
Pharmacology Buwhemtstrv & Behavior, Vol 24. pp 567-570. 1986 ~ Ankho lnternauonal Inc Printed m the U S A 0091-3057/86 $3 00 + 00 

Saccharin  A v e r s i o n s  in H a m s t e r s  as a 
Result  of  N ico t ine  Inject ions  I 

F R A N K  E T S C O R N ,  G E N E  A M O O R E ,  L Y N D A  S H A G E N ,  
T I N A  M C A T O N  A N D  D E A N N A  L S A N D E R S  

Depar tmen t  o f  Psychology ,  Neiv  Mex ico  Inst i tute  o f  M m m g  and  Technology,  Socorro,  N M  87801 

R e c e i v e d  15 M a r c h  1985 

ETSCORN, F ,  G A MOORE, L S HAGEN, T M CATON AND D L SANDERS Sa~charm aversions In hamsters 
as a result of mcotlne mje¢nons PHARMACOL B1OCHEM BEHAV 24(3) 567-570, 1986--Golden Syrian hamsters 
(males, N=70) showed dose-related conditioned taste aversion (CTA) when saccharin dnnking was followed by delayed 
nicotine inJections Basehne consisted of measuring amounts consumed after 20 minutes of daily access to tap water 
Measures were taken for five days The hamsters were then conditioned by offenng them saccharin solution (0 1%, w/v) for 
20 minutes, afterwhlch a 30 minute delay was imposed Subsequent to the delay, groups of 10 animals were treated as 
follows nicotine inJection (1 0, 3 0, or 9 0 mg/kg, IP). sahne inJection, hthlum chloride injection (2% body weight of a 
0 15 M solution), sham injection, or left in their cages as handling/stress controls Following two recovery days with plain 
water available for 20 minutes, all animals were tested for CTA by offering them sacchann solution Dose-related CTA was 
demonstrated in the nicotine animals as measured by a decrease in saccharin consumption compared to drinking measures 
obtained from animals inJected with saline Lithium chloride produced the same degree of CTA as 9 mg/kg of nicotine, and 
the aversions had extinguished in all groups by the third test day 

Hamsters Nicotine Flavor aversion 

AN animal can be made to avoid a once-palatable  fluid if that 
fluid has been condit ionally paired with delayed drug inJec- 
tion, rotational stimulation, or  X-irradiation [1] Such learn- 
ing has been termed condi t ioned taste avers ion (CTA) 

Nicot ine ,  which is used more frequently than any other  
psychoac t ive  drug, is highly toxic with 40-60 mg being po- 
tentially fatal in humans [8] Nicot ine  is also a powerful  
st imulant of  the chemorecep to r  triggering zone (CTZ) in the 
area pos t rema of the medulla  which IS the locus of  the vomit-  
ing cen ter  In addition, the drug has a relat ively short half- 
life in the rat of  from 0 92 to I l0 hr fol lowing IV administra-  
tion [13] In humans the same value ranges from 20 to 30 mln 

In a small-sample study. Swiss-Webster  mice showed 
CTA to a 2(1% (w/v) sucrose solution when it was fol lowed by 
ei ther  a delayed intraperl toneal  (IP) injection of  nicotine base 
(2 mg/kg in a saline vehicle) or  when forced to breathe con- 
centra ted tobacco smoke [5] 

Studies using rats have also shown nicot ine- induced 
CTA Kumar ,  Pratt and Stolerman [12] showed CTA using 
nicotine bitartrate (0 008, 0 08, and 0 8 mg/kg) injected sub- 
cutaneously  (SC) in the animal ' s  flank immediate ly  after hav- 
ing drunk ei ther sodium chloride solution (0 9%) or  sodium 
saccharin (0 1%) solution More  than one acqmslt ion trial 
was required for CTA in all groups excep t  the highest dose 
group Their  procedure  was based on the technique used by 
Booth,  D 'Mel lo ,  Piicher and Stolerman [2] which combined 
one-st imulus and two-st imulus tests Iwamoto  and 
Wlll lamson [10] paired saccharin solution (0 1% w/v) with 
delayed (60 min) SC injections of  e i ther  0 05, 0 16, or  0 50 

mg/kg of  nicotine base in a 0 9% saline solution vehicle 
Af ter  one acquisi t ion trial, rehable CTA was shown using 
two-bot t le  choice  tests m the 0 50 mg/kg group but not  m the 
o ther  dose groups 

