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Summary: Particles from rat oviduct homogenates sed1ment1ng between 1,000 x g
for 10 min and 48,000 x g for 30 min bound [3H]Joxytocin in vitro. The

apparent Kgq for oxyt0c1n binding to high affinity sites in particles prepared
from estrogen-treated rats was 1.8 x 10-9 M. About 215 fmoles of oxytocin were
bound per mg of particulate protein. Oviducal preparations from untreated rats
had about 25% the affinity for oxytocin of preparations from estrogen-treated
rats. Oxytocin analogues were bound to oviducal particles in the same rank
order as their uterotonic potencies: (desamino)oxytocin > (4-threonine)oxytocin
> oxytocin > (8-lysine)vasopressin >> desaminotocinol. No oxytocin binding
could be shown with the particulate fractions from rat ovary. The binding of
oxytocin to the oviduct and uterus are similar in affinity, number of binding
sites, ligand specificity, and the increase in response to estrogen treatment.

Contractions of the oviduct induced by ovarian steroids and prostaglandins
are thought to play a role in the movement of ova through the oviduct (1-14).
Oxytocin, which also stimulates oviducal contractions (15), is localized in
smooth muscle cells of the rat oviduct, as determined by autoradiography with
[3H]oxytocin (16). The specific localization of radioactivity, however, is
nondetectable when the oviduct is incubated with [3H]oxytocin of low specific
activity (16). These results indicate that the rat oviduct possesses high
affinity sites for oxytocin. The present studies characterize oxytocin binding
in the rat oviduct under experimental conditions giving optimal binding in
particulate fractions from the rat mammary gland (17), rat uterus (18), and sow
myometrium (18).

MATERIALS AND METHODS
Peptides. (Tyrosyl-3H)oxytocin, 31 Ci per mmole (19) was synthesized

by Schwarz-Wann, and was reporied to have a radiochemical purity of greater
than 99% upon h1gh voltage electrophoresis. The [3H]oxytocin had a potency
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of 452 International Units per mg in the isolated rat uterus assay (20).
Synthetic oxytocin, (8-lysine)vasopressin, (desamino}oxytocin (Sandopart)

and desaminotocinol were gifts from Sandoz, Ltd., Basel. (4-Threonine)oxytocin
was a gift from Dr. Maurice Manning of this department.

Preparation of oviducal particulate fractions. Oviducts were taken from
Sprague-Dawley rats (Spartan Research Laboratories, Haslett, MI.), 175-200 g.
Further preparative procedures were performed at 4°. The oviducts from
24 rats were homogenized in 9 volumes of Tyrode's solution, pH 7.6, with a
conical all-glass homogenizer. The homogenate was blended with a Polytron PT
10 ST (Brinkmann Instruments) for 15 sec at the maximum setting. In some
experiments the particulate fractions sedimenting at 1,000 x g for 10 min,
20,000 x g for 10 min, and 165,000 x g for 30 min were prepared. In other
experiments the homogenate was centrifuged at 1,000 x g for 10 min, the pellet
was discarded and the resulting supernatant was centrifuged at 165,000 x g for
32 m}g. The resulting pellets were resuspended in Tyrode's solution and stored
at -70°,

Binding assay. The frozen samples were thawed rapidly and centrifuged
at the appropriate wlt for the separate particulate fractions, or at 48,000 x
g for 30 min for the 1,000 to 165,000 x g particles. The pellets were resus-
pended in 0.05 M Tris-maleate buffer, pH 7.6, containing 5 mM MgCl2 and 0.1%
gelatin (hereafter referred to as Tris buffer), recentrifuged and homogenized
in Tris buffer to give 3 to 7 mg of protein per ml. Protein concentrations
were determined by the method of Lowry et al. (21), with bovine serum albumin
as the standard.

