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Antagonism of Ethanol Intoxication in Rats by Inhibitors 
of Phenylethanolamine N-Methyltransferase 

Ivan N. Mefford, Richard G. Lister, Miyuki Ota, and Markku Linnoila 

The probable involvement of brain epinephrine in the expression of 
the acute sedative and intoxicating effects of ethanol and pentobar- 
bital is demonstrated. Two selective inhibitors of phenylethanola- 
mine N-methyltransferase (PNMT), LY 134046 and LY78335, proved 
to be potent and long-lasting antagonists of ethanol intoxication in 
rats. Acute antagonism of pentobarbital-induced intoxication was 
observed with LY134046. The present results are compatible with a 
role for central epinephrine synthesis in ethanol and pentobarbital- 
induced sedation and intoxication in rats. 

HE BIOCHEMICAL MECHANISMS by which the 
Tintoxicating and addictive effects of ethanol are me- 
diated are not understood. Consumed in small quantities, 
ethanol can produce anxiolytic and euphoric effects.' In 
larger quantities, ethanol consumption is associated pro- 
gressively with sedation, coma, and death.2 Chronic intox- 
ication can lead to physical or psychological dependence 
on ethanol so that cessation of consumption precipitates 
withdrawal symptoms.' These symptoms of withdrawal 
are not unique to ethanol dependence. Similar physiolog- 
ical responses are seen in withdrawal following chronic 
use of a variety of central nervous system (CNS) depres- 
sants, such as barbiturates, ethyl ether, chloral hydrate, 
and nitrous ~ x i d e . ' . ~ . ~  Several of these symptoms are effec- 
tively treated with alpha-2 adrenoreceptor agonists such 
as ~lonidine.~,' Interestingly, abrupt discontinuation of 
chronically administered clonidine' or of chronic intra- 
ventricularly administered epinephrine,' both of which 
are sedative, can also precipitate a withdrawal syndrome 
in rats. This suggests the involvement of central alpha-2 
adrenoreceptors in the development of at least one type 
of dependence and withdrawal syndrome. 

Factors controlling alpha-2 receptor number and afin- 
ity have been studied extensively. It was recently demon- 
strated that phenylethanolamine N-methyltransferase 
(PNMT, E.C.2.1.1.28), the enzyme that converts norepi- 
nephrine to epinephrine in brain, is an important regula- 
tory factor in determining alpha-2 receptor number in rat 

This is particularly true in the brainstem and 
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hypothalamus where there is both a high density of alpha- 
2 receptors and relatively high PNMT activity.I'-I5 As a 
result, it seemed plausible that the alpha-2 receptor 
changes associated with withdrawal symptoms might be a 
consequence of some effect of ethanol intoxication on 
brain epinephrine formation. Finally, the possible involve- 
ment of epinephrine synthesis in reward has been sug- 
gested by Katz and coworkers,16," who showed that 
PNMT inhibition caused a dose dependent decrease in 
intracranial self-stimulation in rats. 

The ability of the brain to synthesize epinephrine has 
been known for many yearsI8 although the presence of 
PNMT-containing neurons was not demonstrated until 
1973.19.20 Since that time it has been generally assumed 
that epinephrine acts primarily as a neurotransmitter in 
the brain. A nontransmitter role for epinephrine, as a 
brain neuromodulator or hormone in the hypothalamus 
and active intraneuronal metabolite in the brainstem has 
been proposed.21,22 

In initial experiments we examined the effects of acute 
and chronic exposure to ethanol as well as withdrawal 
from exposure to ethanol on brain contents of biogenic 
amines and  metabolite^.^^ Epinephrine content of both 
hypothalamus and brainstem C 1 -C3 areas was signifi- 
cantly reduced 90 min following acute intraperitoneal 
administration of ethanol while only hypothalamic epi- 
nephrine was reduced following 24-hr and chronic (14- 
day) exposure and during withdrawal. Norepinephrine was 
significantly reduced in hypothalamus following acute, 
intraperitoneal administration as well as during with- 
drawal following 14 days of ethanol exposure. Reduction 
of both norepinephrine and epinephrine in the hypothal- 
amus was highly correlated with blood ethanol concentra- 
t i ~ n . ~ ~  Biogenic amines and metabolites in areas other 
than the hypothalamus were unaffected. These data indi- 
cated a selective effect of ethanol on epinephrine synthesis 
and/or release in the hypothalamus. 

