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MYERS, R. D. AND C. L. MELCHIOR. Differential actions on voluntary alcohol intake of  tetrahydroisoquinolines or a 
#-carboline infused chronically in the ventricle of  the rat. PHARMAC. BIOCHEM. BEHAV. 7(4) 381-392, 1977. - The 
alcohol drinking pattern of rats of the Sprague-Dawley strain was determined initially in a free-choice situation where 
water was offered simultaneously with a solution of alcohol, which was increased in concentration from 3 to 30% over a 
12-day interval. A special cannula for the chronic infusion of drugs was implanted subsequently in the lateral cerebral 
ventricle of each animal. Then, one of four tetrahydroisoquinolines (TIQ) or a 13-carboline (tryptoline) was infused directly 
into the ventricle in a dose ranging from 0.0004-4.0 ~tg per 4.0/A. Each amine-aldehyde metabolite, dissolved in a CSF 
vehicle, was delivered over a 58 sec interval every 30 rain around the clock throughout a second 12-day alcohol preference 
test. Control infusions of CSF failed to alter the typical aversion to alcohol exhibited by this strain. TIQ itself, infused 
similarly into the brain, was also without effect. The chronic intraventrieular infusion of 1-methyl-3-carboxy-6,7- 
dihydroxy-TIQ (1M-3C-6,7DHTIQ) or 4,6,7-trihydroxy-TIQ (4,6,7 THTIQ) produced only a moderate increase in 
voluntary alcohol intake in terms of both the proportion measure and absolute grams of alcohol ingested. However, 
salsolinol, 6-methoxy-4,7-dihydroxy-TIQ (6M-4,7DHTIQ) and tryptoline all evoked a significant enhancement in the rats' 
alcohol preference within 2 to 6 days of the start of the infusions. When a solution of alcohol was offered to the rats in the 
upper range of concentrations, (i.e., 11 to 30%) the amount of alcohol consumed often reached 10 g per kg per day and in 
some animals exceeded 15 g per kg per day. Symptoms of intoxication and withdrawal were noted in many of the animals 
during the course of the infusion of a TIQ or #-carboline. Upon retest for alcohol preference 30 days later, the rats ~ 
exaggerated self-selection of alcohol persisted even though the chronic infusions of the amine metabolite had ceased. These 
findings provide further support for the theory that a family of specific alkaloid conjugates acting within the brain are 
involved in the etiology of the abnormal drinking of alcohol. 
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THE metabol i t es  pos tu la ted  to  be fo rmed  in a potent ia l ly  
eff icacious a m o u n t  by a condensa t ion  of  an amine and 
a ldehyde  af ter  a lcohol  is ingested have been  impl ica ted  in 
the: b iochemical  mechan i sm under ly ing  a lcohol  add ic t ion  
[4, 8, 23, 30 ] .  One of  the t e t r ahydro i soqu ino l ines  (TIQ) 
tha t  is p roduced  by the  Pic te t -Spengter  react ion,  te t ra-  
hydropapavero l ine  (THP),  induces  an exaggerated prefer-  
ence for  a lcohol  when  the  c o m p o u n d  is infused chronical ly  
in to  the  cerebral  ventricle of  the  rat [30] .  Should biological 
condi t ions  favor such a react ion,  several condensa t ion  
p roduc t s  o the r  than  THP may also be synthes ized  in vivo. 

As early as 1961, McIsaac [21] d e m o n s t r a t e d  tha t  a 

condensa t ion  p ro d u c t  derived f rom an indoleamine ,  a 
#-carboline,  can be de tec ted  in the urine of  the rat. 
Similarly, Cohen  and colleagues [4] have repor ted  that  TIQ 
derivatives of  no rep inephr ine  and ep inephr ine  are condens-  
ed wi th  ace ta ldehyde  or fo rma ldehyde  as the adrenal gland 
is per fused  wi th  these a ldehydes ,  or they  are found  in this 
gland fol lowing sys temic  inject ions of  me t hano l  [3] .  
Salsolinol, the condensa t ion  p ro d u c t  o f  dopamine  and 
ace ta ldehyde ,  has no t  only been ident i f ied in the urine of  
the human  [38] ,  but  also in the brain of  the  rat af ter  an 
in t raper i toneal  in ject ion of  pyrogallol  plus alcohol [6 ] .  In 
tissue slices or h o m o g e n a t e  of  rat brain, the uptake  of  a 
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catecholamine is inhibited by a TIQ derived from either 
dopamine or norepinephrine; serotonin uptake is similarly 
prevented by a t3-carboline [1, 5, 14, 17, 40] .  The neuronal 
effects exerted by these metabolites in vivo and in vitro 
include the retardation of the degradation of a biogenic 
amine [2,7],  their uptake into nerve terminals [20, 32, 39] 
and their action in releasing the endogenous amine [ 14,35]. 

Overall, however, there is no direct evidence at present 
to suggest that a condensation product other than THP acts 
in the CNS to augment the voluntary selection of alcohol. 
For example, when a #-carboline is injected systemically, 
the amount of 4% alcohol consumed by a rat is reduced 
[12]. The purpose of the present study was to determine 
whether the chronic exposure of the brain to specific TIQs 
and a ~-carboline would alter the pattern of a rat's alcohol 
intake. In these experiments, 1,2,3,4-TIQ or one of five 
monoamine-aldehyde condensation products was infused 
chronically into the ventricle of the rat while it had the 
choice of alcohol or water in its cage. The metabolites 
infused were 1-methyl-6,7-dihydroxy-TIQ (salsolinol); 
4,6,7-trihydroxy-TIQ (4,6,7THTIQ); l-methyl-3-carboxy- 
6,7-dihydroxy-TIQ (1M-3C-6,7DHTIQ); 6-methoxy-4,7-  
dihydroxy-TIQ (6M-4,7DHTIQ); and 1,2,3,4-tetrahydro-~- 
carboline (tryptoline). Individual patterns of alcohol self- 
selection were obtained not only during 12 days of chronic 
ventricular infusion, but also following a 30-day interval so 
that the longevity of a metabolite 's initial action could be 
ascertained. 

