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ADAMS, M. A. AND M. HIRST. Adrenal and urinary catecholamines during and after severe ethanol intoxication in rats: 
A profile of changes. PHARMACOL BIOCHEM BEHAV 21(1) 125--131, 1984.--Adrenal and urinary levels of adrenaline 
and noradrenaline were determined in rats subjected to severe ethanol intoxication for periods of up to 96 hours, in rats 
undergoing withdrawal and in a post-withdrawal period, and in controls. Adrenaline and noradrenaline content of adrenal 
glands fell markedly to less than eight and twenty percent, respectively, after four days of intoxication. Noradrenaline 
content, but not adrenaline content, had recovered after a subsequent four day period of recovery. The depletion in adrenal 
catecholamine levels was coincident with increases in urinary adrenaline and noradrenaline levels over the first 48 hours of 
intoxication. Urinary catecholamine levels remained higher than control values for the next 48 hours of intoxication. 
Adrenal glands were larger after 12 hours of intoxication, although there was no increase in dry weight. At later times 
adrenal enlargement was associated with increased dry weight and protein content. This increase in mass was found to be 
of cortical origin. These results demonstrate that severe ethanol intoxication promotes an intense stimulation of the rat 
adrenal gland with enhanced synthesis and release of catecholamines, and cortical hypertrophy. 

Ethanol Adrenal gland Catecholamines Urinary excretion 

IT has been known for many years that ethanol disrupts the 
normal functioning of the adrenal gland. Aubertin [5] re- 
ported adrenal hyperplasia and hypertrophy in animals ex- 
posed chronically to an alcoholic beverage. This was inter- 
preted later as a defensive response of an organism to the 
toxic effects of ethanol [26,27]. Single doses of ethanol 
stimulates catecholamine release from the adrenal medulla of 
animals and man [4, 14, 21, 22, 23]. Changes in adrenal syn- 
thetic activity have also been shown in long-term alcohol 
intoxication [8, 19, 25]. In a recent study it was found that 
the adrenal catecholamine content of rats that were physi- 
cally dependent after being severely intoxicated with ethanol 
for 96 hours was greatly reduced and the glands were 
enlarged [3]. It was considered of interest to extend this 
study by assessing in greater detail the time course of the 
changes, both during the induction phase, during withdrawal 
and in the post-withdrawal period. In addition, the secretory 
activity of the medulla was assessed by determinations of 
urinary catecholamines. 

METHOD 

Male Sprague-Dawley rats weighing 310-385 g were 
housed in individual wire-mesh cages and maintained on a 12 
hour light: 12 hour dark cycle at 23-25 ° . After two days of 
acclimatization, during which rats were allowed food and 
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water ad lib, rats were randomly assigned into one of three 
treatment groups. Each group subsequently received gastric 
intubations of one of three solutions every six hours for up to 
96 hours, as has been previously described [3,15]. Group I 
(n= 11) were designated as intubation controls, receiving tap 
water (3 ml/intubation) during each intubation session, and at 
other times had free access to food and water. Group S 
(n=24) received a sucrose solution (34.8% w/v). The third 
group, Group E (n=24), received an ethanol solution (20% 
w/v), the dose of ethanol on the first occasion being 5 g/kg, 
and at each intubation session the dose of ethanol given was 
determined by the level of intoxication displayed by the rat 
at that time, as described by Majchrowicz [15]. Both the 
sucrose and ethanol solutions contained multivitamin sup- 
plement (0.4 % v/v, Poly-Vi-Sol, Mead Johnson, Canada, 
1982). The caloric concentration of the sucrose and ethanol 
solutions was identical and Group S rats were pair-fed with 
those of Group E, as described in an earlier report [3]. 

Body weights were recorded once daily for each rat. 
Urine was collected, from certain rats, into tubes containing 
hydrochloric acid (1.0 ml, 4.0 N). The urine volumes were 
measured after each 24 hour period. Urine samples were 
stored at -75  ° until analyzed. Rats were killed by decapita- 
tion at various times; prior to the first intubation, after 48 
hours (48 I) and 96 hours (96 I) of intubations, 16-18 hours 
(16 W), 48 hours (48 W) and 96 hours (96 W) after with- 
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drawal of treatments. Urine was collected from Group I 
(n=4), Group S (n=6) and Group E (n=6), rats that were 
assigned to groups killed at the end of the experimental 
period (96 W). 

