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5 E.Bf HieERANS4KRBEEAE BALB/C BREAEKKYENR. K% B AFE BEL-7402
PHRARE THEEEE MREARHEFRANARARBEARERRERNEKOE®. A HE 6 WKW
WARE ST, FARREAALEERIFEASAM O ETEE MVD), BEAERMEBMERLEAHANR
4+ %-8 (IL-8) §)/K ¥, Western blotting SR MBI BALPOEAEAREREF (VEGF) ®ERAHR. &
R TERRRAESEEENERN 40.60.80 pg/kg BEIIPMELSFN 44. 64%6.62.86%.73. 73% P BA
ik RHE N TFHEAA (P<0.0D), HET R EE XA M MEA LWL I A RIFFE, MR 8 5 /A v 05 i , 3
FEBEAAR RERTHARRERRNIRALAMLEEE AL EA IL-8 fl VEGF HEZZEMTHAUA
(P<0.0D) . & BBFXESVHISAHNAFBHABERBEENER, LA TS TH IL-8 #1 VEGF 1
FiE - WHBEODETEREX.
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Antitumor effect of melittin on human hepatocellular carcinoma cells
xenograft in nude mice

SONG Chang-cheng, LU Xiang, LI Bai, LING Chang-quan
(Department of Traditional Chinese Medicine, Changhai Hospital, Second Military Medical University,
Shanghai 200433, China)

Abstract;: Objective To study the effect of melittin on the growth of human hepatocellular carcinoma
BEL-7402 cells xenograft in BALB/C nude mice and explore its possible mechanism of anti-tumor action in
vivo. Methods BEL-7402 Cells were subcutaneously transplanted into the right axial regions of nude
mice. The xenograft tumor growth in mice was measured after introtumoral injection of melittin. Tumor
tissue samples were taken and examined by light microscopy to assess the inhibitory effects of melittin.
The microvessel density (MVD) was measured by SABC method of immunohistochemistry. The level of
interlukin-8 (IL-8) in serum of nude mice was detected by enzyme linked immunosorbent assay (ELISA)
and the protein expression of vascular endothelial growth factor (VEGF) by Western blotting. Results
When injected with 40, 60, and 80 ug/kg of melittin, the inhibitory rates of tumor growth were 44. 64%,
62. 86%, and 73. 73%, respectively. The tumor volume of xenograft in nude mice was significantly
smaller in melittin groups and Thlidomide (TLD) group than that in control group (P <C0.01).
Histopathological examination revealed the widespread necrosis with massive accumulation of infiltrating
lymphocytes and plasmacytes in the tumors. The MVD, level of IL-8, and the expression of VEGF in the
melittin groups were significantly lower than those in the control group (P < 0.05 or P<<0.01).
Conclusion Melittin could inhibit the growth of tumor in vivo, which is probably related to inhibiting the
angiogenesis in tumor by down-regulating the expression of IL-8 and VEGF.
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FTEIT RN AL AW R, BAT, B3 R Hi MR 1
AHBZIAMNEESIARER EEETEFAR
. B IR BB S S & R B R A R A SR B A R
BitE A AR EREHARYE  ERREKSS
BB 45 A 0 A 48 g BEL-7402 f93% 78 , B
MBEATS B, BFESERALTS. 2 RA
AFRARARBHEBERNE - SHITREROE
WIS R ERERLE R RMA
Fil R R EA N ERERIRKE.

1

1.1 Md g ask fac e 3h ¥ . AR 40 B Bk BEL-
7402 N EREB LB HRAEYERRTTI .
BALB/C-nu/nu 8K ,4~6 B, KHAR 18~20 g,
B AE _EBRREFHYLRPOEFEBRE
ZETHRAF . GPEMER LEBEZRIHY P L
R4, S-S HIES SCXK (JF) 2002—0002,

1.2 #AY5REN - $FEZWA Sigma A7), GRS
¥R 99% .5 104K4016, YFER (TLD) B
HEMEZET BRAFHE 0601181, Hitk: RHEA
CD, il Hi kM B £ H NeoMarker 48], RHLA
mENRAREKETF (VEGF) S RBEHRERA
% H Santa Cruz A8, BRI ALY BIRICHER
B 1gG R¥Hi% IgG B A X HE GenScript 2 7,
RPMI-1640 %375 % % H Gibco A= . SABC
REALARERNGE (DAB) BaRARNEHHY
BHRNELEAA. AAAM K-8 (IL-8) £ &
ELISA X7 & B % E Biosource A ],

