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KIIANMAA, K , K ANDERSSON AND K FUXE On the role of ascending dopamlne systems tn the control of 
voluntary ethanol retake and ethanol mtoxwauon PHARMAC BIOCHEM BEHAV 10(4) 603-608, 1979--Selective 
lesions of the ascending dopamme pathways were made by bdateral rejection of the neurotoxm 6-OHDA (8/~g/4 ~1) 
Catecholamlne fluorescence h~stochemlstry revealed a marked degeneration of the ascending mesostnatal and mesohmblc 
dopamlne systems, whde the hypothalam~c dopamme and noradrenahne nerve tenmnals were unaffected After recovery 
of feeding and dnnkmg behawors the voluntary ethanol intake was not different from that of the controls The ame of 
ethanol-mduced narcosis and the extent of ethanol-induced hypothermla were not affected In contrast, m a tilting-plane 
test conducted two months after the operation, ethanol ~mpmred the performance of the 6-OHDA-treated rats significantly 
less than that of the controls This flndmg suggests a role for the ascendmg dopamlne neurons to the forebraln m the 
intoxicating effect of ethanol 

Dopamme Ethanol Intoxzcat~on Catecholamme fluorescence h~stochem~stry 

BIOCHEMICAL studies indicate that ethanol can increase 
the turnover of brain dopamme (DA) and noradrenahne (NA) 
[10, l l ,  13, 14, 24, 26, 36] Furthermore, pharmacological 
studies of  the action of  ethanol on locomotion and sleeping 
time also suggest an involvement of central catecholamines 
(CA) m its actions on the brain [12, 18, 19] 

In addltmn an involvement of central CA neurons m the 
control of voluntary ethanol Intake has been demonstrated m 
studies showing that marked depletion of  brain NA levels by 
dopamlne-fl-hydroxylase lnhlbltors [5,7] or by mtra- 
ventrlcular rejections of the neurotoxm 6-hydroxydopamme 
(6-OHDA) cause a reduction in alcohol intake [6, 9, 30, 34, 
38] However ,  partial depletion of the NA stores results m a 
transient increase m alcohol consumption [6,27]. Further- 
more, the DA concentrations are htgher in the brains of  rats 
belonging to the alcohol-prefernng AA strata than m rats 
belonging to the water-prefemng ANA strata [2] 

In order to further clarify the role of central DA systems 
m ethanol intake and in the actions of acutely administered 
ethanol two experiments were conducted The first experi- 
ment examined voluntary ethanol consumption and the sec- 
ond studied the functional effects of an acute dose of  ethanol 
m rats following bilateral lesion of the ascending DA path- 
ways [4,40] with the neurotoxm 6-OHDA 

METHOD 

EXPERIMENT 1 

Three-month-old male Long Evans hooded rats were 
used. They were individually housed in a room having a 
12-hr hght-dark cycle (light period from 6 a m to 6 p m ), a 
temperature between 22-24°C, and a relative humidity of 
55% The rats had free access to Astra Eros  (Sodertalje, 
Sweden) diet Dunng the first 7 days they had a 10% (v/v) 
ethanol solutmn as the sole dnnking fluid For the remmnder 
of the expenment,  they were continuously given a choice 
between tap water and the 10% ethanol solution m two 100 
ml dnnlong tubes fitted to the front wall of the cage Intake 
of  water and alcohol was measured dally, while the food 
consumption and the body weight were measured weekly 

M e n  the rats had been in a free choice s~tuatlon for 3 
weeks, a penod long enough for the rats to establish a stable 
base hne of alcohol consumption [21], they were divided into 
2 groups matched according to their alcohol intake level 

Operatton Procedure 

The rats were placed in a David Kopf  stereotaxlc instru- 
ment and were anaesthetized with a mixture of mr and 
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halothane 6-OHDA-HC1 (8 /xg/4 ~1, calculated as base, 
Labkemi, Sweden), dissolved in 0.9% saline contamlng as- 
corblc acid (0 2 mg/ml), was injected bdaterally close to the 
ascending DA pathways at the level of the posterior 
hypothalamus Fifteen imnutes earlier the rats had received 
protriptyhne (10 mg/kg, IP, Merck, Sharp and Dohme), an 
NA uptake blocking agent This type of procedure has been 
reported to cause a relatively specific degeneration of DA 
containing neurons [22]. The controls received the vehicle 
only The coordinates, according to the stereotaxlc atlas of 
Konlg and Khppel [28], were" A +3 4, L -+1 3, V -3 .2  

