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Abstract : In the present study, we have assessed the effect of gender on
short- term calorie  restr ict ion influencing body weight  and immunological
parameters in albino rats .  Adult  albino rats  (12 females,  12 males)  were
taken for  the  s tudy and randomly divided into  control  and exper imental
groups of both the genders (n=6 in each).  Following the recording of their
basal 24 h food intake and body weight, rats of experimental groups were
allowed to undergo food restriction (eat every alternate day) for 21 days,
whereas  con t ro l  r a t s  were  a l lowed  to  ea t  normal ly .  7  days  be fo re  the
completion of food restr ict ion,  al l  animals were immunized and different
immunological parameters such as: –log2 of anti-SRBC titer (Ab titer), liver
we igh t /body  we igh t  r a t io  (LWBWR),  sp leen  we igh t /body  we igh t  r a t io
(SWBWR),  to ta l  g lobu l in  (Tg)  and  a lbumin /g lobu l in  r a t io  (AGR)  were
assessed. Following three weeks of intermittent calorie restriction, LWBWR
was increased in both male (p<0.05) and female (p<0.001) experimental rats
compared to their respective controls. Though the increase in SWBWR was
not  s ta t is t ical ly  s ignif icant  in  male  ra ts ,  the  increase  was s ignif icant  in
female rats (p<0.05). The SRBC titer and total globulin concentration were
inc reased  s ign i f i can t ly  in  bo th  male  (p<0 .01)  and  female  (p<0 .001)
experimental rats. The decrease AGR was more in female compared to male
rats (p<0.01). The decrease in body weight following calorie restriction was
significantly correlated with alteration in their  immunological  parameters.
Short-term intermittent calorie restriction was found to facilitate immunity,
especially in female rats, which promises future research on health promoting
effects of calorie control.
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INTRODUCTION

Evidences  ind ica te  tha t  the  p rocess  o f
degeneration is slower in females in comparison
to males during their  reproductive life (1, 2).
It has been suggested that  the  gender  difference
in degeneration is due to the effect of estrogen
during the active reproductive years of a woman,
as  th is  gonadal  hormone is  known to  p lay
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impor tant  pro tec t ive  ro le  agains t  oxidat ive
stress (1, 3).  Fasting is a common tradition
followed in various religions throughout the
globe and it is generally believed to improve
heal th .  But ,  the  sc ient i f ic  bas is  for  hea l th
promotion following calorie restriction has not
yet been fully elucidated.  It  has been proposed
recently that  intermit tent  calorie  restr ict ion
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prolongs  the survival rate in animals (4) and
long- te rm ca lor ie  res t r i c t ion  improves
immunological responses in female non-human
primates (5). Moreover, it has been reported
that a gender difference exists in the  process
of  inhibition  of  degeneration  by calorie
restriction (6).  However, till  date,  no study
has   been  conduc ted  to  assess  the  gender
difference in immunological status in response
to  short- term  calorie   restr ict ion.

Prevalence of obesity is more in females
compared  to  males  dur ing  and  a f te r  the i r
reproductive life (7). Report suggests that male-
female difference exists in the control of food
intake  and  body  weight gain (8). Reports
also  suggest  the gender difference in the effect
of calorie restriction on body weight gain (9,
10) .  A  recen t ly  conduc ted  s tudy  on  rura l
population in Poland indicates the prevalence
of  overweight in males  and  obesity in females,
though  in  genera l  occur rence  of  obes i ty
increases  wi th  advancement  o f  age  (11) .
However, to best of our  knowledge,  no report
is  available to assess the gender difference
on magnitude of body  weight reduction in
response to a short-term  calorie  restriction
schedule. Also reports are inadequate to explain
the mechanism of health improvement following
such ca lor ie  res t r ic t ions .  Therefore ,  in  the
present  study  we have  assessed the difference
in  the  effects  of  short-term  calorie restriction
on  immunological  responses  and body  weight
reduction  in  male and female albino rats,
and analyzed the association of weight reduction
wi th  immunologica l  parameters .