Immediately after death the rat adrenal glands were re- 
moved and cleaned of extraneous tissue. One adrenal gland, 
randomly chosen, was weighed immediately after excision 
and prepared for histological analysis, as described below. 
The remaining adrenal was taken and frozen rapidly to -75  ° . 
This was subsequently weighed upon thawing. Dry weight 
and protein content were determined [2] on the previously 
frozen single adrenal glands from rats in Group S and Group 
E killed during the withdrawal phase (16 W). Catecholamine 
contents were determined, by a procedure involving liquid 
chromatography with electrochemical detection, in single 
adrenal glands [1] of all rats killed, and on the 24-hour urine 
samples [ 1]. Blood samples were taken from the tails of some 
Group E rats (96 I, 16-18 W and 48 W) during the second 
(n=3), third (n=5) and fourth (n=5) days of intoxication, and 
during the prodromal detoxication phase (n=9), for determi- 
nations of blood ethanol levels [3]. 

Withdrawal severity was scored in all rats in Group E 
(n=15) and S (n=15) that remained after the intubation 
period for up to 24 hours after the cessation of the treatment. 
The behaviour of the rats was monitored during 17 different 5 
minute intervals in which each animal was scored according 
to criteria originally described by Majchrowicz [15] and sub- 
sequently modified [1]. Thus, each rat received a scored 
rating after each observation interval throughout the with- 
drawal phase, the magnitude of which corresponded to the 
intensity of withdrawal signs. 

The method of adrenal histology used was that developed 
by Honore [1'3], a procedure which allows for light micro- 
scopic characterization of medullary and cortical zones as 
well as noradrenaline in the medullary chromaffin cells. 
Single, fresh, adrenal glands from Group E (n=6) and Group 
S (n=6) rats killed after 96 hours of intubation were prepared 
for sectioning (10/xm) using glutaraldehyde fixation and sub- 
sequent embedding in a paraffin cube. The staining involved 
a pre-exposure to a dichromate solution prior to the final 
immersion in alkaline toluidine blue. The images of the 
mounted, stained sections were examined under an enlarger 
and the area of the adrenal medulla and whole gland deter- 
mined by stereological calculation [6]. Hence, the volume of 
the adrenal gland and the medulla was determined by recon- 
structing the dimensions of the gland from a representative 
proportion of serial sections. The noradrenaline-containing 
cells could be identified by a visible green coloration, lo- 
calized in discrete regions of the more darkly stained 
medulla, which was blue-purple in color. The green coloration 
resulted from the reaction of the stain with the 
noradrenaline-glutaraldehyde reaction product. Blood ves- 
sels stained an orange yellow and the cortex a lighter blue. 

In another experiment, rats (n=15) weighing 230-290 
grams were divided into two treatment groups to be intu- 
bated with either water or an ethanol solution. In this study, 
Group 1 rats (n=5) received a single intubation of water (25 
ml/kg) and were killed after six hours. Group E rats were 
given ethanol by gavage (5 g/kg) and some rats (n=5) were 
killed after six hours, The remaining group E rats (n=5) were 
given more ethanol after six hours, the dose being based on 
characteristics of intoxication indicated above. These rats 
were killed after twelve hours of ethanol intoxication. Ad- 
renal glands were taken and analyzed for catecholamines, 
dry weight and wet weight. 

All numerical values are presented as means plus and 
minus standard deviations. A probability level less than 0.05 
was considered significant for all data. Data was evaluated 
using an analysis of variance test based on that of Winer [29] 
to indicate differences between treatment and time effects. 
Tests for significance between two means were done using a 
Student's t-test for unpaired means. 

RESULTS 

Rats intubated with ethanol were generally ataxic 
throughout the treatment period. Blood ethanol levels on the 
second, third and fourth intubation days ranged from 322 to 
556 mg%, with a mean of 424_+66.1 mg%, determined from 
samples taken one hour prior to an intubation period. The 
mean daily ethanol dose was 7.1 _+0.18 g/kg/day. The caloric 
intake of Groups E and S was 184_+ 16.9 kcal/kg during the 
intubation period, coming entirely from the intubated solu- 
tions. During the recovery phase (days 6, 7 and 8), all rats 
were allowed access to food and water ad lib. On the sixth 
treatment day, sucrose-treated rats, Group S ate and drank 
substantially more than the corresponding rats in Group E. 
On subsequent days, however, ethanol withdrawing rats 
were no longer showing any obvious signs of their treatment 
and consumed quantities of food and water equivalent to the 
sucrose-treated rats. 

