
t'harmac,,h,t'> Bio~ hcmi~tly & BelmLi,r. Vol. 19. pp. 6(15-608. 1983. ' Ankho International Inc. Ih'inted in the U.S.A. 

Taste and Nicotine as Determinants of 
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KSIR. C'. la~te and nic,,tim' rt~ d¢,tcrminant~ ,~l'v,duntar3 t,hac ~ ,~ u~c hv ham.~tcr.~. PHARMA('()[_. BI()CHEM BEHAV 
19(4) 605-608, 1983.--Syrian hamsters consumed a commercial chev, ing tobacco in daily amounts equivalent to 2.6c7, of 
their body ~ eights, even though t\~od and water v, crc always available, l)aily intake increased gradually to this level over a 
period of 4 months. Commercial tobaccos contain a variety of flavoring agents, including sugars. Moistened. unflavored 
tobacco was consumed in much smaller amounts than the commercial tobacco. Addition of sucrose to the unflavored 
tobacco produced a concentration-dependent increase in daily consumption. Addition of nicotine to the drinking water did 
not affect daily fluid intake or food consumption, but produced a selective, dose-related decrease in consumption of the 
commercial tobacco, l'hese results indicate interactive roles for taste and nicotine in controlling the daily, voluntary. 
high-level use of tobacco by hamsters. 

Hamsters Tobacco Nicotine 

A I . I ' H ( ) U G H  per-capi ta  use of  t obacco  for smoking  has re- 
ma ined  s table  or shown  it slight decl ine  in the U.S.  ove r  the 
past 20 years ,  the use of  " ' s m o k e l e s s "  t o b a c c o  has in- 
c reased .  In the decade  from 1970 to 1980, U.S.  sales of  chew-  
ing t obacco  increased  from 1.06 to 1.38 pounds  per  adult  
male [7]. The  use of  these  t obacco  p roduc t s  is g rea te r  in 
some  regions  of  the U .S. than  in o the r s ,  and in par t icu lar  the 
" ' c o w b o y "  t radi t ions  of  the  wes t e rn  and sou the rn  U.S.  in- 
c lude the  use of  chewing  tobacco .  We recent ly  c o n d u c t e d  it 
su rvey  a m o n g  314 u n d e r g r a d u a t e  s tuden t s  at the Univers i ty  
of  Wyoming  in w.hich 27"4 of  the males  repor ted  cu r ren t  use 
of  smoke le s s  tobacco ,  c o m p a r e d  to 17.5e/ who  cur ren t ly  
s m o k e d  tobacco .  Only 4. IC~ of  the females  repor ted  cu r ren t  
use of  chewing  tobacco .  The  only publ i shed  da ta  of  which  
we are aware  on t obacco  chew.ing as a b e h a v i o r  was a 1981 
report  of  smoking  and chewing  a m o n g  12-18 year  olds in 
N e b r a s k a ,  in which  7.1"6 of  the males  indica ted  cu r ren t  use 
of  chewing  t obacco  [8]. 

We originally left some l e a f  type chewing  t obacco  in it 
cage con ta in ing  th ree  female  h a m s t e r s  expec t ing  that  they 
might ,  in moving  the tobacco ,  place it in the i r  cheek  pouches  
and pe rhaps  a b s o r b  some nicot ine .  For  abou t  30 minu tes  
af ter  the  t o b a c c o  was placed in the cage the h a m s t e r s  only  
sniffed at it when  they passed  it. The  next  day,  the  t o b a c c o  
was gone  from the cage. Af ter  severa l  days  it b e c a m e  c lear  
that  the  h a m s t e r s  w, erc catting the tobacco .  By this  t ime,  
when  fresh t obacco  was in t roduced  into the cage the an imals  
would app roach  it, place it in thei r  cheek  pouches ,  carry  it to 
it locat ion away  from the o the r  hams te r s ,  r e m o v e  it f rom 
the i r  pouches ,  and  begin to eat it. 

This  p h e n o m e n o n  was of  in teres t  because  we were un- 
aware  of  any d o c u m e n t e d  vo lun ta ry  use of  t obacco  by 
n o n h u m a n  animals .  There  have  been  some anecdo ta l  de- 

s c r ip | i ons  of  the use of  t obacco  by capt ive  n o n h u m a n  pri- 
maries ([3], p. 423), but effor ts  to es tab l i sh  smok ing  b e h a v i o r  
or  n icot ine  self- inject ion in l abora to ry  an imals  requi re  e labo-  
rate i n s t rumen ta t i on ,  p ro longed  t ra ining,  and often require  
the  use of  some o the r  re inforc ing  even t  when  init iat ing to- 
bacco  or  n icot ine  use [2, 5, 91. 

