
Pharmacology Biochemistry & Behavior, Vol. 13, pp. 265--281. Printed in the U.S.A. 

A Critical Evaluation of 
Tetrahydroisoquinoline Induced 

Ethanol Preference in Rats 

C H A R L E S  D U N C A N  A N D  R I C H A R D  A. D E I T R I C H  

Department  o f  Pharmacology, University o f  Colorado, 4200 E. 9th A venue, Dem'er, CO 80262 

R e c e i v e d  27 S e p t e m b e r  1979 

DUNCAN, C. AND R. A. DIETRICH. A critical evaluation of tetrahydroisoquim~line induced ethanol preference in rats. 
PHARMAC. BIOCHEM. BEHAV. 13(2) 265-281, 1980.--1t has been reported 1301 that certain tetrahydroisoquinoline 
compounds, especially salsolinol and tetrahydropaveroline (THP) when infused into the lateral ventricle of rats" brains 
results in increased preference for alcohol solutions. The effect is reported to be long-term, in that animals do not return to 
baseline drinking even months later. The current report provides a replication of the original experiments and also an 
extension of the work to complete dose-response curves for salsolinol and THP. Generally we have confirmed that rats of 
the Sprague-Dawley and Long-Evans strains do increase their alcohol intake in response to infused THP or salsolinol and 
that the effect is long lasting, up to 10 months. Such animals consume less alcohol at concentrations above 20cA than below, 
in contrast to the previous reports where drinking was maintained at high concentrations of alcohol. While the animals will 
select alcohol in the face of a saccharin choice, they will not drink alcohol adulterated with quinine. We have failed to 
observe signs of dependence or withdrawal by these techniques and suggest that the original reports of these signs may 
have been a result of cellular damage caused by the long-term infusions. Additionally we have carried out extensive 
dose-response experiments with both salsolinol and THP. Doses of THP of 104 nmoles/day were inhibitory to alcohol 
drinking. We conclude that these compounds do shift these animals preference for alcohol relatively permanently, but not 
to the point of gross intoxication nor into the highly aversive range of alcohol concentration. We cannot confirm the reports 
that salsolinol or THP produce withdrawal symptoms when infused. 

Ethanol Salsolinol Preference Tetrahydroisoquinolines Tetrahydropapaveroline 

RECENT biochemical theories of alcohol dependence 18, 9, 
12, 14, 341 have emphasized the role of certain products of 
the condensation of aldehydes with biogenic amines as 
possible causes of  some of the aspects of alcohol depend- 
ence, withdrawal, and tolerance. The two most widely 
studied condensation products are the tetrahydro- 
isoquinolines (TIQs), tetrahydropapaveroline (THP) and 
salsolinol. These are the dopamine -3,4,-dihydroxyphenyl 
acetaldehyde and dopamine-acetaldehyde condensation 
products, respectively [9,12]. 

In 1977, Melchior and Myers [261 reported that the 
chronic infusion of THP or salsolinol into the rat 's cerebral 
ventricles increased the rat's preference for ethanol in a free 
choice situation, especially in the range of ethanol concen- 
trations of 11-3(~c. In addition to the increased preference 
for ethanol, it was also reported by these investigators that 
THP or salsolinol chronically infused intraventricularly in 
the rat also resulted in certain withdrawal-like symptoms 
such as teeth chattering and "wet  dog shakes".  Some rats 
chronically infused with these condensation products were 
reported to develop tonic-clonic convulsions. Both THP and 
salsolinol were implicated in long-term if not permanent al- 
teration of the rat 's preference for ethanol. 

The experiments reported here attempt to replicate spe- 
cific aspects of the findings on THP and salsolinol as well as 
extending the original findings I31. The primary rationale for 

the attempted replication of these experiments was based on 
the following considerations: (I) The findings of Myers and 
Melchior were of  sufficient importance to warrant an attempt 
at replication; (2) Earlier published reports on attempted 
replications of the chronic infusion of dilute ethanol solu- 
tions in rats and other species [32] have been unsuccessful 
[151; (3) Dose-response relationships for THP or salsolinol 
did not emerge from the earlier experiments on these com- 
pounds {25, 26, 301. 

EXPERIMENT 1 

THP's  reported effects on alcohol preference, the long- 
term nature of the alteration and the role of certain taste 
properties of ethanol solutions were re-examined in this ex- 
periment. From the original publications, it would appear 
that the optimal dose for THP's  effects on voluntary ethanol 
intake in the rat was 5.2 nmoles per day (given as 1 p.I infu- 
sions of a solution containing 0.02 p.g//.tl every 15 rain around 
the clock) and administered for a total of 14 days 125, 26, 30]. 
Earlier studies utilized a dose of THP of 520 nmoles per day 
(2/.tg//zl/15 mirgday) [30]. The experiments reported here on 
THPs long-term effects used what appeared to be the optimal 
dose for this compound for altering the rat's preference for 
ethanol. 
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GENERAL METHOD 

Animals 

Animals used in these experiments were male rats of the 
Sprague-Dawley strain (Charles River, Inc.) and a line of 
rats, Long-Evans (RR) [13], maintained at the University of 
Colorado Health Sciences Center. All rats used in these ex- 
periments were between 90-120 days old (350-450 g) at the 
beginning of chronic infusion experiments. These rats were 
housed in group cages (3--4 rats per cage) prior to surgery. 
Sprague-Dawley rats were maintained in isolation tbr 14 
days before exposure to surgery or experimental procedures. 
All animals were maintained on food (Purina Lab Chow; 
Myers laboratory used Wayne Lab Block) and water ad lib 
throughout all experimental procedures. 

Surgical Procedure 

Rats were stereotaxically implanted with Teflon guide 
cannulae (C313G, Plastic Products, Co.) under sodium pen- 
tobarbilal anesthesia (50 mg/kg) in the dorsal portion of the 
rat's left lateral cerebral ventricle with the head held in the 
Krnig and Klippel orientation [22] and coordinates of -0 .2  
A.P., R.L. _+ 1.5, H -3 .  A triangular array of stainless steel 
mounting screws (0-8 × 3/16 Plastic Products Co.) were fitted 
firmly into the rat's skull around the guide cannulae. The 
guide cannulae and mounting screws were fixed to the rat's 
calvarium with cranioplastic cement. The scalp incision was 
closed with surgical sutures (Ethicaon, 00-Chromic, 
G-123H). A 29 ga dummy cannulae was placed into the 
guide cannulae immediately after surgery and remained in 
place during those times when the rat was not being chroni- 
cally infused. Rats were allowed a 48 hr recovery period 
from the surgical procedure before they were exposed to the 
chronic infusion experiments. Melchior and Myers [25] had 
used a stainless steel guide cannulae and placed the head in 
the DeGroot orientation. 

('hroni¢ It!fusion Apparatus 

During chronic infusion experiments the animals were 
placed in plywood infusion cages that were covered with flat 
grey paint [27]. The cages were constructed to be identical to 
the original description. The front of each infusion cage was 
fitted with 3 equally spaced clamps 6.5 cm apart which held 
graduated cylinders, titled with rubber stoppers which held 
L-shaped glass spouts 23 cm in length. The glass spouts were 
prepared with openings 10-15 mm from the end. These drink- 
ing tubes were prepared to minimize spillage and evapora- 
lion of fluid. The graduated cylinders and glass spouts were 
placed above the floor of the infusion cage and required rats 
to rear in order to drink. The drinking tube arrangement 
caused no injuries to the rats or breakage of the glass spouts 
during the 18--20 months that these devices were in use. 

Infusates were delivered by an infusion pump (Orion Re- 
search, Model 355), fitted with a Plexiglas syringe carriage 
modified to hold six 1 ml glass syringes that were matched 
for their calibrated volume. The plungers of these syringes 
were coated with vacuum grease (Lubrisol, Arthur Thomas 
Co.) once every 14 days. The barrels of these syringes were 
flushed with 71Y7c. ethanol, followed by distilled water every 7 
days. Each syringe was fitted with a 23 ga needle which was 
press-fitted to PE 50 tubing (approximately 150 cm length). 
In line with the PE tubing was a water tight Teflon swivel 20 
mm in length. The Teflon swivel was attached to the inner 
PE tubing of a spring-covered connector (Plastic Products 

Co.). The spring-covered connections were attached to the 
rear of each infusion cage with a 30 ga copper wire spring 
assembly located approximately 25 cm above the floor of the 
infusion cage. This arrangement allowed the rat complete 
freedom of movement in its infusion cage. The internal PE 
tubing of the connectors was fitted with 29 ga injection can- 
nulae with 23 ga adaptors. This latter arrangement provided 
the basic connection between the infusion system and the 
rat. The 29 ga injector cannulae were cut to extend 0.5 
mm-- I  mm beyond the top of the guide cannulae after the 
spring-covered connector was in place over the guide can- 
nulae. 

The infusion pump was placed on the same level as the 
floor of the infusion cages. Recycling electromechanical tim- 
ers controlled the operation of the infusion pump. The vol- 
ume of each individual line (without injector cannulae in 
place) was calibrated by inserting the needle of a 50 p.I 
Hamilton syringe directly into each infusion line in place of 
the cannulae in the rat's skull. The needle of the Hamilton 
syringe was filled with blue fluid to flow into the syringe. 
This technique allowed precise calibration of the volume and 
flow rate of each PE infusion line connected to its syringe 
which was positioned in the syringe carriage [27]. 

This infusion apparatus was pre-tested on several rats 
that had cannulae placed in the vicinity of the left lateral 
cerebral ventricle. These rats were infused with a solution of 
methylene blue (30 mg/250 ml) at a rate of I /.d/15 min for 24 
hr for a five day period. On the 6th day these rats were 
decapitated under sodium pentobarbital anesthesia and the 
ventricular system was exposed. This pre-testing procedure 
resulted in no observable misplaced cannulae and ensured 
the complete dispersal of the infusate throughout the ven- 
tricular system. 

Preparation o.I THP and Salsolimd 

THP-HBr was synthesized from papaverine by the 
method of Pyman [33]. Elemental analysis (Huffman Labora- 
tories, 3830 High Court, Wheatridge. CO 80033) revealed: 
C-expected 52.32% found 53.29e~; H 4.63c~ found 4.79%; 
017.44~ lbund 21.1~. Analysis by GC-MS performed by 
Drs. K. Clay and R. Murphy of this department, revealed 
single peak for the trimethylsialyl derivative and the ex- 
pected mass spectra. More recent GC-MS analysis of the 
trifluoroacetyl derivatives of a number of THP samples has 
revealed small amounts of singly or doubly O-methylated 
THP in all of those samples tested. In 0.1 N HCI the THP- 
HBr had an absorption maximum of 283 nm and molar ex- 
tinction coefficient of 6.30× 10 :~. 

Salsolinol HBr was synthesized by mixing 3.8 gm of 
dopamine HCI, 200 ml H20 and 2 gm of acetaldehyde at 
room temperature in the dark for 3 days. After evaporation, 
the residual oil was dissolved in a small volume of HBr 
seeded with a small amount of salsolinol HBr and then 
allowed to stand in the freezer for several days. The precipi- 
tate was collected and dried over P20:, at 25 °. i1 had an ab- 
sorption maximum of 284 nm and an extinction coefficient of 
2.63 × 10 :~. 

