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ABSTRACT

Thyroid hormone plays a vital role in regulating differentiation, growth,
cognitive development, metabolism and physiological functions of virtu-
ally all tissues of vertebrates. Mammalian testis is a target of thyroid hor-
mone action and altered thyroid status is well known to modify testicular
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functions. Hyper-metabolic state resulted in hyperthyroidism consequences
inincreasein free radical production. As, testisis very rich in polyunsatu-
rated fatty acids with poor antioxidant defense system, it is much more
vulnerable to oxidative damage in compared to other tissues. Altered tes-
ticular antioxidant defence system by hyper- and hypothyroidism keeps
testis under oxidative stress in consequence influencing its physiology.
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INTRODUCTION

Inrecent years, there has been agrowing concern
regardingtheprogressvedeclineinmalefertility. Mae
fertility markershave been scrutinized in order to un-
derstand themolecular eventsthat can direct sub-fertil-
ity or infertility and permit an accurate diagnosisand
design of therapeutic protocols. Among these markers,
oxidative stressand anti oxidant defence statusin testis
aswell assemen hasemerged asapromising fieldi*#,
Thyroid hormonesarewell known to regul ate steroido-
genesisand spermatogeness, thereby, affectingmale
fertility® 19, Hence, itsrolein regulating testicul ar anti-
oxidant defence system and thereby influencing thetes-
ticular physiology can not beruled out.

THYROID HORMONESAND TESTIS

Thyroid hormonesplay avitd roleinregulating dif-
ferentiation, growth, cognitive development, metabo-
lismand physiologicd functionsof virtualy al tissuesof
vertebrated! 12, Most vertebrates are unableto grow
and reechtheir norma adult formwithout thehormonég®*
¥ Thenormad thyroid gland producesabout 80% thy-
roxine(T,) and about 20% triiodothyronine(T,), how-
ever, T, possesses about four times the hormone
“strength” as T,. Thisisthebiologicaly activeform of
thehormoné™. In adults, the most vital effect attrib-
uted to thyroid hormones, istheir influence on meta-
bolic rate and the oxygen consumption of nearly dl tis-
sues'tel,
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Thetestiswascons dered for yearsto beathyroid
hormone (TH) unresponsivetissue*”. However, vari-
ous subsequent studiesreveaed that TH playsanim-
portant rolein rat testisdevel opment. Thyroid hormone
isvery much essentid for thefunctiona devel opment of
thereproductivetract®®. It playsanimportant rolein
theregulation of growth and differentiation of the so-
matic cdllsof the seminiferousepithdium® thatinturn
influences gametogenesis??. Thyroid hormoneisasso-
ciated with dbnorma sexud function and infertility®® 2
& Testicular 5-deiodinase (5-D) issuggested tobea
key factor inregulating local supply of biologically ac-
tive T, and an essentia factor intesticular paracrine
functioningrowing piglets®!.

Mammalian testisisatarget of thyroid hormone
action and atered thyroid functionisknown to modify
testicular functiong® !, Triiodothyroninereceptors(TRS)
have beenidentified in sperm, developinggerm cells,
Sertali, Leydig, and peritubular cells?. However, re-
ceptorsfor T, arehighly expressed in rat Sertoli and
Leydig cdllsbefore puberty® 2 indicating that thyroid
hormones appear to have an inhibitory effect on the
proliferation of Sertoli cellsbut stimulatetheir differen-
tiation**33. Responsivenessof adultrat testisto T, has
been confirmed by the presence of TR-a1 mRNA and
aprotein that not only affectsthe differentiation and
development, but d so modul atesthe metabolism of tu-
bular cell§34. Thyroid hormoneisknown to modulate
cyclin-dependent kinaseinhibitors (CDKI) p27(Kipl)
and p21(Cipl) which playsacritica rolein establishing
Sertoli cell number, testisweight, and daily sperm pro-
ductionf®3,

Earlier studies have shown that thyroid hormone
playsanimportant roleinrat testisdevel opment by in-
ducing Sertoli cell differentiation® and dso regulates
thedifferentiation of Leydig cellsin neonatal rat tes-
tig%®. Morphologica and functiona development of the
testis has a so been shown to be dependent upon thy-
roid hormone by variousworkerg® 13,

