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In the existing view imidazobenzodiazepine (Ro 15-1788) differs from other blockers of 
benzodiazepine receptors (CGS 8216, B-carbolines) by being a selective antagonist of benzo- 
diazepine receptors [12]. However, the writers showed previously that Ro 15-1788 has a 
moderate antiaggressive action and does not abolish aggressive behavior induced by diazepam 
[4]. Apomorphine in small doses has a similar mederate antiaggressive action, but after 
repea~ed injections tolerance to its antiaggressive action (and also to its sedative effect) 
develops [i]. After prolonged administration of apom~rphine the antiaggressive action of 
Ro 15-1788 also becomes appreeiably weaker [4]. 

The aim of the present investigation was to study any possible similar mechanisms of 
action of imidazobenzodiazepine (Ro 15-1788) and apomorphine in small doses at the level of 
dopaminergic and serotoninergic systems. 

EXPERIMENTAL METHOD 

Experiments were carried out on ii0 male Wistar rats weighing 250-300 g and on 275 non- 
inbred male mice weighing 25-30 g. The rats were divided into groups, with i0 animals in 
each group, and the mice into groups with 15 in each group. The action of a small dose of 
apomorphine (0.I mg/kg, subcutaneously) and of No 15-1788 (from Hoffmann-La Roche, Switzer- 
land) in a dose of 5.0 mg/kg (intmaperitoneally) was compared on the basis of four behavioral 
tests: aggressivemess induced in rats by electric shocks applied to the feet (footshock), and 
spontaneous motor activity and haloperidol catalepsy in mice. Footshock aggressiveness was 
determined in a chamber ~30 • 25 x 25 cm) in which a pair of rats received 96 electric shocks 
with an intensity of 35 V in the course of 3 min. The intensity of aggressive behavior was 
estimated as the number of fights between the pair of rats. Motor activity was determined 
with a photoelectric actometer for 30 min. ~Haloperidol catalepsy was estimated 60 min after 
intraperitoneal injection of haioperidol in a dose of 0.25 mg/kg (Gedeon Richter, Hungary). 
The intensity of catalepsy was determined as the length of time the animal remained in an 
awkward position. Parallel with the behavior tests, the concentrations of serotonin and its 
principal metabolite~ 5-hydroxyindoleacetic acid (5-HIAA) in structures of the mouse fore- 
brain were determined [7]. Apomorphine (0.i mg/kg) and Ro 15-1788 (5.0 mg/kg) were injected 
immediately before determination of spontaneous motor activity or 30 min before evaluation of 
the intensity of footshock aggressiveness and haloperidol catalepsy~ or before the biochem- 
ical investigation. To study the antiaggressive action of apomorphine and Ro 15-1788 the 
drugs were injected slowly, twice a day for i0 days. The action of a single injection of 
Ro 15-1788 and of apomorphine aiso was studied against the background of small doses (0.01- 
0.03 mg/kg) of pirenperone (from Janssen Pharmaceutica, Belgium), an antagonist of sero- 
tonin2-receptors [6]~ and of haloperidol (0.01-0.05 mg/kg), an antagonist of dopamine recep- 
tors. These substances were injected 5 min before apomorphine and Ro 15-1788. The action 
of apomorphine and Ro 15-1788 also was analyzed in a separate series of experiments after 
destruction of serotoninergic terminals by parachloramphetamine, injected in a dose of 15 
mg/kg twice a day for 7 days before the experiment (from Sigma, USA). Injection of large 
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TABLE I. Effect of Single Injection a~d Prolonged (twice a day for i0 days) Adminis- 
tration of Apomorphine and Ro 15-1788 on Footshock Aggressiveness in Rats and Sero- 
tonin Metabolism in Mouse Forebrain, and Changes in Action of Apomorphine and Ro 15- 
1788 under the Influence of Small Doses of Pirenperone and Haloperidol (M • m) 

Experimental conditions 

Footshock aggressiveness 
(number of fights during 
2 rain) 