Water-intubated rats, Group I, had stable body weights 
for the entire experimental period. On the other hand, body 
weights of Group E and S rats declined significantly over the 
96 hour intubation period, falling to 276.3_+3.41 g and 
291.4_+3.12 g respectively from an initial weight of 
350.2_+3.08 g. Both of these groups continued to lose weight 
during the first 24 hour period of withdrawal. From this time, 
however, both groups of rats gained weight. Sucrose-treated 
rats, feeding ad lib, gained significantly more weight than the 
corresponding ethanol-withdrawn rats during the remainder 
of the experimental period. Body weights of Group S rats at 
the end of the experiment were not significantly different 
from pre-treatment levels. Group E rats also gained weight 
during the post-withdrawal phase, but had not regained their 
starting body weights by the end of that period. 

In the short-term study, the group of rats treated with 
ethanol for only a short period of time (i.e., 6-12 hours) 
showed a similar decline in weight as their controls. This loss 
amounted to less than five percent of starting body weight. 
As shown in Table 1, weights of the adrenal glands of rats 
intoxicated for 12 hours were 16 percent greater than those 
from corresponding water-treated rats, although there was 
no significant enlargement of adrenal glands after six hours. 
The dry weight of the larger adrenals was similar to that 
determined in the control group, hence, the percent dry 
weights of these were significantly reduced. The adrenal 
gland catecholamine content is also shown in Table I. There 
were no significant alterations of the adrenal content of 
either adrenaline or noradrenaline after six or twelve hours 
of intoxication. 

Within 14 hours of receiving the last administration of 
ethanol in the longer term study, 12 of the 15 Group E rats 
exhibited signs of moderate to severe ethanol withdrawal, 
demonstrating the prior existence of physical dependence. 
Blood ethanol levels determined 11 to 14 hours after the final 
dose of ethanol were undetectable in six of nine rats exam- 
ined, all of these rats showed signs of a withdrawal syn- 
drome. The remaining three rats showed signs of mild intoxi- 
cation and had blood ethanol levels of 265 to 313 mg%. 
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TABLE 1 

ACUTE EFFECTS OF ETHANOL ON ADRENAL GLAND MEASURES 

Treatment 

(~.g/adrenal pair) Adrenal Adrenal 
Wet Wt. Dry Wt. % Dry Wt. 

NA ADR (mg) (mg) vs. Wet Wt. 

6-Hour 5.94 21.70 68.52 24.82 36.26 
Water (2.103) (1.653) (2.556) (1.590) (2.215) 

6-Hour 4.89 21.48 63.30 21.00" 33.20 
Ethanol (0.476) (1.414) (1.983) (0.504) (0.357) 

12-Hour 4.60 21.31 79.74* 23.56 29.84* 
Ethanol (0.438) (0.512) (3.833) (1.155) (0.851) 

*Significantly different compared to water-intubated rats, p<0.05. 

TABLE 2 

ADRENAL GLAND DRY WEIGHT AND PROTEIN DURING WlTHDRAWALt 

Adrenal Adrenal 
Treatment N Wet Wt. Dry Wt. % Dry Weight % Protein 

Group S 5 27.43 9.77 36.45 13.77 
(2.618) (0.448) (2.614) (0.532) 

Group E 5 35.03 12.95" 37.15 13.47 
(3.437) (1.204) (1.492) (0.342) 

Change 1.28X 1.32X 1.02X 0.98X 
(of Mean) 

*Significantly different compared to Group S controls, p<0.05. 
tSixteen to eighteen hours after cessation of treatment. 

Common signs of the abstinence syndrome included: 
hyperactivity (characterized by running episodes), excessive 
irritability (vocalization when handled), tail tremor or stiff- 
ness, limb and body rigidity, tail and body tremor, "wet 
body" shakes, and spontaneous or induced convulsions of a 
tonic clonic nature. Two of the remaining rats showed mild 
signs of withdrawal during the period immediately before 
they were killed (16-18 hours of withdrawal). The remaining 
rat did not exhibit signs of withdrawal during the first 24 
hours, however, it remained quite inactive during the second 
day of withdrawal, an interval during which the other rats 
were highly active. Nine convulsions, all between 12 and 
16.5 hours, were observed during the scheduled observation 
periods. Numerous spontaneous convulsions were noted in 
the home cages, but these were not included because the 
observation of these was neither systematic nor scheduled. 

