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ABSTRACT

The study was to investigated whether stress irttldesticular damage and its reversibility are dioat of
exposure dependent or not. Adult male rats wergestda to restraint for 1 hour and after a gap ohdurs to
forced swimming exercise for 15 minutes daily fod and 6 months. There was a significant duratiependent
decrease in testicular weight, number of germ dallstage VIl of spermatogenesis, concentratiorsscbrbic acid
and tocopherol; increase in counts of abnormal speozoa and degeneration of seminiferous tubuteaddition,

in all the durations, a significant uniform decreai the activities of testicularsshydroxysteroid dehydrogenase
and antioxidant enzymes, the serum testosterongslend total sperm count and a significant inceedas
malondialdehyddevels were found. The rats exposed to stress foodth and allowed to recover for 4 months,
showed restoration in the relative weight of testasnormal sperm counts, counts of A spermatogamd
spermatids and activities of superoxide dismutagkjtathione-s-transferase and the concentrations of
malondialdehyde and tocopherol levelbereas other parameters showed significant ineeeaver stressed rats,
although they were lower than controls. All theaegmeters of rats exposed to stress for 4 or 6 h®and allowed
to recover for 4 months did not differ from respeestress groups. The results indicate that insesim duration of
stress exposure leads to progressive deterioratiorstructure and functions of the testis and changee
irreversible following 4 months exposure in rats.
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INTRODUCTION

Stress is a state of threatened homeostasis provokeghysical, psychological or environmental foes [1]. It
seems to be a potential risk factor for reprodectfunction. Reduced male fertility is one of theokm
consequences of psychological stress [2]. In malbgsical and psychological stressors may inhigitroductive
function mainly through the suppression of hypadhals-pituitary-gonadal (HPG) axis and activation of
hypothalamus-pituitary-adrenal (HPA) axis [3]. Mastudies have shown decrease in sperm productgerms
count and motility of spermatozoa, increase in @er@ge of morphologically abnormal spermatozoa,aireg
spermatogenesis, decrease in levels of serum texine and LH levels, reduction in fertilizing caja of
spermatozoa, maturation arrest of germ cells, stmgeific germ cell apoptosis and increase in dgpic
vacuolization in the Leydig cells due to stressaimimal models [4-15]. Likewise stress is also knawraffect
human spermatogenesis. For instance, individugi®sed to psychological or occupational stressoosvet a
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negative correlation between stress level and Eeewolume, decreased sperm production, redudtiomability,
motility and concentration of spermatozoa, spermnoatmality, testicular shrinkage, suppression of
spermatogenesis, increased sperm DNA damage andti@din serum testosterone concentration [2, 26-Phe
oxidative damage, which is a central feature of ynpathological conditions [23, 24], is known to taeused by
stress like other factors in various organs. Sptyrea are more susceptible to oxidative damagealtheeir unique
structural composition i.e presence of polyunsaédrdatty acids [25]. Excessive generation of ri@acbxygen
species (ROS) in semen leads to loss of membraegrity, DNA damage and apoptosis of spermatoz6a 27].
There are many reports on oxidative stress induegbductive damage. For instance, a significaetatlon in the
free radical levels concomitant with a significaleicrease in the activities of testicular antioxtdamzymes were
observed following forced swimming exercise in f&g]. Likewise, a long term exposure to psychotadjstress in
men may enhanced the ROS [29] generation leadingetrease in viability, motility and fertility ratef
spermatozoa [30]. In addition, semen antioxidargyere activities are significantly reduced due tggb®logical
stress in human [21]. Our earlier study also shodectease in testicular spermatogesis and steremiogctivity
coupled with decreased antioxidant status of tlséistén rats following daily exposure to restraamd forced
swimming for two months. Interestingly, in this @gumost of the stress effects were not reversiitbough effects
of stress on testicular activity are well estatdihit is not known whether or not severity of dgmeand
reversibility of stress effects are dependent gmosure period. Hence, the present study tests ypetinesis that
severity of testicular damage as well as revergjlof the effects depend on the duration of steegsosure in rat.

