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Changes in the mechanical properties of the
longitudinal and circular muscle tissues of the rat
myometrium during gestation

Hidetaka Izumi

Department of Pharmacology, Faculty of Medicine, Kyushu University, Fukuoka 812, Japan

1 Changes in the mechanical properties of the longitudinal and circular muscle tissues of the rat
myometrium during gestation were investigated.

2 Inisolated longitudinal and circular muscles of the rat myometrium, spontaneous contractions and
contractions per unit cross-sectional area induced by 128 mM K* and 1 x 10~ M acetylcholine (ACh)
increased with the progress of gestation. These increases appeared in longitudinal muscles to a greater
extent than in circular muscles.

3 AcChinduced the largest contraction for both intact muscle tissues, at all stages of gestation. In both
muscle layers, the ACh-induced contraction reached the same amplitude as the 1 x 10~° M Ca-induced
contraction of skinned muscles, except for the longitudinal muscle at the 22nd day of gestation.

4 In Ca-free solution containing 2mM EGTA, ACh produced contraction in both intact muscle
tissues at all stages and the amplitude was increased during the progress of gestation, whereas the K-
induced and spontaneous contractions ceased.

5 Insaponin-treated skinned muscles of both layers, the free Ca concentration required to produce
contraction was lowered, the maximum amplitudes of the contraction were increased and the pCa-
tension relationships shifted to the left during the progress of gestation.

6 The results indicate that during the progress of gestation, Ca sensitivity of the contractile proteins
and mechanical responses to agonists increased and that the properties of the intracellular Ca store site

were also altered in both muscle layers.

Introduction

In uterine smooth muscle cells, calcium (Ca) plays an
essential role in triggering contractions, as observed in
skeletal, cardiac and other visceral smooth muscles
(Ebashi & Endo, 1968; Abe, 1971; Devine et al., 1972;
Endo, 1977; Daniel et al., 1979; Adelstein & Eisenberg,
1980; Kuriyama et al., 1982). Ca for the contraction is
due to influx (extracellular source) and release from
cellular store sites (intracellular source; Edman &
Schild, 1962; Lalanne et al., 1984). Spontaneously
generated and depolarization- or agonist-induced con-
tractions of the myometrium are closely related to the
membrane activity and also to the extracellular Ca
concentration (Abe, 1971; Kuriyama & Suzuki,
1976a,b; Kishikawa, 1981). For example, during the
progress of gestation, the resting membrane potential
of longitudinal muscle cells of the rat myometrium
inceases up to the last stage of gestation and decreases
at term (Casteels & Kuriyama, 1965). The shape of the

action potential in both longitudinal and circular
muscles of the myometrium also changes during
gestation, and shapes of the action potential differ
between the longitudinal and circular muscle mem-
brane during gestation, except for the last stage and
during parturition (Kawarabayashi & Osa, 1976; Osa
& Kawarabayashi, 1977; Osa & Watanabe, 1978;
Anderson et al.,, 1981; Osa et al., 1981; Osa &
Ogasawara, 1983; Osa et al., 1983). These changes in
membrane properties may modify the Ca-influx of
uterine smooth muscle during gestation.
Furthermore, there is evidence that cell volume, the
amount of contractile proteins and the intracellular
organelles per cell volume of uterine smooth muscle
cells increases during gestation (Mattos et al., 1967;
Michael & Schofield, 1969; Devine et al., 1972).
Recently, Matsui ez al. (1983) reported that the activity
of myosin light chain kinase and the total amount of

© The Macmillan Press Ltd 1985



248 H. IZUMI

calmodulin in the rabbit myometrium are increased
during the progress of gestation. These two substances
are essential factors for production of smooth muscle
contraction. Therefore, the contractile force or the Ca-
sensitivity of the contractile protein would be modified
with progress in gestation (Adelstein & Eisenberg,
1980).