Kslr  [1 l] showed that hamsters  will voluntari ly eat com- 
mercial  chewing tobacco without  havmg to be food deprived 
When offered four grams of  tobacco daily, the animals ate up 
to 2 6% of their  body weight  In some cases,  they ingested 
the equivalent  o f  30 mg of  nicotine per day when tobacco 
was s imultaneously available along with nicotine in their 
drinking water  The animals do eat the tobacco,  it is not 
merely stored in their cheek  pouches  While the condit tons 
would seem ideal for CTA learning (novel  flavor,  short  delay 
of  drug onset  due to the lipid solubihty of  nicotine, and tox- 
icity of  the drug), the animals actually increased their con- 
sumptlon of  both chewing tobacco and nicotine-laced drink- 
ing water  ove r  days Such increases suggest that negative 
consequences  from nicotine in this species are ei ther  mini- 
mal or  absent,  at least when the drug is orally ingested 

An understanding of  how the hamster  is able to consume 
such large daily amounts  of  a potent  nauseant  and emet ic  (in 
species that can vomit)  while showing no ev idence  of  aver- 
slon to the substance could be important  for CTA research in 
general  Moreover ,  basic information regarding nicotine and 
hamsters  may be useful in establishing a hamster  model  of  
tobacco chewing or  snuff  "d ipp ing , "  two increasingly popu- 
lar methods  of  tobacco  use in humans (Smoking is 
prohibi ted in New Mexico  schools,  but chewing or  more 
often snuff " d i p p i n g "  is general ly ignored A recent  and 
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TABLE 1 

MEAN AMOUNTS OF SACCHARIN SOLUTION CONSUMED 

Cond~ttomng Test Day Test Day Test Day 
Treatments Day 1 2 

Sahne 2 7 (0 23) 3 1 (0 24) 3 8 (0 24) 3 8 (0 28) 
Nicotine 1 mg/kg 2 8 (0 19) 2 2 (0 21) 3 3 (0 15) 3 5 (0 16) 
Nicotine 3 mg/kg 2 5 (0 19) 1 8 (0 21) 3 I (0 23) 3 4 (0 24) 
Nicotine 9 mg/kg 2 5 (0 14) 1 4 (0 12) 2 7 (0 15) 3 1 (0 22) 
LIC1 2 6 (0 24) 1 7 (0 22) 2 8 (0 30) 2 9 (0 28) 

(Mllldlters--SEM) 

growing trend among middle and senior high students is to 
swallow the excessive saliva and tobaccojutce since they are 
not allowed to expectorate ) The present study was under- 
taken to determine l fa  different route of nicotine administra- 
tion (intraperttoneal injection) would produce CTA in the 
hamster If the hamster does show CTA from IP but not from 
oral nlcotme, then the route of administration with resultant 
differences in absorptton and duration of actton could be a 
slgnficant factor in nicotine-based CTA m this species Fi- 
nally, as prevtous studies [4,15] have shown CTA in ham- 
sters based on lithium chloride (L1CI), we included a group 
receiving this drug to compare with any aversions produced 
by nicotine 

METHOD 

Ammal~ 

The subjects were 70 naive male golden Synan hamsters 
(Mesocrtcetus auratus) purchased from Harlan Sprague- 
Dawley of  Indianapolis, IN Each animal was assigned to an 
opaque polypropylene cage (17 8×29 2x13 cm) covered 
with a galvanized wire-bar top having a recessed food hopper 
and drinking bottle holder Each cage was supplied with ad 
hb Wayne Lab Blox and a 250 ml glass water bottle fitted 
with a rubber stopper, stainless steel sipper tube, and filled 
wtth fresh tap water The cages contained enough sterlhzed 
hardwood bedding ("Sani-Chlps") to cover the bottom 2-3 
cm Beddmg was changed and cages washed weekly Lab 
temperature was maintained at 25°C with overhead fluores- 
cent lights cycled on at 0700 hr and off at 1900 hr White 
noise was on constantly 

Apparatus 

Calibrated (0 2 ml) drmking tubes were fashioned from 10 
ml disposable plastic syringes and fitted with 6 35 cm stain- 
less steel spouts, and No 0 rubber laboratory stoppers [6] 

