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JRERM THTAE

a. 7 A—I\FRA

FRENT A — 25 (Entamoeba histolytica) O &He(Z
0, TH BmE), 7ARALR, BERELED
FRAEIRA D b5, BEHNTORERPE
FOEEEHERICTRET 2. PCREDBITIC
ERTHA.
b. IT7INTTE

57 VEEER (Giardia lamblia) DS
2k, 1-3AMOEBREERT B - £
iR - TH - R EPBOONE. FRITETH
EORREL 25, BEEENLY, 7V TNVHEE
HHEREES X OEEAY R MR ESHEE
EITVWBHTT 5.
c. ZUTPARRYUTIYLIE

Cryptospordium parvum O FEFIZ X Y, 4~5H
DRI EET, ABRETH - BX - B - F2
HREBNBHOLNL. MEIRALAZV, BEEE
REYF—v A PERETHILICE)BHT
%. PCRIRICEZBREFy FITHI TS,
BEO—HE

HE
BEHSOITH

MIE RS E R EO S HEL OBERE, TRRRE
HICXABRDRECED A, T72, BNMER
DRFA#MB7-0DTaNL F57 427 A (EEHE
%) o5 LEET L. EREOHHEZ T S
IEFEOHGIFEZS.

B27-93

FREBEESHBAT 2 TOMBAEERERL LT,
JuvFuFx/surRE (JVv7aFt v 300~
600 mg/H, 4 3) FiidARAA<wA4 v (2g/H,
5 3~4) 23 HEES S5,

a. MEMIRA

BMACIE 7 VA ESF ) n v RE (LE7OFY
v v kF 300 mg/B, 4+3), MEBIU TNV
O¥) 0 vREIEETERVEAZFRFT
4¥v 2g/8, 73~4) ©5HEOEENE1
BIRE 25, MERIEMNL 20T, BEH
BREOERICLVERAREEOEEZIT).

FNE HERB/IG

b. BFIAINSFITR
0557z =2— VREIIHEVEER?H 5
72, 7oA ok a0y RENELRIRETHS.
BESBIZEAFOII/ELT (LERT7aFH T >
400mg/H, 44/ v 270Xy Y IVERIE
KFW600mg/B, 44), 4HEKET S 7
Viox oy REREZHERORE, £IHA
72 AFRHE (ET MY TF YU YT AKA
Ww2g/H, 41, BRAZS/ E7+5FT2F
F A dg/B, 2, FRAES) 2HEATS
c. A3
BADBBRD =DM E 3475 . O
HEEEMHT A0, ZvFoF/ nrREE
edFARYA Vv OBEROEOKSZ 3HE
79.
d. EHEC B3
BERHICB I AMAERSVAEYDTHL LE
2oh5A. AR 7ZVvEFaFx  arRE (LK
734y VKNP 300mg/H, 53), ARICIE
RAFTA VY (2g/H,54) % 3 HEKE5T 5.
TUNALF T4 7 ADHEDHHERINTND. &
MR EEEERE (HUS) 04 ALE
MHEEMTH 5.
e. AYEONIS—IgK
—RICEHREBEBEROBWERETH ), HER
EOATRRT 2HDE . EBICEB LSS
R EE R LBACRY T4 FR
(79 2u~v4 ¥~ 40mg/H, 72/ 0%%<
4 ¥ 600mg/B, 43), FAFIAT > (2g,
4 3~4) % 3~5 BHE#EET 5.
f. YILERTBRX GEFTAMH)
FR7OFH YL b VIVEBEAKMY (450 mg/
H, %3) ©7BE#EE H#ERsND.
g. BAETUABL
BRGNS v, BAEROWE TR T
79. HEEROERSIRELHEIS WV
h. WEREEXBERRE (EHEC BR<)
BRBEHIDZ V. W, TaN{A T4 7R
D5 EOMBBEEIT) . EEFITIERAIR
F7VAaF s ayRE MR- ERICEFAF
<4 ¥V OROFEEZT).
i. BT FOUBRENERTS
AERFICERINAZ U TONF Y VICEBE
FTHHRD, MHARARIENTHS. BAN



DT & DORHEREEFTS .
i Ty 1EB%
BREBBINZ VWi, HEEEROLE LS
WweEZ LMD,
k. BEULOZAEBA
FIVFZ)ay FR¥E <27us4 FRENRE
MTHHH, MEERMERE LA L ERE
(BANDILE) OARTERST 2 & AE W,
. DA VAN THIAE
Oy 74 VABRBELD ) O 4 IV ZBREDON
FThb BREBERNS 5. BRI A VR
7z, BANORHEE LT OERED T
bhs.
m. JRdM TR
TA=NFRUH LTRA b=V —1 (8
AN :10~15g/H, 4 3~4, 10 BE) oEOES
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PETHE. VTVITEICEA PO=ZF Y —
V(BN 075~10g/H, %4 3~4, 7~10 H )
TR F=FV— 2g/H, 51 7~10 HHE)
PEMTHS., 7T FARY VY LEIZT VA
=R VD Iy Edn E B Qe S P4
I0TA FREDVPENTH o2 DRENDH 5.

F B L]

(v ] MEeshw] [FT] Lw)ad
EFB0D0 3FEANZ, BEREEDTFIC
LoTHOHERATHA. ACahERERERE
FiFzv, EMFTREAZEBS 2, T4
EMBREICL VREAREZRR ST LDEE
Thb. MAT, BEDEAHHEELED L7720
12, TARIER - ¥R LB EPKRYTH S,

1. IS ERR S




V SRR

GERRRIE

13. hY tufﬁ&—@%ﬁ

B =

A1 v EBNY § —BEEE (campylobacteriosis)o

Bz =

A1 v EnNy 5 —RYSEIC R, TR EDER
BHLNBEAERNY F—FRE, BUINEP KT
BRREEETI2LBEA LV EANT I —FEEHD
%, Wi# 33T Campylobacter jejuni subsp. jejuni (LA
T C jejuni) 2k b, H%FIXEI Campylobacter fetus
subsp. fetus (LT C. fetus) i2&k > TH &R &N 3,
A v ERNT 5 —GKIE Campylobacter BAIEIIZ & -
THERLLAROEFERICLVEI D, AFHEOE—7

®1

E5~TAIH B, WA Y EOAY 5 —EIRIER
PHERCEELRBEFIEGEI S, AvERNY

5 —BKO%, Bfitt— -0 F—ThHBF5N

L —fE{&E# (Guillan-Barré syndrome : GBS) #FAE

THIENHY, MEOMERSHEESIN TS, 1

MLLTT2O054 K, ®2Kk2A4Y Y, TihFoF

JavisENTH 5,

Gl

Campylobacter BMIE (curved rod DEW%) 045 %
KTIWRTY, 75 5 — ¥R & LT Campylobacter

Inh,

Inb,

concisu.

Camp: rectus, Camp; sputorum

F73 Campylobacter BE D4

1. H95-CRHZTRIEEH

Campylobacter concisus
Campylobacter curvus
Campylobacter mucosalis
Campylobacter rectus
Campylobacter sputorum subspecies sputorum
Campylobacter sputorum subspecies bubulus

I. Hh95-ClMznIEst

Campylobacter coli

Campylobacter lari

1. 42°C TEREYLEIES (thermophilic Campylobacter)

Campylobacter hyointestinalis
Campylobacter jejuni subspecies jejuni
Campylobacter jejuni subspecies doylei "'

Campylobacter upsaliensis

2. 42°C TRETHRUEN
Campylobacter sputorum fetus *?
Campylobacter sputorum fetus venerealis

*'42 °C TORBRAHTHEL
“HDEKTIZ 42 C DREHTLETHD
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vV BEEARILEERE

BEMBHY, s 5—CHIEII 42°C CRETHEY
Campylobacter coli, C. jejuni, Campylobacter lari 13 & &
REEE C fous LICHFEES N B,

77 LREVET 0.2~ 0.5 X 0.5 ~ 5.0 um KD FHE L
SHAREELRT(®1), 220EMEATSER
P D bBOR IR (gull-wing shape) £FTEE b &
Bo —UE IXTIC 1 KOMWEA R BIERTERY
ERL, FFEEIIE 2V 7 423K & BEEB) (cork-screw-
like motion) 223 2, FIIfESL L, B
B L2RRSOBBLEICLD, KEIXRRBLE

C. jejuni DBIAIR
SEAROBEDEHRCBESBHEN D,
(BFERFSHEA RS NELUEH, 126t : AN
MERRBRIED, 8% BI3EE, REREOSBEHK 5T
3R (MFEE R). ERY v —FILit, AR, 2003, p109)
(m5-R#ER2E)

B1

(coccoid body) %79, coccoid body 134 & Tur 5 A8
#3# T & 720> (viable but non-culturable) BT & 5,

Campylobacter JEHHEI (3, HETHIC 3 ~ 15% R E % &4
BLETHMFLAMEME (microaerophilic bacterium)
Thd, AFv5—¥HH, Y7 —vEH v ,,\.—
YEMTH 5, RAMHESBET, 73BT
TCABEFOFERBMPORMICL D TR LF—%
189 %, & 2IZE Campylobacter BB D ik %
e I

