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Abstract

Metabolites of the analogue 1-deamino-1-carba-2-tyrosine( O-methyl)-oxytocin (carbetocin) following incubation with a rat kidney
homogenate were isolated and their pharmacodynamic properties investigated. Apart from the parent compound two metabolites were
identified namely desGlyNH ,-carbetocin (carbetocin metabolite 1) and desLeuGlyNH ,-carbetocin (carbetocin metabolite 11). Both
carbetocin, carbetocin metabolite | and carbetocin metabolite 11 displayed binding affinities to the myometrial oxytocin receptor of a
similar magnitude as oxytocin. Carbetocin was found to have agonistic properties on isolated myometrial strips and it was found to exert
this effect through generation of inositol phosphates, as is the case for oxytocin. However, maximal contractile effect of carbetocin was
approximately 50% lower than that of oxytocin (2.70 + 0.12 g compared to 5.22 + 0.26 g) and EC, was approximately ten times higher
(48.0 + 8.20 nM compared to 5.62 + 1.22 nM). Neither carbetocin metabolite | nor carbetocin metabolite |1 were able to contract isolated
myometrial tissue. All three compounds displayed antagonistic properties against oxytocin in vitro, with carbetocin being the strongest
inhibitor (p A, = 8.21) and carbetocin metabolite Il (p A, = 8.01) being stronger than carbetocin metabolite | (p A, = 7.81). These results
indicate that carbetocin is a partial agonist/antagonist to the oxytocin receptor while the two metabolites carbetocin metabolite | and
carbetocin metabolite 11 are pure antagonists. All three analogues bound to the myometrial vasopressin V; receptor, albeit with much
lower affinities than to the oxytocin receptor. Carbetocin metabolite |1 showed the weakest binding affinity of 33.7 + 7.34 nM compared
to 7.24 + 0.29 nM for carbetocin and 9.89 + 2.80 nM for carbetocin metabolite I. Only carbetocin bound to the renal vasopressin V,
receptor though the binding affinity was very low (61.3 + 14.6 nM). © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction is therefore considered being used in human subjects for
the control of uterine atony and excessive bleeding after
delivery by caesarean section. Indeed in post partum
women Hunter et al. (1992) found intramuscular adminis-
tration of carbetocin to be superior to the intravenously
route concerning the duration of uterotonic action. In
addition they observed only minimal side effects of the
treatment.

In spite of the molecular differences between oxytocin
and carbetocin previous studies have shown, that the two
peptides bind to myometrial plasma membranes with re-
ceptor affinities in the same order of magnitude (Atke and
Vilhardt, 1987). The structural modifications made in the
~* Corresponding author. Tel.: +45-3532-7531; Fax: +45-3532-7537; N-terminal part of the carbetocin molecule protect the
E-mail: engstrom@mfi.ku.dk molecule from aminopeptidase and disulphidase cleavage.

Carbetocin (Fig. 1) is an akylated carba-analogue of
1-deamino-oxytocin  (1-deamino-1-carba-2-tyrosine (O-
methyl)-oxytocin), which has been shown to have both
milk gjecting and uterotonic activity (Barth et al., 1975).
Due to its short half-life oxytocin used for induction of
labour needs to be infused intravenously to obtain sus-
tained myometrial activity. Carbetocin has a long haf-life
(85-100 min) (Cort et a., 1981) compared to that of
oxytocin (3.4 min) (Gazis, 1978) and vasopressin (1.6-8.0
min) (Fordling et a., 1973; Gazis and Sawyer, 1978) and it
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Oxytocin

Cys-Tyr-Ile-Gln-Asn-Cys-Pro-Leu-Gly-NH,

Carbetocin

CH,-CH,-CO-Tyr(Me)-Ile-Gln-Asn-Cys-Pro-Leu-GlyNH,

CH, S

DesGlyNH,-Carbetocin (carbetocin metabolite I)

CH,-CH,-CO-Tyr(Me)-Ile-Gln-Asn-Cys-Pro-Leu

CH, S

DesLeuGlyNH,-Carbetocin (carbetocin metabolite IT)

CH,-CH,-CO-Tyr(Me)-Ile-Gln-Asn-Cys-Pro

CH, S

Fig. 1. Chemica structures of oxytocin, carbetocin and carbetocin
metabolites | and I1.

