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Abstract :  Centchroman (Ormeloxifene) is a nonsteroidal selective estrogen
receptor modulator that  is  used as once a week oral  contraceptive agent.
The effect of centchroman on the immune system was evaluated by using
different experimental models such as carbon clearance test, cyclophosphamide
induced  neu t ropen ia ,  neu t roph i l  adhes ion  t e s t ,  e f fec t  on  se rum
immunoglobulins ,  mice lethal i ty  test  and indirect  haemagglut inat ion test .
The  f i r s t  th ree  models  namely  carbon c learance  tes t ,  cyc lophosphamide
induced neutropenia and neutrophil  adhesion test  were used to study cell
media ted  immuni ty  whi le  the  la t t e r  th ree  models  were  used  to  see  the
effec t  on  humoral  immuni ty .  Centchroman was  adminis tered  ora l ly  a t  a
dose of 5 mg/kg and levamisole (2.5 mg/kg/ p.o) was used as standard drug.
Centchroman significantly increased the levels of serum immunoglobulins
and also prevented the mortality induced by bovine Pasteurella multocida
in  mice .  I t  a lso  increased s igni f icant ly  the  c i rcula t ing ant ibody l i t re  in
indirect  haemagglunat ion tes t .  However ,  i t  d id  not  show any s ignif icant
effect on phagocytic index in carbon clearance assay and nor did influence
the adhesion of  neutrophils  in the neutrophil  adhesion test .  Centchroman
was  a l so  no t  e f fec t ive  in  p reven t ing  the  cyc lophosphamde  induced
neutropenia.  Hence,  i t  was concluded that  centchroman increases humoral
immunity with no significant effect  on cell  mediated immunity.
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INTRODUCTION

Centchroman (Ormeloxi fene) ,  i s  a  non-
steroidal  oral  contraceptive and is  the only

anti implantation agent approved for clinical
use in the world. It is chemically 3, 4 trans-
7 - m e t h o x y - 2 , 2 - d i m e t h y l - 3 - p h e n y l - 4 - [ 4 -
(2pyrrolidinoethoxy)phenyl]chromanhydrochloride
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(1). Apart from its antiimplantation activity,
it is reported to have antimutagenic (2), anti-
inflammatory (3) and bronchodilator effects
(3) .  I t  a l so  p roduces  mi ld  resp i ra to ry
stimulation (3),  dose dependent hypotension
(3)  and  s t imula tes  ATPase  ac t iv i ty  in  the
liver (3). Centchroman also produced a dose
dependent  inh ib i t ion  of  os teoc las t i c  bone
resorpt ion in-vi tro when tested at  different
concent ra t ions  (4 ) .  I t  i s  a l so  known to
prevent  ovar iec tomy- induced  os teoporos i s
ra t s  and  i t s  use  i s  recommended  for  the
management of post-menopausal osteoporosis
in women (5).

Centchroman has  been  repor ted  to
in te rac t  wi th  ce r ta in  d rugs .  I t  has  been
reported that  concurrent  oral  administrat ion
of  te t racycl ine (140 mg/kg)  twice dai ly  on
Days 1–5  postcoitum (pc) interfered with the
pos tco i ta l  an t i implan ta t ion  ac t iv i ty  and
a lmos t  comple te ly  abo l i shed  es t rogen
antagonis t i c  ac t iv i ty  resu l t ing  in  the
occurrence of resorbed implantations in 50%
of the females (6). Commonly used drugs like
ibuprofen, rifampicin, diazepam, salbutamol,
n i fedipine ,  paracetamol  and haloper idol  do
not  in te rac t  wi th  the  b ioava i lab i l i ty  o r
efficacy of centchroman (7).

Centchroman i s  e f fec t ive  in  the
t rea tment  o f  advanced  breas t  cancer  and
injectable  centchroman is  repor ted to  have
anti tumor efficacy (8, 9). Centchroman is a
se lec t ive  es t rogen receptor  modula tor .  The
ef fec t  o f  some of  the  se lec t ive  es t rogen
receptor modulators (SERMs) on the immune
system has been studied. Some of the SERMs
are known to s t imulate  the immune system
whi le  o thers  a re  repor ted  to  suppress  i t
(10, 11).

