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The effects of the sex difference and the menstrual cycle on the

gastrointestinal function, especially on the gastric emptying

There have been reported that ingestion of 60 mL of red wine or vodka prior to the
ingestion of a pancake; significantly inhibited the gastric emptying of the pancake in male
subjects, but not in female subjects, and that the retention times of wine and vodka were
significantly longer than those of the congener of red wine and mineral water in male
subjects, whereas in female subjects the retention times of these four drinks did not differ

significantly from one another.

In a present study, we planned to examine the mechanism of the sex difference in
the gastric emptying rate of alcohol beverages. The present report consists of four

chapters.

In chapter I, we hypothesized that the menstrual cycle might influence the gastric
emptying rate of alcohol beverages. Here, we determined and compared the retention
times of vodka and water in the stomach during the luteal phase and the follicular phase
using the breath test, which was established in 1993. Ten female healthy volunteers
were employed. They recorded their basal body temperatures every day, and participated
in the following experiments: each volunteer drank mineral water or vodka containing
14% alcohol during the low-temperature (follicular) phase as well as during the high-
temperature (luteal) phase. After the participant collected a first breath sample, she
ingested either 60 mL of vodka or 60 mL of mineral water, containing 100 mg of carbone-

13 (*C)-acetic acid. Breath samples were collected at 5-min intervals for 2 h, and then at



15-min intervals for an additional 1 h. The value of Tmax (the time point of the maximum
concentration of '*C in the sampled breath) was estimated from the results shown in
Figures 7 and 8. The values of T1/2 (the emptying time for 50% of labeled drinks), and
of Tlag (the emptying time for 5% of labeled drinks), were estimated by the use of
analysis software (Microsoft Office Excel 2003; Microsoft Japan, Tokyo) from a
calculated '’C breath excretion curve. The retention time of vodka was significantly
longer than that of mineral water during the follicular phase, but no significant differences

between the retention times of the two drinks were observed during the luteal phase.

According to the results of human study shown in Chapter I, we supposed that
progesterone might influence the gastric emptying rate, because the plasma concentration

of progesterone is known to be high during the luteal phase.

In Chapter II, the effect of intraperitoneal injection of progesterone (25 and 50
mg/mouse) on the gastric emptying rate of alcohol (ethanol) and/or water was determined
in wild-type mice. Ethanol (50%) prepared with phenol red (1 mg/mL) was
administered via an orogastric tube (0.15 mL/mouse). Ten and 30 min after the
ingestion, the rest of phenol red in the stomach was determined and the gastric emptying
rate was estimated. The gastric emptying of intragastric administration of ethanol is
delayed compared with that of intragastric administration of water. Progesterone inhibited
the gastric emptying rate of ethanol as well as water, dose-dependently. That is,
progesterone further inhibited the gastric emptying rate even when ethanol was

administered.
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Previously, we found that intragastric administration of ethanol did not inhibit the
gastric emptying in cholecystokinin (CCK)-1recetpor (R) knockout (KO) mice, because
ethanol released CCK and CCK inhibited the gastric emptying via CCK-1R. To
distinguish the inhibitory mechanism of progesterone on the gastric emptying from CCK
(and CCK-1R), we planned to conduct the similar experiments as shown in Chapter II

using CCK-1RKO mice.

In Chapter III, we presented the characteristics of CCK, CCK-1R, and CCK-1RKO
mice. CCK is a classical gastrointestinal hormone and is also a neurotransmitter peptide
in the brain. Two types of CCK-Rs (CCK-1R, CCK-2R) have been identified. CCK
is secreted from I cells of the small intestine and promotes enzyme secretion from the
pancreas, and induces gallbladder contraction and satiety via CCK-1R. In mice, CCK-
IR is distributed in the pancreas and gallbladder, and CCK-2R is distributed primarily in
the stomach and brain. For example, gallbladder contraction is not induced by the
administration of CCK in CCK-1RKO mice, and the frequency of sludge and gallstone

formation is higher in CCK-1RKO mice than in wild-type mice.

In Chapter 1V, the effect of progesterone on the gastric emptying of ethanol was
examined in CCK-1RKO mice. The protocol of the experiment is the same as that
shown in Chapter II. The gastric emptying is not delayed by the intragastric
administration of ethanol in CCK-1RKO mice. Intraperitoneal injection of progesterone
significantly inhibited the gastric emptying of ethanol in CCK-1RKO mice. The
inhibitory effect of progesterone was observed both male and female CCK-1RKO mice.

Thus, the mechanism of progesterone to inhibit the gastric emptying is independent from
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CCK and CCK-1R.

In conclusion, the menstrual cycle influences the gastric emptying of alcohol.

Progesterone, increased during the luteal phase, may be involved in the inhibition of

gastric emptying of alcohol.
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B FiTEHEEE |BE EE
BB VARX—, TS T—. Bl DA vhiaE
=Wl JF¥a—ib. YA, BBELGE

T TIZ Sekime b DX, UA v E T x v OFHWNITE M
X, BMHEEREICBEB TS a Ve F I XTIV T G — F—
TV AEBECE» TN, KHEHEBREICEB W TIHEM®IT LR
SX ) Loz, Ta—nmBtho T7 13— F
Db N, HEEHERECEEL, 7 1va— Ao THD
a2 -3, BFHEECEELZS XL TRV &2 ®R
HELTW2, 22T, RFETIE., HEMEB L O+
B2y W EAKRKOBRNITHFERZEER T 522 & & L7,

2.ERFGE
AEBRIT.ARFBERFOGAEERICE W THERE ST,
gﬂ%j}ﬁbfzo 7/}—37][]%6:01/\‘(0:]:“9‘—/\“‘(\ %&ﬁbzflﬁ.‘ﬁ%ff%fio

(1) Br &

fEFE e M 104 BN FEBRICS I L HBRFIL20~21m T,
¥ BMI X 18~22 (20.3 + 0.46, mean + SE)T ®H » 7=, F 7=,
ZMEORNPTHBOM 2 EORBICEEL TV HEITB L
T, ERFICEZIRALEZ DD W o7, FEMITER 2 TR
L7,

