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Uterine Contractility during Estrus Cycle: Effects In Vitro
of Sex Steroids, Oxytocin and Prostaglandin F,,

Inkyo Kim, Hye Soo Park, Bon Sook Koo and Ek Ho Lee**

Depariment of Physiology, Yonsei University Collsge of Medicine, Seoul, Korea

It has been well known that estrogens stimulate the uterine contractility and progestins inhibit it.
Then, one may expect that the uterine contractility and sensitivities to oxytocin (OT) and prostaglan-
din F;, (PGF,.) would be different among the estrus cycle. These hypotheses were tested using the
mature female rat. Spontaneous isometric contractions of isolated uterine strips (1x0.3 cm) from
cyclic rats in various stages of the estrus cycle, bilateral ovarectomized rats and hypophysectomized
rats were recorded in absence or presence with estradiol-178 (E.), progesterone (P.), OT and PGF.,.

The results were summarized as follows:

1) The spontaneous uterine contractile force was the highest in the estrus rat and the lowest in the
ovarectomized or the hypophysectomized rat. In the proestrus rat, the contractile frequency was the
lowest (2.7 beats/10 min) and the contractile duration was the longest (70 sec). In the other groups,
there were no any differencies in frequency (9 beats/10 min) and in duration (30 sec).

2) OT and PGF,, stimulated the uterine contractility in all groups tested except in the hypo-
physectomized rat in which OT failed to stimulate the uterine contraction. PGF,. was more effective
in stimulating the uterine contraction than OT in all groups tested except in the estrus rat. OT-
induced contraction was the highest in the estrus rat and PGF,.-induced contraction was the lowest
in the hypophysectomized rat.

3) Uterine contractilities were not changed by the in vitro treatments of E, or P, under the
influence of endogenous steroids, however, E; and P, stimulated the uterine contraction in the
ovarectomized rat in which endogenous steroids were almost abolished.

4) Increased uterine contraction by the treatment of OT was suppressed by in vitro E, or P, in the
estrus rat, while it was potentiated by the P, in the proestrus rat. In other groups, exogenous E; or
P, did not affect the OT-induced uterine contraction.

5) PGF;.-induced uterine contraction was suppressed in the ovarectomized rat by E; and Py, in the
diestrus and proestrus rats by P, and in the hypophysectomized rat by E.. In other groups, exogenous
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E, or P, was ineffective in altering the PGF;.-induced uterine contraction.

According to the above results, it may conclude that the mechanisms of the different uterine
contractility and the different uterine sensitivity to OT or PGF.. according to the estrus cycle are not
explicable with only the serum concentrations of steroids, OT and PGF;, but also other unknown

factors.

M =

A}ZFE2ql prostaglandin Fp, (PGF;,) 9t = 3t
A 39 T2 oxytocin(OT) o] 432 458 %
Ao Az EaAle] L wlAche AL F T
#A 9l o} (Pulkkinen, 1970; Goldberg & Ramwell,
1975; Fuchs, 1978), =3l w14 E-29q| estradiol-178
(B AT29 AAZARE o DALAE 3
AN AEE 4RAR Bab ohieh(Clark et al
1978) x}ZZ2] actomyosin & FIIA| 024
(Csapo, 1950) OTel| S& Z4AS F7HA71<dl
(Windmollar et al., 1983; Fuchs et al. 1983) o]+ E
7t AZFZ Azute) OT 48345 S/
A} (Fuchs et al. 1983; Nissenson et al, 1978; Soloff,
1975)3h. % 2, = Bt AT2uke) T4
& 3 AT %L F7HIZ o (Kuriyama et al,
1976a. Fuchs et al. 1983), &3 progesterone(P,) =
AFzute] 3RS 74 A7) 2 (Kuriyama &
Suzuki, 1976a. Osa & Ogasawara, 1984) OT 4-&
A|4=2 7}4A)7 (Nissenson et al. 1978; Fuchs et al.
1983) OToll & A& LA 2R AT
229 oA §ctn g} (Kuriyama, 1961; Kubli-
Garfias et al. 1979; Fuchs et al. 1983; Osa & Ogas-
awara, 1984),

