our earlieoncentration of Sertoli cell cAMFhe classical second
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messenger of FSH action, showed opposite trend to lipitediated by such receptors. A redenttro study conducted
profiles, i.e., its concentration decreased in hypothyroid our laboratory showed thaf modifies androgen binding
rats and increased inTreated thyroidectomized rats.protein (ABP)and lactate production by Sertoli cells isolated
Since cAMP is known to be lipolytic (Bierman and Glomsdtom puberal rats (Maran, 1997). The experimental rats of
1981; Hosh, 1988), the accumulation of lipid may also likee present study were subjected to thyroid manipulation from
attributed to a probable decrease in cAMP-mediateudepuberal age onwards. Therefore, itis possible that altered
lipolysis in Sertoli cells of hypothyroid rats. thyroid status during functional maturation of the testis
influences Sertoli cell function even at 90 days of age. Most
A positive association among serum thyroi@f these changes were reversible since restoration of
hormones and FSH titers, serum and intra-testiculaathyroidism by 60 days of age maintained normal status in a
testosterone, Sertoli cell concentration of cAMP anahajority of the parameters studied.
specific activities of 6-PGDH, G-6-PGDH and malic
enzyme could be seen in the present stechbablythere Sertoli cell lipids play an important role in germ
is a synagistic action among thyroid hormones, testosterorell survival as their plasma membrane lipids are derived
and FSH in regulating these enzymes in Sertoli cells. @om Sertoli cells (Ueno and Mori, 1990; Bardin et al.,
the contrarya negative association could be observelP94). Sertoli cell lipids also serve as an alternative source
among these hormones in relation to responses of Serbdkenegy for the survival of germ cells (Jutte et al., 1982).
cell NADP' - ICDH and enzymes involved in acetyl Co-ATherefore, hypothyroidism-associated disruption in
and fatty acid synthesis and lipids This inconsistenspermatogenic activity or infertility (Jannini et al., 1995;
shall indicate that all the fefcts of thyroid hormones on Longcope, 2000), may also be the result of altered Sertoli
Sertoli cells may not be mediated by FSH and testosterooell lipid metabolism.

Recent studies have shown thaf flas a In conclusion, this study reveals that thyroid
stimulatory efect on androgen receptor number and amrmones have an inhibitorfegt on Sertoli cell lipogenesis,
inhibitory efect on estradiol receptor number in peripuberand prepuberal onset of hypothyroidisiieets Sertoli cell
rat Sertoli cells (Panno et al., 1996a, b). A probablpid metabolism in mature rats. Thefeft of thyroid
decrease in Sertoli cell androgen receptors in hypothyrdidrmones on testicular lipids is specific since fedd from
rats maytherefore, be attributed to the specific changeke efect seen in non-reproductivegams. Altered
observed in enzymes like G-6-PDH and G-6-PGDH imetabolism of Sertoli cell lipids may be one of the
hypothyroid conditions. biochemical mechanisms underlying infertility in hypothyroid

males. Importantlythe study reveals that hypothyroidism-

T, is known to stimulate IGF-I production byinduced changes in Sertoli cell lipids and lipogenic enzymes
cultured rat Sertoli cells from hypothyroid rats, whicltould be reversed by, feplacement therapy to maintain
produce low level of IGF-I (Palmero et al., 1990). Theseuthyroid state in hypothyroid rat$erefore, appropriate
authors have suggested that IGF-I mediates thyroid hormoiaglothyronine therapy to hypothyroid subjects may help them
induced changes in testicular function. Howgel@F is to retain normal fertility
known to act like insulin and growth hormone (Palmero et
al., 1990). Presumablirypothyroidism-induced changesAcknowledgments
in Sertoli cell lipids and lipogenic enzymes are also mediated
by changes in IGF-I or other paracrine factors. This study was executed with financial support
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