J20d OANA BT Proveedings

Recovery of reproductive functions in male rats after
intermittent exposure to hypoxia

€ Havarhapgan, SS Rinr, RC Sawhney, Jaya Roy, AK Kain, Pauline Thomas, B Singh,
B Singh and M Singh

e gtitte of Phvaeedogy and Afled Sciene
The recovery of reproductive functions and
ferrifity during recovery at sea level after ex-
postere ta o sievadated altitiede of 25,000 ft for
Sive days 6 hiday) was studled in male rafs,
Fhe weight of the reproductive grgans, which
wars reduced immediately after exposure, re-
trrmed dn contrel levels b T-100 weeks time
exeepd for testis amd epididymis. The histelogl-
cal changes and the sperm pargmelers also
recoversd complefely within 7 weeks af rest ai
sea fevel, Fertility showed a hiphasic response,
After an dnivial reductivn dn fertifity, 108
Sertiticy way ahserved at T weeks af recoveryy
then there was @ drop in fertility which again
af M weeks showed complete recovery after 12
weeks af rest. The testosterone fevel showed u
vipnificant decrease immediately after expo-
sure and recovered within 7 weeks of rest.

Keywords: Hypoxia: Reproduetive functions
E sposure to high altinudes s known 1o cause
< adverse effects on the male reproductive
system i animals and human beings [1. 2. Im-
paired testicular function has been observed in
experimental animals exposed 1o intermittent
hvpoxia [3-6]. There is a marked decrease in
sporm counts, an increase in abnormal forms of
sperms and a decrease in sperm matility in men
on exposure to high altitudes [7]. In rabdits ex-
poscd o 4000 m, Monge [1] reported that
SpErmarcgenesis and spermaogonia
were fot normal, as seen hy the wccurrence of

coeased

some multinucleate cells [2]

Acute hypoxic exposure has been found to
reduce the synthesis of testicular hormone in
mice [R] and rats. Fahim ef af 7]

(4
Though the sperm paramete

s [7] and hor-
mne levels | 10] have been reported o return to
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nornal levels on descent o sea level, delailed {rom
information regarding the regovery ol tectility and =
and reproductive vrgans could not be Tound, (4]
Mence, the present study was undertaken fo dymis
evaliale the recovery of fertility and the repro- il
ductive organs alter intermuttent exposure of i
pats Lot altitude of 7ai0bm Tor 6 h daily for 3 i
davs '-th'[,'ll.'.l!i
: leept i
Material amd methods ;r[;r};
Aduli Sprague Dawley male rals having body the pr
weights of 200-300 ¢ were used. They wor malin
divided into six groups having six animals each male y
e proop (zeoup A) served as conleo| and the el
remaining 5 groups (groups B, €, 1, L and Fj thial 'm
were exposed intermittently to a simulated alo- kept 1
wde of 7620 m for a duration of five days ina
small  amimal  decompression  chiamber  for
& h/day. The rate of ascent was maintained at
3000 fomin and the air inflow was 4 L'min, The
temperature was maintained at 32 © 1°C,
animals of group B were sacriliced immeé:
diatelv after cxposure and the remaining groups
were sacrificed after rest at sea level for | week
{group C}, 4 weeks (group D), 7 wieeks {group
E) and 10 weeks (group F) after exposure. The il
2

hody
hetfore exposure, at the end of exposure it
weekly intervale during recovery and also at the :

weights of these animals were recorded

time of sacrifice.
At the time of sacrifice Blood from all fes
animals was collected from the heart undar: I
ether anagsthesia. The plasma was scparatsd
arid keot at 20YC for estimation of cll'q:ulﬂiing_;r,
levels of testosterone and cortisol Then all thes
organs were dissected oul and the adheing L
re removed. The weighrs of all the i
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Reproducive |

procductive (including the
plandsy, lengs. Tiver, haarl, kidney and adrenals
wore Tecorded. Small pieces of reproductive
tiasues were presersed in Bouin®s fluid for his

THEANS ACCAsSOTY

tological studies and the remaining  portions
wore wsed Tor biechemical studies

Sprerm urafyvyis. At the time of sacrifice the
[
from vas deferens and cxamined o
and survival, as reported noa previous stuily
[1] The sperm concentration i cauda epidi

collected
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dymis was estimated by the method of Pakrash
it el

Fornfity sewefies, Bats belonging to group |
exposed 1o 7620 m for 3 davs (6 hidav) swere
kepl in wdividual cages and tested tor tertilin
every week, An estrous [Cmale was introduced
mto each cage in the evening and checked T
the presence of sperms by vaginal smearing [f
mating had nel taken place, another estrons fe
male was introduced in the evening and this wis
repeated on ] days of the week. The females
that mated during each week were marked and
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laparotomized on day 10 of pregnancy and the
number of implants were counted and recorded
The delivery was ohserved and the number of

vounye ones delivered was noted.