28} Ep9) P, 3 in vitroZ oA BF AF
Z 42% oAgta s (Saldivar & Melton,
1966; Hah, 1976; Osa & Ogasawara, 1984) o]+ ©]
T T2 Bz qla) Al 53 CatrolFol
gAl=le] Jehte Aoz A¥sin gloh(Batra,
1973; Hah, 1976; Batra & Bengtsson, 1978; Casteel et
al. 1985).

o|shrro] AT 4ol Esh Pl ool Goke 2
om & AF7o| we} B9 Poo| EF 5} iy
th2 7] ol %ol (Butcher et al. 1974) AZ 29} $%

ge 477l weh el 7Hs4ol gieh, @ OT
'} PGF,0l W@ A4 A5 47710l wheh geba 7}
40| Yok, 22lmz £ AW FA 47716l =
o AZ2e) 20| o gl Ao ol &3l
4 Boigl 75 AFE 9 AT4EA A8 2 4
zo] AZ7]o| we} oA Wsksl EXE BT
24 2 Agel F4u3ie

Az o Wy

1. Agol] M0l F2 % oS

Estradiol-178(E,) ¢} progesterone(P,)< Sigma
3] Abol| A 79 3191 2.7 oxytocin(OT) = F9] A| 24|
Z o] 3. prostaglandin F,, (PGF..) & Y& NEFAE
£4%4) 8] 2} (prostarmon F®) o] 3ich. 29) AloFE
£ reagent grade® A3}l ch,

2. AEE=

A48 200 gele] & o4 (Sprague-Dawley
strain) & AE o 2 AF7E FAste] HolE 3
W ol are] AZr|st A AE Fah 4 FUHE
=Aste] ARgstglet, Ay FAe AF7]7) estrus
) wj ether vl sloll FFdag HEIAV(AL
A&7) B Ha4AE A AR E
). AL %E d4E AR F 2~4%0l ExE Py
7} A ¢l BZol| A A A= i (Blake, 1977), =314~
2 A28 A5 A 59 ool At &
A 7522 (Kim & Greenwald, 1984) £ Aol 4|
tda Al S A2 H 150 AAE ¥
o AHgstglet, HakeAl AEee 4 A =4
A% 4&du)7stel A Bl7| S Bt A3 A
zAo| zFolgtE Folgle e AN A
S
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3. X2 WEel Ay ST $5e

53

A% 248 4% ATL 4250l 95% 0,9 5
% CO,¢ 537142 53 &7l Krebs-Henseleit &
o} (120 mM NaCl, 5 mM KCl, 24 mM NaHCO,, 2
mM CaCl;, 2 mM MgCl;, 2 mM Na-phosphate, 10
mM glucose, pH 7.4)0o]] Y1 F92] x4l g9l A=
AL AAsIA, Aol o lem, Vu] 03cm Hx
o] AFAHHE ke 5 37CY 2ol £ &Y
7|A 8 B FAlZ] Krebs-Henseleit 2oo] Eoigl:
Z8A4AH 1A47|o 1A )2 force transducer
(Narco F-60)¢]] <37 3}ed physiograph(Narco MK-
VP 2 AT el $44 438 /55
o},

FA e ARG A B G4 AE T
o AF) AWA £35S vy dd 25
A7 3.4 AF dEFH 0 Z 0.5g2 rensting tesion
g 73308 Sok BRI 2ol 1087 433,
S50 Y £371708 DAY, 25 ATED
4345 AT inviro £35 234317] 913 By, P,
OT &2 PGF, & #H7l3ta &5 308359 4

477l e AFZ

4399 W] BT AT

399 WHE 2Heglon ofdl 2T 2L
2] Krebs-Henseleit €98 3 7}5} 1 & &) 308 %9
+%9¢ 274%0] FEReiT ulnsiget,

4 # 4 3

L &SN E o daNEFe 4F0|of
of g X3 2ef AtetHel 58 u|m

ProestrusZuh-g #|9)st1 25 AHFA 23
Z AL AAQ 22 Hr}h, Proestrus7o)
AL 2H2A7\ol 2AY AEZ A oF 50%
sto] ALA 43& LY}, +HLE estrusol
7}% 2] metestrus, diestrus, proestrus-o] 1 t}-2-
o2 4235t A vasgdn a2 T o
4AA 270 4% A3keh, $HNEE proestrusE
= A 93 ae BE 108 of 8~103] 24 74 v
%<3} 3 proestrus-oll A = 4-ZHl £ 7} F A 3] Zh4
HAW, FEF170E 560 BE nle} o)
proestrus-of| A gk wi-$- o} AL} 70x HE =<5
& Fol A 719) 30% | gch(Table 1),

M_L.