All the 6-OHDA-treated rats developed akinesla, aphagIa 
and adlpsla and had to be supported by tube-feeding Dunng 
the intubatlon period the body weights were maintained at 
the preoperative level and were not different from those of 
the controls Those rats whose eating and dnnkIng behaviors 
dad not recover within 5 weeks after the operation were dis- 
carded Measurements of the alcohol retake of the remmnlng 
rats were made dunng the next 5 weeks 

Quantitative Mtcrofluortmetrtcal Measurements of  CA 
Fluorescence 

The rats were sacrificed by decapitation 3 months after 
the operation. The extent of the degeneration of the DA 
nerve terminals was evaluated by means of a quantitative 
mlcrofluonmetrtcal analysis of the DA fluorescence in the 
diffuse and dotted types of DA nerve-terminals m the nu- 
cleus caudatus, nucleus accumbens and tuberculum olfac- 
tonum, using a Leitz fluorescence rmcrospectrograph with 
an MPV-system The details concerning the instrumentation, 
the recording procedure and the anatomical subdivisions of 
the DA systems have been described previously [17, 29, 35]. 

The figures in the tables represent the specific DA 
fluorescence (total fluorescence minus unspecific back- 
ground fluorescence). A Mann-Whitney U test was used in 
the statistical analysis 

EXPERIMENT 2 

The rats in this experiment were of the same strain and 
age as m Experiment 1 They were treated and operated 
upon in a similar manner except that they were not given 
access to ethanol 

Ethanol Intoxication 

Intoxication was measured in these rats with a tilting- 
plane test [8], conducted on a blind basis 2 months after the 
operation. In this test the animal is placed on a wire-cloth 
covered plane, which is tilted by a motor at a constant speed 
from horizontal to vertical in 5 sec The sliding angle of the 
rat IS recorded The rats were given a pre-ethanol test and 
then injected with 2 g/kg of ethanol IP (12% w/v ethanol In 
0.9% saline) Subsequent tilting-plane tests were performed 6 
times at 20 mm intervals after the injection The results after 
ethanol treatment were expressed as the percent of the pre- 
ethanol performance value for each individual, using the sme 
of the sliding angle as the measure of the performance. One 
hundred sixty minutes after the ethanol injection a blood 
sample of 0.05 ml was taken from the tip of the tml of each rat 
for gas chromatographic determination of the blood ethanol 
concentration [20] 

A week later the effect of apomorphme on ethanol intoxl- 
catmn was studied m these rats using a cross-over design 
The rats received an Injection of apomorphme (0 05 mg/kg, 

SC) simultaneously with the ethanol injection (2 g/kg, IP) 
The controls received an equal volume of salme The tilting 
plane test was performed three times at 20 min intervals after 
the injections 

Ethanol-Induced Narco~t 

Ethanol narcosis was induced by an injecaon of 4 g/kg of 
ethanol IP (15% w/v ethanol in 0.9% saline) The duration of 
the narcosis ("sleeping time") was defined as the time from 
the loss of the nghtlng reflex to the time at which a rat 
regmned this reflex. A rat was judged to have regained its 
righting reflex ff it was repeatedly able to right itself when 
placed on its back A blood sample of 0.05 ml was taken from 
the tip of the tml of each rat at the moment of reflex recovery 
for gas chromatographic determination of the blood ethanol 
concentration 

Ethanol-Induced Hypothermla 

Ethanol-induced hypothermla was also estimated in the 
expenment on ethanol-induced narcosis Body temperature 
was measured by inserting a probe from an electnc ther- 
mometer 4 cm into the rectum The measurements were 
made at 20 rain intervals for 6 hours The results were ex- 
pressed as the maximal temperature change relative to the 
pre-treatment value 