Procedure 

On arrival the hamsters were given 8 days of ad lib tap 
water from their glass water bottles prior to the study to 
allow for laboratory habttuation 

On Day 1 of the study at 1400 hr all hamsters were de- 
prived of water until the same time on the next day when 
each animal was introduced to a basehne dnnklng session 
conducted as follows Every 10 sec a calibrated drinking 
tube containing fresh tap water was inserted into the bottle 
holder/stopper protector provided by the cage top This pro- 
cedure continued sequentially until all animals had access to 

water In order to prevent an animal from dislodging or 
otherwise disturbing its drinking tube, a rubber band was 
placed around the width of the cage (approximately 8 cm 
from the end of the cage) with the drmking tube resting on 
the rubber band This arrangement elevated the entire tube 
approximately 2 5 cm from the cage top The spout tip 
protruded into the cage 4 5 cm at an angle of approximately 
45 ° from horizontal After 20 rain of access to tap water the 
drinking tubes were removed (on the 10 sec schedule), and 
the amounts consumed were determined and recorded for 
each animal Dally baseline drmklng continued in this man- 
ner until five measures were taken (Days 2-6) 

On Days 2 and 4 at 0900 hr, each hamster was removed 
from its home cage, handled for approximately 2 mln, and 
then returned to its cage 

Beglnmng at 0900 hr on the last day of baseline drinking 
(Day 6), all animals were weighed to the nearest gram In 
order to compute drug doses The hamsters were then ran- 
domly assigned to seven treatment groups consisting of 10 
animals per group nicotine injection (I 0, 3 0. or 9 0 mg/kg), 
saline injection, hthlum chloride injection (2% body weight 
of a 0 15 M solution), sham injection, or left in their home 
cages as handling/stress controls (see Table 1) All injections 
were delivered IP 

Day 7 (Condittonmg Day) consisted of offering all ham- 
sters at 1400 hr saccharin solution (0 1% w/v. No S-3. Fisher 
Purified sodium saccharin in tap water) in their drinking 
tubes for 20 rain, afterwhlch the tubes were removed and the 
amounts consumed were determined and recorded A 30 rain 
delay began with the end of the 20 mm drinking period Fol- 
lowing the delay each hamster (except the handling/stress 
control group) received its appropriate injection using for 
each animal a new % inch, 25 gauge needle affixed to a 1 cc 
plastic syringe Nicotine free base was obtained from Sigma 
Chemical Co (No N 3876 in 5 ml bottles) and lithium 
chloride from Fisher Scientific (PurLfied. No L-120) The 
nicotine base was diluted using normal (0 9%) saline into 
three concentrations to enable equtvolume injections of the 
three doses of nicotine This resulted m a 50 gram ammal 
receiving a dose volume of 0 5 ml Normal saltne (0 5 ml/50 g 
of  body wetght of  a 0 9% solution) was used for control in- 
jections Each sham antmal was removed from its cage, 
sham injected, and returned to its cage Injections took 20-30 
sec per animal The animals mjected with nicotine were ob- 
served for any indication of tremor or seizure activity 

Days 8 and 9 were Recovery Days with the animals re- 
ceiving 20 mIn access to plain tap water from the calibrated 
drmklng tubes 

Days 10, 11. and 12 were Test Days with each animal 
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having a single bottle of sacchann solution to drink for 20 
mln No other hqulds were offered 

The drinking tubes received multiple soaklngs and rms- 
ings in fresh tap water prior to and following all drinking 
sessions The tubes were filled via submersion by hand using 
fresh disposable vinyl gloves 

RESULTS 

Intrapentoneal rejections of 1 0, 3 0, or 9 0 mg/kg of 
nicotine 30 min after having consumed a novel saccharin 
solution produced CTA m a dose-related manner (see Table 1) 

As the three control groups (saline reJected, sham re- 
jected, and cage controls) did not differ with respect to sac- 
charm consumption on conditioning day or any of the test 
days (one-way analyses of variance, F(2,27)<1, in each 
case), only the saline injected group was used for compari- 
sons with the three nicotine groups or the LICI group 

