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Snacking	
   is	
   commonly	
   regarded	
   as	
   a	
   cause	
   of	
   weight	
   gain	
   in	
   humans.	
   However,	
   this	
   concept	
   remains	
  
controversial	
  due	
  to	
  opposing	
  evidence	
  on	
  the	
  rela?onship	
  between	
  snacking	
  and	
  long-­‐term	
  weight	
  gain1-­‐3.	
  
The	
  aim	
  of	
  this	
  study	
  was	
  to	
  develop	
  a	
  rat	
  model	
  of	
  snacking	
  to	
  inves?gate	
  compensatory	
  behaviour	
  in	
  both	
  
males	
  and	
  females	
  in	
  response	
  to	
  a	
  palatable,	
  rewarding	
  food	
  snack.	
  We	
  hypothesise	
  that	
  the	
  homeosta?c	
  
systems	
  controlling	
  energy	
  balance	
  may	
  protect	
  the	
  body	
  from	
  weight	
  gain	
  by	
  reducing	
  caloric	
   intake	
  from	
  
other	
  sources.	
  	
  

A	
  rat	
  model	
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  and	
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  limits	
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a<er	
  reward	
  consump;on	
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Introduc;on	
  &	
  Objec;ves	
  

1.	
  Males	
  compensate	
  for	
  regular	
  small	
  food	
  rewards	
  only	
  

2.	
  Females	
  par;ally	
  compensate	
  for	
  regular	
  small	
  food	
  rewards	
  

3.	
  Males	
  compensate	
  for	
  irregularly	
  presented	
  food	
  rewards	
  	
  

1.  Male	
  rats	
  compensate	
  for	
  small	
  daily	
  food	
  rewards	
  by	
  reducing	
  bland	
  food	
  intake.	
  However,	
  there	
  is	
  a	
  limit	
  to	
  this	
  
compensa?on	
  as	
  males	
  only	
  par?ally	
  compensate	
  for	
  large	
  daily	
  food	
  rewards.	
  	
  

2.  Females	
  par?ally	
  compensated	
  for	
  small	
  daily	
  food	
  rewards	
  by	
  reducing	
  bland	
  food	
  intake	
  and	
  appeared	
  to	
  gain	
  
weight	
  quickly	
  in	
  response.	
  The	
  explana?on	
  for	
  this	
  compensatory	
  sex	
  difference	
  is	
  unknown.	
  

3.  Male	
  rats	
  compensate	
  for	
  daily	
   irregularly	
  presented	
  food	
  rewards,	
  sugges?ng	
  that	
   learning	
  is	
  not	
  required	
  and	
  
instead,	
   homeosta?c	
   mechanisms	
   are	
   able	
   to	
   track	
   total	
   daily	
   kcal	
   consump?on,	
   allowing	
   the	
   animals	
   to	
  
compensate	
  appropriately.	
  

Conclusions	
  

1.1	
  Schema;c	
  Protocol	
  
Control	
   animal’s	
   food	
   intake	
  
remained	
   stable	
   throughout,	
  
but	
   rewarded	
   animals	
   reduced	
  
their	
   food	
   intake	
   in	
   response	
   to	
  
daily	
   consump?on	
   of	
   a	
   small	
  
food	
  reward	
  (22	
  kcal).	
  Rewarded	
  
animals	
   then	
   further	
   reduced	
  
food	
   intake	
   in	
   response	
   to	
  daily	
  
consump?on	
   of	
   a	
   large	
   food	
  
reward	
  (50	
  kcal).	
  	
  	
  	
  

1.2	
  Bland	
  Food	
  Intake	
  

1.3	
  Total	
  Caloric	
  Intake	
   1.4	
  Percentage	
  Body	
  Weight	
  Change	
  	
  

Animals	
   compensated	
   for	
   the	
  
small	
  food	
  reward	
  (22	
  kcal)	
  by	
  
reducing	
   bland	
   food	
   intake	
  
(17±4	
  kcal).	
  However,	
  animals	
  
only	
  par?ally	
  compensated	
  for	
  
the	
   large	
   food	
   reward	
   (50	
  
kcal)	
   by	
   reducing	
   bland	
   food	
  
intake	
   to	
   an	
   extent	
   (31±6	
  
kcal).	
  	
  

Rewarded	
   animals	
   %	
   body	
  
weight	
   change	
   did	
   not	
  
diverge	
   from	
   control	
   animals	
  
during	
  the	
  rewarding	
  periods.	
  	
  

2.1	
  Schema;c	
  Protocol	
  
2.2	
  Bland	
  Food	
  Intake	
  

2.3	
  Total	
  Caloric	
  Intake	
   2.4	
  Percentage	
  Body	
  Weight	
  Change	
  	
  

Paired	
  two-­‐
tailed	
  t-­‐tests	
  
	
  	
  
*p<0.001	
  

Repeated	
  measures	
  
two-­‐way	
  ANOVA,	
  
effect	
  of	
  reward	
  
p=0.06	
  	
  
	
  
*p<0.05	
  

Repeated	
  measures	
  
two-­‐way	
  ANOVA,	
  
effect	
  of	
  reward	
  
p=0.54	
  	
  
	
  
	
  

Paired	
  two-­‐
tailed	
  t-­‐test	
  
	
  
*p<0.05	
  

16	
  kcal	
  reward/day	
  

16	
  kcal	
  reward/day	
  

	
  
Rewarded	
   animals	
   %	
   body	
  
weight	
   change	
   diverged	
   from	
  
control	
  animals.	
  	
