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ABSTRACT

Hyper- and hypothyroidism states are known to alter testicular antioxidant defence parametersin adult aswell as
inimmature rats. Glutathi one peroxidasesrepresent afamily of enzymeswhich metabolizestoxic hydroperoxides
and are, along with superoxide dismutase and catal ase, part of the enzymatic antioxidant defensesto protect cells
from free-radical-mediated attacks. In mammalian testis, total GPx activity iscontributed by both Selenium-depen-
dent glutathione peroxidases (Se-D GPxs) and the Se-independent glutathione peroxidaes (Se-I GPx). Due to
persistent hypothyroidism, both Se-D-GPx and Se-I-GPx were reduced in adult testicular post-mitochondrial as
well asin mitochondrial fraction (MF); while, during transient hypothyroidism, both Se-D-GPx and Se-1-GPx were
reduced in adult testicular post-mitochondrial fraction (PMF) with only decrease in mitochondrial Se-D-GPx
activity. However, both Se-dependent and Se-independent GPx activities elevated in adult testicular PMF of L-
thyroxinetreated (group- T,), T, with vitamin E (group- T,+Vit.E), T ,along with curcumin and vitamin E (group-
T,+Cur+Vit.E) with only increasein SeD-GPx in T, with curcumin (group- T,+Cur) treated rats. In case of MF, Se-
dependent GPx showed no alteration in response to curcumin and/or vitamin E treatment to T, treated rats
(groups-T +Cur, T +Vit.Eand T +Cur+Vit.E), however itslevel increased in T, treated rats (group-T,). Se-indepen-
dent GPx elevated significantly inresponseto T, (group-T,), T, with curcumin (group- T,+Cur), T, withvitamin E
(group- T ,+Vit.E) and T,along with curcumin and vitamin E (group- T,+Cur+Vit.E) treated rats respectively.
Hence, hypothyroid aswell as hyperthyroid statesinfluencing testicular Se-D- and Se-I- GPx activitiesalong with
other antioxidant defence enzymes, might regulate testicular physiology and oxidative stress.

© 2012 Trade ScienceInc. - INDIA

INTRODUCTION

Thyroid hormonesareknown to play asignificant
rolein growth, differentiation, maturation and metabo-
lisminvertebrates?. Thyroid hormone elevates oxy-
gen consumption and metabolic rate of nearly all tis-
sues of vertebrates?. Relation between thyroid hor-

monesandtestisisestablished by demonstration of pres-
enceof T, receptorsin Sertoli cellsof tettisinfeta and
perinatal periods®. Theregulatory roleof thyroid hor-
moneonfunctionsof Leydig cellswasa so proposed®
as it affects steroidogenesis by modifying the
hypothal amo-hypophysid-testicular axis. Hyperthyroid
aswell ashypothyroid conditionsal solead to reduced
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sperm number and matility influencingma efertility 23,
Moreover, both hyperthyroidism and hypothyroidism
statesareknown to alter testicul ar antioxidant defence
parametersinratg® ™,

Glutathione peroxidases (GPXs, EC 1.11.1.9) rep-
resent afamily of enzymeswhich metabolizestoxic hy-
droperoxidesand are, a ong with superoxidedismutase
(SOD, EC1.15.1.1) and catalase (CAT, EC 1.11.1.6),
part of the enzymatic antioxidant defensesthat virtua ly
any cell usestoretaiatefree-radical-mediated attacks
resulting from the metabolism of oxygen®. Sdlenium-
dependent glutathi one peroxidases (Se-D GPxs) are
theforemost sel enoprotein-containing genefamilyin
mammal §*7, Among thedifferent types of selenium-
dependent hydroperoxidereducingisozymes, phospho-
lipid hydroperoxideglutathione peroxidase (PH-GPx/
GPx-4; EC 1.11.1.12) and classic cdllular glutathione
peroxidase (cGPX/GPx-1; EC 1.11.1.9) are mainly
found in testig®¥. PHGPx isamonomeric seleno-en-
zymepresent indifferent mammaliantissuesin soluble
and bound form{*8, Selenium-dependent glutathione
peroxidases contribute to apart of thetotal GPx activ-
ity. Other GPx activitiesin mammadian syssemsarese-
lenium-independent and the Se-independent GPx (Se-
| GPx), component of GST alfa class (Accession:
IPRO03080 GST_d pha) isaccountablefor GPx activ-
ity intestig131920,

