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Summary: The effect of different grades of hypobaric hypoxia for 48 hOUrs was studied on sperma­

togenesis, Leydig cells and 6'-3 ~ -hydroxysteroid dehydrcge13se activity in tead (Bufo me/anosriclUs).

Maximc;m inhibitiOn of testicular activity WBS noted in 7,315 m exposed animals. The impairment

of testicular function at high altitude is possibly due to inhibition of gonadotrophin secretion.

Key words: hypoxic stress spermatogenesis

lI,5-3~·hydroxysteroid dehydrogenasoil enzymes

INTRODUCTION

Leydig cell

The deletErious effect of hypoxic exposure on reproduction in man has been w311'

documer,ted (Monge. 1942 ; 1948). SevEral investigators have observej testicular deg~­

neration in rat (1.6.10) foll'owing exposure to 10wJred pressures. Extensive works on
mammals has shown that high altitude or reduced pressure causes qonadal inhibition but
little attention has been directed towards the effect of high altitude exposure on lower verte­
brates. No work seems to have been done so far to m}asure the activity of /::, 5-3 ~­

hydroxysteriod dehydrogenase in the testis of both lowar and hi;:jh3r vertebrates after ex­
posure to high altitude. The present work has been u:ldertJken to study the effact of acute
exposure to diff2rent grades of hypobaric hypoxia on sp3rmHogenasis. histolo;W of Leydig
cells and lI,5-3 ~-hydroxysteroid dehydrogenas3 (b. s-3 ~-HSD) activity in toad.

MATERIAL AND METHODS

Adult male toads (Bufo me/ar.ostictus) wei]hing about 50-60 g ware ussd in this ex­
periment during the ma th of September. The toads W3ra divided i:ito 4 grow's. Tn8
first 3 groups were exposed to 3.658; 5.487 and 7.315 m3t2rs altitude respectively. The P02
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level was measured 101, 79 and 61.6 mm Hg respectively in the decompression
chamber of these three c.ltitude sroUJ:s of animals. The 4th group was used as control.
The experimental animals wore exr;osed for 48 hr in a decompr ssio:l chamber, set up in
the laboratory according to the method of Purushottam and Ghosh (17). The difhrent
grades of altitude were maintained by adjusting the air r--ressure inside the chamber. Tem­
perature inside the chamber was maintained at 32°±1°C. Experimental animals were
sacrificed imm9diately aftN the exposure period along with the controls. Testes were
dissected out and their weights were recorded. One testis of each animal was used tor
histochemical loca!ization of 6 5 -2 ~-·HSD and the other was fixed in Bouin's fluid for
histological examination. Paraffin sections (5fl.) were stained with haematoxylin and
eosin. Quantitative studies of sr=ermatogenesis were J:erformed according to Biswas et al.
(3) dividing the process irito the following five stages:

Stage 0

Stage I

Stage II

St2ge III

Stage 1\1

Primary spermatogonia in resting phase.

Small co:l nest ,-,f secondary spermatogonia consisting of not

more than ten cells.

Large cell nest of seconrlary spermatogonia consisting of more
tha n ten cells.

Frimary spermatocytes.

Secondary spermatocytes.

The number of cell nest/tubule in all the sta~es were counted from 30 seminiferous
tubules of each testis. The mean value of the diffe:rent stages in seminiferous tubules of
each testis was taken as an index of the spermatogenic activity. Nuclear Jrea of CO round
Leydig cell nuclear area from each testis were drawn on mm2 graph paper w;th the help
of cam~ra lucida and were measured accorc'ing to the method of Deb et al. (8) For

hi$tochemical localization of the enzyme l:>5-3~-HSD. fresh frozen sections (20 fl.) were
cut on a cryostat and mounted on coverslips. 6 5 -3 ~-HSD in the testicular sections
were determir,ed by incubation for 60 minutes at 3ioC in C! substrate medium (cehydro­
epiandrosterone) described by Deane et al. (7). Parallel sectio'lS vI/ere incubated in a
substraw-fr2e ms-dium for the same time serv8c! as co/trois. Blood eosinophil count was
also included in the r;resent study and was done by usual Leishman's staining method.