EXPERIMENT I 

"The first expe r imen t  was  to examine  w h e t h e r  eve ry  
an imal  exposed  to chewing  tobacco  would eat  it, how much  
each  animal  would cat per  day,  and the effect of  the t obacco  
on food and wa te r  intake and weight gain. 

Animal.~ 

l ' w e n t y - l b u r  male golden Syrian hams te r s  weighing  70-90 
g were  placed in individual  2 9 : < 1 9 x i 3  cm po lypropy lene  
cages  with wire tops.  Pur ina  lab chow was placed in a de- 
p ress ion  in the wire cage top,  and wa te r  was freely avai lable  
f rom a bot t le  placed on the cage top. 

. i lcthod 

The hams te r s  were  r andomly  ass igned to two groups  of  12 
each .  After  two days  of  adap ta t ion  to the cages,  approx-  
imately 4 g of  commerc i a l  leaf  chewing  t obacco  (Beech-Nut )  
was placed in a n o t h e r  dep res s ion  a top  the cages  of  half  the 
animals .  Each  animal  was r emoved  from its cage at the same 
t ime each  day.  its cheek  pouches  were  checked  and any th ing  
in them r e m o v e d  with a blunt  forceps ,  and the animal  was 
weighed.  The  bedding  was checked  careful ly  for pieces of  
food or tobacco ,  and  the bedding  replaced.  Wate r ,  food and 
t obacco  were  weighed and rep len ished .  Each  day a 4 g sam- 

'Supported by a grant from the American Heart Association of ~yoming.  Preliminary results were presented tit the 1982 meeting of the 
Psychonomic Societ.v. 
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pie of tobacco was left on a shelf so that loss of weight due to 
drying could be corrected Ibr. These measures were col- 
lected daily for 10 days. 

R e s u l t s  

During the first 10 days of daily measurments, the to- 
bacco hamsters ate a mean of  I.I g/day of tobacco, after 
correcting for evaporative loss. Every animal ate some of the 
tobacco every day, with individual 10-day means ranging 
from 0.6 to 2.0 g. There was no significant increase in to- 
bacco consumption over that time period. Repeated- 
measures analyses of variance (ANOVAs) examined differ- 
ences between the tobacco and no-tobacco groups for food 
intake, water intake, and body weight. (,)verall, the hamsters 
ate 7-8.5 g/day of lab chow. drank 12-14 ml/day of water, 
and gained a total of  13.9 g in body weight. Although there 
were no significant group differences for any of these meas- 
ures, there was a slight tendency for the tobacco animals to 
eat less food and to gain more weight, probably reflecting the 
sugar content of the tobacco. 

When the hamsters were exposed to tobacco for longer 
periods, the tobacco consumption increased. On days 28-38 
the mean intake was 2.3 g/day, and there was a slow increase 
over  that period. On days 128-139 the daily intake was rela- 
tively stable at a mean of 3.2 g/day (Fig. I). Body weights at 
the end of the experiment averaged 125 g. 

D i s c u s s i o n  

This first experiment indicates that hamsters will eat 
chewing tobacco if it is made available, that they do so from 
the beginning in amounts over I%, of their body weight pcr 
day, and that over a four month period their intake increases 
to 2.6% of their body weight per day. Apparently all the 
animals eat tobacco, and it does not make them ill or inter- 
fere with their gaining weight. Although directly proportional 
body-weight comparisons with man should not be taken too 
seriously, it is striking to consider that a man weighing 70 kg 
would have to eat 1.8 kg of this tobacco each day to match 
the hamster 's intake. 

EXPERIMEN r 2 

In an effort to explain both the initial ready consumption 
of  the chewing tobacco and the gradual increase in con- 
sumption over  time, a working hypothesis wits developed in 
which taste plays a role in the initial acceptance of the 
toabacco and the gradual increase over time is due to the 
development of a behavioral dependence on nicotine. An 
alternative explanation for the gradual incrcase is that 
nicotine absorption limits the amount of tobacco consumed 
right from thc beginning, and it gradual tolerance develops to 
the avcrsive properties of nicotine. In either case, both tastc 
and nicotine are assumed to bc important factors controlling 
the amount of tobacco eaten by experienced hamsters. 