METHOD 

Male rats of the Sprague-Dawley strain weighing 
300 -500  g were housed in individual cages. They were 
maintained on powdered Wayne Lab Blox and kept on a 12 
hr l ight-dark cycle at an environmental temperature of 
21-23°C.  Each rat's volitional selection of alcohol was 
tested by a standard three-bottle, two-choice technique 
[29]. For this procedure, three calibrated 100 ml Kimax 
drinking tubes were attached to the front of an animal's 
cage with one tube containing a solution of alcohol which 
was increased in concentration on successive days as 
follows: 3, 4, 5, 6, 7, 9, 11, 13, 15, 20, 25 and 30%. Each 
volume/volume solution was prepared in deionized water 
with 95% ethanol. The second tube was filled with wateL 
whereas the third tube served as a dummy and was empty. 
The position of the three tubes was interchanged on each 
day according to a predetermined schedule so that the rat 
did not develop a position habit. 

Chronic Infusion Procedure 

Following its 12-day alcohol preference test, each rat 
was anesthetized with sodium pentobarbital and placed in a 
stereotaxic instrument in the DeGroot  orientation. Follow- 
ing standard procedures [25],  a 20 ga guide tube which 
extended through the base of a Khavari swivel [18] was 
implanted above the lateral cerebral ventricle at the 
coordinates of AP +5.8, Lat 1.5 and Hor +3.0. After 2 days 
had elapsed, a 27 ga injector needle was inserted through 
the guide tube so that the tip rested in the ventricle. The 
injector needle was held snugly in place by a cap in such a 
way that it rotated freely within the guide tube; thus, the 
rat had complete freedom of movement throughout the 
experiment [18]. As described earlier [27 ], the needle was 
connected via PE tubing to a syringe mounted on a chronic 
infusion pump. 

Each of the compounds used for infusion was dissolvec 
in an artificial cerebrospinal fluid (CSF) which consisted o: 
7.46 g NaC1, 0.19 g KC1, 0.14 g CaCI~ (anhydrous), anc 
0.19 g MgC12 .6 H 20  per liter of glass distilled water [26] 
In order to retard the degradation of the alkaloids, the pE 
of the solution was lowered to 3.8 with the addition of 0.1 
mg/ml of ascorbic acid. After preparation in pyrogen-frec 
glassware, each solution was passed through a 0.22 urr 
Swinnex millipore filter. The infusion pump was pro- 
grammed so that the substances were delivered automati- 
cally into the rat's lateral ventricle in a 4.0 ul volume every 3C 
min, during the 12-day alcohol preference sequence. The 
compounds thus infused were : 1-methyl-6,7-dihydroxy-1,2, 
3,4-tetrahydroisoquinoline hydrobromide (salsolinol); 1 
m ethyl-3-carboxy-6,7-dihydroxy- 1,2,3,4-tetrahydroisoquin 
oline hydrochloride (1M-3C-6,TDHTIQ); 4,6,7-trihydroxy 
1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  h y d r o c h l o r i d ~  
( 4 , 6 , T T H T I Q ) ;  6-methoxy-4,7-dihydroxy- 1,2,3,4-tetra 
h y d r o i s o q u i n o l i n e  h y d r o c h l o r i d e  (6M-4,7DHTIQ) 
1,2,3,4-tetrahydroisoquinoline (TIQ); or 1,2,3,4-tetra 
hydro-¢-carboline hydrochloride (tryptoline, TLN). Sal 
solinol was purchased from Sigma, TIQ from Aldrich ant 
TLN from K and K Laboratories, whereas the othe: 
compounds were generously provided by Dr. M. Collins o: 
Loyola University. For approximately one hour or less eact 
morning, each rat was disconnected from the chronic 
infusion system in order that the tubing-needle assembb 
could be flushed with the CSF vehicle and reloaded with 
freshly prepared solution. 

Taste Tests and Drinking Patterns 

Upon completion of their 12-day alcohol test sequence 
the rats in which 4.0 ug/ul of salsolinol or tryptoline hac 
been infused intraventricularly were given a choice of wate: 
and a constant concentration of either 25% or 15% alcoho 
for six days; again the third tube was empty. Following thi: 
interval, the empty drinking tube was replaced with om 
containing a solution of a palatable solution of Sustagez 
(Mead Johnson) which was isocaloric with the solution o 
alcohol presented to the animal. This combination of thre~ 
fluid choices was presented for four days, after which th~ 
Sustagen solution was removed and the empty tub~ 
replaced for an additional three days of testing. 

Drinkometer records, collected to indicate the tempora 
distribution of drinking over a 24-hour period, were alsc 
obtained for selected animals during a preference test fo  
25% solution of alcohol and water. Salsolinol in a dose o 
4.0 ug]4.0 ul had been infused intraventricularly in one ra 
during the initial 12-day alcohol preference sequence 
whereas in two other animals 4.0 ug/4.0 ul of tryptolin~ 
had been similarly injected. Drinkometer records were als( 
collected during the entire course of a second alcoho 
preference test for these three animals as well as for two 
rats infused with 0.04 ug/4.0 ul of tryptoline and one ra 
given 6M-4,7DHTIQ intraventricularly during the firs 
preference sequence. 

Behavioral Observations and Blood Alcohol Determinatiot 

Periodically throughout the day and night, routin( 
observations were made and signs of intoxication and/oJ 
withdrawal [ 1 1,1 5 ] were recorded. Symptoms of particulal 
significance included: "wet-dog shakes," tail stiffness 
hyperactivity, compulsive sniffing, weaving, ataxia, teetl~ 
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T A B L E 1  

THE MEAN PROPORTION OF ALCOHOL TO TOTAL FLUID INTAKE AND MEAN G OF ALCOHOL PER KG OF BODY WEIGHT 
CONSUMED BY EACH GROUP OF ANIMALS DURING THE ALCOHOL PREFERENCE TESTS GIVEN BEFORE (CONTROL) AND 

DURING THE INTRAVENTRICULAR INFUSION OF 4.0/~1 EVERY 30 MIN OF VARIOUS SOLUTIONS 

Dose Pre-Infusion Control During Infusion 
Solution (/~g/4.0/~l) N Proportion gm/kg Total Proportion gm/kg Total 

Fluid Fluid 

Salsolinol 4.0 4 0.18 0.7 34.0 0.72 4.9 38.0 

0.04 3 0.09 0.4 29.3 0.37 2.9 33.0 

IM-3C-6,7DHTIQ 4.0 3 0.37 1.3 30.7 0.64 3.5 35.3 

0.04 1 0.42 1.4 32.0 0.78 4.7 33.0 

4,6,7THTIQ 4.0 4 0.24 0.7 30.5 0.31 1.2 23.3 

0.04 4 0.20 0.6 27.8 0.40 1.9 38.3 

6M-4,7DHTIQ 4.0 1 0.50 2.2 33.0 0.60 5.0 35.0 

TIQ 4.0 3 0.31 1.0 29.0 0.41 2.0 29.0 

Tryptoline 4.0 4 0.16 0.8 34.3 0.58 6.0 52.0 

0.04 3 0.39 1.6 38.5 0.53 5.4 50.7 

0.0004 2 0.14 0.9 31.0 0.61 3.9 67.5 

CSF - -  3 0.32 1.3 34.0 0.08 0.6 50.0 

cha t t e r ing ,  b road-based  gait ,  gnawing,  i n c o o r d i n a t i o n ,  
twi tch ing ,  t r e m o r  or  convuls ions .  

