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Study of Intracellular Signal Transduction and of Digestion and Absorption
Disturbance in Clostridium Difficile Toxin-Induced Diarrhea
— Comparison with Those in Cholera Toxin-Induced Dirrhea —
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(Director: Prof. Hitoshi ASAKURA)

The mechanism of diarrhea induced by Clostridium difficile (CD) toxin is not fully
understood although that by Cholera toxin is sufficiently done. Present experiment aims
to clarify its mechanism.

Male Wistar rats weighing about 200 g were used, and CD toxin were injected into
the lumen of ligated jejunal loops. First, time course study of histological examination
and measurement of fluid accumulation in the ligated loops were carried out from 2 to
10 hours after CD toxin exposure. Second, we studied the changes of the activities of
microvillus membrane enzymes and intestinal absorption rates of oligopeptides. Third,
we studied the changes of activities of two intracellular mediators, protein kinase C (PKC)
which is activated by diacylglycerol, and inositol 1-4-5-trisphosphate (IP3) which releases
Ca** from endoplasmic reticulum. Diacylglycerol and IP; are produced by receptor mediated-
inositolphospholipid turnover.
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Luminal fluid accumulation steadily increased from 2 to 10 hours after CD toxin exposure.

Slight damage in villus tips was observed 2 hours after exposure, and the change became

more severe with time.

at 2 hours.

rats as compared with control rats using the jejunal perfusion method.

Leucine aminopeptidase (LAP) activity was significantly decreased
The absorption rates of peptides were markedly decreased in toxin treated

Activity of PKC

was significantly increased at 30 minutes, and that of IP; was also increased 1 hour after

CD toxin exposure.

In addition, PKC antagonist, staurosporin, inhibited the toxin induced-

fluid accumulation. Calmodulin antagonists, trifluoperazine and chlorpromazine, also inhibited

it.

These results indicate that CD toxin increased inositolphospholipid turnover with

subsequent activation of PKC and IP; in epithelial cell.

Then inositolphospholipid turnover

and Ca'* mobilization possibly play a synergistic role in inhibition of LAP and peptide

carrier protein synthesis.

Consequently inhibition of LAP synthesis and disturbance of

peptide absorption may partly contribute to the CD toxin induced diarrhea.

Key words: clostridium difficile toxin, digestion and absorption disturbance, intracellular

signal transduction, brush border membrane enzyme, inositolphospholipid turnover
FRRALUT 4 Th FT4T7 4 v Fy Y, BORINEEE, MRS
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#

Bt THIED 5 B Cholera toxin (JUF CT) itk
BNB W TH#IORFE I adenylate cyclase-cAMP
FOBEATTICHEHEATEYY, 0&E>3< cAMP
dependent kinase (LLF A-kinase) OiEM:ALARITi#
fEE#%3% alkaline phosphatase (LLF ALP) OE4 B X
DB Wa FTEX STV A0, —7, AFEEEER <
b5 APUESEOBRIC L O IEEH #EH TS Clostridium
difficile toxin (LLF CDT) XML R H M
HBAORERWE L E2 LN TEHIVY, o9 Fkd
ZEEBREF AT toxin 10 & 2 REHASOBEC X 5
BEHEO BB TTEL TRHORELEH L T\ 5 4%
2R TWL3E,

L»L, CDT B S EARB B2 ED
KOWTHIOREFMLERD LN TEHD, CDT BRMT
FUE OB IIR AR AN E . SR DTHIOMK
REREA BE9E LT v Mok toxin 5 HEHO
HUREE o BB M MERIR A J R & L, CT T
EFLERE L CRBET - Thbbh, CDT K
HTRORFEC S\ G REER L LTA /v b —
A v BEBERBIEY TH S inositol 1, 4, 5-trisphosphate
(BAF IP3) & protein kinase C (LI'F PKC) &M%

onf

UMb Catt BIROBS A SWERL, 20H®D
MRUGE & LChlFREBEROEE & Z hic & 253K
ORI E DB G >V THRET L e D THRET 5.