Table 1. Changes in uterine contractility in hypophysectomized, bilateral ovarectomized or normal
cyclic rats at the different stages of estrus cycle?

b . Contractile Contractile

N Contractile force (gm) frequency (per 10min) duration (sec)
Estrus 17 1.98 + 0.11€ 9.1+0.5 28.7+ 1.0
Metestrus 12 0.84+0.13 8.4+ 04 376+ 1.4
Diestrus 17 1.07 £ 0.07 9.3£0.8 37.9t1.3
Proestrus? 12 0.72 + 0.07 2.7+ 0.3 69.5 £ 8.4
Ovarectomized 17 0.37 £ 0.02 8.6+ 0.5 39.4%1.2
Hypophysectomized 12 0.46 £ 0.05 10.9+£ 0.5 37.3%* 1.4

a : Strips of isolated uterine muscle (1cm x 0.3cm) were connected to a force transducer in the Krebs-
Henseleit solution (pH 7.4) for 30 minutes with resting tensions of 0.5 gm. After 30 minutes incu-
bation, the spontaneous isometric uterine contractions were observed for 10 minutes. Mean values of
contractile forces and durations which were observed for 10 minutes in each strip were used.

b : Numbers of animal used. The mean value from one animal, several uterine strips of which used,

represents one experiment.

¢ : Each value represents meant SEM of data from several different experiments which are shown in N,

d : About 50% of uterine strips from tie proestrus rats, which did not show spontaneous contra-

ctions, were discarded.
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ESTRADIOL (pg/ml) strips isolated from metestrous rats.
See the experimental methods and sym-

Fig. 1. Effects of progesterone (A) and estrogen bols in Fig. 1.

(B) on the contractile forces of uterine
strips isolated from estrus rats, Uterine
strips from estrus rats were isolated, sus-

pended in vertical chamber, and equilibrated in the Krebs-Henseleit solutions (pH 7.4) for
30 minutes with the resting tension of 0.5gm. Then, the spontaneous isometric contractions
were observed for 10 minutes. The mean values of contractile forces for 10 minutes obser-
vation in each strip were used as control (100%). After measuring control values, vehicle or
steroid hormones with oxytocin or prostaglandin F,, were added. Thirty minutes later, the
spontaneous isometric uterine contractions were observed for 10 minutes. The contractile
forces after hormone treatment were expressed as percent (%) compared to the control.
O : steroid only, @ : steroid with oxytocin (5 mIU/ml) ; O : steroid with prostaglandin F,
(1 ug/ml). Each point represents mean * SEM of data from 5—6 different strips.

2. Estrogen 9! progesterone®} Xj@ =
M7t A2 Hueol Al £&10
olXle 48
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Fig. 3. Effects of progesterone (A) and estrogen

(B) on the contractile forces of uterine
strips isolated from diestrus rats. See
the experimental methods and symbols
in Fig. 1.

2 PGF,,9| W §-Folol] o wists d viehligl
t}, Steroid £E8) F @2 AF7)o E E. Y P,
o Ha 9 ANIFFEE AR 3o Ay
(Butcher et al. 1974),

Fig. 114 B o} Zro] estrusoll A E, 1t P,y
o] Fogkg FrRA7IHetE AZ2 Y $FHo| of
& 4L v AR L3 PGF,e HEFoAE 4
1% F7H3len Exf PE HEFoslrets
PGFyeoll 93] F7H & 3ol e G 3%E nlxA £
stgich. & OTe d5Foe 518 71413
o} OTs} A E, 32 P& W45 3ld OTo
o8} 2718 4% 37} steroid 32 Eof 2ko] mo}n)

o whe} zhaolet,
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Effects of progesterone (A) and estrogen
(B) on the contractile forces of uterine
strips isolated from proestrus rats. Data
were analyses from uterine strips which
showed a spontaneous contraction be-
fore and after hormone treatment since
about a half of uterine strips from proe-
strus rats did not show a spontaneous
contration. Experimental methods and
symbols are the same as in Fig. 1.

