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Abstract :  A number of animal studies as well as human epidemiological
studies have demonstrated that exposure of males to various agents could
result in abnormal reproductive toxicity. Acyclovir (ACV) is known to be
toxic  to  gonads,  but  fa i ls  to  provide the in-depth analyses  of  t iming of
damage, the types of germ cells affected, dose and the duration of damage
and timing of reversal of fertility. Hence this study on sperm morphology,
sperm count  and sperm moti l i ty .

Doses of 4 mg, 16 mg, 32 mg and 48 mg/kg body weight of ACV were
administered to 9-12 weeks old male swiss albino mice by intraperitoneal
rou te  fo r  15  days  con t inuous ly .  One  hundred  and  e igh ty  an imals  were
segregated into 30 groups (N=6).  Twenty four groups were injected with
acyclovir (4 mg, 8 mg, 16 mg and 32 mg/kg bodyweight) and the rest six
groups  se rved  as  con t ro l .  Af te r  the  l a s t  t r ea tment ,  the  an imals  were
sacrificed on 7,  14,  21,  28,  35 and 70 days sample t imes and the sperm
paramete r s  were  es t ima ted .

ACV causes increased incidence of abnormal sperms on most of the dose
ranges  f rom day  21  to  35  ind ica t ing  the  e f fec t  on  spe rmatocy tes  and
spermatogonial cells. ACV is cytotoxic to the testis. It causes oligospermia
from day 7 to day 35 after the last exposure. It also decreased the sperm
motility on same time points. All these effects were reversible by day 70.

ACV exerts reversible genotoxic and cytotoxic effect on germ cells. ACV
does not affect stem cell lines of spermatogenesis since all sperm parameters
return to control  level on day 70.
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INTRODUCTION

With  the  increas ing  surv iva l  ra te  a f te r
chemotherapy  over  l as t  few decades ,  long
term side effect of chemotherapy on fertility
is  a  principal  social  concern for the young

men of reproductive age. A number of animal
s tud ies  as  wel l  as  human ep idemio log ica l
s tudies  have demonstrated that  exposure of
males  to  var ious  agen ts  cou ld  resu l t  in
abnormal reproductive, pregnancy or progeny
outcomes  (1) .  There fore  i t  i s  pa r t i cu la r ly
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the  purpose  of  con t ro l  and  superv i s ion  of
exper iments  on  an imals  (CPCSEA)  and
Animal  Wel fa re  Div is ion ,  Government  o f
India for the use of laboratory animals. This
work  has  been  car r ied  ou t  under  the
superv i s ion  of  ins t i tu t iona l  an imal  e th ica l
commit tee .  ( Ins t i tu t iona l  an imal  e th ica l
committee approval reference number (IAEC/
KMC/91/2001-2002) .  Al l  the  an imals  were
housed in polypropylene cages using paddy
husk  bedding  a t  28±1°C tempera ture  and
50±5% humidity.  Five animals were housed
in a cage to prevent overcrowding. Animals
were  fed  on  labora tory  feed  (Gold  mohur ;
Lipton India LTD) and water ad l ibitum.

Drug,  dose  and  route  o f  adminis trat ion

Pure ACV powder obtained from Glaxo
Wel lcome opera t ions ,  Green  ford-UK,  was
used in this study. Random doses of 4 mg,
16  mg,  32  mg and 48  mg/kg  body weight
were used for the present study. These doses
approximate ly  cor respond to  1 /150LD
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50LD
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 doses  in  ra t s  and  mouse  a re  20

and 10 mg/kg body weight respectively. One
hundred and eighty animals were segregated
into 30 groups (N=6). Six groups each (Total
24 groups)  were  injected with  ACV at  the
dose of 4, 16, 32 and 48 mg/kg body weight
intrapentoneal ly for  a  continuous period of
15 days with an interval  of  24 hr  between
two success ive  in jec t ions .  Remain ing  s ix
groups served as control, which received only
distilled water.  After the last treatment, the
animals have been sacrif iced on 7,  14,  21,
28 ,  35  and  70  days  sample  t imes .  These
sample  t ime  es tab l i shes  the  t rea tment
of  spermatozoa  in  the  ep id idymis  and
tes t i s ,  spermat ids ,  p r imary  spermatocy tes ,
secondary spermatocytes,  spermatogonia and
stem cells respectively (6, 7, 8).

relevant to study the cytotoxic and genotoxic
effects of various agents on germinal cells,
because  th i s  i s  the  on ly  sys tem in  which
t ransmiss ib le  gene t ic  damage  f rom one
genera t ion  to  another  takes  p lace  (2) .  The
high multiplication rate of germ cells makes
the male gonad highly susceptible to the toxic
effect of chemotherapy (3).

