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WERETEDBULER T RENEEERR
#oOo&', K I, TRR, TE, Kkme', A X
(1. BMPEZ R 2540, 7P 550025; 2. BEWERIKF, B 650500 )

B E. \WERNETRAY M RETM (Sophora tonkinensis) W) T HEAR FIARZE | # FH T1697 RIS B g Mg | He
RS- C S HGE T HA B A TGRS o O T IRASRTE I AR KRBT 16 1 o, i S
iz FHRERAE (13 ODS HE (38  Sephadex LH-20 FE (35 il & HPLC 2553 8 24k J5 3530 1 FARIE T B
A2 BT AT 3 B 058 DT TR T SRR A A A (S R0 | & v (R A RO L SR AT B L R AT 1) AL
(SR B PEPEAY . S5 R R BT NIl AR IE T B A7 rh 2L 4 B M e AR 3 10 MG, 4 iR
2',4" 7-trihydroxy-6, 8-bis ( 3-methyl-2-butenyl ) flavanone (1) GBI AR (2) .2-(2',4'- " FFLIKHL)-5,6- 4K
W FEZE IR IR (3) (maltol-B-D-glucopyranoside (4) \leonuriside A (5) AAFAMNE-9-0-B-D- IR 7 25 B (6) |
FeH E W (7) .2-(2',4'-dihydroxy-phenyl ) -8, 8-dimethyl-10-( 3-methyl-2-butenyl ) -8H-pyrano [ 2,3-d ] chroman-
4-one (8) A S (9) FAMIK(10)  HALEY) 4-6 F R MIZAEY h oy &2, ALY TGP s
KW EY 1-3 BA — @ I EIER LAY 2 X5 LR BRFT & 0 S5e /N TRV BE (MIC) B2 15.6 pg - mL' 4k
E W 3 % SR E A KB AT R MIC (53474 31.3 pg - mL”'
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Chemical constituents from the n-butanol extract of
Sophora tonkinensis and their antibacterial activities

WEI Xin', ZHANG Wei', DING Caifeng’, YU Haofei’, ZHANG Liyan', ZHOU Ying'"

(1. Guizhou University of Traditional Chinese Medicine, Guiyang 550025, China; 2. Kunming Medical University , Kunming 650500, China )

Abstract; The dried roots of Sophora tonkinensis were commonly used as the treatment of the throat and other infectious
diseases. In order to identify its large polar antibacterial active components, silica gel column chromatography ( CC),
ODS CC and Sephadex LH-20 CC and semi preparative HPLC were used to isolate the chemical constituents from
n-butanol fraction of S. tonkinensis. The antibacterial activities of the monomers against bacteria ( Enterobacter faecalis,
Staphylococcus aureus , Pseudomonas aeruginosa, Escherichia coli) and fungi ( Candida albicans) were evaluated. The
results showed ten compounds were isolated and identified as 2',4",7-trihydroxy-6, 8-bis ( 3-methyl-2-butenyl ) flavanone
(1) ,genistin(2), 2-(2',4'-dihydroxy) -5, 6-dioxomethylbenzofuran(3) , maltol-8-D-glucopyranoside(4) , leonuriside A
(5), coniferylalcohol-9-0-8-D-glucopyranoside (6 ) , glabrol (7 ), 2-(2', 4'-dihydroxy-phenyl )-8, 8-dimethyl-10-( 3-
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Department Scientific Research Fund Project (2020J0139) ; the National Natural Science Foundation of China (31900290) ],
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methyl-2-butenyl ) -8H-pyrano [ 2,3-d ] chroman-4-one (8), oxymatrine (9), piscidic acid (10). Among of them,

compounds 4—6 were isolated from the title plant for the first time, for our knowledge. Besides, biological activity test

showed the potential antibacterial activities of compounds 1-3. It is worth mentioning that the minimum inhibitory

concentration ( MIC) value of compound 2 against Pseudomonas aeruginosa was 15.6 wg + mL", while the MIC of

compound 3 against Candida albicans and Escherichia coli were 31.3 pg - mL™.