MetestrusA] 9] 21-ZZ A 7 (Fig. 2)-& E,off 234
£ 4% 000 9 HEE el Rahgon Re 5
£9) Pl &8} 4237} 4A£HG D P,e] 527} 2
Phglol w2} B8 43370 440 2 559l
OTS} PGF,e8] Selo] 93} +5n% o7k Z7}5)
lert ol Exvf P& Fojdliriele 50k o]
4ol W3%E vehiA Zagie,

Diestrus (Fig. 3) A]ol| £ steroid T 2-& &2 30| 1
AFE v| AR Ze}girt, OTY PGFy.of o) 45
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Fig. 5. Effects of progesterone (A) and estrogen

{B) on the contractile forces of uterine
strips isolated from bilateral ovarecto-
mized rats. Animals were ovarectomized
one week prior to experiment. Experimen-
tal methods and symbols are the same as
in Fig. 1.

€ F7tstgl e °]“H P& 3 Fod3spd
oz Feole 2 +527} Pk E°4 i

g 7ol 7h Siﬂl%vh 22} B % 3 Solst
& 529 E;x OT ¥ PGF,0l 98 F719 &
g AAF LY o) $EE 2744170l whe}
48 FF35t A48 &=,

Proestrus (Fig. 4) A}ol]i= o]n] o] &3} n}e} 7Lo] 2F 50
%S AT Aol LA +5E 3 Wk,
olwfol OT1} PGF,, & 5-of 31 A}k Ql 4-20] A
719 (steroid T2 -8-Foiol BAgol) & )
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Fig. 6. Effects of progesterone (A) and estrogen

(B) on the contractile forces of uterine
strips isolated from hypohysectomized
rats. Animals were hypophysectomized
one week prior to experiments, The sella
turcica was examined under the, light
microscope and animals with visible frag-
ments of pituitary tissue were discarded,
Experimental methods and symbols are
the same as in Fig. 1.
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Fig. 7. Comparison of the contractile froces of  Fig. 8. Comparison of the contractile frequency
isolated uterine strips from bilateral ova- of isolated uterine strips from bilateral
rectomized, hypophysectomized or cyclic ovarectomized, hypophysectomized or
rats at the various stages of estrus cycle. cyclic rats at the various stages of estrus
The contractile forces after treatments of cycle. Experimental procedures and sym-
oxytocin (OT, 5 mlU/ml), prostaglandin bols are the same as in Fig. 7. Symbols
F,o (PGF;q, 1 pg/ml) were expressed as of proestrus rats represent 500% or more,
percentage (%) compared to that after
vehicle treatment (100%). Other experi-
mental procedures are the same asin Fig. ¢ &3} o] Zo}(Fig. 5), 22} PGF,.0 <3
j
L E M D, P, Oand T represent the 299l Frhe Bt Psks] g Felol oo 24
group of estrus, metestrus rus, _ .
Lo T2
proestrus , ovarectomized and hypophy- HAL OTel &g 5529 F7he steroid F-Zof
sectomized rats, respectively. The values Qg WA gk,
are mean * SEM of data from 5—6 differ- w34 A2 BoE OT7) AFE 2] 22§t
ent strips. 3} o)L PGF,ate] AZ 29 452 271413
o} (Fig. 6). Steroid E2-& 4330] o}% 3 o]
3. OTY PGF,, X YA & 31& F7}1] 7 =4 PGF,, A A EaH o} G FEY Ep= PGFy0l 23 4
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239 2748 AN B, F25} Fobael ot
2 A8 Aol s,

3. Estrogen, progesterone, oxytocin 3
prostaglandin F,,0f 2|8t X}Z &
Hpio Apwel £&0 it %
=2te] vim

Fig. 7 % Fig. 82 7} ofgoll gt A3 A9
AurAQl +%9 453 (Fig. 7) 9+ 454l = (Fig. 8)
2| W3E 7} APt vl gt A o2 4 vehiclegt
< A Fo] W3(100%)o] NG HEE2H 1}
Eligich, o]wl steroid £E& FEv AF7lo o
€ 5= W] gl AdEHE =
(Ez, 50 pg/ml; Py, 10 ng/ml) 2k A A} A 2 v s}
Ak,

