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Specific Inhibition of Thrombin Activity during Cardiopulmonary Bypass
Reduces Ischemia-reperfusion Injury of the Lung

Kenichiro Tanaka

Division of Cardiovascular Surgery, Reseavch Institute of Angiocardiology,
Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan

Abstract The pathophysiologic role of thrombin in the development of lung injury after the
normothermic cadciopulumonary bypass (CPB) was studied in the rabbit model. A control group
(group D) was subjected to the pericardiotomy without institution of CPB. Group A rabbits (n=
6) underwent left heart bypass (80 ml/kg/min) for 60 minutes without occlusion of the systemic
or pulmonary artery and a succeeding reduced flow (20-30 ml/kg/min) for another 30 minutes,
group B rabbits (n=6) underwent complete CPB (80 ml/kg/min) for 60 minutes in the working
mode with occlusion of the pulmonary arterial trunk and a succeeding reduced flow without
occlusion of the pulmonary artery for another 30 minutes, group C rabbits (n=6) underwent the
same CPB technique as group B in conjunction with continuous intravenous infusion of ar-
gatroban (60 xg/kg/min), the specific thrombin inhibitor. In this group, infusion of argatroban
was initiated 60 minutes prior to institution of CPB and terminated at the end of the experiment.
We sacrificed rabbits four hours after the experiment began, and assessed not only mor-
phometrically thrombus formation, leukocytic infiltration and luminal narrowing of small-sized
pulmonary arteries but also immunohistochemically the expression of tissue factor (TF) and IL-
1, and physico-functionally respiratory index (RI) and pulmonary vascular resistance (PVR).

Rabbits in group A showed multiple occurrence of lung thrombi, luminal narrowing of small
arteries, and mild infiltration of macrophages and neutrophils positive for TF, and, in addition,
their RI and PVR became mildly worse. In group B, all these morphological and physico-
functional parameters became much worse than those observed in group A rabbits (»<.01). In
contrast, argatroban treatment could significantly improve these parameters (p<.01). The
expression of TF and IL-18, however, was not significantly different in group A, B and C.

These findings indicate that thrombin function intimately participates in the development of
pulmonary ischemia-reperfusion injury during CPB. In addition, the anti-thrombin treatment
would be an effective therapeutical tool for the prevention of not only activation of extrinsic
coagulation pathway but also its sequential inflammatory and circulatory disturbance in
ischemia-reperfusion injury of lung during CPB.
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ALLAE (CPB) i, BULEOMBIFERELT, &
BZVREETE - BERETEOBEEL LTELERS
RTVBE, &%z CPBRDSMBRIETE 246t
EELTRET 2HEPILASNTH Y, CPB &
FEREEE (PPS) & T T3, Kz CPB #&fifikge
74 (postperfusion lung) 12 & 3 MEKEE IR b EKR
REBEDO—DOTH5, PPSIE, ek LD, MEH
CPB (B L AT 2 2 L I2 &k D MERRI/IMR, & 512

G, A, MERSERESERORE, BERE
EVERINDI LWL B EFEZONTERLD, HFE,

CPB 2 61 % interleukin (IL)-1, IL-6  TNFa 7%
CRELXDREETA M A A4 OB MBEE S
s 2 DEERFBO BT EEIEEE DD
H %, CPB#OMEERE L, K L CPBEE L
OFEfRO A7 & TR - FRERESIC L0 IFFRY
RERBCE2EYA M 4 VIESLEEITEN
BfilE, BER/~r7u7 y —YEEELL, 25 MR
BEPREEYD 2L Tw3 Z RIS h 2, My
BEREO—RL LTESEt~ 07 7 —YBREL
ToHERRT (TF) & X 3 AR EEEE LSS L T
WATREMBSRB I N T34, ZOFEMIZVELER
E)ﬂz&% 65)9)21).