The living organism does, however, posses a number of
enzymes capable of degrading carba-analogues at the C-
terminal end of the molecule (Barth et al., 1969; Suska-
Brzezinska et al., 1972). In this context the kidneys consti-
tute important sites for peptide metabolism.

The prolonged uterotonic activity of carbetocin is pro-
posed to be a result of an increased stability (Vilhardt et
a., 1997). Mitchell et al. (1997) have demonstrated that
oxytocin incubated with a cytosolic fraction of uterine
homogenates is primarily degraded by post-proline en-
dopeptidase activity, whereas the particulate fraction con-
tained predominantly aminopeptidase activity.

In the present study, the aim was to identify the metabo-
lites of carbetocin following incubation with a kidney
homogenate and to describe the pharmacological proper-
ties of the compounds as to binding of the metabolites to
oxytocin receptors and to vasopressin V, and vasopressin
V, receptors. In addition agonistic and antagonistic effects
of the metabolites on myometrial contractility were investi-
gated.

2. Materials and methods

2.1. Materials

Femae Wistar rats (250-350 g) used for binding and
contraction studies were bred and maintained under con-
trolled conditions in the Panum Institute Animal House.
Food and water were freely available. Sprague—Dawley
rats used for preparation of kidney homogenates were
obtained from Mdllegaard (Ejby, Denmark).

Carbetocin, oxytocin, carbetocin metabolite | and carbe-
tocin metabolite Il prepared by solid phase synthesis were
obtained from Ferring (Malmd, Sweden). [*Hloxytocin and
[*Hlvasopressin were purchased from New England Nu-
clear (Boston, MA, USA) and [*Hlinositol was from
Amersham (North Chicago, IL, USA). All other chemicals
were of analytical grade.

2.2. Preparation of rat kidney homogenate

Kidneys from 10 rats were cut in small pieces and
homogenized on ice in a 25 mM sodium-phosphate buffer
(pH 6.5) containing 1 mM EDTA. Subsequently the ho-
mogenate was centrifuged 20000 X g,, for 30 min at 4°C.
The resulting supernatant was aliquoted and store frozen
(—20°0).

2.3. ldentification of carbetocin metabolites

6.25 ml carbetocin (5 mM) was pre-incubated for 5 min
at 37°C in 23.75 ml 25 mM sodium-phosphate buffer, pH
6.5 containing 1 mM EDTA. Thereafter 1.25 ml kidney
homogenate was added. Following further 200 min incuba
tion the enzymatic reaction was stopped by addition of
62.5 ml ice-cold 2% ZnSO, in methanol /water (1:1). The
reaction mixture was kept on ice for 10 min. After cen-
trifugation (5 min, 10,000 X g,,, 4°C) the supernatant was
evaporated and re-dissolved in acidified water. Pre-purifi-
cation was made using a Sep-Pak C18 column to remove
impurities, which could shorten the lifetime of the semi-
preparative column used for separation of the metabolites.
The Sep-Pak eluent was analyzed by High Pressure Liquid
Chromatography (HPLC) using a Kromasil (C8) column
with an acetonitril /triflouroacetic acid gradient to separate
metabolites. Amino acid analysis and Fast Atom Bombard-
ment Mass Spectrometry (FAB-MS) was employed to
determine the structure of each metabolite.

2.4. Preparation of plasma membranes

Preparation of rat myometrial plasma membranes was
performed as described (Engstrem et al., 1988a). Two days
prior to decapitation the animals received an i.m. injection
of 75 wg oestradiol-benzoate (Engstrem et al., 1998).