Fig. 7€ 4Z 1.9 ¥3} 2 4] OTol| o} 8] 4] = estrus
Aol 74 dlllsHA kst a S shgal 2 &3l
£ OTol W8sA @ikt POR,ol Heldl:
estrus, proestrus % 4 Z&Fo] 714 o|ul5}A ub
Setgienl 2 = E 4 Aol7t ggieh, Eat P,
o) Sl 7 Zol A vehicleat Fol gt H98 3
o7 gl FEAEFAAE Epol el 453
7} Z71319 2 metestrusiFol| A= Pl o8 425
7 745505}, B} Pog OT £& PGy} w4
£ gt 7 $-oll = metestrus, diestrus, 4 HEF )
Sfsbal 4 3TN 4529 W-go] A ke,

Fig. 8& #Ful =9 W& v ud A2 OT
B PGFy, Zhg-ol| 4] steroid E-Zo] -z §ld=|
25 #F3HEE o$ F7HAZed proestrusFol
743 ol A dhg-3t s H Al H E ol = 4
EU=E AY FIHAFIA E3d, ey Exv
P, 552 & RE FollA $HuUEE HEA] ]
A X8t

o

ek

o] AYL AFTZY ALAQ] £ZH o] AF7d
el G2 3 E T $5A9 OTy PGFeeol o
g ueE AF7)e] wet 2o AE veld 4
golt, OToll 93 4538 F 7}l estrusA]ol 7}
% clul sl PGFy.ol 23 4519 F7h+ estrus,

proestrus 3 d&H EFol A sk oul sl (Fig.
7). 428l 5 = estrus®} proestrus 7o) A} OTS} PGF
209 &J3l 7} olulElAl F715lgdc}(Fig. 8), o]+
OTell S AZTE 459 #4540 estruss}
proestrusA|ol] 713 o|rlEltiE B3 (Chan et al
1963) o} Y| 3l A ool e}, o|fo) 543} OT
1} PGFyp0ll A&t 74l o] AF7ivlet £-& 34
2 4 HsrA AEFo] FE o] FE Folst?

atel oA 9] A 2 estrogeno] AFTZ 2L
%:7}4) 7132 (Kuriyama et al. 1976a. Fuchs et al. 1983)
P7} o]|Z1E oA gchd (Kuriyama, 1961; Kubli-
Garfias et al. 1979) E, 357} 3 P E=E7} Y&
proestrusA| (Butcher et al. 1974) L 43| 7}
A Aok sl PoyEs} 2 E5Ert e
metestrusA| (Butcher et al. 1974) 22 420 7}
7 Zrotof sl &rl £ AP AT estrusA] A2
4-Zo] 714 2w proestrusA] 7} w9kt (Table
D, z22leg 4F7)d gt g2 $£5Ho| &
A& 8% steroid T2 FEqto 2 AT 4 ¢l
o AAE AR ATE 45 85 PEEY
F35)v}a g} (Gibor et al. 1970), OT$} PGF,, =
AA el A q4 2 RHl=E = ZHF AT5FA 0
22 oS8 WFFEAPAFTEEC TS 79
& 7b540] Sk, 4771] B Y5 OT 9 PGF,,
FEe) WS oby ¥21 v glovt SekeAl ¥
9} 9] OT &tgko] metestrusA] 7}3} Bta 4377 A
B0 wet Zohele] estrusd] A4 Foh o1
(Heller, 1961) =} & = 2 W] ¢| PGF,, 3 &<
proestrusel]l 7} 3 AF7|7L APl el
diestrusAjoll 7} Yriz gl (Ham et al. 1975),
Estrus|o] OTS] Saj4A o] 44 Frhe A2
8% OT %57} esrusilo] 743 ¥oha AR ae
o estrusA] A2 FFA0] A ke A
(Table 1) A4 4 o} PGF, 2= Ao] &
47} 9ieh, = OTv} PGF,.ol i3 24439 abol
£ 49 4 9ok OTo| oig A2 4440l
F7hske A2 ZAZHY OTH 849 fofl 45
7] o] Foll (Alexandrova & Soloff, 1980; Fuchs &
Fuchs, 1980; Fuchs et al. 1983) PGF,.0l td} 744
4= ZAZT PGF, 4840l o5 299 7}
4ol 20, 2eu 477l ofet o5 -84
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47h oA WA E AT ok deiA 9 Beh,
% OT9] 4§47} estrogens] #4545 2] 4ol 2]
8 #-9-5] 22 (Fuchs et al. 1983) 7 A1%7]o)| w2}
estrogens] Y4-§A|9] 4o] &3} OTo] B A7
2o aaol Beba AsAel dek et B
Zoll A estrogene] 4-§4]9] 4 proestrus]o] 7}
2} ol5 diestrus, metestrus % estrusF O & 7}4 5
2.2 (Clark et al. 1973) o] A4 glo Z ¥ estrus4] =}
T2 43| 714 23 (Table 1) OTol| Nt 7t
Aol 7t & ZA(Fig. )& A9 T 4 it Estrus
9} proestrusA] 2}Z-9] 27|} A7} A 23 A
29 gAol slRAIE ZA o 24 (Harkness &
Harkness, 1957; Martin et al. 1973; Mukku et al.
1982) estrusA] 4-3o] 7}34 Aot AL ABE 4
= Ao} proestrusAof] +FHo] 2h2 AL An
o SIA ghech 2eme AFe] get A2
4% 9 OTv} PGRo @ -4l e A2 A
o £ steroid FEo|1} HehA TELoll ok $2]
7} 22 o Adel 2A4F A5l doke A
& %4 98 Boldh, of AL oAl A2 E
5 e 433014 AF2 44329 OTv PGF,
ol g 744 o] metestrus$9} diestrusA] 9} W& ¢l
S Shehe AMA (Fig. ) 24 Q3% A7 4 o,
e} slebeal $2 bt H2A S240l e 7
o u)3) BAE AP0 2 (Table 1) Aol = 43
ol ASAE steroid T3} ¥ s} T-Eo| Thed
dehe AL B

