F | N —I -
= :I N —’_;-l rJ}
|~J “JS o I

— — L

cta Ecologica Sinica




L J: 4 A %R

«®'B
&9 (SHENGTAI XUEBAO)
penmmmienns. b 325 S 1H 202F 1A (FAF)
B X

By BRARBER Allee 200 Fa ZE AFRBEGG R M covvevrrrrree ANESR OFRKEHE (1)
o B £ S B A L L R R 2 KT IR BB MG TG e e oo kT (7))
Koz v 8 BRSO RS i A A R YR e LR3I e T 2 KREF . FER,F (17)
FTRAR TR T BB BLAG IR B covereneeerenere B i, Z4F,Donald E. Weller (27 )
P E P ARCE R AR R BRI ARG R o MHA, x| 8, BHAE (38)
T FUBR PO ABAT R 3 AR R IR BB RE S ovveereeseesensensenenes EHF,RHE N K% (48)
LS A TE SR R AR R BOR BAAEIR AT vvererrmm e BB ERR R B L% (56)
Y R L L R TN U RTE Tau B, ST UL LIRS BEZ, BEE,KEF % (64)
AN M FEARIT TR E) T HBG TR L vveermmrermmnrrmni A F,E OB AREKERE,E (74)
Rl L3R B AR B LR AR R G LR B T ) 5 AR T AT A AG o BLweeeeerrnsenneennenns

.......................................................................................... FlfER, BT SHHE T % (81)
B RALE B E R ST LB Z R ceverrereeeneenene, BEL,EHE,E OW,%E (93)
AR Fe A LB IR T WA R IR T IR IR TR R £F e KA X A, % (101)
TR T FRATRS A LB AT S A A T AT AR B F RGP oo

....................................................................................... );ﬂ @,Lﬁ%ﬁ%,?ﬁ;ﬁ%,%(lll)
U 6 AP PTG oT A RAE R B EAL oo # o,k XL EWA,% (123)
T A R ) 2L 5 R IR B AR T 75 P AT A v vveeeennreeennnie et A E R MET (135)
FL g AL S B R E B AR B LA L e £ O MAE S % (142)
BRA e R PIIA T B AT CE FEA KAl reerereeeeens =5 {%’éggj@’éﬂﬁﬁg (151)
Fodh E e 4 AN T Ar LGB FIEAJE e ED: ﬁﬁ’ﬁ@%/ig,ggﬂ(ﬁ’% (159)
YA e B ARG G B I AE B AR A e %Efi,%%%,%ﬁf,% (168)
RV ALY B L GG BF 22 G A5 wvvvvrrrrrreerrermnsnnnnneeeetetiitianseeeseeiatanaeaeeas ERE X & (176)
Yo AN A6 9 L S B A B B S A A R W e EUW, EAA KT, E (183)
FAA E A8 & P LA AU B H AT oo o R, G RE, % (190)
— R LI F-5 80 B A RS Sy e BOEE R, BB % (198)
ERCE Y VX S TR VER R UL LY SO PO X B, REE HRE,E (207)
WRIT T F-FT 8- 25 A ALY — F A ALARAR R AR MR B AB T K Foveeeeeeeeeeees W, EFZ AR, E (215)
b R WA T R S A AT AE ceeeee e BAER,E A, H5RE, % (226)
TN S E LT Y T r TSIy By 2 TC) R WA, A, R, % (238)
A7 RAT R KA LR WA A R BRRAGTIoR eveeerernnnseeeennns F B KREM LK, % (247)
IR RAE AT B S FLAR A GG FT B THTE) oee e Iﬂﬁﬁﬁ’ggﬁgj’@g}]%\’/gf (256)
B A5 55 A AT G AR e T S S SIS S e &M, E TR (265)
Eit SRR
HY AFRHERID T AL AR 2L A v L U] ceeeeee e o8 E/E\t,ﬁi%ﬁ (274)
GRS R TE N A FBEJE ovvrrrerrereneneeii i ﬁﬁ,%ffiﬁ,ﬂ%@ﬁ,% (284)
I Fa i P B R A IRIEAT A B A T A G e e T OF (293)
e
ER R E BT EIFIET F M oo %@iﬁfﬂ%,%iiﬁ,ﬁﬂé—?,% (311)
HEEE B G AT HHEIE T oo h ﬂ,%gg’%%ﬁg,% (319)
B TSR A AR HLATIE 25 PR K vvveeeeeernnree e ® OB kek,KEE,F (326)