Serotonin,tissuei pg/g II " t 

I I I  

25---3,2 29,--3,6 
11• 56-+-4,2* 
15___1,6" 49---3,6* 

5---0,9* 

274-3,7 

Physiological saline 0,50_+0,03 
Apomorphine (0.1 mg/kg)  0,52,--0,04 
Ro 15-1788 (5 m g / k g )  0,56• 
Apomorphine.(0.1 mg/kg)+ Ro 15- 

1788 (5 mg/k~) . . . - -  --~ 
Apomorphine (0-.1. mg/kg) + na.o - 

periaoI (0.1 mg /kg )  - -  - -  
Apomorphine (0.1 mg/kg) + pirenper 

one (0.1 m /kg) 4,-.1,2.* - -  _ 
Ro 15-1788 ~ mg/kg)+haloper idol  
(0.01 m~/k~) 34___4,2 -- _ 

Re 15-17~8 (ff mg/kg) + plrenperone 
(0.01 mg/kg) 3+0,8 . . . . .  

Legend. I) Single injection, II) prolonged administration. 
*P < 0.05, **P < 0.02. 

0,46• 
0,47• 
0,32• 

5-HIAA 

II 

0,48,--0,03 0,45• 
0,40• 0 ,~•  
0,55,--0,03 0,58,--0,04* 

Here and in Table 2: 

TABLE 2. Effect of Apomorphine and Ro 15,1788 on Spontaneous Motor Activity and 
Haloperidol Catalepsy in Mice and Changes in Action of Apomorphine and Ro 15-1788 on 
Motor Activity and Serotonin Metabolism in Mice after Injection of Parachloroamphet- 
amine (M • m) 

Experimental conditions 

Motor activit ,  
(number of 
impulses 
ifl 30 rain) 

Duration of 
haloperidol 
catalepsy 
r a i n  

Parachloramphetamine (2 X 15 mg/kg) 
motor  activit------~ ~ serotoni---------n - -  - -  - 5-- HI A-----A 

[tnumDer or I . . . .  
impulses in 

t30 rain) t p g / n s s u e  

Physiological s aline 
Apomorphine (0.1 mg/kg)  
Ro 15-1788 (5 m g / k g )  
Apomorphine (0.1 mg/kg) + Ro 15-1788 

(5 mg/k~) 
Apomorphine (0.1 mg/kg)+ha loper ido l  
( 0 . 0 5  mg /kg )  
Apomorplhne (0.1 mg/kg) + pirenperone 

(0.3 mg/kg) 

Legend. **~P < 0.01. 

296___28 
97_+ 12" * 

247___20 

156,-- 11 

187,-.17 

52,--6 

27• 
49• 

9• 

323• 
53• 

253• 

1674-15 

0,28___0,02 
0,30• 
0,40• 

0,30___0,03 
0,54• 
0,27-+-0,02 

doses of parachloramphetamine causes selective degeneration of serotoninergic terminals in 
the forebrain:and considerable depression of the serotonin concentration [5]. The experi- 
mental results were subjected to statistical analysis by Student's t test. 

EXPERIMENTAL RESULTS 

Small doses of apomorphine (0.i mg/kg) and Ro 15-1788 (5.0 kg/mg) had a moderate anti- 
aggressive action, and if the two were given together, depression of aggressive behavior was 
potentiated (Thble I). Haloperidol (0.01 mg/kg) abolished the ant• action of both 
substances, whereas pirenperone (0.i mg/kg) potentiated the behaviorial effect of a small 
dose of apomorphine and Ro 15-1788. After prolonged administration, however, the effect of 
a small dose of both apomorphine and Ro 15-1788 was considerably modified. Both substances 
hadaproaggressive action (Table i). Injection of a small dose of apomorphine into mice de- 
pressed their motor activity significantly (Table 2). Ro 15-1788 caused no significant change 
in the animals' motor activity compared with the control, but like haloperidol in a small 
dose (0.05 mg/kg), it depressed the effect of apomorphine. Pirenperone (0.03 mg/kg~ and de- 
struction of serotoninergic terminals with parachloramphetamine potentiated the sedative action 
of apomorphine equally. Apomorphine and Ro 15-1788 had directly opposite actions on the in- 
tensity of haloperidol catalepsy (Table 2). Apomorphine potentiated, whereas Ro 15-1788 sig- 
nificantly reduced the behavorial effect of haloperidol (0~25 mg/kg). Acute administration 
of apomorphine (0.i mg/kg) did not change serotonin metabolism (Table i). However, after 
repeated injections of apomorphine and under the influence of parachloramphetamine a signifi- 
cant rise was observed in the rate of serotonin metabolism (Tables 1 and 2). Unlike apomor- 
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phine, Ro 15-1788 in acute experiments inhibited serotonin metabolism, but after repeated 
injections, like apomorphine, it speeded up serotonin turnover. 