In the present experiments, attempts were made to
investigate the gestational changes of the contractile
forces evoked by excess concentrations of K or by
acetylcholine (ACh) in intact muscle tissues and by
various concentrations of Ca in saponin-treated skin-
ned muscles for both longitudinal and circular muscle
layers. The results are discussed in relation to the
gestational changes of the free Ca concentration in the
myoplasm, in both muscle layers.

Methods

Virgin female rats of the Wistar-King A line (10-16
weeks after birth; 180—240 g) were kept at 19-21°C
under natural light cycles. For an assessment of
oestrous state, vaginal smears were taken daily at
about 09 h 00 min, and the proestrous rats were placed
overnight with adult male rats. The first day of the
pregnancy was estimated from the smear test, i.e.
oestrous pattern of smear with the presence of sperm
(Kishikawa, 1981). Most young were born between the
evening of the 22nd day and the morning of the 23rd
day. Animals were used at early (8 — 10th days), middle
(17-19th days) and final (22nd day) stages of gesta-
tion.

The dams were stunned and bled from the carotid
artery; excised uteri were dissected immediately from
the mesometrium side, in the longitudinal direction
and foetuses and placentas were carefully removed.
An overdose of ether was given to the foetuses.
Myometrial tissue was prepared in Krebs solution at
room temperature while bubbling with 97% O,, and
3% CO,. To prepare the longitudinal muscle strips,
the circular muscle layer together with the en-
dometrium was carefully removed, with the aid of a
dissection microscope; for the circular muscle prepara-
tions, the endometrium was initially dissected foll-
owed by removal of the longitudinal muscle layer.

Recording of mechanical responses

A segment of tissue (0.05-0.07mm in width,
0.02-0.03mm in thickness and about 0.5mm in
length) was mounted horizontally in an experimental
recording chamber with a capacity of 0.9 ml, and the
tissue was superfused with Krebs solution. Both ends
of the preparation were fixed between pieces of Scotch
double-sided adhesive tape (3M Co, St Paul, MN),
and isometric tension was recorded with a strain gauge

transducer (U-gauge, Shinko, Tokyo). A resting ten-
sion of less than 10nN was applied to obtain the
maximum contractile force produced by K or acetyl-
choline and to eliminate possible involvement of
elastic components on the tension measurements.
Before the experiments, the width and thickness of the
preparations were measured with a microscope at
magnification of 200 and the cross-sectional area was
calculated, assuming an ellipsoidal cross-section (Iino,
1981). The test solution was applied by jetting from
one end of the chamber and the solution in the
chamber was siphoned from the other end. This
method enabled application of the test solution within
2s. To eliminate artifacts due to the sudden change in
level of the solution in the chamber, recovery of the
recording pen to the original level was checked prior to
the start of the experiment (Itoh et al., 1981). In the
intact muscle tissues, the maximum responses evoked
by 128 mM K or 1 x 10~°M acetylcholine (ACh) were
not affected by propranolol (1 x 10~°M), phen-
tolamine (1 x 10~7 M) or guanethidine (1 x 1076 Mm).

To assess the Ca sensitivity, the tissues were skinned
with saponin, according to the method described by
Itoh et al. (1981). After a K- or ACh-induced contrac-
tion of the intact muscle had been recorded, the
bathing solution was replaced with a relaxing solution
containing 111 mM-K methanesulphonate, 20 mM-
Tris-maleate, SmM-Mg methanesulphonate, 5mM-
ATP (10mM-Na as Na, ATP) and 4mM ethylene-
glycol-bis-(B-aminoethylether)-N, N'-tetraacetic acid
(EGTA) at pH 6.8. The tissue was then left for 20 to
25min in the relaxing solution containing 50 pugml~!
saponin (ICN), and washed again with the relaxing
solution until the tension became constant at about
zero. Immediately before application of a Ca-contain-
ing solution, the preparation was superfused with the
relaxing solution. To investigate the effects of Ca on
the contractile proteins, the pCa-tension curve was
plotted. Various concentrations of Ca were prepared
by adding appropriate amounts of Ca-methanesul-
phonate to EGTA. The apparent binding constant of
EGTA for Ca was considered to be 1 x 10M~! at
pH 6.8 at 25°C (Ilino, 1981; Itoh et al., 1981; Saida,
1982). The pH of the relaxing and various Ca solutions
was kept at 6.8 by isosmotically replacing the
appropriate amount of K methanesulphonate with
KOH. As deterioration of the skinned muscle
occurred at temperatures over 25°C, the temperature
in the intact and skinned muscle tissues was kept at
25°C (Iino, 1981; Itoh et al., 1981).