In order to test the hypothesis that newly synthesized 
epinephrine plays a role in the sedative and intoxicating 
effects of ethanol, two selective, competitive inhibitors of 
brain PNMT, LY78335, 2,3-dichloro-cu-methylbenzylam- 
ine and the rigid conformer, LY 134046, 8,9-dichloro- 
2,3,4,5-tetrahydro- 1 H-2-benzazepine, were employed.24 
LY 134046 was used in subsequent experiments because 
of its greater selectivity for PNMT compared to alpha-2 
 receptor^.^^ Furthermore, in order to assess whether the 
effects of PNMT inhibitors were specific to the measured 
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effects of ethanol, two other classes of sedative hypnotic 
compounds, barbiturates and benzodiazepines, were 
tested as well. 

METHODS 

Male Sprague-Dawley rats, 250 to 400 g, were used throughout. 
Animals were provided food and water ad libitum and were handled 
regularly for 2 weeks prior to testing. On the day of the test, animals 
were removed from their home cages but kept with cage mates and 
transported to the test room where they were allowed to acclimate for 
approximately 2 hr. The acclimation period and prior handling were 
found to be necessary to achieve reproducible effects. Doses of pentobar- 
bital and benzodiazepines were chosen empirically to give intoxication 
ratings similar to that observed with the dose of ethanol used. LY 134046 
and LY78335 were administered (40 or 50 mg/kg intraperitoneal in 
normal saline) 5 min prior to administration of ethanol (2.4 g/kg, 30% 
v:v in normal saline, intraperitoneal, pentobarbital (2 1 mg/kg intraperi- 
toneal in normal saline), or diazepam (40 mg/kg intraperitoneal). This 
short time interval was chosen to assure that the effects observed were 
due to acute inhibition of epinephrine synthesis rather than depletion of 
tissue  store^.^^.^' Animals were then rated blindly for intoxication.26 
Animals were placed individually in an open field, = 24 X 24 inches and 
observed for 1 to 2 min. Differences between intermediate intoxication 
scores were discerned by manipulating the animal and observing the 
ability of the animal to regain balance or position. Intoxication was 
scored on a continuous scale with unimpaired animals rating = 0, slight 
ataxia = 1, moderate ataxia = 2, severe ataxia with difficulty maintaining 
balance and locomotion = 3, loss of locomotor capacity with near 
complete loss of righting reflex = 4, and 5 = sedation with complete loss 
of righting reflex. 

Antagonism of ethanol induced intoxication has been produced by 
drugs that act at the benzodiazepine/GABA receptor complex.*’ In order 
to exclude the direct involvement of this receptor system in the observed 
effects, three PNMT inhibitors, LY78335, LY 134046, and SKF64139 
(7,8-dichloro, tetrahydroisoquinoline) were tested in vitro for specific 
binding at the benzodiazepine receptor (3[H]flunitrazepam displacement) 
and the chloride channel (t-butylbicyclophosphoro[3sS]thionate (TBSP) 
displacement).28 

RESULTS 

The ability of PNMT inhibitors to reduce the intoxicat- 
ing effects of ethanol in this paradigm is shown in Fig. 1 .  
Median scores show that most animals receiving the 
PNMT inhibitors showed no signs of intoxication follow- 
ing the subsequent administration of ethanol. The antag- 
onism of ethanol intoxication was long-lasting, providing 
significant prophylaxis throughout the 60- and 90-min test 
periods. 

