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

Exploration of drugs having anti-fertility
ac t iv i ty  i s  the  need  of  cur ren t  t ime ,  and
many t ime  p lan t  ex t rac t s  have  been
investigated for their  anti-fert i l i ty effect  in
female and male albino mice.

Ci trus - l imonum commonly  known
as  lemon,  be longs  to  the  c i t rus -Linn

(Ruteaceae)  family.  Lemon peel  is  used as
stomachae and carminative.  Anti-pneumonia
factor  is  said to be present  in lemon juice
and it is also used in the treatment of acute
t rop ica l  dysen t ry  and  d ia r rhoea .  Ci t rus -
fruits  are rich in vitamin C and in mineral
sal ts  (1) .

The  spec ies  Ci trus -hys t r ix  DC,  and
Ci t rus -medica  have  been  s tud ied  for  the i r
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Abstract  :  Among the ci t rus  species ,  Citrus- l imonum is  nat ive of  North
West region of India. The petroleum ether, alcoholic and aqueous extracts
of Citrus-limonum (lemon) seeds were investigated for anti-ferti l i ty effect
in female albino mice.  The extracts  were administered oral ly for  7 days
af ter  inseminat ion ( i .e .  pos t -ovula tory  tes t ) .  The control  group received
4% gum acacia. The animals were examined for implantation sites on 10th
day of pregnancy and the number of pups delivered at term for each group
was recorded. The alcoholic extract showed significant anti-fertil i ty effect
as compared to petroleum ether and aqueous extracts. The alcoholic extract
was  subjec ted  for  f rac t iona t ion  and  the  f rac t ions  were  aga in  tes ted  for
their  ant i - fer t i l i ty  effect .  The fract ion of  e thyl-acetate  (12–25 fract ions)
showed most encouraging anti-fertility activity. In second part of the study,
the alcoholic extract  and i ts  ethyl-acetate fraction (12–25 fractions) were
subjected to evaluation of their mechanism of action and it was found that
their  principal mode of action is as an anti-zygotic agent.  Withdrawal of
the test drug, resulted in complete restoration of fertility. Thus the ethyl-
acetate fraction (12–25 fractions) of alcoholic extract of lemon seeds exerted
reversible anti-ferti l i ty effect in female mice by virtue of i ts anti-zygotic
ac t ion .
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ant i - fer t i l i ty  act ivi ty  (2 ,  3) .  In  the present
study various extracts  i .e .  petroleum ether ,
a lcohol ic  and aqueous extracts  of  seeds of
the  na t ive  spec ies  Citrus - l imonum are
inves t iga ted  for  the i r  ant i - fer t i l i ty  ac t iv i ty
in female mice. The most promising extract
was  sub jec ted  for  f rac t iona t ion ,  and  the
f rac t ions  ob ta ined  were  fu r ther  t es ted  fo r
an t i - fe r t i l i ty  ac t iv i ty .  The  ex t rac t  and  the
f rac t ions  showing  maximum ant i - fe r t i l i ty
activity were further assessed for anti-zygotic,
b las tocy to tox ic ,  and  an t i - implan ta t ion
ac t iv i ty ,  so  as  to  know the  mechanism of
thei r  ant i - fer t i l i ty  ef fec t .

MATERIAL AND METHODS

Lemon seeds  were  ob ta ined ,  a f te r
au then t ica t ion  by  a  pharmacognos i s t .  The
ai r  dr ied  powder  of  seeds  of  c i t rus  lemon
(Citrus-limonum) was successively extracted
from petroleum ether (b.p 60 to 80 c), 95%
of alcohol  and dis t i l led water  in  a  soxhlet
apparatus.  The plant material  was extracted
for minimum period of 36 to 48 hours with
each solvent.  The solvent from each extract
was  recovered  by  d i s t i l l a t ion  appara tus .
They were  dr ied  on water  bath .  The dr ied
extract was cooled at room temperature and
weighed  (4) .  The i r  suspens ions  was  made
in  4% gum acas ia  in  concent ra t ion  of  20
mg/ml and were  screened in  female  a lbino
mice  fo r  the i r  an t i - fe r t i l i ty  ac t iv i ty .  The
ext rac t  showing  maximum ant i - fe r t i l i ty
ac t iv i ty  was  fu r ther  sub jec ted  to  HPTLC,
at M/s Anchrom HPTLC specialists Mumbai
on Win-cat-planner Chromatography Camag,
Swi tzer land .  The  d i f fe ren t  concen t ra t ions
showed d i f fe ren t  in tens i t i es  conf i rming
the  presence  of  var ious  components  in
the  t racks  (F ig .  1 ) ,  so  to  separa te  these

T1 = Alcoholic Extract of Lemon Seed = 128.80 µg.

