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1213, 1986.--Rats were trained to discriminate between the stimulus properties of tetrahydro-/3-carboline (THBC) and its 
vehicle in a two-lever, food-motivated operant task. By steadily increasing the training dose, the discrimination was 
attained at 20.0 mg/kg THBC. Dose-response experiments subsequently indicated that decreasing doses of THBC 
produced decreased discrimination and generated an ED50=3.63 mg/kg, Administration of the serotonergically-active 
drug, fenfluramine, produced THBC-appropriate responding in a dose-responsive manner. In addition, LSD and yohimbine 
produced partial generalizations in the THBC-trained rats. These data suggest that the discriminative stimulus properties of 
THBC are mediated by serotonergic neurons in the central nervous system. 

Tetrahydro-/3-carboline LSD Fenfluramine Yohimbine Serotonin Drug discrimination 

THE tricyclic compound 1,2,3,4 tetrahydro-/3-carboline 
(THBC) has been reported to be endogenously present in the 
brain of rats [2, 10, 22, 28] and in the platelets, urine [9,10], 
brain and liver of man [1]. This compound, also known as 
tetrahydronorharmane and tryptoline, is a condensation 
product of tryptamine and formaldehyde and, as such, has 
been observed to interact relatively specifically with central 
serotonergic (5-HT) systems in numerous ways. The possi- 
ble mechanisms involved in this interaction include: (a) in- 
hibition of 5-HT uptake mechanisms [3, 11, 24]; (b) inhibition 
of Type A monoamine-oxidase, for which 5-HT is a pre- 
ferred substrate [5]; (c) direct stimulation of 5-HT 
postsynaptic receptors [16,19]; and (d) release of 5-HT 
[25,30]. Any, or all, of these mechanisms can lead to a 
THBC-induced increase in brain concentrations of serotonin 
but no increase in either norepinephrine or dopamine as ini- 
tially reported in 1972 to occur with 6-methoxy-THBC [15]. 
Furthermore, various pharmacological effects of THBC 
indicate that its actions are mediated by serotonergic sys- 
tems [4,23]. 

Within a discriminative stimulus (DS) paradigm, a subject 
comes under stimulus control of a drug whereby correct op- 
erant responses in a choice situation are contingent upon 
which drug was previously administered. Research that em- 
ploys the DS procedure indicates a direct relationship be- 
tween the central effects of the drug and its ability to serve as 
a DS [18]. Although one report [17] indicated that rats 
trained to discriminate LSD from saline would respond, in 
69% of the trials, upon the LSD-correct lever after adminis- 
tration ofT. 1 mg/kg THBC, THBC has never been evidenced 
to be capable of controlling discriminative behavior. 

Thus, the purposes of the present investigation were to 
attempt to train rats to discriminate the stimulus properties 
of THBC in the DS paradigm and to employ various 
serotonergically-active drugs to provide an accurate estimate 

of its in vit'o mechanism of action upon that neurochemical 
system. 

METHOD 

Subjects 

Twelve experimentally-naive male Sprague-Dawley rats, 
weighing 171-224 g at the beginning of experimentation, 
were used. They were housed in individual living cages and 
their weights were adjusted, by daily rationing of commercial 
rat chow, to approximately 80 to 85% of their free-feeding 
weights as determined by daily weighing of two control free- 
feeding rats purchased at the same time as experimental 
animals from the supplier (Zivic-Miller, Allison Park, PA). 
Water was continuously available in the home cages which 
were kept at a constant temperature (20-22°C) and main- 
tained on a 12-hour light/12-hour dark daily cycle. 

Apparatus 

The experimental space consisted of eight identical 
standard rodent operant chambers (Lafayette Instruments 
Corp., Lafayette, IN) each equipped with two operant levers 
located 7 cm apart and 7 cm above the grid floor. A food 
pellet receptacle was mounted 2 cm above the grid floor at an 
equal distance between the two levers. The test cage was 
housed in a sound-attenuating cubicle equipped with an 
exhaust fan and 9 W house-light. Solid-state programming 
equipment (Med Associates, E. Fairfield, VT) was used to 
control and record the sessions and was located in an adjacent 
room. 