The adrenal gland weights of Groups I and S remained 
constant throughout the experimental period (Fig. 1). In con- 
trast, however, there was a 1.4 fold increase in the adrenal 
weights of rats killed after 48 and 96 hours of ethanol intoxi- 
cation. This enlargement persisted through the withdrawal 
and post-withdrawal periods. To assess the nature of the 
adrenal enlargement, dry weight and protein content were 
determined in adrenal glands from rats killed during the 
withdrawal phase (Table 2). At this time, adrenal measures 
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FIG. I. Adrenal gland pair weight of rats during the intubation (I) 
period or after withdrawal of treatment (W). The treatments desig- 
nated are Group I stippled box, Group S striped box, and Group E 
open box. There was a significant time, F(5,43)=3.80, p<0.01, and 
treatment, F(1,43)=44.26, p<0.01, effect between Groups S and E 
by analysis of variance. 
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FIG. 2. Adrenal adrenaline content during (I) and after (W) the 
intubation period. The different treatments are Group I stippled box, 
Group S striped box, and Group E open box. Adrenaline content of 
Groups S and E showed a significant time, F(5,44)=4.92, p<0.01, 
treatment, F(1,44)=216.58, p<0.01, and treatment by time, 
F(5,44)= 11.42, p<0.01, effect by analysis of variance. 
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FIG. 3. Adrenal noradrenaline content during (I) and after (W) the 
intubation period. The different treatments are Group I stippled box, 
Group S striped box, and Group E open box. Noradrenaline content 
of adrenals from Group S and E rats showed a significant treatment, 
F(1,44)=56.01, p<0.01, and treatment by time, F(5,44)=6.03, 
p<0.01, effect by analysis of variance. 

from Group E rats were significantly increased above control 
values. The magnitude of the change in protein content was 
proportional to the overall hypertrophy of the adrenal gland. 

Stereological determinations of the glands from histologi- 
cally prepared sections revealed that the cortical volume of 
adrenals from the sampled Group E rats (10.06-+0.281 mm 3) 
was 1.3 fold greater than those from the paired Group S 
controls (7.69-+0.913 mm3). The magnitude of this enlarge- 
ment was similar to the hypertrophy of the entire gland. On 
the other hand, there was no alteration in the volume of the 
adrenal medulla in rats subjected to the alcohol treatment. 
The medullary volume of adrenals from Group S rats 
(0.51_+0.062 mm '~) did not differ significantly from that de- 
termined for the Group E rats (0.44_+0.062 mm3). 

In Figs. 2 and 3, adrenaline and noradrenaline content of 
the adrenal glands are presented as content per gland, in 
contrast to concentration, which would have produced biased 
data by incorporating weights arising from cortical changes. 
There were no significant differences observed in adrenaline 
content between Group S and Group I rats at any time during 
the experimental period. Adrenals from ethanol-intoxicated 
rats contained markedly less adrenaline that those of their 
controls, with levels falling to 3.64_+1.740 /~g/gland at 48 
hours. At 96 hours of intoxication, and at 16-18 hours of 
withdrawal, adrenaline content was less than 1.6/~g/gland; 
levels that represent less than eight percent of those in con- 
trol animals. Forty-eight hours after the last exposure to 
ethanol, when there were no obvious behavioural indications 
of the alcohol treatment, the levels of adrenaline increased. 
After an additional 48 hours of recovery content rose to 
9.04_+0.459 tzg/gland, but this was still significantly lower 
than found in the corresponding Group S control rats. 

Adrenal noradrenaline content in Group S rats did not 
differ significantly from those taken from Group I rats over 
the course of the intubation period (Fig. 3). Adrenals from 
ethanol-treated rats demonstrated, however, a significant 
depletion of noradrenaline during the induction phase and in 
withdrawal. In these groups, noradrenaline declined to less 

than 20% of content in equivalent sucrose-treated control 
animals at the end of the induction period; this change ex- 
tended into the withdrawal period. After 48 and 96 hours 
from the last administration of ethanol noradrenaline content 
had risen and did not differ significantly from that found in 
the corresponding Group S control rats, 

Histological examination demonstrated that the proc- 
essed adrenals of Group E rats, where the contralateral ad- 
renal glands were markedly depleted of noradrenaline con- 
tent, were devoid of the identifiable green localizations 
signifying noradrenaline-containing cells. On the other hand, 
adrenal sections from Group S rats had visible regional dis- 
tributions of noradrenaline-containing cells, as did those 
from Group I. Examination of adrenal sections from Group 
E rats killed in the post-withdrawal period, after 48 and 96 
hours, did not show the green stained areas characteristic of 
noradrenaline-containing cells, although the noradrenaline 
content of the contralateral adrenal had returned to normal. 