RESULTS

The results are 1=r sented in Table I. There was a significant change in the testi­
cular "veight of the animals exrosod to 7.315 m~t;rs in com::-ariso'l to c01trol. The quanti­
tative study of S1= rmatodenesis revealed that the primary spum3t gonia (Stage 0) was
incr~ased in 5,487 and 7,315 meters ex"'osed animals. whE.·reas it was decreased in 3,658
m-ters g-oup. The cell nest re~resentinQ seconcary s:-;ermClto:;:olia (Stages I and II) were
decreased in number in the testis of toads exposed to ditf8rent altitudes. The cell nests

J
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TABLE I: Changes of testicular weight and Leydig cell nuclear area in the animals
alter expnSure to 3.658 : 5.487 and 7.315 meters high.

Centrol 3.658 m 5,487 m

(n=10) (r,=10) (0= 11)

Body weight gms 57.9±2.0 54.:i±2.1 53~±2.1
(Absolute)

Testicu lar weigl~t mg 143.7±5.1 12S.G±9.8 132.0±7.9
(Abso lute)

Testicular wI. mgj100 9 body wt. 250.C± 10,3 240,2±19,S 247.3±10.8

Leydig cell uclear area in sq. mm 155±09 141±0.3 1e.2±0.4

7.315 m

(n=11)

527±1.2

113.0±5.4

216.1 ±12.2"

12,9±0.5""

Each value rc·presenl±mc·an star:dard error.

n = number of animal in each group.

Leydig ce!1 nucle-ar area - Camera lucida xeoo.
• Compare with control group (Student's t-test). P<005;

•• P<0.02.

TABLE II : Changes of spermatogenesis in the animals <lIter exposure to 3,658; 5,487 and 7.315 meters high,

Stage of spern;atogenesis Centrol 3.658 m 5,487 m 7,315 m

(Nest/TubUle) (n~8) (r. =8) (n=8) (n=8)

0 12±l-lb O.i2±L,10.1·· 1.c±lJ27 lbb±O.OS"

19±O.21 1.3i±0.13" 124±O2·· 1.35±O.15"

II 0,7S±OO7 O.G4±O.09 0.61 ±Ol O.52±O.O98·

III 1.3±O13 1.7C±O,18 1.94±024· 1.93±026"

IV 0.45±004 o 35 ±0,07 0,31 ±014· 0.31 ±0.04"

Each allJe r~p'<:s.:"ts me'a' ±st I. dar erc.r.

n = number of ar,imal in c·ach group .

• Compare with control group (Student's t-lest), P<O,05
•• P<0.02

consisting of secondar'{ spermatocytes (Stage 'IV) were found to decrease significantly
ill 5,487 and 7,315 ms·t6-rs exrosed animals as comrared to cO'ltrols. On the other hand.
r::rimary spermatocytes (Stage !II) were increased in all three altituc'e \:Jour::s. The Leydig

• c II nuclear area was decre'ased significantly in 7,315 meters ·x\:ospd group o:lly and the
testicular ~s-3 -HSD activity was also decreaseo in this uouo Of ar ima:s (Figs. 1 and
2) in comf)lJr'ison to the control croup. In ad::lition to this, the percentA,8 of circulating
eoc;ir> phil '.'Vas ",Iso decreased signlficar>tly in 7.315 rnetr:rs Ex!='osed animcls (2.5±0.4
in 12 ar:imals) in comp:lrison to controls (4./±O,7 in 9 animals)
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Fig. 1 ~L313-hydroxyst roid d€·hydrc.ge ase in the testis of normal toad. De~ply stair.ed
areas are Leydig cells. A'marked areas are semi,-,iferous tubules. X 2EO.

