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McNAIR, E AND R BRYSON &ffects of nleotme on wetght ~hange and food ~onsumption m rats PHARMACOL 
BIOCHEM BEHAV 18(3) 341-344, 1983 - -The present study was designed to test the effects of mcotlne and nicotine 
withdrawal on weight change and food consumption in rats Twelve male and 12 female three month old Sprague-Dawley 
rats were divided into three treatment groups 0 2 0 4, and 0 6 mg mcotme/kg body wt Half were g~ven subcutaneous 
nicotine treatment for three weeks and then saline for three weeks, treatment sequence was reversed for the other half 
Injections were administered three t~mes daffy throughout the experimental period Prior to treatment, baseline measures 
were established for both food consumption and weight Mean differences in we,ght change were calculated on a weekly 
bas~s throughout the experiment Overall tests indicated that mcotme withdrawal produced stgmficant (p<0 05) we,ght 
gains and meotme administration produced mh~bmon of weight gain A slgmficant sex × drug × time interaction (p<0 05) 
demonstrated that food consumption increased when nicotine was discontinued and decreased when mCOtlne was adminis- 
tered Specific comparison tests showed these effects on food consumption and weight were strongest at the 0 6 level and 
that larger effects were obtained for males than for females 

Nicotine Food consumption Weight change Cessation 

S T U D I E S  on humans in control led studies have provided 
ev idence  that tobacco  smokers  weigh less than non-smokers  
[1, 3, 5, 7, 9, 16] While there has been some indication that 
the mean weight  difference was greatest  be tween  modera te  
smokers  and non-smokers  [5]. Gordon  reported this differ- 
ence to be independent  of  the number  of  cigaret tes smoked 
per day [3] 

An increase in body weight accompanies  the cessat ion of  
cigarette smoking in both males and females [5, 9. 14] 
Studies on recent  ex-smokers  indicate that there is a tend- 
ency to gain weight in direct  propor t ion to the number  of  
cigaret tes smoked per day before cessat ion as well as a 
higher average weight  gain for females  than for males [5,14] 
Fur thermore .  ex-smokers  eventual ly  come to weigh more 
than their  non-smoking counterpar ts  [9] 

Only subject ive assessment  of  appeti te  and food intake 
have been reported in human studies Pangborn and Trabue 
[12] found that as amount  of  cigaret tes  smoked increased,  
reported appeti te  decreased  Klttel  [8] reported that heavy  
smokers  showed impairment  in olfactory sensitivity and 
suggested that this threshold difference plays a role in appe- 
tite regulation When considering changes in appeti te upon 
cessat ion o f  smoking,  Glauser  and his co-workers  [2] re- 
ported that weight  increases in male humans are not neces-  
sarily due to an increased caloric intake They speculated 
that instead, a metabolic  change occurs  These  conclusions  
howeve r  were  only suggest ive since It appears  that no human 
study has been conducted  that controls  for or  direct ly 
assesses  diet during smoking withdrawal  

Some of  the effects of  nicotine administrat ion in the rat 
bear  a striking resemblance  to effects of  cigarette smoking 
reported for the human In rats chronical ly administered 

nicotine, e i ther  by drug rejection or  aerosol  inhalation, mean 
body weight was significantly reduced [6, l l ,  13, 15] 
Schechter  and Cook  [15] found that following the nicotine 
administrat ion penod ,  mean body weight returned to pre- 
administrat ion levels In similarly treated rats McNal r  and 
Bryson [10] showed that when nicotine concentrat ion was 
reduced,  gain in body weight  was increased 