T2 = Alcoholic Extract of Lemon Seed = 322.00 µg.

T3 = Alcoholic Extract of Lemon Seed = 644.00 µg.

T4 = Alcoholic Extract of Lemon Seed = 966.00 µg.

T5 = Alcoholic Extract of Lemon Seed = 1288.00 µg.

Fig. 1 : Showing  va r ious  componen t s  in  a l coho l i c
ex t rac t  o f  l emon seed  when  HPTLC ana lys i s
was done.

ALCOHOLIC EXTRACT OF LEMON SEED [366 NM]

components on the basis of HPTLC analysis
l iqu id  –  l iqu id  f rac t iona t ion  was  done  by
us ing  separa t ing  funne l .  The  f rac t iona t ion
was  ca r r ied  ou t  accord ing  to  po la r i ty  by
us ing var ious  so lvents  i .e .  benzene ,  e thyl -
ace ta te ,  and  water .  The  d i f ferent  f rac t ions
so obtained were made into suspensions in
4% gum acac ia  and  were  aga in  tes ted  for
an t i - fe r t i l i ty  ac t iv i ty .  The  f rac t ions  which
showed same components  in  TLC p la tes
were  combined  toge ther .

Adul t  a lb ino  mice  of  Wis ta r  s t ra in
weighing  be tween  10–20  gms  housed  in
clean environment  under  12 hour l ight  and
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12  hour  dark  cyc le ,  having  f ree  access  to
food pellet which contains 15% protein, 5.5%
fa t ,  and  70% carbohydra te  wi th  adequa te
quant i t i es  o f  Vi tamins  and  Minera l s ,  and
water  ad-l ib i tum,  were used af ter  approval
of  the protocol  by the Inst i tut ional  Animal
Eth ica l  Commit tee .

Es t rous  cyc le  o f  each  an imal  was
fo l lowed for  two cyc les  before  inc lud ing
animal  in  to  the  s tudy .  This  ensured  tha t
animals  were  of  proven fer t i l i ty .

For  es tab l i sh ing  male  b reeder  co lony ,
males  were  mated  wi th  fe r t i l e  females .
Autopsy of mated females were done on 10th
day  of  ges ta t ion .  Only  males  tha t  s i red
normal  l i t t e r s  were  des igna ted  as  p roven
breeder males. These male and female mice
used  in  the  s tudy .

Anti-fertili ty testing in female mice was
done  by  the  pos t -ovula tory  tes t  (5 ,  6 ) .
Vagina l  smears  were  examined  da i ly  and
the  an imals  in  p ro-es t rous  phase  of  the
es t rous  cyc le  were  kep t  overn igh t  o r
cohabi ted  in  a  ra t io  o f  1 :2  wi th  known
fer t i l e  males .  The  females  were  examined
for  ev idence  of  copula t ion  every-day
morning .  Those  mice  which  showed a
vaginal plug or thick clumps of spermatozoa
in  the i r  vag ina l  smears ,  were  separa ted
and  the  day  was  labe led  DAY-ONE of
p r e g n a n c y .

Seventy  such  se lec ted  an imals
were  d iv ided  in to  seven  groups  of  10
animals each. The groups received following
t rea tment  o ra l ly  f rom day  1  to  day  7  of
p r e g n a n c y .

