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Abstract  :  Obes i ty  i s  known to  a l t e r  var ious  phys io log ica l  pa ramete rs
including the  pain  sensi t iv i ty .  There  are  conf l ic t ing repor ts  on the  pain
sens i t iv i ty  in  obes i ty .  In  th i s  con tex t ,  the  p resen t  s tudy  was  a imed  to
investigate the tonic pain response in obese rabbit model. To achieve this
aim, two groups of adult male British Angora rabbits were used. One of the
groups was fed with standard rabbit chow and served as control. The other
group was fed high fat diet (HFD) for 10 weeks to produce obesity.  The
standard formalin test  was performed at  the s tar t  and af ter  10 weeks of
dietary regimen in both the groups.  Timed behavioral responses (l imping,
e leva t ion  o f  paw,  l i ck ing ,  b i t ing ,  g rooming  e tc . )  were  ca tegor ized  and
quantif ied with the help of  s tandard pain rat ing scale.  The total  average
pain  ra t ing score  decreased s ignif icant ly  f rom 2.01 ± 0.02 to  1 .47 ± 0.08
(P<0.05) in HFD group after 10 weeks of dietary regimen, whereas there
was no change in the control group. A significant negative correlation was
observed  be tween  body  weigh t  and  pa in  ra t ing  score  in  HFD group  of
rabbits (P<0.05, r=–0.62). Results suggest that obesity attenuates the tonic
pain responses induced by formalin in Brit ish Angora rabbits .
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INTRODUCTION

Obesity results from excessive deposition
of fat in adipose tissue and is known to alter
various physiological  parameters  leading to

cardiovascular and metabolic dysfunctions (1,
2).  An abnormal neuroendocrine function in
obesity has been suggested to play key role
in these issues (1–3). In addition, obesity has
also been implicated in the alteration of pain
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response by modulating the opioid system in
both  human (4 ,  5 )  and  an imals  (6–8) .  An
elevated level of serum β-endorphin has been
documented in the obese women exhibi t ing
positive correlation with body weight (9, 10).
In  obese  human,  decreased  sens i t iv i ty  to
pain  was  observed when pain  was  induced
by  need le  p ressure  method  (11)  o r  us ing
elec t r ica l  s t imula t ion  method (12 ,  13) .  On
the contrary, a lower threshold of pain was
reported in nociceptive flexion reflex method
(14). Similar conflicting observations (8, 15)
were  obta ined  in  ra t  model  of  obes i ty  for
the  ta i l  f l ick  la tency tes t  –  a  method that
pr imar i ly  assesses  t rans ien t  phas ic  pa in .
However, the effect of obesity on tonic pain
response is not clear. Tonic pain is produced
by inf lammation,  thus i t  is  not  possible  to
produce  ton ic  pa in  in  human.  In  o rder  to
overcome th i s  d i f f i cu l ty  fo rmal in  t es t  in
animal models have been uti l ized. Formalin
tes t  i s  known to  eva lua te  ton ic  pa in
charac te r ized  by  sus ta ined  i r r i t a t ing  pa in
with close resemblance to clinical pain (16,
17) .  Therefore ,  p resen t  s tudy  was  a imed
to  inves t iga te  the  e f fec t  o f  obes i ty  on
formalin induced tonic pain in British Angora
rabb i t s .

MATERIAL AND METHODS

Animals : The study was conducted on of
fifteen adult male rabbits of British Angora
breed  weigh ing  a round  2  kg ,  ava i lab le
locally. The animals were housed separately
in  s tandard  cages  wi th  con t ro l led  ambien t
temperature (26±2°C) and natural  l ight/dark
condi t ions .  Food  and  wate r  was  g iven  ad
libitum.  After two weeks of acclimatization
in  labora tory  condi t ions ,  the  animals  were
randomly divided in to  two groups .  One of
the groups was fed with standard rabbit chow

to serve as  control  (n=6).  The other  group
was  fed  wi th  h igh  fa t  d ie t  (HFD)  for  t en
weeks  to  produce  obes i ty  (n=9) .  The HFD
was prepared fol lowing s tandard procedure
(18) in which 10% fat (2/3rd corn oil and 1/3rd

an imal  l a rd)  was  added  to  the  s tandard
normal  rabb i t  chow.  Food  and  wate r  was
provided  ad  l ib i tum  and  the i r  in take  was
moni tored  da i ly  a t  10 :00  AM.  The  body
weight  was  a l so  measured  once  in  every
week. The obesity was confirmed in the HFD
group  of  an imals  by  measur ing  the  body
weight  and skin fold thickness.