Solutions

The ionic composition of the Krebs solution was as
follows (mM): Na* 137.4, K* 5.9, Mg?* 1.2, Ca®* 2.6,
HCO;™ 15.5, H,PO,™ 1.2, C1134.0 and glucose 11.5;
97% O, with 3% CO, was bubbled into the solution.
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High-[K], solution was prepared by replacing NaCl
with KCl, isosmotically; Ca-free solution was
prepared by removal of CaCl, from the solution and
addition of 2mM EGTA. The pH of the solution was
7.2.

Drugs

Chemicals used in the present experiments were acetyl-
choline chloride (Sigma), saponin (ICN Pharmac.)
and EGTA (Dozin).

Statistics

The results obtained were expressed as the mean
+ s.e.mean. The n values represent the numbers of
animals. The statistical significance was assessed by
Student’s ¢ test, and paired comparisons were made
when appropriate.
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Results

Changes in the mechanical response of longitudinal and
circular muscle tissues to 128 mm K or acetylcholine

In small longitudinal and circular muscle preparations
(the cross-sectional area ranged between
0.91 x 10~*mm? and 1.91 x 10~*mm?), spontaneous
contractions occurred at all stages of gestation.
Application of 128 mMK or 10~°M ACh produced
contractions in both longitudinal and circular muscle
tissues, at all stages of the pregnancy. Figure 1 shows
the spontaneous contraction, and contractions in-
duced by 128 mM K and 10~°M ACh per unit cross-
sectional area (mNmm™2) at four different stages
(non-pregnant, 8—10th, 17-19th and 22nd days of
gestation).

When amplitudes of contraction between the long-
itudinal and circular muscles were compared, there
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Figure 1 The tension of spontaneous contraction (solid columns), 128 mM K-induced contraction (hatched columns)
and 1 x 10~ M acetylcholine-induced contraction (open columns) per unit cross-sectional area in longitudinal (a) and
circular (b) muscle tissues of the rat myometrium at four different stages of gestation. Values are mean with vertical

lines indicating s.e., n = S.
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were no significant differences in the non-pregnant
stage, the early stage and the middle stage of gestation
(P>0.05 at each stages, n =5). However, contrac-
tions were significantly larger in the longitudinal than
in the circular muscle, at the last stage of gestation
(P <0.005). When the amplitudes of contractions
were compared during different stages of gestation,
the spontaneous, K- and ACh-induced contractions in
both longitudinal and circular muscles were sig-
nificantly larger at the middle stage of gestation than
at the early stage (P <<0.01), and the amplitude was
further enhanced during the last stage of gestation, as
compared to the middle stage of gestation (P <0.005),
or the non-pregnant stage. In non-pregnant rats,
myometria excised during oestrous and nonoestrous
states had similar spontaneous and evoked contrac-
tions.

In both longitudinal and circular muscle layers, the
K-induced contractions were not significantly larger
than the spontaneous contractions, for any given stage
of gestation (P >>0.05). The contractions induced by
ACh (1 x 1073M) were also not significantly larger
than the spontaneous contractions for both muscle
layers in the non-pregnant and early stage of gestation,
nor for the longitudinal muscle tissues of the middle
stage of gestation (P>>0.05). However, the response
was increased in the circular muscle tissue at the

Non pregnant

22nd day

middle stage (P <0.01), and ACh-induced contrac-
tions were larger than the spontaneous or K-induced
contractions of both layers in the last stage of gesta-
tion (P <0.005).

