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Effects of antimony stress on physiological indexes and enrichment and transport characteristics of mulberry
GENG Li-sha, YANG Zai—fu", XU Zhi—nan, SHU Wen—jun, ZHU Tong

(School of Environmental Science and Engineering, Donghua University, Shanghai 201620, China)

Abstract: In order to explore the response mechanism and cumulative remediation effect of mulberry (Morus alba L.) under Sb stress, the
soil culture method was used in this experiment. Two year old mulberry was used as the experimental material, and 12 concentration
gradients were set for Sh** (50, 100, 200, and 300 mg-kg™"), Sh™* (100, 200, 400, and 600 mg-kg™), and Sh**+Sh™* (25 + 50, 50 + 100, 100 +
200, and 150 + 300 mg - kg™').The contents of chlorophyll, superoxide dismutase (SOD), catalase (CAT), malondialdehyde (MDA ), and
glutathione in mulberry leaves were determined under different Sh treatments. The Sb content in various parts of the mulberry plant was
measured and the enrichment transfer coefficient was calculated. The results showed that both single and compound Sb stress can inhibit
the synthesis of chlorophyll in mulberry leaves. For the SOD and CAT activities, each treatment showed that a low concentration increased
activity and high concentration inhibited activity. Compared with the control group, the content of MDA significantly increased under Sh
stress. The bioconcentration factors of each Sh treatment was smaller than that of the control group. The results showed that the distribution
of Sb in mulberry under single Sh* stress was root> branch> stem> leaf, and was root> stem> leaf> branch under root Sh*" and Sb™" stress.
The increase in Sb contamination inhibits the transportation of Sb from mulberry roots to mulberry leaves and reduces the enrichment
ability of mulberry.

Keywords : antimony; mulberry; physiology and biochemistry; enrichment transport
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KEB MRS R R 2y e Bk
B 70Tz N AR T BN Y R SR R A AR, B X
AR A ) BA 8 v B R BURAER, o T AR AE TR AE
FIBORA T | 56 1 38 A O R (1979 ) FTER P 2 [ 4
P25 (1976) 91 ML et hlis Yt Ak By
e R KT 2 Uk R A R vk B AR
X AT AT K M I 8 38 1 T AN RN R FE s, L %2
FHOR WK IR IEOK DG, R BN s R T
VG S5 56 AH T A v A R T b DX R Y
86.19%5%), 57 F A58 1k %F WA B B AT 1L BT X A &
LA X R)Z PSR R I8 5 949 mg-kg ! L
T - A5 1T 51 0.38~2.98 mg - kg ™, PEBEE
B2 T R Bl ik A B e o e B X R )
FREREFEAE T, AR TS e R S e Y
HEAE R HRWZ B T Z e, MR
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TR EEAS &, AR RO PR B M . TRt R
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NEE, MR ESE LG BEZTRmIEE TS
VEAEY , S —Fh U)W 4 J DT Y - S A Bt
FEAR TR 4 A (B JXUS: A A 3 it

MW (Morus alba L.) f&—Fh KA K E £ 1Em0
LR RUME AR, A BT A S I RE T, 76 pH
4.5~9.0, 5 Eh BAR A I A5 AR AT LAAE KM, K
T AR R SR B BB 2 i IR BT LR K B XL B VD A g
LS BEVGE T P IRV Z R A V5 e i) S el P A 15 B
S RELEHT N 734 mg-kg ' FEN 1 194 mg- kg™ BN
53 mg- kg (I5 Y 1 AR HOIRJCH B 37 il B
5o WM FFNE X 5 Y - A AR R A
TR 50 A R SE B0, SRR R0 20 4 T2 2R
BTEMR ZE T, A A B AR, K B A E R
Tkl A A5 7E (GB 13078—2001) » SR A% A Fh e 1 T4
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1652 J5 5 T 4 TR A ve 7 i P R TR R e A TN
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W I FE X G , BE AN ) 285 A [R] e J88 ) 6 5 R
Fr BRI W FEA RN 2 A [T B2 6 1y 30 ) S
A BAE AR BRI R, 0 R 2T B i LA AT
SR AR R, BAETRR MU 7 X Bl A 4 e i
BT 0 6 0 30 R R A K B S I LB B I A
FREFFAL, Bk To 3 LAY S AR BERLA A .