HAFIEARSHCN 11-2031/Q * 1981 * m # 16 * 332 * zh * P = ¥70.00 * 1510 * 36 * 2012-01

ECEEECEEECEECEEEEEEEE

HEE . %Ry, EAIERIT T —% & K A Z e Emias, RAEEERPNEE, 5K 94—104cm, 1y
20 ZAF, & FE PR R, BEEE IR K U R W R IR T A A SR R IR S | S, L A
P B9 R R B (0 A 2 2t W B (R R0, KA R — e R A Bl ), — g
MBI FEIR TG B, LI/INV B BRR S  H SE sl KA R AU Bt sl

HEREM: BEFEEIR EZEMFE  E-mail; cites. chenjw@ 163. com



5532 B 1M H N 2 Eie Vol. 32, No. 1
2012 41 A ACTA ECOLOGICA SINICA Jan. 2012

DOI: 10. 5846/stxb201011181641

PRI, 3% =00 AR it TR, SMEES 0 SRR TR A RE 1 AR . AR A2 ,2012,32(1) :0256-0264.
Min HL, Cai SJ, Xu Q S, Shi G X. Effects of exogenous calcium on resistance of Hydrilla verticillata (L. f.) Royle to cadmium stress. Acta Ecologica
Sinica,2012,32(1) :0256-0264.

SN IR 5 X 2 55 H 3R Hi B RE 7T BY S M

AT AR A e E
(FAICIME R A BB T A 2R S AR H R E 0= Al 210046)

FEE LU Z 0K A ) —— BB SCRAT L X LGRS T Cd e Rt fin i Fove B i /MR Ca Ja , B¥EIR A Cd LR 07 R
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Effects of exogenous calcium on resistance of Hydrilla verticillata (L. f. ) Royle to

cadmium stress
MIN Haili, CAI Sanjuan, XU Qinsong* , SHI Guoxin
Jiangsu Key Laboratory of Biodiversity and Biotechnology, College of Life Science, Nanjing Normal University, Nanjing 210046, China

Abstract; Heavy metal contamination is an ever-increasing worldwide issue due to its toxic effects on plant metabolism and
public health. Cadmium (Cd), an environmental stressor considering its toxicity, persistence and accumulation in biota, is
widespread in the aquatic environment. As an essential macroelement, calcium (Ca) plays a crucial role in regulating the
growth and development in plants, and also has been shown to alleviate heavy metal toxicity in many plants. Hydrilla
verticillata (L. f.) Royle, a common submerged macrophyte as a potential accumulator of heavy metals, distributes
universally and grows at a rapid rate. In the present study, it was chosen as the experimental material to investigate whether
application of exogenous Ca enhanced the resistance of H. verticillata to cadmium stress. To address this issue, the effects of
exogenous Ca application (20 mmol/L Ca) on the Cd accumulation, mineral nutrition, photosynthetic pigments, soluble
protein, osmolytes ( proline and soluble sugar), antioxidant capacity, non-protein thiols ( NP-SH) and phytochelatins
(PCs) of H. verticillata under 0. 01 mmol/L Cd stress were analyzed. The results demonstrated that, (1) Cd stress induced
a substantial accumulation of Cd and resulted in serious imbalance of nutrient elements, such as inhibiting the absorption of

P, K, Fe, Cu and Mn significantly, whereas exogenous addition of Ca significantly reduced the accumulation of Cd by