Discriminative Training 

Drug discrimination training was based upon procedures 
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described in detail elsewhere [27]. There were two training 
phases. In the first phase, the food-deprived rats learned to 
press the lever indicating vehicle (control) administration 
and received a food reward (45 mg Noyes pellet) for each 
correct response, fixed ratio 1 (FR1) schedule. This schedule 
was made progressively more difficult, in daily 15 min ses- 
sions, over 10 days until an FR10 schedule was achieved. 
Throughout lever press training, all rats received daily intra- 
peritoneal (IP) injections of THBC vehicle (V) 30 min prior 
to being placed into the two-lever operant box. Immediately 
following the attainment of the FR 10 schedule after vehicle 
administration, the opposite lever was activated and rats re- 
ceived a food reward for each correct response, fixed ratio 1 
(FR1) schedule, after the IP administration of an equal vol- 
ume of vehicle (1 ml/kg body weight) containing 5 mg/kg 
THBC. (Without previous investigations using THBC as the 
drug to control discriminative responding, the initial training 
dose was chosen as a result of one previous DS study [17] 
employing this drug. The plan was to double this dose after 
every two weeks of training until discrimination between it 
and its vehicle could be reliably attained.) Daily sessions of 
15 min duration were continued over 8 days with drug admin- 
istration until an FR10 schedule was reached. In order to 
minimize effects due to any possible position preference, 
the rats were divided into two subgroups (n=6). For one 
subgroup, responding on the left lever was reinforced by 
delivery of food pellets in every session following drug in- 
jection, whereas the other group was reinforced with 
food after responding on the right lever following drug injec- 
tion. Responses on the opposite lever were reinforced with 
food pellets after vehicle injection. 

Phase II discrinination training then began. Subjects were 
trained 5 days per week with reinforcement in a pseudo- 
random sequence. Thus, in each two week period, there 
were five days with drug lever (D) and five days with vehicle 
lever (V) correct. The pattern was D,V,V,D,D; V,D,D,V,V. 
The training criterion was reached when the animal selected 
the appropriate lever, according to the drug state imposed, 
on eight of ten consecutive sessions. 

Dose-Response Relationships 

As the rats attained the discriminative training criterion at 
the 20 mg/kg dose of THBC (see the Results section), testing 
and training sessions of 15 min duration, with alternating 
administrations of 20 mg/kg THBC or its vehicle, were con- 
tinued on Mondays, Wednesdays and Fridays. It was in- 
tended that if a rat was observed to make more than two 
incorrect first lever selections in any of 10 consecutive main- 
tenance sessions, the data on that rat 's performance would 
be deleted from the results. This, however, did not occur. On 
Tuesdays and Thursdays, the rats were injected IP with 
lower (1.25-10.0 mg/kg) doses of THBC and, 30 min later, 
were placed into the experimental chamber. They were 
allowed to lever press, without receiving reinforcement, 
until ten presses were made on either lever. To preclude 
training at a drug dose different than employed to train the 
animals, the rats were immediately removed from the exper- 
imental chamber once the total responses on one lever 
reached 10 presses. Each of these lower doses of THBC was 
tested in each animal on two occasions with each test pre- 
ceded both by a drug (20 mg/kg THBC) and a vehicle main- 
tenance session. The lever first pressed ten times was desig- 
nated as the "selected" lever and the percentage of rats 
choosing the drug-correct lever constitutes the quantal 
measurement (below). 
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FIG. 1. Learning curve for rats (n=12) trained to discriminate 
THBC from its vehicle. Ordinate: Percent of selected lever re- 
sponses on the THBC-correct lever; Abscissa: Session blocks with 
each block consisting of 5 THBC training trials and 5 vehicle ses- 
sions, according to the sequence: D,V,V,D,D; V,D,D,V,V. Dose of 
THBC (in mg/kg) in brackets was doubled every two weeks (see the 
Method section). 

Substitution Tests 

Subsequently, testing days (Tuesdays and Thursdays) 
were used to investigate the ability of the THBC-trained rats 
to discriminate numerous drugs evidenced to act upon 
serotonergic neurons, viz., LSD, fenfluramine, and yohim- 
bine, at doses reported in the literature to produce behav- 
ioral effects. Each dose of these drugs was administered IP 
and the rats were tested, in extinction, 20 min after injection. 
Upon making 10 responses on either lever, the animal was 
removed from the operant chamber. 

Drugs 

The hydrochloride salt of THBC was prepared by dissolv- 
ing THBC (Norleagnine, Sigma) in absolute ethanol modified 
with concentrated HCI to a final pH of 3.8 and recrystalliza- 
tion was induced at 4°C. Fenfluramine was generously 
supplied by Dr. David N. Johnson, A. H. Robins Research 
Laboratories, Richmond, VA, yohimbine HCI was pur- 
chased from Sigma Chemical Company, St. Louis, MO, and 
LSD tartrate was obtained from the NIDA. All drugs were 
dissolved in saline and administered IP at an equal volume of 
1 ml/kg. 