2 FiE

2.1 AFBRRETHHEEEANEY . BT HE
K B8 A BT #% BEL-7402 4080, A 0.25% BB 8
TH Ak B 28 A0 BB VB, 5 B O e SC 30 1 A O >
95%. HAEMMEEZE 2.5 X 10"/mL, & 0.2
mL/R#FF BALB/C-nu/nu BEEMBEL T .
AW BAHFER. 20d GHEBERETHRAR
0.5~0.7 cm B R BBENL A HEEA B R
#H.3 AP B (40.60.80 pg/kg) BHEXRMH,F
H6 R, M EHAEA 200 mg/kg TLD, A A
RAEEEK.B TLD 45 ip A5, K& AR
BAEHAL . BRK1K.EL 10d, B3 XBEA
A FRUEMEK. SR, AFEERERE.
3L 5 TR 57 0 9 R K/ I BRI B L 2 R BE R AR OR
m.FEBEALFERER . EBSRE LENUE, BR
BREBERRSEATF 10% BADKEB+FE
. HARKE —80 C BIRBABRRE.

2.2 MERR R RMEE KSR B REH
MEAREERENREERER. AHRRES
FHREMBMEREZ@AEEDG), ETHARS
Sl R MEER (V) X EEEAR (RTV) f#
Xt M &R (T/C) [V=aXb?/2; RTV=V/V,
(Vo RS20 B B3 R 8, V 4 5E AT B B 48 4k
BD; T/C=¥¥r4# RTV/ERYH RTVX100%].
2.3 BEEARRMBEERKNHZTE. TRER
B TR o, BRI TS BE B FAE M AL B
B ERE TR PEER.
MEER=(-BFAVFHRAR/BEHEAFHEE
£)X100%
2.4 BHBMASALSENE BIE 10% \BRIHK
BRPEE 24 h M RAR, GELE, Y/, HE
qufs R TURAR RARIEE, U KMWREAEA
LREMMEZFLERL.
2.5 MEMmEFE (MVD) M & MHA SABC
BX S AR EME MVD #17 CD, RE AR
s, RSB ARV _FX BEIER
¥KH.0.3% HO,HMARZRTRIG . BB
BERE, L 10% LW¥EmEHAD L. EEm
1: 50 BBH CDL,—H. AW EAZH # SABC
¥, Al PBS MAE—HUMBAHE X . Wi ¥ & DAB
BEBENR BABRCER LN 4FZMER
Bk, —HEBER, PERBH A LETREHH
. MVD 3H5" . Yy b 5 19 B 9 B2 48 B R I
WEARBRECNSSLHMOE. R ARIE
EFHAS T KA —THOE, DERMOLH
HAAE oy 30 57 B AR . 67 100 FSHEF FR%E
RSk U] ) I B 43 A AR O, W R B R OX 3 A i
BEENS MR, AR, B 200 BT IH
BENXKENMER, R MRIRETFHEER
ZRBERMEH MVD,
2.6 BMRREWHERMERME IL-8. 444
REZEBRREHKERD, ZRBTHE 30 min, B
L5 R BB Y o AR 45 35K 7 B B A DU 4k e o T B
KRR B IL-8 K¥.
2.7 Western blotting R M B R F AR P
VEGF Hj#&ik: I\ —80 C KPR RFNER
FFHL, BMEEY 100 mg, EFEFPHLEH
BHEAEP B MAZEABOHANASNAR,
FHGZLHMF4 C.12 000 r/min B .0 10
min, KE EEWRMAAMRSED, L BCA ®Bi#fr
EATRENE. AESOREREEERE, IS 30
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pg MEARMAE. BEMAZER EREZWR, %
K #&E¥# 10 min, 2 SDS-PAGE [ e 3k /5 #% R, A
5% BAsmmBHAEMAMNES—H.—RABE,. A
ECL Rt E M AF# S VEGF EARXHR. £
31 B B 18 2 X (Fluor-S® Multilmager, % B Bio-
Rad A7) ¥ ER i X7 A RO BE L R B, 45 R DA
HEAFABMMN FHRENBUAERBERRR.
2.8 Gt BTA SR A SPSS 11.0 £t
WELE, HERHA s BR. EFRHEE T E
AHEFTHFEFERR, ZHABIREHRH LR RA
Student-Newman-Keuls %,
3 48
3.1 BRBHEAENERER -RRETEMARE
BEL-7402 iMi/E . iAW F—ALEG HAAR
AREGETERE/NEY 20d EAMBKE 0.5~
0.7 cm, EMRINEN 100% . BRETHER LR
W . REMNOSAT, EEMETRAR. WITHE
HBERMBEAPEHEER (P>0.05),BRE4
BEELET L ERTIRP ERARRMEE
KEHR A HMEREA BRI, TEEXSARX
TLD A RMEERKENEE. BWTERE B8
£E. P . EAREAR TLD 4 RTV 5HAH L,
HEB/N (P<0.01), BEI.
21 SEEX AFS BEL-7402 AHRARBE THHEMN
£KEEE (x+s, n=6)
Table 1 Effect of melittin on growth of BEL-7402