Key words: Sophora tonkinensis, chemical constituents, extraction and isolation, antibacterial activities

W =R S MY M ( Sophora
tonkinensis ) BT R AR AR ZE ) F o T oM )
VO AR R LTV S M, PR SR A A
B, B WG A W R R S s, R T
WP O Je g D AR R S, IR T 2015 M
2L ([E R B4 ,2015) 1 G ARAE A B
= 7l 25 W O R 24 < T I S I 55 R 1Y
Y250, £ B A A Y0 B 2 = 2R
KA, BAPURE BUR U B 55 2 LR
FH (& HI 2016 #4845 2017 ; B 22 0% 2018) ,
AR K PSR B B & 38 T A B 5 e
TEPETS ) (SRIK5E4E 2006) , 0 TIR AR IL AR
KT 16 Pk B4y, W 5T 45 A is F 4 S B
RO B atifl Jr i L AR TE T B A v 4 2 15
10 Mesw (B ) Hb s 4-6 HIRMNIZ
HE) 4y B AR 2, IO TR ATE & T SRR B 2 B 40
P (ZE A BRTA | & 0 (0 B BR B SR IRAT B L K I AT
W) FIELR (L EEERE) BTG HEIER AT ST, BESE 45
REVEEY 1-3 BA —E M T M, S/l
B (MIC) {E°N 15.6~125.0 pg - mL' | iZHF5
F& T ISR A Y IR O — 2 i 25 B 2 4k
5T SR LRl ¥

1 MBS &*

1.1 8 SR A5

L1 AH IDERZH T 2019 4F 9 H KA S
= I A BR 2 A, 28 5 v BE 24 R B TR
B2 U5 h SR W) 8 RS R ( Sophora tonkinensis ) Y
TR ARALRAE T BN B2 K2 b5y
WX_20190901, [ {4 & 2k i ( Candida albicans) |
FE W BK 18 ( Enterobacter faecalis) | 4> %% {0 1] %4 R 7
( Staphyloccus aureus ) . 2% M ¥ B ( Pseudomonas
aeruginosa) . KW ¥F B ( Escherichia coli) H 4t 5t
PRV B AR FEBE SR L

1.2 AE Aok Al B LRI H ARC R &

DEPT % & M3 T Bruker Avance NEO 600 MHz #%
LR P AN (B A B s A D) 5 2 A WA R
%t 1.C52 [ Separation ( Beijing) #} £ /A ] ]; RE-
5210A/ER-3000 e 7% & AX (g 3 2 A A AL 4%
J7)sSHZ-DI A6 37K X £ H 45 58 (B N 3k Ak
AR A s HCB-1300V A3 B )22 i 0 4 TAE
B (HF SE/RFF A R AE) s HIRAYAMA 57
E S 28 R W (Bt 7R B A R
Al s W2 5% (TLC) BECHR (75 S8V fe A BRA
F]) ; Sephadex LH-20 #¢ & ( GE Healthcare Bio-
Sciences, Uppsala, Sweden); MCI GEL-CHP 20P
( Mitsubishi Chemical Co., Ltd. Japan) ; 2 #1#i
(CH B TARA R ) 5 K AIEEnk (15 Je 4= Y1 24
A RR 2 F] ) R R (0 2 3 2% 2500 A BR A
Al) T el S R bE AR TR O TRV EE L
B (RETH & TR A THRAR) |
1.2 ARF &
1.2.1 #RE5 55 IWER TR 20 ke, HH#HE
J F Tl 50 L 70 °Cm#tnl i H B 3 WK, 45
W2 h, &I SR BOR, WE Pk 5 E R E
649.1 g, B I H o4 IR B T 220K, 43 S A 3l
fik R < T AN OE T BESEAT AR B, WUIE T BEaB 47
IR T (400 g) FEBEFERE , A8 FH A [R5 B Y — 580
F g : HIEE(L - 0~0: 1) #EFF 3R, TLC SR A
T A ] 505045 51 8 A 1 B2 (RS-RZ) | 4
7, WURT (9.02 g) i fE A, {8 FHAN R B0 B 19 41
Wt ZM OB (L 0~0: 1) W, &
Sephadex LH-20 ( H P ) 0k B L 2 i A% HPLC ( H
BE—7K (30 = 100, V/V) BB, 15 2L &9 1
(3.3mg) fLEW3 (5.3 mg) LAEWT (3.0mg) .
L&Y 8 (3.0 mg) , HURU (8.40 g) £ ODS 4,
HREEE-K(V/V) (1:9~1:0)BhEELENE, £
24645 HPLC [ HFEE-7K (30 = 100, V/V ]8R
J A Sephadex LH-20 ( B %) ¥E B /3 21k &9 2
(73 mg) k&4 (5.6 mg) tLEWS (13.6
mg) AW 6 (4.9 mg), W RV (3.27 g) &3t
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Sephadex LH-20 ( HI i) P, MCI (30% ~ 100% ,
FEE/ K ) Fn2 464 HPLC [ FREE-7K (30 : 100, V/
VIR, S8 EGY 9 (4.8 mg) L&Y 10
(24.2 mg) ,

