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I N T R O D U C T I O N

Organophosphates are commonly used as
insect icides in agricul ture in India and are
potent toxicants (1). A serious problem with
some organophosphorus  compounds  has
been  the i r  h igh  acute  toxic i ty  to  man and
non-target organisms (2). Many environmental
pol lutants  are  known to cause reproduct ive
toxici ty and have resulted in a decrease in
the fert i l i ty level  of  human populat ion (3) ,
but  a few reproductive toxicants have been
c lear ly  iden t i f i ed  and  the  mechanisms  of
chemica l  tox ic i ty  on  reproduc t ive  o rgans
are  no t  wel l  de f ined  (4) .  Therefore ,  in
the  p resen t  s tud ies ,  i t  was  p lanned  to

investigate the biochemical  effects  of  three
organophospha tes ;  d imethoa te ,  methy l
para th ion  and  monocro tophos ,  a f te r  the i r
long- te rm t rea tment  in  low res idua l  l eve l
doses on ovaries of albino rats .

M E T H O D S

A n i m a l s

Adult (1½–2 months age; 150–200 g body
weight )  female  ra t s  o f  Wis ta r  s t ra in  were
housed  in  g roups  of  two per  cage ,
main ta ined  under  con t ro l led  condi t ions  o f
tempera ture  (22 ± 2°C)  and  l igh t  (12 :12
L : D) and provided with food and water ad

BIOCHEMICAL EFFECTS OF SOME ORGANOPHOSPHORUS
PESTICIDES  ON THE OVARIES OF ALBINO RATS

SUKHDEEP KAUR AND C. K. DHANJU*

Department  of  Zoology and Fisheries ,
Punjab  Agr icu l tura l  Univers i t y ,
Ludhiana –  141 004

( Rece ived  on  September  2 ,  2004 )

Abstract :  An evaluation of the toxic effects of three organophosphates;
monocrotophos,  dimethoate  and methyl  parathion on female reproduct ion
was made by biochemical estimations of cytoplasmic and membrance bound
pro te ins ,  l ip ids ,  phospho l ip ids  and  cho les te ro l  in  the  r a t  ova r i e s  a f t e r
treatment with their low residual level doses (LD50 1/8–1/5) to three groups
of six rats each for 90 days. All the three pesticides caused degenerative
changes  in  the  ovar i e s  a s  ev idenced  by  a  s ign i f i can t  dec rease  in  the
concentra t ion of  cytoplasmic as  wel l  as  membrane bound prote ins ,  to ta l
lipids,  phospholipids and cholesterol.  The observations are thus indicative
of  the  reproduct ive  toxic i ty  caused by organophosphates  a t  ce l lu lar  and
molecular  level  in the ovaries of  rats .

Key words  : o r g a n o p h o s p h a t e s r a t s ova r i e s p r o t e i n s
l ip ids phosphol ip ids cho les te ro l



Indian J Physiol Pharmacol 2005; 49(2) Organophosphates and Biochemical Estimations in Ovaries 149

libitum. Cyclicity of rats was confirmed by
examin ing  the i r  vag ina l  smears  da i ly  and
the ones showing two or  more regular  4–5
days  es t rous  cyc les  were  se lec ted  fo r  the
e x p e r i m e n t .

Treatment  wi th  organophosphates

Groups of six rats each were given daily
oral doses of dimethoate (1/5 LD50;  76 mg/
kg bw), methyl parathion (1/5 LD50; 4.8 mg/
kg bw) and monocrotophos (1/8 LD50; 2.9 mg/
kg  bw)  for  90  days .  An equa l  number  of
an imals  were  veh ic le  (wate r )  t rea ted  and
kept  as  control  for  each pest icide.

Biochemica l  e s t imat ions

A day  a f te r  the  las t  dose ,  the  an imals
were sacrificed by decapitation, ovaries and
l iver  ex t i rpa ted ,  pu t  in  normal  sa l ine  and
f reed  f rom fa t  and  adher ing  connec t ive
t issues.  The cleared ovaries and l iver  were
soaked on a piece of fi l ter paper,  weighed,
minced and homogenized in  known volume
of  ice-cold  phosphate - buffer  sa l ine  (PBS,
pH 7 .4)  and  the  ovar ian  homogena te  was
cen t r i f uged .