The use  of  centchroman for  prevent ion
of  concept ion  requ i res  admin is t ra t ion  for
several weeks. A week dose of 30 mg twice
for  12  weeks  i s  recommended to  bui ld  up
adequate blood levels or a loading dose of 60
mg should be administered fol lowed by 30
mg doses weekly for minimum 12 weeks (12).
S ince ,  cen tchroman i s  used  for  longer
per iods ,  the  presen t  s tudy  was  under taken
to evaluate the effect of centchroman on the
immune sys tem.

METHODS

Exper imenta l  an imals

Female  a lb ino  Wis ta r  ra t s  weigh ing
between 200–250 g and female Swiss albino
mice weighing between 25–35 g were used.
Ins t i tu t iona l  Animal  E th ics  Commit tee
approved the experimental protocol; animals
were  mainta ined under  s tandard  condi t ions
in an animal house approved by Committee
for the Purpose of Control,  and Supervision
on Experiments on Animals (CPCSEA). The
animals were given pellet food (Lipton India
Ltd,  Mumbai,  India)  and water  ad l ibi tum.

C h e m i c a l s

Centchroman (Saheli tablets Batch no. S-
02-031) was procured from Hindustan Latex
Limited (Ahmedabad, India), levamisole was
f rom Khandelwal  Labs  (Mumbai ,  Ind ia ) .
Le ishmann’s  s ta in ,  Ind ian  ink  and
gluteraldehyde were  purchased f rom Merck
(Mumbai ,  India) .  WBC di lu t ing f lu id ,  z inc
sulphate and barium chloride were from Nice
Chemicals (Cochin, India). Cyclophosphamide
(Endoxan  In jec t ion)  was  f rom German
Remedies (Mumbai,  India) .
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D o s a g e

Centchroman is normally given at a dose
of 30 mg twice a day in humans. The animal
dose (5 mg/kg b.w) was selected based on
the human dose (13).

T r e a t m e n t

The  an imals  were  d iv ided  in to  th ree
groups consist ing of  s ix animals  each.  The
first  group served as control (vehicle 1 ml/
100  g  p .o) ,  the  second  group  rece ived
levamisole (2.5 mg/kg p.o) and the last group
was treated with centchroman (5 mg/kg p.d).
Mice lethal i ty test  had four groups,  out  of
which two served as  controls ,  one posi t ive
control  and the other negative control .  The
drug  so lu t ions  were  p repared  in  d i s t i l l ed
water  and were  adminis tered ora l ly .

Exper imenta l  mode l s :

1 . Neutrophil  Adhesion test  (14,15)

The  ra t s  were  t rea ted  ora l ly  wi th
levamisole and centchroman for 14 days. On
day 14,  blood samples were collected from
the retro-orbital plexus into heparinised vials
and analyzed for differential leukocyte count
(DLC). After the initial counts, blood samples
were incubated with 80 mg/ml of nylon fibres
for  10  min  a t  37°C.  The  incuba ted  b lood
samples were again analyzed for DLC. The
percentage of neutrophils in the treated and
unt rea ted  b lood  was  de te rmined  and  the
difference was taken as index of neutrophil
adhes ion .

2 . Mice lethality test (16)

Female  Swiss  a lb ino mice  were  t rea ted
with the drug or vehicle orally for 21 days.