cells subcutaneous xenografts in nude mice

(xts, n=6)
AR/ V/mm? (T/0)/f
a5 RTV
(mg-kg™") BTN BIFR %
BH - 76.72+ 8.61 690.06+94.69 9.06+1.45 100.0
TLD 200 71.93415.53 317.19£90.61 4.4040.89**  48.61
BEEX 0040 72.77415.11 324.86488.51 4.4240.58%* 48.78

0. 060 78.29422.65 268.24+93.25 3.4740.97** 38.33
0.080 66.78+10.37 202.35478.08 3.06%1.23"* 33.82

SHEMAHE: ** P<0.01
* * P<0. 01 vs model group

3.2 BFERMAREKARBHENY W . BB
SARPEABRRTHE W, MR, FRKKIE
H.EFTRAGMA  X—BREARLE. TREK
BALFERERR, AR KA E R BB
. BERL.M.F.EREAE8BAEI R, 2
HE LS TR LABEBRL. TRMEEL
BABRRARREYEEN ASHANEHUEERE
HitEEN (P>0.05), BB HEEAERLRTR
FEEEALHERARRN . 4R S4B AR SE

RALRYH BED (P<0.0D), BH XK. P.RH
BANMBERIIN 44.64%.62.86%.73.73%
H.ERB4AS5 TLD AR ER 8 F (P<0.05,
0.0 . BFERXEARASH . HRABRAKKERYA
Git#FEX (P<0.05),TIPHBHNERBLLL
BERIHEITFEL (P>0.05), RAEK2,

£2 BEEHRBLE T HHEMEE KRR R KRR

KW (xts, n=6)
Table 2 Effect of melittin on body weight and subcutaneous

xenografts weight of nude mice (x+s, n=6)

Hi/ kER/g LR/ R/
(mgekg™)  RFTH bepid g %
] - 22.3040.40  22.1740.66  0.7940.21 -
D 200 22.2541.34  22.1240.85 0.4210.04* *  46.25
BER 0.040 22.3041.18  23.204£0.64  0.4410.04" *  44.64

0.2940.05* "4 62.86
0.2140.05" * 84 73.73

0. 060 23.27£0.77
0. 080 22.37%1.40

SRBALE. * - P<0.01

5 TLD @i #. 2P<0.05 424P<0.01
* * P<C0. 01 vs model group

AP<0.05 AAP<0.01 vs TLD group

3.3 BERLAHEHMEASKSEFEL -BEE
HARF A BR R I 40 A HES FE L A
ER, AR MEAE N X B LH X, BRER,
REAEESREER WELERMERS AT, T
REFANADE HERKBERATRE. BEEE4R
TLD 4 /58 41 48 b i i 50 40 0 HE 510 42 8 40 B LA
ZHVEIRE N E . BREE D EEEBIRE, &
{/ANTARA B, B0 R B 3R A B B/, 4
JE 5 B A 98 PR A H B R IR B, R AT BB H
HYRRARER BRAERSHARMNERARE
H. L@l
3.4 MHEXMNBERET BT AHEESRNE
MVD K& m LA R 5 i B M et o AR
WENSNERBR BHEXRK. P . EHHNEL LR TLD
Hiy MVD 25 BERFEHEAE (11.3311.86),
(9.1741.17).(6.67+1.21). (6. 17£1.17) %11
B EEBROARR MO EFEELHG. SHEH
[(16.50+2.35) & I3, £ 2P Ab B4 MVD B 8
B . ERE%ITEEY (P<0.01), BHEP.MK
FEHA MVD HBETF TLD 4 (P<0.01), &
FMEBAS TLD AKREREAITEEXL (P>
0.05)  ZHEFRERAMHRERBEELEELRHN
fEf. WE2,