J

Fig. 2 : A decreased A L 313-hydroxysteroid dehydrogenase in the te tis nf 7,315 m €xpc'sed tcad. X 250.
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The present experim3nt shows that hypobaric hypoxic exoosure lowared spermato­
genic activity as w}11 as Leydig C3-11 function (nuclear area and ~S-3~-HS D enzym:) in
toad. Significant decrease of testicular wsight in 7,315 meters exposed anim31s is thought
to be due to degenerative changes in the testis. Similar observation in hypoxic rats has also
been reported by severa I investigators (1,10,19).

Maximum inhibition of spermatogenic activity W3S noted in tha toads exposed at

7.315 meters. The significant decrease of both s:)condary sperm'ltogo'1ia (Statge I) and
secondary sperm3tocytes (Stage IV) developed in the toads as a result of exposure to b,)th
5,487 and 7.315 m3ters was thought to b~ due to inhibition of transition from their primary

" stages, although the distribution of the numi:)er ot c~11 nest/tubule in these groups of animals
seems to be similar A conclusive explanation cannot be drawn at the moment from this
significant decrease of prim3ry sperm:lt)go'lia (Sta:]e 0) in 3,658 m:)t?rs exoosed animals,
although it is not reflected on the testicular w~ight. It can bs suggested that this level
of hypoxia may havE reduced the formation of the prim::Jry spermat.Y:jon ia (Stage 0). The
testicular IIlhibition in toad is in close agresm;nt with he fi:ldings of (6,10.18) in their
stucies with hypoxic rats. Ri&r et al. (19) have shown that hypoxic exposure) causes
detericration in sperm quality in rat. It is w.::11 knowl that the semi.liferous tubules are

highly sensitive to oxygen lack. both in man and animals (9,11). 1he changes described
in the testis of toad after acute exposure to hypoxia may be due to damage of the semini­

ferous epit elium.

Leydig cell nuclear area is reported to have relation with the steroidogenic acti~

vity of the testis (3,4). b,5-213-HSD, a key enzyme of steroidogenesis (21). is known
to have a direct relatilon with the steroidogenic activity of the Leydig cells (4.20). Inhibi­
tion of ll.S-2~-HSD activity and decrease in Leydig cell nuclear area after exposure to 7.315
meters indicates supr::ression of testicular stEroid hormone synthesis in toads. Riar et al.
(18) have ShOWll that simulated high altitude exposure reduces the Leydig ce II activity in
rat. Acute hypoxic exposure also reduces the synthesis of testicul.ar hormone in mice (5).

In this study an attempt was made to show the status of adrenal gland at simula­
rated high altitude and it's relation with the m9chanism of the inhibition of testicular acti­

vity. Acute altituce stress has been found to stimuliJte the release of excess adrenal ste­
roid hormones (13) and this may result from increased ACTH secretion. Since the adrenal
gland in toad is fused with the kidney, it is difficult to evaluate the status of adrenal gland
directly. Blood eosinophil count. an indirect method for studying the adrenocortical activity

(24). was decreaSEd in the toties exrosEd to 7.315 meters (2) and the rEsult is consistent
with the fir.eings in man (22). It has also been su(;~ested that ACTH has a rscir::rocal

relation with gonadotror;ic hormone secretion (1 ). A fall in plaEma leuter,izir.g hormo e
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was found by Sobrevilla and Ress Midgley (23) to occur in men after exposure to hYPoxic
environment. On the other hand Guerra-Carda (12) has raported reduced urinaryexcre­
tion of testosterone in man after acute exposure to the hypoxia of high altitude and it
seems likely that the fall in excretion of testosttror.e is due to a diminished plasma level of

lutenizing hormone)

The present investigation, therefore, suggests that the depression of testicular func­
tions in toads after hypobaric hypoxic exr;osure was due to inhibitory response of pituitary
gonadotropins.
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