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The substitution of glutamine by threonine in position 4 of oxy
tocin, deamino-oxytocin, deamino-l-carba-oxytocin, and deamino-6
-carba-oxytocin was found to increase the elimination rate of all
analogs examined from the uterine receptor compartment in rat.
However, this substitution was without any effect on the time course
of uterotonic response in the case of vasotocin and deamino-vaso
tccln. These results suggest that the topological relationships of the
4 and 8 positions may show an important effect on elimination rate
of oxytocin and vasotocin analogs from the rat uterine compart
ment.

Some single changes in the molecule of oxytocin or its analogs such as
the substitution of glutamine in position 4 by threonine [Manning et al.
1970a, b], the substitution of cysteine in position 1 by mercaptopropionic
acid [Hope et al. 1962] or the replacement of disulfide bridge by thioether
bridging group [Jost et al. 1973, Jost 1987] (carba analogs) produced syn
thetic analogs with uterotonic activity (rat uterus) exceeding that of oxy-

_ tocin several times. The combination of the last two substitutions resulting
in deamino-carba-analogs [Barth et al. 1973, 1975] led to a further increase
of the activity, while the introduction of threonine into the molecule of
deamino-oxytocin or dearnino-carba-oxytocin was accompanied by the
decrease of uterotonic activity in vitro [Manning et al. 1971; Lebl et al.
1985]. 4-Threonine analogs of deamino-1-carba- and deamino-6-carba
-oxytocin displayed also lower biological activity in rat uterotonic test in
vivo than the-analogs containing glutamine in position 4. Furthermore, we
have noticed that the effect of 4-threonine-analogs not only fades away
faster than that of deamino-carba-oxytocins, but also faster than the effect
of oxytocin.
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Since the substitution of cysteine by mercaptopropionic acid or carba
substitution of the bridge not only increases the uterotonic potency of
appropriate analogs, but also significantly decreases the fading of uteroto
nic response [Barth et al. 1974], we decided to study this effect using
a series of oxytocin and vasotocin analogs with threonine in position 4 with
special attention to the effect of these substitutions on the duration of
this response.

Materials and Methods

In this study, the following analogs (Tab. 1) were used: [4-threonine]oxy
tocin [Manning et al. 1970a, b], [4-threonine] deamino-oxytocin [Manning
et al. 1971], [4,-threonine]-dearnino-l-carba-oxytocin [Lebl et al. 1985], [4
-threonlne]deamino-S-carba-oxytocin [Lebl et al. 1985], [8_arginine]vaso
tocin [Manning et al. 1973a], [4-threonine,8-arginine]vasotocin [Manning
et al. 1973a], [8-arginine]deamino-vasotocin [Manning et al. 1973b] and

Table 1

The analogs used in this study

I I
A-Tyr-Ile-B-Asn-C-Pro-D-Gly-NH,

A B

Oxytocin Cys GIn

[4-Threonine]oxytocin Cys Thr

[4-Threonine] deamino-oxy-
tocin Mpr Thr

[4-Threonine] deamino-Lcar-
ba-oxytocin CH,-CO Thr

I
CH2-CH2

C D

Cys Leu

Cys Leu

Cys Leu

Cys Leu

[4-Threonine] deamino-Bccar-
ba-oxytocin Mpr Thr NH-CH-CO Leu

I
CH,-CH,

[8-Arginine]vasotocin Cys GIn Cys Arg

[4-Threonine,8-arginine]-
-vasotocin Cys Thr Cys Arg

[B-Arginine] deamino-vasotocin Mpr GIn Cys Arg

[4-Threonine.Svarginine]-
-deamino-vasotocin Mpr Thr Cys Arg
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[4-threonine,8-arginine]deamino-vasotocin [Manning et al. 1973b]. Female
rats weighing 180-210 g were prepared for the experiment as described
previously [Barth et al. 1974]. Estrogenized female rats were anesthetized
with 15 % ethanol (total amount 6 "/0 of body weight) administered by a
stomach catheter. After laparotomy a ligature was passed around the
uterine horn. The thread used for the ligature of the uterine horn was
fastened to the arm of a magnetoelectric compensation transducer. The
uterine contractions were measured isometrically. Oxytocin and its analogs
were administered into the femoral vein. The formal elimination constants
were calculated by following the rate of decline of the response using the
two dose method [Rezabek and Kyncl 1966]. Oxytocin was used as a
standard.