Mos t  an t iv i ra l  d rugs  a re  nuc leos ide
ana logues  wi th  po ten t ia l  t e ra togen ic ,
embryotoxic, carcinogenic and antiproliferative
activities. Therefore they must be administered
with caution during pregnancy, because some
are known teratogens (e.g.  amantadine) and
a  s imi la r  p ropens i ty  cannot  be  en t i re ly
excluded for others (e.g. ACV) (4). ACV, a
synthetic acyclic purine nucleoside analogue,
discovered and approved initially in 1982 is
one  such  agent  commonly  used  for  the
treatment of herpes simplex virus (HSV) and
varicella zoster virus (VZV) (5).

ACV is known to be toxic to gonads, but
avai lable  l i terature  fai ls  to  provide the in-
dep th  ana lyses  o f  t iming  of  damage ,  the
types  of  germ cel ls  affected,  dose and the
durat ion of  damage and t iming of  reversal
of  fer t i l i ty .  Keeping these aspects  in  mind
the effect of acyclovir on sperm parameters
i . e  sperm morphology ,  sperm count  and
sperm moti l i ty  was invest igated.

MATERIALS AND METHODS

A n i m a l s

Male  Swiss  a lb ino  mice  (9–12  weeks)
were  used .  Animals  were  b red  in  cen t ra l
an imal  house  of  the  ins t i tu t ion .  Breed ing
and  main tenance  of  an imals  were  done
according to the guidelines of Committee for
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by Bonferroni’s post test wherever applicable
by using statistical software package, Graph
Pad In Stat (GPIS); 1990, version 1.13. Values
of  P<0 .05  were  cons idered  as  s ta t i s t i ca l ly
signif icant .

RESULTS

Effect  on  sperm morphology  (F ig .  1 ,  Table  I )

On day 7, abnormal sperms increased in
number at all dose levels, but elevation was
not  s ignif icant  as  compared to the control .
On day  14  a l so  s imi la r  resu l t s  have  been
obta ined  Unl ike  f i r s t  2  sampl ing  days ,  on
day 21, abnormal sperms increased at all dose
levels (P<0.05),  except at  4 mg/kg. On day
28 ,  s ign i f ican t  e leva t ions  in  sperms  wi th
abnormal heads were seen at 32 mg and 48
mg/kg  (P<0.01) .  On day  35  a  s ign i f ican t
elevation in the number of abnormal sperms
was  seen  on ly  a t  32  mg/kg ,  and  in  o ther
dose- leve l s  even  though  the  abnormal i t i es
were  more ,  i t  was  no t  s ta t i s t i ca l ly
significant.  On day 70, except at  48 mg/kg
in  which  a  h igher  inc idence  of  abnormal
sperms was seen, other doses did not cause
any changes .

Sperm morphology  assay  (7 ,  9 )

After  sacr i f i c ing  the  mice ,  t es tes  were
removed  and  cauda  ep id idymis  was
separated.  Testes  were processed for  t issue
homogeniza t ion .  Sperm suspens ions  were
prepared  by  minc ing  cauda  in  2  ml  o f
phosphate buffered physiological saline (PBS,
pH=7.2). Suspension was pipetted and filtered
through 80 μm nylon mesh to remove tissue
f ragments .  A f rac t ion  of  suspens ion  was
then  mixed  (10 :1)  wi th  eos in  Y and  30
minutes  l a te r  the  smears  were  made ,  a i r
dr ied  and  mounted .  S l ides  were  coded  for
bl ind analysis .  From each suspension 1000
sperms were  examined a t  400X wi th  b lue-
green filter.  Abnormal sperms are classified
as, I. Head abnormality- that included: hook
less ,  banana  shaped ,  double  headed  and
amorphous .  I I .  Ta i l  abnormal i ty -which
includes the coiled and double tailed sperms.