The effects observed following ethanol consumption, 
including sedation, euphoria, CNS depression, physical 
dependence, and resultant withdrawal symptoms, are not 
unique to ethanol but are observed with a variety of 
sedative hypnotics and general anesthetics. Conse- 
quently, the ability of LY 134046 to antagonize intoxica- 
tion by barbiturates and benzodiazepines was tested. Pre- 
treatment with LY 134046 significantly decreased pento- 
barbital-induced intoxication measured by loss of righting 
reflex, ataxia and sedation26 as seen in Fig. 2. This antag- 
onism was not as long-lasting nor as marked as with 
alcohol. In preliminary experiments, antagonism of pen- 

tobarbital-induced intoxication was also observed using a 
third PNMT inhibitor. SKF64139 (Mefford IN, Ota M, 
unpublished observations). This antagonism was observed 
only during the early portion of the experiment. As these 
animals recover more quickly from pentobarbital intoxi- 
cation than ethanol intoxication, differences between the 
groups are not seen at later test points. LY 134046 (50 mg/ 
kg intraperitoneal) provided no prophylaxis against intox- 
ication after a higher dose of pentobarbital which pro- 
duced anesthesia (40 mg/kg intraperitoneal, data not 
shown). 

The effects of PNMT inhibition on benzodiazepine- 
induced intoxication are seen in Fig. 3. Against diazepam- 
induced intoxication, LY 134046 was completely ineffec- 
tive. The failure to observe significant reversal of benzo- 
diazepine intoxication may in part be due to the low 
degree of ataxia and the ability of animals to maintain 
righting reflex following drug administration; however, no 
indication of antagonism by PNMT inhibition was ob- 
served. 

The three PNMT inhibitors tested, SKF64 139, 
LY78335, and LY 134046, were found to have no specific 
binding at the benzodiazepine receptor (3[H]flunitraze- 
pam displacement) nor at the chloride channel (TBSP 
displacement) 

DISCUSSION 

Two PNMT inhibitors, LY134046 and LY78335, are 
demonstrated to provide potent and long lasting prophy- 
laxis against the intoxicating effects of ethanol in the rat. 
LY 134046 is also demonstrated to provide partial antag- 
onism of the intoxicating effects of pentobarbital as meas- 
ured by loss of righting reflex, ataxia and sedation. These 
compounds failed to antagonize the sedating effects of 
diazepam at the doses employed in the present study. 
Because the antagonism of intoxication was observed 
within 5 to 7 min of administration of the PNMT inhibi- 
tors, we reasoned that newly synthesized epinephrine 
might play a role in the induction of ataxia, sedation and 
loss of righting reflex observed after administration of 
ethanol or barbiturates to the rat. 

The observation that centrally administered epineph- 
rine can induce sedation and analgesia was made many 
years ag0.29330 Although the relative concentration of epi- 
nephrine in brain is quite low with respect to norepineph- 
rine, the higher affinity of epinephrine versus norepineph- 
rine for clonidine binding sites suggests that outside the 
synaptic cleft, epinephrine might be the primary agonist 
for these sites.10-12-31 Several effective sedative hypnotics 
and anesthetics including clonidine are potent agonists at 
alpha-2  receptor^.^^,^^ Further, alpha-2 antagonists have 
been reported to be effective in reversing xylazine- and 
thiopental-induced a n e ~ t h e s i a . ~ ~ . ~ ~  These observations sug- 
gest a role for epinephrine or another endogenous alpha- 
2 agonist in sedation. 
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Fig. 1. Effects of PNMT inhibition on acute ethanol intoxication. Male Sprague-Dawley rats, 250 to 350 g, were pretreated with either LY134046 or LY78335. 40 mg/ 

kg intraperitoneal or saline. After 5 min, each group was administered 2.4 g/kg of ethanol, (30% v:v in normal saline). Animals were rated blindly using a standard 
intoxication scale.2e Most animals receiving pretreatment with PNMT inhibitors were unaffected by the administration of ethanol. As a result, the data is presented as 
both the mean intoxication score (A.B) and median intoxication score (C,D). n = 9 or 10 of each time point. Both LY134046 and LY78335 produced significant antagonism 
of intoxication at each time point by the Mann-Whitney rank order U test. " 'p < 0.01, " p  < 0.025, ' p  < 0.05. 

