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Analogs of oxytocin containing a psendopeptide Leu-Gly bond of cis and //'1IIIS

configuration*

MICHAL LEBL1
• JII'tINA SLANINOVA1,and RODNEY L. JOHNSON~

'tnssitwe of OrganicCnemistrv lind Biochemistry, Czechoslovak Academy of Sciences, Prague, Czechoslovakia, ami
2Dt'parlm('m of MedicinalChemistry, Collegt' of PllGl'IIlGC)', UI/iversil)' of Minnesota. Minneapolis, Minnesota, USA

Received 30June. accepted for publication 15 September 1988

Dedicllied 10 Ihc memory of Prof. Choh Hac U

Analogs of denmino-oxytocin wherein the Leu-Gly peptide bond hasbeen replaced by a tetrazolc moiety
or bya double bond of /l'mlS configuration were synthesized and their biological activities evaluated. Trans
double bond was found to bethemost appropriate substitution fortheamide bond (uterotonic activity 24%
of the dcuuino-oxytocin). Inthecase of'ull thrcc analogs low butprolonged galnctogogic activity was found
and the rntio of uterotonic in vitroand ill vtvo activity was surprisingly high (ranging from 4.5 to 20).

Kt')' ll"/l"ll': modified peptide bonds: oxytocin analogs: tctraznle replacement: /rl1/Lf substituted double bond

The tetrazole moiety and the trailS double bond arc
the most appropriate modelsfor fixing the orientation
of the peptide bond in a cis or trans configuration,
respectively. The recently synthesized tripeptides IV­
VI(2. 3)containing thesereplacements of the Leu-Gly
amide bond have been incorporated into dcamino­
oxytocin to test the influence of this amide bond
orientation on its biological activities. Peptides con­
wining these modifications (I-III) are expected to be
stabilized against enzymatic degradation and
therefore they may in principle exhibit a prolonged
time course of action.

RESULTS AND DISCUSSION

Wehaverecently described(4) the synthesis of deami­
no-oxytocin analogs containing the CH2-NH replucc­
ment of the Leu-Gly peptide bond by the condensa­
tion of the N~terminal hexapeptide containing the
preformeddisulfide bond with the C-tcrminal tripep-

.. Part CCX in the series Amino Acids and Peptides; Pan CCIX:
Coli. C:l:'r1l. Ctusn. Common, (19118) 53, 2877-2883.

Abbreviations: All optically activeamino acids are of the l con­
Iigururicn.Symbols and abbreviations are in accordance with re­
cnuunendntions ufjho IUPAC-IUfl Joint Commission on Ilio­
dlcmical Nomenclature (Bumpean J. Btochem. (19114) 1311, 9-37).
Nomenclature of peptide backbone modificationsfollowsthe sug­
gestionsof Spatola (I),
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tide amide. This synthetic approach was pioneered by
Milhlemann et al. (5), We have used the dicyclohcxyl­
carbodiimidelN-hydroxybenzotriazole coupiing
method for the synthesis of dearninc-oxytocin and
diphenylphosphoryl azide mediated condensation(6)
for the synthesisof analogs. The first method has the
disadvantage of insoluble reaction side products,
which may be a complication in reactions run on un
extremely small scale. Therefore we decided to use
diphenylphosphoryl azidefor thiscondensation,since
this reacts rather fast and the resulting reaction
mixturedoes not contain a precipitate.The condensa­
tion was tested on the preparation of deamino-oxyto­
cin, whichwas obtained in good yield nnd purity. The
course of the reaction was followed by reversed-phase
HPLC and the product was recovered by preparative
chromatography after complete disappearance of the
starting hcxapeptide was observed. Purity of the
products was checked by chromatography (t.l.c.,
HPLC), and for characterization amino acid analysis
and mass spectroscopy were used. In all cases side
product formation was observed. According to the
evidence (e.g., the same molecular mass and frag­
mentation and the same amino-acid analysis as the
main product) its structure might have been the dia­
stereorneric peptide containing n-cysteine in position
6 as a result of racemizationduring the couplingstep.

Biological activities of the analogs prepared togeth­
er with those of some reference compounds nrc given
in Table I. As can be seen, the highest ill vttro
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uterotonic potency was found for the analog contain­
ing the double bond or 1/,(/IIS configuration. It is even
higher than the activity of the analog containing the
COO group instead of the CONH in this position. The
nualog containing the ester group (9. 10)instead of the
amide bond has up to now been the only one where
replacement of the Cetcrminal Leu-Gly peptide bond
results in higher potency than deaminotocinamide
(i.c •• the analog not containing Cvtcrminul tripeptide
at all). This is additional evidence that the presence of
the Leu-Gly amide bond is not essential (9) for biolo­
glcal activity. and that the originally suggested (12)
hydrogen bond between this amide hydrogen and the
cysteine carbonyl in position 6 is not important for the
formation of the so called biologically active con­
formation of oxytocin (13). However. the proper
orientation of the Ceterminal glycine carboxamide is
of extreme importance for biological potency. Sub­
stitution of the Leu-Gly peptide bond by the double
bond of trW!s. configuration places the terminal car­
boxamidc at approximately the same place as in un­
modified peptide. In Table I the distance between the
a-carbons of the Leu and Gly residues is given in nm
for all analogs with modifications of this amide bond.
As can be seen from the results. only a value close to
the value calculated for the amide group gives rise to
activity that is higher than that observed for the N~ter~