Measurements and Statistics 

The lever pressed 10 times first was designated as the 
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TABLE 1 
DOSE-RESPONSE AND SUBSTITUTION RESULTS IN RATS (n= 12) 

TRAINED TO DISCRIMINATE THBC 

Dose 
(No. trials) Quantitative 

Treatment mg/kg Quantal (SD) 

Vehicle - -  (22) 15.5 27.2 (4.7) 
THBC 20.0 (22) 92.6 83.4 (7.0) 

10.0 (2) 79.2 70.5 (5.4) 
5.0 (2) 54.2 55.6 (7.1) 
2.5 (2) 50.0 50.9 (12.0) 
1.25 (2) 1 5 . 0  22.7(11.1) 

Fenfluramine 2.0 (2) 95.8 77.2 (1.7)* 
1.0 (2) 58.3 53.8 (5.4) 
0.5 (2) 25.0 29.8 (23.4) 

LSD 0.24 (2) 82.4 62.1 (1.9) 
0.10 (2) 25.0 37.4 (3.4) 

Yohimbine 5.0 (2) 72.2 64.6 (1.4) 
2.5 (2) 50.0 49.6 (10.2) 

*Non-significant difference from quantitative measurement after 
THBC training dose (t-test of means), 

"selected" lever. The percentage of rats selecting the lever 
appropriate for the training drug was the quantal measure- 
ment of discrimination. In addition, a quantitative meas- 
urement of discriminative performance, measured by the 
animals' distribution of responses on the two levels prior to 
delivery of the first 10 responses, was used. This measure 
was calculated as 100 x number of correct responses divided 
by the number of correct and incorrect responses when one 
lever was pressed 10 times. The advantages in using both 
measurements have been discussed by Stolerman and 
D'Mello [29]. The quantal data for the dose-response exper- 
iments were analyzed by the method of Litchfield and Wil- 
coxon [13] which employs probit vs, log-dose effects and 
generates ED50s and tests for parallelism. 

RESULTS 

Acquisition of Discrimination 

Initial training with 5 mg/kg THBC on the pseudo-random 
schedule (see the Method section) during the first two 
weeks of training produced 48.3% THBC-appropriate re- 
sponses, whereas vehicle administration resulted in 71.7% of 
responses on this lever (Fig. l).This result was most likely 
caused by the fact that the rats had most previously been 
trained to lever press on the drug lever to the FR10 schedule 
over the preceding 8 days. However, this result, i.e., greater 
percentage responding upon the drug lever after vehicle than 
after drug, persisted for 8 weeks of training and until the 20 
mg/kg dose of THBC was administered. At that time, i.e., on 
the 9th and 10th week of training (session block 5, Fig, I), the 
administration of THBC began to produce greater percent- 
age responding on the THBC-correct lever than did its vehi- 
cle. This appropriate discriminative performance continued 
and increased for the next 6 weeks (session blocks 6, 7, and 
8, Fig. 1) at which time all the rats attained the 8 of 10 
consecutive correct lever choice criterion (see the Method 
section). 

Dose-Response Relationship 

Once the discrimination criterion was attained in all rats, 
interspersed maintenance sessions with 20 mg/kg THBC 
produced 92.6% of lever selections upon the THBC-correct 
lever, whereas administration of its vehicle produced 15.5% 
of selections upon this lever (or 84.5% selections upon the 
opposite vehicle-appropriate lever). Decreasing doses of 
THBC, each administered on two test days, produced de- 
creased discriminative responding both in terms of quantai 
and quantitative measurements (Table 1) and generated a 
standard dose-response curve for each measurement. 
Analysis of these curves by the method of Litchfield and 
Wilcoxon [13] yielded an ED50=3.63 mg/kg (95% confidence 
range: 2.16-6.09 mg/kg) for the quantal data and a similar 
ED50 of 3.56 (1.80-7.13) mg/kg for the quantitative data. 

