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KARl, I., S. RAPAKKO AND M. M. AIRAKSINEN. Effect of some fl-carbolines on phenylethylamine and apomorphine 
stereotypies in rats. PHARMAC. BIOCHEM. BEHAV. 12(6) 979-982, 1980.--Tetrahydrod3-carbolines (THBC:s) have 
recently been shown to occur in the human body and their role in mental diseases has been discussed. The effect of THBC:s 
and some other/3-carbolines (25 mg/kg IP) were studied on the stereotypies caused by apomorphine (APO, 2 mg/kg IP) and 
phenylethylamine (PEA, 50 mg/kg IP) in rats. These effects of dopaminergic drugs like apomorphine as well as of 
phenylethylamine have sometimes been used as animal models of paranoid schizophrenia. Dose effect relationships were 
studied from the most potent substances. All /3-carbolines studied significantly inhibited APO stereotypy. 
6-Methoxyharmalan was most effective followed by/3-carboline (BC), tetrahydro-/3-carboline (THBC), 1-methyl-THBC, 
6-methoxy-THBC and 6-hydroxy-THBC. 6-Methoxyharmalan, 6-hydroxy-THBC and BC inhibited also PEA stereotypy. 
Other substances studied were ineffective./3-Carbolines did not inhibit PEA and APO stereotypies in the same way. Thus 
the mode of PEA and APO stereotypies seems to differ, and/3-carbolines seem influence these stereotypies by more than 
one mechanism. If dopamine hypothesis is valid, the/3-carbolines formed in human body may protect rather than worsen in 
paranoid psychoses. 

Apomorphine fl-Carbolines Tryptolines Phenylethylamine Paranoid psychose Schizophrenia 
Rat Stereotyped behaviour 

THE dopamine hypothesis is perhaps the most accepted 
biochemical explanation of schizophrenic symptoms,  and 
stereotypies caused by dopaminergic drugs like ampheta- 
mine and apomorphine have been used as animal models of 
paranoid schizophrenia. Borison et al. [7] have claimed that 
the s tereotypy caused by/3-phenylethylamine in rats may be 
the best model presently available. Phenylethylamine is an 
endogenous substance in mammals [6, 13, 19, 35] and highly 
concentrated in the limbic system [8]. It may be a neuro- 
modulator  at adrenergic synapses [28] and a role in paranoid 
schizophrenia has been suggested [23, 30, 36]. 

Some tetrahydro-/3-carbolines (tryptolines) related to hal- 
lucinogenic Harmala alkaloids are normal constituents in the 
human blood and urine [18, 20, 27] and we have shown mass 
spectrometrically the occurrence of 1-methyl-l,2,3,4-tetra- 
hydro-/3-carboline (methtryptoline, tetrahydroharmane) in 
human platelets and plasma after alcohol drinking (unpub- 
lished observations). The corresponding aromatized 
/3-carboline, harman has also been reported to occur in 
human platelets [5]. Their main pharmacological actions 
seem to base on the inhibition of  5-hydroxytryptamine (5HT) 
uptake [21,24] and the increase of  5HT concentration in 
brain [2,17]. In higher concentrations #-carbolines also in- 
hibit dopamine and noradrenaline uptake in vitro [3, 21, 26, 
32] and they are inhibitors of  monoamineoxidase A [9]. In- 

hibition of some effects of apomorphine by 1,2,3,4- 
tetrahydro-/3-carboline (THBC) [25] and of the toxicity of 
amphetamine by 6-methoxy-THBC [1] suggest a mild 
antidopaminergic effect. 

We have compared the effect of some/3-carbolines on the 
stereotyped behaviour caused by phenylethylamine and 
apomorphine. 

METHOD 

Animals 

Male Wistar (Wistar/Af/Han/Mol/Kuo) rats weighing 
200-300 g housed in plastic cages (60x26x43 cm) with wire 
mesh floor for bitings caused by apomorphine. The rats were 
maintained 14 hours under lighting and 10 hours in darkness 
and were supplied with normal food and water. 