Quantitative Mtcrofluortmetrtcal Measurements of  CA 
Fluorescence 

The extent of degeneration of dopamine nerve terminals 
in the forebrmn was evaluated in the same manner as de- 
scribed in Experiment 1 Furthermore, the CA fluorescence 
in various hypothalamic DA and NA terminal systems was 
measured as described above The DA cell bodies and the 
extent of the lesions In the midbraln were semiquantitatlvely 
evaluated 

RESULTS 

EXPERIMENT l 

The effects of the ascending dopamlne pathways lesions 
on absolute ethanol intake are shown in Fig 1 No differ- 
ences in alcohol consumption were found between the con- 
trols and lesioned animals which had recovered from adIpsla 
and aphagla Both consumed increasing amounts of alcohol 
dunng the final 5 postoperative weeks. 

As shown in Table 1, the degeneration of ascending DA 
pathways was considerable, particularly in the nucleus 
caudatus DA fluorescence in the nucleus caudatus in the 
6-OHDA-treated rats was only 13.4% of the control group 
mean value, while the diffuse type of DA fluorescence was 
reduced to 17 5 and 25 0% of the control mean value in the 
nucleus accumbens and tuberculum olfactonum, respec- 
tively The disappearance of the dotted type of DA fluores- 
cence, located in the posterior parts [23], was clearly less 
marked (37 4-42 5% of the control mean value) than that of 
the diffuse DA fluorescence 

EXPERIMENT 2 

Also in this test, all the 6-OHDA-lnjected rats developed 
akmesla, adipsia and aphagia, and were supported by tube- 
feeding A test on catalepsla was performed 2 months after 
the operation by placing the rat 's front paws on a 65 mm high 
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T A B L E  1 

SPECIFIC DA FLUORESCENCE IN VARIOUS FOREBRAIN REGIONS OF RATS INJECTED WITH 6-OHDA INTO THE ASCENDING 
DA PATHWAYS IN EXPERIMENT 1 

Group Nucleus caudatus Nucleus accumbens Tuberculum olfactonum 
"dtffuse . . . .  dotted . . . .  ddt~use . . . .  dotted" 

Control 395 ± 8 (12) 320 - 16 (10) 619 ± 29 (12) 304 ± 52 (10) 594 --- 32 (11) 
6-OHDA 53 ± 15" (7 )  56 ± 13" (6 )  263 ---71" (6 )  76 ± 19" (6 )  222 _+56" (6 )  

% of control 13 4 17 5 42 5 25 0 37 4 

The values are expressed m arbitrary fluorescence umts (means _ SEM, n) For explanation of dotted and diffuse types of 
DA fluorescence see refs [23,35] 

*p<0 001 compared to control, Mann-Whitney U test, one-tailed 
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FIG 3 Effect of apomorplune on ethanol intoxication as evaluated 
m the tilting-plane test in control rats and in rats that had received 
mjecUons of 6-OHDA close to the ascending DA pathways 
Apomorphme (A, 0 05 mg/kg, SC) or an equal volume of 0 9% sahne 
(S) was rejected simultaneously with a dose of 2 g/kg IP of ethanol 

The results are expressed as m F]g 2 
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FIG 2 Effect of a 6-OHDA-mduced lesion of the ascending DA 
pathways on ethanol intoxication m the rat as evaluated m the 
tilting-plane test Ethanol was admimstered m a dose of 2 g/kg IP 
Each point represents the mean impairment of performance in per- 
cent of the value (= sine of the shdmg angle) obtained before ethanol 
treatment Means __ SEM are shown A profile analysis [33] re- 
vealed a highly slgmflcant difference in the level of performance 

between the groups (t=5 513, df=26, p<0  001) 

block using a cu tof f  t ime o f  300 sec.  The 6 -OHDA-t rea ted  
ammals  s tayed  m th~s posi t ion for  122 _ 24 sec 
(mean _+ SEM),  whale the controls  s tayed  only 5 --+ 2 sec 
( t=3  810, d r=24 ,  p < 0  001). 

