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Alcohol-Induced Spasms of Cerebral Blood Vessels: 

alcohol topically, intra-arterially , intra- 
peritoneally, or intravenously. 

For the in vitro studies, helical strips 
10 to 15 mm long by 1.5 to 2.0 mm wide 
were cut from segments of canine middle 
cerebral and basilar arteries, suspended 
isometrically under 1 g of tension, and 
incubated in chambers containing nor- 
mal Krebs-Ringer bicarbonate solution 
(37°C) through which a mixture of 95 
percent O2 and 5 percent C 0 2  was bub- 
bled (15). Graded concentrations of alco- 
hol were then added to the bathing solu- 
tion. Contractional force was measured 
with Grass FT-03 force-displacement 
transducers and recorded on a Grass 

Relation to Cerebrovascular Accidents and Sudden Death model 7 polygraph. 
Perivascular, intracarotid, or systemic 

Abstract. Ethyl alcohol produced graded contractile responses in rat cerebral administration of graded doses of etha- 
arterioles and venules in vivo and in isolated canine basilar and middle cerebral nol resulted in rapid and graded constric- 
arteries at a concentration range (10 to 500 milligrams per deciliter) which parallels tion of all cortical arterioles examined 
that needed for its graded effects of euphoria, mental haziness, muscular incoordina- (Fig. 1 and Table 1). Local administra- 
tion, stupor, and coma in humans. Two spec8c  calcium antagonists, nimodipine and tion of alcohol at concentrations be- 
verapamil, prevented or reversed the alcohol-induced cerebrovasospasrn and thus tween 10 and 50 mgidl produced thresh- 
may prove valuable in treating the hypertension and stroke observed in heavy users old constriction of the arterioles. Such 
of alcohol. effects, and those produced by concen- 

trations of alcohol up to approximately 
Ethyl alcohol contributes to numerous can produce vasospasm in intact cere- 200 mgldl, gradually disappeared within 

deaths and is a leading cause of fatal bra1 arterioles and venules and in isolat- 5 to 40 minutes, depending on the dose. 
vehicular accidents, particularly among ed cerebral arteries at concentrations Doses of alcohol that resulted in perivas- 
the young (I). Ongoing clinical studies in that induce intoxicating, psychotomi- cular or blood concentrations greater 
the United States and Scandinavia indi- metic, or lethal effects in humans. The than 300 mgldl usually resulted in arteri- 
cate a higher than normal incidence of contractile effects of alcohol on cerebral olar spasms that were irreversible and 
hemorrhagic stroke and aneurysmal sub- blood vessels can be abrogated by use of often followed by rupture within 5 to 10 
arachnoid hemorrhage among heavy us- calcium antagonists (nimodipine or vera- minutes, leading to focal hemorrhages. 
ers of alcohol; such episodes may occur pamil). Perivascular or intracarotid administra- 
within 24 hours of a drinking binge (2-5). For the in vivo studies, the diameters tion of 0.01 to 1 percent ethanol pro- 
Several investigators have suggested of pial arterioles and venules in male duced a concentration-related vasocon- 
that excessive alcohol consumption pre- Wistar rats (13) were measured quantita- striction of cortical venules, with an 8 to 
disposes humans to stroke and sudden tively with an image-splitting television 60 percent reduction in vessel diameter 
death (2-4, 6, 7). microscope recording system (14). Re- (N = 8 animals); doses of ethanol above 

Epidemiological and clinical evidence sponsiveness of selected arterioles (17 to 0.3 percent often resulted in irreversible 
indicates that alcoholics in the later 58 pm) and venules (22 to 55 pm) was spasm and rupture. Blood flow in corti- 
stages have a high incidence of hyperten- tested before and after administration of cal microvessels was curtailed markedly. 
sive vascular disease (7, 8). However, it 
is difficult to associate the development 
of hypertension with the incidence of Table 1. Alcohol-induced vasoconstriction of rat cortical arterioles in vivo. Alcohol was 
stroke and aneurysmal subarachnoid administered to the surface of the brain in 0.1-ml volumes or intraperitoneally in doses of 0.5, 
hemorrhage in "binge drinkers- ( 2 4 ) .  1.0, 2.0, or 4.0 glkg. Observations were made 30 to 60 minutes after systemic (intraperitoneal) 

administration of alcohol. All experimental values are significantly different from the corre- 
it is known why hyperten- sponding control values (P < ,001, paired t-test). Values are means ? standard errors for eight 

sion develops in alcoholics. rats per group. 
Chronic abuse of alcohol also vro- 

duces atrophy of cortical, subcortical, Route of administration Arteriolar diameter (pm) Reduction 
and cerebral areas in the brain, brain and dose Before alcohol After alcohol (%I 
damage, blackouts, functional neuronal 
deficits, psychoses, and hallucinations 
(9, 10). These changes in alcoholics, like 
the hypertension, have not been ade- 
quately explained. 

