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Abstract

In China, most human cases of avian influenza were rural residents and were reported with a

contact or an intake of sick poultries, suggesting rural residents have relevant risks to be exposed
to the fatal virus. In this study, we investigated the living environment in rural areas and rural
residents’ knowledge, attitude and practices regarding poultry handling and avian influenza in Shandong
Province, Anhui Province and Inner Mongolia Autonomous Region, and thus provide evidence on the risks

of exposure to sick poultries and on the effect of health education for rural residents.
Key words: China, rural resident, avian influenza, living environment, health education

Introduction

According to the situation assessment by WHO, all the prerequisites for the start of a human
influenza pandemic have been met save one: the establishment of efficient human—to—human transmission
(1). The possibility that the virus will mutate into a new form communicable among humans increases
as the geographical range of the infection expands and the number of people both near the disease and
who have contracted the disease increases. Since 2003, outbreaks of highly pathogenic avian influenza
A (H5N1) virus with sporadic transmission from birds to human worldwide have raised a considerable concern
of the potential pandemic. In China, like other Asian countries such as Indonesia, Thailand, and Cambodia,
most reported patients and victims were rural residents and had an experience to contact to poultries,
suggesting rural residents have relevant risks to be exposed to the fatal virus. Many studies confirmed
H5N1 infection has been associated with exposure to infected poultries (2-5). On the other hands, until
now, there was no systematic study to understood knowledge and practices of rural residents regarding
poultry handling and the infection precaution, and the performance of local surveillance system and
the effect of health education and interventions such as vaccination to poultries. All those kinds of
information are urgently needed for the policymaker to prepare the potential pandemic. The objective
of this study is to assess living environment in rural areas and rural residents’ knowledge, attitude

and practices regarding poultry handling and avian influenza.

Methods

This is a cross-sectional study during September 2007 to January 2008 in Shandong Province,
Anhui Province, and Inner Mongolia Autonomous Region, thinking of a geographical diversity and
feasibility. In the later two regions avian influenza and humén_infection cases ever occurred before.
The target population was rural residents aged 18 and above. It was selected by multi—stage sampling.
First, we randomly selected 1 district from the each region. 3 counties were selected from each district

and then 1 village from each counties. In the selected 9 villages, we interviewed all residents, totally



1379 participants (Table 1), by using a semi-structured questionnaire designed to collect information
on their demographic characteristics, living environment, practice of poultry handling, frequency of
going to poultry market, attitude to the potential pandemic, knowledge on avian influenza and disease
prevention. Besides, officers from primary healthcare settings and the local Health Agency were
interviewed to understand policies and interventions including surveillance, vaccination to poultries

and economic compensation during the outbreak.

Table 1 Demographic characteristic of participants

Demographic characteristic n=1379 (%)
Age 47.3 (£17.6)
Shandong 399 (28.9)
Location Anhui 491 (35.6)
Inner Mongolia 489 (35.5)
Male ‘ 662 (48.0)
Gender
Female 717 (52.0)
) Single 180 (13.1)
Marriage status
Married 1199 (86.9)
. Middle school and below 1258 (91.2)
Education :
Above middle school 121 (8.8)
i Peasant 1027 (74.5)
Occupation
Others 352 (25.5)
Less than 5000 224 (16.2)
5000~10000 486 (35.2)
. 10000~15000 227 (16.5)
Annual income of household (RMB)
15000~20000 187 (13.6)
20000~25000 65 (4.7)
More than 25000 : 190 (13.8)
. . . . Yes 1322 (95.9)
Joint of community-based medical insurance
No 57 (4.1)
Yes 312 (22.6)
Poultry feeder
No 1067 (77.4)

Results
1) Living environment

The living environment of those surveyed rural residents was summarized in Table 2. Half of
participants have a contact to wild bird (often and occasionally see). Nearly 50% have a semi-closed
or opened yard, which poultries can pass in and out. From the interview, we found there were participants
bringing a dead wild bird to home and make it for food when they found it outside. 51.8% keep poultries
in their households. Among them, some had a special fowl-house and others didn’ t. Instead, in those
households, poultries were bred in common living room, an extra room or the toilet. We also observed
that in most households even those with a special fowl-house, poultry dung can be often seen in the
yard, living room, toilet, and kitchen. From the interview, there were 30 of total 714 participants

reporting the death of poultries during the past two weeks. When their poultries died, most participants



took them into burring or burying while others took inappropriate handling measures such as throw-out
or in—take. In terms of the sanitary condition, 57.5% of participants dumped wastes at near-by of the
house or everywhere, rather than at an appointed place. 9.9% didn’ t have water supply in the household.
As much as 86.3% still use a latrine, rather than a flashing toilet. 67.9% prepared raw poultries and
cooked food at the same chopping broad. According to the self-report of those participants, the
vaccination rate of poultries bred in their households was 100%. The average frequency of going to poultry

market was 19 days / time.

Table 2 Living environment

Living environment n=1379 (%)
Often see 426 (30.9)
Contact to wild bird Occasionally see 388 (28.1)
Never see 565 (50.0)
Yard circled with wall 714 (51.8)
Yard semi-closed 182 (13.2)
Type of yard
Yard opened 450 (32.6)
Others 33 2.9
Every week 677 (49.1)
Every month 289 (21.0)
Frequency of house cleaning Half of year 248 (18.0)
One year 162 (1L.7)
No cleaning 3 (0.2)
Waste duming & - ted ol Yes 586 (42.5)
aste dumping to an appointed place
No 793 (57.5)
Yes 1242 (90.1)
VWater supply
' No 137 (9.9)
Flashing toilet 189 (13.7)
Type of toilet
Latrine 1190 (86.3)
s tod chonping broad Yes 443 (32.1)
eparated chopping broa
No 936 (67.9)
o Yes 714 (51.8)
Poultry keeping in household
No 665 (48.2)

2) Knowledge on avian influenza and disease prevention

Regarding rural residents’

knowledge on avian influenza and disease prevention, we designed

15 questions based on an education guideline for human infection prevention (6) and allotted L point
for the correct answer. The range score was therefore from 0 to 15. In this study, the minimum, mean,
maximum score was 0, 4.5, and 11, respectively. As showed in Table 3, we compared the mean of the scores
among different groups by statistical tests on SPSS 13.0.

We found that the residents from Shandong Province had better understanding of knowledge related
to aviah influenza and disease prevention than other 2 regions, which can be attributed to the effect
of health education activities, as we understood from the interview of the local officers. Moreover,
those with lower level of education, peasant, and those with annual income lower than 5000 RMB

{approximately 75000 Japanese Yen) tended to have worse scores. Among factors significantly associated



with participants’ performance of the question answer were also separated chopping broad for food

preparing, treatment of influenza, vaccination, interest of related information, eating habit, and

attitude to the potential pandemic. The main source of related knowledge and information was TV and

internet. Approximately half of participants showed relevant interest and concern towards the potential

pandemic.

Table 3 Factors associated with residents’

knowledge on avian influenza and disease prevention

Factors Mean je)
Shandong Province 4.86  (4.60-5.12) #okx
Location ® Anhui Province 4,38 (4.17-4.58)
Inner Mongolia Autonomocus Region 4.18  (3.98-4.38)
Above middle school 5.68 (+2.524)  **x
Education ®
Middle school and below 4,33 (%2.375)
Peasant 4,24 (£2.328)
Occupation®
Others 5, 06 (+2.573)
Less than 5000 3.17  (2.90-3.44) ik
5000~10000 4. 38 (4. 19-4. 58)
Annual income of household 10000~15000 4.81  (4.50-5.13)
(RMB) ® 15000~20000 4.74 (4. 40-5.09)
20000~25000 4. 08 (8. 46-4. 70)
More than 25000 5.51  (5.14-5.88)
s tod chooning broad ® Yes 4,93 (£2.37)  #xk
eparated chopping broa
Pp No 4,22 (£2.408)
See doctor 4.73  (4.56-4.91) ekk
Self-medicine 4.16  (3.97-4.356)
Treatment of influenza 2
No treatment 4.07  (3.47-4.67)
Others 1.44  (0.77-2.12)
o . Yes 8.00 (5.10-10.90) *x
Vaccination of immune
] No 4.44  (4.31-4.56)
globulin® ,
Don’ t remember 4.71  (1.85-7.58)
Very interest 5.54 (5.18-5.90) sk
Interest of related
. Interest 4,94 (4.75-5.13)
information ®
Not interest 3.62  (3.44-3.79)
Not at all 3.15 (2.86-3.44) #kx
Reducing intake of poultries 4,79  (4.54-5.04)
Change of eating habit 2 . -
Careful whether the poultries are boiled 4.78  (4.18-5.37)
Don’ t eat poultries 4.72  (4.55-4.89)
Never 4, 50 (4. 37-4. 63) Kk
Eating of raw poultry ? Occasionally 3.82 (3.17-4.48)
Often 2.10 0. 61-3. 59)
v Yes 4.72 (4.56-4.88) ook
Cleaning egg shell 2 No 3.57 (3.31-3.84)
Depending on 4.54  (4.22-4.87)



. . Already taking action 5.81  (5.43-6.19) %k
Attitude to the potential

. Be aware but not taking action yet 4.76  (4.56-4.97)
pandemic 2
Not aware or not necessary 3.90 (3.73-4.06)
a: by One-way ANOVA test; b: by ¢ test
ok p<0. 001, #** p<0.01
Discussion

This study identified the frequent and inevitable contact between rural residents and poultries
in living environment of rural residents. The sanitary conditions, especially waste dumping, toilet,
and water supply need to be improved. There still remain some unsafe and inappropriate practices on
poultries handling such as food preparing and treatment of dead poultries. We found that level of rural
residents’ knowledge on avian influenza and disease prevention in general was relevantly low and
regional difference, health behaviors and attitude aspects associated with it, suggesting health

education for rural residents urgently need to be improved in future.

i (D)

(2) Inside and outside of the house and the yard were open to poultries.
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hEIZ& 1T 5 HEV DRI RERE

FoERA = T

PTRAARE ELRYYERSERT VA VAR TH
TERFEFEMERERE T BX F F
PR PEERERRAETH= Y be—Airy—

=B

HPERRE ORE A M 3864 1214, FE A JEB I C BORERRASHETRBZ OSMIAMIE 51 HRiE, B LU Chlgko
EREND A BRI DT 5 ZE(FEAHE 80 BEZ LR L, HEV IgG, IgM 3L TVHE VRNA 2382 L7z, LA IR %
AD 16 FERARILS. % Th o7z, —F. RETRASHIFREEN D IaM HUED 17 & (30%) B Eh., EBFFLY
A NVARRERBESMFROEERFR VA NATHDZ ERHLNII o7, BENLHBELT-HEV L FE Uil 7 ¥
M BAyEE LT HEV O EERF D TELLL TWeZ &b, TN HEY OBEBEREETHA Z RSN,

 Key Words: EZUEFZ, Hepatitis E virus, Virus-like particles (VLP), U7 F>
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E BIFFRIZ E BIFFA U A VAR (Hepatitis E virus, HEV) DRBRPUZ L > TH| &R SNHEMATRTH B, E BTFRITHE
FRERIC Lo THEE L, Bl 7 U7 TIIERIITELEVEL TS ¥, EBIFRDO— > DRI IR HR D FETRAE
T LT, BT 0% ITETHEVIRELHD D, BIE. HEV IZART A NVRBHIHEEN, —DRB THB~T AR
BEWER LTS Y, 1991 £, Tam HIZK o T HEV B FOLEF DA SN 9, Lok, &< OB S, HEV Iz
B &b 4 DOBETFE (Genotype) DTHET A Z LB LMNZR > T3,

HEV D4 ) Ai3KI 7. 2Kb D75 A—AEHRNA T, #4 7,200 3BETH B, HEV DBIEF LTI 3 2DA—TFv )V —F 4
77 L—2A (ORF1, ORF3 33X TRORF2) #35° > b—RERE L HEFI LTV 3, ORFL iI33HEEEREY =— K95,
ORF2 I% 72 kDa DHEEE R Z o — RTA8EE TH B, ORF3 13T A VA DEEUT VA Tiddh 3RV E P RBADER %
a— K43,

1997 7 A U A THHDTHENS & b HEV LRz VA NARSEES NI Y, FO%, TR Y IRLBARREDFHELRETE
BURFRGATHUSR A~ DY NEMBE D2 WVEHE E FFREBENRR I, Eio. B OOBEL = VA NV RITFMICHRESRTS
ZEBALMIIR ST, BICT KR, BATIIMEAR+2727 % ONE, FEOTIA, 1/ VY OffEEZERAeL, E
BIFTRZFIE LT-FIBRESND L TR0 ¢ 7, ZOFITEIFHTH L Holz, BRDZ &5, E BFFRIZABRIE
BYSETHD Z L bRRIN T3,

FEIXHEY OFITHIR CHY | RELFEBRETLH D, 72V, B, BERTOT Z ORBSREISFEDT # 4 HEV
BRI TV D LIS D, RO HEV ORRZURIR AR 5 Z L IXPEORMEAER VERBEICERICEETH S,
TAUVA, BRATEIBEBIC4EEETF G3BLUGY) ZR/FOHEV BoBEdhs, —F, FEIXING LIZERD,
FIZ18 Gl) HEV IZE > THIEFBI ENTEEN, ZRETOERERMOIX, GLHEV 37 ZITBR LR EANHL
MZieoTND, EHITHEFIOHIZ 64 HEV 23 LIZUITHRE S, SFTORITERRY, Fi-2BYfM 7= ETs 2
EHEZ N5,

AR CIIFEEFEE 2SI UTRE ATTRMRA R, JEA 9B 3k C BOFRERRASMHETRBER LUT ¥ D HEV Dk
YuRIAFRE L. ZOHURO HEV FA TR AR 5 & & bic, ERFFRICBIT A7 2 OREIZHRELE,

il

HHLHE
miER &L CEE

f&E AT : FELEE TS ADME 3864 #iE% AV iz, WEIRITEMER 2170 A, LA 1694 A TH B, iz,
BMEATEEIL 930 A, BFAETEEIL 2934 A, EEDTIX 1-65 B TH B,

SMETRBE MIER L UGERE : JF A IEB £ C B0 FRTASHATRBE 51 AOSMHME & EEL LRE OFFHGH



LEEE L7z, BPS T 10%EFEHFE/ERIL ., MiF & & HIT20°CIRTE LT HEV-1g6, IgM 33K T HEV-RNA ORED -3
RV,

7 S HFEREL  BHUROBBRE Oy A, =5 A, Wy A, Ty ABOT ¥ DEEEENTH 20 RIEFER L7z,
1% EEARZER L, —20°CITHRFF LT HEV-RNA ODRRESIZ AV V=,

ELISA 22 X BT HEV Ig6 BX U IgM HilkooiH

L AF 2 a VA NVARFER T RT A FOTER L= EBIIFR 7 A VAR ZSRiF (HBV VLPs) (1 pg/ml) % 96-well
DAL 7T L— OF Y o MIME ACTT—eIT—F 4 7 Ui FRRC 15041 @ 5% AFLINVIZAY PBS-T %
Mz, 3TCTC2HM T v vyX I Ef{Tolzdb L., PBS-T T3 EIFEEL /=, Z0%, MiF2 1% AFXLINLIAD PBS-T T
200 FFITAIR L. 100 u 1 /Y =/UTHIR, 3TCT—REISUS &8 72, PBS-T T3 BRI L T 1% AFAILZ AY PBS-T
THRIRL-FAE b IgGF(ab’ ), HRP B\ idHie b IgM(SFcu)-HRP % 100 1 17 = /U R, 37°C T 1 BEEIRUG &7,
[ CHEe S CZEEE Lich L, 100u] @ OPD HEERKEE Y =/ WTMZ, BRTELL T 30 KRG &, 50
pl O ANFEEEEY = /MIMX TRIGEELEL, 492 nm T OD {EZRIE L7,

HIEEHE  TgC b IgM b ODfEDS 0. 15 LA LD & & 2 ML U, ZOXEHEIIHTHEV-1g6, IeM FUARRHE TH B HED Y
0D 7T % 3SD THEH Lz,

HEVAESEE A RET OB :

RNAFHE : RNAzol & FAVNTIE 8 BV NIZEEA HRNAZ RN L. 20 pu 1 OBEEZRBEAKIZEED L T-20°CIZ B R F LT,

cDNADERR : FHHIRNA RS p 1IN R, E S pu 1DBEREAELu1D 7T A <—HEV-R2EM X, 99°CTLIHREIMET B,
Z D%, HRPBHT D, 1ul1DRNase inhibitor, 211 Reverse transcriptase buffer, 1u125mM dNTPs BL U pl
DAvian Myeloblasstosis Virus AR EREEERZ ML TE£EZ20p 1L L, 2 CTFHIRGHE. ERET20CTREY
B, '

PCR : cDNAZEERI L LT, £ R 7T 4 v —HEV-F1 : 5 -TAYCGHAAYCAAGGHTGGCG-3' B L T v FE VR F T A v —
HEV-R2 : 5’ -TGYTGGTTRTCRTARTCCIG-3" % AV NTLAT D&M T Tlst PCREAT o7z, 95°CT30RHIEEME, 55°CT30FoTH
T ==V 7 BLOT2°CTHBHE. BROSIEEIBEERY IR L%, 72°CTTHHOMERIS 21Tz, Nested PCRIZ
st PCREEMZSFEUC LT, &R 75 —HEV-F2 : 5" —GGBGTBGCNGAGGAGGAGGC-3’ 35 & UNested PCRT > F &L R FF5 A
~—HEV-R1 : 5’ ~CGACGAAATYAATTCTGTCG-3' % FAV T, [Al URIFTRIG LTz, RUSEME2%T H v — R F WV CEKIKENI .
1 L 7-DNAKT A (378bp) Z2FERR LT, BBMEY > 7 L DORT-PCREEMZHERL L T, HEEF 2 A2T L. B8 Sh B Emost
B S BETFRIMTTE Z LiIc X - THRIEFREARAELE,