MVD 58 EMHEAR - BRHTBEZEERE
G ,MVDB] 8 3 b , [ & 78 44 B B B 08/

23.4811.03
23,5842, 04
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B TLD#E BB 0ug- kg' GBE 60ug-kg'H  EHE B0ug kg
M1 ARETERAERBALRERSEAN
Fig. 1 Histological observation of subcutaneous transplantation hepatocarcinoma in nude mice
i TLI &".&E-;.‘:;--IIII Lku- gk GRE B kgt i

2 BEXRHNRMETHEN MVD BN

Fig.2 Effect of melittin on MVD in subcutaneous xenografts in nude mice

BETENH. WRAR MVD 5HEERESHE
EHE (r=0.715,P<0.01), $&n, eEEAES
00 AR BT 7 ot B A S T BEL O Rk A

3.5 MEEINEBRME IL-8 KFEHE M ELISA
FERMERE R BFE K TLD #] Lo B &K
BB EM IL-8 KF, 5EMANKLEREA LI
¥BX (P<0.01). $FREZ4EEL YA B MY
AHMHEROEMHE ERBKBLR S
RESBR, P . ARABEFENER IL-8 WimEER
HE®RTF TLD 4 (P<0.01),HEABEHAS TLD
HEBRERELIHZERNL (P>0.05), WE3.

1 200
1 000

fon "

.'g 800 [ 1]

W 600

2 “AA

:::" 400 HAA

0 N P ;
B4 TLD 40 60 80

WEE (ngkgt)

SEMM LY. * P<0.01; 5 TLD A 244P<0.01
* * P<0.01 us model groups 44 P<C0.01 vs TLD group

M3 W% ¥EXAFS BEL-7402 MR M 1MW IL-8
KEHE® (x*s, n=6)
Fig.3 Effect of melittin on interlukine-8 level
in serum of nude mice bearing BEL-7402

tumor cells (x£s, n=6)

3.6 BFEMERMBALR P VEGF BEEREN
& Wi . i ] Western blotting 34 W 4% 4 % &
HYsh VEGF ZARKEN . RE4, BHFEK. P,
RAEA K TLD 4 VEGF BEARKHAB K THER
H HEEBOHXER NN 3633%. 22.54%.

5.64%.42.33% . BB E K4 VEGF £ATFHEIK
FTIDA.Z2RABFHH¥EX (P<0.0D),3#E
BEEWMIFEAM VEGF BERESNTHALSEE
BRI B AR L

1 2 3 4 5

P -actin T (I L . S 43 000

VEGF alll . o 21 000

1-#8A 2-TLD#4 3~5-#%F XK 40.60.80 pg » kg~ 41
1-model group 2-TLD group 3—5-melittin 40, 60,
and 80 ug * kg ~!groups
M4 SERMARKETHEN VEGF EARZNHEM

Fig. 4 Effect of melittin on protein expression
of VEGF in BEL-7402 cells subcutaneous