Represen ta t ive  b l o o d  samples  were col lec ted  for  se lected 
rats  in the  m o r n i n g  hou r s  b e t w e e n  12 p .m.  and  3 a.m. 
dur ing  a peak  d r ink ing  per iod  a f te r  a lcohol  had  b e e n  
ingested dur ing  the  night .  Af te r  25 .0  ul of  b l o o d  were  t a k e n  
in a hepa r in i zed  capi l lary p ipe t t e  f r o m  the  t ip of  the  ra t ' s  
tail, t he  mod i f i ed  e n z y m a t i c  assay of  Roos  [37]  was used 
to  es t imate  the  level of  b l o o d  a lcohol .  

RESULTS 

A compos i t e  s u m m a r y  is p re sen ted  in Table  1 of  the  
ra t ' s  a lcohol  d r ink ing  in response  to  the  ch ron ic  in t raven-  
t r icular  i n fus ion  of  five TIQ c o m p o u n d s ,  the  #-carbol ine  
(TLN)  and  the  CSF con t r o l  vehicle.  The  resul ts  are 
expressed  in t e rms  of  means  of  the  p r o p o r t i o n  of  a lcohol  to  
t o t a l  f luid in take ,  the  ac tual  a m o u n t  of  a lcohol  c o n s u m e d  
in g per  kg, and  the  to ta l  f luid ingested (wa te r  plus a lcohol) .  
Values  for  the  12-day 3 to  30% a lcohol  p re fe rence  sequence  
pr io r  to  in fus ion  ( con t ro l )  as well as dur ing  the  12 days  of  
ch ron ic  in fus ion  also are given. 

The  grea tes t  increase in a lcohol  d r ink ing  was p r o d u c e d  
by  salsolinol  and  t r y p t o l i n e  w i th  a v i r tua l  seven-fold 
increase  in g per  kg in take  occur r ing  w i th  the  4 .0  ug dose of  
each c o m p o u n d .  Even the  in fus ion  of  the  lower  doses of  
these  two  me tabo l i t e s  caused a subs tan t i a l  e leva t ion  in 
a lcohol  inges t ion .  Dur ing  the  12 days of  ch ron ic  in fus ion ,  
the  rats  in b o t h  the  t r y p t o l i n e  and  con t r o l  g roups  increased 
the i r  to t a l  daily vo lume  in takes  by  as m u c h  as 12 to  35 ml ,  
bu t  there  were essent ia l ly  n o  s ignif icant  changes  in the  to ta l  
f luid in takes  in the  o t h e r  groups.  A l t h o u g h  the  o t h e r  TIQs 
also evoked  a rise in a lcohol  p re fe rence ,  th is  shi f t  was no t  as 

great  as t h a t  p r o d u c e d  by  salsolinol  or  #-carbol ine,  and  
seemed  to be d e p e n d e n t  u p o n  the  s t ruc tu ra l  con f igu ra t ion  
of  the  infused c o m p o u n d .  

Salsolinol 

The changes  in the  p re fe rence  for  a lcohol  dur ing  the  
in fus ion  of  e i the r  dose of  salsolinol given in the  4.0 ul 
vo lume  were s igni f icant ly  d i f fe ren t  ( p < 0 . 0 1 ,  N e w m a n -  
Keuls tes ts)  f r om the  CSF controls .  As i l lus t ra ted  in Fig. 1, 
t he  4 .0  ug dose of  salsolinol i nduced  a grea ter  shi f t  in 
p r o p o r t i o n  of  a lcohol  to  to ta l  f luid ingested t h a n  the  0 .04 
~tg dose (t = 3 .34 ; df = 1 1 ; p <  0.01 ). In  fact ,  it was no t  un t i l  
t he  s ix th  day of  ch ron ic  in fus ion  tha t  the  lower  dose of  
salsolinol  el ic i ted the  sharp  shif t  in a lcohol  dr inking.  

With  respect  to the  ac tual  in t ake  of  a lcohol ,  Fig. 2 shows 
t h a t  the  4 .0  ug group  cons i s t en t ly  d rank  close to 5 g per  kg 
per  day of  the  f luid,  or a grea ter  a m o u n t  t h r o u g h o u t  the  
course  of  the  12-day pre fe rence  sequence .  A l t h o u g h  the  
-differences be tween  the  doses were s ignif icant  (t  = 3.01 ; df  
= 11 ; p < 0 . 0 1 ) ,  the  lower  dose of  salsolinol  did no t  increase 
the  in take  to a co r r e spond ing  level un t i l  the  l a t t e r  ha l f  of  
the  sequence  when  the  h igher  c o n c e n t r a t i o n s  of  a lcohol  
were offered.  

U p o n  re-test  30 days af te r  the  ch ron ic  in fus ions  of  the  
4 .0  ug dose of  salsolinol  had  been  t e r m i n a t e d ,  the  rats  
never the less  exh ib i t ed  a near ly  ident ical  p a t t e r n  of  a lcohol  
dr inking.  Figures  3 and  4 p resen t  the  c o n c o r d a n t  values for  
the  p r o p o r t i o n  of  a lcohol  to  to t a l  f luid as well as the  ac tua l  
in t ake  in t e rms  of  g per  kg dur ing  the  repea ted  12-day 
sequence .  This  resul t  shows t ha t  the  ef fec t  of  salsolinol  on  
the  in te rna l  s t ruc tu res  of  the  bra in  persists long af te r  the  
exposure  to  the  c o n d e n s a t i o n  p r o d u c t  is d i scon t inued .  
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FIG. 1. The proportion of alcohol (ETOH) to the total fluid intake 
(alcohol plus water) plotted against the concentration of alcohol 
offered on each day. An infusion in a volume of 4.0 #1 of CSF (N = 
3), of 4.0 #g (N = 4) or of 0.04 #g (N = 3) of salsolinol was given 

every 30 min throughout the 12 days. 
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concentration of alcohol offered during the chronic infusions of 
CSF or salsolinol for the three groups of rats as described in Fig. 1. 
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1-methyl-3-carboxy-6, 7-dihydroxy-TIQ (1M-3C-6, 7-DHTIQ) 

As presen ted  in Table  1, the  an imals  in which  0.04 or 
4 .0  ug per  30 min  of  1M-3C-6,7-DHTIQ was infused 
in t raven t r i cu la r ly  c o n s u m e d  more  a lcohol  t han  the  con t ro l  
animals  given the  CSF vehicle.  Figure 5 i l lus t ra tes  the  
p r o p o r t i o n  curve for  the  th ree  rats  in which  the  h igher  close 
was infused.  Dur ing  the  first six days of  the test  sequence 
dur ing  which  the  3 - 9 %  c o n c e n t r a t i o n s  of  a lcohol  were  
offered,  near ly  the  ent i re  fluid in take  was in the  fo rm of  
alcohol.  