#R
IS B HEV FUARA R

2% A 3844 ADMIEE VT HEV AREOFER, 215 AN HEV FUABHETH Y . FEDRERIZE. 65 Tho7z, %
OF, B, ZMEOTIBMRERIIZTNZIE. T%E 5, 4% TH Y, MHITHEERE I b ol (P 0.05), iz, HEATE
F L BFEREOGIFEARIITNTIL 6.7%,5.2%TH Y . ZOHALEREIIEIRD oz (P0,05), FH51 .
DOFERE RIS BEATF 1 2.2% 6-108% : 3.1% 11-20 5% : 3.4%, 21-30 5% : 8. 1%, 31-40 5% : 9. 5% 41-50 &% : 13. 2%,
1L L (1. 2%TH V., FROENE & HIChERERS LR HARHE L NIRERE (K1),
BT BAE RT3 E BTROBRHNRT

9k A 9E B 3k C DR R TNASMATRBE 51 AOSMEHAMEZ AV, HEV 16 & IgMPEERE L, TORE, 17T/
AIZHEY Ie6 & IsM AL BITEETH o7, DED. D171 ADBBEIIERIFRTHD LEWTE D, LIEN-TER
B COIE A FJEB FE C HOFRARABMATRIZIT 5 EBRTFRORERIT 3% TH o7, & bICSHEHREMED 5\ ik
BE% VT RT-PCR LT HEV RNA %3837, O BEMIE 6 ik, BEHERE 3 K05 HEV RNA PRt &hi, BT
R TY 64 Tholz, BHEIDRER O—i382.0-92. 3% Tholz, DR, IEFATIIHEV B8FEAFEBFECHRE
ERBAEMFRAOEERFER VAN THDBZ EBALINIR o7,
T EIZIBT B HEV (REIRIA

IEFA SR OFRIE I HEDT 80 BRIEDT ¥ FEFE,NS RNA 2HIH L. HEV B2 7T A =—% FVWTRT-PCR £
THEV @G T ORIEY Uiz, TORR, 7 ¥ 38 5 #%1EH 5 HEV RNA R Lz, N3 » BRO7 #0160 35, 5
y RBOT 5 b0 2 FIThot, IMEEFRATOKESRE. R UKL HEV 32T 64 Thote, FHREOFERV—iX
94. 37-99. 40% TdhHo72,



ANHEE3EHEV & 7% B3 HEV D bhs

B E BIFRBE R HEV & 7 % B HEV IOV TR FREAMEZ AW THE Lis, RI2ITR LI L SICEEER
FFREBENLDBELUT= OBRDHEV 134 7 T A Z— X B & iz, ABEHEV#E China-GZ-227, China-GZ-243, China—GZ-230
XFENEFNERDB 7 FAFZ—IT, China6Z-26. China—GZ-28. China-GZ-29, China-GZ-44. China-GZ-67 B L}
China—GZ-892 IXR U7 7 A X —IZHERENT, £, KRB OEBGOT & hbH 458 LT HEV £K (China—GZ-308-Swine,
China-GZ-314-Swine. China—GZ-339-Swine, China—GZ-501-Swine, China-GZ-502-Swine) 1T XTI DY T A ¥ —|Z4HHE
Ehiz, BESBERE China-GZ-227, China-GZ-243, China—GZ-230 iZ7 ¥ M H4SEER L DFRE R D—X 85¥EITIZ L &
V. Z0 3 BIORRGIRIT - DHUKO T F B TIR ARV Z ARl SW B, —F. TEDEHED S FRZ—TBITBIA N
AEREIOFRTED P—78 93.2-99. 4% Th Y, FT 7 ¥ 4BEE China—314-Swine & BEDHEK China-26 OFRER D—iiE
<, 98.8%CH Eotz, THMEELTWAHE i3k MIBHERFREZSEREIT VAN EBO TR TN DIB3AH L
272 o7, U EDERIIEREDBRENPLHEELHEV ARG IZBLTOHBICH Db b T, BEFHEFETHDZ
EIRL, R DBYRNRTEET D Z EBNFRR I, EBIZTZ0 b FHEFEHEV #RE SO TELT 3 VA VARGEE
ENBZEhb, THHEEHY &b FORME BIFRPBECEEL TV A Z EARENT.

%

HEV 137 T I B A i THERFR OB LEERFE VA VA TH D, EBIIEDERIC L DD, KESIKREETH
3, 1955 FE=a—F U —TC, HERIURIZ L 5 E BIFRMBEAT Uiz, ZHUIEEFE TR =R KRR Th -
7oo T DFATTITEEMEITR L 2T SNEFTSIT TS 29,000 AMTRATE, T /A RRLGFATHFESES AKX
THHESNTWB ?, IEFEOFHRENZEISN T, HETIIREELRIITIRIEL A CRE SN Z L2323V, 7272
L. BEFIOHRER LIEUIEH Y, [EFRE CTHIEE E BITFREFIMENT 2EMN o7, TOREEFEATHIXTE
FUATFRRBYLRE NN TR 2 L BUETH D,

o2 i HEV OEEA 2R LA SF 20 VA VR EBOTHEY OFZET A VARRIF (VLP) Z{ET 52 L &R
SEETTREI LT 9, D VLP DIEIERARNT L, BICZ OREEED KA T 4 772 BIERITF L M—OREFEMNEEZHF LT
WBZ & ERLE, VP 2RV CEREOHARI ELISA REFEL L., MRENDREICHEIZ M HEDORE % FIREIC
L= 9, = OHERER %2 BV CIEREITAETET S5 A 3864 ADIL A HEV-1g6 Hiif % Ja~- kR, JLEDIRAZRIL 5. 6%
THY ., BFRICBIT DTERERITEL A LR L TH o7, FRBWUERAERER THD & FEOEMIE WG RE
BREL RHEEB RO, 20 BUTORE AOTIHERAERITES | HEVITBSRT 3V R 7BEmNEeEL LD,

IHETITRE LB & BITENZRHTX v M3 20T, FEA FEB I C RUEMAFRIIFRTAITA L 2iEshizZ &
DLV, SEH 4 BEFE L7- ELISA 42 BV, 51 BlFE A FEB 36 C BIAMITR LTI, 17 ADAMITFLBED L
AT HEV 1g6 & IgM ARIFFICHRH Sz, HEV IgM ORHITSMEE BIFROFHZBITH 572, TOHEIISMEE
BIFRDEBRRBINCHERICERTH D, Fio. FEAFEB IECHSMAITRITII M E BIFFRN 30% 5D7=Z &2 b, HEV A
PETIAEITFRAOBRERER YA VA THB L EL N, Sk ERITRICES R L LT, T/ B-OIERER 2T
PUETHY ., EBIFRETFHTAITIERIFRY 7 F L ORBLRBETHS, £z, 9 ADHEV 1M BEREOMIFES
BUNIES B D HEV RVA BB Sz, BETFREFMTORER. 9 ROBLETFRIIT T4 Thotz, RILERED
BIFENONBELTZ 7 Z BV EBmWVERMER DL, T2 BMRET D VA NVRIIAC BESRT D Z LSRRI,
0., SEOHEFER»L S EEFRNASHBERIETH D Z LR EnT,

HETICPE TARITEZEIEE I L2 HEV X6l Thotz L., BEAITY 61 L0 o7z, L L, SRR LR
HL7ZHEV & 7% 23 D438 UT- HEV 1325 64 Th o7z, £z, BARTREBEN=FED L OBMARSIHEIZC4 Thol,
IO OBRIITEICRBIT 2HEFDOEM EBEFAESIERIT VA NADREGTEN L ILEL->TELBEILN
%, Gl & G4 HEV DREBENE LT, BEOEOHETBND, GL Ikt MU LARVDIZH LT, 641Xk M
b7 AT OBYT D, G4 HEV FFARDRINMNLT ¥ fask HEV & B3 RS, 4% b, & bItE< OBRRkR L
VT P EBEHER L CTRE 20LEND B,
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3. HRBRDOBE (o0FmE)
Epstein-Barr W JL R (EBV) B3 LSRR Y U NBOERERFRTH Y. TERERR ETREBENE . FHR
TR, PERESO LEEEEEOABIEEZANT, - a7V AERBIUCEOSTFERBICOWTRE L. 8-
—hOF 7 OREMER, BBY BB VIETES. BBV B E S WEK. FREROMEIZERIRD. RIFFENICER
REZRDE, D EOFERNS, BBV BRRICX D REMEE D BE LRSS NS REEZHFEL T= ho/k DNA RE
BRIL. RBAEDESTEIEASNE,
XREHMXEF
Ma N, Kwanishi M, Hiraku Y, Murata M, Huang GW, Huang YJ, Luo DZ, Mo WG, Fukui Y, Kawanishi
S

Reactive nitrogen spcies—dependent DNA damage in EBV-associated nasopharyngeal carcinoma:
the relation to STAT3 activation and EGRF experssion.
International Journal of Cancer. 2008 in press.
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200 7THE FRE - LFIFFEBRBE
—RHEZHLSBREE—
HFEFRE D EB U A /R BE _EHEERERAEICB T 5 INOS #K7F M DNA 818 & D&%

AARIFREERE B =
BERERERANRNAL FH A = RAFIEE
RAREESERE - BieffZ08 HER
PEMIFRERER 'R
IEEERKREHSEMGR  20%

=S

Epstein-Barr 7 - /L A(EBV)E&¥i3 LMAGEH LY U RAEOBELRFRR TH Y. LHEEHEIITERESHZ Y
TRABENE, BY - HEBERSAICBO TR, KEMBRBLCLEHARREPSERIN B ERE
MK -ERBICL2DNABENEELRIERETLELOND, 8-=bu s T bk, BHREREC
IVERESNIERFRME = P ZBEETH 5, AFRTIX, PEERMHO _LMEEEEBEF OMEMBIER
ERAVT, 8-= bl 7 =vAERBLIOZOSFEEBICOVWTHET Lz, REERKENBRRZZZL
7 FHEEY B KO LEEERE OLR - FIFEAR B TRABABLEREETV, 8=t s Ty
B X UER{LA) DNA BIEDIBIETH 5 8-0x0dG DAERRIPAL & AEHT L7z, 8-= F v /7 = AL LIHEEE O
JEEHAER X O EBV B 445 WS A BE ORELF T BRI, EBV B2 H LR VWIHER
BEOKE LR CIIRetiisihol, 8-= bu 7o of@itik, EBV B2 VWIETEAK, EBV i
ZEESWER., EMEEOIEICEL Y, R EMICEERZE2R O, 8-0x0dG, iNOS IZ 2T H Rtk
DEMEBR D, AEDOERN O, EBV BEICREMAB I D INOS BREZFEL T= ru{k DNA BELZE
ZL, EBAEBLELTEEZONDS, AFET, 8-= bn /7= ERDN EBV BERIZ X B2 REN O BN
MECEZBERTHEEHEMT 2 2R LEAREEICEREY, 8- ba s/ 7o vidflis ORGE - RE
BEEBADOY R 2RHMICHMT 28D RAANA~—F T2 I 2 LB D,

Key Words
Epstein-Barr 7 A JLA, LIHEESRE. 8-— b OS5 7=>  DNA 815, R&E

— BT, BERMENPEBACEHEL TSI I EBEEEEINR TS, LL, RIEICLXDZEEADS
FEIBIIERTEHAOH TR, EBUYANALVRIIANA—Fy bY USE, EHRE L OBEENPDL, B FBATA IV
A1B5ELTHAZBWNE, BB YA NVARTRTOABRIESBIELTBY ., KESOE MIRAKET
BETIT EB VA NVADORKRREZZ, RERBLETZZEHRALNIR-TWS, FEBEFHIKIZILN
Tik, BB UANAOBERERBD TEL ., AR LEEZEOBAEZNRRELENI LALNTND, &
DHFH T, LWHTER O FEARIE 25-50/100,000 (IZFE L, 40-50 O BHICER TS M, £BOFENMRE
NHSERE Cd D, WHFMIT,EB VA N ADBRY: FHEEOREROEERBEBTRINTNS ®, 2,
FEEEATEACSZNI NS, BEHERDO LIZVA VARBERMb > T2 8EMENH S, EB 74
WA CHEBIETEDO», HRBEEFORENPLLAEETIERRVON, EWVofzZ LIZEAL TIEE
< DIFERITONTER, BELIEFRATH S,

TANARBIMEIZB W TIL, INOS OFERZED LN, BRICELEIND NOFRA—NN—FFTF A 7



A MR EEEBEERBEIIEBRINDZLICEY Bb- = bafbRA FPLRDOAT 4 =—F & LTHREL,
AREECHBEBEZ LTI LABEINTNS, Z0 NO LENBEICK > TA L 3B ERR
NONZ L ->T, DNARRNADB = bufbEh, FMEETHDI 8-= b s/7T=rBERIND, Fik.
EHBRICL > THE IR S 8-0x0dG i1, BBLEY 2 DNABEDO v —I—ThHbd LE L DN B, & - T.INOS
8= b ST =B L 8-0x0dG DEBEEZFARDZ LT, KEREORBIIBWTEETHILELDL
na“>87 EB DA N ADBYIZ X B EHEEIX, VA NABRRIC L EZRBABEOS FEZHHEDE
FHELTHELTWS EELXOND, TITAPFETIE., LHEEOKELER TH EROL > RI LR
ZoTWBEDOTIEHRVWILER L., LD THRBRETHEEORG VR -= b s/ 7= UHikEAVWieGRE
ML RREICE > T, LWEEBE O LHBESEARICRIT 5 8-= s/ TV 0 REZBEL.EB Y
A N A BYERESICI1T B MREE O INOS KTFME, & HITIZ EB VA VL RARERIC X 5 _LIRTARERAE D 2o F 1%
WEHOPIETEI L2 AMET S, '

NE&LH&

PERE S HIRRERE (REERKXEMBRR) F2EER o AR L O kBE O _ LHGEE & 184 LiEEE
REBE OHBEFFAEAMRPEEARLER Ui, BEHBEEHEREERIT % 70~ ) U CTEEL. 157
A TCEBLEES 6 yum D8R, ThonBEFED D b, LWHIMAEBREIL 19 A(FB 1041, X 9Hl, 44.7+7.9
B). B LMEROBEIX. TAGBSH. K24, 46.0 £ 13.7R)ThoT, TRTOHREFIIB VT, EB
TANVAFED 1:40 DL EMREEN, BB VA NV ADBEREERER L7z, £7, EB VA /W R/ 55F RNA (EBV
encoded small RNA, EBER) %#Z#/9 & L7 in situ hybridization ¥ (DAKO #! EBER ISH detection kit)% AT
BEREHBEEBZICBOWTUANVADFEEPRR Sz, B E LT, EB UA L AGEREDEME EIHIE
ROBEIZ6ADB 6, 2373 R)EFEA L, CTOMRFIPEEAERKEREEZESICTERSL
7o

8-= hu /7 = izxt¥ B HikDERL

-= b I T /v ERERBXFYITEALLT, FOBE7ATIVORDVIZUYFITL o TH
BEHEORWOYEFMETALTIVEFERL, TRIETATFE REHNLTCHEASERES-= v s T /v —
RSA HEMEREEH LI X6, MEKERBLRMEZ2E%, LT, 8-=bus/T=2ERE
Wiz affinity ¥ 7 L2 AEL, RABEFICEEND 8-= b s/ T =V REERESED, 7 2R ELE
8-= bu s 7 =hifE% elution buffer TIHEH LT, HXEHTERIEELRE L, ZOBEREGOKEME
% Dot-immunobinding assay T L7z & Z AR EENE W & AR S S, i 8-0x0dG (8-E Fu ¥
FAXVITT ) VYE) I u—F AHURII R REHETTERT M, 2 ER L, HUINOS (inducible nitric
oxide synthase) &/ 7 v —J )VHi{&iX Sigma Chemical #E8 %2 FEH L7z,

MR LFEYRE: BB VA NV RABRPIC L 5 EHARERAEOREEICOVWTRARS DI~ XY
T AV HEREEIT - T,

GERAEREE: ES 6um O OBAT 7 4 VERKLEBETo B FL8-= hu ST o VHiRE R
8-0x0dG E / 7 u—F/HFREVIEIHL INOS £ / 7 v —F N hifk & 48 BE UG &7, ZiRHLfk L L T goat
anti-rabbit IgG Alexa 594 in PBS & goat anti-mouse IgG Alexa 488 in PBS ZMx KiG S ¥/, Thz#kELL
— PP TCEEL, BE L, £, FERORAHBEMASEIT 2 AOFRIFRBEEFICLIVERL.
() BBtE ; (+) 25%LA T DEBEABAISEL ; (++) 25-50%B5HEARAIEL ; (+++) 50-75%BEAIAEEL ; (++++) T5%LA L
OB, EEHEHER chi-square test 2 AV, P<0.05 RHEHMAELEZEZRDOLN S,