T. Engstrem et al. / European Journal of Pharmacology 355 (1998) 203—-210 205

Myometrial tissue was homogenised followed by centrifu-
gation 100x g, (10 min, 4°C). The supernatant was
re-centrifuged 10000 X g,, (10 min, 4°C) and the resulting
supernatant centrifuged 113000 X g,, (30 min, 4°C). The
sediment from the 113000 X g,, centrifugation was resus-
pended in 10% sucrose and placed on top of a 28%
sucrose solution. Following centrifugation at 112000 X g,,
(120 min, 4°C) the layer between the two sucrose solutions
was carefully pipetted off, washed with distilled water and
finally resuspended in distilled water to concentrations of
0.5-1.0 mg/ml. An aliquot was taken for protein determi-
nation according to Lowry et al. (1951). Electron mi-
croscopy was done to ensure that the preparation consisted
of purified plasma membranes (Fig. 2).

Rat kidney plasma membranes were isolated using the
technique described by Fitzpatrick et al. (1969). Medullary
renal tissue was dissected on ice and minced with a pair of
scissors. The tissue was homogenized in 3 volumes of 0.25
M sucrose-1 mM EDTA followed by centrifugation at
1475x g, for 10 min a 4°C. The sediment was resus-
pended in 2 M sucrose, re-homogenized and re-centrifuged
at 13,300 X g,, for 10 min at 4°C. The supernatant of the
13300 X g,, centrifugation was diluted to isotonicity by
the addition of 7-volume cold distilled H,O and was
centrifuged at 35000 X g,, for 15 min at 4°C. The result-
ing pellet consisted of an upper pink layer of membranes

i : gl
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and a lower brown layer. The upper layer was removed by
swirling isotonic sucrose over the pellet. Following ho-
mogenization the resulting suspension was centrifuged
three times at 35000 X g,, for 15 min at 4°C with homog-
enizations in between each. The final pellet was aliquoted
and the protein content measured (Lowry et a., 1951).

2.5. Binding assays

Receptor binding to myometrial or kidney plasma mem-
branes was performed as described earlier with some
modifications (Engstram et al., 1988a). Membranes were
incubated for 60 min in 250 ! of a medium containing 50
mM Tris—maleate (pH 7.6), 10 mM MnCl, with concen-
trations of [*H]oxytocin varying from 0.42 to 24.20 nM or
concentrations of [*H]vasopressin varying from 0.09 to
5.40 nM. The assay was performed at room temperature
and was initiated by the addition of plasma membranes. At
the end of the incubation period bound ligand was sepa-
rated from unbound by filtration. Specific binding of *H-
ligand was calculated by subtraction of binding in the
presence of a 1000-fold excess of unlabelled hormone and
was finally related to protein concentration. Linear regres-
sions of double reciprocal plots were used to calculate
dissociation constants of the receptor binding of
[*Hloxytocin and [*Hlvasopressin. R%values of these re-

Fig. 2. Electron microscopy of isolated myometrial plasma membranes. Bar represents 1 wM.
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gressions varied from 0.92 to 0.97. Scatchard plots were
alternatively drawn. These gave K -values comparable to
those obtained from double reciprocal plots (data not
shown). Receptor binding of carbetocin, carbetocin
metabolite | and carbetocin metabolite |1 was measured as
displacement of specifically bound [*H]vasopressin or
[*Hloxytocin. Concentrations of unlabelled ligand over
ranges of 0.8 nM—1.0 .M (carbetocin), 8.0 NnM-1.0 M
(carbetocin metabolite 1) or 0.8 NM—1.0 wM (carbetocin
metabolite 1) were incubated in the presence of 1.56 nM
[®*H]oxytocin or 1.08 nM [*Hlvasopressin. The resulting
binding of labelled peptide was expressed as a percentage
of the bhinding in the absence of unlabelled peptide and
was plotted against the logarithm of the concentration of
unlabelled peptide. According to Levitzki (1980), dissocia-
tion constants of the unlabelled peptides could subse-
quently be calculated from the concentrations needed to
displace 50% of receptor bound [*H]peptide:

EC50([ ®H ]peptide)
[*H]peptide
LI

Kd([3H ]peptide)