C. jejuni NCTC11168 #£i%, 1,641,481 bp BD 4 / L
2HL, 1654 DEEE 54D RNA S FEI—KLT
WBY ) L EBRDEURIINSEA SN B0, 1§
h #Bxt& (slipped-strand misparing) it & D UEZ R
MR VST, BEORLEEL SERT S o & MT]
BTHZ, 75RIFRNRNIFYUAT > =V EDR
BERFHEETEY F 5120, HFeAy
78347 = a—Viittkid 75 X 3 N EICHEE
T3,

C. jejuni ZHEHIERTER LY T LHEREFL,
25CT3HMUMNER LA LA, 10°CLTTIR2 8
U EAERES B, C coli 13 B REEMAS BRI T &
D, Cjeuni ERBISNB, HYEQNs s —BED
RO 5 %REELEDB,C lari 135 5 5 —CBHT,
FUDI B, €7 7o F UREETRT,. SHEE
REFIEGRIT, CfeusiEv P EY U OHESES|
SEITETHEM, kMBS 2, RBEFLE
P S BAETE E (R O IRAE B8 IR U, B

v,

&2 Campylobacter BED IR

—-— HE{EEMR R ®8
AFVI-C | IS | BREAR | FUTYII® | LI POFY 25T |42°C
C. jejuni subsp. jejuni + + + S R - +
C. coli + + - S R . +
C. lari + + - R R - +
C. fetus subsp. fetus + + - R S + =
C. hyointestinalis + + - R S +°2 +
TR S RIS
VB LVERES (BEER)
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fiE, B, SREXR, MIRER, MELLOLHEER
RAENEI Y, BERPHERCEELRBERET
B, INRIBETRENIA VE DAY ¥ —BRICER
LT, MuUfEPREERDBRT 5 EMH B, C hyo-
intestinalis 137 5 DBAL W RHENZ2ETH 5, B
BABRELVSBEESNEH, £ M AREERR
HTH 5,

(4) MERRBLVY /512 5)

C. jejuni % C. coli 16 £ &XR & U HBMIE (Pe-
nner B) B X USEAMHE (Lior B) 12 & 5 MiFE 7
MfFbh %, Penner B 100 °C, 1 ~ 2 BefEIMEIC
KB EGEMETURE() RSHELPS) 0EOICESC b
DTHY, C jejuni i 50 BLLE, C coli i 17THLE
KRB EN B, Lior Y iE, Hv< ) VIEEOEES
ROBNMESLSDTH D, C jejuni, C. coli, C.
lari 28H 0B LT 50 5,

759 ) VBIETFE, SOV T 4 =V KBRS
Ry —v, VEZAEYS, RAPD &is & D BIZHF
EERAWKEKRDY ) 14 I BiThh, BERED
HE, BERBOHEEL EOBEENBITCERTD
3%

WEBQRIZT flaa BAELShcGE, BEIE
{120 BB HIET 9 545, RBIZTF flaB DARIELIZ
FEOHRE, EBECHEEELRN Y, WRIM
EPHBABRACOEETHY, HEER(HETIRE
FHla~ORAEIET 3§ 5. C jejuni i3 PEB1 %
CadF 5 £ O ERFA2ET 2, PEBLIZ Y 7 L&H
BOABC b5 v Z2AR— FREHDKEBDSTHD,
CadF 37 1+ 7o/ F4 VIEGHEATH 5, HME
EQAPLPS bAHOBE EEMEA~OMFEFERTF L L
TERATA®Y, Cjgunii¥is/mn7 4542 bR
78F 27 WRENLUTEEMBICEAT S 2 &K
HIhTHO Y, KEOMBABARBLEE LK
RYLVOBEEHBHONTV S, BE LR~
DEBEOBRAKRIERICK DR Z, NEHE LK
Ml ERER O fth, HEM (basolateral membrane) %
N UT i REEMI~ O R MlRICBAT
S3bDEEZ OhTI B,
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13. HYEQIND9 —RRE

754, C. jejuni V¥, HIEEHEHR & U THINEESEARIRIL
#3% (cytolethal distending toxin:CDT)#&{&F (cdtA,
cdtB, cdiChoHEENh3) 2#F3 5" CdtA, B, C
BEBEEEML, C09 5 CAdtB BBEFEHETSH S
DNase iE# 25T 5, CDT OfEMICE D, HEMIE
3R L, MAREMS G/ MBICT VR F&h, ®
ST HIKAFEASHE & 5, CDT 13 outer membrane visicle
AN UTHEANGBENTO S AREESRE ST
W3, k1, ABEREIBEME,» SO IL-8EEEF
Y3, KEOWEMIESN CDT 04 & 1L-8 B4
FULHAML T A I EMNRESA TS D, #
Va7 BEAREGT A ORELEEKZHERA
HOETHKELVSED, By 2 v JBEAORAKRAND
BEsBESHS Y,

KREBEE, BEMBTEESNS ORI
74 v E(PGE) ®, a4 a3 by x>y B,(LTB) % &
DRIEWA T4 T— 5 — bABOREERRICEHET
59, C jejuni Z MBS MERBOBEZEFERE LTV
2, HABOBEKTRIVESWNEERZTFEET 3T
kb 75 X3 FpVir2RET A EMNHShICSH
t2o 7523 K LD Vir BIZFERREELEREKRT
FHBABANTEL D, # 10%OEHRAET T X 3
FE2BETHERESNTNE D, ¥ ) v IRONES
WEEEBEEMBICRIL, C jeuni BEATST7 =
7 % —%&H (CiaB : Campylobacter invasion antigen B
BE) EBEMEAICBASES bDLBES NS,

Bz 5y

Campylobacter BB, v ¥, 74, V=, £V
J, 4%, XA, NLRF—, ZT MY, AEALE
O8O, & UTHE(ZOMETE, OBEALE)
WCHEBT %, £ MNBEPOMEAD S b Campylobacter
BHESBRESh S RREDHE C. jejuni, C. fetus
LERBERESOED) FEICHBERSWER, £
T, BORbK, A& (FICBR) EMLTE F~0&D
YT B, BAD S D Campylobacter BAIE D # %
13, HME T 58.8% (912 3kt/1,551 Bk 2R T s
H#FREYIC HEEA NS D Campylobacter JBHIE O 1% R
3, FES0%BULETHE I EARESH TS Y,




V@ ARIGERRE

%3 FERMEAPEREKR (2007 ~ 2009 F, BEHBERETLY)

PE% 19 £ (2007) SEAR 20 £E (2008) A% 21 £ (2009)
RRWE

BHy | BEY | wEN | BUN | 2SN | REY | BHY | BEY | BN
R 1,289 | 33,477 7| 1.369 | 24,303 4| 1,048 | 20,249 7
Filez) 732 | 12,964 - 77810331 536 | 6,700 -
HILERSEBE 126 | 3,603 - 99| 2,551 67| 1518 =
TROBE 70| 1,181 - 58| 1,424 - 41 690 -
RYUR2IE 1 1 - - =
BERET U 42| 1,278 - 17| 168 - 14| 280 -
BELMUEXRE (VT EE) 25 928 - 17 115 - 26 181 —
ZOMOREARE 1 648 - 12| 501 - 10| 160 -
DINYIE 27| 2,772 - 34| 2,088 20| 1,566 -
tLO2E 8| 124 - 21 230 1 13 99 =
IILY=P?-ITvFO0IUFH = = - - = = - . =
HyEOIND9— -T2 =/3Y 416 | 2,396 - 509 | 3,071 - 345 | 2,206 -
FTETVA 1 1 - 1 5 - -
JLo&E - - - 3 37 = - - -
TRAE - - - 3| 131 - - - -
FO2B - - - - - - - - -
NSFI2AE . = - - - - . - -
ZODBE 5 32 - 4 10 - -
42 348 | 18,750 - 304 | 11,630 — | 29010953 -
/0242 344 | 18,520 - 303 | 11,618 - 288 | 10,874 -
ZOfDOTAIL2 4| 230 - 1 12 - 2 79 -
Rz~ 10 93 - 27 619 - 13 552 -
St 13| 355 7 152 | 387 3 92| 290 7
Letled=tes- 74| 266 4 91 283 53| 195 4
BYMERT 39 89 3 61 104 3 39 95 3
Zott 8 20 - 17 a7 - 17 19 -
RENEOFBDOED 78| 1,295 - 91| 1,289 - 100 | 1,735 -

BHMIEHYEDD9— - YITAZ/ JUHBESL, R\T/ODAIRTHOE. BEHTR/ OV 2A2ED
BOESHFRS<, 1 BAZBIS. R\TSL\ORHYED/NIF—-I T2/ IV (2008 ~ 2009 ) BIUTHIER

SEHE (2007 &) THOE.

SHHEVOBRENTR, HYED/NI9—-FIY21Z/IUTHY 58~64A) £, DILYIB (61:4~1027

A) %0094 L2 (378 ~53.8 N) TREVERBDHFHITHD.

