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INTRODUCTION

Arsen ica l s  a re  widespread  in  the
envi ronment  as  a  resu l t  o f  na tura l  and
anthropogenic  occur rence .  Inges t ion  of
contamina ted  dr ink ing  wate r  i s  the  major
rou tes  fo r  human exposure  to  a r sen ic  (1 ) .

Arsen ic  exposure  causes  bo th  acu te  and
chronic  tox ic i ty  in  human.  Human a rsen ic
exposure is related to severe health problems
such as skin cancer,  diabetes,  l iver,  kidney
and CNS disorders (2).  It  also causes many
other toxic effects (3, 4, 5). Male reproductive
effect  of  arsenic was f irst  s tudied in mice,
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then  in  f i shes  (6 ) .  Arsen ic  exposure  in
exper imenta l  ra t s  has  shown to  p roduce
s te ro idogenic  dysfunc t ion  lead ing  to
impai rment  o f  spermatogenes i s  (7 ) .  Few
recen t  inves t iga t ions  have  shown tha t
arsenic in drinking water is associated with
oxidative stress (8), genotoxicity in testicular
tissue of mice (9). On the other hand recent
study suggests that arsenic causes testicular
toxici ty probably by affect ing the pi tui tary
testicular axis (10). But the dose and duration
dependent  e f fec t  o f  sod ium arsen i te  in
dr ink ing  wate r  on  tes t i cu la r  t i s sue  of
mice is  not  well  establ ished.  Thus the aim
of  the  p resen t  s tudy  was  to  observe  the
effects of 30 or 40 mg/L sodium arsenite in
drinking water for 30, 45 and 60 days on the
histology and spermatogenesis  of  the testes
of mice.

MATERIAL AND METHODS

Experimental  Design : Swiss  a lbino male  mice
(weigh ing  25±5g a t  the  in i t i a t ion  of  the
exper iment )  were  ob ta ined  f rom Cent ra l
Research  Ins t i tu te  (Ayurved) ,  Min is t ry  o f
Hea l th  and  Fami ly  Wel fa re ,  Kolka ta .  The
animals  were  main ta ined  a t  ambien t
temperature of 24±1°C in 12 h light/darkness
cyc le .  Mice  were  a l lowed  s tandard ized
pellets food and sterilized water ad libitum.

Animals  were  mainly divided into  major  3
groups :

Group I : Cont ro l ,  d r ink ing  wate r  ad
l ibi tum only

Group II : Sodium-meta -a r sen i te  (S igma,
Ind ia )  d i s so lved  in  d r ink ing
water at dose level of 30 mg/L
for  30 ,  45  and  60  days
respect ive ly .

Group III : Sodium-meta-arsenite  dissolved
in drinking water at dose level
of 40 mg/L for 30,  45 and 60
days respect ively.

For  the  exper iment  fo r ty -s ix  an imals
were  d iv ided  equa l ly  in to  7  g roups  i . e .
con t ro l ;  30mg/L for  30 ,  45  & 60  days  (3
groups) and 40mg/L for 30, 45 & 60 days (3
groups)  respect ively.

Body  we ight  and  organ  we ight :  Body weigh t
was  measured  before  and  a f te r  the
exper imenta l  per iod .  At  the  end  of  each
exper imenta l  per iod ,  the  an imals  were
scarif ied and testes  were dissected out  and
weighed individually.

Histo log ica l  s tudy :  The  tes tes  were  f ixed  in
Bouin’s  f ixat ive,  embedded in paraff in and
5 mµ th ick  sec t ions  were  s t a ined  wi th
routine hematoxylin-eosin.  Histopathological
changes in the testes  were examined under
optical  microscope.

Morphometr ic  s tudy : Quant i ta t ive  analys is  of
spermatogenes i s  was  car r ied  ou t  f rom 5
perfect transversely cut tubules at VH-stage
of  spermatogenes i s  f rom each  tes t i s  o f
respec t ive  groups .  The  re la t ive  number  o f
spermatogonia ,  res t ing  spermatocy te ,
pachytene  spermatocy te  and  s tep-7
spermat ids  per  tubu la r  c ross  sec t ion  were
quant i f i ed  a t  1000X magni f ica t ion  (11) .
Correct ion for  changes in  nuclear  diameter
was made using Abercrombie formula (12).
Semin i fe rous  tubula r  d iameter  was
de te rmined  a t  400X magni f ica t ion  by
ocula r  micrometer .  The  morphomet r ic
measurement of Leydig cell nuclear diameter
was done by using ocular micrometer at 600X
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magni f ica t ion  and  Leydig  ce l l  popula t ion
was  ana lyzed  per  square  cm area  f rom
sagi ta l  p lane  a rea  o f  the  sec t ion  a t  same
magnification (13).

Stat i s t ica l  analys i s :  The da ta  were  expressed
in  Mean±SEM and  were  eva lua ted  for
s ta t i s t i ca l  s ign i f icance  wi th  the  s tuden t  t
t e s t .