All THP HBr and salsolinol HBr solutions prepared for 
chronic infusion were dissolved in an artificial cerebrospinal 
fluid (CSF) [27] which contained 0.1 mg/ml ascrobic acid. 
The infusates (THP or salsolinol, or CSF for controls) were 
prepared in 2(X) ml batches, pH 3.8, and remained refriger- 
ated except for those instances that required refilling 
syringes or flushing the PE infusion lines. THP which had 
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remained in the infusion line for 24 hr in the artificial CSF 
with ascorbic acid was analyzed by HPLC with electrochem- 
ical detection [21]. No instability was detected. 

Blood Ethanol Determinations 

Blood ethanol levels were determined enzymatically 
(Calbiochem-Behring) for selected groups for THP and sal- 
solinol treated rats. In these instances blood was taken from 
the retro-orbital sinus by puncturing the sinus with a mi- 
cropipette. The rats undergoing blood ethanol determinations 
were 500 gm or larger and required an ataxic dose of 
ethanol-free anhydrous-ether (J. T. Baker Chemical Co.) 
prior to the actual puncture of the sinus. Blood ethanol levels 
were assessed at 4:00 a.m. or 8:00 a.m. 

Assessment t?f Withdrawal Symptoms 

THP, salsolinol treated and CSF infused controls were 
routinely evaluated for behavioral characteristics and ab- 
normalities associated with ethanol withdrawal in the follow- 
ing manner: (1) Each rat was observed for 10-15 rain and 
handled briefly during the same time interval that observa- 
tions took place. These times were routinely 8:00-9:00 a.m., 
2:00-3:00 p.m. and 9:00-10:00 p.m. Behavioral and postural 
abnormalities were recorded; (2) Each rat was periodically 
evaluated for its susceptibility to audiogenic seizures by ex- 
posing it to a door buzzer for 10 sec (approximately 60 dB 
relative to 100 dynes/cm~). 

Histological Ver~/~cation of  Ventricular Placement 

Animals from the THP experiments were anesthetized 
with sodium pentobarbital and injected at the site of cannu- 
lation with 10 ~1 of methylene blue dye as used before. Sub- 
sequently the animals were perfused intracardially with 100 
ml phosphate-buffered formalin. Frozen coronal sections 
were cut on a cryostat (American Optical) at 40 ~ with every 
5th slice mounted on albumin-coated slides and stained with 
cresyl violet. This technique was necessary due to the long- 
term aspects of these experiments and the fact that most of 
the rats used in Experiment 1 had dislodged their cannulae 
within a few weeks after termination of the chronic infusion 
experiments and visual confirmation of cannulae placement 
was no longer possible. Ventricular staining and preparation 
of frozen sections allowed visual verification of the ventricu- 
lar site of the infusion, the cannulae track and abnormalities 
of cerebral tissue that resulted from the chronic infusion pro- 
cedure. 

Experimental Procedure 

The general procedure for these experiments followed the 
chronic infusion paradigm 125, 26, 301 used in the original 
studies of THP and salsolinol. In the present experiments on 
THP, each rat was placed in its infusion cage for a brief 
period of time. Then, the connector was placed over the 
guide cannulae and screwed into position without the injec- 
tor cannulae in place. A few minutes later, the rat was re- 
moved from the infusion cage and the connector was fitted 
with an injection cannulae. The pump was activated several 
times until a drop of the infusate could be visualized at the tip 
of the injector cannulae. Following this procedure, the rat 
was again connected to the infusion line and placed in its 
infusion cage. 

The infusion sequence, volume and infusion rate used 

those parameters [30] that appeared to be optimal for en- 
hancing the rat 's preference for ethanol throughout the 
3-3(Y71 v/v ascending sequence of ethanol concentrations. 
Treated rats in this initial experiment were infused with a 
single concentration of THP (.02 mg/ml) at a rate of I /xl/15 
min over a 15 sec interval continuously for a 23 hr period. 
One hour was allowed for cleaning replenishment of the in- 
fusion fluids each day. Controls were infused with the artifi- 
cial CSF containing 0.1 mg/ml ascrobic acid at the same 
volume and rate. The ascending series of ethanol concentra- 
tions began on the third day of the infusion sequence. The 
ethanol concentration was increased from 3% to 30cA v/v over 
a 12 day period. The method of fluid presentation followed the 
3-bottle, 2-choice random rotation method 125, 26, 30]. 
These experiments were replication of the Myers and Mel- 
chio experiment. In taste preference tests which involved 
random rotation of bottles filled with either saccharin (0.06% 
w/v), water, ethanol or quinine sulfate (0.05e~ w/v) were pres- 
ent in the alcohol. Measures of fluid intake consisted of the 
following determinations: (1) The proportion of ethanol con- 
sumed (total ethanol consumed divided by total fluid con- 
sumed); (2) Grams of ethanol consumed per kilogram body 
weight. These measures were assessed on a daily basis 
throughout all experimental procedures along with each rat 's 
body weight. All test drinking fluids were prepared fresh 
daily with tap water. Fluids were usually given to these rats 
between the hours of 10:00 a.m. and 12:00 noon. The light 
dark cycle consisted of 12 hr light (on at 8:00 a.m.) and 12 hr 
dark (offal 8:00 p.m.). 

The initial experiments on THP involved four groups of 
rats composed of 5 Sprague-Dawley males (SDT), 5 CSF 
infused Sprague-Dawley controls (SDC), 4 Long-Evans 
males infused (RRT) with THP and 5 CSF infused Long- 
Evans male rats (RRC). After the initial 14 day infusion se- 
quence with either THP or the artificial CSF, the rats were 
placed in individual plastic cages fitted with wire tops with 
bottoms lined with wood shavings. These rats were given an 
additional 12 day sequence of the 3-3(Y7c iv/v) ascending 
series of ethanol concentrations at 30 and 60 days in these 
cages. At 90 days, following the termination of chronically 
infused THP or artificial CSF, these rats were exposed to a 
3-bottle, 3-choice test between saccharin (0.06% w/v), 
ethanol 3-30c/c (v/v) and tap water. The concentration of the 
saccharin solution was selected from the equal preference 
curves between saccharin and sucrose [39]. 

One hundred twenty days after the chronic infusion was 
terminated, these same rats were exposed to a second 
3-bottle, 3-choice test between saccharin, water and the as- 
cending ethanol series where each ethanol concentration was 
in solution with a 0.05c~ (w/v) quinine sulfate. 

In addition to these groups described above, 3 Sprague- 
Dawley male rats (SDP) were given an exposure to the 12 
day ascending ethanol sequence prior to surgery. A second 
ethanol sequence was given to these rats, during the infusion 
of THP (0.02 mg/ml). This experiment was a replication of 
the earlier THP experiment [25, 26, 30] that resulted in the 
rat's enhanced preference for ethanol into range of aversive 
concentrations (> 10r/~). These rats were maintained in indi- 
vidual cages for a period of 10 months after infusion with 
THP with tree access to food and water. At the end of the 10 
months these same rats were given an additional exposure to 
the ethanol sequence. 

Another 3 rats were implanted with permanent indwelling 
cannulae in the vicinity of the 3rd ventricle (A.P. 4.0, 
I,. ± 0. H - 3.8 from dura) with the head in the Konig and 
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Klippel orientation [22]. This group was included in order to 
insure access to THP to brain stem structures that have been 
implicated in the increase in the rat 's ethanol preference 
caused by THP. 

EXPERIMENT 2 

Dose-response relationships did not emerge in the earlier 
experiments with chronically infused THP or salsolinol and 
this could have been due to several factors. (1) There may be 
a threshold effect for the TIQs; (2) There may be an upper 
limit to the effect and greater amounts become inhibitory. 
Inspection of the data from these experiments [25, 26, 30] 
does reveal a rudimentary optimal dose for THP (0.02 mg/ml, 
infused at 1 tzl/15 min or 5.2 nmoles/day) and a concentration 
of THP increased by a factor of 100 (2.0 mg/ml, infused at I 
~tl/15 min or 520 nmoles/day) caused a marked if not statisti- 
cally significant decrease in the grams of ethanol consumed 
per kilogram body weight [30]. The present dose-response 
experiments were designed to examine a much wider range 
of concentrations for both THP and salsolinol than were 
used in earlier experiments on these compounds. 

METHOD 

Animals 

Sprague-Dawley male rats (Charles River Co.) approx- 
imately 120-150 days old (380-450 g) were used in these 
experiments. 

Surgical Procedure 

The surgical procedure was the same as described in Ex- 
periment 1. For dose-response experiments special cannulae 
were prepared from Teflon or metal (10 mm×2.5 mm) and 
fitted with 23 ga stainless steel tubing (overall length of the 
cannu]ae assembly was 15 ram). These cannulae were fixed 
to the cranium with a cyanoacrylate cement which provided 
an assembly that remained intact long "after the termination 
of chronic infusion. Cyanoacrylate cement did not cause any 
apparent tissue toxicity. Precautions were used during 
surgery to avoid placing this substance near the incision. 

Chronic Infusion 

For dose-response experiments PE-20 replaced PE-50 
tubing used in earlier experiments and 27 ga injection can- 
nulae were used and fitted directly into slightly flared PE-20 
tubing. The spring-covered connectors were modified to 
hold 10× 15 mm Lucite connectors which prevented break- 
age and provided a durable connection between the poly- 
ethylene tubing, injection cannulae and guide cannulae fixed 
to the rat's skull. 

Experiment,I Procedure 

Procedural variables were similar to earlier experiments 
on THP. THP was infused in concentrations ranging from 
0.65 nmoles/day to 104.0 nmoles/day and salsolinol from 4.65 
nmoles/day to 297.60 nmoles/day. Both compounds were in- 
fused in separate groups of rats at an infusion rate of 2 /.d 
infused over a 30 sec interval every 12.5 min for a total of 
14 days. The infusion interval was based on the half-life of 
salsolinol [24]. Animals were selected randomly and arbi- 
trarily assigned to receive particular doses of CSF, salsolinol 
or THP. Each animal received only a single concentration of 

either THP or salsolinol. There was no pre-arranged 
schedule of ascending or descending dosages. The apparent 
optimal dose of THP [301 was used as the point of reference 
for which other concentrations of THP or salsolinol were 
prepared. For inclusion in the dose-response experiments, 
implanted rats were required to maintain ventricular patency 
as measured by the gravitation flow technique during chronic 
infusion as described by Myers and Oblinger [311. Two inde- 
pendent dose-response curves were carried out for both sal- 
solinol and THP. Data from only the second group is pre- 
sented. The majority of the animals used for dose-response 
experiments were retained for histological verification of 
cannulae placement. 

RESULTS EXPERIMENT 1 

Table 1 presents results from Experiment 1 in comparison 
to the results of Myers and Melchior [30]. In our hands both 
Sprague-Dawley rats (the same strain used by Myers and 
Melchior) and Long-Evans rats show preference (i.e., 0.50 
preference score) for alcohol during THP infusion only in the 
3-9% range of ethanol concentrations. There is no major 
difference between our results and those of Myers and Mel- 
chior [30] in this preference range when their experiment is 
replicated by prior exposure of the animals to the increasing 
ethanol concentration in the choice situation (SDP in Table 
1). 