Inour previous study, wereport about reduced tes-
ticular SOD, CAT and glutathionereductase (GR) and
GPx activitiesduringtrangent hypothyroidismaongwith
andevaioninSOD and CAT activitieswithasgnificant
declinein GPx and GR activitiesfollowing persistent hy-
pothyroidism, In another study, we report that treat-
ment of curcumin and/or vitamin E to T4-treated rats
resultedinincreased SOD leve inpostmitochondrid frac-
tion (PMF) and mitochondrid fraction(MF) and CAT in
PMF, with decreased GPx activity in MF. However,
curcuminor vitamin E wasunableto ater GPx activity
aonebut intogether they el evated the GPx in PMF of
T4-treated rat testis™. However, in both of these stud-
iest® total GPx activity was measured. AsGPx can be
of Se-D and Se-l types, itisimperativeto know which
typeof GPx ismostly effected inaboveconditions. The
key objective of the present work isto evaluate Se-D
and Se-l GPx activitiesintesticular PMFand MFfrac-
tions modul ated during hypo- aswel | ashyper-thyroid
ratsin previoudy described experimenta conditiong®,

MATERIALSAND METHODS

Animal treatment and experimental procedure

Inour first experiment, asdescribed inthe earlier
report*®, malepupsof Wistar rats obtai ned from breed-
ing weremade hypothyroid from day 1 of neonatal age
till day 30 or day 90 of postnatal age. Neonateswere
made hypothyroid by feeding thelactating motherswith
0.05% PTU (n-propyl thiouracil) through drinking wa-
ter. From the day of parturition till weaning (25 day
postpartum), the pupsreceived PTU through mother’s
milk or drinking water and then directly fromdrinking
water containing 0.05% PTU for theremaining period
of experimentation. Anima sweredivided into three
groupseach containing fiveanimals.

Control . Control ratsof 90daysold.
Persastent hypothyroid : Rats were treated with
PTU for 90 daysafter birth.
. Rats were treated with
PTU for 30 daysafter birth
and thereafter thetreatment
waswithdrawn for 60 days.

Asdescribed earlier™ for the second experiment,
Wistar malerats(24-25 weeks of age) weighing 300—
400 gwereprocured fromtheNationd Institute of Nu-
trition, Hyderabad, India. Theratswere acclimatized
under laboratory conditions prior to the experiment.
Twenty-fivemaeWistar strainratsweredivided ran-
domly intofive groups, each group containing five ani-
mals. L-Thyroxine (0.0012%) was dissolved in
drinkingwater, curcumin (30 mg/ml) and vitamin E
(200mg/ml) dissolvedinadliveoil and oraly administrated
for 30 daysaccording to groups asbeow. Group | ani-
mals(control) received oraly 1 ml of placebo solution
(oliveail) only for 30 days. Group 11 received 1ml olive
oil and 0.0012% |-thyroxine (T4). Group Il animals
received 0.0012% T4 a ong with 30mg curcumin/kg
body weight. Group IV animalsreceived 0.0012% T4
aongwith 200mg vitamin E/kg body weight. Group V
animalsreceived 0.0012% T4 aong with 200mg vita-
min E and 30mg curcumin/kg body weight.

Ratswerefed with freshly cooked food contain-
ing flour of Bengagram (Cicer arietnum, 20%), whesat
(Triticum sativum, 40%), rice (Oryza sativa, 30%),
skimmed milk powder supplemented with vitamins
(5%), refined vegetable oil (3%), egg (1%) and com-
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mon sat (1%) inthemorning and water soaked whole
gram (C. arietnum) (approximately 5/100g body
weight) in the afternoon with free accessto tap water
and werekept at room temperaturemaintained at 23+2
?2C and controlled 12:12 light and dark cycles¥. Rats
were sacrificed after 24 h of the last treatment and
testes were dissected out quickly, cleaned in 0.9%
(w/v) cold normal saline, pat dried and weighed. Tes-
teswerekept at -80 ?C until use. Animal care, main-
tenance and experimentswere done under the super-
vision of thenstitutional Animal Ethics Committee
(IAEC) regulated by the Committee for the Purpose
of Control and Supervision of ExperimentsonAni-
mals (CPCSEA), Govt. of India.

