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Radioiodinated oxytocin prepared by the lactoperoxidase method exhibited a substantiak

biologic activity in uterotonic assay of the rat uterus.

125]_oxytocin was bound to the uterine membrane particulate fractxon but the unla-
belled oxytocin did not inhibit the binding of %[ oxytocin to the membrane fraction

of rat uterus.

Cold iodinated oxytocin, however, inhibited the *?I-oxytocin binding

to the membrane fraction of rat uterus in proportion to its concentration.

These results suggest that 1**I-oxytocin is not a suitable radioligand ‘for oxytocin re-

ceptor binding study.

Previous attempts to determine the oxytocin
concentration in biologic fluids using the
bioassay (Bisset and Walker, 1954; Noddle,
1964; Branda and Ferrier, 1971) and radioi-
mmunoassay (Bashore, 1972; Kumaresan ef
al., 1974; Vasicka et al., 1978; Dawood ef al.,
1978a, 1978b) techniques were not particularly
successful. The bioassay technique is generally
not sensitive enough to measure such a low
level of oxytocin as is found in the blood.
The radioimmunoassay technique, on the other
hand, has ‘many advantages over bioassay.
However, its main disadvantage is the possi-
bility that the material measured may not
correspond to the biologically active material
(Chard, 1977). For these reasons, the techni-
que employing cell receptor(receptor assay)
was developed and it is generally believed
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that the receptor assay can provide an accu-
rate reflection of the biologically effective
level of a hormone(Chard, 1977).

Receptor assay was first described for estro-
1968), and has since been
applied to various peptide hormones(Chard,
1977; Roth, 1973). Soloff and his colleagues
(Soloff and Swartz, 1973, 1974; Soloff et al.,
1973, 1974 and 1977; Soloff, 1975, 1976;
Robert ef al., 1976), using this technique,
have characterized the oxytocin receptors in
They
observed that 3H-oxytocin is accumulated in

gens (Korenman,

sow, rat, sheep and human uterus.
membrane fractions of the uterus and mamma-
ry gland, and this accumulation is inhibited
by synthetic analogues of oxytocin in direct
proportion to their uterotonic potencies. Other
investigators (Bockaert et a@l., 1970, 1972;

Crankshaw et al., 1978; Nissenson et al., 1978)
have also attempted to characterize the oxy-

tocin receptors in various tissues using *H-

oxytocin as a ligand.
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However, %5[-oxytocin has not been succes-
~fully utilized in oxytocin-receptor study de-
'spite the fact that !**l-oxytocin is more easily
prepared in the laboratory. If !*[-oxytocin
~exhibits biological activity, this cdmpound
may be useful as a ligand for oxytocin recep-
tor assay. But the chemical nature of this
compound has not been fully characterized
-and its biological activity has been subject to
much controversy (Morgat ef al., 1970; Tho-
‘mpson et al.,, 1972; Marbach and Rudinger,
1974; Flouret et al., 1977). ’

We, therefore, undertook the present study
“to investigate the characteristics of *l-oxy-
“tocin binding to various tissues and its biolo-

-gical significance.
MATERIALS AND METHODS

Experimental tissues

‘Uterus, liver, skeletal muscle(abdominal
-muscle), lung, kidney and heart were obtained
“from a rat which had received daily injections
-of estradiol 175(10 #g/100 gm of body weight)
and progesterone(150 ¢g/100 gm of body wei-
ght) for 7 days. Sow uterus was obtained
“from a local slaughterhouse and kept in ice-
-cold Krebs-Hensenleit Ringer(KH Ringer) solu-
tion(115 mM NaCl, 4.5 mM KCl, 1.5 mM
CaCl,, 1.0 mM MgCl,, 22 mM NaHCQ,, and
5 mM glucose, pH 7.4) until it was stored

.at —50°C in the laboratory.
Todination of oxytocin

Oxytocin was iodinated using the lactopero-
-xidase method (Miyachi et al., 1972) as desc-
-ribed by Dawood et al. (1978 b).

Measurement of biological activity of
radioiodinated oxytocin

Biological activities of radioiodinated oxy-
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tocin fractions were measured by uterotonic
assay. After treatment of estradiol 17-8 and
progesterone for 7 days, a rat was sacrified
by a blow on the head, uterine horns were
quickly excised, dissected free from fat and
cut open longitudinally to obtain a rectangu-
lar strip. The tissue strip was mounted verti-
cally with one end fixed and the other end
attatched to a Grass FTO3C force transducer
and incubated in a 30°C bath containing 10
ml of KH Ringer solution(pH 7.4) gassed
with a 95% 0,—5% CO, mixture. Spontaneous
contractions were not seen under these condi-
tions.

