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WOOD, W. G., H. J. ARMBRECHT AND R. W. WISE. Ethanol intoxication and withdrawal among three age groups of' 
C57BL/6NNIA mice. PHARMAC. BIOCHEM. BEHAV. 17(5) 1037-1041, 1982.--Data have not been forthcoming on the 
effects of chronic ethanol administration on intoxication and severity of withdrawal using animals representative of the 
life-span of a particular species. The purpose of this study was to examine ethanol intoxication and withdrawal among three 
age groups (3, 14, 25 months) of C57BL/6NNIA male mice. Ethanol was administered in a liquid diet for 14 days. Pair-fed 
control groups and laboratory chow groups were also employed. Blood ethanol levels, signs of intoxication and withdrawal, 
liquid diet consumption, and body weight were measured. Old mice were significantly more intoxicated than younger mice. 
However, young mice consumed more ethanol as compared to the older mice. Blood ethanol levels did not differ among the 
three age groups, although variability was high within each age group. The ethanol liquid diet groups did not show a 
decrease in body weight. Withdrawal was more severe for old animals than younger animals. The greater effects of ethanol 
observed in the old animals do not appear to be attributable to age differences in blood ethanol levels, amount of ethanol 
consumed, or body weight loss. 

Aging Ethanol intoxication and withdrawal Age differences C57BL/6NNIA mice Ethanol liquid diet 

THE effects of ethanol are related to the age of the organism. 
Using mice and rats representative of  the life-span, age- 
related differences in response to ethanol have been reported 
for measures such as voluntary ethanol consumption and the 
effects of acute administration of ethanol on body tempera- 
ture, motor activity, and loss and regaining of righting re- 
sponse (see [17] for a review). Generally, voluntary ethanol 
consumption declines with increasing age [15] although some 
studies have reported greater consumption for old animals as 
compared to younger animals [6]. The relationship between 
voluntary ethanol consumption and age is dependent on sev- 
eral factors, e.g., cross-sectional versus longitudinal design, 
ethanol concentration, gender, strain/stock [17]. 

Studies on acute administration of ethanol among differ- 
ent age groups have reported that old animals are more af- 
fected as compared to younger animals [1,11]. Ethanol- 
induced hypothermia has been found to be greater in 18 to 20 
month old female Sprague-Dawley rats as compared 2 to 3 
and 11 to 12 month animals [1]. It also was observed that the 
oldest group slept longer following an injection of ethanol 
(4.0 g/kg) as compared to the other two age groups. Old 
C57BL/6 mice (24 months) have been found to sleep longer 
following an injection of ethanol as compared to mice six 
months of  age [l l] .  The oldest group lost and regained the 
righting response at lower brain ethanol levels as compared 
to the 6 month old animals. 

Voluntary ethanol consumption and effects of acute ad- 
ministration of ethanol among different age groups have been 
examined in several studies. Whereas, data have been forth- 
coming on effects of acute administration of ethanol, very 
little data are available on the effects of chronic ethanol ad- 
ministration among aging animals. To our knowledge, there 
has not been a published study that has examined physical 
dependence to ethanol using aged animals. Abu Murad, 
Begg, Griffiths, and Littleton [2] have reported that "wean- 
ling" male mice (8-10 g) of the TO strain and adult mice 
(30-35 g) differed in severity of withdrawal signs and dura- 
tion of withdrawal after exposure to ethanol vapor for 10 
days. The adult mice showed more severe signs of with- 
drawal and the duration of withdrawal was longer. Blood 
ethanol levels did not differ between the two age groups 
during the 10 days of ethanol administration. Abu Murad et 
al. [2] demonstrated that ethanol withdrawal is more severe 
for older animals however, the ages of the two groups were 
not reported. In addition, because the weanling animals were 
not fully developed, e.g., sexually immature, it is possible 
that the observed differences are the result of maturation 
rather than changes occurring with aging in mature animals. 

It is not known if mature animals representative of  the 
life-span of the species differ in the effects (e.g., intoxication 
and withdrawal) of chronic ethanol administration. There- 
fore, the purpose of  this study was to examine ethanol intox- 
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ication and withdrawal among three different age groups of 
C57BL/6NNIA male mice administered ethanol in a liquid 
diet. 