Formalin test (tonic pain test):  After the
an imal  go t  adap ted  wi th  the  t es t
envi ronment ,  0 .1  ml  of  5% formal in  was
injected subcutaneously in to the centre  of
one  of  the  paw of  the  h ind  l imb (19)
us ing  f ine  need le .  The  record ing  of  pa in
responses in the freely moving animal  was
s ta r ted  immedia te ly  a f te r  the  in jec t ion .
Quantif icat ion of  the pain produced by the
formalin injection was done on the basis of
observable alteration in the behavior of the
an imal  (16) .  The  pa in  in tens i ty  was  ra ted
accord ing  to  the  s tandard  numer ica l  pa in
ra t ing  sca le  f rom 0-3  in  decreas ing  order .
Pain was quantif ied by measuring the t ime
spent by the rabbit in each of the behavioral
categories (limping, elevation of paw, licking,
biting, grooming etc.) during each time block
of 300 sec. (5 min) for a period of 60 min.
The mean numerical ratings were calculated
fo l lowing  the  procedures  descr ibed  ear l ie r
(16, 19).

S ta t i s t i ca l  ana lys i s :  The  da ta  o f
individual rabbits were pooled and expressed
in  te rms  of  mean ± SEM.  The  s ta t i s t i ca l
s ignif icance was  assessed by us ing pai red/
unpaired  t-test or two way ANOVA followed
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by  Tukey’s  mul t ip le  compar i son  tes t  as
requ i red .  The  cor re la t ion  be tween  body
weigh t  and  pa in  ra t ing  was  inves t iga ted
us ing  l inear  regress ion  ana lys i s .  P  va lue
<0.05 was considered significant.

The exper imenta l  protocol  of  the  s tudy
was approved by the Postgraduate Research
and  Eth ica l  Commit tee ,  B .  P .  Koi ra la
Inst i tute  of  Heal th  Sciences ,  Nepal .

RESULTS

HFD feed ing  produced  obes i ty  in  rabbi t s

At  the  end  of  10  weeks  of  d ie ta ry
reg imen,  deve lopment  o f  obes i ty  was
confirmed in HFD fed rabbits by observing a
signif icant  increase in body weight  (+24%)
and skin fold thickness (+37%) as compared
the  in i t i a l  va lues  (P<0 .05 ,  pa i red  t - t e s t ) .
On  the  o ther  hand ,  in  the  con t ro l  g roup ,
there  was  no  s ign i f ican t  change  of  body
weigh t  o r  sk in  fo ld  th ickness  dur ing  the
per iod .

Attenuat ion  o f  pa in  scores  in  obese  rabbi t s

The total average pain rating (TAPR) was
not  a l t e red  in  the  con t ro l  g roup  a f te r  10
weeks. In contrast, the TAPR of HFD rabbits
decreased  s ign i f ican t ly  f rom the  in i t i a l  a t
the end of 10 weeks (P<0.05). The decrease
was  a l so  s ign i f ican t ly  d i f fe ren t  f rom the
t ime-matched  cont ro l  g roup .  Fur ther
analysis of pain rating in 5 min time blocks
of  to ta l  60  min ,  the  responses  were
significantly lower than the initial (0 week)
as  wel l  as  f rom the  cor responding  cont ro l
(10 week of control) group (P<0.05, two way
ANOVA fo l lowed by  Tukey’s  mul t ip le
comparison test ;  Fig.  1) .

Pain  rat ing  var ies  inverse ly  wi th  body  we ight –
in  HFD group

To assess the relationship between body
weight  and pain response,  l inear regression
analysis was applied, taking body weight as
independent  variable and pain parameter  as
dependent  var iable .  Pa in  response  was  not
having any relationship with body weight in
the control  rabbits  (r=0.36,  P>0.1).  In case
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Fig .  1 : Mean±SEM va lues  o f  fo rmal in  induced  pa in
rating scores at  5 min time block for 60 min.
The  upper  g raph  shows  the  compar i son  o f
responses at 0 wk and 10 wk in control group
of  r abb i t s  (n=6) .  There  was  no  s ign i f i can t
change  in  the  r e sponses  a t  any  o f  the  t ime
b locks .  The  lower  g raph  dep ic t s  the
comparison of  responses at  0 wk ( ini t ial)  and
10  wk  in  HFD group  o f  r abb i t s  (n=9) .There
was  s ign i f i can t ly  d imin i shed  pa in  response
a f t e r  10  weeks  as  compared  to  0  week .
As te r i sk  (* )  ind ica tes  P<0 .05  ( two  way
A N O V A ) .
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o f  HFD group ,  there  was  a  nega t ive
correlation of pain response with body weight
(r = –0.62, P<0.05) as shown in Fig. 2.