-12-



K2 OEBHE ORI

& K (cm) K #H (kg) BMI

BB & A 170 59 20.4
B #E B 154 50 21.1
B HE C 162 57 21.7
#% Bk #& D 155 46 19.1
# B #F E 153 51 21.8
WEBRH F 162 58 22.1
B #F G 162 47 17.9
B E H 159 50 19.8
B H 1 153 47 20.1
B #F 160 47 18.4
RIAR) 159 51.2 20.3

(2) 7 Br ARk

REBEAEIXILL T 2B TH S

4% Y v H A 79U F v H 2lml+ K 39ml=60mL
- I XTI NT F—H— :60mL

ZERMMEKTH D BCTT XV LLEEM 100mg 2 NLE 1
OEEHIZIRM L., BERL &

(3)3% Bk 7 1k
B E X EMAREERTSE L, LT 4EEOFERZ2IT

> T,

13-



OIFRBMIZKEHKA T, 7T A MET1T 9

QiFRRBIcY + >y W E2RKALT, FEQRT A & AT

@OWmHEMIcKEZHKA T, R T A N &AT

@DHEEPMIZT Yy D ERALT, BERT A M EAT D

MR 7 A b &7 5 B, AT 21 RFLLBE 0 & F %2 25 1k (BRK

TR M ARk E (RKETA) &L, YA ET . M
EROMK ZEI L, 3C 7 X)VEERE 100mg 2., V4 v F
Tl AKICEBA, BB L.BRRLL, 2K E TSI LI
[REBR., TRURKEIE 15 22 L2 3 M ETHEIEERL
7=

N1t

N

(HFE KT PC o [ E Gk

UBiT—IR300 POCone (KZRIHEKK) 2 H W CHEL 7=,

(5)1°C Ml & & & o fiF A

Ghoos H D HEITHE W 2 | T1 /2 (BRI TZHE D 50%
DEPLHEH T 20ICEST L2FM). BXLO Tlag (RS e
ED 5% BNENPLHEHT20ICEST ZEH) OME AR~
A4 7 v Y 7 F; I (Microsoft Office Excel 2003 fi# #F ¥ 7 b
veT) EMERHL. AR LE, £, ERF PCoOMERES
BEzr~3T £ TCORFRE%Z Tmax & LT, X 7,8 LV @AE- 7,
T1/2. Tlag, Tmax ODfEIT K& T FRETWIEFE, ENEY O
FFEEMAEVWE WS 2 & 2337, £ 7 Tmax (X Tlag & &£ W
HxEL2EFTH D,
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(6)%% &5t 5 B9 & A7
FEH XTI _XT meantSE TR L., — B BB O E~1X%
THREBESSE ST E2ITW. AE LLHTEENTZHEG O A, Fisher D

% B\ AT o7, P<0.05S A E L L 7=,

3.0 R

Al O RERIXCHR 28 12T A L, X7 12 F 00 o kR
Z, MBICEHEAEBMoRMR L, £33 T T EHh oM R
 CHR 28 KW BIH L 72,

-15-



(1)JF B2 81 (X J& #H : Follicular phase) T O f %

SRl liicks T 27 rdo BC o K 7I2RL
oo KEUF vy IRTLH2ERFTO PC OEITAEZET R IR
2 o 7= [F(1,27)= 0.013, p=0.9]1Hb ® ® . B IZ %3 2 £ X
HERENHZOLN [F(1,27)=56.75, p=0.000]. & kB o 7 &
MoOMEERHLAE CTH > =[F(1,27)=4.78. p=0.000], F 7= v
F oy BIFEARKICHEANTE = 27 (Tmax)IZET 5 £ TEWVERZ
L2 (F 3),

Follicular phase
per mil
20

0 A

60 - -a-Mineral water

0 A

I}_ T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120 150 180

Time, min

7. R EICB T DR T O C o ZE A (CHE 28 £V 5
)
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(2)# A ] (% IR /0 : Luteal phase) T @ ff &
HAEM T, KEUvA v B E2RALED L O T PC HH
DEAIFTIZEAEENARZL N> (K 8),
Luteal phase

per mil
30

0 A

60 1 =+ Nlineral water
-V odka

30 A

I} a rrrrrTrTrr1rr1T1 17 1T 17T 17T 17" 1T 1T 17T T T T T T T T T1

0 10 20 30 40 30 60 70 80 90 100 110120 150 180

8. WM IcKB T AR T D PC o EA(CH 28 X v 3l )

G # . EAEBITBIFT D5 Tmax, Tlag . T1/2 DE D LB (K
3)

Ul ) © X . Tmax., Tlag . TI/2 WTHHOMEHL A v I OF
NWARKEDVEEBEIZEW, T2bb, Ay TR KIYHEN
IFEEERAAEWZ EERLTWE, —JF, B TcIITKE Y
Ty OMICFTESENREDLRRNS T,

KEM AT EEZ O Tmax, Tlag . T1/2 O FEHE %2 IF g #1 &

-17-



HAB I L TAHADE, AEEICEFEL 20N, KB O
R, I RTICBWWTEWEEZRLTWS, LML, A4 v
B OMEIE., Tmax 2 Eld. LA, Il oo F2nE WE A T

> 77,

F 3(C k28 L v gl H)

Phase ‘ Follicular ‘ Luteal
Beverage water vodka water vodka

Tmax 21.7 £ 1.70 R5.5 + 2.41 26.0 £ 2.21 28.5 + 2.24

I 1 *
Tlag 3101 £3.00 % 44.7 £2.16  38.5 + 3.00 39'3(;[)2'04
¥

T1/2 73.6 £ 3.12 % 82.1 = 1.50 75.5 + 3.24 83'3(3)2'64
Tmax : F(3,36)=6.91, p=0.0009
Tlag : F(3,35)=5.60, p=0.003 — oo B & 5 o A & 92
T1/2 : F(3,35)=3.13, p=0.038