The other paradigm used for Table 1, that is infusing 
animals with THP that have never been exposed to ethanol, 
gives similar results in both the Long-Evans and Sprague- 
Dawley strains. Thus, we are able to replicate the essential 
finding of Myers and Melchior that chronic THP infusion 
into rats" lateral ventrical does result in increased ethanol 
consumption. 

A more detailed presentation of these data is in Tables 2 
and 3. As can be seen from the ANOVA, all comparisons 
have ap  value less than 0.01. Additional comparisons across 
groups used Dunnet 's  procedure to compare the means of 
each THP group versus the combined means of g/kg ethanol 
consumed for the CSF controls were carried out. These re- 
sults are available upon request. 

Six simple effects analyses were performed for each 
group across blocks of ethanol concentrations. SD3, SDC 
and RRC groups did not reveal significant increases or de- 
creases across blocks of ethanol concentrations. 

The data from Table 3 (mean preference ratios) treated in 
the same way as the g/kg ethanol consumed data, indicated 
that groups were significantly different, p<0.01. There were 
also significant differences across blocks of ethanol concen- 
trations, p<0.01. The groups×blocks interaction was not 
significant (p>0.25). Further statistical data is available on 
request. 

Long-Term El/bets of THP 

SDT, RRT, SDC and RRC groups were re-tested for 
ethanol intake 30, 60, 90 and 120 days after cessation of the 
infusion of THP. The means of these groups" g/kg ethanol 
consumed and mean preference ratios were analyzed in the 
same manner as the chronic infusion data. An overall 
ANOVA was used on the means of three ethanol test periods 
(30, 60, 90 days). These results are reported (Table 4 and 5). 
It is important to note that the 90 day tests on ethanol intake 
was a 3-bottle, 3-choice test between water, ethanol and a 
dilute saccharin solution (0.06% w/v). The ANOVA is given 
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T A B L E  1 

COMPARISON OF THE PATTERN OF ETHANOI. INTAKE FOR COMPARABLE 
GROUPS FROM THE PRESENT STUDY AND THE MYERS AND MELCHIOR 

STUDY [301 

Group Proportion ETOH to total Mean 
tluid intake :_ SEM gn~;kgJday _+ SEM 

3~-9e~ 119~-31Y2~ 39~-30:'4 

THP 5.2 nmoles;day 
Sprague-Dawley* (SDT) 5 .75 -_ .02- .40 + .09~1 4.15 ± 0.71 
l,ong-Evans (RR)* (RRT) 4 .67 ± .03- .21 _+ .03~1 4.24 + 0.93 
Sprague-Dawley + (SDP) 3 .80 + .09§ .42 -_ .09 ~ 4.33 z 0.84 

Controls 
CSF-Sprague-Dawley (SDC) 5 .31 _- .08 .07 _+ .08 1.32 + (I.19 
CSF-Long Evans (RR) 5 .20 t .04 .11 _+ .02 1.79 _+ 0.15 
UNOP. Controls 3 .16 + .07 .08 _+ .004 0.65 _+ 0.16 

Myers and Melchior [301 
THP (5.2 nmoles/day) 

Sprague-Dawley+ 4 .85 .55 6.55 
CSF Controls 4 .15 .06 0.65 
UNOP. Controls 20 .29 .08 0.78 

*Rats not exposed to 12-day ethanol sequence prior to chronic infusion of THP (5.20 
nmoles/day). 

+Rats exposed to 12-day ethanol sequence prior to chronic infusion of THP (5.20 
nmoles/day). 

-Significantly different from appropriate CSF controls p--~O.O01. 
§Significantly different from appropriate CSF controls p<0.01. 
tSignificantly different from appropriate CSF controls p<0.05. 

below each table and shows significant (p<0.01) effects  fi)r 
each compar i son  except  for the SDC group.  Detai led 
analysis by Dunne t ' s  procedure  is available on request  for 
these data  as well. 

F rom all these analyses  it would appear  that the mo~t 
permanent  change in the rat ' s  ethanol  intake pattern,  result- 
ing from T H P  administrat ion,  is ethanol  preference  in the 
range of  concent ra t ions  from 3-9cA v/v. Differences  be tween  
preferences  ratios during chronic  infusion and subsequent  
re-testing were  negligible. The absolute  amount  of  ethanol 
consumed  by T H P  treated rats also tended to remain con- 
stant. This fact has been somewhat  obscured  by the tend- 
ency  of  C S F  treated controls  to increase their  ethanol  intake 
during re-testing. This is especial ly clear  for the RRC group. 

After  the terminat ion of  T H P  infusion, the SDP group was 
retained for a period of  10 months  without further exposure  
to ethanol  or  THP.  Dependent  t- tests (two-tailed were  used 
to compare  this g roup ' s  overall  g/kg ethanol  consumed dur- 
ing pre-exposure  to ethanol  and their  ethanol  intake during 
the chronic  infusion of  THP,  t(3)=5.94,  p<0 .05 .  A similar 
compar ison  be tween  g/kg ethanol consumed during T H P  in- 
fusion and ethanol  intake 10 months  after infusion was not 
significant, p>0 .05 .  Compar i son  of  this g roup ' s  overal l  g/kg 
c o n s u m p t i o n  dur ing  p r e - e x p o s u r e  to e t hano l  and the i r  
ethanol intake during the chronic infusion T H P  was also 
significant (p<0.05).  A similar pattern was clearly demon-  
strated for this g roup ' s  ethanol  preference.  The  SDP group 
body weight increased by 32cA o v e r  10 months  (Table 6). 
Fluid intake also increased significantly. 

At the end of  the ethanol  sequence ,  312 days post T H P  
infusion, the SDP group was given ano ther  ethanol  sequence  

which terminated at each animal 's  most preferred ethanol 
concentra t ion.  These  rats were exposed to this ethanol con- 
centrat ion for a period of  48 hr and blood ethanol concentra-  
t ions (BAC) were tested at 8:00 a.m. Ethanol  was undetect-  
able in blood at 8:00 a .m. ,  but at 4:00 a.m. the following day 
blood alcohol levels in two of  these rats were 22 and 38 
mg/dl. 

The results of  these exper iments  indicated clearly that the 
major  effects of  T H P  are on the rat 's  preference for ethanol.  
Additionally,  this preference for ethanol  tends to be main- 
tained permanent ly  and is strongest  in the range of ethanol 
concent ra t ions  from 3-9¢~ v/v. 

Taste Pr~J'erence 7est.~ 

At 90 days alter THP infusion the SDT, RRT, SDC and 
RRC animals were  exposed to a 0.06% w/v saccharin solu- 
tion during the ascending ethanol sequence  (Table 4). The 
ethanol  preference  pattern and g/kg ethanol consumed at this 
interval  were  similar to the overall  analysis discussed above  
for the 30, 60 and 90 test sequences .  The A N O V A  results at 
90 days for g/kg ethanol  consumed revealed significant main 
effects  of  groups,  p<0.01  and blocks of  ethanol  concentra-  
tion, p<0 .01 .  

The A N O V A  for ethanol preference also revealed signifi- 
cant main effects  of  groups,  0 .01<p<0 .05 .  The details of  
these analyses were similar in form to the overal l  analysis for 
30, 60, 90 day means.  Analysis  of  the mean ml saccharin ove r  
4 blocks of  3 days each for the 12 consecut ive  days of  the 
preference  test was carried out. The  A N O V A  for saccharin 
intake revealed significant main effects  of  groups,  p<'0.001 
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T A B L E  2 

GRAMS OF E T H A N O l ,  CONSUMED PER kg BODY WEIGHT FOR 4 GROUPS OF RATS 
INFUSED WITH THP (5.20 nmoles/day) FOR 14 DAYS AND 2 GROUPS OF CSF INFUSED 
CONTROLS OVER 4 BLOCKS OF INCREASING E T H A N O l ,  CONCENTRATIONS 

(MEAN :_ SEM) 

E thano l  C o n c e n t r a t i o n s  

n 3c~-5% @/c-9C/c 11%- 15(7c 20c/c-3 (V4 

T H P  (5.20 n m o l e s / d a y )  
S p r a g u e - D a w l e y *  (SD'F) 5 2.44 + 0.07 

S p r a g u e - D a w l e y  + (SDP)  3 2.18 - (I. 13 

Sprague-Dawley:~  ( S D 0  3 1.37 _+ 0.28 
L o n g - E v a n s *  (RRT) 4 3.22 _+ 0.33 

C o n t r o l s  

S p r a g u e - D a w l e y  (SDC)  5 1.02 _+ 0.35 

L o n g - E v a n s  (RRC)  5 1.02 -_ 0.15 

4.46 ÷ 0.42 5.83 ~ 0.68 4.61 -_ 0.15 

4.35 + 0.39 6.23 _+ 0.84 3.88 = 0.36 
1.62 -- 0.18 0.99 z 0.68 0.89 -' 0.63 

5.97 ± 0.50 2.12 .+- 0.33 5.66 +_ 0.55 

1.20 -'- 0.22 0.95 _+ 0.15 1.73 -+ 0.19 

1.83 -+ 0.32 1.92 :_ 0.38 1.69 '- 0.45 

A N O V A  
A m o n g  g r o u p s  (5,19) 

B l o c k s  of  e thano l  (15,57) 
S imple  ef fec ts  a c r o s s  g r o u p s  

3-5% (5,33) 
6-9C~ (5,33) 

I 1-15c;'~ (5,33) 

20-30":; (5,33) 

S imp le  e f fec t s  a c r o s s  b locks  of  e thano l  

SDT (3,57) 
SDP  (3,57) 
RRT (3,57) 

SD, ,  SDC.  RRC (3,57) 

Main  ef fec ts  o f  b locks  (3,27) 
G r o u p s  x b locks  (6,27) 

]) 

89.58 <0.01 
4.27 <::0.01 

4.28 ":: 0.01 

13.32 . :0.01 
17.28 --0.01 

15.56 <:0.01 

5.81 <:0.01 
10.48 --:0.01 
7.05 < 0.01 

0 .99-1 .06  >0.25 

22.23 <0.01 

15.65 . :0.01 

*Ra t s  not e x p o s e d  to 12-day e thano l  s e q u e n c e  before  ch ron i c  infus ion  of  T H P .  
+Rats  e x p o s e d  to 12-day e thano l  s e q u e n c e  pr ior  to ch ron i c  infus ion  of  T H P .  
- A n i m a l s  c h r o n i c a l l y  infused  wi th  T H P  in 3rd ven t r i c l e  not e x p o s e d  to e thano l  

be fore  ch ron i c  infus ion .  

T A B L E  3 

I)ROPORTION OF ETHANOI, CONSUMED TO TOTAL FLUID FOR 4 GROUPS OF 
RATS INFUSED WITH THP (5.20 nmoles/day) AND 2 GROUPS OF CSF INFUSED 
CONTROLS OVFR 4 BI,OCKS OF INCREASING ETHANOL CONCENTRATIONS. 