A repeated-measures analysis of variance (ANOVA) was 
performed on the amounts of saccharin consumed by the 
saline, 1 mg/kg, 3 mg/kg, and 9 mg/kg groups across the three 
test days resulting In a rehable dose effect, F(3,72)=6 2, 
p < 0  01, trials effect, F(2,72)=151, p < 0  001, and dose × 
trials Interaction, F(6,72)=3 9, p < 0  01 Pairwlse compari- 
sons were made using Scheffe's test (Test Day 1 The saline 
group differed reliably (p<0 05) from the three mcotme 
groups, Test Day 2 The saline group differed from the 9 
mg/kg group, Test Day 3 no reliable comparisons) 

A repeated-measures ANOVA was computed using the 
amounts of saccharin consumed by the saline and LtCI 
groups across the three test days resulting in a reliable drug 
effect, F(1,18)=8 9, p < 0  01, and trials effect, F(2,36)=44, 
p < 0  001 There was no interaction, F(2,36)=3 1, not slgmfi- 
cant Multiple t-tests indicated significant differences be- 
tween the saline and LICI groups on test days 1 and 2, 
t(18)=4 28, 2 51, respectively, p < 0  05 

The animals in the sahne, LIC1, 1 mg/kg, 3 mg/kg, and 9 
mg/kg groups were equivalent with respect to Body weights 
as determined on the last day of baseline drinking, 
F(4,45)< 1. ANOVA, amounts of plato water consumed on 
the last baseline day, F(4,45)=1 06, n s ,  amounts of sac- 
charm solution consumed on conditioning day, F(4,45)<1, 
and water consumption on the two recovery days, 
F(4,45)= 1 98 and 0 77, respectively 

The amount of plain water consumed on the last baseline 
day by the animals m the saline, L1CI, 1 mg/kg, 3 mg/kg, and 
9 mg/kg groups averaged 3 4 ml (SEM=0 I1) Body weights 
as determined on the last day of baseline drinking averaged 
52 1 g (SEM=0 83) 

DISCUSSION 

The experiment demonstrates that hamsters can learn 
taste aversions to saccharin solution in a dose-related man- 
ner as a result of delayed IP nicotine injections CTA in the 
high dose nicotine group (9 mg/kg) was comparable to the 
CTA produced by LICI (see Table 1) For nicotine to be such 
a powerful toxin and stimulant of the chemoreceptor trigger- 
lng zone of the medulla, the aversions in the 9 mg/kg group 
had extinguished by the third test day Moreover, CTA in the 
animals injected with LICI, a drug capable of producing 

strong CTA in hamsters [4,15], had likewise extinguished by 
the third test day, suggesting that nicotine is indeed a potent 
agent for CTA at least when compared to LIC1 One-bottle, 
forced-choice tests as used in the present study do tend to 
produce faster extinction of CTA than two-bottle choice 
tests [3,9] In addltlOn, the hamsters received only one ac- 
quisition trial 

Kstr l11] had mCOtlne-tolerant hamsters consuming up to 
30 mg of nicotine over a 24 hour period when given simulta- 
neous access to a solution of 0 90 mg nicotine base per ml of 
water and commeroal chewing tobacco ("Beech-Nut") Al- 
though his animals voluntarily consumed much higher total 
doses of mcotlne (available for a longer time) than our 
animals received with their single dosing, route differences 
could have affected the actual blood levels of drug For 
example, gastrointestinal absorption routes a drug via the 
hepatic portal system directly to the liver where substantml 
amounts could be deacuvated before entering general circu- 
lation In humans, 80-90% of nicotine metabolism occurs m 
the liver [8] Actual blood levels of nicotine following gas- 
trolntestlnal absorption could be significantly below the dose 
ingested In addition, "alkaloid trapping" as a result of pH 
differences between body compartments could also reduce 
the amount of drug delivered to general circulation [7] Kslr 
[11], in addressing these problems, did note that significant 
blood levels were achieved following tobacco eating in his 
hamsters (43 9 ng mcotlne/mi plasma) It could be hypoth- 
esized, based on the lack of CTA by Kslr's ammals, that 
blood levels of nicotine on a short-term basis could be higher 
following IP doses in the range used in the present study than 
blood levels achieved from eating large amounts of tobacco 
or from drinking nicotine solution (IP dosing hkewlse results 
in first pass through the hver and the nicotine which escapes 
the first pass effect may enter the stomach via the 
bloodstream to be "trapped" at a pH of approximately I ) 
Finally, blood levels would rise much faster with IP injection 
compared to gastric absorption and rapid rises in blood 
levels of drugs or toxins (particularly alcohol) are most ef- 
fective for stimulating the vomiting center [14] 

