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Abstract-Acute ethanol administration (l-4 g/kg, i.p.) had no effect on plasma catecholamine levels 
in nonstressed animals except at the highest dose where levels of both catecholamines increased. In 
animals stressed for 30 min, the higher doses had a biphasic effect on plasma catecholamines; at earlier 
times during stress a reduction in stress-induced increases in both catecholamines was seen, whereas 
later during stress or after release from stress an increase was noted. Semi-chronic ethanol administration 
(0.5 and 2 g/kg/day, Lp.) had no significant effect on plasma catecholamine levels in nonstressed rats. 
In stressed rats, ethanol reduced stress-induced catecholamine increases but these reductions were less 
than those seen after acute administration. Although ethanol reduced the gross behavioral stress 
response, no correlation between gross behavioral and biochemical responses was detected. These data 
show that ethanol can indeed reduce the behavioral and biochemical stress responses in rats but that 
effects seen depend on the state (nonstressed vs stressed) of the animal, the dose of ethanol (low vs 
high) used, the length of ethanol administration (acute vs semi-chronic), and the time of measurement 
of the catecholamine level after ethanol administration. 

Recent studies have shown that ethanol can affect 
plasma biogenic amine levels differently in non- 
stressed and stressed rats. A low dose of ethanol 
(0.5 g/kg) given i.p. had no effect on plasma levels 
of norepinephrine and epinephrine in nonstressed 
rats but antagonized significantly stress-induced 
increases in both plasma catecholamines [ 11. Similar 
studies on the action of ethanol on plasma levels 
of corticosterone have also shown that ethanol can 
differently affect the levels of this steroid in non- 
stressed and stressed rats [2-51. In addition, these 
studies showed that the effect of ethanol on this 
steroid is dose dependent. Low doses (less than 
0.5 g/kg, i.p.) had no effect on plasma corticosterone 
levels, whereas larger doses of ethanol (2 g/kg, i.p.) 
increased the levels of the steroid in nonstressed rats. 
In stressed rats, low doses (0.5 g/kg, i-p.) of ethanol 
attenuated the stress-induced increases, whereas 
higher doses (Zg/kg, i.p.) potentiated the stress- 
induced increases of corticosterone. 

To see whether or not ethanol given acutely or 
semi-chronically over a period of 2 weeks would also 
produce a dose-dependent effect on plasma cat- 
echolamines in both nonstressed and stressed rats, 
animals were injected with different doses of ethanol. 
Plasma norepinephrine and epinephrine levels were 
then measured at rest and during restraint stress. 
Results obtained indeed showed that the effects of 
ethanol on plasma catecholamine levels depended 
strongly on the state (stressed vs nonstressed) of the 
animal, the dose of ethanol (low vs high) used, the 
length of ethanol administration prior to restraint, 
and the time of measurement of the catecholamines 
after ethanol administration. 

* To whom all correspondence should be sent. 

MATERIALS AND METHODS 

Animals. Male Sprague-Dawley rats (Perfection 
Breeders, Douglassville, PA), weighing about 250 g, 
were used in all experiments. The animals were 
housed three per cage for a l-week acclimation 
period, were kept on a 12-hr light/dark cycle, and 
were allowed free access to food and water. 

Surgery. To obtain blood samples, animals were 
anesthetized with ketamine/pentobarbital and fitted 
with an indwelling, chronic jugular catheter as descri- 
bed previously [l, 6,7]. The rats were then kept in 
individual cages and used after l-2 days which had 
been shown previously to be sufficient for recovery 
from surgery [ 1,7]. Samples of 0.2 to 0.3 ml of blood 
were drawn during the experiments. Repeated blood 
sampling (up to eight samples) over a 2-hr period of 
time had been shown previously to be without effect 
on hematocrit or catecholamine levels [l, 71. 

