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Analogs of oxytocin containing a pseudepeptide Leu-Gly bond of cis and trans
configuration®
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Analogs of desmino-oxytocia wherein the Leu-Gly peptide bond hias been replaced by a tetrazole moiety
or by a double boad of rrans configuration were synthesized and their biologica] activities evaluated. Trans
deuble bond was found to be the most appropriate substitution for the amide bond (uterotonic activity 24%
of the deaming-oxytocein). In the ease of all three anslops low but prolonged galactopogic activity was found
and the ratio of uterotonic in vitro and in vivo activily was surprisingly high (ranging from 4.5 to 20).

Koy words: modified peplide bonds: exytocin analogs: leiruzole replacement; frans substituted double bond

The tetrazole moiety and the frans double bond are
the most appropriate models for fixing the orientation
of the peptide bond in a eis or trans configuration,
respectively, The recently synthesized tripeptides I'V-
V1(2, 3) containing these replacements of the Leu-Gly
amide bond have been incorporated into deamino-
oxytocin to test the influence of this amide bond
oricntation on its biological activities. Peptides con-
tuining these modifications (I-11I) are expected to be
stabilized against enzymatic degradation and
therefore they may in principle exhibit a prolonged
time course of action,

RESULTS AND DISCUSSION

We have recently described (4) the synthesis of deami-
ne-oxytocin analogs containing the CH,-NH replace-
ment of the Leu-Gly peptide bond by the condensa-
lion of the N-terminal hexapeptide containing the
preformed disulfide bond with the C-terminal tripep-

* Part CCX in the series Amino Acids and Peptides; Part CCIX:
Cofl. Crech. Chent. Conunun, (1988) 53, 2877-2883.

Abbrevintions: All apticully active amine ucids are of the 1, con-
figuration. Symbols and abbrevintions dre in accordance with re-
commundations of_the NJPAC-IUB Joint Commission on Bio-
chemical Nomenclature (European J, Blachers. (1984} 138, 9-37).
Nomenciature of peptide backbone modifications follaws the sug-
gestions of Spatola {1),
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tide amide. This synthetic approach was pioneerad by
Mithlemann et al. (5). We have used the dicyclohexyl-
carbodiimide/N-hydroxybenzotriazele coupling
method for the synthesis of deamino-oxytocin and
diphenyl phosphoryl azide mediated condensation (6)
for the synthesis of analogs. The first method has the
disadvantage of insoluble reaction side products,
which may be a complication in reactions run on an
extremely small scale. Therefore we decided to use
diphenyl phosphoryi azide for this condensation, since
this reacts rather fast and the resulting reaction
mixture does not contain a precipitate, The condensa-
tion was tested on the preparation of deamino-oxyto-
cin, which was obtained in good yield and 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 hexapeptide was observed, Purity of the
products was checked by chromatography (tic.,
HPLC), and for characterization amino acid analysis
and mass spectroscopy were used. In all cases side
praduct formation was observed. According to the
evidence (c.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-
stereomeric peptide containing b-cysteine in position
6 as a result of racemization during the coupling step.

Biological activitics of the analogs prepured togeth-
cr with those of some reference compounds are given
in Table 1. As can be seen, the highest i wvirre
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ulerolonic petency was found for the analog contain-
ing the double bond of trany configuration. 1t is even
higher than the activity of the analog containing she
COO group instead of the CONH in this position, The
anulog containing the ester group (9, 10) instead of the
amide bond has up to now been the only one where
replacement of the C-terminal Leu-Gly peptide bond
results in higher potency than deaminotocinamide
(t.c.. the anulog not containing C-terminal tripeptide
ut alt}, This is additional evidence that the presence of
the Leu-Gly umide bond is not essentiaf (9) for biolo-
gical activity, and that the originally suggested (12)
hydrogen bond between this amide hydrogen and the
cysteing carbonyl in position 6 is not important for the
formution of the so called biologically active con-
formation of oxytocin (13). However, the proper
orientation of the C-terminal glycine carboxamide is
of extreme importance for biological potency. Sub-
stitution of the Leu-Gly peptide bond by the double
bond of trawrs configuration places the terminal car-
boxamide ul dpproximaiely the same place as in un-
modified peptide. In Table | the distance between the
z-carbons of the Lew and Gly residucs is given in nm
for all unslogs with modifications of this amide bond.
As can be seen from the results, oniy a value close to
thie value calculated for the amide group gives rise 1o
activily that is higher than that observed for the N-ter-
minal hexapeptide amide. Although the sarcosine-
containing analog has the correct value for this dis-
tince, the likelihood of a cis-trans equilibriuim makes
this analog only moderately potent. Analog I with the
fixed eis peptide bond replacement {i.c., the 1,5-sub-
stituted tetrazofe moiety) has higher activity than
analog IT with the 2 5-substituted tetrazole, even
though the C*-C? distance in T1 is closer to that of the
unmodified peptide than that of I. Compounds I and
VI{ displuy clear ugonist activity, however compound
I is a partial antagonist - after expressing agonist
activity, it inhibits itself and also inhibits further doses
of oxytocin,

