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WALLIS, C. J , R F ANTON AND C. L. RANDALL Adrenale~ tomy redut es ah ohol-stvnulated a~ttvtty Blood and 
brain alcohol content PHARMACOL BIOCHEM BEHAV 20(6) ,883-886, 1984.--It has been shown that adrenal 
glucocortico~ds have a permlsstve role m some of the actions of alcohol. To determine if an intact adrenal was necessary for 
the stimulation of locomotor activity, 24 female C3H mice were tested for open field activity with ethanol or saline Two 
weeks after adrenalectomy or sham surgery, animals were tested for activity again with ethanol or sahne. One week later, 
alcohol disappearance curves were generated for blood and brain Adrenalectomy reduced but d,d not abohsh the 
alcohol-stimulated locomotor activity In addition, adrenalectomy significantly reduced estimated peak alcohol levels in 
blood and brain but significantly reduced the disappearance rate for alcohol only m brain. These data suggest that 
adrenalectomy s,gmficantly changes alcohol distnbut,on, with greater impact on brain alcohol levels than on blood levels, 
and that this may be responsible, at least m part, for the reduction m stimulated locomotor activity 
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THE adrenal gland has been imphcated as a possible effector 
organ through which alcohol may produce some of its ef- 
fects. The response of the adrenal gland to alcohol treatment 
is an acute release of corticosterone from the adrenal cortex 
[10], release of  catecholamines from the adrenal medulla 
[14], and a chronic increase of  adrenal weights in mice [17]. 
While these alcohol-stimulated adrenal responses should 
have potent direct effects on tissue sensitivity and vascular 
tone, it has been shown that many of the alcohol effects that 
depend upon an intact adrenal gland are not the result of the 
acute release of  adrenal hormones. 

Alcohol elicits a variety of adrenal dependent biochemical 
effects. For example, ethanol treatment results in a reduc- 
tion In plasma insulin levels which can be blocked by ad- 
renalectomy [9]. Additionally, microsomal phosphatidate 
phosphohydrolase activity is increased by alcohol treatment, 
and this effect can be blocked by adrenalectomy [19] In this 
case, glucocorticoids appear to be permissive, not causal, in 
the action of ethanol. 

Behaviorally, a similar permissive role for glucocorticoids 
has been suggested in the induction of seizures after with- 
drawal of alcohol. Adrenalectomy significantly reduces the 
number of  animals showing seizures after withdrawal of 
alcohol and cortlcosterone replacement reversed the effect, 
suggesting that it was not the stress-induced increase in cor- 
ticosterone that was responsible but that the presence of  
corticosterone was permissive to the development of sei- 
zures [20]. 

Treatment with low doses of  alcohol result not only in 
biochemical and endocrine changes but also in behavioral 

changes such as increased locomotor activity [6, 15, 18]. It 
has been shown that ethanol-induced locomotor activity can 
be modified by dopamine agonists [2], GABA-like drugs [3], 
and adrenergic blockers [13]. The following work was under- 
taken to determine if the ethanol-induced increase in loco- 
motor activity is dependent on the integrity of the adrenal 
gland and if any change in the response to alcohol could be 
secondary to changes in blood or brain alcohol levels. 

METHOD 

Female C3H mice [24] (Charles River Breeding Labora- 
tories, Kingston, NY) were housed individually with food 
and water ad lib. Room temperature, humidity, and lighting 
were controlled (12:12 light:dark cycle, lights on at 5:30 
a.m.). Animals were randomly divided into four treatment 
groups. ADX-Ethanol, ADX-Saline, SHAM-Ethanol,  and 
SHAM-Saline Prior to surgery, animals were given an initial 
activity test to assure that there was no sampling difference 
between groups. Twelve animals were bilaterally adrenalec- 
tomized (ADX) by the dorsal approach and the remaining 
animals were given sham surgery (SHAM). All animals were 
anaesthetized with sodium pentobarbital (80 mg/kg, 0.02 ml/g 
body weight, IP, in sterile saline). After surgery, adrenalec- 
tomized animals were maintained on normal saline ad lib. 
Two weeks after surgery, animals were retested for the ef- 
fect of  ethanol on open field activity behavior. One week 
after the last activity test, animals were tested for the effect 
of  adrenalectomy on blood and brain ethanol clearance rates. 
The completeness of adrenal removal was verified by gross 
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FIG 1 Effect of adrenalectomy (14 days post operatmn) on open 
field ambulatory actlwty before and after reJection wnh 1 5 g/kg 
ethanol (0015 ml/g body weight, IP) or sahne Values are 
means+SEM *Denotes slgmficant difference from SHAM operated 
controls, p<0 01 

inspect ion and assay of  plasma cor t lcos terone  using a com- 
peti t ive protein binding assay [8]. 