MEAN +_ SEM 

n 3,e4~59, ~ 6%-9c/~ I 1('4-15~ 21YT~31Y~ 

T H P  (5.20 n m o l e s / d a y )  

S p r a g u e - D a w l e y  I 5 .72 -z_ .03 .78 + .06 .58 +_ .09 .23 ± .04 

S p r a g u e - D a w l e y  + 3 .75 + .01 .88 , . . 0 6  .60 - .09 .26 "_ .03 
Sp rague -Dawley - :  3 .36 ~ .12 .31 + .06 .12 ~ .02 .05 _' .02 

L o n g - E v a n s  (RR) 4 .61 ,- .04 .68 ~ .05 .21 ~ .04 .21 _+ .02 

C o n t r o l s  

S p r a g u e - D a w l e y  5 .40 _' .09 .19 .+_ .02 .09 -' .01 .07 ~ .01 
L o n g - E v a n s  (RR) 5 .25 :- .04 .15 -_ .01 .10 "_ .02 .06 ~ .02 

A N O V A  F p 

A m o n g  g r o u p s  (5,19) 39.5 <'0.01 
B locks  of  e thano l  (3,57) 70 <0.01 
G r o u p s  x b locks  (15,57) 0.95 >11.25 

*Rats  not  e x p o s e d  to 12-day e thano l  s e q u e n c e  pr ior  to ch ron i c  in fus ion  of  T H P .  
- R a t s  e x p o s e d  to 12-day e thano l  s e q u e n c e  p r io r  to ch ron ic  in fus ion  of  T H P .  
:~Animals c h r o n i c a l l y  infused wi th  T H P  in 3rd ven t r i c l e  not e x p o s e d  to e thano l  

be fo re  ch ron i c  infus ion .  
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T A B L E  4 

G/kg (MEAN -" SEM) ETHANOl, CONSUMED FOR SDT.+*, RRT~ and RRC¢ 
GROUPS AT 30, 60, 90 AND 120 DAYS POST THP INFUSION. (5.20 nmoles/day) 

Group n 3%-5'~ 6%-9c2~ I lrd- 15c~, ~ 2(F/c-3(F/r 

30 Days 
SDT 
RRT 
SDC 
RRC 

60 Days 
SDT 5 
RRT 4 
SDC 4 
RRC 3 

9(I Days* 
SDT 5 
RRT 4 
SDC 4 
RRC 3 

120 Days-  
SDT 5 
RRT 4 
SDC 4 
RRC 3 

5 3.39 ~ 0.43 5.09 • 0.39 3.99 z 0.12 1.58 _+ 0.32 
4 3.15 = 0.37 4.77 _+ 0.34 2.66 . 0.43 2.66 • 0.43 
4 0.37 _+ 0.12 0.44 = 0.15 0.53 .+- 0.16 0.48 - 0.10 
3 (I.93 +_ 0.28 1.28 = 0.84 2.41 ~- 0.28 2.41 - 0.28 

2.61 : 0.17 4.77 "_ 0.50 2.48 = 0.94 2.31 +_ 0.41 
3.56 '- 0.08 6.28 ~: 0.41 3.69 , (I.32 1.68 • (I.33 
0.53 -z 0.12 0.75 x 0.06 0.75 _+ 0.06 1.11 -- (I. 10 
1.38 • 0.16 1.75 • 0.38 2.71 :. 0.14 3.05 '- 0.19 

2.10 -+ 0.54 5.17 = 1.19 3.93 = 0.57 2.83 _* 0.30 
3.21 -+ 0.16 4.13 z 0.29 1.76 _+ 0.13 2.92 = 0.37 
0.25 ~ 0.07 (I.43 - (I.12 (I.88 * 0.13 1.03 : 0.25 
0.16 ~ 0.05 0.32 ~ 0.11 0.66 • 0.10 0.67 . 0.25 

0.16 "- 0.02 0.09 ~- 0.04 0.43 *. 0.06 0.63 : 0.20 
0.23 - 0.02 0.25 + 0.05 0.53 + 0.09 0.67 - 0.18 
0.1(I + 0.(11 0.20 + 0.03 (I.34 + 0.05 (I.58 - 0.02 
0.29 " 0.06 0.26 + 0.11 0.69 ~ (I. 15 (I.56 - (I.02 

ANOVA 
Groups (3.121 
Blocks (3,361 
Groups x blocks (9,36) 
Simple effects within blocks 

3-Y,;~ ~3,18) 
20-30'?,4 (3.181 

Simple effects across blocks 
SDT (3,36) 
RRT (3,36) 
SDC (3,361 
RRC (3,36) 

F p 
30.0 '0 .01  
23.6 ' 0.(11 
15.0 " 0.01 

9.8 -:0.01 
3.56 - 0.025 

33.2 . 0.01 
29.2 - :0.01 

1.0 ~0.25 
5.2 .- (I.(11 

*At 90 days the choice between was H~(). ethanol and 0.06(;- saccharine. 
'A t  120 days the choice was between H~O, (1.06,c4 saccharine solution and 

ethanol adulterated with quinine (0.05%). 
:i:SDT: Sprague-Dawley rats infused with THP: RRT: RR-Long-Evans rats 

infused with THP: SDC: Sprague-Dawley control animals; RRC: RR-Long- 
Evans control animals. 

and  b locks  o f  e t hano l  c o n c e n t r a t i o n ,  p < 0 . 0 2 5 .  T h e  
g r o u p s × b l o c k s  o f  days  in te rac t ion  w a s  not  s igni f icant .  A 
c o m p a r i s o n  o f  S D T  v e r s u s  S D C  on m e a n  ml s a c c h a r i n  o v e r  
12 d a y s  w a s  s i g n i f i c a n t ,  p < 0 . 0 5  ( S D C  M e a n  ml 
-+ S D = 3 1  ± 7 v e r s u s  S D T  M e a n  ml + S D = I 6  _+ 101. T h e  
R R T  v e r s u s  R R C  c o m p a r i s o n  w a s  s ign i f i can t ,  p < 0 . 0 0 5 .  
The  ma in  effect  o f  b l ocks  wh ich  r e p r e s e n t e d  s a c c h a r i n  in- 
take  o v e r  12 c o n s e c u t i v e  d a y s  for  all g r o u p s  w a s  s ignif icant  
in a c o m p a r i s o n  o f  the first b lock  ( D a y s  1-3, M e a n  
ml _': S D = 2 0  _+ 131 v e r s u s  the  last b lock  ( D a y s  10--12, M e a n  
ml _+ S D = 2 6  _* I1), p < 0 . 0 0 1 .  T h e  s igni f icant  effect  o f  
b locks  w a s  due  to the  i nc rease  in s a c c h a r i n  in take  o f  the S D T  
and  R R T  g r o u p s  w h i c h  c o r r e s p o n d e d  to the  d e c r e a s e  in 
t he se  g roups"  e than o l  p r e f e r e n c e  (a r e d u c t i o n  in ml e t hano l  
c o n s u m e d ) .  

T h e  s a c c h a r i n  in take  for  C S F  c o n t r o l s  w a s  c o n s i d e r a b l y  
l o w e r  than  e x p e c t e d .  A g r o u p  o f  na ive  S p r a g u e - D a w l e y  
ma le s  I n = 4 ) ,  a p p r o x i m a t e l y  the  s a m e  age and weigh t  o f  T H P  
and  C S F  in fused  g r o u p s  at the t ime o f  the i r  e x p o s u r e  to 
s a c c h a r i n  w e r e  g iven  a single e x p o s u r e  to the s a m e  c o n c e n -  
t ra t ion  o f  s a c c h a r i n  in the  p r e s e n c e  o f  the a s c e n d i n g  e thano l  
c o n c e n t r a t i o n s .  A c o m p a r i s o n  o f  t h e s e  five g r o u p s  (SDT,  
S D C ,  RRT,  RRC and naive  c o n t r o l s )  r evea led  s ignif icant  
main  e f fec t s  for  g r o u p s  (p<(J .01)  and  b loc ks  ( p < 0 . 0 1 ) .  T h e  
g r o u p s × b l o c k s  in t e rac t ion  w a s  not  s igni f icant .  A c o m p a r i -  
son  b e t w e e n  the m e a n  ml s a c c h a r i n  for  na ive  c o n t r o l s  v e r s u s  
m e a n  ml for  S D C ' s  c o n t r o l s  w a s  s ignif icant  ( p<0 .025 ) .  The  
na ive  c o n t r o l s  c o n s u m e d  subs t an t i a l l y  m o r e  o f  the  0 .06~  w/v  
s a c c h a r i n  so lu t ion  ( m e a n  ml _+ S D = 6 2  _+ 19) than  the C S F  
con t ro l  g r o u p s  ( m e a n  ml .+_ S D = 3 3  _+ 7). T h e  l o w e r  s accha -  
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"FABLE 5 

MEAN ± SEM OF MEAN PREFERENCE RATIOS FOR SDT~, RRT~, 
SDC~,  and R R C ;  G R O U P S  AT 30, 60. 90 A N D  120 DAYS A F T E R  

CHRONIC INFUSION OF THP (5.20 nmoles/day) 

Blocks of ethanol concentration 

Group n 3%-5% 6 q ~ - ~  1 l%-IY)f 20"~3(F/~ 

30 days 
SDT 5 .91 ' . .01 
RRT 4 .85 ± .02 
SDC 4 .20 ' .06 
RRC 3 .22 -" .06 

60 days 
SDT 5 .87 ± .03 
RRT 4 .92 ± .01 
SDC 4 .24 -_ .04 
RRC 3 .31 ± .04 

90 days* 
SDT 5 .66 ± .11 
RRT 4 .74 '- .04 
SDC 4 .14 ": .04 
RRC 3 .25 + .02 

120 days- 
SDT 5 .07 "_ .01 
RRT 4 .07 _+ .01 
SDC 4 .(15 '_ .01 
RRC 3 .06 , .02 

.90 ± .03 .61 ~ .03 .12 z .04 

.81 z .06 .37 - .13 .17 : .03 

.08 ± .02 .07 ± .03 .03 = .01 

.28 ~ .(~ .07 ± .02 .08 ± .01 

.77 z .06 .21 ± .(14 .18 t . .03 

.93 "..02 .39 ± .02 .10 ' .02 

.15 - .03 .12 ± .03 .09 ÷ .Ol 

.22 -r .02 .18 ± .O1 .09 ~ .OI 

.78 + .08 .41 ± .08 .21 , .08 

.66 ± .08 .16 ±- .01 .13 + .01 

.12 - .01 .10 -- .02 .07 " .02 
• 1 8  - .03 .07 ± .02 .05 " .01 

.02 = .01 .06 "- .01 .06 ~ .0l 

.04 ' .01 .04 ± .01 .05 ± .01 

.04 :'- .01 .05 = .01 .03 - .01 

.04 - .03 .04 z .03 .06 + .03 

ANOVA F p 
Groups (3,12) 158.0 <0.01 
Blocks (3.36) 270.0 <0.01 
Groups × blocks 

3-5cA (3.22) 103.0 <O.01 
6-9'7~ (3.22) 127.0 <O.01 

11-15c.v; (3,22) 71.2 <0.01 
20-30"7, (3.22) 5.9 -:.0.01 

Simple effects across blocks 
SDT (3,36) 182.7 <0.01 
RRT (.3.36) 127.0 -~0.01 

*At 90 days the choice was between HzO, ethanol and 0.06e/~ 
saccharine. 