On the 7th and 17th day of  the t reatment ,
the  an imals  were  immunized  wi th
haemorrhag ic  sep t icaemic  vacc ine  (HS
vaccine).  On the 21st day the animals were
cha l lenged  subcutaneous ly  wi th  0 .2  ml  o f
le tha l  dose  (25 × LD50)  of  Pas teure l la
multocida (bovine origin) containing 107 cells
per  ml .  The  an imals  were  observed  for  a
period of 72 hr and the mortality ratio was
determined us ing  the  formula .

no. of animals dead
Mortal i ty  ra t io :

total  no.  of animals

3 . Cyclophosphamide  induced  neu tropenia
(17)

Female  Swiss  a lb ino  mice  rece ived
the  drug  or  the  veh ic le  o ra l ly  fo r  10
days .  On 10 th  day ,  neu t ropenic  dose  of
cyc lophosphamide  (200  mg/kg  s .c )  was
injected and this day was labeled as day zero.
Blood was collected, the total leukocyte count
(TLC) and DLC were performed prior to and
on day 3 after injection of cyclophosphamide.
The TLC and neutrophil counts (%) in treated
groups  were  compared  wi th  the  va lues  o f
the  con t ro l

4 . Carbon clearance test (18, 19)

Female  a lb ino  mice  were  d iv ided  in to
three  groups  of  s ix  an imals  each .  The
animals  were  t rea ted  wi th  the  d rug  or
vehicle orally for 5 days. After 48 hr of the
last dose of the drug, mice were injected 0.1
ml  of  Ind ian  ink  v ia  the  t a i l  ve in .  Blood
samples  were  wi thdrawn a t  0  and  15  min
af ter  in jec t ion .  A 50 µl  b lood sample  was
mixed with 4 ml of 0.1% sodium carbonate
solution and the absorbance of this solution
was determined at  660 nm. The phagocytic
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14 days  and each ra t  was  immunized wi th
0 .5×10 9 sheep  red  b lood  ce l l s  (SRBCs)
intraperitoneally, including control rats.  The
day of immunization was referred to as day
0 .  The  drug  t rea tment  was  cont inued  for
another  14  more  days  and  b lood  samples
were collected from each rat  at  the end of
the drug t reatment  and the t i t re  value was
de te rmined  by  t i t ra t ing  se rum d i lu t ions
wi th  SRBC (0 .025×10 9 ce l l s )  in  micro t i t re
p la tes .  The  p la tes  were  incubated  a t  room
temperature for 2 hr and examined visually
for  agg lu t ina t ion .  The  h ighes t  d i lu t ion  of
se rum showing  haemagglu t ina t ion  was
expressed as  HA t i t re .

Stat i s t i ca l  ana lys i s

The statist ical  significance was assessed
using one-way analysis of variance (ANOVA)
fol lowed by Dunnet’s  comparison test .  The
va lues  a re  expressed  as  mean ± SEM and
P<0.05 was considered significant.

RESULTS

1 . Neutrophi l  Adhesion Test

Incuba t ion  of  neu t rophi l s  wi th  ny lon
fibres produced a decrease in the neutrophil
counts due to adhesion of neutrophils to the
fibres. Both centchroman and levamisole did
not  show any  s ign i f ican t  inc rease  in  the
neut rophi l  adhes ion  when  compared  to
control (Table I).

2 . Mice Lethali ty  Test

Administrat ion of  Pasteurel la multocida
to control animals produced 100% mortality
within 72 hr of administrat ion.  Two out of
s ix  an imals  tha t  rece ived  vacc ina t ion

index K was calculated using the following
equa t ion :

K = (Log
e
 OD1-Log

e
 OD2)/15

Where  OD1 and  OD2 are  the  op t ica l
densit ies at  0 and 15 min respectively.

5 . Effect  on serum immunoglobulins (20)

The drugs  were  adminis tered  to  female
albino rats orally for 21 days. Six hours after
the  las t  dose of  drug,  b lood was col lected
and  the  se rum was  used  for  es t imat ion  of
immunoglobulin levels using method devised
by Mullen.

