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ROCKMAN, G. E., A. HALL AND G. B. GLAVIN. Effects of restraint stress on voluntao, ethanol intake and ulcer prol(lk, ra- 
tion in rats. PHARMACOL BIOCHEM BEHAV 25(5) 108_I--1087, 1986.--The present study examined the effect of exposure 
to a schedule of predictable restraint stress on voluntary ethanol consumption and ulcer proliferation in rats. Following 
ethanol screening rats were divided into high, medium and low ethanol consuming groups on the basis of daily ethanol 
intake (g/kg/day) and exposed to daily I hr restraint stress t`or 10 consecutive days. Voluntary ethanol consumption was 
monitored both during the stress period and for an additional 25 days post-stress. Stomach pathology was assessed on days 
1,5 and I 0 of the stress period as well as at the conclusion of the post-stress period. Results indicated a differential effect of 
stress on ethanol intake in that high ethanol preferring rats consumed less ethanol in the first 5 days of the post-stress period 
as compared to non-stressed controls. In contrast, the medium ethanol preferring group drank more ethanol than controls 
during days I-5 of the post-stress period. Ethanol consumption t`or the low ethanol groups did not change during the entire 
experiment. Stomach pathology data revealed no ulcer formation in the stressed groups during the stress period. At the end 
of the post-stress period, however, stressed animals exhibited a significantly greater ulcer severity <mean cumulative ulcer 
length) and ulcer frequency (mean number of ulcers per rat) than non-stressed groups. Stomach pathology ['or ethanol 
consuming groups did not differ from controls, indicating that ethanol did not, by itself, affect ulcer development. 

Restraint stress Ethanol Ulcer 

C O N S I D E R A B L E  re sea rch  has  been  c o n d u c t e d  examin ing  
the in te rac t ion  be twe en  s t ress  and  e thanol  c o n s u m p t i o n .  Un- 
fo r tuna te ly ,  much  of  the  in fo rmat ion  e m a n a t i n g  f rom these  
s tudies  is con t r ad i c to ry  [ I 1 ]. One  area  of  inves t iga t ion  con-  
ce rns  the  effects  of  e thano l  on the  pa thophys io log ica l  conse -  
q u e n c e s  of  exposu re  to s t ress .  For  example ,  whi le  e thano l  
has  been  s h o w n  to have  a p r even t a t i ve  effect  agains t  s t ress-  
induced  a l te ra t ions  in p l a sma  co r t i co s t e r one  level  [ I J, brain 
m o n o a m i n e  act ivi ty  16], and  p lasma non-es te r i f ied  fat ty  acid 
level 112], o t h e r  s tudies  have  d e m o n s t r a t e d  e i t he r  a potent i -  
a t ion or  no effect  of  e thano l  on s t r e s s - induced  gas t r ic  
mucosa l  injury [5, 7, 14-16]. 

A n o t h e r  aspec t  of  the s t r e s s -e thano l  in te rac t ion  c o n c e r n s  
the effect  of  var ious  s t r e s so r s  on e thano l  c o n s u m p t i o n .  For  
example ,  while it was  original ly d e m o n s t r a t e d  tha t  s t ress  
inc reased  e thanol  c o n s u m p t i o n  in ca ts  [8], few subsequen l  
s tud ies  have  found s imilar  resul t s  [2,3J. In two recenl  
s tudies ,  con t r a s t ing  effects  of  s t ress  on e thano l  intake were  
o b s e r v e d .  R o c k m a n  and Glav in  [15] d e m o n s t r a t e d  tha t  ac- 
t ivity s t ress  induced  a dec rease  in e thano l  c o n s u m p t i o n  
among  high e thanol  preferr ing rats  dur ing the s t ress  penod .  
Medium and low e thanol  consuming  groups  did not  al ter  the i r  
e thano l  intake.  In con t ras t ,  N a s h  and  Maickel  [9] o b s e r v e d  

an inc rease  in e thanol  c o n s u m p t i o n  in rats  which  were ex- 
posed  to a schedule  of  unpred ic t ab le  immobi l i za t ion  s t ress .  
It is in te res t ing  to note  tha t  this  increase  in e thano l  intake 
occu r r ed  dur ing  the pos t - s t ress  per iod.  Unfo r tuna t e ly ,  in this  
la t ter  s tudy,  e thano l  c o n s u m i n g  an imals  were  not  g rouped  
acco rd ing  to different  levels  of  e thanol  intake.  These  two 
s tudies  serve  to highlight  the  con t r ad i c to ry  resul t s  in this  
area  as well as the i m p o r t a n c e  of  assess ing  e thano l  con-  
sumpt ion  of  low, m e d i u m  and high e thano l  prefer r ing  rats 
dur ing  bo th  the s t ress  and  pos t - s t ress  per iods .  The  presen t  
s tudy was des igned  to inves t iga te  the  effect  of  exposu re  to 
ch ron ic  res t ra in t  s t ress  on long- te rm vo lun ta ry  e thano l  con-  
sumpt ion  and  ulcer  prol i fera t ion  dur ing  s t ress  and  post-  
s t ress  per iods .  