RESULTS

Body  and  organ  we ight :

The  body  weigh t  ga in  was  no t
significantly changed after arsenic exposure
in both the treated groups over a period of
60 days in comparison to the control (Group
I). Significant reduction in testicular weight
in  Group  I I  (Arsen ic  wi th  30  mg/L)  was
observed  f rom 45  days  onward .  But  more
conspicuous decrease in testicular weight was
noted in Group III  (Arsenic with 40 mg/L)
after 30 days and significant diminution was
found on day 60 (Fig. 1).

Fig .  1 : Compar i son  o f  t e s t i cu la r  we igh t  in  con t ro l
and  bo th  a r sen ic  t r ea ted  exper imenta l  mice
fo r  the  dura t ion  o f  30 ,  45  and  60  days
(*P<0 .05 ;  **P<0 .01  as  compared  wi th
respec t ive  con t ro l ) .

Histo log ica l  f ind ing :

Control  test is  (Group I)  showed normal
histoarchitectural organization of germ cells
and Leydig cel l  in  seminiferous tubules on
day 30 through 60 (Fig. 2a, Fig. 3).

Lower dose group i.e. 30 mg/L (Group II)
fo r  30  days  showed d i s in tegra t ion  of
per i tubular  membrane,  wi th  disorganizat ion
of  germ ce l l s .  Af te r  day  45  of  Group  I I ,
vacuolization of seminiferous epithelium, loss
of germ cells population along with Leydig
ce l l  a t rophy  were  no ted  (F ig .  2b) .  In  the
same group  on  day  60 ,  h i s topa tho log ica l
changes  inc luded degenera t ion  and loss  of
germ cel ls ,  d isarrangement  of  seminiferous
ep i the l ium and  a t rophy  of  semin i fe rous
tubules .  Leydig  ce l l  showed marked
a t r o p h y .

Treatment with 40 mg/L arsenic (Group
I I I )  p roduces  s imi la r  e f fec t  on  tes t i cu la r
tissue like Group II, but of higher intensity.
The effect followed 30 day onward and on 45
(Fig. 2c) and 60 days. Arsenic exposure over
a period of 60 days also exhibited appearance
of giant cell in the seminiferous tubules (Fig.
2d, Fig. 4).

Morphometr ic  ana lys i s :

In  Group I I ,  spermatogonia l  count  was
not altered from that of control after 30 days
through  60  days .  But  g radua l  s ign i f ican t
decrease  in  res t ing  and  pachytene
spermatocyte was observed in 30, 45 and 60
days respectively. The population of step-7-
spermatid was conspicuously decreased from
30 day onward compared to  the  control  in
group  I I .  S imi la r ly  in  h igher  dose  group
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(Group III), significant and gradual reduction
in  d i f fe ren t  s tages  of  spermatogenes is  i . e .
res t ing  and  pachytene  spermatocy te ,  7 -
spermatid was noted after 30, 45 & 60 days
but spermatogonial cell  count was unaltered
(Table I).

Seminiferous tubular  diameter  showed a
dose  and  dura t ion  dependent  reduc t ion  in
both the treated groups over a period of 60
days (Table I).

TABLE I : Ef fec t  o f  a rsen ic  on  the  tes t icu la r  weight
of  mice .

Testicular weight

Absolute Relative testicular
weight (g) weight (mg/g)

Control 0.20±0.002 5.64± 0.408
30 ppm, 30 days 0.17±0.008 4.91± 0.226***
30 ppm, 45 days 0.19±0.020 4.95± 0.775**
30 ppm, 60 days 0.18±0.035 5.20± 0.627**
40 ppm, 30 days 0.17±0.044 5.25± 1.36*
40 ppm, 45 days 0.17±0.055 5.31± 1.80**
40 ppm, 60 days 0.16±0.014 4.71± 1.138***

Value are Mean±SEM, *P<0.001; **P<0.05; ***P<0.01.

Fig .  2 : ( a ) Cont ro l  t e s t i cu la r  t i s sue  in  mice  showing  normal  o rgan iza t ion  o f  ge rm ce l l s  and  Leyd ig  ce l l  in
semin i fe rous  tubu les  [→ ] .  (H & E, x 600) .

(b ) Trea tment  wi th  30  mg/L  a r sen ic  on  mice  fo r  45  days  showing  d i s in tegra t ion  (D)  o f  semin i fe rous
tubu les ,  vacuo l i za t ion  o f  semin i fe rous  ep i the l ium (V)  & loss  o f  ge rm ce l l s  popu la t ion .  (H & E,
x 6 0 0 ) .

(c) Trea tment  wi th  40  mg/L arsenic  on  mice  for  45  days  showing severe  degenera t ive  (SDG) changes
in  the  tes t icular  t i ssue  where  loss  of  germ cel l  i s  apparent  in  seminiferous  tubule .  (H & E,  x 600) .