The second expcrimcnt examined the influence of taste in 
controlling tobacco intake. The brand of tobacco used in thc 
first experiment contains added sugars making up about 25% 
of the total weight of  the product (approximately equivalent 
to 50 g sucrose tbr every 100 g ofdry  tobacco). Glycerin and 
water add moisture and account for most of the rest of the 
weight of the commercial product, with other flavorings 
(licorice, salt, and some that are not disclosed) contributing 
less than 5% of the total weight (personal communicationj. 
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FIG. I. Mean tobacco intake/day as a function of da,'..s of tobacco 
exposure. Iach point represents a mean for 12 hamsters. 

A n i m a L s  

Twelve hamsters that had been catting the commercial 
tobacco tbr approximately three months were used in this 
experiment. They were housed, fed and watered its in Exper- 
iment I. 

,'~,l~,ltlod 

A supply of dry. unflavored tobacco was obtained from 
the manufacturer. This tobacco is the same blend as the 
commercial product, removed from the process prior to the 
application of the "cas ing"  (liquid and flavoringsL One 
preparation wits made by adding 50 g sucrose, 61.) g water, 
and 8 g glycerin pet 100 g dry tobacco. Another preparation 
contained the same amounts of water and glycerin, but only 
25 g sucrose. A third preparation contained the water and 
glycerin, but no sucrose. Four groups of three animals each 
were allowed to eat one of these three preparations or the 
commercial product for four days. Body weights, food. water 
and tobacco intake were measured daily its in Experiment I. 

R~'.~IIlI.~' 

Since the different preparations contained different 
amounts of tobacco and water as proportions of their total 
weight, two corrections were necessary to make the intake 
values comparable. First. it sample of each preparation and 
of the commercial tobacco was left overnight on a shelf so 
that separate corrections for evaporation could be done for 
each type of tobacco. Second, the proportion of dry tobacco 
in catch preparation wits used to estimate the amount of 
Beech-Nut the animals would have eaten in consuming lhe 
equivalent amount of dr}, tobacco. These results are shown 
in Fig. 2. A mixed design analysis of vltriance (ANOVA) 
indicated thai there were highly significant differences be- 
tween the groups, FI 3,8)-22.5,/Y0.0{)l.  While the amount of 
intake wits rehtted It) sugar content for the prepared tobac- 
cos, the preparation with the highest sugar content, similar 
to the sugar content of the commercial tobacco, ,aas not as 
well accepted its was the commercial product itself. Therc 
were no significant differences in food or water intake or 
body weight changes over the four day period. 

l)i.~ cus.~ it m 

These results clearly indicate that the sweetness of the 
tobacco is an important determinant of the amount eaten. It 
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FI(;. 2. Mean tobacco intake/day over four days of exposure to the 
commercial tobacco (BN). to an unflavored tobacco (0). or to unlla- 
w,)red tobacco with two levels of added sucrose (25,50). Each point 
represents a mean for 3 hamsters. 
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FIG. 3. Mean tobacco intake/day over four days of exposure to tap 
water (W) or one of two solutions of nicotine (N I. N2) in the drink- 
ing bottle. Each point represents a mean for 12 hamsters. 

is pe rhaps  fo r tuna te  tha t  we initially chose  to test  a type  of  
t obacco  that  con ta ins  so much  added  sugar  and  that  we 
chose  h a m s t e r s  as sub jec t s .  H a m s t e r s  are appa ren t ly  more  
sens i t ive  to sv,.eet tas tes  than  are rats,  for example ,  and in 
that  respect  more  nearl,~ r e semble  h u m a n s  [1]. A l though  
s w e e t n e s s  is impor tan t ,  the d i f fe rence  betw, een the in takes  of  
the sv, ee tes t  t obacco  p repa ra t ion  and  the Beech -Nu t  indi- 
ca tes  that the o the r  f lavor ings  con ta ined  in the  commerc i a l  
p roduc t ,  including salt,  l icorice,  and p ropr ie ta ry  ingredients ,  
con t r i bu t e  s ignif icant ly to the a c c e p t a n c e  of  Beech-Nut .  
A n o t h e r  impor tan t  point is that  an imals  in the  0 sugar  group,  
which  had been  eat ing the  commerc ia l  t o b a c c o  before  this 
test .  still c o n s u m e d  some tobacco  even  w.hen it con ta ined  no 
added  f lavors  at all. 