The isometric tensions induced by the add-
ition of standard oxytecin or radioiodinated

‘oxytocin were recorded on a Grass model 7

polygraph.
125]-oxytocin binding to tissue slices

Uterus, liver, lung, kidney, skeletal muscle
(abdominal muscle) and heart were obtained
from the rat which had been treated with
estradiol 17-8 and progesterone. After the
animal was sacrified by a blow on the head,
these tissues were quickly removed and placed
in an ice cold KH Ringer solution(pH 7.4)
gassed with a 95% 0,—5% CO, mixture. Thin
slices of each tissue were prepared using a
Stadie-Riggs microtome. The slices were blo-
tted on a filter paper, weighed and placed into
a test tube containing an appropriate incubat-
ion medium. For competitive binding between
labelled and unlabelled oxytocin, the incuba-
tion medium consisted of 1ml of KH Ringer
solution, 10 ¢l of radioiodinated oxytocin (20,
000 cpm) and 500 ng of unlabelled oxytocin
in the experimental series and unlabelled oxy-
tocin was eliminated in the control series.
Incubation was carried out in a shaker at 20

°C for 1 hour. After incubation was comple-
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ted, slices were washed three times in the
same KH Ringer solution and placed in a test
tube for radioactivity determination in a Logic

model 221 gamma counter.

Membrane preparations of uterus, skele-
tal muscle and liver

Uteri from rat and sow were dissected free
of fat, rinsed of blood, minced and homoge-
nized in five volumes of buffer solution(Q. 25
M sucrose, 1 mM MgCl,, 5mM tris, pH 7.4)
using a Virtis homogenizer at 4°C, All subse-
quent procedures were carried out at 4°C,
After filtration through a single layer of
gauze, the homogenate was centrifuged at 8,
000 xg for 10min, in a Sorvall centrifuge
(model RC 2-B, rotor SM24) and the pellet
was discarded. Potassium chloride was added
to the supernatant until the final concentration
of KCl became 0.6 M and it was stored over-
night in a cold room for extraction of acto-
myosin. The resulting supernatant was centri-
fuged at 20,000 xg for 10min, in a Sorvall
centrifuge. The 20,000 xg pellet was washed
twice with a cold tris buffer solution(0.05 M
tris, 5 mM MgCl,, pH 7.4) and then resuspe-
nded in the same buffer. The 20, 000 xg super-
natant was centrifuged at 105,000 xg for 1
hour in a Beckmann ultracentrifuge(model
L 2-65 B, rotor 65). The pellet obtained was
washed twice in a cold tris buffer solution and
then resuspended in the same solution. These
20,000 xg and 105,000 xg pellet suspensions
were stored at —50°C until being used.

Membrane fractions of skeletal muscle and li-

ver were prepared by the same procedure as de-

scribed above, but the step of KCl adding was
ommitted in the liver membrane preparation.

The protein concentration of the suspension
was determined by the method of Lowry et
al. (1951). Since Na-K-ATPase is one of the
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marker enzymes of the plasma membrane
(Emmelot et al., 1964), the Na-K-ATPase
activities of various preparations were deter-
mined by a modified method of Towle and
Copenhaver (1970).

Binding of **I-oxytocin to 20,000 xg and
105, 000 xg pellets

The frozen suspension was thawed slowly
and rehomogenized in a glass-glass homogen-
izer at 4°C, In general, incubation mixtures-
consisted of tris bﬁffer(0.05 M tris, 5 mM
MgCl,, pH 7.4), varying amounts of memb-
rane particulates and -!*[-oxytocin with or
without unlabelled oxytocin.

The total volume of incubation mixture was’
adjusted to 0.3~0.4 ml.

The conditions of the assay are detailed in
the “appropriate section of RESULTS. Incuba-
tions were carried out at 20°C. In most studies,.
the period of incubation was 1 hour. At the
end of incubation, reaction was terminated by
diluting the incubation medium, i.e., by the
addition of 1ml of ice-cold tris buffer solution.
to each tube, and the tubes were centrifuged.
at 4°C for 10 min, (for 20,000 xg pellet) or
30 min. (for 105,000 xg pellet) at 20,000 xg.
The resulting pellets were washed three times.
with the same buffer solution. Radioactivity
in each pellet was determined in a Logic
gamma counter (model 221).