1.2.2 34 AP B R (MIC) 69 2
1.2.2.1 ARG BUE & A OSRE 2K
BREA SR AT TR R T RN 4 B €0, 7 26 3K A 53 )
EMTRZE R, AGSKE T 28 CH 57 48
h, ZE A BRTA | S MRAT T K o AT T R 4 0 7 25 2K
W 37 CHi3% 24 h J5 2 [CAE B b vk i i 10°
CFU - mL' AW, 25 H (B L4745 ,2012)
1.2.2.2  MIC MlE BTG 96 fLAR, Bl M A
100 pL %45 0.5% TTC TR EEFREE, 5 1 25 7 4
SRR, BRI 3 R LA T A B
100 WL FESRAETINAGE 1 255 7 HE9SE 1 4L, 58
FIEFE MRS, N 100 L A FNSE 2 fL IR
AR 100 pL 255 3 fLrh, DA, 52
5511 AL HUH 100 wL 3535, 56 8 HEMBHPEXT R 56
9 HER A X B ANy ) 565 12 FI4E S B M IR
(FUmEE AL ) (22 a7 9645 1998 A 5 45, 2018)
HPAAE 37 CHEEIGIRAE 5 5% 24 h, FHIETE 28 C
PEIR B FE A R 5F 48 b, BUH IR I LA AL P 22
L TTC 2Ltk k& A7 A A, LA
TTC 2148 (R T L e B R SR AR RV B, o A A 1
HETCH A A

2 HER5H50

2.1 EHETE

&Y 1. #E AR (), ESI-MS m/z;
407.1 [M-H] ,"H-NMR (600 MHz, CD,0D) &,
(ppm): 7.47 (1H, s, H-5), 7.28 (1H, d, J =
8.0 Hz, H-6"), 6.34 (1H, dd, J=8.0, 2.1 Hz, H-
5),6.33 (1H , d, J = 2.1 Hz, H-3"), 5.60
(1H, dd, J=13.3, 2.9 Hz, H-2), 5.33 (1H, m,
H-7"), 5.18 (1H, m, H-2"), 3.36 (2H, m, H-
6"),3.27 (2H, m, H-1"), 2.71 (1H, dd, J=
16.9, 2.9 Hz, H-3a), 2.93 ( 1H, dd,J=16.9,
13.3 Hz, H-3b), 1.64 (6H, s, H4", 5"), 1.72
(3H, s, H-10"), 1.79 (3H, s, H-9"), '"C-NMR
(150 MHz, CD,0D) &, (ppm): 195.2 (C-4),
162.0 (C-4"), 159.5 (C-2"), 156.6 (C-9), 148.0
(C-7), 134.3 (C-8"), 132.6 (C-3"), 128.7

(C-6"), 125.5 (C-5), 123.9 (C-6), 123.2
(C-7"), 122.9 (C-2"), 118.6 (C-1"), 117.3
(C-8), 114.9 (C-10), 107.6 (C-5"), 103.3
(C-3"),76.3 (C-2), 44.2 (C-3), 29.0 (C-6"),
26.0 (C-5", 9"), 23.3 (C-1"), 18.0 (C-10"),
17.8 (C-4"), A b33 Bodls 15 SCHR (Kyogoku et
al., 1973) FEA — 3 Btk &Y 1 42 ,4",7-
trihydroxy-6, 8-bis( 3-methyl-2-butenyl ) flavanone,