Testicular mitochondrial and post-mitochondrial
fractionation

The whole procedure of tissue processing was
completed at 0—4°C. A 20% (w/v) homogenate of
testiswas prepared in 50 mM phosphate buffer, pH
7.4, containing 0.25M sucrosewith aPotter—Elvejhem
type motor-driven homogenizer and then filtered
through four layersof sterilized gauze. Thefiltratewas
the crude homogenate and it was centrifuged at 600g
for 10 minto precipitate nuclel and other cellular de-
bris. Theresulted supernatant was again centrifuged
at 10,0009 for 20 min to separate mitochondria. The
supernatant obtai ned wasthe post-mitochondria frac-
tion (PMF)®. The mitochondrial pellet waswashed
thricein 50 mM phosphate buffer, pH 7.4 (10,000g
for 5 min each), and finally suspended in the same
buffer to obtain mitochondrial fraction (MF)®. Pro-
tein content of sampleswas estimated using bovine
serum abumin as standard?Y.

Estimation of selenium-dependent and selenium
independent glutathione peroxidaseactivities

Glutathione peroxidase (GPx) activity was assayed
in PMFand MF by measuring oxidationrateof NADPH
in presence of hydroperoxide, GSH, and glutathione
reductase (GR)®#2, Totd and sdlenium-dependent GPx
activitieswereestimated by usng cumeneandtert-bu-
tyl hydroperoxides, respectively. Thedifferencebetween
total glutathione peroxidase and sel enium-dependent
glutathione peroxidase (Se-D-GPx) activitiesrepresents
the sel enium independent glutathi one peroxidase (Se-
I-GPX) activity!z24,
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Satistics

For thefirst experiment, al datarepresent means+
standard deviation and were subjected to unpaired
Student’s t-test tofind out theleve of significancebe-
tween control and experimentd ratsMinimad Setistical
significancewas accepted at P < 0.05.

For the second experiment, datawere subjected
to one-way anaysisof variance (ANOVA) followed
by Duncan’s new multiple range tests to find out the
leve of significance among mean values. A difference
wasconsidered significant at P <0.05levels.

RESULTS

Testicular Se-dependent and Se-independent glu-
tathioneperoxidaseactivitiesin persistent aswell
astransient hypothyroid states

Dueto persstent hypothyroidism, both Se-D-GPx
and Se-1-GPx were reduced by 14% and 15.5%,
respectively intesticular post-mitochondrid fraction
(Figure1); whereasin mitochondria fraction, Se-D-
GPx and Se-I-GPx were reduced by 41% and 34%,
respectively (Figure 2). In contrast, during transient
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Figurel: Effect of persistent hypothyroidism on Se-depen-
dent (Se-D) and Se-independent (Se-l) glutathioneper oxidase
activities (nmol NADPH oxidized/min/mg protein) in
postmitochondrial fraction (PMF) of testesof rats. Dataare
expressed asmean + S.D. of 5 observationsand subjected to
unpaired Sudent’st-test. Satigtical sgnificancewasaccepted
at P <0.05. Control and hypothyroid groupswerefound to
differ significantly at P < 0.05 asrepresented by different
superscripts. Control: 90-day-old control rats; persistent
hypothyroid: 90-day-old ratswith PTU treatment from day 1
postpartumtoday 90 postpartum.
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Figure?2: Effect of persistent hypothyroidism on Se-depen-
dent (Se-D) and Se-independent (Se-l) glutathioneper oxidase
activities(nmol NADPH oxidized/min/mg protein) in mito-
chondrial fraction (MF) of testesof rats. Data ar eexpressed
asmean + S.D. of 5 obser vationsand subjected to unpaired
Sudent’st-test. Satistical significance was accepted at P
<0.05. Control and hypothyroid groupswer efound to differ
significantly at P < 0.05 asrepresented by different super-
scripts. Control: 90-day-old control rats; persistent hypothy-
roid: 90-day-old ratswith PTU treatment fromday 1 postpar -
tumtoday 90 postpartum.
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Figure3: Effect of persistent hypothyroidism on Se-depen-
dent (Se-D) and Se-independent (Se-l) glutathioneper oxidase
activities (nmol NADPH oxidized/min/mg protein) in
postmitochondrial fraction (PMF) of testesof rats. Dataare
expressed asmean + S.D. of 5observationsand subjected to
unpaired Sudent’st-test. Satistical significancewasaccepted
at P <0.05. Control and hypothyroid groupswerefound to
differ significantly at P < 0.05 asrepresented by different
super scripts. Control: 90-day-old control rats; transient hy-
pothyroid: 90 day old ratswith PTU treatment from day 1
postpartumtoday 30 postpartum and left untreated up today
90 pogpartum).
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Figure4: Effect of persistent hypothyr oidism on Se-depen-
dent (Se-D) and Se-independent (Se-l) glutathione per oxidase
activities(nmol NADPH oxidized/min/mg protein) in mito-
chondrial fraction (M F) of testesof rats. Data ar eexpressed
asmean + S.D. of 5 observationsand subjected to unpaired
Sudent’st-test. Satistical significance was accepted at P
<0.05. Control and hypothyroid groupswer efound to differ
significantly at P < 0.05 asrepresented by different super-
scripts. Control: 90-day-old control rats; transient hypothy-
roid: 90day old ratswith PTU treatment from day 1 postpar -
tum to day 30 postpartum and left untreated up to day 90
postpartum).