B[R
LB IR 5 REEMETR
FUREEFEARAD HE Al T, BREERICEGHRES EREOCEEZZ LN OEAEL, Eik



RIEMBOBTEBTEDOND, HFWROBEBEIC L EEHKR L REMBORBEIRD OND, EFEMEI.
RKEORBMEDOHMWARENL G2, U UKRIZIBL- T, VFEARICHEGRAONS,
LRSEREICRIT S 8-= hu /T =L 8-0x0dG B L T INOS D FFE

LIREEE O BEDOEARIIBWVT, 8-= bl 7=k 8-oxodG DEN_EPEEITo7z, BEHMRE R
LTV AREMIIC 8-= hu Z/7 =& 8-0x0dG DHMWRERSHEZBSNE, BEBICHBW\TIX,
EERIZ 8- = bu 7oV OFEENARBDLN, FIEERBIBWTHVWAERISHBEEIN:, 8-= b1
J7 =& iNOS OEETEREATIE, LWEABMAI 8-= tu /T =L iINOS ODREASH LIV, Th
ODREFLTWBRZLRER SN, BETREROKRERREMIDITITIEND 8-= b 7 = DRERIEH
BRI, LEEEOMWERTIX, WEROBDICKERREMIROBERHY ., 8-=tnrs/7=E
8-0x0dG DR\ RIS MBI S N7 (Fig.1)e EB WA AR ITEY L= REMIIC BV T bMNREREH
BOLI S EB VA NRITELE L TWRWRIEHR TIL. 8-= ha /7 =& 8-0x0dG DEEHMNFHEL |
MEZ LB TDIEEOEIALNThH T, 8-=bu s 7= OREH L, EBV REDOZWIEEK, EBV
RRYZ 5 WEER., LWEBEEONRICER 2V, MHENCHEERZEEZR O, 8-0x0dG, INOS IZ2OWVWTH
Rl &k D ) % 32 8 7= (Table 1), )

%

AMETIE EB VANVRICRER SN LHBEERED 8-= ha /7= ORBEEH LM L, LIEE
BOEATIZ, 8-=bhrs 7=V 8-0x0dG BRI CHBOFIRFEELTNDI WS Z L BRREA I,
8-0x0dG {ZXIZ DNA D P TEALAEN.8-= br /7= |IDNA & RNADHEFICBWITELEND, —F,
iNOS X, LHHEEEOBMI L ZEMIICRON, 8-= ha S P o E#ELTWAE I ERERAESRE, =
Dz L, FIRTEEEHRE KEMRIZBWL T, INOS 28 NO EADHARICR-TWELEEZIONS,

—BMLEREGREERTH D NOSIZIX I 2DT A V¥ A LBEE L NEMRAIRDONEE NOS(eNOS) |
ETRLVFY vIEa) Uz a— o BEEOHRRE NOS (nNOS), w7 a7y —URs ) THERKROFE
R NOS (iINOSHESEEN T W5, Jayasurya Kid°, EWHGEFEALNE B VA LV AKBHREN TV S RE
Tk, RIEHAE & FEBEHIRIC INOS OREMNEDOLND I L 2REEL. NOOHBFEIL > TWDH LW H
BEETRBLE, 51T, INOS OFEERTHR P —V RHEORER L G WVHBEEERHHZ E2ERA L, M
MABNKELZRZT L, INOS BFEEIh, NOBELEIND, TONO LEEBRICEL > T4EL 5 EMBRLE
FifE (ONOO) IZL > T, DNARRNA O 7= VEENR= bafbENdZ & T, 8-=bhr /7 =04
MEh, TOEEHEZ T EBEEDT. MRARCI > TREFEZEMES IR T ) VB2 £ERK
T3, ZORTY AL DNA BEEFIC A LA LT, BIROBEVWESIEEZ L, &A% G-C
DX TholeHoN, FRELBICTADHCEERIONEBETFORRERZSEEITEEDRT
WB Y, ZoZlickh, MBTEETFREKERELRIT RNV RALES,

H.pylori B CIIRBEIZ XLV, CEFATRA VY —T 20V BEIRIY, 8-= tu /7 = OEER
HlEhdZ EbBALMILE B2, ZhoDBERIT, 8-= br s T7T=un, BENEZ 2ANCRERER
BYRAIEZFMTEAFHLVEEL LT, BEOTHISALEBAZLERLTND, IbIZ8-=rns
T = REBRERBOEBFRDROAUECOEATEDEEX D, A RBRICLIRELZMNL T, #Hig
OEGFHEELDOL, BEEZEIITOTFERBLESRIDIMITTIZLICLY ., REMERBEOFD
RFEHES L ORISR RICORN B EBHIFSNS 5,
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Figl(A-C): 8-= huF 7 =L 8-0x0dG DEN_ERATH 5, WHMEIIBWTRERIGHEZ TN
TiBbhB, BIREEBIIIEWAERISHERIN, EREBEMIRICBWVWT, W e-=krs/ 7=
vk 8-0x0dG DHREFEFIGHBEE I N, HETR TR, XERRKEMRIZE N S-=ba /T =VOoRER
IEBRBEINE, WERORZICKEOREMBORERHY, TnoOMIBIZIX 8-= b T =L
8-0x0dG DIMWRERIENBREREIN, BHROKIZE, 8-= e/ TV ORRAERD L, LHBEORKE
IZBWT EBVHDRIEMAIL 8-= ha /7= 8-o0xodG iz, MWREREBRE LN,

Figl(D): 8-=bm s 7=% iNOS OEXR_ERETHD, LIHEEMIETIL S-= e s/ 7= INOS
DERAFBEINE, '



Table 1. Immunoreactivity grading of nitrative and oxidative DNA damage and the expression of iNOS among

NPC and nasopharyngitis patients

8-Nitroguanine 8-0x0dG
Immuno-re Immuno-re
activity | EB(-) | EB() EB(E)NP activity | EB(-) EB(+) EB(Z)NP
grading grading
- 6 0 0 - 6 0 0
+ 0 1 1 + 0 0 1
++ 0 2 1 ++ 0 7 3
+4+ 0 4 6 +++ 0 0 15
A4+ 0 0 11 44 0 0 0
Overall : 0.00000* Overall : 0.00000*
L | L
P 0.00464* P 0.00231*
L J | |
0.00005* 0.00002*
L 1
0.04874* 0.00047*
iNOS
Immuno-re
activity | EB() | EB() EB(Z)NP
grading
- 5 0 1
+ 1 0 2
++ 0 7 0
+++ 0 0 16
++++ 0 0 0
Overall : 0.00000*
L 1
0.0015%
L 1
0.00023*
P 0.00001*
| I
| 0.00464* |
0.00214*
0.00812*
5 3R

1.

Jeannel D, Bouvier G, Huber A. Nasopharyngeal carcinoma:an epidemiological approach to carcinogenesis.
Cancer Surv. 1999;33:125-55.

2. McDermott AL, Dutt SN, Watkinson JC. The aetiology of nasopharyngeal carcinoma. Clin. Otolaryngol. Allied

Sci. 2001;26:82-92.

3. IARC Working Group. Epstein-Barr virus IARC Monographs on the Evaluation of Carcinogenic Risks to Humans,

vol. 70 Lyon: IARC Press, 1997:47-373.

4. Hofseth L], Khan MA, Ambrose M, Nikolayeva O, Xu-Welliver M, Kartalou M, Hussain SP, Roth RB, Zhou X,

Mechanic LE, Zurer I, Rotter V et al. The adaptive imbalance in base excision-repair enzymes generates
microsatellite instability in chronic inflammation. J. Clin. Invest. 2003;112:1887-94.

5. Hofseth LJ, Saito S, Hussain SP, Espey MG, Miranda KM, Araki Y, Jhappan C, Higashimoto Y, He P, Linke SP,

Quezado MM, Zurer I et al. Nitric oxide-induced cellular stress and p53 activation in chronic inflammation. Proc.
Natl. Acad. Sci. USA 2003;100:143-8.

6. Hussain SP, Hofseth LJ, Harris CC. Radical causes of cancer. Nat. Rev. Cancer 2003;3:276-85



7. Ohshima H, Tatemichi M, Sawa T. Chemical basis of inflammation-induced carcinogenesis. Arch. Biochem.
Biophys. 2003;417:3-11,

8. Pinlaor S, Hiraku Y, Ma N, Yongvanit P, Semba R, Oikawa S, Murata M, Sripa B, Sithithaworn P, Kawanishi S.
Mechanism of NO-mediated oxidative and nitrative DNA damage in hamsters infected with Opisthorchis
viverrini: a model of inflammation-mediated carcinogenesis. Nitric Oxide 2004;11:175-83.

9. Jayasurya A, Dheen ST, Yap WM, Tan NG, Ng YK, Bay BH. Inducible nitric oxide synthase and bcl-2 expression
in nasopharyngeal cancer: correlation with outcome of patients after radiotherapy. Int J Radiat Oncol Biol Phys.
2003 Jul 1;56(3):837-45.

10. Lorb LA, Preston BD. Mutagensesis by apurinic/apyrimidinic sites. Annu Rev Genet 1986; 20:201-30.

11. Ma N, Adachi Y, Hiraku Y, Horiki N, Horiike S, Imoto I, Pinlaor S, Murata M, Semba R, Kawanishi S.
Accumulation of 8-nitroguanine in human gastric epithelium induced by Helicobacter pylori infection. Biochem
Biophys Res Commun 2004;319:506-10.

12. Horiike S, Kawanishi S, Kaito M, Ma N, Tanaka H, Fujita N, Iwasa M, Kobayashi Y, Hiraku Y, Oikawa S,
Murata M, Wang J, Adachi Y. Accumulation of 8-nitroguanine in the liver of patients with chronic hepatitis C. J
Hepatol 2005;43:403-10.

13.Kawanishi S, Hiraku Y, Pinlaor S, Ma N. Oxidative and nitrative DNA damage in animals and patients with
inflammatory disease in relation to inflammation-related carcinogenesis. Biol Chem 2006;387:365-72.

¥ ABFEIX. 200 84 <International Journal of Cancer > I ¥ E.

feftH : 200842H208H



(*f’ B Floess
‘The Nippon Foundation

Eﬁl?ﬁk HHREZHS
20074E EE 4L TEB A -z - ramn-REE

208 3 B /4 0E
MEEA BB ES B S @
B L D BT R L T e BIET —< Ko CHEE LET,
RHEH: BRBEE
saERe . N B B
s . NEERRE

FRnE. EFREIEEE me . BX

T 569-8686
FOfE b KERIEEHRITRFERT2-7

e . 072-684-6411 P :

LB S i 1,000,000 g

2. IR F—X

A HE SR — ﬁz@m,mém LYUBREINLIMEERECET IHE

3. REDOHEE (l00FEs)

BIHEILBOREOTYNT, REFMICRET Va UM R E L, BEEIRE LT,
B EH B/ é*’d_‘fJJ‘I’C 1272, HRERTIEFSBEENT, BRIV BEIEAFESN,
SR B S NI REH RS OB ATHFURE L TRERE R, BRI AR RIS A33 X SNz,

PE XS P
4. Bt R M @&
AARBIRE KL : K BL W4 . BuR
FEHR . KRERXFE we . EFE-EHEHEE
hERBEERL B UK W4 . BITE

FBMES : _RERT g . TEVERESNE TEHEHR




— BTE¥BARFEE —
BIBRICKYBEShIRBEHERECET SR

B AHF e 4 RERER K EAREH FH=E
R E KA R B

% E TR B FERFEEFTERER
R EE A E #X

BrRE KA WA

PNl PN Nt N PN N I TN N Pt N PN Pt Pt Pt PN PN PN Pt N Pt PN Pt Pt P P Pt N P P P P P P P s P P Pt Py s

Antitumor immunology induced by the magnetic induced hyperthermia

Abstract

The present study was carried to test effectiveness and mechanisms in treatment of
mammary cancer using our magnetic induction hyperthermia system (MIHS). We found
out that the thermotherapy at 50~55 °C by using MIHS is effective to inhibit the growth of
mammary cancer. Furthermore, infiltration of the cancers by a large number CD4+ and
CD8+ T cells indicates that there are various antitumor immunological responses. Such
effects, however, were attenuated when immunoadjuvant was locally administered before
thermotherapy. Such a combination of hyperthermia and immunoadjuvant resulted in not

only the decrease in volume, but also the disappearance of cancers.
Key Words: Hyperthermia, magnetism, cancer, immunology, mammary

Introduction

Hyperthermia, as one of the procedures for treatment of malignant tumor, can
directly kill the tumor cells, or at least inhibit their growth" 2 Results in vivo in recent
years have shown that the tumor-killing effects are related to the activation of various
antitumor immunological responses’. It is considered that the components derived from the
degeneration and necrosis of tumor cells induced by hyperthermia can be absorbed by the
organisms®. These components in return can act as antigens that activate immunological
system, which results in various antitumor effects. Those researches, however, are mostly

focused on the conventional thermotherapy of which the temperature is about 43 °C,



combined with biotherapy, chemotherapy, or radiotherapy’. The present research was
aimed to find out the ideal conditions between antitumor immunological responses and

hyperthermia induced by magnetic irradiation.

Materials and Methods
The experiments were carried out in Wistar rats of 180~220 grams in body

weight. The mammary carcinoma bearing rats were prepared by inoculation of 0.2 ml of
Walker-256 cells (2x106/ml), a cell line derived from the same linage of Wistar rats in
order to avoid immunological rejection. The cancer-bearing rats were divided into six
groups (Table 1). In 7 days after the inoculation, two thermo-seeds that generate heat in
magnetic field were ' implanted into the cancer on the right flank. To attenuate
immunological response, immunoadjuvant was injected into the cancers of both flanks.
The animals were irradiated in 3 days after the implantation. The cancer volumes were
measured every 3 days. All tissue samples were collected in 14 days after the irradiation,

observed morphologically and immunohistochemically.

Table 1 Groups and experiments of cancer-bearing rats

Days 1st 7th 8th 10th
Experiments Inoculation Thesmo-seeds Immunoadjuvant hradiation

G1* % R Yes Yes No No
S| L Yes No
(2]

ez gl R Yes Yes No 42~46 °C, 30 min
L Yes No
w
= | R Yes Yes

G3 | & 50~55 0C, 30 min
I Yes No No
4]

64 218 ves Yes Yes 42~46 °C, 30 min
» | L Yes No
w

es g1 Yoo Yos Yes 50~55 0C, 30 min
o | L Yes No
w

G6 é: R Yes No Yes No
o | L Yes No

"R, right; L, left. ¥ 6 rats were divided into each group.
Results

Measurement of temperature within and around the cancers showed that the

present methods can raise the temperature in the cancers as expected (Table 2). The



volumes of cancers treated with the Table2 Increase of temperature to 50~56 °C in cancer during hyperthermia

higher temperature (group G1) were R e ra s aae W et 8| Peripboral
gSO . - .;g"WNM ‘(Cdlﬁll
smaller than the 2 40 [ R
N PRI s Central
controls (Table 3), although not 2®
& 20 [ —
significantly. The results indicate that ol

(-]

magnetic  induction = hyperthermia
1 3 5 7 9 1113151719 21 23 25 27 29 31

Time (min)

system MIHS can generate

hyperthermia enough for the present ) .
Table 3 Changes of cancer volumes on the right flank before and after hyperthermia

study. To attenuate the therapeutic

Groups Number Averages of caxcer volames
. . of rats
effects while suppressing the damages Days after lnocalation Rateof fial
' 106 Day 24tk Day canges (%)
to normal tissues around the cancers, o 6 54123 074076 16
immunoadjuvant was injected on both G2 6 244101 2354089 —36
G3 6 2.83 ¥0.66 2343049 —173
flanks before the irradiation in order to G 6 2234053 2038047  — 89
facili ) logical I G 6 2864034 1878033  — M6
acilitate immunological response. It 6 6 2625076 2034075 256

was found that the cancers were

completely disappeared in 3 rats of ., Changes of cancer volumes an the left Sank before and after hyperthermia

group G5 (Table 3). In addition, the crops  Namber Averages ofcancer vol
ofnats Days ajter izocelation Rate of Saal
average volume of group G5 was pr— i Day charges ()
significantly smaller than the other @ ¢ 160404 1811039 130
G2 6 1533048 1523042 - 06
oups. The upper results indicate that 6 1792061 1.56 40,55 - 128
group pp G3
. . G4 6 1432041 1423032 - 06
the present system is suitable for
G5 6 1673033 0674076 * —60.1
treatment of the mammary cancer. i 6 176403 2091063 180

In group GS rats treated with
Table 5 The number of CD4* T ced & CD8* T cellin each group (cels/HPF =+ < )

hyperthermia plus immunoadjuvant, the

Namber

. Grosps of rats CD4* Tcell CD8* Teek

cancers on both flanks were infiltrated by
Gl 6 1.43 3065 1574088
a large amount of macrophages and G2 6 7924198 8424247
lymphocytes. In addition, a relative clear 63 6 8514206 1031823
G4 6 9.01£1.22 691 £1.09

margin could be observed between
G5 6 1652 £1.26 19.184231
normal and malignant tissues. Results G6 6 2322081 317 4047




Immunoadjuvant alone group G6 (x400)

42~46 °C plus immunoadjuvant 50~55°C plus immunoadjuvant
p d] p
group G4 (x400) group G5 (x400)

Fig.1 Identification of CD4+ T cells following hyperthermia
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from the immunological examinations showed that while there were only few CD4+ T
cells in controls (Fig. 1), their numbers were significantly increased in the treated groups,
especially groups G5 (Table 5). A similar tendency was also observed in the expression of
CD8+ T cells CD8+ T cells (Fig. 2, Table 5). It is important to note that although the
thermo-seeds were not implanted on the left flank, the average volume of cancers in group
G5 was still signiﬁéantly decreased. It is suggested that the immunological responses

induced by hyperthermia can influence the cancers on the other part of the body.

