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Psychotropic activity of two cholecystokinin analogs Trp-Rl-Asp-Phe-NH 2 and R2-Tr p- 
R3-Asp-Phe-NH 2 is studied using behavioral tests. Both analogs have no effect on motor 
activity. Trp-R~-Asp-Phe-NH 2 in doses of 0.1 and 0.3 mg/kg exhibits anxiogenic activity 
and impairs learning (only in a dose of 0.1 mg/kg) of experimental animals. R2-Trp-R 3- 
Asp-Phe-NHz possesses no anxiogenic activity and in doses of 0.1 and 0.3 mg/kg promotes 
learning, which attests to its nootropic activity. 
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Bioactive fragments of cholecystokinin (CCK) have 
attracted great attention as modulators of the dopa- 
minergic system [3] that plays an important role in 
pathogenesis of various psychopathological states [6] 
and in drug abuse [1]. 

Behavioral experiments have demonstrated neuro- 
leptic-like effects of CCK octapeptide (CCK-8) in 
animals [8]. It was also shown that CCK-8 produces 
sedative and anticonvulsant effects, reduces tremor, 
induces catalepsia and ptosis [9-11], inhibits D- 
amphetamine-induced stereotyped behavior [ 12], and 
suppresses alcohol addiction [2]. 

These data allow us to consider CCK-8 as a 
potential drug for the treatment of psychopatho- 
logical states and drug and alcohol abuse. 

However, endogenous CCK-8 is unstable and 
interacts with both types of CCK receptors [7]. These 
limitations can be overcome by introducing spatial sub- 
stituent into CCK-8 molecule. Analysis of the struc- 
ture-activity relationships is very important for the de- 
velopment of new drugs. Such an analysis for large 
molecules is an involved procedure. Therefore, we used 
a tetrapeptide Trp-Met-Asp-PheNH2, the smallest 
biologically active cholecystokinin fragment (CCK-4). 
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In the present study on the basis of stereo-che- 
mical structure of natural CCK-4 we synthesized two 
its analogs and compared their psychotropic ac- 
tivities. 

MATERIALS AND METHODS 

Two CCK-4 analogs were synthesized and used in 
the study: Trp-R~-Asp-Phe-NH 2 [CCK-4(I)] and R 2- 
Trp-R3-Asp-Phe-NH 2 [CCK-4(II)]. Radicals 1, 2, 
and 3 denote structural modifications. We assumed 
that modification of Trp residue and substitution of 
Met with other amino acid stabilize the peptide and 
affect its selectivity to CCK receptors. 

CCK-4 analogs were synthesized according to 
classical liquid-phase protocol of peptide synthesis 
with maximum protection of amino acid functional 
groups. The obtained peptides were desalted by pre- 
parative high performance liquid chromatography; 
the final product was identified by thin-layer chro- 
matography, nuclear magnetic resonance, analytic 
HPLC, and amino-acid analysis. 

Psychotropic activity of CCK-4 analogs was as- 
sessed by modulation of motor activity and learning 
and by anxiogenic effect (intrinsic property of natural 
CCK-4 mediated through central CCK receptor). 
Model of morphine-induced analgesia was used to 
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find out whether test CCK-4 analogs possess the 
activity of central CCK receptor agonists. 

Anxiogenic effect of CCK-4 analogs was studied 
in the two-compartment test [4] and Vogel conflict 
test using Lick suppression test chamber. Tetrapep- 
tides were injected intraperitoneally in doses of 0.03 
mg/kg (group 1), 0.1 mg/kg (group 2), and 0.3 mg/ 
kg (group 3) 30 min before testing. Control animals 
were injected intraperitoneally with 0.9% NaC1. 

Motor activity was assessed for 5 min before the 
two-compartment test, after which the animal was 
placed to the center of dark compartment, and the 
number of transitions between dark and illuminated 
compartments and the time spent in the illuminated 
compartment was counted. 

In the Vogel test, deprived animals were trained 
to find water 24 h prior to injection of tetrapeptide. 
Thirty minutes postinjection, the latency of the first 
approach and the number of approaches to water as 
well as the number of punished water takings were 
determined. 