4.% £
AKEBROME, RY TIT, BHLEREKIC, vy IO
HPEHEE T AR LY GBILEL TWER, EEM TIEAL YA
yAHDOMIZETANRN T, R3ITTFLEXIIC, KD
P E I, IR Ly BEERHMo T NES RDIMBMD LN
5T, UvA Yy I OHEEIT, L£FTLLE I TERV,
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ThbbLIMEBIZENYT, U+ vy BIEAKEID S HPEH®EENR
FEICEELEZZ L, HEHMICE N TZOERR LR N
o2& EAEHICIE, ko HHEHEE SIS S D M\ A
bhzenb, BEERMTIEZYA Yy 7 oR>HHEHIE ER R
BRI TLEosmDTEHRVYL, &5 270,

5.%

HAEH T ek HEEMBE A ETC TR, TOMET
VA= O FEHBIEGRNEELSA R T LEE XD
o, BEMIIHEHM AR b LT, WP T2 Ta ok
ARdbIFons20oCc IETCE e F A7 ryOERIZSWVT
U5 A o M MNP R DR

-19-



BNE 7o/ 2A7erPEEHEECE
258

1.7 C ®»IZ
(LW X A7 v >0 T

TS AT T EENL WS NDKRFER 21 O AT B
A FHELVECDI> L, XKIWERMERLEOELEZ S S H D
T, HE, BMEXE. hE»ob b @8O 0 2T
nrypmPicowInNnTWD, Y s AT Mmoo R T e
A FANLVEVERKIC, MBNICHFET S T2 X780 0%
BRI UONTHECHAELTHEAGRKZRERT 2, ZO0H8EA K
AN O DNADKEHDTICHKEEL.ZOMREEZ OEKRFHB
ELEEDL, ZTOHEICLo T, TERNESFE GO M X
OFE AMoOREELKIE LF 2 LEICHL, LMD EH,
KEM OB A FIREROM, OB LVENT R L GHE
TOHEHEDL L O,

X 9. FYu X RATFuurdiEsER

220-



(A=A Sl =B RS ES

Tl ATFa i, Ty FO BRSO E MK 35
D EFENLE Y POMBEDOFEIRGHOMNHNEmE T D 00 S
OIREEE 2 ME T2 D RFoliEx s+ 2 22 Lo
HALBHm RO LB OWMEZMIME T 25 L0 2 &N TW
5, T, (AR 2w s AT ra2kbE L, B
PEH BRIl S 22089 ERFL L,

2.E B
RKEBRIT, KERFEFBEKRKE @YW EBREZESICEB W THER
7=

(1)%E 5 &) ¥

10~12 % H s o M o B A8~ 7 2 (C57BL-6)% i 1 L 7=,
HA SLC vl AL, 18 OIS F 2 T b FBRICH
ML 7=,

()8 & ik
TURFTHREEHRKRY S 5HBMEREICCHE L,
BB =R 23£10°C, 1@ 55£10% . 8:00~20:00 % B #f &
T5 12K BEB®BHAKEY S 7 v E L, KBEEE L — 7 (K
g4 b7 V=2 F VU EAEBEREEYEBHR T T RXT
v I =T, 1~4 L/ — Y Tl B %17 -7, 1T CRF-
(A V= 2 v E2FEH L, bRk & L TKREKZMFE
ML, B, KBk EBICABRERLE L,

21-



(3)#t 3
- T X ) — L (99.5) (FnotMiEE [ R OR)
s A F kL m — X (FGREER . R
- 7 x / — b by K (Fno M )
MU VA w FEER (G R R )
- B HANT UL TEHE (BT MHT =~ A 0 HR)

(4)32 B 75 ik
1) % B % fi

Pk HIc L, ERAMALYV IR~ 22T,
2L, BRI EBERSE LI,

2) KB

O 0 # 5 M % B (vehicle) 7 = / — L L v FIEWK: 1.5% A F
Lt w — 2RI 7 =/ — by Rl me/lmH%Z MR L 7=,

QR PHESH TV —NLERER T =) — ALy NIBEWK : = % )
— )L 50% 5t 1.5% A Frtrme — KT =) — )L

v F(lme/IlmD)%E ML =,

3)E B FIH

ORREHKRY S 5B EREICC BRI EL~Y T X
DREZWEL T,

@~v AL, Tu XX AT nmr 25 50mg/kg B.W % fF ZE N & &
L7z,

2



@10 %, ~vv A LELRRoORERAHREGEHFBERK~Z. 0.15ml H

ST ERAWTHELS L,

DFEGEEO ). 105%, 30 9% ICKHBEEZL. HERY
L 72X 10),
— 10 % 0 %y 10 4 30 4y

| | | | |

| | | |
oA AT o W 55 B A% Wr 9H & R
e W5 H H i

7

10. EBR Y A4 LA Y 2 — )b

®H 5D 0.INNaOH KK 2.5ml 45 L7~ Sml F = — 7
WHZ AN TS ATHYUMHLEZobLAREY A4 Y —T 308
il R O

HPEFIME (K 11)

OFREYX— F& | FFHERFGFER. ZE T 20 % /=L 55
(2500rpm) & 17 - 7=,

@ E3 100uL B O F =2 — 7Y . 20% U 7V A v FEE
100uL Z ML 72,

@ = T 20 45 M O 4 BE(2500rpm) & 7 v, B 100uL
\Z 0.5N NaOH Iml # & L 7=,

@Iml oY 7 ricxtl, 7727 %KEL, Iml®H% v 7L
PicEENL 7=/ — by RO R % 500nm T WOt E %
E L 7=,

