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FEXICIX. BKE350-600gD N — F L—RHEEEIVEY FTHRBEEAL. ¥y EY
FEEIC L ) KB MRE (crypt cell) %1872, 18 5N 7zCrypt CellsiZIndo-1 AM % BA TR,
St S L — —FEMEE (ACAS Ultima 575 UVC (Meridian Instruments Far East K. K.,
USA) 2ty P L. 4 0kEDKEL >~ X% VT Subsutance PRIBUIC X B [Ca2+]iEftL D
WEEIT2 o7,

Substance PIZ BEMFMEIC[Ca2H])i % EH &872, Tz, TORINIE, NK-1REAKTE
ViEThHAFKSSS (1A 7 TEN) ORMBIZI D, FALHHI L7z, KIZ. Substance
PIC X B[Ca2+]iD EFIZDOWT, BN Ca2+DESIZDOWTIRE 21720720 T DRER,
Ca2+ free R DETRIC L D HfaDCa2+ %2 BELIZIZE b 6T, [Ca2+HiDTHmAE
12, Ca2+2BELZWES LB LT, E2IUET L2721 Th o 72, Milaslicaz+z
B&Z L T b Substance P& 5 X D[Ca2+]ild LA L72Z &4 5., Substance PIZ X 5 Crypt
Cells TD[Ca2+id L FIZIE, MBERCa2+ERERML S L  idCa2+HiEA S /37 DEFS5S
KRR E N7z, %2 T, Substance P¥X51Z X 5 Crypt CellsTD[Ca2+]id EF T 5/ E
KR DCa2+ DS IOV TIRE 21 X 770 Thapsigargin 10-6MOEMBHIZ X ) Crypt
CellsAD[Ca2+ildb T 7% LH %R L 720 Thapsigargin THIALE L 724241 Substance P
10-7M%A BT A &, [Ca2+in L AP BB ENLDS, ZOTEMEIL. NHFICHELTE
FICRD LTIz, & 512, Thapsigarginflb® & MM DCa2+% BUY) BB Tid,
Substance PiZ X A Crypt Cells®[Ca2+]iD_LHIZ, 1ZL ALBEINLZ 27,

BLEDF RS 5, Substance PIZ X % Crypt Cells?®[Ca2+Hid ERIE, BZ 5 < HEEMA
CHEET ANK1ZEEEZA L TITbNTE Y. 20 EFICIE, MlBAND D VYT 5D
B 5-RIR S iz,
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72X D BB PICEMETH AT E AL I, EEFEIIEZEHFOBEMC LY.
SR EEWEMA LR OMBAREREERED 7 0 A b — 27 1ZBT 5B 21TV,
H NV bR E - AMPRIZc AMPIRIEMPRATE MO THIBICZ O R b — 7 BENE
ETAHZEEHALPIZLZ, LPLARYL, ZOERET, VAV FeELeT7Ts —
EDMEAERE NANASE72 L) RBMZMBRAIN ST L4 5 VBE, Wi
cAMPEED ER 23 TIE 7054 FAF VR WMITFEEBI 6 WZ EPHEL»E
molze TOEFEEIT, EETODI/OT A FAF VAW EMICHBERED Y FAyk
YIUX—REOLEFICEL XYL, BICEMEBEIES L TWAZ L2 FRRLTY
o FIT, ABIETIE, VAV FELVET Y —LOMEERICL WVEESSNS &
ZzbibhrzuT A4 FAF awlBE5 35, MBAY VY 7 ABJRE% substance P %
agonist& L TERA L., HER L —F—BFHEIC LD S O ICFE 2 AT 21T o 726

[wFze77 ]

EERIZIE . RE350-600gDN—F L—REENVEY FTERBEEEHE L, TV
EY FEBUNERE. I L D45 cmBENZERMA» 64 3 0em FEBRB 2 HH L7,
FaH L7 T ER A 13 Krebs-RingerTl CHEER, M4 emlZ¥IBI L. vy ¥ FBEICL Y
KIGEEHMAE (crypt cell) %4372 %6 L7zCrypt Cells FR&TIE 1 4. 1000rpm
TEL LR, LEA KR EEE | nlORER ICERE®R. 15, 1000rpmTHE
L. TB L7zCrypt Cells® IR L7z, BB L 7-cyrpt cel IR D VS A
IBENE AR E L L CTldo- IAMEZ MBBPIIZE A L7z, WIZERT IZcyrpt cell 2 & Tr
Indol- AM¥TR % EEVE FIMR B T 1 BIUE% L THIARAL D Indol- AMWE R % B E L 72, it
WT, Indol-AMEMTCrypt cellsZFESH/ZHTTARMAI VT ¥ —F 1 v v akdt