B&TE FER A AR AP H (30800055)
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50.24% and effectively reversed the Cd-induced imbalance of nutrient elements in H. wverticillata. (2) Cd treatment
severely reduced chlorophyll concentration, chlorophyll a/b ratio and soluble protein content, as well as the levels of total
antioxidant capacity ( T-AOC) and micromolecule antioxidants such as reduced glutathione ( GSH) and ascorbic acid
(AsA). Exogenous application of Ca markedly retarded the degradation of photosynthetic pigments and promoted the
synthesis of soluble protein in Cd-treated H. verticillata. It also significantly increased the levels of antioxidant capacity of
the tested plants. (3) In comparison with the control, Cd treatment induced a massive accumulation of proline significantly
in H. verticillata , which was 108.29% higher than that of control. When applied with exogenous Ca, the content of proline
displayed 29.39% decline compared with 0. 01 mmol/L Cd treatment. However, the effect of Cd on soluble sugar was
contrary to that on proline in H. verticillata, which showed a significant reduction under Cd stress. Exogenous Ca alleviated
the decline in soluble sugar level efficiently. (4) Cd exposure dramatically induced the production of NP-SH and PCs in H.
verticillata compared with the control. By contrast, the addition of Ca drastically decreased the levels of NP-SH and PCs by
12.52% and 26.01% compared to the treatment with 0. 01 mmol/L Cd, respectively. In conclusion, our results have
shown that the supplement of exogenous Ca in a optimal concentration effectively relieved the phytotoxicity of Cd to H.
verticillata by decreasing the excessive accumulation of Cd, retarding the degradation of photosynthetic pigments, promoting
the synthesis of soluble protein and soluble sugar, keeping high levels of T-AOC/antioxidants and maintaining the balance

of nutrient elements, etc.
Key Words: Hydrilla verticillata (L. f.) Royle; Cd; Caj; alleviation; physiology
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TR R
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PR R K R IUK AR ZE M kD i 4—8 MU A, i R IR B A, AR K Tl 1A KA
i B E R AL A A A R R AR MR AT B R T EEE W, 5 R T R R K 2
KPR MR ST, 2010 429 H (2025 C) , EBUEKIEE KEFM KD (KEHN 10 em Z£4) B
FERRAE R g ALK
1.2 SEomiba

P4 ST AR S AE 523 % TC R Ve BB AT TP 1/10 Hoagland 35 WIALEFE 3 d J5, T 800 Kbk 4 i
3 HFFATARE 1 (X RZH) . ] 1/10 Hoagland ¥ #3557 ;2 (Cd B4 . FHE 0. 01 mmol/L CdCL, ( BLHkEE R
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1/10 Hoagland & FFWE A 20 mmol/L Ca(NO,),(HRIGTLILERESE) . 2R FRELE T Forma 3744 £
(B[ ) S E P R IRAE PR R OEREIRE R 25 C 18 C, AW 12 h 112 h (L D), JEHE5REE R 70
pmol-m™s™ . LI 3 IRER IR S d J5, HUb, FHZRIR/K GRS W1, D5 43 o0 22 R0 AR A (AR .
1.3 SRk

Cd FEFRICER & e SR PRAEAR SEH A RZK RBZE K 78 735 U, B 5 mmol/L 9 EDTA 4 °C 5 ¥ 30
min, T JEFREL0.6 g, IMA 5 mL fi§FR A1 0.5 mL = iR, FEHREETE 160 C A M, REgfbod ), /i
A 0.7 mL ERWR , ke VAR B 253 10 mL, FH BG4 B8 IR & 315X (ICP-AES) (£ [# Leeman
NE]D)MRE

M2t RIS NS RIE FREO0. 4 g M A, H 80% B9 PR KIS B , B0, FH 43 966 BE 3+ ( Thermo
GEN ESYS 10)iC 3% 470,647 nm F1 663 nm W WH , % Lichtenthaler'™ fly 282354,

AIYE TR S S S G-250 3£, LA IS F1AE 11 ( BSA) AR EE

it B FE B R 7 A R B B, A P — I b €32 0 0 5 5 v e P i D BB L €32 0 5

RMPUAALEE ST (T-AOC) FI R Bt el 5l A= 4 T ARRBIF G 0T ) S BR300 & o2, B ok U/ g

BIEH K (GSH) FIFLIR MR (AsA) & EIE B 0.5 ¢ BB, I 5 mL 5% TCA 7KIGHFEE 10 000 g
4 C B0 20 min, BCEIEW, 430 DTNB I8 (2075 0 I e 2500 2 7E 412 nm F1 525 nm P T BGOSR,
FRAEFRMERT 23155 GSH Fl AsA &Y |