Our observation of antagonism of ethanol and barbitu- 
rate intoxication by PNMT inhibitors is not likely due to 
direct effects of the drugs at alpha-2 receptors, although 
SKF64 139 has been shown to be a potent alpha-2 blocker 
and LY78335 a less potent alpha-2 blocker. LY134046 
does not exhibit potent alpha-2 blocking activity relative 
to its potency as a PNMT inhibit~r. '~ Yet, all drugs 
prevented ethanol-induced intoxication. The doses used 
in the present experiments are comparable to those em- 
ployed elsewhere in testing the behavioral and neuroen- 
docrine effects of PNMT inhibition.".17*36 At 40 mg/kg, 
LY 134046 has been demonstrated to cause an 84% de- 
crease in brainstem PNMT activity within 1 hr, and to 
induce 70% decrease in brainstem PNMT activity at 20 
mg/kg.24 Maximal, and similar effects were observed 
within 1 hr using LY78335.24 Others, using SKF64139, a 
PNMT inhibitor with less selectivity than LY 134046 to- 
wards PNMT relative to alpha-2 receptor blockade, 13,24 

have demonstrated that doses similar to those used in the 
present work do not block alpha-2 receptors in vivo. 
Clonidine stimulated growth hormone release, an index 
of central alpha-2 receptor integrity37938 occurs in the pres- 
ence of 50 mg/kg SKF64139. However, inhibition of the 
formation of a potent endogenous alpha-2 adrenergic re- 
ceptor agonist, epinephrine, should be analogous in some 
respects to administration of alpha-2 adrenergic receptor 
antagonists, yet providing site selectivity for these effects 
based on the distribution of PNMT. 

The PNMT inhibitors used in this study have acute 
behavioral effects them~elves,~~, '~ inducing an acute reac- 
tion similar to ethanol withdrawal, including tremor. 
These effects, which are observed within 5 min and gen- 
erally diminish within 30 min, may reflect the loss of tonic 
inhibition due to the acute depletion of extraneuronal or 
cytoplasmic pools of epinephrine. 

It is not clear how our observations fit with previous 
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Fig. 2. Effect of PNMT inhibition on sodium pentobarbital-induced intoxication. 
Male Sprague-Dawley rats, 260 to 280 g. were pretreated with either saline or 
LY134046 (50 mg/kg intraperitoneal). After 5 min all animals were administered 
sodium pentobarbital, 21 mg/kg intraperitoneal. After 5 min and at regular intervals 
thereafter, animals were rated blindly for intoxication.28 n = 10 in each case. *** p 
< 0.005. " p  < 0.025, * p  < 0.05, by Mann-Whitney rank order U test. 
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Fig. 3. Effect of PNMT inhibition on diazepam induced intoxication. Male 

Sprague-Dawley rats were pretreated with either saline or LY134046 (50 mg/kg 
intraperitonezl) 5 min prior to administration of diazepam, 40 mg/kg intraperitoneal. 
After 5 min and at regular intervals thereafter. animals were rated blindly for 
intoxication at regular n = 10. 

observations relating the benzodiazepine receptor complex 
to the mechanism of action of ethanol and  barbiturate^.^' 
Both PNMT-containing neurons and GABA neurons act- 
ing via the GABA A receptor, provide inhibitory input to 
the locus c o e r ~ l e u s , ~ ~  (Aston-Jones G, personal commu- 
nication). Thus, our data may complement those of others 
who have observed antagonism of ethanol by a benzodi- 
azepine inverse agonist2' and represent blockade of a 
separate inhibitory mechanism stimulated by ethanol in 
vivo. Clonidine has been demonstrated to share many 
sedative properties with benzodiazepines and it has been 

suggested that the sedative effects of benzodiazepines may 
involve alpha-2 adrenergic  receptor^.^' Our data imply 
that intoxication may be mediated in the phylogenetically 
older portions of the brain, notably the hypothalamus and 
brainstem, since PNMT is localized to these areas. Most 
of the work on description of the neuronal benzodiazepine 
receptor complex has been accomplished with cortically 
derived preparations2' and thus is not necessarily com- 
parable. It is likely that any inhibitory effects observed at 
the brainstem level would modify the transmission of 
information to the cortex and as a result these data might 
represent two different aspects of the same or related 
inhibitory phenomena. Comparisons between ethanol, 
barbiturate and benzodiazepine tolerance, intoxication 
and withdrawal do suggest that the actions of ethanol and 
barbiturates are more closely related to each other than to 
the benzodiazepines, consistent with the present observa- 
t i o n ~ . ~ ~  