hypothyroidism, both Se-D-GPx and Se-1-GPx were
reduced by 23%, respectively in testicular post-mito-
chondrid fraction (Figure 3) but in mitochondria frac-
tion, Se-D-GPx was reduced by 27% without any

changein Se-1-GPx (Figure4).

Testicular Se-dependent and Se-independent glu-
tathione peroxidase activities in hyperthyroid
stateswith or without vitamin E and/or curcumin
treatments

In postmitochondrial fraction, Se-dependent and
Se-independent GPx € evated respectively by 18% and
19%inT, (group- T,), by 14% and with no changein
T, with curcumin (group- T,+Cur), by 10.35% and
21.11%in T, with vitamin E (group- T ,+Vit.E) and by
19%and57%inT,dongwith curcuminandvitamin E
(group- T, +Cur+Vit.E) treated rats (Figure5).

In case of mitochondrial fraction, Se-dependent
GPx showed no alteration in responseto curcumin
and/or vitamin E treatment to T, treated rats (groups-
T,+Cur, T,+Vit.Eand T ,+Cur+Vit.E), however its
level increased by 28.7%in T, treated rats (group-
T,). Se-independent GPx elevated significantly by
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Figure5: Effect of thyroid hormone(T,), curcumin, vitamin E
on Se-dependent (Se-D) and Se-independent (Se-l) glutathione
per oxidaseactivities(nmol NADPH oxidized/min/mg protein)
in postmitochondrial fraction (PM F) of testesof rats. Data
are expressed as mean + S.D. of 5 observations. Different
super scriptsdiffer significantly (p<0.05) from each other.
Group-Control (Control); Group- T, (T, treated); Group-
T,+Cur (T, with curcumintreated); Group- T ,+Vit.E (T, with
vitamin E treated); Group- T, +Cur+Vit.E (T, along with
curcumin and vitamin E treated).
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Figure6: Effect of thyroid hormone(T,), curcumin, vitamin E
on Se-dependent (Se-D) and Se-independent (Se-1) glutathione
peroxidaseactivities(nmol NADPH oxidized/min/mg protein)
in mitochondrial fraction (M F) of testesof rats. Dataareex-
pressed asmean + S.D. of 5 observations. Different super-
scriptsdiffer significantly (p<0.05) from each other. Group-
Control (Contral); Group- T, (T, treated); Group-T +Cur (T,
with curcumintreated); Group- T +Vit.E (T, with vitamin E
treated); Group- T +Cur+Vit.E (T ,alongwith curcumin and
vitamin E treated).
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32%, 10%, 22% and 20% in responseto T, (group-
T,), T, with curcumin (group- T,+Cur), T, withvita-
min E (group- T,+Vit.E) and T, along with curcumin
and vitamin E (group- T,+Cur+Vit.E) treated ratsre-
spectively (Figure6).