Procedure 

/3-Carbolines (25 mg/kg IP, in the preliminary test), apo- 
morphine (APO) (2 mg/kg IP) and/3-phenylethylamine (PEA, 
phenetylamine) (50 mg/kg IP) were used. fl-Carbolines were 
injected together with the stereotypogenic drugs. The dose 
effect relationship was studied from the most potent 
#-carbolines. The quantitative evaluation of apomorphine 
stereotypy was based on the number of biting per 30 sec 20, 
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T A B L E  1 

EFFECT OF/3-CARBOLINES ON THE STEREOTYPED BITINGS CAUSED BY 
APOMORPHINE (APO) 

Drugs Bitings/30 sec (Mean _+ SEM) 

20min 30 rain 40 rain 

Control (APO only) 19.9 ± 0.5 20.0 + 0.6 21.3 ___ 0.6 
APO + /3-Carboline 1.3 ± 1.3+ 1.7 _+ 1.75 4.2 ± 2.75 
APO + 6-methoxyharmalan 0.3 ± 0.35 0 + 0 $ 0.3 m 0.35 
APO + 6-methoxy-THBC§ 8.3 _+ 3.8? 10.2 ± 4.5+ 9.5 ± 3.2t- 
APO + 6-hydroxy-THBC 12.7 + 2.6? 11.0 + 2.6+ 10.7 ± 3.1+ 
APO + I-MethyI-THBC 5.5 _+ 2.6+ 9.0 _+ 3.9t 7.0 ± 2.9+ 
APO +THBC 6.5 ± 4.0+ 3.0 _+ 1.45 2.2 _+ 1.85 

In control group 20 rats, in each test groups 6 rats. 
*p<0.05, tp<0.01 and ~-p<0.001. 
§THBC tetrahydro-/3-carboline. 

T A B L E  2 

EFFECT OF/3-CARBOLINES ON THE MAXIMAL INTENSITY OF THE 
STEREOTYPED BEHAVIOUR CAUSED BY PHENYLETHYLAMINE 

(PEA) 

3 - -  

Drugs Score of stereotypy 
(Mean ± SEM) 

Control (PEA only) 
PEA +/3-carboline 
PEA + 6-methoxyharmalan 
PEA + 6-hydroxy-THBC 
PEA + 6-methoxy-THBC 
PEA + 1-methyl-THBC 
PEA + THBC 

2.6 + 0.2 
1.6 ± 0.5* 
0.8 + 0.45 
1.4 _+ 0.3t 
2.4 _+0.1 
2.3 +0.1 
2.1 _+ 0.1 

In control group 20 rats, in test groups 7-10 rats. 
*p<0.05, tp<0.01 and Sp<0.001. 

30 and 40 min after the drug adminis t ra t ion.  Phene ty lamine  
s t e reo typy  deve loped  slowly after  several  t imes r epea ted  IP 
inject ions and it was eva lua ted  by using the special  scale (0-4 
points)  o f  Bor ison  et al. [7]. The effects  of /3-carbol ines  were  
s tudied after  1-2 weeks  f rom beginning of  daily 
phene ty lamine  adminis t ra t ion.  

Drugs 

/3-Phenylethylamine chlor ide (Sigma), apomorph ine  
chlor ide (Ph .Nord) ,  no rha rman  (/3-carboline) chlor ide 
(Sigma), 1,2,3,4-tetrahydro-/3-carboline ( t ryptol ine,  Sigma), 
1-methyi- tetrahydro- /3-carbol ine (meth t ryp to l ine ,  Sigma) 
and 6 -me thoxyha rma lan  (6 -methoxy- l -methy l -3 ,4 -d ihydro-  
/3-carboline, Sigma). 6 -Methoxy- l ,2 ,3 ,4- te t rahydro- /3-carbo-  
line and 6-hydroxy- l ,2 ,3 ,4- te t rahydro- /3-carbol ine  were  
syn the t ized  in the Depa r tmen t  of  Pharmaceut ica l  Chemis t ry ,  
Univers i ty  of  Kuop io  [15,16]. 