(ERERBARTLBERTLIE [T 19 FRPEMET), (PR 20 ERPBHET], (TR 21 FRPERITIIY)

BRIEEHNEETHSELLTH—Z M5 ) 7(100%),
FTIEVF Y (929%), =a—Y—7F v F (89.1%),
Y==K« b3 (84.6%) 2 EHH B,
—%, REBRERTHHEELLT, TXAP=T
(8.1%), ~vF—(17.0%), 1H/#(19.1%), A1 X
(25.1%) s &Ebidb B, E1, Ny bENLLE PO
| PR 5,
bEOARERED 34.3% (1,270 F4k/3,706
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#2007 ~ 2009 4E) %%, Campylobacter BARE (80 ~
90% 13 C. jejuni) DEEGHIT & 5 (F 3), BHEL (300 ~
500 B4 / 48) T, 2007 EELIKE Campylobacter 1< & %
ARENEMAEED TS, UL, BEHTR/ P
v AV RIZE B 10,874 A (2009 4E) ik bH <, AV
oy y—izk5 2206 A (20094) d2frLi-
TWhd, AvETR F—BETE L b OBE
iz58~64A/BETHD, Y=Y B(6L4~



1027A/%F#H), Jov ALz (31.8~538 A /H
#), $EXRT 125~ 177 A /B Ictb~xD iz
DHFFBER 5, MEMTRELRE N2 SE
HECRtEhE, APHORELS~TANE—2
Ry, YVEXSBHMBEICLARAFEREE—7 &
D#I2ARFATT 5. ABME I HBROERTEREL
PRI, ERICFHOREOHRERST B LD EELS
NTW B, C jejunitd 25°C T 3 HE LMERE LA,
10°C LIFTi3 20 HMLI EAERKT 3,

EHWA L EONT F—RIMER, Y=, Y, E
VIREDBEITERT S C ferushS, ThoDEFEA
MLTE MRS 3, T/, BITAENLAKRED
BEShT3,

GBS B2E® 10 ~30% T, MIE¥EIIC C. jejuni B
BHEREH, TO55D 2B~ 8B THEL HAED
SHENGHE TS - 7o SMEEHRTIE, Penner 19 s
RO (50%LUL), ROT 2R, 4 BINBL, 7z,
Lior THEOREEGFE L, 7 EONs 5 — B
D#10.1%DEIE T GBS BRBIET B D EEZ SN T
[AT-Rali S

1. AvEONs 4 —B%

R C. jejuni, C. coli, C. lari 2 ETH 555, 80
~ 90913 C. jejuni BRYLIZ K B0 C. jejuni \3RGLPHEHGE
{, B bEXRE LAFEICH T 500 ~ 800 cfu @
FEOREMBPEAERET SR L ®, KEIcELR
U B (RICEBA), 47, SEKAER%K1~T78
CEH3 )T, TH, ME R, 253BE88ELE0
ERVBD SN 3, BICEHPHETE S50 5,
THRR1IBA~12@EICbB L, KEE RBRET,
BB, R, MEASRUSBC &b B, ARETIIIEMEAS
RS SV ) S B,

2. &M AEONGS—F

Clausi3v R EY VORELFIXRBITETH 3
b M OBRT 3, RERLEDDBLELREE
CORSIAE B ) IR U, RO, B, IR,
BRES, HESCOLSGUBPEIRC D, ER
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13. hyEDIND 9 —REREE

. &2
[MIRFEXRIBMIC T 42°C, 2 BAMBRIEEZTOE,
(ESEMH)

C. jejuni D210 =—

HERCEBCHRBERES 5, NRuEZTREAK
AYEBNT §—BRIEFR LT, BB H
BRI BT LhiH B, BERRTHTHENE,

3. F¥S5UNL—fEMERE (GBS)

C. jejuni R D&, 1~ 3 BEICKEMBHHE= 2 —
ORF—ThHbGBSHEMHT LI Ehb 2. EREL
THAET, BEEESERELT & OEBRRELEEM
", TER, SHFEE0ERMERST ENBHOH
=N

C. jejuni @ LPS \=#EMIIQICHFETET % FIEHE GM,,
A7V AY FERULLBERD D (FFHEH
(molecular mimicry)), ABEREEHEIT GM, FiikbiE
EIh, ThBECRENICHZMISICIERT 5 RE
ANZXLHBEEINTHSE ™D, SIREHREE, /MY
BRI, FHREHHEEIBETE T 49 Y v —1E
{58 (Fischer's syndrome) & C. jejuni Bt & O B &
BEShTLA3,

B

BEME GEHE %K B NEHERD CREAS
EEERKL TS S LREETY, BORELHERT
5%, FE#EEZFo— (Skirrow) ##f (£ I ¥
YB, PUANTYL, RvawAL Y EE), £k
1% CCDA #5# (charcoal, €7 x5V, FAFv
I—-VERAR) KT 5, MIFKHT X (0, 5%,
C0,10%, N.85%) Tic42°C, 2 HRAMIFSEER%
TI.EEL1~2 mm OEMTPPBEAH Va0




VS AR

——HEEEhs (B2),

C. jejuni, C. coli 13+ V) ¥ 7 ABEEY, €7 70F
UREAERT Y, Colari i3+ Y ¥ 7 A8 €770
FUBEHTH B, C jejuni & C. coli &3, KRS
REEICLVRETETH S (C jejuni Btk C. coli f&
o BREIMKSERR %G S BB L IHESF v
} (RIDZyme HIP-M)d#ilR&EhTH b, VROE%E
FAnTREIC (1 EMAD), C jejuni & C. coli D¥IF]
MAEEER BV, C ferus £ EBT 2HERERER
%31°CET 5, bBARDY 7 LRHETAHF 5 —
LA TERT 5,

EERECLSAVEEBEEL LT DNATY
o— 7P PCRER EOREFHEHBMELAAT
%5, PCRIERBREOHVRAETH LW, THIE
RED LS KERMBFICEET 2 EREHNSE VS
oA 5T, READ LS KSFEREEADE L
BECLERBEORMNERTS 5, HF, 77V
) VEEFR, SNVART 4 =)V FERKE/ Y -V,
YRS A EV Y, RAPD #18 EOBEEMFEER O
B#hor ) s EV rBTbh Ty, EREOR
E, BEEBOHER EOEFNBITICHERATH 5,
EEFE (LPS), ®LUSBMNE WEEFR) i<
S MERNHOUER, EF¥ABICERATHS, &
7z, BEMHEF OMkEE (CPIUAMERES S &
LAMREIE DS, AEOBBHBEETH 5 2 &P HEER
MERETHAH I L&Y, RECMBEBFOBHIIZTNIEZ
CEETRE,

1. ArEQNSS—B%

—B I ERBRBEAOBERETH D, MERED
A THRRT BHBZ 0, EBICREB L HEPIUNE
REEFRLALBEICEZY Auv( Yy, 77UR
ogvA vy, TVRARA Y vBEDTIBSAF,
RRATA VY, ThAaF) o OBEETI, &
£, ThoOREECHT ZMHERSEML TV,
C jejuni DX 054 KLU TZNAHo*) noicH
T BRI, ThEN 10%% LU 19 ~47% EmE
TH3Y, HEEOREIFEABZHARICESST
HIRETH b,
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2. £5MHhEQNS I —fE

HEREARET 5 ENBERSND, C. ferus I8 C.
jejuni % C. coli LRk, TV RABIA Y, RAKT
4oy, FIAMAOF) O RENEHTH S, €O
w3ttt 724, TYEYY Y, TI/FVAVE
BEGAWSND, C faus 3NV b TV Y, JRERF
Y VIETETH B, )

3. F¥352/U—fEREE (GBS)

HvERAY Y —BEEOMEREDN T,
ZDiE# I GBS OMBERVHR LS 5,

C. jejuni, C. coli, C. fetus 1% & D Campylobacter B
HIEREFGERAA SN B, ThoOHIKE
g bt RIS EREE T o S I REEE
(2775, EEEEKDTO C jejuni DEFHAMI, 10
CYFT208LE 15°CT15H, 20°CTTH, 25
°C T3ATHD I EofREEND Y, BPEORES
SAEI 2 ~ S BMichi hBiHEh D4, FEPE
SEMUTREANBET 2 THEREED TEL. &
ZORELMBITRELEL, ZhoicFREnE
Bbha&E MREINEELTI. FEMEE, 8%
DR (0.1 ~0.2% ENyFra=y L, 005~
01% ZVavEs olAFY YY) KBEZETH 5,

(s )

(32 ®]
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665-668, 2000
6) Taylor DE: Genetics of Campylobacter and Helicobacter-
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The relationship between gastric cancer and serum vascular endo-
thelial growth factor receptor-1 (sVEGFR-1) and sVEGFR-2, which
are soluble form receptor proteins of vascular endothelial growth
factor (VEGF), has not been extensively studied. VEGF, sVEGFR-1
and sVEGFR-2 were measured in the sera obtained before surgical
operation from 164 gastric cancer patients and from 164 healthy
controls matched for age and gender. Compared with controls, the
cases showed elevated VEGF (P < 0.01) and reduced sVEGFR-1
(P = 0.07) and sVEGFR-2 (P = 0.02). The difference in VEGF levels
was small among men and when the outcome was early cancer.
The difference in sVEGFR-1 levels was significant or borderline sig-
nificant only in men and when the outcome was diffuse type can-
cer. The difference in sSVEGFR-2 levels was significant only in men
and when the outcome was advanced or diffuse type cancer. The
sensitivities and specificities of VEGF, sVEGFR-1 and sVEGFR-2 were
all approximately 60%. For diffuse type cancer, sVEGFR-2 showed
a sensitivity of 62.4% and a specificity of 63.4%, which was similar
to serum pepsinogen. In conclusion, elevated VEGF and reduced
sVEGFR-1 and sVEGFR-2 in serum are characteristic of gastric cancer
patients, and the value of serum sVEGFR-2 in the diagnosis of dif-
fuse type gastric cancer should be further evaluated. (Cancer Sci,
doi: 10.1111/j.1349-7006.2011.01860.x, 2011)

A Ithough the incidence and mortality of gastric cancer have
been declining among the younger generation in Japan, (H
it remains as the second highest cause of cancer death.”

