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Abstract :  A reliable and cost-effective animal model for human obesity
with  i t s  manifes ted  disorders  i s  yet  to  be  es tabl ished in  the  context  of
increased morbidity and mortality due to obesity and its related problems.
Therefore ,  an  a t tempt  was  made to  produce obesi ty  in  local ly  avai lable
Bri t ish  Angora Rabbi ts  (BAR) and examine the  effect  on metabol ic  and
cardiovascular  parameters .  Adul t  male  BARs weighing near ly  2  kg were
randomly divided into two groups, one of the groups was fed with high fat
diet (HFD) ad libitum for 10 weeks and the control group received standard
normal rabbit chow for same period. Body weight, skinfold thickness, serum
choles tero l ,  serum glucose  and res t ing  hear t  ra te  were  measured  before
and  a f te r  the  d ie ta ry  reg imens .  Af te r  10  weeks ,  HFD group  of  rabb i t s
demonstrated significant (P<0.05) increase in body weight (+24%) and skinfold
thickness  (+37%).  The gain in  body weight  was posi t ively correla ted to
skinfold thickness (r=0.61).  Serum cholesterol ,  serum glucose and resting
heart rate were also increased by 46%, 52% and 15%, respectively. Whereas
no such  increases  in  any  of  these  parameters  were  observed  in  cont ro l
group of rabbits. Our results suggest that obesity can be produced in BARs
by feeding HFD. The obesity manifests with cardiovascular and metabolic
changes. It  is proposed that this may serve as a valid and reliable model
of  experimental  obesi ty.
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INTRODUCTION

Obesity is the end result  of mismatched

energy  in take  and  energy  expendi tu re
leading to excessive accumulation of fat.  In
human,  i t  may  be  the  consequence  of
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improper diet  intake,  less physical  activity,
endocr ine  o r  gene t ic  d i sorders .  The
development  of  obes i ty  may be  assoc ia ted
wi th  metabol ic  d i seases  l ike  dys l ip idemia ,
type II diabetes mellitus, and cardiovascular
d i seases .  These  d i seases  a re  no t  on ly  the
burden of the Western world but also a great
concern  to  the  Ind ian  subcont inen t  (1–4) .
Var ious  an imals  inc lud ing  rabb i t  (5–7) ,
mouse (8),  rat  (9),  and dog (10) have been
used  for  inves t iga t ion  of  obes i ty  re la ted
diseases. However, not all the animal models
appeared consis tent  in   exhibi t ing  a l tered
card iovascu la r  as  wel l  as  o ther  metabol ic
charac te r i s t i cs  l ike  hyper tens ion ,
dys l ip idemia ,  dysg lycemia  e tc .  tha t  mimic
mani fes ta t ions  of  the  human obese
conditions. Recent report indicates that diet
induced obese  rabbi ts  a lso  may have  l ip id
metabol i sm s imi la r  to  obese  human (11) .
However ,  a l l  s t ra ins  o f  rabb i t s  a f te r
induc t ion  of  obes i ty  may  no t  demons t ra te
a l te red  ca rd iovascu la r  responses ,
hyperglycemia and hypercholesterolemia. For
example ,  obese  female  New Zealand whi te
rabbit ,  frequently employed in experimental
obes i ty  s tud ies  fa i l ed  to  exh ib i t
hypercholesterolemia, which is an important
pathology associated with human obesity (5).
To  overcome the  d i f f i cu l ty ,  gene t ica l ly
manipula ted  mouse  model  (12 ,  8 )  o r  an
ar t i f i c ia l ly  b red  Watanabe  Her i tab le
Hyper l ip idemic  (WHHL)  rabbi t s  were  a l so
developed (13,  14) .  However ,  these animal
models  may  requi re  expens ive  advanced
technologies and are difficult to maintain and
propagate.  Therefore,  considering the rapid
increase  in  obes i ty  re la ted  d i sorders  in
the  Ind ian  subcont inen t ,  the  p resen t
inves t iga t ion  was  under taken  to  examine
whether  loca l ly  ava i lab le  na tura l  s t ra in  of
British Angora rabbits (BARs) can serve as a

convenient, cost effective and reliable animal
model for diet-induced obesity.

MATERIAL AND METHODS

Fifteen adult male BARs weighing around
2 kg were  housed individual ly  in  s tandard
cages  a t  na tura l  l igh t /dark  condi t ion  and
room tempera ture  main ta ined  a t  26±2°C.
Af te r  a  week  of  acc l imat ion  per iod ,  they
were randomly divided into two groups. One
of the groups was fed with standard rabbit
chow having composit ion of al l  the dietary
elements appropriate for maintaining normal
rabbi t  (15)  and served as  control .  Another
group received high fat diet (HFD) in which
10% fat  (2/3 corn oil  and 1/3 animal lard)
was  added  to  the  s tandard  normal  rabb i t
chow (16). Food and water were provided ad
libitum and their intake was monitored daily
a t  a  f ixed  t ime  of  the  day .  Weekly  body
weight  was recorded throughout  the per iod
of  10 weeks.  The skinfold thickness  (SFT,
lateral  to  umbil icus,  measured in mm) was
recorded at the start (0 week) and after 4th
and 10th week of  dietary regimen.