Figure 2 shows actual records of the effects of
128 mM K and ACh (1 x 10~°M) on the longitudinal
and circular muscle layers of myometria obtained
from non-pregnant rats and at the 22nd day of
gestation. In the non-pregnant stage, 1 x 10~°M ACh
and 128mMK induced contractions of similar
amplitude, whereas on the 22nd day of gestation,
1 x 107°M ACh produced larger contractions than
those produced by 128 mM K (1.58 and 1.78 times
greater (n =5) for longitudinal and circular muscles,
respectively).

The effects of various concentrations of ACh on the
longitudinal and circular muscle tissues at different
stages of gestation are shown in Figure 3. For
longitudinal muscle strips 1 x 10~¥M ACh produced
no contraction of strips from non-pregnant, early or
middle stages of gestation but produced 50% of the
maximum response in late pregnancy. In circular
muscle, strips at all stages of pregnancy were contrac-
ted by 1 x 107®M ACh. Responses of both muscle
tissues to ACh were consistently increased during the
progress of gestation.
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Figure2 Effects of 128 mM K or various concentrations of acetylcholine (ACh) on the myometria from non-pregnant
and 22nd day pregnant rats: (a) longitudinal muscle tissues; (b) circular muscle tissues.
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F"ignre 3 Effects of various concentrations of acetylcholine (ACh) on the longitudinal (a) and circular (b) muscle
tissues at four different states of the myometria: (@) non-pregnant; (O) 8- 10th day; (A) 17— 19th day; (O0) 22nd day.
Values are mean with vertical lines indicating s.e., n =3-5.
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Figure 4 Effects of various concentrations of free Ca on the longitudinal (a) and circular (b) skinned muscle tissues.
Before skinning with (50 ug ml~' saponin) for 25 min, 128 mM K and 1 x 10~°M ACh were applied. After skinning the
tissue, 10~7 — 10~ Ca was applied cumulatively: (a) non-pregnant and 17th day of pregnancy; (b) non-pregnant and
22nd day of pregnancy.
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Changes in the Ca sensitivity during the progress of
gestation

Before application of saponin, (50 ugml~') as des-
cribed in Methods, the amplitudes of the K- and ACh-
induced contractions were recorded in order to com-
pare the mechanical responses in intact and skinned
muscle tissues. As shown in Figure 4, to produce the
contraction in skinned muscles, various concentra-
tions of free Ca were applied cumulatively
(10-"M-10"3M Ca).

Figure 5A shows the free Ca (pCa)-tension relation-
ship (non-pregnant, 17— 19th and 22nd days of gesta-

tion). The 1 x 10~ M Ca-induced contraction at each
stage was normalized as 1.0. Increasing the concentra-
tion of free Ca to 1 x 10-*M did not change the
amplitude over that produced by 1 x 10~3M. These
results could be summarized as follows; (i) the min-
imum concentration of Ca required to produce a
contraction was 3 x 10-7M in both skinned lon-
gitudinal and circular muscle tissues of non-pregnant
rats. During the progress of pregnancy, the minimum
concentration required was reduced to 2 x 1077 M, in
both longitudinal and circular muscle tissues on the
17-19th days of gestation and 1 x 10”7 M on the 22nd
day of gestation. (ii) The values of the EDs, were also
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Figure 5 The pCa-tension relationships observed in skinned longitudinal (a) and circular (b) rat myometrial muscle
tissues. (A) for each tissue, the contractions are relative to the contractions induced by 1 x 10~ M Ca. (B) Contractions
relative to those induced in the intact muscle by 128 mMm K. (C) Contractions relative to those induced in the intact
muscle by 1 x 103 M acetylcholine. (@) Non-pregnant; (A) 17— 19th day; (0) 22nd day. Values are mean with vertical

lines indicating s.e. n = 3-8.
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decreased (in longitudinal muscles,
8.26 £ 0.68 x 10-"M Ca at the non-pregnant stage,
6.62+0.44x 10""M Ca at the 17-19th days of
gestation, 3.44 + 0.62 x 10~ "M Ca at the 22nd day of
gestation; in circular muscles, 8.31+£0.72x 10™"'M
Ca (non-pregnant), 6.68%+0.52x10"'M Ca
(17-19th days), 3.33 £ 0.32 x 10~ "M Ca (22nd day),
n = 3-8, mean * s.e.mean). Therefore the results in-
dicate that with progress in gestation, the pCa tension-
relation curve shifted to the left. This means that the
Ca sensitivity (including the absolute tension develop-
ment per cross-sectional area of contractile proteins) is
increased in both longitudinal and circular muscle
tissues.