minul hexapeptide amide. Although the sarcosine­
containing analog has the correct value for this dis­
tance. the likelihood of a cis-trans equilibrium makes
this analog only moderately potent. Analog I with the
fixed cis peptide bond replacement (l.e., the l.S-sub­
stituted tctrazole moiety) has higher activity than
analog II with the 2,5~substitutcd tetrazcle, even
though the C'~C' distance in II is closer to that of the
unmodified peptide than that of I. Compounds I and
III display clear agonist activity, however compound
II is a partial antagonist - after expressing agonist
activity. it inhibits itself and also inhibits further doses
of oxytocin.

In all the new compounds reported here, a rather
unusual drop of uterotonic potency was observed
when tested ill vivo. The ill vivo activity is 5-20 times
lower than the activity ill vitro. The largest difference
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between the ill vitro and ill vivo activity is seen in the
case of compound 111. This is nota usual trend with
analogs of neurohypophyseal hormones (for the
recent list see (14». Most importantly, there is no
prolongation of the activity.

However, the galuctogogic activity of all prepared
compounds (even if of the same order of'mngnitude as
the uterotonic ill vivo activity and lower-than in the
case of ester bond replacement) is extremely pro­
longed (see for example Fig. I). The dose-response
curves (see Fig. 2) of oxytocin and of the analogs are
parallel if the maximal Intramammary pressure is
taken as a measure of the effect. However, the slope of
the dose-response curves of the analogs is much
steeper than that of oxytocin if the whole effect (inte­
grated) is taken as a measure of activity. The response
lasts 3-50 times longer. The compound with the least
prolonged effect is compound III.

Since the analogs should be stabilized against cnzy­
marie degradation, the difference in the ill vivo and ill
vitro uterotonic activity might be explained either by
the chemical instability of the analogs in the blood
stream or by a change in their distribution processes.
However, the prolonged gulactogcgic activity (meas­
ured ill l'i\'O) is an argument in favor of the second
option. Analogs may be transported into the so-called
storage compartment (15). from where they <Ire grudu­
ally released. causing a prolonged galactogogic activ­
ity. The release may be too quick for eliciting the
prolonged response in the ln vlvouterotonic test and at
the same time slow enough to cause prolongation of
the galactogogic test. The situation is exactly the op­

-posite to the behavior of deamino-oxytocin, which is
considerably prolonged in the uterotonic ill vtvo test,
but not prolonged in the galnctogcgic test (16),

In view of this situation it was interesting to
compare the Iipophilicity of the prepared compounds,
Due to the limited amount of prepared analogs only
retention characteristics obtained from reversed phase
HPLC could be used for this purpose (for a discussion
of this method of Iipophilicity comparison and its
pharmacological consequences see (17»). According to
the results obtained (see Table 2) we found that the
analog most closely resembling deamino-oxytocln

3 min

mmHg

IX

J-----
time

FIGURE t

Effectof oxytocinand compound
It on lntrumummury pressure or
female rat 10days after delivery­
record of a typlcul experiment. I.
J. and 5 doses of oxytocin
2,7HO~1. 5.5'10- 1. and
1.37'[U·~I mg per rat. respectively.
2. oJ, lind6 dosesofcompound II,
4·1O~'. 5·IU- b•uud 2·10-lmg per
rut. respectively.
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FIGURE 2
Dose-response curves for oxyto­
cin (0) and compoundsI (0), und
II (ll.) -:- a typical experiment. a)
the whole response (Le., hue­
grated urea under the pressure re­
corder rmcej taken as n measure
of the effect; b) the maximal in­
rramummury pressure Inken as 11
measure of the effect (the sian­
dard way of evaluating the
polency)

Analog

"
III

TABLE 2

Ctiarecuristtcs afl/I/11fiJgs pfI.'paud in this paper

R, Amino acid analysis M+H
51 5' k' Asp GI, Pro Found
53 54 eys II, Tyr Calc,

0041 0.32 2.81 l.03 LOI 0.96 1017,6
0.35 0.67 1.16 1.00 0.89 1017.4
0.36 0.23 4.23 1.02 0.96 0.94 1017.7
0.30 0.63 1.23 \.00 0.93 1017.4
0.37 0.26 8.17 0.98 \.02 0.92 974.6
0.32 0.64 0.83 1.00 0,94 974.4

'Retention on RP HPLC - mobile phase 50% MeOH in 0.05% triflucrcecetic acid (under the same conditions dcnmlnc-cxyrccin has
k '" 3.16).

chromatographically was analog It the C-terminal
tripeptide geometry of which differs the most, On the
other hand, the most active analog III possessed a
significantly increased lipophilicity. This may further
support the idea mentioned curlier that slow release
from the storage compartment may be the reason for
the great difference between ill viva and iii vitro
potency of analog III.