EXPI'~RI MI!N l" 3 

"I'v~o basic  a p p r o a c h e s  have  been  used in s tudying  the role 
of  n icot ine  in c igare t te  smoking  [6]. One  app roach  is to vary 
the  nicot ine  con ten t  o f  the tobacco ,  and a n o t h e r  is to exam- 
ine the  inf luence  of  in jected nicot ine  or  n icot ine  chewing  
gum on a m o u n t  smoked .  Since the  m a n u f a c t u r e r  of  the 
chewing  t o b a c c o  was unable  to provide  us with samples  of  
t obacco  vary ing  in n icot ine  con ten t ,  we used the  indirect  
app roach  of  adding  nicot ine  to the hamsters"  dr inking  wa te r  
to de t e rmine  if this WOtlld inf luence  l obacco  intake.  

Anim.l.~ 

The  same 12 h a m s t e r s  that  had been  used in Exper imen t  2 
were  all a l lowed daily access  to food, water ,  and the  com- 
mercial  t obacco  for at least one  week pr ior  to the beginning  
o f  this expe r imen t .  

Alcth,~d 

The same commerc i a l  t obacco  as used in the previot .s  
e x p e r i m e n t s  was  g iven  daily, to all the an imals  for 12 days ,  
and measu res  of  in take  were  the  same as in Expe r imen t  I. 
One  group  of  four  h a m s t e r s  was g iven  plain lap wa te r  in the i r  

dr inking  bot t les .  A second  group  of  four was g iven  a n icot ine  
solut ion made  by adding  1 ml of  a 58r/( n icot ine  sulfate solu- 
t ion to I 1. tap water .  A third g roup  was given a 2 ml/I 
solut ion of  n icot ine  sulfate.  These  so lu t ions  tire equ iva len t  to 
0.45 and 0.90 mg nicot ine  base  per  ml water .  Af ter  four d a i s ,  
each  group  was swi tched  to a different  solut ion for four days,  
then  swi tched  again,  so that  tit the end  of  12 days  each  group  
had rece ived  each  of  the th ree  solut ions .  The  groups  were 
exposed  to the so lu t ions  in c o u n t e r b a l a n c e d  order .  

Rc,sults 

The  da ta  for all an ima l s  were  c o m b i n e d  for each solut ion 
condi ton .  Nico t ine  in the dr inking  wa te r  had no effect on 
fluid c o n s u m p t i o n ,  with the overal l  daily mean  being 20.3 ml 
for water ,  20.2 ml for the 0.45 mg/ml solut ion,  and 19.2 for 
the 0.90 mg/ml solut ion,  F(2 ,22)=0.6 .  n.s. Food intake was 
6.4 g/day unde r  the wa te r  condi t ion ,  6.0 g/day unde r  the 0.45 
mg/ml condi t ion ,  and 5.9 g/day unde r  the 0.9(I mg/ml condi-  
t ion,  a lso not a s ignif icant  re la t ionship ,  F(2 .22)=3.  I, n.s. The  
effect of  n icot ine  on t obacco  c o n s u m p t i o n  is shown  in Fig. 3. 
This  dec rea se  in t obacco  c o n s u m p t i o n  when  n icot ine  was 
added  to the dr ink ing  wa te r  was s ignif icant ,  F(2,22)=8.(1. 
p-: 0.005. 

Di.~(us.Yion 

Adding n icot ine  to the wate r  resul ted  in a dec rease  in 
t obacco  intake,  but not in fluid or  | \ )od intake.  The  select iv-  
it)' o f  the effect rules out  the possibi l i ty that  reduced  tobacco  
in take  is due to a genera l  malaise  or o the r  nonspeci f ic  effect 
on c o n s u m p t i o n .  This  result  implies that  n icot ine  abso rbed  
from the dr inking  wa te r  combines  with n icot ine  abso rbed  
from the ea ten  tobacco ,  and that  the h a m s t e r s  are regulat ing 
total  n icot ine  intake within some upper  bound .  The  tobacco  
used in these  e x p e r i m e n t s  con ta ins  about  0.5('/( n icot ine  by 
weight ,  so that  a h a m s t e r  eat ing 3 g/day would be taking in 
app rox ima te ly  15 mg n icot ine /day .  The  h a m s t e r s  dr inking  20 
ml of  0.9 mg/ml nicot ine  solut ion c o n s u m e d  an average  of  18 
mg n ico t ine /day  from the water ,  and  reduced  their  t obacco  
in take  by an ave rage  of  16(/r. The  group dr ink ing  the weake r  
n icot ine  solut ion c o n s u m e d  an average  of  9.1 mg 
n icot ine /day  from the water ,  and reduced  thei r  t obacco  in- 
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take by I1%. The re fo re .  a l though  the  an imals  ob ta in ing  
n ico t ine  th rough  the wa te r  did s ignif icant ly  reduce  the i r  to- 
bacco  intake,  they still consumed  more  total nicotine than the 
animals  dr inking water .  The es t imated  total nicotine intake was 
about  15 mg for the wate r  group,  about  24 mg for the 
w e a k e r  n icot ine  group,  and  abou t  30 mg for the s t ronger  
n icot ine  group.  