Histology. Sections al testis, couda epidi

dyvrmis, vas deferens, seminal vesicle, venlral
prostate and wdrenals were sludied by [l -

CIOSCOPY

Biochemical suedivs. The levels ol solie

GPC, progtein, olkaline and acud  phos-
phatases m varions reproductive organs were

Al

studicd in all the groups using the methads of
Amunoff [11], Lawey ef af [12] and Hawk ot o
[13], respectively. |he cholesteral content ol
testis and adrenal was estimated by the method

af Sacker [14] o all the groups.

levels of
cortisol [15] and testosteroné [T&] were anpi-
yeed by radioimmuanoussay. 1,2,6.7-"H-cortisol
and 1.2,6,7- H-testosterone with a speailie ne-
tivity of 80-1035 Ci/mmole were purchased from
the Badiochemical Cantre, Amcrsham. The con-
t=ol serum was obtained by inmumizing rihbily
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apainst corfisnl—3-carboxymethyl exime bovine
serum  aibumin  conjugare and standardized,
Plasrma lestosterone was estimated in 0,23 ul of
plasma  using testosterone—2-carbonymeihyl
oxime bovine sernm albumin monocloral anti-
body obtained from the World Health Organi-
sation and stundardized. Statistical  an alvses

were done using Student’s "1 tesl

Results

Hody weight The body weighl of rate showed a
significant decraase insmediare b alter exposure,
but was found to return 1o control value after 10
weeks of recovery at sea level (Figure 1)

Crgan welghts, The weight of
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after exposure). A further decreuse was i
cerved in proup. © () week alter rocavery)

Fhereafier, there was a fendency towards recovs
ery {oroup D and group L), hul values did not

reach conteol levels even alter 1) weeks ol 1

cOovery
and accassory reproductive organs, ulter showsd
ing a 51-=-1|iu,ant decrease: b
(immediately afler exposure),
creasad .ilmng recuvery, reaching contol Vil
ues at |6 weeks of recovery (Figure )

Sperm paramelers.. he 5 ngrpyarozoal mis
tility was found.to he drastically decreased fre@
$3.00 + | 2% in contral rroup to 3 00 + {1,500
group B, In troup L the  notility Wi
2 00 + 0 5% and then there was an increase it
the percentame of motility 1o almost conlral Vike
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ues afler 10 weeks of recovery follnving expo-
sire. The survival time also showed a decrease
[ 55 + 1.2 min in contral group to 3.5 mn
pronp B, There wis @ gradual inurease in the

M. deroggrace Mied JB2) 17494
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sl Tata 43 and rats expesed w bpoxin ()

survival time ingroups D and L Group F had a
sperm suryvival timg of 33 min (Table |}

Fhe sperm concentration per cauda n con-
trol group (group A) wus 20.4 = 10" and in the
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growp sacificed  imavedintely after  exposure

feroup B b deereased to 508 « 107 Giroaps
Dond E (1, 4dand 7 weeks alier éxposure) had
vilwes of .10, 782 and 9.2 « 107,
aronp 1 (10 weeks)  chowed
(138 - 109, but it was still below the control

v lings

whercas

rECOvVery

Fertiliiy rate Tiarine the Tirst o week of fes

covery all the animale mated but only 33.3%
AL 4

anly 16 6% of the amimalys were tertle

aiimals were Tertile. witeks of recovery
noere
wis complete recovery of tertility ot

weeks
aller exposure as all the aninals were fertik
having normad siee ymplants
ondy 6% of the

Fertile amd the

At atter 1

antmals

wiels ol recovery

WL ninther of amplants pe

amimal was also redoced ( Iabile 2)

Mipcfioonca! variahlfos, The levels of siahic
acid e resus; caudn epididvimis and vas def-
erens showed a wembeant decrease immedi-
ately after exposure (group Bl During the 1st
and Ath weeks of recovery (groups C and D)
rherd was a further fall which returnead to nor-
mal levels atter 10 weeks of recovery (group F)

The GPC levels in testis, cavda epididyvmis
and vas deferens also showed a fall immediarely
after exposure {group Bl In testis there was a
pradunl nerease during recovery (groups O and 1))
and reached control values after 7 weeks of re-
covery (zroap EN o cawda epididvmis thers

Table 3. Testosicrone and oot
lev'el after exposure oo simulated 3

wits i further fall in the GPC level during the

i, dih amd Tth oweeks ol recvery (proups © 0
and E) butae 10oweeks of recovery there was an
icrease but ool to the control level, Tn vas del
erens there was a further decrense donngp the
Prst week ol recovery but at fowr weeks ol re
cevery the vidue eeached vontiul level,