1 #RE5FE

1.1 KIEHF 4}

HPEAE Y 2 4F A SR W T 36 I AR KM 4
AR, i RS2 BB e

SEOG A AR e AR A A A Al R B R
(K:HSh,07 + 4H,0) FlH A R 86 8 (KSbCsH.0, + 1/2
H,0) Ry 43 A 4l 0], ) F [ 24 48 A4 223500 A BR 2
Al A AR AR R £ 2 T R e AR M S

SEIGANAR £ 7528 AN AT WL e BT (iR
B AT B2 F] ) , Prodigy 7 B B & 45 55 IR R T &
MY (EE Leeman 24 H]) &
1.2 XWAH*E

RAER P TC 5 Y 4 AR T MR 1, A
H AR TGRS 5 mm i, 28 A H A 16 em 5 15 em
B PVC 4L, BEAE 2 ko FHIVP Ay BREH B0 1A 0 R 441 i o)
AN TR JBE 1 5 e - 48, AT = 4 T 14 Ak B A ok
(CK) e & L2, b P S 3R EL Lt
4575 b5 A B .C o3l HiER Sh™ (Sh> [ Sh¥*+Sh™ b B,
EBUA AR R AP @R R, FRHOG R R & T
Bt BAERERR T B4 B AR AR, HoAth 2 14
5, Bk, P 60 d Ja A T I0E .
1.3 MEFHE

KRB EEI ORI K ), FHZE IR K e Tt

R2 BREHIEE

Table 2 Setting of antimony concentration

BRI S e & Concentration/(mg-kg™")
Valence of antimony CK 1 2 3 4
Sh* 0 50 100 200 300
Sh** 0 100 200 400 600
Sh*+Sh* 0+0  25+50 50+100 100+200 150+300

®1 il T B ERER

Table 1 Basic properties of tested soil

g [ T IEHURL L B AL LS LIRS LA
Soil type Texture Soil mechanical composition Antimony content  Organic matter content ~ Conductivity Redox potential
ORI BREE BB 25% KPR 35% KL 40% 2.54 mg kg 19.2 g-kg! 716 pS+em™  7.67 139 mV
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Myt T, e BRG] G0 2 3 2 Sl 0 e S i i 25 %
N (MDA) & i Rl AL S (CAT) 15 4
P AR (SOD) 16 PEFI 2 B H K (GSH) 75

MR R ORI E SRR e . FEBLEY
T[] — b 3 3 BRAE P 5, R/ N — B, 2 gt ik
24, 8T A% 0.5 m> 22 A (i A ik T ik 2
B SR (V2 V) 2 10 1 TR A 32 B0 TPk eI 2 24 h,
e e 28 1, B R AR, R 550 et Bt
£ 663,645,440 nm A EWOEAE . 4R E a M4 E
b REA R N AR S 2 Arnon AT,

- R NS ZE T BGR H 0] T 2~5
em TRAY HIEFE S, 22 A SRS, R U 40 L BURE
FHBER BE T IS 32k 100 H 0, i ARE S A A7 . e
i, A L HERE S EL0.5 ¢, il A 10 mL E /K (HCI:
HNO; iR FLEE A 3:1) 15 mL HCIO,, 32 137K , B
KB T M E AT A, BOE IR EE 220 C. I&IH
il 52 AW EIN A 1~2 mL HCLO,, B 2 R JC B,
RN SR IE FZR IR ACE 255 25 mL™, 25 FUINAR DR
4 80.3%~113% , £F45 o 7 il An it