23-



0.IN

. NaOH
Fazting for 130 10 min. 10 o 30 min. 3 5
o i {ater r','?;r“ later o~y
A Fal - il
-f__g‘é ’ Y ":'..’ ’ ,_;_{é ’ ,_;_{*':.
e b e, o,
10-12 Intraperitoneal Gastric tube :
month- administration administration Homogenized and
old oaals Drogestanons 1. 5% sthylesllnloss keep for 1h at room
J— 25~ 50me k= solution = DPhenol red e ‘
(1maz/lml)
0. 15ml ' mouszs
T —— Supematant e
¥ b
1,:,:.“'] 1':':_”_] i:i Y
o 0% Cantifization
Besd lﬂH k-:/,/ TriFluoro 2500mpm
: : acetic 2':1"‘1}11
at 550nm Centrifization Arid :

\ 2500spm 20min 10041

X 11. 8 82 b o2

SYBHEHEER HF &

HEHEE  HIZBWTHIELERAXEZL T o XY TiE
D, BHLE, BEEA R WIFEE, EHEERNEHW D & B R
.é—-

o

H Ao
7 = /) — Ly FEI&E

X100

Gastric Emptying= 1 -
0 fEDHN
v K

D
A VR [F] Y &

i

4.



3.0 R
(1) BABE~TRZBIT S04 X7 a0 vehicle ® F #
HEEIZEXD2HE
EFBRIZHEH LI~ ZADFHIKE (meantSE)iX 27.4+0.2¢g
(n=6)TdVH ., HMITAEREZITRLONR N> T,
Tu g AT e 0F 10 0 ME 30 4 fE & b EEAFRIC,

vehicle ® B HEH HE Z 8 L 7= (X 12),

[%]
100 - .
*x
80 - x%

vehicle vehicle vehicle
Omg/kg B.W 25mg/kg B.W. 50mg/kg B.W.
Progesterone Progesterone Progesterone

* 1 p<0.05, ** : p<0.01

X 12. BARE~ 7 X D vehicle #ERIZBIT 5
TS RARTuropi

10min : [F(2,29) = 8.72, p

30min : [F(2,26) = 6.98, p

0.001]
0.004]



QY BAERE~RIIBTFBD e AT rOo7 Vva—vo
BHHEEICEXD2DR

EBIZHEH L~y ADOFEKRE (meantSE)IEL 30.1+£0.8g
(n=55)Td v, HRICAERETIRLLNLZ o> T,

7u A ATF8a ik 50mg/kg BWDOARBRFLE, T — L
O H W& 5. vehicle ® ' H A& 5 X0 | E I AR (F B HOE E
NBEYE R LXK 13), 7o X270 riF, &5I1CHPEH®E
FE 2 Il L. 30 M TUTE M ICH R EE 2B L,

[%]
80 -

ksk

70 -

60 - 30min
50 -

40 -

30 -

20 -

10 -

EtOH EtOH
Omg/kg B.W 50mg/kg B.W
Progesterone Progesterone

*op<0.01

X 13. BEBRE~TZ2DOT Va— LVEERIZBIT S
TuFyrz2TFuryropi
30min: [F(1,34)=13.04, p=10.001],
(Progesterone 50mg/kg B.W : p=0.001)



Q) HAEBEM~~y RICB T el xATru o HEHMME R
e

EBICHEN L2~ U X 0¥ YK E (meantSE) (T
vehicle :25.1+£0.4g (n=52)., 7 /b 2 — /)L : 23.5£0.4g (n=41)T &
D, BERICAEREREZITIRLOZR N> T2,

AT a0 XD vehicle ® H HEHEE X, 10 4 i
BWTHEBERENHZ L IIZ[F(1,30)=8.441, p=0.007] (' = %
AT 1 v 50mg/kg BW:p=0.007) (K 14), —FH. 7/ a—
Lo BHEHEEIZ, I0EICBYTHE R ZIFXRLL N &0
Sl b DD, 30 7 MEICE N THERZNA D IIZ[F(1,20)
=9.064, p=0.007] (a4 25 13 > 50mg/kg BW :p=0.007)

(X 15),

27-



ol 2Wild vehicle
i

*%

‘ 30min

vehicle vehicle
Omg/kg B.W 50mg/kg B.W
progesterone progesterone
¥ p<0.01

X 14.

B A B~ 7 X @D vehicle
BERHIZB T ey AT
o oRE

10min: [F(1,30)=8.441, p =

0.007] ,(Progesterone50mg/kg
B.W :p=0.007)

4.% 8
KEBR O H R,

T H &K AFIC vehicle D B HEHEE 2l L7z, 202 & »n
HUEHEEMH DEND D & 5Bz

5., Yu b xTr e i,
HZ kBT EI,
Toa— o HNEE I,

BIE S 5

72 =00l Sl = BV = Q<N N A

B AR E ~ 7 2B W T,

- PWild 7ir=a—n

100 ~

80 -
*%
60 -
30min
40 -
min 30min
20 - 10min 10
0 -
EtOH EtOH
Omg/kg B.W 50mg/kg B.W
progesterone progesterone
¥ p<0.01

X 15.
BARME~> T ZOT L2
—NVEERIZBITA
FATuryrozgi

30min: [F(1,20)=9.064, p
=0.007] ,(Progesterone50mg/k
g B.W :p=10.007)

BRI~ v 2 0 F PR E E A
343) REBRCTIZ. T AT —AEEHEITE VT,
Toa— Lo B g EE XA

8-

> AT ua

7
iy



AL X 72 (K 13),

e~ 21X, e X 2AT7T & EICX 5 T vehicle ® 10 %
. 7/ a—LD305EICENTETNENAE T JEH M H
TER N A b,

AKEBRTIEH, BOEH T D27V — Lo REZMELSLD
50%#% — L CAT oo, M~ R0 R~ XALXL0D S, T
a—pliat T LA EAEREK S O v R EEHEZT A
AHTHDITIFEIVENT L — LRENBEY THDH LWV H
H VDD, FoT M~y Z0RRICHL TIETAE OB
NUEBEBTEHLIN, v A0 ELADLDETEZD L, 7
B AT R ICEBEHREHIMEDRND D LR D,

