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KULKOSKY, P. J. AND N. W. CORNELL. Free-choice ethanol intake and ethanol metabolism in the hamster and rat. 
PHARMAC. BIOCHEM. BEHAV. 11(4) 439 4n/., 1979.--Hamsters, as previously reported, demonstrated greater ethanol 
intake and preference than rats. However, as ethanol was gradually added to a sweet solution, hamster ethanol intakes did 
not consistently exceed ethanol metabolic capacity for prolonged periods. In ethanol-naive hamsters and rats, alcohol 
dehydrogenase activities and ethanol metabolic rates of isolated hepatocytes in vitro and blood ethanol elimination rates in 
vivo show consistent large interspecific differences corresponding to the species" differences in ethanol intake and prefer- 
ence. The data suggest a limiting role of ethanol metabolism in the regulation of maximized free-selection ethanol intake by 
rodents, and provide an explanation for the absence of continuously elevated blood ethanol levels and alcohol withdrawal 
syndrome in hamsters during periods of comparatively high daily ethanol intake. 
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THE golden hamster (Mesocricetus auratus) displays high 
ethanol intake and preference in comparison with several 
mammalian species [1, 15, 21, 521. This finding led to sug- 
gestions that the hamster might be an appropriate small ani- 
mal species for a free-selection model of the effects of 
chronic high ethanol intake observed in humans 133,491. Al- 
though hamsters freely select quantities of ethanol within the 
dose range used to induce physical dependence and liver 
abnormalities in albino rats (Rattus norvegicus) [321, recent 
studies demonstrated no obvious signs of physical depend- 
ence or fatty liver in hamsters after prolonged, continuous 
selection of ethanol at these comparatively high levels [22, 
26, 31, 511. Measurements during periods of high ethanol 
intake [26,51] revealed that hamsters do not maintain blood 
ethanol at levels previously found necessary for production 
of physical dependence on ethanol in rats and mice [401. 

The avoidance by hamsters of prolonged high blood 
ethanol could be due to a widely-spaced pattern of ethanol 
intake or to a comparatively high ethanol metabolic or 
excretion rate. By itself, the drinking pattern is not a suffi- 
cient explanation. The prolonged intakes that have been re- 
ported for hamsters [22, 26, 31, 511 far exceed the rat 's 
maximum daily capacity for ethanol elimination [10, 1 I, 52]. 
Thus, if rats and hamsters had equivalent capacities for 
ethanol elimination per unit body weight, hamster blood 
ethanol levels would increase regardless of drinking pattern. 

It has often been suggested that preference for and 
consumption of ethanol by rodents is positively related to 
their capacities to metabolize and eliminate ethanol [20, 21, 
36, 37,391. Evidence includes reports of significant relations 
between inbred mouse strain preference for ethanol and 
ethanol-l-'4C metabolic rate [41], and a significant relation 

between level of consumption of ethanol and peak early 
blood ethanol levels after injection in rats [3,41. Further, 
differences in rodent ethanol preference and consumption as 
functions of strain or sex [16, 17, 18, 19, 46], pregnancy and 
lactation 124,50], and drug treatment [42] have each been 
shown, in many cases, to be positively related to differences 
in ethanol metabolism or elimination rate. A perfect rank- 
order correlation of mean strain preference for 10% ethanol 
solution versus water with liver alcohol dehydrogenase ac- 
tivity has been demonstrated in 6 inbred mouse strains 1381. 
The activity of alcohol dehydrogenase, located almost 
entirely in liver, has been shown to be the most important 
rate determining factor in the oxidative metabolism of 
ethanol 110,11 I. 