Experiments. For the acute studies, blood was 
obtained through the catheter from resting rats in 
their home cages just before and at various times 
after the administration of saline or ethanol. In the 
studies using restraint, blood was obtained before the 
administration of saline or ethanol, and the animals 
were immobilized 15 min after injection for 30 min. 
After 30 min of immobilization, the animals were 
returned to the home cage. Blood was obtained 
at various times during immobilization and after a 
30 min rest period in the home cage. For the semi- 
chronic studies, rats received saline or ethanol by 
daily injection in the morning for 14 consecutive 
days. Catheterization was performed in the after- 
noon of day 12. On day 14, the last administration 
of ethanol was given and the same experimental 
protocol as described above was performed. Injec- 
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Table 1. Effects of different doses of ethanol on plasma norepinephrine and epinephrine levels in nonstressed rats 

Time (min) 
0 1s 30 45 60 

Norepinephrine ( 
Saline 180 -t 25 235 + 25 238 2 31 214 t 12 184-t 11 
Ethanol (1 g/kg) 156 156 168 124 200 
Ethanol (2 g/kg) 231 5 42 312 i 35 293 + 33 323 t 31 228 t 21 
Ethanol (4 g/kg) 240 t 21 364 f 40*t 403 + 49*t 395 t 60*” 511 2 75*1 

Epinephrine (pg,/ml) 
Safine 95 * 4 992 19 117’15 935 18 862 12 
Ethanol (1 g/kg) 90 60 108 112 70 
Ethanol (2 g/kg) 142 + 25 111 ? 16 184 2 39 151 + 24 121 + 18 
Ethanol (4 g/kg) 106 ? 18 269 t 60** 268 ? 35”: 427 2 29*“; 643 + 100”f 

Values represent mean +- S.E.M. Number of animals: five per group except for 1 g/kg where values represent the 
average of closely agreeing data from two animals. Injection (i.p.) of ethanol was performed following 0 time measure 
(baseline). 

* P < 0.05 (comparison with 0 time). 
t P < 0.05 (comparison with saline value). 

tions of ethanol were always given in the same room accompanied by the Newman-Kuels test (P < 0.05 
and restraint was carried out in an adjacent room. was accepted as significant). 

Restraint. Stress was induced by taping the four 
paws of the animal to the laboratory bench which 
immobilized or restrained the animal. All exper- 
iment were performed between 10:OOa.m. and 
1:OOp.m. to minimize the effects of diurinal vari- 
ations. Ethanol was administered by i.p. injection at 
a concentration of 20% (w/v). 

RESULTS 

~e~u~~or. The gross behavior of the rats was evalu- 
ated by a “blind” observer during rest and stress, 
and vocalization, struggling, number of fecal boli 
and biting were recorded. 

Assays. The concentrations of the catecholamines 
were assayed by the Cat-a-Kit assay marketed by 
the Upjohn Diagnostics Co., Kalamazoo, MI. The 
ethanol analyses were performed by Dr. E. Mezey, 
Baltimore City Hospital, Baltimore, MD. The area 
under the stress curve (AUC) represents the area 
under the individual time points (O-60 min) and is 
recorded as ng/ml x min. 

Effect of acute ethanol in resting rats. The 
behavioral effects of different doses of ethanol in 
nonstressed rats ranged from mild (1 g/kg) to mod- 
erate (2 g/kg) to marked sedation and hypnosis (4 g/ 
kg). A previous study using 0.5 g/kg of ethanol had 
shown only little sedation [I]. In this previous study, 
no effect on plasma catecholamine levels was seen 
in resting rats. The effects of higher doses of ethanol 
on plasma norepinephrine and epinephrine levels in 
nonstressed rats are shown in Table 1. Again ethanol 
did not cause an increase in plasma catecholamines 
at the lower doses, but it caused an increase after 
15, 30, 45 or 60 min at the highest dose (4 g/kg). 

Statistics. The statistical analyses used a two-way 
analysis of variance with repeated measurements 

Effect of acute ethanol on stressed rats. Previously 
it was found that a small dose of ethanol (0.5g/ 
kg, i.p.) antagonized only slightly the behavioral 
responses to restraint but significantly antagonized 
the stress-induced increases in plasma catecholamine 

Table 2. Effect of ethanol on plasma norepinephrine and epinephrine levels in stressed rats 

0 5 
Time (min) 

15 30 60 

N~repinephrine (pg/ml) 
Saline 146 i 21 1253 f 21Y” 754 2 824 554 + 65” 255 r 35’ 
Ethanol (2 g/kg) 101 2 24 421 + 46*t 796 2 253” 820 -c 171* 295 2 19” 
Ethanol (4 g/kg) 119 2 22 958 2 377’ 418 f 113”‘i 698 !Z 119* 668 5 184*t 