Br ie f ly ,  fo r  each  se rum sample  to  be
analyzed, a control tube containing 6 ml of
disti l led water and a test  tube containing 6
ml of zinc sulphate solution were prepared.
To each, 0.1 ml of serum was added from a
p ipe t te .  They  were  inver ted  to  enab le
complete mixing of the reagents and left to
s tand  for  1  h r  a t  room tempera ture .  The
f i r s t  tube  se rved  as  b lank  and  the  second
tube  was  taken  as  sample .  The  tu rb id i ty
deve loped  was  measured  us ing  a  d ig i ta l
nephe lo turb id i ty  mete r .  The  tu rb id i ty
obtained (sample-blank) was compared with
that obtained with standard barium sulphate
(BaSO

4
)  so lu t ion .  The  s tandard  BaSO

4

solution was prepared by adding 3 ml of BaCb
solu t ion  (1 .15% w/v)  to  97  ml  of  0 .2N
sulphuric  acid.  The turbidi ty obtained with
th i s  so lu t ion  was  expressed  as  20  z inc
sulphate turbidi ty (ZST) units .

6 . Ind irec t  Haemagglu t ina t ion  Tes t  ( IHA
test) (14)

Rats were pretreated with the drugs for
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tolerated the lethal dose of the organism and
the  mor ta l i ty  was  66 .66%.  Centchroman
produced 16.66% decrease  in  the  morta l i ty
rat io  whereas  levamisole  showed a  33.33%
decrease  in  the  mor ta l i ty  ra t io  when
compared to control .

3 . Cyclophosphamide Induced Neutropenia

The neutropenic dose of cyclophosphamide
reduced  the  TLC in  con t ro l  an imals  by
74 .75%.  Adminis t ra t ion  of  cen tchroman
for  10  days  before  cyc lophosphamide
adminis t ra t ion  produced  44% reduc t ion  in
TLC while levamisole showed 56% decrease
in TLC when compared to initial values. The
neutrophil count (%) was reduced by 44% in
cyc lophosphamide  t rea ted  con t ro l ,  17% in

TABLE I : Ef fec t  o f  cen tchroman  on  neu t roph i l
adhes ion  in  r a t s .

Neutrophil (%)
D r u g Difference

Untreated Treated
blood blood

Control 19.16±2.02 12.83±1.13 7.00±1.78

Levamisole 18.00±2.22 11.16±1.97 6.84±1.01ns

(2.5 mg/kg p.o)

C e n t c h r o m a n 19.83±1.77 14.66±1.33 5.17±1.24ns

(5 mg/kg p.o)

Va lues  a re  expressed  as  Mean±S.E .M,  n=6 ,
n sP > 0 . 0 5 .

TABLE I I : Ef fec t  on  cyc lophosphamide  induced  neu t ropen ia .

Total no. of Leucocytes (cell/mm3) % % neutrophil %
Trea tmen t reduct ion reduct ion

Before Af ter Before Af ter

Control 5258.3±1108.0 1327.3±209.4 74.75 20.50±2.89 11.50±1.05 44.00

Levamisole 6416.6±1488.0 2825.0±419.8 56.00 18.16±1.22 14.83±1.27 18.65

C e n t c h r o m a n 5 3 6 6 . 6±843.2 3041 .6±297.0 44 .00 22 .83 ±2.52 1 9 . 1 6±1.74 17 .00

Values  a re  expressed  as  Mean±S.E .M,  n=6 .

centchroman treated animals and 18.65% in
levamisole  t rea ted  animals  when compared
to initial values. However, statistical analysis
revea led  tha t  the re  was  no  s ign i f ican t
d i f fe rence  in  the  TLC and  neu t rophi l
counts  before  and  a f te r  cyc lophosphamide
adminis t ra t ion  in  d i f fe ren t  g roups  (Table
II).

4 . Carbon clearance test

Both centchroman and levamisole did not
show any  s ign i f ican t  inc rease  in  the
phagocytic index when compared to control
indicating that there was no increase in the
clearance of colloidal carbon from the blood
af te r  admin is t ra t ion  of  these  d rugs  (Table
III) .

5 . Effect  on serum immunoglobul ins

Centchroman showed a  s ign i f ican t
increase in the serum immunoglobulin levels
whereas  l evamiso le  d id  no t  show any
s ign i f ican t  inc rease  in  the  se rum
immunoglobul in  l eve l s  when  compared  to
control (Table III).