In the present study, the possibility that a species differ- 
ence in ethanol intake and preference corresponds to a 
species difference in ethanol metabolism was examined with 
the golden hamster and the albino rat. Hamster and rat 
free-selection ethanol intakes and preferences for ethanol 
solutions were contrasted. The alcohol dehydrogenase ac- 
tivities and ethanol metabolic rates of isolated hepatocytes in 
vitro and blood ethanol elimination in vivo were then deter- 
mined in hamsters and rats without prior access to ethanol 
solutions. In an attempt to maximize free-choice ethanol 
intake in the manner recently reported for albino rats [27], 
another group of hamsters was given free access to food, 
water and a sweet solution of gradually increasing ethanol 
concentration. Ethanol intake and preference of these 
hamsters were recorded, activities of liver alcohol dehydro- 
genase were determined, and total daily ethanol metabolic 
capacities were compared to total daily ethanol intakes. 
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METHOD 

A nitnals 

Animals were 22 experimentally naive adult male golden 
hamsters (outbred, Lakeview Lak:LVG[SYR]), and 19 ex- 
perimentally naive adult male Wistar rats (outbred, Charles 
River CrI:COBS[WI]BR). They were individually housed in 
wire-mesh stainless steel cages at an ambient temperature of 
20°C and 12:12 L:D lighting cycle (8 a.m.-8 p.m. light), and 
had ad lib access to Purina NIH open formula rat and mouse 
ration and deionized water unless otherwise specified. 

Apparatus 

Two hundred fifty and 100 ml calibrated drinking tubes 
fitted with valveless stainless steel spouts were used to 
measure fluid consumption to the nearest 1.0 ml. Spillage 
from drinking tubes was caught by 2 ozjars  fitted with glass 
funnels and positioned under the cages. 

Procedure 

Ethanol solution and water choice test. Five hamsters and 5 
rats, all without prior access to ethanol solution, received 
two bottles of deionized water for an initial period of 4 days. 
Ethanol (from U.S.P. 95%) was then added to one of the 
bottles at increasing concentrations from 1-14% w/v, ascend- 
ing I% on each consecutive day. Fluid intakes, ethanol 
intakes per kilogram of body weight, and ethanol solution 
preference ratios (defined as ethanol solution intake [in mll 
divided by total fluid intake [ethanol solution intake (in ml) + 

water intake (in ml)]) were measured. Captured spillage was 
subtracted from apparent fluid consumption to determine 
intake. 
Ethanol metabolism and ah'ohol dehydrogenase activity in 
vitro. Hepatocytes were isolated from ethanol-naive, 48- 
hr starved rats (N=9)  and hamsters (N=6)  using the 
technique of Berry and Friend [6] modified as described 
previously [9,25]. Incubations were conducted at 38°C in 25 
ml Erlenmeyer flasks containing 4 ml of cell suspension. The 
incubation conditions (Table 1) were previously shown to 
cause isolated rat hepatocytes to metabolize ethanol at rates 
similar to those observed in vivo 110]. After 60 min, incuba- 
tions were stopped by addition of 0.2 ml of 60% HC 10.~ with 
vigorous mixing. After standing on ice for 20 min, the 
mixtures were centrifuged at 4°C, 10,000 X g for 10 rain, and 
ethanol was measured in the acid supernatant. For the 
measurement of alcohol dehydrogenase activity, hepato- 
cytes in 2 ml of each cell suspension were collected by 
centrifugation and resuspended in 2 ml of 0.05 M HEPES, 
pH 8.4, 0.33 mM dithiothreitol. Cells were disrupted by 
sonication, and alcohol dehydrogenase was measured in the 
supernatant after centrifugation at 4°C, 40,000 X g for 45 min 
[10,111. 
Blood ethanol elimination in vivo. Five ethanol-naive 
hamsters and five ethanol-naive rats received a 1.5 g/kg 
intraperitoneal injection of ethanol administered at a con- 
centration of 10% w/v and dissolved in 0.9% w/v NaCi. 
Blood samples were obtained under ether anaesthesia by 
cardiac puncture with a 5/8 in., 25-ga needle at 60, 90 and 120 
min after injection, and assayed for ethanol content with 
yeast alcohol dehydrogenase [141. Estimates of rate of 
elimination of ethanol were obtained by extrapolation to the 
time abscissa of the linear descending limb of the blood 
alcohol curve 152]. 