As p o r t r a y e d  in Fig. 6, the  co r re spond ing  in take  of  
a lcohol  in g per  kg genera ted  a s o m e w h a t  unusua l  pa t t e rn .  
A progressive increase in a lcohol  c o n s u m p t i o n  occur red  
over  the  first six days,  t h r o u g h  the  9% c o n c e n t r a t i o n ,  and  
t hen  this  s tabi l ized at  a b o u t  4.2 g per  kg for  several days. 
Dur ing this  interval ,  each animal  d r ank  5.0 g pe r  kg or more  
on  at least  one  day of  the  p re fe rence  tes t  sequence.  

4, 6, 7-Trihydroxy-TIQ (4, 6, 7-THTIQ) 

The chron ic  in t r aven t r i cu la r  in fus ion  of e i the r  4 .0  or  
0 .04 ug of  4 ,6 ,7 -THTIQ caused very l i t t le  change in a lcohol  
select ion.  As s h o w n  in Fig. 7, the  p r o p o r t i o n a l  in take  of  
b o t h  groups of  rats  bare ly  exceeded  the  0.5 p r o p o r t i o n  
value dur ing  the  init ial  par t  of  the  p re fe rence  test .  
Thereaf te r ,  the  p r o p o r t i o n  a p p r o x i m a t e d  t ha t  of  the  
con t ro l  group.  Overall,  there  were no  s tat is t ical  d i f ferences  
be tween  the  curves of p r o p o r t i o n  for  these  th ree  groups.  

As dep ic ted  in Fig. 8, the  g per  kg in take  of  the  rats  
given the  h igher  dose of 4 ,6 ,7 -THTIQ never  rose above  the  
2.4 g pe r  kg level. F r o m  this  peak value recorded  on  the  
f i f th  day of  the  test  sequence,  the  c o n s u m p t i o n  of  a lcohol  
fell to  a level of  a p p r o x i m a t e l y  1.0 g per  kg for  the  
r ema inde r  of  the  preference  test.  Again, the  d i f ferences  
were no t  s ignif icant .  I t  should  be n o t e d  tha t  the  sl ightly 
h igher  a lcohol  in take  of the  four  ra ts  which  received the  
lower  dose of  4 ,6 ,7 -THTIQ was a t t r i b u t e d  to the  dr ink ing  
response  of  one  animal .  In this  case, the  rat  d isplayed the  
progressive increase in a lcohol  c o n s u m p t i o n  typical  of  the  
o the r  alkaloids in t ha t  a mean  of  6.0 g per  kg of  a lcohol  was 
ingested dur ing  the  la t te r  ha l f  of  the  p re fe rence  session. 
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FIG. 5. The proportion of alcohol to total fluid intake plotted 
against the concentration of alcohol offered on each day. An 
infusion in a volume of 4.0 #1 of CSF (N = 3) or 4.0 #g of 
1M-3C-6,7DHTIQ (N = 3) was given every 30 min during the 12 

days. 
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CSF or of 1M-3C-6,7DHTIQ for the two groups of rats as described 

in Fig. 5. 
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FIG. 8. G alcohol per kg of body weight consumed at each 
concentration of alcohol offered during the chronic infusions of 
CSF or of 4,6,7THTIQ for the three groups of rats as described in 

Fig. 7. 

6-Methoxy-4, 7-Dihydroxy-TIQ (6M-4, 7DHTIQ) 

Of the  th ree  ra ts  in  which  a 4 .0  ug dose of  6M- 
4 , 7 D H T I Q  was infused in t raven t r i cu la r ly ,  in on ly  one  
an imal  (Table  1) did this  TIQ pene t r a t e  the  ven t r i cu la r  
cavi ty as revealed by  the  dye ver i f ica t ion  analysis  [ 2 7 ] .  The  
relat ively h igh p re in fus ion  con t ro l  values for  its p r o p o r t i o n  
and  g in take  was e n h a n c e d  subs tan t ia l ly  by  the  in fus ion  of  
the  TIQ derivative.  Fig. 9 (TOP)  shows  t ha t  the  p r o p o r t i o n  
of  a lcohol  c o n s u m e d  was sus ta ined  at the  0.5 level or 
greater  t h r o u g h o u t  the  last  10 days of  the  p re fe rence  
sequence  (5% t h r o u g h  30% concen t r a t i ons ) .  In con t r a s t  to  
the  p re - in fus ion  con t ro l  test ,  the  s teady  rise in a lcohol  
c o n s u m p t i o n  is i l lus t ra ted  in Fig. 9 (BOTTOM).  Of  in te res t  
here  is the  fact  t h a t  a l t hough  the  mean  in take  of  a lcohol  for  
the  first  ha l f  of  this  tes t  sequence  was 2.8 g per  kg, the  
average over  the  last  six days was 7.2 g per  kg wi th  a level 
of  9.1 g per  kg of  the  30% so lu t ion  c o n s u m e d  on  the  f inal  
tes t  day.  When  so lu t ions  of  35,  40 ,  45 and  50% were 
of fe red  (no t  shown) ,  the  an imal  c o n t i n u e d  to dr ink  a lcohol  
in the  same a m o u n t ,  i.e., 8.3, 7.2, 5.6 and  10.3 g per  kg, 
respect ively.  

Tetrahydroisoquinoline (TIQ ) 

In th ree  rats  in which  a 4 .0  ug dose of TIQ was infused 
chron ica l ly  in to  the  cerebral  ventr ic les ,  t he re  were n o  
n o t e w o r t h y  changes  in a lcohol  dr inking.  As s h o w n  in Table  
1, on ly  a sl ight increase  above  the  pre- infus ion  level 
occur red  in t e rms  of  b o t h  p r o p o r t i o n  and  g per  kg. 

