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’ IﬁTRDDUCTION—

: Some attemps were made to account for the mechanism of reﬁai
natrium exeretion. A hypeothesis assuming the regulatory action of
a "natriuretic hormone" could explain certain states, whether na-

tural of experimentally evoked. This substance has so far eluded
1solatlon and characterization and its precise mechanism of act-.
ion at the molecular level iz at present largely unknown. In Eact,
it was suggested that oxytocin acts either directly as the natri—
uretic hormonel, or indirectly by causing the llberatlon of another'
low molecular weight substance from some intracranial structure,_
which is responsible for increasing the rejection fractlon of
$Oﬁlﬂm2. While further separation work is under way ; a program:.
of studying the structure-activity relation of synthetic DXYtocin-_
analogues is also in progress, aiming at specifying which structu-
ral features of the peptide molecule are effectual in prdducing '
a natriuretic response. Chan4 assumed that modifications in.p65i~'
tion 4 of the oxytocin molecule could result in natriuretically
potent analogues. This supposition was not confirmed by the ex— .
périmental data obtained so far, on the contrary, modifications:
of the 5~85 bridge, i.e. carba-substitution, combined with the.
replacement of the primary amino group by hydrogen have been
found promisable. Among the analogues of this type, deamino- 6- -
~carba-oxytocin had the highest natriuretic potencyS. However, thef':

.:higher natriuretic activity was accompanied by 1ncreased uteroto-

nic and pPressor act1v1tese. As 1t was found that certain delfl"'

':catLOns in p051t10n 2 led to a decrease of the uterotonlc and

7.8

“p:essor activities , further synthetic work was almad 1n this’

':'difection. A number of analogues modified in position 2 wefe- '




':}produced- thElI natrluretlc potency and spe01fic1ty are descrlhed

in thls paper.*

MATERIALS AND METHODS
nytoc1n and ‘'its analogues were prepared at the Department of
'Organlc Synth851s of this Institute. The following analogues were
studied: deamino-6- carha—oxyt001n9, {2~isoleucine]deamino-6~carba~
—okytobinlo, [2—methionine]deamino—6—carba—cxytocinlo, [ 2-0~met-
hyltyrosine]deamino—G—Carba—oxytocinlo, [ 2~phenylalanine]deamino—
-6~ carba—oxyt001nll, [2-0- ethylterEine}deamino—s—carbanoxyfocinll
[2- p—methylphenylalanlne}deamlno —f~carba—oxytocin 11 ;[ 2-p-benzylo-
.xycarhonylamlnophenylalan;ne]deamlno G—carba— oxytoc1nli, {2-p-
~ethylphenylalan1ne]deamlno 6-carba- oxthC1nll, [2-p-N,N-dimethyi-
:aminophenylalanine}deamino—ﬁ—carba—oxytocinll, [ 2-p-aminophenyl-
aldnine]deamino—ﬁ"carba—oxytocinll, [ 2-p-nitrophenylalanine]dea=-
.:miﬁo—ﬁ—carba—bxytocinll
Natrlure51s was assayed using a modification of Burn's test

descrlbed elsewhere12 performed on conscious rats. The compounds
) were_admlnlstered §.C. in doses of 0.2, 1, 5 and 25 ug/kg of body
_weigh£ in l.ml of saline/kg after receiving a water load (4% of
body_wéiqht). Urine was cellected for 4 hours and the sodium
1'Con£én£ was determined by means of a flame photometer. Natriure-
_ naV meg/kg of body weight in 4

. hours) and its dependence on the peptide dosage was evaluated
statistically,
" The uterotonic activity of the compounds was assayed on isola-

" tic activity was expressed as U

ted rat uterine strips according to I«I(:)l'%:on}'3 in Munsick's modifi-

cation.

RESULTS
_Thé modifications performed in position 2 of deamino-6-carba-

“bxytdcih can be divided into three groups.