xerografts in nude mice

4 Wi

EERRNRELATHERTREN—FHE
BEsr. EEHAERN BEEEKIMNERNE.B
mwkESEFLHMBARZEARBER ARG
R ALZRFUEHRERER BB RERIN
AFFRE 4tk BEL-7402 f) 1 7 BL A 2 58 0 410 i £F
BB URT LA 2 BT 48 40 MR A 08 1, IR B o T
W 20 R S B IEE R AT L BHAE S A B G./M
S A R A M ER B8 AR
FR BB AR — 5 B B R B B
BER LRERET . BERMNBRRE THEEN
ERAFNBMEIER. AN EMER, BH
BARERK EERRBENSE D, FFEHABEAH
EEERKEEREUAN B HE, MERALIERFR
R3T, B 40 B i 2 B D
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A ERK PSS RA L ERGESE, nEFE
AR MR E A K SR B R B ERA
BEAG. B, @i E REE 2B R H R
M HIT R A, HCC B —f 5B M & I % B4
B AGEENEBREHATEHEIERE G2
HCC Bl ¥ T4 B i Wis B9 B F 9 [l Z — [, HCC
MnEFEASHEK BB 2B 2HHRBEE
EEWBER. UL 2B HCC RFFLH M
EERAGVE M METMEE RSB E
BERRRAERM/NE B KB TIRERED,
EAZRERN BHNERBHEBEAR . 28F R4
BHMESORERATA. B TRELN, 4t
HAMEHAARAE, EMBEEALANFENEE
BRER, XA RE S M MR B EFRBNAR
HX. WEMVD EERBENEHEHFL. B
REW,BEHKEH MVD BiRARE HCC B2 %
ABHRTEREN., ALRERRY . GREN
TLD —#, (B ¥ B (&R BB % MVD, B
MEARPHHEELE,.MEFE48 MVD 5
HRHEEHX BA EFREIBOBEBARAA
FAEMENFEEmERMEER, HORHRES
KA SN MmO ERAS.

MENNEEROENEREN B AEA
MRAEH SR MFT A DE N ER3 B, M
MR (KRR AT R EEREF2 5RY
mEER. L VEGF HIERBIEY ., BIRE
B, VEGF R mmBEEHE, FS5AEARE L
BIMN 2K E & HEE RN B4R o 7y B A
BT REMENEHE. ERREAHCC F/
VEGF Z#AHERTEXFAL, I AREF HCC
MHRE Lt IL-8 RhM AR R E
B 5 440 G 9K B 4 PR o 4 R 40 B 4 0 B — R R
B A R F B ATE L A R R A A
HARE HRMER RN UK B WEERASS
MEMEE KRB, EHREHHCC BEMEFFP
IL-8 KFERNKIERE ABEFR T, W ELES5MER
KARBEBEBIEMX, 2XRERER, B
BRMERMEAKAE B ENWWHIER, TR
ER R M E 1L-8 B7K, B 259057 B #4 3% K 4 il
BEAMP B, BEEEMH BKBE. Western
blotting KW £ &, BHE RS TLD —H ] LIRE

KRB THEA VEGF BaMES, SHEEm
MK S IL-8 I VEGF ABYIM XK. Bt
W, e R HE M EERBEF VEGF il IL-8 £k
R R B RS MVD 0L 2 —.

ARRRY BEXAARENHERE TS
AR P 26 1K BO AR R, 9 LR o 80 401 48 1 4 A AL
He %8 3% 1) BEL BT3B o BB IL-8 K, M%) VEGF &
12 18 4 A F RS B E B E BT ML R
W KRR —, BEAKNERR
Ao BHEFH—SHR.

EIK:

[1] Jemal A, Murray Ward E. Cancer statistics [J]. CA Cancer
J Clin, 2005, 55(1): 10-30.

[2] ChuST, Cheng HH, Huang C J, et al. Phospholipase A2-
independent Ca?* entry and subsequent apoptosis induced by
melittin in human MG63 osteosarcoma cells [J]. Life Sci,
2007, 80(4): 364-369.

[3] Lazarev V N, Parfenova T M, Gularyan S K, et al. Induced
expression of melittin, an antimicrobial peptide, inhibits
infection by Chlamydia trachomatis and Mycoplasma hom inis
in a Hela cell line [J]. Int J Antimicrob Agents, 2002, 19
(2): 133-137.

[4] Kubo H, Loegering D A, Adolphson C R, et al. Cytotoxic
properties of eosinophil granule majorbasic protein for tumor
cells [J]. Int Arch Allergy Immunol, 1999, 118(2-4): 426-
428.

[53 LiB, GuW, Zhang C, et al. Growth arrest and apoptosis of
the human hepatocellular carcinoma cell line BEL-7402
induced by melittin [J]. Onkologie, 2006, 29 (8-9);: 367-
371.

{6] Weidner N. Current pathologic methods for measuring
intratumoral microvessel density within breast carcinoma and
other solid tumors [J]. Breast Cancer Res Treat, 1995, 36
(2): 169-180.

