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Evidence exists that the 4—10 or 4—9 fragments of adrenocorticotropic hormone 

(ACTH) produce some behavioral effects in animals and in humans. The present 

study was designed to investigate whether ACTH 4—9 interferes with the effects of 

antidepressants: fluoxetine (FLU), fluvoxamine (FOX), selegiline (SEL) or dopamine 

agonists: piribedil (PRB) or quinpirol (QPR) in forced swimming test and in open 

field in rats. ACTH 4—9 was given in a single dose (25, 50 or 100 pg/kg) or for 7 days 

(50 yg/kg/day), alone or together with antidepressants or dopamine agonists. It was 

shown that ACTH 4—9 alone did not influence the behavior of rats. However, when 

given in a single dose, ACTH 4—9 potentiated the antiimmobility effect of all 

antidepressants and dopamine agonists. ACTH 4—9 given for 7 days, facilitated only 

the effect of selegiline. The results suggest a functional interaction of ACTH 4—9 

with serotonergic and dopaminergic brain mechanisms of drugs action. 

Key words: ACTH 4—9, fluoxetine, fluvoxamine, selegiline, piribedil, quinpirol, forced 

swimming, open field. 

INTRODUCTION 

A number of recent investigations have shown that ACTH or its fragments, 
particularly 4—10 or 4—9 sequence of ACTH (corresponding to 

Met-Glu-His-Phe-Arg-Trp) affect central nervous functions in animals (1—8) 

and humans (9—15). 
ACTH and ACTH 4—9 are involved in some aspects of motivation, 

concentration, learning and memory processes (1, 16) and also in behavior 

related to fear in animals (3).
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Behavioral effects of ACTH — related neuropeptides in humans have been 

labelled mainly with reference to attentional processes, but also to general 

arousal, activation, mood and sensory sensitivity (9, 13, 17). 

ACTH or ACTH 4—9 seems to be useful in the treatment of panic 

disorders (11), seizures (6, 18, 19) or in neurophaties induced by cisplatin or by 

diabetes, because of neurotrophic activity of this hormone (4, 5, 20, 21). 
Recently some studies are undertaken on the usefulness of ACTH or its 

fragments in the treatment of schizophrenia with depression (22). 
In our previous investigations the potentiation of amitryptyline, imipramine 

and nomifensine effects by ACTH was observed in rats in forced swimming test 
(23), which is a behavioral model sensitive to antidepressant treatment (24, 25). 

The present study was designed to investigate whether ACTH 4—9, 
a centrally active peptide fragment of ACTH with little corticotropic activity, 
interferes with three other antidepressants: fluoxetine (FOX), fluvoxamine 
(FVA) or selegiline (SEL) in forced swimming rats. Interaction of ACTH 4—9 
with two dopamine agonists: piribedil (PRB) and quinpirol (QPR) was also 
examined. 

MATERIALS AND METHODS 

Studies were conducted on male Wistar rats weighing 180—220g at the beginning of the 
experiment. Rats were housed 8 per cage under standard laboratory condition, with free access to 
granular standard diet and tap water. All experiments were performed between 9 a.m. and 1 p.m. 

Forced swimming test (24, 25) 

Rats were individually plunged in vertical cylinders containing 20 cm depth of water at 25°C 
for 15 min. 24 h or seven days later and 1 h after the last drug treatment, the rats were replaced into 
the same cylinders again and the total duration of immobility was measured for 5 min. 

Exploratory activity (26) 

"The number of squares traversed or rearings were scored for 3 min in the “open field” 
apparatus (divided into 25 equal squares), using photoelectric counter. Testing was always 
performed 55 min after the single or last injection of the drug and 5 min before the forced 
swimming test. | 

The drugs used were: fluoxetine hydrochloride (Lilly, F rance), fluvoxamine maleate (Cédex, 
France), selegiline hydrochloride (Chinoin, Hungary), piribedil methanosulfonate (Euthérapie, 
France), quinpirole hydrochloride (Lilly, USA) and [Met (0)*, D-Lys*, Phe”] adrenocorticotropic 
hormone fragment 4—9 (ACTH 4—9, Sigma, USA). All drugs, as water solutions or suspensions in 
3% solution of Tween 80, were administrated ip. ACTH 4—9 was dissolved in distilled water and 
injected sc. 