N o . G r o u p Trea tment

1. Group I The control group received
gum-acacia 4% from day 1 to
day 7 of pregnancy.

2. Group II (a) Petroleum ether extract 200
mg/kg/day.

3. Group II (b) Petroleum ether extract 500
mg/kg/day.

4. Group III (a) Alcoholic extract 200 mg/kg/
day.

5. Group III (b) Alcoholic extract 500 mg/kg/
day.

6. Group IV (a) Aqueous extract 200 mg/kg/
day.

7. Group IV (b) Aqueous extract 500 mg/kg/
day.

Ora l  feed ing  was  done  by  a  feed ing
needle .  The  an imals  were  l aparo tomised
under  l igh t  e ther  anaes thes ia  on  10 th  day
of  pregnancy  and  two horns  of  the  u te rus
were  examined for  implanta t ion  s i tes .  The
abdominal wound was sutured in layers and
the animals were allowed to go to full term.
After delivery the number of pups born was
noted  and  examined  for  ev idence  of
te ra togenic i ty .  The  same procedure  was
repea ted  for  var ious  f rac t ions  of  the  most
effect ive  ext rac t .

In second phase of the study, forty adult
female  a lb ino  mice  of  p roven  fe r t i l i ty
weighing  be tween  10  to  20  gms  were
inc luded  in  the  s tudy ,  these  were  d iv ided
in to  four  g roups  of  10  an imals  each .  The
groups  were  t rea ted  as  under .
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N o . G r o u p Trea tment

1. Group I Received gum acacia 4% from
day 1 to day 7 of pregnancy.

2. Group II Received alcoholic extract 200
mg/kg/day from day 1 to day
3 of pregnancy (to detect anti-
zygotic or early abortificient
effect).

3. Group III Received alcoholic extract 200
mg/kg/day on day 4 and day
5 of pregnancy (to detect
blastocytoxic effect).

4. Group IV Received alcoholic extract 200
mg/kg/day on day 6 and day 7
of pregnancy (To detect anti
implantation effect).

Implan ta t ion  s i t es  and  number  o f  pups
born were recorded as  descr ibed above.

The  same  procedure was repeated  for

the  (most effective fraction i.e.) the ethyl-
acetate fraction (12–25 fractions) of alcoholic
extract  of  lemon seeds.

Af te r  a  washout  per iod  of  one  month ,
female  mice  were  mated  to  examine
revers ib i l i ty  o f  an t i - fe r t i l i ty  ac t ion  of  the
tes t  d rugs .

The ethyl acetate fraction (12–25 fractions)
of alcoholic extract  was again subjected to
HPTLC to identify the number of components.

R E S U L T S

In  the  con t ro l  g roup  rece iv ing  gum
acacia 4% suspension from day 1 to day 7 of
pregnancy ,  a l l  mice  showed implan ta t ion
si tes  and a l l  were  del ivered.

The pet ro leum ether  ext rac t  a t  the  two
dose  leve ls  o f  200  mg/kg  and  500  mg/kg
body  weigh t  showed 20% reduc t ion  in
pregnancy. The aqueous extract showed 40%

TABLE I : Effect  of various extracts of lemon seeds on fert i l i ty in female
albino mice when fed orally from day 1 to day 7 of pregnancy.

Dose No. of mice No. of implants (No. of mice Percentage of
Group Treatment (mg/kg) pregnant/treated in individual delivered) reduction in

mouse No. of pups pregnancy

Group I C o n t r o l – 10/10 5,6,8,4,7 (10),5,6,8,4,7 0%
6,6,7,7,5 6,6,7,7,5

Group II (a) P e t r o l e u m 200 8/10 5,0,8,4,7 (8),5,0,8,4,7 20%
ether  ex t rac t 9,6,0,8,10 9,6,0,8,10

Group II (b) P e t r o l e u m 500 8/10 0,6,7,7,6 (8),0,6,7,7,6 20%
ether  ex t rac t 8,0,10,4,11 8,0,10,4,11

Group III  (a) Alcoholic 200 2/10 0,0,0,4,0 (2),0,0,0,4,0 80%
e x t r a c t 6,0,0,0,0 6,0,0,0,0

Group III (b) Alcoholic 500 2/10 0,0,0,0,7 (2),0,0,0,0,7 80%
e x t r a c t 10,0,0,0,0 10,0,0,0,0

Group IV (a) Aqueous 200 6/10 5,0,6,8,0 (6),5,0,6,8,0 40%
e x t r a c t 12,7,0,5,7 12,7,0,5,7

Group IV (b) Aqueous 500 6/10 0,6,7,0,7 (6),0,6,7,0,7 40%
e x t r a c t 10,0,0,4,8 10,0,0,4,8
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TABLE II : Effect of various fractions of alcoholic extract of lemon seeds on ferti l i ty in female
albino mice when fed orally at a dose of 200 mg/kg from day 1 to day 7 of pregnancy.