Steroid Z-2-% in vivoE. $o 3§} 7-$o]| estrogen
& AZT 43¢ 2AYL Pk ATE £5L o
A 5}+=¢l] (Pulkkinen, 1970; Fuchs et al. 1983) o]¢]
H1R0.24 OT4&a8) 42 Wste] Bhe OTo o
@ Aa4el st ATALR LY, 3 AT
= Al 27 obAet d9 o) WEFoz A9sla gl
o} (Kuriyama & Suzuki, 1976a; Alexandrova &
Soloff, 1980; Fuchs et al. 1983; Osa & Ogasawara,
1984), 4 o}F T2 in viwoz Fofshe AL
o+ Ev} P& &5l 25 AFE 458 A4
3}l=d] (Mossman & Conrad, 1967; Hah, 1976;
Batra & Bengtsson, 1978; Kubli-Garfias et al. 1979)
o]9] 7|A-& o] % steroidz} AF2] sarcoplasmic
reticulum, mitochondria % A £alol| 4] Cat+tA & &

oA 5} Ca*t activated ATPases A7 =
AFZ AZWE Cat* g A7 AEolet
gtc} (Batra, 1973; Hah, 1976; Bawra & Bengtsson,
1978; Casteels et al. 1985), o] 5L F g diestrusg]
e JAE A Al A2 ATAHAE AHE
stglom A8 Ev} Poo F= 7} ol Eokeh(us/
ml), £ A AS 74 TES 25 A ¥
ol Al (E,, pg/m; Py, ng/ml) AL-&3}91E4] Exrt
P, 23] estrus, diestrus % proestruso| A} = =3 1.0]]
8-S Fx £3l¢g (Fig. 1, Fig.3 & Fig. 4)
metestrusq] 7ol 2 Fx2| P(1~5ng/ml)
glo] £ 318 o A3}% o (Fig. 2) A steroid
T2 AAR FEAEZFAANE E Py B 55
& F7HA 2 ch(Fig. 5). S 3143 A EFell A+ E.
v Pyt £330 4% FA X3yl (Fig. 6)
JolsAlE A2ATHE Aol P3 Pel AE
o] otz Aleld] ol glo v 2 (Kim & Greenwald,
1984) AW steroid T-&°] AAH Ael& opJ1 P,
7} &-& metestrusi} diestrus A} 9} vj&3icy, OT
o 3 718 £32L estrusZol A Egk Pyl
# zta-s] 9l 3 (Fig. 1) proesrusTol| A+ £33 P,
off o %7k Frhsdo (Fig. 4) o FolAe
E;1} P7t ol 85 v X 2) X355}, = PGFa,
o o3 F71d +FnE dLAETolA Exnt P,
ol 98 734 =93 (Fig. 5) proestrus? % diestrus
Foll A& Poil 93l 7ta=iet(Fig. 3 & Fig. 4), =
) &4A AL 7ol E R FE Er Pooll o3
A 74 = 9 et (Fig. 6), o] oh7o] A2l &34 E,
v P9 ThEFoiE AW steroid FEo] A3
T A2 A vF53ele H G v]AA X
i & o] Fo] OT PGFypoll thdt 2324 24
AE 32 dAS A Roled o9 7|HL
A 2R vEAE A9E 5 gl