6 . Indirect  Haemagglut inat ion tes t

The haemmagglut ina t ing  ant ibody (HA)
t i t e r  va lue  was  s ign i f ican t ly  increased  in
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animals that received vaccination along with
cen tchroman or  l evamiso le  compared  to
an imals  tha t  rece ived  vacc ina t ion  a lone
(Table III).

DISCUSSION

The results of the present study suggest
tha t  cen tchroman may have  ac t ion  on  the
humoral immunity as shown by its effect in
the  ind i rec t  haemagglu t ina t ion  tes t ,  se rum
immunoglobul in  l eve l s  and  mice  le tha l i ty
tes t  whereas  i t  may  no t  have  much  of  an
effect  on the cel l  mediated immunity as  i t
d id  not  show any s igni f icant  e f fec t  in  the
neu t rophi l  adhes ion  tes t ,  ca rbon  c lea rance
assay  and  cyc lophosphamide  induced
neut ropenia  model .

The  adhes ion  of  neu t rophi l s  to  ny lon
fibres describes the margination of cells  in
the  b lood  vesse l s  and  the  number  o f
neutrophils reaching the site of inflammation
(15). Centchroman at a dose of 5 mg/kg, p.o.
did not show any significant increase in the
neut rophi l  adhes ion  to  ny lon  f ib res .  Th is
indicates centchroman may not increase the

migration of neutrophils towards the site of
in f l ammat ion .

The mouse lethality test is one of several
tests used world-wide to evaluate serological
responses  in  an imals  immunized  wi th
vaccines. Pasteurella multocida is pathogenic
to  mice .  The mouse le thal i ty  tes t  involves
injecting mice with the vaccine prior to the
adminis t ra t ion  of  the  bacter ia l  cu l ture  and
de te rmin ing  the  mor ta l i ty  ra t io  (21) .  The
vacc ina t ion  wi l l  cause  p roduc t ion  of
an t ibodies .  I f  the  d rug  has  an  ab i l i ty  to
enhance the production of antibodies to such
an  ex ten t  tha t  an t ibodies  p roduced  can
counte r  the  pa thogen ,  then  the  an imal
surv ives .  Centchroman showed a  16 .66%
reduct ion in  the  morta l i ty  ra t io .

The  cyc lophosphamide  induced
neut ropenia  model  concen t ra tes  on  the
effect  of drugs on the haemopoeit ic system
(22) .  Centchroman d id  no t  p revent
cyc lophosphamide  induced  neu t ropenia
s ign i f ican t ly  ind ica t ing  tha t  i t  may  no t
s t imula te  the  haemopoet ic  sys tem.  The
carbon clearance test  was done to evaluate
the effect of drugs on the reticulo endothelial
system. The reticuloendothelial system (RES)
is a diffuse system consisting of phagocytic
ce l l s .  Ce l l s  o f  the  RES are  known to  be
important in the clearance of particles from
the  b loods t ream.  When co l lo ida l  ca rbon
par t i c les  in  the  fo rm of  ink  a re  in jec ted
d i rec t ly  in to  the  sys temic  c i rcu la t ion ,  the
rate of  clearance of  carbon from the blood
by macrophage is governed by an exponential
equat ion (19) .  Centchroman and levamisole
d id  no t  show s ign i f ican t  inc rease  in  the
phagocyt ic  index.  Hence,  these agents  may
not have any effect on the reticuloendothelial
s y s t e m .

TABLE I I I : Ef fec t  on  phagocy t i c  index  in  ca rbon
clearance assay,  serum immunoglobulin
leve l s  and  haemagglu t ina t ing  an t ibody
t i t r e  in  IHA tes t .

