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The anti-amnestic and antidepressant activity of melanostatin analogs, obtained by 
changing the second and third amino acid residues has been determined. Pro-GIn-GIy-NH 2 (II) 
has an anti-amnestic activity comparable with piracetam, but in a dose lower by a factor of 
60. 

The hypothalamus hormone melanostatin (MIF, Pro-Leu-Gly-NH 2) has a wide spectrum of bio- 
logical activity [I], which explains the never lessening interest with respect to this com- 
pound of both chemists and pharmacologists. However, among the numerous synthetic analogs 
of this tripeptide only a few compounds are known with a high psychotropic activity [2, 3], 
whereby attempts to exchange the leucine residue for another natural amino acid in the mole- 
cule of melanostatin led to interesting results from the standpoint of biological activity 
[2, 4, 5]. We have previously shown that analogs of melanostatin containing the residues 
of phenylalanine and glutamine at the 2-position [Pro-Phe-Gly-NH 2 (I) and Pro-GIn-GIy-NH 2 
(II)] have psychostimulating activity during central administration [6]. In the present 
work we report the results obtained in the study of the anti-amnestic and antidepressant ac- 
tivity of these compounds, and also of analogs of melanostatin in which the glycine residue 
was exchanged by the conformationally more labile and biologically active residue of 7-amino- 
butyric acid (H-Pro-Leu-Abu-NH 2) (III) and the amide group was replaced by introducing the 
biologically active phenamine (H-Pro-Leu-GIy-NHCH(CH3)CH2C6Hs, IV) and the hydrazide groups 
(H-Pro-Leu-GIy-NHNH2, V). 

The synthesis of Boc-Pro-Leu-OH, melanostatin, analogs I and II has been described in 
[6]. Peptides III-V were synthesized by the carbodiimide method. Condensation of dipeptide 
Boc-Pro-Leu-OH with 7-aminobutyramide, N-glycylphenylamine and glycine methyl ester gave the 
N-substituted peptides VI, VII, IX. Hydrazyl VIII was obtained by the hydrazinolysis of 
Boc-Pro-Leu-Giy-OMe (VII). Peptides VI, VIII, IX were deblocked by 4 N HCI in dioxane. 

Boc-Pro-Leu-OHH_x_R 1 -+B~176 
(VI, VII, IX), 

where 

Vh X----Gly, R=NHCH(CHa)CH2CsHs, VII: 
X=Gly, R~OMe, IX: X=Abu, R=NH> 
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VII+N2H4. H20-+Boc-Pro-Leu-GIy-NHNH 2 (VIII). 

Boc-Pro-Leu-X-R--~-HCt. H-Pro-Leu-X-R 
(III--V, VI, VIII, IX), 

where IIh X=Abu, R=NH2, "~ ~'~ " 3~' :Gly, R= 
NHCH(CHa)CH~C6Hs, V: X=GI~, <=-NHNH2, 
Vh X=Gly, R=NHCH(CHa)CH2C6Hs; VIII: X= 
Gly, R=NHNH2, IX: X=Abu, R=NH> 

EXPERIMENTAL (CHEMICAL) 

The purity of the compounds was controlled by TLC on Silufol plates (Kavalier, Czechos- 
lovakia) in systems of solvents - A: chloroform-ethylacetate-methanol, 9:3:2; B: ethanol- 
ammonia, 9:1; C: benzene-acetone-acetic acid, 100:50:1; D: ethanol-ammonia, 4:1. The chro- 
matographic plates were developed by chlorotoluidine and ninhydrin reagents. The amino acid 
analysis was carried out on a T-339 amino acid analyzer (Mikrotechna, Czechoslovakia) with 
preliminary hydrolysis of the peptides in 6 N HCI at II0~ for 24 h. The specific rotation 
of the compounds was determined on a Perkin-Elmer 241MC spectropolarimeter (Germany). For 
the synthesis of the pepetides, amino acids and their derivatives with L-configuration from 
the firms Fluka (Switzerland) and Reanal (Hungary) were used. The abbreviations of the 
amino acids used correspond to the recommendations of the Commission on Biochemical Nomen- 
clature (IUPAC-IUB) [7]. Other abbreviations: Abu) aminobutyric acid; Boc) tert-butyloxy- 
carbonyl; DCCI) dicyclohexylcarbodiimide; DCCU) dicyclohexylurea; EtsN) triethylamine; SuOH) 
N-hydroxysuccinimide; DMFA) dimethylformamide; EA) ethyl acetate. 