Recently, it has been proposed that serum Helicobacrer p\'lou
antibody and pep\lnoﬂen values should be used for risk assess-
ment of gastric cancer in adults,** and gastric cancer preven-
tion programs are expected to become more cost-effective, if the
programs do not target at subjects without H. pvylori infection or

abnormal serum pepsinogen values, who have very low risks of

gastric cancer.””’ However, the sensmwt? of serum pepsinogen
is poor for diffuse type gastric cancer.”” Vascular endothelial
growth factor (VEGF) is a factor promoting vascularization. and
it plays a role in both physical and malignant conditions.'”

Staining with VEGF antibodies has revealed the presence of

. s % R . v
VEGF in some malignant tissues.”’ Previous studies have

shown that serum VEGF concentration is hwh in several can-
cers, such as breast and colon cancers. ©10 1y gasmc cancer
patients, elevated VEGF predicts a poor prognosis™'" and is
of(tlejl} accompanied by other malignant factors such as TGFp-
1 (2

The biological effects of VEGF are mediated by two receptor
tyrosine kinases, VEGFR-1 and VEGFR-2, which are almost
exclusively expressed within endothelial cells. In addition to

VEGFR-1 and VEGFR-2, a soluble form of VEGF-RI
(SVEGFR-1), a naturally occurring and alternatively spliced

doi: 10.1111/].1349-7006.2011.01860.x
© 2011 Japanese Cancer Association

variant, functions as a high-affinity receptor of VEGF. Com-
pared to VEGFR-1, VEGFR-2 is more widely distributed and
expressed in all vessel-derived endothelial cells. The
VEGF/VEGFR-2 signaling pathway plays a crucial role in
tumor angiogenesis. Although the exact role of VEGFR-1
remains controversial, the available evidence have shown that
VEGFR-1 functions to limit VEGF/VEGFR-2 mediated angio-
genesis with intact receptor acting as a decoy and soluble form
creating inert receptors by dimerization with VEGFR-2 or
sequestering  free ligand.””  Soluble form of VEGFR-2
(sVEGFR-2) as well as sVEGFR-1 can be detected in serum.
Circulating VEGF is known lo be higher in gastric cancer
patients Lhan in healthy subjects. 13 Howwer the data on circu-
lating sVEGFR-1 and sVEGFR-2 levels are limited.

In this study. serum VEGF, sVEGFR-1 and sVEGFR-2 levels
were compared between gastric cancer patients and matched
healthy controls. Secondary analyses examined different sub-
types of gastric cancer defined by progression stage and histo-
pathological type. To evaluate the diagnostic accuracy of the
VEGF, sVEGFR-1 and sVEGFR-2 levels, the optimal cutoff
values, sensitivities and specificities for gastric cancer were
calculated.

Materials and Methods

Subjects in this study were originally enrolled in our previous
study; the details of the subgecl recruitment and data collection
are provided elsewhere.’ ) Briefly, sera were collected from
787 gastric cancer patients who were younger than 70 years of
age and were admitted to the surgical division of nine hospitals
in the Tokyo Metropolitan Area between June 1993 and July
1995. Phlebotomy of each patient was performed before cancer
treatment (surgical operation or chemotherapy). The sera were
also collected from 1007 apparently healthy subjects who were
admitted for health screening programs between June 1993 and
November 1994, Tnformed consent was obtained from all sub-
jects. The diagnosis of cancer was confirmed. and other informa-
tion, including histological types and progression stages, was
collected from histopathological reports for resected or biopsy
specimens.

In three of the nine hospitals, prognosis information for gas-
tric cancer patients was available. Of the 571 patients from these
three hospitals, 198 cases were randomly selected so that young
patients were included, and the proportion of men and women
were similar in each [0-year age group.

8To whom correspondence should be addressed.
E-mail: kikuchis@aichi-med-u.ac.jp
9Present address: Southern Tohoku Group Tokyo Hospital, Tokyo.
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Table 2. VEGF, sVEGFR-1 and sVEGFR-2 levels in cases and controls

Table 1. Characteristics of subjects

Control Case P-value
Number of subjects 164 164
Age (years) 53.9 £10.0* 540+99* Matched factor
Male/Femate 7886 78/86 Matched factor

Smoking dose (number of cigarettes per day multiplied by smoking

years)
No smoking history 84 (51.2%) 81 (49.4%) P=0.43
1-399 27 (16.5%) 23 (14.0%)
400-79% 22 (13.4%) 25 (15.2%)
800+ 21 (12.8%) 30 (18.3%)
Unknown 10 (6.1%) 5 (3.0%)

Drinking dose (amount of alcohol consumed [g) per week multiplied
by drinking years)

No drinking history 47 (28.7%) 54 (32.9%) P < 0.01
Occasional/1-134.9 38 (23.2%) 28 (17.1%)
135-1349.9 35 (21.3%) 27 (16.5%)
1350+ 19 (11.6%) 41 (25.0%)
Unknown 25 (15.2%) 14 (8.5%)
Helicobacter pylori 105 (64.0%) 159 (97.0%) P < 0.01
seropositivet

*Mean + standard deviation. tMeasured using J-HM-Cap (Kyowa
Medex Co. Ltd., Tokyo}.

A healthy control was matched to each case based on age
(within 2 years) and gender. In 34 pairs, the serum sample from
cither the case or the control had already been used up, so data
on 164 matched pairs were available [or this study. Based on the
pathological information, cases were classified into early (depth
of invasion was within submucosa) and advanced (depth of
invasion includes propria muscle) gastric cancer or into intesti-
nal and diffuse type cancers.

VEGF. VEGFR-1 and VEGFR-2 were measured in the sera
with the commercial ELISA kit Quantikine from1 R&D systems
(Minneapolis, MN, USA) for human VEGF. sVEGF RI1 and
sVEGF R2 by a researcher who was blind to the case status asso-
ciated with the samples. Serum VEGF. sVEGFR-1 and sVEGFR-
2 levels were compared between cases and controls by paired
t-tests. To evaluate the diagnostic accuracy of the factors, the
optimal cutoff values and the sensitivity and specificity were cal-
culated for all, early, advanced. intestinal and diffuse type can-
cers. [n these calculations, the controls were restricted to those
who were paired (o cases belonging to the specific classification.

Results

Table 1 shows the characteristics of the subjects. Although no
remarkable difference in smoking was observed belween cases
and controls, the cases drank more alcohol and had a higher
prevalence of H. pyiori. VEGF and sVEGFR-2 levels were mea-
sured for all subjects. but the sVEGFR-1 level was measured
only in 147 pairs because of insulficient sera.

The VEGF level was higher in cases than in controls
(Tables 2.3), but the difference was weak among men and when
the outcome was early cancer. Compared with controls, the
cases tended to have lower sSVEGFR-1 levels, and the dilference
was significant among male subjects and borderline significant
when the outcome was diffuse type cancer. The sVEGFR-2 level
wus lower in cases of advanced or diffuse-type cancer than in
their matched controls.

Table 4 shows the optimal cutoff values for VEGF, sVEGFR-
1 and sVEGFR-2. Of the three factors, VEGF showed the best
sensitivity and specificity, 63.5% and 65.1%. respectively, for
intestinal-type cancer when the cut-off value was 415 pg/mL.
sVEGFR-2 gave the best diagnostic accuracies for all advanced
and diffuse type cancers where cul-ofl values (sensitivities

VEGF (pg/mL) SVEGFR-1 SVEGFR-2
Mean + SD {pg/mL) (pg/mL)
Mean = SD Mean x SD
Total
Number of pairs 164 147 164
Controls 479.1 £ 350.8 56.96 + 34.34 8853 + 1888
Cases 640.6 £ 516.8 48.47 £ 3245 8397 + 2014
P-value* P < 0.01 P =0.07 P =0.02
Male
Number of pairs 78 71 78
Controls 511.6 + 372.4 56.10 + 36.26 9304 + 1822
Cases 649.3 £ 517.6 42.58 + 30.46 8343 + 2186
P-value* P =0.06 P=0.02 P=0.04
Female
Number of pairs 86 76 86
Controls 479.6 + 329.4 55.82 + 32.69 8443 + 1864
Cases 632.8 + 519.0 53.97 + 33.47 B173 = 1828
P-value* P < 0.01 P =074 P=0.28

*Results from paired t-tests. VEGF, vascular endothelial growth factor;
SVEGFR-1/2, serum vascular endothelial growth factor receptor-1/2.