MATERIALS  AND  METHODS

24 adult albino rats (12 females, 12 males)
of   Wis ta r  s t ra in  were  ob ta ined  f rom the
central  animal house of Jawaharlal  Insti tute
of  Pos tgradua te  Medica l  Educa t ion  and
Research  ( J IPMER) ,  Puducher ry ,  a f te r
ob ta in ing  the  c lea rance  of  an imal  e th ics
commit tee  and  research  commit tee  of
JIPMER. In  the  animal  research laboratory
of Physiology Department, animals were kept
ind iv idua l ly   in  separa te  cages  and  food
(rodent chow) and water were given ad lib ,
under a constant room temperature of 25°C,
and  12  hours  l igh t -dark  cyc le .   Af te r  one

week of habituation of the rats to the cages,
their 24 h food intake and body weight were
recorded for seven days and the mean basal
food intake and body weight were noted. The
rats were randomly divided into control and
exper imental  groups (n=6 in  each)  of  both
the  genders .  For  ra t s  o f  exper imenta l
groups, the food (only the mean basal 24 h
quantity of food) was given every alternate
day, for 21 days, whereas control rats were
a l lowed to  ea t  normal ly  (wi thout  food
res t r i c t ion) .

7  days  before  the  comple t ion  of  food
res t r ic t ion ,  an imals  were  immunized  and
fo l lowing  immunologica l  parameters  were
assessed :

1 . –log2 of anti-SRBC titer (Ab titer)
2 . L iver  weigh t /body  weigh t  ra t io

(LWBWR)
3 . Spleen  weigh t /body  weigh t  ra t io

(SWBWR)
4 . Total globulin (Tg)
5 . Albumin/globulin ratio (AGR)

I m m u n i z a t i o n

5% sheep red blood cell (SRBC) solution
in normal saline was prepared from freshly
co l lec ted  sheep  b lood ,  fo l lowing  the
procedure  as   descr ibed   in   our   ea r l i e r
report (12). 7 days before the completion of
food restriction, 1 ml of 5% SRBC solution
was injected intraperitoneally into each rat .
Sample   co l l ec t ion

On 7th day of SRBC injection, the animals
were  anes thet ized and blood was  col lec ted
from the animals by cardiac puncture. Blood
was immediately centrifuged at 3500 rpm for
10  minutes  to  co l lec t  se rum.  Serum was
preserved a t  –20 oC and was  analyzed next
day for est imation of total  antibody t i ter .
Est imat ion   o f   ant ibody   t i t er

Ant ibody  t i t e r  was  measured  by  d i rec t
hemeagglu t ina t ion  method as  per formed in
our  previous  procedures  (12)  and fol lowed
by others (13).
Stat i s t i ca l  ana lys i s  o f  data

‘ SPSS version 13 was used for statistical
ana lys i s .  Al l  the  da ta  were  expressed  as
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mean±SE.  One-way ANOVA wi th  Tukey-
Krammer post-hoc was used in analyzing the
da ta  ac ross  the  th ree  g roups .  S tudent ’ s
paired t test was used to detect the level of
s ign i f icance  wi th in  the  g roups .  The
assoc ia t ion  be tween  body  weigh t  and
immunological  parameters  was  assessed by
Pearson corre la t ion  analys is .  The P  values
less than 0.05 were considered significant .

RESULTS

The daily basal 24 h food intake and body
weight in control and experimental rats have
been  dep ic ted  in  Table  I .  There  was  a
significant decrease in body weight following
three  weeks  of  in te rmi t ten t  ca lor ie
restriction in both male (P<0.01) and female
(P<0.001)  exper imenta l  ra t s  compared  to
the i r  con t ro l s ,  in  which  the  decrease  was
more in females compared to the male rats
(P<0.05)  (Table  I I ) .  The  decrease  in  body
weight was 6.85% and 10.2% in males and
females respectively,  compared to the body
weight of control rats of their  own group.

TABLE I : Compar i son  of  basa l  food  in take  (FI )  and
body  we igh t  (BW)  o f  ma le  and  female
experimental  and control rats (n=6, in each
g r o u p ) .

FI (g) BW (g)

1 . Male  con t ro l 18 .80±0 .52 308 .50±4 .14

2 . Male  exper imenta l 19 .10±0 .70 306 .50±4 .18

3 . Female  con t ro l 17 .60±0 .62 294 .20±4 .56

4 . Female  exper imenta l 17 .92±0 .56
295 .10±4 .10

   Values are Mean ± SE
TABLE II : Compar i son  o f  a l t e ra t ion  in  body  we igh t  and  immunolog ica l  pa ramete r s  in  male  and  female

exper imenta l  and  cont ro l  ra t s  (n=6,  in  each  group)  fo l lowing  in te rmi t ten t  ca lor ie  res t r ic t ion  for
th ree  weeks .

