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In a study of the analogs of oxytocin modified in position 4, we turned our attention 
to [4.histidine]oxytocin as a possible natural mutant of oxytocin. The question of muta- 
tions in the field of neurohypophyseal hormones has been discussed in the literature in con- 
nection with the problem of phylogenesis, i.e., the evolutionary change in the chemical 
structure of the hormone molecule. Each such change must be connected with one point muta- 
tion -- the replacement of only one"letter" in the triplet codon responsible for the inclusion 
of an amino acid in the peptide chain. If mutations led to a mutant analog retaining a fair- 
ly high activity, the altered hormone could prove to be viable and be retained in the pro- 
geny. In particular, all replacements of amino acids in known natural neurohypophyseal hor- 
mones apart from the replacement of the glutamine in position 4 by serine correspond to the 
principle of one point mutation [i]. The question of the phylogenetic origin of the serine 
analogs has not yet been answered satisfactorily [i, 2]. 

For the [4-histidine]oxytocin that we have synthesized, a uterotonic activity of the 
order 25 IU/mg has been found. Table I gives all the oxytocin analogs that can be obtained 
as the result of a point mutation of the codon corresponding to histamine together with the 
codons for the inclusion of the corresponding amino acids and the values of their uterotonic 
activity. It can be seen that the histidine-containing analog possesses the greatest utero- 
tonic activity, its magnitude being sufficient for its retention and discovery in nature. 
Consequently, it is not excluded that [4-histidine]oxytocin, may be found in living beings. 
Such a possibility is confirmed by the fact that the hormone glumitocin, or [4-serine-8- 
glutamine]oxytocin, which has been isolated from the hypophysis of some species of cartilag- 
inous fish, possesses an even greater uterotonic activity, i0.0 ± 0.8 IU/mg [3]. 

For the synthesis of a protected nonapeptide with the sequence of [4-histidine ]oxytocin 
we used the azide condensation of two fragments--the azide of a tetrapeptide of sequence 1-4 
(I) and the amide of the pentapeptide of sequence 5-9 (If): 

(tl) 
(I) Z-C~s (Bzl~-T~r-Ile-H!s-N3-~H-A~n-C~s (~zl)-Pro-Leu-Oly-NIt2 

)Z.~s  (Bzl)-Tyr-ile-liis-Asn-C~s (Bzl)-Prc-Leu'~ly.NH: (ill) 

This division into fragments enabled histidine to be introduced into the synthesis without 
protection in the imidazole ring. 

The synthesis of the protected pentapeptide amide of sequence 5-9 of oxytocin was per- 
formed by methods described previously [8, 9] with the exception that, in the last stage to 
introduce benzyloxycarbonylasparagine we used the o-nitrophenyl ester, which has recently 
been used successfully for the synthesis of fragments of cytochrome c [i0]. This activated 
ester, unlike the p-nitrophenyl ester, is obtained with high yield (70-80%) and is easily 
purified. 

The tetrapeptide of the sequence 1-4 was obtained from the methyl ester of histidine by 
the successive growth of the peptide chain with the aid of activated esters of benzyloxy- 
carbonylamino acids. The benzyloxycarbonyl protection was eliminated by the action of hy- 
drogen bromide in acetic acid. The methyl ester of the protected tetrapeptide was converted 
into the hydrazide by the action of hydrazine in dimethylformamide. 
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TABLE i. Uterotonic Activity 
of Oxytocin Analogs 

Amino 
acid in 
position 4 

Uterotonic 
Coding activity of 
triplets the analog, 

FJlm$ 
I 

Gin CAA, CAO I 450i30 
ills CAC, CAU ] 25_+9 
Lea CUA, CUG] 13±1 
Lys AAA, AAO I 6 
Olu GAA, gcA£[ 1,5 

ol ? °  
2q 0,007 

The protective groups were removed from the protect- 
ed nonpeptide by the action of sodium in liquid ammonia, 
and then the disulfide bond was closed by the action of 

:Ute~ atmospheric oxygen in dilute aqueous solution at pH 6.5. 
amre To purify the product we used gel filtration on Sephadex 

G-15, first in 25% acetic acid and then twice in 2% acetic 
acid. The narrow zone from the middle peak after the 

- third purification was taken for the determination of bio- 
4 logical activity. 
5 
6 The testing of uterotonic activity was performed by 7 

Z. P. Auna in the Institute of Organic Synthesis of the 
Academy of Sciences of the Latvian SSR on isolated rat 
uterus under standard conditions• A mean value of the ac- 
tivity of 25.0 IU/mg with confidence limits of 15.8-34.3 

The activity was calculated to unit weight of the substance correspond- IU/mg was obtained• 
ing to the molecular formula of the hormone; the amount of substance in the freeze-drled 
material was determined from the results of analysis for nitrogen, as has been recently adopt- 
ed in the literature. In addition to the uterotonlc activity, we also investigated the 
pressor activity of the analog which proved to be very low, as for the majority of compounds 
modified in position 4. Our preparation exhibited a pressor effect only in doses greater 
than 0.5 mg/kg weight. 