SRS A S (A A« 3 SR B R R 1)
M kg 2% 2R BN, RS AR
105 CA8 7 30 min, SR J5 1E 65 CHET 215 &, P |
A . BUL g B CR R 22 0.000 1 ¢) T 100 mL 4k
TEH A S mL A R R L 0, T AR BT AT 1 mL
VA TR o K AR S B AR R I b T g
120 C, ARG, R ER . AEMA 1 mL
15 SR Ak ST A TR I B A T AE 220 CLAPY , 78 4w
KB AR, A F AL B R A, A 50 mL
B R FHZERKE R E 25 mL, IRA 4 25 (i
B TSGR Ky 85.3%~120% , £ 45 it s il A
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2.1 BERMAKS ST

I L AT DA Y B S0 TR B A T o, B— S
RPN T EBEINE . AR
R TR HSVAE K B ShU I E T R
HEh O R A A RS RS ZES I BR B2 AR HAR B —
Sh™ i T S s A e W AL A b B
O E B4 Qb PR I B, S B o B B v
S A A B1 B3 AN FR R A1
HR> >4 >25 | B4 H 1 it (19 43 A W) 5 B — Sh* i
AP —2, MMifE Sh* 5 Sh™ & A Wil ™, Bl 6 e i 1
KFZEMFBM A BB i BE K, AP es s =

f
g
z cgE ffeld gy
Bl B2 B3

Kb Treatments

a
d % -
a
Fﬁé
C4

AN [l B R AN I AR B2 [0 35 22 57 (P<0.05) o R 1]

Different letters in the figure indicate significant differences between different concentrations (P<0.05). The same below
1 250 &% Z RPNERE

Figure 1 Content of antimony in mulberry leaves, branches, stems and roots
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FE C3 b BB R T 5, SR Bh o0 A B A 2 B AR >
ZESI>H
22 BETEMEMENITR

Sh™ | Sh™ B — 1 & B R S B e is e 4R
FRAEANZE 3 Frok o B— Sh* il R T1.T2.T3 4 51 K
0.031~0.260.0.052~0.593 .0.042~0.681 , Hi.— Sh™ [} if1
T T1.T2.T3 43514 0.040~0.322 .0.080~0.165 .0.011~
0.153,Sb™ 1 Sb™ & & Wit T T1.T2.T3 43 5124 0.070~
0.534.0.041~0.233.0.131~0.464, ML LIAE H , H
— Sh I8 T RN I 5 e R A T — ShY kA
FISh* . Sh** & A Wrifl , A4 B4 CALLFER T1 FIE 4 /7)N
T2 P At AL B T H BT B AR LAY T1 3 N T
X HEZH T1, 45 AL FLY BCF 34 /N FXf B4l .
2.3 Sb¥ ShE—FE EHMEX R ITHRESEMHI

R 4 AT, I S 3R O et B 0 A0 B VR EE 1Y)
BB . H— Sh* AT, Bl b PR EE A
SRR a SRR b BRI SRR S B R TR B
Hy a3, Hod A2 AbFRZH 28 5 A B R R E, S
HR AR B X I 2R IR HE RGN, Bl ShP vk
RSy, AR T R B> . B S A A
o IR a M4 2K atb F6 AR MR T B A PRI O 8 2
A TE R BB B AR R b S WIAE

3 Sh¥ SHE—MESHNME T RMHIFIZINE E4FE
Table 3 Transport and enrichment characteristics of mulberry

under Sh** and Sb’* single and combined stress

QLT Treatments T1 T2 T3 BCF
CK 1.610a 0.142¢ 0.243b 0.981a
Al 0.260b 0.593a 0.153¢ 0.412b
A2 0.171¢ 0.052d 0.042d 0.104d
A3 0.242b 0.561a 0.681a 0.497b
A4 0.031d 0.303b 0.163¢ 0.316¢
CK 1.610a 0.142b 0.243a 0.981a
Bl 0.322b 0.165a 0.011d 0.166b
B2 0.081d 0.105¢ 0.153b 0.118¢
B3 0.125¢ 0.080d 0.061¢ 0.062d
B4 0.040d 0.117¢ 0.060¢ 0.102¢
CK 1.610a 0.142b 0.243b 0.981a
C1 0.221¢ 0.226a 0.131c 0.117d
Cc2 0.283¢ 0.041c 0.153¢ 0.116d
C3 0.534b 0.233a 0.424a 0.492b
C4 0.070d 0.108b 0.464a 0.241¢