[7] SoJ, Wang F Q, Navari J, et al. LPA-induced epithelial
ovarian cancer (EOC) in vitro invasion and migration are
mediated by VEGF receptor-2 (VEGF-R2) [J]. Gynecol
Oncol, 2005, 97(3): 870-878.

(8] RE®. FEHSENFBHEFOER BERAE ] $H
E4E&¥#|, 2003, 1(3): 163-164.

[9] Blagosklonny M V. Antiangiogenic therapy and tumor
progression [J]. Cancer Cell, 2004, 5(1); 13-17.

[10] Messerini L, Novelli L, Comin C E. Microvessel density and
clinicopathological characteristics in hepatitis C virus and
hepatitis B virus related hepatocellular carcinoma [J]. J Clin
Pathol, 2004, 57(8): 867-871.

[11] ZbaoJ, Hu J, Cai J, et al. Vascular endothelial growth
factor expression in serum of patients with hepatocellular
carcinoma [J]. Chin Med J, 2003, 116(5): 772-776.

[12] RenY, Poon R T, Tsui H T, et al. Interleukin-8 serum
levels in patients with hepatocellular carcinoma: correlations
with clinicopathological features and prognosis [J]. Chin
Cancer Res, 2003, 9(16 Pt 1): 5996-6001.



W T TN N\ T 0 AR RS 1R E‘J AR IHIER

(=r KK, B FH, £4x, SONG Chang-cheng, L(U) Xiang, LT Bai, LING
Chang—quan T

= W HE R RE KR R, B, 200433

H: i i zgf1STIC[PKU]

HELT) 4 CHINESE TRADTTTONAL AND HERBAL DRUGS

i, &0 - 2008, 39 (6)

1. Jemal A;Murray Ward E Cancer statistics 2005(01)

2.Chu S T;Cheng H H;Huang C J Phospholipase A2 independent Ca2+ entry and subsequent apoptosis

induced by melittin in human MG63 osteosarcoma cells[#FCHiFI] 2007 (04)

3.Lazarev V N;Parfenova T M;Gularyan S K Induced expression of melittin,an antimicrobial

peptide, inhibits infection by Chlamydia trachomatis and Mycoplasma hom inis in a Hela cell line[#}3C

T 2002 (02)

4. Kubo H;Loegering D A;Adolphson C R Cytotoxic properties of eosinophil granule majorbasic protein

for tumor cells[APICIATI] 1999 (2-4)

5.Li B;Gu W;Zhang C Growth arrest and apoptosis of the human hepatocellular carcinoma cell line BEL-

7402 induced by melittin[#F3CIATI] 2006 (8-9)

6. Weidner N Current pathologic methods for measuring intratumoral microvessel density within breast

carcinoma and other solid tumors[#PCHIF]] 1995 (02)

7.S0 J;Wang F Q;Navari J LPA-induced epithelial ovarian cancer (EOC) in vitro invasion and migration

are mediated by VEGF receptor-2 (VEGF-R2) 2005(03)

8. St B2 LENHEBIVA T AR L AT K R I8 ST - GBS 45 5244l 2003 (03)

9.Blagosklonny M V Antiangiogenic therapy and tumor progression[#F3CHAF]] 2004 (01)

10. Messerini L;Novelli L;Comin C E Microvessel density and clinicopathological characteristics in

hepatitis C virus and hepatitis B virus related hepatocellular carcinomal[#h3CHAF]] 2004 (08)

11. Zhao J;Hu J;Cai J Vascular endothelial growth factor expression in serum of patients with

hepatocellular carcinoma[#F3CHAT]] 2003 (05)

12.Ren Y;Poon R T;Tsui H T Interleukin—8 serum levels in patients with hepatocellular

carcinoma:correlations with clinicopathological features and prognosis 2003 (09)

A e i (1026)

L SRR ALK, 35 KK, 2555, % 54 Zhang Chen. Fu Da-peng. Han Da—yue.Li Yong.Ling Chang—quan Wi 3%}
I 40 M A A2 14 5% i) (39 1098 31—l PR 712 452010, 38 (2)