Statistical Analysis 

The S tuden t ' s  t - tes t  was 
means .  
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FIG. 1. Dose effect relationship of 6-methoxyharmalan (A) and 
/3-carboline (O) on the score of PEA stereotypy (Mean +_ SEM). 
Doses of 6-methoxyharmalan were 4 mg/kg (score 2.2 ÷ 0.2), 10 
mg/kg (1.3 + 0.2"**), 25 mg/kg (0.8 ÷ 0.4***) and of/3-carboline 10 
mg/kg (1.8 _+ 0.2"), 25 mg/kg (1.6 +_ 0.2*) and 50 mg/kg 
(0.7 +_ 0.3***). The scores of controls was 2.6 -+ 0. l.Control group 
30 rats, test groups 6-8 rats. *p<0.05, **p<0.01 and ***p<0.001. 
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RESULTS 

All fl-carbolines studied inhibited the stereotyped behav- 
ior caused by apomorphine (Table 1). 6-Methoxyharmalan 
was the most effective, followed by B-carboline (norharman) 
and tetrahydro-/3-carboline. 1-Methyl-, 6-methoxy- and 6-hy- 
droxy-derivatives of tetrahydro-/3-carboline were slightly 
weaker, but all these substances had a significant effect. A 
dose effect relationship was studied for 6-methoxyharmalan. 
A dose of 10 mg/kg (IP) decreased the bitings about 70% and 
a dose of 4 mg/kg (IP) about 50%. 

Table 2 shows that the/3-carbolines tested had different 
effects on phenylethylamine stereotypy. 6-Methoxyhar- 
malan was the most effective, followed by/3-carboline and 
6-hydroxy-tetrahydro-fl-carboline. Tetrahydro-/3-carboline 
and its 6-methoxy- and 1-methyl derivatives were uneffec- 
tive. 6-Methoxyharmalan was more potent than/3-carboline, 
but their maximal effects were the same (Fig. 1). 

DISCUSSION 

None of the /3-carbolines studied aggravated APO 
stereotypy but all inhibited it, It is not known if the major 
mechanism of/3-carbolines on stereotyped behaviour caused 
by APO is partly mediated by direct action on dopaminergic 
system or if it is secondary to the increased 5HT action. 
Some other 5HT uptake inhibitors as well as the administra- 
tion of precursor amino acids of 5HT and other procedures 
which increase brain 5HT concentration have decreased cen- 
tral dopaminergic action and increased the effects of 
neuroleptics in rats [10,34]. Dopaminergic and 5HT-ergic 
neurons have been shown to be in close connection at least 
in nucleus candatus [11, 22, 29]. 

The rank order of potency of different fl-carbolines in the 
present study correlated well neither with the uptake inhibi- 
tion of 5HT nor that of dopamine or noradrenaline [3,21]. 
The different effect of THBC and 6-OH-THBC may be partly 
due to differences in the ability to go through blood brain 
barrier. Some correlation seems to occur with the inhibition 
of MAO [9,14], so that the unsaturated 6-methoxyharmalan 

and/3-carboline were more effective than the corresponding 
saturated tetrahydro-fl-carbolines. More than one mech- 
anism may occur. Only half of the substances tested inhib- 
ited also PEA stereotypy, but the mode of action on those 
cases may be similar. PEA is metabolized by MAO, but 
rather specifically by the type B. The fact that the effects of 
PEA never increased suggests that MAO-B is not signifi- 
cantly inhibited by the doses of fl-carbolines used in vivo. 

Dopamine receptors mediate APO stereotypy [4,12]. The 
major mechanism of amphetamine and PEA stereotypies 
have also been claimed to be dopaminergic. Although PEA 
releases dopamine from nerve terminals, the role of other 
effects of PEA in central nervous system is not excluded. 
Borison [7] has claimed that the actions of amphetamine and 
PEA are qualitatively identical, whereas some other studies 
suggest certain differences between them (for ref. see [7]). In 
light of our results, PEA and APO stereotypies are not iden- 
tical, and/3-carbolines did not inhibit them in the same way. 
Thus some direct effects of PEA or an effect on some other 
mediator than dopamine seem to be probable. 

Although the concentrations of fl-carbolines (THBC, 
6-OH-THBC, l-methyl-THBC) found in human body ([18, 
20, 27], our unpublished results) are sma!l in comparison with 
the doses of/3-carbol~nes that show pharmacological activity 
in uptake processes or the doses used in animal experiments, 
nothing is known about their concentrations in the CNS 
synapses. This year Shoemaker et al. [31] reported a high 
concentration of harman (1-methyl-fl-carboline) in rat ar- 
cuate nucleus. Thus the endogenic carbolines may have a 
role as regulators of 5HT and other transmitter substances. If 
the animal stereotypies used in the present study are valid 
models for human schizophrenic or paranoid psychoses, the 
/3-carbolines formed in human body seem to be protecting 
against such psychoses rather than aggravating or inducing 
them. 
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