GENERAl. DISCUSSION 

These experiments demonstrate that hamsters wi l l  con- 
sume large amounts of  chewing tobacco, and that both taste 
and nicotine are important determinants of  the amount of  
tobacco eaten. With regard to the idea that a nicotine de- 
pendence may develop in these animals, there are still some 
unanswered questions. The gradual increase in consumption 
over t ime may not bc due to an increased dependence on 
nicotine but rather to an increasing tolerance to nicotine. 
Nicot ine may influence consumption only by l imi t ing the 
amount consumed, and the hamsters may be eating the to- 
bacco only because of  its f lavor. Wc have received a sample 
of  denicot inized chewing tobacco wi th added flavorings 
simi lar to the commercial  tobacco. Prel imimuy indications 
are that hamsters that have been eating the commercial  to- 
bacco eat much less of  this denicot inized tobacco when it is 
substituted. While the denicot inized tobacco seems to have a 
s imi lar  f lavor to humans, it cannot bc ruled out that its f lavor 
is suff iciently different from the commercial  tobacco for the 
taste change to account for the decreased consumption seen 
in hamsters switched from the commercial  tobacco to the 
denicot inized. Our f inding in Exper iment 2 that hamsters 
switched from commercial  tobacco to an unflavored tobacco 
wi l l  still consume a small amount of  the tobacco is a further 
indication that taste alone may not be maintaining this to- 
bacco intake. Further evidence on these questions wi l l  come 
from long-term intake studies wi th tobacco-naive animals 
started on unflavored or on denicot inized tobacco. 

Gastrointestinal absorption of  a drug is fo l lowed by pas- 
sage through the l iver before entering the general circulat ion. 

Nicot ine  is subjec t  to rapid l iver  me tabo l i sm,  and this  has led 
to the s t a t emen t  that  " ' because  of  f i rs t-pass me tabo l i sm in 
the l iver,  n icot ine  a b s o r b e d  th rough  the gut af ter  ingest ion 
has  little pharmacolog ica l  effect c o m p a r e d  w, ith n icot ine  ab- 
so rbed  by routes  such as the skin,  nasal and  buccal  mucosae ,  
lungs,  and even  the r ec tum,  all of  which  allow, the n icot ine  to 
be d is t r ibu ted  in the general  c i rcula t ion  before  passage 
th rough  the l i ve r "  [10]. It is there fore  appropr ia t e  to ask 
w h e t h e r  meaningful  b lood levels  of  n icot ine  are p roduced  in 
these  h a m s t e r s  a f te r  ingest ion.  One  h a m s t e r  that  had been 
eat ing tobacco  for several  weeks  was g iven  a 2-g sample  of  
t o b a c c o  for 30 minutes ,  dur ing  which  t ime 0.37 g were con- 
sumed.  The  animal  was then sacrif iced by decap i t a t ion  so 
that  a large enough  blood sample  could be ob ta ined  for as- 
say. The  blood sample ,  a long with a coded cont ro l  sample  
taken from a n o t h e r  h a m s t e r  not exposed  to tobacco, were 
frozen and shipped fi~r assay. ] 'he assay found no nicotine in 
the control sample, and 43.9 ng nicotine/ml plasma in the 
sample from the hamster that had eaten tobacco. ]-his value 
is just above the mean blood levels reported for hun]an oral 
smokeless tobacco users by Gri tz e t a / .  [4]. is above the 
levels reported t\~r cigar smokers and about the same as the 
peak levels reported fl~r nasal snuff users [ I I]. 

It appears that the hamster may provide a useful model 
for studying the acquisit ion of  tobacco use, factors influenc- 
ing tobacco use, and some of the physiological effects of  
tobacco use. Since significant blood levels of  nicotine may 
be produced using this model, the effects of  nicotine on car- 
diovascular function, development,  and reproduct ion may 
be studied without elaborate smoking machines and without 
the need to repea tedly  inject nicot ine.  
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