Ethanol lntoxwatton 

The effects  o f  the lesions on e thanol  intoxicat ion are 
shown  in Fig 2. The e thanol - reduced  impai rment  of  per-  
f o rman ce  in the tiltang-plane tes t  in the 6 -OHDA-t rea ted  
group was  significantly less than in the cont ro ls  th roughout  
the expe r imen t  There  was  no di f ference  m the  pe r fo rmances  
o f  the 6 -OHDA-t rea ted  group (59 --- 1 degrees ;  mean  _ 
SEM) and of  the control  group (58 -+ 2 degrees)  in this test  
before  e thanol  t r ea tment  The b lood e thanol  concen t ra t ions  
of  the 6-OHDA-in jec ted  rats  (38.5 --+ 2 6 m M ;  mean  _-. SEM) 
were  not  significantly &fferen t  f rom those  of  the controls  
(34 6 -+ 0.9 mM).  

The effects  o f  apomorph ine  on the t i l t ing-plane perform-  
ance  m both  the contro l  and 6 -OHDA-t rea ted  rats  are shown 
m F~g. 3 In ag reemen t  w~th the resul ts  f rom the first  tes t  
( shown in Fig 2) the  6 -OHDA-t rea ted  animals showed  less 
lmpmrment  o f  pe r fo rmance  f rom ethanol  than did the  con- 
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T A B L E  2 

ETHANOL-INDUCED NARCOSIS AND HYPOTHERMIA IN DA LESIONED AND 
CONTROL ANIMALS 

Parameters Control group 6-OHDA group 

Narcosis txme (mln) 184 ± 15 (12) 217 -+ 15 (18) 

Blood ethanol 
concentration (raM) 88 3 ± 1 6 (12) 85 7 _+ 1 3 (18) 

Maximal hypothermla (°C) 2 9 ± 0 2 (12) 3 1 ± 0 1 (16) 

Means ± SEM and n are given For detads see material and methods 
section 

T A B L E  3 

SPECIFIC DA FLUORESCENCE IN VARIOUS FOREBRAIN REGIONS OF RATS INJECTED WITH 6-OHDA INTO THE ASCENDING DA 
PATHWAYS IN EXPERIMENT 2 

Group Nucleus caudatus Nucleus accumbens Tuberculum olfactorium 
"diffuse . . . .  dotted . . . .  diffuse . . . .  dotted . . . .  dtffuse . . . .  dotted" 

Control 214 _+ 14(9)  308 ± 15(9)  162 ± 11 (8 )  395 ± 31 (9 )  168 _+ 16(8)  307 ± 24 (8 )  
6-OHDA 7 ± 2* (12) 13 ± 1" (13) 14 ± 2* (13) 38 ± 17" (13) 27 ± 4* (12) 37 ± 11" (13) 

% of control 3 3 4 2 8 6 9 6 16 1 12 1 

The values are expressed in arbitrary fluorescence units (mean ± SEM, n) For explanation of dotted and diffuse types of DA fluores- 
cence see refs [23, 35] 

*p<0 001 compared to control, Mann-Whitney U test, one-tailed 

T A B L E  4 

SPECIFIC CA FLUORESCENCE IN VARIOUS HYPOTHALAMIC REGIONS OF RATS INJECTED WITH 6-OHDA INTO THE ASCENDING DA 
PATHWAYS IN EXPERIMENT 2 

Group SEL MPZ LPZ PV II DM PV I PA FP PA FM 

Control 33 ± 2 ( 9 )  6 5 _  4 ( 9 )  85-+ 2 ( 9 )  23 _+ 1 (8 )  41 ± 2 ( 8 )  27 ± 1 ( 8 )  45 ± 2 ( 8 )  51 _+ 2 ( 8 )  
6-OHDA 34±  1(14) 59±  3(14) 83 ± 2(14) 22 ± t(14) 43 ± 2(14) 29-+ 1(15) 4 9 ±  1 (15) 55 ± 2(15) 

% of control 103 91 98 96 105 107 109 108 

The fluorescence values are expressed in arbitrary fluorescence units (means -+ SEM, n) 
In the statlsttcal analysis a Mann-Whttney U test was used SEL=subependymal layer of the median eminence (ME), MPZ=medml 

palisade zone of the ME, LPZ=lateral palisade zone of the ME, PV II=postenor penventncular hypothalamic region, DM=dorsomedial 
hypothalamlc nucleus, PV I =antenor perlventrlcular hypothalamlc region, PA FP=parvocellular paraventncular hypothalamlc nucleus, PA 
FM=magnocellular paraventncular hypothalamic nucleus 

trois,  m fact ,  the les ioned animals showed  no lmpmrment  
Apomorph lne  m the dose  used  had no effect  on pe r fo rmance  
after  e thanol  admlmstra t lon  in the vehicle  rejected controls  
or m the 6 -OHDA group 