I alf the new compounds reported here, a rather
unusual drop of uterotonic polency was observed
when tested i vive. The in vivo sctivity is 5-20 times
lower than the activity in witro. The largest difference
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between the in virro and in vive activity is seen in the
case of campound 111, This is not a usual trend with
analogs of neurohypophyseal hormones (for the
recent list see (14)). Most importantly, there is no
prolongation of the activity.

However, the galactogogic activity of all prepared
compounds (even if of the same order of magnitude as
the uterotonic in vive activity and lower than in the
case of ester bond replacement) is extremely prao-
longed (see for example Fig, ). The dose-response
curves {sec Fig, 2) of oxytocin and of the analops are
pargllel if the maximal imtramammary 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 il the whole efiect (inte-
grated) is taken as a measure of activity, The response
lusts 3-50 times longer. The compound with the least
prolanged effect is compound I,

Since the analogs should be stabilized against enzy-
matic depradation, the difference in the in vivo and i
virro uterotonic activity might be expluined either by
the chemical instability of the analogs in the blood
stream or by a change in their distribution processes.
However, the prolonged galactogogic activity (meas-
ured in vive) is an argument in favor of the second
option. Analogs may be transported into the so-called
storage compartment (13), from where they are gradu.
ally released, causing a prolonged galactogogic activ-
ity. The release may be too quick for eliciting the
profonged response in the /it vive uterotonic test and at
the same time slow enough to cause prolongation of
the galactogogic test. The situation is exacily the op-

-posite to the behavior of deamino-oxytocin, which is

considerably prolonged in the uterotonic in vive test,
but not prolonged in the galactogogic test {16).

In view of this situation it was interesting to
compare the lipophilicity 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 lipophilicity comparison and its
pharmacological consequences seze (17)). According to
the results obtained (see Table 2) we found that the
analog most closely resembling deaminoc-oxytocin

e
3 min

FIGURE 1

Effect of oxytarin and conipound
H on fntranynmury pressure of
Fennale rat 10 days ufier delivery -
recard of a sypical experimeat. 1,
3, and 5 doses of oxylocin
27507, 551077, and
137107 mg per rt, respectively,
2, 4, und 6 doses of campound I,
4-107*, 5107, und 2-10 " *mp per

time rat, fespectively.
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FIGURE 2
Dose-response curves for oxyto-
ein {0) and compounds [ (9), and
IT {&} - a typical experiment. )
the whole response {ie. infce
_ gruted urea under the pressure re-
corder {race) tuken as 4 meusare
of the effect; b} the maximal in-
tramummary pressure tnken as o
measure of the effect {the stan-

4 3 dard way of evalunting the
-leg d potency)
TABLE 2 )
Cluracteristics of analogs prepared in this paper
R, " Amino acid analysis M+ H
Analog St 52 K Asp Glu Pro Found
53 54 Cys lle Tyr Cule,
I 0.41 032 2,81 £.03 1.01 0.96 . 10176
0.35 0.67 I.16 1.00 0.89 10174
i1 0.36 0.23 4.23 [.02 096 0.94 0177
4.30 0.63 . 1.23 1.00 0.93 10674
il 037 0.26 8,17 498 .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% tifluerancetic acid {under the sime conditions deamind-oxytocin has

k = 3.16)

chromatographically was analeg 1, the C-terminal

tripeptide geometry of which differs the most, On the
other hand, the most active analog 1 possessed a
stenificantly increased lipophilicity, This may further
support the idea mentioned carlier that slow release
from the storage compartment may be the reason for
the great difference between in vive and in vitre
potency of analog HI.