METHOD 

Sl(bje('ls 

Male Wis t a r  ra ts  ( H o l t z m a n  Co. ,  Madi son ,  WI) weighing  
190-210 g on de l ivery  were  used.  Ra ts  were  housed  individ- 
ually in s tandard  lab cages  wi th  food and wa te r  ava i lab le  ad 
lib and  wi th  a 12/12 L/D cycle  (lights on 070(I hr). 
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FIG. 1. Ethanol consumption in terms of mean grams per kilogram tor low-ethanol 
consuming rats. 

Procedure 

Ethanol screening. After 5 days of adaptation, the ethanol 
screening procedure began. Two calibrated drinking tubes 
were attached to the left front of each rat's cage. One con- 
tained tap water while the other initially contained a 3c~ (v/v) 
solution of ethanol. This concentration was presented every 
other day for 8 days; that is, every other day the rats re- 
ceived two tubes of water and on alternate days, they re- 
ceived one tube of water and one tube of ethanol. The posi- 
tion of  the ethanol tube was changed upon each presentation 
to eliminate the possibility of a position preference by the 
rats. The same alternate day presentation was continued for 
ethanol in increasing concentrations of 5%, 7c~ and finally 
~7~ (v/v). At the end of the screening procedure, all rats 
received the 9~ iv/v) ethanol in an everyday free-choice with 
water for 20 consecutive days. Therefore, the rats were ex- 
posed to ethanol for a total of 36 days prior to restraint. Daily 
fluid consumption (both ethanol and water) and body weight 
were monitored and daily ethanol intake in grams per kilo- 
gram per day was calculated. In this manner four groups of 
rats were selected. Non-ethanol exposed rats were never 
given ethanol and had access to water throughout. Low, 
medium and high ethanol preferring groups were defined by 
their mean daily ethanol consumption (1.5-2.5: 2.5-4.5, 
4.5-6.0 g/kg/day, respectively) throughout the entire 36 day 
screening procedure. 

Restraint stress. Immediately following the last day of the 
ethanol screening, half of  the rats (stressed group) from each 
of  the 4 groups were randomly selected and exposed to 1 
hour of restraint Cat approximately 1100 hr) in the supine 
position at room temperature [41 for a total of 10 days. The 
other half of the rats (non-stressed groups) were moved into 
an adjoining room and handled at the beginning and at the 
end of  the I hour daily stress periods but were not restrained. 
This procedure ensured that both restraint stressed and con- 
trol rats received equal amounts of handling per se. Both 
stressed and non-stressed rats were denied access to 
ethanol, water and food for that hour only. Following daily 
stress periods, all rats were returned to their home cages 
with food, water and ethanol (~'7~) available ad lib. Body 

weight, water and ethanol consumption were monitored 
daily, both during the 10 day stress period and during a sub- 
sequent 25 day post-stress period. 

Stomach palholoRy. Four rats from each group were sac- 
rificed with chloroform on days 1, 5 and 10 of the stress 
period. The remaining rats were sacrificed on completion of 
the post-stress period. Stomachs were excised, preserved in 
10% formaldehyde and examined for damage by an observer 
who was naive with respect to treatment conditions. The 
number, location (rumenal or glandular) and cumulative 
length (in millimeters) of the ulcers were ascertained by exam- 
ination under a dissecting microscope with an ocular microm- 
eter. Ulcer length (in ram) was determined by adding length 
plus width of each glandular ulcer. This procedure has been 
widely employed in the past to determine ulcer severity [4]. 

Statistical AHah'sis 

Ethanol consumption for all groups was calculated in 
terms of mean grams per kilogram per day (g/kg/day). For 
the sake of clarity, the low, medium and high ethanol con- 
suming groups are presented separately, with the appropri- 
ate control groups. For statistical analysis, the stress and 
post-stress periods were divided into 7 time periods of 5 days 
each to produce a total of 8 equivalent (including pre-stress) 
time periods. All data were analyzed by repeated measures 
analysis of variance [group (stress vs. no-stress) x time 
period], appropriate post hoc (Tukey) tests, and simple main 
effects analysis when interactions were significant. 