The pressor activity was almost eliminated in nil
analogs with a modified 8-9 peptide bond. The only
exception was the analog with the ester bond. The
same holds for analogs prepared in this study.
Therefore, the pressor receptor (VI) may not tolerate
a more hydrophobic molecule, or it may need some
hydrogen bond accepting group (CO group).

EXPERIMENTAL PROCEDURES

Thin-layer chromatography was carried out on silica
gel plates (Sllufol, Kavulier, Czechoslovakia) in the
following systems: 2~butanol-98% formic acid-water
(75:13.5:11.5) (SI). 2-butanol-25% aqueous ammo­
uta-water (85:7.5:7,5) (S2), l-butancl-acetic acid­
water (4: I: 1) (53), and l-butanol-pyridine-acetic acid­
water (15: 10:3:6) (S4). The compounds were detected
by the chlorination method (18). Samples for amino
acid analyses were hydrolyzed with 6 M Helnt lOSo
for 20 h and analyzed on a Durrum 500 automatic
analyzer. High performance liquid chromatography
(HPLC) was performed on an SP~8700 instrument
equipped with an SP-8400 detector (Spectra-Physics,

Ig
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H SCHEME I

Santa Clara. CA. USA). Fast atom bombardment
mass spectra were obtained on a ZAB-EQ spec­
trometer (VG Analytical Ltd., Manchester) with
xenon at 8 kV us the bombarding gas.

Deatnino-oxvtocln
Prolyl-leucyl-glycinamide (2 mg) was added to the
solution of deaminotocinoic acid (5, 19) (1.2 mg) dis­
solved in dimethylfbrmamide (20 IlL). After the addi­
tion of diphenyl phosphoryl azide (2/IL) and diiso­
propylethylaminc (2 JlL) the mixture was shaken at
room temperature. The reaction was followed by re­
versed phase HPLC (column Separon 81 Cl8,
15 x u.a cm, MeOH-O.05% TFA (1:1)). After the
disappearance of the deaminotocinolc acid the solu­
tion was diluted with 3 M AcOH (300 IlL) and injected
onto a column of Vydac CIS peptides and Proteins
(250 x 10mm) equilibrated with 0.05% trifluor­
oucetic acid. Elution was carried out with a gradient
from 0.05% TFA to 20% McOH in 2min and to 50%
MeOH in 32 min. The product was concentrated ill
l'ac/tO and lyophilized. Lyophilizate (0.7 mg) was com­
pared with II standard preparation ofdeamino-oxyto­
cin (Spcfa, Czechoslovakia) by t.l.c., HPLC, and mass
spectroscopy and found to be identical.

rMpu'. Leu opr1.5-CN,jGI.r'-· jOXT (I)
Deaminotocincic acid (1.9 mg) and tripeptide IV
(3.2 mg) were dissolved in dimcthylfbrmamide (321lL)
and the solution was cooled to oa. After the addition
of diphenyl phosphoryl azide (3 IlL) and diisopropyl­
ethylamine (3ltL) the resulting mixture was shaken at
room temperature for 3 h. The reaction was followed
by HPLC and worked up as described above. Lyophi­
lizution afforded the product as a white fluffy powder
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(0.95 mg. 35%). The characteristics or the unulon urc
given in Table 2. ~

rMpo', Leu opr2,5-CN,jGI/-' jOXT (II)
Condensation of deumlnoroclnolc acid (2 mg) and
tripeptide V (3.3 mg) was performed in the same
manner as in the case of analog 1. The same purifica­
tion methods afforded 1.2mg (42%) or compound II,
the characteristics of which are given in Table 2.

rMpa", Leu oprCH=CHjGIy'-' jOXT (Iff)
Tripeptide VI (6mg) was dissolved in trlfluoruacetlc
acid (40 ilL) and after 30 min the mixture was evap­
orated to dryness. The residue was dissolved in a
solution of'deaminotoclnolc add (4.2rng) in dimethyl­
formamide (70 ilL). After alkalization of the solution
by diisopropyJethylamine (IOIlL) and addition of
diphenyl phosphoryl azide (IOllL) the mixture was
shaken for 4h at room temperature. The workup and
purification was performed as described above and
afforded 1.45 mg (24%) of a white flulTy powder. the
characteristics ofwhiclt arc given inTable2. As 1I side
product, eluted earlier in the HPLC purification, the
compound with a molecular weight higher by two
units (FAB MS) was isolated, which may be the
analog containing hydrogenated double bond.

Pharmacological methods
Uterotonic ill vitro activity was determined on an
isolated strip of rat uterus (20, 21). For determination
of the ill vivo activity, estrogenized rats in ethanol
anesthesia were used (22). Galactogogic activity was
determined on ethanol-anesthetized rats (23, 24), and
pressor activity on despinalized rats (25).
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