Table 3. VEGF, sVEGFR-1 and sVEGFR-2 levels in cases and controls
with respect to progression stage (early or advanced) and
histopathological type (intestinal or diffuse)

VEGF (pg/mL) SVEGFR-1 sVEGFR-2
Mean = SD (pg/mt) {pg/mL)
Mean + SD Mean + SD
Early gastric cancer (depth of tumor invasion is within submucosa)
Number of pairs 78 ' 70 78
Controls 485.4 = 3440 52.68 + 30.79 8853 + 1770
Cases 607.4 + 422.8 46.43 + 28.81 8811 = 2075
P-value* P=0.06 P=024 P=0.88
Advanced gastric cancer {(depth of invasion includes propria muscle)
Number of pairs 86 77 86
Controls 473.3 £ 358.7 58.93 + 37.23 8852 + 2001
Cases 670.8 = 590.2 50.32 = 35.53 8021 + 1891
P-value* P<0.01 P=0.16 P<0.01
Intestinal type gastric cancer
Number of pairs 63 57 63
Controls 4745 + 391.3 50.64 = 32.38 8501 £ 1764
Cases 658.6 + 541.3 47.28 + 30.96 8556 + 2208
P-value* P =0.03 P =058 P=0.87
Diffuse type gastric cancer
Number of pairs 101 90 101
Controls 481.9 + 325.0 59.32 + 35.29 9072 + 1938
Cases 629.4 + 503.4 49.22 + 33.51 8297 + 1887
P-value* P =0.02 P=10.06 P<0.01

*Results of paired t-tests. VEGF, vascular endothelial growth factor;
SVEGFR-1/2, serum vascular endothelial growth factor receptor-1/2.

and specificities) were 8520 pg/mL  (61.0% and 60.4%),
8314 pg/mL (66.3% and 61.6%) and 8520 pg/mL (62.4% and
63.4%), respectively. For early gastric cancer, sVEGFR-1 gave
the best sensitivity and specificity, 60.0% and 58.6%, respec-
tivety, when the cut-off value was 46.0 pg/mL.

Discussion

VEGF was clevated in gastric cancer patients compared (o con-
trols. The presence of VEGF in a gastric cancer lesion’'" and a

doi: 10.1111/).1349-7006.2011.01860.x
© 2011 Japanese Cancer Association



Table 4. Optimal cutoff values (sensitivity, specificity) of the factors for all, early, advanced, intestinal type and diffuse type cancers

Factor All Early

Advanced Intestinal Diffuse

420 (60.4%, 57.9%)
45.6 (57.8%, 57.1%)
8520 (61.0%, 60.4%)t

428 (61.5%, 56.4%)
46.0 (80.0%, 58.6%)t
8959 (55.1%, 52.6%)

VEGF (pg/mL)*
sVEGFR-1 (pg/mL}#
SVEGFR-2 (pg/mL)#¥

420 (58.1%, 60.5%)
45.5 (57.1%, 55.8%)
8314 (66.3%, 61.6%)}t

428 (56.4%, 54.5%)
45.8 (58.9%, 60.0%)
8520 (62.4%, 63.4%)t

415 (63.5%, 65.1%)+
40.7 (50.9%, 57.9%)
8400 (58.7%, 57.1%)

*Positive is defined as the marker level being greater than or equal to the value given. tThe best sensitivity and specificity of the three markers.
*Positive is defined as the marker level being less than the value given. VEGF, vascular endothelial growth factor; sSVEGFR-1/2, serum vascular

endothelial growth factor receptor-1/2.

high level of circulating VEGF indicate a poor prognosis.t'é™'

The result of the current sludg on VEGF is consistent with the
results of previous studies."****Y The VEGF may have origi-
nated from gastric cancer cells® and the production and secre-
tion may be increased with the progression of the cancer, but
whether the cancer is intestinal or diffuse may have little influ-
ence on the VEGF level. It has been reported that H. pylori
infection elevates serum VEGF level,®22® which can be a rea-
son for the elevated VEGF level in gastric cancer patients. How-
ever, no association was observed between H. pylori serology
and VEGF, sVEGFR-1 or sVEGFR-2 level in controls of this
study.

Compared to the controls, the sVEGFR-| and sVEGFR-2 lev-
els were reduced in gastric cancer patients. One possibility is
that the antibody used for ELISA recognizes the same or a near
region as the ligand binds. Elevated VEGF levels may bind
o these receptors and thereby reduce the sVEGFR-I and
SVEGFR-2 levels. Vascularization may promole cancer progres-
sion, and soluble VEGFR-1 and VEGFR-2 may act as decoys
and disturb the binding of VEGF to VEGFR-2 on the surface of
target cells. Reduced VEGFR-I and VEGFR-2 levels and an ele-
vated VEGF level stimulate the progression of gastric cancer
and thus may be characteristic in gastric cancer patients.

Compared with VEGF, limited studies have examined circu-
lating sVEGFR-1 level for gastric cancer and their role remains
elusive. Colorectal cancer patients showed lower serum
sVEGFR-1 level than controls did,** which is consistent with
this study. Studies on pancreatic and biliary tract cancers gave
similar results with this study on serum VEGF levels, but they
showed higher sVEGFR-1 levels in patients than in con-
trols.*>2* Several studies to date have investigated relation-
ships between sVEGFR-1 levels and prognosis as for several
sites of cancers. which is inconsistent.”” On sVEGFR-2 level,
studies have been more limited. Further studies are warranted to
clarity the role of sVEGFR-1 and sVEGFR-2 and their interac-
tions with VEGF in the development of gastric cancer. The dif-
ference in the levels of the three factors between gastric cancer
patients and controls was affected by gender, progression stage
and histopathological type. The difference in the sVEGFR-I
level was not as clear as that for sSVEFGR-2, which may be due
to the obscure role of VEGFR-I in vascularization. The differ-
ences in the VEGF and sVEGFR-2 levels were more striking for
advanced cancer than early cancer, which can be explained by
greater VEGF secretion from advanced gastric cancer tissues
and by the binding of circulating sVEGFR-2. The difference in
VEGEF levels between matched cases and controls was smaller
among men than women, while the differences in sVEGFR-1
and sVEGFR-2 levels between matched cases and controls were
greater in men than in women. The underlying reason for the
gender difference is unknown, but hormonal differences could
exert some effect.

The difference in VEGF between matched cases and controls
was similar between the intestinal and diffuse type cancers,
whereas the difference in sVEGFR-1 and sVEGFR-2 levels was
greater in the diffuse type cancer than in intestinal cancer. An

Kikuchi et af.

explanation for the reduced sVEGFR-2 level in diffuse type gas-
tric cancer is that advanced cancer was more frequent in diffuse
type cancer than in the intestinal type. Actually, 54% of early
and 69% of advanced cancers were diffuse types (P = 0.06).
TGE-B1 is upregulated in patients with diffuse type gastric can-
cer?®2 and TGF-B1 downregulates the expression of VEGFR-
2 in endothelial cells.®™ These facts may be associated with the
reduced sVEGFR-2 level in diffuse type gastric cancer. Serum
pepsinogen LI showed a sensitivity of 83.3% and a specificity of
76.9% for gastric cancer among those younger than 40 years of
age,”" although the sensitivity and specificity were weaker in
those over 40 years. The sensitivities and specificities for the
optimal cut-off values of VEGF, sVEGFR-1 and sVEGFR-2
were all approximately 60%. which is a somewhat unsatisfac-
tory level. However, there were two interesting findings. One
was that sSVEGFR-2 showed a relatively good diagnostic accu-
racy compared with VEGF, although with VEGF, there was a
smaller P-value than sVEGFR-2 in the paired #-test between
cases and controls. The other finding was that sVEGFR-2 gave a
similar diagnostic accuracy for diffuse type gastric cancer than
serum pepsinogen. Serum pepsinogen, which is a good marker
for gastric cancer and its risk.* does not show a good diagnos-
lic accuracy for the diffuse type cancer.'” When the diagnostic
accuracy of serum pepsinogen for diffuse type cancer was calcu-
lated, and a positive result was defined as a pepsinogen I con-
centration not more than_70 ng/mL and the pepsinogen [ to Il
ratio not more than 3.0,%* the sensitivity and specificity were
65.3% and 59.4%, respectively. Compared with these values,
the values for sSVEGFR-2 of 62.4% and 63.4% were similar.
Serum sVEGFR-2 can be used in the diagnosis of gastric cancer
as the diagnostic accuracy of serum pepsinogen is not excellent.
However, cautions are needed when using it to detect gastric
cancer. because serum sVEGFR-2 is not specific for gastric can-
cer. The value of serum sVEGFR-2 in the diagnosis of gastric
cancer, especially of the diffuse type, should be evaluated in
further studies.