M a l e F e m a l e

C o n t r o l E x p e r i m e n t a l C o n t r o l E x p e r i m e n t a l   P   F / dF

1. Body weight (g) 310.80± 4.32  289.50±4.10** 302 .40±4 .08  271.54±3.90***, # < 0 . 0 0 1 17.362 / 3, 20
2. LWBWR (mg/g)  32.1±0.7 35.84±1.0*    30.6 ± 0.46 37.0± 1.0*** <0 .001 15.148 / 3, 20
3. SWBWR (mg/g)  3.60±0.2  3.70±0.20    3.70±0.16  4.56±0.21*, # 0 .0080 5.211 / 3, 20
4.  SRBC titer    6.91±0.32     8.59±0.30**    7.06±0.28     9.98±0.32***, # <0 .0001 23.161 / 3, 20
5. Total globulin (g%)   1.46±0.10    1.92±0.12*    1.50±0.11     2.38±0.18***, # <0 .0001 13.870 / 3, 20
6. AGR    3.56±0.12         2.65±0.092***    3.33±0.10       2.14±0.90***, ## <0 .0001 40.970 / 3, 20

Values are Mean ± SE; LWBWR: Liver weight-body weight rat io;  SWBWR: Spleen weight-body weight
ratio; SRBC titer: This is the  –log2 of anti-SRBC titer;  AGR: Albumin-globulin ratio; ‘*’ mark indicates the
difference when compared with their  respective controls;  ‘#’ mark indicates the difference when compared
with the male experimental;  *P < 0.05; **P < 0.01; ***P < 0.001; #P < 0.05; ##P <0.01; There was no
statist ically significant difference between male control  and female control  rats  for any of the parameters.

Fo l lowing  three  weeks  in te rmi t ten t  ca lor ie
res t r i c t ion ,  l ive r  weigh t -body  weigh t  ra t io
(LWBWR) was increased in both male (P<0.05)
and  female  (P<0.001)  exper imenta l  ra t s
compared to their respective controls, and the
increase in female experimental rats was more
compared to the increase in male experimental
rats (P<0.05) (Table II). Though the increase
in spleen weight-body weight ratio (SWBWR)

restriction, and the increase was more (P<0.05)
in female experimental rats compared to the
increase in male experimental rats (Table II).
The total globulin concentration was increased
significantly in both male (P<0.05) and female
(P<0.001) experimental rats compared to their
controls and the increase was more (P<0.05)
in female experimental rats compared to the
male  exper imenta l  ra t s .  Albumin-g lobul in

was not statistically significant in male rats,
the  increase  was s ignif icant  in  female  ra ts
(P<0.05)  compared to  thei r  controls .  Also ,
increase in SWBWR in female experimental
ra t s  was  more  than  the  male  exper imenta l
rats (P<0.05).

The SRBC titer was increased significantly
in both male (P<0.01) and female (P<0.001)
experimental rats compared to their controls,
fo l lowing  th ree  weeks  in te rmi t ten t  ca lor ie
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ratio (AGR) was decreased (P<0.001) in both
male  and female  exper imental  ra ts  and the
decrease in female rats was more than male
rats (P<0.01).

The  decrease  in  body  weigh t  in
experimental rats was significantly correlated
wi th  a l t e ra t ion  in  the i r  immunolog ica l
parameters (Table III), following three weeks
intermit tent  ca lor ie  res t r ic t ion.

DISCUSSION

Inte rmi t ten t  (a l t e rna te  day)  ca lo r ie
res t r i c t ion  fo r  a  per iod  of  th ree  weeks
resu l ted  in  s ign i f ican t  decrease  in  body
weight ,  which  was  more  pronounced  in
female rats. This indicates that a short-term
calorie-restriction could be an effective way
of  body  weigh t  reduc t ion ,  espec ia l ly  in
females. In general, obesity is more prevalent
in women, at  al l  the age groups (2).  Exact
cause  fo r  h igher  inc idence  of  obes i ty  in
females is  not  known, though difference in
ea t ing  behavior ,  work ing  hab i t s  and
hormonal  influences have been proposed to
be the contributing factors (14). Recently, it
has  been  sugges ted  tha t  gender  d i f fe rence
in  adipos i ty  i s  pr imar i ly  due  to  the  male-
female  d i f fe rence  in  neurophys io log ica l
cont ro l l ing  mechanisms  tha t  in f luence
satiety, behavioral aspects of food intake and
fa t  d i s t r ibu t ion  and  depos i t ion  (ad ipos i ty )
(7,8). Report indicates the gender difference
in control of body weight by mesolimbic areas
of the brain in animal model (15). Therefore,
we presume that, the male-female difference
in  body  weight  reduc t ion  fo l lowing  shor t -
term calorie restriction in the present study,

could poss ibly  be  due to  the  di f ference in
such  neurohumora l  mechanisms  in  males
and females .