USA) 12y FL7Ze TF1 0D L v X THERE 1T 2 WIBREZEMIZCrypt CellsD &
THERFLTWAHH DR RED, 4 0FDKRE L Y X % AT Subsutance PRIELIC X 5
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[Ca2 HiZALDWE E AT 2 272,
[ eis %]

Substance PIX A& WAFMIZ[Ca2t]i% LA S €/ (Fig.1) o Substance PRIBUIC X 5
(Ca2+]in LF 1T, EFRBEH 25 TRBMICER L, #2 0PRICTRIEISEL T DR,
A IET L7z T72b b, Substance PIZ X A [Ca2+iD L FiT—BEMTH 52 &A%
B &7z, Kilsubstance PIZ X 5 [Ca2Hi bR, EOEFHE/ L TITObRTW
LOWERET S 720, BRERTERRSH LV HE5E NN IREFRBIET
H BFK88S R EF L 77, FK888IFHEMAFMIZ. Crypt CellsiZ BT H[Ca2+iD LFH
R L77e $2b 5, 10-8MELEDIREDFKESSHIMLE IC X 1) Substance PIZ & %
(Ca2+]iD LB IXAEEICIHIS h, 10-6MTIEITREICHHI S/ (Fig. 2)

v EEAERR e 7 A7 8D Crypt CIREFRED 7 T = X FRIELT[Ca2+]id’ b
2. FOBBICHRSCa2TPEE LTWwAEFMLhTWwS, €2 T, TIVEY.
N FER AR Crypt cell T b Substance PiZ X 5 [Ca2+|i LA IZHIfgANCa2+ DS DZE 2 b ‘
N7-DT. Substance PIZ X A[Ca2+[iD LFIZ DWW THIfgACa2+D BI5 IZ DV TIRES
4T o770 EDER. Ca2t freelBRDETIC & Dl DCa2+%BrELIZIZE 2
boF, [Ca2+)inBEAMEIT. Caz+tZBRE LR VIFELHBLT, EPIET LR
I3 TH o 72(Fig. 3)o

AL #hCaz2+ % B 3= LT b Substance PS5 & D [Ca2+)ild EF L7zZ &d b,
Substance PIZ X A Crypt CellsTD[Ca2+i?D LHIZ1E, MERCa2+EFBEMZS L < 1T
Ca2HEA Y VN7 DESITRIBEENTZ, Z T T, Substance PIX5-1Z & % Crypt Cells
TO[Ca2+]i D EFIZHF B/ AR Ca2+D 5 ICD WTIRE &l 272, MFZM
Ca2+BFRERfL (F & LT/MEME) DCa2+i B S5 7:0121ECa2+ ATPasefAE S
T% % Thapsigargin® £ L7z, Thapsigargin®iBBLI1E. Satoh et al,, (1995)D~ 7 A
CryptiZ V=B E L F U 10-6M % L7z Thapsigargin 10-6MDEMEHICZ LY
Crypt CellsAD[Ca2+]iidb Fhk LAEZ R LIz, 220 LRIF—BHETIEZ (.
BEWTH o770 20 X ) 721EA |ZSubstance P 10-7M%Z BHT 5 & . [Ca2+)iD EF
FERE S W25, FOTEEIF. WIHEFICHEL THREICEDS L TWz(Fig. 4), 21
I¥. ThapsigarginlZ & 0 /NAEDCa2+-ATPasedSBHE & 1L, [Ca2+]iFAEIEAE A" —ERE
WTWhWHEFE 2 NIz, F72. Thapsigarginfbi®E &ML D Ca2+ % RLY Frn
7224k Tld. Substance PIZ X B Crypt Cells?®D[Ca2+]id EFIE, FL A LBE SN2
Potz. LA L7%AS 5. ThapsigarginfLER & IR ALCa2+?D bk ORIRFMAHE = 17 o 72
AT Substance PRIHIC & V) . EPZ2HH[Ca2HiD LA PREI Nz, ZORR
b Thapsigagin#?!@@%‘f&*@CaZ BRI O DEMEOFEE R L TV A,
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ZMFFE Tl Substance P @ Crypt Cells ORI NIBFIRIERIE 2 BT 5 720DI12F
VEY MFEAE XD BEE L 7-Crypt CellOFFBNA V> 2IBE ([Ca2+])i) 2L
T RERL -V —BERERE T AW T L7,

Z DOfEF. Substance P 1 Crypt CellsTHEMRFMNIC [Ca2+]i LA S5 HHIEE
ENTze TDIT LM B, Substance P AHEE LRI L. BEBEHZAELTVWAZ L
PR E NIz, F7z, Substance P DBAIC LD [Ca2+]i 1X, BBUI LA L THER
fEZXZEL. TORBA L7z, & DAL, Substance P DEFHICE UizZ & h b,
Substance P |12 X 5 [Ca2+])i D LFIT—BHEEZEz b5,