K& 2. OB R (HE), ESI-MS m/z:
455.1 [M+Na]*,'H-NMR (400 MHz, CD,0D) §,
(ppm): 8.14 (1H, s, H-2), 7.39 (2H, d, J =
8.5 Hz, H-2,6"), 6.85 (2H, d, J=8.5 Hz, H-3',
5"),6.71 (1H, d, J=2.2 Hz, H-8), 6.52 (1H,
d, J=2.2 Hz, H-6), 5.05 (1H, m, H-1"), 3.38-
3.93 (6H, other sugar protons), “C-NMR (150
MHz, CD,0OD) 6.(ppm); 181.2 (C-4), 163.4
(C-7), 162.2 (C-5), 157.9 (C9), 157.6
(C-4"), 154.0 (C-2), 130.0 (C-2', 6"), 123.7
(C-3), 121.7 (C-1"), 114.9 (C-3’, 5"), 106.7
(C-10), 100.3 (C-1"), 99.7 (C-6), 94.5 (C-8),
77.0 (C-3"), 76.5 (C-5"), 73.3 (C-2"), 69.8
(C-4"), 61.0 (C-6"), L F ik &4 5 Scik (&
RAE,2011) HA — 5, #af et G 2 bkt
AT,

&Y 3. WEAKAR(HE) "H-NMR (600
MHz, CD,0D) 6, (ppm):7.67 (1H, d, J=28.4
Hz, H-6"), 7.09 (1H, s, H-3), 7.02 (1H, s, H-
4),6.95 (1H, s, H-7), 6.43 (1H, d, J=2.2, H-
3"),6.41 (1H, dd,J=2.2, 8.4 Hz, H-5"), 5.96
(2H, s, -OCH,0-) ,"*C-NMR (150 MHz, CD,0D)
S.(ppm): 158.1 (C-2"), 155.5 (C4"), 153.2
(C-8), 148.6 (C-2), 145.4 (C-5), 144.3 (C-6),
126.6 (C-6"), 123.4 (C-9), 110.1 (C-1"), 106.7
(C-3), 103.2 (C4), 102.4 (C-7), 101.0
(-OCH,0-), 98.6 (C-5"), 92.4 (C-3"), VA EUk
TERE 5 S0k (FRESAE,2015) SEA — 2, Boh 1k
FY3 N 2-(2", 4 - TR FEIIE) -5, 6- S R
iR

fea 4. L@k (HEE), ESI-MS m/z:
311.0 [M+Na]*,'"H-NMR (600 MHz, CD,0D) §,
(ppm): 8.01 (1H, d, J = 5.6 Hz, H-6), 6.45
(1H, d, J=5.6 Hz, H-5), 4.81 (1H, d, J=7.5
Hz, H-1"), 3.84-3.24 (6H, other sugar protons) ,
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K1 fbE&Y 1-10 5L

Fig. 1

2.47 (3H, s, H-7) ,”C-NMR (150 MHz, CD,0D)
6.(ppm): 175.8 (C-4), 163.2 (C-2), 155.8
(C-6), 142.3 (C-3), 116.0 (C-5), 104.1
(C-1"),77.2 (C-3"),76.7 (C-5"), 74.1 (C-2"),
69.7 (C-4"), 61.2 (C-6'), 14.4 (C-7), VL LUK
TEBE 5 SCHk (Woo et al., 2017) A —F | i #f
EALEY) 4 A maltol-B-D-glucopyranoside ,

aEw s Aem AR (PR ), ESI-MS m/z:
355.1 [M+Na]",'H-NMR (600 MHz, CD,0D) §,

Structures of compounds 1-10

(ppm): 6.13 (2H, s, H-3, 5), 4.67 (1H, d, J=
7.4 Hz, H-1"), 3.79 (6H, s, -OCH,) ., "C-NMR
(150 MHz, CD,0OD) &.(ppm): 154.6 (C-4),
153.4 (C-2, 6), 128.3 (C-1), 104.9 (C-1"),
93.2 (C-3,5), 76.9 (C-3'), 76.4 (C-5"), 74.3
(C-2'), 69.9 (C4"), 61.2 (C-6'), 55. 4
(-OCH,) . LA b U 3% 304 5 SCmk (1 = B 4%,
2018)%21—‘*@[ ,ﬁiﬁﬁ%’ﬂjﬁ% 5 °A leonuriside A,