2. W AR R EIRYE B R IR A AN HUIRI T T8 S0 - 2 BB B R A2 224 2009, 44 (5)

3. BRAUER 15 sty S PR T A I PR R 2 10 A4 e R S A 1 AT e A MO LA T 'S [ 18301 2009

4. REET FRRIEEE A i A BT DT 3] - [ #Ik 2006, 57 (3)

5. RS . TR KPR, K. e B Ay W FO0 TR AN MUBEL 7402 (R e bIAE T TR S T b R 2
225412007, 31(5)

6. K. B AR BEMAM. FLAH. R0, ¥ 5 4%, SONG Chang—Cheng. LU Xiang. CHENG Bin-Bin.DU Juan.LI Bai.LING



http://d.wanfangdata.com.cn/Periodical_zcy200806025.aspx
http://www.wanfangdata.com.cn/
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e9%95%bf%e5%9f%8e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%95%e7%a5%a5%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%9f%8f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%87%8c%e6%98%8c%e5%85%a8%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SONG+Chang-cheng%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22L(U)+Xiang%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Bai%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LING+Chang-quan%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LING+Chang-quan%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e7%ac%ac%e4%ba%8c%e5%86%9b%e5%8c%bb%e5%a4%a7%e5%ad%a6%e9%95%bf%e6%b5%b7%e5%8c%bb%e9%99%a2%e4%b8%ad%e5%8c%bb%e7%a7%91%2c%e4%b8%8a%e6%b5%b7%2c200433%22+DBID%3aWF_QK
http://c.wanfangdata.com.cn/periodical-zcy.aspx
http://c.wanfangdata.com.cn/periodical-zcy.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Jemal+A%3bMurray+Ward+E%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-zcy200806025%5e1.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chu+S+T%3bCheng+H+H%3bHuang+C+J%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ021161945.aspx
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ021161945.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Lazarev+V+N%3bParfenova+T+M%3bGularyan+S+K%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ023973835.aspx
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ023973835.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kubo+H%3bLoegering+D+A%3bAdolphson+C+R%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_10.1159-000024154.aspx
http://d.wanfangdata.com.cn/NSTLQK_10.1159-000024154.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+B%3bGu+W%3bZhang+C%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_10.1159-000094711.aspx
http://d.wanfangdata.com.cn/NSTLQK_10.1159-000094711.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Weidner+N%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_10.1007-BF00666038.aspx
http://d.wanfangdata.com.cn/NSTLQK_10.1007-BF00666038.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22So+J%3bWang+F+Q%3bNavari+J%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-zcy200806025%5e7.aspx
http://d.wanfangdata.com.cn/ExternalResource-zcy200806025%5e7.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e5%ad%9f%e8%b6%85%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_zxyjhxb200303002.aspx
http://c.wanfangdata.com.cn/periodical-zxyjhxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Blagosklonny+M+V%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ028938398.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Messerini+L%3bNovelli+L%3bComin+C+E%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_10.1136-jcp.2003.015784.aspx
http://d.wanfangdata.com.cn/NSTLQK_10.1136-jcp.2003.015784.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhao+J%3bHu+J%3bCai+J%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ027101616.aspx
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ027101616.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ren+Y%3bPoon+R+T%3bTsui+H+T%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-zcy200806025%5e12.aspx
http://d.wanfangdata.com.cn/ExternalResource-zcy200806025%5e12.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%99%a8%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bb%98%e5%a4%a7%e9%b9%8f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9f%a9%e5%a4%a7%e8%b7%83%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%8b%87%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%87%8c%e6%98%8c%e5%85%a8%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhang+Chen%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Fu+Da-peng%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Han+Da-yue%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+Yong%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ling+Chang-quan%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_lincjyzz201002037&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_lincjyzz201002037.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_lincjyzz201002037&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_lincjyzz201002037.aspx
http://c.wanfangdata.com.cn/periodical-lincjyzz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9d%b3%e5%bc%9f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e4%bf%8a%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e5%ae%9d%e6%98%8e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%80%a1%e8%8b%b9%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e6%96%8c%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_ahykdxxb200905016&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_ahykdxxb200905016.aspx
http://c.wanfangdata.com.cn/periodical-ahykdxxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%92%b1%e7%ba%af%e9%92%b0%22+DBID%3aWF_XW
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Thesis_Y1504194&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Thesis_Y1504194.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%85%b3%e7%bb%a5%e5%b9%b3%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zhonggyf200603040&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_zhonggyf200603040.aspx
http://c.wanfangdata.com.cn/periodical-zhonggyf.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%99%a8%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%9f%8f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e9%9b%aa%e5%bc%ba%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e4%ba%9a%e5%a6%ae%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%8b%8f%e6%b0%b8%e5%8d%8e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%87%8c%e6%98%8c%e5%85%a8%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zjzyxyxb200705009&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_zjzyxyxb200705009.aspx
http://c.wanfangdata.com.cn/periodical-zjzyxyxb.aspx
http://c.wanfangdata.com.cn/periodical-zjzyxyxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e9%95%bf%e5%9f%8e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%95%e7%a5%a5%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e5%bd%ac%e5%bd%ac%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%9c%e5%a8%9f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%9f%8f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%87%8c%e6%98%8c%e5%85%a8%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SONG+Chang-Cheng%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LU+Xiang%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHENG+Bin-Bin%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DU+Juan%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Bai%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LING+Chang-Quan%22+DBID%3aWF_QK