RESUI,TS 

Figures 1, 2 and 3 illustrate ethanol consumption for low, 
medium and high ethanol drinking groups respectively. Fig- 
ure 1 indicates that low ethanol consuming groups (stressed 
and non-stressed) did not change their ethanol intake 
throughout the entire experiment. No main effects of group, 
time period or group x time period interactions were signifi- 
cant (group x time period, F(7,105)-1.91, p>0.05). In con- 
trast, ethanol consumption for the medium ethanol groups 
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FIG. 2. Ethanol consumption in lerms of mean grams per kilogram for medium- 
ethanol consuming rats. 
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FIG. 3. Ethanol consumption in terms of mean grams per kilogram for high- 
ethanol consuming rats• 

(Fig. 2) yielded a significant effect of period, F(7,196)-3.97, 
p<0.001, and of group × time period interaction, 
F(7,196)= 3.28, p <0.005. More specifically, post-hoc Tukey 
tests revealed that ethanol consumption for the stressed rats 
significantly increased during days 1-5 of the post-stress 
period as compared to the non-stressed rats. No other 5 day 
drinking periods were significantly different between 
stressed and non-stressed groups. Analysis of ethanol intake 
for the high ethanol consuming groups (Fig. 3) indicated a 
significant effect of time period, F(7,91)-5.04, p<0.001, and 
of group × time period interaction, F(7,91)=2.20, p<0.05. 
Specifically, post-hoc Tukey tests indicated that during days 
1-5 of the post-stress period ethanol consumption of the 
stressed rats was significantly lower as compared to the 

non-stressed group. No other significant differences in 
ethanol intake during any other 5 day periods were found. 

It is important to note that body weight and water intake 
for all groups during the entire experiment did not signifi- 
cantly differ. In addition, no behavioral signs of overt intoxi- 
cation were observed at any time in this experiment, suggest- 
ing that blood alcohol levels were below the maximal oxidiz- 
ing capacity of these rats. 

Examination of stomach pathology data from rats sac- 
rificed on days 1, 5, and 10 of the stress period indicated no 
ulcer development in any of the stressed groups. Ulcer data 
from the remaining rats at the end of the post-stress period 
are illustrated in Table 1. All data refer to glandular ulcers; 
no instance of rumenal ulcer was observed. Results of the 
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TABLE 1 

SUMMARY OF STOMACH PATHOLOGY FOR EXPERIMENTAL AND CONTROL RATS 

Group 

Mean( _+ SE) Mean( _+ SE) 
Number of Cumulative Ulcer 

Ulcer Ulcers Length (mm) 
Incidence (Ulcer frequency) ( Ulcer severity) 

High Ethanol 
Stress 

Medium Ethanol 
Stress 

Low Ethanol 
Stress 

Water Only 
Stress 

High Ethanol 
No Stress 

Medium Ethanol 
No Stress 

Low Ethanol 
No Stress 

Water Only 
No Stress 

5/9 3.3 (2.02) 18.9 (9.68) 

6/16 1.3(0.53) 8.4(4.35) 

4/7 1.6 (0.78) 9.7 (0.25) 

1/6 0.8 (0.83) 8.5 (8.5) 

0/6 0.0 (0.0) 0.0 (0.0) 

1/14 0.07 (0.07) 0.4 (0.43) 

l/t0 0.2 (0.20) 0.6 (0.60) 

2/6 0.3 (0.21) 4.3 (3.59) 

analysis of  variance of mean ulcer length (ulcer severity) for 
stressed groups and non-stressed groups indicated a signifi- 
cant effect of stress, F(1,66)=6.50, p<0.02, but no signifi- 
cant effects of ethanol on ulcer severity. Similarly, stressed 
groups had significantly more ulcers (ulcer frequency) than 
non-stressed groups, F(1,30)=9.41, p<0.005, with ethanol 
exposure not affecting mean number of  ulcers per rat. Fi- 
nally, ulcer incidence (number of rats within a given group 
which developed ulcers) did not significantly differ between 
stressed groups. 

DISCUSSION 

The results of the present study reveal several interesting 
observations. First, with regard to ethanol consumption, it 
was observed that the stressed medium ethanol-preferring 
group demonstrated a temporary increase in ethanol con- 
sumption during the first 5 days of the post-stress period as 
compared to the non-stressed control group. This increase in 
ethanol consumption is consistent with the recent report of 
Nash and Maickel [9]. In contrast, ethanol consumption for 
the stressed high ethanol-preferring group was observed to 
be lower than controls during the same post-stress period 
(days 1-5 post-stress). This observation, while discrepant 
from the medium ethanol group and other reports [3, 8, 9], is 
consistent with recent data from our laboratory [15] demon- 
strating a decrease in ethanol consumption among high 
ethanol-consuming rats as a consequence of chronic stress. 
These data considered together suggest that the effect of 
chronic stress on ethanol consumption may differ depending 
on the level of ethanol intake during baseline periods. This 
result is also consistent with the observation that the extent 
of ethanol exposure seems to interact with stress responsiv- 

ity [5,14]. In addition, these results serve to highlight the 
importance of assessing the effects of stress on wu'ious levels 
of ethanol intake (that is low, medium and high), since differ- 
ential effects of stress on ethanol drinking may be obscured 
by combining data from rats consuming different levels of 
ethanol. A mechanism for this observation is not clear at the 
present time, but research in this laboratory is being con- 
ducted to investigate possible neurochemical alterations un- 
derlying the effects of stress on ethanol consumption. 