Open  Fie ld  A(  t tvt ty 

Open field activity was measured in a Digiscan Act ivi ty  
M o m t o r  (Omni tech ,  Columbus ,  OH)  in a dark room 
between 1-4 30 p.m The moni tor  uses an 8 x 8  grid of  in- 
frared sensors spaced five cent imeters  apart. Control  of  this 
test session and recording of  the test  data were done with a 
modular  programming system (Coulbourn Instruments ,  
LeIgh Valley, PA). Total,  ambulatory,  and s tereotypic  ac- 
tivity (total-ambulatory) were  recorded.  Trials consis ted of  
two tests,  a fifteen (15) minute test prior  to injection and a 
fifteen (15) minute test after injection with ei ther 1.5 g/kg 
ethanol (0.015 ml/g body weight,  IP, in sterile saline) or  an 
equivalent  volume of sterile saline. 

A I~ o h m  C l e m  a m  e Ra tes  

Animals were Injected wlth 1 5 g/kg ethanol  (0 015 meg 
body weight,  IP, m sterile saline). At 30, 60, and 90 minutes 
post-injection, blood samples were  col lected from the retro- 
orbital sinus, the animals were  killed by decapitat ion,  and 
the brains were  removed  quickly. The right cerebral  hem]- 
sphere was weighed and used for the assay. Blood and brain 
samples were  diluted 50:2 with 3.4% perchloric  acid (vol- 
ume 'vo lume  for blood, vo lume:weight  for brain) Brain 
samples were homogenized by sonlcatton.  All samples were  
vor texed and centrifuged at 2000 rpm. The supernatent  was 
used in the assay The alcohol assay was based on the Cal- 
b lochem method (La Jolla,  CA) which uses the enzyme alco- 
hol dehydrogenase  (Sigma Chemical  Co. ,  St. Louis ,  MO) to 
conver t  ethanol to aceta ldehyde.  The cofactor ,  N A D ,  is re- 
duced s tolchJometncal ly  during the react ion to N A D H  
which ~s detectable  by U V  spect rophotometry .  All values 
are read directly from a standard curve  (mg/dl or  rag%). Data 
were analyzed by linear regression to determine  the rate of  
c learance (slope) and est imated peak levels (y intercept).  
Samples were col lected at 30, 60, and 90 minutes,  since m 
preliminary studies we determined that this was the most 
hnear portion of  the disappearance curve  for ethanol after an 
intraperitoneal injection. 

T A B L E  1 

THE EFFECT OF ADRENALEC]OMY ON ETHANOL STIMULATED 
STE'REOTYPIC BEHAVIOR 

Prelnjectlon Postlnject~on 
Treatment Group N Score Score 

Sahne SHAM 6 733 + 47 404 _+ 43 
ADX 6 632 + 74 440 _+ 36 

Ethanol SHAM 6 584 + 113 1236 + 119 
(1 5 g/kg) ADX 6 658 # 36 743 + 48 ~ 

Each value is the mean + SEM. Value differs s~gmficanlly from 
Sham operated controls, p --0 005 

Data  Anal~ st,s 

Actwi ty  data were analyzed by a three factor  analys~s of  
var iance (drug × surgery × trial) with repeated measures  on 
one factor  However ,  since there was always a sigmficant 
interaction be tween  test trial and drug t reatment ,  data were  
analyzed by a two way analysis of  var iance (drug × surgery) 
within ei ther  the pre- or  postmject lon condlUon Simple ef- 
fects were  analyzed where appropriate  [21] 

Differences be tween alcohol c learance  rates and peak 
levels for the ADX versus S H A M  groups were  determined 
by derivation of  a t-statistic [ 12]. 

RESULTS 

In the preopera twe  tests o f  activity,  alcohol increased 
both ambulatory  and stereotyplc behavior  compared  to 
sahne (2 6× for ambulatory and 3 .0x for stereotypIc actw- 
lty). There was no difference be tween  the arbitrarily as- 
signed operat ive  groups for pre- or  postmject ion activity 
scores. Two weeks after surgery t'aere was still no significant 
difference in act ivi ty scores of  A D X  versus  S H A M  operated 
animals on premjecUon test scores. Post lnjecnon,  alcohol 
significantly e levated both ambulatory and stereotyplc be- 
hawor  in both surgical groups,  F ( I ,18) -61  93 and 
F(1,18)=57.35, respectwely ,  p<0.001.  There was a signifi- 
cant  interaction be tween drug and surgical t reatments  for 
both ambulatory  and stereotyplc behavior  (p<0 01) 
Analysis for simple effects showed that adrenalec tomy sig- 
mficantly diminished the effect of  ethanol on both ambula- 
tory and stereotyp~c behavior ,  F ( I , 1 8 ) -  18 94 and 
F(1.18)=21.58, respectwely ,  p<0.005,  while there was no 
difference be tween ,surgical groups for saline-rejected 
ammals (Fig. 1, Table 1). 