All data are presented as means +SEM. The statistical significance of the differences between 
groups was assessed by a one’-— way ANOVA followed by the Dunnet’s test.
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RESULTS 

influence of ACTH 4—9 on the effect of antidepressant drugs in the forced 

swimming test 

a) Acute treatment 

ACTH 4—29 administrated sc in a single dose of 50 pg/kg or 100 pg/kg did 

not change the duration of the immobility in the forced swimming rats 

(Fig. 1, 2). 
FOX in a single dose of 5, 10 or 20 mg/kg and FVA 10, 25 or 50 mg/kg 

given alone did not influence the time of immobility (Fig. 1). On the contrary 

SEL injected in a single dose of 7.5 or 10 mg/kg significantly decreased the 

duration of immobility by 20% or 43% respectively (Fig. 2). 
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Fig. 1. The influence of ACTH 4—9 given in a single dose on the effect of fluoxetine (FOX) or 

fluvoxamine (FVA) in the forced swimming rats. ACTH 4—9 was injected sc simultaneously with 
FOX or FVA given ip. 1h before the test. a — p < 0.05, b — p < 0.01 vs resp. control. N = 8. 

After joint treatment with ACTH 4—29 in a dose of 100 pg/kg, but not 50 

ug/kg, and FOX 10 or 20 mg/kg or FVA 25 mg/kg, significant reduction of 
immobility time was observed (Fig. 1). SEL (7.5 or 10 mg/kg) co-administered 

with ACTH 4—9 100 ug/kg reduced the time of immobility more potently
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Fig. 2. The influence of ACTH 4—9 given in a single dose on the effect of selegiline (SEL) in the 

forced swimming rats. ACTH 4—9 was injected sc simultaneously with SEL given ip. 1h before the 

test. a — p < 0.05, b — p< 0.001 vs resp. control, c — p < 0.05 vs SEL alone. N = 8. 
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Fig. 3. The effect of prolonged treatment with ACTH 4—9 on the effect of fluoxetine (FOX) or 
fluvoxamine (FVA) in the forced swimming rats. ACTH 4—9 was injected sc simultaneously with 
FOX or FVA given ip. Both drugs were administrated for 7 days. The test was conducted 1 h after 

the last dose of the drug. N = 8. 
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‘by 27% or 56% resp.). SEL given in a dose of 5 mg/kg (inactive alone) together 

with ACTH 4—9 50 pg/kg decreased significantly the duration of immobility 

— by 27% (Fig. 2). 

b) Prolonged treatment 

ACTH 4—9 injected sc in a dose of 50 pg/kg/day for 7 consecutive days, 

alone or together with FOX (5 or 10 mg/kg/day) or FVA (10 or 20 mg/kg/day) 

did not influence the duration of immobility in the swimming rats (Fig. 3). 

On the contrary, in the rats receiving SEL (2.5 or 5 mg/kg/day) for 

/ days, alone or together with ACTH 4—9, significant and even more 

ootent, than after SEL alone, reduction of immobility time was observed 
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Fig. 4. The effect of prolonged treatment with ACTH 4—9 on the effect of selegiline (SEL) in the 
forced swimming rats. ACTH 4—9 was injected sc simultaneously with SEL given ip. Both drugs 
were administrated for 7 days. The test was conducted 1h after the last dose of the drug. 

а — р< 0.05, 6 — р< 0.001, с — р< 0.05 vs SEL alone. N = 8. 

Influence of ACTH 4—9 on the effect of dopamine agonists in the forced 
swimming test 

a) Acute treatment 

PRB administrated alone in a single dose of 25 or 50 mg/kg did not change 
the time of immobility in control rats. On the contrary, QPR given in a single 

9*
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dose of 0.25 or 0.5 mg/kg reduced significantly the duration of immobility by 

about 40% (Fig. 5). 
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Fig. 5. The influence of ACTH 4—9 given in a single dose on the effect of piribedil (PRB) or 

quinpirol (QPR) in the forced swimming rats. ACTH 4—9 was injected sc simultaneously with 

PRB or QPR given ip. 1h before the test. a — p<0.05, b — p < 0.001 vs resp. control, 

с — р< 0.05, d — p<0.01 vs resp. drug alone. N = 8. 

After co-administration of ACTH 4—9 (50 ug/kg) with PRB (50 mg/kg) the 
significant reduction (by 40%) of immobility time was noted (Fig. 5). In rats 
receiving joint treatment of ACTH 4—9 and QPR (0.25 and 0.5 mg/kg) 
significant potentiation of QPR effect was observed (immobility time was 
shorter by 50% and 55% resp.) (Fig. 5). 

b) Prolonged treatment 

In rats receiving PRB or QPR for 7 days, in both doses used, alone or 
together with ACTH 4—9 50 ug/kg/day the similar reduction (by 20—30%) of 
immobility time was observed (Fig. 6). -
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Influence of ACTH 4—9 on the effect of antidepressant drugs and dopamine 

agonists in open field test 

ACTH 4—9 administered in a single dose (25, 50 or 100 pg/kg) or for 7 days 

(50 ug/kg/day) did not change the exploratory activity of rats 

(Tab. 1, 2). 
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Fig. 6. The effect of prolonged treatment with ACTH 4—9 on the effect of piribedil (PRB) or 

quinpirol (QPR) in the forced swimming rats. ACTH 4—9 was injected sc simultaneously 

with PRB or QPR given ip. Both drugs were administrated for 7 days. The test was conducted 1h 

after the last dose of the drug. a — p < 0.05, b — p < 0.001, c — p <0.05 vs resp. control. 