Figure 5B shows the pCa-tension relationship,
plotted with the K-induced contraction at each stage
of gestation normalized as 1.0. The results are sum-
marized as follows: (i) in both longitudinal and
circular muscle tissues at the non-pregnant stage and
the 17— 19th days of gestation, there was no significant
differences between the 128 mM K-induced contrac-
tion in intact muscle tissue and the maximum Ca-
induced contraction (at 1 x 10~ M) in skinned muscle
tissues (P>>0.05). However, there were significant
increases in the amplitude of the Ca-induced contrac-
tion in both muscle tissues on the 22nd day of gestation
(P<0.01). (ii) When the free Ca concentrations
required to evoke the 128 mM K-induced contraction
were estimated from the pCa-tension curve at each
stage of gestation, the values in the longitudinal
muscle layers were 1.95 + 0.2 x 10~ M Ca (non-preg-
nant), 8.64 + 1.41 x 10~"M Ca (17-19th days) and
420+ 0.63 x 10~"M Ca (22nd day) of gestation; in
the circular muscle layer, they  were
244+022x107°*M Ca (non-pregnant), 9.27 +
0.53x10""M Ca (17th—19th days) and 3.68 +
0.74x 10’M Ca (22nd day) (n =3-8, meant
s.e.mean). These results indicated that the estimated
free Ca concentration evoked by 128 mM K decreased
on both muscle layers in the progess of gestation.

Figure 5C shows the pCa-tension relationship with
the contraction induced by 1x 10~°M ACh nor-
malized as 1.0 at each stage of gestation. These results
indicate that (i) only in the longitudinal muscle layer at
the 22nd day of gestation, was there a significant
increase in the Ca-induced contraction (pCa5) in
skinned muscles over that evoked by ACh
(1 x 10~*M) intact muscle (P <0.01). The amplitude
of the ACh-induced contraction was similar to the
maximum contraction evoked by 1 x 10~5M Ca in the
longitudinal muscles for the non-pregnant and the
middle stage of gestation and in the circular muscles at
all stages of gestation (P>>0.05). Therefore, the
estimated free Ca concentration evoked by ACh
decreased only at the 22nd day of gestation for
longitudinal muscle layers. However, during the
progress of gestation these changes of free Ca concen-
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Figure 6 Effects of 1 x 10™5M acetylcholine in Ca-free
2mM EGTA containing solution on longitudinal (a) and
circular (b) muscle tissues at four different states of the
myometria: (@) non-pregnant; (O) 8-10th day; (A)
17-19th day; (O) 22nd day. Acetylcholine was applied
1-10 min after exposure to Ca-free solutions. Values are
mean with vertical lines indicating s.e. n =3-6.

tration for ACh-induced contractions were smaller
than those for K-induced ones in both muscle layers.

Effects of acetylcholine or 128 mm K on rat
myometrium in Ca-free solution

In Ca-free 2mM EGTA containing solution,
ACh (1 x 1073 M) induced contraction in both muscle
tissues but the amplitude of contraction in Ca-free



254  H.IZUMI
—3min_ _ 3min_
A
a b

P4
3

—

10°mACh 103mMACh 128mmMK 105mACh

2.6 mm [Ca] 2 6 mm [Ca],

B Ca-free (2mmM EGTA) Ca-free (2 mMEGTA)
4
3

4 u—/\ L«—J\HA l )

10°MACh 105 m ACh 128 mmK 10°MACh

2.6 mm [Ca]°| I

Ca-free (2mm EGTA)

2.6 mm [Ca];l l

Ca-free (2 mm EGTA)