RESULTS

Radioiodination of oxytocin

The percentage of utilization of !*I and
the specific activity of radioiodinated oxytocin
were calculated by the method of Saxena et
al. (1968). Fortyfive to fiftyfive percent of
the 125 was labelled to oxytocin, The specific
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activity of the radioiodinated oxytocin ranged
from 225 to 275 mCi/mg. Aggregates of
radioisotope labelled (but, probably damaged)
oxytocin was found in elution fractions 8§—10
from the Sephadex G—25 column. The concen-
trated labelled oxytocin was found in fractions
12—16(Fig. 1). The oxytocin concentrations
of the radioiodinated oxytocin fractions from
the Sephadex column were measured by uter-
otonic assay, and found to be 14~40ng per
100 gl of elute(Fig. 1). The percentage of
the oxytocin®labelled with *°1 was 75~85%.

Binding of »I-oxytocin to various tiss-
ues, in vitro

To determine if *I-oxytocin is recognized
by oxytocin target tissues, !Zl-oxytocin was
incubated with various tissues in the absence

and presence of unlabelled oxytocin(500 ng/
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Fig. 1: Separation of 1?5l-oxytocin on the Sephadex
G-25 gel filtration.

After radioiodination of oxytocin, the rema-
ining free ¥ was absorbed by addition of
inorganic iodine resin and chromatographed on
the Sephadex G-25 column which was prewa-
shed with 0.05M tris-HCl buffer solut1on(p_H
8.0) containing 0.5% of bovine serum _albumm
(BSA). The column was eluted with this buffer
solution and elute fractions of 0.5 ml each were
collected. Solid symbols(@-@), represent radi-
oactivity of these fractions. First peak(fract-
jon 8-10) may correspond to aggregated 125].
oxytocin fraction. Open symbols(O-0), repre-
sent 1l-oxytocin concentrations of elutes
measured by uterotonic assay.
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assay tube). After 1 hour of incubation, the
radioactivity in the tissue was counted. As
shown in Fig. 2, the radioactivity in the
uterine tissue was greater than those in other

| tissues. In all tissues, however, the radioacti-

vity was not lowered by the addition of
unlabelled oxytocin, indicating that the nature
of binding of the !*[-oxytocin may be diffe-
rent from that of unlabelled oxytocin or it may
be bound to site(s) other than the oxytocin
binding site(s). The greater binding in ute-
rine tissue than in other tissues indicates that: .
there exist some tissue specificity in the *¥°]-
oxytocin binding.

Bindings of #I-oxytocin to 20,000xg
and 105, 000 xg particles from rat uterus,
liver and skeletal muscle

Since the %l-oxytocin binding to uterus,
liver and skeletal muscle were greater than
those to the other tissues(Fig. 2), these tiss-
ues were chosen in the study of !#l-oxytocin.
binding to the membrane receptor. The rece-

i [ Control
. EZ3 Unlabsiled oxytocin
: 500 na/assay tube

Bound {epm)

Fig, 2: Uptake of 2%]-oxytocin, in vitro.

Tissue slices obtained from female rats, which
received estrogens and progesterone for 7 days,
were incubated in 1 ml of KH Ringer solution
containing #’l-oxytocin with or without 500 ng
of unlabelled oxytocin per assay tube. After
the end of incubation, each slice was washed
three times with KH Ringer solution and radio-
activity was counted.