М = 8. 

_Antidepressant drugs (but not dopamine agonists) given in a single, 
especially higher, dose reduced the motility of rats. ACTH 4—9 did not modify 

this effect of antidepressants. ACTH 4—9 induced hyper-motility of rats, 

receiving concomitantly QPR 0.5 mg/kg. 

FOX given for 7 days (10 mg/kg/day) decreased but QPR (in both doses) 

increased the exploratory activity. ACTH 4—9 given for 7 days did not 
influence the effect of antidepressants and PRB, but it normalised the motility 

of rats receiving concomitantly QPR (in both doses) for 7 days 

(Tab. I, 2). |
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Table 1. Effects of combined treatment with ACTH (4—9) and antidepressants or dopamine 
agonists, given in a single dose, on exploratory activity 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

        

Treatment — mg/kg Mean number +SEM 

(for ACTH (4—9) — ug/kg) Squares traversed Rearings 

Solvent 23.8 + 4.4 6.5 + 1.0 

АСТН (4—9) 25 20.8 + 1.6 4.3 + 1.0 

АСТН (4—9) 50 18.8 + 4.7 4.6+1.1 

ACTH (4—9) 50 15.6 + 2.6 4.9+0.7 

FOX 10 10.7 +4.1* 4.3+1.3 

FOX 20 7.2+1.5* 2.0+0.8* 

ACTH (4—9) 50+ FOX 10 7.94+1.7 0.6 + 0.3* 

ACTH (4—9) 50+FOX 20 7.1+0.7 2.5+1.2 

FVA 25 12.5+ 3.3 2.3+0.6* 

FVA 50 3.9 + 1.3* 0.8 + 0.4* 

ACTH (4—9) 50+ FVA 25 8.0+2.4 2.1+0.8 

ACTH (4—9) 50+FVA 50 9.3+2.8 3.0+0.6 

SEL 7.5 12.3+4.3 5.0 + 1.6 

SEL 10 12.4 + 2.5* 3.5+0.6* 

ACTH (4—9) 50+SEL 7.5 15.0+ 3.0 4.6 + 1.2 

ACTH (4—9) 50+ $ ЕТ, 109 18.3 +2.5 3.5 +0.6 

РВВ 25 23.0+3.1 3.4+0.7 

PRB 50 28.8 + 2.9 5.3 + 1.4 

АСТН (4—9) 50+РВВ 25 25.6 +4.1 3.8 + 1.0 

АСТН (4—9) 50+РВВ 50 28.0 + 3.9 3.6 +0.9 

ОРК 0.25 19.1 + 1.8 7.2 + 0.9 

ОРК 0.5 18.7+2.1 5.1+0.7 

ACTH (4—9) 50+QPR 0.25 20.4416 6.8+1.4 
ACTH (4—9) 50+QPR 0.5 35.8+2.9* 6.7+1.4 
    
ACTH 4-9 was injected sc simultaneously with other drugs given ip 55 min before the test. Asterisk 
indicates significant change (p<0.05) as compared to the control (solvent or drug alone receiving 
group) value. N = 8 rats.
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Table 2. Effects of combined treatment with ACTH (4—9) and antidepressants or dopamine 

agonists, given for 7 days, on exploratory activity 

  

Treatment — mg/kg/day 
Mean number +SEM 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

        