Gradual Addithm o f  Ethanol to Sweetened Solution 

Six ethanol-naive hamsters had ad lib access to chow and 
water only for an initial period of 35 days. Subjects then 
received an ad lib choice of chow, water, and a solution of 
3.0% w/v glucose (anhydrous dextrose, Baker reagent) + 
0.125% w/v sodium saccharin (Fisher purified) (N=3) + 
1.0% w/v sodium chloride (Baker reagent) (N =3), for a total 
of 10 days. Only chow and water were available on 
weekends and holidays. After this period, ethanol was added 
to the solutions according to the following ascending con- 
centration sequence: 0.5--10.0% (w/v) in 0.5% increments; 
10.0-20.0% in 1.0% increments; 20.0-40.0% in 2.tF/~ incre- 
ments: and 40.0-70.0% in 5.0% increments, increasing one 
concentration per day. G/kg/day ethanol intakes and solution 
(+ ethanol) preference ratios were measured. 

Fluid intake was determined by subtraction of measured 
spillage, if any, from apparent fluid consumption. All solu- 
tion intakes and spillages at ethanol concentrations ~>20% 
were corrected by 20% for evaporation, as specified by 
Richter [34]. At the conclusion of the concentration se- 
quence, all hamsters then received ad lib chow and water 
only for a final period of 40 days. After this final period, 4 of 
these hamsters were randomly selected, anaesthetized with 
an overdose of ether, and exsanguinated. The livers were 
removed, weighed, and homogenized with 3 volumes of 0.05 
M HEPES, pH 8.4, containing 0.33 mM dithiothreitol. 
Homogenates were centrifuged at 40,000 X g for 45 rain. The 
supernatants were assayed for alcohol dehydrogenase in the 
direction ethanol--,acetaidehyde using, in a final volume of 
2.0 ml: 1.0 ml of !.0 M tris, pH 7.2 (which serves both as a buffer 
and as a trapping agent for acetaldehyde [ 14]), 0.2 ml of 28 mM 
NAD-, 0.01 ml of 1.0 M ethanol, and 0.02 mi of liver 
extract. All assays were at 38°C. The liver capacity for 
ethanol oxidation was calculated assuming that the activity 
in the 40,000 X g supernatant represented a four-fold dilution 
of the activity in the intact liver. 

Data were analyzed with 2-way analysis of variance, 
regression correlation analysis, and two-sample t-tests (2- 
tailed), with p<0.05 as significant. 

RESULTS 

Ethanol Solution and Water Choice I'est 

• Mean fluid consumption by hamsters and rats as a function 
of ethanol concentration is shown in Fig. I. During the initial 
period of 2-bottle water availability, water intakes of 
hamsters and rats averaged 7.7 and 28.1 ml, respectively, 
and differed significantly, F( 1,32)=438.0, p<0.05: the effect 
of days was significant, F(3,32)=4.06, p<0.05, but the 
interaction was not. During the period of choice between 
ethanol solutions and water, water intakes of hamsters and 
rats averaged 2.7 and 28.6 ml, respectively, and again 
differed significantly. F(I,112)=671.8, p<0.05; the effect of 
concentration, F(13,112)=5.47, p<0.05, and the interac- 
tion, F(13,112)=9.61, p<0.05, were also significant. Water 
intake of hamsters steadily declined with increasing ethanol 
concentration, while water intake of rats rapidly increased to 
asymptote. Ethanol solution intakes of hamsters and rats 
averaged 10.3 and 6.5 ml, respectively, across concentra- 
tions, and differed significantly, F( I, ! 12)= 18.4, p<0.05: the 
effect of concentration, F(13.112)=2.2, p<0.05, and the 
interaction, F( 13,112) = 9.86, p <0.05, were also significant. 
Ethanol solution intakes of hamsters gradually increased to 
asymptote with increasing ethanol concentration, but 
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FIG. I. Mean consumption (in ml) of water (open symbols) and 
ethanol solution (filled symbols) by rats (triangles) and hamsters 
(squares) as a function of ethanol concentration (in cA w/v). Two 
bottles of water were available ad lib for the first four days: 
thereafter an ad lib choice of water and ethanol/water solution was 

available, with ethanol concentration increasing I% per day. 
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FIG. 2. Mean ethanol-solution/total-fluid intake ratio of rats (open 
squares) and hamsters (filled squares) as a function of ethanol 

concentration (in ~ w/v). Fluid choice conditions as in Fig. I. 

e thano l  so lu t ion  in takes  of  ra ts  sharp ly  dec l ined  at concen -  
t ra t ions  >3%.  