Determinat ion  o f  prote ins

The soluble (cytoplasmic) proteins were
es t imated  in  the  superna tan t  and  the
res idue  (pe l le t )  was  washed  wi th  PBS by
cent r i fuga t ion  a t  1000  rpm for  5  minutes .
The  superna tan t  was  separa ted  and  pe l le t
d issolved in  PBS and shaken wi th  known

volume of  1% so lu t ion  of  the  de te rgen t
deoxycholate (DOC) for  1 hr  at  37°C. The
solution was ccntr ifuged at  10,000 rpm for

30 minutes, pellet discarded and supernatant
used  for  es t imat ion  of  membrane  bound
proteins and lipids. In the liver homogenate
and  both  the  components  of  ovar ies ,  to ta l
p ro te ins  were  es t imated  by  the  method  of
Lowry et al (5) and expressed as mg/g fresh
l iver /ovary .

Determinat ion  o f  to ta l  l ip ids ,  phosphol ip ids  and
c h o l e s t e r o l

The  l iver  homogena te  and  bo th  the
ovar ian  superna tan t s  l e f t  a f te r  the
es t imat ion  of  p ro te ins  were  used  for  the
estimation of total  l ipids by the method of
Folch  e t  a l  (6 ) .  To ta l  l ip ids  expressed  as
mg/g  f resh  l iver  o r  ovary  were  fu r ther
analysed for  phosphol ip ids  and choles terol
by  us ing  s tandard  techniques  of  Ames  (7)
and  Zla tk i s  and  Zak  (8)  respec t ive ly  and
expressed  as  mg/g  of  f resh  l iver /ovary  as
well as percent of total lipids. The data were
sub jec ted  to  s ta t i s t i ca l  ana lys i s  app ly ing
s tuden t ’ s  t - t es t .

R E S U L T S

Effec t s  o f  OPs  on  ovar ian  prote ins ,  l ip ids ,
phosphol ip ids  and  cho les tero l

The concentrat ion  of  total  cytoplasmic
as well as membrane bound proteins, lipids,
phosphol ip ids  and choles tero l  s igni f icant ly
decreased in the ovaries of rats treated with
each  of  the  organophospha te  (Table  I  and
II).  The decrease in concentrations of these
b iochemica l  components  was  s ta t i s t i ca l ly
s ign i f ican t  (P<0 .05–0 .1)  when  compared
with their  respect ive control  levels .  (Table
I and II). The concentration of phospholipids
and  choles te ro l ,  when  expressed  in  t e rms
of  percentage of  to ta l  l ip id  content  of  the
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decreased  in  the  l ive r  o f  OP t rea ted  ra t s
as  compared  to  tha t  in  the i r  con t ro l  ra t s
(Table IV).

TABLE I : Effect  of  some organophosphates  on concentrat ion of  cytoplasmic proteins ,  total
l ipid,  phospholipids and cholesterol  in the ovaries of  albino rats  (Mean ± SD).

T r e a t m e n t Pro te ins  (mg/g) To ta l  l ip ids  (mg/g) Phosphol ip ids  (mg/g) Choles t ro l  (mg/g)

C o n t r o l 30.49 ± 5.86 44.72± 15.52 5.69± 1.83 2.65± 0.19
D i m e t h o a t e 23.61 ± 1.50 14.03± 16.46 2.28± 0.74* 1.05± 0.26*
C o n t r o l 32.50 ± 6.90 37.41± 13.50 4.95± 1.63 2.51± 0.15
Methy l  pa ra th ion 19.19 ± 5.32* 21.05± 4.76 1.50±0.35* 0.16± 0.009**
C o n t r o l 28.03 ± 3.77 40.15± 6.49 4.93± 0.31 2.55± 0.04
Monocro tophos 14.87 ± 1.44* 9.68± 1.44** 1.90± 1.0* 0.44± 0.02**

*P<0.05; **P<0.1

TABLE II : Effect  of  some organophosphates  on membrane bound (DOC extracted)  prote ins ,
total lipid, phospholipids and cholesterol  in the ovaries of  albino rats  (Mean ± SD).

T r e a t m e n t Pro te ins  (mg/g) To ta l  l ip ids  (mg/g) Phosphol ip ids  (mg/g) Choles t ro l  (mg/g)

C o n t r o l 11.79 ± 1.67 102.07± 36.45 10.46± 2.18 2.83± 0.96
D i m e t h o a t e 5.14 ± 1.04** 79.42± 6.19** 3.95± 0.63** 1.10± 0.49**
C o n t r o l 2.47 ± 2.86 110.73± 16.48 9.06± 1.37 2.19± 0.16
Methy l  pa ra th ion 6.05 ± 0.90** 77.00± 4.18** 7.77± 1.26 0.93± 0.06**
C o n t r o l 10.31 ± 3.27 96.00± 11.79 8.56± 11.79 2.61± 0.11
Monocro tophos 3.08 ± 0.3** 35.96± 3.18** 2.87± 0.64** 0.95± 0.12**

*P<0.1

TABLE III : Ef fec t  o f  some  o rganophospha tes  on  the
percentage of cholesterol and phospholipids
in total l ipids in ovaries of albino rats.