Because this study was not prospective, the differences in the
serum levels of the markers may have been due to gastric can-
cer, and thus, the evaluation of the markers as risk indicators
was impossible. We took this into consideration when interpret-
ing the results. Another weakness of our study was that the mea-
surement of the marker levels in the sera was performed after
several years of frozen preservation. The preservation condition
was not different between the cases and controls, and the mea-
surement was performed by a researcher who was blinded to the
case status for each serum sample. Thus, neither bias nor a
difference in the preservation condition was expected to distort
the results.

[n conclusion, serum VEGF was elevated and sVEGFR-1 and
sVEGFR-2 levels were reduced in gastric cancer paticnts. The
difference in the levels of the three factors between gastric can-
cer patients and controls was affected by gender, progression
stage and histopathological type. sVEGFR-2 showed a sensitiv-
ity and specificity for predicting diffuse type cancer that was
similar to that of serum pepsinogen.
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In vitro and in vivo effects of the Mongolian drug Amu-ru 7
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ABSTRACT

Amu-ru 7, a Mongolian folk medicine, is used to treat digestive diseases such as gastritis and gastric
and duodenal ulcers. We examined the effect of Amu-ru 7 on the growth and viability of Helicobacter
pylori in vivo and in vitro. By the agar dilution method, the MIC of Amu-ru 7 for H. pylori strains was
shown to be 100-200 pug/mL with a MICy, of 200 sg/mL. Two hundred micrograms per milliliter of
Amu-ru 7 exhibited potent bactericidal activity against H. pylori in the stationary phase of growth 6 hr
after treatment. Amu-ru 7 inhibited the growth of both AMPC-r and CAM-r strains, and
also had a combined effect with AMPC on AMPC-resistant strain 403. The Amu-ru 7 inhibited biofilm
formation by H. pylori and induced morphological changes, such as bleb-like formation and shortening
of the cell. Although colonization of the stomach of the Mongolian gerbil by H. pylori was not cured by
treatment with Amu-ru 7, both the mean number of H. pylori colonized and the col ion rate were
decreased in Amu-ru 7 treated gerbils. These results suggest the effectiveness Amu-ru 7 as an adjunct

therapy for eradication therapies consisting of a PPI combined with antibiotics.

Key words Amu-ru 7, bactericidal effect, Helicobacter pylori, Mongolian medicine.

Helicobacter pylori is a major cause of chronic gastritis and
peptic ulcers and is also a risk factor for gastric adenocar-
cinoma and MALT lymphoma (1, 2). In 1994, a working
group of the WHO International Agency for Research on
Cancer classified H. pylori as a Group 1 carcinogen in hu-
mans. The prevalence of H. pylori infection worldwide is
approximately 50% and in developing countries is 80-90%
(3), suggesting that environmental factors are important
for transmission of H. pylori. Fl. pylori infection is curable
with regimens of multiple antimicrobial agents in com-
bination with a PPI, but recently antimicrobial resistance
has become the leading cause of treatment failure (4).

Correspondence

A new combination of folk medicines, Amu-ru 7 is
composed of the extracts of Rhei rhizoma, Hedychium spi-
catum, Radix aucklandiae, Terminalia chebula, Cape Jas-
mine fruit, Piper longum, and Calcite; and is used for
the treatment of patients with gastritis and peptic ulcer
diseases. Although stomach cancer incidence rates have
been decreasing slowly over recent decades in China, it
was estimated that there were 400000 new cases diag-
nosed and 300 000 deaths from this malignancy (5). There-
fore, this disease remains an important public health bur-
den throughout the world, especially in developing coun-
ties such as China. Furthermore, in Inner Mongolia the

Shigeru Kamiya, Department of Infectious Diseases, Kyorin University School of Medicine, Shinkawa 6-20-2, Mitaka, Tokyo 181-8611, Japan.
Tel: +81422 47 5511, ext. 3462; fax: +81 422 44 7325; email: skamiya@ks.kyorin-u.ac.jp

Received 28 February 2010; revised 3 June 2010; accepted 6 June 2010.

List of Abbreviations: AMPC, amoxicillin; BHS, Brucella broth supplemented with 7% horse serum; CAM, clarithromycin; CFU, colony-forming units;
FCS, fetal calf serum; HBSS, Hanks' balanced salt solution; MALT, mucosa associated lymphoid tissue; MBC, minimum bactericidal concentration; MIC,

minimum inhibitory concentration; PP, proton pump inhibitor.

508

€ 2010 The Societies and Blackwell Publishing Asia Pty Ltd



Effects of the Mongolian drug Amu-ru 7 on H. pylori

pathogenesis of H. pylori has received much attention. The
effects of Amu-ru 7 on gastric ulcers induced by ethanol,
acetic acid, or cold-water restraint stress have been re-
ported. In the present study, Amu-ru 7 was examined for
its effect on the colonization of H. pylori in the gastric mu-
cosa of the Mongolian gerbil and inhibition of the growth
of H. pylori.

MATERIALS AND METHODS

Test compound

Amu-ru 7 was synthesized in the Department of Medicine
of the Inner Mongolian National University (Tongliao,
China). Rhei rhizoma, Hedychium spicatum, Radix auck-
landiae, Terminalia chebula, Cape Jasmine fruit, and Piper
longum were extracted in hot-water or alcohol separately
and dried. Amu-ru 7 contains Rhei rhizoma, Hedychium
spicatum, Radix aucklandiae, Terminalia chebula, Cape
Jasmine fruit, Piper longum and calcium at concentrations
of 30%, 20%, 16%, 10%, 8%, 8%, and 8%, respectively.

Bacterial strains

Twenty H. pylori strains—TK 1003, TK 1008, TK 1021,
TK 1022, TK 1046, TK 1047, TK 1101, TK 1102, TK 1103,
TK 1108, TK 1117, TK 1126, TK 1301, TK 1304, TK 1405,
TK 1407, KR 2002, KR 2003, TK 1402, and TK 1029—
isolated from gastric biopsy specimens of patients at-
tending the Tokai University Hospital (TK) and Ky-
orin University Hospital (KR) were used in this study
(6). Two standard strains of H. pylori—ATCC 43503
and NCTC 11638—were used and three AMPC-resistant
H. pylori strains—403, 116, and 175—were kindly pro-
vided by Dr Myung-Woong Chang (Kosin Medical Col-
lege and Gospel Hospital, Department of Microbiology,
Korea). The MIC of AMPC for strains 403, 116, and 175
were 2.0, 8.0, and 4.0 ug/mL, respectively (breakpoint
of AMPC, 0.03 ug/mL). Cultures of these strains were
stored at —807C in Brucella broth containing 15% glyc-
erol. The MIC of CAM for the H. pylori strain TK 1047
was 1.5 ug/mL by E-test; therefore, this strain was used as
the CAM-resistant strain.

Reagent

Brucella broth and Bacto agar were purchased from Bec-
ton Dickinson (Detroit, MI, USA). Horse serum was pur-
chased from Sigma-Aldrich Japan (Tokyo, Japan).

Determination of the MIC of Amu-ru 7 for
H. pylori

The MICs of Amu-ru 7 were determined by the agar dilu-
tion method using Brucella broth supplemented with 7%

+€ 2010 The Societies and Blackwell Publishing Asia Pty Ltd

horse serum and 1.5% agar (BHS agar). The 25 H. pylori
strains were preincubated in Brucella broth with 7% horse
serum for 18 hr under microaerobic conditions (5% O.,
10% CO>, and 85% N> ), and then inoculated (1 4L of sam-
ple) with a multipoint inoculator, MIT-F; Sakuma, Tokyo,
Japan) on BHS agar plates containing various concentra-
tions of Amu-ru 7 (100, 200, 400, 800, and 1000 1g/mL).
BHS agar without Amu-ru 7 was used as the positive con-
trol. All plates were incubated for 3 days at 37°C under
microaerobic conditions. The MIC was determined as the
lowest concentration at which the compound inhibited
visible bacterial growth.

Inhibitory effect of Amu-ru 7 on antibiotic
resistant H. pylori strains

AMPC resistant H. pylori strains 403, 116, and 175 were
inoculated on BHS agar plates supplemented with each of
the aforementioned concentrations of AMPC and Amu-
ru 7. The CAM-resistant H. pylori strain TK 1047 was
inoculated on a BHS agar plate supplemented with each
of the previously indicated concentrations of CAM and
Amu-ru 7. Cultures of all strains were inoculated using
standard loop (1/500 mL, Medical Wire and Equipment,
Wiltshire, UK). BHS agar plates were used as a positive
control. After inoculation, the plates were incubated under
microaerophilic conditions for 72 hr.