The changes in body weight associated with the adminis- 
tration of  nicotine may reflect  changes in appeti te Howeve r ,  
in studies on food consumpt ion  In rats, contrasting results 
have been repor ted  Mori [ l l ]  suggested that lesser food 
consumpt ion  was the probable reason for reduced weight 
among his male rats Schechte r  and Cook  [15] on the o ther  
hand, have repeatedly demonst ra ted  reduct ion in weight  
without  a reduct ion in amount  of  food consumed when 
nicotine was admlmstered  to female rats A study conducted  
in our  laboratory [10] showed that an increase in dosage 
(from 0 0 to 0 2 to 0 4 mg nlcotme/kg body wt ) cor responded  
to appeti te constancy and a decrease  o f  0 2 mg/kg per  day 
(using the same dosage levels) cor responded  to a mean in- 
crease in food intake o f  2 5 g per  day These  results were  
obtained from both male and female animals be tween  the 
ages of  8 and 12 weeks  

The present  study was conducted  to examine  the relation- 
ship be tween  weight  change and food consumpt ion  before,  
dunng,  and after chronic nicotine administrat ion at three 
doses  in 3-month old male and female rats 

METHOD 

Subje~ ts 

The subjects were  24 three month  old Sprague-Dawley 
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T A B L E  1 

THREE WEEK WEIGHT CHANGE UNDER NICOTINE AND 
SALINE TREATMENT (g) 

Sex Condition 

Freatment 

First Second 
3 Weeks 3 Weeks 

Males (n= 12) 
Saline First, then Nicotine 

Dose (mg/kg) 0 2 
0 4  
0 6  

Saline Nicotine 

18 58 10 16 
I1 83 9 17 
26 00 7 33* 

Nicotine First, then Saline 

O2 
O4 
O6 

Nicotine Sahne 

14 75 14 66 
8 58 17 83 
0 02 26 00" 

Females (n= 12) 
Sahne then Nicotine 

O2 
O4 
O6 

Sahne Nicotine 

10 66 3 84 
9 00 2 00 
6 34 2 34 

Nicotine then Saline 

0 2  
0 4  
0 6  

Nicotine Saline 

5 22 6 50 
850 6 17 
3 33 8 84* 

*p <0 05 

der ived  a lb ino rats  b red  at  San Diego Sta te  Unive r s i ty  
T w e l v e  were  male  0mt la l  mean  weight  289 (SD=47)g)  and  
12 were  female  (217 (SD=29)g)  All ammal s  were  m&vldu-  
ally housed  in wire mesh  cages m a t empera tu re -con t ro l l ed  
(23°C) e n v i r o n m e n t  unde r  normal  (un reve r sed )  12/12 day- 
mght  hgh tmg  

Pro~ edures 

To es tab l i sh  a base l ine ,  one  week  pr ior  to expe r imen ta l  
t r ea tmen t ,  food c o n s u m p t i o n  and  weight  change  were  mom-  
tored  for  all an tmals  Weight  was  r eco rded  t h r o u g h o u t  the  
e x p e r i m e n t  Food  was wmghed  before  each  dally feeding and  
was p rov ided  on  an  ad lib bas is  At  the end  of  each  24 hou r  
per iod t h r o u g h o u t  the  e x p e n m e n t ,  the  food remain ing  was 
also weighed  (wet  food was first  a l lowed to dry) and  the  
di f ference was r eco rded  as food c o n s u m e d  

Af te r  one week  of  m o m t o n n g ,  each  ammal  r ecmved  th ree  
s u b c u t a n e o u s  Inject ions  dally (at 7 a m ,  1 p m , and  7 p m ) 
of  0 2, 0 4, or  0 6 nag of  m c o t m e  d isso lved  m physio logica l  
sahne /kg  body  wt , or  0 9% NaCl  m a vo lume  of  0 1 cc/250 g 
body  wt L o w e r  dosages  of  n ico t ine  have  not  p r e v m u s l y  
been  useful  for  e h c m n g  behav io ra l  effects  and  h igher  dos-  
ages have  been  assoc ia ted  wi th  convu l s ive  behav io r s  

Ha l f  of  the  ammals  r e cm ved  one  concen t r a t i on  of  m c o t m e  
for  a th ree  week  per iod  and  sahne  re ject ions  for  a s u b s e q u e n t  
th ree  week  p e n o d  The  o the r  ha l f  r ecmved  saline first  and  
then  m c o t m e  t r ea tmen t  