(d ) Treatment  wi th  40 mg/L for  60 days  showing complete  degenerat ion of  spermatogenic  (DGSP) cel l
wi th  the  appearance  o f  g ian t  ce l l  in  semin i fe rous  tubu les .  (H & E,  x 600) .
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Fig. 4 : Treatment  with 40 mg/L for  60 days showing
Leyd ig  ce l l  a t rophy  a t  1000x  magn i f i ca t ion .
L :  Leyd ig  ce l l ,  EGC:  Eos inoph i l i c  Ga in t
Cel l .

Fig. 3 : Showing d i f ferent  germ ce l l s  in  semini ferous
tubu les  o f  con t ro l  mice  a t  1000x
magni f i ca t ion .  STM:  semin i fe rous  tubu la r
membrane ,  Spg :  Spermatogon ia ,  R-Spcy t :
Res t ing  spe rmatocy tes ,  Pachy t :  Pachy tene
Spermatocy tes ,  Sp td :  Spermat ids .

Gradual  s ignif icant  reduct ion in  Leydig
cell  population compared to that  of control
in  bo th  the  t rea ted  groups  (Group  I I  &
III) over a period of 60 days was observed
(Table II). The Leydig cell nuclear diameter
showed a  marked  var ia t ion  in  the  t rea ted
groups  i . e .  Group  I I  & I I I .  The  nuc lear
diameter significantly increased in both the
t rea ted  group  in i t i a l ly  in  30  days ,  bu t
fol lowed a s low and gradual  decrease over
60 days.
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DISCUSSION

Arsenic  is  considered as  a  toxic  metal ,
which  re f lec t s  on  human hea l th .  Var ious
workers  have  observed  sys temic  d i sorders
(14, 15, 16), but male reproductive study in
relation to arsenic toxicity is spare.  Earlier
study indicated that heavy metals l ike lead,
mercury  and  chromium causes  cy to tox ic
ef fec t  in  the  male  reproduc t ive  func t ion
(17).

Arsenic  exposure to  Swiss  mice,  in  the
presen t  s tudy ,  g radua l ly  decreased  the
tes t i cu la r  weigh t  compared  to  con t ro l
sugges t ing  ce l lu la r  regress ion  of  the
tes t i cu la r  t i s sue .  Th is  observa t ion  i s  in
corroboration with the earlier finding of Pant
et al 2004 (18). Testicular histology in this
s tudy  exhib i ted  severe  ce l lu la r  damage  in
spermatogenic cell. Moreover, the appearance
of eosinophil ic  mult inucleated giant  cel l  in
the  semin i fe rous  tubule  in  h igher  t rea ted
group  ind ica ted  ce l lu la r  degenera t ion .  A
significant gradual dose dependent regression
was  observed  in  the  number  o f  res t ing
spermatocyte, pachytene and round spermatid
in 30 and 40 mg/L over a period of 60 days,
whereas  there  was  no  s ign i f ican t  decrease
in  the  number  of  spermatogonia .  These
f ind ing  ac t s  as  an  ind ica tor  tha t  the
matura t ion  of  spermatogonia  th rough  the
process  o f  meios i s  has  been  severe ly
dis t rupted  fo l lowing arsenic  exposure .  The
above observation is  in agreement with the
recent  f inding  of  Omura  e t  a l .  2000 (19) .
Degeneration of interstitial (Leydig) cells was
observed  in  the  t es t i s  o f  a r sen ic - t rea ted

mice .  Moreover  Leydig  ce l l  popula t ion
significantly decreases in both the doses over
a period of 60 days. The Leydig cell nuclear
diameter increased significantly in both the
doses  in  30  days  fo l lowed  by  gradua l
diminution of the Leydig cell diameter in 45
and 60 days. Inspite of a testosterone assay
in this  s tudy,  i t  may be suggested that  the
degeneration of Leydig cell  with significant
decrease  in  the  Leydig  ce l l  popula t ion
probably  would have resul ted  in  decreased
synthes i s  o f  t es tos te rone ,  which  in  tu rn
d is tu rb  the  p rocess  o f  spermatogenes i s .  I t
has already been established that Leydig cell
plays an important role in the structural and
functional  integri ty of  seminiferous tubules
and synthesis  of  testosterone,  which is  one
of the main component of regulation the post
meiotic stage of spermatogenesis (20, 21, 22).
The exogenous arsenic exposure may cause
a  chemical  s t ress  on the  ce l lu lar  funct ion.
The initial  increase in Leydig cell  diameter
may be a better indication to adopt the metal
induced stress but  due to continuous stress
effect ,  cel lular  exhaust  may be a  resul t  of
Leydig cell atrophy. Therefore, in conclusion,
the  p resen t  s tudy  revea led  tha t  a r sen ic
induced  tox ic i ty  might  be  respons ib le  fo r
tes t icular  regress ion in  mice .
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