Figure 10 reveals t h a t  dur ing  the  i n t e rmed ia t e  stage of  
TIQ infus ion ,  the  p r o p o r t i o n a l  in t ake  surpassed the  0.5 
value at  the  7%, 9% and  11% c o n c e n t r a t i o n s  of a lcohol .  
This t r ans i to ry  p re fe rence  is l ikewise re f lec ted  in the  g per  
kg measures ,  for  the  same days, as p o r t r a y e d  in Fig. 11. 
Over days, however ,  the  changes  in a lcohol  c o n s u m p t i o n  
were n o t  s ta t is t ical ly  s ignif icant .  

Tryptoline (TLN) 

Of the  group of  amine -a ldehyde  c o n d e n s a t i o n  p r o d u c t s  
t e s t ed  in these expe r imen t s ,  the  t~-carboline, t ryp to l ine ,  
exe r t ed  an exceedingly  p o t e n t  e f fec t  on  the  a lcohol  
c o n s u m p t i o n  of  the  rat .  In fused  chronica l ly  in to  the  
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concentration of alcohol offered to Rat No. 117 before infusion 
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12-day preference test. 
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FIG. 10. The proportion of alcohol to total fluid intake plotted 
against the concentration of alcohol offered during the chronic 
infusions of CSF (N = 3) or 4.0 #g TIQ (N = 3) given in a 4.0 #1 

volume every 30 min. 

cerebral  ventr ic le  in doses ranging f rom 400  p icograms to 
4 .0  ug every 30 min ,  t r yp to l i ne  evoked  a p re fe rence  for  
a lcohol  t h a t  exceeded  the  p r o p o r t i o n  value of 0.5 at  every 
c o n c e n t r a t i o n  of  a lcohol  of fered  excep t  the  two  highest .  
This shif t  in p re fe rence  is i l lus t ra ted  in Fig. 12. An  increase 
in the  p ropo r t i ona l  in take  of a p p r o x i m a t e l y  four- fo ld  
(Table  1) over  the  pre- infus ion  con t ro l  levels (t = 3.3 and  
30.7,  respect ively;  df = 11 ; p < 0 . 0 5 )  occur red  in the  rats  in 
which  the  h ighes t  and  lowest  doses were infused.  The  
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FIG. 11. G of alcohol per kg of body weight consumed at each 
concentration of alcohol offered during the chronic infusions of 

CSF or 4.0 ~g of TIQ as described for the groups in Fig. 10. 
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FIG. 12. The proportion of alcohol to total fluid intake plotted 
against the concentration of alcohol offered on each day. An 
infusion in a volume of 4.0 #1 of CSF (N = 3), or of 4.0 #g (N = 4), 
0.04 ~g (N = 3) or 0.0004 ug (N = 2) of tryptoline was given every 

30 min during the 12 days. 

progressive e n h a n c e m e n t  in the  abso lu te  in t ake  of  a lcohol  
dur ing  the  t ryp to l i ne  infus ions  is p o r t r a y e d  in Fig. 13. 
Doses of  t ryp to l ine  of  4.0 and  0 .04 ug induced  the  mos t  
in tense  dr inking  par t icu lar ly  in the  c o n c e n t r a t i o n s  ranging 
f rom 9% to  30% alcohol .  Nevertheless ,  the  group of  rats  in 
which  a 400  p icogram dose was given every 30 min  likewise 
d rank  4.0 to  6.0 g per  kg per  day. 

The  a m o u n t  of  a lcohol  imb ibed  by  one ra t  was 
par t i cu la ry  remarkab le .  In Fig. 14, the  s t r iking increase 
above the  pre -cont ro l  level is shown  for  b o t h  the  p ropor -  
t ion  and  g per  kg values. At  the  15 and  20% c o n c e n t r a t i o n ,  
the  quan t i t y  of  a lcohol  c o n s u m e d  by  this  rat  exceeded  10 g 
per  kg per  day (Fig. 14 BOTTOM).  On  the  e leven th  day of  
the  sequence,  when  the  25% so lu t ion  of  a lcohol  was 
offered,  this  t ryp to l ine - in fused  ra t  d rank  16.6 g per  kg 
dur ing the  24 h o u r  interval .  When this  an imal  was re- tes ted  
for  its a lcohol  p re fe rence  30 days af te r  t r y p t o l i n e  infus ions  
had  ended,  the  level of  a lcohol  ingested had s tabi l ized at  
a p p r o x i m a t e l y  3 to  6 g per  kg per  day (Fig. 14 BOTTOM).  

All of  the  rats  given the  4.0 and  0 .04 ug doses of 
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0"RE), during the chronic infusions of 4.0 #g/4.0 #1 of tryptoline, 

and one month after the infusion sequence (POST). 

tryptoline were retested 30 days after the discontinuation 
of the chronic infusion of the #-carboline. Figure 15 reveals 
that the proportional change over the precontrol level 
continued (p<0.05, Newman-Keuls tests). Correspondingly, 
the g per kg intake also persisted (Fig. 16) at a higher level 
than that of a control (p<0.01 Newman-Keuls tests) with 
the intakes of alcohol approaching or exceeding the 5.0 g 
per kg level at several concentrations. 

Sustagen Test and Drinking Patterns 

In the eight animals in which either salsolinol (N = 4) or 
tryptoline (N = 4) was infused intraventricularly in the 4.0 
ug dose, alcohol in concentrations of either 15% or 25% 
was consumed in spite of the presence of the highly 
palatable mixture of Sustagen which was isocaloric to the 
alcohol solution offered. As shown in Table 2, the 
proportion of alcohol to water remained relatively constant 
during the four-day period when Sustagen was presented. 
However, because of the enormous increase in the total 
fluid consumed, which ranged from 96 to 226 ml of fluid 
per day, the overall proportion of alcohol to total fluid 
(alcohol solution plus water plus Sustagen solution) de- 
clined sharply. In one animal given tryptoline (No. 68) the 
g per kg intake of alcohol rose from 4.8 prior to the 
Sustagen test to 6.1 g per kg per day while Sustagen was 
given. During the additional three days after the Susta- 
gen test had been completed (Post) the g per kg intake in 
most of the animals once again returned to the level at 
which alcohol was consumed prior to the presentation of 
the Sustagen. These results indicate that the alternative 
choice of a highly preferred liquid food did not alter the 
ratio of alcohol to water taken and in several cases, the 
amount of alcohol drunk was somewhat greater than that 
observed when the animals were tested prior to the infusion 
of the metabolites. 