Results

When structural modifications of oxytocin (Fig. 1) which previously
had provided some prolongation of the uterotonic response in vivo (see
above) were used in conjunction with the substitution of glutamine in
position 4 by threonine, the analogs did not display any protracted action
in uterotonic test in vivo (Tab. 2). All four oxytocin analogs containing
threonine in position 4 showed basically the same elimination constant.
This fact suggests that the properties of the molecule were significantly
changed by the introduction of threonine in place of glutamine, so that the

fH,-S-S-?H,
NH_CH CII_CO_Il_CH_CO_IlH_CH -CO-IHl-etl rCO-NH,

• J I I! I
fO ~H c~. /CH, fH,
NH co eN, eH

F\ I I '''eHOH~CltzfH iH-CH,co-tHi, c,.
CO NH
I I
NH CO

CH,-CH, I I
)CH-CH -co - HH- CH-CH, eN .co-tiH,

'",

Fig. 1. Structural formula of oxytocin.

structural features normally leading to some prolongation of the activity
(I. e. the absence of primary amino group or carba-substitution of the di
sulphide bridge) no longer provided analogs with enhanced duration of
the uterotonic effect. This ohange of the activity of 4-threonine analogs
'is limited to oxytocin analogs, since similarly substituted vasotocin analogs
(Tab. 3) show the expected prolongation of the activity by deamination in
position 1. The substitution of leucine in position 8 by arginine resulted
in a decrease of elimination rate from uterine receptor compartment (com
pare the formal elimination constants of [8-arginine]vasotocin and [4
-threonine,8-arginine]vasotocin with those of oxytocin and [4-threoni
ne]oxytocin). The substitution of cysteine by 3-mercaptopropionic acid
in position 1 resulted in a decrease of elimination constant in oxytocin
as well as in [8-arginine]vasotocin. However, there was a dramatic differ-
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ence in the effect of substitution by threonine in position 4. Thus, vaso
tocin and deamino-vasctocin analogs containing threonine showed basic
ally the 'lame formal elimination constant as the corresponding analogs
with glutamine, contrary to the oxytocin analogs, where threonine in po
sition 4 eliminated the prolongation of the activity brought about by the
deamination. The only difference between these two groups of compounds
was the basic arginine residue and lipophilic leucine residue in position
8 of vasotocin and oxytocin, respectively.

Table 2

Formal elimination constants of oxytocin analogs from the rat uterine
compartment

Compound k, min-I

Oxytocin 0.250 ± 0.07011

[4-Threonine] oxytocin 0.333 ± 0.041 n = 3

Deaminu-oxytocin 0.148 ± 0.04411

[4-Threonine] deamino-oxytocin 0.323 ± 0.078 n = 4

Deamino-l-carba-oxytocin 0.172 ± 0.05011

[4-Threonine] deamino-t-carba-oxytocln 0.320 ± 0.075 n = 5

Deamino-6-carba-oxytocin 0.041 ± 0.011 11

[4-Threonine] deamino-6-carba-oxytocin 0.353 ± 0.058 n ~ 6

11 Taken from Barth et al. [1974].

Table 3

Formal elimination constants of vasotocin analogs from the rat uterine
compartment

Compound k, min-t

[8-Arginine] vasotocin 0.190 ± 0.014 n = 11

[4-Threonine,8-arginine] vasotocin 0.206 ± 0.039 n~ 8

[B-Arginine] de,amine-vasotocin 0.094 ± 0.013 n~ 6

[4-Threonine,8-arginine] deamino-vasotocin 0.097 ± 0.016 n = 11
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Discussion