Epinephrine ( pgeml) 
Saline 49 _t 8 1182 + 301* 792r81* 563 2 64* 84 + 40 
Ethanol (2 g/kg) 572 17 297 r 82”i 639 2 101” 538 i 188” 325 i 89** 
Ethanol (4 g/kg) 56 + I6 419 + g7*t 577 + 162” 1245 + 185*+ 869 ‘- 46”: 

Values represent means -C S.E.M. Number of animals: six per group. Animals received saline or ethanol after the first 
blood drawing (0) and were immobilized 15 min later for 30 min with drawings at 5. 15 and 30 min during this period. 
After immobilization, animals were returned to the home cage and blood was drawn after 30 min of rest or recovery 
(60 min). 

* P < 0.05 (comparison with 0 time). 
f P < 0.05 (comparison with stress/saline value). 
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Table 3. Effect of semi-chronically administered ethanol on plasma norepinephrine and epinephrine levels in stressed 
rats 

0 

Saline 188 2 29 
Ethanol (0.5 g/kg) 199 r 13 
Ethanol (2 g/kg) 205 t 31 

Saline 94 r 28 
Ethanol (0.5 g/kg) 101 * 14 
Ethanol (2 g/kg) 112 -c 12 

5 
Time (min) 

15 30 

Norepinephrine (pg/ml) 
1256 ? 44’ 916 t 171* 
957 + 137” 839 t 72* 
863 f 91*+ 791 t 71* 

Epinephrine (pg/ml) 
1213 2 144* 874 t 40* 
915 + 54* 638 t 88*+ 
935 ? 76* 731 t 71* 

642 ‘- 27’ 
557 2 62* 
696 ? 91* 

665 2 88: 
407 + 33*t 
541 ? 61* 

60 

363 2 24* 
365 2 60’ 
412? 51* 

94 ? 40 
237 2 42*f 
471 f 53*t 

Values represent means t S.E.M. Number of animals: six per group. Animals received &line or ethanol in the morning 
for 2 weeks. On the day of the experiment, saline or ethanol was administered after the first blood drawing (0), and the 
rats were immobilized 15 min later for 30 min (5, 15,30). After immobilization, animals were returned to the home cage 
and blood was drawn after 30 min of rest or recovery (60) 

* P < 0.05 (comparison with 0 time). 
t P < 0.05 (comparison with saline value). 

levels [l]. With the higher doses used here, the 
animals showed a marked reduction in the gross 
behavioral response to restraint. They vocalized and 
struggled considerably less and at 4g/kg appeared 
completely sedated and behaviorally “unaffected” 
by restraint. The effects of these higher doses of 
ethanol on plasma norepinephrine and epinephrine 
levels in these stressed rats are shown in Table 2. As 
can be seen, effects of ethanol on stress-induced 
rises in plasma catecholamines were time and dose 
dependent. Stress-induced levels of norepinephrine 
were depressed significantly by 2 g/kg at 5 min and 
by 4 g/kg at 15 min. After recovery for 30 min (i.e. 
at the 60-min measure), norepinephrine levels were 
still elevated in rats that had received 4 g/kg. Stress- 
induced increases of epinephrine were depressed 
significantly by both doses at 5 min, but were 
increased by the highest dose of ethanol at the end 
of the stress period (30 min) and were elevated after 
both doses after 30min of recovery (60min). The 
AUC was decreased significantly for the 2 g/kg but 
not the 4 g/k dose (Norepinephrine: stress = 
26.2 -t 2.1,2 g ,B kg of ethanol = 18.4 ? 2.9,4 g/kg of 
ethanol = 23.2 2 3.1; epinephrine: stress = 24.7 + 
2.5, 2g/kg of ethanol = 20.1 * 3.3, 4g/kg of etha- 
nol = 29.1 ? 4.4.) 

treated animals, no significant effects of 0.5 or 2 g/ 
kg/day for 14 days on plasma catecholamine levels 
were observed in nonstressed rats following the last 
dose. Catecholamine responses to semi-chronically 
administered ethanol are shown in Table 3. During 
stress, semi-chronic administration of a low dose of 
ethanol (0.5 g/kg) caused only a slight reduction in 
stress-induced epinephrine values (whereas an acute 
injection of ethanol caused a reduction in both nor- 
epinephrine and epinephrine; Ref. 1). Semi-chronic 
administration of a higher dose of ethanol (2 g/kg) 
caused a slight reduction in stress-induced nor- 
epinephrine values (whereas an acute injection 
reduced both norepinephrine and epinephrine; 
Table 2). 