M e a n  e thanol -so lu t ion / to ta l - f lu id  rat io  (E/T ratio),  a 
m e a s u r e  of  e thano l  p r e f e r ence ,  as a func t ion  of  e thano l  
c o n c e n t r a t i o n  is s h o w n  in Fig. 2. E/T rat io of  h a m s t e r s  and  
rats  ave raged  0.79 and  0.20, r espec t ive ly ,  and  differed sig- 
nif icant ly ,  F ( I ,  I 12) = 287.6, p <0 .05 ;  the  in te rac t ion  was sig- 
nif icant ,  F(13 ,112)=9.46 ,  p < 0 . 0 5 ,  a l though  the  effect  of  
c o n c e n t r a t i o n  was not .  Arc s ine t r an s f o r m a t i on  of  the da ta  
did not  a l te r  these  conc lus ions .  

Mean  grams  of  abso lu te  e thano l  pe r  k i logram of  body  
w e i g h t  p e r  day  i n t a k e  o f  h a m s t e r s  and  r a t s  as  a f u n c t i o n  of  
e thano l  c o n c e n t r a t i o n  are s h o w n  in Fig. 3. E thano l  in takes  of  
h a m s t e r s  and  rats  ave raged  7.6 and  0.92 g/kg/day,  respec-  
t ively,  and  differed s ignif icant ly ,  F(1 ,112)=449.0 ,  p < 0 . 0 5 :  
the  effect  of  c o n c e n t r a t i o n ,  F(13,112) = 15.7, p <0 .05 ,  and  the 
in te rac t ion ,  F(13, ! 12)=22.0,  p < 0 . 0 5 ,  were  a lso s ignif icant .  
E thano l  in take  of  h a m s t e r s  rose  with inc reas ing  e thano l  
c o n c e n t r a t i o n ,  but  e thano l  in take  of  ra ts  peaked  at 3%, and  
there',ffter decl ined.  
Ethanol metabolism and alcohol dehydrogenase activity in 
vitro. Mean  (_+ s t anda rd  e r ro r ,  SEM)  e thano l  me tabo l i sm 
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FIG. 3. Mean grams per kilogram of body weight per day intakes of 
absolute ethanol of rats (open squares) and hamsters (filled squares) 
as a function of ethanol concentration (in % w/v). Fluid choice 

conditions as in Fig. I. 

T A B L E  1 

MEAN (_+ SEM) ETHANOL METABOLISM AND ALCOHOL 
DEHYDROGENASE ACTIVITY IN HEPATOCYTES FROM HAMSTERS 

AND RATS 

p.mol;mi n/g 
txmol/min;g alcohol 

ethanol dehydrogenase 
metabolism activity 

Hamster 5.7 _+ 0.5 9.3 +_ 0.9 
(N =6) 

Rat 2.9 +_ 0. I 5.6 + 0.2 
(N ~9) 

Mean ( _ SEM) ethanol metabolism and alcohol dehydrogenase 
activity (in p, mol/mirvg wet weight of cells) in hepatocytes from 
ethanol-naive hamsters and rats. Hepatocytes were isolated and in- 
cuba ted  as descr ibed  in the Method sect ion.  For e thanol  
metabolism, each incubation contained about 100 mg wet weight 
cells. 5 mM pyruvate and 10 mM ethanol. Alcohol dehydrogenase 
activity was measured with ethanol as substrate as described in 
Method and elsewhere I10. III. 

and  a lcohol  d e h y d r o g e n a s e  act ivi ty  (both  in p, mol a lcohol  
ox id ized /minu te /g  wet  weight  cells) of  the  h a m s t e r s  and  rats  
are  s u m m a r i z e d  in Tab le  1. H a m s t e r s  and  rats  differed 
s ignif icant ly  in bo th  e thano l  metabo l ic  ra te  and  a lcohol  
d e h y d r o g e n a s e  ac t iv i ty  of  isolated h e p a t o c y t e s  ( respec t ive  
i s = 7 . 1  and  4.7, d f s = 1 3 ,  p s < 0 . 0 5 ) .  E thano l  metabol ic  ra te  
was  s ignif icant ly  cor re la ted  ( r=0 .85 ,  dr= 13, p < 0 . 0 5 )  with 
a lcohol  d e h y d r o g e n a s e  act ivi ty.  
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FIG. 4. Mean grams per kilogram of body weight per day int~es of absolute ethanol and 
solution/~otal-fluid intake ratio as a function of ethanol concentration of solution (in % w/v) for 

hamsters with an ad lib choice of water and sweetened solution ( -  ethanol). 