All “values represent mean radioactivity
bound to 50 mg of wet tissueS.E. in § expe-
riments.
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-ptors of peptide hormones are reported to be
located in the cell membranes(Roth, 1973).
‘Previous studies of oxytocin binding to the
receptors in uterus. and mammary gland used
90,000 xg and 105,000 xg particulate fractions
(Soloff and Swartz, 1973, 1974; Soloff et al.,
1973, 1974, 1977; Soloff 1975, 1976; Robert
et al., 1976). Soloff and Swartz(1973, 1974)
reported that 3H-oxytocin binding to the 105,
000 xg supernatant(cytosol) of the mammary
_gland and uterus from rat and sheep were not
‘reduced by the addition of the unlabelled
.oxytocin. Nissenson ef al. (1978) reported
‘that in the 95,000 xg pellet from rat uterus
:specific 3H-oxytocin binding was 3~5 times
greater than in the 10,000 xg pellet. They
.also found that the 95,000 xg pellet contained
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fragments of plamsa membrane with minimal
mitochondrial contamination in electron micro-
scopy. We, therefore, used the 20,000 xg and
105, 000 xg particulate fractions for the study
of oxytocin binding to membrane receptors.
After the 20,000 xg and 105,000 xg particu-
late fractions of rat uterus were prepared, the
activity of Na-K-ATPase, a membrane mar-
ker enzyme, was measured in each fraction.
As summerized in Table 1, Na-K-ATPase
activity in the 105,000 xg particulate fraction
was significantly greater(P<0.001) than that
in the 20,000 xg fraction in the uterus. Simi-
larily, the binding of '*l-oxytocin was sig-
nificantly greater (P<0.001) in the 105,000 xg
fraction than in the 20,000 xg fraction of rat
uterus. In both fractions, however, the bind-

Table 1. Na-K-ATPase activities in particulate membrane fractions of rat uterus

Total ATPase

Mg ATPase Na-K-ATPase

(M Pi/mg protein-hr)

0. 8223+0. 0631
0. 6381-0. 0782*

20, 000 xg pellet
105, 000 xg pellet

0.02324:0. 0078
0. 0499-0. 0035*

0.79910. 0608
0.5882--0. 0828*

Mean=+S.E. of 9 experiments. * P<0. 001

“Table 2. Comparison of !*I.oxytocin binding to membrane fractions of rat uterus, skeletal muscle

and liver
Absence of unlabelled oxytocin Presence of unlabelled oxytocin(1pug/tube)

Uterus* 20,000 xg 12651116 111474

105, 000 xg 18461-142%** 17324 164%**
Skeletal muscle** 20,000 xg 429 423

105, 000 xg 451 453
Liver** 20,000 xg 472 478

105, 000 xg 710 683

* Membrane particulates, 0.75mg of protein, was incubated for 1 hour at 20°C in 0.3ml of tris

buffer(0.05 M tris, 5 mM MgCl,,

pH' 7.4) containing 33,000 cpm of #**I-oxytocin with or

without 1pxg of unlabelled oxytocin. Each value is the mean cpm(=+S.E.) of 5§ experiments.
*% Each tube contained 1.38 mg of particulate protein in 0.3ml of tris buffer with 28,000 cpm of
125].oxytocin in presence or absence of 1ug of unlabelled oxytocin. Each value is the mean cpm

of 3 experiments.

=+ Significantly greater than the value at 20,000 xg fraction. (P<{0.001 in unpaired t-test)
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ing of '#I-oxytocin was not apparently altered
by the addition of unlabelled oxytocin(Table
9). Table 2 also shows the binding of 1]~
labelled oxytocin to the membrane ‘fractions
of liver and skeletal muscle. Again, the
binding of '#[-oxytocin was greater in 105,
000 xg fraction than in the 20,000 xg fraction
and it was not affected by the addition of
unlabelled oxytocin.

It is, therefore, apparent that the binding
of z5]-oxytocin to these membrane fractions
is most likely non-specific in nature. This

will be discussed later.

Effects of incubation time and pH of
the medium on the #*I-oxytocin binding
to membrane fractions
The binding of #I-oxytocin to the 20,000

xg and 105,000 xg fractions from rat uterus

2400~

o 5 =
20001
- o
— L8001
1=
o » I
C
‘g 1. 2001 /‘/L‘—r
2 L]
o -
f1a]
800} p
.:’//
aootf
.

L L s I3 L J
020 30 40 50 60
incubation time (min)

Fig. 3. Effect of incubation time on the binding
of 5[-oxytocin to membrane fractions
of rat uterus.

Each tube contained 0.62 mg (20,000 xg frac-
tion) or 0.94mg(105,000xg) of particulate
protein in 0.3ml of tris buffer(0.05M tris, 5
mM MgCl,, pH 7.4) with 35,000 cpm of **°I-
oxytocin. Incubation was terminated by the
addition of 1ml of tris buffer solution and
centrifugation.™ The resulting pellets were
washed three times with tris buffer solution
and radioactivities were counted. Each point
represents the mean of 3 experiments. -0,
20, 000 xg fraction; O-0O, 105,000 xg fraction.
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was dependent upon the incubation time(Fig.
3). Steady state binding was achieved after
40 min, of incubation.