Epididymal  sperm count  and  sperm mot i l i ty  (10)

After  separa t ing  the  cauda  ep id idymis ,
sperm numbers  per  ep id idymis  were
de te rmined  by  haemocytometer .  Di lu te
sperm suspens ion  was  prepared  wi th
phosphate buffered saline and introduced into
a counting chamber.  The total  sperm count
in 8 squares of 1 mm2 each was determined
and  mul t ip l ied  by  5×10 4 to  ca lcu la te  the
number  of  sperms  per  ep id idymis .  Sperm
mot i l i ty  was  a l so  counted  in  same e igh t
squares and percentage of motile sperm was
recorded .

Stat i s t i ca l  ana lys i s

Data  ob ta ined  f rom the  exper iments
were  cor re la ted  and  ana lyzed  by  one  way
“Analysis of Variance  (ANOVA),  followed

Fig.  1 : The  t ime- response  re la t ionsh ip  represen t ing
inc idence  o f  spe rm shape  abnormal i ty
(percen tage)  in  acyc lov i r  t r ea ted  mice .  Each
t ime point  a t  par t icular  dose  level  represents
mean  f rom 6  an imals  pe r  g roup .
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Effec t  on  ep id idymal  sperm count  (F ig .  2 ,  Table
I I )

On day  7 ,  ACV caused  s ign i f ican t
decrease in sperm count (P<0.001) in a dose-
dependent  manner .  On day  14 ,  the  e f fec t s
were significant  and the highest  effect  was
found in 32 mg/kg group (P<0.001). On days
21, 28, and 35 similar effects were seen, but
the sperm count returned to the control limit
by day 70.

Effec t  on  sperm mot i l i ty  (F ig .  3 ,  Table  I I I )

After  the  t rea tment  o f  acyc lov i r  fo r
f i f t een  consecu t ive  days ,  the  sperm
mot i l i ty  decreased  in  a l l  sampl ing  days
excep t  on  day  70  when  the  ab i l i ty  o f  the
sperms was on par with that  of controls to
s w i m .

TABLE I : Inc idence  o f  abnormal  spe rms  (pe rcen tage)  in  con t ro l  and  acyc lov i r
t r ea ted  mice  a t  d i f fe ren t  days  a f t e r  the  l a s t  exposure .

Dose/kg Sample time (in days)
body weight

7 days 14 days 21 days 28 days 35 days 70 days

Control 1.48± 0.51 1.55± 0.68 1.68± 0.34 1.35± 0.48 1.51± 0.64 1.75± 0.85
4 mg 2.16± 1.03 2.08± 1.07 1.85± 0.18 1.95± 0.85 2.75± 1.04 1.76± 0.07
16 mg 2.23± 0.89 2.18± 0.68 2.98± 1.16* 2.9± 1.05 2.75± 1.06 1.61± 0.78
32 mg 2.58± 0.89 2.46± 0.94 2.86± 0.95* 3.01± 0.83* 3.23± 1.02* 1.61± 0.67
48 mg 2 . 3 5± 0.93 2 .2± 0.93 3 . 1 6± 0.87*a 3 . 2 5± 0.95* 2 . 6 8± 1.19 2 . 0 3± 1.00

Data  a re  r epresen ted  as  mean±S.D.  f rom 6  an imals  pe r  g roup  (1000  spe rms /an imal ) .
S igni f icance  va lues  a re  indica ted  as  cont ro l  v /s  t rea ted:  *P<0.05 ,  **P<0.01;  ***P<0.001;  4  mg v /s  o ther
t r ea ted  g roups ;  aP<0 .05 ,  a aP<0 .01 ,  a a aP<0 .001 .
One-way  ANOVA and  Bonfe r ron i  pos t - t e s t .

TABLE II : Ef fec t  o f  acyc lov i r  on  spe rm coun t  (X10 6)  in  con t ro l  and  d rug
t rea ted  mice  a t  d i f fe ren t  sample  t imes after  the last  exposure.

Dose/kg Sample time (in days)
body weight

7 days 14 days 21 days 28 days 35 days 70 days

Control 12.75± 1.57 13.53± 1.55 12.96± 1.34 13.85± 1.05 13.65± 1.08 13.41± 0.97
4 mg 8.00± 0.91*** 7.81± 0.76*** 5.80± 0.86*** 4.73± 0.51*** 3.51± 0.85*** 12.5± 1.52
16 mg 7.16± 1.69*** 7.16± 1.34*** 5.46± 0.83*** 4.08± 0.63*** 4.08± 0.53*** 12.33± 1.21
32 mg 6.61± 0.74*** 5.85± 0.68*** 5.57± 1.24*** 4.08± 0.44*** 3.5± 1.38*** 11.75± 1.07
48 mg 6.06± 1.05*** 5.98± 1.15*** 5.07± 0.47*** 3.37± 0.86*** 3.71± 0.67*** 10.75± 1.31*

Data  a re  r ep resen ted  as  mean±S.D.  f rom 6  an imals  pe r  g roup .
S ign i f i cance  va lues  a re  ind ica ted  as  con t ro l  v / s  t r ea ted :  *P<0 .05 ,  **P<0 .01 ;  ***P<0 .001 .
One-way  ANOVA and  Bonfe r ron i  pos t - t e s t .