% in cytoplasmic % in DOC extracted
total lipids membrane lipids

Treatment
Choles- Phospho- Choles Phospho
terol (%) lipids (%) terol (%) (%) lipids

Control 5.93 1.27 2.77 10.25
Dimethoate 7.48 16.25 1.39 4.97
Control 6.71 13.23 1.98 8.18
Methyl parathion 0.76 7.13 1.21 10.09
Control 6.35 12.28 2.72 8.92
Monocrotophos 4.56 19.63 2.64 7.98

ovaries, was also found to be decreased after
treatment with all  the OPs (Table III) .  The
concent ra t ion  of  p ro te ins  and  l ip ids  a l so

TABLE IV : Ef fec t  o f  some  o rganophospha tes  on
protein and lipid content in liver of female
a lb ino  ra t s  (mean ± SD).

Trea tment Protein (mg/g) Lipid (mg/g)

Control 7.04± 0.13 29.16 ± 4.77

Dimethoate 5.97± 0.35* 20.83 ± 4.21*

Control 6.47± 0.26 28.90 ± 2.50

Methyl parathion 4.73± 0.07* 19.66 ± 4.21*

Control 6.56± 0.86 33.33 ± 4.21

Monocrotophos 4.95± 0.18* 25.00 ± 0*

*P<0.05
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D I S C U S S I O N

The decrease  in  the  p ro te ins ,  l ip ids ,
phosphol ip ids  and choles terol  (cytoplasmic
and  membrane  bound)  in  the  ovar ies  o f
ra t s  a f te r  long  te rm t rea tment  wi th  low
doses  of  d imethoate ,  methyl  para th ion and
monocro tophos  ind ica tes  degenera t ive
changes .  A decrease  in  the  to ta l  l ip id
conten t  in  sch ia t ic  nerve ,  k idney ,  ske le ta l
musc le ,  b ra in  and  sp ina l  cord  was  a l so
observed  a f te r  t rea tment  o f  ch icks  wi th
two organophospha tes ;  d i sys ton  and
folithion (9). Phospholipids and the ratio of
phosphol ip ids  to  to ta l  cho les te ro l  a l so
decreased  in  the  nervous  t i s sue  of  the
chicks with these two pesticides,  which are
ind ica t ive  o f  degenera t ive  changes  (9 ) .
S imi la r  l ip id  changes  have  a l so  been
reported with other organophosphates   l ike
lebaycid and metasystox-R (10). The toxicity
of  organophosphates  var ies  wi th  s t ruc tures
(WHO,  1986) .  Al l  o rganophosphorus
pes t ic ides  (OP)  a re  l ipophi l i c  and  these
envi ronmenta l  xenobio t ics  a re  known to
have a  s t rong af f in i ty  for  in terac t ion  wi th
membrane  phosphol ip ids  (11)  and  the
phospholipid component of the biomembrane

is  bel ieved to  be  the  s i te  of  act ion of  OP
insect ic ides  (12) .  There  are  a lso evidences
that oxygen free radical formation can be a
fac tor  in  the  tox ic i ty  of  organophosphates
(13). One of the targets of creative oxygen-
induced  in jury  i s  l ip id  perox ida t ion ,  and
peroxidation of membrane phospholipids not
only alters lipid milieu and  structural  and
func t iona l  in tegr i ty  o f  ce l l  membrane  bu t
also affects the activities of various membrane
bound enzymes including total ATPase, Na+-
K+-ATPase and Mg-ATPase (14–16). Thus in
addi t ion  to  acc ty lcho l ines t rase  be ing  the
pr inc ipa l  mode of  ac t ion  of  OP pes t ic ides
(17)  increased  l ip id  perox ida t ion  (12–13;
18–20) and altered ATPase (21–26) have also
been implicated in mediating OP toxicity in
an imals .  The  inh ib i to ry  a l t e ra t ions  in  the
membrane  bound  l ip id  compos i t ion  of  the
OP t rea ted  ra t  ovar ies  in  the  p resen t
observa t ions  might  be  resu l t  o f  the i r  th i s
ac t iv i ty  and  presen t  s tud ies  a re  thus
ind ica t ive  o f  such  degenera t ive  changes
induced  by  d imethoa te ,  methy l  para th ion
and  monocro tophos  a t  the  ce l lu la r  and
molecular  level  in the ovaries  and l iver  of
rats  after  their  long term exposure even in
very low residual  level  doses.
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