Ethanol-Induced Narcosis and Hypothermta 

As shown in Table 2, the durat ion of  the e thanol - reduced  
narcosis  was  not  slgmficantly increased  by e thanol  The 
blood ethanol  concen t r a tmns  at the u m e  of  righting reflex 
recovery  were  not  s~gmficantly different  Also the maximal  
decrease  m body  t empera tu re  was  similar in the two groups 

Quantttattve Mwrofluortmetry of CA Fluorescence m the 
Forebram and the Hypothalamua 

The quant i ta t ive m~crof luonmetncal  analysis o f  DA 
f luorescence  in the forebraln  of  rats killed 4 months  af ter  
opera t ion  revealed  a very marked degenera t ,on  of  the DA 
sys tems  in all forebraln  areas analyzed (Table 3) The spe- 
cific DA f luorescence  that  remained was  only 3 3 to 16 1% of  
the control  group mean  value, the effects  being most  pro-  
nounced  m the nucleus caudatus  The DA cell bodies  (A8-  
A10, see ref  [16]) m the mldbram had a lmost  comple te ly  
d , sappeared  m the 6 -OHDA-t rea ted  group,  probably  via a 
re t rograde cell body  degenera t ton  Various types  of  
hypothalamlc  DA and N A  nerve  terminals  were  unaffec ted  
by the 6 -OHDA-mduced  lesions of  the fo rebram (Table 4) 



EFFECTS OF ETHANOL IN 6-OHDA TREATED RATS 607 

DISCUSSION 

The results of Experiment 1 show that m spite of substan- 
hal degeneration of ascending dopamlne pathways that in- 
nervate the nucleus accumbens, the tuberculum olfactonum 
and the nucleus caudatus, no change in alcohol intake was 
seen 5 weeks following the operation at a t~me when the rats 
had recovered from aphagla and adlpsm This finding may 
suggest that the ascending DA neurons are not important for 
the central control of alcohol intake m rats This view is 
supported by previous work [6,9] showing that rats receiving 
mtraventncular rejections of 6-OHDA in combination with 
pargyhne and the NA uptake blocking agent deslpramme did 
not reduce the ethanol intake s~gnificantly In contrast, rats 
having deficits in both brain noradrenaline and dopamme wa 
combined treatment with 6-OHDA and pargyhne showed a 
slgmficant reduction in ethanol retake On the basis of these 
findings the authors concluded [6,9] that brain noradrenalme 
Js more important than dopamme for the regulation of volun- 
tary retake of ethanol in rats (see also Ref [30]), which is 
also supported by our earlier findings that partial depletion of 
forebram noradrenalme causes an increase m ethanol intake 
[27] Finally, on the basis of Experiment 2, it is unlikely that 
the hypothalamlc NA nerve terminals were lesioned in the 
present study, suggesting that the ascending DA pathways 
were selectively lesioned 

A role for the DA neurons m ethanol intake cannot, how- 
ever, be excluded The fact that the rats were no longer 
ad~psic or aphag~c shows that functional recovery must have 
occurred It has been suggested that the surviving CA 
neurons are able to compensate for the 6-OHDA-mduced 
losses of CA nerve cells [39] A compensatory enhancement 
of dopamme turnover occurs in the remaining dopamme 
neurons [1] and receptor supersensltlwty develops [32,41] 
The transfer of function of the damaged pathways to other 
types of nerve cells w~th another transmitter IS also a possi- 
ble compensatory mechanism [39] Perhaps these or other 
compensatory processes in the bram are responsible for the 
findmg that no change in alcohol consumption was seen five 
weeks after the operation Thus, it is still possible that the 
destruction of the DA pathways led to an early effect on 
alcohol intake, which was missed because of the motor defi- 
o t s  found during this period 