Drinkometer records obtained while six rats were either 
given a preference sequence or offered water and a constant 
concentration of 25% alcohol indicated that the drinking 
occurred mainly during the night-time hours; that is, 
approximately 80% of all alcohol drinking occurred at this 
time. In Fig. 17, the diurnal intake of alcohol offered on 
successive days in the 3 - 3 0 %  range of concentrations 
(oblique axis) is plotted for a representative rat in which 
the 0.4 #g dose of tryptoline had been infused intraven- 
tricularly. It can be seen that this animal drank alcohol 
usually in two to four bouts during the interval from 7 p.m. 
to 8 a.m. 

In another animal in which 6M-4,7DHTIQ had been 
infused, most of the alcohol consumption again occurred 
during the night cycle when the rat was offered a choice of 
water or 30, 15, 7.5, 15 or 30% alcohol for the respective 
periods as denoted in Table 3. The proportion of alcohol to 
water consumed by the animal varied directly with the 
concentration of alcohol offered, as shown in the Table. 
Similarly, the g per kg values were related directly to the 
alcohol concentration presented, although during the last 
12 days when the 30% concentration was available, the 
overall intake decreased. Thus, the consumption of alcohol 
was generally greater at higher concentrations, but this 
pattern decreased with time. 

Symptoms  o f  Withdrawal and Blood Alcohol 

In at least one or two animals of each group given the 



388 MYERS AND MELCHIOR 

I 0 -  

c~__. 

w j 
LL 

Z 
0 d 

o 2  

13_ 

O 0  

ETOH % -" 

GROUPED T R Y P T O L I N E  

(0 0 4  AND 4 0  p g /  4 0  pl) 

n - - m  PRE 

A O 0 - - 0  DURING 

~ , 0 ,  / ~  0 - - 0  I MONTH POST 

/ ? \ 
• 

0 / ~ 

• / ",,, %,0 0- - .<~  , ' x  \ , , , &  
m~n-~ n " " • ""8 

"-~'m~ m ~ ~ 

! i | | | i m i i i i i 

3 4 5 6 ? 9 II 13 15 2 0  2 5  3 0  

FIG. 15. The proportion of alcohol to total fluid intake plotted 
against the concentration of alcohol offered on each day before 
(PRE), during, and after (POST) the chronic intraventricular 

infusions of tryptoline (N = 5) in doses of 0.04 and 4.0 #g/#l. 

I O 0 -  

E s o .  
(.9 

OO 

ETOH % --,'. 

GROUPED T R Y P T O L I N E  

(0 0 4  AND 4 0 pg/  4 0  pl) 

m PRE 

Iq DURING 

B MONTH POST 

! | ! ! 

3 4 5 6 7 

II 

il Jl 
m ! 

II 13 15 

i 

20 25 30 

amine-aldehyde condensation products intraventricularly: 
signs of withdrawal, ataxia and other behavioral abnormal- 
ities were evident. For example, salsolinol induced "wet 
dog shakes" and hyperactivity within three days after the 
start of the alcohol test sequence. Following the cessation 
of 1M-3C-6,7DHTIQ infusions, one rat exhibited convul- 
sions; all other animals given this compound intraventri- 
cularly exhibited stiffness of the tail within a few days of 
the beginning of the alcohol test sequence. 

Repeated convulsive episodes were observed in animals 
in which 4,6,7THTIQ as well as tryptoline were infused; 
epileptiform activity usually began on the fourth or fifth 
day after the alcohol drinking had commenced. In relation 
to this, a given animal often flattened itself on the floor, 
extended its limbs, elevated the tail rigidly, was hyper-re- 
active to touch, showed ataxia, sometimes vocalized and 
displayed tremors of the head muscles. In all rats given 
4,6,7THTIQ infusions, teeth chattering also occurred or- 
dinarily by the sixth day of the test sequence. Two of these 
animals also manifested "wet  dog shakes" as well as 
intermittent convulsions which were characterized by repet- 
itive jerking movements of the forebody as the animal 
stood in a rearing posture or lay prone on the floor of the 
cage. Figure 18 (TOP) illustrates the pre-convulsive state of 
an animal given the higher dose of 4,6,7THTIQ; the 
animal's body is extended, the tail is elevated and ataxia is 
prevalent. Subsequent to this, a full-blown convulsion 
occurred in which hind and forelimb myoclonic movements 
were noted. This response is portrayed in Fig. 18 (BOT- 
TOM). 

During the course of intraventricular infusions of salso- 
linol (N = 3) or tryptoline (N = 5), during which intervals 
the animals consistently drank either 20 or 25% alcohol, 
samples of blood were collected at either 1 a.m. or 2 a.m. 
Table 4 presents the results of an analysis of blood alcohol 
levels (BAL) as well as the g per kg intake for selected rats 
during the 24 hr period. In each case, the plasma levels were 
below the 0.1% value, presumably because of the rapid 
metabolism of alcohol in this species [24]. 

FIG. 16. G alcohol per kg body weight consumed at each 
concentration of alcohol offered before (PRE), during and after 
(POST) the chronic infusion of tryptoline for the groups as denoted 

in Fig. 15. 

DISCUSSION 

These experiments demonstrate that the presence of a 
minute amount of an amine-aldehyde condensation product 
in the brain of the rat induces the abnormal drinking of 
alcohol in preference to water, in a free-choice situation. 

TABLE 2 

PROPORTION OF ALCOHOL TO TOTAL FLUID INTAKE (PROPORTION), G OF ALCOHOL PER KG OF BODY WEIGHT AND MEAN TOTAL 
FLUID INTAKE CONSUMED BY RATS INFUSED WITH 4.0 txg/4.0 gl OF EITHER SALSOLINOL (SAL) OR TRYPTOLINE (TLN), BEFORE, DURING 

AND AFTER THE SUSTAGEN SOLUTION WAS OFFERED IN THE THIRD ( "DUMMY")  TUBE 

PRE Sustagen Test POST 
Animal Compound % ETOH Proportion g/kg Mean Proportion of ETOH g/kg Mean Proportion to Proportion g/kg Mean 