G 6. ik (W BE) . ESI-MS m/z:
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365.0 [M + Na]*,'"H-NMR (400 MHz, CD,0D) &,
(ppm): 7.02 (1H, d, J=2.0 Hz, H-2), 6.86
(1H, dd, J=8.1, 2.0 Hz, H-6), 6.73 (1H, d,
J = 8.1 Hz, H-5), 6.58 (1H, d, J=15.9 Hz, H-
7), 6.20 (1H, m, H-8), 4.50 (1H, m, H-9a),
437 (1H, d, J = 7.8 Hz, H-1'), 4.30 (1H, m,
H-9b), 3.86 (3H, s, -OCH,)., "C-NMR (150
MHz, CD,0D) 8,(ppm): 147.7 (C-3), 146.4
(C-4), 133.0 (C-7), 129.0 (C-1), 122.4 (C-8),
119.8 (C-6), 114.8 (C-5), 109.2 (C-2), 101.8
(C-1'), 76.8 (C-3"), 76.6 (C-5"), 73.8 (C-2'),
70.4 (C-4"), 69.7 (C-9), 61.5 (C-6"), 55.0
(-OCH,) . LA b U i £ 86 5 SClk () g 1% %,
2015) FEA 3, 2 L& 6 A IAMIEE-9-0-6-
D -1t il 6] 2 E Y

&Y 7. #E QMR (HF ), ESI-MS m/z;
415.1 [M+Na]*,'"H-NMR (600 MHz, CD,0D) &,
(ppm): 7.59 (1H, d, J = 8.7 Hz, H-5), 7.20
(1H, d, J = 2.3 Hz, H-2"), 7.13 (1H, dd, J=
8.3, 2.3 Hz, H-6'), 6.78 (1H, d, J=8.3 Hz, H-
5'), 6.51 (1H, d, J=8.7 Hz, H-6), 5.33 (2H,
m, H-2, 7"), 5.19 (1H, ddd, J=1.3, 6.0, 7.2
Hz, H-2"), 2.99 (1H, dd, J=16.9, 12.7 Hz, H-
3a), 2.72 (1H, dd, J=16.9, 3.1 Hz, H-3b),
1.74 (3H, s, H-9"), 1.71 (3H, s, H-10"), 1.63
(3H, s, H-4"), 1.60 (3H, s, H-5"), "C-NMR
(150 MHz, CD,0OD) &.(ppm): 193.0 (C-4),
162.5 (C-7), 161.7 (C-9), 155.1 (C-4"), 131.8
(C-3"), 130.8 (C-8"), 130.1 (C-1'), 128.1
(C-2'), 127.5 (C-3"), 125.3 (C-5), 124.6
(C-6"), 122.4 (C-2"), 122.0 (C-7"), 115.7 (C-
5'), 114.3 (C-10), 113.8 (C-8), 109.4 (C-6),
79.6 (C-2), 43.5 (C-3), 27.9 (C-6"), 24.6 (C-
5",10"), 21.6 (C-1"), 16.6 (C-4"), 16.5 (C-
9"y, DA EE 5 Sk (22T 5, 2009) FEAR
— 3, WO e G T RO R

&Y 8. B A AR (HEE) , ESI-MS m/z:
405.1 [ M-H] ,'"H-NMR (600 MHz, CD,0D) &,
(ppm): 7.41 (1H, s, H-5), 7.28 (1H, d, J=8.0
Hz, H-6"), 6.38 (1H, d, J=9.9 Hz, H-6), 6.34-
6.35 (2H, m, H-3', 5'), 5.65 (1H, dd, J =
13.3, 2.9 Hz, H-2), 5.70 (1H, d, J = 9.9 Hz,
H-7), 5.18 (1H, m, H-2"), 2.75 (1H, dd, J=

16.9, 2.9 Hz, H-3a), 2.99 (1H, dd, J=16.9,
13.3 Hz, H-3b), 1.67 (3H, s, H-4"), 1.64 (3H,
s, H-5"), 1.46 (3H, s, H-6"), 1.44 (3H, s, H-
7") ,”C-NMR (150 MHz, CD,OD) 8. ( ppm):
191.9 (C-4), 163.2 (C-4"), 159.7 (C-2"), 158.8
(C-9), 156.8 (C-11), 136.6 (C-3"), 132.3
(C-7), 130.6 (C-6"), 128.7 (C-5), 123.1
(C-2"), 123.0 (C-1"), 122.7 (C-6), 118.4
(C-10), 118.3 (C-13), 117.0 (C-12), 107.7
(C-5"),103.4 (C-3"), 78.9 (C-8), 76.5 (C-2),
44.0 (C-3), 28.8 (C-6"), 28.6 (C-7"), 26.0
(C-5"), 22.8 (C-1"), 18.1 (C-4"), Lk I ykit%x
P& 5 3CHR (Kyogoku et al., 1973) FEAR—Z, f i &
e Y 8 K 2-( 2", 4'-dihydroxy-phenyl ) -8, 8-
dimethyl-10-( 3-methyl-2-butenyl ) -8 H-pyrano [ 2, 3-
d ] chroman-4-one,,