Chang-Quan 153 F 0 AJHHEBEL 740240 LR B2 B HERE A 1K B Il ot A 2 55 Wiy T33P98 S ] i
2007, 26 (12)

7o AL BRR. AR, JT . . e A W SR DR S A 0 st T A A A P O S - T R A
Wity T 4452003, 10(1)

8. EJutf. AR, £ ST #/=. WANG Ju-xiang. ZHU Chao-1lin. WANG Rui-ping. DAL Hong.YANG Chen I+7E
SR A U F i S MR 5 L3113 3 ] — i ot B 24 72741 20086, 22 (3)

9. A BROUEE. ZRANTE. BRILZE PEIET SR Ik DRl A I R 5 R0 T 40 I S B A ) [ 8521 -2009

10. 5R/R. 454 BAR8). 4555, Sk, B B4, Chen ZHANG. Bai LI. Shu-gin LU. Yong LI.Yong-hua SU.Chang—quan
LING S5 30X N 40 L b B 2 (9 TAG A 1 AR DG BE DN W) Faas S JLIG P FasLAR i 1) S L9130 ] - P e 45
454112007, 5 (5)

A% http://d. wanfangdata. com. cn/Periodical zcy200806025. aspx



http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LING+Chang-Quan%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_ez200712007&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_ez200712007.aspx
http://c.wanfangdata.com.cn/periodical-ez.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%9f%8f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%99%a8%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e7%bb%8d%e7%a5%a5%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%87%e6%97%ad%e8%8b%b1%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%a1%be%e4%bc%9f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%87%8c%e6%98%8c%e5%85%a8%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zgzlswzlzz200301004&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_zgzlswzlzz200301004.aspx
http://c.wanfangdata.com.cn/periodical-zgzlswzlzz.aspx
http://c.wanfangdata.com.cn/periodical-zgzlswzlzz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%b1%85%e7%a5%a5%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9c%b1%e8%b6%85%e6%9e%97%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e7%91%9e%e5%b9%b3%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%88%b4%e8%99%b9%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e6%99%a8%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Ju-xiang%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHU+Chao-lin%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Rui-ping%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DAI+Hong%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Chen%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_njzyydxxb200603008&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_njzyydxxb200603008.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_njzyydxxb200603008&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_njzyydxxb200603008.aspx
http://c.wanfangdata.com.cn/periodical-njzyydxxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%9f%8f%22+DBID%3aWF_HY
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%92%b1%e7%ba%af%e9%92%b0%22+DBID%3aWF_HY
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a7%a6%e4%b8%bd%e8%90%8d%22+DBID%3aWF_HY
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%92%b1%e5%85%b6%e5%86%9b%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_7242792&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Conference_7242792.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%99%a8%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%9f%8f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%95%e4%b9%a6%e5%8b%a4%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%8b%87%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%8b%8f%e6%b0%b8%e5%8d%8e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%87%8c%e6%98%8c%e5%85%a8%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chen+ZHANG%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Bai+LI%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Shu-qin+LU%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Yong+LI%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Yong-hua+SU%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chang-quan+LING%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chang-quan+LING%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zxyjhxb200705017&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_zxyjhxb200705017.aspx
http://c.wanfangdata.com.cn/periodical-zxyjhxb.aspx
http://c.wanfangdata.com.cn/periodical-zxyjhxb.aspx
http://d.wanfangdata.com.cn/Periodical_zcy200806025.aspx