DISCUSSION

Aerobes protect themselves from the oxidative
stressgenerated dueto the ROS by neutralizing them
by their highly evolved antioxidant defences®. Testis
iswell equipped with both smal molecular weight anti-
oxidants (likereducedgl utathione, ascorbic acid, vita:
min E, uric acid, ubiquinone and carotenoids) aswell
asantioxidant enzymes(like superoxidedismutase, cata
lase, glutathione peroxidase, glutathionereductase, glu-
tathione-S-transferase), that efficiently counteract
ROS*2. Superoxide dismutase (SOD; EC 1.15.1.1)
congtitutesthefirst line of coordinated enzymatic de-
fense against ROS by dismutating O,+- into O, and
H,O,. Catalase (CAT; EC 1.11.1.6) and glutathione
peroxidase (GPx; EC 1.11.1.9) are most crucia for
detoxifying H,O,, thereby preventing the generation of
hydroxyl radical by the Fenton reactionl?,

Glutathione peroxidases are believed to have a
prominent rolein the defense againgt oxidative damage
to cell§?627, Thedecreasein Se-D GPx (GPx-1 and
GPx-4) aswdll as Se- | GPx inthetestissuggested that
antioxidant enzymeslike SOD and CAT have predomi-
nant roleto combat oxidative stressthan GPx in hy-
pothyroid ratsas elevated SOD and CAT levelswere
reported earlier’’®. The decreasein GPx activitiesin
both in MF and PMF during persistent hypothyroidism
andin PMF of transient hypothyroid rat testisreported
earlier’ wasdueto declinein both Se-D-GPx aswell
as Se-1-GPx activities. However, persistent hypothy-
roidism causesreductionin Se-1-GPx activitiesintes-
ticular PMF of 30 day oldimmaturerats*¥. Most prob-
ably, the Se-D-GPx activity isalso decreased in PMF
dueto prolonged hypothyroidisminadult ratsasshown
by current study. In transient hypothyroidism, thede-
clined GPx in MF (asreported earlier by Sahooet al .,
2008 jsdueto thereductionin Se-D-GPx activity
only. Thesignificant decreasein Se-D GPx and Se- |
GPx intestissuggested the prevailed oxidative stressin
hypothyroid rats. The mgjority of the cytosolic GPx
(PMF) inrat testisexisted as sl enium- and non-sele-
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nium-dependent GPx ispresentintheLeydigcdls Much
lower level sare associated in sertoli and spermatoge-
netic cell$?. GPx isprimarily responsiblefor H,0,
removal intesticular mitochondriathat doesn’t contain
cataase. GPx playsacrucid rolein scavenging peroxyl
radica sand thereby maintainsfunctiond integrity of the
cell membrane, spermatogenesi's, sperm morphology
and motility™, Intestis, PH-GPx or GPx-4 whichis
partialy cytosolic and partialy bound to nucli and mi-
tochondriaislocalized within maturating spermatoge-
netic cellg?8. GPx-1 hasmitochondrial and cytosolic
subcellular locaizationsinal mammalian tissues®. It
has a so been suggested that the metabolic pathway of
testosterone biosynthesi srequires protection against
peroxidation and will be affected by adecreaseinthe
GPx activity®®, Thelower serum testosteronelevel in
hypothyroid ratg°*¥ aso corroboratesthefact. In con-
trast, during T, induced hyperthyroid conditionsrat tes-
ticular Se-D and Se-| GPx remained elevated in both
PMF and MF. In our earlier study, we report about
changesof Se-D and Se-I-GPx activitiesonly in PMF
dueto 3, 3, 5-triiodothyronine treatment in rat testist®.
Increasein both Se-D and Se-1-GPx levelsin response
to hyperthyroidism (in the present study) may be an
adaptive responseto neutralizetoxic hydrogen perox-
ides generated dueto impai rment of normooxidant sta-
tusof theorgan. However, vitamin E and/or curcumin
treatment, caused reduction of Se-D-GPx (GPx-1and
GPx-4) in MF and Se-I-GPx in PMF up to normal
level ascontrols. Thiscould betheresult of decreased
oxidative stressdueto vitamin E and/or curcumin tregt-
ment. A good number of studieshave established the
effectivenessof antioxidantslikevitamin Eand curcumin
against oxidative stress®234. Moreover, thisfact iscor-
roborated by our previous report that when the T,-
treated ratswerefed with vitamin E and/or curcumin,
thelipid peroxideand protein carbonyl contentsin crude
homogenates of testes decreased to normal level Y,
Hence, hypothyroid aswell ashyperthyroid statesin-
fluencingtesticular Se-D- and Se-I- GPx activities, might
regulatetesticular physiology and oxidative stress.
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