The pressor activity was almost ¢liminated in all
analogs with a madified 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 recepter (V,) may not tolerate
& 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 (Silufel, Kavalier, Czechoslovakia) in the
following systems: 2-butanol-98% formic acid-water
(75:13.5:11.5} (81), 2-butanol-25% aqueous ammo-
nia-water (85:7.5:7.5) (82), l-butanol-acetic acid-
water (4:1:1}(83), and {-butanol-pyridine-acetic acid-
water {15:10:3:6) (84). The compounds were detected
by the chlorination method (18). Samples for amino
acid analyses were hydrolyzed with 63 HCI at 105°
for 20h and analyzed on a Durrum 500 automatic
analyzer, High performance liquid chromatography
(HPLC) was performed on an SP-8700 instrument
equipped with an 8P-8400 detector (Spectra-Physics,
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Santa Clars, CA, USA). Fast atom bombardment
mass speetrd were oblained on a ZAB-EQ spec-
trometer (VG Analytical Lid., Munchester} with
xenon ai 8kV as the bombarding gas.

Deaminv-oxrtocin

Prolyl-leucyl-glycinamide (2mg) was added to the
solution of deaminotocinoic acid (5, [9) (1.2mg) dis-
solved in dimethyformamide (20 aL). After the addi-
tion of diphenyl phosphoryl azide (2xL) and diiso-
propylethylamine (2 pL) the mixture was shaken at
room lemperature, The reaction was followed by re-
versed phase HPLC (column Separon SI Ci8,
{5 x 04cm, McOH-0.05% TFA (1:1)). After the
disuppearance of the deaminotocinoic acid the solu-
tion was diluted with 3M AcQH (300 «L) and injected
onto a column of Vydac CI8 peptides and Proteins
(250 x 10mm) equilibrated with 0.05% trifluor-
oacetic acid, Elution was carried out with a gradient
from 0.05% TFA to 20% MeOH in 2 min and to 50%
MeOH in 32min. The product was concentrated in
vacug and lyophilized, Lyophilizate (0.7 mg) was com-
patred with a standard preparation of deamino-oxyto-
cin (Spofa, Crechoslovakia) by t.l.c., HPLC, and mass
spectroscopy and found to be identical,

[Mpa', Lew f1 5-CN,JGIV'=° JOXT (§)

Deaminotocinoic acid {1.9mg) and tripeptide IV
{3.2 mg) were dissolved in dimethylformamide (32 uL.)
and the solution was cooled to 0° After the addition
of dipheny] phosphoryl azide (3 pL) and diisopropyl-
ethylamine (3 uL.) the resulting mixture was shaken at
room lemperature for 3 h. The reaction was followed
by HPLC and worked up as described above, Lyophi-
lization afforded the product as a white fluffy powder
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{0.95 mg, 35%). The charucteristics of the unalog are
given in Table 2.

[Mpa', Lew [ 2.5-CN, ]Gy JOXT (11}
Condensation of deaminotocinoic acid (2mg) and
tripeptide V (3.3mg) was perfortned in the same
manner as in the case of analog 1. The same purifica-
tion methods afforded 1.2 mg (42%) of compound 11,
the characteristics of which are given in Table 2,

[Mpa', Lew ffCH=CH]Gly*~® JOXT (IIf)
Tripeptide VI (6mg) was dissolved in trifluoroacetic
acid (40 uL) and after 30 min the mixture was evap-
orated to dryness. The residue was disselved in a
solution of deaminotocinoic acid (4.2 mg) in dimethyl-
formamide (70 uL). After alkalization of the solution
by diisopropylethylamine (10pL) and addition of
diphenyl phosphoryl azide (10xL) the mixture was
shaken for 4 h at room temperature. The workup and
purification was performed as described above and
afforded 1.45mg (24%) of a white fluify powder, the
characteristics of which are given in Table 2. As a 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 in virre activity was determined on an
isolated strip of rat uterus (20, 21). For determination
of the in 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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