The quantities of the major catecholamines found in the 
daily urine samples from Group S and Group E rats are 
presented in Fig. 4. The amounts of adrenaline and norad- 
renaline excreted from water-intubated rats were relatively 
stable throughout the experimental period. These did not 
differ from amounts excreted by the sucrose-treated animals 
over the course of the study. Values ranged from 0.32_+0.048 
p,g/day to 0.67+0.109 /*g/day for adrenaline and from 
1.08-+0.390/*g/day to 2.86-+0.982/~g/day for noradrenaline. 

Ethanol treatment significantly altered adrenaline excre- 
tion. There was a significant, seven-fold increase in urinary 
levels during the first 24 hours of ethanol intoxication. En- 
hanced levels persisted throughout the induction phase and 
into the first day of withdrawal. During the abstinence period 
the urinary adrenaline content remained nearly twice that of 
the sucrose-treated rats, but this difference was not signifi- 
cant. The pattern of noradrenaline excretion in the ethanol- 
treated rats resembled that of adrenaline excretion, although 
the magnitude of the change was much reduced. In general, 
there was a two-fold increase in excreted noradrenaline each 
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day of the intoxication period and in the first day of with- 
drawal. There were no differences in amounts excreted after 
this time. 

DISCUSSION 

The results of this study demonstrate that treatment of 
rats with divided doses of ethanol can sustain high blood 
ethanol levels for 96 hours, leading to the development of 
physical dependence. In contrast, the control rats of Group S 
did not exhibit any notable behavioural changes during the 
intubation procedure, or in the subsequent recovery phase. 

As has been previously noted [3], repeated intubations of 
ethanol or sucrose solutions caused a decline in body weight. 
The loss of weight observed in this investigation resulted 
primarily from the reduction in caloric intake. The degree of 
weight loss in these animals was similar to that previously 
reported for intragastric intubation of alcohol [ 15,181 and 
liquid-diet methods of inducing physical dependence [7,20]. 
The control group for ethanol treatment received a calori- 
cally equivalent diet of sucrose [24]. 

In the short-term study adrenal enlargement was evident 
at twelve hours after the initial administration of ethanol. 
Dry weight determinations, however, revealed that this was 
not due to an increase in dry tissue mass, which suggests that 
the short-term weight change was associated with an in- 
crease in water content. In the longer duration study, how- 
ever, adrenal dry weight and protein content were signifi- 
cantly greater after more than four days of treatment. These 
increases were proportional to the extent of adrenal 
enlargement. Continuous, severe ethanol intoxication ap- 
pears to induce adrenal tissue hydration followed, within 
four days, by the formation of protein and a corresponding 
elevation of the dry tissue weight. Examination of adrenal 
sections showed that the cortex, rather than the medulla, 
was enlarged; the degree of cortical expansion paralleling 
adrenal gland hypertrophy. As there was no evidence of 
medullary expansion, results from the adrenal catecholamine 
determinations were presented to emphasize content per 
gland rather than concentration, which would erroneously 
incorporate weight arising from the cortical changes. 

Adrenal cortical hypertrophy has been demonstrated 
using various experimental manipulations [ 10, 11, 161. Men- 
delson et al. [17] showed that chronic ethanol ingestion in 
human alcoholics was associated with cortical activation, 
primarily through the hypothalamic-pituitary-adrenal axis. 
Ethanol induced a release of ACTH from the hypophysis, 
thereby, promoting adrenal activation. In the present inves- 
tigation the observed cortical enlargement may be indicative 
of a similar elevation in anterior pituitary release of ACTH. 

In 1956, von Euler estimated that adrenaline and norad- 
renaline are excreted in the urine in amounts which seem to 
be proportional to the quantities produced by the adrenal 
medulla and the sympathetic nerves. Various investigators 
[4, 14, 21, 22, 23, 281 have shown that administration of 
ethanol increases catecholamine excretion in several species 
of mammals, including man. Klingman and Goodall [14] 
further suggested that the magnitude of the alteration of uri- 
nary catecholamine levels correlates to the severity of the 
intoxication. Ogata and his colleagues [ 191 similarly demon- 
strated, in “spree” drinking alcoholics, that there was a 
parallel relationship between the severity of the intoxication 
and the increase in catecholamine excretion, thereby, im- 
plicating adrenal medullary stimulation. 