TF X, BEEHTY A b4 VRBEA——T 7
SY—D—oTHY, B VI/VIa BFLEE&KEE
L, & VIla RFoMEEE L LT Catt FETWIY ¥
PR B8 IX, X N7 2t L L CgE A A7 — R
PR 510, TF OFHRIZ, BED in vitro, in vivo
OWFE LY, MEFER, B/~ 707 7 —IPMmE
A% % < OB IL-1 % TNFa & £ D& E
YA P ALY, TR PFYUORP P nrEYD
REDELZDOREBER T T, FHINL I EHEL»
Lo TR3E 99 EXa /T, 7O barEVE
baorErEREL, barEridra 7Y x5y
2747V VCEBRL TIEERZEC S 2L L s,
B, tarEriz EROBEREERE LTOBRED
%7 5 FHERMBROMBERT £ LT, 2#ELRT
ELUTERT 2 SR TF TH 542,

WoT, Hxld, BE, REOHERFLLTER
ZhorEUBREERETT 5 2 Lk Y CPB &k

HEALPEH T 2AREENH 3 L DIRF 22T, KR
CPB =7V 2{ERL, &€ TV ORFRIEERENRE D 43
FHRE B & U OEBERRN 2To72. 8512
TF, IL-18 £ 2D IL-1 #EFKT7 v ¥ T=2 + (IL-
1 ra) DRI FI 2 SR LA R L, TRRERH
R k2 EEEEB %0 PPS ORERFRBIZOW
THREL, FEY MOV EVEREERTHL 7V
# b w3 (argatroban) @ CPB BEBRECN T 215
BZIR 2 MRET L7z,

MHCFE

HE, nF

t b TF D 4850 FEH D7 & / B&EC%I, Lys-Cys-
Phe #5883 55 s TF® ./ 7 oHifk (K108) i,
PRHEE L (RRAEEREMEMSFEEIM) &
DgEES W, 2O, BN, TR, 7Y,
YYATFO7 2 /BESICBWTHBETHZ, v¥
MFERIL- 186V Y VHKRAIL-1ra KV »
ufifkld, SAFEL BRREEZPREZHE)
vt ani, IERR 747V /=5 Ry 7u—
FNVEUE, FIRR~< 7 07 7 —Yhifk (RAM11) i,
Zh#h Cappel # (Durham, NC), Dako # (Car-
pinteria, CA) X D EA L. 7V H b oy
(2R, 4R)-4-methyl-1-[N2-[(3-methyl-1,
2, 3, 4-tetrahydro- 8 -quinolinyl)-sulfonyl]-L-
arginyl) - 2 -piperidine carboxylic acid) Z=ZHE
BRI VG I 122,

KRB ORTLE

FBCHAVWI-HEARBRR (#, #E2.8-3.2ke)
60 3 (SEBAEE 24 7, BRIMERTE 36 ) 1&, Biotech Co.
(EE) L VBAL, UNKZEZEENBEYEERER
KTEB L. UTOXRER o b a—ix, JulKE
K?%%ﬁ%ﬁ%%ﬁ%iﬁﬁﬂ?é%@%ﬂ%%ﬁ
TMARFEAREBE SRR 310 2 B EB B
I 2158, [BORES L RE BT 25E] (&
BE1055) koK [EREVOFAESL L REK
By oEE] RERETRHE6S) DL ¥4 DT
AT otz & TOEBRIIBEREBRIEC TITV, thiamylal
sodium (HFEME, KK, 5mg/EEky) 2HEOD
%, [ENFEER, Harvard BB A TR C
50%BEREE, 1[ERSKE 15-20 ml/{AE kg, FHKE
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#0030 [E/5, BEFEKE2cmH,0 1 THEREE %
1To7z. FRErO#EFE % fentanyl citrate (=3 (88,
H, 0.2mg/fFEkg/5) B & U #f 5t #& Fl vecur-
onium bromide (=3 (#%), ¥, 6 mg/{FHE kg/47)
DFFE S ENE TiT o e,