Gonad-specific transporter GST-1 and GST-2
moleculesfor transporting thyroid hormones (T, and
T,) arehighly expressedintherat testis, especially in
Sertoli cells, spermatogonia, and Leydig cellsasre-
vealed by Northern blot analysesand in situ hybrid-
ization“, Thyroid hormoneisalso known to regu-
|ate connexin 43 (Cx43)-dependent gap junctional
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communication inthetestis and epididymis*Y. Thy-
roid hormoneisresponsiblefor triggering the onset
of mesenchymal precursor cell differentiationinto
Leydig progenitor cells, proliferation of mesenchy-
mal precursors, accel eration of the differentiation of
mesenchymal cellsinto Leydig cell progenitors, and
enhancesthe proliferation of newly formed Leydig
cellsintheneonatal rat tested*?. TRal is expressed
inproliferating Sertoli cell nuclei and the decreasein
its expression coincides with the cessation of prolif-
eration*. TRal is also expressed in germ cells from
intermedi ate spermatogoniato mid-cycle pachytene
spermatocytes. The demonstration of TR expression
in germ cellsundergoing spermatogenic differentia
tion suggestsapossiblerolefor thyroid hormonesin
the adult testig*!.

HYPERTHYROIDISM ONTESTICULAR
FUNCTIONS

Hyperthyroidism affects both the mal e reproduc-
tivefunction and testicular development. Hyperthy-
roid condition leadsto areduced sperm numbert* &7
and motility™® that improvesunder euthyroid condi-
tion*. Administration of T, to hypothyroid ratsim-
proves body and testis growth and restores both cy-
tochrome oxidase activity and ATP content!?®, Other
effect of hyperthyroid conditionincludes gynecomas-
tig, decreasein libido, reduction intesticular volume
and abnormalitiesin metabolism of androgen and es-
trogen leading to an increased concentration of test-
osterone, dihydrotestosterone and estradiol s, Hy-
perthyroidism in maemodifiesthe hypothad mo-hypo-
physeal -testicul ar axisand affects steriodogenesi§46
41 It has al so been reported that under hyperthyroid
statethereisan alteration in the glycoprotein metabo-
lism in the accessory sex glandsthat might belinked
toimpaired fertilityl®.

HYPERTHYROIDISM ALTERSSERTOLI
CELL POPULATIONAND PHYS OLOGY

Triiodothyronineregulates Sertoli cell prolifera
tion and differentiation in the neonatal testig*?. Thy-
roid hormone directly affectsthe regulation of fol-
licle-stimulating hormone receptor (FSH-R) and an-
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drogen binding protein (ABP) gene expressionin
Sertoli cell§%1. Thyroid hormoneisknown to stimu-
late glucose transport aswell as erythrocyte/brain
glucose transporter isoform (GLUT1) mRNA level
inrat Sertoli cellg%Y. Although, glucosetransporters
GLUT1 and GLUT8 both are expressed in prepu-
bertal testis, only GLUT1isregulated by T *4. Hy-
perthyroidism induces premature cessation of Ser-
toli cell proliferation>3. The T, inhibition of neonatal
Sertoli cell proliferation may be through Cx43
(connexin 43), aconstitutive protein of gap junc-
tions*. Effects of exogenous manipulation of T, on
neonatal Sertoli cell development are predominately
mediated through TRa.153. The human testis exclu-
sively expresses TRa, which is localized in Sertoli
cellswhereas TR is always undetectable. Fetal and
prepubertal ages represent the period of maximal
expression of TRal and TRa2 and the a2/al ratio
rises dramatically after development™. T, and T,
stimulate amino acid accumulation and protein syn-
thesisin Sertoli cellsthrough dliciting ahyperpolar-
ization of the Sertoli cell membrane potentia involv-
ing K(+) channel 95581, Down-regulation of neural
cell adhesion molecule (NCAM)-based intercel lular
adhesion during postnatal maturation isimportant for
differentiation of testicular cellsand T, isidentified
asaregulator of NCAM expressionin neonatal tes-
ticular cellsand asamodifier of gonocyte/Sertoli cell
adhesion in vitro®™. Tri-iodothyronine stimul ates
Sertoli cell mMRNA expression of inhibin-alpha, an-
drogen receptor, IGF-I, IGFBP-4, protein synthe-
sis (+55%) and lactate (+50%) production, whileit
inhibitsmRNA expression of Mullerianinhibiting sub-
stance (M1S), estradiol receptor, ABP, ABP secre-
tion, DNA synthesis (-30/35%) and aromatase ac-
tivity (-45/50%)12* 21, The binding of the thyroid
hormone/thyroid receptor alphal complex to the ste-
roidogenic factor-1 (SF-1) motif isthe molecular
mechanism by which T, exertsaninhibitory effect on
aromatase gene expressionfel,