Vil &

{KE 180~200g O Wistar RBEpET v FEEEHL,
2ABERREE A < v b S E & — b 50 meg/ke OREHERN
BEHhC X B L, BESIEP I £ 0 BAEH Treitz
MHETEB Y 12cm OFEAL— T2 ER L. #
HHEBEEOEANER CT HTER LI by
(Sigma) # 50 mM Tris HCl buffer (pH8.0) 1 20
pg/ml OWE THEML, 2peg/cm intestine OE|EGT
BEL—TIEA L. 2O control BECiE toxin B
R TH D tris buffer DIAFEA LI, COT #ciz CDT
KZ 1645 5x 2" cytotoxicity unit/ml % 1ml v —7
PICIEA LTz, =@ control BEE LT, toxin BRK
THHEHREROZZEA Lz, &8 L L RECE
WEEL, LToRBgL:.

1. BERBRESAEYHTL

1) PR Lo — PRI AR AEK 10ml %
BT L ERR R L 0 BRI E L B L.

2) Haematoxylin-Eosin $ftic & h #H#kBEOE
B & BRI T L e,
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2. RlIF@EREROR:S

CT B#TRBRENEBICE L 6 BB OBMEA
XL L, CDT BECREMENELOBRMN L 2 B5HA
DGR A * g & L.

HESAEMEC BB A5/ FHF AL n&E LD
Kessler O 1o UTHERFRIEL SBREER L7
T bR 2mM Tris-HCl 50 mM mannitol buffer
pH7.1 2 CTI55#EHK 4 T 3,000x g T304 H
FEi L, ZoLEEHEC4T 27,000xg T304 H
B LD b EERET pellet % i buffer iU
il S+, Potter-Elvehjem homogenizer 12T homo-
genize L. Zh#EE 4T 27,000Xg T30 H:E
WL ZD pellet %*MERFREIESTEE LT,

HRITRERSIEEORTEE ALP 7 Fujita ©J58%,
leucine aminopeptidase (LA'F LAP) 4% Bella 5@
J58:'®, disaccharidase 7% Dalquist O FEL kb
v, FREADOTEIR Lowry 2 Kk 0fT- 1.

3. CDT BCHIBA Y ARTF ROEREZR

CDT Bz T LAP EHOETARD S M toxin
BER 2BHEOBEL - 7% %% & L, Chung
LOFEP LD in vivo K TRNERLER L.
B 727+ K2 10mM Gly-Gly, 2mM Leu-Gly,
2mM Leu-GlyGly, ¥XU 2mM Ala-Ala-Ala-Ala
THY, ZnbH 19ml/hr DAL — NIz TAr— 7RI
WEFR L, substrate ORINEABEH L. Z OB nona
bsorbable marker i3 "C labelled polyethylene glycol
RERALT 3 /BSFTICIE HITACHI 835 amino acid
analyzer #E\W . i, T3 BRIEOEHNT Silk
SOFES ko,

4. MREABRETEHEOKRS

CT BTI2v<HHDOCcAMP assav kit #HH L
BAASA P A7 AL OEETY 6% TCA 10ml
& & 41t Potter-Elvehjem homogenizer i X 9
homogenate *#E8L L 1,200X g & T155fdsu L1z
#, succinyl 1t U radioimmunoassay Z & 9 cAMP
BELHE LT

CDT BTIHEE L BERES 254 FH 5 2k
DR EE ) WAERC CEEE-80CILTRELLUTD
FEEw &b sHERIE g L.

PKC % Takai b0 wH# L, 100 mg wet wt.
= 50 mM Tris/HCI pH7.5 @/ 5mM EDTA, 10
mM EGTA, 0.3% (w/v) f-mercaptoethanol, 10mM
benzamidine, 50 pg/ml phenylmethylsulphonylfluoride
#inz, Potter-Elvehjem homogenizer T homogenize