Anal~sta 

Data  were  ana lyzed  separa te ly  for  food c o n s u m p t i o n  and  
weight  change  In bo th  cases  the design was a 2 (Sex)  by 3 
(Dosage)  by 2 (Time) analys is  of  v a n a n c e  When  s tat is t ical ly  
s ignif icant  d i f ferences  were  o b s e r v e d  ( p < 0  05), N e w m a n -  
Keuls  tes t s  (NKT)  were  pe r fo rmed  to de t e rmine  w h m h  pairs  
of  means  differed s lgmficant ly f rom one  a n o t h e r  

RESULTS 

Wetght Change 

A dosage  by t ime in te rac t ion  was s tat is t ical ly s ignif icant  
F (5 ,12)=8  23, p < 0  05 (Table  1) The N K T  revea led  a signifi- 
can t  increase  m weight  gain for  bo th  sexes  at  the  0 6 mg/kg 
body  wt level  when  m c o t m e  t r e a t m e n t  was t e rmina ted  

The  sex by  dosage  by t ime in te rac t ion  was also signifi- 
cant ,  F(5 ,12)=3  22, p < 0  05 The  N K T  showed  a signif icant  
increase  in wmght  gain for  males  upon  cessa t ion  of  m c o t m e  
at the  0 6 mg/kg body  wt level  as well  as a s lgmficant  de- 
c rease  m weight  gain at  the  same level  af ter  m c o t m e  treat-  
men t  was  begun  T r e a t m e n t  o f  weight  change  as a pe rcen t  of  
m m a l  body  weight  resu l ted  in s lgmficant  m h t b m o n  of  wmght  
gain for  bo th  sexes  w h e n  n icot ine  t r e a t m e n t  was ini t iated 
Weigh t  change  da ta  unde r  s ahne  and  th ree  m c o t m e  dosages  
can  be seen  in Table  1 

Food Consumptton 

A dosage  by tzme in te rac t ion  was o b s e r v e d ,  
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Sex 

TABLE 2 

FOOD CONSUMED UNDER NICOTINE AND SALINE TREATMENTS (g) 

Treatment 

First Second 
Condition 3 Weeks 3 Weeks 

Males (n=12) 

Females (n= 12) 

Sahne First, then Nicotine Sahne Nicotine 

Dose (mg/kg) 0 2 23 72 23 06 
0 4 22 80 22 94 
0 6 26 39 24 28* 

Nicotine First then Sahne Nmotlne Sahne 

0 2 22 95 26 67* 
0 4 26 20 29 62* 
0 6 19 26 25 05* 

Saline. then Nicotine Saline Nicotine 

0 2 16 96 16 82 
0 4 20 94 20 83 
0 6 20 36 18 83 

Nmotme, then Sahne Nicotine Sahne 

0 2 19 82 20 04 
0 4 18 80 19 08 
0 6 18 52 21 80* 

*p<0 05 

F(5,12)=27 42, p < 0  05 (Table 2) The difference In food con- 
sumpUon was dependent upon whether or not animals 
started in a nicotine condition and, as with weight change, 
the nicotine dosage level NKT showed that when going 
from the nicotine condmon to the sahne condition, animals 
in the 0 2 mg/kg body wt and 0 6 mg/kg body wt treatment 
groups significantly increased their level of food consump- 
tion When animals changed from sahne to nicotine, a de- 
crease in the amount of food consumed was significant for 
the 0 6 mg/kg body wt level only 

A sex by dosage by time interaction was also evident, 
F(5,12)=4 79, p < 0  05 For males, cessation of  nicotine was 
associated with a statistically significant increase in amount 
of food consumed for all levels of the nicotine However,  
when nicotine was introduced following the saline condition, 
food consumption was significantly decreased for the 0 6 
mg/kg body wt group only (p<0 05) 

For females neither initiation nor cessation of mcotine 
treatment produced significant changes in appetite, though a 
marginal increase (p =0 05) was observed during withdrawal 
from the 0 6 mg/kg body wt dosage level Food consumption 
data for saline and the three nicotine dosages can be seen in 
Table 2 