METHOD 

Subjects 

C57BL/6NNIA male mice of three different ages (3 
months, 14 months, and 25 months) were used. The mean 
life-span of the C57BL strain has been reported to be approx- 
imately 676 days [13]. Animals were purchased from the 
Special Aging Colony of the National Institute on Aging that 
is maintained by Charles River Laboratories, Wilmington, 
Massachusetts. Animals were allowed to acclimatize to the 
laboratory for four weeks prior to the beginning of the exper- 
iment. Laboratory chow and water were provided ad lib be- 
fore the experiment began. 

Liquid Diet Administration 

Three diet groups were used: (1) ethanol-liquid diet; (2) a 
pair-fed control liquid diet; and (3) a laboratory chow control 
diet. Each diet group contained eight animals per age group. 
Ethanol (5% w/v) was administered in the Bio-Serv F711 
liquid mouse diet. The liquid diet control groups were pair- 
fed the Bio-Serv liquid mouse control diet. The laboratory 
chow control groups received Purina chow and water ad lib. 
The liquid diets were administered in modified Richter tubes 
(Bio-Serv 41). Measurement of liquid diet consumption was 
made at 8:00 a.m. and 4:00 p.m. each day. Fresh diets were 
administered daily at 4:00 p.m. The amount of liquid diet 
administered to the pair-fed control animals was based on 
the amount consumed by the ethanol animals the previous 
day. Body weight was not reduced prior to administration of 
the diets. 

Signs of intoxication were observed every two days at 
8:00 a.m. Intoxication was measured using the scoring sys- 
tem developed by Freund [4]: No signs, 0; Stage 1, ataxic, 
rapid gait; Stage 2, impaired gait, failing to side; and Stage 3, 
coma. Observations were made by two individuals who were 
not aware of which treatment an animal was receiving. Body 
weight was recorded the day before diets were administered 
and every two days during administration of the diets. 

Blood ethanol levels were measured at 8:00 a.m. on Day 4 
and Day 12. Twenty/zl  of whole blood was withdrawn from 
the tail in heparinized capillary tubes from animals in each 
group. The whole blood was added to 60/zl of 6.25% (w/v) 
trichloroacetic acid and centrifuged for 5 minutes at 1000 × 
g. The supernatant was withdrawn and frozen immediately 
for analysis using the enzymatic method of Bucher and Re- 
detzki [3]. 

Withdrawal 

Ethanol was withdrawn from the liquid diet on Day 15 at 
8:00 a.m. Animals in each liquid diet group continued to 
receive the liquid diet without ethanol during the with- 
drawal period. Signs of withdrawal were observed every two 
hours for the first eight hours and then at 12 and 24 hours 
following removal of ethanol. Withdrawal was measured 
using the signs developed by Goldstein and Pal [5] (e.g., 
hypoactivity, tremor, convulsions on handling, spontaneous 
convulsions). Blood ethanol levels were measured following 
withdrawal at 0 and 8 hours using the procedures described 
under diet administration. 

Data for stages of intoxication and signs of withdrawal 
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FIG. 1. Median stage of intoxication for each ethanol group. Each 
point represents the median of eight animals. 

were analyzed using Mann-Whitney U-test [7] and 
Kruskal-Wallis analyses [7]. Analyses of variance and a 
priori t-tests for multiple comparisons were used for data 
analyses of blood ethanol levels, ethanol consumption, and 
body weight [9]. 

RESULTS 

Age was related significantly to stages of intoxication 
(Kruskal-Wallis=16.47, p<0.001). Figure 1 shows median 
stages of intoxication across the 14 day period of ethanol 
administration for the three age groups. Overall, the level of 
stage of intoxication for the 25 month group was higher than the 
level for the other two age groups (Mann-Whitney U-tests, 
p ' s  <0.03). Differences between the 14 and 25 month age groups 
were greater generally in the first 6 days of ethanol administra- 
tion than for the remaining part of the experiment. Stage of 
intoxication was significantly higher for the 14 month age group 
as compared to the 3 month group (Mann-Whitney U-tests, 
p <0.003). The largest difference occurred between Days 8 and 
12. 