Comparing the delivery route used by Kslr [11] with the 
route used in the present study suggests another possible 
reason for our results The highly alkaline nicotine (pH l0 2) 
could produce sufficient irritation of the peritoneum to act 
alone or in an additive fashion with any toxicosls from the 
nicotine to influence C T A ,  however, we observed no writh- 
ing or squeahng which IS usually indicative of such irrita- 
tion Drugs which have been used to produce such irritation 
(as a screening test for analgesics) include IP acetic acid 
(0 6%) or phenylqulnone [7] We have no evidence that these 
drugs have been used m an attempt to produce CTA or if 
"irritation" per se is capable of producing CTA learning 

No seizures or fine motor tremors were observed in our 
hamsters even with the 9 mg/kg dose of mcotlne, however, in 
pilot studies we have produced seizures with 12 mg/kg in 
hamsters of the same size and sex 

Finally, we confirm that naive hamsters will unhesitantly 
eat chewing tobacco ("Beech-Nut")  with iatencles to con- 
sume approximately 0 5 gram of under 10 sec on the first and 
second day offered We have been unable to produce to- 
bacco eating m rats even with 48 hr of food deprivation 

REFERENCES 

Barker, L M, M R Best and M Dom_lan, eds Learmng 2 Booth. D A.  G D D'MelIo, C W T Pllcherand I P Stoler- 
Me~ ham~ms m Food Selec non Waco, TX Baylor Umverslty man Comparauve potencies of amphetamine, fenfluramlne and 
Press, 1977 related compounds m taste aversion experiments m rats Br J 

Pharrna~ol 61 667-669. 1977 



s70 E T S C O R N .  M O O R E ,  H A G E N .  C A T O N  A N D  S A N D E R S  

3 Dragom, W B . G E McCleary and P McCleary at compari- 
son of two methods of measuring conditioned taste aversions 
Behat Re~ Meth lnatrument 3 30%310, 1971 

4 Emmenck,  J J and C T Snowdon Failure to show modifica- 
tion of male golden hamster mating behavior through taste/odor 
aversion learning J Comp Phwlol  P~v{ hol 90 857-869, 1976 

5 Etscorn F Sucrose aversions In mice as a result of  injected 
mcotlne or passive tobacco smoke inhalation Bull P ~  ~ hon ~o~ 
15 54--56. 1980 

6 Etscorn, F An inexpensive calibrated drinking tube Behm Re~ 
Meth Instrument 13 65, 1981 

7 Feldman. F S and L F Quenzer Fundamental* oJ Nemo- 
paw hopharmacologx Sunderland MA Sinauer Associates 
I n c .  1984, pp 6-7 

8 Goodman, L S and A Gilman, eds lhe  Plla*macologt¢al 
Ba~ts of Therapeutics 5th edition New York Macmlll,an, 
1975, pp 567-569 

9 Grote. F W .  Jr and R T Brown Conditioned taste averslons 
Two-stimulus tests are more sensitive than one-stimulus tests 
Beha~ Re~ Meth Instrument 3 311-312, 1971 

I0 lwamoto E [ and E C Wllhamson Nicotine-reduced tast~. 
aversion Characterization and preexposure effects in rats 
Ptlattna¢ ol BIo~ hem Behm 21 527-532, 1984 

II Kslr C Taste and nicotine as determinants ol voluntar3, to- 
bacco use by hamsters Phatma{ ol Bto~ hem B~/tat 19 605-608. 
1983 

12 Kumar.  R ,  J A Pratt and 1 P Stolerman Characteristics ot 
conditioned taste aversion produced b3, nlt.Otlne m rats B~ I 
Phmma{ ol 79 245-253, 1983 

13 Mlller. R P . K  S RotenbergandJ  Adlr Eftect o f d o s e o n t h e  
pharmacoklnetlcS of intravenous nicotine in the rat Drtt~., 
Metab Dt~po~ 5 436-443. 1977 

14 Ray. O S Drue~, 5o~let~ mid Human Behavior 3rd edition 
St Louis C V Mosby Company 1983 p 167 

15 Zahorlk. D M and R E Johnston Taste aversions to food 
flavors and vaginal secretion in golden hamsters I Conlp 
PII~ ~1ol P ~ h o l  90 57-66, 1976 