T« F AN [R) T RER R AR R A AN [ ok JEE B Ak T 22 () 2 2
(P<0.05). T,

Note: Different letters indicate that there are significant differences
between different concentrations of antimony in the same valence state (P<

0.05). The same below.

Fz4 Sb” SHBA—MERHENRHHFHEERENZIT
Table 4 Effects of single and compound Sb** and Sh** stress on
chlorophyll content of mulberry leaves

o MK UEEL Kb K0IB A

Treatments Chlorophill al (,hloroph?/lll b/ Chlorophyl}I Carolen({llds/
(mg-g™) (mg-¢")  a+b/(mg-g’)  (mg-g")
CK 2.08b 1.40a 3.48a 1.02a
Al 1.70¢ 0.95b 2.65b 0.99b
A2 2.22a 1.13b 3.35a 0.78¢
A3 1.95b 0.64¢ 2.59h 1.07a
A4 1.81c 0.60c 2.42¢ 1.17a
CK 2.08a 1.40a 3.48a 1.02b
Bl 2.10a 1.37a 3.47a 0.89¢
B2 2.04a 1.07b 3.10a 1.26b
B3 1.88b 0.78¢ 2.65b 1.75a
B4 1.55¢ 0.70¢ 2.25¢ 1.88a
CK 2.08a 1.40a 3.48a 1.02b
Cl1 1.83b 1.56a 3.39a 0.89¢
C2 1.95b 1.38a 3.34a 1.21b
3 1.78¢ 0.99b 2.77h 2.40a
C4 1.70¢ 0.73¢ 2.43¢ 2.75a

R R AR AN W B4 B rh AR R a it
GED LB SETEE CK FFET 258%.49.9%
}35.5% Sb* S AHAT , b e ik B g,
M2 2 a 4R b SR SR B i Y SR T R
B, FHAE H W30 C4 &b P2 rp 3k B R/ NME, T 8
NI, R R MRS RA MR
B, S o Bt o A PR FRE (4 28 T i S B0, A4 B4
N EFE A CA AL FRZH R R s CKAH Y
1.02 mg-g' EFF31.17.1.88 mg-g' 2 2.75 mg-g ™',
2.4 Sh* Sh*HE—FE B R ELEEEN
A
2.4.1 Sb™ S L —FIEE G WA XF SOD I 14 5% i

K2 SR, B— ShY A T, SOD V& PE7E A1 b F
H RN, B0 BRI D 60.6% , 25 5 2, A2 Tl Ad kb
Firp, SOD I M AF AL AN B 3, 43 0l e i BEE > T
44.4% F143.2%. B2 4L BER, SOD 6 P B 21 T 5 Ik
{8, B0 IR B 080 T 71.2% , s W ST A R,
FZ M SOD G B Wi . Sh* Sh™ & AWl , kb F
2 SOD T M8 CK A7 FT T B, Bl 5 52 A i 3 i 3%
T, SOD T P 38 fin i 2%, Bifi J5 7 C4 A FRE A Fir /)N
TERNERE T, SOD TG T CKA HZEF B %,
b B B0 b TG S 1 SOD I A B A RIVE .
2.4.2 Sb™ S HAL—FE G WA X CAT 15 4 5%

i & 3 AT, BA— Sh¥FE A1 A3 KEFRI, CAT 54k



KI5, 45 - SMF X S 1 B b e P RO B 1671
4001

a
NEs

w
[3S]
(=}

240

b b b b
C ] »
160 e < < e = -
0 H

CK Al A2 A3 A4 Bl B2 B3 B4 C1 C2 C3 C4
Kb FE Treatments

B2 Sb* Sh™E—F & & B TR SOD iF A 220

Figure 2 Effects of single and compound Sh* and Sb™ stress on
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Figure 3 Effects of single and compound Sh** and Sh** stress on