Severity of intoxication increased across the 14 days of 
ethanol admnistration (Fig. 1). The two older groups showed 
a greater increase in intoxication as compared to the 3 month 
group. 

Ethanol consumption, expressed as g/kg of 95% ethanol 
differed significantly, F(2,21)=6.97, p<0.005 among the 
three age groups. It can be seen in Fig. 2 that the 3 month age 
group consumed more ethanol as compared to the other two 
age groups. Multiple compariscn tests indicated that this 
difference was significant (t-test, p<0.02) when the 3 month 
group was compared to each of the older groups. Ethanol 
consumption was lowest for the 25 month age group. Mean 
differences between the 14 and 25 month age groups were not 
significant (t-test, p >0.05). 

Table 1 lists the means and standard error of the means 
for body weight for each age and treatment group. Body 
weight was significantly related to age, F(2,63)=107.52, 
p<0.001. Young animals weighed less as compared to older 
animals. The treatment effect of diet was significant, 
F(2,63)=4.77, p<0.01. In addition, the interaction among 
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FIG. 2. Mean (_+ SEM) consumption of 95% ethanol (v/v) expressed 
as grams of ethanol per kilogram of body weight. Each point repre- 
sents the mean for two days of ethanol consumption. 

age, diet ,  and  t ime  of  m e a s u r e m e n t  was  signif icant ,  
F(8 ,126)=2.54 ,  p <0 .02 .  This  in t e rac t ion  is a t t r ibu tab le  to the 
small  d e c r e a s e  in body  weight  o b s e r v e d  for  the 14 and  25 
m o n t h  pair - fed con t ro l  groups .  The  pe r cen t  dec rease  f rom 
the  first  weight  m e a s u r e m e n t  to the  last  weight  m e a s u r e m e n t  
was 8% and 5% for the  14 and  25 m o n t h  age groups .  It can  be 
seen  in Table  1 tha t  there  was  a sl ight increase  in body  
weight  for  the  e thanol  groups .  The  l abora to ry  c h o w  groups  
also s h o w e d  an  inc reased  in weight  o v e r  the 14 day period.  

Table  2 lists the  means  and  s tandard  e r ror  of  the  means  for 
b lood e thano l  level for  e ach  age group.  Age d i f fe rences  were  
not  s ignif icant ,  F(2 ,21)=0 .85 ,  p = 0 . 4 4  a l though  the m e a n  
b lood e thano l  level  was  h igher  at bo th  m e a s u r e m e n t  per iods  
for  the 3 m o n t h  group  as c o m p a r e d  to the  o the r  two age 
groups.  The  a b s e n c e  o f  s ignif icant  d i f fe rences  may  have  re- 
sul ted f rom the  var iabi l i ty  wi th in  each  age group.  Blood 
e thanol  levels  i nc reased  s ignif icant ly ,  F(1 ,21)= 13.51, 
p < 0 . 0 0 1  f rom Day 4 to Day 12. This  increase  occu r r ed  for  
e ach  age group.  

Age was re la ted  to sever i ty  of  wi thdrawal  w h e n  m e a s u r e d  
by  genera l  body  t remor .  Da ta  are p r e s e n t e d  in Fig. 3 tha t  
desc r ibe  the  med ian  degree  of  genera l  body  t r e m o r  fol lowing 
wi thdrawal .  Overa l l ,  body  t r e m o r  for  the  25 m o n t h  age group  
differed s ignif icant ly  f rom the  t r e m o r  for  the  3 m o n t h  group  
( M a n n - W h i t n e y  U- tes t ,  p < 0 . 0 5 ) .  Body  t r e m o r  across  the  24 
h o u r  per iod  for  the  14 m o n t h  age g roup  was not  s ignif icant ly  
di f ferent  f rom the  o t h e r  two age groups .  H o w e v e r ,  it can  be 
seen  in Fig. 3 tha t  general  body  t r e m o r  was g rea tes t  b e t w e e n  
4 and  8 hours  for  b o t h  the 14 and  25 m o n t h  age g roups  as 
c o m p a r e d  to the  3 m o n t h  age group.  