While studying the effect of CCK-4 analogs on 
morphine-induced analgesia in the tail flick test, the 
basal nociceptive threshold was determined as the 
mean of three measurements performed within the 
first 15 min of the experiment. The pain threshold 
was measured every 10 min for 1 h after injection 
of tetrapeptides and expressed as percent of the basal 
level. 

The data were processed statistically using the 
Student t test. 

RESULTS 

None of CCK-4 analogs modulated motor activity 
of experimental animals (Table 1). 

CCK-4(I) in doses 0.1 and 0.3 mg/kg reduced 
the time spent in illuminated compartment in the 
two-compartment test, while CCK-4(II) in all tested 
doses had no effects on this parameter. 

In the Vogel conflict test, CCK-4(I) in a dose 
of 0.3 mg/kg reduced the number of electric shocks 
(punished drinking), while animals injected with 
CCK-4(II) did not differ from the control in this 
parameter. CCK-4(I) in doses of 0.03 and 0.1 mg/kg 
prolonged, while CCK-4(II) in doses of 0.1 and 0.3 
mg/kg shortened the latency of the first approach to 
water dish (Table 1). 

It is generally accepted that prolonged time spent 
in the illuminated compartment and increased num- 
ber of shocks accepted by rats (punished drinking) 
suggest that test substance exhibits anxiolytic activity, 
while a decrease in these parameters indicates an 
anxiogenic effect. 

Our experiments showed that CCK-4(I) in doses 
of 0.1 and 0.3 exhibits anxiogenic activity. CCK- 
4(II) was not anxiogenic in all tested concentrations. 
CCK-4(I) in a dose 0.1 mg/kg impairs, while CCK- 
4(II) in doses of 0.1 and 0.3 mg/kg promotes learning 
in experimental animas. 

Pain threshold in animals injected with CCK-4 
analogs did not differ from the control (Fig. 1). 
Being injected in combination with morphine, CCK- 
4(I) reduces its analgesic effects from the 20th to the 
40th min postinjection, while CCK-4(II) has no 
effect of morphine-induced analgesia. Bearing in 
mind that agonists of central CCK receptors reduce 
and antagonists potentiate the analgesic effect of 
morphine [5], it can be concluded that CCK-4(I) 
acts as a central CCK receptor agonist. 

Thus, our findings suggest that substitution of 
methionine residue in natural CCK tetrapeptide does 

TABLE 1. Behavioral Parameters in Rats Intraperitoneatly Injected with CCK-4(I) and CCK-4(II) (M+m) 

Groups (n=10) 

CCK-4(I) 

Control 

First 

Second 

Third 

CCK-4(II) 

Control 

First 

Second 

Third 

Motor activity 
(number of 
movements) 

317.5• 

391.6• 

346.2• 

316.8• 

Two-compartment 
test (time spent 
in light compart- 

ment, sec) 
latency 

of first approach 

Vogel test 

339.8• 

446.4• 

384.0• 

271.6• 

50.4• 

43.0+7.3 

34.1 • 

27.9• 

19.2• 

54.6• 

67.0• 

28.2• 

number 
of shocks 

26.1 • 

28.0+6.0 

19.8• 

21.0• 

40.8• 

35.6+5.0 

21.3+3.9"* 

19.7• 

39.2• 

32.0• 

41 3• 

26.6• 

21.0• 

19.1+4.5 

29.2• 

25.3• 

number 
of approaches 

4.5+1.1 

3,9+0.9 

3,8+1.2 

5,0+0.9 

5.8+1.2 

6.9+0.9 

6,5+1.2 

7.0+0.8 

Note. *p<0.05, **p<0.002 in comparison with the control. 
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Fig. 1. Effect of cholecystokinin tetrapeptide analogs on morphine-induced analgesia. Ordinate: changes in pain threshold. Injection of 0.9% 
NaCI (1), CCK-4, 0.1 mg/kg (2), 5 mg/kg morphine (3), and morphine+CCK-4 (4). 

not abolish its central CCK receptor agonist effects 
(anxiogenic activity and reduction of  morphine-in- 
duced analgesia). Product of  substitution of  Met and 
modification of  Trp possesses no anxiogenic activity 
and improves  learning in exper imenta l  animals. 
These data allow us to propose CCK-4(II)  as a basis 
substance for the development  of  new nootropics 
and encourage the search for new structural mo-  
difications of  C C K - 4  enhancing its psychotropic  
activity. 
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