Tu AT a rofFRAEFE L TIE, BLAET A b IE 2R
MRECLS/FERG L EEXZNTEY O FiKgET
X, mEMABRAICLY, BRI e 2T e v RENER
MU AWLIEIEL g T H L D My v A0 FH, B
B, + =8B, ZEBoFEMHIc e AT a2 KRR EE
THZIEbMEINLTWVD ™, FLABEOAEEMRMN S 7 1
AT DR % KK (G protein-coupled receptor : GPCR) 7 15
bl wosmdy ¥ H 5, COoOTHFERKIMRE Lo T
a7 A F % KK (membrane progestin receptor; mPR) & 4
oo, KA ICEDLDD EWVWS ZEDHLENTR > TW
SIN

T b 2ATrma g KN, KT FAEESF TH D Src
77V —FuryrorxFF—CBERIEELLL T, RN~ 7 F
NELBETH EVIRE DALY, MRECTCLERT L C
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ENbihoCER, £/, Yu X A7 1 X GPCRO G #
PRI () ERTEES D, AL F L OMBRHN~OD
WMAZIMHE T EVIHE D HD, 7oA 7e o0

CCK., CCK-IRDOfMila NFHRizErHELLEEREL T, B

PEH R E IS st +aFAbh b,

5.0 i
Ta AT T HAER T 2BV T, vehicle & HBF b |

Toa— GRS EHELHENH L7,

-30-



FBINNE VYA PMF=2(CCK), =L ¥
APF=2VEZERAEMR), VLV RAPF=01
ZBEER/ 777 MKO)TT R

1. i X C®IZ

Ty — Lo P EMmE R IL, CCK B LT CCK-1R
ENHhLTCTAELEEEBEZONDDY, Ta b ATarix, T2
—VOHFAEGICI o THHl ST HELREREL, 5 2W
flLico<T, 7ra—rofEHERF &I E OBy T4A L
EEZALOND, ZOREZMERT DD, CCK-1RKO ¥ 7 X
FRHWTHRHN T2 2HHEL L,

2. CCK. CCK-RIZ2W<T
(1) CCK 12 2\ T

CCK IZWHEbEARLE L THY ., +TZHBEROGE NS

18
il

WHMI(EEC)TH D TME»o oI nsd, FEIZHMIZH S
CHFEL, BENGERZET2WE L L TRIICHRE I N
AR F P THLH D, CCK O#EEFHEIZ, B b TIiE 3
BYRARIZFAE LIS T I JBOT LT akRLEUNDL 58,
3387 I /MY ey vy Ea b, £, CCK & [FAH
MR EEEAILE L THDA T A RNY VERKT D L
CKm®DSO>OT7T I /BNPE—-—THDH, EWVIFENH D (XN

16),
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Biologic Activity

Mm °

BRI o e o D EDEEERPORBDD — - NH,

i3

X 16. CCK & H A MU O 7T 2 7 8E S
(X R 44 X v 51 )

HEFRLELELTO CCKIZ,. B OMEHE®RAZRE
O RPN K o T IS 4y W X v B FE AR L BE S Sy W R T
FTowBETITEEKEB» S OB WELREST S5, B FIZ
BPWThlEmMERzAHA LT Fral rezpsdE, EK»O
DFEFR W ER L TWVD 4,

g T F R ELToO CCKIE, MERME AR, H S h
Do MEBEKICKLSFEETLI2HN, BICKMEE., LK, BEIC
BEICHFELTWD *, CCK FMmhaEamElER%f o
TERNMBLR T WS, Gibbs b OHMEFIC LD L AT T
y M CCKEZERAKREGE LEMER,. B CTCoBERICKHT D
FHEMEE 2R TWd 9 2o F & LT, CCKIZ
REMBRENL TEBE~HERELBEL. KNOE AR PE~ME
MERET LI THBEKREZKRLED ZLICHERKRLTWD
EEBEZHRLD A

30



(2) CCK-R {22\ T

CCK ® % K (R)IZ X CCK-1R & CCK-2R @ 2 f& 38 28 £ 1€ ¥
Do ¥ U ATIL CCK-1R [% Mg <° I 38 % 2 /76 L . CCK-2R X
FICHRCMIZHFEET D, 72, CCK2R T AT A U 2K L
[l — OB FICH KT D 4P, CCK-R X GPCR T&® Y ., CCK-
IRIZTANLVKUVEEZHFT D5 CCK IZEWHfMEZEZFSX 17),
H 7 AT CCK-2R X A VR v 5 & K72 72 W CCK T [A % @ Fl
P& Fr o 4,

CCK-IR D #fx FE AT~ A TIX 6 ®BLAaE D, 7 v §
T 14 BYRGOE D, b FTIE 4FRAE SDICHELEL, O

Thb 550D 7 Y, 45D harhbigsb (M 18) 4

53)

o

CCKAR
FP0O00ERE0E0E0EOODOOCODOOCOTTOT—

®
© 197

® C
st /2 Coglly,
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17. B b CCK-1IR® 7 X 7 M &E(CCH [44]18L 9 51 )
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E b A
H } [ I
12 3 - 5

75
H —
12 3 4 5

~ 7 A |
——
L 2 3 4 5

18. CCK-IR Efx 1O & ki (3Cwk 53 L 0 5l H)

(3) CCK-1R @ il iz N 1F & 15 2=

CCK-IR X 7 E @A G % v % 7 @ 4kl 5 R IK (G protein
coupled receptor; GPCR) O Ok > Th %,

GPCR O fifa NiEMIzmEDOE LV N A vy Y ¥y —& LT
X, BT A A F Ll cAMP 3 d D (X 19), K IEK RE T i
GH¥Y X7 D a7 =2=> F(Ga)»® GDP &AL, B,y 7
=y MGRY)E ¢BbIT=ZEBKZEHKLTWVWD N, U R
mAETHI eI THEMEILTDE o, B, y 2D RDLE~T 1

[1]