Kd( peptide) ~

2.6. In vitro contractility of isolated uterine strips

In vitro contractility of isolated uterine strips was mea-
sured basically as described previousy (Engstrem et 4.,
1988b). Two days prior to decapitation the animals re-
ceived an i.m. injection of 75 p.g oestradiol-benzoate. One
uterine horn was opened longitudinally and a middle seg-
ment measuring 5 mm was mounted in an isometric myo-
graph connected to a Grass force transducer. The resting
tension was adjusted to 1.0 g. The strip was placed in an
organ bath containing 8 ml of Munsick’s buffer, pH 7.4
(Munsick, 1960) and allowed to rest for 30 min. The
temperature was kept at 30°C and the solution constantly
aerated with 5% CO, in O,. Agonistic effects on the
myometrium of oxytocin, carbetocin, carbetocin metabolite
| and carbetocin metabolite |1 were evaluated from individ-
ual dose-response curves. Oxytocin was added at concen-
trations over the range of 0.25x 107°-0.25x 107°% M.
Carbetocin, carbetocin metabolite | and carbetocin metabo-
lite 1l were added over concentration ranges of 0.13 X
107°-14.0x 10"® M. Upon addition of each dose the
amplitude of the contractile response was recorded. Three
washings with buffer followed each stimulation.

The antagonistic effects of carbetocin, carbetocin
metabolite | and carbetocin metabolite |11 were evaluated
by obtaining cumulative dose-response curves for oxy-
tocin in the presence of the peptides at concentrations of 1
and 10 nM (carbetocin) or 10, 20, 50 and 100 nM
(carbetocin metabolite | and carbetocin metabolite 11).

pA ,-values were calculated according to Eggena et al.
(1968):

og— 21
[A SOB] _
[As]
[B]: molar concentration of inhibitor, [A,]: molar con-
centration of oxytocin revealing 50% of E.,,, [Aggl:

molar concentration of oxytocin revealing 50% of E_,, in
the presence of [B].

PA,= —

2.7. Myometrial inositol phosphate production

Rats received 75 g oestradiol-benzoate two days prior
to decapitation. Myometrial tissue pieces (1 X 1 mm) were
incubated for 3 h in Krebs—Ringer Buffer, pH 7.4, 37°C
containing 10 wCi [*Hlmyoinositol /ml and 0.1% BSA.
Thereafter the tissue was rinsed four times with 5 ml of
Krebs—Ringer buffer with 0.1% BSA and was allowed to
rest in this buffer for 10 min at 37°C. The tissue was then
incubated for 10 min at 37°C in Krebs—Ringer buffer
containing 0.1% BSA and 10 mM LiCl in the absence of
[®*HImyoinositol. Subsequently the tissue was stimulated
with 20 wM oxytocin or 20 wM carbetocin for 10 min at
37°C in Krebs—Ringer buffer containing 10 mM LiCl and
0.1% BSA. The reactions were stopped by the addition of
an equal volume of ice-cold 10% (V /V) perchloric acid.
The samples were placed on ice for 20 min and were
intensively whirled every 5 min to liberate inositol phos-
phates. The resulting suspension was centrifuged 2000 X
g, for 5 min, 4°C. Ten mM EDTA was added to the
supernatant and inositol phosphates were extracted using a
tri-n-octylamin/freon (1:1) gradient. Inositol phosphates
were subsequently separated from remaining [*Hlinositol
and quantitated by HPLC on an anion-exchange column
(Mono Q) using a combined ammonium formate/pH gra-
dient.

2.8. Data analysis

Myometrial contractions were recorded by means of a
Data Acquisition System (Biopac Systems, WPI, USA). A
computer program (Fig. P., Biosoft, Cambridge, UK) was
used for analysis of binding assays and contractile experi-
ments. One-way Analysis of Variance was used to com-
pare means of multiple groups. Pair-wise comparisons of
means were done by means of Student's t-test or The
Mann—Whitney test. P < 0.05 was considered statistically
significant.

3. 3. Results

3.1. Carbetocin metabolites

Incubation of carbetocin with kidney homogenate indi-
cated a fast phase and a slow phase degradation pattern
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Fig. 3. Incubation of carbetocin with rat kidney homogenate. The amount
of non-metabolised carbetocin was determined by preparative HPLC at
different times after the start of incubation.