Since cerebral hypoxia may play a role 
in the psychotomimetic actions of hallu- 
cinogens (11) and since alcoholics exhib- 
it alterations in regional cerebral blood 
flow (12), we wondered whether alcohol 
can exert direct actions on cerebral 
blood vessels. We report that alcohol 

Perivascular 
Cerebrospinal fluid (0.1 ml) 
10 mgldl 
25 mgldl 
100 mgldl 
250 mgldl 
1000 mgldl 

Systemic 
Saline 
0.5 glkg 
1 .O glkg 
2.0 glkg 
4.0 glkg 
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Fig. I .  Alcohol-induced vasoconstriction of 
rat cortical arterioles in vivo. Different doses 
of alcohol were infused through the carotid 
artery at a constant rate of 0.02 mllrnin. 
Observations were recorded for 30 to 45 sec- 
onds every 2 minutes over a period of 30 
minutes beginning with each infusion. Vessel 
diameters were affected by alcohol within 
seconds. All experimental values are signifi- 
cant at P < .001. Values are means i stan- 
dard errors for six rats per group. Similar 
results were obtained irrespective of whether 
sodium pentobarbital or ketamine hydrochlo- 
ride was used as the anesthetic. 

Intramuscular injection of pharmacologi- 
cal antagonists that act on serotoniner- 
gic receptors (methysergide, 1.0 mgikg), 
cholinergic receptors (atropine, 2.0 mgi 
kg), histaminergic receptors (diphenhy- 
dramine HC1 or  metiamide, 1.0 mgikg), 
o r  alpha-adrenergic receptors (phentol- 
amine, 1 .O mgikg) 30 minutes before test- 
ing did not inhibit the ethanol-induced 
vasospasms (N = 5) (16); nor did intra- 
venous injection of a cyclo-oxygenase 
inhibitor, indomethacin (1 mgikg) 
( N  = 5). 

Addition of alcohol to  the physiologi- 
cal salt solution bathing the isolated ca- 
nine cerebral arteries resulted in a rapid 
increase in tension in all arteries tested. 
an increase similar to  that induced by 
potassium ions (Fig. 2). A concentration 
of ethanol as low as  8 mM (approximate- 
ly 37 mgidl) usually produced contrac- 
tions in the arteries. Thus the threshold 
concentrations for cerebral arterioles in 
vivo and isolated cerebral arteries were 
similar. In humans, blood alcohol con- 
centrations of 35 to 40 mgidl appear after 
the ingestion of less than 1 ounce of 
whiskey, producing some degree of eu- 
phoria, light-headedness, mental hazi- 

ness, and talkativeness, with little im- 
pairment in memory or arithmetic prob- 
lem-solving (17). The concentrations of 
alcohol that caused moderate to strong 
spasms of cerebral arterioles and venules 
(85 to 210 mgidl) are associated with 
slurring of speech, nystagmus, muscular 
incoordination, tremor, impairment of 
vision, and unsteadiness of gait (17). The 
higher vasoactive levels of alcohol 
(> 250 mgidl), which produced intense 
spasm, and often rupture, of cortical 
arterioles and venules, are identical to 
those concentrations found in the blood 
of humans with alcohol-induced stupor, 
coma, and stroke-like episodes (2-5, 7, 
17). 

Our observations in vivo and in vitro 
support the suggestion (18) that ethanol 
produces hypoxia in the brain by affect- 
ing the cerebral circulation. They also 
may explain the higher than normal inci- 
dence of hypertension in chronic alco- 
holics and the higher than normal inci- 
dence of cerebrovascular accidents and 
sudden death in binge drinkers. S o  far, it 
has been difficult to  account for the 
elevation in blood Dressure observed in 
chronic alcoholics on the basis of age, 
sex, obesity, smoking, plasma high-den- 
sity lipoprotein, catecholamines, or he- 
redity (4, 7, 8) .  Likewise, none of these 
factors can account for the incidence of 
stroke in binge drinkers, particularly 
among the young (2-6). Because curtail- 
ment of blood flow to the central nervous 
system may result in hypertension (19) 
and because prolonged cerebral vaso- 
spasm can lead to brain ischemia and 
rupture of cerebral vessels, our findings 
may cast light on the etiology of alcohol- 
induced hypertension and stroke, partic- 
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Fig. 2. Typical responses of a canine middle 
cerebral artery (MCA) and a basilar artery 
(BA) to addition of KC1 and alcohol. 