Ethanol plasma levels in nonstressed and stressed 
rats. To compare catecholamine levels with those of 
ethanol under identical conditions and to assure that 
ethanol levels were unaffected by stress, a separate 
group of animals from the same supplier and of the 
same weight and the same strain was injected with 
ethanol, and blood was drawn for ethanol deter- 
minations as indicated. Table 4 shows these results. 
Although levels were initially somewhat higher in 
stressed animals, no significant differences were 
apparent between nonstressed and stressed rats. 

Effect of semi-chronic ethanol on nonstressed and 
stressed rats. For the semi-chronic studies, non- 
stressed and stressed rats showed the same gross 
behavioral responses to ethanol as rats exposed to 
their first dose of ethanol. Although catecholamine 
levels tended to be higher in the semi-chronically 

DISCUSSION 

In agreement with a previous study [l], results 
from this study shown quite clearly that ethanol 
affected peripheral catecholamine levels differently 

Table 4. Blood levels of ethanol in non-stressed and stressed rats 

Ethanol (mg/lOO ml) 

0 15 30 
Time (min) 
60 100 150 200 

Nonstressed (5) 0 197 + 21 175 t 22 145 + 19 137 r 13 92 + 8 42 4 6 
Stressed (5) 0 255 + 57 215 ? 18 186 2 19 158 t 16 992 16 31 t 17 

Values represent means 2 S.E.M.; number of animals is given in parentheses. Resting rats received 
2 g/kg, i.p., after 0 time. Stressed rats received 2 g/kg, i.p. after 0 time and were immediately restrained 
for 60 min (15,30,60) and were then released into their home cages (100, 150, 200). 
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in nonstressed and stressed animals. In addition, this 
study shows that the effect of ethanol on plasma 
catecholamines is dependent on the dose of ethanol 
used, the length of its administration, and the time 
of measurement of the biogenic amine levels after 
ethanol administration. 

In nonstressed rats, a low dose of ethanol (0.5 g/ 
kg) has no effect on behavior or on plasma nor- 
epinephrine and epinephrine levels [l]. In this study, 
mild to strong sedation was observed after the higher 
doses of ethanol. No effects of ethanol on plasma 
catecholamines were observed at doses of 1 and 2 g/ 
kg. However, a dose of 4 g/kg increased plasma 
norepinephrine and epinephrine levels significantly 
after 30-60 min, indicative of an ethanol-induced 
stress response. In rats treated for 14 days with 
ethanol (0.5 and 2 g/kg/day) no major effects were 
seen on catecholamine levels after the last dose, 
although levels of both amines tended to be con- 
sistently, but not significantly, higher. 

In stressed rats, plasma catecholamine levels rise 
sharply at the beginning of restraint (5 min), decrease 
over the remainder of the stress period (15 and 
30 min), and reach almost baseline levels 30 min after 
the animals have been released [l, 71. A single low 
dose of ethanol (0.5 g/kg) has been found to reduce 
these stress-induced increases in both catechol- 
amines in most animals at 5 and 15 min, to have no 
effect on later times, and to reduce the area under 
the stress curve significantly [I]. In this study with 
higher doses, an acute dose of 2 and 4 g/kg initially 
reduced the stress-induced increases in both cat- 
echolamines but increased plasma levels of these 
biogenic amines later in the stress period or recovery 
period. This could be interpreted that ethanol 
reduces at lower doses but shifts the time-course to 
the right and only delays the response to stress at 
higher doses as a result of a stress-reducing and 
stress-inducing effect. The area under the curve was 
decreased significantly for both norepinephrine and 
epinephrine at the 2g/kg dose but no significant 
changes were seen at the 4g/kg dose. After treat- 
ment with ethanol for 2 weeks, ethanol also reduced 
the stress-induced increases in catecholamines but 
the reductions were somewhat less than those seen 
after a single administration of ethanol. Although we 
do not have blood levels in semi-chronically treated 
animals. the reduced effect was probably not due to 
increased ethanol metabolism since ethanol was only 
given once a day and since only doses much higher 
than those given in this study (32% of total diet) for 
24 days increase ethanol metabolism significantly [8]. 
This reduction probably represents development of 
tolerance to the stress-reducing effects of ethanol 
since saline-injected animals still showed the same 
high stress-response as did the acutely saline-treated 
rats. 