The rapid effect of PNMT inhibitors suggests that the 
active pool of epinephrine is very labile, and not protected 
by storage, consistent with cytoplasmic localization of 
PNMT and the high density of mitochondria in PNMT- 
containing neurons in the medulla.43 Fuller and 
coworkersz4 have demonstrated that maximal PNMT in- 
hibition with the two compounds used in the present study 
occurs within the 1st hr after administration. Previous 
data suggest that both epinephrine and PNMT-containing 
cells are associated closely with the projections of the A l l  
C 1 and A2/C2 noradrenergic and PNMT-containing cell 
groups in the forebrain.21 The locus coeruleus noradrener- 
gic projections, implicated in withdrawal reactions, may 
also be regulated by inhibitory inputs from the CI cell 
body group, capable of synthesizing epi~~ephrine.~ ' ,~~ 

It is not possible to exclude direct action at alpha-2 
adrenergic receptors as providing at least partial antago- 
nism of ethanol and barbiturate intoxication observed 
with the PNMT inhibitors used in the present study. 
However, the consistency of these observations with dif- 
ferent inhibitors of epinephrine synthesis is suggestive of 
a role for central epinephrine in intoxication, sedation, 
and dependence following ethanol or barbiturate abuse. 
PNMT inhibitors provide partial prophylaxis against the 
acute effects of these agents and may be useful as antago- 
nists of ethanol or barbiturate intoxication. 

ACKNOWLEDGMENTS 

We thank Dr. Ray Fuller, Eli Lilly Research Laboratories, for gener- 
ously supplying the PNMT inhibitors, LY134046 and LY78335, Dr. 
Robert Pendleton, Smith Nine and French, for SKF64139, Toni Mar- 
shall for excellent technical assistance, and Dr. Paula Hoffman and Steve 
Culp for screening these compounds for activity at the benzodiazepine 
receptor and chloride channel. 

REFERENCES 
I .  Jaffe JH: Drug addiction and drug abuse, in Goodman LS, 

Gilman A (eds): The Pharmacological Basis for Therapeutics, ed 4. New 
York, The Macmillan Company, 1970, pp 276-3 I3 



ANTAGONISM OF ETHANOL INTOXICATION 57 

2. Ritchie JM: The aliphatic alcohols, in Goodman LS, Gilman A 
(eds): The Pharmacological Basis for Therapeutics, ed 4. New York, The 
Macmillan Company, 1970 pp 135-1 50 

3. Isbell H, Fraser HF, Wikler A, Bellville RE, Eisenman AJ: An 
experimental study of the etiology of “rum fits” and delerium tremens, 

4. Koblin DD, Eger El 11, Smith RA, Winter PM: Chronic exposure 
of mice to subanesthetic concentrations of nitrous oxide, in Fink BR 
(ed): Molecular Mechanisms of Anesthesia: Progress in Anesthesiology, 
vol2. New York, Raven Press, 1980, pp 157-162 

5. Nagle DR: Anesthetic addiction and drunkenness: a contempo- 
rary and historical survey. Int J Addict 3:25-40, 1968 

6. Bjorkvist SE: Clonidine in alcohol withdrawal. Acta Psychiatr 
Scand 52:256-263, 1977 

7. Wilkins AJ, Jenkens WJ, Steiner JA: Efficacy of clonidine in 
treatment of alcohol withdrawal state. Psychopharmacology 8 I :78-80, 
1983 

8. Aceto MD, Hams LS: Antinociceptive mechanism and acute and 
chronic behavioral effects of clonidine, in La1 H, Fielding S (eds): 
Psychopharmacology of Clonidine. New York, Alan R. Liss, I98 I ,  pp 
243-258 

9. Jeffries WB, Orzechowski R F  Withdrawal syndrome follows 
abrupt cessation of intracerebroventricular infusion of epinephrine in 
spontaneously hypertensive rats. Life Sci 36: 133 1-1337, 1987 
10. Perry BD, Stolk JM, Vantini G, Guchait RB, U’Prichard DC: 