No. of mice No. of implants (No. of mice Percentage of
Treatment pregnant/treated in individual delivered) reduction in

mouse No. of pups pregnancy

C o n t r o l 5/5 6,5,8,5,6 (5),6,5,8,5,6 0%
Benzene fract ion (1-20 fract ions) 5/5 7,5,4,5,8 (5),7,5,4,5,8 0%
Benzene fract ion (21-40 fractions) 4/5 4,9,0,5,7 (4),4,9,0,5,7 20%
Ethyl  acetate  fract ion (1-7 fract ions) 4/5 6,0,5,5,7 (4),6,0,5,5,7 20%
Ethyl  acetate  fract ion (8-11 fract ions) 3/5 8,0,0,6,5 (3),8,0,0,6,5 40%
Ethyl  acetate  fract ion (12-25 fract ions) 1/5 4,0,0,0,0 (1),4,0,0,0,0 80%

TABLE III : Effect of alcoholic extract of lemon seeds on ferti l i ty in female albino mice
when fed orally in a dose of 200 mg/kg for various days of pregnancy.

Period (days) No. of mice No. of implants (No. of mice Percentage of
Group Treatment of treatment pregnant / in individual delivered) reduction in

during pregnancy treated mouse No. of pups pregnancy

Group I C o n t r o l 1–7 10/10 6,5,8,5,6 (10),6,5,8,5,6 0%
7,8,8,7,6 7,8,8,7,6

Group I I Alcoholic 1–3 2/10 4,0,0,0,0 (2),4,0,0,0,0 80%
e x t r a c t 0,6,0,0,0 0,6,0,0,0

Group I I I Alcoholic 4–5 6/10 0,5,7,0,8 (6),0,5,7,0,8 40%
e x t r a c t 8,10,0,0,9 8,10,0,0,9

Group IV Alcoholic 6–7 4/10 6,0,8,0,0 (4),6,0,8,0,0 60%
e x t r a c t 0,0,5,10,0 0,0,5,10,0

reduction at both the dose levels. While the
alcohol ic  extract  showed 80% reduct ion in
pregnancy at  both the doses  (Table  I) .

Resul ts  obta ined wi th  var ious  f rac t ions
of  the  a lcohol ic  ex t rac t  revea led  tha t  the
f rac t ion  of  e thyl  ace ta te  (12–25 f rac t ions)
was  e f fec t ive  in  reduc ing  80% pregnancy
when administered from day 1 to day 7 of
pregnancy .  Where  as  the  e thy l  ace ta te
fraction (1–7 fractions) showed 20% and (8–
11  f rac t ions)  showed 40% reduc t ion  in
pregnancy respectively, the benzene fraction
(21–40 fract ions)  showed 20% reduction in
the pregnancy and the benzene fraction (1–
20  f rac t ions)  showed no  reduc t ion  in  the
pregnancy (Table  I I ) .

Resu l t s  o f  second  phase  of  the  s tudy
revea led  tha t  the  a lcohol ic  ex t rac t  in  the
dose  of  200  mg/kg  reduced  pregnancy  by
80% when administered from day 1 to day
3  of  p regnancy ,  whi le  in  the  o ther  two
groups  i .e .  Group I I I  and Group IV,  there
was  on ly  40% and  60% reduc t ion  in
pregnancy respect ively  (Table  I I I ) .

S imi la r ly  e thy l  ace ta te  f rac t ion  (12–25
f rac t ions)  when  adminis te red  f rom day  1
to  day  3  of  p regnancy  resu l ted  in  80%
reduc t ion  in  p regnancy ,  where  as
admin is t ra t ion  on  4 th  to  5 th  and  6 th  to
7th day of pregnancy led to only 40% and
20% reduc t ion  in  p regnancy  respec t ive ly
(Table IV).
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TABLE IV : Effect of ethyl acetate fractions (12-25 fractions) of alcoholic extract of lemon seeds on fertility
in female albino mice when fed orally in a dose of 200 mg/kg for various days of pregnancy.