 _The substitution of tyrosine by phenylalanine, isoleucine and
methidnine led to a decrease of natriuretic activity. The analogue
._dontéining phenylalanine in position 2 had the highest natriufetic
' act1v1ty of this group; it had almost half the natriuretic potency
:of deamlno-G-carba—oxytoc1n (Figure 1, Table I).
Substltutlon of the hydrogen of tyrosine hydroxyl by an alkoxy



1es,

'gfoup{jThé mpéﬁ'abtiﬁe analogue of this group was [2—D—méthj1;.. f
'fffﬁéiné}deéminﬁ—e?darba—oxytocin with approximately half the
-natriﬁretic'activity of deamino-6-carba-oxytocin. The actiVity
abruptiy decreased when the size of the substituent was increaéed;'
the ahalcgue containing the benzyloxycarbonylamino group was '
without any activity (Table I). .

Substitution of the tyrosine hydroxyl by nitre-, amino-, di- -
methylamino—, methyi- and ethyl-groups. In this series, the most .
active analogue was [ 2-p-methylphenylalanineldeamino-6-carba~oxy— .
tocin; its activity was even higher than that of the parent mole-
cule. The analcgue containing an ethyl group was also active,
whereas the activity of the other analogues containing polar
groups was pronouncedly lower (Table I, Figure 2).

_ Table I presents the relative natriuretic potency expressed

in % of activity of deamino-6-carba-oxytocin and the uterotonic’
activity. o

Natriuresis evoked by the neurohypophysial hormones is a com-
plex respoase involving tubular and vascular components, and there -
is an ongoing discussieon as to whether the natriuretic activity
of oxytocin and vasopresin is in direct relation to their pressor—
vascular and antidiuretic effects. The synthesis of analogues
the activities of which are dissociated can be seen as a pre¥
requisite for analysing the mechanism of natriuresis evoked by

neurohypophysial hormones.

CONCLUSTION

The modifications of the oxytocin molecule menticoned in the.
introduction (i.e. carba substitution and deamination) led to an
increase of natriuresis, but also to an increase of the uteroto-- -
nic and pressor activitiess. The alterations performed in sti—'
tion 2 of deamino-6-carba-oxytocin suppressed theée undesirabie
effects. All the analogues studied had significantly lower utero-
tpnic'activity {cf Table I). The pressor effect was also decre-
ased (with the exception of [Z-phenylalanine deamino-6-carkba-oxy- -
tobin); the analoguez studied did not influence the systemic :

biocod pressure lo,11 in doses up to 200 ug/kg of body weight: In_:'.
the first group of analogues in which the whole amino acid had

been_SubStitutéd, the decrease of these activities was accompaﬁiéd -
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Fig. 1. Log dose - natriuretic response curves for deamino-é-
-carba-oxytocin ® , oxytocin & , [2-phenylalanine Jdeamino-6-carba-
~oxytocin B , [2-isoleucine |deamino-6-carba~oxytocin O and [2-me-
thionine ]Jdeamino-6-carba-oxytocin 8 .
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Fig. 2. Log dose - natriuretic response curves for [2-0O-methyl-
tyrosine Jdeamino-6-carba-oxytocin & , [2-p-methylphenylalanine]-
deamino-6-carba-oxytocin B , [2-p-ethylphenylalanine ldeamino—g--
~carba-oxytocin QO , [2-p-aminophenylalanine ]deamino-6-carba-oxy-
tocin O , . [2-p-N,N dimethylaminophenylalanine ]deamino-6-carbha-
-oxytocin @ and [2-p-nitrophenylalanine ]Jdeamino-6é-carba-oxytocin .
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TABLE T

. COMPARTSON OF UTEROTONIC AND NATRIURETIC ACTIVITIES OF DEAMINO~
~6-CARBA=OXYTOCIN AND ITS DERIVATIVES '

Compound Natriuretic Uterotonic NA/UA
: : activity,Na ¥ activity,Ua ratio
UpaV I.U./mg
Deamino-6-carba-oxytocin 4.54 + 0,36 10O 929 0.005 - .
Oxytocin 1.53 + 0.26 34 450 0.003 -
[2-Phenylalanine]deamino- R
—6~carba-oxytocin 2,15 + 0.38 47 75 0.02%. -
[2-Isoleucineldeamino-6- s
-carba-oxytocin 0.87 + 0.11 i3 3.1 0.279
[2~Methionineldeamino-6~ .
-carba-oxytocin 0.43 + 0.07 10 4.7 0.091
[ 2-0~Methyltyrosineldeamino- .
-6—carba-oxytocin 0.18 + 0.2}F 48 3.1 0.694 -
[2-0-Ethyltyrosine]deamino-
-6-carba~oxytocin G.45 + 0.0% 10 <0.05 9.020