Infused Offered Fluid to ETOH plus Water Fluid Total Fluid Fluid 

60 Sal 25 0.33 7.3 56 0.38 1.8 126 0.03 0.34 5.9 37 

61 Sal 25 0.48 8.5 40 0.75 1.7 109 0.05 0.87 4.3 12 

63 Sal 15 0.10 1.2 42 0.22 0.4 96 0.02 0.06 0.8 45 

64 S~ 15 0.08 3.1 134 0.02 0.5 226 0.01 0.11 4.2 141 

65 TLN 15 0.37 5.0 52 0.27 ! .8 145 0.04 0.30 4.8 65 

66 TLN 15 0.30 4.2 50 0.53 2.6 99 0.08 0.58 6.3 41 

67 TLN 25 0.50 11.6 49 0.19 1.1 134 0.02 0.22 3.4 33 

68 TLN 25 0.23 4.8 53 0.56 6.1 109 0.11 0.18 4.6 57 
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Three  aspects  of  this  response  are no tab le :  first ,  even 
t h o u g h  the  c o n c e n t r a t i o n  b e c o m e s  more  gus ta tor i ly  aver- 
sive, the  ra t  never the less  selects  increas ing quan t i t i e s  of  
a lcohol  wi th  the  c o n t i n u a t i o n  of  i n t r ace reb ra l  in fus ions  of  
an a lkaloid;  second,  s y m p t o m s  tha t  have been  charac te r i zed  
as wi thdrawal - l ike  [11 ,15]  are e x h i b i t e d ;  th i rd ,  w h e n  the  

T A B L E 3  

THE MEAN PROPORTION OF ALCOHOL TO TOTAL FLUID INTAKE 
AND MEAN G OF ALCOHOL PER KG OF BODY WEIGHT CONSUMED 
lq~y A SINGLE RAT, WHICH HAD BEEN INFUSED WITH 6M- 
4,7DHTIQ, DURING THE PRESENTATION OF CONSTANT CON- 

CENTRATIONS OF ALCOHOL 

Concentration of Duration (Days) Proportion gm/kg 
ETOH offered on Concentration 

30 10 0.27 6.3 

15 10 0.50 4.9 

7.5 10 0.53 2.5 

15 16 0.48 4.0 

30 12 0.23 3.8 

ra t  is once  again given the  choice  of  a lcohol  long af te r  the  
in t r aven t r i cu la r  app l ica t ion  of  a given m e t a b o l i t e  has  
ceased, the  ra t  re- insta tes  i ts inges t ion  of  an  unusua l  
a m o u n t  of  a lcohol  even w h e n  there  was n o  access to  the  
f luid in the  in te r im.  

A l t h o u g h  THP act ing cent ra l ly  is the  mos t  p o t e n t  of  the  
amine  me tabo l i t e s  in induc ing  a lcohol  p re fe rence  [ 2 3 , 3 0 ] ,  
of  the  c o m p o u n d s  t es ted  in the  p resen t  expe r imen t s ,  the  
~-carbol ine,  t r yp to l i ne ,  evoked  the  m o s t  in tense  dr inking.  
This  indo le  m e t a b o l i t e  n o t  on ly  served to  a u g m e n t  the 
i m b i b i t i o n  of  h igh c o n c e n t r a t i o n s  of  a lcohol ,  b u t  also 
e n h a n c e d  the  ra t ' s  t o t a l  f luid in take .  This  obse rva t ion  
coincides  wi th  the  overall  increase in f luid c o n s u m p t i o n  
which  occurs  when  the  ra t  is given in t r ape r i t onea l  in jec t ions  
of  t r y p t o l i n e  [ 1 2 ] .  In the  l a t t e r  case, a lcohol  p re fe rence  
was no t  e n h a n c e d  by  the  per iphera l  t r e a t m e n t  wi th  
t ryp to l i ne ,  wh ich  would  ind ica te  t ha t  the  #-carbol ine  mus t  
act  d i rec t ly  on  s t ruc tu res  in the  CNS in order  to  reverse the  
usual  avers ion to  a lcohol .  

In con t r a s t  to  the  in tens i ty  of  d r ink ing  p r o d u c e d  by  the  
O-carboline, t h e  derivat ives of  n o r e p i n e p h r i n e  were far less 
p o t e n t  when  they  were given chron ica l ly  by  the  ven t r i cu la r  
route .  Only  one  of  eight  ra ts  increased its a lcohol  in take  



390 MYERS AND MELCHIOR 

FIG. 18. (TOP) Pre-convulsive prone position of rat in which 
4,6,7THTIQ was infused into its lateral cerebral ventricle; the 
infusion line and swivel as well as food dispenser are shown. 
(BOTTOM) Same rat one min later undergoing convulsive attack 

(see text). 

T A B L E 4  

BLOOD A L C O H O L  LEVELS ACHIEVED DURING A PEAK DRINKING 
PERIOD AND 24 HOUR G/KG OF A L C O H O L  CONSUMED FOR THE 
ENTIRE DAY FOR ANIMALS INFUSED I N T R A V E N T R I C U L A R L Y  

WITH THE HIGH DOSE OF SALSOLINOL OR TRYPTOLINE 

Animal Compound Time % ETOH BAL Daily 
Infused Collected Concentration g/kg 

Consumed 

60 salsolinol 2 a.m. 20 0.028 7.9 

61 salsolinol 1 a.m. 25 0.087 8.4 

62 salsolinol 2 a.m. 20 0.050 7.8 

65 tryptoline 2 a.m. 20 0.045 8.3 

66 tryptoline 2 a.m. 20 0.025 7.8 

67 tryptoline 2 a.m. 20 0.035 12.3 

67 tryptoline I a.m. 25 0.087 11.0 

68 tryptoline 2 a.m. 20 0.044 12.6 

during the course of  the chronic central  infusion of  
4 ,6 ,7THTIQ.  In relation to this, bo th  of  the TIQs derived 
from dopamine,  salsolinol and 1M-3C-6,7DHTIQ, did en- 
hance the consumpt ion  of  alcohol  when they were infused 
chronically into the rat 's ventricles. Whether  or  not  this 
dopa-acetaldehyde condensat ion product  exerts its act ion 
on the brain after its decarboxyla t ion  to salsolinol cannot  
be ascertained f rom these results. Nevertheless,  the possibil- 
i ty is raised that  should 1M-3C-6,7DHTIQ be formed 
peripherally,  it might  cross the blood-brain barrier more 
readily than salsolinol [22] ,  since dopa itself but  not  
dopamine  can penetra te  this barrier. Since 6M-4,7DHTIQ 
was also capable of causing an increase in alcohol  prefer- 
ence, a critical chemical  variable in the induct ion  of alcohol  
drinking would not  appear to be the compound ' s  availabil- 
ity for 0-methyla t ion  [71. 