Strain differences in rat brain epinephrine synthesis and a-adrenergic 
receptor number: apparent in vivo regulation of a-adrenergic receptors 
by epinephrine. Science 221:1297-1299, 1983 

11 .  Stolk JM, Vantini F, Perry BD, Guchait RB, U’Prichard DC: 
Assessment of the functional role of brain adrenergic neurons: chronic 
effects of phenylethanolamine N-methyltransferase inhibitors and alpha 
adrenergic receptor antagonists on brain norepinephrine metabolism. J 
Pharmacol Exp Ther 230577-586, 1984 

12. Vantini G, Perry BD, Guchait RB, U’Prichard DC, Stolk JM: 
Brain epinephrine systems: detailed comparison of adrenergic and nor- 
adrenergic metabolism, receptor number and its in vitro regulation in 
two inbred rat strains. Brain Res 296:49-65, 1984 

13. Goldstein M, Lew JY, Miyamoto T, Battista AF, Ebstein R, 
Hokfelt T, Fuxe K: The localization and characterization of phenyleth- 
anolamine N-methyltransferase activity in specific regions of the central 
nervous system. Pharmacologist 16:236-243, I974 

14. Saavedra JM, Palkovits M, Brownstein MJ, Axelrod J: Localiza- 
tion of phenylethanolamine N-methyltransferase in the rat brain nuclei. 
Nature 248:695-696, 1974 

15. Young WS 111, Kuhar MJ: Noradrenergic a1 and a 2  receptors 
light microscopic autoradiographic localization. Proc Natl Acad Sc 

16. Katz RJ, Carroll BJ: Brain stimulation reward evidence for an 
adrenergic contribution in the rat. Neurosci Lett 5:227-23 1, 1977 

17. Katz RJ, Carroll BJ, Liebler L: Inhibition of phenylethanolamine 
N-methyltransferase and brain stimulation reward. Psychopharmacology 

18. Vogt M: The concentration of sympathin in different parts of the 
central nervous system under normal conditions and after the adminis- 
tration of drugs. J Physiol (London) 123:451-481, 1954 

19. Hokfelt T, Fuxe K, Goldstein M, Johansson 0: Evidence for 
adrenaline neurons in the rat brain. Acta Physiol Scand 89:286-288, 
1973 

QJ Stud Alcohol 16:1-33, 1955 

(USA) 77: 1696- 1700, 1980 

57:39-42, 1978 

23. Mefford IN: Ethanol and brain epinephrine, in Linnoila M (Mod- 
erator), Alcohol intoxication and withdrawal. Ann Intern Med 107:875- 
889, 1987 

24. Fuller RW, Hemrick-Luecke S, Toomey RE, Horng J-S, Ruffalo 
RR, Jr, Molloy BB: Properties of 8,9-dichlor0-2,3,5,5-tetrahydro-l H-2- 
benzazepine, an inhibitor of norepinephrine N-methyltransferase. 
Biochem Pharmacol 30:1345-1352, 1981 

25. Sauter A, Lew JY, Baba Y, Goldstein M: Effect of phenyletha- 
nolamine N-methyltransferase and dopamine beta-hydroxylase inhibi- 
tion on epinephrine levels in brain, Life Sci 21:261-266, 1977 

26. Majchrowicz E: Induction of physical dependence upon ethanol 
and associated behavioral changes in rats. Psychopharmacologia 43:245- 
254, 1975 

27. Suzdak PD, Glowa JR, Crawley JN, Schwartz RD, Skolnick P, 
Paul SM: A selective imidazobenzodiazepine antagonist of ethanol in 
the rat. Science 234: 1243- 1246, 1986. 