The binding of !*]-oxytocin to sow uterine
membrane particulate fractions increased line-
arly with the medium pH between 6.0~8.5
without showing any optimum pH (Fig 4).
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Fig. 4. Effect of medium pH on the binding of
125]-oxytocin to the membrane fractions
of sow uterus.

Each tube contained (.72 mg (20,000 xg fraction)
or 0.90mg(105,000xg) of paticulate protein
in 0.3ml of tris buffer(0.05M tris, 5mM
MgCl,, 0.1% gelatin) with 20,000 cpm of 126]~
oxytocin. Each point represents the mean-+S.E.
of 5 experiments. @@, 20,000xg fraction;
0O—0, 105,000 xg fraction.

This result is in contrast with that of Soloff
and Swartz(1973, 1974) who found a definite
pH optimum of 7.6 for the binding of SH-
oxytocin to uterine membrane fractions.

Scatchard analysis of *’I-oxytocin bind-
ing to the membrane fractions

Fig. 5 illustrates a typical result of 15]-
oxytocin binding to membrane fractions at
These
data were subjected to Scatchard analysis
(Scatchard,
constants. Figs. 6 and 7 represent Scatchard

various !#»[-oxytocin concentrations.
1949) to obtain various kinetic
plots of *I-oxytocin binding to the 20, 000 xg

and 105, 000 xg particulate fractions from rat

uterus. As is seen, the curves consist of two
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Fig. 5. '»*-oxytocin binding to 105, 000 xg fraction
of rat uterus plotted as a function of 251
~oxytocin concentrations.

Each tube contained 0. 94 mg of intact or heat
denatured proteins, tris buffer(0.05M tris, 5
mM MgCl,, pH 7.4) and !%5J-oxytocin, The
total volume of final incubation mixture was
adjusted to 0.4ml, (), intact membrane; @,
denatured membrane. Each point represents
the mean of 3 experiments.

components indicating that the membrane

fraction contains two different binding sitss

with high and low affinities. In the heat
Table 3. Dissociation constant(Kd) of 2I-oxyto-
¢in to high and low affinity binding
sites in the intact membrane and to
the denatured membrane fractions of

rat uterus
High affinity Low affinity
site site
20, 000 xg Intact 4.8 11.9
Fraction Denatured 3.0
105,000 xg  Intact 5.8 13.3
Fraction Denatured 6.7
(nM)

Each value is estimated from the slopes of
binding line shown in Figs. 6 and 7, and is the
mean of 3 experiments.
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Fig. 6. Scatchard plot of 25I-oxytocin binding to
20, 000 xg fraction of rat uterus.

Each tube contained (.62mg of intact or
heat denatured particulate protein, tris buffer
(0.05M tris, 5mM MgCl,, pH 7.4) and an
appropriate 28]-oxytocin. The total volume of
final incubation mixture was adjusted to 0.4
ml. At the end of incubation, tubes were centri-
fuged and radioactivities were determined
from pellet(B) and supernatant(F). The line
of high affinity binding was obtained by
taking the difference between the total binding
curve and extrapolated line of low affinity
binding. Each point represents the mean of 3
experiments. (O, intact membrane; @, dena-
tured membrane.

[Srpan
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Fig. 7. Scatchard plot of *[-oxytocin binding to
105, 000 xg fraction of rat uterus.
Values are based on the data in Fig. 5.
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Fig. 8. Scatchard plots of #5I-oxytocin binding
© to 20,000 xg fractions of rat skeletal mu-
. scle and liver.

The conditions of incubation other than
protein concentration were the the same as in
Figs. 5 and 6. The amounts of particulate
protein in the tubes were 1,3mg and 0.7mg
for liver and skeletal muscle, respectively.
However, because of the small number of data
points, the kinetic constant was not calculated.
The binding curves show at least 2 kinds of
binding sites. (O, intact membrane of liver;
@&, denatured membrane of liver; A, intact
membrane of skeletal muscle; A, denated
membrane of skeletal muscle. Each point
represents the mean of 2 experiments. :
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Fig. 9. Scatchard plots of 25I-oxytocin binding
to 105,000 xg fractions of rat skeletal
muscle and liver.

The incubation conditions other than the
protein content were the same as in Figs. 5
and 6, The protein content was 1. 51 mg and 1. 34
mg for liver and skeletal muscle, respectively.
As shown in Fig. 8, the curves show that
the binding site consists of at least two different
types.- Symbols are the same as in Fig. 8. Each
point represents the mean of 2 experiments.