# 100,000x g 60474 Cio THEIL L 2 0 L% RE
iZH\Vy, Amersham #8 PKC radicimmunoassay i
T PKC BE&HE L.

IP; 2, Palmer 5O HEET ¥, 100 mg wet wt.
2% (w/v) perchloric acid #J1%., Potter-Elvehjem
homogenizer =T homogenize # 2,000X g 15434
4 CRTELLZD EE% 1.5M KOH/60 mM HEPES
buffer T pH7.5 KHEEH, BE 2,000xg 155MH
4 CITEE L -0 EFER V.. BB, Amersham
#8 IP; radioimmunoassay I© £ b IP; EEXHE
Liz. ¥, BAOTEEIX Lowry &Y X -1

&5, PKC OMEHWETH S staurosporin'® iz
S 3 THRIOMEIERZ B0 L. 200 nM staurosporin
1ml % CDT #5EBE— 7HIZEA, control
CRERRHEAL, CDT H5HRI0BHEOBKEL L
G L.

5. Calmodulin #EHMEIC & 5 THINFISRER

BB RcEcdian Catt nBEsE LT
B ERTEAT A BT 2 O calmodulin antagonist
& D TFHIOMHIFRRAER Lc. A LA camodulin
antagonist % trifluoperazine (LAF TFP) & chlor-
promazine (LAF CPZ) ©# 9, TFP 2 10 mg/kg/hr
DEE THSEEE L, CPZ X &BMEC 1me/ke %
T L. &G R0 2 BEPIBRE ORIE I TTH
OEFIRD R % HE L.

4 S

1. toxin #5HOBENITZBEE

CT 5B cBENBRET 3MHME L v HEIH
L, 6EEE THEAED 83.042.5ul/cm loops 1T
L, LMEER L (Fig. 1-A).

CDT ®&5BclBRET 6 REE L v BECHEmNL,
1085 B © 318.5+41.2 pl/cm loops 2Z L71- (Fig.
1-B).

M CT #TBREFRBCE L 6B
FMBCBLWTHHEELEIRD S Rich -1, Zhiow
L CDT #Tid, 2KHEB CUMEEROBENEY
TH-tont, 4RFEER X OMTELEOBE ME~D%
FEMR I M A RERERICIE L 7. & i, 6 B¥H
BHRIUCIOBEE R LEORENEE Lk, BRH
BIUME TR CHMAR LA T,

2. RIFGEEROB

CT BTlBRESRECE LT 6 BH B OB % %t

RET 5, toxin #5FE L control BHOMICAEER
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Luminal contents ( yl/cm jejunal loops)

Luminal contents (ul/cm jejunal loops )

Time course of fluid accumulation in jejunal loop

after administration of Cholera toxin

100 —

Mean <+ S.D.
++ p < 0.001
+« p<0.01

Oh 3h 6 h 9 h
Time
Fig. 1I-A
Time course of fluid accumulation in jejunal loop
after administration of Clostridium difficile toxin
400 p~
Meant SD.(n=4) .
« p< 0.001
300 »
200 —
100 |—
0
oh 2h 4h 6 h 10 h
Time
Fig. 1-B
Fig. 1 Toxin #5#OBERNBREOREBHHE
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Activities of four microvillus membran enzymes of rat jejunum
6 hours after administration of Cholera toxin
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BB E OB

FLABELRB RS bRk -7 (Fig. 2-A). CDT
BT L oBsy: 2 B E OB E A A 5 -
L#:#As, ALP, maltase, sucrase fHICH B E{LITR
HhRhlh-7cb DD, LAP i control BT 0.97
+0.23 pgmol/min/mg of microvillus protein T® 5%
OIH L, toxin MEEFET 0.63+0.19 gmol/min/mg of
microvillus protein &HEE TR L (Fig. 2-B).
3. CDT BICHTHA Y IRTF RERRER

CDT B &\ TRl T RIEEER LAP EH0E T AR
SHHNIDOT, toxin B5H#% 2REHOBE L — T & E
AL TF FOBHRERZT-72. TOER, 10mM
Gly-Gly, 2mM Leu-Gly, 2mM Leu-Gly-Gly, £ &
0" 2mM Ala-Ala-Ala~Ala ORIEEK(T control BT
2% 4 1.90%+0.18, 0.32+0.10, 0.44+0.10, 0.91+0.11
pmol/min/g mucosa T#H - - DICK L toxin #5F
T 0.90+£0.20, 0.13+0.02, 0.24+0.04, 0.65+0.16
pmol/min/g mucosa &V TRIEEWTLETHED
Lit (Fig. 3).