MATERIALS AND METHODS

Animals:

Adult male Wistar rats weighing 180-200 g were oi#d from the central animal facility, University blysore,
Mysore, India, and housed two or three per cage.réits were provided standard rat chow and watébitim and
were kept in 27+2C, under 12 h : 12 h light: dark cycle (lights 6h@-19:00 h). The experimental protocols were
approved by the institutional animal ethics comesittand the maintenance and treatment of animale mer
accordance with the ethical guidelines of the cotte®i

Stressors:

Two kinds of stressors were used [3Hstraint, wherein rats were placed in an open-ended cyliatriestrainer
(6.7 cm in diameter and 22.2 cm in length) for fien episode followed bforced swimming, wherein rats were
individually forced to swim for 15 minutes per epide in a glass jar (18 inches heightx8.75 inchésraliameter)
filled two thirds full of water at a temperature2yf+2 C.

Experimental design:

Rats were randomly divided into control (n=20) atretss (n=30) groups and body weight (initial baayght) was
recorded while commencing the experiment. The otstvere kept without any disturbance whereasirasdress
group were restrained for 1 h and after a gap loffdrced to swim for 15 minutes every day for diffiet durations
viz. 1, 4 and 6 months. The sequence of stressatdiming of the exposure were randomly changedyetay to
minimize habituation. After each treatment perifiek rats from stress as well as control group welted and five
rats in stress group were maintained without aegtiment (recovery group) for 4 months and theredillAt
autopsyblood sample was drawn by heart puncture and stedeand adrenal glands were removed and weighed.
The right testis of each rat was stored-R0C until biochemical analyses were conducted anddftgestis was
processed for histological studies. The epidydimias used for determining total sperm count, mugtikf
spermatozoa and abnormal sperm counts.

Sperm parameters:

Motility of sperm:

The cauda epididymis of one side of each rat waed in 1 ml phosphate buffer saline (PBS) (pH %2)btain
suspension. The suspension was filtered througHimcisth, an aliquot of this solution was placed on slide and
numbers of motile and immotile spermatozoa werenteliout of 200 spermatozoa in each of three diffefields

in each sample using the light microscope undeix4de mean of the three estimations / sample vezsl Wo
compute percentage of motility [32].
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Total sperm count:

The filtered sperm suspension described alveag mixed with a drop of 1 % aqueous eosin and foeB0 min for
the staining of the spermatozoa. An aliquot ofrsdifiltrate was taken in a WBC pipette up to th idark and
diluted further up to the mark 11 with PBS, and edixwvell and charged into Neubauer's counting chaniie
spermatozoa present in eight outer squares of I emth area except the central erythrocyte courstieg was
counted. The aggregate of counts of eight squasssmultiplied by 5x1Dfactor to obtain the total sperm count/
epidydimis [33].

Abnormal sperm count:

A drop of stained spermatozoa preparation was put olean glass slide and a uniform smear wasr@staiOne
thousand spermatozoa per epidydimis were obsenmveerinigher magnification (400X) in randomly seéettreas
of smear and number of spermatozoa showing heamt stral tail abnormalities viz. amorphous headhpiad, bent
mid-piece, curved tail, hook less head, double heasl counted. The sum of counts of different abmdities was
expressed as total abnormal sperm count/1000 sperasdepididymis [33].

Spermatogenesis:

The left testis was fixed in Bouin’s fixative foB hours and dehydrated with 70 % ethanol, embeddedraffin
wax, and 5um sections were cut, mounted on slides, and weareest with hematoxylin and eosin. The number of
each category of germ cells in stage VIl of sereiifis epithelium cycle, i.e., type A spermatogopiajeptotene
spermatocytes, midpachytene spermatocytes, rougrahgids and elongated spermatids was countedhinotend
tubular cross sections of each rat testis. All ¢bents of the germ cells were converted to truentoby the
formula, true counts = (crude count x section theds) / (section thickness + nuclear diameter ohgeells) [34,
35].

Biochemical analyses

Activities of antioxidant enzymes i.e. superoxidentutase (SOD) [36], glutathione peroxidase (GBX]),[catalase
(CAT) [38], glutathione reductase (GR) [39] andtgthione S transferase (GST) [40] were determinettie right
testis of each rat. The testicular concentratidnsom enzymatic antioxidants i.e. ascorbic acid] @id tocopherol
[42] and a product of lipid peroxidatiomalondialdehyde (MDA) [43] were determined. Furttaativity of the key
steroidogenic enzyme Bahydroxysteroid dehydrogenase3 (BSDH) [44] was determined in the adrenal gland and
the testis.

Serum testosterone concentration:
Serum testosterone concentration was estimatedobgucting enzyme linked immuno assay using the Kit,
manufactured by DRG, Germany following proceduréhefmanufacturer arekpressed as ng/ml.