AR G &% N7 'H 1T GDP-GTP X X In 2 &k - T GTP #

o

SR EB I NS, Goald GTP# A& L. GBy I£ Goa 225 81 0 H
EN.TT=NRYy 7 7 —F¥ (AC) & 2K U X—+F C(PLC)
s 5,
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Effector
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Effector

"

- = -
‘/f N
Phosphorylated Signal
Gene expression

19. GPCR @ #fl fa N & # 15 12 #% =+

CCK.CCK-IRDEZHADHEBRIZEDOE NV F A vk ¥y —
T AV T AL A THDH,CCK DB CCK-IRICHEAT D &
Gq(=&WK G v 2" 7)yiniEM L. RWT PLC NIEMEA S
N,.ZOBEIZL>TCTF AT+ A4/ ¥ =2 U EEPIP,)
Dy En<T A /7Y b—=130  EBAPE YT V7 U kR
— IV (DAGYD A SND, IP;s TV FAvEYY ¥ —T
bOMBAT N T LA FVREL EHIELZ L THRO
BRE 2 B3 5 (K 20),



CCK
/

9>\ I80DY >#{t

X 20. CCK-1R @ #i g N 1 # 1= 2= % 7+

(http://bioupdate.jp:8080/pages/viewpage.action?pageld=14024799

L —#kE)

(4) CCK @ & & 4 il 1 M

HHEH O E CERITESEICERL TR . H Yk E N
TniFEREILE, BExdhdEenfa&EZ 45, BRAED R
WG AT D BB YRR E 7> T CCK 2 H &
D Y, i A EERE L VERNNME R EEE LTS E DN,
—WITE /NI AT DK E MR KD KO CCK-1R %
TLTHEMRBREAEZEA LA EREZRBESY S, L
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DX IHIT.CCKIX CCK-IREZNM L TERZMA T 5., FE.
HBERKTHICEEHRHED 7 Lo — 2 EZHE=a2—a B8 LW
R7F FFE(AELVF >, NPY R )Y 3o, M#H2EEL
tobdT b0l T 7 Va—2AFF=a— 1B rBLUEXTF R
HOPIZCCKbEFENRTWD, 2NHLO0EBRAMER 2 MHEA
CHER L., BRRAEEELZERL TV (K 21), F8HH O
END D VIEMEEIC CCK Z2& 53 25 & 1K T WE R
Wizxt T 2EEERICEY ., BEIIME s 4,

B

SAUEF

_ [
B i
~ LTF ?
1 : g /
Tapg’
SRR BRNBINTF R —  ERR OO BRTERTF K

K 21. M7 F RIcB T 2#E S BEOMHE
(X Hk 43 X v 5] )

(5) CCK-1RKO ¥ 7 Z {2 D\ T

CCK-1RKO ¥ 7 Z (¥ 22)i% . 2002 |2 C57BL/6) & /N v 7
77 vy LT, fEkshiz ), CCK-1R &5 1 Bl 5l O —
A4 PCRIEICE Y LacZBIm F(KRMBEHBMKDT Z 7 b ¥ —
PHELEB BB IIERLEINE, A ML 2AMEOBE., A
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AR EOHM SORERRBDOLNTIEHEWVWDLIN BFE OME
TIEOHNEB, BEEE, KELK, BHEENDFIIHEAEAR T X
Emb by 1O HEF T 20 EORKMARRE O R K E
A, CCK-IRKO v 7 A[A L TCOEHWMMN TEH X Ik ->T
WD

22. CCK-1RKO ¥ 7 &



EIVE YuFX25urofEA#EFE-CCK-
IRKO vy R iZBWTuaerx5sua s nE
EHEEICE X DR E-

1.1 C ®»IZ

BHNEICEBW . P27 vy id AR~ 20 FH HEH#
EAErRBESHE L L, TLa—LoRO®BEICE > TT T
HHEHEENEBLEL T2 48 TH. S 6 ICHHH®EEZ M
452 &&ER LT,

T a— LoEbERNKESIE CCK B+ 5 D, £,
CCK-IR z2XET 57 v T, 7va— & EIZK > T
SR WML 2wy 3D Iz T, CCK I X2 #ix., CCK-
IRDOREMBERLEEZ N L CHBMRE ~LmE I, T
MM A= - 2B ST, REMKRELEKZME L.
TEFLaY UBEHERMET S EICE o THOFEGOE
BAamfl L Twnwads (M 23BN TWD, > T CCK-
IRKO = 7 A TlE 7 Vva— L5 X - THPEH ®E D EE
Lgw 3, e x5O KRN CCK, CCK-1R & X
ELMEOKFENMLTCALTND O THIIE., CCK-1RKO
TUARBWTH, Tra— o BHEHEEZME TE DI
TTh D,
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Ltz

23. CCK I & % W # 3 1 90 # O 8 ¥

2LEBRGIE
KEBRIT, RKEFHKY DNAZESBIUOBWERZER

[2WLCBWTEAR I,

(1)3% 5r &) @)
WIE Cr L7~ CCK-1RKO ~ ™ &2 . 10~12 » A # o H ik %

£ L 7=,

B HE. QO)FEBRGEIF. FUNELREKRTH D,
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(4) % BR ¥
HNELGYWEBEBENEFONEIZL > TUFO 4 82T,
FRNEFROBETCHEHEE® 105, 3002 HH Lz,
- W vehicle 5. v 7 27 2 Omg/kg B.W #
- B W vehicle ¥ 5, 72 7 27 v v 50mg/kg B.W it
- HHNTAa— AL o s 25 8 Omg/kg B.W B

BT ra— kL5 Yua s 27 v 50mg/kg B.W BE

(SHYRFEHEHIZTFIELFRETH 5,

()i v 7 a7 R 7w v E

CCK-IRKO ¥ 7 A IZBWT, Yr s A7 1 50mg/kg B.W
AMERERNES 200 % ICKHEEZ L., LK % EDTA RN F =2 —
TIWCHER L, 3000rpm, 15 L LE-OL, Y u S AT R