4. MRNERGEVDEOLTH

CT B THIER cAMP 2 HIfET 3.920.4 pmol/min/

mg mucosal protein TH A0 L, 6KHME ¢k

&z 8.241.3 pmol/min/mg mucosal protein L,

345

LIS L7 (Fig. 4).

CDT B TREMEEOBRM S 2R E £ TOMBE
*g & LRE L. IPs &M FIET 20.9+9.0 pmol/
mg protein THHOIH L, 1FHHE THRE 82.6+16.6
pmol/mg protein “E L, 2EBCIETER 2R
Wiz (Fig. 5-A).

PKC {EMEIIEET 145.026.4 pmol/min/mg of protein
THHDOEX L, 305 B TT T 165.0+4.4 pmol/min/

- mg of protein &t HE N EAARYD, 1HEE TS
TIETEB %R L (Fig. 5-B).

X Hiz, PRC OIEEHE TH 5 staurosporin IZ L
5 FHIIIHIEBR T, control BEOBHKEN 376.0+40.8
#l/cm loops T&H 5 DIC%t L, staurosporin HEBET
{2 251.0%66.9 pl/cm loops & HE /R THRIOMEDE
iR b htc (Fig. 6).

5. Calmodulin HHWHE(C &5 THINGIEER

CT B TlE toxin DAEAFOBKES 281.3+33.5
pl/cm loops TH BDiZxf L, TFP IC & % RiLERT
3 106.1+36.0 pl/cm loops EHEAETHAED LR,
CPZ FALEREC L RGO THRENEERIE SR S hi: (Fig.
T-A).

CDT Btk Th, Zhb 2BEOERIZL - TH

Absorption rates during intestinal perfusion
[ control rats

toxin treated rats

;[(n =4)

*

% P < 0.01
Mean 4 SD
kP <005
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Time course of cAMP levels in rat small intestinal

mucosa after administration of Cholera toxin
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Fig. 4 Cholera toxin #5#EOKER cAMP G ORI

RO THRIIGEIRAED Sl (Fig. T-B).

% kS

CT THHE BT, BREROEIN &L FAT UKERA
cAMP OFEMH EALED Bh, Fi, adenylate cyclase
% calmodulin DIEMILHENE TH S TFP % CPZ
& TROMEBESRED -2 & L0, THRIEE
R A RIRaPIE ST Sharp B DV 5 adenylate
cyclase-cAMP #ORIE(LMAEE L, hl#oKIE
Fie B THERA Catt oAb - TWALD &
Exzbhil, i, HTFREMERZOLORE T, &8
RCBELRBLAED bR -1 h, T TIERY
PEMED 5, FA—EFrekn, DMEERER ALP
fEED R/ LB~ OS5, EED ALP
ARTCENRETWA I E5BE LTV 5. SEIORE
T, BLWEBDOREENREORE LB X TWATA]
NS D EEbhi.

—F, CDT THIEFAICE\TIE, toxin #5H# 2
B B OB Lo B NBRIRIC BT, RIF
BIERE LAP EHICEIRLET AR b i, LAP
it L&D/ DNBRIFRERR MR NG TER
Enfotk, TN UEBRSESH L TEMELRTICERX S

ns&ELZLRTE D2, CDT THIFETE LAP
EORTRIEMEOERE LUERERICHE L OBEE
HEUbDEELLRS.