F ig .  3 : The  t ime- response  re la t ionsh ip  represen t ing
percentage of sperm motility in acyclovir treated
mice. Each time point at particular dose level
represents mean from 6 animals per group.

Fig .  2 : The  t ime- response  re la t ionsh ip  represen t ing
sperm count (per epididymis) in acyclovir t reated
mice Each t ime point  at  part icular  dose level
represen t s  mean  f rom 6  an imals  pe r  g roup .
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DISCUSSION

Our  s tudy  shows  tha t  ACV caused  an
increase  in  the  percen tage  of  abnormal
sperms  up  to  day  35 ,  and  the  e f fec t  was
re turned  to  the  con t ro l  l eve l s  by  day  70 .
Sperm shape abnormality test  is  one of the
most  rel iable,  rapid methods used as an in
v ivo  assay  for  genotox ic i ty  (11 ,  12 ,  13) .
Acyclovir is reported to inhibit the thymidine
kinase in the viral infected DNA. A similar
mechanism of action in the non-infected cell
i s  repor ted .  Acyc lov i r  i s  known to  cause
inhibition of cell division at a dose of 50–100
μm in human fibroblast cell (14). Jagetia and
Aruna  (15 ,  16 ,  17)  repor ted  tha t  ACV is
c las togen ic  to  somat ic  ce l l s .  I t  causes
induct ion  of  micronucle i  in  cu l tured  HeLa
ce l l s .  ACV,  in  the  range  of  5 -600  mg/kg
induced  micronuc le i  in  the  po lychromat ic
erythrocytes in mice bone marrow (18).  By
induction of micronuclei, it shows its efficacy
to damage cellular DNA in the non-infected
ce l l s  a l so .  A s ign i f ican t  inc rease  in  the
chromosomal  damage has  been  repor ted  in
the  human lymphocyte  (19) .  A border l ine
increase  in  the  s i s ter  chromat id  exchanges
has been reported in V79-E cells exposed to
ACV (20) .  Al l  these  s tud ies  suppor t  our

finding that  acyclovir  is  genotoxic to germ
cel l s .  Sperm shape  abnormal i ty  caused  by
ACV may be due to interference with DNA
synthes i s  dur ing  mi to t ic  s tage  of
spermatogenes i s  o r  in te r fe rence  wi th
chromosome s t ruc ture .  But  ACV does  no t
a f fec t  spermatogonia l  s tem ce l l s ,  a s  i t  i s
ev iden t  by  the  re tu rn ing  of  normal  sperm
shapes by day 70. Similar effect was observed
in  cases  o f  r ibav i r in  in  ra t s  in  a  dose-
dependent  manner (21,  22).

Sperm count is an important indicator of
male  fe r t i l i ty  (23) .  Sperm count  cou ld  be
altered either because of change in the germ
cel l  func t ion  or  ep id idymal  s to rage .  Any
agent  tha t  in ter feres  wi th  meiot ic  d iv is ion
is  a l so  known to  reduce  the  sperm count
(24). Acyclovir caused large reduction in the
sperm count  un t i l  day  35  a f te r  the  l as t
exposure and recovery of  sperm count  was
observed on day 70 at all tested doses except
a t  48  mg/kg .  The  mechanism of  ac t ion  of
acyc lovi r  may be  due  to  i t s  e f fec t  on  the
Leydig  ce l l s  which  leads  to  decreased
tes tos te rone  leve l s .  Decrease  in  the
intratest icular  testosterone levels  can cause
s loughing  of  germina l  ep i the l ium hence
decl ining sperm count .  Narayana et  a l  (21,

TABLE II I : Ef fec t  o f  acyc lov i r  on  spe rm mot i l i ty  ( in  pe rcen tage)  in  con t ro l  and
drug  t r ea ted  mice  a t  d i f fe ren t  sample  t imes  a f t e r  the  l a s t  exposure .