EEREF DR

lEeRT Eo1c, 4B2ERIL,

N4 28 A (LHB) i€ 7V (AE, n=
6) : CPB DOififHf%, FEBMEEEICE 2 2B e iR T
5 HR TR R(ER L7z, FEEFYIBIC ChHlgL 72
#, heparin sodium (15 mg/{A&E kg) ZEH#IR L D 1E
A, BELBWRAT—TVEBALEBERHIEL .
EUEOLRE XL OBIMmML, ERENCATLMEZMEL,
AABEEINR & D 2XM L T, FMyt%HF-7% £ LHB
2iTo 1z, 60 SRR TE (80 ml/fAE kg/453) T

LHB #1To 721, WmE% T T (20~30 ml/{EE kg/
43)30 SR OMEEIERE I LHB 23T L7z, LHBK
T 2.5 FFEBIC KB R RMERL 72,

CPB, ffifEIN -FHERET )V (BE, n=6) : CPB
BLOMOREN - FERES TR - EERERICE 2
B RHEST 2ENTEAREZER L. BLELD
B U 22 KEREIAR 2> & XM L T CPB 21T\, ZDH
MEBICHEIRERL ZEAZEL, AFICEL T604
FIRATRE (80 ml/fAE kg/4) W THENA ISR
To7z. = O ENIRE BT & R L 30 5 0 & 5
CPB % HuL#IRE 8 mmHg LU TIf£2 X 5 wEFsi L
CPB %7 ULJz, 2D 2.5 FFEHZE L TRE* B
Uiz,

TuA a5 E (CHE, n=6) : BE Rk
DEEBRIEICIZ, 7VA husNxrk CPBEE 1K

Op Heparin (15mg/kg iv) Sacrifice
* v i : | } +
-1hr 0 1hr 2hr 3hr 4hr

Blood Sample

Group A LER v S ’
P full flow  assist

CPB comin gL ,
Group B complete [:ELE]] ‘

CPB ¢omin gEiuiH i
Group C complete [TILCY '

Argatroban 60ug/kg/min div o

Group D + ‘ ’ |
X1 EEREE

FOMERIZ A B TRALE-GAIBEIIRRE T 60 SRS ATRE (200 ml/43) O, HiEZE T T30
SREIFHBIER 21T o7z, B 2o N CETIALE-EXEEEIRE T CPB % 60 4 TV, Z D
RERIC BRI ZEAZE L, 60 SEOTLEIMERE21To 72, = DEITEIIRERT % #5 L 30
SO EIEER 2T CPB 28T Lz, 74 b a5 3 FMBI0GE L D EBRK TR
TEEBEICTHRE L, 2 b —VEE2ESD T, £ TOEREY 3 EERIE > FFE®%ICERZL

7z.

Group A : LHB i€ 5V (n=6), Group B : CPB JfifgIfl, H#EW<E 7V (n=6), Group
C:7NF ranvilkE5E (n=6), GroupD: a>v ru—VEE (n=6), M : 542501

Pi i

ckEghiEs, I =2 A0, [ ] EaMESMER, Op @ Fi
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BB & D 60 pg/HRE kg/5312 T, EBIK T X TR
REEREL .

aviro—VE D#F, n=6)  JWEEFYIROD
%, ETOFRIES 1 »%2EER, CPB €7, FMl
BEfAt: 4.5 BRI CRE 2 ER LT,

YU EDEEE B\ T, CPB RO EH L& ERFE %
500 LA bic#EREL, EBRPOS oy s ik 3950
XHET L is e o 7z, :

FLAH PO EBRORE

TNT ANy ORBEGERERIET 510K
BEPEHNT, ZVH anNxryOFR I bur
VEE (PT) B X OEHERS oo KT 7 R F VB
M (APTT) K52 3WEERS LIz, 7AH b
> % 10, 30, 60 ug/FE kg/5F DIBEE T 30 SRR
5L, PTo U APTT 2#IEL . PTH IV
APTT »MLERTE (39.8+9.1sec, 9.1+1.0sec) %
2EU ECERERI-7UH bunyoRs5R, b
60 ug/fAE kg/5, TLEARDEBRZITo 1z, LEiRER
WTEEBRBICB W URBMEORFEHIMIZFTED sh
Rdole, N