The substitution of glutamine by threonine in position 4 was found
to increase the potency of oxytocin analogs [Manning et aJ. 1970 a, b] signi
ficantly more than in the case of vasotocin or vasopressin analogs [Mann
ing et aJ. 1973a, b]. The deamination which does not increase but rather
decreases the activity of 4"threonine analogs of oxytocin showed a less
pronounced influence on the uterotonic activity of vasotocin and vaso
pressin analogs [Manning et al. 1973a, b]. The non-cooperativity of dea
mination and 4-threonine substitution in the enhancement of activity of
oxytocine analogs was explained by an improper hydrophobic-hydrophilic
balance of the resulting analogs [Manning et aJ. 1971] (or their too high
lipophilicity). The SUbstitution by arginine in position 8 makes the analog
more hydrophilic and therefore the deamination in position 1 does not
make it excessively lipophilic. This might be the reason for the less pro
nounced influence of deamination on the biological activity of vasotocin
analogs. However, the term "local lipophilicity" may be more appropriate
here, since a long list of analogs with higher overall lipophilicity but still
retaining high potency are known [for review see Lebl et aJ. 1987]. On
the other hand, the biological activity of [4-threonine,7-glycine]oxytocin
[Low bridge et aJ. 1977; Stahl and Walter 1977] supports our idea of li
pophilicity compensation, since this analog was shown to have protracted
activity in vitro [Stahl and Walter 1977].

Prolongation of the biological activity might result from intercompart
mental transport of the analog in .the living organism [Vaneckova et aJ.
1976; Gazis et aJ. 1980; Smith 1981]. Highly lipophilic analog might be
unavailable for this transport due to a strong interaction in one of the
compartments which might result in the loss of prolongation if this is
retained in the "wrong" compartment. An alternative explanation that
conformational structure features are related to peptide hormone-receptor
interactions in the post-transduction state (the pi state) has been suggested
[Hruby et aJ. 1983, 1984; Hruby and Haridley 1986] to explain the pro
longation of action in oxytocin and other peptide hormones and neuro
transmitters. Implicit in this explanation is the possibility for increasing
or decreasing the population of a particular hormone-receptor bound state.
In this case the prolongation can result from a receptor-ligand interaction
involving a few residues or some region of the peptide, but in conjunction
with other topological features of the peptide-receptor interaction than
those involved in binding (potency) or transduction (efficacy). The results
presented here are consistent with this hypothesis, and, in fact, suggest
that the topographical relationships of the position 4 and 8 side chains
are critical for prolonged activity, at 'least as far as the target tissue
-uterus is concerned.