Substance PIZEEN ICBWTNK-1 ZEMBITEE LT EOIFRZERTLEEZD
NTW5E, AFFETIE, NKIXEEFENERAI TH 5 FK888DRILEIZ L D
Substance PIZ & A Crypt CellsT® [Ca2+]i LRIFIEEICHESI N, ZOFERIL. £
WEY FTERRBEDCrypt cel IINK-1RBEPBFET HZ LERRLTWS, F7z,
Ussing chamber % A\ 7-52E& Tld. Substance PIZZEEEI~OBEHICXH L THH/, 7 O
FANAFV2FRESEHILENTEDL, 2O EDPHEZ T, Crypt cell CNK-15
BHREFEREAICFELTWAZ L, ANROBERLEDLETRRENS,

KIZ., Crypt Cells T®substance PIZ & A[Ca2+])i LA DM L Ca2+ DEF5IZD
WOIRES 24T o720 . Substance P %512 X ) BIZE & N7z [Ca2+)i ZMbIE. Z0&K
fERRET L7oa. Mfgsca2+2BRELTH, [CatiDEALICAEE 2 EITE U do
720 PEo T, [Ca2*id EFIZ, HMIfEAC2+ I EEMALELT VR DEEX LN
7zo £ ZTHERBA Ca2+EFREERAL D Ca2+ ATPaseBAEHI T&H 5 Thapsigargin & L
72 Thapsigargin®BEMIF 52X 1) | Crypts CellsD[Ca2+]i 12, $ERA 7% LREZRL
7Zo Substance P |2 X A[Ca2+]i®> E 513, Thapsigargin 10-6M DREMLEIZ L o THE
IZHpRl @iz LA L7225 5. Thapsigarginid. Substance P B IC X 5 [Ca2+t]i
DEFEZLIITIHEI L7222 5720 £ Z T Crypt Cells % Thapsigargin CHIMLE LT
BE. SIS Ca2+ ZBrE L 723546 D Substance P 12 & 5 [Ca2+]i LI
DWTRE ZAT 0720 TDF B, Substance PIZ X 5 [Ca2+]i @ _EF I3 Thapsigargin
R UMY Ca2+ OFERIZLY, FL CHHIS /zo Bird GS. 5(1992)iF, 7 v b
JEERE e fE % AR4-2] % A\, Substance P 12 X DIEMAL E B [Ca2+)i DEALIE,
WD 1P3 AL CHIIBRCa2+ IFEEMMI 2 & Ca2+ 2 EBEE T2, T LTI D
Ca2+ DEBEIC LY Ca2+ AN EE LTHES NDFEL R L7z, Seabrook G.R. &
Fong T.M.(1993)id, & FNK-IRBEMHEFHRIETZT ¥ 41 = —ANA A5 —DINEA
ffa % FAv>TSubstance P D[Ca2+]i b FZMRET L7z Z DR, [Ca2+]ji bR ix. Mfast
Ca2+DEFEIZ X YA L, F7-Thapsigarginll £ V) fPIF Ca2+ErEREML 2 #5183 A
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ZXiZX D Substance P IZX B[Ca2+i L HEELIHH Lz, o T, NK-1 X5
HOEBAIZ X AEZEA D =X 21, ZOMBBRICBWCEHRAND Ca2+ O
FaEFELTWEEZEZ BNz, Bordey A.H(1994)ik, & hEWREMIZR U 373MG
% FA\V>CSubstance P 12 X B[Ca2+iZRBIDIFE % 1To 720 € DiER. Mfgst caz+ %,
312 X o T ) Substance P 12X 5 [Ca2+]i 13EIb L7220 >72, %7z, Thapsigargin

BVERIZ X ) Substance P DYERIER A L7zo fE- T, Substance P IZ X A[Ca2+]i LA
k. TNLHIEZRTLMMBERAD Ca2+ ICEVRAHENTWAE I L ERERL TV,

AIFFEDER1L. AR DSeabrook GR & Fong TM T 721ZBordey A b OIRE &L L T
Wiz, $72b b5, Crypt Cells IZ81) 5 Substance P 12 X A[Ca2+]i LHI1E. MOHIZHR
LEIRR. MBSO Ca2+IiZ X ) [Ca2+)i # LR S¥BR L EZON S, &6 ITHIfas
D Ca2+ ZBELIZBE A LCa2+ 2BELLEWEAE L 2 B L 7236, Subsutance P