5 1E®R (CPB) OFH

CPBHEHERRY E=NVFa—7, RV I —KH2—1
HEEB X UORY) ES VT Sy 7% iz ik E)

WSRERA CPB [EIR (RTERILE, R zRHwE.

ERE OFIHEMIK I 1E, FMEMCEERRE 2L D HF
MU 7240 200 ml % fv> 7z, AZLAf % EIREPY 12 BT HR
HEEPHAAALTZ BABYVOX B A Tt (Baxter
Healthcare Corp., Duare, CA) 2, 0—J—F
Y TRBEGRC TR L., 554 CPB ORI IE

L, #RESE%ATETICT 3cmH,0 IR L7z,

BREEER% 3STCIKED L 5 CERBE R R L /2.
miTENRE, PRIBEEREDFIE
FEEPOIMTEREEEEST 2201, R1ERTIT

& S REARE, HLEIRE, MMEIRE, EBE%EE

L, $R&FEHEYT—7T VL OFMET, MEY

RS RAT 0 Fo. & To EHIIBREY, MAVMREKOFHE 17 >

7o, FRIMFRE OWE G EMBEIIRZ T 2 F v ¥ A VEE

WIFEEt (Transonic, New York, NY) 2&#EL T

To7:. MEOWE@EL D, BREEBOEELLTOD

fimE ST (PVR [dyne/sec/cm®] = (EXIFHEIIRE —

EHERL) X79.9/ERNGE) 2EHLZ. Zh

Zho PVR EiZ, &EEREYO CPBERETO PVR
EEpHizTHRL,
FERBEEDOTEE L LT, —REFHEBEOKENEE
DOWEDIEL L THERNCHAweTB Y, BEL
BE R R T IPRIES (RI=A-aD0,/Pa0,) »EH L 7.
B, BRI REEREE L U CORIER, 1UATEE
nTns,

R RRER

BRERRFICKE « iz s Lg% en bloc I THHE
%, M3 4%/57 74 VAT NVTE NI THBIIRER
(BEFRE © 20 cmH,0) %o CIKEWNEA (HEAE :
20 cmH,0) iz X VEE L, 4B 24 THE
XDEIVHL, &5 ABERICTIER, 4°CkT
BEBEERTo7. 8974 7uv 27X 4 mE
OETHIF 2ER L, MENEES L CUTciR~R3
HREHBLZEHORBE 2 To%. XENEBEER,
hematoxylin eosin (HE), elastica van Gieson(EVG)
7% & U IZ phosphotungustic acid hematoxylin
(PTAH) % HWTHREL .

SRR AR LSRR

S 3 Histofine SAB-PO* v + (=51 A1,
HR) 2w, AMVIRITEYY - EFF¥ L
A %o F—2EAk (ABC) Mz TT o721, R
BEEEMZ 27D IEERRINEIC T 30 5 HFILE
&, 1XHUE RE 2 ug/ml) 2 4°C, 1BRIGE ¥
fe. ZNTROYIR I, KT 2 —KEUEOBYIE Ig

xS AR R 30 SRIRIG S ¥ 7218, WEMEOVA F

vI—-YEREBET 2 EHNT, 0.3%H,0,-meth-
anol T 30 SHEMLE L, 2 DBV E F LS —ETE
Vy-EXFUBAE (SF1LA) B HHERIGS €
7z, BBICEAKIGY 3, 3-diaminobenzidine tetra-
hydrochloride 2#& & U TH W T{T> /2%, Mayer’s
hematoxylin & U < 13 methyl green & TH$ M %
Tol:. REREMDOHERDIDIZ, ZThZN—XKH
BORD Y CHERFT TR, YFHLIREY YD
IgG (5 ug/ml) 2HERAL, BB Lk,