Short-term experimental hyperthyroidisminduces
Sertoli cell differentiation®. Further it has been ob-
served that T, up-regulates androgen receptors in
peripubera Sertoli cdlsand hasaroleininfluencingthe
androgen respons venessof the Sertoli cdllsduring sper-
matogenesis™.

——> M i freview

HYPERTHYROIDISM ALTERSLEYDIG
CELLAND STEROIDOGENESIS

A direct stimulatory effect of T, on basal produc-
tion of testosterone and estradiol by Leydig cellsis
reported®. T_ directly increasesLeydig cell LH re-
ceptor numbersand mMRNA levels of steroidogenic
enzymes and steroidogenic acuteregul atory proteini®?,
T, dso stimulates basal and L H-induced secretion of
progesterone, testosterone, and estradiol by Leydig
cells and steroidogenic factor-1 acts as a mediator
for T,-induced Leydig cell steroidogenesis®. Thy-
roid hormones cause proliferation of the cytoplasmic
organelle peroxisome, stimulate the production of ste-
roidogenic acuteregulatory protein (tAR) and StAR
MRNA expressioninLeydig cells. Both peroxisomes
and StAR arelinked with thetransport of cholesteral,
the obligatory intermediate in steroid hormone bio-
synthesis, into mitochondria® 4, Hyperthyroidism
stimul ates premature hypotrophy of fetal Leydigcells
(FLCs) and early differentiation of increased numbers
of mesenchymal cells (MCs) to adult Leydig cells
(ALCs) intheprepubertal rat testig®. Out of al cell
typesinthetestis, the thyrotropin releasing hormone
(TRH), TRH mRNA and TRH receptor are present
exclusivelyin Leydig cellg°%,

HYPOTHYROIDISM ONTESTICULAR
GERM CELLSAND FUNCTIONS

Alterationinthyroid activity isfrequently associ-
ated with changesin malereproduction and hypothy-
roidism hindersthesexua maturation and deve opment.
Thestructurd organization of testisaswell astesticular
physiology altersin responseto different durations of
hypothyroid condition. Hypothyroidism has been
knownto affect various parameterslikeszeand weight
of tested® 4%l germ cell populationt>8 3, growth and
maturity of the testig?> ¢, serum testosterone level,
morphol ogy and anatomy of the organ(® 1% 6671 _Thy-
roid deficiency during devel opment affectstestisgrowth
and maturation deleteriously marked by reductionin
seminiferoustubul ediameter, germ cell number per tu-
bule, increased degeneration and arrested maturation
of germ cellg8 . Neonatal hypothyroidism causesar-
rest of germ cell proliferation and differentiation and
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reduction of germ cell number and levelsof plasmates-
tosterone, estradiol and sex hormonebinding globulin
(SHBG) inrat®®, Juvenilehypothyroidism/neonatd tran-
sient hypothyroidism causesadel ayed differentiation
of Sertoli cdlls, anincreasein Sertoli, Leydig, and germ
cell number resulting in enlargement of adult rat testis
and an elevation of daily sperm productiont® 27: 30,
M oderate neonata hypothyroidism stimulatesthe pro-
liferation of Leydig cellsand increasestheir number to
almost doublewith normal testicular weight’®, How-
ever, congenital hypothyroidism causesinfertility and
enlarged testesin adulthood demonstrating that asuffi-
cient circulating thyroid hormonelevel fromtheimma:
ture stage playsapivotd roleinrestoring mating activ-
ity, probably through FSH-medi ated action towards
adulthood™. Thyroidectomy (permanent lack of thy-
roid hormones) causesadepressioninseminiferoustu-
bule growth marked by reduced outer and luminal di-
ametersand areaoccupied by the seminiferousepithe-
lium dueto both theinability of Sertoli cellsto support
spermatogenic cellsand thediminished levelsof GH
and FSH"™. Severe neonatal hypothyroidismimpairs
the development and function of thetestes marked by
decreased testisweight, Leydig cell number reduction
and only asingle layer of spermatogoniadueto sper-
matogenic arrest!® ", Persistent hypothyroidismdimin-
ishesthebioavailability of androgensand oestrogens,
whiletrand ent hypothyroidism enhancesthe same, in-
dicating theimportance of euthyroidism during foetal
and neonata period towardsthe maintenance of opti-
mal hormonal statusin the epididymisrequired for its
maturation!”®, Hypothyroidism induces type-2
iodothyronine deodinase expressionin mousetestis™.