CAT 6 CAT activity/(U-mg™ prot)

CAT activity in mulberry leaves

B BRLH 23 N T 52.6% .59.9%, 25 5 B3, A2,
A4 LLPRLA v CAT {4 I8 25 N R, R 81 T eI fi. 1M
B — Sh™AbBRA H, CAT {6 14 Bk B2 AbBRAN | HoAth b 3
FICK AL 22 5 W%, 58— Sh™ i AN [A], 78 Sh™ ik Ji
e KB, CATIWE B8] TR K, B CKA#m T
57.7%. Sb™ .Sb G WA T, C2 4b 34 CK 4170 g %
Z 5 H A 24 CAT IG5 T CK 4l . kR,
CAT I AR BRI BE (R B0 e S 380, 745 e vk
JETT S REAR , R A e TR T8 R S TR
2.5 Shb* . ShE—FfE GHMEXT R MDA 2 =M
M 4T F S0 MDA & 5Bk A1 AN FRAM
CK 41ARAT 2 25 14 m , 15d BH 5 4 Ja iy 3 fiff SRopf il i
it A AL G N . A MDA 5 e A1 AL BEA
oAk, BE A ShY VR EE R3S I, MDA 7 it 52 K
JERE IS, 76 A3 Lb PRI K B fe A, A e CK 238
T 250.0%, i J5 1E A4 kb BRI AT BT R B, (B4 KT CK
. H—Sh MBS, Ir A AR FRZH MDA & ARk
PN (R CKAM B &R, EAWE T g

6.0
a
45 El b2
..M
3.0t 4 | d d

e
15+ ¢ ’—x—‘
0 ’_X—‘
CK Al A2 A3 A4 Bl B2 B3 B4 Cl C2 C3 C4

Kb PR Treatments
4 Sh* Sh* B —RK EEHMEIT RN MDA &2/

Figure 4 Effects of single and compound Sh** and Sh™ stress on

MDA % it MDA content/(U-mg™" prot)

MDA content of mulberry leaves

BEVR BT, MDA % RS2 T 72 C4 Whia T ik
Fl e KA, e CKAIEIN T 211.6%.
2.6 Sb* . Sh™B—HME EMEXT 2K GSH S EM T
GSH 1, /2 A 47 4t B P9 — Fh 22 i B A AL I
GSH W% Z) w5 Ak , REAEAR A 52 31396 5% e o ke
FIGRIPVER o AN RV B2 B AL B S it i GSH %7
SRR WE S s . B RTAL, B ShTNE T,
GSH & 78 A4 Ab PR35 CK 4 E i E 2 57 (0 2
T ALACPEA . 7Eff—Sh™HE T, B2 B4 4bBE4] GSH
TEILEEES BN E NG, B /N F CK
., Sb .S EGMHA T, b A B A TS, GSH
T AE C4 4b PR R B 5 ARG, S (IR {E e CK 4> T
87.5% , [m) i}, i 21K T~ B — Sh™* [P T~ ) GSH & 4t .
27 BIRELSZWMAIBISIRZ BRHEXES T
FEehue B 5 R4 3 a MK b B 4%
2 .SOD . CAT MDA F1 GSH 5 2 A S 23 Hr , 4%
WMERSPIR . B HM4E a HEE R b A4 R

350
a
= oL a
g 28 I
T?D r
I o 21F b
wE 7| b
£ c
oL l4r ¢
: o d d d
e
% r P’He f
" L] I
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Qb Treatments