/s ARIC 35V 3 AR EREOE H

EVG Rta® i L7 §0F % fv» T, lISEX LT
DOEAZYIN S Wizfi/NRDO A2 & b 208 (/K
RIM) 22w, s MEONHMER & L E
DOEFE I V—RAT B L X Y ANDHEE % Cos-
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mozone 1S image analyzer (Nikon, Tokyo) % H
WTEHEIL, ZRENn LY AREERE : MEEEEEH
L7228, NREE RS/ MEE R Ot & AREEEE (%)
PEH LI, SEEOFHHEL Y EFOFIEL2ER
L, MR hBRar Lz,

S ELER(PMN), e s & UHEERT, IL-1 8

B SUZ IL-1 ra BHEMEROEE

Bon7EAD HE #+E KR U PTAH BB LT,
ZNZENOEILAR (X400) 1HEFL7-D © PMN,
B, TF, IL-1 8 72 5 N IL-1 ra BEdlas s 139
Wi-h 20 HEFAEL, BHOFEHELZEHL, &L 0
EERFETFRNCHBRA Lz, BIEXH2D, BE
AT R OF 2R L THIE 21T > 72,

by e p P s

HIERERIIFHELSD TRL, SHMEOKIFH
R 13 unpaired student’s t-test TTVvy, p<.05 2%
B REE LHIE L.

& ES

FAYMm B mERE, mM/MRBOERMEL
2 a WEABHORMBIRD A IMEBRKEOEERT.
4 # 0 CPBEIAET D FHE X, 2.27£0.20X10%/

mm® CTEREMICEEZ2ROkM-o7-, LHB (A) #
DEBETEFORMHMERE L 2.94+1.47 X10%/
mm® TEED R E2FD o7z, CPB e/ N4 8
A (B) BT, CPBBMAAMEI L T 120 KR
BHoMzgmL (p<.02) ERETERICIXE 528
Lz (p<.01), —A7NF rany#E (C) #oH
MBS I EERBAGHTE E E=0 70 {, KEKTEIZIX B
BEOFNHRS EEBERBY L Tw: (p<.01).

2 b I BEEOFRMEIRME O M/ M DO E(L %
73. CPBBREtsRIELZ > Izay ba— (D) B
U T CPB #fT- 7z CPB5%&/51 %A (B) B 7
W ranNvs (C) Bom/MEEE, CPBRTE
DREZE A L (A, BEE; p<0.001, CEp<
0.01). XHWTAY VRS (C) BEOEERKT
R M/MEEUE, A, BEED ZNZTHOMEICLERTER
WWEETH-T (p<.05).

2 BHULEIR, OB SR L Mg o [0k,
M/IMEEIZ DWW T HRE U 7 SRS EIIR I 36 0 2 85
fHEEZREE2RD Aoz,

g HEE (RI) & mEEHR (PVR) OREFHZL

3ak&FHORIEORIERT, 470D CPBH
AT DFHIME I, 0.86+0.21 TH-72, LHB (A) B

7 - —+—Group A —-+—-Group A
—o—Group B ] —o0—Group B
6 L 30 | --#--Group C
--4--Group C —
—~ G P D mg & - —-%--Group D
o roup S
o > ;
2 Rl
= R
E ]
# 3 T 15 a
% - £
o ’(_‘:'_'::____-_-__--;é_:;zke .......... " 2 1,
2 &———
1| 5r
0 | | I 1 0 1 L L L .
0 60 120 180 240 min © 60 120 180 240 min

2 a RIEHRIE MR OLEL

a:p<0.01

X2 a, b FHEMEMEKE (a) 726 CIIMEE (b) OREFNZEL
Group A : CPB (E{aN482) # (n=6), Group B:filifEll, BERE (n=
arvhro—nEE (n=