Hypothyroidisminducesatrophy of testesand re-
duced testosteronelevel §°2 ™, Theneonata hypothy-
roidism-induced changesinrat testissize, isalsotem-
perature dependent!™. Thetransient neonata hypothy-
roid ratsmaintained at 34°C temperature show lower
testismass, increased germ cell degeneration, and re-
duced tubular size, germ cell numbersand sperm den-
sity. Incontrast, thetransent neonatal hypothyroid rats
(maintained under 21°C temperature) have higher tes-
tismass, lower body mass, increased tubular diameters,
germ cell numbers and sperm density!™. There have
beenvaried reportsontheleve of LHand FSHinmade
ratsunder hypothyroid condition. Whileit wasfoundto
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decreasein hypothyroid maeratswithintact gonads™
™ it was recorded to be €levated in castrated male
rats™, Further treatment of hypothyroid ratswith thy-
roxineeither restored™ the LH level tonormd or failed
to do sol”. Onthe contrary, it has been reported that
the serum LH and testosterone level decreases after
thyroxinetreatment(“el,

HYPOTHYROIDISM ALTERSLEYDIGCELL
POPULATIONAND STEROIDOGENESIS

Onset of neonatd hypothyroidism adversely affects
Leydigcdl proliferation, differentiationadongwithim-
paired steroidogenesis® &, [nvitro studiesof Leydig
cellsfrom hypothyroid rats suggest |ess production of
testosterone, both spontaneoudy aswell asinresponse
to CAMP and non-cAM P-mediated stimuli®. These-
rum and intratesticul ar testosterone, the specific activi-
tiesof Leydig cell 3 beta- and 17 beta-hydroxysteroid
dehydrogenases and cCAMP diminishin hypothyroid
ratg%. Theinhibitory mechanismof hypothyroidisnon
testosterone production invol vesadecreased activity
of 17beta-hydroxysteroid dehydrogenase (17beta
HSD) and post-cAMP pathwaysin testicular intersti-
tial cellg% or by inhibiting mRNA expression of the
steroi dogenic acute regul atory protein and cytochrome
P450 side chain deavage enzyme (P450scc) function®.
The decreased plasmatestosterone concentrationin
hypothyroid condition may point towardsadecreasein
thebinding affinity of testosteronebinding protein, in-
creaseinthemetabolic clearancerateand anincreased
conversionto androstenediond®!.

HYPOTHYROIDISM ALTERSSERTOLI
CELL POPULATIONANDITSPHYSIOLOGY

Neonata hypothyroidismincreasesadult Sertoli cdll
popul ations by extending Sertoli cell proliferation(> 72
while continuous hypothyroidism from birth reduces
Sertoli cell numbert™. TH modifies nucleosidetriphos-
phate di phosphohydrolase (NTPDase) activitiesin hy-
pothyroid Sertali cells, probably vianongenomic mecha
nismsmarked by unaltered Sertoli cell NTPDase, 2
and 3 expressionsin hypothyroidism. Sertoli cell cul-
ture studiesfrom congenital hypothyroid ratsshow a
decreasein extracd lular ATPand ADPhydrolysiswith-
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out effectingAMPhydrolysig®!.

THYROID HORMONES, OXIDATIVE
STRESSAND TESTES

Thyroid hormonesplay acrucid roleinincreasing
the basal metabolic rate and the energy metabolism of
tissuesin several mammalian species®l. Hypermeta-
bolic gatein hyperthyroidismresultsinincreaseinfree
radical production(®-%, Testisisvery richin polyun-
saturated fatty acids and has poor antioxidant defense
systemi®, Hence, it ismuch morevul nerableto oxida
tive damagethan other tissues.