Statistical analysis

The one way analysis of variance (ANOVA) followeg Duncan's multiple range test were used to detegrtiie
significant difference among mean values of eactarpater of different groups, fixing the minimum étvof
significance at & 0.05.

RESULTS

Body and organ weights:

There was duration of exposure dependent signifieaduction in the relative weight of the tested aercent gain
in body weight in 1, 4 and 6 months stressed ratspared to control rats. The body weight of recg\gnoup of
rats after 1 month stress exposure did not diffemf controls whereas that of recovery group rateraf or 6
months stress exposure was significantly lower tt@ntrols(Table 1). The relative weight of the testes in vecy
group rats after 1 month exposure did not diffemfrcontrols whereas that of recovery group rateraftor 6
months stress exposure was significantly lower tt@mtrols and did not differ from respective strgssup(Table
1). Relative weight of the adrenal gland in 1, 4 & months stressed rats was significantly highan trespective
controls. The adrenal weight of recovery group &fitsr 1, 4 or 6 months stress exposure did naifgigntly differ
from controls(Table 1).
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Table 1: Effects of chronic stress exposure for diérent periods on percent gain in body weight, reléve weight of the adrenal gland and

the testis of rat

L . Relative weight Relative weight

Groups % gain in body weight(g) of the adrenal g?and(g) of the testesg(g)
1month control 8.19+0.79 0.0186+0.0018 1.266+0.043
1month stress exposure -0.80.2' 0.0254+0.0027" 1.105+0.033
Recovery after 1month exposure 8.87+0.758 0.0164+0.0018 1.163+0.0158
4 months control 38.11+3.59 0.018+0.00F 1.258+0.043
4 months stress exposure -2.14x1.47 0.0296+0.003 0.884+0.020%
Recovery after 4months exposure 28.65+0.9F 0.0196+0.00% 0.940+0.03%
6months control 31.16+2.08 0.0171+0.00F 1.137+0.018
6months stress exposure 6.19+5.05° 0.0282+0.00% 0.661+0.028
Recovery after 6 months exposure 22.4845.6 0.0232+0.01%° 0.913+0.048
10 months control 30.23+2.46 0.0178+0.002 1.184+0.048
ANOVA
F-value 25.692 5.999 3.456
df =40, 9 P<0.05 P<0.05 P<0.05

All the values are mean +SEM,
Mean values with same superscript letters in temgicolumn are not significantly different, wheréasse with different superscript letters are
significantly (P<0.05) different as judged by Duncan’s multiple.test

Steroidogenic activity in the adrenal gland and tess:

There was a significant increase in the adreaH$DH activity in 1 and 4 months stress group eatd it was
further significantly elevated after 6 months stregposure compared to contrl@ble 2). The adrenaB3HSDH
activity of recovery group rats after 1, 4 or 6 rimnstress exposure did not significantly diff@mfircontrols. There
was a significant decrease in the testicul@rkBSDH activity in 1, 4 and 6 months stressed ratmared to
respective controls. The testiculap 3HSDH activity of recovery group rats after one thomexposure was
significantly higher than 1 month stressed ratslbower than controls and that of recovery grou &fter 4 and 6
months exposure was significantly lower than cdstwhereas it did not significantly differ from pesctive stress
group rats (Table 2).

Serum testosterone concentration:

There was a significant decrease in serum testostezoncentration in 1, 4 and 6 months stresssccaahpared to
respective controls. Though recovery group of edtsr 1 month stress exposure showed significacrease in
serum testosterone levels compared to stress gitowps lower than controls whereas that of recpwgoup rats
after 4 or 6 months stress exposure did not diften respective stress groufi@ble 2).

Table 2: Effects of chronic stress exposure for diérent periods on the adrenal and testicular B HSDH activities and serum testosterone

levels in rat
Groups 3 HSDH activity (nmol/mg//min) | Serum Testosterone
Adrenal gland testis concentration (ng/m)

1month control 0.14+0.02 0.61+0.08 1.60+0.11
1month stress exposure 0.27+0.02 0.26+0.0% 0.63+0.09°
Recovery after 1 month exposure 0.13+0.02 0.51+0.08 1.21+0.0%
4 months control 0.15+0.0° 0.64+0.07 1.63+0.1°
4 months stress exposure 0.25+0.0% 0.26+0.0% 0.47+0.12
Recovery after 4 months exposurg 0.19+0.02 0.31+0.03 0.87+0.1%
6 months control 0.18+0.0% 0.62+0.02 1.61+0.10
6 months stress exposure 0.3420.03 0.22+0.0%° 0.53+0.09
Recovery after 6 months exposurd  0.21+0.0F 0.19+0.02 0.43+0.12
10 months contro 0.18+0.07 0.550.0& 1.23+0.07
ANOVA
F-value 12.348 28.84 21.043
df =40, 9 P<0.05 P<0.05 P<0.05