Festis, wada epididvms and vas delerens
showed a signtficant decrease in protam level
pmmtediate |y after exposure {group 13 In feshs
and canda epididyins there wias o pradual in
alter |

e lerens

crease which reached contiol  level

wierks of recovery, whoreas mo vas
there was a0 gradual decline up o < weeks ol
atter
without reaching control value

Alkaline phosphaise tevel o estis, cauda

recovery, which there was an increase

eptilalymis and vas deferens showed g signili-
cant increase immoediately after exposare. (oo
By At oand 4 weeks of recovery the level of
dlkaline phosphatase in testis and vas defeérens
fell below control values, which remained so
cven al 10 weeks of recovery. [ cauda epadi-
dymis ulso the alkaline phosphatase level was
low hur ir was nor stadistieally significant eom-
pared to control value.

Testis, cauda epididyvmis and vas deferens
showed an increase in acid phosphitise level
mmediately after exposure {group B), li tass
the acid phosphuluse lewvel remained signifi-
cantly high ar | week af recovery (proup CJ

I am tests end adeenul durng recovery ol ses

dav for 3 davy

Immedistely

Lol after caposire

1 weeks

Flasmma testasteromne X: LR L Rt
gty 53 0 0aT
Plasmg contisol Tens
L) 0 2a 43
Testis sholesterol

Lmyipmy

Adrenal chelesterol

[mgfpm ligsue weight)
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Bigure 4. Transveese sectinn of testis of rils. ocesery afier | woek (31 7 weeks ihiand 10 weeks (¢

Then there was a decrease and the level came  a decrease and the values were below the conlral
it 1o control valoe in eroups E and F (7 and 10) valuesat 4, 7 and 10 weeks ol recovery ﬁ-igurﬂ 2}
Weeks  of recovery). In cauda  and  vas The cholesternl lavel in testis was signili-
(deferens. the acid phosphatase  level showed cantly’ increased immediately afler exposure
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{eroup B but showed o gradual decline during
recoverys reaching control values alter 7 weoks
ol recovery. In the case of aldrcmal, 1he choles-
terol level decreased smmediately after expo
gure wnck during cecovery there wis an Increase
AL T weeks of recovery the cholesterol level in
adrenal was . comparable wilth control values
animal

The plasma testosterone 1n contrpl

ranged  between 119 and 309 ng/mlw ith o
muean ol 2,05 o U0 peiml The testosteraone
values in amdimals exposed 1o hvpoxia (group B)
found 10 he
{ p = 00 yeompared 1o the control values | he

Wi significantly lepwet

slsman testosivrone volues remained  signihl
} }

cantly lower in proup © (1 week) and group D

(1 weeksd Alter 7 weeks of recovery (group E)
tie testasterone leyvel reached the control leve

Mhe plasma cortisal level shewed a sigmificant
nctease niter exposure 1o hyposn (pe< 0001)
compared 1o contrel values [he cortixgl level
increased Turther m group © (] week recovery)
and thun here was a decrease in group D (4
weeks of recovery), Atter 7 weeks ol rocover

covrere

{proup E) the cortisol level reached

level (Tahle 3).

la)

FigureSs, lransverse selio caudis

histological
ohserved in the reproductive organs

trsinlupreal  chgngoes The
chianges
sfter exposure to hyposia were similar 1o those

abserved carher [ 4]

After 1 week ol rosl .p-:||'|'|.l.|n-_r_|.'.|'.|.'.xi.= Wi

normal There was e wvicaolabion i kestis
I'he tubules wore full of spermatazan. Wlen the
resting period was extended to 9 weeks splr-
matogenesis appeared to he allected again, bl
after 7 weeks of resh thers was o complile recovery
i the structure of testes (Figaces 3 and 4]

Fhe caode epididymas and the vas deterens
recovered partially. [rom the effects of hypoxia
by 1 week of rest ancl e recovery Wis cum
plete alfter 7 wecks ol rest {Pigires 3-8}

< structure of the seminal vesicle and ad

renal showed complete recovery trom hypoxid

ettects by about 4 weeks o1 rost

DNiscussion

Iprermittent cxposure of rafs 1o a simula-

ted ultitude of 7620 m resulted in certain
changes in the male reproduciive organs such as

decrease 1 weirhl, arrest ol spormaliEcnests,
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Figure 6. Transverseseclion of saodn of rais reoovary after | week ta) 7 weeks (It amd 140 wecks (0

appesrance of moltinucleated cells in testix and ooy of the male reproductive oreans and in
atrophic changes in epididymis, vac deferens  sperm physiology may be diz o the direct ef-
and accessory reproductive argans. The changes  fect of by poxia on these tissues, leading 1o ra-
observed in the present study confinm the vartier  duced  metabolism  with  resultant atrophic
dhservations |4, 5. The chanpes in the histol

changes, or dug to reduced androgen status
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Figure 7