S e r u m
Treat- Phagocytic i m m u n o g l o - HA titer
m e n t i n d e x bulin level

(ZST units)

C o n t r o l 0.0135±0.0050 21.481±0.3231 26.66±4.21
(1 ml/kg p.o)

Levamisole 0.0101±0.0052 22.191±0.1184 106.66±16.86**
(2.5 mg/kg p.o)

Centchroman 0.0290±0.0058 23.826±0.1302** 93.33±13.33**
(5 mg/kg p.o)

Values are expressed as Mean±S.E.M, n=6,
**P>0.01 when compared to control .
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The estimation of serum immunoglobulin
leve l s  i s  used  to  eva lua te  the  increase
in  se rum immunoglobul in  p roduc t ion
af te r  the  admin is t ra t ion  of  the  d rugs .
Immunoglobul ins  a re  an t ibodies  tha t  reac t
spec i f ica l ly  wi th  the  an t igen .  The  z inc
sulphate turbidity test is used to gain a rough
estimation of the amount of immunoglobulins
present  in  the serum. Zinc sulphate  causes
precipitation of the immunoglobulins making
the  so lu t ion  c loudy .  A lack  of  c loudiness
signifies lack of immunoglobulins (23). The
turbidity is expressed as ZST units which in
turn indicate the amount of immunoglobulin
presen t  in  the  sample .  Centchroman
showed a s ignif icant  increase in  the serum
immunoglobul in  levels .

The  ind i rec t  haemagglu t ina t ion  tes t
was  per formed to  conf i rm the  e f fec t  o f
cen tchroman on  the  humora l  a rm of  the
immune  sys tem.  The  humora l  immuni ty
involves  in te rac t ion  of  B  ce l l s  wi th  the
an t igen  and  the i r  subsequent  p ro l i fe ra t ion
and  d i f fe ren t ia t ion  in to  an t ibody  secre t ing
cells. Antibody functions as the effectors of
the humoral response by binding to antigen
and  neu t ra l i z ing  i t  o r  fac i l i t a t ing  i t s
e l iminat ion  by cross  l inking to  form la tex
that are more readily ingested by phagocytic
ce l l s  (19) .  The  resu l t s  showed tha t  the
numbers of  antibody forming cells ,  as  well
as  the  t i t e r s  o f  c i rcu la t ing  an t ibod ies  a re
enhanced i f  the tes t  animals  are  pretreated
with centchroman or levamisole. Centchroman
showed h igh ly  s ign i f ican t  inc rease  in  the
circulat ing ant ibody t i t re .

The  e f fec t  o f  es t rogen  on  the  immune
sys tem i s  wel l  known.  The  female
pred ispos i t ion  to  au to immuni ty  and

a l te ra t ion  of  symptoms of  some d iseases
dur ing  pregnancy  has  led  to  the  idea  tha t
lower  phys io log ica l  amounts  o f  es t rad io l
s t imula tes  the  immune  sys tem whereas
pharmacological doses or higher concentration
of estradiol inhibits cell  mediated immunity
(24) .  As  ment ioned  ear l i e r ,  the  e f fec t  o f
SERMs on some aspects  of  immune system
is  documented .  SERMs such as  tamoxifen ,
torimifene and raloxifene are known to alter
lymphocyte  deve lopment ,  immune  ce l l
func t ion  and  cy tok ine  secre t ion .  B-ce l l
lymphopoe is i s  i s  inh ib i ted  by  ra lox i fene
whereas  tamoxifen is  repor ted to  s t imulate
mitogen induced immunoglobulin production
(10, 11). In the present study, an increase in
antibody production was observed as evident
from the effect of centchroman on the serum
immunoglobul in  l eve l s  and  an t ibody  t i t re
in  haemagglu t ina t ion  tes t .  Hence  i t  i s
suggested that  l ike tamoxifen,  centchroman
increases  ant ibody product ion.

To  conc lude ,  cen tchroman s t imula tes
the  humora l  a rm of  the  immune  sys tem
in  exper imenta l  an imals .  I t  does  no t
have  any  s ign i f ican t  e f fec t  on  neu t rophi l
adhes ion ,  macrophage  phagocytos i s  and
cyclophosphamide induced neutropenia .
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