[ 2-p~Benzyloxycarbonylamino-
phenylalanine]deamino-6-car—

ba~oxytocin 0.15 + 0.05 P 0.07 2.086

[ 2-p-Methylphenylalanine] -

deamino~6-carba~oxytocin 4.75 + 0.48 105 70 ©.068

[ 2-p-Ethylphenylalanine] - -
deamino-6-carba-oxytocin 3.82 + 0.18 86 27 0.145 -
{ 2-p-Aminophenylalanine] -

deamino~6-carba~oxytocin 1.34 + 0.13 30 <0.05 26.880

[ 2-p~N,N-Dimethylaminophe—
nylalanine] deamino-6-carba-

oxytocin 1.15 + 0.11 25 <0.05 23.100°
[ 2-p~Nitrophenylalanine] - _
deamino—ﬁ—carba—oxytocin 1.00 + 0.14 22 < 0.05 20.060
Cohtrqls Q.08 '

*arithmetic mean values + SE

*#phe dose-response relation is not statistically significant



1th a. pronounced decrease of natrluretic activ1ty, as compared
with deamino- 6- carba oxytccin The substxtutlon of hydrogen 1n
:the hydroxyl group of tyrosmne brought about a further decrease
' of_the utercotonic and pressor activities. The substitution of the

'__'whole hydroxyl group of tyrosine resulted in a slight decrease of

'.the'uterotonic activity and in a pronounced decrease of the
pressor activity (lower than 0.2 IU/mg). On the other hand, the
"_natriuretic activity of the ethyl derivate was only slightly lower

and that of the methyl derivative was even higher than the parent

molecule. The most advantageous ratio of natriuretic and pressor
'act1v1tles, with insignificant pressor activities (0.2 IU/mg) was
obtained in the case of [2-p-aminophenylalanineldeamino-6-carba-
~oxytocin. This group of analogques therefore yvielded compounds
with specific natriuretic action without systemic pressor activity
and with very low uterotonic activity. At present, we do not know
ﬁhether the analcgues change the local hemodynamic parameters in

- the kidney, which part of the nephron it effects, or to what
degree it influences renal Na,K-ATPase. Further studies should

‘decide whether therapeutical application is promissable.
REFERENCES

1. Heller, J. and Pickeriny, G.W., Eds. (1970) International
Encyklopedia of Pharmacclogy and Therapeutics, Sect. 41,
Vol. i., Pregamon Press, New York, pp. 229-278.
2. BSedldkovd, E. et al. {1969) Science, 164, 580-582.
3. De Wardener, H.E. (1977) Clin.Sci.Mol.Med.,-53, 1-8.
4. Chan, W.Y. (1975) J.Pharmacol .Exp.Therap., 196, 746-752,
5. Machov4, A., and JoEt, K. (1975) Endocrinol.Exptl. 9, 269-277.
6. Barth, T. et al. (1973) Europ.J.Pharmacol., 24, 183-188.
7. Jost, XK. et al. (1963) Coll.Czech.Chem.Commun., 28, 1706-1714.
8. Fri&, I. et al. (1974) coll.Czech.Chem.Commun.,39, 1290-1302.
9., Jost,K. and Eorm, F. (1971) Coll.Czech.Chem.Commun.,
36, 234-245,.
. 10. Lebl, M. et al. {1980} Coll.Czech.Chem.Commun., in press.
1i. Lebl, M. et ai. (1981) Coll.Czech.Chem.Commun., in press.
. 12. Skopkovd, J. et al. (1980) Endocrinol.Exptl., in press.
 13. Holten, P. (1948) Brit.J.Pharmacol., 3, 328-334,

T B e