Dose/kg Sample time (in days)
body weight

7 days 14 days 21 days 28 days 35 days 70 days

Control 64.5± 5.73 66.83± 5.20 64.33± 5.18 69.83± 3.13 67± 5.29 67.5± 2.75
4 mg 44.16± 5.45*** 33.66± 4.81*** 30.83± 4.74*** 27.5± 4.92*** 27.5± 4.11*** 63.5± 4.46
16 mg 36.66± 3.90*** 30.83± 4.37*** 30.83± 4.37*** 29.33± 5.21*** 24.16± 4.41*** 71.66± 4.60
32 mg 37.00± 3.82*** 31.66± 5.12*** 29.0± 5.59*** 25.16± 3.93*** 26.0± 5.80*** 69.33± 5.99
48 mg 34 .00± 2.51***a 28 .33± 6.28*** 28 .66± 6.04*** 2 3 . 5± 4.38*** 2 1 . 0± 3.26*** 6 5 . 5± 3.09

Data  a re  r ep resen ted  as  mean±S.D.  f rom 6  an imals  pe r  g roup .
Signi f icance  va lues  a re  indica ted  as  cont ro l  v /s  t rea ted:  *P<0.05 ,  **P<0.01;  ***P<0.001;  4  mg v /s  o ther
t r ea ted  g roups ;  aP<0 .05 ,  a aP<0 .01 ,  a a aP<0 .001 .
One-way  ANOVA and  Bonfe r ron i  pos t - t e s t .
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22)  repor ted  tha t  an t iv i ra l  d rug  r ibav i r in
af fec t s  spermatozoa  and  dec l ines  sperm
count. Faqi et al (25) reported that reduction
in  sperm count  occur red  in  ganc ic lov i r
t rea ted  ra t s  by  reduc ing  the  number  o f
spermat ids ,  but  the  effect  was reversed by
168 days  a f te r  the  cessa t ion  of  t rea tment .
Re turn  of  the  sperm count  to  normal
indicates that the effects of acyclovir on the
germinal  ce l ls  are  revers ible .

Defec t ive  sperm mot i l i ty  i s  one  of  the
causes  o f  un t rea tab le  in fe r t i l i ty  o r  sub
fertility in men (26). Sperm motility defects
(as thenozoospermia)  may  a l so  resu l t  f rom
swel l ing  of  mi tochondr ia  tha t  l ead  to  the
d ischarge  of  a  p ro ton  grad ien t  ac ross
mitochondrial membrane (27). Aarnoud et al
(24) reported that the irregular mitochondrial
shea th ,  aber ran t  a t t achment  o f  t a i l s ,  o r
dev ian t  head  shapes  impai r  the  mot i l i ty .
Changes in the motility may be also due to
changes  in  the  ad lumina l  components ,  i . e .
accumula t ion  of  f lu id  observed  on  these
sample  t imes  ( f rom 7  d  to  28  d)  in  the
acyclovir  t reated mice.  Acyclovir  decreases
sperm motility starting from day 7 until day

35  a f te r  the  l as t  exposure  and  mot i l i ty
returns to control levels by day 70. Highest
dose  caused  la rge  dec l ine  in  the  mot i l i ty .
S ince  acyc lov i r  a l t e r s  sperm shape
abnormali ty  f rom day 7 unt i l  day 35,  here
too i t  is  thought  that  because of  al terat ion
in the structure, motili ty might be affected.
Leandri et al (28) observed decreased sperm
motili ty in rats treated with zidovudine due
to  sperm mi tochondr ia l  resp i ra to ry  cha in
dysfunction. Huang et  al  (29) reported heat
shock protein 90 (HSP90) may be associated
wi th  porc ine  sperm mot i l i ty .  An HSP90-
speci f ic  inhib i tor -  ge ldanamycin  (GA) was
added  to  d i lu ted  semen (dec l ined  sperm
mot i l i ty .

The  dura t ion  of  spermatogenes i s  in
human i s  about  74  days .  Cons ider ing  tha t
the human germ cells have same sensitivity
as  tha t  o f  mouse  germ ce l l s ,  the  young
patients undergoing one cycle chemotherapy
wi th  acyc lov i r  type  drugs  mus t  avo id
conception for the period of about 150 days.
If chemotherapy is repeated in cyclic fashion,
long  te rm cy to tox ic i ty ,  genotox ic i ty  and
gonadotoxicity in human can be expected.
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