The biochemical findings on plasma catecholamine 
levels do not correlate well with our gross behavioral 
observations during stress. Animals exposed to the 
lower doses (0.5 g/kg) still appeared quite ‘stressed” 
and struggled and vocalized as much as the saline- 
treated animals. Nevertheless. the plasma cat- 
echolamine levels of these rats during stress are 
reduced significantly [ 11. Animals receiving the mod- 
erate dose (2 g/kg) were more sedated and also 

showed reductions in both catecholamine levels. 
Animals receiving the high doses (4g/kg) were 
extremely sedated and hypnotic during the restraint 
procedure. In spite of this fact, their plasma cat- 
echolamine reductions were less marked and they 
actually showed an increase in epinephrine levels at 
the end of the stress period. Animals receiving the 
acute or chronic ethanol administration showed very 
similar behavioral responses during restraint but they 
differed in the reduction of the stress-induced 
increases in plasma catecholamines. Thus, ethanol 
can significantly reduce and antagonize behavioral 
and biochemical responses to stress but no cor- 
relation between these gross behavioral and bio- 
chemical responses was apparent. This lack of cor- 
relation warns strongly against the extrapolation of 
biochemical findings to behavioral interpretations or 
vice versa; increased biochemical stress-responses 
can be seen in animals that show no behavioral 
stress-responses or the absence of behavioral stress- 
responses does not mean the absence of biochemical 
stress-responses. 

A comparison of plasma ethanol and catechol- 
amine levels shows the following. After the i.p. 
injection of 2 g/kg of ethanol into catheterized rats, 
peak levels were reached at about 1.5 min and levels 
declined thereafter for the next 100min in both 
nonstressed and stressed rats. In nonstressed rats, 
ethanol had no influence on catecholamine levels 
except at the 4 g/kg dose after 30 or 60 min. Thus: 
highest levels of ethanol do not immediately affect 
catecholamine concentrations but catecholamine 
levels rise at a time when ethanol concentrations 
fall. In stressed rats, the most marked reductions in 
catecholamine concentrations were seen early when 
levels of ethanol were highest. This would indicate 
a direct effect of ethanol on stress-induced increases. 
However, the higher dose of 4 g/kg should reduce 
higher levels of ethanol than would the 2 g ,P kg dose 
and would be expected to reduce stress-induced 
increases in both catecholamines; unfortunately, this 
is not so. Thus, the correlation between ethanol and 
its reduction of stress-induced biogenic amine levels 
remains unclear. Again, the increase in catechol- 
amines observed later (60min) occurred at a time 
when ethanol levels fall and are low. 

In summary, the effects of ethanol on plasma 
catecholamine levels depended markedly on the state 
(nonstressed vs stressed) of the animal, the dose 
(low vs high) of ethanol used. the length of the 
administration (acute vs chronic), and the time of 
measurement. These findings may explain some of 
the conflicting results obtained with humans. In an 
excellent review. Pohorecky [9] showed that the 
effects of alcohol on human behavior and physiology 
are quite contradictory and that alcohol has been 
reported to have either no effect on certain bio- 
chemical and behavioral stress responses in man or 
to increase or decrease some of these responses. 
Apparently. the state of the subjects during testing 
(stressed vs nonstressed), the dose of ethanol used 
(low vs high). the length of alcohol exposure (chronic 
vs acute). the measurement selected (behavioral vs 
biochemical) and the time of measurement after 
ethanol administration (immediate vs delayed) can 
influence markedly the conclusion reached. Thus, 
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more and better controlled studies in humans are 
necessary to determine whether or not alcohol is 
indeed tension reducing [lo] in man. In rats, ethanol 
can certainly reduce both behavioral and biochemical 
stress responses, although their exact relationship 
still needs to be elucidated. 
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