There  was  s ign i f ican t  improvement  o f
immunologica l  responses  fo l lowing  th ree
weeks  calor ie  res t r ic t ion in  both  male  and
female rats  indicat ing the immune-boost ing
effects of this short-term calorie control. For
a l l  the  immunologica l  parameters ,
improvement was more pronounced in female
ra t s  compared  to  the i r  male  counte rpar t s .
These  da ta  ind ica te  tha t  th ree  weeks  o f
a l t e rna te -day  ca lor ie  res t r i c t ion  i s  h igh ly
beneficial  in female rats.  Though, generally
i t  i s  be l ieved  tha t  females  have  a  be t te r
capac i ty  to  wi ths tand  food  depr iva t ion
compared to  males ,  the physiological  basis
of it has not yet been elucidated. The present
study reveals  that  females not  only sustain
food res t r ic t ion ,  but  a lso  get  be t ter  heal th
benefi ts  from i t .  Among the immunological
parameters assessed in the present study Ab
ti ter ,  TSG and AGR mainly assess humoral
immunity (13). Anti-SRBC titer developed in
the  p resen t  s tudy  i s  p r imar i ly  the  IgM
antibody, as this immunoglobulin is usually
formed as  the  pr imary  immune  response
against  SRBC ant igen in  i t s  f i rs t  exposure
(17) .  Thus ,  inc rease  in  Ab- t i t e r  fo l lowing
in te rmi t ten t  food  depr iva t ion  ind ica tes
enhancement  o f  IgM response  dur ing  the
period of depivation. Also, there was increase
in TSG, which indicates a  general  increase
in  immunoglobul in  format ion  in  p lasma.
Thus ,  inc reased  leve l  o f  these  two
parameters  (Ab t i t e r  and  TSG)  re f lec t s
augmenta t ion  of  humora l  immuni ty  in
genera l  fo l lowing  shor t - t e rm ca lor ie

TABLE III : Corre la t ion  of  decrease  in  body weight  wi th  a l te ra t ion  in  immunologica l  parameters  in  male  and
female  exper imenta l  ra ts  (n=6,  in  each group)  fo l lowing in termi t tent  ca lor ie  res t r ic t ion  for  three
w e e k s .

M a l e F e m a l e
r p r p

1 . LWBWR – 0.36 0 .048 – 0.72 0 .000
2 . SWBWR – 0.16 0 .164 – 0.38 0 .042
3 . SRBC t i te r – 0.48 0 .003 – 0.75 0 .000
4 . Total  globulin – 0.33 0 .045 – 0.70 0 .000
5 . A G R    0.56 0 .001    0.78 0 .000

Liver weight-body weight ratio; SWBWR: Spleen weight-body weight ratio; SRBC titer: This is the “ log2

of  anti-SRBC ti ter ;  AGR: Albumin-globulin rat io;  p <0.05 was considered signif icant .
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res t rc t ion.  SWBWR and LWBWR represent
both cellular and humoral immune responses
(18).  Earlier reports indicate that  long-term
modera te  ca lor ie  res t r i c t ion  suppresses
humora l  immuni ty ,  enhances  ce l lu la r
immuni ty  and  pro longs  l i fe  span  (19-22) .
However, to best of our knowledge, till date,
no reports are available on effects of short-
t e rm in te rmi t ten t  ca lo r ie  res t r i c t ion  on
immunologica l  parameters .  Resu l t s  o f  the
present study indicates the augmentation of
humoral  immune responses fol lowing short-
t e rm ca lor ie  res t r i c t ion .  In  male
exper imenta l  ra ts ,  there  was  mi ld  increase
in  LWBWR and no  s igni f icant  increase  in
SWBWR,  which  ind ica tes  tha t  there  was
mild and nonspecific augmentation of cellular
immuni ty  in  males  fo l lowing  ca lor ie
res t r i c t ion .  Ca lor ie  res t r i c t ion  of  same
duration in female rats has resulted in highly
s ign i f ican t  inc rease  in  a l l  immunolog ica l
responses ,  ind ica t ing  tha t  immune
augmenta t ion  could  be  more  prominent  in
females following short-term food restriction.
Reduction in AGR was more in females,  as
globulin content was more in females without
s ignif icant  a l terat ion in  a lbumin.