T A B L E  1 

BODY WEIGHTS FOR EACH GROUP DURING ETHANOL ADMINISTRATION 

Day 
Group 0 2 4 6 8 10 12 14 

Ethanol 
3 mo 25.27* 24.97 24.90 25.11 25.12 25.31 25.46 25.67 

0.31+ 0.28 0.43 0.32 0.34 0.29 0.64 0.65 
14 mo 31.91 31.82 31.43 31.90 32.26 32.16 32.66 32.70 

0.54 0.62 0.43 0.52 0.61 0.54 0.58 0.43 
25 mo 33.40 32.92 33.06 32.88 33.13 33.48 33.32 33.43 

0.93 1.16 1.12 1.04 1.11 1.09 1.16 0.99 
Pair-fed 

3 mo 25.00 25.41 24.83 24.63 24.42 24.77 25.12 25.05 
0.42 0.52 0.66 0.38 0.33 0.34 0.20 0.54 

14 mo 31.57 30.41 30.77 29.85 31.08 30.08 29.37 29.05 
0.93 1.15 0.83 0.85 0.74 0.67 0.62 0.58 

25 mo 33.52 33.56 31.85 31.40 31.28 31.82 32.53 31.96 
0.54 0.87 0.78 0.84 0.64 0.66 0.67 0.63 

Lab Chow 
3 mo 25.66 25.86 25.76 26.15 26.65 27.01 27.61 27.36 

0.67 0.68 0.66 0.65 0.54 0.68 0.72 0.71 
14 mo 31.34 31.55 31.71 31.82 32.30 31.75 32.31 31.78 

0.94 1.05 0.99 0.94 1.07 0.94 0.93 0.93 
25 mo 33.86 33.83 33.57 34.57 34.66 34.28 35.21 34.61 

0.85 0.79 0.89 0.73 0.83 0.90 0.92 0.72 

*Mean of 8 animals. 
+Standard error of the mean. 
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FIG. 3. Median score for body tremor observed during withdrawal 
from ethanol for each ethanol age group. Each bar represents the 
median of eight animals. 

Table 3 contains the medians for hypoactivity. Signs of 
hypoactivity increased over the withdrawal period. The 
largest increase was observed for the two older groups as 
compared to the youngest group but this difference was not 
significant. Spontaneous and induced convulsions were not 
observed among the three ethanol age groups. 

Blood ethanol levels did not differ significantly among the 
three age groups (p =0.85). The means and standard error of 
the means for each age group when ethanol was removed at 
8:00 a.m. were: 3 month 134.98_+59.42; 14 month 
102.69_+42.81; 25 month 151.68+58.05. Ethanol was not de- 
tected in blood eight hours following withdrawal for any of 
the three age groups. 

DISCUSSION 

The effects of chronic administration of ethanol on intoxi- 
cation and severity of withdrawal were greater for aged mice 
as compared to younger mice. These results are in agreement 
with studies that have examined the effects of acute adminis- 
tration of  ethanol among different age groups of animals 
(e.g., [1,11]. Aged animals are more affected by both acute 
and chronic ethanol administration than younger animals. 

The response to ethanol of the 14 month and 25 month age 
groups was generally similar. It might be hypothesized that 
the differences between the young and older mice are due to 
developmental changes occurring within the young animals 
as opposed to an aging process(es) per se. While the present 
study does not address this issue, the results do underscore 
the necessity of  using more than two age groups when study- 
ing age differences. 

The age differences reported here in severity of ethanol 
intoxication and ethanol withdrawal do not appear to be ex- 
plained by age differences in ethanol consumption, blood 
ethanol levels, or ethanol-induced changes in body weight. 
The 3 month old group consumed significantly more ethanol 
(g/kg) as compared to the other two age groups. Similar re- 
sults have been reported for voluntary ethanol consumption 
of  different age groups of C57BL mice [15]. An explanation 
for the lower ethanol consumption of the older animals in the 
present study may have resulted from a decline in general 
activity. The old animals were more intoxicated than the 
younger animals which may have resulted in a reduction of 
activity and reduced caloric demand. Partial support for this 
explanation of reduced caloric demand is demonstrated by 
the absence of weight loss in the two oldest ethanol groups 

TABLE 2 

BLOOD ETHANOL LEVELS (MG/DL) DURING 
ETHANOL ADMINISTRATION 

Age Group Day 4 Day 12 

3 mo 91.38* + 38.85+ 235.74 +_ 54.33 
14 mo 78.63 _+ 38.09 156.15 _+ 43.97 
25 mo 41.59 + 13.14 168.33 + 55.36 

*Each data point represents the mean of 8 animals. 
-Standard error of the mean. 