B 5 Sh™ Sh"B—REGHEX R CSH & BRI
Figure 5 Effects of single and compound Sh** and Sh>* stress on

GSH content of mulberry leaves
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FIMDA & W 2 & AH G, 5 GSH % it dp E AH G s i 4
Ra G5 RE b A4 5 CAT FI GSH & it i % M
Koy MHER R b 5 Bt S R AR 5 AH G ;SOD 5 GSH %
T A OC

3 g

3.1 BT RN E EHIZHENF T

T4 A ) 1 B R R ) R A 1)
R RR b TR e, B 5T 6 78 R N I S B R IR
B RSB AE SR N ) 2 A A , S B AR SR (AR
B EEE SRR AR . ARSI, B 1Ak
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P 2 5 R 1Y 55% , 25 R B (4 - 38 e 44
SVHEEIY 40% , I Rk 0S8 5 AR D 2 o R
) 5% H— Sh™ Bl T AR 1 X5 5 w2 e
[ 60% , 238 FIA BB 1) - 44 1 5 24 o B i 14 30% , i
A5 BT 10%., Sb™ Sh™E A A T, AR A Y
SRR 2 5 R Y 50% , 5B IR -
B B Y 30% , MR 20 5 R 20% . G T LR LE
SR 2 RIS, i b i IF HANH
FER AL PR SR P86 BT RS BR AR AN [R], A AR BB A7 A
il BTG YL N T1 /N F 4L N FARBh vk B, 1
A B ALHE G T1 3 5825/ CK 4L, vl B2 i 4
T BE B B T RAR ) s E e e ).
Sh™ A T, B N R B 52 2K TR A A B8 )
5, BB B S B RE T FL AN, VB A SRR R B o3 A
— 3, b BRI SRR BCF 247N
F CK 2, Uh BHBA Uk B2 () B s/ N T S 1) ' 42 7
WIE PR, AR 86 & B T R B3

B

3.2 BTN R A EIERAI I
3.2.1 BTG YLt A LR S RS

W7 R, AR AMPIRN UG, 5S4 &R
A WA B LA E 5 -SH B IR BETE L& 90,
TREAIEE  BLAT TSR B A, RIS, H 4 R A
W2 T S (AR RS2 AL 52 B BEIR , 3 SR A A T 306 4t
1, FEOT SRR N, SR R AP
) 2 66 o 36 B 1 — > R A PR bR . AN SEER 25 R
FEH, B SHP YR FE N 100 mg - kg FO AL BRINE, -4t 2%
BRIk KL 1E S 300 mg - kg Ab BRI, 4 E S
Befl o HL—Sh™ bR v AR ER b 1 AR A VR
TFARE A B E . Sh™ Sh¥ A A A T Ak R & R A
LA T AN, P00 fe B 4 o 3K AT RE SRRV
JEE 118 b SRR 2 2R 10 5 R, T v 0 S8 D o], ) T
DA H SH* X242 b IR/
3.2.2 BTG YRt AT 2R S8 5

W) 4 N A7 78 IR B 2P0 R S, G045 SOD .
CAT .POD 7£ N Bt F 40 Bl 2R 48 LA /N oy TP s db
Yy, Horb B A AL 2R 48 O T R 38 85 3 1
T M 4L, SOD 538 BRiE M A B B 6, POD
CAT 55 BE H.0. 48 K, TEIEHELL T, HY 14K
T Pk AT I R Gt B A S50 T R AR PN A R A
FE DT 40 S 32 1 o BAEEBE R AR Y
TG PR A P 0 7 A R TR BRI R AR
(IEE T, T 5| R 45 20 AR S 56 v %A Ak PR R
JEF, SOD i M /NT CK 40, 7T DL H 46 W 3i 5%
TR BRTE M E RBE . Chai SEPOBESE K BLES
HIFEAE FEAR T 5 K ( Boehmerianivea ) FH SOD 5t {H
£ 7 B S B4 R BE 4N, 86 R B 40 mg - LB B 3
Ik T SOD i 1% P , {0 B 25 v B 1) ifF — 25 34 hn, SOD