(Fig. 3) which resulted in the formation of two metabolites
(carbetocin metabolite | and carbetocin metabolite 11).
After 100 min of incubation the HPLC chromatogram
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Fig. 4. HPLC chromatogram of carbetocin incubated with rat kidney
homogenate for 100 min showing three peaks corresponding to carbetocin
and two degradation products (carbetocin metabolite | and carbetocin
metabolite I1). The retention times are indicated on the top of each peak.

Table 1
Receptor binding of labelled oxytocin and vasopressin

OT-receptors ~ V,-receptors  V,-receptors

1.20+0.45 - -
0.49+0.12 0.23+0.12

[*Hloxytocin (nM)
[®H] vasopressin (nM) ~ —

Dissociation constants (K4) of the binding of [*Hloxytocin and [®H]
vasopressin to myometrial oxytocin receptors (OTR), and to vasopressin
V,- and V,-receptors.

Vaues are means+SEM., n=3, except for [*Hloxytocin to OTR,
where n= 4.

showed a predominance of metabolite carbetocin metabo-
lite | (Fig. 4). Analyticall HPLC of the fractionated com-
pounds revealed purities greater than 97%. Amino acid
analysis showed that carbetocin metabolite | was missing
Gly—NH3. Carbetocin metabolite || was missing Leu® and
Gly—NH3. FAB-MS confirmed the results of the amino
acid analysis. The structures of the metabolites are shown
in Fig. 1.

3.2. Binding assays

Binding of [*H]oxytocin and [*H]vasopressin to myome-
trial plasma membranes and binding of [*H]vasopressin to
kidney membranes followed Michaglis—Menten kinetics.
Double reciprocal plots and Scatchard plots revealed only
one myometrial binding site for oxytocin and only one
binding site for vasopressin to myometrial plasma mem-
branes and kidney membranes respectively. Non-specific
binding accounted for approximately 50% of the tota
binding and consisted primarily of filter binding. Kp
values of the receptor hinding of [*Hloxytocin and
[*H]vasopressin were in the nanomolar range (Table 1). K,
values of carbetocin, carbetocin metabolite | and carbe-
tocin metabolite 1l were calculated from displacement
curves. All three metabolites showed high affinity for the
myometrial oxytocin receptor (Table 2). K, values of the
three compounds were not statisticaly different (P =
0.252, One-way ANOVA). Carbetocin, carbetocin metabo-

Table 2
Receptor binding of carbetocin, carbetocin metabolite | and carbetocin
metabolite |1

OT-receptors V,-receptors V,-receptors

Carbetocin (nM) 1.96+0.12 7.24+0.29? 61.3+14.6
Carbetocin metabolite| (nM) 2.82+0.70 9.89+2.80% No affinity
Carbetocin metabolite Il (M) 1.78+0.16  33.7+7.34° No affinity

Dissociation constants (K) of carbetocin, carbetocin metabolite | and
carbetocin metabolite |1 to oxytocin receptors, and to vasopressin V;- and
V,-receptors.

Values are means+ SE.M., n=3.

Values marked 2 and ° are statistically different from each other (P <
0.05).

Values are calculated from displacement curves.
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Fig. 5. Agonistic properties of oxytocin (@), carbetocin (O), carbetocin
metabolite | (O) and carbetocin metabolite 11 (#) on isolated uterine
strips. Values are means+ S.E.M., n=4.

lite | and Il were specificaly bound to myometrial vaso-
pressin V; receptors although carbetocin metabolite I
showed a significantly higher K, than the other two
peptides (P < 0.05, One-way ANOVA, Table 2). Only
carbetocin was bound to renal vasopressin V, receptors.
K4 was, however, more than a decade higher than those of
carbetocin to the oxytocin receptor and the vasopressin V,
receptor. Carbetocin metabolite | and carbetocin metabolite
Il did not bind specifically to the vasopressin V, receptor.