The blood ethanol  c learance curves  (Fig 2) show a sigmf- 
~cantly lower est imated peak blood ethanol concentra t ion m 
the ADX versus S H A M  operated ammals  ( A D X = I 5 8 ,  
S H A M = I 8 6  mg/dl, p < 0 0 5 ) ,  while there is no significant 
difference m the c learance rate from blood In brain, there is 
also a significantly lower  est imated peak level o f  alcohol in 
the ADX group than in S H A M  operated controls ( A D X =  108 
versus S H A M -  142 mg/dl, p<0.001) and there is a sigmficantly 
slower rate of  clearance for ADX than S H A M  animals (ADX = 
- 0  89 versus S H A M =  1.11 mg/dl/min, p<0 .05 ,  Fig. 3). 
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FIG 2 Effect of adrena]ectomy (21 days post operauon) on blood 
ethanol clearance rate and est=mated peak ethanol concentrauons 
after mjecUon with 1 5 g/kg ethanol (0015 nd/g body weight, IP) 
Values are means~SD Each point represents duphcate determina- 
tions from four amman 
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FIG 3 Effect of adrenalectomy (21 days post operatmn) on brain 
ethanol clearance and estimated peak ethanol concentraUons after 
m3ectlon with I 5 g/kg ethanol (0.015 ml/g body weight, IP) Values 
are means+SD Each point represents duphcate determmatmns 
from four animals 

DISCUSSION 

Our results show that adrenalectomy reduces the effect of 
ethanol on open field acUvlty. In addition, adrenalectomy 
significantly reduces estimated peak levels of brain ethanol. 
While we did not measure actual peak values of brain ethanol 
during the mittal 15 minute period, the data from our clear- 
ance curves certainly demonstrate a change in ethanol kine- 
tics which may be involved in the effect of adrenalectomy on 
open field activity. This suggestion would be consistent with 
the fact that there ~s a dose-related increase in activity at low 
doses of ethanol [ 18]. Typically, a single point comparison of  
blood ethanol concentrauons is done to determine if an effect 
of  a particular treatment ~s due to changes in blood ethanol. 
As can be seen from our blood kmeUc curves, a single time 
point analysis could well result in misleading conclusions. In 
the case of assessing behaworal changes, blood ethanol may 
no! provide an adequate md~catton of  what is occurring m 
brain 

The effects of  adrenalectomy on blood ethanol kinetics 
have been studied m the rat. It has been shown that ADX 
alters renal functmn, changes cellular permeability, and de- 
creases hepatic metabohsm I12]. Since adrenalectomy re- 
duces body water [16] and ethanol distributes uniformly 
throughout body water [11], it would follow that ADX would 
result m increased peak levels of blood ethanol [16]. The 
same authors report that there is no effect of ADX on the 
metabohc rate of ethanol However ,  there are at least two 
reports that ADX reduces the rate of ethanol metabohsm in 
rats [4,5]. Additionally, there is the suggestmn that ADX 
should modify ethanol absorptmn due to changes in blood 
flow as a result of the absence of adrenal epmephrine [7], 
Generally, ~t must be concluded that agreement about the 
effects of  ADX on ethanol kinetics ~s lacking. Perhaps some 

of the conflicting results are due to differences in the timing 
of postadrenalectomy kinetic experiments and the differ- 
ences m postoperative treatments employed to physiolog- 
ically maintain the animals (saline versus dexamethasone 
treatment). Certainly, postoperative treatment may signifi- 
cantly alter total body water and hver metabolism rates. 

It is worthwhile to consider the permissive action of 
glucocortlcolds on the development of withdrawal seizures 
in the mouse [20] m light of our brain ethanol results. If ADX 
significantly reduces the level of ethanol in the brain, then it 
may well be that the failure of many ADX animals to develop 
withdrawal seizures may be m part due to an effectively 
lower ethanol dose, while corttcosterone replacement may 
reverse peripheral factors influencing ethanol distribution 
and metabohsm. While we do not discount possible direct 
effects of glucocortlco~ds on bram, ~t becomes very impor- 
tant to assure that comparable tissue levels of  a drug are 
being used to assess adrenal modulation of central nervous 
system senslUvlty to that drug. In future studies, we will 
investigate the effect of adrenalectomy on several alcohol 
behaviors under conditions that result m comparable brain 
levels of alcohol, with and without glucocorticold replace- 
ment therapy. The aim of these studies will be to better 
define the role of the adrenal gland in the actions of alcohol. 
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