+At 120 days the choice was between H~O. 0.06% saccharine 
solution and ethanol adulterated with quinine (0.05'7;). 

~SDT: Sprague-Dawley rats infused with THP; RRT: RR-Long- 
Evans rats infused with THP; SDC: Sprague-Dawley control 
animals: RRC: RR-Long-Evans control animals. 

rin in take  for C S F  con t ro l s  could be  due  to some  p e r m a n e n t  
effect  of  the ch ron ic  infus ion p rocedu re  or  to o the r  ext r ins ic  
fac tors  not  con t ro l led  for  in these  expe r i m en t s .  

At 120 days  af te r  the infusion wi th  T H P  and  30 days  af te r  
exposu re  to saccha r in  HeO and increas ing  e thanol  concen -  
t ra t ions ,  a s e c o n d  3-bot t le ,  3-choice  tes t  was  g iven  to these  
g roups  a m o n g  0.06CA: sacchar in ,  H~O, and  the e thanol  con-  
c en t r a t i ons  p repa red  in a 0.05% q u i n i n e - H C 1  solut ion.  Dur- 
ing this  p re fe rence  tes t  the e thanol  so lu t ions  were  avo ided  by 
all g roups  and  the  g/kg e thano l  c o n s u m e d  were  be low 1 
g/kg/day o v e r  the  12 day  p re fe rence  test .  T h e s e  resul ts  are 
p r e sen t ed  in Table  4 and  5. A c o m p a r i s o n  of  the  mean  
g/kg/day and the  m e a n  p re fe r ence  ra t ios  ac ross  b locks  of  
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e thano l  c o n c e n t r a t i o n s  for individual  an imals  in these  fi~ur 
g roups  did not  reveal  impor t an t  d i f fe rences  a m o n g  these  
groups .  

Body  weight  and  total  fluid were  e x a m i n e d  ove r  the 4 
b locks  of  the 12 consecu t ive  days  at 30, 60, 90 and  120 days  
t es ted  by F r i e d m a n ' s  test  (no ties permi t ted) .  F r i e d m a n ' s  
tes t  for body  weight  was  signif icant  X~(3)=8.78, p < 0 . 0 5 .  The  
rank  o rde r  of  body  weights  were SDC SDT RRT RRC and 
there  was very  little change  in the r anks  of  these  g roups  from 
the beg inn ing  of  these  expe r imen t s .  F r i e d m a n ' s  test  on total  
fluid s h o w e d  no impor t an t  d i f fe rences  a m o n g  groups  
X~(3)=6.3, p >0.05.  

R E S U L T S  E X P E R I M E N T  2 

?t iP  l)ose-Respotlse Rcsults 

The  resul ts  of  the second  T H P  d o s e - r e s p o n s e  e x p e r i m e n t  
have  been  placed in Table  7 (g/kg/e thanol  c o n s u m e d )  and  8 
(mean  p re fe r ence  rat ios) .  Resul ts  of  e x p e r i m e n t s  with  
an imals  chron ica l ly  infused with salsolinol  have  been  placed 
in Table  9A and 9B, ne i the r  the  T H P  nor  the  salsolinol  dose-  
r e sponse  cu rve  differs s ignif icant ly f rom the  first dose-  
r e sponse  e x p e r i m e n t s  pe r fo rmed .  An A N O V A  for T H P  
d o s e - r e s p o n s e  cu rves  (2.6, 10.4, 41.6 nmoles /day)  when  the 
da ta  is ca lcu la ted  as g/kg e thanol  c o n s u m e d  is p resen ted  in 
Tab le s  7 and 8. As can  be  seen  there  are s ignif icant  effects  in 
doses  of  T H P  and  b locks  of  e thanol  as well as group × block 
in te rac t ion  and s imple effects  ac ross  groups .  

Shcff6 c o m p a r i s o n s  ( F ' = 6 . 8 4 ,  p < 0 . 0 5 )  of  the means  of  
C S F  infused rats  and  rats  t rea ted  with T H P  (2.6, 10.4 and  
41.6 nmoles /day)  wi th in  the  four b locks  of  e thanol  concen-  
t ra t ions  indica ted  that  T H P  infused groups  differed f rom the 
C S F  con t ro l s  only at the  6--9~ and  11-15% b locks  of e thanol  
c o n c e n t r a t i o n s  (p<0.05) .  T h e r e  were  not  impor t an t  differ- 
ences  be tween  con t ro l s  and T H P  t rea ted  g roups  at the  3-5% 
block of  e thanol  c o n c e n t r a t i o n s  or  at the 20-30c/~ b lock  
q~>0.05).  

Ana lys i s  of  the m e a n  p re fe rence  rat ios for  C S F  con t ro l s  
and  T H P  t rea ted  rats  revea led  a pa t t e rn  s imilar  to the  g/kg 
da ta ,  as can  be seen  in the  A N O V A  (Table  8). Sheff6 com- 
pa r i sons  (F=6 .84 ,  p < 0 . 0 5 )  for C S F  con t ro l  ve r sus  T H P  in- 
fused groups  again  indica ted  m a r k e d  d i f fe rences  b e t w e e n  
con t ro l s  ve r sus  T H P  t rea ted  groups .  Each  b lock  of  e thano l  
c o n c e n t r a t i o n s  showed  signif icant  d i f fe rences  b e t w e e n  the 
C S F  con t ro l s  and  T H P  t rea ted  rats  at the 3-5%.  6--9'Vc and 
11-15,e4 b locks  of  e thanol  c o n c e n t r a t i o n s  (p<0.05) .  The re  
were  not impor t an t  d i f fe rences  b e t w e e n  the C S F  con t ro l s  
and  T H P  t rea ted  groups  at the 20-30% block q~>0.05).  
F u r t h e r  Sheff6 c o m p a r i s o n s  b e t w e e n  the  2.60 nmoles /day  
group  and  the 10.4 and  41.6 nmoles /day  groups  showed  that  
the la t ter  two g roups  have  subs tan t ia l ly  h igher  p re fe rence  
rat ios  at the 6-9% and 11-15% b locks  (p<0.05) .  A final com- 
par i son  be tween  the ra ts  infused at 10.6 nmoles /day  and rats  
infused at 41.6 nmoles /day  ove r  the 11-15% revea led  that  the 
la t ter  ma in ta ined  subs tan t ia l ly  h igher  p re fe rence  rat ios (.77 
ve r sus  .47 for the  10.6 nmoles /day  group) ,  p < 0 . 0 5 .  Blood 
e thano l  levels  were  a s sessed  at 8:00 a .m.  for the  10.4 and  
41.6 nmoles /day  groups  for  the 11~,  15% and  25% alcohol  
solut ions .  These  values ,  exp res sed  as pe rcen t  a long with 
g/kg e thano l  c o n s u m e d  and  p re fe rence  rat ios,  have  been  
p laced  in Tab le  9. Blood e thanol  levels  for  these  rats  were  
e i the r  very  low or  unde tec tab le .  Yet ,a  total  of  4 ra ts  in these  
g roups  did ma in ta in  the  unusual ly  high p re fe rence  pa t te rn  
desc r ibed  by  Myer s  and  Melch ior  [28, 29,331.  One rat (THP  
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T A B L E  6 

MEAN g/kg _~ SEM AND MEAN PREFERENCE RATIOS -_ SEM OVER 4 BLOCKS OF ETHANOl, 
CONCENTRATION DURING PRE-EXPOSURE, THP INFUSION, AND 10 MONTHS AFTER FOR 

THE SDP GROUP 

Weight Total 
35~,-5~ 6~;;-9f,~ 11%-15% 2(Y~-30% gm +_ SD fluid ml 

Pre-exposure 
g/kg 0.28 - 0.06 0.39 _~ 0.08 0.47 -- 0.12 1.17 -_ 0.14 
Prof. ratio .22 _- .04 .15 _+ .05 08 ~ .01 .08 - .02 

THP infusion 
(5.2 nmoles/day) 

g;kg 2.18 +__ 0.13 4.35 _~ 0.39 6.23 _+ 0.84 3.88 -_ 0.36 
Pref. ratio .75 , .01 .88 , .06 .60 _4. .09 .26 -- .03 

10 months 
post-THP infusion 

g/kg 2.78 -_ 0.42 3.91 -_ 0.23 6.30 _+ 1.31 3.16 ,: 0.63 
Pref. ratio .85 ~ .03 .81 +_ .(16 .71 --_ .08 .26 - .07 

529 ~ 4 54 ~ 6 

697 ~ 8 64 : 9 
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No.  70) infused at 10.4 nmoles /day d e m o n s t r a t e d  p re fe rence  
for ethanol  through the 20-30% block of  e thanol  concen t ra -  
t ions. At this ra t ' s  peak of  ethanol  consumpt ion  at 25c~, it 
c o n s u m e d  12.0 g/kg. Howeve r .  the blood ethanol  level taken 
be tween  8:00 and 9:00 a.m. was only 87 mg/dl. 

Salsolinol l)ose-Re.~-pon.w Re.wdts 

The results  and the A N O V A  on g/kg/day data for groups 
infused with different  concen t ra t ions  of  salsolinol and CSF  
cont ro ls  is p re sen ted  in Table 10A. Significant d i f fe rences  
were  found for the effects  listed. Sheff6 compar i sons  
( F ' =  11.72, p<0 .05 )  of  the means  of  CSF  cont ro ls  and sal- 
solinol infused groups  indicated that these  groups  differed 
significantly in ethanol  intake (p<0.05).  An addit ional com- 
par ison be tw een  the lowest  e thanol  consuming  group and 
highest  e thanol  consuming  salsolinol group (272.64 nmoles /  

day) was significant (p<0.05).  Additional compar i sons  be- 
tween  these groups  was not statistically meaningful .  

An A N O V A  for the mean preference  ratios is presented  
in Table 7B for CSF  controls  and salsolinol infused groups.  
Significant effects  were  found for main effect  of  groups  and 
blocks,  but not for the interact ion.  Sheffe compar i sons  
( F ' = I  1.72, p<0 .05)  for the overall mean p re fe rence  ratios 
be tween  C S F  controls  and salsolinol groups  was significant 
q~<0.05). The conc lus ions  for the salsolinol d o s e - r e sponse  
relat ionships  are very similar to the T H P  dose - r e sponse  
data. 

The d o s e - r e s p o n s e  for T H P  and salsolinol for all blocks of  
e thanol  concen t ra t ions  is graphically r ep resen ted  in Figs. 1 
and 2. It is seen that T H P  exhibi ts  a maximal effect at 41.6 
nmoles /day and that a dose  of  about  100 nmoles /day  com- 
pletely blocked drinking above  control  levels. Similar results 
were  obta ined in an earlier expe r imen t  (results not repor ted) .  