Period (days) No. of mice No. of implants (No. of mice Percentage of
Group Treatment of treatment pregnant / in individual delivered) reduction in

during pregnancy treated mouse No. of pups pregnancy

Group I C o n t r o l 1–7 10/10 5,6,8,4,7 (10),5,6,8,4,7 0%
6,6,7,7,5 6,6,7,7,5

Group I I E thy l  ace ta te 1–3 2/10 5,0,0,0,0 (2),5,0,0,0,0 80%
fraction (12-25) 0,8,0,0,0 0,8,0,0,0

Group I I I E thy l  ace ta te 4–5 6/10 0,9,0,5,7 (6),0,9,0,5,7 40%
fraction (12-25) 0,0,6,8,11 0,0,6,8,11

Group IV Ethy l  ace ta te 6–7 8/10 6,0,6,7,7 (8),6,0,6,7,7 20%
fraction (12-25) 0,8,11,6,12 0,8,11,6,12

Wavelength :  254 nm [Rf]
Track : 6, noise level : 1.297AU, raw data fi le : LEM17A

 U4.06 S/N : 0511A011 CAMAG SOFTWARE (c)  1998 SCANNER 3 : 070408
Track 6, Analysis f : ETHYLE ACETATE FRACTION 12–25 : 20 µl
P e a k s t a r t m a x e n d a r e a

# Rf H Rf H [%] Rf H F [%]
1 0.27 3.2 0.29 12.9 28.07 0.32 3.2 319.5 25.30
2 0.38 2.9 0.41 18.6 40.46 0.45 8.5 645.6 51.13
3 0.72 1.1 0.75 14.5 31.48 0.78 0.3 297.5 23.56

Total  height  = 46.0 tota l  area  = 1262.6
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In  a l l  the  g roups  the  number  o f  pups
de l ivered  was  equa l  to  the  number  o f
implantation sites found in each mice. There
was no evidence of  teratogenici ty .

Al l  the  female  mice  used  in  the
experiment showed 100% fertility when they
were mated with males one month after the
e x p e r i m e n t .

HPTLC of  the  e thy l  ace ta te  f rac t ion
(12–25 fract ions)  showed presence of  three
components  (Fig.  2) .

D I S C U S S I O N

In  the  p resen t  inves t iga t ion  pe t ro leum
ether ,  a lcohol ic  and  aqueous  ex t rac t s  o f
Citrus limonum seeds were studied for their
anti-ferti l i ty activity in female albino mice.
The alcoholic extract was found to be most
effective amongst the three extracts. Results
of  present  s tudy  are  in  conformat ion  wi th
resu l t s  ob ta ined  wi th  Ci trus -hys t r ix  DC,
which  i s  one  of  the  spec ies  o f  c i t rus
(Rutaceae)  fami ly .  E thanol ic  ex t rac t  o f
Ci trus -hys t r ix  DC in  a  dose  of  1  gm/kg
resu l ted  in  abor t i f i c ien t  e f fec t  in  female
albino rats  (2) .  Citrus medica a species of
the  same fami ly ,  however  fa i led  to  show
anti-fert i l i ty effect  in female albino rats  in
a dose of 200 mg/kg (3).

The  e thy l  ace ta te  f rac t ion  (12–25
fract ions)  was found to be the most  act ive
fract ion of  the alcoholic  extract .

The  sequence  of  even ts  in  mice  a f te r
mating consists  of  fol lowing stages.