(for ACTH (4—9) — ug/kg) Squares traversed Rearings 

Solvent 16.8 + 3.3 3.8 +0.8 

| АСТН (4—9) 50 12.0+2.0 3.8+0.9 

FOX 5 7.5 + 1.7 2.5+0.9 

FOX 10 4.7+0.8* 0.8+0.3* 

ACTH (4—9) 50+FOX 5 13.9 + 3.4 2.2+0.7 

ACTH (4—9) 50+FOX 10 862,3 3.0 + 1.2 

ЕУА 10 10.5 + 2.8 4.1 +1.4 

FVA 20 10.0+ 1.7 1.7 +0.8 

ACTH (4—9) 50+FVA 10 87422 1.7+0.7 

АСТН (4—9) 50+ЕУА 20 15.0 4.2 2.4 +0.6 

ЗЕГ 2.5 17.4 + 3.0 6.1 + 1.5 

SEL 5 10.3+2.1 2.9+0.8 

ACTH (4—9) 50+SEL 2.5 10.9+1.5 3.7+0.3 

ACTH (4—9) 50+SEL 5 14.1+4.9 3.1+0.6 

PRB 12.5 10.7+2.8 4.9 +0.9 

PRB 25 12.6+1.6 4.1+0.6 

ACTH (4—9) 50+PRB 12.5 8.0+0.9 51+1.7 

АСТН (4—9) 50+ PRB 25 12.7 +2.0 4.7 + 1.4 

ОРК 0.125 27.5 +2.4* 4.9 + 0.9 

ОРК 0.25 26.0 + 3.0* 6.2+0.7* 

ACTH (4—9) 50+ QPR 0.125 14.2+2.6* 3.1 +0.6 

ACTH (4—9) 50+ QPR 0.25 13.8+2.7* 3.6 + 0.6*   
  

ACTH 4-9 was injected sc simultaneously with other drugs given ip for 7 days. The test was 

conducted 55 min after the last dose of the drug. For other explanations see Table 1.
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DISCUSSION 

The present results demonstrate that ACTH 4—9 given alone, in 
a single dose of 50 or 100 ug/kg, or for 7 days in a dose of 50 ug/kg/day, 
did not influence the behavior of rats in the forced swimming or in open 
field test. 

Only SEL and QPR administered in a single dose but also SEL, QPR and 
PRB given for 7 days reduced significantly the immobility time in a swim test. 
ACTH 4—9 (in single dose) facilitated the antiimmobility effect of all 
antidepressants: FOX, FVA and SEL and dopamine agonists: PRB and QPR. 
The potentiation of activating effect of SEL by ACTH 4—9 was also observed 
when both drugs were given for 7 days. 

The present results correspond with our previous and with other studies 
where it was shown that ACTH potentiated the activating effect of tricyclic 
antidepressants in Porsolt’s forced swimming test in rats (23, 27). The results of 
the present study indicate that ACTH 4—9 may also increase in this test the 
activity of non-tricyclic antidepressants: FOX, FVA or SEL and also the effect 
of dopamine agonists: PRB and QPR. Interaction between ACTH 4—9 and all 
drugs used seems to be specific, unrelated to locomotor activity level, as it was 
observed in open field test. 

Evidence exists that ACTH 4—9, which is ACTH fragment centrally active, 
(but not stimulating the release of adrenal hormones) may have anxiolytic 
activity (3, 11) and other behavioral effects in animals (1, 3, 16) and in humans 
(9, 13, 16, 22). The anxiolytic effect seems to be also involved in the interaction 
of ACTH 4—9 with antidepressants and dopaminomimetics, activating the 
behavior in forced swimming rats, observed in this study. 

On the other hand, ACTH-related neuropeptides act as a blocking of 
suppressive functions, during habituation or selective attention for instance (9). 
Disinhibitory effects mediated by structures of the limbic system may be 
responsible for improvement of sustained attention following the 
administration of ACTH-related peptides (1, 9). 

Moreover, the effects of ACTH peptides, acute or after subchronical 
application, on diverse aspects of mood as depressiveness, feelings of compet- 
ence and sociability have been investigated in human (1, 28, 29). Applying 
ACTH 4—9 analogue, ORG 2766, a decrease of anxiety and depression and an 
increase of behavior related to communication and sociability in mentally 
retarded subjects (9, 28—30) was reported. 
“ In the swimming test in rats we were not able to observe the similarity 
between ACTH 4—9 and antidepressant drugs action. However ACTH 4—9 
administrated in a single dose or in the case of SEL given also for 7 days, 
potentiated the activity of antidepressants and dopaminomimetics in the forced 
swimming rats.
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Various peptide hormones have been described as capable of influencing 

he number and function of brain neurotransmitter receptors (1, 2). 

Co-administration of ACTH but also ACTH 4—9 and desipramine has been 

reported to accelerate onset of the attenuation of a,-adrenoceptors response in 

aucleus accumbens (31), B-adrenoceptors in the frontal cortex (2, 32) and 

dopamine receptors in the mesolimbic area (33). 

The mechanism of interaction observed in this study seems to be related to 

iny changes induced by ACTH 4—9 in the sensitivity of brain catecholamine 

ог serotonine receptors participated in the activating effect of investigated 

drugs. 

In this and in our previous and other studies the interaction of ACTH or its 

‘ragments with DA mechanisms of antidepressants seems to be the most visible 

(12, 23, 33). There are also proofs that ACTH or its fragments could activate 

dopamine receptors (34, 35) or modulate their sensitivity (33, 36—38) in the 

different structures of brain. 

The role of the own anxiolytic and/or disinhibiting effect of ACTH 4—9 

and other mechanisms related with observed effects can not be also excluded. 
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