¥, PMEEELOORTF FRIRIZCE LU Y~
TF FO%E L HPEEILE TR F FigtEEs s L L
TR7F FOFFHRACIRIAETRZDIHLT, 7
b RTF P EORTF iR FRBERESR cBE
0T/ BREE L B HRRNCRYAEhE D &
BEILRh T2, CDT 8RMTHEF AL BT Y
BLUMIRTF FEhomT b 37 F FORNED
ETHAD LRI &3, <7 F FEEAAOBERY
12T S RIFRIERER B GOFEMET 0B 4R
H0THY, ZhbHERTREMEESROBRIER -
—H LT3, LlEXbv CDT ERETHEDRKREC
BuvTit, LAP EHESOETIC L5 <7 F FOEER
BEEFES LTWELDEEL LRI

¥/, CT FTHHEC RV TIE cAMP RS »iEr
ENTETWLAY A CDT EEMTHEFVICE T
9T cAMP ROEERIEBEENTH S &S h?,
fOMBENEREERNEb- TV 540 EELBLNT
W5,

INETA /v b= vIBBEORBERI L 5 PKC



INOSITOL 1,4,5 TRISPHOSPHATE

PROTEIN KINASE C

thi : Clostridium difficile toxin #EE¥E FTHIE I 3510 % MfaPIE BRIz ERE &
BRI EE OBt

Time course of Inositol 1,4,5 Trisphosphate activity in rat small

intestinal mucosa after administration of Clostridium difficile toxin

{pmole/mg of protein)

(pmole of 32P/min/mg of protein)

X102
1.5 — Mean & SD.
% P < 001
10 -
05 |-
0 | | |
0 30 60 120 {min)
Fig. 5-A
Time course of Protein Kinase C activity in rat small intestinal

mucosa after administration of Clostridium diffcile toxin

X102
20 Mean +S.D.
% P < 0.01
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Fig. 5-B

Fig. 5 CD toxin #5#HOKER IP; ¥ LU PKC FEHEOERRIIHD
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Effect of Staurosporin on fluid accumulation of
intestinal loops 10 hours after administration of CDT

Mean=+SD
* P<0.01

(n=5)

2 500
Q
2
T 400 (0=3)
=l
g
5 300
=
2
% 200
:
g
S 100}
E
E
2 0

CDT

+
N.S.

CDT
+ .
Staurosporin

Fig. 6 Staurosporin i X 3 FHlOMEIGE

OFEMLEEIL cAMP RED7 F o v—it B\ THKE
BEEATE RS, TTEELORBEBCEVTIDOR
IEROBIEAFEH I T\ 5%, L& BTt Chiba
520 piE OB B3 5 BEES W B\ T Histamin
¥z &% cAMP %O S % L, Acethylcholine %
Gastrin FIB0C & 2 EREEER L L THRERESE PKC
EED LA Py OEATEOES ZIEH LT3,
THHEEE BT, £®EZORGROBEEO®MER
AT,

A[E, CDT THEF ALK WT toxin 5%
D5 o MNBERBEICE VT PKC ® IP; OFEM AR
R Eh, &bt PKC OMEHE TH % staurosporin
T3 THOMEIBRIBOONIZE LY, TOTH
DFEFEIT toxin OHIFEET L+ 7 % —f5E&H# phospho-
lipase C OFEMILE chics &< A /v b—nyY v
BEORBEEOTTESEb-TWALDEEL LR

B o ORIGREE VTS /v b=y VIBBEDS
BEYHTHD 1Py Tk p/ kKD & MRERN ~
Ehte Catt BAnEv ) vefEEhD Catt %
BEE N LT PRKC ORIELE LK, ZhEBREE
BT, ThUBOMBEE*ZETL T340 0%
2N TWAEE)

4@ calmodulin FHWE? ©H5 TFP LU CPZ
#E7T, CDT L5 THOMEGENED bR &
L0, ZOTHOKERRIZ Catt-calmodulin &5 L,
17 v b= VIRERSR - BENC TROREL Y
BLTWwbEELLRS, LI RLOMERICIT,
Fh BE PKC OEM(LETTH% phosphatidyl serine
et AEERAFEET 28R, i, ZhbO
Cat HE#HFOfEAAMEN Catt DMIERADIA
w0, ZThittb toxin O internalization %
FHIELTWAEGTH LY LT 58HELHD, 4K
LIt OLENRD B EEBbhi.