All the histological and biochemical changes
dbserved after expusure 1o hypoxia werk found
1 recover completely by 7 10 weeks of recovery
at sid level Bt the weighl of leshs und epidi-
dvimis showed turthes fall afier one week of regov-
pry and aflerwards there was an IRCIEASE hut the
contrel level was not reached even afler 10 weehs
of rezl in the case of testis, suggesuny that the
damage 1o the spermalugonia is long-lasting and
takes more me 1Y reconer

lhe decrease in testosterone level afler -
poxia confinms 1he carlier teports (8.9 171

'he simultancous incresse in testicular choles-
weral level, the changes in the stracture of re-
productive  OFgANS and alse in androgen
dependent biochemical paramerers corroborale
the decrease in testosterone level.

The fall in testosicrone level may be due o
the direct effeet of hypoxia on 18stis andfor dug
to the effect on pituitary-gonadal axis. [t has
been reparted that hypoxia decreases the LH
level [10, 18] which in turn may he the cause
for reduction in testosterone level During the

Isi and dth weeks of recovery the lestosteronc

leviels showed an increass und reachcd control

A

e T By b ihi

values after 7 weeks of recovery Fhe testienlor
chotesterol level, which shuaws an incraiss in
alter exposure and 4 decline dhuring

medhately
values after 7

also reaches control
Testicular cholesteryl sad r

recOvery,
weeks 0l recovery
plusma testosterons walues shaw u negarive cof
ralation (r =0:382). The increase in testiculat
cholesierol values after exposure mighl be due
o the manntilizasion of cholestera] for the syn-
thesis of testasterone. which is decreased alier
This is in agreemeit with
ihe observation of Kar: and Roy [19] and
Choudhury and Mukherjee [20] who reported |
increase in chnlesterel content of Lestis witl
hibition of testosicrone syntlesis. Marshall’
and Coombs [21] alse associated Ui reduclion
in =sticular cholesterol content of several spi-
cies of birds during the breeding season with:
enhanced rates of androgen production,

Ihe results of fertility studies showed (hits
After an initial reduction in fertiliey during the’
first 6 weeks of recovery. the fertility returned
back to normal after 7 weeks ol recovery al s_ﬁﬂ':
leve!. But during the 8th, 9th and 10th weeks alf
slight fall in e fertility

eapostire Lo hypoxid,

recovery: there was 2

ek - Aevaspeed Med A5{2) 19
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Flwure 8. Transverse secsion ol v dolerensof tat teocovers atter boweek ia0 ® weeks (haml 10 wrrhpfed
Mte. According to Lenick or af, 122]. when (he o the spermatozoa, spermatid, spermatoeyiv o
fredtment corresponds o one  spermatogenic spermatogomia, respectively. Ino this stody the
gyele (5 days), studics ar |4, 7 and 10 weeks  exposure (o hypoxia s tor 5 davs, correspond-
dfter treatment will be indicative of the damage g o one spermatogenic eycle. and the resylre
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siepest that exposure i hyposia couses dumuge
1o spermatozoa, spermatd and spermatoponis
hui ot by spermatocyles, These results of fer-
tility  studies also prove our abservation of
SPIETTN parinelers and the astelogical evidence
that the spermatogonus are affceied as oo result
o expaasure o iypoxia

Mg nerease o cortisol level mmmediately
alter expasure vhaerved oo this study contirms
the earlier obseryations | 23] During recovery at
sl level the cortisol level shows an incroiasce
aller 1 oweck of recovery, tollowed by a de-
crease after 4 weeks of recovery betore 11 comes
back 1o the condro] leve]l alter 7 'weeks. The m-
crense i cortisal level aller expusdre W hvpoxia is
reflected by the decrease in cholesterol level m
selrenals and hypertrophy ol adrenal corex,

In conglesion, i1 may be stated 1hat the pres-
ent study sluvws thal the stress of hypoxia canses
i decrease i the serdm lestosteroneg level, adverde
changes i the reprocductive prgans and a reducnon
in fertility, When the animals dre allowed to re
cover al sca level, all these chanpes come back «
pormal at 7 oo 10 weeks after exposure Bt the
Certility rate atter attaining 100% at 7 weeks of
recovery shows shight fall al 10 wecks suggestng
that the damage has been done 1o the speamatogo
ma and that more than 10 weeks are necded for
complete Teeovery.
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