Each assag tube contained 0.6 to 1.4 mg of particulate protein, about
9,000 dpm of [3HJoxytocin (ca. 150 pg) and the appropriate amount of non-
radicactive oxytocin or oxytocin analogue in a total volume of 250 ul of Tris
buffer. Incubation was carried out for 1 hr at 22°, and was terminated by
centrifugation of the tubes under the same conditions used to prepare the
particles. Determination of the bound and unbound radicactivity was carried out
as described previously (17). The data were analyzed as described by Scatchard
(22). \Linear regressions were determined by the method of least squares.

RESULTS

[3H]0xytocin binding was studied with the 1,000, 20,000 and 165,000 x g
particulate fractions from rat oviducal homogenates. The apparent Kq values,
as determined by Scatchard analyses,were 1.7 x 10-8 M, 7.7 x 10-? M and
4.8 x 10-9 M for the 1,000, 20,000 and 165,000 x g fractions, respectively.

Particles sedimenting between 1,000 and 48,000 x g were used in
subsequent studies to obtain the maximum amount of binding material which could
be assayed without need of an ultracentrifuge, and to remove the bulk of
Tower affinity sites. Scatchard analyses indicated either two classes of
binding sites or negative cooperativity (23) within the range of oxytocin

concentrations examined, 0.53 to 3.2 nM. The apparent Kd for oxytocin binding
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to the high affinity site was 1.8 x 107 M (Fig. 1). The concentration of
binding sites as estimated from the x-intercept of the Scatchard plot was 5.5

X 10—]0

M, corresponding to 215 fmoles of oxytocin bound per mg of particulate
protein (Fig. 1). Ovarian particles did not bind oxytocin (Fig. 1). Binding
by the Tow affinity oviducal sites appeared to asymptotically approach binding
by the ovarian sites. The apparent Kd of oxytocin binding to the high affinity
sites, if estimated by subtracting binding by the low affinity sites from

-10 M; about 62.5 fmoles

the experimental curve in Fig. 1 (24), was about 5.4 x 10
of oxytocin were bound per mg of particulate protein. These studies were
performed with oviducts taken from intact rats injected s.c. with 5 pg of diethyl
stilbestrol (DES) in 0.2 ml of cotton-seed oil for 2 days. When oviducts were

taken from groups of 24 untreated, randomly cycling rats the apparent Kd for the

w
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Fig. 1. Comparison of the binding of [3HJoxytocin by oviducal and ovarian
1,000 to 48,000 x g particles. The oviducts and ovaries were taken
from rats treated with estrogen for 2 days. Each tube contained
either 0.64 mg_of oviducal protein or 1.4 mg of ovarian protein,
9,000 dpm of E3H]oxytoc1n (ca. 150 pg) and 0, 200, 400 or 800 pg of
nonradioactive oxytocin in a total volume of 250 n1 Tris buffer.
Incubation was terminated after 1 hr at 22° by centrifugation of
the tubes. The radioactivity was determined in the resulting pellet
(bound) and supernatant (free). The slope for the higher affinity
sites was estimated as shown by the broken Tline.
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high affinity] oxytocin binding sites was 7.5 + 1.9 (S.E.) x 1079 M (n=3).

The binding of oxytocin to oviducal particles was specific for the ligand.
The amount of [3H]oxytocin bound was reduced in proportion to the log concentra-
tion of increasing amounts of nonradioactive (desamino)oxytocin, (4~threonine)-
oxytocin, oxytocin and (8-lysine)vasopressin (Fig. 2). The regressions were
parallel indicating a common set of binding sites for these peptides. The
relative binding potencies and 95% confidence limits of these analogues are
shown in Table I. Desaminotocinol, the alcohol of the {desamino)oxytocin ring,
did not compete for [3HJoxytocin binding sites in the dose range studied (Fig. 2)

Less than 20% of the oxytocin-binding activity of the oviducal 1,000 to
48,000 x g particles was lost during the 1 hr incubation period. The reduction
in binding activity was assessed by incubating particles with [3H]oxytocin which
had been exposed for 1 hr to another sample of oviducal particles (17,18).