The severe reduction in adrenal catecholamine content 
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FIG. 4. Twenty-four hour urinary excretion of adrenaline and norad- 
renaline during the intubation and withdrawal periods. Arrows indi- 
cate the intubation phase, l refer to the ethanol-treated and H the 
sucrose-treated groups. Adrenaline excretion showed a significant 
treatment, F(l,l0)=10.04, p<O.oOl, time, F(7,70)= 12.00, ~~0.01, 
and treatment by time, F(7,70)=5.85,p<0.001, effect using analysis 
of variance. Noradrenaline excretion showed a significant treat- 
ment, F(l,l0)=27.32, p<O.OOl, time, F(7,70)=2.96, p<O.Ol, and 
treatment by time, F(7,70)=5.85, p<O.OOl, effect using analysis of 
variance. 

observed after prolonged ethanol intoxication would have 
led to a proportional increase in catecholamine release. This 
was reflected in the increases in urinary catecholamine 
levels. As Cottet-Emard et al. [9] have reported that dietary 
constituents can significantly influence urinary levels of cat- 
echolamines, the pair-fed rats of Group S were the control 
group for the rats receiving ethanol. Severe ethanol intoxi- 
cation produced significant elevations in adrenaline and 
noradrenaline excretion: urinary adrenaline levels were 
more than six times greater than in controls during the first 
two days of intoxication, times during which adrenal content 
underwent the greatest degree of depletion; noradrenaline 
levels in the urine were increased during the same period, 
paralleling also the reduction in medullary content. Excre- 
tion of the catecholamines remained elevated throughout the 
remainder of the induction period, accompanying the further 
reduction in medullary content to even lower levels. Even 
so, more adrenaline was excreted in the final two days of 
ethanol intoxication than was present in the urine samples of 
control rats. This indicates that the ethanol exposure induces 
a persistent and extensive increase in catecholamine biosyn- 
thesis in the adrenal medulla. Taken together with the medul- 
lary content data, severe intoxication with ethanol is charac- 
terized by adrenaline release that exceeds the capacity of 
compensatory synthetic and uptake processes. 

After the period of induction, rats withdrawn from ethanol 
exhibited signs of a moderate to severe abstinence syn- 
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drome .  Adrena l  c a t e c h o l a m i n e  c o n t e n t  in these  ra ts  did not  
differ  f rom values  d e t e r m i n e d  at the  end  of  the induc t ion  
per iod.  In the  pos t -wi thd rawa l  phase ,  48 and  96 hours  a f te r  
the  last  dose  of  e thano l ,  a t ime w h e n  ra ts  are no longer  
showing  signs o f  ab s t i nence ,  n o r a d r e n a l i n e  con t en t  had in- 
c r eased  and  did not  differ  f rom cont ro ls .  On the  o the r  hand ,  
the  r e c o v e r y  o f  ad rena l ine  was not  comple te .  Adrena l ine  
con ten t  inc reased  into the pos t -wi thd rawa l  per iod,  bu t  was 
still s ignif icant ly  d e p r e s s e d  e v e n  96 hours  a f te r  the  cessa t ion  
of  e thanol  admin i s t r a t ion .  Con t inued  d i s rup t ions  of  the 
medu l l a  were  fu r the r  ind ica ted  by  the  lack of  a p p e a r a n c e  of  
loca l iza t ions  of  n o r a d r e n a l i n e - c o n t a i n i n g  cells,  even  though  
the  con t en t  of  this  amine  had  r e tu rned  to normal  in the  
pos t -wi thdrawa l  phase .  