T A B L E  7 

DOSE-RESPONSE F.FFECT WITH THP 

Dose/day n 3,'74-5% 

Ethanol concentration (v;v) 
g.:kg consumed ± SEM 

6C'7-9f/c I I'%- 15% 2ff:4-3(Y~; 

2.6 nmoles 6 1.27 _" 
10.4 nmoles 6 2.53 _, 
41.6 nmoles 6 2.63 ± 

104.0 nmoles 6 1.32 * 
CSF vehicle 6 .81 _,- 

.32 1.34 ± .44 1.38 _" .54 .60 z .28 

.24 4.38 _, .34 4.38 _" .93 3.17 -_ 1.40 

.23 4.69 ± .39 6.31 -_ .53 3.84 -_ .84 

.23 .55 + .16 .16_- .09 .14 _' .(16 

.44 .6,:1 _- .I1 .37 _, .19 .53 _" .19 

ANOVA 
Main effect group of doses THP 
Main effect blocks ethanol 
Groups × blocks 
Simple effect across groups 

3-5~ 
6--99; 

I I-  15~,~ 
20-3ff;~ 

13,20) 
(3.60) 
(9,60) 

(3,34) 
(3,34) 
(3.34) 
(3.34) 

F p 
21.0 ,-:0.01 
2.9 0.01 
2.9 •-0.01 

2.9 <0.1)5 
14.9 -:0.01 
25.8 <0.01 
10.2 -:0.()1 
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"FABLE 8 

DOSE-RI,,SPONSE EFFI-CT WITH THP 

Dose;day n 3"/,-5e,~ 

Ethanol concentration (viv) 
mean preference ratios ". SEM 

6C~-9c;, ~ I IC~ - 15"4 

2.6 nmoles 
10.4 nmoles 
41.6 nmoles 

104.0 nmoles 
CSF Vehicle 

20--30 c~, 

6 .45 +_ .13 .25 -~ .11 .20 -- .13 .(13 ± .01 
6 .79 '_ .05 .76 '- .06 .47 '- .08 .23 ~_ .12 
6 .86 '- .01 .85 -' .03 .77 ± .05 .28 ± .06 
6 .45 4 .10 .14 "..(15 .02 ~_ .01 .01 "- .005 
6 .26 ' - . 13  .13 " .04 .03 "_ .01 .03 ~_ .01 

q3,20) 
(3,60) 
(9,60) 

(3,95) 
13,95) 
(3,95) 
(3,95) 

F 
23.5 
36.8 

3.1 

.~0.01 
-:0.01 
-z0.01 

ANOVA 
Main effect groups of doses THP 
Main effect blocks ethanol 
Groups × blocks 
Simple effect across groups 

3_5,~ 
6-9ck 

I I-IY'~ 
20-3(~7c 

36.2 -:0.01 
58.4 .:'0.01 
46.4 -:0.01 

7.6 "~ 0.01 

Sa lso l ino l  a p p e a r s  to be  b o t h  less  p o t e n t  and  less  p o w e r -  
ful than  T H P  w h e n  the da ta  is p lo t ted  o n  p r e f e r e n c e  ra t ios  
(Fig.  2). 

Ra t s  in fused  wi th  sa lsol inol  at the  la rges t  d o s e  u sed  in the 
e x p e r i m e n t s  (272.6 n m o l e s / d a y )  w e r e  r e - t e s t ed  90 d a y s  a f te r  
the ch ron i c  in fus ion  s e q u e n c e .  I n t e r e s t i ng l y ,  t he se  ra ts  
d e m o n s t r a t e d  s o m e w h a t  h ighe r  m e a n  p r e f e r e n c e  ra t ios  at the 
90 d a y s  p r e f e r e n c e  tes t  o v e r  the 3 - 5 ~  and  6--9% b locks  o f  
e thano l  c o n c e n t r a t i o n s .  T h e s e  r e su l t s  m u s t  be v i e w e d  cau-  
t ious ly  due  to the  fact  that  on ly  t he se  sa lso l inol  in fused  ra t s  

w e r e  r e - t e s t ed  and  the  r ep l i ca t ions  o f  sa lso l inol  g r o u p s  have  
been  less  e x t e n s i v e  T H P  d o s e - r e s p o n s e  g r o u p s .  N e v e r t h e -  
less ,  the  l ong - t e rm p r e f e r e n c e  pa t t e r n  for  ven t r i cu la r ly  in- 
f u sed  sa lsol inol  at its m a x i m a l  dose  m a y  not  be subs t an t i a l ly  
d i f ferent  f r o m  the m a x i m a l  ef fec ts  o f  T H P .  

Blood e thano l  levels  w e r e  d e t e r m i n e d  for  ra ts  I n = 3 )  in- 
f u sed  wi th  sa lso l inol  at 272.6 n m o l e s / d a y  af te r  the  90 day  
re- tes t  by p lac ing  t he se  ra ts  on  the i r  individual  c o n c e n t r a -  
t ions  o f  h ighes t  e t hano l  in take  in the s t a n d a r d  p r e f e r e n c e  
s i tua t ion .  T w o  o f  these  ra t s  ma in t a ined  a r a t he r  subs tan t i a l  

T A B L E  9 

BI,OOD ETHANOL LEVEI,S (BAI, IN PERCENT AT 8:00 a.m.) g/kg AND PREFERENCt- 
RATIOS OF INDIVIDUAL RATS INFUSED WITH THP AT 1(}.40 nmoles;day 

OR 41.60 nmoles/day AT ETHANOL CONCENTRATIONS OF I1%, 15 ̀7 , AND 25'~ 

A. THP ( 10.40 nmolesiday) 
1 I% 15"~ 25,'7( 

Rat # BAI, gJkg E/T BAI, g,'kg E/T BAL g,'kg E/'F 

61 .011 6.33 ,77 .043 5.62 .91 - -  3.57 . 15 
73 .010 4.99 .88 - -  .34 .05 - -  - -  - -  
70 - -  2.03 . 17 .057 7.45 .68 .087 11.86 .70 
60 - -  1.71 .30 - -  1,45 • 16 - -  .82 .04 
76 - -  2.40 .38 - -  2.50 .17 - -  3.38 .14 
58 .I)20 7.80 .79 - -  2.56 • 15 - -  - -  - -  

B. THP (41.60 nmoles:'day) 
Rat # BAI, g/kg E:'F BAL g/kg E/T BAL g/kg E/'I" 

59 .025 7.74 .71 - -  4.73 1.00 - -  1.75 .()8 
74 .037 7.82 1.00 .010 5.09 1.00 .001 4.99 .58 
80 .020 8.01 .82 .001 5.50 .56 - -  3.26 .31 
75 .003 7.39 .73 .020 6.04 .67 .012 5.54 .31 
62 - -  2.35 .50 .030 7.58 .71 .010 5.20 .21 
77 .010 4.79 2.00 - -  2.37 . 18 - -  - -  - -  
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T A B L E  10 

DOSE-RESPONSE EFFECT WITH SALSOIANOL 

Sa l so l ino l  
d o s e / d a y  

A. E thano l  c o n c e n t r a t i o n  (v,,'v) 
g/kg c o n s u m e d  +_ S E M  

n 3'74-5% 67/~9";C I 1 ~ -  15CC 2 ~ - 3 ( ) C (  

4.62 n m o l e s  
17.04 n m o l e s  

68.16 n m o l e s  
272.64 n m o l e s  

C S F  Veh ic l e  

4 1.29 * 0.18 1.20 ± 0.42 1.04 --- 0.02 1.75 _" 0.15 

5 1.84 _+ 0.31 3.62 ~- 0.56 2.59 ± 0.32 2.02 + 0.37 
4 2.20 _+ 0.56 2.80 ~- 0.51 3.81 -~ 1.76 3 . 8 0 -  0.96 
4 3.09 ' 0.20 3.97 .t 0.97 5.31 _+ 1.8(I 4.24 _* 0.90 

6 0.81 t 0.44 0.64 _+ 0.11 0.37 _- 0.19 0.53 • 0.19 

A N O V A  

Main  effect  g r o u p s  (doses  Sa l so l ino l )  
Main  effect  b locks  (e thanol )  

G r o u p s  x b locks  

F p 

(4.10) 8.18 - :0.01 

(3,54) 2.03 >0.05 
(12,54) 1.82 >0.05 

d o s e / d a y  n 

B. Mean  p r e f e r e n c e  ra t ios  - SEM 

3%--5~ 6~- tY~ 11'74-150; 2ff/~-30~A 

4.62 n m o l e s  4 
17.04 n m o l e s  5 

68.16 n m o l e s  4 
272.64 n m o l e s  4 

C S F  Veh ic l e  6 

.45 ÷ .07 3 0  ~- .07 .10 " .0l  .09 _- .01 

.66 ± .08 .62 *- .08 .25 +- .02 .14 ' .02 

.57 + .16 .58 ± .10 .40 ~ .14 .18 _+ .04 

.65 ~ .03 5 5  ± .15 .44 ± .15 .25 ± .05 

.26 ~ .13 .13 "z_ .04 .03 '- .01 .03 ~ .02 

A N O V A  

Main  effect  g r o u p s  (doses  Sa l so l ino l )  
Main  effect  b locks  (e thanol )  

G r o u p s  x b locks  in t e rac t ion  

F p 

(4.18) 8.57 < 0.01 

(3,54) 24.01 --0.01 
(12,54) 1.26 >0.25 

5 

~4 

~ 3  

~ 2  

Control 

X - - X  Salsohr O, 

O - - O  TP'P 

mean -* SEM (n) 

, T 
~6) " 4 ,  

e ( 6 ,  X (4 ;  
.1_ 

I 1 I I t I I ~ i L i 
4 6 ~ .C 7'3 .c .  ~?. 9 ;  : ; :  ; . , -:'. " 

FIG.  1. D o s e - r e s p o n s e  c u r v e  for sa l so l ino l  and  T H P  e x p r e s s e d  as  
m e a n  g m / k g / d a y  c o m b i n e d  o v e r  e thano l  c o n c e n t r a t i o n s  o f  3-30%.  