TABLE 3 

HYPOACTIVITY LEVELS DURING WITHDRAWAL FOR EACH 
ETHANOL GROUP 

Hours 

Age Groups 0 2 4 6 8 12 24 

3 mo 0* 0 0 2.0 1.0 1.0 0 
14 mo 0 0 1.0 2.0 2.0 1.0 0 
25 mo 1.0 1.0 2.0 2.0 2.0 2.0 0 

*Each data point represents the median of 8 animals. 

even though they consumed less of the ethanol-liquid diet. 
The two oldest pair-fed control groups showed a slight de- 
crease in body weight. 

Blood ethanol levels did not differ significantly among the 
three age groups during intoxication or during the with- 
drawal period. These data should be interpreted cautiously 
because of the large variability for blood ethanol levels 
within each age group. This variability may be due in part to 
animals consuming the liquid diet at different times over 24 
hours. Blood ethanol was measured in the morning. It has 
been reported that blood ethanol levels of C57BL mice are 
higher in the evening than in the morning [8]. To our knowl- 
edge, there are no data on aging and diurnal rhythms of blood 
ethanol levels or the pattern of  liquid diet consumption 
among different age groups of mice. 

The age differences in intoxication and withdrawal also 
cannot be attributed to ethanol-induced decreases in body 
weight. There was a slight increase in body weight of each 
ethanol group over the 14 days of ethanol administration. 

Age differences were observed for signs of withdrawal. 
However,  withdrawal was generally mild for the three age 
groups. Spontaneous and induced convulsions were not ob- 
served. The absence of convulsions during withdrawal using 
the C57BL strain has been reported previously [8]. How- 
ever, convulsions during withdrawal in the C57BL strain 
have been observed (e.g., [10]). It was reported that 
C57BL/6 male mice showed spontaneous convulsions and 
convulsions induced by handling. Body weight decreased 
approximately 12% during the ethanol administration period 
and when ethanol was withdrawn the mean blood ethanol 
level was 264_+34 mg/dl in the above-mentioned study [10]. 
In the present study, a decrease in body weight was not 
observed for any of the age groups receiving the ethanol diet, 
the blood ethanol levels were lower, and the concentration of 
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the  e thano l  so lu t ion  used  was slightly less w h i c h  might  ac- 
c o u n t  for  the  a b s e n c e  o f  s p o n t a n e o u s  c o n v u l s i o n s  and  in- 
d u c e d  convu l s ions .  

The  g rea te r  effect  o f  e thanol  on  aging mice  as c o m p a r e d  
to younge r  mice  is not  the resul t  of  age d i f fe rences  in e thano l  
c o n s u m p t i o n ,  b lood e thanol  levels  or  e thano l - induced  
changes  in body  weight .  The re  are severa l  d i f ferent  mech-  
an i sms  that  might  expla in  age-re la ted  d i f fe rences  in r e sponse  
to e thanol ,  The  m e c h a n i s m s  include age d i f fe rences  in me- 
tabol i sm,  pe rcen t age  of  body  wa te r  to body  weight ,  
b iochemica l  and  b iophys ica l  changes  in brain  [16]. Old 
an imals  do me tabo l i ze  e thano l  at  a s lower  ra te  as com-  
pared  to younge r  animals .  It has  been  repor ted  that  6 m o n t h  
mice me tabo l i ze  a 3 g/kg dose  of  e thano l  at  a rate of  0.46 
~mol /min /g  as c o m p a r e d  to the ra te  of  0 .37 /zmol /min /g  for  24 
m o n t h  old mice [11]. While  the d i f ferences  in m e t a b o l i s m  
were s ignif icant ,  it was conc luded  tha t  these  d i f fe rences  
could not  a c c o u n t  for  the  g rea te r  effects  of  e thanol  o b s e r v e d  
in old mice  [11]. 