6), Group C: 7uF bu 58 (n=6), Group D :

6)

a:p<0.01 b:ip<0.05

B2 b AREEIRMIIN/ MDA



12 H o

Tk LHB B OWREEEDELIZ HEBREMTH Y,
LHBK TR TIX 1.7121.29, EBRKTEIZIZ1.86+
1.56 Lavru—i (D) Bethl T LRER2ZD
Te BSREHERNIC B EZ X R o 72, CPB 524234 732
(B)#fTid, CPB#0 RIfEIZXREFICHEEL, CPB#
THEFTIX 2.00+1.35, 150 53 DEFA T 2.50+1.35,
EERTHIZ134.2912.26 » CPB BH#&R1MEICEL L
T (p<.0D), Al cERC RIEOELE
iz fC, DE:p<.01l, IWAEE:p<.05)., 7
W buanvE (C) BT, CPB&THRO RIER
1.80£1.87, ZDHWH L ERK TR ICIZ1.11+
10.51 L WAL, BEOEBKR TR L TEREHK
EXH (p<.05), EHwaviru—i (D) BErof
BEEbBL{ ko,

3 b K BEEDERF PVR Lo %2 RY. LHB
(A)EETHE, CPBRRTEREET O 3043 % Tk 1.33 i
BrEELRICEE -2, UBERELTCPBKT
NS TREECEL, ZOBRTREREZTRLIZLDD
EERKTHREOM X 1.88+0.70 (BRAATE L p<
0.01) :EE%EFRL:. CPB5%4e/N{ %X (B) BT
IZCPBEEBERIcZE 2 PYVRD EHE 28D (p<

Respiratory Index(RI)

6
)
D
<
= -
=4
&
o T
F;S {b a
S
B {
22 Y
(= -
A |
1 A ]

240 min

0 60 120 180
a:p<0.01 b:p<0.05

—-4—-Group A, —o—Group B
--&-- Group C, —=*--Group D

X3 a MEERE RD) 0%k

E—ER

0.01), —BEA L-BcEUEMUERKTRIZR
2.58+0.70 ($<0.01) &7, FIH banrgs
(O)#D PVR %, CPB#THAC 1.57+0.56, FEERHE
THRZIX1.65+0.64 THY BEIZELTL IR HIE
EERLE ($p<0.05), Zho CEEDPVRIZ, 2~
FPa—n D) BEOFNE N TR EEEZRR
Dol

I DA EAL

4 a-d CKFEOREWNZ HEFFR 277, LHB
(AT, MEOBREOFE L A%k, & <1 PMN
DBREE, FItlEEMILED > - ML —EoMmiek
BE, %7HSE Y~V TOR/NEIIRD RS %
REoiz, CPBsEeNN{ 82 (B) TR, ZhsD%E
1k, & HE®D PMN £#, /Bt & il
EMIENOMBRTERS—BEE L Rol. 7NH b
a5 (C) #id, BE#ERELTIhSHREDOWY
NYBEHTH oI,

5 alz, FEOBEREH D OGN PMN #
2R3, FRZ, CPBSES/NNA RAEETI, fhlufEeEc
ZHZ PMN 0E£H 28D /2 (55.6+11.3/HMF)
B, 7AFrunrgs (C) BTk 35.0+5.5/HMF

Pulmonary Vascular Resistence (PVR)

w
%3]
1

w

N
[$2]

N

ey
w

Pulmonary Vascular Resistence Ratio

(=)
[92)
T

o

0 60 120 180 240 min
a:p<0.01 b:p<0.05

—-4—-Group A, ——Group B
---4-- Group C, —%--Group D

E3 b fimEES (PVR) %ML

3 a, b FEEEEE (RD 4o CMEEI (PVR) ORZEHNZEL
Group A :CPB (&34 %R) B (n=6), Group B: flifEm, FEMREE (n=
6), GroupC: 7NVH buNN#58 (n=6), GroupD: a>ru—LE (n=6)
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a:ECC (A) B, b:ffifgm, FER (B) B, c: 7 bunv#&s (C) #, d:av
Fo— (D) . HE #f1, a-d DERIZFECTAY —Vid 200 yum 2FoR, < @ Mg

CAEBRCHEIE N (0<0.01). LerLiass CED
i, avire— D) FCHL TEERECEHET
bHolz (p<.05).