Discussions

It is generally recognized that hyperthermia can kills the cancer cells directly,
accompanied by induction of various immunological responses. The direct proofs are the
inhibition of growth and disappearance of the tumor>. In our experiment, we found out that
the thermotherapy at 50~55 °C by using the magnetic induction hyperthermia system
(MIHS) is effective to inhibit the growth of mammary cancer. Furthermore, infiltration of
the cancers by a large number CD4+ and CD8+ T cells indicates that there are various
antitumor immunological responses. Such effects, however, were attenuated when
immunoadjuvant was locally administered before thermotherapy. Such a combination of
hyperthermia and immunoadjuvant resulted in not only the decrease in volume, but also the
disappearance of cancers. Further studies are necessary to improve the efficiency of our

system and clarify the immunological mechanisms involved.
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Figure 1. Differences between NRK and LLC-PKI1 cells in gap
junctional intercellular communication and in response to
drug-induced lethality. (A) Micrographic analysis of dye coupled cells and
immunofluorescent staining of Cx43. NRK and LLC-PK1 cells were
confluently cultured. Lucifer Yellow (LY) was pressure-injected into a
single cell (arrow). Diffusion of LY into adjacent cells was recorded.
Magnification, X320. Expression of Cx43 was evaluated by staining the
cells with an anti-Cx43 antibody. Magnification, X400. (B and C) NRK or
LLC-PK1 cells in confluent culture in 96-well plates were exposed to
various concentrations of G418 or hygromycin for 48 h. The cell viability
was evaluated by cell counting kit. Data are expressed as percentage of
living cells against the untreated control. *P<0.01 versus LLC-PK1 cells
treated with respective G418 and untreated control.
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Figure 2. Implication of gap junction (GJ) in propagation and amplification of
drug-elicited cytotoxicity. (A and B) Decreased expression of Cx43 by a-GA. (A)
NRK cells were treated with a-GA (5 pM) for the indicated times and cell proteins
were extracted and subjected to Western blot analysis by using an anti-Cx43 antibody.
Equal loading of protein per lane was verified by reprobing the blot with an
anti-o-actin antibody. (B) NRK cells were exposed to a-GA (5 M) for 24 h. The
cellular expression of Cx43 was evaluated by immunoflurescent staining,
Magnification, X200. (C) Attenuation of drug-elicited cytotoxicity in NRK cells by
a-GA. NRK cells in confluent culture were exposed to various concentrations of G418
with or without a-GA (5 uM) for 48 h. (D) Different GJ inhibitors on G418-elicited
cytotoxicity. NRK cells were exposed to 1200 pg/mi G418 or 200 pg/ml hygromycin in
the presence or absence of a-GA (5 uM), heptanol (2 mM) or lindane (100 pM) for 48
h. The cytotoxicity was evaluated by using cell counting kit. Data are expressed as
percentage of survival cells against untreated control.

3) ¥ v FRESHIEOME X 5 RIS O

B L H5MBTHECBITZ Xy vy THEOHEEER<S A
7=, X% v 7HEAEEA 18a-glycyrrhetinic acid(a-GA)%
NRK HifgizHmL, HROETLEZBRE L, UK a-GA

DX % v THECIEREZERT 7D, a-GALEEZIToc L B o 1 . 1 gﬁiﬁw

5. NRK MlaD#IaH =2 X 2 =7 —v a VSESHICEE o

&, BREOIHIE BICHH &7z (data not shown), KIZ 2 o

24 5 a-GA A%, NRK HIlICEIT 53X 7 ¥ 43 OF £ * « | |«

RLU~VHEECHE Sh 5 Z L 2 laais LU western o

blot #iZ AAVTHALMNZ LIz (B2A, B), %7, a-GATFIE oL J—l L‘ Ll
o 300 600 900

TTiX. G418 12 X A SN A

v TREEHEEME AV THREORERAE LI (X 2C, D),

4) LLC-PKIMIJAIZ BT 5 Cx43 B FEAIZ L 2K

308 (4
Aminoglycoside(Z 2 & 3~ 5 #ifRE &

Bzl ant-, thoxXy

ZBWT, ¥¥ v 7
SEOMEZEOIIRNTRED, Xy v THESE2XEBTS

Hygromycin (pg/mi)

Figure 3. Permanent transfection of LLC-PK1
cells with wild-type Cx43 on hygromycin-elicited
cytotoxicity. LLC-PK1 cells were transfected with a
vector encoding GFP protein (pPEGFP) or Cx43
(Cx43-EGFP) and clones expressing high level of
GFP and Cx43 was selected (A), and analyzed for
cell response to hygromycin (B). The expression of
GFP and Cx43 was shown in A. Note the liner
distribution of Cx43-GFP at the regions of cell-to-cell
contacts. Magnification, X400. *P<0.01 versus
respective control.

LLC-PKIHIARIZCx43 2 B FEA L. EWHiEiw 1 2488
BB 2B Ui, Cx43%2BETFEA LLLC-PK 1 Il Tl % B < &E 5 Cx43 fusionZEB DB

ERR LI (K3A) .

F7-Cx43% EA L7-HifE % hygromycin THRIEL 35 & . controlfEfRIZLE~R, B



mm@%ﬁ%ﬁbt(@3B)°ut®%%m6\¥?y7%é%ﬁbtmm%:£::&—95ymﬁ
MBI DB LEEMREEICELBEDLD Z LRI,

5) 7V R buex7HRBEERMERRECRTS>X Yy v 7HaORE

FERIZEENIAT VA b TRIIRAETHREEZSIEEITIEBMONTND, ZORMEH
RECBIT XY y TREAOBREZALMITE D EOERLFARICE v v SHEGHEERLE, Cx43
DEEGETFEARRETV, TIRA Mo XFTHIINTIRGOELERE L, ¥v v XHEeHERa-GA
S0FB Gk, NRKHIRICE W T, 7 X baFxTHROBERIGICNT2HERERIRD b2 o7,
FERICLLC-PKIHIICCXA3Z BEFEALTH, 7YV R bR 7RI X 2MRBERISEINBH L OE
BR 5N A -7 (data not shown),

B .

ik, B0 RAE L RAME®RENRK-52E & LLC-PK 1k % AT, MRESICBIT 2 ¥y
Y T7HEOEEERT L, Fr v B ENTOIHMRBaIa=r— 3 URERMR TR,
aminoglycosidelZ &K AHIRUMEEN L VEECThH o1z, T, ¥y vy 7HEOKEZEET LI & T,
aminoglycosideiZ & 2 HIBHEMENIFI ST, ULDORBEMS, ¥y v VHEARREHEIC X SHRE
BECHEELTWBZ BT TRBRE N,

EMEBRBECRBITAF ¥ v 7HEOIERBBIIREAAINTHRWVRE, W OPDFTREMNE X
bhd, 1) BEEZEZTEYOSFREIZIL2 KDaITTHE Z EMEL, Fr v 7HEEN L THIMR
% LI ICE 35 Z L BTRE, 2) ¥ v v IH#E %&b Libystander effectiC & » T, MREEHET 7
FTANEBEET SHMRICEET 2 Z LA, £, ¥y v 7HEESEEORRITEMAHEE A (multidrug
resistant protein, MRD) & @ I A BIBIR B R E S [7]). EWTHMEE QI3 2REMIEA b A, ¥
Yy THEEOBELHEET L. MRBICEDRUCEDEERERFOWBERMA LN, TORBR. M
FAREM KT HMEERED. BV L 2GEFLMAOND, SEDERT, REERFRICEENDT
YR bax7ERICLDRME OMIETIEIX ¥ vy THEICI IR BENBESI R 2 TOPEITHATH
5, LALZDZ Lid, aminoglycosideliz X VB EBINZRMEBELT I A baRxTRICLDZHDT
RIERBFERZ LRI LETRLTND, 4%, ZORZBIERABEFICONTE LIZRETT 5 LER
B5, E72.invivoBET VERAWEEBHBEFTICBIT X ¥ v THEDEE BHRE L, &EIZ,
KM EEORE, ERBELVEEICRVTE Y v THENRL TR ERATE 2 LT, EYHE
BEXT 2HBRBREORE L b I IRRBRIE ORI NFTRETH D LEBEL TN,

BEXM :

[1] Saez JC, Berthoud VM, Branes MC, Martinez AD, Beyer EC: Plasma membrane channels formed by
connexins: their regulation and functions. Physiol Rev 83 (4):1359-400 (2003).

[2] Yao J, Zhu Y, Morioka T, Oite T, Kitamura M: Pathophysiological Roles of Gap Junction in Glomerular
Mesangial cells. ] Membr Biol 217 (1-3):123-30 (2007).

[3] Kumar NM, Gilula NB: The gap junction communication channel. Cell 84 (3):381-8 (1996).

[4] Mesnil M, Crespin S, Avanzo JL, Zaidan-Dagli ML: Defective gap junctional intercellular communication in
the carcinogenic process. Biochim Biophys Acta 1719 (1-2):125-45 (2005).

{5] Little JB: Cellular radiation effects and the bystander response. Mutat Res 597 (1-2):113-8 (2006).



[6] Yao J, Hiramatsu N, Zhu Y, Morioka T, Takeda M, Oite T, Kitamura M: Nitric oxide-mediated regulation of
connexin43 expression and gap junctional intercellular communication in mesangial cells. J Am Soc Nephrol 16
(1):58-67 (2005).

[7] Sato H, Senba H, Virgona N, Fukumoto K, Ishida T, Hagiwara H, Negishi E, Ueno K, Yamasaki H, Yano T:
Connexin 32 potentiates vinblastine-induced cytotoxicity in renal cell carcinoma cells. Mol Carcinog 46

(3):215-24 (2007).
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BEEKERNEER ES W %5 n % 4 B~ O 53 & O & 47

MrEEKL i EB
BAFTREE REKE HHEER
FEPEE  ERNKE
£RFEESL B FXBE B

Z B

t FEERMERR (BS M) &, ~VAKRFF LM LA bn—<MlL kiR T 5
TliTky, FOKRAEMEE, FHRRANEBERL, S 6k, BHohEMAEIZH LT
Rt EhiERRES T ETEL, CALOEMMBEEBILLHLERE S L 2K
mMERD—FZiL, BEBELAEEBRFAORLROoh, BEERE2 AT HARE~ET Y
YEAEBRLTWE, §BZhbo0b FESHELOOERB~OE 2 RSLERBEIZH DM
Bz, BxOFRREERAVCTEFTIZLICEY, 2oo{bBEREA I AT, B
ERZIILDLTIHALBFEER~OLANMBTENS,

Key Words t hES #iia, EMAERMME, R bn—</iE, BLEER

# =:

EPBAEARBRBLTWIBLEENE2ERIERTAFAERIZ, 21 HHROERE L T,
RERHTHERED TS, HIX, £ETOEBMIBIIHLTHEAREBAZERELS2D, ¥XA
B TTRS 2 & FEEMEERMRAE (ES M) i1X, ﬁéEﬁ@tb@ﬁﬂ&ﬁﬂﬁﬁabf
EEBERATWS (BEXH1),

MEMBREOSFIZBVTYH, bLEMESHBEMNOHRELL EMBABLKRKEDR
BbER (FRMIK., FHHR, OMR) 25CFEETr 8 TiRe2AE REELRMER
BHERCPHOLERIBVWTIBHBELR 2 TWEELOREEZMRTHII LN TE S, iz,
MR AOIRITHLA CROTFTERATEZ LD, 4T LLZEOL FESHRZAETIHLE
B, TORBT/uo—rERERIAZEREL RV, LER- T, REHNIZTLIC
EZREINT=ZRBETTCOE PESHBOEANRTHE R oK. b ES Mias &M AR
mMERE=ELETHI LR, ZETHERAAILEOELELELLND,

INhETOEIA, EPMESHELNGOERB~OS{EHFEIZONWTIZ, R br—~<if
fERAVWEERE, BREZAVEEZEEREEBE SN TWEIR, WTFhoFEIZBY
Th, TODEMB~OFEFHEDRIZEL, £, HLTFHSL-ODEMBBE, FEIZ
BERGATEZBEZAL T3 ELBRS2VWTHALMZERL T Y,

iz, BROHEBFERRKBWT, t FESBEOMBEMB~OSLEHEANIEREB
ThoBRE LT, WEHARBEL T3 ESBEMTOOEAB~OSIZIX. BEHD
BELEHRIC, FELHRMU CTHRENIRBET IO FRIAMESEETHL D LHAL
oo B2 T, E MES HBAPOOBMB~OHEN LS BFEEOLDITIE, BEHNOER
BEYERTI2ILHEETHY, TOL>KRENShBELERL TS, £ b ES #
BrbMBEER~OSEFEEOHERTRCRAVWMEEXE, T T, £ ES il
ERWEHAHE (b MetksEiE (BS ) »>EhMMlR~0oN B HEOHK &
NEHBZEEHEERRPE PES HEMASMZEACHREL, FH 14 12 A 20 ARCA

—_ 47 -



ZBE0RRBERT T, AR LEBLE,

E PORBEBRERIZSOWVWTIE, t MERZHETEZLAHKEBENHICEETHSZ 2D, &%
FTLATAREBASA TV I DI TRR2Y, LAL, E FERUHMAE THE YV RAILE
WTHE, vV RABFOZRENIZ., BFFEBVWTREHICHBEBEIRZ B abh TN
5 (BEXM2), —F, vUVABERA It —<HMBEOCEZ KL rEMLEZLXETHZ L
BBESNTWEZ L LD, Hxik, BE 1516 B~ Y ABFOBEFEFIVR buo—-=
MRZMHSI L, E PESHMBELO®EBEZRLTE,

p -

. =V ARFHERA be—<fROER
BE15-16 BOT U RBIFHFPOABEIhZHBEZMNEEREL. A e —<HEOD
ByzRAAHE,

2. E FESHRRETVRABRIFIFERRA Fe—<MlBOiLER
t NESHilAE, YISO RBFFEKR o —<HREEEEL, ELI D
TE-Mlaz, PRENER, 7u—% A b2 MY —, RT-PCR ¥. interleukin
(I-3. =V ReRxFr brryRARTF L GM-CSF (granulocyte—-macrophage
colony-stimulating factor). G-CSF (granulocyte colony-stimulating
factor). SCF (stem cell factor)ZfVkME o u=—FREIC LY, KEH
ZHREAT LT,

3. EMESHIRARRARKITBITEIA~E T 0y OB
TORABEFFARR o —<i@lBLoEERICIVS{LFHE S M ES MEEOD
apn=—FEL, BRSAEFLRRan=—RREan=—RKEENDIFROKR
MEO~NEIOE &, RERBITIVEBHRLE,

#w R

1. vV RABFFERA bo—<MBEORE®E

B4 1516 BOU ARIFORBRFHR» o DEEShEHEEAHERT I ZLITL D,
Abn—<HBBEEBNTIZENTE I,

2. TUABIFRHFARRA e —<vMRLO(XERIZIZ PESHBOLKMAB~D 7k
(1) WREHERZE -
t FPESHERBIZ. ML ShikE~vo ABFFERRA to—~vHREEERT DL, BHES
BFEEIVOZEBL, X100 FEEHIZIE, £t PESHIRae=—FZRkoi2/h
ROEMBAHBE LKL, Z0#%, BRISAEETT, “hoDMAITHAM LT,
(2) RT-PCR IZ X BHE
BE# 13 BRI, RO ESHBEO~—b—TH 5 0ctd, KBRPFHERMBO
v —Hh—T% 3 Brachury ORKBRITHEE L=,
(3) Zu—H% A FA M) —IZ L BRE
CD34+#AMRIZ, HH#E S B EEMNOHERPICHIR L, F 1617 BEEHE THMLET
7o, ¥3 14 AE D CD34+# D —EF ik, CD45 R c-Kit ZHERBRL Tz,
(4) av=—FREK LK
EEZEIN AP EIOBE o o=—WRECHBFOCBEETS L, AR =—FR
ML, EREIOPEIZMOD THRALE, TOEIIKREIHML, E& 14—16 BB T
KL ok, BESh o =—FRARISHE T, FALAKaoo=— BERK -
v/smuTr7y—Yan=— BxOMKEAB2ESCBRBEzu=—RY, Kr2hEHAR
ap=—RBEHLLE, 2hbpao=—0bit, FOLEK, FFEK, v7u 77—,
EER OB xONEMBRAELESLE, ELAEhEFROROPITIE, BEL LK



RFRMELBD b,

UEDFRIZ, t M ES B, ~VABRFRFAERA e —<BLoLERITIY, &
MEARBEME, FHRAMBMB, oIk, FHOMKMMIZSLTERSIEEER
AR SEFESh, CAOCOEMFMERABRL»ORIB O MEMBAEESATZZ &
ERLTWD,

S.E PESHMBBERFRMRIZBITIEABAET I o088k
rREOFHELIVERE S EFLERKauo=—ZEEhst + ES flABANRRODEDIZ L
AMEBR BRE~E7oby (HbF) 2B LTCWER, ABIZ. AR AT o v 2 (HbA)
LIBRELTWE, T, ThoD~NFEub il BEEAEZ2ALTWVWAZ L LR
nik,