Ur ine  samples  were  ob ta ined  f rom rats  exh ib i t ing  signs of  
a severe  e thano l  wi thdrawal  synd rome .  T he  exc re t ion  o f c a t -  
e cho l amines ,  dur ing  the  in terval  c o r r e s p o n d i n g  to the  phase  
of  the  a b s t i n e n c e  s y n d r o m e ,  exceeded  cont ro l  levels ,  but  did 
not  differ  f rom quan t i t i e s  exc re t ed  on  the  final day of  intoxi-  
ca t ion.  T h e r e  were  s u b s e q u e n t  r educ t ions  in levels  of  uri- 
na ry  c a t e c h o l a m i n e s  on  the next  day  and inc reases  fu r the r  
into r ecovery .  While  these  may  be assoc ia ted  wi th  al tera-  
t ions  in medu l l a ry  syn the t i c  and  re lease  p r o c e s s e s  occur r ing  
af te r  severe  in tox ica t ion ,  this  da ta  is c o n f o u n d e d  by the  fact  
tha t  the p rev ious ly  in tox ica ted  rats  c o n s u m e d  more  food on 
the  last  day,  t he r eb y  p rov id ing  more  subs t r a t e  for ca techol -  
amine  syn thes i s  [9]. 

S tudies  tha t  have  inves t iga ted  the  inf luence  of  e thanol  on 
pe r iphera l  s y m p a t h e t i c  ac t iv i ty  have  c o n c e n t r a t e d  on effects  

resul t ing  f rom a single appl ica t ion  of  e thanol  [8, 14, 21, 22, 
23] or  fol lowing long- te rm exposu re  [8, 19, 20]. The  shor t -  
t e rm effects  of  e thanol  t r e a tmen t  have  been  men t ioned  pre- 
viously.  Chron ic  exposu re  s tudies  have  s h o w n  a l te ra t ions  in 
adrena l  func t ion  af ter  a pro longed per iod,  but  the es tabl ish-  
men t  of  physical  d e p e n d e n c e  is left in doubt .  None the l e s s ,  
long- te rm s tudies  have  shown  small  inc reases  in medul la ry  
ad rena l ine  con ten t  and  syn the t i c  capabi l i ty ,  indicat ive  of  a 
c o m p e n s a t o r y  process .  

In the  p re sen t  inves t iga t ion ,  p ro longed ,  severe  e thanol  
in tox ica t ion  p roduced  a sus ta ined  re lease  of  adrena l  medul-  
lary c a t e c h o l a m i n e s  and  cor t ical  h y p e r t r o p h y  dur ing an 
interval  in which  unequ ivoca l  physical  d e p e n d e n c e  devel-  
oped.  The  medul la ry  changes  pers i s ted  th rough  the per iod in 
which  behav ioura l  d i s t u r b a n c e s  assoc ia ted  with the with- 
drawal  s y n d r o m e  were  ev ident .  Fol lowing this,  the r ecove ry  
of  adrena l ine  con t en t  was  s ignif icant ly s lower  than that  of  
no rad rena l ine ,  which  may  indicate  different ia l  c o m p e n s a t i o n  
by the  medul la ry  ch romaf f in  cells in the  syn thes i s ,  uptake ,  
s torage  and /o r  re lease  of  c a t echo l amines  af te r  exposu re  of  
rats  to severe  e thanol  in toxica t ion .  

ACKNOWLEDGEMENTS 

The authors would like to thank Jack Klaase for his help with the 
figures. This research was supported by funds made available by the 
Dean of Medicine, The University of Western Ontario and by the 
Ontario Heart Foundation. 

R E F E R E N C E S  

1. Adams, M. A. and M. Hirst. The ethanol withdrawal syndrome 
in the rat: effects of drug treatment on adrenal gland and urinary 
catecholamines. Subst Alcohol Actions Misuse 3: 287-298, 
1982. 

2. Adams, M. A., P. L. Purvis and M. Hirst. Adrenal catechola- 
mines in rats after severe ethanol intoxication and acute with- 
drawal. Pharmacol Biochem Behav 16: 719-724, 1982. 

3. Adams, M. A. and M. Hirst. Myocardial hypertrophy, cardiac 
and urinary catecholamines during severe ethanol intoxication 
and withdrawal. LiJb Sci 33: 547-554, 1983. 

4. Anton, A. H. Ethanol and urinary catecholamines in man. ('lin 
Pharmacol 7her 6: 452-469, 1965. 

5. Aubertin, C. Hyperplasie surrenale dans I'alcoolisme chronique 
experimental. C R Seances Soc Biol ( l id  2: 270-272, 1907. 

6. Baunt, P. N. and W. A. Baunt. Stereology in Three Dimensional 
Reconstruction in Biology. England: Univ. Park Press. 1978, 
pp. 144-150. 

7. Branchey, M., G. Rauscher and B. Kissin. Modifications in the 
response to alcohol following the establishment of physical de- 
pendence. Psychopharmacologia 22:314-322,  1971. 