EXPERIMENTAL METHOD 

All the amino acids used in the synthesis apart from glyclne had the L configuration. 
The purity of the substances obtained was checked chromatographically on micro plates with a 
nonfixed layer of silica gel or by paper ionophoresis at a voltage of 1200 V. The analyses 
of the protected peptides corresponded to the calculated figures. 

o-Nitrophenyl Ester of Benzyloxycarbonylasparaglne. With stirring and cooling to OOc, 
a solution of 10.3 g of dicyclohexylcarbodilmlde in 25 ml of dioxane was added to a solution 
of 14.6 g of benzyloxycarbonylasparagine and 8.3 g of o-nitrophenyl in 60 ml of dimethylfor- 
mamide (DMFA). After stirring at O°C for 2 h and at 20°C for 4-6 h, 2 ml of acetic acid were 
added, the mixture was stirred for another 15 mln, and the dicyclohexylurea was filtered off 
and was washed with 30 ml of dioxane. The filtrate was treated with 80 ml of water and after 
the beginning of crystallization another 120 ml of water were gradually added. The precipi- 
tate was immediately filtered off and was washed with 5% NaHC03 solution, water, i N HCI, 
water again, and repeatedly with ether. This gave 15.25 g (79%) of a product with mp 149- 
150°C. After reprecipitation from DMFA with water, mp 150 5-151.5°C, [a]2o _ 29.7 ° (c 2; 

• D dioxane). Composition C~sH~TN307. On recrystallization from a hot mixture of ethanol and 
ethyl acetate, the melting point rose to 154-154.5 ° but, according to chromatography, the 
product had partially decomposed with the formation of benzyloxycarbonylasparagine. 

Amide of Benzyloxycarbonylaspara$inyl-S-benzylcysteinyloprolylleucylglycine (IV). The 
hydrobromide of S-benzylcysteinylprolylleucylglycinamide, obtained by treating 3.9 g of the 
corresponding benzyloxycarbonyl tetrapeptide [8] in acetic acid with hydrogen bromide, was 
dissolved in ethanol and the solution was stirred with IRA-410 ion-exchange resin in the OH- 
form until the reaction for the bromide ion was negative. After the separation of the resin, 
the solution was evaporated find the residue was dissolved in i0 ml of DMFA, and then 2.8 g 
of the o-nitromhenvl ester of benzyloxycarbonylasparagine was added. After two days, the 
product was precipitated with water and it was washed on the filter with 5% NaHC03, water, 
1 N HCI, water, ether, and ethyl acetate, and was dried in vauum over P205. This gave 4.25 g 
(92%) of the pentapeptide with mp 208-210°C, [a]; ° --52 ° (1.4; DMFA). According to the liter- 
ature [8], mp 2~3-214°C, [a];* --51.5 (c i; DMFA). 

Methyl Ester of Benzyloxycarbonylisoleucylhistidlne (V). The dihydrochloride of histi- 
dine methyl ester (2 g) was treated with an excess of a solution of ammonia in chloroform, 
and the ammonium chloride was filtered off and the filtrate was evaporated to dryness. The 
residue was dissolved in a mixture of 12 ml of chloroform and 12 ml of acetonitrile, and 
3.1 g of the p-nitrophenyl ester of benzyloxycarbonylisoleucine was added. After a day, the 
solvent was distilled off, the residue was dissolved in 6 ml of methanol, and 80 ml of ab- 
solute ether was added. On standing overnight at Ooc, a gel-like precipitate deposited 
which, after filtration and repeated washing with ether, was dried over P205. lhis gave 2.0g 
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of substance (60%) with mp 158-168°C. After reprecipitation from methanol ether, the yield 
was 1.2 g (36%), mp 175-177°C; a second reprecipitation gave a product with mp 176-1780C. 
Composition C21H~sN~05. 

A similar result was obtained by synthesis using the pentachlorophenyl ester of benzyl- 
oxycarbonylisoleucine. 

Methyl Ester of Dibenzyloxycarbonyltyrosylisoleucylhistidine (Vl). The dipeptide (V) 
(0.88 g) was treated with a solution of hydrogen bromide in acetic acid (3.2 ml), and after 
an hour the hydrobromide was precipitated with ether, filtered off, and dried over P2Os and 
KOH, and it was then reprecipitated from methanol with ether. The oil that had separated out 
was disssolved in 5 ml of DMFA, and 1.14 g of the p-nitrophenyl ester of triethylamine were 
added. After a day, the tripeptide formed was precipitated with water, filtered off, and 
washed with water, ether, 5% NaHCOs, water, 2% acetic acid, ethyl acetate, acetone, and 
ether. This gave 0.60 g (42%) of a product with mp 170-171°C. Composition Cs.H4sNs09. 