Interestingly, alteration in immunological
parameters  was  h igh ly  cor re la ted  wi th  the
reduc t ion  in  body  weigh t .  Moreover ,  the
correlat ion was almost  proport ionate to the
degree of body weight reduction in both male
and female rats.  To best of our knowledge,
the report  of  the present  s tudy is  the f i rs t
of i ts  kind to correlate the improvement of
immune  responses  wi th  reduc t ion  in  body
weight .  There fore ,  we  propose  tha t
improvement of  immunological  functions in
calorie restriction is primarily linked to the
reduct ion in  body weight .  The exact  cause
of  immunomodula t ion  by  change  in  body
weight is not known. It  has been suggested
tha t  obes i ty  increases  sympathe t ic  ac t iv i ty
and reduction in body weight promotes vagal
ac t iv i ty  (23) ,  and  improvement  o f  vaga l
activity improves immunity (24).  Therefore,
in  our  fu ture  s tudy  we  p lan  to  assess  the
assoc ia t ion  of  au tonomic  ac t iv i t i es  wi th
immunologica l  responses  fo l lowing  weigh t
reduc t ion .

The  an imals  t aken  for  the  s tudy  were
adul t  ra t s  dur ing  the i r  ac t ive  reproduct ive
life. It has been proposed that estrogen plays
a protective role against oxidative stress and
degenera t ive  d i seases  and  a l so  p romotes
immuni ty  (5) .  Therefore ,  normal ly  females
dur ing  the i r  reproduc tuve  l i fe  a re  more
pro tec ted  f rom s t ress - re la ted  and
degenera t ive  dysfunct ions  l ike  Alzhiemer’s
disease, Parkinson’s disease, coronary artery
diseases etc.  than males.  The present study
revea l s  tha t  female  ra t s  deve lop  be t te r
immunologica l  s ta tus  fo l lowing  ca lor ie
res t r i c t ion .  As  ra t s  a re  mammals ,  we
presume a  s imi la r  response  to  ca lor ie
res t r i c t ion  in  human be ings .  Therefore ,
fu ture  research  works  should  assess  the
immunologica l  responses  fo l lowing  shor t -
term calor ie  res t r ic t ion in  human subjects ,
involving more specific parameters to assess
ce l lu la r  and  humora l  immuni t ies .  Though ,
chronic  and forced food depr iva t ion  s t ress
l ike  malnu t r i t ion  i s  known to  suppress
immunity and increase the susceptibi l i ty of
the  indiv idual  to  var ious  d iseases ,  present
s tudy  revea l s  tha t  a  shor t - t e rm food
res t r i c t ion  i s  good  for  hea l th .  Presen t ly ,
many  d i seases  in  the  soc ie ty  a re  due  to
excess eating. Though we have not estimated
very  spec i f ic  humora l  and  ce l lu la r
immunologica l  parameters ,  which  i s  the
l imi ta t ion  of  the  s tudy ,  the  p resen t  da ta
ensures  the  poss ib i l i ty  o f  exp lor ing  the
beneficial effects of dietary restriction on the
prevent ive  aspects  of  heal th .
C o n c l u s i o n

Presen t  s tudy  revea l s  the  hea l th
promoting effects  of  calorie  restr ict ion and
i t s  gender  d i f fe rence  in  ra t s .  As  the
immunological responses following short-term
calorie restriction linked to weight reduction
were found to be more in females compared
to males,  present study throws l ight on the
necessity for decreasing body weight in obese
people ,  espec ia l ly  females .  Presen t ly ,
incidence of excess diet-induced disorders is
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increasing in the society.  Hence,  the result
of the present study may attempt to convince
publ ic  fo r  the  necess i ty  o f  in te rmi t ten t
calorie restriction in daily life for not only
prevent ing the development  of  obesi ty ,  but
also in maintaining a good immunity status
of  the  body .  The  fu ture  human s tud ies  in
this regard may reveal the details of gender
d i f fe rence  in  immunologica l  responses
fo l lowing  d i f fe ren t  schedules  o f  ca lor ie
re s t r i c t ion .
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