Formalin inject ion into the hind paw is
known to induce a biphasic pain response by
ac t iva t ing  a  t rans ien t  recep tor  po ten t ia l
fami ly  ca t ion  channe l  (TRPA1)  (20) .  The
formal in  t es t  has  severa l  advantages  over
other models. In this test, spontaneous pain-
related responses can be observed in a freely
moving  unres t ra ined  an imal .  The  long
las t ing  pa in  responses  c lose ly  resemble  to
those  produced  by  t i s sue  in ju ry  and
inflammation of clinical situations (16, 17).
The common behavioral  parameters (al tered
motor  ac t iv i ty)  in  nocicept ion  observed in
th i s  model  have  c lose  approximat ion  to
human behavior .  Al though ,  fo rmal in  t es t s
have  been  used  in  var ie ty  o f  an imals
including rat (16), mice (21) and rabbits (19),
recording of  pain score f rom several  types
of  behavior  i s  eas ie r  in  rabb i t  model  as
compared to  hyperkinet ic  ra t /mice .

The lower pain response/ratings observed
in  th is  s tudy  could  be  a rgued  in  te rms  of
sluggishness in motor activity as a result of
obesi ty.  This factor  can easi ly be excluded
because  the  pa in  ra t ing  score  in  con t ro l
rabbits could not be correlated with the body
weight .  Converse ly ,  the re  was  s ign i f ican t
negative correlation of pain scoring rate with
the body weight in the HFD group of rabbits
(Fig. 2). Thus, obesity evidently produced a
diminished pain  response .

The present  result  is  in agreement with
previous human data, which also showed that
obese subjects were less sensitive to painful
stimuli  (11–13).  The reason for decrease in
pa in  sens i t iv i ty  observed  in  obese  rabb i t s
cannot  be  ascer ta ined  f rom the  presen t
results. Increase in endogenous opioid levels
has been reported in obese human (4, 5,  9,
10) .  Also ,  increased  number  o f  op io id
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Fig .  2 : L inea r  r eg ress ion  ana lys i s  showing
re la t ionsh ip  be tween  body  we igh t  and  pa in
ra t ing  score  in  cont ro l  and  HFD fed  rabbi t s .
Open and fi l led circles indicate the individual
da ta  ob ta ined  f rom the  con t ro l  and  HFD
rabb i t s ,  r e spec t ive ly .  The  in te r rup ted  l ine
( - - - - )  ind ica tes  the  s lope  fo r  con t ro l  r abb i t s
( r = 0 .36 ,  P>0 .1 ) .  So l id  l ine  r ep resen t s  s lope
( r = –0 .62 ,  P<0 .05)  fo r  HFD fed  rabb i t s .

DISCUSSION

The resu l t s  f rom our  s tudy  us ing
formal in  tes t  showed a  s igni f icant ly  lower
total average pain rating (TAPR) in HFD fed
as compared to the ini t ia l  as  wel l  as  f rom
the  t ime-matched  cont ro l  g roup .  This  i s
ind ica t ive  o f  the  reduc t ion  in  ton ic  pa in
sens i t iv i ty  ( inc reased  pa in  th resho ld)  in
obese  rabbi ts .  The observat ion was  fur ther
substantiated by the presence of a negative
correlation of body weight with pain response
in  HFD group  (F ig .  2 ) .  The  s imi la r i ty  o f
basal pain rating scores of control and HFD
animals  a t  the  beg inn ing  of  the  s tudy
indicated the absence of any factors/variables
which  could  have  a f fec ted  the  pa in  ra t ing
before  any exper imenta l  in tervent ion .
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recep tors  has  been  found  in  obese  an imal
models  of  obes i ty  (6 ,  7 ) .  Thus  the  h igher
threshold of  pain response observed in  the
present  s tudy may be associated with  such
changes .  Fur ther  inves t iga t ion  i s  requ i red
to  unders tand  the  under ly ing  mechanisms

responsible for modulation of pain sensitivity
in obesi ty.

In conclusion, the results of present study
revealed that obesity can attenuate the formalin
induced tonic pain sensitivity in rabbits.
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