RS BIRESRMERIBRZ BHHEXED T

Table 5 Correlation analysis between antimony concentration and physiological indexes

LiEESE Bz MLk a

2R b

JENURT S

Correlation analysis  Antimony concentration ~ Chlorophylla  Chlorophyll b Total chlorophyll S0b CAT MDA GsH
BV 1 -0.709% -0.760% -0.830% -0.445 0.294 0.680%*%  —0.591%
TS ) 1 0.572% 0.811% 0.393 -0.533%  -0.192 0.537*
RS 9 1 0.943 0.393 -0.216 -0.501 0.293
FSUIET 1 0.440 -0.370 -0.433 0.429
SOD 1 -0.381 -0.495  0.842%*
CAT 1 0.281 -0.502
MDA 1 -0.558
GSH 1

T F B FOR P<0.05 Fl P<0.01 K FRY =S B .

Note:* and ** indicate significant differences in levels of P<0.05 and P<0.01,respectively.
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B SOD 16 PESE BN S 218 T R i LS | nl e 2 Al
Py 10X} R e B I 3 7 AR T N ML L £ 45 SOD 1)
T PELE BT R
3.2.3 BTG Y%A MDA 5 HE (15200

MDA 1E G 2 S Ak B 287, At S 46 56 AL 4
Z A AR FE B B A BRAE AR 2 — o MDA B] LA il A
PR B A AL DS T AR A & i 5 L R
i AR E, Feng FE90F 98 & B, 15 4 B K 195 55
RS Bk S AH W A6 T 4 Jm Wb R MDA i i RS
A AARNE . ARSI, ShY ShT L — R A kA
H S A MDA 7S5 A 1A FE S CK ZHE A T 2
B, FeB Sh* Sh L — K A A a3 n T AR it 4
A, HLYR BESE N, B St A4k s i, % i 2R
K= A il . MR MDA 5 #REE ), Rt 2 5| 51—
Sh™ i S AL Wi /N Sh AT Sh* | Sh™ & &, 1 B Sh™
TH X S A RN
3.2.4 BiI5 YT RB GSH & /IR0

Khan SF5ZEGRINAME - B 200 (Cys) FFE P 4 i
HRIESE, GSH ZE K N (1 A= 9 & B AR # T S RN 9 77
fEo GSHAE N —FMR TG Y, HAT Rk i A= P
Uit T S SRR R R AR R R , B, g 2 pL
A A FH A A AT A FBT R A A e v
PEBEE fL 22250 T B D, ARSZEG v | B — Sh* i
R, GSH & 7E A4 (RN CK A L B % 22 5+ (1
BEETALLB, 78— Sh AT, B2 B4 4bFRZ
GSH 7 i JC b 25 22 5, B9/ AR B ol , o 8 25 /)
T CK4l., Sb™ .Sb* &AWl T, bl 2 b Bk B 1 7
15, GSH 7 it 7E C4 AL PRI 5 2 AR A, [l of s g I
HL—Sh¥ 3B T B GSH & & . AR B IE & B,
1o il T R e K AE R BTIR LR (AsA ) (.GSH 7
R, RS LRI A A 2 e aa i), B ST
WL 51 % AsA-GSH G IR AL, 2517 20 28 18 s 2 GSH
TPk EIfEE .

4 it

(1) B — Sb™ [P 38 A F 86 A S > > 25>
-, Sh™ | Sh™ S A il T SR oA AR>S ZE> > 1
BRI A AN T SRR ] R 2SI BE T

(2) 456 I3 A6 458 o T L 2 Aol St g I 2 R
B, 2 (0 R B v I i R A5 £ T, DT 520
WHRERET .
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