Another interesting aspect of the present results concerns 
the relatively small change in ethanol drinking as compared 
to other reports [9,15]. The most likely explanation for this 
observation seems to be a consequence of the stress 
paradigm employed in this experiment. Restraint stress in 
the present study was delivered on a predictable schedule 
which has been demonstrated to be less '+stressful" than an 
unpredictable schedule of stress presentation [10,13]. The 
fact that no ulcers were observed in the stress groups during 
the stress period supports this view. A replication of the 
present study employing an unpredictable stress schedule is 
underway. 

The ulcer data from the present study indicating that 
ethanol did not affect ulcer number or ulcer severity, are 
consistent with other reports which suggest that ethanol, in 
certain stress paradigms, may not affect ulcer proliferation 
[5, 7, 15]. That we observed ulcer formation only at the 
conclusion of this study, suggests that a schedule of predict- 
able stress is not ulcerogenic, whereas the initial days of the 
post-stress period may actually be perceived by the rats as 
an unpredictable stressor thereby inducing ulcers. 

In summary, the present results suggest that (1) exposure 
to predictable restraint stress produces differential effects on 
ethanol consumption depending upon the rat's pre-stress 
level of ethanol intake levels and (2) that ethanol exposure 
does not alter stress responsivity to predictable stress. 



S T R E S S  A N D  E T H A N O L  C O N S U M P T I O N  1087 

REFERENCES 

1. Brick, J. and L. A. Pohorecky. Ethanol-stress interaction: 
Biochemical findings. Psychopharmacolo~,y (Berlin) 77: 81-84, 
1982. 

2. Caplan, M. A. and K. Puglisi. Stress and conflict conditions 
leading to and maintaining voluntary alcohol consumption in 
rats. Pharma(v,,I Bio('hem Behav 24: 271-280, 1986. 

3. Derr, R. and S. Lindblad. Stress-induced consumption of  
ethanol by rats. L([(" S('i 27: 2183-2186, 1980. 

4. Glavin, G. Restraint ulcer: History, current research and future 
implications. Brain Res Bull 5: 51-58, 1980. 

5. Glavin, G. B. and G. E. Rockman. Acute ethanol administra- 
lion: Effects on stress-induced gastric and duodenal ulcer in 
rats. Al('(,,hol 2:651-653, 1985. 

6. Kuriyama. K.. K. Kanmori and Y. Yoneda. Preventive effect of 
alcohol against stress-induced alteration in content of  
monoamines in brain and adrenal ghmd. Neuropharmacology 
23: 649-654, 1984. 

7. Lev, R., K. Kawashima and G. B. Glass. Morphological fea- 
tures and healing of stress ulcers induced by alcohol and re- 
straint. Arch Pathol Lab Med 100: 554-558, 1976. 

8. Masserman, J. H. and K. S. Yum. An analysis of the influence 
of alcohol on experimental neuroses in cats. Psychosom Med 8: 
36-52, 1946. 

9. Nash,  J. F. and R. P. Maickel. Stress-induced consumption of 
ethanol by rats. Li]k, Sci 37: 757-765, 1985. 

10. Orloff, E. R. and J. N. Masserman. Effects of abstinence on 
self-selection of ethanol induced by uncertainty in monkeys. 
,l Stud Al('ohol 39: 499-504, 1978. 

11. Pohorecky, L. A. The interaction of alcohol and stress: A re- 
view. Neurosci Biobehav Rev 5: 208-229, 1981. 

12. Pohorecky, L. A., E. Rassi, J. Weiss and V. Michalak. 
Biochemical evidence for an interaction of  ethanol and stress: 
Preliminary studies. Al('ohol Cli,t Exp Res 4: 423-426, 1980. 

13. Quirce, C. M., M. Odio and J. M. Solano. The effects of pre- 
dictable and unpredictable schedules of physical restraint upon 
rats. Lijb Sci 28: 1897-1902, 1981. 

14. Rockman, G. E. and G. B. Glavin. Ethanol-stress interaction: 
Differences among ethanol-preferring rats responses to re- 
straint. Ahoho l  1: 293-295, 1984. 

15. Rockman, G. E. and G. B. Glavin. Activity stress effects on 
voluntary ethanol consumption,  mortality and ulcer develop- 
ment in rats. Pharmacol Bio('hem Bchav, 1986, in press. 

16. Schmidl, K. M. and F. D. Klopfer. Ethanol and stomach ulcers: 
Absence of influence in the albino rat. Q .I Stud Ah'ohol 29: 
558-565, 1968. 