Although destruction of the ascendmg dopamme path- 
ways did not affect ethanol consumpaon in Experiment 1, a 
similar les~on in Experiment 2 markedly inhibited ethanol 
intoxication m rats measured with the tilting-plane test This 
cannot be explained in terms of a difference m the blood 
ethanol concentration, since th~s was s~mdar in both groups 
at the end of the experiment The motor impairment found in 

the lesioned animals is hkewise an improbable explanahon, 
because no dtfference was found in the performance before 
ethanol treatment and hence the 6-OHDA treated animals 
performed better after ethanol intoxication. It has been 
found that aklnetlc animals when stimulated sufficiently, as 
in an underwater swimming maze [37], are able to perform 

A relationship between ethanol and the dopamine sys- 
tems has previously been suspected. An acute admimstra- 
t~on of ethanol has been shown to activate central 
dopammerglc neurons [10, 13, 26] It may therefore be 
speculated that the dopamlnergic neuron systems are in- 
volved in expression of the effects of an acute dose of 
ethanol and that the lesion therefore reduces the expression 
of intoxication In hne with this mterpretatlon is the finding 
that apomorphme increased the intoxicating effects of 
ethanol in man [3], and the fact that the 6-OHDA-treated rats 
mmntained their akinetlc state throughout the experiment, 
indicating no recovery of function m the ascending DA 
pathways 

Other transmitter systems may also play a role in the 
expression of the actions of acute ethanol treatment m the 
present experiments Thus, GABA neurons may also be in- 
volved, because a gabaerglc drug, amlnooxyacetlc acid, 
enhances and a GABA antagonist, blcuculhne, diminishes 
ethanol intoxication in rats [25] Furthermore, ethanol- 
reduced locomotor stimulation is suppressed by GABA-hke 
drugs [15] 

The present findings that the duration of ethanol-reduced 
narcosis and the ethanol-induced hypothermia were not af- 
fected, are somewhat contradictory to prewous results Pro- 
longed ethanol-induced narcosis m mice has been reported 
after treatment with c~-methyl-p-tyrosine [ 19], and a reduced 
duration of narcosis after d-amphetamine [ 19] or amantadme 
[31] treatment It therefore remains to be determined 
whether or not DA is mvolved in these effects of ethanol 

In conclusion, the present results suggest that the ascend- 
ing DA systems to the forebraln are not ~mportant for the 
central control of voluntary ethanol intake m rats A role of 
the ascending mesotelencephallC DA systems m the ethanol- 
induced impairment of motor coordination is, however, 
suggested based on the finding that selective degenerahon of 
these neurons decreases the intoxicating effects of ethanol in 
the tilting-plane test 

ACKNOWLEDGEMENTS 

Supported in part by a grant (04X-715) from the Swedish Medical 
Research Council We wish to thank Merck, Sharp and Dohme for 
their donation of protnptyhne 

REFERENCES 

1 Agld, Y,  F Javoy and J Glowmskl Hyperactivity ofremalmng 
dopammerglc neurons after partial destruction of the nlgro- 
stnatal dopammerglc system in the rat Nature, Lond 245: 
150-151, 1973 

2 Ahtee, L and K Enksson Dopamlne and noradrenahne con- 
tent m the brain of rat strains selected for their alcohol intake 
Acta physlol scand 93: 563-565, 1975 

3 Alkana, R L ,  T A Wllhngham, H B Cohen, E S Parker and 
E P Noble Apomorphlne and amantadme interaction with 
ethanol in humans Fedn Proc 36: Abs 322, 1977 

4 And6n, N -E , A Dahlstrom, K Fuxe, K Larsson, L Olsson 
and U Ungerstedt Ascending monoamlne neurons to the 
telencephalon and dlencephalon Acta phystol scand 67: 313- 
326, 1966 

5 Amlt, Z ,  Z W Brown, D E Levltan and S-O Ogren Norad- 
renergic mediation of posluve reinforcing properties of ethanol 
1 suppression of ethanol consumption in laboratory rats follow- 
mg dopamlne-beta-hydroxylase inhibition Archs tnt Phar- 
macodyn ThOr 230: 65-75, 1977 