Bh~od ethanol elimination in vivo. Mean _+ SEM estimated 
blood ethanol elimination rates of hamsters and rats after 
intraperitoneal injection of 1.5 g/kg ethanol were 
595.8 _+ 26.1 and 264.8 ___ 44.6 mg/kg/hr, respectively, and 
differed significantly (t =6.4, df=8, p<0.05). 
Gradual addition o f  ethanol to sweetened solution. Mean 
g/kg/day ethanol intake and solution/total-fluid intake ratio 
(S/T ratio) of hamsters as a function of added ethanol 
concentration (in percent w/v) are shown in Fig. 4. Ethanol 
intake initially increased with ethanol concentration, but 
then became relatively constant at 15-20 g/kg/day at ethanol 
concentrations ~>13%. Mean ethanol intake and concentra- 
tion were significantly correlated (r=0.85. df=44, p<0.05): 
the least-squares fit equation is: y(in g/kg/day)=x(in percent 
w/v)/(0.25+(0.05x)). Mean S/T ratio for the sweetened solu- 
tions without added ethanol was 0.86; S/T ratio was not 
consistently below this mean until the ethanol concentration 
was ~>8%, and did not decline consistently below 0.50 until 
all concentrations ~>34%. However, the S/T ratio declined 
proportionally with ethanol concentration, and mean S/T 
ratio and concentration were significantly correlated (r= 
-0.95,  df=54,p<0.05):  the least-squares fit equation is: y (in 
S/T ratio)=0.89-0.013 x(in percent w/v). 

Mean ( _+ SEM) activity of liver alcohol dehydrogenase of 
these hamsters was 1 I. i _+ 1.2 ~tmol of ethanol oxidized/min- 
ute/g of wet weight cells. Mean (_+ SEM) body and liver 
weights were 132.5 +__ 7.0 and 6.3 _+ 0.7 g, respectively. 
Mean activity of liver alcohol dehydrogenase of these 
hamsters did not differ significantly from that of the 
ethanol-naive hamsters, but was significantly higher than 
that of the ethanol-naive rats (t =6.59, df= 1 I, p<0.05). 

D I S C U S S I O N  

Alcohol intakes and preferences reported in the present 
experiment are in agreement with values previously reported 
for the golden hamster [1, 2, 8, 15, 22, 26.31, 33, 48, 49, 51, 
52] and this strain of albino rat I271. Hamsters displayed 
levels of ethanol intake and preference much higher than 
those of rats, in agreement with previous reports of higher 
preference for 10% ethanol solutions by hamsters in com- 
parison with albino rats I !, 15, 26]. The peak ethanol intake 
by hamsters under conditions of gradual addition of ethanol 

to a sweet solution (19.3 g/kg/day) is approximately double 
that recently reported for albino rats (9.3 g/kg/day) under 
similar conditions [271. 

Observed activities of liver alcohol dehydrogenase, 
ethanol metabolism in isolated hepatocytes, and blood 
ethanol elimination rates in ethanol-naive hamsters and rats 
show large species differences that correspond to the ob- 
served large species differences in ethanol intake and prefer- 
ence. Values reported for ethanol metabolism in the hamster 
and rat are consistent with previous determinations I10, II,  
51, 52]. Determinations of ethanol metabolism show that 
hamsters receiving access to sweetened ethanol solutions 
typically do not consume ethanol for prolonged periods at 
levels beyond their estimated maximal capacity for ethanol 
oxidation, as also observed in the rat [271. Thus the absence 
of both continuously elevated hamster blood ethanol levels 
and consequent alcohol withdrawal syndrome during periods 
of comparatively high ethanol intake [22, 26, 31,511 might be 
attributed to a comparatively high rate of ethanol 
metabolism. Relatively higher excretion rate in the hamster 
is an unlikely explanation of the observed differences in 
ethanol elimination since 4-methyl-pyrazole administration 
(an inhibitor of alcohol dehydrogenase [I 11) results in main- 
tenance of high blood ethanol levels in hamsters [51]. This 
finding [51], the correlation of ethanol metabolism and 
alcohol dehydrogenase activity in vitro observed in the 
present experiment, and the recent demonstration of close 
agreement between liver alcohol dehydrogenase activities 
and ethanol elimination rates in vivo in rats with varied 
nutritional states [29] indicate that the species difference in 
liver alcohol dehydrogenase activity may explain the ob- 
served species difference in ethanol elimination. 