3.3. In vitro contractility

The agonistic effects of oxytocin, carbetocin, carbetocin
metabolite | and carbetocin metabolite 11 on isolated uter-

Table 3
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Fig. 6. Antagonistic properties of carbetocin against oxytocin induced
myometrial contractility. Dose—response curves for oxytocin were ob-
tained in the absence (@) or presence of 107° M (O) or 1077 M (m)
carbetocin. Values are means+ SEM., n=4.

ine strips are shown in Fig. 5. Maximal contractile respon-
siveness (E,,) of carbetocin was approximately 50%
lower than that of oxytocin (P < 0.05, Table 3). ECy, of
carbetocin was a decade higher than that of oxytocin
(P < 0.05, Table 3). Neither carbetocin metabolite | nor
carbetocin metabolite |1 showed agonistic properties on the
myometrium (Fig. 5).

The antagonistic effects of carbetocin, carbetocin
metabolite | and carbetocin metabolite 11 to oxytocin in-
duced contractility of isolated uterine strips are presented
in Table 4. As seen the order of rank of antagonism was
carbetocin > carbetocin metabolite |1 > carbetocin metabo-
lite | when evaluated from p A, values (P < 0.05 between

Agonistic effects of carbetocin, carbetocin metabolite | and carbetocin metabolite |1 as compared to oxytocin

Oxytocin Carbetocin Carbetocin metabolite | Carbetocin metabolite |1
Erax (@ 5.22 + 0.26 2,70 + 0.12% no effect no effect
ECg (NM) 5.62 + 1.22 48.0 +8.20% -

Agonistic effects of carbetocin, carbetocin metabolite | and carbetocin metabolite Il on isolated uterine strips.

Values are means + SEM., n=4.
#Indicates dtatistical difference from oxytocin (P < 0.05).

Table 4

Antagonistic properties of carbetocin, carbetocin metabolite | and carbetocin metabolite |1 towards oxytocin

Carbetocin Carbetocin metabolite | Carbetocin metabolite I
pA, 8.21 7.81 8.01
delog pA, (nM)? 6.23 + 1.85 30.8 + 6.58 16.3 + 347

Antagonistic activity of carbetocin metabolite | and carbetocin metabolite |1 to oxytocin induced contractility of isolated uterine strips.
Vaues are means + SE.M., n =4 (carbetocin), n = 8 (carbetocin metabolite 11) and 16 (carbetocin metabolite I).
4P < 0.05 between all groups.
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Fig. 7. Inositol phosphate production following stimulation of myometrial
tissue with oxytocin and carbetocin. Vaues significantly different from
basal inositol phosphate production are indicated by (). (P < 0.05).
Values are means+ SE.M., n= 3.

all groups). The antagonistic effect of carbetocin to oxy-
tocin induced contractility is shown graphicaly in Fig. 6.

3.4. Inositol phosphate production

Both carbetocin and oxytocin caused a statisticaly sig-
nificant increase in the formation of inositol phosphates as
compared to basdline values (P < 0.05). There was no
significant difference between the effect of oxytocin and
carbetocin. Means + S.E.M. were 100 + 11% for controls,
197 4+ 27% for oxytocin and 213 4+ 26% for carbetocin
(Fig. 7).

4, Discussion

Due to its increased duration of action in vivo (Hunter
et a., 1992) and in vitro (Atke and Vilhardt, 1987) carbe-
tocin is intended to be used in human subjects for the
control of uterine atony and excessive bleeding after deliv-
ery by caesarean section and has already been registered as
adrug in the UK and Canada (E. de Witt, Ferring Pharma-
ceuticals, personad communication). The present study
shows that carbetocin in an in vitro model using kidney
homogenates is degraded enzymatically by C-termina
cleavage leaving carbetocin metabolite | and by further
cleavage of carbetocin metabolite |1 leaving carbetocin
metabolite I1. The precise species of enzymes involved in
the degradation of carbetocin is not known, except that
they are carboxypeptidases, possibly of chymotryptic na-
ture, since Vilhardt et al. (1997) have shown that incuba-
tion of carbetocin with that enzyme leads to the formation

of carbetocin metabolite I. Oxytocin itself may be a sub-
strate for the enzymes involved in the degradation of
carbetocin. However, oxytocin is aso degraded in the
N-terminal part of the molecule by aminopeptidases
(Mitchell et al., 1997) and this fact may partly explain the
shorter haf-life of oxytocin.