age2 Zt AF7)d del A2 +5% 3% OT
v} PGFpp0ll 3 ZH4-4e] o 22 AF7]e] o
2 steroid Z-Zo]u} OT &£ PGF,0 5% 3l
o2+ A9E 4 ¢lx A st RE2n e o
£ factor(£) 7} & Ao2 Az= £ of factorg
2.4 7153} 71 2.2+ prostaglandin E (Kuriyama &
Suzuki, 1976b), cyclic adenosine monophosphate
(Bhalla et al. 1972), A-&A177A ¥ 2L adren-
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ergic & cholinergic 4~£A¢] EX (Willams &
Leftkowitz, 1977), vasoactive peptide
(Ottesen et al. 1981) % relaxin(Sarosi et al. 1983)
5% 5 4 Qaled olol Aa Agel 2% Baa)
oz A7,

intestinal

)

2
(==

AF7)of ate} T Fa A Fol HrAAET
AZ-Z9] Ak ]l 50] o] GA ckEA| 9} ofuf ]
Bol A in vitro® §oF steroid T2 &2 OTe}
PGF,.0ll o8] 1 58 o] ofdA W35 e7tE 3
Halazl 200 g oo AsH GFHE A Uyo g
AZF71% st 7 Y F7] o oAl 18] 3L estrus
o B4 52 H35AE HE5a Hox 1590
Ay F 2 A5 272 AHE ubEo] A3
A Q) £5H g BAE) FH AL AEE S
Rt

1) 24729 ALAQ] 439 4582 estrusFoll
A M w33 da T H3gA HEFNA A}
Yok}, 42l % proestrusgol A 7} ol 10
Holl 2.73] o]glom £Z7]715 o]FolA 1R A
o] 70x AHx ik, vhE & FHUET} £37]
7k9] 2ol 7} A9 glo] #FulE = 1030 93] A=
ol I FF7|7He 302 A Fo|g]rh,

2) OTy} PGFe= A BE oA 4+54% F
7R Al HilgAlA &l A OT7F 53¢
Z7HA71A 2stgich, OTell thdt 7H4-A2 estrus
ol 713 glom PGFol i #e4de 28 +
ol A i) Z o} M 3lgA] & EFol| A qbo] ¥kt
Estrus? =hg A|9)3ln A APl 25
PGF,,7} OT¥ o} 5 3$ o] 2354 F7H13 .,

3) E;u} P,2o] ©FE-5Fod = A steroid E-Eo] &
AsHe A% AZT 2 F5Ho FFE TR Z23A
o} AR ZE steroid TEo] ntH AleolA &
+5%& S

4) OTol| 938 F71d T2 §FILE estrusF
o| 4= Ett Pooll 98] 7H4%] 9l a proestruso] A
£ Pl 93] ozt Frtstg o ohé Aol
Ev} P} 3kE 52 £33,

5) PGF,.0ll 3l 5718 A7 +F531E w4

A ZFol A E.9} Pooll 23] A= 2 diestruset
proestrus7-ol A= P,of] ]3] A A} 5] g) o.n] ¥ 314
HEFFoAM & Ell 3 AA =Y, g oA+
Ex} P} o}5al o33ke =x] 9okl

ol 43 & A AF7) wE ATZY +5
2 o] w32 A steroid TE o} OT Z-& PGF,,
o FEuto2E AWT 4 YT ofd e 84 (F)
7 B34l As Aol o3 252 7sAS Aat
3t Tt
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