The  ECG was  recorded  in  consc ious
res t ra ined  animal  (wi thout  notable  s ign  of
discomfort) with the help of fine needle (28
G) electrode on a physiograph (Bio-devices,
India) before start ing the respective dietary
regimen (0 week) and then after the end of
10th  week of  the  d ie t  schedule .  The hear t
rate per minute was computed from averaged
R-R in terval  in  the  las t  f ive  minutes  of  a
th i r ty  minute  ECG record ing .  In  add i t ion ,
blood samples from overnight fasted animals
were collected in the morning (from marginal
ve in  of  ea r )  fo r  es t imat ion  of  se rum
choles te ro l  and  g lucose .  Choles te ro l  and
glucose  were  es t imated  us ing  cho les te ro l -
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the body weight in HFD fed rabbits (P<0.05,
r=0.61) (Fig. 2).

Basa l  hear t  ra te  (HR)  in  con t ro l  and
HFD groups  were  s imi lar  a t  the  beginning
(Table I) .  In HFD group, the HR increased
significantly (15%) at the end of 10th week
(P<0.05 ,  S tuden t ’ s  t - t es t  fo r  pa i red
observa t ions ;  Tab le  I ) .  Th is  was  a l so
significantly greater than the HR in the time
matched control  rabbi ts  (P<0.05,  Student’s
t-test for unpaired observations, Table I). No
such  increase  in  HR was  seen  in  con t ro l
r abb i t s .

ox idase  (17)  and  g lucose-ox idase  (18)
methods, respectively.  The estimations were
done before (at zero week) the begining and
after the end of 10 weeks of dietary regime.
The experimental protocol of the study was
approved by the Postgraduate Research and
Ethical  Commit tee ,  BP Koirala  Inst i tute  of
Heal th  Sciences ,  Nepal .

Data  ana lys i s

The data for  various parameters studied
in both the  groups were pooled to  express
as  mean±SEM. Student ’s  t - tes t  for  pa i red /
unpaired observations, two-way ANOVA and
Tukey’s  mul t ip le  compar i son  tes t s  were
appl ied  and  ment ioned  in  the  appropr ia te
p laces .  A P  va lue  <0 .05  was  cons idered
signif icant .

RESULTS

A significant increase in body weight was
observed in the HFD group af ter  5th week
of  d ie ta ry  t rea tment ,  as  compared  to  the
cont ro l  g roup  (P<0.05 ,  two-way ANOVA
followed by Tukey’s multiple comparison test)
as shown in Fig. 1A. There was nearly 24%
gain in body weight  in HFD group after 10
weeks.  In contrast ,  the body weight  of  the
control group of rabbits remained similar to
the  in i t i a l  we igh t  a t  the  end  of  the
exper imenta l  per iod .

The  sk info ld  th ickness  (SFT)  in  HFD
group  recorded  increase  a t  4 th  and  10 th
week ,  respec t ive ly .  The  increases  were
significant as compared to its initial as well
as with the control group (P<0.05, two-way
ANOVA fo l lowed by  Tukey’s  mul t ip le
comparison test)  as  shown in Fig.  1B. The
increase of SFT was positively correlated to
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Fig .  1 : HFD fed  rabb i t s  demons t ra ted  inc reased
body  we igh t  and  sk in fo ld  th ickness .
Mean±SEM va lues  o f  body  we igh t  (A)  and
sk in fo ld  th ickness  (B)  o f  con t ro l  (n=6)  and
high fa t  d ie t  (HFD) fed  rabbi ts  (n=9)  dur ing
the  pe r iod  o f  10  weeks .  The  basa l  body
weigh t  and  sk in fo ld  th ickness  a t  0  week
(before  the  d ie ta ry  reg imen)  a re  s imi la r  in
bo th  the  g roups .  An  as te r i sk  (* )  ind ica tes
P<0 .05  ( two  way  ANOVA)  as  compared  to
the  con t ro l  g roup .
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Fig .  2 : L inea r  r eg ress ion  ana lys i s  showing  the
re la t ionsh ip  be tween  the  sk in fo ld  th ickness
and  body  we igh t  in  HFD fed  rabb i t s .  The
sk in fo ld  th ickness  exh ib i t ed  pos i t ive
cor re la t ion  wi th  the  body  we igh t /v– .
 (*P<0.05 ,  r=0 .61) .