0.7 

0.6 

0.5 

c 
- 0 . 4  
g 

i 0 . 3  
o 

~ ,2,.2 
E 
.J ~ 

0 . .  ' £ '  

1 
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Dose, nmole~/day 

FIG.  2. D o s e - r e s p o n s e  c u r v e  for sa l so l ino l  and  T H P  e x p r e s s e d  as  
m e a n  p re f e r ence  ra t io  (e thano l  c o n s u m e d / t o t a l  f luid) o v e r  e thano l  
c o n c e n t r a t i o n s  of  3-3(F4. 
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T A B L E  11 

INFUSION ()F DOPAMINE AND THP PLUS SAI.SOLINOI.  

m. 
l )opamine  
nmoles;day 

Ethanol Concentrat ion 

n 3f~-5':,: 6r'~-9~; 11'~;;- 15¢); 2(¥;~-3ff;,: 

g,kg consumed  ,_ SEM 
23.90 6 1.45 = (I.29 1.40 ~ 0.58 0.86 _~ (I. 13 0.71 -- 0.18 
CSF Control ('['able 7) 6 0.81 ± (I.44 0.64 ~ 0.11 (I.37 -_ (1.19 0.53 ": 0.19 

Mean Preference +_ SEM 
23.90 6 .55 • .13 .26 : .II .10 ~ .03 .03 _~ .01 
CSF Control (Table 8) 6 .26 :.- .13 .13 "_ .(14 .03 " .01 .03 : .01 

g,kg consumed  -- SEM 
239.(X1 6 1.49 : 0.32 0.89 , 0.33 0.70 ,- 0.30 1.10 , 0.43 

Mean Preference : SEM 
239.00 6 .57 • .12 .21 +_ .08 .(19 ,_ .03 . 0 8 -  .02 

B. 
T HP  & Salsolinol 
nmoles ,day n 3~-5¢  ', 6c4-9r~; " I 1':,~- 155¢ - 20c4-- 30r;; 

5 . 2 0 T H P  ~ 272.64 
Salsolinol 

g, kg consumed  ± SEM 
5 2.47 v 0.23 2.59 _, 0.45 2.27 - 0.49 1.04 : 0.37 

Mean Preference v- SEM 
5.20 T H P  , 272.64 5 .81 ± .43 .61 ,- .09 .30 ± .09 .05 = .04 

A N O V A  
gkg : da}  F p 

Main effect groups (doses) 
Main effect blocks (ethanol) 
Groups  ,~ blocks interaction 

Preference 
Main effect groups (doses) 
Main effect blocks 
Groups  × blocks interaction 

(1.91 37.1 
13.271 3.6 
(3.27) 3.2 

I 1 . 9 )  38.7 
(3.27) 20.5 
(3.27) 7.0 

.0.01 

(1.05 

0.05 

0.01 
¢(1.(11 
- 0.01 

e t h a n o l  i n t a k e  at  9% ( m e a n  g /kg  24 h r = 6 . 6 7 )  a v e r a g e d  o v e r  
48 hr.  T h e  th i rd  ra t  in th i s  g r o u p  m a i n t a i n e d  a p r e f e r e n c e  for  
e t h a n o l  at  11% c o n c e n t r a t i o n  ( m e a n  g /kg  24 h r = 5 . 9 0 )  a v e r -  
a g e d  o v e r  48 hr .  T h e  B A C  l eve l s  d e t e r m i n e d  at  4 :00  a . m .  
w e r e  43,  52, 27 m g / d l ,  r s e p c t i v e l y .  

The Chronic h~(usion o.f Dopamine, or THP and Salsolinol 

A s  c a n  be  s e e n  in T a b l e  I 1A, i n f u s i o n  o f  d o p a m i n e  i t s e l f  
c a u s e d  n o  s i g n i f i c a n t  i n c r e a s e  in a l c o h o l  i n t a k e  a t  d o s e s  o f  
23 .9  o r  239 n m o l e s / d a y .  A n  A N O V A  c o m p a r i s o n  o f  t he  g /kg  
d a g a  is p r e s e n t e d  in T a b l e  1 IB fo r  r a t s  t r e a t e d  w i t h  b o t h  T H P  
(5.2 n m o l e s / d a y )  a n d  s a l s o l i n o l  (277.7  n m o l e s i d a y )  r e v e a l e d  

s i g n i f i c a n t  m a i n  e f f e c t s  for  g r o u p s ,  p < 0 . 0 1  a n d  s i g n i f i c a n t  
d i f f e r e n c e s  for  t he  m a i n  e f f ec t  o f  b l o c k s  o f  e t h a n o l  c o n c e n -  
t r a t i o n s ,  p < 0 . 0 5 .  T h e  g r o u p s  x b l o c k s  o f  e t h a n o l  c o n c e n t r a -  
t i ons  i n t e r a c t i o n  w a s  s i g n i f i c a n t ,  p < 0 . 0 5 .  T h e r e  w e r e  s ignif i -  
c a n t  d i f f e r e n c e s  b e t w e e n  t h e s e  g r o u p s  at  t h e  3 - 5 % ,  6 - 9 %  a n d  
11-15e/r b lock  o f  c o n c e n t r a t i o n s  ( p < 0 . 0 1 ) .  H o w e v e r ,  t h e s e  
d i f f e r e n c e s  in i n t a k e  w e r e  n o t  p r e s e n t  in t he  20-30cA b lo ck  
( p > 0 . 0 1 ) .  

T h e  A N O V A  for  t he  m e a n  p r e f e r e n c e  r a t i o s  for  t h e s e  
g r o u p s  a l so  r e v e a l e d  s i gn i f i c an t  m a i n  e f f e c t s  for  g r o u p s ,  
p < 0 . 0 1 .  T h e  m a i n  e f f ec t  o f  b l o c k s  o f  e t h a n o l  c o n c e n t r a t i o n s  
w a s  s i g n i f i c a n t ,  p < 0 . 0 1 .  T h e  g r o u p s  × b l o c k s  o f  e t h a n o l  c o n -  
c e n t r a t i o n s  w a s  s i g n i f i c a n t ,  p < 0 . 0 1 .  F o u r  s i m p l e  e f f e c t s  
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I 2 3 4 

FIG. 3. Histological sections from brains of rats infused with THP or CSF for 14 days compared to an uninfused animal. Cresyl violet stain. 
Sections are from site of cannulation through brainstem. (A) non-infused, naive rat: (B) CSF infused control from preliminary TttP 
experiments: IC) Rat infused with THP (10.6 nmoles/day) during a dose-response experiments. 

analyses within blocks of ethanol concentrations revealed 
significant differences between groups at the 3-55~, 6--9e/~ 
and 11-15% blocks of ethanol concentrations (p<0.01). The 
preference data did not show important differences among 
groups at the 20--30c~ block of concentrations (p>0.25). 

tlistological Aspects of  the Chronic ln lusion Process 

The ventricular staining and histological procedures de- 
scribed earlier were completed on four of the five SDT rats 
from Experiment 1, all three of the SDP group, four SDC 
(CSF infused controls) and three rats infused in the third 
ventricle. Long-Evans rats (RRT and RRC) underwent ven- 
tricular staining and parasagital exposure of the ventricular 
system. 

Most of these rats had dislodged their cannulae prior to 
histological procedures and ventricular staining could be ac- 
complished only by pushing a 23 ga needle through the burr- 
hole in the calvarium where the cannulae had been placed. 
SDT and SDC groups revealed a uniform histological trend 
in that all of these rats had symmetrical, bilateral enlarge- 
ment of the ventricular lumen, both anterior and posterior, of 
the cannulae track. While direct observation of the original 
cannulae track was not possible, this enlargement is taken as 
evidence of accurate placement of the cannulae originally. 
There were also symmetrical, bilateral lesions of the fimbria, 
hippocampi and aspects of the dorsal hippocampus. There 
were not discerniable differences of this histological pattern 
for THP treated and CSF controls. The SDP rats demon- 
strated somewhat greater distortion of the lateral ventricle in 
the left hemisphere (site of cannulae placement) with rood- 

erate amounts of cellular debris visible in the ventricles of 
both hemispheres under a light microscope, Rats infused in 
the third ventricle showed a slight degree of non-specific 
tissue damage to the third ventricle without observable tis- 
sue damage to circumventricular structures posterior to the 
site of cannulation. 

Histological aspects of the brains of rats used in the 
dose-response experiments with THP and salsolinol, paral- 
leled the findings described for the SDP group; distortion of 
the ventricular lumen was restricted to the immediate vicin- 
ity of the cannu[a without apparent tissue damage to circum- 
ventricular structures, but with some distention of the ven- 
tricular system. In most cases the cannulae remained in 
place until histological sections were taken for these rats. 
Rats infused with THP at 10.6 or 41.6 nmoles/day from an 
earlier replication (n =4 for both groups) underwent complete 
histological examination as described earlier Idata not pre- 
sented). For rats included in the final replication of the 
dose-response experiments all rats infused at 2.6 nmolcs/day 
and 104 nmoles/day/THP were examined by ventricular 
staining and histological sections. Three rats infused at 10.4 
nmoles/day and three infused at 41.6 mmoles/day were 
treated similarly with the remainder of the rats in these 
groups retained for additional preference testing and drug 
treatment. Two rats were randomly selected from salsolinol 
dose-response curve for complete histological examination. 
l 'here was not evidence of misplaced cannulae with the rats. 
Representative brain sections (40 ~) from the forebrain to 
brain stem for animals from preliminary experiments and 
dose-response experiments have been placed in Fig. 3. Simi- 
lar sections for a naive, non-infused rat have been included 
in Fig. 3 for purposes of comparison. 
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DISCUSSION 

We have been able to confirm the major findings of Mel- 
chior and Myers [25, 26, 301. Animals infused with either 
THP or salsolinol consumed more alcohol than did CSF in- 
fused controls or naive controls. The greatest intake oc- 
curred at alcohol concentrations of 11-15% and declined at 
20--3(FA, for Sprague-Dawley rats which were of the same 
strain as those used by Melchior and Myers. Some rats did 
closely approximate the intake levels seen by Melchior and 
Myers (Table 9). In addition, we have observed long-term 
effects of these compounds on alcohol preference. 

On the other hand, we did not observe intoxication, 
ataxia or behavioral symptoms characteristic of alcohol 
withdrawal. 

Generally, blood ethanol levels were low and this was 
also characteristic of the original TIQ experiments [25], even 
though these earlier experiments revealed a number of rats 
consuming ethanol over the 11-30% range. Consequently, 
there has not been a demonstration that the TIQs shift the 
ethanol intake level to a point that could be considered intox- 
icating. It is clear from the several ANOVAs in the present 
experiments that the magnitude of the effects of the TIQs is 
greatest for the ethanol preference data with the g/kg/day 
data indicating that most TIQ infused rats regulate their 
ethanol intake so as to avoid blood levels that remain high 
during the day. 

We have extended the work to develop dose-response 
curves. These data suggest that dosages from 5.2 to 41.6 
nmoles/day of THP are effective in shifting the rat 's  prefer- 
ence for ethanol. The higher dose of THP used in these ex- 
periments, 104 nmoles/day, did not induce any shift in pref- 
erence and resulted in animals drinking only control levels of 
alcohol. The dual action of THP on the rat 's  intake of ethanol 
is in agreement with some indications in the original experi- 
ments. 

The ascending part of the THP dose-response curve also 
describes the salsolinol dose-response curve. Higher doses 
of salsolinol underwent rapid decomposit ion at ambient 
temperatures so that the question cannot be answered 
whether or not salsolinol 's effect on ethanol intake is also 
antagonistic at higher concentrations. The data from the 
present experiment suggest that salsolinol is about three 
times less effective than THP (17.24 nmoles/day for sal- 
solinol versus 5.20 nmoles/day for THP). The differences 
between the dose which produces maximal effects of these 
compounds is much greater (41.6 nmoles/day for THP and 
272.6 nmoles for salsolinol). There are not meaningful differ- 
ences among THP and salsolinol treated groups in terms of 
g/kg/day ethanol consumed at these doses. The important 
differences among THP and salsolinol infused rats appeared 
on the assessment of these groups mean preference ratios 
across blocks of ethanol concentrations. Again, the mag- 
nitude of the effects of THP or salsolinol on ethanol prefer- 
ence clearly points to THP's  greater efficacy on this aspect 
of ethanol intake. If, as discussed below, the actions of these 
compounds are irreversible, one would not expect classic 
dose-response curves. The greatest difference between the 
present results and those of Myers and Melchior [25, 26, 30] 
is marked decrease in drinking brought about by doses of 
THP of 104 nmoles per day,  whereas Melchior and Myers 
gave as much as 669 nmoles/day THP [261 without observing 
marked decreased drinking. They also report giving as much 
as 1073 nmoles salsolinol per day, a dose that we were not 

able to achieve, and again they observed no decrease in 
drinking. 