608 K I I A N M A A ,  A N D E R S S O N  A N D  F U X E  

6 Amlt, Z ,  D E Lewtan, Z W Brown and E A Sutherland 
Catecholammerglc mvolvement in alcohol's rewarding proper- 
Ues lmphcatlons for a treatment model for alcohohcs In Ad- 
vances m Expertmental Medwtne and Biology Btologtcal Aa- 
pects of  Ethanol Ilia, Vol 85A, edited by M M Gross New 
York Plenum Press, 1977, pp 485-494 

7 Amlt, Z ,  R G Meade and M E Corcoran The lateral 
hypothalamus, catecholammes and ethanol self-administration 
In Advances tn Experimental Medtclne and Biology Alcohol 
lntoxlcatton and WtthdrawaIH, Vol 59, edited by M M Gross 
New York Plenum Press, 1975, pp 311-321 

8 Arvola, A ,  L Sammahsto and H Wallgren A test for level of 
mtox,catlon m the rat Q J! Stud Alcohol 19: 563-572, 1958 

9 Brown, Z W and Z AmR The effects of select,ve 
catecholamlne depletions by 6-hydroxydopamme on ethanol 
preference m rats Neurosct Lett 5: 333-336, 1977 

I0 Bustos, G and R H Roth Effeet ofacuteethanoltreatmenton 
transmitter synthes|s and metabolism in central dopammerglc 
neurons J Pharm Pharrnac 28: 580-582, 1976 

11 Carlsson, A and M Lmdqvlst Effect of ethanol on the hy- 
droxylat,on of tyrosme and tryptophan m rat brain tn vtvo J 
Pharm Pharmac 25: 437--440, 1973 

12 Carlsson, A ,  J Engel and T H Svensson Inhibition of 
ethanol-reduced excitation m m~ce  and rats by a- 
methyl-p-tyroslne Psychopharmacologla 26: 307-312, 1972 

13 Carlsson, A ,  T Magnusson, T H Svensson and B Waldeck 
Effect of ethanol on the metabohsm of brmn catecholammes 
Psychopharmacologta 30: 27-36, 1973 

14 Corrod,, H ,  K Fuxe and T Hokfelt The effect of ethanol on 
the acUv~ty of central catecholamlne neurones m rat brain J 
Pharm Pharmac 18: 821-823, 1966 

15 Cott, J ,  A Carlsson, J Engel and M Lmdqvlst Suppressmn of 
ethanol-induced locomotor stimulation by GABA-hke drugs 
Naunyn-Schrmedeberg~ Arch exp Path Pharmak 295: 203- 
209, 1976 

16 Dahlstrom, A and K Fuxe Ewdence for the existence of 
monoamlne-contmmng neurons m the central nervous system 
I Demonstration of monoammes in the cell bod,es of brain stem 
neurons Acta phystol scand 64 Suppl 232 1-55, 1964 

17 Emarsson, P ,  H Hallman and G Jonsson Quanutat~ve m~cro- 
fluonmetry of formaldehyde reduced fluorescence of dopamme 
in the caudate nucleus Med Btol 53: 15-24, 1975 

18 Engel, J , U Strombom, T H Svensson and B Waldeck Sup- 
presslon by a-methyl-tyrosme of the ethanol-reduced locomotor 
stimulation partial reversal by l-dopa Psychopharmacologta 
37: 275-279, 1974 

19 Enckson, C K and J M Matchett Correlauon of brain amine 
changes with ethanol-induced sleep-time m mice In Advances 
tn Experlrnental Medtclne and Btology Alcohol lntoxtcatton 
and Wtthdrawal H, Vol 59, edited by M M Gross New York 
Plenum Press, 1975, pp 419-430 

20 Enksson, C J P Ethanol and acetaldehyde metabohsm m rat 
straans genetically selected for their alcohol preference 
Btochem Pharmac 22: 2283-2292, 1973 

21 Enksson, K Factors affecting voluntary alcohol consumption 
in the albino rat Ann Zool fenn 6: 227-265, 1969 

22 Evetts, K D and L L Iversen Effects of protrlptyhne m 
6-hydroxydopamme reduced depict,on of catecholammes m the 
rat brain J Pharm Pharmac 22: 540--543, 1970 

23 Fuxe, K ,  T Hokfelt, L Olson and U Ungerstedt Central 
monoammerg~c pathways w~th emphas,s on their relation to the 
so-called 'extrapyram~dal motor system' Pharmac Ther B 3: 
16%210, 1977 