Biofilm formation, quantification and
inhibition in vitro

H. pylori strain TK 1402, which forms the thickest biofilm
among the 12 H. pylori strains tested, was used for biofilm
formation studies. Sterilized glass cover slips (approxi-
mately 22 x 22 mm, 0.12 to 0.17 mm thick; Matsunami
Glass, Tokyo, Japan) were placed into 12-well microtiter
plates. Each well was filled with 2 mL BHS to allow adher-
ence of H. pylori at the air-liquid interface. The formation
of biofilms was initiated by inoculating 10 uL of pre-
cultured cell suspension (approximately 5 x 10° cells in
Brucella broth) into each well as described by Yonezawa
etal. (7). The cultures were incubated under microaerobic -
conditionsat 37°C for 2 days with shaking (125 rpm). After
incubation, the cover slips were washed with phosphate-
buffered saline (PBS). After washing, those slips were
transferred into new 12-well microtiter plates. Each well
was filled with 2 mL BHS and1/16, 1/8, 1/4, 1/2, 1, 10,
and 25 MIC of the test compound. The cultures were in-
cubated under microaerobic conditions at 37°C for 24 hr
with shaking (125 rpm). After incubation, the cover slips
were washed with PBS. The samples were then air dried
and stained with 0.1% crystal violet for 30 sec. After stain-
ing, the cover slips were rinsed with distilled PBS to re-
move excess dye and then air dried for 30 min. All dye
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associated with the biofilms was dissolved in 1 mL of
ethanol and 200 L of the ethanol solution was used
to measure the absorbance at 595 nm with a microplate
reader (Bio-Rad Tokyo, Japan) to determine the amount
of biofilm formation.

Evaluation of bactericidal activity of
Amu-ru 7

The bactericidal activity of Amu-ru 7 against H. pylori
TK 1402 was assessed at each of the concentrations (200,
400, and 800 ug/mL). The bacterial suspension (20 uL)
was inoculated into 2 mL of BHS containing twofold se-
rial dilutions of the compounds. The culture was serially
diluted 10-fold with BHS, and 50 uL of the diluted sample
was plated on a BHS agar plate. The plate was incubated at
37°C under microaerobic conditions for 3 days; colonies
of H. pylori were then counted.

Electron microscope observation

For scanning electron microscope analysis, H. pylori
TK 1402 was cultured in Brucella broth containing 5%
FBS for 18 hr and incubated with Amu-ru 7 (0, 200 and
400 pug/mL). After 3 hr incubation, H. pylori TK 1402 was
fixed in 2.5% glutaraldehyde. Specimens were examined
using scanning electron microscope (JEOL LSM-5600LV,
Tokyo, Japan) as described previously (8, 9).

Animals

Four- or five-week-old male Mongolian gerbils (20 gerbils
in total; specific-pathogen free) were purchased from Kyu-
dou (Fukuoka, Japan) and bred under specific-pathogen
free conditions (room temperature, 23 & 2°C; relative hu-
midity, 40 to 60%; 12-hr light—dark cycle) in the animal
facility of Kyorin University. A standard diet (CE-2; Clea
Japan, Tokyo, Japan) and sterilized tap water were pro-
vided ad libitum in microisolator units as described by
Nakagawa et al. (10). The experiments were approved by
the Experimental Animal Ethics Committee at the Kyorin
University School of Medicine.

In vivo experiments

Strain TK 1402 was isolated from duodenal and gastric ul-
cer patients, and can effectively colonize Mongolian ger-
bil (8, 10) and mice (11, 12). TK 1402 was grown on
BHS agar at 37°C for 2 days under microaerobic environ-
ment. After incubation, bacteria were harvested in HBSS
(Sigma-Aldrich Japan, Tokyo, Japan) and 1 mL of bacte-
rial solution containing 1-2 x 10° CFU was inoculated
intragastrically on two consecutive days. The gerbils were
fasted for 16 hr from before the first inoculation to after
completion of the second inoculation.
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Either 50 MIC (200 mg/kg) or 200 MIC (800 mg/kg)
of Amu-ru 7 in 1 mL of sterile water was administered to
each of the gerbils (5 gerbils/group) orally once each day
for 16 days, and sterile tap water was administered to each
gerbil in the control group (5 gerbils/group). The gerbils
were sacrificed 8 weeks after infection. The stomach was
opened along the greater curvature and the contents were
emptied, then the stomach was divided into two parts. One
half of the stomach, including the forestomach-to-pylorus
was scraped off with a spatula, collected into 500 L HBSS
and homogenized to determine the number of microor-
ganisms in the mucus layer: 50 uL of gastric sample in
HBSS was inoculated on H. pylori-selective medium (Nis-
sui, Tokyo, Japan) and incubated for 5 days under mi-
croaerophilic conditions at 37°C. Purple colonies were
counted manually and the number of viable H. pylori cells
was expressed as the number of CFU per gram of stom-
ach. Brucella agar medium supplemented with 7% HS
was inoculated with a single colony for identification of
the bacteria. The isolated strain was shown to be posi-
tive for urease, catalase and oxidase with a Gram-negative
helical form and was identified as H. pylori.

Statistic analysis

Statistic analysis was examined by the software StatView
(HuLinks, Tokyo, Japan). Also, statistically significant dif-
ferences in bacterial numbers in the stomach between the
H. pylori-infected and the non-infected gerbils were ex-
amined using Student’s t-test.

RESULTS

Effect of Amu-ru 7 on the growth of H. pylori

The MICs of Amu-ru 7 for 25 strains of H. pylori are
shown in Table 1. Growth of all H. pylori strains was
inhibited by Amu-ru 7, and the MICy of Amu-ru 7 was
200 pg/mL. Table 2 shows the combined effect of Amu- .
ru 7 with AMPC to AMPC-resistant H. pylori strains.
H. pylori strain 403 was resistant to 4.0 ug/mL of AMPC;
however, AMPC (4.0 ug/mL) plus Amu-ru 7 inhibited its
growth. The effect of Amu-ru 7 on CAM-resistant strain
TK 1047 was also examined. CAM-resistant strain TK 1047
was sensitive to Amu-ru 7, but the combination of Amu-
ru 7 with CAM was not synergistic on the strain (data not
shown).

The bactericidal activity of Amu-ru 7 is shown in
Figure 1. No visible bacterial colonies were detected af-
ter incubation of H. pylori with 800 ug/mL of Amu-ru 7
for 1 hr. Following incubation of H. pylori with 400 and
200 pg/mL of Amu-ru 7, no H. pylori was detected at 2
and 6 hr, respectively (Fig. 1).

© 2010 The Societies and Blackwell Publishing Asia Pty Ltd
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Table 1. Minimum inhibitory concentrations of Helicobacter pylori
strains to Amu-ru 7

Table 2. Inhibitory effect of AMPC and Amu-ru 7 on AMPC-resistant
strains

Concentration of Amu-ru 7 (ug/mL)

H. pylori strain 0 100 200 400 800 1000
TK 1003 2+ W - - - -
TK 1008 2+ W - - - -
TK 1021 2+ w - . - =
TK 1022 2+ w - - - -
TK 1029 24 w - = - -
TK 1046 2+ w - - - -
TK 1047 2+ w S = . =
TK 1101 2+ w - - - -
TK 1102 24+ W - - - -
TK 1103 2+ w E - - =
TK 1108 2+ w - - - -
TK 1117 2+ w - - = et
TK 1126 2+ w = = - -
TK 1301 2+ w = - = =
TK 1304 2+ w - - - -
TK 1402 2+ w - - - =
TK 1405 2+ w = - - -
TK 1407 2+ w - - - -
KR 2002 2+ w - - -
KR 2003 2+ w - - = -
ATCC 43503 2+ w - - - =

NCTC 11638 2+

4039 2+ W + - - -
1169 2+ W + - - -
1759 2+ 0w + - - .

9. AMPC-resistant strain. 2+, good growth, W, weak growth; -, no
growth.

Effect of Amu-ru 7 on biofilm formation by
H. pylori

We examined the effect of Amu-ru 7 on biofilm forma-
tion by strain TK 1402 (Fig. 2). Amu-ru 7 (2000 and
5000 ug/mL, 10 MIC and 25 MIC) did not disperse the
H. pylori biofilm that had been formed over two days of
incubation (Fig. 2a). In contrast, the initial addition of
Amu-ru7 (12.5, 25, 50, 100, and 200 ;4g/mL) significantly
inhibited biofilm formation in a dose-dependent manner
for 3 days (Fig. 2b).

Morphological changes of H. pylori treated
with Amu-ru 7

The effect of Amu-ru 7 on the morphology of H. py-
lori strain TK 1402 was examined by scanning electron
micrography (Fig. 3). Bleb-like structures and shorten-
ing of the cells were observed in H. pylori treated with
200 pg/mL and 400 pg/mL of Amu-ru 7 for 3 hr. Such
changes were not detected in untreated H. pylori. There
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Helicobacter pylori strain

403 16 175

Amu-ru

7 (ug/mL) 0 100 200 O 100 200 0 100 200

AMPC (ug/ml) 0+ + + + + + + + +
025 + + + + + + + + +
05 + + + + + + + + +
10 + + 4+ 4+ + o+ o+ + o+
20 4+ + + + 4+ 0+ - - =
40 + - - - - - - - -
80 - - - - - - - - -
6 - - - - = - - - -

+, good growth; -, no growth.

was no difference in the number of coccoid cells between
Amu-ru 7-treated and untreated H. pylori.