&Y 9. LA EAK (PR, ESI-MS m/z:
287.3 [M+Na]*,'H-NMR (600 MHz, CD,0D) §,
(ppm): 4.92 (1H, m, H-11), 4.33 (1H, dd, J=
12.2, 5.0 Hz, H-17b), 4.05 (1H, t, J=12.5 Hz,
H-17a), 3.34 (2H, m, H-2), 3.08 (2H, m, H-
10) ,”C-NMR (150 MHz, CD,OD) &.( ppm):
171.5 (C-15), 68.5 (C-10), 68.0 (C-2), 66.6
(C-6), 53.6 (C-11), 42.2 (C-7), 41.9 (C-17),
343 (C-5), 32.2 (C-14), 27.9 (C-12), 25.4
(C-4),23.7 (C-8), 18.3 (C-13), 16.9 (C-3),
16.8 (C-9), L bl 3% Bodli 55 S0k (7K =245,
1997) HeA —B, B E & 9 AL S0

G 10 B @ AR (FEE) o ESI-MS m/z:
255.1 [ M-H] ,'H-NMR (400 MHz, CD,0D) §,
(ppm): 7.08 (2H, d, J = 8.1 Hz, H-2', 6'),
6.66 (2H, d,/=8.2 Hz, H-3',5"), 4.52 (1H, s,
H-3), 3.14 (1H, d, J=13.8 Hz, H-7'b), 2.99
(1H, d, J=13.8 Hz, H-7"a), "C-NMR (100
MHz, CD,0D) 6.(ppm): 174.5 (C-1), 173.4
(C-4), 155.8 (C-4"), 131.1 (C-2", 6"), 126.6
(C-1"), 114.3 (C-3", 5"), 80.1 (C-2), 75.0
(C-3), 40.6 (C-7"), L LB 5 SCHK (Song
etal., 2019) JEA —F, {59 10 &4
f.

2.2 WA E LR

o T it 25 B 1 R 4, 4

Gy BT ORI A 1-10 3 5 B8 HEVE 41
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SER R AW 1-3 XoF DU KK 40 B 1R Bk (25 Bk A
G R A BRI SR IRAT T KB AT ) A —fk R
PR (&R W) B — @ i dl/E M, MIC
SIS KB, A 1-3 i MIC (HYE A 15.6 ~
125.0 pg - mL'(F£ 1),

x1 HEWI-3WR/MIEREE (07 pg - mL")
Table 1

Minimal inhibitory concentration values

of 1-3 (Unit: g - mL")

Y

Microbe 1 2 3 PC
0 S R R v b

Candida albicans NT NT 31.3 3.9
BB . b

Enterobacter faecalis NT NT 62.5 3.9
A T

SR ORI 625  NT' 625 2.0
Staphyloccus aureus

23 e AT

ERHHT I 4 1250 156 NI 0.9
Pseudomonas aeruginosa

KA IA NI ONTY 313 39

Escherichia coli

T "2 PR R EY (20T BE X B 24 D Sk FRmE Ik o, LT B
PEXS B2 R FURER ) s AR (ZERD 9 b ok R TE 4 )

Note: “ means positive control ( Ceftiofur for bacteria and

Fluconazol for fungus); * means no tested (It was invalid in the

preliminary evaluation).

3 W5 &%

Ll AR AE S T 20 254, 2 b R e 4 )R
Y 2 < FF U 81 W55 25 50) 7 (0 4 5 25 6 22—, i PR
RS2, B i 2 T8 IR 25 D, &
FLEA AW RS | =l S i IS AR A 2 By
(W HBH, 2016, B4R 45, 2017 ; B 22 B4, 2018)
AT 5T B 08 1 Ll SR R M 4 e A 4
BGPTSR A5 ,2006) , 8 T IR AR ST Ht
PRSP R, AR 58 DA L G AR I T B 67 o 3k 4y
B3 10 MRS, kG 4-6 HEIK
MAZAE Y 4y B A5 5, A B 281k A 4 1-3 X
AN AR 22 B v S5 1 0 B0 B VR, MIC (R
15.6~125.0 pg » mL™", $E7 1 GAR A KA M 2
FAL AW nT RE S HAT A 2 2R Y

H B0 B 75 i 1 SR e M o T T A N (g
A SUE R, FEw S5 ERER
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