The results are evidence that apomorphine and Ro 15-1788 may have the same or different 
effects on different functional systems of the brain. According to existing data apomorphine 
is a direct agonist of dopamine receptors [8] and does not interact with benzodiazepine re- 
ceptors [II]. However, according to our data, apomorphine has a direct effect on sero- 
tonion2-receptors in small doses, moreover, apomorphine is an antagonist of these receptors. 
This view is confirmed by a number of facts. After long-term administration, apomorphine 
potentiates serotonin turnover and increases the sensitivity of serotonin=-receptors [3], 
pirenperone, an antagonist of serotonin2-receptors, potentiates the effects of apomorphine, 
and after destruction of serotoninergic terminals by parachloramphetamine, apomorphine has 
a stronger inhibitory effect on the animals' behavior, and after prolonged administration 
the animal becomes tolerant to the behavioral (sedative, antiaggressive) effects of apomor- 
phine and, finally, apomorphine displaces labeled ketanserine (an antagonist of serotonin2- 
receptors) from binding sites in the prefrontal cortex [i0]. According to the results of 
the writers' previous investigations Ro 15-1788 increased the concentration of the dopamine 
metabolite 3,4-dihydroxyphenylacetic acid equally in the striatum and limbic structures [2]. 
The different effects of Ro 15-1788 on different functional systems of the brain are thus 
not connected with its interaction with the dopaminergic system. In all probability this 
action of Ro 15-1788 is due to its interaction with serotoninergic mechanisms. The writers 
showed that Ro 15-1788 is an agonist of benzodiazepine receptors concerned with regulation 
of activity of the serotoninergic system [4]. However~ the present investigation demonstrated 
that these benzodiazepine receptors differ in their effects on serotoninergic mechanisms in 
different functional systems of the brain. These benzodiazepine receptors have an inhibitory 
influence on serotonin mechanisms regulating emotional behavior, and located mainly in limbic 
structures~ This hypothesis is supported by the potentiation of the antiaggressive action 
of apomorphine against the background of Ro 15-1788 and potentiation of the antiaggressive 
effect of Ro 15-1788 under the influence of small doses of pirenperone, the antagonist of 
serotonin2-receptors. After prolonged administration tolerance is developed to the antiaggres- 
sive action of Ro 15-1788, and as in the case of apomorphine, this is accompanied by a sig- 
nificant increase in the rate of serotonin metabolism. Ro 15-1788 had an opposite effect on 
serotoninmechanisms concerned with regulation of motor reactions and located mainly in extra- 
pyramidal structures. Unlike pirenperone~ and like a small dose of haloperidol, Ro 15-1788 
counteracts the sedative effect of apomorphine, In acute experiments Ro 15-1788 inhibits 
the serotonin turnover and~ after long-term administration~ reduces the sensitivity of sero- 
tonion=-receptors [4]. Probably the antagonism of the cataleptogenic action of haloperidol 
under the influence of Ro 15-1788 is due to intensification of serotonin processes in the 
striatum. Another explanation of this different action of Ro 15-1788 on animal behavior may 
be the fact that extrapyramidal and limbic structures receive their serontoninergic innerva- 
tion from unequal populations of mesenteric raphe nuclei [9]. 

The authors are grateful to Dr. F. Colpaert (Janssen Pharmaceutica, Belgium) and Dr. 
W. Haefely (Hoffman-La Roche, Switzerland) for providng the serotonin and benzodiazepine 
antagonists for this investigation. 
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