A n o t h e r  exp lana t ion  tha t  has  been  p r o p o s e d  is tha t  age 
d i f fe rences  in r e sponse  to e thanol  may  be the  resul t  o f  differ- 
ences  in the  p e r c e n t a g e  of  body  wa te r  to body  weight  [18]. 
York [18] r epor t ed  that  w h e n  a dose  of  e thanol  was based  on  
body  wa te r  as c o m p a r e d  to body  weight ,  age d i f fe rences  
were small and  non-signif icant .  In the p resen t  s tudy,  body  
wa te r  differences  alone do not  explain the age di ferences  in 
response  to e thanol .  Aged mice c o n s u m e d  less e thanol  and  had 
lower  blood e thanol  levels but were more  impaired as com- 
pared to younger  animals .  

E thano l - i nduced  changes  in body  t e m p e r a t u r e  may  con-  
t r ibute  to the age-re la ted  effects  of  e thanol .  Aging an imals  
may  have  diff iculty regula t ing body  t e m p e r a t u r e  in r e sponse  
to ch ron ic  e thano l  admin i s t r a t i on  and  dur ing  wi thdrawal .  
E thano l - induced  h y p o t h e r m i a  has  been  found  to be g rea te r  
in old rats  fol lowing acute  admin i s t r a t i on  of  e thanol  t han  in 

younge r  ra ts  [1]. I t  might  be h y p o t h e s i z e d  tha t  age-re la ted 
d i f fe rences  in r e s p o n s e  to ch ron ic  admin i s t r a t ion  of  e thanol  
would  be  r educed  if  h y p o t h e r m i a  was inhibi ted.  

A four th  exp lana t ion  for  age-re la ted  d i f fe rences  in re- 
sponse  to e thano l  may  be  d i f fe rences  in the b iochemica l  and  
b iophys ica l  ac t iv i ty  of  b ra in  [14]. Aging an imals  lose the 
r ight ing r e sponse  at  lower  b ra in  e thano l  levels  as c o m p a r e d  
to younge r  an imal s  [1 1], It has  been  s h o w n  tha t  the  act ivi ty  
of  ( N a + + K + ) - A T P a s e  in s y n a p t o s o m e s  f rom old C57BL/10  
(26-29 mon ths )  mice  was inh ib i ted  more  fol lowing per tu rba-  
t ion wi th  e thano l  than  s y n a p t o s o m e s  f rom 3 m o n t h  old mice  
[14]. The  act iv i ty  o f  this  e n z y m e  has been  assoc ia ted  with 
e thano l  in tox ica t ion  and  wi thdrawal  h o w e v e r ,  m a n y  ques-  
t ions  r emain  as to the  i n v o l v e m e n t  o f  ( N a + + K + ) - A T P a s e  in 
e thano l  in tox ica t ion  and  wi thdrawal  [12]. 

Aged  an imals  are af fected more  by bo th  acu te  and chron ic  
admin i s t r a t ion  of  e thano l  as c o m p a r e d  to younge r  animals .  
The  causal  m e c h a n i s m s  for  these  age-re la ted  d i f fe rences  re- 
main  to be e luc ida ted .  It may  be that  a var ie ty  of  factors ,  
e.g. ,  me tabo l i sm,  body  water ,  bra in  sens i t iv i ty  a ccoun t  for  
age d i f fe rences  in r e sponse  to e thanol .  The  clinical implica-  
t ions  of  these  resul t s  are tha t  mode ra t e  alcohol  c o n s u m p t i o n  
by aged ind iv idua ls  may  have  more  severe  pa thologica l  ef- 
fects  than  similar  a m o u n t s  of  a lcohol  c o n s u m e d  by younge r  
individuals .  Obv ious ly ,  m u c h  more  work  is needed  in the  
area  o f  aging and  the  effects  of  a lcohol  because  of  the in- 
c reas ing  n u m b e r  of  aging individuals  in the popula t ion .  
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