Boc-GIy-NHCH(CH3)CH2~6H ~. A 1.75 g portion (i0 mmoles) of Boc-Gly-OH in i0 ml of abso- 
lute DMFA was cooled to -10~ 1.265 g (ii mmoles) of SuOH and 2.27 g (ii mmoles) of DCCI 
were added, and the mixture was stirred at room temperaturefor 2 h. Dicyclohexylurea was 
then filtered off and 1.72 g (i0 mmoles) of phenamine hydrochloride and 1.4 ml (I0 mmoles) 
Et3N in I0 ml of DMFA was added. After 16 h, the solution was filtered off, and to the fil- 
trate 20 ml of a saturated aqueous solution of NaCI was added, and the mixture was extracted 
with EA (3 • 50 ml). The organic fractions were washed successively with I N HCI (2 x 200 
ml), a saturated aqueous solution of NaCI (200 ml), 5% solution of NaHCO 3 (2 x 200 ml) and 
a saturated solution of NaCI (200 ml). The ethyl acetate solution was dried over MgSO4, the 
solvent was evaporated, and the residue was rubbed with hexane and recrystallized from anhy- 
drous ether. Yield, 2.57 g (87.9%) of Boc-GIy-NHCH(CH3)CH2C~H S. Mp 168-170~ Rf 0.7 (A). 

HCI'H-Pro-Leu-GIy-NHCH(CH3)CH2~sHs..(IV) ,. Preparation of solution A: A 0.53 g portion 
(1.62 mmole) of Boc-Pro-Leu-OH in i0 ml of EA was cooled to -10~ and 0.2 g (1.78 mmole) of 
SuOH and 0.37 g (1.78 mmole) of DCCI were added. The solution was stirred for 2 h and then 
was filtered. Preparation of solution 6: a 0.47 g portion (1.62 mmole) of Boc-GIy-NHCH(CH3)" 
CH2C6H s was dissolved in 5 ml of EA, and 2 ml of 4 N HCI in dioxane was added. After 20 min 
the solvents were evaporated, the residue was dissolved again in 5 ml of EA, and 0.23 ml of 
Et3N was added. After 20 min, solution B was filtered off and combined with solution A. 
After 16 h, the reaction mixture was filtered, the filtrate was diluted with EA to 30 ml and 
washed successively with i N HCI (3 x 30 ml), a NaCI solution (30 ml), a 5% solution of 
NaHCO a (3 x 30) and a NaCI solution. The solution was dried over MgSO4, evaporated in vacuo 
and peptide VI formed was deblocked with 3 ml of 4 N HCI in dioxane. After 20 min, dioxane 
was evaporated in vacuo, and the residue was recrystallized from anhydrous ether. Yield 0.3 
g (42.9%) of IV. Mp 121-123QC, [~]s782~ = -23.8 (~ 1.2, methanol), Rf 0.8 (B), amino acid 
analysis: Pro:Leu:Gly - 1:1.01:1.05. 

Boc-Pro-Leu-Gly-OMe (VII). A 5.75 g portion (17.5 mmoles) of Boc-Pro-Leu-OH in 20 ml 
of DMFA was cooled to -10~ and 2.214 g (19.5 mmoles) of SuOH and 3.97 g (19.5 mmoles) of 
DCCI were added. The solution was stirred at room temperature for 2 h and then a solution 
of 2.2 g (17.5 mmoles) of HCI'H-GIy-OMe and 2.45 ml (17.5 mmoles) of Et3N in i0 ml of DMFA 
was added. After 16 h of stirring at room temperature, DCCU was filtered off, 20 ml of a 
saturated aqueous solution of NaCI was added to the filtrate, and the mixture was extracted 
with EA (3 x 50 ml). The organic solution was treated as in the separation of VI. After 
evaporation, the residue was rubbed with hexane and dried in vacuo. Yield, 5.2 g (71.6%) 
of VII, mp 122-123~ [~]s8921 = -12.5 ~ (c i.i, methanol), Rf 0.55 (C). 

Boc-Pro-Leu-GIy-NHNH 2 (VIII). A 2.1 g portion (5.3 mmoles) of VII was dissolved in 5 
ml of methanol, and 5 ml of tert-butanol, 1.06 ml (21.2 mmoles) of 75% N2H4"H20 were added. 
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TABLE I. Anti-amnestic (M) and Antide- 
pressant (A) Activity of the Peptides 

Peptide 

MIF I 
II 
IlI 
IV 
V 
Piracetam 72,75"l" 
Imipramine 

*p < 0.01. 
#p < 0.05. 