YIREEZWE L Y,
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3.0 R
(1) CCK-IRKO M~ U R I2 BT B 15 25 1 ® vehicle D
BHHEEICE XL DR
EBIZHEMRM L~ XA OFHILKE (meantSE)IX 36.0+1.2¢g
(n=39)TH v, BHMIZAERETADLDNR N> T,
CC-IRKOlff~ 7 R lZB W T, a2 bd A7 v I X% vehicle
OB P HEEIT 309V THERE®RL
[F(1,18)=5.003, p=10.038] HBHHEEITABEICEILEL (7 =

A7 v Y 50mg/kg BW:p=0.038) (X 24),

(%] d'CCK-1RKO vehicle
100 -

vehicle vehicle
Omg/kg B.W 50mg/kg B.W
progesterone progesterone
*: p<0.05

X 24. CCK-1RKO B~ 7 2 @ vehicle ¥ 5 R |2 33 1T
AZ7Zu Qx5 ryrozmi

30min : [F(1,18)=5.003, p = 0.038] ,
(Progesterone 50mg/kg B.W : p=10.038)



(2) CCK-IRKO M- UV R IZBIF B IR F AT a7 La—
NWOBHHEEICE XD R

EBIZHEH L~ U ADOFEKRE (meantSE)IEL 35.0+1.1g
(n=40)TH VvV, BHEICAEREITARLONLR N>,

CCK-IRKO i~ v R lZEB T LH, Yu b A 7u il Lbd7 v
a— NV OFEPEHEEDT 10 5ECEVWTHERENAZ LN
[F(1,16)=26.65, p =0.000], HHHHEETARICEL L (7
o s AT 1y 50mg/kg BW:p=0.000), 30 1T B W T A
oM ENSE D N[F(1,20)= 19.64, p = 0.000] (F 2 7 27 &
> 50mg/kg B.W: p=0.000), a2 7 27 v > (3 HHEH®EE*
ML= (K| 25),

(%] o'CCK-1RKO 7/a—v

100 - %
| *k
80 -
60
40
20
0
EtOH EtOH
Omg/kg B.W 50mg/kg B.W
progesterone progesterone
EL p<0.01

K 25. CCK-1RKO #E~ UV ADO 7 NV a—VE&ERIZBIT S
A= I/ Sl = BN B 3
10min : [F(1,16)=26.65, p = 0.000] ,
(Progesterone 50mg/kg B.W : p=10.000)
30min : [F(1,20)= 19.64, p = 0.000] ,
(Progesterone 50mg/kg B.W : p=10.000)



(3) CCK-1RKO i~V R 2 BT 57 uFRA5yu 07 ia—
NOBHHEEICE X2 DR

EBIZHEH LI~ U ADOFEKRE (meantSE)IEL 26.9+£0.6¢
(n=53)ThVHHEIZAEREZTALNR N> Iz,
CCK-IRKO i~ 7 2B WT, B X A7 80 ICLDT L
AL OBFHHEETZIONEICEBNTHERERADLN
[F(1,29)=10.19, p=0.003], BHMHEEITAEICELL (S
oA 7 vy 50mg/kg BW :p=0.003), 30 0 fEICEB W TYH
AR O fE RN S I[F(1,20)=14.40, p=0.001] (7 2 ¥ 2T
2 Y 50mg/kg B.W: p=10.001), v 7 27 v X8 8HEE

ZdE LK 26) .

[%] $ CCK-1RKO 7 /L a— v

80 -
*k
60 -
| *%
40 -
20 A
0 -
EtOH EtOH
Omg/kg B.W 50mg/kg B.W
progesterone progesterone
L p<0.01

K 26. CCK-1RKO i~ 2D 7 Na—LEERIZEIT
ArxuF2A5ursrofi

10min : [F(1,29)=10.19, p = 0.0037] ,
(Progesterone 50mg/kg B.W: p=10.003)

30min : [F(1,20)= 14.40, p = 0.001] ,
(Progesterone 50mg/kg B.W: p=0.001)

-44.-



(H7 v AT a ol EE
F BRI A L~ Y X 0 ¥ ¥ K E (meantSE) I
27.3+0.4g(n=11)T & » 7=,

M 4 2 1L 46.5+3.9ng/mL (n=11)T ®H - 7=,

4.% 2

CCK-1RKO fff~ v 2Tl 7 ra—A#&EHEIZX-> THHEH®
BEBB O BR3P BN RKRERICE W TS HHEHOEE X
DL Mhotr, LT, 7aX25o T3 bicm0nE
Pl zh R 2" L7z, WARIZ, CCK-1RKO i~ 7 212k
TH., T F2rya g7 ra— L0 BHEHEESHFZICE
S, ThhboE LY, v ¥ X7 v id CCK,CCK-
IR L FBl Mz L CHSEHMBIERZHHASIE TWD Z
EMFEH ST,

Tm g AT rzid o TLIATe A REALVE T, E
MR TORAAEZ21T57 /I v 7 ERE 2T 2 KGO,
W2 wmEEz L, B FREAFAGHZ2HEDLDRV, oA OE
WERB™EESO 7 ) v JIERbLEES TV D,

Oy ERIZ. MRENCOIZREI AT B A F L
aEL, BEABRPIBERNICBH L CEBEITNICHL AT B AR
DREB T LA MIEEL, BaFEHROEBE 2 g8 L T
I N BEEREIT ), TOREBEICITERERBMTO
KA BLETHLIOT, 7/ I v Z7ERITK 2 FEH O
MEITAHHAREFTICELY, L2rL, Tl 25o0 kb
HHEHIMEERL 7 7 I v 7ERHICE 2 b DE o LR
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ETHE. UTOBFEREZE bR D,

hEDiF., el AT r %K K (Progesterone Receptor :
PR)”S Src 7 7 2 U —F v ¥ %5 —¥(SFK)Z I/t L TH A E
vy ERA Al LEZAEEME TH D, SFK
T 7 I i E Sy FChLIHEZTAREKBETFr X —F

mL. /o7

171

Sre LREENLRBELHUMEEZRYT - BHOFr X F—ETHY,
BLE 9MMNMEE S TWadH, PR A SFK #iFMl L., MianN
NV T TN ELRETDLDLEVOISRE DL EMEAO KM L
LCIUH Y FOFERRLATHLI EHESL TS, b
27w ynNYU Ay RKE/RbD PR E SFK ZiEMb SR L
LT, MlaRNoEREZENEE I, B O FHEHIMEZ 506
L7crgtEn&d 5,