H B

BREZO0ZELVWEHZL»»DLLT, GHOERIBEECERICBVTHLARITXRRMEE
METHY, TOHEBEISELRBELORT—DEBRIREEL TS, Tk, B
Ah#BOBELEBEOHRMPWAREHSHBE L RoTALWVWE, ThiZNA T, BECHM A
MEIFRBFESZHEO F T bBRENDZ =D, BxOBREOCERESE, TOREMHIT
DWVWTHRERBBELROTWVWD, ZOD, APEBEORELBHOLYAOEEILEEMIT
BMIRDLBNLTWNS,

Frelx, THLEBBEEZHRTI DT, F-ohARLKOEKREL LT, £2To
MBI IETRRRZENERFT LoD, X AMICHIETRZLE M ES HRICEER Lk,
Fxil, E PESHRBILOOLEMB~ODENRSLFTEOZDITIIX, BEHOELRE
FERTHIILEPEETHY, TZOILIS52RENEMBBELER LTS, © b ES lE»
bMEMB~OFILFEEFBAR LEEVWESZ Xk,

EFEESMILEOBRAHELIIBW IR, £H0o—42HE 5 Z LIt s ZkEMI.
ERFCBWT, BIBICHBET 2, 2oZ &k, £obEnhEEE, BRFLEWI &M
BET, TR - HWETIZILETLTVWS, £, BRIV, vUVRXRR br—<H
Bo£<ik, £ FEMMBIZHLERT Z LB TWS, FZT, U XABIFHF»L
WyshimRAte—<MBLOHERRICELY, EF ES MRZPDBHICOERMEIZS
fbt - #WAET B EERLE,

FTOHRR, vVRARFIFERA te—~/MiaL0EEFERICIV., B M ES ML LEEK
DOFRMERAEMRE, FHERREMAR., SHEEMTEARSELIRE, 25 0H]
BEmE» oot FEINROROPIIZT, BELERBRARARLEEATE D, —HiT
BEEMBEAETAIRAEAEI a2 L T0E, 2OZ &R, AFRIZBVWT, &
FNES MBI AIEFTEIN-RBFRORS, GOAOKLE LT, EAFETHLIZ L E
AL TWS, :

A%, ThODOROKEAFLCRBAFROARCETCHBFE TS FEERI LWL E
ZTWVW3, &bI0, AERRCBVWTELSLIGPRIZOVTD, BOAmKE LTHE
A EERBEZAL TV AP VAP ERT LTV FETH S, b L, 2D DEFFHRA,
WElE, AAE. BEBESALTVWAI ERERSAIE, chEc, BEERREIRHT
ZERAEABOLNARRS, FIr—RAELEEARALZDIERIALTI AL o FFHREM
NAREL 2B,

~F,. BronK, BEHEBCHTIREOBERETHIELBHABBERECR VT
. TOEFRNESCIVELRBEBEOER L 22BF0KIIEML., FF— s
BMARNEARGLEELRoT WS, bL, EFES HBELOEMBRER~D (LT
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feehni, EOLEFRTF—AREBEMRTHIILBTED, AFEORENLEL, v U
REMEBHMBPRRETIIBE 10 BEEHO~ Y RIE{FD AGM(Aorta-Gonad-Mesinephros)
HiE (BEX@M3) POMULEZR b —<RLEEETIZLIZED, & BES M
NoERBMB~OSLFERTEBL RN b L2y,

WE, T 3Lk PES ML MEHBM~OSLBBOBR s RBERBCH I MBE ., &
MRE - EEEYENRHEFTCERINEEx OFHANSE (BTH3, BTH4) 2RV THHE
L. ZoaBEINEHRBOSILEEZRFTPTHE, ZOoRFIZLY, E b ES #lardm
WHEBRA~OSEEBERNALAER2NIE, X YVHERGR e b ESHBEDS MEMER~D4
FEEOHMERHAEING,

BEILM .
1. —B8F : E PEMBHERMOMBELELHEAER, A/ MMSFE voll9, 175-180
(2005).

2. ¥R EMBRMROBELER, EXDHWWH voll94,1021-1025(2000).
3. HFE—ER : AGM BRIROEMEMA L R b v —<Hf, BRI vol40, 268-271 (1999).

HoAFRERO—EiX, 2007 £ 9 A 29 H [International Society of
Experimental Hematology <) , B L2007 4 10 A 11 A FTAAMEK
2L - BAEKRLERS - ARAK2] K TREREKX., [International
Journal of HematololyJ (2007 4 VOL85 % 371-379 H) #HH,
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3. REDOBE (10052E)

FEAOEFRAAE THIEHBER. T HESAENFRIIE7AZ23HICEKBLE, 3
SMRABRICTI2BROBHR I/ O—-eAEZELOY Y T0y MEZEHIRL, RE%R
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— BEFHEESBIREE —
HBV genotype C/D hybrid MESERAY - ™71 JL RIS D EHT

R E KA HEHP HEA

i B B B AHBRTIURFRFREZEHER

*®% Wk HEEdR

EFEFEEFREL T B

OB % B PEESRER

*® B WRER
E5

Fex W& TICERED 1T - HERN D, HBV Subgenotype Cl 1EEICHERRE CILEE &\ o - FEREEII O

L. C2IEPELHZES AL TRY, FRy MIBEEL-FEECHRAICIL S 8RS genotype D ITBIETHEMLZ %
F2Z L7z C/D hybrid ATEELIZEMERIZN D 2TV, SN C1. C2. C/D hybrid DEEFREODENEFRSNNCTHE
& PEAFET 5 C1.02,.C/D hybrid D 1. 2{EBfEEls v— 2 2B L. in vitro 5% % FV YT genotype/subgenotype
2L D UANREHRENERA BANCT 2E% BRI E Ui, S EIOBERERY O EERE T, HBV/Ba, HBV/CI, HBV/C2
EILS RO, TNENRRDIEETER Z — U BPIFELE, HBV genotypelsubgenotype OFFRAVEREZIRET D HIC
L0, FREEEROTRINTTREL 2 2 EWRR SN,

Key Words BZEYF4c /LR, genotype, subgenotype

He B
S8

B BFFR A VA MHBV) 1L, FTRAEECTA D5 H D 8 >DEETFE! (genotype) BFEENTVB, 7P TIZI genotype B
& CHBTHEL, FERRE &N D HBY genotype C iZHXTEIZ 220 subgenotype MTFET B, B4 X PCR-RFLP 5%
PRSI EEABAFE L, Dr. Wang & OHRBIFEIZL Y, HELTHHHED iz HBY genotype C Bt 534 A
DFFfT AT T, HBV/CL 112 f1(21%) ., C2 397 Bi(74%) ThY ., Cl I3FIFRERILTE L\ T PEREHICAM L, C2
FFERHUR O L, EBIT, Fy MBS U HIEE-CHRAITIL S (A% genotype D IGRIETARRZ T2
Z L7 C/D hybrid 2SEFEL- 5% (GTik1), =5 LEHEICEETDER S genotype/subgenotype DEEHREKE R
VA NVAERIRHRIBRE S TR,

B#Y

1. C1, C2, C/D hybrid OEEFREDEVEH HMNIT B,

2. HEIZHEAETS Cl, C2. C/D hybrid @ 1.2 {#EOEH Y o— %R L., in vitro %E%é%%mv\f
genotype/subgenotype {2 & B VA VAERRENEEA L NCT B,

HNREAE

. TELREORM B MIFRESED=R— b 211 A (BMHEITR 132 A IFREZE 32 A, FTHIERE 47 A) D BRIER
54, MiEEEH, DNA Z4HH L7z, HBV genotype/subgenotype O/REEERIZE 535 & 4TV 5 enhancer Ilicore
promoter/precore SRS OE(EFES | #RE L=,

2. Dr. Wang # AANIZIBREL., FhxDEFEOHE (Sugiyama M, Tanaka Y, et al., Hepatology 2006) IZESu - 1.2
EROEHS o — ARFER IO 7 a v MEREER Uiz, PEICRER, EREEME S DNA 208 L.
Cl, €2, C/D hybrid @ 1. 2 fFROBEHS o — U %ER LT



LES

4.

CH

2% B BUFRBSBE D2 R— b 211 AP, HBV/Ba:108 A (512%), HBV/CL:71 A (33.6%), HBV/C2:32 N(152%) T,
CDhybrid 1358870 >7 CTHR2),

CH, LCIZHBUT, Ba WEETH 27D (BN, 59.8%, 56.3%), HCC BE Tit genotype C DEISHHRIZEL
72o7=(76.6%; Cl 55.3%, C2 23.3%),

£ genotype/subgenotype BDER X —ATRRY . C1 TiX 17621/1764A TTEMNEL (77.5%), Ba id 18964 R
(41.7%), C2 iTHRIRIREER ¥ — T 17621/1764A Z55E 53. 1%, 18964 Z5R 31. 3BT, X HiZ, 1653T R4
C2, 1753V BRI Cl IZERICEVER Tho7ons, SEBAIMTTIL 16537 2R, 1753V R, 17621/1764A BER
UG HCC \ZFF ST DRF L7207,

Cl. C2, C/D hybrid ® 1.2 {ERDERY v— BB LTz, UANVAERIT, YT ay MECIVRER L

HE LR Tid. HBV/Ba, HBV/C1, HBVIC2 %65 B¥, THENERDBIETFER/Y —VBIEE LT, HBV
genotype/subgenotype CRFRMERZRETHZ LIZL Y., FFRIBEREZ TRN 5 Z LAFREDD LIV, S%IE 4
BYERR LTz 1. 2 {5 ROBEEY o — % AV HERERRIC L D . UA VAR AREZ LTV,

R
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Wang Z, HouJ, Zeng G, Wen S, Tanaka Y, Mizokami M, Naoumov NV, Qi Y. Distribution and characteristics of hepatitis B virus
genotype C Subgenotypes in China. J Viral Hepat. 14(6):426-34. 2007.

Wang Z, Tanaka Y,Huang Y, Kurbanov F, Chen J,Zeng G,Zhou B, Mizokami M, HoulJ. Clinical and Virological
characteristics of hepatitis B virus subgenotypes Ba, C1 and C2 in China. J Clin Microbiol. 45(5):1491-6. 2007.
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Wang Z, Tanaka Y, Huang YH, Kurtianov F, Chen JJ, Zeng GB, Zhou B, Mizokami M, Hou JL. Subgenotypes BA, C1 and C2 of
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T D PR L T Wi, BT S AR BIERT > & — - L HEERISE SR &k U . Glycyrrhiza uralensis.
G glabrae TEREWEREE, TOM EFOBELLERLZN, EOBROPHEOFELLETHTIhOREELA
RABWREELTWE, BELEAYV 6 ICEAL TR, #I EEOBIRIE 6 glabra EEURZHE DN, {EOF
KRB %. A—RBEITHETERNMo %,

BWT. INSHVIOREH EFZ2ZNETNHEERL. 805X % ) — )L T 60CMEME % 6 BRR{T W,
BoONEIFARDONTELEERNGEHREERE (DAD-HPLC) Z2AWT. EE! KEVWRS O ERB I, =
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DR, BELEZAYVY (3, 4, 5) RWwIhbi ERORSERAELHLTWEZ L, ] (3, 4) B
KOBAUEFEHE (1) & 6 inflata [WHHEHREZELEY Licochalcone A DE—INEB SN &
5. 1, 3, 4, 53¢ inflatakAELE. —F. MBARFBRTERASN TSI HER., FENRERL
&% glabridin WEBI SN EDNS G glabra b AELE. 2 BB, FFETERELEAVTEIZDNWT
HHMDZE—I7BBRAINT. TNETOLIABRIFHATHD. RIE. RKBAFLE G inflata (FiEHE

G ularensis

-

120%
L r_ mwE WER PR,
100% . TaEs p SEE
son b SRR

(]

|
60%
40% [

Pos.Con.

20% [

0% Control E.4: &3 HE

Fig. 1. Inhibitory Activities of the Extracts of “Han Chuan Zu Pa Ke Li” and Each Component on NO Production
RAW264 was cultured with test samples (50 xg/ml) or positive control (Pos. Con. Aminoguanidine 250 - M) for 24
hr, and NO content in the culture supernatants were measured. Each value represents the mean +S. D.

¥ ; p<0. 05, #*x ; p<0.01, *+% ; p<0.001, by t-test.

Kiz, PELFZHA MEEHEEEN BLECOEEMRICLI2EBRBF L DET. Yo7 r—T#E
LB FERM-BEEREL KT I2MHRERF L.

ZTORER. Fig 1ITRTXOIRHFRBLVERT. HEICLENRAMBITEEZED .
ERTFIIHBETOHLANENTNAGEHRNBEETHD., TORSIEL TRHEINTWEN, £Z T,
FORSICEL TR ZT o/, ERTF 8.5 kg % MeOH THIHHL . ZTOIF A 2RIE T HBER. SihaREs
3212 TKIC R & # T n-hexane THEMM L. n-hexane AIAER %87, LT, AcOBt. 2-BuOH TRIEEDE
fEEfTN., TNENORBEHZEZ. ERTFO AcOEt SIIFHNS AT RAT 4 IRt 1, 2 ZHEL. 1t
B 2ITDNTIZCD helicity Bl BEY vy —HEZHAWN, AGFZSDLBENRZToZ. TOHERE. I
EE2EHTHEY 1 % () dehydrovomifoliol. {b&% 2 % () blumenol A EREL 7. /2. 7T /1 REHE

R 3-TZ2HEL., ThEhzEELE. (Fig 2) ERFHLINSDEEYOEBEIITDTTH S,

8.

FIATHE G inflata DBOIEWASHZHRLEZZ LI, PERBRUTREERRICERTESZHOEED
N5, BMTD ¢ inflataB X G glabra, G ularensis DFANSNGTDEWIIHERTE RN, EE
OEBTILERTINMEMENS ¢ inflata TR G glabra WAWSLNTWEZ SIFHEKEN., HEHEORS
BRCHL TREEZOREN DB, ZOBEMRERMRENOPRITHT IRERIRLZTINTSET,
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(9)-dehydrovomifoliol (1) (+)-blumenol A (2)

isovitexin (7): R=C-Glc

isoquercetin (3): R=0-Glc astragalin (5): R=0-Glc
quercitrin (4): R=0-Rha afzelin (6): R=0-Rha
SHORASRID 5 HRRLAMOBEISHEI N2,
T XA TRHEMEER] BRI INITEENIERT. HEITHROL N EENHIDIRZRD &
i, FERYATIVEBBETERL TS BHHAEENERBICEDBFHINTERSZEEXZ TS, 8.
G glabra & G inflata DIEHEOHBIIDWTIIRERNF TH 5,
EHORDONEERFIASSEIUD TROSBRBRZITWV., THOLEMZEE - FELE. 157 R
B 5EMRIIBOMEHLORDTOMENDH DDA TREIIDNTOHEF RN, 58, INSOLEaPHOFH
BEESDPDOET. ZRAZY—Z L 5ERERMELZRFTTHIFETH 5, :

SENH -
1. H Hayashi ef a/: Phylogenetic Relationship of Six &/ycyrriiza Species Based on rbcl Sequences and
Chemical Constituents, Biol Pharm Bull., 23(5), 602-606 (2000).
2. AIFMEAS « HAREZLE 128 F2 (Hik) EEE £ 2% pp63 (2008).