TIQ itself, which contains no substi tuents on its ring 
structure,  is ineffective,  when infused in the brain, in 
altering alcohol  selection. Structural ly,  this may  be indica- 
tive of the relative biochemical  impor tance  of  hydroxyl  or 
o ther  groups in the 6 and 7 posit ions of  the isoquinoline 
molecule.  Alternat ively,  the po tency  of  the ~-carboline 
analog, the unsubst i tu ted  t ryptol ine  molecule ,  in enhancing 
alcohol consumpt ion  suggests that  such a subst i tut ion is not  
essential for  the indole structure to be active in the CNS. 
Because such a wide spectrum of condensat ion  products  
derived f rom the biogenic amines may differential ly influ- 
ence alcohol intake as well as withdrawal,  each one may 
contr ibute  in some unique fashion to the et iology of  the 
addictive state. Interestingly,  the condensat ion product  
yielded by the reaction of  dopamine with aceta ldehyde,  
salsolinol, has a different  central effect  than its analog 
condensed from formaldehyde ,  6 ,7DHTIQ [7,14] .  

How the amine-aldehyde condensat ion products  func- 
t ion to produce the withdrawal-like signs in the rat is no t  
clear. Surprisingly, substances as diverse in chemical  struc- 
ture as narcotic  antagonists,  thyro id  releasing ho rmone ,  and 
a te t rahydropyr imid ine  are all capable of  inducing the 
shaking, t r emor  and motor ia l  responses characteristic of  
withdrawal  [41] .  Al though catecholaminergic  neurons are 
already implicated in the withdrawal  state [ 13, 15, 19, 34, 
36] ,  the s t imulat ion of  serotonin receptors in the brain of  
the rat or  a rise in serotonin content ,  results in a syndrome 
resembling the s tereotypical  responses which we have 
observed fol lowing the administrat ion of  the condensat ion  
products  [ 16] ; these include t remor ,  rigidity, head shaking 
and hyperact ivi ty .  In view of the influence of  these 
alkaloids on serotonergic pathways in the CNS [40] ,  the 
possibility now exists that  the indoleamine system is 
another  neurochemical  avenue through which they operate.  
Again, such withdrawal-like behavior elicited by the amine- 
aldehyde condensat ion products  acting directly within the 
brain offers some substantiat ion for the funct ional  com- 
monal i ty  be tween the addictive sequelae of morphine  and 
alcohol  [4 ,8] .  

In agreement  with our previous finding that  an acute 
intraventr icular  inject ion of several alkaloids provokes 
alcohol  preference,  it is envisaged that  a family of  amine 
metabol i tes  may in part be responsible for a lcohol 's  
addictive effects [3 I ] .  That  is, if a condi t ion  exists in vivo 
which favors the format ion of  a condensat ion product  via 
the Pictet-Spengler reaction,  it is likely that  compounds  of  
this class are actually formed in amine-rich regions of  the 
l imbic-forebrain system. The kinetics of  the react ion of  the 
parent  compounds  as well as the availability of substrate 
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would  seem to  be pr inc ipa l  d e t e r m i n a n t s  o f  the  q u a n t i t y  of  
c o n d e n s a t i o n  p r o d u c t ;  such  as salsol inol  or  THP,  t h a t  m a y  
be  syn thes ized  a f te r  a lcohol  is ingested [ 9 , 4 2 ] .  

Theore t i ca l ly ,  it is n o t  necessary  to  assume t h a t  one  or  
rn.ore of  the  a lkaloids  m u s t  be  syn thes i zed  in t he  b ra in  in  
o rder  to  be  biological ly  ef f icacious  [ 1 0 , 2 2 ] .  Indeed ,  it is 
r easonab le  to  assume t h a t  a c o m p o u n d  could  be  me ta -  
bo l ized  per iphera l ly  to  i ts  act ive fo rm and  t h e n  reach  the  
bra in  p a r e n c h y m e  fo l lowing  its passage t h r o u g h  the  b lood-  
b ra in  barrier .  As p o s t u l a t e d  previous ly ,  a d i f fe rence  in the  
pene t r ab i l i t y  of  the  b lood -b ra in  barr ier ,  wh ich  would  
selectively act  to  p reven t  or  p e r m i t  the  e n t r y  of  such  a 
rn.etabolite i n to  the  bra in ,  cou ld  be  a crucial  f ac to r  in the  
d e v e l o p m e n t  of  t h e  addic t ive  s ta te  [ 2 8 ] .  Wi th  the  p ro long-  
ed d r ink ing  of  a lcohol  in near  tox ic  quan t i t i e s ,  pa tho log ica l  
"]Roles" in the  b lood -b ra in  barr ier  could  deve lop  which  
would  p e r m i t  the  inf lux  of  the  h ighly  p o t e n t  amine-  
a ldehyde  c o n d e n s a t i o n  p r o d u c t s  in to  ce r ta in  regions  of  the  
CNS [ 2 8 ] .  Paral lel ing this  poss ib i l i ty  is the  v i e w p o i n t  t h a t  
the  d r ink ing  of  a lcohol  at  the  same t ime  t h a t  the  c i rcula t ing 
level of  an amine  is high,  would  favor  the  f o r m a t i o n  of  a 
c o n d e n s a t i o n  p r o d u c t  w h i c h  could  be t r a n s p o r t e d  to 
specific r ecep to r  sites in the  CNS. In the  case of  p ro longed  

stress and  the  c o n s e q u e n t  adrena l  ac t iva t ion  which  ensues 
[ 3 3 ] ,  th is  s ta te  in c o m b i n a t i o n  w i th  i m m o d e r a t e  dr ink ing  
of a lcohol  could  theore t i ca l ly  fac i l i ta te  the  synthes i s  o f  an  
amine  me tabo l i t e .  

Because of  the  var ia t ions  seen in the  response  of  an 
individual  ra t  to  the  ch ron ic  in fus ion  of  the  me tabo l i t e s ,  it 
is l ikely t h a t  a ce r ta in  region of  the  b ra in  is more  react ive  to  
the  c o n d e n s a t i o n  p r o d u c t  t h a n  ano the r ,  p r e s u m a b l y  be- 
cause of  the  presence  of  specific r ecep to r  mater ia l .  F u t u r e  
research,  the re fo re ,  shou ld  be devo ted  to  iden t i fy ing  the  
ana tomica l  locus of  ac t ion  of  the  family  o f  amine  me ta -  
bol i tes  wi th  respect  to  the  evoca t ion  of  a lcohol  dr inking .  
Given such  a loca l iza t ion ,  it would  t h e n  be possible to  
examine  in vivo the  func t iona l  n a t u r e  of  t h a t  s t ruc tu re  in 
t e rms  of  its un ique  chemica l  proper t ies .  
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