All the values are mean +SEM
Mean values with same superscript letters in tergicolumn are not significantly different, wheréasse with different superscript letters are
significantly (P<0.05) different as judged by Duncan’s multiple.test

Sperm parameters:
There was a significant decrease in the total spmumt and percentage of motile spermatozoa arignifisant
increase in immotile spermatozoa in 1, 4 and 6 hwstressed rats compared to respective contrioéstofal sperm
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count and percentage of motile spermatozoa in mgogroup rats after 1 month stress exposure shaaved
significant increase over stressed rats but wegeifgiantly lower than controls whereas those aforery group
rats after 4 months exposure did not significadtffer from 4 months stressed rats and those afvexy group rats
after 6 months exposure showed further significktrease compared to 6 months stressedTralde 3).

The counts of abnormal spermatozoa showed signtfidaration of exposure dependent increase aftdrdnd 6
months exposure. The abnormal sperm counts of eegayroup rats of 1 month exposure did not sigaiiity
differ from controls whereas that of recovery groats after 4 months exposure though significatilgreased than
stress group, it was higher than controls anddhatcovery group rats after 6 months exposurendtddiffer from
stressed ratfTable 3).

Table 3. Effects of chronic stress exposure for dérent periods on total and abnormal counts and madlity of epidydimal spermatozoa in
rat

Number of
G Total Sperm % of motile of | % of immotile abnormal
roups ST -
count/epidydimis (millions) spermatozoa spermatozoa spermatozoa /
1000 spermatozoa

1month control 157.56+4.8 83.40+1.47 16.6+1.49 75.25+8.06
1month stress exposure 69.96+3.74 62.60+1.36 37.4+1.36 120.00+4.49
Recovery after 1 month exposure 101.7845.16 72.80+2.38° 27.3+2.3% 84.00+7.11
4 months contro 161.34+14.1° 82.60+0.9° 17.4+0.92 83.75+6.8°
4 months stress exposu 72.70£2.3% 64.60+2.5( 35.4+2.1 235.00+22.9°
Recovery after 4 months exposure 87.6413.26° 57.206.24 42.8+6.24 155.50+5.8%
6 months control 159.40+6.79 78.40+2.89 21.6:2.8¢ 94.75+3.0%
6 months stress exposure 67.12+4.468 61.00+4.59 39.0+4.59 254.5+19.6%
Recovery after 6 months exposure 48.05+3.07 56.40+2.48 43.6+2.48 222.50+7.12
10 months contro 148.75+3.6° 77.40+2.37 22.6£2.3¢% 97.50+2.9%
ANOVA
F-value 51.017 13.297 13.297 40.82
df =40, ¢ P<0.0t P<0.0t P<0.0% P<0.0%

All the values are mean + SEM
Mean values with same superscript letters in themgicolumn are not significantly different, wherézsse with different superscript letters are
significantly (P<0.05) different as judged by Duncan’s multiple.test

Histomorphology of the testis:

The testis of control rats revealed normal strecturd seminiferous tubules were replete with gezlts at different
stage of spermatogenesis and abundant spermatbipae( 1a, b & c). The seminiferous tubules of 2nthe
stressed rats were shrunken and contained fewemapszoa compared to controls and there was some
vacuolization in the seminiferous epithelium (Figlid). The severity of damage increased with irseréa duration

of exposure i.e 4 and 6 months exposure periodu(Eige and f). The seminiferous tubules of recogeoyp rats
after 1 month stress exposure resembled contraisifé1g) whereas those of the recovery groupg ob#t and 6
months stress exposure did not show improvemenpaoed to the testis of respective stress grouparadsmany
degenerated germ cells were present (Figure 1f)and

Counts of germ cells in stage VII of spermatogenesi

There was a significant duration of exposure depahdecrease in the counts of A spermatogoniagpieiene,
midpachytene and elongated spermatids followingdnd 6 months stress exposure compared to cofifiaiise 4).
Round spermatids in 1 month stressed rats did iffer drom controls whereas they were significanithyver than
controls in 4 and 6 months stressed (d&ble 4) Recovery group rats after 1 month stress exposam&ained A
spermatogonia, round spermatids and elongated spidsrsimilar to controls whereas number of prelegpie and
mid pachytene spermatocytes did not differ froressted rats. The counts of all categories of getl®s icerecovery
groups of 4 and 6 months exposure did not diffemfrespective stress group (Table 4).