  

3.1	
  Schema;c	
  Protocol	
   3.2	
  Bland	
  Food	
  Intake	
  

3.3	
  Total	
  Caloric	
  Intake	
  

3.4	
  Percentage	
  Body	
  Weight	
  Change	
  	
  

Male	
  Sprague	
  Dawley	
  rats	
  were	
   individually	
  housed	
  with	
  ad	
   lib	
  access	
   to	
  
bland	
   food	
   and	
   water.	
   The	
   food	
   reward	
   given	
   was	
   diluted	
   sweetened	
  
condensed	
   milk.	
   Aeer	
   a	
   control	
   period,	
   regularly	
   rewarded	
   animals	
  
received	
   access	
   to	
   a	
   small	
   food	
   reward	
   (23	
   kcal),	
   for	
   18	
   days	
   at	
   10.00.	
  
Irregularly	
   rewarded	
   animals	
   received	
   access	
   to	
   a	
   small	
   food	
   reward	
   (23	
  
kcal)	
  for	
  5	
  days	
  to	
  condi?on	
  the	
  animals	
  to	
  consume	
  the	
  reward,	
  followed	
  
by	
   14	
   days	
   of	
   irregular	
   rewards	
   (0-­‐4	
   rewards/day,	
   presented	
   between	
  
09.00	
   and	
   18.00).	
   Throughout	
   the	
   experiment	
   both	
   regularly	
   and	
  
irregularly	
   rewarded	
   groups	
   received	
   access	
   to	
   the	
   same	
   number	
   of	
  
rewards	
  	
  

Control	
   animals	
   food	
   intake	
  
remains	
   stable	
   throughout,	
  
but	
   regularly	
   and	
   irregularly	
  
rewarded	
  animals	
  reduce	
  their	
  
food	
   intake	
   in	
   response	
   to	
  
food	
  reward	
  consump?on.	
  	
  

Irregularly	
   rewarded	
   animals	
  
compensated	
   for	
   the	
   food	
  
rewards	
   on	
   a	
   daily	
   basis	
   by	
  
reducing	
  bland	
  food	
  intake.	
  

Irregularly	
   rewarded	
   animals	
  
%	
   body	
   weight	
   change	
   did	
  
not	
   diverge	
   from	
   regularly	
  
rewarded	
  animals.	
  	
  
	
  

Repeated	
  measures	
  
two-­‐way	
  ANOVA,	
  
effect	
  of	
  irregular	
  
reward	
  p=0.12	
  	
  
	
  
	
  

Repeated	
  measures	
  
two-­‐way	
  ANOVA,	
  
effect	
  of	
  reward	
  
p=0.02	
  	
  
	
  
*p<0.05	
  

Repeated	
  measures	
  
two-­‐way	
  ANOVA,	
  
effect	
  of	
  reward	
  
p=0.10	
  	
  
	
  
	
  

Paired	
  two-­‐tailed	
  
t-­‐test	
  	
  
	
  
p=0.07	
  
	
  

Reward	
  	
  
Condi?oning	
  	
  

Period	
  
	
  

Irregular	
  Reward	
  Period	
  
	
  

Irregular	
  Reward	
  Period	
  
	
  

Reward	
  	
  
Condi?oning	
  	
  

Period	
  
	
  

Repeated	
  measures	
  
two-­‐way	
  ANOVA,	
  
effect	
  of	
  irregular	
  
reward	
  p=0.84	
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n=8	
  

n=7	
  

Male	
   Sprague	
  Dawley	
   rats	
  were	
   individually	
   housed	
  with	
  
ad	
   lib	
   access	
   to	
   bland	
   food	
   and	
  water.	
   The	
   food	
   reward	
  
given	
  was	
  diluted	
  sweetened	
  condensed	
  milk.	
  

n=8	
  

n=8	
  

Female	
  Sprague	
  Dawley	
  rats	
  were	
  individually	
  housed	
  with	
  ad	
  
lib	
  access	
  to	
  bland	
  food	
  and	
  water.	
  The	
  food	
  reward	
  given	
  was	
  
diluted	
  sweetened	
  condensed	
  milk.	
  
	
  

Control	
   animals	
   food	
   intake	
  
remains	
   stable	
   throughout,	
  
but	
  rewarded	
  animals	
  par?ally	
  
reduce	
   their	
   food	
   intake	
   in	
  
response	
   to	
   small	
   reward	
   (16	
  
kcal)	
  consump?on	
  (10±3	
  kcal).	
  	
  

n=8	
  

n=8	
  	
  

n=6	
  

4.	
  Limits	
  of	
  compensa;on	
  in	
  males	
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Slope	
  =	
  -­‐0.53	
  

There	
  is	
  a	
  nega?ve	
  correla?on	
  between	
  bland	
  food	
  
consump?on	
  kcal	
  and	
  reward	
  consump?on	
  kcal	
  	
  
(p	
  =	
  0.01).	
  However,	
  this	
  correla?on	
  is	
  not	
  perfect.	
  	
  
	
  
With	
   increasing	
   reward	
   consump?on	
   kcal,	
   bland	
  
food	
   kcal	
   consump?on	
   decreases	
   but	
   plateaus	
   at	
  
high	
  levels	
  of	
  reward	
  consump?on,	
  demonstra?ng	
  
the	
  limits	
  of	
  compensa?on.	
  

Bland	
  food	
  kcal	
  consump;on	
  vs	
  reward	
  kcal	
  consump;on	
  	
  

Female	
  animals	
  compensated	
  
par?ally	
   for	
   the	
   small	
   reward	
  
by	
  reducing	
  bland	
  food	
  intake	
  
to	
  an	
  extent.	
  

*p<0.05	
  