12X 5 [Caz2t]i LADTREBICIIEEE L L2722 L5 6 & 2 T, Substance P

IZX B [Ca2t)i LHIE. BWICHEANCa2+ BRSO D Ca2+ OFEBEIZ LY

[Ca2+]i # EEAMNT AT L RZRRT AL DTH oz, T/ MBS Ca2+ BREIZL D,

2V PO—VERBLT, BRI CERBEICRS OEr o2 E0 b, fkas
PHOFAD [Ca2+])i EFIZES LTWA Z La%, Zx bii,

(20 HRE]

AR FE TiL, Substance P 12 & A[Ca2+]i LA ICHIFRA K USRS D 4 )V A A %
VHEBELZBRAZEL TSI EEHLPIC LA, BN D Ccazt B3 L7
GLcaz+ 2pEL2WIREE L 2 WK T 5 &, Subsutance P IZ X A [Ca2+]i LHDTE
BEICIIEEEZZE U o7zZ L9 6HE 2 T, Substance P 12X 5 [Ca2+]i E&F 1L,
DD IHAFBRCa2+ BrRRERIAD 5 D Ca2+ DOBEEEIZ L Y [Ca2+)i # LR EETWVWAH T
EDTRRENTZ, HEo T, 541E. BRI Substance PASES L7248, EDXH 72T
A — P T, MRNERSMPO I VY Y A2 BB EEL00, ZhIZX
BlCa2Hi LAVPED XA B ADZALATHNVY T AF 5 32V EROSE, Mt
MHDH N T LAFRAEFFELTVDLDOPEORT 1T LEF H 5,
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Fig. 1 Time courses of Substance P-induced changes of normalized ratio in isolated

Crypt Cells.
Solid line indicated presence of Substance P 10-7M in the chamber.
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Fig. 2

Normalized Ratio

FK888 log(M)

Eifects of NK-1 specific receptor antagonist, FK888 on Substance P 10-7M-
induced normarized ratio changes in Crypt Cells. Each column and vertical
bar indicate mean =+ S.E. (n=4). Significantly different from control

(Substance P 10-7M), #%: P¢ 0.06, * *:P¢0.01.
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Fig. 3

10 3

Normalized Ratio

Control Ca2+Free

Substance P-induced changes of normalized ratio in the presence or absence

of extracellular Ca2* (Ca2* free) in isolated Crypt Cells. Data showed A
peak values of normalized ratio stimulated by Substance P 10-7M . Each

column and vertical bar indicate mean & S.E. (n=6-9).
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Normalized Ratio

Fig. 4

Substance P 10-7M

) )
Control Ca2* Free

|
Thapsigargin Thapsigargin and
Ca2*Free

Substance P-induced changes of normalized ratio (peak values).

Crypts were pretreated with Thapsigargin 106M and/or removed
extracellular Ca2*. Each column and vertical bar indicate mean + S.E.
(n=4-6). Significantly different from control (Substance P 1 0-7M),
*: Pc0.05, 3 3%:Pc0.005.
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Analysis of intracellular calcium signaling pathway by substance P in
isolated crypt cells from guinea pig distal colon.

Atsukazu Kuwahara, Ken-ichi Shiokawa, Mutsuaki Suzuki, Masahiro
Nishida, Yutaka Hosoda

Laboratory of environmental physiology, Institute for Environmental
sciences, University of Shizuoka, 422 JAPAN

Summary

Crypt cells play an important role in the chloride secretion. Many
neuropeptides including substance P can evoke chloride secretion in
epithelial cells. However, mechanism of intracellular signaling pathway
of chloride secretion is incompletely understood.

Thus, we have examined intracellular Ca 2+ signaling pathway in
isolated crypt cells from guinea-pig distal colon using confocal laser
scanning microscope. In the present studies, tachykinins were used as
secretagogues. Substance P increased in [Ca 2+ in isolated crypt cells in
a concentration-dependent manner. Specific NK-1 receptor antagonist,
FK888 was antagonized substance P-induced increase in [Ca 2+}. The
finding suggests that crypt cells possess NK-1 receptors. In
extracellular CaZ+ free condition, substance P still evoked increase in
[CaZ+}i similar to that of control. On the other hand, substance P-
evoked increase in [Ca2+]i was significantly decreased by the
pretreatment with thapsigargin

From the present results, it is reasonable to speculate that the '
substance P-induced increases in [CaZ+]j occurs following steps; 1)
substance P binds to NK-1 receptors at basolateral membrane 2)
activated-substance P receptors probably activate PLC, and then, 3)
Ca2+ release occurs from thapsigargin-sensitive Ca2+ stores and CaZ+
influx from serosal side.
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