Lo ol e F 2T 0 0T REKFEBE O ATEMNETH
(X 27),

2002 W2 v S R TF v 0K Z K K (membrane progestin
receptor : mPR)VZ B O E ML KR I V20K FRZ
Ot OFEHBMIZEB W TS 3FHE O mPR(mPRa, mPRB, mPRY)
WEE I 3, £72 mPRIZHH GPCR ThHh L Z & 0
AP THRSOOM. BH 2L THEIELTWD D
EMHE I N T WD,
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) B |

) IBEDE |

REIZEK (nPR)

) 2y U RITHER

27. 7 A AT a0 ryroOESERICELD T2 v 7 KIGRE

INLDOREZREFICEL T, SETHHAPIBEL o 2T 1
A4 FALvE(TR AT B )T LD GO H -
WT, VI Iy I7ERICE o TEEI L TWY S A HE MR
EZbND EHIThk o T,

E b e 2 75e v REL, BAEAM T 5.7~28.0ng/ml
(http://medical-checkup.info/article/42660226.html) & X 3L T U |
SEELS LT ae A7y &8 L TE, B hEATREZDY
BOMPREDO ER LT LEEEZDLN D,

EFRROEFIZOWTEAAALEZL ., 58 2 b o gk
e T, Yur X7 o H Pl E S RIS E R
LHAED LB T h D,



5.4 3
7ua S AT L CCK-IRKO ff~ 7 2B \W\WT., M\ H

M zh R ZzR L7z, WAEIZ, CCK-IRKO i~ 7 2128\ T
L, e ATFa Ly E T A a— L0 YN EE 2 HE IR E
S ¥, o T,
ML L CHSEEMEBEIERZHRAIETWVWD 2 ERIER I,

7 u A X275 ur X CCK,CCK-1R & 1% 3 {# I
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% FE
FBIE~NE, FIVEOERBRERZET DD ERD X 5 ITHR

60

IR Tl AL MaErtR e L, WA, SR
CPHHEHBEEEOBEBREWHLNMCT IR, KERIE T+ v
EHHALEEOBHEEEZFTH 72, WRPTETIEELRH
. oAy VO BHEHEEIKLIY BEBELL TV, L2L
HAEMIZEBWTIE., vy DITHPEHEEZ BT R o
VAR G N i [ hl = o G S/ 3 - A N Rl ) B NI 1S B o = 7 S 1 1 /A
LTk, ZofMBT7Vva— Lo B HHEENREIS DR
Mmoo T REENE LR,

HEMICHEN b L LT, Yo7 270 r0ENRE
ODEMRH 5, T, FlHUEIZBNNTC Ty 2A7rr0H
HEH BB 2 SR o B R & R L e,

BHNE CIE. el 27 0o gEHME 2 RICHO N TH S
MIZT D, AR ZZHWTK, 50723 — )LD
HHEHHREOMEELIT o, MRS L THAEME~Y 21T
WT, ey AT e T HEKFEMIC vehicle(K)D H 8k H &
ErzmHl Lz, ZoZl&hs, s 27 2id, BN
HWENH DENSH D EEXDENTERL, TLa— Lo
HxHAEME~ Y 208 HEELRELEIEDL, KEROT
na—LrEEOFRIZEBNNTHE T L a — A iZKEkRKL TH
HEEZRBEESE, Yo 527037 va— o N
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HWE 2 I L ICBTE S,

Fo. BEAME T RIZEBNWTE., Y27 gL
X o T vehicle ® 105, 7 v a2 — /L ® 30 3 EICEWTZEhH
TNHAERBHLEIMAHENLIEALA, Yo F 27w 2T H
PEH IR 2 RN o 5 2 L NHER I,

WIVE TIX, Yo rf 270 oo 8 mE R ok FF
ZHOWTH BEMNIZT 57, CCK-1RKO v 7 X & H Wiz F R
4T o 7=, CCK L CCK-IR 4 L T{HMILE AL E & L THE
ML, BHEdHmHIDRE2F>, £ T, 7075 X781 {2k
5 H BEM BHl oM F 2, CCK, CCK-IR EBHFE L TWDoME
MEFRR T 2 L EAMICERZIT> L., £ DOH R CCK-
IRKO It~ v AlZBWT, Yl x75w s id7rrva—LoH
e H E 2 A EICEE S E 72, CCK-IRKO fff~ 7 2 TiX7 v
a— GBI THFHOBELELRB DN WR, T ua s
27w Ax, T a— o FHEHEEZMH L7, CCK-1RKO
M~ 2B WL YRS AT T T7a— o FH
ErfAEICHMHE Lz, #-oT, 775 x27m X288 MH
P zh B 1x . CCK, CCK-1R & X MEBIFRIC, MMz L T H JEH #3#
EAZME L TW5DZENERS R,

AR EF~ 2 2R L L TEY, LFLbE MY TIE
ED5 L EBEAVw, LML, 7Ta— o HHEHEE TS L
TENDYY, KHETEHHEEBMICI-THLENPALND Z &,
R rEXrOOESDTHY, BHRAECHS EHRESNL T
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L27m AT e I Bk E B ~oFERUNIC, FIZHA
EMPEHOEE L2 BESE TWVWDE I ERARPFREICEIY HL M,
Zole, TOZ¢EEF, A% FEFTETHEALR > TN Th
HH. MEOMED —Bh Do TE RV EEZXTWND,
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