24 Hunt, W A and E Majchrowlcz Alterations m the turnover of 
brain noreplnepbrlne and dopamme m alcohol-dependent rats 
J Neurochern 23: 549-552, 1974 

25 Hakkmen, H - M  and E Kulonen Ethanol intoxication and 
3,-amino-butyric acid J Neurochem 27: 631-633, 1976 

26 Karoum, F ,  R J Wyatt and E Majchrow~cz Bramconcentra- 
ttons of blogenlc amine metabohtes m acutely treated and 
ethanol-dependent rats Br J Pharmac 56: 403-411, 1976 

27 Knanmaa, K , K Fuxe, G Jonsson and L Ahtee Evidence for 
involvement of central NA neurons m alcohol retake Increased 
alcohol consumptlon after degenerat,on of the NA pathway to 
the cortex cerebra Neurosct Lett 1.41-45, 1975 

28 Konlg, J F R and R A Khppel The Rat Bratn A Stereota~tc 
Atlas of  the Forebratn and Lower Parts o f  the Bratn Stem 
BalUmore Wdhams and Wllkms, 1963 

29 Lofstrom, A , G Jonsson, F - A  Wlesel and K Fuxe Mlcro- 
fluonmetnc quantRatlon of catecholamme fluorescence m rat 
median eminence II Turnover changes m hormonal states J 
Htsto~hem Cytochem 24: 430--42, 1976 

30 Melchior, C L and R D Myers Genetic differences m ethanol 
dnnkmg of the rat following reJect,on of 6-OHDA, 5,6-DHT or 
5,7-DHT into the cerebral ventricles Pharmac Btochem Be- 
hay 5" 63-72, 1976 

31 Messlha, F S Antagomsm of ethanoL-evoked responses by 
amantadme a possible chmcal apphcat,on Pharmac Btochem 
Behav 8: 573-577, 1978 

32 Mlshra, R K , E L Gardner, R Katzman and M H Makman 
Enhancement of dopamme stimulated adenylate cyclase act,v~ty 
m rat caudate after lesmns m substantm mgra evidence for 
denervatlon supersensltlwty Proc natn Acad Sct U S A 71 
3883-3887, 1974 

33 Momson, D F Multtvartate Stattstwal Methods New York 
McGraw-Hall, 1967, p 141 

34 Myers, R D and C L Melchior Alcohol drinking m the rat 
after destruction of serotonerg,e and catecholammerg~c neurons 
m the brain Res Communs chem Pathol Pharma~ 10" 363- 
378, 1975 

35 Olson, L , ~. Selger and K Fuxe Heterogeneity of stnatal and 
hmb,c dopamme mnervatton h,ghly fluorescent islands m de- 
veloping and adult rats Brain Re~ 44: 283-288, 1972 

36 Pohorecky, L A and L S Jaffe Noradrenerglc involvement m 
the acute effects of ethanol Res Communs ~hem Pathol 
Pharmac 12: 433-447, 1975 

37 Ranje, C and U Ungerstedt High correlation between number 
of dopamlne cells, dopamme levels and motor performance 
Bratn Re~ 134: 83-93, 1977 

38 Richardson, J S and D M Novakovskl Brain monoammes 
and free chmce ethanol consumption m rats Drug AIc Depend 
3: 253-264, 1978 

39 Strlcker, E M and M J Zlgmond Recovery of function after 
damage to central catecholamlne-contammg neurons a 
neurochemlcal model for the lateral hypothalam,c syndrome 
In Progre~ tn Psvchobtologv and Phvstologlcal Ps w hologv, 
Vol 6, edtted by J M Sprague and A N Epstein New York 
Academic Press, 1976, pp 121-188 

40 Ungerstedt, U Stereotax~c mapping of the monoamme path- 
ways m the rat brain A~ta phvstol scand, 3uppl 367: 1-48, 
1971 

41 Ungerstedt, U Postsynapttc supersenslt,vlty after 6-hydroxy- 
dopamme-mduced degeneration of the mgro-strlatal dopamlne 
system Acta phvstol scand , Suppl 367: 6%93, 1971 