Hydrazide of Benzyloxycarbonyl-S-benzycysteinyltyrosylisoleucylhistidine (VII). The 
tripeptide (Vl) (0.49 g) was treated with asolutionofhydrogenbromidein acetic acid (2.5mi), 
and after an hour the hydrobromide of the tripeptide was precipitated with ether, filtered 
off, washed with ether, dissolved in DMFA, and neutralized with solid sodium bicarbonate. 
The excess of bicarbonate was filtered off and the filtrate was treated with 0.37 g of the 
p-nitrophenyl ester of benzyloxycarbonyl-S-benzylcysteine and 0.i ml of triethylamine. After 
two days, the methyl ester of the tetrapeptide was precipitated with water, washed with water 
and ether, dried, and again washed with ether. This gave 0.51g of a product in the form of an 
amorphous powder with mp 166-173°C. Amino-acid analysis (hydrolysis in the presence of thio- 
glycolic acid): His 0.98, lie 1.00, Tyr 1.13; the cysteine was not determined. 

For conversion into the hydrazide, 0.47 g of the methyl ester of the tetrapeptide was 
dissolved in i0 ml of DMFA, 1.2 ml of anhydrous hydrazine was added, and the mixture was kept 
at 20°C for two days and at 80°C for 15 min. The hydrazide was precipitated from the cool 
solution with water and it was washed with water and ether and dried in vacuum over sulfuric 
acid. This gave 0.34 g (62%) of the hydrazide; after reprecipitation from DMFA with water, 
mp 216-218°C. Composition C39H~eHs07. 

Amide of Benzyloxycarbonyl-S-benzylcysteinyltyrosylisoleucylhistidylaspara$inyl-S- 
benzylcysteinylprolylleucylglycine (III). The protected pentapeptide amide (IV) (0.48 g) 
was treated with hydrogen bromide in acetic acid, and the hydrobromide of the pentapeptide 
amide (II) was isolated and was freed from bromide anions as described in the synthesis of 
(IV). 

To obtain the azide (I), 0.3 g of the hydrazide (VII) was suspended in a mixture of ii 
ml of acetic acid, i ml of i N hydrochloric acid, and 0.6 ml of 20% sodlum-chloride solution 
at 35°C. The suspension was cooled to--lO°C and, with stirring, 0.2 ml of a 1 M solution of 
sodium nitrite was added. After 15 min, the azide was precipitated by the addition of I00 
ml of 20% sodium-chlorlde ~olution (O°C), and the precipitate was filtered off and washed 
with water and, without drying, it was dissolved in 20 ml of DMFA. The solution was dried 
with sodium sulfate for 15 min, the desiccant was filtered off, and the solution was immed- 
iately added to the pentapeptide (II) obtained above. The reaction mixture was stirred 
at--10°C for I h and was left at--5°C for 3 days and at 20°C for another day. Then it was 
diluted with water, and the precipitate was filtered off and was washed with 5% NaHCOs, 
water, 0.5 M citric acid, water, and ether. After reprecipitation from DMFA with water and 
drying, 0.24 g (60%) of product was obtained, and this was used immediately in the follow- 
ing stage. 

[4-Histidine] oxytocin. A solution of 0.24 g of the protected nonapeptide (III) in 
200 ml of liquid ammonia which had been freshly redistilled over sodium was treated, with 
stirring, with small portions of sodium until a blue coloration remaining for a minute ap- 
peared. The resideal coloration was eliminated by the addition of a small crystal of ammonium 
acetate. The ammonia was allowed to evaporate completely in 3 h, the residue was dissolved 
in 2 liters of distilled water, the pHwas brought to 6.5 by the addition of acetic acid,and the 
solution was stirred vigorously in an open flask for two days. After filtration the solution 
was evaporated in vacuum at 30-35°C to a volume of 120 ml and was then lyophilized. To free 
it from salts, the lyophilizate was subjected to gel filtration on a column (90 × 1.5 cm) 
of SephadexG-15 in 25% acetic acid. The peptide peaks were identified automatically directly 
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at the outlet from the column from the absorption of the solution at 280 nm. The solution 
corresponding to the main peptide peak was collected, evaporated to a volume of i00 ml, and 
lyophilized. The material so obtained was subjected to gel filtration again on the same 
column in 2% acetic acid, by which means it was possible to separate the bulk of the dimeric 
product [ii] and also the tetrapeptide fragment present in the mixture. After the lyophill- 
zatlon of the central part of the main peak, 94 mg of substance were obtained. 

For final purification, 47 mg of the lyophillzate was rechromatographed under the same 
conditions and a narrow fraction corresponding to the central part of the peptide peak was 
collected. After evaporation and lyophillzatlon, 27 mg of an electrophoretlcally homogenous 
product was obtained. From the results of elementary analysis, the amount of main substance 
in the lyophillzate was 66%. 

The hydrolysis of the substance for amlno-acld analysis was performed in the presence 
of phenol and also by the standard method without phenol (figures in parentheses). The fol- 
lowing ratios of the amino acids in the hydrolyzate were obtained: His 1.00 (0.82), Asp 1.00 
(0.95), Pro 0.97 (0.94). Gly 1.05 (i.05), Cys (1.47), lie 1.00 (i.00), Leu 1.02 (I.05), Tyr 
1.22 (0.44). The amlno-acld analysis was performed by A. O. Smlrnov. 

SUMMARY 

A new synthetic analog of oxytocin -- [4-histidine] oxytocin -- has been obtained and its 
uterotonic activity has been determined. 
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