8. Cohen, L. B., E. M. Sellers, E. A. Sellers and K. V. Flattery. 
Ethanol and sympathetic denervation effects on adrenal cate- 
cbolamine turnover. J Pharmacol Exp Ther 212: 425-430,1 980. 

9. Cottet-Emard, J. M., L. Peyrin and J. Bonnod. Dietary induced 
changes in catecholamine metabolites in rat urine. ,I Neural 
Transm 48: 189-201, 1980. 

10. Dallman, M. F., W. C. Engeland, M. A. Holzwarth and P. M. 
Scholz. Adrenocorticotropin inhibits compensatory adrenal 
growth after unilateral adrenalectomy. Endocrinology 107: 
1397-1404, 1980. 

11. Dallman, M. F., W. C. Engeland and M. H. McBride. The 
neural regulation of compensatory adrenal growth. Ann NY  
Acad S('i 297: 373-394, 1977. 

12. Euler, U. S. von. Noradrenaline. Springfield, IL: Charles C. 
Thomas, 1956. 

13. Honore, L. H. A light microscopic method for the differentia- 
tion of noradrenaline and adrenaline-producing cells of the rat 
adrenal medulla..I Histochem Cytochen~ 8: 483-486, 1971. 

14. Klingman, G. 1. and McC. Goodall. Urinary epinephrine and 
levartherenol excretion during acute sublethal alcohol intoxica- 
tion in dogs. J Pharmacol Exp Ther 121: 313-338, 1957. 

15. Majchrowicz, E. Induction of physical dependence upon 
ethanol and the associated behavioural changes in rats. Psycho- 
pharmacologia 43: 245-254, 1975. 

16. Mazurkiewicz-Kwilecki, 1. M. and D. A. V. Peters. Effects of 
chronic treatment with histamine on catecholamine content and 
synthesis in rat brain, heart and adrenals. Biochem Pharmacol 
22: 3225-3235, 1973. 

17. Mendelson, J. H., M. Ogata and N. K. Mello. Adrenal function 
and alcoholism. Psychosom Med 33: 145-157, 1971. 

18. Mucha, R. F., J. P. J. Pinel and P. H. Van Dot. Simple method 
for producing an alcohol withdrawal syndrome in rats. Phar- 
macol Biochem Behav 3: 765-769, 1975. 

19. Ogata, M., J. H. Mendelson, N. K. Mello and E. Majchrowicz. 
Adrenal function and alcoholism: II Catecholamines. 
Psychosom Med 33: 159-180, 1971. 

20. Perec, C. J., D. Celener, O. M. Tiscornia and C. Baratti. Effects 
of chronic ethanol administration on the autonomic innervation 
of salivary glands, pancreas and heart. Am J Gastroenterol 72: 
46-59, 1979. 

21. Perman, E. S. The effect of ethyl alcohol on the secretion from 
the adrenal medulla in man. Acta Physiol Stand 44: 241-247, 
1958. 

22. Perman, E. S. The effect of ethyl alcohol on the secretion from 
the adrenal medulla of the cat. Acta Physiol Stand 48: 323-328, 
196(I. 

23. Perman, E. S. Effect of ethanol and hydration on urinary excre- 
tion of adrenaline and noradrenaline and on the blood sugar of 
rats. Acta Physiol Stand 51: 68-74, 1961. 



C A T E C H O L A M I N E S / S E V E R E  E T H A N O L  I N T O X I C A T I O N  131 

24. Pohorecky, L. A. Animal analogs of alcohol dependence. Fed 
Proc 40: 2056-2064, 1981. 

25. Pohorecky, L. A., L. S. Jaffe and H. A. Berkeley. Effects of 
ethanol on the adrenal medulla of the rat. Pharmacology 12: 
340-346, 1974. 

26. Sajous, C. E. The effect of alcohol upon the endocrines. Med 
Record 100: 280-284, 1921. 

27. Selye, H. The significance of the adrenals for adaptation. Sci- 
ence 85: 247-248, 1937. 

28. Wartburg, J. P. von, W. Berli and H. Aebi. Der Einfluss 
Langdauernder Athylalkoholbelastung auf die 
Katecholaminausscheidung im Ham der Ratte. Helv Med A~'ta 
28: 89-98, 1961. 

29. Winer, B. J. Statistical Principals in Experimental Design (2nd 
edition). New York: McGraw-Hill Book Co., 1971. 