There were no differences seen between the chromatographic distributions (17,18)
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Fig. 2. The specificity of oxytocin binding to oviducal particles. The 1,000
to 48,000 x g particulate fraction from nonestrogen treated rat
oviducts was assayed as described in the legend to Fig. 1. Each
point is the mean of triplicates. Desaminotocinol (A—a); (desamino)-
oxytocin (A—A); (8-lysine)vasopressin (e—ae); oxytocin (0—o);
(4-threonine)-oxytocin (o—a).

]The apparent Kq values for high affinity sites were determined from the Tinear
portion of Scatchard plots and not by subtracting low affinity sites.
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Table 1. Summary of the relationships between the relative binding potencies

in rat oviduct and the uterotonic potencies of oxytocin analcgues

Peptide Relative Potency
Binding Uterotonic (ref.)
Oxytocin 1 1
Desaminoxytocin 2.1 a 1.8 (33)
(1.6 ~2.7)
{4-Thr)Oxytocin 1.7 2.0 (34)

(1.3 + 2.2)

(8-Lys)Vasopressin 0.19 0.01 (35)
(.14 » .28)

Desaminotocinol n.d.b A©

3959 Confidence Limits
bNot detectable under the experimental conditions (<0.04)
CGuttmann, S., Personal Communictation

of radioactivity in the [3H]oxytocin standard, in the medium after 1 hr
of incubation, and extracted from oviducal particles with 5 mM EDTA in
50 mM Tris-maleate, pH 7.6. The Rf of the radioactive peak was identical to

that of authentic oxytocin.

DISCUSSION
These experiments demonstrate that oxytocin is specifically bound to
oviducal particles with high affinity. The apparent K4 of the oviduct from
estrogen treated rats, 1.8 x 10-9 M, was the same as that determined with rat
uteri (18)]. This value also is comparable to that found in the myometrium
of the pregnant sow, 1.5 x 10-9 M (18) and human, ca. 2 x 10-9 M (25)). The

number of binding sites per mg of particulate protein from the oviduct, 215
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fmoles, also was comparable to the number reported in rat, sow and human uteri.
The broad distribution of binding activity among the three particulate fractions
of the oviduct also has been observed with oxytocin receptors in the mammary
gland (17) and uterus (18).

Treatment of rats with 5 ug of DES for 2 days increased the affinity of
oviducal binding sites for oxytocin by 4 fold. A similar increase has been
noted with uterine particles 24 hr after a single injection of DES into
ovariectomized rats (26). This increased binding of oxytocin may explain why
the uterine sensitivity to oxytocin is greater in proestrus and estrus, when
endogenous estrogen levels are elevated (27-30), and after estrogen treatment
(31,32).

The affinity of the oviducal particles for the oxytocin analogues corres-
ponded to the uterotonic potencies of all the analogues except (8-lysine)vaso-
pressin (Table I). (8-Lysine)vasopressin, which has only 1% the activity of
oxytocin in eliciting uterine contractions, was bound with 19% the affinity
of oxytocin (Table I)., Rat uterine particles also bind (8-lysine)vasopressin
with 19% the affinity of oxytocin (25). The reasons for the differences
between the binding and biological potencies of (8-lysine)-vasopressin are not
clear.

Oxytocin has been reported to increase the contractile activity of isolated
ovaries from rats and quinea pigs in natural estrus (36). The present studies,
however, have not demonstrated oxytocin receptors in ovarian particles under
conditions where binding was found with oviducal particles. The difference
in oxytocin binding activity between the ovary and oviduct illustrates the
tissue specificity of oxytocin binding sites. The oviducal sites for oxytocin
were similar to uterine sites with respect to their apparent Kd, number per mg

of protein, ligand specificity, and increased affinity due to estrogen treatment.
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