The data of these experiments show that relatively high 
alcohol dehydrogenase activity, ethanol metabolism, and 
blood ethanol elimination are correlates of the comparatively 
high ethanol intake and preference of the golden hamster. 
This finding of corresponding differences in two rodent 
species' free-selection ethanol intake and ethanol 
metabolism is in accord with previous demonstrations of 
positive relations between rodent ethanol intake and ethanol 
metabolism or blood elimination [16, 17, 18, 19, 24, 30, 38, 
41, 42, 46, 50]. Correlations have also been shown between 
level of alcohol consumption and peak early blood ethanol 



HAMSTER AND RAT E T H A N O L  INTAKE AND METABOLISM 443 

levels after injection [3,4]. However,  many studies have 
failed to demonstrate a significant correlation of ethanol 
intake or preference with ethanol eliminative capacity or 
metabolism [36, 37, 44, 451. Also, in many experiments 
showing corresponding differences in ethanol intake and 
metabolism, the magnitude of observed metabolic differ- 
ences appeared too small to account for the very large 
differences in intake [36, 37, 431. 

A relationship between ethanol consumption and 
metabolism might be most apparent when intakes approach 
the limits of eliminative capacity. When intakes are maxi- 
mized, the consequences of  cumulative ethanol ingestion 
might have more obvious and immediate aversive impact and 
place ethanol eliminative capacity in a limiting relation to 
ethanol intake. When free-selection ethanol intakes were 
maximized by gradual addition of ethanol to a highly-prefer- 
red vehicle (present study, [27]), solution intakes decrease 
proportionally with ethanol concentration, and ethanol in- 
takes do not consistently exceed ethanol metabolic capacity 
for prolonged periods. Thus, under the conditions of intake 
maximization, a limiting function of  ethanol metabolism in 
the control of ethanol intake is observed (see also I391). This 
limiting relation may not be functional when intakes are low, 
and no clear relation between intake and metabolism need be 
observed. 

A physiological basis for the comparatively high ethanol 
metabolism of hamsters might be the reported fermentation 
of  food that takes place in the pregastric pouch of  the 

hamster 's bi-compartmented stomach [23,47]. Relatively 
high levels of liver alcohol dehydrogenase activity might be 
present as a genetic or developmental adaptation to ethanol 
production in the pregastric pouch. A suggested ecological 
interpretation of the high consumption of ethanol by ham- 
sters is that the typical diet of their desert forebears com- 
prises many bitter tasting substances, and precludes innate 
sensory aversion to the strong taste of alcohol [52]. This specu- 
lation is consistent with the reported relatively high concen- 
tration threshold for avoidance of quinine hydrochloride by 
hamsters [7], but a high bitter avoidance threshold alone 
does not explain the apparent avidity of the hamster for 
ethanol solutions. 

In summary, the data of these experiments show that the 
hamster 's comparatively high free-selection ethanol intake 
and preference is accompanied by a comparatively high liver 
alcohol dehydrogenase activity, ethanol metabolism, and 
blood ethanol elimination rate. The hamster 's relatively high 
metabolic capacity is independent of prior ethanol intake, 
and may represent an inborn or developmental adaptation to 
a fermentative pregastric digestive system. These findings 
may be interpreted as evidence for a limiting function of 
maximal ethanol metabolic capacity in the regulation of 
maximized free-choice ethanol intake, and may reflect the 
avoidance by rats and hamsters of oronasal discriminative 
stimuli previously paired with high blood ethanol levels [5, 
12, 13, 28,351. 
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