Figure7 Effects of | x 10~5 M acetylcholine (ACh) (a), and successive applications of 128 mM K and 1 x 10~M ACh
(b) on the longitudinal (A) and circular (B) muscle tissues, in Ca-free 2 mM EGTA containing solution, obtained on the
22nd day of gestation. Unlabelled contractions were spontaneous.

solution decreased, time dependently after removal of
Ca, in tissues from both non-pregnant and pregnant
rats. The time course of the amplitude of the ACh-
induced contraction in Ca-free solution is shown in
Figure 6. The reductions in amplitude for the non-
pregnant stage and the early and middle stages of

gestation were more rapid in the longitudinal than in
the circular muscles.

A contraction could not be evoked by K in Ca-free
solution containing 2 mM EGTA. Therefore, the ACh-
induced contraction in Ca-free solution was thought
to be produced by Ca released from intracellular

Table 1 Effects of 128 mM K on the acetylcholine-induced contraction in Ca-free 2mM EGTA containing solution
(experimental procedures were the same as shown in Figure 7 and also in the text)

Stages of gestation 8- 10th days 17— 19th days 22nd day
Longitudinal Circular Longitudinal Circular Longitudinal Circular
ACh-induced contraction 54+ 1.7 178+ 4.4 13.6+5.2 32055 246+ 6.3 28655
in Ca-free
solution (mN mm~2)
ACh-induced contraction  6.10 + 0.5 16909 170+ 29 272+ 1.0 258+ 1.0 252140

after 128 mM K
treatment in Ca-free
solution (mN mm~2)

Values are means * s.e.means; n =3-8
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stores. When ACh was added a 2nd time in Ca-free
solution, no contraction was produced at all stages of
gestation.

To investigate the interaction between excess K and
ACh for Ca release from intracellular store sites, the
following experiments were carried out (Figure 7);
Longitudinal (A) and circular (B) muscle tissues were
exposed to Ca-free solution for 5min; ACh was
applied for 1 min following 3 min exposure in Ca-free
solution (Aa and Ba); the same tissues were again
exposed to 5 min Ca-free solution and 128 mM K was
applied for 1 min after 1 min exposure in Ca-free
solution followed by ACh (1 x 10~°M) for 1 min after
3min exposure in Ca-free solution (Ab and Bb).
Following the application of 128 mM K, the amplitude
of the subsequently generated ACh-induced contrac-
tion was identical to that evoked by ACh alone, in
both longitudinal and circular muscle tissues (Table
1).
On the 22nd day of gestation, a large contraction
(rebound contraction) was evoked on returning to
2.6 mM Ca, after exposure to Ca-free solution for
5min, in both muscle tissues. The amplitude of the
rebound contraction in the longitudinal muscle was
much the same as that of the Ca-induced contraction
evoked by application of 1 x 10-M Ca in skinned
muscles but the amplitude of the rebound contraction
in the circular muscle tissues was smaller than that
evoked by 1 x 10~>M ACh in intact muscle tissues or
1 x 107®M Ca in skinned muscles (Figure 7).

Discussion

Our findings indicate that, per unit cross-sectional
area, spontaneous, K- and ACh-induced contractions
in intact muscles and the 1x 10-M Ca-induced
contractions in saponin-treated skinned muscles
increased with the progress of gestation in both
longitudinal and circular muscle layers. Furthermore,
the Ca-sensitivity of contractile proteins, as estimated
from the pCa-tension relationship in chemically skin-
ned muscles also increased during the progress of
gestation, in both muscle layers. Mattos et al. (1967)
and Michael & Schofield (1969) have reported that
during the progress of gestation, muscular hyper-
trophy occurred and this accompanied an increase in
the contractile proteins and high energy phosphate,
especially during the last half of pregnancy. An
increase in the contractile proteins per mg tissue would
increase the absolute contractile force per unit cross
sectional area. Since calmodulin is a Ca-receptor of
contractile proteins in smooth muscles, increases in
calmodulin contents would increase the Ca-sensitivity
of smooth muscle contractile proteins or the
amplitude of contraction (Adelstein & Eisenberg,
1980; Adelstein & Klee, 1980; Riiegg et al., 1983).