AP, 20074812 B 15 B (51752 #iEe EREEAMYE) T rno
— RO 2 ROGEYA FINOBEEKD D] EELHE. BLO, 200842 H 24
BAZAEMEOLSHEES (E) T TP ro— Ricov > aRko THEREY OB
WEERLIC) CELERETRELEE UL, £/-, HEOBOREICEL TIE. 2008 4
3H 26—28 HEHAFEREEE 128 2 (HRIK) T 26PE-an039 [HBU 1 VIR EY DT —
R ZIVEBRRICEST A HEREYOBORE —) CELTRETFETHS.
fERRH : 20084 3 H 14 H
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BEEA SHEE
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gaz.  097-586-5032 pig . 5032
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2. FIRF—<
EFBETFLSMIZE T 5 SR

3. REOME (100¢mE)
KKAYR DR EEMBEZFESIRETTILENTH D, WHHEITHDRELTGBLY IR EZHERA

Lo KEBEEFRTAUBIZHITT, 2BRAE L. KKAYyRHIRIZEWNT, FTA &8
eErRgEEEsE. BEEHMERORBRKXENA. Haﬂfiﬂ?’é%&%éﬁtt\to R
BUEREMRIXF T A VAR BRMRERRICHRBLIVTWNS Z EEFBRL=,

4.8 BB &
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BB O, R
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WrEKL F BE
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JEEHERFET VB THD KKy v~ U REHEST, RYA IR 5 2 5582 FREERN TR~ T,
B R & XBIROBE IV (Bt L af) BIUSRBEOIIFEEE (B6) 2B UL, RUA VB
DB ERERHERL (BAT) II/KBRZ L~ T, /MNIDERIAR % L. =4 ViR EisAHiR (BAC) 2O EH
TWe, BFEMBBERICE > T, RUA VEDOBACIEZ YV AZRREELI bay FYTEEHF LTV,
S DI SR LFROFERIE BAT A3 UCP-T B TH UV RS 2R Lc, ZHODFTRIIHRT A 3
RIBAR 2 filim U, BAT 27EHE b, TR, BEAKENTHERBICH S Z LR L, —H. RUA
YRECRT 2 AafERAEAR WBT) dUKEED WBT (ZH~T, B o 0N/NELD BEIBIHRED b 72 > TV e, FHC
ZDZ kix. NEBASIHICB W CERE CThH o7z, ZERDPLFRY A L ORAREERZHIE L., IEECAE SR
ROFH b D72R BT EBHEEIND,

Key Words 1&GIGIAER:, BEASIHHEE, IR, BT EM, Ru4A v

#E -

ITEE, HSRBEE LTHEE IR TWB A FRY v o v Ru—A0RiEE, B IEIEN OIS E
FET BV RESASE O EFICAIBE L O3, b MEEToETLE L. TREREL B2 5 2 RO
%, BEISIHER (WAT L 18AEIHERBAD 28 LT3, —iic. TElERks VW 2iE WAT 2L TkY,
JERIC 2 D L KRBOPHEARS#E X T\ 50N WAT Thd, —7H., BAT ik YRS EZ< DI bav
U7 EETAHENLRY, R EEEL L., REOFEETo TS 12,

4B, Z0BAT OEEAMKBREIOH72 bR =R NANX—HE D B THFREICBES L TR Y., £DOHRE
IETERO—RIZRY 5 539, 512 BAT AR X » TEEbahs L vbh T P,

FEIZ, BEOIL, RUA U BAT #TEMH KL, BEEHIROEXEZMZ W5 Z &%, UCPIHEz AW
To BB €, BEETFEME L EEBTHEMEBE cH LT LY, AHFIL. EHET/VE
WTHD KRAy vV RAEE-T, RUA VeI S 2 D3R EEFEIICH S, F7-. uncoupling
protein I(UCP-DHifE & R E FIET 5 /2H O tyrosin hydroxylase Hifsz > C, SIEHEEILFROPED
PHETIT S,

HREFE :

£ 6 BEROBHEEHTT VYR KKAy TV R), FE 26g. & FBEEHOXREM) C57Black v 7 X, &
H22g, £ 8ULHEH 16 L% 13 RMIMATE Lz, AEHIEMEAR (CE:RAZ V7)) 2ERLE,
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=20y bR —A (ZTEE) © 4%TAa—VEEOSO% B BERESE:,
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Objective. To evaluate the correlation between siloxane quantity, pH value and wettability of five silane coupling agents with
resin bond durability of ceramic.
Methods. Five silane coupling agents { Monobond $ (Ivoclar-Vivadent), Rely XTM Ceramic Primer (3M), Clearfil Ceramic
Primer (Kuraray), GC Ceramic Primer (GC), Porcelain Liner M (Sun Medical)} were used. Their siloxane quantity, pH value
and contact angle to Heliobond (Ivoclar-Vivadent) was measured irrespectively by a FTIR spectrophotometer, pH-indicator
strips and a contact-angle meter. 1.5mm thick ceramic plates (ProCAD, A3) were polished and cleaned, and treated by ten
combinations between five silane coupling agents and two dual-cured resin luting agents {Variolink (VLII Ivoclar-Vivadent),
Linkmax HV(LMHYV, GC)}. Their micro-shear bond strength were measured by after 0, 10,000, and 30,000 time thermal
cycling. Data was analyzed by three-way ANOVA, four measure parameter of silane coupling agents were subjected to
correlation analysis.
Results. Bond strength was significantly affected by silane coupling agents, thermal cycling, and not by resin Inting agents.
Significant correlation was established between contact angle and bond strength after TC30,000 of silane coupling agents in
VLIT and LMHY; and between pH value and bond strength of sitane coupling agents in VLIL
Conclusion. The hydrolytic degradation of cwrrent dental silane for ceramic bonding might be inevitable under endurance test.
The improvement of combination between silane coupling agent with resin luitng agent could affect delay this hydrolytic
degradation process, which is depended by the wettability to resin luting agent, partly by pH value, not by siloxane quantity of
silane coupling agents.
Key Words silane coupling agent, pH, siloxane, resin luting agent, machianable ceramic, micro-shear bond strength
e
Silane as a coupling agent is used popularly in resin bond of silica-based ceramic restorative."” Activated silane can provide

a physical and chemical bond between resin luting agent and silica-based ceramic: its silanols couid form a direct siloxane
bridge with hydroxyls of ceramic surface, meanwhile produce crosslinked siloxane polymolecular layer which could form an
interpenetrating polymer network (IPN) with resin luting agent; its organic part could take part in the polymerization with resin
matrix to provide a direct covalent link with resin [uting agent.?

 Short-term resin bond strength to silaned ceramic could be obtained, which even could caused cohesive failure of
silica-based ceramic in bond test, however this adhesive interfaces were not stable under endurance tests such as thermal
cycling or long-term water storage, and different degree reduction of bond strength occurred in various dental silane coupling
agents. *” Bond durability degradation is contributed to the hydrolysis of siloxane (-Si-O-Si-) in ceramic surface and IPN under
water effect. “*'' Other field research suggested that the rate of hydrolytic damage of silane could be related to the proportion
Of Sigitane-O-Sigiane because the siloxane (Sijane-O-Sisinne), siloxane is easier to break than the siloxane (Sigjica-O-Sigjane), and

OH- groups could catalyze the hydrolytic reaction.'* Miyata et al also suggestd that a weaker silane coupling agent/resin bond
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could result in a waker filler/resin in composite with silaned filler."
Current dental silane coupling agents have different silane concentration, activation modes, and supplemental compositions,

Y15 wettability to resin luting agents. These factors could form

which produces their different siloxane quantity™®, pH value
different adhesive interface structures with resin luting agents, which might decide their water resistance. The fact that many
dental silane coupling agents are used in different studies, make a correlation of data from various researchers rather difficult.
A further understanding of the role of different properties of silane coupling agent can solve this amibiguity.

In this study, we attempted to explore the relationship siloxane bond quality, pH value and wettability of five commercial
dental silane coupling agents with their resin bond durability to ceramic.
b Sy b:

Table 1 Materials tested in this study (information provided by manufactuers)

Material
Chemical composition Lot No. Manufacturer
(Abbreviation)
Silane coupler:
Moncbond § ' Ivoclar-Vivadent, Schaan,
Ethanol 52%, water 47%, silane 1%, acetic agid H26975
(MBS) Eiechtenstein
Rely X™ Ceramic 3M, ESPE, Seefeld,
Ethanol 70-80%, water20-30%, silane<1% 3UK
Primer (RCP) Germany
Clearfii Ceramic Kuraray co., Ltd,
Ethanol, MDP, silane ( v -MPTS) < 5% 00001B
Primer (CCP) Kurashiki, Japan
GC Ceramic Primer A liquid: ethanol, silane
0601262 GC Corp., Tokyo, Japan
(GCCP) B liquid; ethanaol, MMA, UDMA, organic acid
Porcelain Liner M A liquid: MMA, 10% 4-META, other Sun Medical Co., Ltd,
MRI
(PLM) B liquid: MMA, silane (v - MPTS) 10%, other Moriyama, Japan
Resin luting agent:
A3, Resin matrix: Bis-GMA, UDMA, TEGDMA.
Variofink [1 Base: H23580 Ivoclar-Vivadent, Schaan,
Filler: content 72.3%, mean particle size 0.7 pm,
(VLID) Catalyst: H23432 Liechtenstein
Ba-Al-F-Si-glass
Universal, Resin matrix: UDMA, TEGDMA.
Linkmax HV Base:0601131
Filler: content 70%, mean particle size 0.8 pm, GC Corp., Tokye, Japan
{LMHV) Catalyst: 0601131

F-Al-8i-glass

1. 1.5 mm thick of ceramic plates (13 X 11 mm squares) Ceramic plate preparation

2.The measurement of contact angle between resin bond agent and silane ceramic surface

3. The determination of pH value in five silane coupling agents

4. The FT-IR analysis of siloxane quantity in five silane coupling agents

5. Micro-shear test of bond strength between dual-cured resin luting agent and silaned ceramic surface before and after
10,000 and 30,000 thermal cycling time,
R

Three-way ANOVA analysis showed that bond strength was significantly affected by silane coupling agent and thermal

cycling, not by composite luting agent. The interactions were significant between silane coupling agent/thermal cycling, resin
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luting agent/thermal cycling, silane coupling agent/reisn Iuting agent, silane coupling agent/resin luting agent/thermal cycling.

Silane pH value Sifoxane signal
Contact angle 6
coupler absorbance strength
Table 2 pH value, siloxane signal absorbance strength and
MBS 34.0(1.5 4.0 0.022
mean contact angle for five silane coupling agents.
RCP 27.7(12) 4.0 0.033
CCP 21.7(82) £o 0.116
GCCP 20.7 (L.1) 14 0.053
PLM 21.5(0.9) 22 0075
Resin luting Silane Thermal cycling time
agent coupler 0 10,000 30,000
MBS 24.1 (2.2) 6(4.3)% 6(3.5)
Table 3 Mean bond strength (SD) of ten 1@ 18.6(13) 3:6(3.3)
o . . RCP 18.6 2. 7)™ 73 (2.9)ab 5203.77
combinations between five silane coupling ; ] .
CCP 21.7 (2.0)° 0(33)" 8(53)"
agents and two resin luting agents after 0 VLI 7@ O)f 23063 ; 1086.3) |
GCCP 24.0 (4. 3 (4.6)¢ 9 (2.6)°
10,000 and 30,000 time thermal cycling. 0 7)5 23.3(4.6) . B39 6)b
PLM 251(5.4 15.3 (2.9)° 12.1 (4.2)™
* Same letters at bond strength for (5-4) (2.9) (4.2
each resin luting agent were not MBS 225275 19657 51527
significantly ~ difference by post RCP 19.8 (2.2 12333 10.1(3.3)
HocTukey test (p<0.05). LMHV CCP 20222%  17.76.0%  109@3.3)°
GCCP 187 (2.6 17929 1423.10)"
PLM 22.1 (4.1) 223(2.6) 158 3.4)%*
Composite luting
VLI LMHV
agent
Table 5 Pearson’s correlation
. Properties of Contact, pH Silexane Contact pH Siloxane
coefficient and respective p value
betw " silane couplers angle value absorbance angle value absorbance
ctween two properties.
_ ] Bond strength 0.134 0318 0.052 0.525 0.428 -0.164
Correlation is significant at
<005 (2-tailed) (TCO) (p=0.805)  (p=0.603) p=0.933 (p=0.364) (p=0.473) (p=0.792)
Bond strength -0.353 -0.738 0.458 -0.175 -0.331 0.240
(TC10,000)  (p=0.560) (p=0.154) p=0.437  (p=0.778) (p=0.586) (p=0.697)
Bond strength -0.947 -0.898 0.622 -0.910 -0.639 0.474
(TC30,000)  (p=0.014)% (p=0.039)* p=0262 (p=0.032)* (p=0.245) (p=0.420)

Fig 1-The FT-IR spectra of the five dental silane

coupling agents. X-axis: wave number in em’’;

Y-axis: absorbance in arbitrary unit,




B

In this study, no silane coupling agents could maintain their role in resin bond of ceramic, and significant interaction
between silane coupling agents and thermal cycling suggested that they had different hydrolytic degradatioﬁ process of silane,
The diffefrence of composition in silane coupling agents could affect the hydrolytic rate of silane.

In this study, we simulated the silane film of ceramic on the KBr plate, and found that different siloxane absorbance
strengths occurred in five dental silane coupling agents. This difference was not correspond their silane concentrations
demonstrated by manufacturers. RCP with <1% silane had higher has siloxane absorbance strength than MBS with 1% silane,
which suggested that thie the silane degree activation and condensation could not only depended by silane concentration, but
also depended by other factor such as pH value, solvent type, hydrolysis time. Within the range of siloxane absorbance strength
in this study, the difference of siloxane quantity might not cause a substantial influence on the hydrolytic degradation of silane
coupling agent, because the siloxane absorbance strength of five dental silane coupling agents had any correlation with their
bond strength at TCO and 10,000 in two resin luting agents.

Five silane coupling agents have different activation modes: MBS and RCP activated by water, while CCP, GCCP and PLM
activated by organic acid. So CCP, GCCP and PLM have lower pH value than MBS and RCP. Previous research showed pH
value of ceramic surface and silane coupling agents could affect primary resin bond strength.'® In this study pH value of silane
coupling agents had no correlation with their bond strength (TC0). After TC 30,000, the significant correlation between pH

value and bond strength occurred in VL 1 It might support at some extent the thought of Olmos eta}™

, in which higher pH of
silane coupling agent could catalyze the hydrolytic degradation of siloxane. However the correlation effect 0f pH value was
lower than that of contact angle in VL II; even did not occur in LMHYV.

Contact angle is a consequence of the inter-molecular interaction between the probing medium and solid. When two media
of similar chemical composition are used to probe the surface, the one with a lower surface tension should yield a lower
contact angle. VL II and LMHV are dual-cured composite resin luting agents with rather low fluidity. So we used a resin bond
agent (Heliobond) as probing medium to reference the wettability of five dental silane coupling agents to resin luting agent.
Comparing with pH value, contact angle showed more significant correlation with bond strength (TC 30,000} in two resin
luting agents. This result further suggests that the water-resistance ability of resin bond interface to ceramic could be depended
on the combination between silane coupling agent and resin luting agent. High wettability of silane coupling agent to resin
luting agent helps to form their interpenetrating polymer network (IPN) and copelymerization. MBS and RCP activated by
water showed lower wettability than those activated by the use of organic acid such as phosphate acid monomer. Even if under
the same activation mode, solvent type and solution concentration also affected their wettability, in which RCP had higher
wettability than MBS. To improve the lower wettability of MBS, the manufacturer recommends the additional use of flowable
resin bond agent (Heliobond) follows the treatment of MBS, However our and other researches showed that this resolution was
not more effective than the only use of MBS.'""® Besides the use of organic acid, two-liquid silane coupling agents (GCCP and
PLM) blend functional monomer such as MMA, UDMA into silane before the use of silane, and obtained better bond
durability. This beforehand use of functional monomer might be an effective way to obtain better interpenetrating polymer
network (IPN) and copolymerization between silane coupling agents and resin luting agents.
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Abstract

Objectives To investigate whether amino acids would cause parenteral nuirition-associated
cholestasis-based liver damages, and try to evaluate the possible roles of lio cells in this pathogenesis.

Materials and methods 15 piglets were randomly assigned to three groups equally. Group 1 piglets
were maintained on glucose alone; Group 2 piglets were administrated by amino acid plus glucose
mixture; Group 3 represented control piglets receiving standard iab chows ad libitum. All PN (parenteral
nutrition) animals were -freated for 14 days continuously with isocaloric infravenous regimen. On the
postoperative 14h day, all animals were anesthetized and blood samples were collected for liver
function test, and liver biopsy specimens were harvested for histological assessment as well as
immunohistochemistry for «-SMA, while TUNEL (TdT-mediated dUTP-digoxigenin nick-end labelling)
method was employed to detect apoptosis of hepatocytes and TEM {transmission eleciron microscopy)
was also used to observe ultrastructural changes of liver specimens.

Results The concentration of serum total bilirubin and total bile acids were significantly higher in group
2 than the other groups (p<0.05); whereas liver enzymes showed no significant differences among three
groups except for ALP {Alkaline phosphatase). Morphologically, steatosis was severer with vague sinusoid
in group 2 than group 1 with mild cytoplasmic rarefaction in hepatocytes. In addition,
immunohistochemistry revealed that the number of activated lto cells significantly increased in group 2
compared with the other groups. Moreover, apoptotic index of hepatocytes in group 2 was significantly
higher than group 1 and conftrol group. TEM observation indicated that dilated bile candliculi with
decreased microvili and deposition of bile pigments in hepatocytes were demonstrated in group 2.
Besides, the sinusoid seemed to become shrank atfributed to corresponding expansion of Disse space. In
some specimen, we dlso observed that the slight production of collagen bundiles in the Disse space and
subendothelial deposition of base membrane-like materials. Apoptotic hepatocytes manifested by the
earlier nuclear chromatin condensation characterized by crescent-shaped appearance and late
development of apoptotic fragments or bodies.

Conclusions we have demonstrated that not glucose but amino acid was primarily involved in
parenteral nutition-associated cholestasis. Furthermore, aggravated steatosis and apoptosis of
hepatocytes were also associated with the supplement of amino acids. Because numbers of Ito cells
were activated in group 2, we suggested that the liver toxicity of amino acids would be related to
subsequent activation of lto cells, which would cause compromised microcirculation leading to chronic
ischemic injuries to hepatocytes.