ANTIOXIDANT DEFENCE SYSTEM

Aerobes protect themselves from the oxidative
stress generated dueto the ROS by neutralizing them

SOD
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Oxidative - 0
Ol N\ HQ,
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Figurel: Antioxidant defence system and oxidative stress
parameters. L Px, lipid peroxide; PC, protein carbonyl; H,O,,
hydr ogen per oxide; LOOH, lipid hydr oper oxide; SOD, super -
oxidedismutase; CAT, catalase; GPx, glutathioneperoxidase;
GR, glutathionereductase; GST, glutathione S-transfer ase;
GSH, reduced glutathione; GSSG, oxidized glutathione, O,,
superoxide radical, X, Xenobiotics, GSX, Glutathione-
XenobioticsConjugate; 1, arrowsindicating elevation.

——> M infreview

by their well-evol ved antioxidant defences®. Testicu-
lar cellsarewell equipped with both small molecular
wei ght antioxidants (reduced gl utathione, ascorbic acid,
vitamin E, uric acid, ubiquinone and carotenoids etc)
and antioxidant enzymes (superoxide dismutase (SOD);
catalase (CAT); glutathione peroxidase (GPx); glu-
tathione reductase (GR); glutathione S-transferase
(GST) etc), that efficiently neutralize ROS (Figure 1).
Superoxide dismutase (SOD) dismutates superoxide
radicalsinto hydrogen peroxide (H,O,), whichinturn
isefficiently neutralized by catalase (CAT) and glu-
tathione peroxidase (GPx). GSH isthemgor non-en-
zymatic antioxidant and the most abundant non-protein
thiol source of cd|!®* %4 and serves asthe substrate for
glutathione peroxidase (GPx) aswell asglutathioneS-
transferase (GST). Glutathione peroxidase (GPx) oxi-
dizes GSH to GSSG and GSSG is reduced back to
GSH by glutathionereductase (GR)® (Figure 1). Cdls
withhighleve of intracdlular GSH are protected against
oxidative damage caused by ROS. GSH either non-
enzymaticaly reactswith ROS™! or directly scavenges
them by neutralizing OH ™,

ALTERATION OFTESTICULARAODSBY
HYPERTHYROIDISM

Tissuesin hyperthyroidratsexhibit high vulnerabil-
ity to oxidative challengel®” %, L-thyroxing” "%l or
tri-iodothyroning?+ 9 wasadministeredinratstoin-
duce hyperthyroidism experimental ly and oxidative
stressparametersaswell asantioxidant defence profile
were measured.

a) Oxidative stressparameters

Most of these studies confirm theincrease of tes-
ticular oxidative stressas marked by elevated MDA
leveld%1, TBARS, lipid hydroperoxide, hydrogen per-
oxideor protein carbonyl contents?467 (Figure2 and
TABLE 1). However, hyperthyroid ratsfed with vita-
min E and or curcumin resultsin decreased oxidative
stressmarked by reduced lipid peroxide and protein
carbonyl contentg™.

b) Antioxidant defence parameters

Interestingly whileshort-term thyroxineadministra-
tionto hypothyroid rats causes an increased testi cular
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TABLE 1: Different thyroid statesi.e. hypo-and hyperthy-
roidismregulating testicular antioxidant defencestatus. T,
tri-iodothyronine; L Px, lipid peroxide; PC, protein carbonyl;
H.,0,, hydrogen peroxide; LOOH, lipid hydr oper oxide; SOD,
superoxidedismutase; CAT, catalase; GPx, glutathioneper-
oxidase; GR, glutathionereductase; GST, glutathioneS-trans
ferase; GSH, reduced glutathione; 11, indicating elevation; U,
indicating decline; <, denoting no change; —, not reported.

Hypothyroid Hyperthyroidism
L-

ot et torodne o
induced

LPx T i i
Oxidative PC " < N N
stress H20, - — ) )
parameters | o o o 0
SOD (L’ U U
CAT (L’ U i
GPx Y Y ) =
Antioxidant ~ CR U U f f
defence GST U < N U
parameters  GSH U PN U i
Agcorbic L o 0