Recently, Matsui er al. (1983) observed that the
amount of calmodulin and activity of myosin light-
chain kinase increased during gestation in the rabbit
myometrium.

In the present experiments, the Ca sensitivity of the
contractile protein was estimated from the saponin-
treated chemically skinned muscle. The criteria for
successful skinning of the muscle tissue was as follows
(Iino, 1981; Itoh et al., 1981): (i) the maximum Ca-
induced contraction in skinned muscle was the same as
or larger than the 1’ 10-°>M ACh-induced contrac-
tion evoked in intact muscle; (i) after inducing a
contraction with Ca?* in the saponin-treated tissues
and replacing the relaxing solution with Krebs solu-
tion for 0.5 to 1h, application of 128mMK or
1 x 10~3M ACh should produce no contraction.

In this study, we observed changes in the amplitude
of the 128 mM K- or ACh-induced contraction as an
indicator of the depolarization- or agonist-induced
contraction during the progress of gestation, respec-
tively. The results indicate that the amount of free Ca
provoked by high K differs at each stage of gestation
as estimated from the amplitude of the Ca-induced
contraction of chemically skinned muscles recorded at
the corresponding stage of gestation. Since the high K-
induced contraction was markedly depressed in Ca-
free solution containing EGTA, this contraction may
largely depend on voltage-dependent Ca influx. The
volume of the sarcoplasmic reticulum and the mito-
chondria, which may be the sites of the intracellular Ca
store, increased during gestation (Devine ez al., 1972).
Furthermore, the amount of calmodulin increased
during gestation in rabbit myometrium (Matsui e al.,
1983) and calmodulin increased the ATPase activity
and the uptake of “*Ca of plasma- and sarcoplasmic
reticulum membrane particles in cardiac and smooth
muscles (Daniel et al., 1979; Suematsu et al., 1984a). If
these phenomena also occur in rat uterine smooth
muscle, the Ca-extrusion system of the intracellular
free Ca might be activated in proportion to the
progress of gestation. As a consequence, the free Ca
concentration, raised by high K, may be more rapidly
decreased during the progress of gestation.

Much the same results were obtained on the free Ca
concentration as estimated from contractions induced
by ACh (1 x 10~° M). However, the free Ca concentra-
tion during the ACh-induced contraction seems
always to be larger than for the 128 mM K-induced
contraction at any given stage of gestation. ACh
produced phasic and tonic contractions at all stages in
uterine smooth muscle. In Ca-free condition, the ACh-
induced phasic contraction became smaller, but persis-
ted. On the other hand, tonic contraction was aboli-
shed, indicating that in physiological conditions, ACh
produces contraction through the release of Ca from
the intracellular store sites and influx of Ca. The ACh-
induced contraction, in the presence or absence of Ca,
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increased during the progress of gestation (Figures 1
and 6). It is not clear whether our results are solely due
to increases in number of muscarinic receptors or due
to increase in the Ca regulating system.

It is known that in cardiac, visceral and vascular
smooth muscles, the Ca stored in the cell is released by
caffeine (Ebashi & Endo, 1968; Ebashi et al., 1977,
Endo et al., 1977; Endo & Kitazawa, 1978; Itoh et al.,
1981; 1982; Kuriyama et al., 1982; Itoh et al., 1983;
Kanmura et al., 1983) and this Ca release depends
mainly on the Ca-induced Ca release mechanism, in
vascular smooth muscles (Itoh ez al., 1981; 1983) but
the mechanism of Ca release from the store site by
ACh differs from that by caffeine. In vascular and
visceral muscle tissues, ACh activates the muscarinic
receptor in the presence or absence of Ca and releases
the Ca from the store sites, possibly via the phos-
phatidyl inositol turnover, which may promote release
of Ca from the store sites (Berridge, 1984; Suematsu et
al., 1984b).
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