The possibility that TIQ effects are related to opiate re- 
ceptors in this area is an intriguing one. However,  there is no 
substantial evidence to support this hypothesis at the mo- 
ment. Studies of the binding of THP to opiate receptors have 
yielded IC 50 values in the range of 9x10-: '  M 1401 and 
2x10-: '  M [17,37], concentrations much higher than either 
we or Melchior and Myers have found effective in altering 
alcohol preferences. It can be calculated from the half-life of 
THP in the brain of 17.3 min [24] and a dose of 5.2 nmoles/ 
day given in divided doses every 15 min, that the steady 
state concentration of THP in the brain would be about 
6x 10 -~ M. An additional consideration arguing against re- 
versible occupation of the opiate receptor by TIQs is that the 
effects are essentially irreversible. Myers and Melchior [25, 
26, 30[ demonstrated this, and we have confirmed it. This 
would indicate that some structural alteration has taken 
place as a consequence of the procedures used here. 

The analgesic effects and epileptiform seizure patterns 
(EEG signs and behavioral manifestations) produced by 
morphine and the opiate-like peptides [4,16] are mediated by 
different regions in brain and certainly suggest different 
classes of opiate receptors in the mediation of analgesia and 
seizures. However,  there has not been a demonstration of 
addictive-liability associated with the exogenous adminis- 
tration of the TIQs, nor their withdrawal. Although we have 
not observed TIQ induced epileptiform seizure patterns in 
the rat, it appears that these disturbances would have to be 
anatomically dissociated from brain sites that mediate the 
ethanol preference phenomenon. The application of TIQ al- 
kaloids at specific brain loci should be capable of producing 
extreme motor disturbances in a dose-dependent manner, 
but not necessarily at the same sites as those that increase 
drinking behavior. Myers and Hoch 128] have reported that 
single injections of THP in some brain areas increasing drink- 
ing. Other areas are inactive, but no mention is made of any 
withdrawal-like effects at any site. 

The actual extent and pattern of underlying tissue damage 
resulting from our own use of the chronic infusion technique 
has been presented, but in spite of these changes we ob- 
served no epileptiform seizures, it is possible that the behav- 
ioral effects reported in the earlier TIQ experiments 125, 26, 
30, 311 were related to non-specific tissue damage resulting 
from the method of administration of the TIQ (see 1351 also). 

There is evidence of high density opiate receptor popula- 
tions in the striatum I1] and additional experimental evidence 
suggesting that the TIQ alkaloids and morphine inhibit basal 
levels of dopamine sensitive adenylate cyclase 110,36]. At 
high concentrations neither substance inhibits dopamine 
sensitive adenylate cyclase in the striatum. Consequently, 
the evidence suggests that the influence of opiates on 
dopaminergic functions is not on the adenylate cyclase- 
linked dopamine receptor. There is evidence for two types of 
dopamine receptors mediating behavior [38]. The proximity 
of opiate and dopaminergic receptors certainly suggest some 
modulatory activity is possible between major putative 
transmitter substances and those mechanisms that possibly 
mediate the effects of opiate-like peptides under path- 
ophysiological conditions, One possible outcome of this 
arrangement could be shared receptor mechanism or 
cooperativity between an opiate-modulated dopaminergic 
mechanism under pathophysiological conditions. The latter 
assumption is important in that there is no apparent physi- 
ological role for aberrant dopamine metabolites under basal 
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metabolic conditions. The unique pathophysiological condi- 
tion associated with alcoholism possibly involve metabolic 
alterations of a major dopamine metabolite in the brain that 
interacts indirectly with opiate-receptor mechanisms. It is a 
possibility that such a system in brain could mediate the 
euphoric or rewarding properties of both ethanol and the 
opiates. Such a system would involve complex anatomical 
and neurochemical relationships between the telencephalon 
and brain stem [ 111. 

Additional considerations of the TIQ's  activity in the 
brain and their role in ethanol preference must take into 
account the following: I l l  The complex pharmacological 
profiles of the TIQ alkaloids I2,81 clearly implicate TIQ ac- 
tivity restricted to catecholaminergic mechanisms with some 
recent evidence that these metabolites may influence 
serotonergic mechanisms in brain I191: (2) The TIQ com- 
pounds would be most likely to act in those areas where they 
can be most easily formed. For example, the endogenous 
levels of catecholamines in the dorsal tegumentum are very 
low and it is unlikely that there would be substantial forma- 
tion of the TIQ alkaloids in this region of the brain; (3) The 
conformational aspects of the TIQ alkaloids or their more 
complex metabolites would suggest efficacious binding at a 
dopaminergic receptor 17[. 

Additional experiments on dopaminergic systems that 
could be implicated in the TIQs influence on ethanol intake 
have used 6-OHDA injected into the ventral striatum ( 1/xg/4 
/xl) or into the vicinity of the lateral hypothalamus and ven- 
tromedial forebrain bundle (4/.tg/2 /xl) of THP treated rats 
and controls. Both of these treatments abolished the prefer- 
ence for ethanol in THP treated rats that demonstrated a 
stable preference for ethanol in the dilute range of concen- 
trations (unpublished data). The non-specificity of 6-OHDA 
is well known and its action at major dopaminergic sites 
eliminates the rats ability to express a number of behaviors 
[61, especially food and water intake. Since ethanol prefer- 
ence, by definition, is a consummatory behavior, 6-OHDA's 
long-term influence on ethanol intake could suggest that in- 
tact dopaminergic systems are necessary for rats to experi- 
ence the rewarding properties of ethanol. Others have ob- 
served the inhibiting effect of 6-OHDA on alcohol drinking 
not induced by TIQs [291. 

In preliminary experiments, haloperidol (0.5 mg/kg or 1 
mg/kg, IP) administered to THP treated rats with stable 
ethanol intake levels in the dilute range of concentrations 
and ethanol non-preferring controls resulted in different find- 
ings than the 6-OHDA experiments. The low dose of halo- 
peridol (0.5 mg/kg) resulted in the typical immobilization 
syndrome and lowered fluid intake in control animals, when 
administered at 4:00 p.m. daily for a 10 day period. How- 
ever, in THP treated, ethanol-preferring rats, the CNS de- 
pressant effects of haloperidol were not manifest nor were 
fluid intake and preference for ethanol drastically reduced 
when these rats were compared to controls. The high dose of 
haloperidol (1 mg/kg) resulted in immobilization and reduced 
fluid intake in both THP treated, ethanol-preferring rats and 
controls. However, haloperidol did not have permanent ef- 
fects on ethanol preference as did 6-OHDA. The interesting 
aspect of this data is that the low dose of haloperidol did not 
alter the preference pattern of THP treated rats. Haloperi- 
dol's specificity for the adenylate cyclase sensitive 
dopaminergic receptor at low doses could mean that the TIQ 
alkaloids alter dopaminergic transmission or affect a class of 
dopaminergic receptors that are not linked to an adenylate 
cyclase. Highcr doses of haloperidol could be non-specific 

and influence a wider range of receptors, one of which could 
mediate the TIQs effect on ethanol preference. This latter 
question could be answered by additional experiments with 
haloperidol at specific dopaminergic sites in the brain. 

The major difficulties in assessing the TIQ's role in 
ethanol preference continues to be the absence of detailed 
knowledge about the distribution pattern of these com- 
pounds or their metabolites in brain. There is recent evi- 
dence from mass fragmentography that Y,4'-deoxy- 
norlaudonsoline carboxylic acid (DNCLA), a TIQ al- 
kaloid derived from dopamine and phenylpyruvic acid, is 
present in the brains of rats with experimentally induced 
hyperphenylalaninemia (PKU) at concentrations that are 
physiologically significant 123]. The distribution of DNCLA 
appears to be restricted to the medulla-pons, midbrain, cor- 
tex and cerebellum. PKU rats have reliably shown substan- 
tial increases in their brain levels of DNCLA primarily on 
cortex and cerebellum. There also is speculation that THIQ 
derivatives are involved in the abnormal movements of Par- 
kinsonism 120]. In both of these instances TIQ alkaloids are 
present in diseased brains or experimentally induced condi- 
tions that are indicative of drastic alterations of the brain's 
metabolic activity. Alcoholism is postulated to have its own 
unique effect on brain metabolism. Although there is now 
some evidence that ethanol treated rats have detectable 
amounts of O-methylated salsolinol in their brain [18], it is 
not clear whether or not continuously high acetaldehyde 
levels or blood ethanol levels do indeed enhance the forma- 
tion of these alkaloids or their more complex multi-ringed 
metabolites in the alcohol dependent human brain. Adminis- 
tration of exogenous TIQs in rat brain has not resulted in 
ethanol dependence in the rat probably because there has not 
been a tendency for THP treated, ethanol preferring rats to 
consume more ethanol than can be metabolized, or to main- 
tain high blood ethanol levels. These objections to the exoge- 
nous administration of the TIQs as a model for alcoholism do 
not argue against a role for these substances in alcoholism, 
although drastic alterations in brain metabolism may be re- 
quired for the enhanced formation of these metabolites. Most 
importantly, however, the availability of an assay which is 
capable of detection of THP or its metabolites at the levels of 
at least 20 ng/g (6× 10 " M) or lower is imperative. 

Brown et al. [51 have recently reported that they are un- 
able to induce drinking in Wistar rats by intraventricular 
infusion of THP. Any one of several differences between the 
present work and that of Myers and Melchior on the one 
hand and that of Brown eta/.  could explain this discrepancy. 
However, it would seem most likely that the explanation 
may be found in the strain of animal used. Sprague-Dawley 
and Long-Evans rats used in this study have a low prefer- 
ence for alcohol normally, while Wistar rats used by Brown 
ct a/. have a much higher preference. In fact, the control 
levels of drinking reported by Brown cta/.  are nearly as high 
as we are able to achieve by TIQ infusions. Since our data 
and a very large literature indicates that rodents will not 
imbibe alcohol to any significant extent above their 
metabolic capacity, this may serve as an upper limit on the 
amount of alcohol that an animal will select, given a choice in 
the matter. 

Another major difference is ours and Myers" use of as- 
corbic acid to retard oxidation of the TIQs, but this is not 
done by Brown e t a / . .  If there is an interaction between 
ascorbate, alcohol and TIQs, the present experiments would 
not detect it. 

We have confirmed the major findings of Melchior and 
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Myers .  The important  d i f ferences  be tween  these  experi-  
ments  are summarized:  ( l)  The present  data has demon-  
s t rated a low f requency  of  animals with mean preference  
ratios above 0.5 at the avers ive  range of  concen t ra t ions .  20- 
30cA : (2) These  expe r imen t s  have not demons t r a t ed  that the 
in t raventr icular  infusion of T H P  or salsolinol induce behav-  
ioral s y m p t o m s  indicative of  e thanol  wi thdrawal :  (3) We 
have obse rved  dec reased  p re fe rence  at high doses  of  THP.  
Although the effects  of  both T H P  and salsolinol on ethanol  

p re fe rence  suggest  a pe rmanen t  alteration of  brain 
b iochemis t ry ,  there  is no ev idence  that  the permanent  
change  in the ra t ' s  p reference  for ethanol  can oi ler  substan-  
tive model of a lcohol ism.  
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