Substitution Tests 

The results of administering various drugs to THBC- 
trained rats, to test for their similarity to the discriminative 
effects of THBC, appear in Table 1. Fenfluramine at a dose 
of 2.0 mg/kg !P produced 95.8% of selected lever responses 
upon the THBC-appropriate lever and a quantitative meas- 
ure non-significantly different from that calculated after the 
administration of the THBC training dose. Decreasing doses 
of fenfluramine produced decreasing quantal and quantita- 
tive discriminative performance. Analysis of the dose- 
reponse curve for fenfluramine [13] yielded an ED50=0.78 
(95% confidence range: 0.56-1.08) mg/kg and when this 
dose-response curve was compared to that of the THBC 
dose-response curve [13] the two curves were shown not to 
be parallel, i.e., calculated t=6.34>critical t=3.18. 

Substitution tests with 0.24 mg/kg LSD, in two trials, 
produced 82.4% first choice (selected lever) responses upon 
the THBC-correct lever and the highest dose of yohimbine 
(5.0 mg/kg) produced 72.2% responses upon this lever. 

DISCUSSION 

The present study indicates that tetrahydro-/3-carboline 
(THBC) can serve as the drug to control discriminative re- 
sponding in a two-lever food-motivated operant task. By 
starting with a 5 mg/kg dose of THBC and doubling the train- 
ing dose every two weeks, it was found that 20 mg/kg THBC 
is the appropriate dose to control discriminative responding. 
Once rats were trained to the discriminative criterion, de- 
creasing doses of THBC produced decreased discriminative 
performance and generated a standard dose-response rela- 
tionship with an ED50=3,63 mg/kg. 

Substitution tests with various doses of fenfluramine indi- 
cated that the discriminative stimuli of these two drugs, i.e., 
fenfluramine and THBC, are similar as suggested previously 
[17]. However, the non-parallel nature of the two dose- 
response curves suggests that THBC and fenfluramine may 
not be acting by similar mechanisms or upon similar recep- 
tors [12]. 

Substitution tests with the highest dose of (0.24 mg/kg) 
LSD produced 82.4% selected lever choices on the THBC- 
lever. Nielsen et al. [17] trained rats to discriminate 0.1 or 
0.24 mg/kg LSD from saline in a similar paradigm and re- 
ported that 7.1 mg/kg THBC produced 69% responding upon 
the LSD-appropriate lever and this effect was blocked by 
pretreatment with the 5-HT synthesis inhibitor 
p-chlorophenylalanine. More recently, rats trained to dis- 
criminate 0.1 ml/kg LSD selected the LSD-appropriate lever 
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on  77.6% of  trials af ter  the  1P admin i s t r a t i on  of  10 mg/kg 
T H B C  (J. C. Win te r ,  pe rsona l  communica t ion ) .  T h e s e  be- 
hav iora l  and  addi t iona l  b iochemica l  s tudies  led to the  sug- 
ges t ion  t ha t  T H B C  has  e i the r  a d i rec t  5-HT agonis t  ac t ion  or  
ac ts  v ia  5 -HT re lease ,  like fenf luramine .  The  p r e s e n t  s tudy 
sugges ts  a symmet r i ca l ,  a l though  par t ia l ,  t r ans fe r  of  dis- 
c r imina t ion  b e t w e e n  L S D  and  T H B C .  L ikewise ,  y o h i m b i n e  
wh ich  has  b e e n  s h o w n  to p r oduce  genera l i za t ion  in ra ts  
t r a ined  to d i sc r imina te  L S D  [6] genera l ly  p roduces  T H B C -  
app rop r i a t e  responding .  

The  n e u r o c h e m i c a l  bas is  o f  the d i sc r imina t ive  effects  of  
f en f lu ramine  [8, 14, 31] and  L S D  [7,32] have  repea ted ly  b e e n  
s h o w n  to res ide  in the  se ro tone rg ic  neu rons .  While  yohim-  
b ine  is c o m m o n l y  desc r ibed  as an  a~-adrenergic  an tagon i s t ,  
t he re  is ev idence  tha t  it may ,  in addi t ion ,  ac t  as an  agonis t  at 

s e ro tonerg ic  r ecep to r s  [6, 20, 26]. A l though  there  is no  sim- 
ple model  for  func t iona l  regula t ion  of  5-HT or its sub types  of  
r ecep to r s  [21], the  p re sen t  s tudy  ev idences  the  se ro tonerg ic  
med ia t ion  of  the  d i sc r imina t ive  p roper t i e s  of  T H B C .  Fu r the r  
r e sea rch  will be  requi red  to d e t e r m i n e  which  sub type  of  re- 
cep to r  plays a major  role in the  behav iora l  effects  of  this  
subs t ance .  
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