Key Words TPN, liver dysfunction, Amino acids, ito cells, Liver microcirculation
Backgrounds and purposes
The development of progressive liver dysfunction has been a well-recognized complication of
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prolonged total parenteral nutrition (TPN). Although more and more investigators have studied the
possible mechanisms using animal models or retrospective clinical studies, the authentic pathogenesis
was unknown. in recent decades, investigators began to concentrate on the toxic roles of components
of TPN solution. Glucose and fat and their absolute or relative concentrations have been incriminated. (1)
Fat emulsion, although they may cause fat accumulation in Kuppfer cells, have been essentially
excluded as being important in the genesis of cholestasis. (2) Amino acids are most frequently implicated
in promoting cholestasis. Vileisis et al treated infants with either 2.5 or 4.0 g/kg of crystalline amino acid in
an otherwise equal TPN regimen for at least 2 weeks while routine liver function tests were monitored.
Although the frequency of cholestasis was the same in the two groups, the duration of TPN prior to onset
of cholestasis was shorter, and the rate of rise of direct bilirubin was greater in the high-amino acids
group, suggesting that the amino acid are more toxic when administered in excess. The inference is that
amino acids can be toxic when administered at routine rates. (3) Black et al compared several
parameters of liver function in essentially well premature neonates receiving amino acid glucose infusion
or glucose alone for 1 week and found evidence for hepatic canalicular dysfunction in the group
receiving amino acid. (4) These results suggest that amino acids solution has a direct effect on the
excretory apparatus of the hepatocyte. Evidences for this view come from observations that amino acid
solutions inhibit bile formo’rién, particularly the bile acid-independent fraction in isolated perfused rat liver.
{5} Particular amino acids have been also implicated. Methionine at a perfusate concentration of 20 to
30mM obliterated bile salt independent bile flow in perfused rat liver; Alanine inhibited uptake of
taurocholate by isolated rat hepatocytes; Taurine supplementation increases bile acid excretion in
premature infants and protects from lithocholate cholestasis in young guinea pigs. Of the major
constituents of TPN solutions, amino acids are the most likely responsible for cholestasis. Preferential
transport of the amino acids across the hepatic sinusoidal membrane may inhibit bile acid uptake. (6)
Reduced uptake of bile acids by the hepatocyte results in a decreased fransport and secretion of bile
acids, the major driving force of bile flow. As opposed to amino acids-induced cholestasis during TPN,
few studies reported that the protective role of amino acids in ameliorating calorie
overloading-associated cholestasis. In a newborn rabbit TPN model, histological examination of the
cholestatic liver showed ballooning and clear cell fransformation of the hepoto‘rcyfes resembling those
observed in the liver with calorie overload. lkeda et al reported that calorie overload changes in
hepatocytes are ameliorated by an increased dose of amino acids. (7)

Therefore, although it has been a fact that TPN could cause intrahepatic cholestasis, the real toxic
components and the related mechanisms were poorly understood. Our previous research on
TPN-induced liver dysfunction (not yet published) demonstrated that major components including
glucose and amino acids must have caused liver damages characterized by steatosis and cholestasis,
and we dalso discussed on the potential implication of [to cells in this pathogenesis. In the present study,
we try to evaluate if glucose or amino acids would be primarily involved in liver dysfunction during TPN
administration, further to explore which component would be mostly responsible for the activation of Ito
cells in a piglet model.

Materials and methods
1 Animals and experimental design

Fifteen piglets with body weight ranging from 10 to 15kg were randomly assigned to three groups
equally. Group 1 was glucose alone (50g/kg/d); Group 2 was glucose plus amino acids (glucose
50g/kg/d; amino acid 7.5g/kg/d); Group 3 was control receiving standard lab chows ad libitum. All
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animals underwent the same catheter cannulation through external jugular vein in the aseptic manner.
For control group, animals received physiologic saline infusion (20ml/h) for maintaining patency of
catheter. For TPN groups, infusion lasted for 14 days continuously by fasting and deprivation of tap water.
Besides, the infusion volumes were adjusted to keep same and isocaloric intravenous infusion regimen
was also considered. Besides glucose or amino acids, electrolytes, vitamins and trace elements were
given, but lipid was not included.

2 Blood samples and liver specimens

Blood samples for liver function tests were collected on the 14t postoperative day. The parameters
include albumin (Alb), aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin
(TB)., alkaline phosphaiise {ALP), y-giutamyl transpeptitdase (y-GT) and total bile acid (TBA). Liver biopsy
specimens were also harvested on the terminal day of this study. One part of light microscopy was fixed in 10%
neutral formalin solution and embedded in paraffines; the residual part for TEM was prefixed with 2.5%
glutaraldehyde in 0.1M phosphate buffer at 40C.

3 Immunohistotchemistry

All liver samples were immunostained with a monocional antibody to a-SMA (dilute 1:800; DAKO) to
identify activated lto cells with strepiavidin-biotin complex immunosiaining.” As a negaiive conftrol,
normal rabbit IgG was used instead of the primary antibody. No specific immunoreactivity was detected
in these sections. The positive expression of activated fo cells was recognized by brown luminescence.
The intensity of immunostaining was scored in light of specific scoring system.
4 Detection of apoptos.is of hepatocytes by TUNEL

TUNEL was performed with peroxide In Situ apoptosis detection kit according to manufacture's
instructions. (CHEMICON $7101, USA) The apoptotic hepatocytes exhibited brown stained nuclei. Twenty
random fields were counted for each slide. The numbers of apoptotic hepatocytes were expressed as
the percentages of the total number of the counted hepatocytes. (Apoptotic index)
5 Transmission electron microscopy (HITACHI 7100, JAPAN)

After primary fixation for 48 hours, specimens were washed with PBS, followed by secondary fixation in
1% osmium tetroxide in 0.1M PBS at 49C for 2 hours. After washing with PBS, they were dehydrated and
embedded in Epon. Ultrathin sections were stained with uranyl acetate and lead citrate, and then
examined with a transmission eleciron microscope.

Results

All 15 piglets were survival without events in this study. Group 2 and control piglets obtained the
equivalent body weight gain, but Group 1 piglets showed almost stagnant body weight.
1 Liver function tests

After two weeks, the levels of serum TB and TBA in Group 2 were significantly elevated compared with
that in group 1; however, serum enzymes level showed no significant changes except for the elevated
ALP level in group 2. (See Table 1)

Table 1 Results for liver function tests
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;’t'Group ~ Alb (g/dl) - TB (mg/dl) ~ AST(U/L) - ALTOU/L) CALP(IU/L) - y-GT(IU/L) - TBA]
umon R e

L 1(n=5) - 213£032 006+001 4400+19.52 29.67£10.59 199.00+5285  30.67+9.02 - 333+

058

4

2 (n=5) 2._63i0.2] ~~ 0.18+0.07* 46.6\7»:*:‘35.53 . 37.00+13.28 654.67 1 12.61% . 29.00414.93 ]5.QOi':
2,65

3(=5) 2974050 00200 3533:+1012 29.33:£17.04 43300417512 20.67+643 293%

012 .

“Significant difference was determined between Group 2and 1(p=0.01);* significant difference was
seen between A
Group 2 and 1, or between Group 2 and control group. (p<0.05) Duncan's test was used following
ANOVA,
2 Histological changes
Compared with mild steatosis in Group 1, the control specimehs showed normal liver histological
micrographs, but the Group 2 specimens displayed the significantly aggravated histological lesion
manifested by vacuolation of hepatocytes. {See Fig 1)

A% i LN P A 3 Yy e
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Fig1 Micrographs of liver specimens after treatment for two weeks [HE, x200) A, normal histological picture in control
group; B, not severe changes except for mild cytoplasmic rarefaction in Group 1; C, dramatic vacuolation of
hepatocytes with obscure sinusoid in Group 2.
3 Immunohistochemistry

In Group 2, considerable activated [to cells immunoreactive to a-SMA antibody were demonstrated,
whereas they were scarcely or sporadically found in Group 1 or control group. The scoring result
indicated that there was significant difference between Group 2 and Group 1 or control group. (See Fig
2 and Table 2)

PG TL AR MOT R T Table 2 scoring results of liver ito cells
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Fig2 immunohistochemistry for Ito cell in liver specimen. (x200) A, negatively *p<.05 significantly higher expression of
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ito cells in detected in control or Groub 1; B, massively detected in Group 2. (Brown stained) Group2
4 TUNEL assay

Apoptotic index indicated that there was significant increase in apoptotic hepatocytes in Group 2.
(Group 1, 0.8510.446; Group 2, 28.59+5.25; control group, 0.941+0.73 p<0.05). Besides, the apopftotic
hepatocytes were more conspicuous in centrilobular region than peripheral area in hepatic lobule. (See
Fig 3)

Fig3 Hepatocyte apoptosis by use of TUNEL method (Original magnification x200). A, apoptotic hepatocytes
were seldom
foundin Group 1 and 3; B, significantly increased apoptotic hepatocytes converging on central part of lobule
in Group 2.

5 Transmission electron microscopy

Under TEM, following meaningful changes have been observed. Firstly, the dilation of bile canaliculi
accompanied by the loss of microvilli was usually seen only in group 2. Besides, some hepatocytes stored
dark matter represented bile salts or pigments. Secondly, different phases of apoptotic hepatocytes
could be easily found. Thirdly, base membrane-like materials produced by activated Ito cells brought
about endothelial fenestrae disappear replaced by subendothelial deposition. Furthermore, activated
Ito cells became “plump” in volume with long cytoplasmic processes, and slight collagen bundles
produced around them. Lastly, the loss of lipid droplets in some activated Ho cells could be found. (See
Fig 4)
Discussion

It is unknown whether steatosis and cholestasis are separate entities or represent a continuum of one
disorder in TPN-induced liver dysfunction. Although different TPN regimens have been devised to explore
harmful ingredients or clarify the mechanisms, it is confroversial or undecided. In this study, the elevated
serum TB and TBA level, fogether with bile candliculi and accumulafion of bile components in
hepatocytes indicated that cholestasis developed in Group 2. Likely, the obvious fatty degeneration
and hepatocytes apoptosis were shown in Group 2. These evidences indicated that amino acids are
toxic to liver and could concomitantly induce steatosis and cholestasis. Before, it is hard to elucidate this
composite liver damage. However, we proved that tto cells were extensively activated, and these
pathologic changes predominaiely located in the centre part of lobules. In addition, some studies
reported that the activation of lto cells has implicated in regulating sinusoidal blood and liver
microcirculation. (8) We suggested that decreased sinusoidal blood supply maybe contribute to liver
damages. Firstly, the replace of normal fenestrae by subendothelial base membrane could hamper the
two-way communication between hepatocytes and sinusoid; Secondly, the proliferative activated ito
cells and deposition of collagen fibres could inflate Disse space through “pushing or squeezing”sinusoid
resulting in increased blood resistance. Lastly, as activated lto cells were fransformed into myofibroblasts
and obtained contractility, the tonic contraction could participate in increasing the resistance of biood
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flow in sinusoid. Consequently, the compromised microcirculation not only amplified steatosis, but also
induced hepatocyte apoptosis. Considering the direct effects of amino acids, we also suggested the
accelerating roles in the form of physical pressure or ischemic attack on apparatus of bile system
induced by lto cells activation.

>y pr

fenestrae structure was disappeared and replaced by base membrane like materials in Group 2. B, normal bile
candliculus in Group 1 and control; E, dilated bile candliculus with decreased microvilli in Group 2; C, activated ito
cells with indentation atfributed to loss of lipid droplet “push”sinusoid in Group 2; F, earlier apoptotic hepatocyte
characterized by the chromatin condensation.
Conclusions

In the present study, we established the amino acids-induced liver toxicity biochemically and
morphologically, indicating that severer fatty degeneration and cholestasis as well as hepatocyie
‘apoptosis could simultaneously occur. Amino acids-dependent lto cells activation maybe initiate or
deteriorate these liver lesions by influencing on sinusoidal microcirculation. However, the present
short-term TPN study fails us to draw a definite conclusion, and long-term experiment about relationship
between amino acids and ito cells would be further expected. It would be better if the evaluation of
sinusoidal microcirculation secondary to the infroduction of amino acids could be conducted in the
future.
References
1 Rager R, Finegold MJ. Cholestasis in immature infants: Is parenteral alimentation responsible? J Pediatr
1975;86:264-269
2Bedle EF, Nelson RM, et al. Intrahepatic cholestasis associated with parenteral nutrition in infants.
Pediatrics 1979:64:342-7 '
3 Vilersis RA. Prospective controlled study of parenteral nutrition-associated cholestatic jaundice. J
Pediatr 1980;96(5):893-7
4 Black DD. The effect of short-term parenteral nutrition on hepatic function in human neonate. J Pediatr
1981;99:445-9
5 Graham MF, Tavill AS. Inhibition of bile flow in isolated perfused rat liver by amino acid mixiure.
Hepatology 1984;(4)69-73
6 Blitzer BL. Amino acid inhibition of bile acid uptake by basolateral membrane vesicles.
Gastroenterology 1983;(84):1364A

- 112 -



7 lkeda Y, Soda S. Are hepatomegaly and jaundice attributable to “glucose overload”z Acta Chir Scand
1979:494;170-172

8 Housset C, Rockey DC, Bissell DM. Endothelin receptors in rat liver: lipocytes as a contractile target for
endothelin-1. Proc Nail Acad Sci USA 1993;20:9266-70

2008/3/1

- 113 -



HREANE FEZHS
2007 EL R REBIKE - rarEAmes - REE

2008 % 2 A 20 A
MEEBEA  BREZES #T

BMA L VBIREEZHEL TITo IR T —< T oW THEWZ LET.
RATER . BIRBESE _

PEAREEL : £ Ak
RETHESE : #BEH ®  BL: BR
R4 © REBRKEEEEKRSTER
FifEHh © T852—8588 EMFHItRA 1—7—1
fEE% 1 95—819—7688 PIAR : 4352

1. BhAR&#H : 600,000 M

2. HRT—=<
VIUH YTV U IAORS L pHELBEBEST 2T M E 2 TRV VEEROY Y hR—R2 T TN S
Iy I AL OBERWAMERIE TR

3. BREDOHE
G A TY TR VO U EEREBOCHEAEDED LT, VI ATV U TROSLEBIIETE
BBV ELE. &b, YITUrAv TV 7ROV R ORITEEHAEICIIERERIEZST, ¥
STV TEIOpH B—E, VOVERRODOET I v AT IENMMERR LR THD L BALNTR
DELE.

4. WrRRERT

(1) 22KBIT2%E H
Meng X, Yoshida K, Atsuta M: Micro-shear bond strength of self-adhesive resin cement to silica-based machinable
ceramic, The 224 joint meeting of the Japan prosthodontic society and the greater New York academy of

prosthodontics, Tokyo, Japan, 2007.

(2) BELEWRX A
Meng X, Yoshida K, Atsuta M (2007) Influence of light irradiation condition on micro-shear bond strength of
dual-cured resin luting agents. Dent Mater J, 26 (4): 575-581.

- 114 -



— AP EE RS EE— _
VIVAYTI U TRIORS E pHELBEBERT 2TV 2 TRL D VEERID
VI AR—R2UFTINET I v I REDEEWRAERIETEHE
WREKR4L I
AAMEKE REXEEEERETER
BEEEE K2 BB %
HERFRE HH =—

=B
Objective. To evaluate the correlation between siloxane quantity, pH value and wettability of five silane coupling agents with
resin bond durability of ceramic. .
Methods. Five silane coupling agents { Monobond S (Ivoclar-Vivadent), Rely XTM Ceramic Primer (3M), Clearfil Ceramic
Primer (Kuraray), GC Ceramic Primer (GC), Porcelain Liner M (Sun Medical)} were used. Their siloxane quantity, pH value
and contact angle to Heliobond (Ivoclar-Vivadent) was measured irrespectively by a FTIR spectrophotometer, pH-indicator
strips and a contact-angle meter. 1.5mm thick ceramic plates (ProCAD, A3) were polished and cleaned, and treated by ten
combinations between five silane coupling agents and two dual-cured resin luting agents {Variolink (VLII Ivoclar-Vivadent),
Linkmax HV(LMHV, GC)}. Their micro-shear bond strength were measured by after 0, 10,000, and 30,000 time thermal
cycling. Data was analyzed by three-way ANOVA, four measure parameter of silane coupling agents were subjected to
correlation analysis.
Results. Bond strength was significantly affected by silane coupling agents, thermal cycling, and not by resin luting agents.
Significant correlation was established between contact angle and bond strength after TC30,000 of silane coupling agents in
VLII and LMHYV; and between pH value and bond strength of silane coupling agents in VLI
Conclusion. The hydrolytic degradation of current dental silane for ceramic bonding might be inevitable under endurance test.
The improvement of combination between silane coupling agent with resin luitng agent could affect delay this hydrolytic
degradation process, which is depended by the wettability to resin luting agent, partly by pH value, not by siloxane quantity of
silane coupling agents.
Key Words silane coupling agent, pH, siloxane, resin luting agent, machianable ceramic, micro-shear bond strength
HE -

Silane as a coupling agent is used popularly in resin bond of silica-based ceramic restorative."? Activated silane can provide
a physical and chemical bond between resin luting agent and silica-based ceramic: its silanols could form a direct siloxane
bridge with hydroxyls of ceramic surface, meanwhile produce crosslinked siloxane polymolecular layer which could form an
interpenetrating polymer network (IPN) with resin luting agent; its organic part could take part in the polymerization with resin
matrix to provide a direct covalent link with resin luting agent.?

" Short-term resin bond strength to silaned ceramic could be obtained, which even could caused cohesive failure of
silica-based ceramic in bond test, however this adhesive interfaces were not stable under endurance tests such as thermal
cycling or long-term water storage, and different degree reduction of bond strength occurred in various dental silane coupling
agents. ** Bond durability degradation is contributed to the hydrolysis of siloxane (-Si-O-Si-) in ceramic surface and IPN under
water effect. '®!" Other field research suggested that the rate of hydrolytic damage of silane could be related to the proportion
of Sigilane-O-Sisjpane because the siloxane (Sigane-O-Sigirane), Siloxane is easier to break than the siloxane (Sigjica-O-Sigjjane), and

OH- groups could catalyze the hydrolytic reaction.'> Miyata et al also suggestd that a weaker silane coupling agent/resin bond
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could result in a waker filler/resin in composite with silaned filler."
Current dental silane coupling agents have different silane concentration, activation modes, and supplemental compositions,

which produces their different siloxane quantity', pH value'*'®

, wettability to resin luting agents. These factors could form
different adhesive interface structures with resin luting agents, which might decide their water resistance. The fact that many
dental silane coupling agents are used in different studies, make a correlation of data from various researchers rather difficult.
A further understanding of the role of different properties of silane coupling agent can solve this amibiguity.

In this study, we attempted to explore the relationship siloxane bond quality, pH value and wettability of five commercial

dental silane coupling agents with their resin bond durability to ceramic.