Stage 2 Cell 4 Cell 8 Cell Blastocyst Implantation
Stage Stage Stage

D a y 2 & 3 Late  3 Late  4 5 Late  5

Thus  zygote  i s  fo rmed dur ing  f i r s t  3
days  of  p regnancy ,  b las tocys t  fo rmat ion
takes place within 5 days and by the end of
5 th  day  of  p regnancy  implan ta t ion  i s
comple ted  (7) .  Hence  to  de tec t  the  exac t
mode of anti-fertility action i.e. anti-zygotic,
b las tocy to tox ic ,  o r  an t i - implan ta t ion ,  the
mice were given the test drugs for different
periods of  pregnancy.  Results  revealed that
the  mechanism of  ant i - fer t i l i ty  aci t iv i ty  of
the  a lcohol ic  ex t rac t  and  i t s  e thy l -ace ta te
f rac t ion  (12–25  f rac t ions )  i s  the i r  an t i -
zygot ic  o r  ea r ly  abor t i f i c ien t  ac t ion ,  as
maximum reduct ion in  pregnancy was seen
when  the  ex t rac t  o r  the  f rac t ion  was
adminis te red  for  f i r s t  th ree  days  of
pregnancy ,  whi le  admin is t ra t ion  for
subsequent  days  o f  p regnancy  fa i l ed  to
produce  s ign i f ican t  reduc t ion  in  the
pregnancy .  Moreover ,  the re  was  no  pos t
implan ta t ion  loss  o f  conceptus  as  number
of pups delivered was found to be equal to
number  of  implanta t ion  s i tes  in  indiv idual
mice. There was no evidence of teratogenicity.

Revers ib i l i ty  a f te r  s topp ing  the
treatment  is  one of  the major  cr i ter ia  of  a
good  cont racep t ive  agen t .  In  the  p resen t
s tudy  comple te  recovery  of  fe r t i l i ty  was
observed following withdrawal of  the drug.

The different  extracts  and the dif ferent
fract ions of  the alcoholic  extract  of  Citrus
l imonum seeds showed var iable  eff icacy in
anti-ferti l i ty action. This conforms with the
fact  that  extract ion and fract ionat ion leads
to change in  pharmacological  act ivi ty  of  a
plant (8).  Similar variations in anti-ferti l i ty
activity of various extracts of the same plant
were  observed  in  case  o f  Daucus  coro ta ,
Sapindus  t r i fo l ia tus ,  and  Polygonum
hydropiper (9).  Ethanolic extract of Daucus
corota when administered in a dose of 500
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mg/kg  prevented  implan ta t ion  in  66% of
animals where as 50 mg/kg of the chloroform
methanol  f rac t ion  of  the  same a lcohol ic
ex t rac t  p reven ted  implan ta t ion  in  80% of
the  an imals  (9 ) .  The  a lcohol ic  ex t rac t  o f
Polygonum hydropiper prevented implanta t ion
in 60% of animals at a dose of 200 mg/kg,
whi le  the  pe t ro leum e ther  f rac t ion  of
the  same a lcohol ic  ex t rac t  p reven ted
implantat ion in 80% of the animals at  half
of the dose 100 mg/kg (9). Similarly alcoholic
extract  of  the seeds of  Butea monosperma,
when administered in a dose of  100 mg/kg
inhibited implantation in al l  animals,  while
the  pe t ro leum e ther ,  benzene ,  ch loroform,
ace tone  and  methanol  f rac t ions  o f  the
ex t rac t  d id  no t  demons t ra te  ac t iv i ty
comparab le  to  tha t  shown by  the  to ta l
alcoholic extract  (10).

The  th ree  components  observed  on
HPTLC of  e thy l  ace ta te  f rac t ion  (12–25
f rac t ions)  may  have  a  major  ro le  in  an t i -
fe r t i l i ty  e f fec t  o f  the  a lcohol ic  ex t rac t .
Isolation of these three components however
requi res  a  huge  quant i ty  of  the  ex t rac t .

Further phytochemical analysis of alcoholic

extract of Citrus  limonum seeds after trying
in more species using more number of animals
wil l  possibly make this  a  prospect ive ant i-
fer t i l i ty  agent  for  c l inical  t r ia l .

C o n c l u s i o n

Alcohol ic  ex t rac t  o f  Ci trus - l imonum
seeds exerted reversible anti-fert i l i ty action
on  female  a lb ino  mice .  The  e thy l  ace ta te
fractions (12–25 fractions) turned out to be
the most active fraction of the extract. Anti
fe r t i l i ty  ac t iv i ty  o f  the  ex t rac t  and  i t s
fractions was found to be due to their anti-
zygotic  act ion.
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