CT THi=FricB\WwTd ALP O FHH A-kinase
DOREEHEDY VEMLE Y vELREE LTV B
BEMERS) HUREX R TW 59, A-kinase BAEODORIE %
BT 2F LV A EhTwiny., Bk, CDT
THEFAVCEWTY IP; KX BB hiz Catt ®
PKC &z hBoMIEE ORI W e 5 BUSKRBE
ETLDIATH S, 1L, ThET PKCit&by v
BILOEEEARIE ORI BVWTHREN ARSI T
W5, Takai 52 OW|METIE, ¥4 PRF L+ VEHA
BENBLOFEBL D<A 70F 2 7V AETHEM T
BELAAD TS, Zhies L, CDT & 5MiER



Luminal contents ( pl/cm jejunal loops )

Luminal contents ( pl/em jejunal loops }

oE : Clostridium difficile toxin R FTHIEE I k0 5 MRPAIFBREEEE -
RIS o 3t

Effect of Calcium antagonists on fluid accumulation of intestinal
loops 6 hours after administration of Cholera toxin

Mean=+SD
300 + P<Z0.001
T (n=6) 120
(n=5)
200 i~ 80 -
100 |- (=) ol
* (n=5)
0 0
CT CT CT CT
+
Trifluoperazine Chlorpromazine
Fig. T-A

Effect of Calcium antagonists on fluid accumulation of intestinal
loops 10 hours after administration of Clostridium difficile toxin

Mean = SD
(n=12) +«pP<C0.01

* (n=5)
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200 200 |~
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Fig. 7-B
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Chlorpromazine

Fig. 7 Calmodulin ###E K & 5 FTHROMEIL R
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TREZ{ic ik Thelestam & Bronnegard &30 pie b
BHEFHRIC BT BB L LT A 77 4 5 A Y
FNOBEEL T v F vERNOBRBEA~OERY RS Z L
RuZLTuws, ¥4, Zhb toxin #5HBICAEL S
THEROWREEIZ A / > b—n Y VIEBERBEEOTIE
CEhglERIEh, x4 2807 ¢354 bFROBET
LA EBE ER e oA B ), BHOARHER
BOIZLDEBEZLRTVE,

BRI R OB RERIC 2R LT L A BRER K
220~30K0 7 7 F VRESET LT v iR b~
A7 aF 2 TVARGHT LI EEe OMBRER LI
FELSBEBEIRATWE®., ZhboBKAS CDT
BEEOAS /v b= vYERERBREGEOTIEC LV E
HEh, AL ZOTLENABERTO LAP 0O T
BEREROGEP I DEED HRITREA~ DR XEE
7 I BT NEREAOBRERELS | X
CLTWAEEEMAS D, Zhbickbd <7 F KOl
WIREER CDT EENE THIEORBO—HIcE Y L
TwWhELEZ LR

& B3

1. CT =X 3 FTHUETIE, A cAMP oFEMk L
ANEDH LR, Fl&FMEaN Catt OBRSTHO
RECHS L TwbEELzbRL. Lo L, RITREE
FOLOBETIE, HELEESEDLRAL T
2. CDT X2 TFHECBSVTE, RITSEEED
5% LAP BHEOETEA Y 227 F FOBILRIRE
ERAD LRI

3. CDT ok 2 FTHHE T, toxin RI@Hizr /v
Py vIEERBEEEOTEIC L D, IP; 2 PKC
e FOMBABREEYHOENE FESRB LA, Th
il &< Ml Catt BB THORECES L
TWbbDEEL LN,

LlEXo, CDT BRMTHEIETE, 1/ b=
vIREAMEREOTE - MR Catt OB RS BEL
i E, toBOMBIEE L LT, LAP O&RMEES
LAY IRTF FOWEERREE G FEI STV
B ETEEME AR & Rtz

E

Wrfzswbich, EHEEEE MYV
rEEE LFBAEEERE=NRFEETE B
#aE, HY BIEERCHEATRBOEYELET
¥ 72, CD toxin 2R & ¥ L &RKSE

F109% F7H

FHTETH

WEDFHEPHE BRI R CHELRLET
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