' verapamii nimodipine 

Fig. 3.  Rapid relaxation of alcohol-induced 
cerebral arterial spasms by verapamil and 
nimodipine. Recording speed is the same as in 
Fig. 2. Alcohol (170 mM) was added at dot in 
all cases. 

ularly since both are often associated 
with one another (2-8). 

All contractile events in muscle tissue 
are mediated by an elevation in the cyto- 
plasmic level of calcium ions. Addition 
of the calcium antagonist nimodipine or 
the calcium antagonist verapamil (lo-' 
to I O - ~ M )  completely reversed or  pre- 
vented spasms in all eight cerebral arter- 
ies tested (Fig. 3). If these findings hold 
true for human cerebral blood vessels, 
then calcium antagonists may be of value 
in the treatment of alcohol-induced cere- 
brovascular disorders. 

BURTON M. ALTURA 
BELLA T .  ALTURA 

ASEFA GEBREWOLD 
Department of Physiology, 
State University of New York, 
Do~vnstate Medical Center, 
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Drug History Modifies the Behavioral Effects of Pentobarbital 

Abstract. Behavior of squirrel monkeys, maintained by the termination of stimuli 
associated with electric shock, was suppressed by response-dependent shock deliv- 
ery. The effects ofpentobarbital on this behavior depended on whether monkeys had 
previously received morphine. In monkeys without experience with drugs, pentobar- 
bital increased responding. In monkeys with recent experience with morphine, 
however, pentobarbital resulted in a smaller increase or decrease in responding. The 
rate-decreasing effects of pentobarbital after a history of morphine administration 
could be reversed by the administration of d-amphetamine. These findings suggest 
that the behavioral effects of abused drugs may depend on previous experience with 
other drugs, even when those drugs are from a different pharmacological class. 

Although the behavioral effects of 
many drugs are frequently influenced by 
the relationship between behavior and its 
immediate consequences (I), several 
studies have recently found that prior 
experience can markedly change the ef- 
fect of a drug on behavior. For  example, 
the usual effects of d-amphetamine on 
behavior suppressed by electric shock 
can be completely reversed after expo- 

sure to  a condition in which responding 
postpones shock (2). These and other 
findings (3) have suggested that the be- 
havioral effects of drugs may, under 
some conditions, depend more on past 
experience than on either the current 
environment or the prevailing behavior. 
We now report that prior experience 
with one psychoactive drug can deter- 
mine the behavioral effects of a different 

Fig. 1. Dose-effect functions 
for responding simultaneously 
(i) maintained under a fixed- 
interval 5-minute stimulus- 
shock termination schedule 
and (ii) suppressed by a fixed- 
ratio 30-response shock-pre- 
sentation schedule. Drug ef- 
fects are exvressed as a ver- 
centage of control rates (~Hble  
1). Each point represents the 
mean of two determinations 
for each subject. Vertical bars 
represent 1 standard devia- 
tion from the mean of all con- 0 

a 
trol rates of responding 
(Thursdays) during the deter- 
mination of the effects of that 
drug. 

drug. Thus, drug history, like behavioral 
history, can dramatically alter the effects 
of drugs. 

Drug effects were studied in four male 
squirrel monkeys (Saimiri sciureus). All 
monkeys were experimentally naYve and 
weighed between 0.8 and 1.0 kg. During 
2-hour experimental sessions, the mon- 
keys were seated in a standard Plexiglas 
restraining chair, which lightly re- 
strained the animal at  the waist. The 
chair was equipped with 7-W white stim- 
ulus lamps, a response lever (BRSILVE 
1352), a feedback relay, and brass shock 
electrodes. Shock (7 mA, 200 msec, 650 
V, and 60 Hz) was delivered through 
series resistance to  the tail. 

Shocks were initially delivered every 5 
seconds; responding postponed shock 
for 25 seconds (4). After responding had 
been established (approximately 14 ses- 
sions), the shock-postponement proce- 
dure was replaced with a fixed-interval 
schedule under which responding termi- 
nated the stimulus lights correlated with 
shock (stimulus-shock termination) (5). 
Under the termination schedule, shocks 
were arranged to occur every 3 seconds, 
beginning 3 seconds after the 5-minute 
interval elapsed. The first response 
after the 5-minute interval terminated 
the shock-correlated stimuli and pro- 
duced a 60-second period during which 
responding had no scheduled conse- 
quences and shocks never occurred. Af- 
ter responding stabilized, an additional 
consequence was added to the termina- 
tion schedule: each thirtieth response 

Drug o rde r  

Pentobarbi ta l  Morphine Pentobarbi ta l  d-Amphetamine Pen toba rb i t a l  

Dose (mg/kg) 
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