M (%) [ 
300 15 mg/kg]l mg/kg 
mg/kg 

37,0 
14,2 
68,2'~ 
35,2 
37,5 J" --33,1 

--21,9 --59,9 

A (%) 

5 mg/kg] I mg/kg 

I 

7,28 15,02 
19,7 32,37* 
24,22 34,45* 

39,4 

The solution was held for 3 h on a water bath (50~ the solvents were evaporated and the 
residue was dissolved in 30 ml of EA. The solution was washed with water (3 x 30 ml) and 
dried over MgSO 4. After evaporation, 2.1 g (99%) of VIII was obtained, oil, [~]D 2~ = -61.8 ~ 
(c 4.0, methanol), Rf 0.15 (C). 

HCI.H-Pro-Leu-GIy-NHNH 2 (V). A 2 g portion (5 mmoles) of VIII was treated with 3.5 ml 
of 4 N HCI in dioxane. After 30 min the precipitate was separated, and dried in vacuo to 
yield 1.68 g (100%) of V. Mp 190-192~ [~]s782~ = -28.8 ~ (c 1.2, methanol). Rf 0.72 (D). 
Amino acid analysis: Pro:Leu:Gly = 1:1.05:1.06. 

HCI.H-Pro-Leu-Abu-NH 2 (III). A 20 ml portion of DMFA and 0.69 ml (4.9 mmoles) of Et3N 
were added to 0.68 g (4.9 mmoles) of HCI H-Abu-NH=. After 20 min the solution was filtered, 
1.613 g (4.9 mmoles) of Boc-Pro-Leu-OH was added to the filtrate, and the mixture was cooled 
to -10~ Then 0.62 g (5.4 mmoles) of SuOH and i.ii g (5.4 mmoles) of DCCI was added. Af- 
ter 16 h the reaction mixture was filtered, DMFA was evaporated in vacuo (50~ and the resi- 
due was chromatographed on a column (70 x 1.5 cm) with silica gel. Systems of solvents: 
chloroform:hexane, 4:1; chloroform; chloroform:methanol, 9:1. Compound IX that has been 
separated was treated with 3 ml of 4 N HCI in dioxane. Yield, 0.7 g (40.8%) of III, oil, 
[~]57s 16 = -27.1 ~ (c 0.5, methanol). Rf 0.65 (D). Amino acid analysis: Pro:Leu:Gly = 1.04: 
1.07:1. 

EXPERIMENTAL (PHARMACOLOGICAL) 

The pharmacological activity of the peptides was studied on white nonpedigree male mice, 
each weighing 16-23 g. As the reference preparation we have used the classical nootrop pira- 
cetam and the classical antidepressant imipramine. All the peptides were administered subcu- 
taneously 7 min before the experiment. 

The anti-amnestic activity of the compounds was studied using the conditional reflex 
of passive escape (CRPE) according to a method described in [8] with a subsequent application 
of a maximal electroshock (MES) as an amnesizing factor. The test for the reaction retention 
was carried out 24 h after the conditioning, using the latent time of entry of the mice into 
a dark compartment of the chamber as the criterion of the reaction retention. The MES caused 
an amnesia in mice. 

The amnestic activity (M) was considered positive, and the reverse effect - negative 
in comparison with control in accordance with the formula proposed in [9] and modified by 
us: 

M t c _ t  =-VCe loo %, 

where t is the latent time of entry of mice to which the compound studied was administered 
into the dark compartment of the chamber (sec), t c - the same time for the control group ani- 

mals. 

For studying the antidepressant activity the "swimming test" was used according to the 
method of Porsolt [I0], and the time of immobilization of the animals in glass cylinders dur- 
ing i0 min of observation was evaluated. The antidepressant action (A) was expressed in per- 
cent according to a formula similar to that cited above 

t c - t  
A= -rj i00 % 
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From the results presented in Table 1 it is seen that the compounds II and IV displayed 
anti-amnestic activity. 

Pro-GIn-GIy-NH 2 (II) has an anti-amnestic activity comparable with piracetam, but in 
a dose smaller by a factor of 60. In analog V, a tendency is observed (statistically unre- 
liable) to a reverse effect. 

Replacement of leucine by glutamine led to increase in the anti-amnestic and antide- 
pressant activity. At the same time introduction of a phenamine residue into the molecule 
of melanostatin and exchange of glycine by y-aminobutyric acid practically did not change 
the anti-amnestic effect. 

The time of immobilization in the Porsolt test was reliably shortened under the influ- 
ence of peptides I and II in a dose of 1 mg/kg. According to the extent of the effect, the 
activity of these peptides is similar to the activity of imipramine in a dose of 5 mg/kg. 
In melanostatin a tendency was observed for the manifestation of this effect (statistically 
unreliable). It should be noted that with increase in the dose, the activity of the peptides 
studied increases. 

At the same time, in tests on the reaction with 5-hydroxytryptophan, phenamine and re- 
serpine, melanostatin and its analogs do not display any noticeable biological effect. 
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