Activities of antioxidant enzymes and MDA levels:

The activities of testicular CAT, SOD, GPx, GST &R were significantly decreased following expostard., 4

and 6 months stress compared to controls (Table $he recovery group of rats after 1 month steegmosure SOD
and GST activities did not differ from controls awdre significantly higher than stress group. C&Px and GR
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activities were significantly higher than the resjpes stress group but significantly lower than trols. Activities
of these enzymes in recovery group of 4 or 6 mosthsss exposed rats did not differ from the retbpestress
group rats and were significantly lower than colst{@able 5).

The concentration of MDA in the testis was sigrafidly increased following 1, 4 or 6 months streggosure
compared to respective controls whereas that @vexy group rats of 1 month stress exposure diddiffer from
controls but in recovery group rats of 4 and 6 rergtress exposure it was significantly higher tbamtrol group
and did not significantly differ from respectiveess group¢Table 6).

Figure 1: Photomicrographs of cross sections of thestis of controls after 1(a), 4(b) and 6(c) monthduration, stressed rats (d, e, f) and
recovery group rats (g, h, i)

Note the presence of seminiferous tubules replgtbsggermcells in controls (a,b & c) in contrastgbrinkage of seminiferous tubules,
vacuolization and accumulation of debris in seneirgfis tubules of 1(d), 4(e)and 6(f) months stresatsd The seminifrous tubules of
recoverygroup rats after 1 month exposure show abappearance (g) similer to controls whereas thokecovery group rats of 4(h) or 6 (i)

months exposure resembles stressed rats. (H & E)
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Table 4: Effects of chronic stress exposure for diérent periods oncounts of different categories of germ cells in st VII of seminiferous
epithelial cycle

Mean number of germ cells/category/testis + SEM
Groups Type A Preleptotene | Midpachytene round Elongated
spermatogonia | spermatocyte | spermatocyte | spermatids spermatids

1month control 3.53+0.14 17.69+0.84 34.46+0.81 106.14+2.72 | 127.2+1.07
1month stress exposure 2.96+0.18 15.49+0.12 31.94+1.0% 98.03+0.56 96.2+1.83
Recovery after 1 month exposure 3.23+0.06° 14.96+0.43 30.52+1.48 | 96.57+1.305 | 124.2+2.52
4 months control 3.59+0.1% 16.13+0.9% 34.71+1.08 103.89+4.39 | 128.8+3.46
4 months stress exposure 1.44+0.24 6.41+1.27 16.54+1.25 45.43+4.68 81.8+1.93
Recovery after 4 months exposure |  1.31+0.04° 5.43+0.71 10.39+0.93 46.94+6.49 71.8+2.67
6 months control 3.57+0.07 17.12+0.68 34.55+0.51 104.81+2.02 124.61.43
6 months stress exposure 1.08+0.06" 4.41+0.41 11.43+0.63 45.01+3.17 | 56.00+3.39
Recovery after 6 months exposure|  0.97+0.07 5.82+0.31 9.92+0.43 41.80+2.34 57.0+4.32
10 months control 3.3110.08 15.85+0.4% 33.68:+0.44 | 104.19+1.76 [ 121.6+1.60%
ANOVA
F-value 82.80 64.99 146.81 77.52 131.94
df =40, 9 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05

Mean values with same superscript letters in temgicolumn are not significantly different, wheréasse with different superscript letters are
significantly (P<0.05) different as judged by Duncan’s multiple.test

Table 5: Effects of chronic stress exposure for diérent periods on the activities of catalase(CATguperoxide dismutase (SOD),
glutathione peroxidase (GPx), glutathione S transefase (GST) and glutathione reductase (GR) activés in testis of rat