Effect of Amu-ru 7 on colonization of
H. pylori in the Mongolian gerbil

When 200 mg/kg of Amu-ru 7 was administered orally
to the Mongolian gerbil after H. pylori infection, the
mean titer (10*63#0% CFU/g tissue) of H. pylori in
gastric mucosa of treated animals was lower than that
(10335+1-02 CFU/g tissue) of control gerbils, although dif-
ferences did not reach statistical significance (P = 0.129)
(Table 3). Following inoculation with a higher dose of
Amu-ru 7 (800 mg/kg), the H. pylori colonization rate
(4/5 gerbils) was lower than that in the controls (5/5 ger-
bils), but there was no significant difference (P = 0.209)
in the mean number of H. pylori colonized between the
Amu-ru 7-treated and control gerbils.

] "=0—"Contral

5 —0—200 pg/ml.
=4 —A— 400 pg/ml.
% -~ 3800 pg/ml.
¥ 800 pg/ml. |
-

0 2 4 6
Culture period (hr)

Fig. 1. Bactericidal effect of Amu-ru 7 on Helicobacter pylori strain
TK 1402. H. pylori TK 1402 was incubated in Brucella broth containing
(©) 0 g/mL, (@) 200 1g/mL, (A) 400 ug/mL, or (m) 800 2g/mL of Amu-
ru7.
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Fig. 2. Inhibitory effect of Amu-ru 7 on biofilm formation by He-
licobacter pylori. Amu-ru 7 was added (a) after biofilm formation, or
(b) from the start of the culture. Error bars are shown as the standard
deviations using triplicate experiments.

In order to check the toxicity of Amu-ru 7, the Mongo-
lian gerbils without infection were administered Amu-ru 7
orally for the same number of days. We did not find any
visible damage in the stomachs or microscopic damage
in the gastric samples stained with Hematoxylin—Eosin.
This result indicates that Amu-ru 7 has no cytotoxicity to
gastric epithelial cells.

DISCUSSION

H. pylori is one of the causative agents of various gas-
troduodenal diseases, and eradication of H. pylori is an
important clinical goal; however, the rate of drug resis-
tance of H. pylori to CAM, a first-line antibiotic used
for eradication therapy, has been recently increasing (13).
In Japan, the rates of isolation of CAM-resistant H. pylori
strains were 7.0%, 18.9%, and 21.3% in 19992000, 2002—
2003, and 2003-2004 surveys by the Japanese Society of
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Chemotherapy, respectively (14). In Beijing, China, it was
reported that the isolation rate of CAM-resistant strains
was 13.5% and is increasing (15); therefore, a secondary or
tertiary regimen for the eradication of H. pylori is needed.

In the present study, the mean number of H. pylori in
the Amu-ru 7 (200 mg/kg),treated gerbils was lower than
that of the controls and the colonization rate in the Amu-
ru 7 (800 mg/kg) treated gerbils was lower than that of the
controls.

There have been many reports on the effects of
Kampo (16), a traditional Chinese medicine (17, 18), on
pathogenic bacteria including H. pylori; however, only
a few reports on the effect of traditional Mongolian
medicines on pathogens exist (19). As Amu-ru 7, which
contains seven different kinds of Mongolian medicine, is
used for the treatment of gastric diseases including gas-
tritis and peptic ulcer diseases, the effect of this drug on
H. pylori needs to be clarified. This is the first report on
both in vitro and in vivo effects of Amu-ru 7 on H. pylori.
‘We demonstrated that Amu-ru 7 has a bactericidal effect
on H. pylori at a concentration of 200 ug/mL. Emodin,
which is detected in Rhei rhizoma, was reported to in-
hibit the growth and DNA damage of H. pylori (20). It
was also reported that Piper longum in the long. pepper
inhibited the growth of H. pylori by more than 99% after
incubation for 60 min, but not the adhesion of H. pylori
to gastric tissue (21). Malekzadeh et al. (22) reported that
Terminalia chebula Retz in black myrobalan showed an
anti-bacterial effect with a MIC of 125 ug/mL and MBC
of 150 ug/mL for H. pylori strains. Similarly; gallic acid
and ethyl gallate in Terminalia chebula were reported to
have a bactericidal effect on pathogenic bacteria, includ-
ing methicillin-resistant Staphylococcus aureus (23). In the
present study, Amu-ru 7, which contains the above four
medicinal components, exhibited a bactericidal effect on
H. pylori strains, including CAM- and AMPC-resistant
strains.

There have been other reports on the effects of these
components. Terminalia chebula and Rhei rhizoma were
reported to protect the gastric mucus membrane and de-
crease inflammatory changes in patients with gastritis
(24). Although we did not examine the bactericidal ef-
fect of each component in Amu-ru 7 on H. pylori, the
effect of six components in Amu-ru 7 on urease activ-
ity was examined (the effect of calcium was not exam-
ined due to its insolubility in water). Inhibition rates of
Rheirhizome (0.026 ug/mL), Piper longum (0.046 ug/mL),
Hedychium spicatum (0.029 ug/mL), Cape Jasmine fruit
(0.026 ug/mL), Terminalia chebula (0.034 ug/mL), and
Radix aucklandiae (0.034 ;g/mL) on urease activity were
54%, 29%, 4%, 3%, 1%, and 0%, respectively, suggest-
ing that Rhei rhizome is the most effective antibacterial
component on H. pylori.
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Fig. 3. Electron microscope analysis of Helicobacter pylori treated with Amu-ru 7. H. pylori was treated with (a,b) 400 ug/mL, (c) 200 ug/mL,

or (d) 0 ug/mL of Amu-ru 7 for 3 hr at 37 °C.

In this study, AMPC resistant strains 403, 116, and 175
were used for the evaluation of the growth inhibitory ac-
tivity of Amu-ru 7; 200 ug/mL of Amu-ru 7 inhibited
the growth of these AMPC-resistant strains. In addition,
a combination of Amu-ru 7 (100 pxg/mL) and AMPC
(4.0 ug/mL) inhibited the growth of the AMPC-resistant

strain 403, although only AMPC (4.0 or 2.0 ug/mL) in-
hibited the growth of both strains 116 and 175.

CAM is one of the most useful antibiotics against H. py-
lori. It is an acid-stable macrolide with a broad spectrum
of antibacterial activity, well-absorbed with a wide tis-
sue distribution and with mild side effects (25). In this

Table 3. Isolation of Helicobacter pylori from the stomach of infected Mongolian gerbils

Mean No. of
Infection H. pylori isolated
statust No. of H. pylori isolated (Log CFU/q of tissue)t
Exp. 1 Control 5/5 4.66 5.87 3389 6.23 6.08 5.35+1.02
Amu-ru 7 (200 mg/kg) 5/5 5.75 5.16 3.49 4.05 477 4.63 +£0.90
Exp. 2 Control 5/5 3.51 3.26 272 435 4.52 3.67 £0.75
Amu-ru 7 (800 mg/kg) 4/5 435 437 2.85 ND 3.96 3.63+0.84

The number of H. pylori-positive gerbils/number of gerbils tested. tMean + SE, n = 5. ND, not detected.
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study, the combination of Amu-ru 7 with CAM did not
exhibit any synergistic effects on CAM-resistant H. pylori
strain TK 1047. However, as the CAM-resistant H. pylori
strain was shown to be sensitive to Amu-ru 7, this drug
could play a useful role in the treatment of patients with
H. pylori infection, particularly for patients infected with
CAM-resistant H. pylori.

Strain TK 1402 forms the thickest biofilm among the
12 H. pylori strains tested, as previously reported (7), and
this strain could effectively colonize the stomach of the
Mongolian gerbil (8, 10). Biofilm formation is important
for the survival of H. pylori in the gastric mucosa. Chellini
et al. (26) have shown that biopsy samples from H. py-
lori-positive patients had coccoid bacteria arranged in a
microbial biofilm. Bacterial biofilm is more resistant to
killing by phagocytes and antibiotics, presumably due to
the differentiation and survival of bacteria with a slow
growth rate (27, 28). In the present study, it was shown
that Amu-ru 7 inhibited biofilm formation by H. pylori
when it was added from the beginning of the culture,
mainly due to its bactericidal effect against H. pylori.

Electron microscope analysis of the Amu-ru 7 treated
H. pylori indicated that Amu-ru 7 (200 pg/mL and
400 pg/mL) induced bleb-like formations on the cell sur-
face and a shortening of the cell. It is likely that these mor-
phological changes induced by Amu-ru 7 are the main
causes for the bactericidal effect of this drug on the organ-
isms.

In the present study, we demonstrated that the Mon-
golian medicinal drug Amu-ru 7 exhibited a bactericidal
effect on H. pylori strains, and showed that it has a bac-
tericidal effect with a MICgy of 200 g/mL and induced
morphological changes of bleb-like formation and cell
shortening. Although the effectiveness of Amu-ru 7 on
H. pylori was demonstrated in vitro, this drug also needs
to be assessed in vivo in combination with a PPI and/or
antibiotics and in further clinical trials.
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