28. Havoundjian H, Paul SM, Skolnick P: The permeability of y- 
aminobutyric acid-gated chloride channels is described by the binding of 
a “cage” convulsant, t-butylbicyclophosphoro[35S]thionate. Proc Natl 
Acad Sci 83:9241-9244, 1986 

29. Mandel AJ, Spooner CE: Psychochemical research in man. Sci- 
ence 162:1442-1453, 1968 

30. Rothballer AB: The effects of catecholamines on the central 
nervous system. Pharmacol Rev 1 1 :494-547, 1959 

3 1. U’Prichard D C  ’H-Clonidine and ’H-p-aminoclonidine interac- 
tions in vitro with central and peripheral a2-adrenergic receptors, in La1 
H, Fielding S (eds): Psychopharmacology of Clonidine. New York, Alan 
R. Liss, 1981 

32. Virtanen R, Macdonald E: Comparison of the effects of detomi- 
dine and xylazine on some alpha-2 adrenoceptor mediated responses in 
the central and peripheral nervous systems. Eur J Pharmacol 1 15:277- 
284, 1985 

33. Virtanen R, Nyman L Evaluation of alpha-I adrenoceptor and 
alpha-2 adrenoceptor effects of detomidine, a novel veterinary sedative 
analgesic. Eur J Pharmacol 108:163-169, 1985 

34. Hatch RC, Kitzman JV, Zahner JM, Clark J D  Reversal of 
thiopental induced anesthesia by 4-amino pyridine, yohimbine and 
doxapram in dogs pretreated with xylazine or acepromazine. Am J Vet 
Res 46:371-375, 1985 

35. Hsu WH: Xylazine induced depression and its antagonism by 
alpha adrenergic blocking agents. J Pharmacol Exp Ther 2 18: 188- 192, 
1981 

36. Katz RJ, Carroll BJ, Liebler L: Enhancement of drug-induced 
motor activity by an inhibitor of phenylethanolamine N-methyltransfer- 
ase. Neurosci Lett 8:83-88, 1978 

37. Terry LC, Crowley WR, Lynch C, Longserre C, Johnson MD: 
Role of central epinephrine in regulation of anterior pituitary hormone 
secretion. Peptides 3:3 1 1-3 18, 1982 

38. Cella SG, Locatelli V, deGennaro V, Bondiolotti GP, Pintor C, 
Loche S, Provezza M, Muller EE: Epinephrine mediates the growth 
hormone releasing effect of galanin in infant rats. Endocrinology 

39. Katz RJ, Turner BB, Roth KA, Carroll BJ: Adrenergic control of 
motor activity: effects of PNMT inhibition upon open field behavior in 
the rat. Pharmacol Biochem Behav 9:417-420, 1978 

40. Pieribone VA, Aston-Jones G, Bohn MC: Adrenergic and non- 
adrenergic neurons in the C1 and C3 areas project to the locus coeruleus: 
a fluorescent double labeling study. Neurosci Lett 85:297-303, 1988 

4 1. Yang X-M, Luo Z-P, Zhou J-H: Behavioral evidence for the role 
of noradrenaline in putative anxiolytic and sedative effects of benzodi- 
azepines. Psychopharmacology 95:280-286, 1988 

42. Boisse NR, Okamoto M: Ethanol as a sedative hypnotic: com- 
Darison with barbiturate and nonbarbiturate sedative hvDnotics. in Riater 

122:855-859, 1988 

20. Hokfelt T, Fuxe K, Goldstein M, Johansson 0: Immunohisto- 
chemical evidence for the existence of adrenaline neurons in the rat 
brain. Brain Res 66:235-25 1, 1974 

21. Mefford IN: Are there epinephrine neurons in rat brain? Brain 
Res Rev 12:383-395, 1987 

22. Mefford IN: Epinephrine in mammalian brain, Prog Neuropsy- 
chopharmacol Biol Psychiatry 12:365-388, 1988 

H, Crabbe JC, (eds): Alcohol Tolerance and Dependence. Amsterdam, 
Elsevier, 1980, pp 263-292 

43. Pickel VM, Milner TA: Electron microscopy of central cat- 
echolamine systems, in Meltzer HY (ed): Psychopharmacology: The third 
generation of progress, New York, Raven press, 1987, pp 49-59 

44. Aston-Jones G, Ennis M, Pieribone VA, Nickell WT, Shipley 
M T  The brain nucleus locus coeruleus: restricted afferent control of a 
broad efferent network: Science 234:734-737, 1986 