acid

GSH contents®d, T treatment for three daysto hy-
pothyroid ratscausesan devation of oxidized (GSSG)
and adeclinein reduced (GSH) glutathione contents
resulting in a decreased reduced to oxidized glu-
tathioneratio!?. Furthermore, T injection to PTU-
treated rats elevates catalase and decreases glu-
tathione peroxidaseactivity in post-mitochondrid frac-
tion without altering superoxide dismutase and glu-
tathionereductaseactivitiesin testicular post-mitochon-
drial fractiong?. In contrast, during acute hyperthy-
roid state, testisexhibitslower SOD activity and higher
activities of CAT, GPx, GR, G6PD and GSHI* ¢,
Moreover, L-thyroxineinduced hyperthyroid ratsaso
exhibit decreased testicular SOD, CAT activitieswith
elevated GPx activity!”. Hyperthyroid ratsgiven with
vitamin E and/ or curcumin show el evated testicular
SOD and CAT activities. However, curcuminor vita-
min E isunableto changetesticular GPx activity done
but intogether they elevate the GPx activity in L-thy-
roxinetreated rats”. Similarly, it hasbeen shown that,
melatonin; an antioxidant decreases hyperthyroid in-
duced testicul ar oxidative stressto some extent with
increasing testicul ar glutathione contentg®”.

TH Imbalance

Inereases ROS Modulation of
Testicular oxidative generaton, antioxidant
tress parmeters | deﬁlet?d N defence
ekl e, {\J_ tioxdant j> parameters (30D,
LOOHﬂ defences causing CAT, GPy, GR,

testicular oxidative GST, GSH, AsA)

stress

[mpairment of

testicular

physiology

FIGIRF.2
Figure?2: Altered thyroid statusinfluencing testicular anti-
oxidant statusand physiology. TH, thyroid hormones; ROS,
Reactive Oxygen Species; L Px, lipid peroxide; PC, protein
carbonyl; LOOH, lipid hydroperoxide; SOD, superoxide
dismutase; CAT, catalase; GPx, glutathioneperoxidase; GR,
glutathionereductase; GST, glutathione S-transferase; GSH:
reduced glutathione; AsA, ascorbic acid; 1, arrowsindicat-
ing elevation.

ALTERATION OFTESTICULARAODSBY
HYPOTHYROIDISM

Hypothyroidism atersthe oxidant generation and
testicular antioxidant defencesystem asitislinkedtoa
hypo-metabolic state. Effect of persistent and transient
hypothyroidism on testicul ar anti oxidant defence sys-
tem during development and maturation hasbeen eva u-
ated® (TABLE 1).

a) Oxidative stressparameters

Oxidative stress parameters such as
malondialdehyde (MDA) level decreases®® in hy-
pothyroid rat testes, however thelevelsof hydrogen
peroxideand protein carbonyl contentsincreaseinthe
crude homogenate of testis of hypothyroid rats?.
However, another study shows adecreased mitochon-
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dria LPx intransient hypothyroidism but elevated mi-
tochondrial LPx and protein carbonylationin persis-
tent hypothyroidismin thetestig®. The extent of oxi-
dative damage marked by elevationin mitochondria
membrane protein carbonylation wasalso reportedin
hypothyroid rat testig®?. It has been further shown
that germ cells of transient hypothyroid rats exhibit
higher LPx contents®.

b) Antioxidant defence parameters

Rat testicular reduced glutathione (GSH) levelsare
lower intesticular tissues of the hypothyroid rats®.
Ontheother hand, oxidized glutathione (GSSG) con-
tent remains el evated asaresult of which reduced to
oxidized glutathioneratio of testis decreasesduring
hypothyroidism. Reduced activities of superoxide
dismutase and catal ase and elevated activity of glu-
tathione peroxidasein the PMF of testisin the hy-
pothyroid rats have al so been reportedid. Hypothy-
roidism also reducestherat testicular GST level 91,
Trans ent hypothyroidismisassociated with reduced
testicular SOD, CAT, GR and GPx activities. In con-
trast, persistent hypothyroidism causes el evation of
SOD and CAT activitieswith decreased GPx and GR
activities®. Further study showsthat germ cdllsof tran-
sient hypothyroid rats exhibit lower GSH, CAT and
SOD activitied®. In arecent study, it has been re-
ported that hypothyroid rat testis mitochondrial ma-
trix exhibitslower glutathione and ascorbate contents
that isnot nullified with T treatment'®!. However, in
the case of hypothyroidimmaturerat testis, an atered
antioxidant defence system marked by elevated SOD,
CAT and GR activitieswith decreased GPx and GST
activitieswere observed! Y.

Thusthyroid hormone aways playsakey role not
only in regulating thetesti cular physiology but aso by
modul ating itsantioxidant defense status.
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