Groups CAT ~ SOD GPx GST GR
(nm/mg/min) | (unit/mg protein) | (umol/mg/min) | (umol/mg/min) (unit/mg)
1month control 0.0058+0.001 2.38+0.09 0.0065+0.001 34.24+3.46 | 24.43+1.44
1month stress exposure 0.0024+0.002 1.08+0.04 0.0027+0.00F | 16.88+1.07 | 14.760.56
Recovery after 1 month exposure | 0.0044+0.002 2.11+0.11 0.0052+0.001 31.87£2.28 | 20.46+0.4%
4 months control 0.0057+0.001 2.22+0.19 0.0056+0.002 36.28+3.24 | 23.44+0.7%
4 months stress exposure 0.0022+0.002 0.954+0.073 0.0025:+0.00% 20.41+1.09% 11.25+0.0F |
Recovery after 4 months exposure | 0.0029+0.002 0.838+0.057 0.0030+0.001 | 20.68+4.01 15.7+0.75
6 months control 0.0063+0.002 2.320+0.16 0.0058+0.001 32.68+1.47 | 24.26+1.6%
6 months stress exposure 0.0021+0.002 1.036+.092 0.0021+0.00% 13.21+1.17 9.21+0.54
Recovery after 6 months exposure | 0.0023+0.001 0.903+0.122 0.0013+0.002 10.19+1.68 7.43+0.40
10 months control 0.0054+0.00F 2.129+0.17 0.005520.001 30.79+2.33 | 22.11+3.08
ANOVA
F-value 19.87 31.66 30.35 15.73 27.912
df =40, 9 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05

All the values are mean + SEM
Mean values with same superscript letters in themgicolumn are not significantly different, wherézsse with different superscript letters are
significantly (P<0.05) different as judged by Duncan’s multiple.test

Table 6: Effects of chronic stress exposure for diérent periods on the testicular concentration of NDA, ascorbic acid and tocopherol in

rat
. pmol/mg protein

Groups MDA(nmol/g protein) Ascorbic acid | Tocopherol
1month control 5.72+0.1¢ 2.560.0¢ 2.59+0.27°
1month stress exposut 13.98+1.7¢ 1.3820.1° 1.27+0.8¢
Recovery after 1 month exposure 7.64+1.5% 2.40+0.06 | 2.27+0.0&
4 months control 5.78+0.48 2.87+0.09 2.42+0.1%
4 months stress exposure 15.56+1.2% 1.01+0.12 0.66+0.14
Recovery after 4 months exposure 10.74+0.3} 1.43+0.13 0.79+0.15
6 months control 5.25+0.42 24240152 | 2.03x0.1%¥
6 months stress exposure 15.22+1.38 0.89+0.14 0.58+0.11
Recovery after 6 months exposureg 16.18+1.38 0.66+0.15 0.67+0.13
10 months control 5.660.48 2.43:0.18 1.770.08
ANOVA
F-value 19.19 42.04 39.49
df=40,9 P<0.05 P<0.05 P<0.05

All the values are mean + SEM
Mean values with same superscript letters in temgicolumn are not significantly different, wheréasse with different superscript letters are
significantly (P<0.05) different as judged by Duncan’s multiple.test
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Non enzymatic antioxidants:

There was a significant duration dependent decrieatse concentrations of ascorbic acid and tocoghe 1, 4 and
6 months stressed rats compared to controls. Theeotration of ascorbic acid was significantly gesed in
recovery group rats of 1 month exposure comparestrass group and did not significantly differrfracontrols
whereas that of recovery groups of 4 and 6 morttless exposed rats was significantly lower thartrots (Table
6). The concentration of tocopherol following recovafter 1 month exposure did not differ from cotgrahereas
that of the recovery group rats of 4 and 6 montimosure did not differ from respective stress geoapd was
lower than controls (Table 6).

DISCUSSION

Stress induced adrenal hypertrophy is a well dstaddl phenomenon [45] and strong stimulation of abeenal
gland during prolonged stress situation is knowrcaose adrenal hypertrophy [46]. In addition, CR#ttased
during stress suppresses appetite [47, 48]. Henaayr present study, a significant increase indbeenal gland
weight coupled with an increase in the activityadfenocortical key steroidogenic enzymg HSDH and reduction
in gain in body weight following chronic exposurcerestraint and forced swimming exercise everyfday, 4 or 6
months indicated stress experienced by these natsc@ncomitant degenerative changes in the testes siress
responses. In the present study, chronic exposus&réss resulted in a significant duration of expe dependent
decrease in weight of the testes, counts of getis icestage VIl of spermatogensis, concentratibnan enzymatic
antioxidants (ascorbic acid and tocopherol) intdstis and duration dependent increase in the nuoftebnormal
spermatozoa accompanied by derangement of sensinf@pithelium. In addition a significant uniforraadease in
testicular 3 HSDH, serum testosterone levels, different antiart enzyme activities, total sperm count and
percentage of motile spermatozoa and a significemease in MDA levels were found after chroniessr exposure
for 1, 4 and 6 months. Though the results of oesent study are in agreement with our earlier sfdélyand others
[4-15] several novel facts are evident with refeeeto stress and testicular functions.