5 bz, BHOERE DD OIFMETEEOHEE
%79, LHB (A) BT 0.9+0.2/HMF & IMA2TERL
2RO, CPB5Ee/ A /%2 (B) HTIZE 5 IcMmek
A3 2.8+41.1/HMF %<, 74 b v #5(C)
FETI120.4+0.5/HMF & MEEERBERHIZA L, A,
BELWThIHL THEREMFIShTw (Fh®
np<.05 p<.01),

6 a-d ICEFHEOHILE T v~V T ORI 72 fifi
/NEIARD EVG FiRfg%E7R7. LHA (A) ## (K6 a)
Tl&, F/NEIAROEEOFEORE L X UHREOSN
b5, Zhsn%Ebid CPB %21 /52 (B) &
(K6 Db) TEIOEZELR D, TVH vaNvEE
C) BTiRrEFEHICHA L (K6 ¢). K5 cic&#HD
Fi/NEAIRNEE R (%) %273, LHA (A) #DA
7% 59 CPB 524/ 34 /S A (B) B M/INENIRA e

FE(ZhZh35.1£6.0%, 20.5+7.0%) &, I~
o—)L (D) # (54.84+6.4%) WL TEBHICED L
Twiz (ZZFh p<.05 p<.01)., 7NH ha,Nyv
85 (C) BOWNMEEME (62.5£12.2%) &, AXS
iz BERICHLL TEHH IR L (p<.01) 2%, a v~
be— D) BERBEERERR D Lok
(p=.15).

REMEBILENFR

712, CPB5%£/N1 /%2 (B) #o TF, IL-14,
IL-1ra ORER 2 REHBLFRMR 2R3, TF &
BHHHRIZ, I bo—n (D) FTIE, —HoMMER~
rsu7y—y, Il BfhlE R mE 2 o M iegkE
FIEEHHECE NS DATH o724, LHB (A)
HTOMABMEMIREFoKEEL, L CBEELE
PMN R BB/~ 270 77—V D% BTFHEH, T
Holz, MENKMAOIES »2BERFTRIEED 51
zotz, —7, CPB5E2/NA /32 BETI, BiEE
HEMBRAROEINIEE T2 ORIGHEE b LT,
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80 b b b a
= = — 801 b
4 b BB 4.04 T/ - &
- l 70 ] TTL
207 g 2] T
<5 £3.0 1 g
# > 850 1
H 40 - B 40 {
m 4 21 g
Ky - g 0 £30
s
ﬁm} 10- 20 1
o
10 1 r:‘ 10 1
0 0 0o —
< m O A << (G e < M O A
5 5 5 5 & 5 5 5 & 5 g
g 2 8 & o S A S 2 2 &
(G- R &R & &) & o O (G-I - & A
b:

5 a SEOMBAS I MERE

a: p<0.05 b: p<0.01
R 5 b HEOIMMREE

a: p<0.05 b : p<0.01
R5 ¢ BEEONKERRER

M5 ac SEEOMEGASIALEMERE (a), MRFEHE (b) %o ChivhNiROAEERE ()
Group A : CPB (&34 /%) B (n=6), Group B : ffifzil, FH#HAE (n=6), Group
C:7NHF runvikE5s (n=6), GroupD: a> bo—E (n=6)

TF BHtlan~ 27 v 7 »—y, 1Ak RIS
O EGERIGEERE L, & o ihiafmaEEmn
& s IHIEIRO—EBONEHIlE b TF Btz R L
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