r abb i t s ,  can  produce  obes i ty  wi th
mani fes ta t ions  l ike  hypercholes te ro lemia ,
hyperglycemia and increased heart rate. The
metabol ic  and  card iovascu la r  a l t e ra t ions
observed  in  these  rabb i t s  a re  s imi la r  to
human obes i ty .  A number  of  s tud ies  used
die t - induced  obes i ty  in  d i f fe ren t  an imal
models including rat (19), rabbit (5) and dog
(10)  and were considered promising models
for  the  inves t iga t ion  of  obes i ty - re la ted
card iovascu la r  dysfunc t ion .  However ,  an
important limitation of the above studies was
incons i s tency  in  p roduc ing  major  obes i ty -
re la ted metabol ic  changes  that  observed in
human obes i ty .  In  th i s  contex t ,  i t  may be
observed  tha t ,  f emale  New Zea land  Whi te
rabb i t s  used  in  d ie t - induced  obes i ty
demons t ra ted  a l te ra t ions  in  hemodynamic
and neurohumoral  s ta tus  ref lec t ing  human-
like obesity associated changes, but failed to
show an increase in serum cholesterol level
(5)  which is  an important  independent  r isk
fac tor  for  coronary  hear t  d i sease ,  a  major
consequence  of  human obes i ty .  In  the
presen t  s tudy ,  the  BARs fed  wi th  HFD
developed  s ign i f ican t  hypercholes te ro lemia
and  h igh  fas t ing  b lood  g lucose  leve l .  The
hyperglycemia observed in the present study
could  be  a t t r ibu ted  to  inc reased  insu l in
res i s tance  in  obese  rabb i t s  as  specu la ted
ear l i e r  (5 )  and  c lose ly  comparab le  to

TABLE I : Mean ± SEM va lues  fo r  the  hea r t  r a t e ,  se rum cho les te ro l  and  se rum g lucose  l eve l  in
control  (n=6) and HFD fed (n=9) rabbits ,  before and after  10 weeks  o f  d ie t a ry  reg imen .

    Control H F D
P a r a m e t e r s

B e f o r e A f t e r B e f o r e A f t e r

Hear t  r a t e  (bea t s /min) 2 4 8± 8 . 9 7 2 3 9± 5 . 6 6 2 5 6± 10 .60 2 9 5± 13.06*@

Serum Choles te ro l  (mg/d l ) 47 .80± 6 . 0 7 44 .13± 3 . 5 3 50 .83± 3 . 2 2 74 .17± 8.65*@

Serum g lucose  (mg/d l ) 86 .11± 4 . 7 8 88 .95± 3 . 9 7 78 .32± 2 . 3 5 119 .18± 3.25*@

*P<0 .05  as  compared  to  be fo re  va lues  in  HFD group  (S tuden t ’ s  t - t e s t  fo r  pa i red  obse rva t ions )
@P<0 .05  as  compared  to  a f t e r  va lues  in  con t ro l  g roup  (S tuden t ’ s  t - t e s t  fo r  unpa i red  obse rva t ions )

The resul ts  regarding changes in  serum
cholesterol and serum glucose are shown in
Table  I .  Overa l l ,  the re  was  a  s ign i f ican t
increase  in  se rum choles te ro l  (46%)  and
glucose (52%) in HFD group after 10 weeks
(P<0.05 ,  S tuden t ’ s  t - t es t  fo r  pa i red
observat ions) .  The control  group of  rabbits
d id  no t  show any  remarkable  changes
(Table I).

DISCUSSION

The presen t  s tudy  demons t ra ted  tha t
feeding of  h igh fa t  d ie t  to  Br i t i sh  Angora
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biochemical manifestations of human obesity.

A s ign i f ican t  inc rease  in  body  weigh t
observed in the HFD group after  10 weeks
of  feed ing  ind ica te  tha t  obes i ty  can  be
produced within a reasonable period of time
in BARs. Another interesting observation of
the present investigation is that SFT showed
a significant positive correlation (Fig 2) with
body  weigh t  tha t  cor responds  wi th  the
obesity in human (20). Therefore, SFT might
se rve  as  a  good  ind ica tor  fo r  obes i ty  in
animal  models  too.

In the present study, an increase in heart
rate was observed in obese rabbits and thus
conf i rms  the  obes i ty - induced  res t ing  hear t
ra te  changes  as  documented  in  ea r l i e r
s tud ies  on  human obes i ty  (21)  as  wel l  as
studies in obese rabbits (5, 7). Although the
mechanisms  under ly ing  the  metabol ic  and
card iovascu la r  changes  can  no t  be
ascer ta ined f rom the  present  invest igat ions
but  the i r  s imi lar i ty  wi th  of  human obes i ty
may be speculated. A recent study confirmed
the speculat ion,  as  the l ipid metabolism in
diet-induced obese rabbits and that in obese
human a re  s imi la r  (11) .  The  o ther

advantages  o f  BARs tha t  may  a t t rac t  the
exper imenta l  researchers  on  obes i ty  a re
the i r  easy  ava i lab i l i ty  and  documented
husbandry (22, 23). Thus, BARs appear to be
re l iable  model  for  inves t iga t ion  of  obes i ty
related metabolic  as  well  as  cardiovascular
changes similar  to that  observed in human.

In  conc lus ion ,  i t  can  be  observed  tha t
obes i ty  deve loped  in  these  rabb i t s  i s
comparab le  to  human obes i ty  in  t e rms
of  major  phys ica l ,  b iochemica l  and
cardiovascular  markers  such as  changes  in
body  weigh t ,  sk info ld  th ickness ,  se rum
choles te ro l  and  se rum g lucose  leve l s .
Therefore, the BARs can be used as a reliable
and val id  animal  model  for  obesi ty-re la ted
s tud i e s .
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