Earlier studies exposed experimental animals toglesstressor for a single short or long duratianging from 30
to 90 days and found degenerative changes in gtie Bnd impaired secretion of reproductive horrsdsé, 51, 4-
15]. Hence, whether the testicular damage remaditiseasame level or further deterioration occurdhwicrease in
number of days of stress exposure could not betasoed from these studies. In the present stustictdar weight,
counts of different categories of germ cells ingstd/1l of spermatogenesis and testicular concentratof non-
enzymatic antioxidants (Ascorbic acid and tocophesbowed a significant decrease following 1 moetiposure
and further significant decrease after 4 months &ndhonths exposure, whereas the number of abnormal
spermatozoa increased significantly as the duratibrexposure increased from 1 month through 6 n®nth
Concomitantly, there was steady degeneration ¢bdishitecture of seminiferous tubules as the dégxposure to
chronic stress increased, reaching intense histolmgfical state after 6 months exposure as showacbymulation
of cellular debris, fibers and degenerated geris éelthe seminiferous tubules. It is interestiognbte that, while
these parameters showed duration of exposure depealierations, alterations in other parameteres,decreases
in activity levels of testicular BHSDH, serum testosterone levels, and antioxidaraymes, total count of
epididymal spermatozoa and percentage of motilerstezoa and increase in concentration of MDA ditldiffer
among different exposure periods. It is evidentrfrtnis study that some of testicular parametersaally sperm
count and antioxidant enzymes are most sensitigtréss effects as they showed maximum decreabasitorter
exposure period of 1 month, and remained at tival taroughout the exposure period of 6 months.

The earlier studies on stress and testicular #ietsvi4-15] did not focus on whether chronic streéfects are
transient and the testis reverts to normalcy after cessation of exposure and if so, whether shortdonger
periods of exposure influence the reversibilitystriess effects. Hence, the present study addreksedspect by
allowing the rats to recover after different stregposure periods i.e., 1, 4 and 6 months. It isetmoted that all the
recovery group rats were allowed a uniform recovesyiod of 4 months, irrespective of their stregposure
period. The recovery period approximately corresisoto duration of two spermatogenic cycles in ratsis
recovery period was chosen for complete replacemieatfected germ cells by new waves of spermategisn so
that any permanent damage of germ cells only camltrén decreased spermatogenesis. In the recayenp rats
after 1 month exposure, majority of parameters, festes weight, counts of abnormal spermatozmaints of A
spermatogonia and spermatids , activities of SOST @nd MDA and tocopherol concentrations were detaly
restored to control levels, wherea®BSDH activity, serum testosterone levels, totarep count, percentage of
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motile spermatozoa, number of spermatids, condémtraf ascorbic acid and activity of CAT showedrsficant
increases over stressed rats, although they wever lilnan controls, indicating that they were inqass of recovery.
On the other hand all these parameters of recoyenyp rats after 4 or 6 months exposure did natiogntly
differ from respective stress group, despite elapgemonths recovery period. In our earlier st{#3] wherein rats
were exposed to similar stressors (restraint fadldwy forced swimming) everyday for 2 months, a&bnot show
restoration of testicular activity to control levelence, the results of our study put togetherrtielemonstrate that,
the recovery of testicular function after chronicess exposure depends on duration of exposureshheer
duration permits recovery whereas longer, i.e.,axtban a month stress exposure might result imdrstble change
in testicular function. The results gain importairtéhe present context of increasing rate of tiffgrin men due to
exposure to variety of factors including stresmiodern life.