Acknowledgement
~~~~

We are grateful to Prof. M. Manning, Medical College University of
Ohio, Toledo, U.S.A. for supplying us with some of the peptides used
in this study.

195



References

Bar t h T., K r e j 0 i L, K u p k 0 v a 8., J 0 s t K.: Pharmacology of cyclic
analogues of deamino-oxytccin not containing a disulphide bond (carba ana
logues). ,Eur. J. Pharmacol. 24, 183-188, 1973.

Barth T., Krej oi L, V a n e c k o v a J., Jost K., Rychlik L: Pro
longed action of deamino-carba analogues of oxytocin on the rat uterus in
vivo. Eur. J. Pharmacol. 25, 67-70, 1974.

Bar t h T., J 0 S t K., Rye h 1 i k I.: Milk-ejecting and uterotonic activities
of oxytocin analogues in rats. Endocr. Exper. 9, 35-42, 1975.

G a z i s D., Roy J., S c h war t z L L.: Prolonged responses by the rat
uterus in vivo to deamino-oxytocin disproportional to its estimated plasma
half-life. Endocrinology 106, 805-810, 1980.

Hop e D. B., M u r t i V. V. S., d u Vi g n e a u d V.: A highly potent ana
logue of oxytocin, desamino-oxytocin. J. Bio!. Chem. 237, 1563-1566, 1962.

H rub y V. J., K nit tel J. J., M 0 s b erg H. L, Roc k way T. W., Wi 1
k e s B. C., Had 1e y M. E.: Conformational considerations in the design of
highly potent and long-acting peptide hormone agonists and antagonists. In:
Peptides (Editors K. Blaha and P. Malon), pp. 19-30, Walter de Gruyter, Ber
lin 1983.

Hruby V.J., Cody W.L., Wilkes B.C., Rockway T.W., Hadley
M. E.: Design and synthesis of peptide hormones with prolonged activity
at specific receptors. In: Peptides (Editor U. Ragnarsson), pp. 505-508,
Almquist and Wiksell, Stockholm 1984.

H rub y V. J., Had 1e y M. E.: Binding and Information transfer in con
formationally restricted peptides. In: Design and Synthesis of Organic Mo
lecules Based on Molecular Recognition (Editor G. van Binst), pp. 269-281,
Springer Verlag, Heidelberg 1986.

J 0 s t K.: Modification of the disulfide bridge - carba analogs. In: Handbook
of Neurohypophyseal Hormone Analogs, Vo!. 1, Part 2 (Editors K. Jest, M.
Lebl and F. Brtnik), pp. 144-155, CRC Press, Boca Raton 1987.

J a s t K., Bar t h T., K r e j cI I., F r u h auf 0 vaL., Pro, ch az k a Z.,
S 0 r m F.: Carba Coxytocin: Synthesis and some of its biological properties.

·Collect. Czech. Chem. Commun. 38, 1073-1083, 1973.
L e b 1 M., H rub y V. J., S 1 ani nova J., Bar t h T.: Solid phase syn

thesis and biological activities of oxytocin carba analogues containing threo
nine in position 4. Collect. Czech. Chem. Commun. 50, 418-427, 1985.

Lebl M., JoSi K., Brtnik F.: Tables of analogs. In: Handbook of Neuro
hypophyseal Hormone Analogs, Vo!. 2 (Editors K. Jest, M. Lebl and F. Brt
nik), CRC Press, Boca Raton 1987.

Low b rid g e J., Man n 1n g M., Hal dar J., Saw y e r W. H.: Synthesis
and some pharmacological properties of (4-threonine,7-glycine)oxytocin,
[1-(L-2-hydroxy-3-mercaptopropanoic acid), 4-threonine,7-g1ycine] oxytocin
(hydroxy[Thr4,Gly']oxytocin, and [7-g1ycine] oxytocin, peptides with high
oxytocin-antidiuretic selectivity. J. Med. Chem. 20, 120-123, 1977.

Man n i n g M., Coy E., Saw y e r W. H.: Solid phase synthesis of (4
-threonine)oxytocin. A more potent and specific oxytocin agent than oxy
tocin. Biochemistry 9, 3925-3930, 1970a.

196



Manning M., Sawyer W. H.: 4-Threonine-oxytocin: A more active and
specific oxytocin agent than oxytocin. Nature 227, 715-716, 1970b.

Man n i n g M., Coy E. J., Saw y e r W. H.: The deamino derivatives of
(4-threonine)-oxytocin and (4-threonine)-mesotocin; analogs possessing a sur
prising spectrum of diminished pharmacological activities. Experientia 27,
1372-1374, 1971.

Manning M., Coy E. J., Sawyer W. H., Acosta M.: Solid-phase
synthesis and some pharmacological properties of 4-threonine analogs of
vasopressins and vasotocin and of arginine-vasopressin and arginine-vasoto
cin. J. Med. Chern. 16, 463-466, 1973a.

Manning M., Coy E. J., Acosta M.,Sawyer W. H.: Solid phase
synthesis and some pharmacological properties of deamino-4-threonine ana
logs of the vasopressins and vasotocin and (deamino)arginine-vasotocin. J.
Med. Chern. 16, 836-839, 1973b.

R e it abe k K., K y n cI J.: Characterization of long-term effect of drugs (in
Czech). Csl. Fysiol. 15, 399, 1966.

S mit h C. W.: Conformation-activity studies on oxytocin and vasopressin:
Exploring the roles of the moieties within the hydrophilic cluster. In: Neuro
hypophyseal Peptide Hormones and Other Biologically Active Peptides (Edi
tor D. H. Schlessinger), pp. 23-35, North Holland, Amsterdam 1981.

S t a h I G. L., W a I t erR.: Combined high oxytocic with negligible anti
diuretic and pressor activities in multisubstituted oxytocins. J. Med. Chern.
20, 492-495, 1977.

Vaneckova J., Barth T., JoSt K., Rychlik L, Fromageot P.,
M 0 r gat J. L.: Elimination of deamino-dicarba-oxytocin from blood stream
and uterine compartment of rat. Collect. Czech. Chern. Commun. 41, 2124
2128, 1976.

197