The data show that both carbetocin, carbetocin metabo-
lite | and carbetocin metabolite 11 display binding affinity
to myometrial oxytocin receptors in the same order of
magnitude as is known for oxytocin (Atke and Vilhardt,
1987). All three test substances also bound to the vaso-
pressin V, receptor, abeit with much lower affinities,
carbetocin metabolite 11 being the weskest ligand. The
affinity of carbetocin to vasopressin V, receptors was very
low and carbetocin metabolite | and carbetocin metabolite
Il had no affinity at all for these receptors. These findings
for oxytocin analogous are not unexpected, since oxytocin
itself has low vasopressor (vasopressin V, receptors) and
low antidiuretic (vasopressin V, receptors) activities (Berde
and Boissonnas, 1968).

In agreement with earlier observations (Atke and Vil-
hardt, 1987) the contractile effect of carbetocin on isolated
uterine strips was weaker than that of oxytocin both as to
Eno @d ECg,. The generation of myometrial inositol
phosphates following stimulation confirmed that the two
peptides activate the same intracellular second messenger
system to approximately the same extent. Nevertheless, the
reduced maximal contractile response to carbetocin indi-
cates weaker activation of the oxytocin receptor to this
peptide compared to oxytocin in spite of equal binding
affinities for the two ligands. Increased ECg, values from
uterine strips exposed to carbetocin suggest that the cou-
pling between receptor occupancy and contractile response
is aso weaker than that for oxytocin. Both carbetocin,
carbetocin metabolite | and carbetocin metabolite 11 dis-
played antagonistic properties against the contractile effect
of oxytocin, with carbetocin being the strongest inhibitor
and carbetocin metabolite 11 being stronger than carbetocin
metabolite |. Since carbetocin displays high affinity to the
oxytocin receptor it was not unexpected, that this com-
pound should have antagonistic properties against oxy-
tocin. In this context the question could be raised, whether
carbetocin through a potential blockade of endogenous
oxytocin at its receptor site might be an inexpedient com-
pound in the control of uterine atony. Although a weaker
agonist than oxytocin, carbetocin has, however, been re-
ported to effectively induce contractions in the human
uterus (Hunter et al., 1992) and it must be kept in mind
that the effect of endogenous oxytocin appears inadequate
when uterine atony is present suggesting low plasma con-
centrations of the hormone. Furthermore, the long half-life
and few side effects of carbetocin make it a useful utero-
tonic agent. Desglycinamide-oxytocin is devoid of agonis-
tic action (Barth et a., 1967) and therefore, as shown in
the present paper, it was expected that the same held true
for carbetocin metabolite | and carbetocin metabolite 11.
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That carbetocin metabolite | and carbetocin metabolite |1
possessed rather potent antagonistic properties is in agree-
ment with similar findings for C-terminal shortened analo-
gous of oxytocin (Melin and Trojnar, 1988).

5. Conclusion

In conclusion we have shown, that carbetocin upon
incubation with a kidney extract is degraded at the C-
terminal leaving metabolites desGlyNH ,-carbetocin and
desL euGlyNH ,-carbetocin, which both show affinity to the
myometrial oxytocin receptor with almost identical bind-
ing affinities as the genuine ligand itself. Both carbetocin
metabolite | and carbetocin metabolite 1l showed potent
antagonistic properties against oxytocin and might there-
fore be expected to be potential blockers of the agonistic
effect of carbetocin. However, clinical experiments (Hunter
et a., 1992) demonstrate a marked uterotonic effect of
carbetocin, indicating that carbetocin metabolite | and
carbetocin metabolite Il may be more short-lived than the
metabolically stable carbetocin with an in vivo half-life of
85—100 min (Cort et a., 1981) or may be excreted at a
higher rate.
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