A\
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Fig. 10. Inhibition of !#*I-oxytocin hkinding to 20,
000 xg and 105,000 xg fractions by cold.
iodinated oxytocin.

Each tube contained 0,42 mg(20, 000 xg"
fraction) or 0.47 mg (105,000 xg fraction)
of particulate protein, 32,000 cpm of 28]~
oxytocin, a varying amount of cold iodi--
nated oxytocin and tris buffer(0. 05 M tris,.
5mM MgCl,, pH7.4) solution. The total.
volume of final incubation mixture was-
adjusted to 0.4 ml. Solid symbols represent.
the binding to 20, 000 xg fraction, and open
symbols to the 105,000 xg fraction. Each.
point represents the mean=+S.E. of 5 expe--
riments. For the purpose of comparison,.
the binding of '%]-oxytocin in the presence
of unlabelled oxytocin was included(solid
(20, 000 xg)and open (105, 000 xg) triangles)..

denatured particulate fractions of rat uterus,.
the concentration of radioactivity was found.
to be markedly decreased(Fig. 5). A Scatch--
ard plot of these data from the denatured.
particulate fractions revealed a single straighit
line(Figs. 6 and 7, selid’ circles), /indicating-
a single population at the binding site. That
is, one binding site was eliminated by heat
treatment. At the same time, the binding
capacity of the remaining component, esti-
mated from the x-interecept of the line in.
the scatchard plot, was markedly reduced by
heat treatment. Dissociation constanit(Kd) of
the high and low affinity sites in the intact
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membrane and that of denatured membrane
fractions are summarized in Table 3,

Figs. 8 and 9 are Scatchard plots of the
125]_oxytocin binding to membrane fractions
of rat skeletal muscle and liver. Again, the
curves consist of at least two components. In
contrast with the uterine membrane fractions,
the heat treatment in these membrane fracti-
ons did not alter the shape of the curve,
.although it shifted the curve slightly upward
-or downward depending on ‘the fractions.
“This shift of the binding curve presumably
resulted from conformational changes of
binding sites. Therefore, it is speculated that
‘the binding of !%5[-oxytocin to the membrane
fractions of skeletal muscle and liver may be
nonspecific in nature. Whereas, the binding
site in the uterine membrane eliminated by
heat treatment is probably specific for oxyto-
<in. However, whether the specific site is
‘the one with high or low affinity is not clear,
at present. '

Effect of cold iodinated oxytocin on bind-
ing of !#I-oxytocin to uterine membrane
fractions '

Because unlabelled oxytocin did not inhibit
the binding of !#I-oxytocin to the membrane
fractions of rat uterus, it would be interesting
to examine whether cold iodinated oxytocin
inhibits the binding of 25l-oxytocin to the cell
membrane of rat uterus. Cold iodinated oxy-
tocin was prepared in the same way as descri-
bed for #[-oxytocin wusing Nal instead of
the *9], A small amount of ?*I-oxytocin was
used as a marker for column chromatography.
As illustrated in Fig. 10, the binding of *5]-
-oxytocin to the 20,000xg and 105,000 xg
particulate fractions from rat uterus were
«decreased in proportion to the amount of cold
iodinated oxytocin added to the medium.
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DISCUSSION

For a radioreceptorassay of a hormone, the
radioactive hormone must have high specific
activity and at the same time retain biologic
activity. If a radioiodinated hormone exhibits
biologic activity, such a compound might be
suitable as a ligand for the hormone-receptor
assay. Jodinated hormones, such as ACTH
(Lefkowitz et al., 1970), angiotensin(Lin et
al., 1970), luteinizing hormone(Catt et al.,