The fact that increasing duration of stress expmstesults in irreversible changes indicates thssipdity of
permanent damage to spermatogenic and steriodogelécof the testis. Indeed it is reported thatoofc stress
leads to apoptotic loss of germ cells and the Lgegéils [52, 53] and also glucocorticoid which ésieted at higher
concentrations under stress causes apoptosiseahatpgonia [54]. Since spermatogonia are the st that
generate new waves of spermatogenesis the lobesd might lead to decrease sperm output. In asept study,
there was a drastic decline in total sperm coufibMing 1, 4, and 6 months exposure which did nobve
improvement after recovery periods in 4 or 6 morsiness exposed rats whereas it showed partialeegafter 1
month exposure. Similarly, the testiculdy BSDH and serum testosterone concentration alseesthalecline after
1, 4 or 6 months stress exposure whereas a peetialery was found in 1 month stressed rats buimdtor 6
months stressed rats. Since stress or elevatedagiticoid is known to cause apoptotic loss of gesits and the
Leydig cells, it is plausible that stress inducesisl of stem spermatogonia and the Leydig cellsesageversible
decline in sperm production and testosterone denref short exposure period might have caused diegnage
allowing recovery, which is evident in durationdleets of stress, as counts of spermatogonia Atastbsterone
concentration after 1 month exposure were highan those after 4 or 6 months exposure. Weight aeddf the
testis and spermatogenesis [13] are known to berdigmt on testosterone. The stage VII of spermatayele in
rat is androgen sensitive as highest level of agehoreceptors are expressed in this stage andstEstoe is
required for conversion of round spermatids intinghted spermatids [55]. Stress induced reduatidestosterone
secretion due to suppression of hypothalamus-pitgtestis axis by activation of hypothalamus-pén-adrenal
axis has been reported [3]. Stress induced reduatiqgonadotrophin levels consequently suppresdestcular
androgen biosynthesis [56]. In addition stress deduhyper secretion of glucocorticoids reducesrédsponse of
testis to gonadotriphin [54, 56] and also inducpsp#osis of the Leydig cells resulting in reducedtitular
testosterone biosynthesis [57]. Therefore, altesttoidogenic activity of the testis and reducestdsterone
secretion appears to be a major factor in arrespefmatogenesis under stress.

In the present study stress induced suppressioesti€ular steroidogenesis was evident as showa significant
decrease in the activity of a key steroidogenicyerez -HSDH and serum testosterone levels concomitarit wit
decrease in weight of testis and counts of gerds,delcluding most androgen sensitive germ celis, ¢longated
spermatids in stage VII of spermatogenic cycle.sEh@sults indicate that reduced testosteronetgetied to drop

in sperm count. The important outcome of the stisdpat first time it is demonstrated that aftdoag term stress
exposure neither the serum testosterone leveltheggerm cell counts and sperm counts are restoredrmalcy. It

is suggested that this phenomenon might be the bésanfertility observed in captive animals andrans exposed
to threats.

In addition to impaired secretion of reproductiv@rmones and direct interference of glucocorticaiith testicular
steroidogenic cells causing disruption of testicwaletivities, another possible mechanism is thelative damage
caused by the stress resulting in testicular dydfon. Antioxidants protect germ cells against atide damage
[58] which is a major factor that induce germ @gbptosis in the testis [59]. Increased productibROS than the
antioxidant capacity may lead to oxidative damagéctvcan be assessed by membrane lipid peroxidatibich is
the most frequently cited in support of the invohent of oxidative stress in tissues [27]. Stressmesknown to
increase ROS production [47], which may be duenreased concentration of glucocorticoid hormoried t
intensify ROS generation in body [60]. Hence, thespnt study examined whether stress induced fnadti
involution of testis is accompanied by oxidativerdee. It is evident that during all the exposuneqaks, there was
reduction in the activity levels of different antidant enzymes viz CAT, SOD, GPx, GR and GST ara th
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concentration of non enzymatic antioxidants (asicoalsid and tocopherol) indicating reduced antiaxidcapacity
of the testis resulting in the oxidative damagelekd the oxidative damage was evident as showndign#icant

increase in MDA levels (lipid peroxidation) in tiestis. These changes were accompanied by the eagipn of
steroidogenic and gametogenic activities of theéseshus, our results strongly point to role ofdative damage in
stress induced testicular dysfunction. Though theeze reports on oxidative damage impairing thdicgar

activity, those studies used factors other thagsstwviz. environmental pollutants [59, 61] , smgKiB2, 63] alcohol
[64,65] to induce oxidative damage. Our presendysghows that stress can cause imbalance in oxafgitxidant
system leading to testicular damage. In additioat fime it is shown that short term exposure @nth) to chronic
stress can result in reversible damage to antioxidgstem whereas longer duration (4 or 6 montBylte in

irreversible change, as majority of antioxidantyene activities were not restored to normalcy aéterecovery
period accompanied by irreversible reduction irspeount and testosterone levels.

CONCLUSION

The present study provides experimental evidenaé ghort term stress exposure though impairs thctdar
activity, it can be reversed, whereas long ternpexpe causes irreversible damage.
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