DISCUSSION 

These data demonstrate differential effects of nicotine 
and nicotine withdrawal on both food consumption and 
weight change in male and female rats The largest effects 

were observed during nicotine withdrawal Animals ginned 
the most weight and consumed the most food after withdraw- 
ing from 0 6 mg/kg body wt nicotine treatment The strong 
effects of the 0 6 mg/kg body wt of nicotine on weight gain 
are consistent with Hjermann and his co-workers '  results 
obtained from human subjects [5] and results found in our 
laboratory from immature rats Although there was little 
change in weight for the animals withdrawing from the 0 2 
mg/kg body wt level, the lowest level, the amount of food 
consumed increased significantly The 0 4 mg/kg body wt 
level showed no significant effects on either weight change 
or food consumption 

Previous studies by Morl using male animals as subjects 
[11] and Schechter and Cook using female animals as sub- 
jects [15] have demonstrated a weight loss for rats exposed 
to nicotine dosages ranging from 0 4 to 0 8 mg/kg body wt 
When the present data were inspected separately for males 
and females the effect of  nicotine and nicotine withdrawal on 
weight change were significant only for males at the 0 6 
mg/kg body wt level When change was treated as a percent 
of  initial body weight, significant weight inhibiting effects of 
nicotine were observed for females as well These results 
conflict with those obtmned by Bjelke [ 1] in humans in which 
female subjects showed greater weight changes than males 

Inspection of the data when animals went from the saline 
condition to a nicotine condition revealed a significant de- 
crease in food consumption only at the 0 6 mg/kg body wt 
level This is consistent with subjective reports on appetite 
found [12] where, as number of cigarettes smoked increased, 
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the repor ted  perce ived appet i te  level decreased  Although 
K~ttel suggested that  the higher olfactory threshold  induced 
by smoking may play a role m appeh te  regulation [8], the 
present  s tudy suggests  that  some additional factors  must  
b n n g  about appet i te  change Since mco tme  was mt roduced  
by rejection,  ~t seems  unhkely that  the olfactory threshold  
was affected 

Separa te  analyses  for males and females  showed  the de- 
c rease  m food consumpt ion  associa ted  w~th mco tme  treat- 
ment  was s~gmficant for males only Inhibition of  weight gain 
was  therefore  associa ted  w~th appet i te  depress ion  m the 
male rats,  however ,  the t rend toward  weight  mh~b~t~on ob- 
served  m the females  was not associa ted  w~th reduced food 
retake Similarly, upon cessa t ion  of  nicotine t rea tment  
changes  m weight  were closely associa ted  w~th changes  m 
amount  of  food consumed  for the male ammals  The females  
howeve r  dM not show a t endency  to gain weight These  
results help reconci le  the confhc tmg observa t ions  made by 

Schech te r  and Cook [15] and Mort [11] It is hkely that  some 
sex associa ted  variable de te rmines  whe the r  or not mco tme  
reduced weight change IS a c c o m p a m e d  by appeti te  change 

These  obse rved  sex d i f ferences  warrant  fur ther  study 
While it appears  that mco tme  effects  on weight  mhlb~hon are 
s t ronger  for males than females  when absolute  body wt 
change ~s the dependen t  measure ,  the effects  also appear  for 
females  when change ~s measured  as a percentage of  m~tml 
body weight The quest ion of  whe the r  males or females  are 
more  strongly affected has not been  answered  unambigu- 
ously H o w e v e r  ~t does  appear  that mco t me  reduced weight 
change ~s assocmted  w~th changes  m amount  of  food con- 
sumed for males,  but not for females  This may be due to an 
interaction of  mco tme  w~th sex steroMs as has been 
suggested by Hatchell  [4] We are current ly  conduc tmg re- 
search on sexually altered t e s tos te rone  or estradtol  t reated 
ammals  m order  to bet ter  unders tand  sex d~fferences ,n el- 
fects o f  mco tme  
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