1972), human chorionic gonadotropin(Dufau

‘et al., 1972) and insulin(Freychet ef al., 19

71; Cuatrecasas, 1971) show substantial biolo-
gical activity. However, the biological actions
of iodinated oxytocin are not clearly establi-
shed. While Morgat et al. (quoted from Flouret
et al., 1977) reported that the monoicdo-oxy-
tocin is inactive in the avian depressor assay,
Marbach and Rudinger(1974) observed that,
although the monoiodo-oxytocin has no utero-
tonic activity, it inhibits the response of the
isolated rat uterus to oxytocin and suggested
that radioiodinated oxytocin is suitable for
the study of uterine receptor binding. Thomp-
son ef al., (1972) reported that monoiodo-
oxytocin retained stimulatory activity in a
toad bladder cyclase assay and glucose oxida-
tion in fat cells. In the above study, !*I-
oxytocin showed a specific binding to fat cells.
Morover, in the presence of unlabelled oxy-
tocin, lysine and arginine-vasopressin, !25]-
oxytocin was displaced from fat cells in pro-
portion to the concentration of unlab elled ho-
rmone, But they failed in numerous experime-
nts to detect specific binding of #5]-oxytocin
to many other tissues, such as uterus, kidney
medulla and toad bladder. They therefore
speculated that such a failure is probably due
to a high level of hormone inactivating and
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degrading activities residing in these tissuses.
Recently, Flouret et al.(1977) ‘ reported that
freshly prepared monoiodo-oxytocin had no
speéific agonistic effect for the activity of renal
medullary cyclase system and for uterine
contraction. However, the monoiocdo-oxytocin
stored for several months in cold (either as a
solid form in a desicator or as a forzen solu-
tion) stimulated the contractility of rat uterus
and the activity of the renal medullary cycl-
ase. They, however, stated that the monoiodo-
oxytocin is not suitable for the receptor assay
as it has very low affinity (100 times lower
than that of 3H-oxytocin) to uterine and renal
tissues.

There are two binding sites(high-and low
affinity) of %5[-oxytocin in the rat uterine
membrane fraction and one binding site was
eliminated after heat denaturation in this
membrane fraction(Figs. 6 and 7). But none
of binding sites of %5I-oxytocin in membrane
fractions of skeletal muscle and liver was
eliminated by heat(Figs. 8 and 9), The appa-
rent Kd(s) of high affinity binding site of
rat uterine membrane fractions(4.8nM for
20, 000 xg and 5.8 nM for 105, 000 xg fraction)
are comparable to those measured with 3H-
oxytocin. Soloff and Swartz(1974) reported
that the Kd for 3H-oxytocin binding was
1.8nM in 20, 000 xg particulate fraction from
rat utérus, 1.5nM in 20,000 xg particulate
fraction from sow uterus and 2,0~2.8nM in
1974).
Nissenson et al.(1978) reported that the Kd
for 3H-oxytocin binding was 4.1 nM in rabbit
uterine membrane fraction. However Kds of
low affinity binding sites(11.9nM for 20, 000
xg and 13.3nM for 105, 000 xg fraction; see
Table 3) are much higher than those of repor-
ted. The differences of Kd between our study

human myometrium(Soloff et al.,

and those of others may be due to the diffe-

Problems Associated with I-125 Oxytocin Binding to Membrane Receptors

rences in animal species, to pretreatment of
the animals with various agents or to the
species of ligands used in assay,

From the reasons discussed above(i.e., Kds
and heat treatment), it is, therefore, specula-
ted that the binding of !*»I-oxytocin to the
high affinity binding site in uterine membrane
is, at least in part, specific. However, the
number of specific binding sites is relatively
much smaller than that of non-specific bind-
ing sites(compare the x-intercept of the 2
different solid lines in Figs. 6 and 7), such
that the magnitude of overall binding in &%
vitro analysis may be generally determined
by the non-specific binding.

In the present study, we have demonstrated
that ?5[-oxytocin had definite biological acti-
vity in the uterotonic assay. However, the
binding of *l-oxytocin to rat uterine tissue:
slice and membrane fraction was not inhibited
by the addition of unlabelled oxytocin(see:
Fig. 2 and Table 2) indicating that the nat-
ure of binding is probably changed.

There are possibilities that the binding site
of ¥[-oxytocin is completely different from
that of unlabelled oxytocin or that conforma-
tional changes in receptor sites after binding
of '#[-oxytocin might occur. Yet another
possibility is conformational change in the
oxytocin molecule itself in the process of
radioiodination, since other investigators(Flou-
ret et al., 1977) have found that after storage
of iodinated oxytocin, specific competition
between labelled and unlabelled oxytocin was.
resumed.

An interesting point to note is that the bin-
ding of *]-oxytocin to the uterine membrane:
fraction is inhibited by cold iodinated oxy-
tocin, but not by unlabelled oxytocin (Fig. 10).
This result strongly suggests that radioiodin-~
ation of oxytocin may alter its binding char-
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.acteristics.
It is, therefore, apparent that '**[-oxytocin
is not a suitable radioligand for oxytocin-

receptor binding study.
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