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The affinity of 12 oxytocin analogues of similar structure but differences in conformational free-
dom and agonistic and antagonistic properties to receptors in guinea pig uterus and rat mammary
gland membrane preparations was determined by competitive binding experiments using tritiated
oxytocin. The values obtained for the apparent dissociation constant K, were compared to the
values of biological activities from classical pharmacological tests (uterotonic test in vitro and
galactogogic test in vivo).

Theoretically, the affinity constants of analogues for their receptors obtained from
binding studies should fit the affinities calculated from biological activity determina-
tions better in the case of competitive antagonists than in the case of agonists and
better in the case of in vitro tests than in in vivo tests, where the values of effective
concentrations are only arbitrarily calculated. For elucidation of response differences
to neurohypophyseal hormone analogues of two tissues (smooth muscle, myoepithelial
cell) for which the same mechanism of action is proposed!, the receptor binding
studies can still provide valuable information.

The analogues studied in this work differ mainly in the conformational flexibility
in certain parts of the molecule which gives rise to different biological activities. We
wondered how this changes affect affinities of these analogues for the receptors
as determined in binding studies.

EXPERIMENTAL

Materials. [L-Phe?]Joxytocin*, [p-Phe?]oxytocin, [L-Tic?Joxytocin, [p-Tic?loxytocin, [L-0-

* Unless stated otherwise, all chiral amino acids belong to the L-series. Nomenclature and

symbols of the amino acids and peptides obey the published IUPAC recommendations®. Tic,
1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid; o0-MePhe, 2’-methylphenylalanine; Cpp,3,3-
-cyclopentamethylene-3-mercaptopropionic acid.
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-MePhe?Joxytocin, [p-o-MePhe?Joxytocin and deaminooxytocin were synthesized in the Institute
of Organic Chemistry and Biochemistry of the Czechoslovak Academy of Sciences and had
qualities as described in refs>**, The [Glu* Lys®]deaminooxytocin and [Lys*,Glu’]deamino-
oxytocin and their bicyclic analogues are described in refs’’®. Oxytocin was from Bachem,
[SH]oxytocin from NEN.

Methods. Membranes were prepared either from guinea pig uteri of 60th day of pregnancy
or from rat mammary glands 26 days after parturition (6 days after weaning), according to the
methods described in refs”’® with minor modifications. A crude membrane fraction was used.
The binding tests were performed as described in ref.”. The analogues were tested in the con-
centration range 1.10"'1—3.107° mol/l. The Kp values were obtained using a weighted

non-linear least squares fit to logistic curves®.

TABLE 1
Binding characteristics and biological activities of some oxytocin analogues

Kp (mol/l) Activity, IU/mg or pA4,
Analogue . .
uterus mammary uterus in  galactogogic
gland vitro test in vivo

1 OXT 117.107°  94.1071% 450 450

11 [Mpa!]OXT 11.107° 1-3.107° 803 541

III  [L-Phe?]OXT 79.1071°  44.107° 222 175

IV [p-Phe?]OXT 15.1077  7:5.1077 pd, =74 1-2
4.107%)

V  [L-Tic?]OXT >10"° 1076 pd, =56 0-01
(2:5.1079)

VI  [p-Tic?]JOXT >10"° 73.1077 pd, = 67 017
2.1077

VII  [L-0-MePhe?]OXT 35.107%  711.107% p4, =67 2:35
2.1077

VIII [p-0-MePhe?]OXT 1-8.1078 37.107% pd, =76 >0:05
25.107%

IX  [Mpal,Glu* Lys®]OXT 2211077 6:0.1077 0-4 91

X  [Mpa!,Glu*Lys®, 1'1.1077  2:3.1077 pd, =82 mixed

48 cyclo]OXT (64 .10%) character
XI  [Mpal,Lys* Glu®]OXT >10"° >10"% 0 0
XII [Mpal Lys* Glu®, >10"° >10"6 0 0
45 cyclo]OXT
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RESULTS AND DISCUSSION

The K values of the analogues studied are summarized in Table I, together with
the data of the biological activities. Figure 1 illustrates the binding curves obtained.
The binding of [*H]oxytocin to both membrane preparations was dose and time
dependent and saturable. The Scatchard analysis of the binding resulted in the K,
values of (122 F 0-02).107° mol/l and (1-33 F 0-03).107° mol/l for uteri and
mammary gland membranes, respectively. As can be seen from the data, restriction
of the conformational freedom resulted in all cases in decrease of the affinity of the
analogues for the receptors.

TABLE II
Binding and activity ratios of analogues determined in test on mammary gland

Analogue K, analogue/Kp, OXT Activity OXT/Activity analogue

I 1 1

Vi 1-38 0-83
11 4:68 2:57
v 797 375

14 >1 000 45 000
VI 776 2647
Vil 755 191
Vil 39 >9 000

IX 638 49

X 244 —

XI > 600 >1000
X1 > 600 >1 000

Fic. 1

An example of binding curves obtained
under described conditions using uterine
membranes. B means specific binding in the
presence of a given concentration (c,) of
oxytocin or the analogue, B, means specific
binding in the absence of unlabelled peptide,
O Oxytocin, @ [L-Phe?]oxytocin, @ [D-Phe?]-
oxytocin, © [Mpal,Glu*,Lys®Joxytocin, ®
[Mpa!, Glu*, Lys®, 48 cycloJoxytocin
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The same series of analogues was tested for binding at both kinds of membranes.
The K, values obtained from binding experiments and the data of biological activity
expressed either in IU/mg or p4, were compared. The pA, value has an exact inter-
pretation in the in vitro experiment, it corresponds to the negative decadic logarithm
of the dissociation constant of the antagonist-receptor complex. This value should
be directly comparable to the K, values. However, for the uterus system we fotipd
no correlation between the K, values and the pA, values. The most striking was the
discrepancy in the case of the very potent oxytocin antagonist (X) which on the
one hand showed a low binding affinity (65-fold lower than oxytocin), on the other
hand was a potent antagonist. The discrepancies may be due to yet unexplored
differences in receptor qualities (mechanism of signal transfer, interplay of vaso-
pressin and oxytocin receptors) and/or to ligand specificities of receptors from dif-
ferent species (guinea pig versus rat). There are also opposite cases described, i.e.
analogues which have very high affinities for the uteri receptors however their an-
tagonistic potency is not correspondingly high (e.g. [Cpp ,Tyr(Me)2,Thr*,Orn8,Tyr’]-
oxytocin, Kp = 0-17 nmol/l versus pA, = 783 (ref.'°))...All these phenomena
should be further studied.

A different result was obtained for the mammary gland system where both experi-
ments — binding and biological evaluation — were done with the same species and
all the compounds studied displayed agonistic activity (with the exception of substance
X which showed a mixed character). A weak correlation can be found if we compare
the receptor affinity with the biological activity of the analogues relative to oxytocin
(Table IT). Our findings are more or less in accordance with literature'" and point
out that making conclusions from binding data about biological potencnes may be
rather misleading.

This work was partly supported by DAD Society (J.S.). We would like to thank to Drs V. J.
Hruby, M. Lebl and P. Majer for yielding the analogues and to Mrs 1. HoSkovd for perfect technical
assistance.
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