Xt & Bk

Table 1 Materials tested in this study (information provided by manufactuers)

Material
Chemical composition Lot No. Manufacturer
(Abbreviation)
Silane coupler:
Monobond S Ivoclar-Vivadent, Schaan,
Ethanol 52%, water 47%, silane 1%, acetic acid H26975
(MBS) Liechtenstein
Rely X™ Ceramic 3M, ESPE, Seefeld,
Ethanol 70-80%, water20-30%, silane<1% 3UK
Primer (RCP) Germany
Clearfil Ceramic Kuraray co., Ltd,
Ethanol, MDP, silane (v -MPTS) < 5% 00001B i
Primer (CCP) Kurashiki, Japan
GC Ceramic Primer A liquid: ethanol, silane
0601262 GC Corp., Tokyo, Japan
(GCCP) B liquid: ethanaol, MMA, UDMA, organic acid
Porcelain Liner M Aliquid: MMA, 10% 4-META, other. Sun Medical Co., Ltd,
MR1
(PLM) B liquid: MMA, silane (v - MPTS) 10%, other Moriyama, Japan
Resin luting agent:
A3, Resin matrix: Bis-GMA, UDMA, TEGDMA.
Variolink II Base: H23580 Ivoclar-Vivadent, Schaan,
Filler: content 72.3%, mean particle size 0.7 pm,
(VLID) Catalyst: H23432 Liechtenstein
Ba-Al-F-Si-glass
Universal, Resin matrix: UDMA, TEGDMA.
Linkmax HV Base:0601131
Filler: content 70%, mean particle size 0.8 um, GC Corp., Tokyo, Japan
(LMHV) Catalyst: 0601131 ]

F-Al-Si-glass

1. 1.5 mm thick of ceramic plates (13 X 11 mm squares) Ceramic plate preparation

2.The measurement of contact angle between resin bond agent and silane ceramic surface

3. The determination of pH value in five silane coupling agents

4. The FT-IR analysis of siloxane quantity in five silane coupling agents

5. Micro-shear test of bond strength between dual-cured resin luting agent and silaned ceramic surface before and after
10,000 and 30,000 thermal cycling time.
RER

Three-way ANOVA analysis showed that bond strength was significantly affected by silane coupling agent and thermal

cycling, not by composite luting agent. The interactions were significant between silane coupling agent/thermal cycling, resin
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luting agent/thermal cycling, silane coupling agent/reisn luting agent, silane coupling agent/resin luting agent/thermal cycling.

Table 2 pH value, siloxane signal absorbance strength and

mean contact angle for five silane coupling agents.

Table 3 Mean bond strength (SD) of ten

combinations between five silane coupling

agents and two resin luting agents after 0

10,000 and 30,000 time thermal cycling.

* Same letters at bond strength for

each resin luting agent were not

significantly difference
HocTukey test (p<0.05).

Table 5 Pearson’s correlation
coefficient and respective p value

between two

properties.

Correlation s at

p<0.05 (2-tailed).

significant

Silane pH value Siloxane signal
Contact angle 8
coupler absorbance strength
MBS 34.0 (1.5 40 0.022
RCP 27.7(1.2) 40 0.035
CCpP 21.7(1.2) 1.0 0.116
GCCP 20.7 (1.1) 1.4 0.053
PLM 21.5(0.9) 22 0.075
Resin luting Silane Thermal cycling time
agent coupler 0 10,000 30,000
MBS 24.1 2.2 18.6 4.3)* 3.6 (3.5)°
RCP 18.6 (2.7)* 7.3 (2.9) 5.2 (3.7
VLI CCP 21.7 2.0 23.0(3.3)F  10.8(5.3)™
GCCP 240 (47" 233467 13.92.6)%
PLM 25.1 (5.4) 153 2.9 121 @.2)™
MBS 22.5 2.7 19.6 4.5  5.1(.2)7
by post RCP 19822 12333 10133
LMHV CCP 20222  17.7G6.00%" 109 (3.3
GCCP 187 2.6  17.929% 1423.1)"
PLM 22.1 (4.1 223 (2.6)f  15.8 (3.4)7%
Composite luting
VLI LMHV
agent
Properties of Contact pH Siloxane Contact pH Siloxane
silane couplers angle value absorbance angle value absorbance
Bond strength -0.154 -0.318 0.052 0.525 0.428 -0.164
(TCO) (p=0.805)  (p=0.603)  p=0.933  (p=0.364) (p=0.473) (p=0.792)
Bond strength -0.353 -0.738 0.458 -0.175 -0.331 0.240
(TC10,000) (p=0.560) (p=0.154) p=0.437  (p=0.778) (p=0.586) (p=0.697)
Bond strength -0.947 -0.898 0.622 -0.910 -0.639 0.474
(TC30,000)  (p=0.014)* (p=0.039)* p=0.262 (p=0.032)* (p=0.245) (p=0.420)
e N e
AR R g

Fig 1-The FT-IR spectra of the five dental silane

coupling agents. X-axis: wave number in em™;

Y-axis: absorbance in arbitrary unit.
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In this study, no silane coupling agents could maintain their role in resin bond of ceramic, and significant interaction
between silane coupling agents and thermal cycling suggested that they had different hydrolytic degradatioﬁ process of silane.
The diffefrence of composition in silane coupling agents could affect the hydrolytic rate of silane.

In this study, we simulated the silane film of ceramic on the KBr plate, and found that different siloxane absorbance
strengths occurred in five dental silane coupling agents. This difference was not correspond their silane concentrations
demonstrated by manufacturers. RCP with <1% silane had higher has siloxane absorbance strength than MBS with 1% silane,
which suggested that the the silane degree activation and condensation could not only depended by silane concentration, but
also depended by other factor such as pH value, solvent type, hydrolysis time. Within the range of siloxane absorbance strength
in this study, the difference of siloxane quantity might not cause a substantial influence on the hydrolytic degradation of silane
coupling agent, because the siloxane absorbance strength of five dental silane coupling agents had any correlation with their
bond strength at TCO and 10,000 in two resin luting agents.

Five silane coupling agents have different activation modes: MBS and RCP activated by water, while CCP, GCCP and PLM
activated by organic acid. So CCP, GCCP and PLM have lower pH value than MBS and RCP. Previous research showed pH
value of ceramic surface and silane coupling agents could affect primary resin bond strength.' In this study pH value of silane
coupling agents had no correlation with their bond strength (TCO0). After TC 30,000, the significant correlation between pH

1'2, in which higher pH of

value and bond strength occurred in VL IL It might support at some extent the thought of Olmos eta
silane coupling agent could catalyze the hydrolytic degradation of siloxane. However the correlation effect of pH value was
lower than that of contact angle in VL II; even did not occur in LMHV.

Contact angle is a consequence of the inter-molecular interaction between the probing medium and solid. When two media
of similar chemical composition are used to probe the surface, the one with a lower surface tension should yield a lower
contact angle. VL II and LMHV are dual-cured composite resin luting agents with rather low fluidity. So we used a resin bond
agent (Heliobond) as probing medium to reference the wettability of five dental silane coupling agents to resin luting agent.
Comparing with pH value, contact angle showed more significant correlation with bond strength (TC 30,000) in two resin
luting agents. This result further suggests that the water-resistance ability of resin bond interface to ceramic could be depended
on the combination between silane coupling agent and resin luting agent. High wettability of silane coupling agent to resin
luting agent helps to form their interpenetrating polymer network (IPN) and copolymerization. MBS and RCP activated by
water showed lower wettability than those activated by the use of organic acid such as phosphate acid monomer. Even if under
the same activation mode, solvent type and solution concentration also affected their wettability, in which RCP had higher
wettability than MBS. To improve the lower wettability of MBS, the manufacturer recommends the additional use of flowable
resin bond agent (Heliobond) follows the treatment of MBS. However our and other researches showed that this resolution was
not more effective than the only use of MBS.'”!® Besides the use of organic acid, two-liquid silane coupling agents (GCCP and
PLM) blend functional monomer such as MMA, UDMA into silane before the use of silane, and obtained better bond
durability. This beforehand use of functional monomer might be an effective way to obtain better interpenetrating polymer
network (IPN) and copolymerization between silane coupling agents and resin luting agents.
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Introduction:

A focal ground-glass opacity (GGO) on chest computed tomography (CT) images may be attributable to
atypical adenomatous hyperplasia (AAH), bronchioloalveolar carcinoma (BAC), focal inflammation, and
focal fibrosis. Therefore, the accurate diagnosis of GGO nodules on chest CT is important. Thin-section
helical CT using multidetector CT (MDCT) can analyze the GGO nodules because MDCT can scan
nodules as volume data under one breath-hold. As thin-section helical CT involves relative high radiation
exposure, it is desirable to reduce the radiation dose in follow-up studies. We used a chest phantom to
investigate how much the radiation dose can be reduced when identifying and characterizing GGO

nodules on thin-section helical scans obtained by MDCT.

Key words: Ground-glass opacity (GGO) - Lung cancer -High-resolution CT - Phantom

Abstract:

Purpose. The aim of this study was to investigate how much the radiation dose can be reduced for the
identification and characterization of focal ground-glass opacities (GGOs) by high resolution computed

tomography (HRCT).

Materials and methods. A chest CT phantom including GGO nodules was scanned with a 40-detector CT
scanner. The scanning parameters were as follows: tube voltage 120 kVp; beam collimation 32 x 1.25
mm; thickness and intervals 1.25 mm; tube current and rotation time 180, 150, 120, 90, 60, and 30 mA.
180 mA was the standard. Using a three-point scale at different currents, we visually evaluated image

quality. Furthermore, we carried out observer performance tests using receiver operating characteristic



(ROC) analysis to evaluate the ability to identify GGO nodules at each current.

Results. By visual analysis, the scores for all particulars were significantly lower on images obtained at
less than 120 mA than at 180 mA (Steel’s test, P < [J0.05). There was no statistically significant
difference in any particulars other than artifact on images obtained at 180, 150, and 120 mA. By ROC
analysis there was no statistical difference in the Az value to identify GGO nodules on images obtained at
180, 150, 120, 90, or 60 mA. However, the Az value at 30 mA was significantly lower than at 180 mA
(Dunnett’s test, P < 0.01).

Conclusion. The minimum current necessary for the characterization of GGO nodules on HRCT was 120

mA, although their identification was possible at currents of >30 mA.

Table 1. Results of Qualitative Analysis of Simulated GGOs
Tube current-time product (mAs)

Particulars 180 150 120 90 60 30

Artifact in lung fields 2.8£04 2.7+£0.5 2.5%0.5% 2.0+04* 1.7+0.6* 1.2+0.4*
Homogeneity of GGO nodules 29+04 2.7+0.5 29+04 2.5£06* 1.8+0.7* 1.2+04%

Margin clearness of GGO nodules  2.5%0.5 2.6£0.5 2.3%0.6 2.1£0.9% 1.5£0.7* 1.1+0.4*

Overall image quality 2.7£0.5 2.7+05 25£0.5 22+0.8* 1.6+£0.6* 1.1+0.3*

*P < 0.05 at Steel's test

Table 2. Az values of 6 radiologists for identification of simulated GGO nodules

Tube current-time product (mAs)

Observers 180 150 120 90 60 30
1 1.00 1.00 1.00 1.00 0.98 0.91
2 1.00 1.00 0.92 0.94 0.96 0.93
3 1.00 1.00 0.97 0.92 0.86 0.90
4 1.00 1.00 1.00 1.00 1.00 0.92
5 1.00 0.99 0.98 1.00 0.93 0.86
6 1.00 1.00 1.00 1.00 0.92 0.69
Mean 1.00 1.00 0.98 0.98 0.94 0.87
P value - 1.00 0.84 0.84 031 <0.01

Values at 180 mAs were the control for Dunnett’s test



Figure 1. Chest phantom used for this study

A. Gross appearance of the chest phantom (LSCT001, Kytoto Kagaku Co. Kyoto, Japan) used in
this study.

B. Right Jung of the chest phantom at the level of the carina. Simulated ground glass opacities

(GGOs) measuring 4-, 6-, 8-, 10-, and 12 mm are indicated by arrows.



Figure 2. CT Dose Index in scan with various mAs setting
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CTDIw for the detection of GGOs at different mAs settings. When the CTDIw of 180mAs was
assumed to be 100%, the CTDI ratio was 16.3% at 30 mAs, 33.3% at 60 mAs, 50.3% at 90 mAs,

67.3% at 120 mAs, and 85.7% at 150 mAs.

Figure 3. Simulated GGOs on images obtained with various mAs

Simulated GGOs on images obtained with 30-, 60-, 90-, 120-, 150-, and 180 mAs.
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FERNE DR Z DR TH D,

B EAHIFTRER R EAEI L. ERROIT B8R %1TH LIET, hw - Zl (Halisha, Aishan) DRFFEFHER
REHE L, B2, 75 UWEOLT VAR, 72 FuR) TUA 7IUnEREMORE. e Tl

PSSRV oD U1 ZMERASE R UFA]

43K - HRF (A4 ZVEEE) 1999 SR &Y
HIR : Urtica cannabina L. (A 527 9F}Urticaceae ) DIRE
=% g, . FUREE WeR wRE. BB, ) U~F. BRE
b7 R E il
[4a5] /INEE 125 ¢ AT 125 ¢ FREELTS ¢ BOUETS ¢
REE TS g HFRF T0 g $HRET5 g HIFET5g
HE T0¢g
PLEDAZER RN U e R IRAI BRI Z T, FBAL 1000 g L 775,
Boie- ] G0k =% BRI, SMUSE. UM, W,
(- A&l PR —BZE, —E1E (12 9.

MRS
1. BRTF OFRSIRR

HHRT 8.5 kg & MeOH THAH L, 0= A LRETINHE, PHEFSUERMTET TORIRBEET nrhexane THES
HAH L. n-hexane FESER%187, LT, AcOEt. n-BuOH TRIERDEMERITV. TN TSRS, EHFFD AcOEt T
BPOAHRT 4 T FEEW 1, 2 ZEREL, CD helicity A, #REy v —IEERAV, MEEEWIAEENEZT-
T, Ehe. TTH) A VERMHE 37 BBIEL, THENERELEFig 1), SIRTFHOZNSOLANOMREIIID T
H 5B,
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isoquercetin (3): R=0-Glc astragalin (5): R=0-Gle isovitexin (7): R=C-Gle

quercitrin (4): R=0-Rha afzelin (6): R=0O-Rha
Fig. 1. Structures of Compounds 1-7
2. ERTF O—FR{ESR (NO) PEAEHHISh R Ol
I CHREERTFOTIR, BILUETEHITOV T, RAW264 RIS NO BEASHIGIAE - MFREEMDRIEZIT o7,
AcOEt RIFSERAS IV ba—tk 18, 4L RIT 4 Tal ba—VD7T I ) 7T =Vr X0 NO EAMGBIEEEZ R,
n—hexane RIFAERIE 4. TH L RS HH Lz b DD, HIROAERFFIL 62. 0% & AIEEEE R Uiz Fieg. 2.),

160%

ow b _’g Fig. 2. Inhibitory Activities of the Extracts of U. cannabina
P on NO Production.
120% & ' RAW264 was cultured with test samples

(50 pg/ul) or positive control (Pos. Con.: Aminoguanidine 250
uM for 24 hr, and NO contents in the culture supernatants were
measured.

Each value represents the mean +S. D.

%k ; p<0.01, skk ; p<0.001, by t—test. § :Viability%<80%.
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30% |
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40%
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%

3. [Zompagaty) s K OMERRASED— IRV ZEREE AR DI

TR DA RESEC LT, RO 1/10 RCHZRMAZIED . AcBt, MoOH THEKIRSEN I L, ¥
7o, 9 BOHBRARL R ETHIHE T o7z, FRENOTFRIZOVWT, NO BEAIHIAR - MlREEEORIERIT o7
Wb AcOEt TR APHERIHITEEL R L, FCEREGIG. 0%) . FHFTF Q. 0%, #EEG %), NEEG. 1% . #HF
B4 5%, EEREUL NIRRT 4T ar buo—ADT7 I ) F7=Vr L VRVERERD, 2hTHERTIL MeO =
FRITBVTHREIREET 49. 9% & MBIy VEMEE 30T, i, KR HE SHENITh T2 6%, 1.6%. 3. %L
HHI LI b DD, MIRDAEFRIZ64. 0%, 14.6%, 13. 7% & HifufEEM:3R Uiz Fig. 3.).
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120%

100%

80%

60%

40%

Kk
ki XXX goppe 7] $ $ $
£, [ oy [ ik ek Ak |

NO Production (% to Control)
NO Production (% to Control)

20%

% )
Cony 2o, iy Xt i, Wiy T B, S5 B B, -
ey, Mgy B iy Va0 g Fe g e By T A e

Suppression of NO Production by AcOEt extr. Suppression of NO Production by MeOH extr.

Fig. 3. Inhibitory Activities of the Extracts of “Han Chuan Zu Pa Ke Li” and Each Component on NO Production
RAW264 was cultured with test samples (50 pg/mL) or positive control (Pos. Con. Aminoguanidine 250 - M) for 24 hr,
and NO content in the culture supernatants were measured.

Each value represents the mean +S. D. % ; p<0.05, #** ; p<0.01, #*#x ; p<0.001, by t-test. $ : Viability%<80%.
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7 MBAESEOMGERRRE 21T 5 FREIZ LTV B,
BERH

FERFIL, PRI - LD RAAEIRES, AASEER, WAERAFEAFHE LR, T ONCREHE ORILARER T

BT &iT ol
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