JEEE 1% 5L (NP-SH) FIAEIZ & 2 (PCs) Bl . JR 0.5 ¢ SASEARAR , A 3 mL 5% R 5L KR vk it
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1.4 Sitamr

SEHHAE F Excel 2003 il SPSS Statistics 4 A0 BT &, S2I0 25 3 WK &2 SE6 () -S4 (B + hR e 25
TR A TEVRAS R AL BRI AT B R 287 22 08, P REAS ) 3R 25 5 1 35 (P<0..05)

2 HERS5HH
2.1 MR Ca XF Cd B T AR Cd &2 160

HIFE L ATRAT L, AN Ca A0 5 WA T S8 % 140 .
Cd Bz, 0.01 mmol/L Cd AbBE 5 d J5 , B35 1k 4 1 g 120
Cd F ALK E] T 137.00 pg/g B, MIA 20 mmol/L - g 1001 b
Ca J5F UEHRPY Cd 7 BEIEE 68. 17 po/s 8ETE H— 53 %) T
Cd A FBFEA T 50.24% (P<0.01) . B L
2.2 AN Ca Xt Cd A F S 370 2R (R ©

SN Ca % Cd Mt S 45 25 7 70 R UR UK A0 B L
ARE(F 1), TSR3 2. (1) B— Cd fa T B 0 cd Cd+Ca

S5 40 B Experimental treatment

TR Ca S HL X HRIE N T 0. 84% , M AME Ca AbHE

fifi Ca L HLIEH KRS T 57.98% (P<0.01), (2)

LXRAH L, Cd e BEAR T 2R 3RS Fe (Cu Mn Na Zn, o000

B B, 4353 Xt R AELEY 80. 85% (P<0.05) \81.34% i Al e RIAAL T 2 5% . % ( P<0.05) ; 0 #J; Cd; Cd
(P<0.05).29.96% (P<0.01).80.88% .74.32% ., A:Pi4; Cd+Ca: Cd+Ca RLFHZ

66.71% , ANE Ca AP , iR I0E & 40 Bk 5 1E

HAEAY 88.89% 97.60% .40.56% 94.46% 91.73% 97.17% ., Hiit/3rHrW, 4N Ca XF Cd A F Cu &
ALK, 22 57K B R #F KV (P<0.05) . (3) Hi— Cd ZLFRAERSAR N P K & & 13 [ Ry 4T BB Y
87.88% (P<0.05) .88.94% (P<0.05) ,M4ME Ca T AT i/ A BN K9 1. 28 £5F1 1. 14 £, 4t

B 1 4ME Ca 3t Cd BB TEE Cd EE/IF M

Fig.1 Effect of exogenous Ca on Cd content in H. verticillata
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BRI, Cd A BRA1Y Cd+Ca ALPRLLZ 8] P K 75 25 5 BA B B KF- (P<0.05)

®1 SMNE Ca Xt Cd BB T BEEF TR WBHI R0

Table 1 Effects of exogenous Ca on nutrient element contents in H. verticillata under Cd stress ( mean+SD)

BRILE SCEGALFE Experimental treatment
Nutrients/ ( pg/g fif ) it H# Control Cd Ab#4 Cd treatment Cd+Ca ZbF4] Cd+Ca treatment

Ca 992.33+2.89 b 1000.67+55.34 b 1567.67+174.03 a
P 1158.00+72.64 a 1017.67+56.32 b 1301.50+74.25 a
K 5123.67+314.36 a 4557.00+71.02 b 5191.00+206.48 a
Fe 33.60+2.43 a 27.17£2.71 b 29.87+1.94 ab
Cu 4.02+0.23 a 3.27+0.12 b 3.92+0.48 a
Mn 2.75+0.49 a 0.83+0.05 b 1.12+£0.12 b
Na 373.00+61.44 a 301.67+47.51 a 352.33+£72.50 a
Zn 8.39+1.52 a 6.23+0.86 a 7.69+0.98 a
B 1.30+0.11 a 0.87+0.41 a 1.26+0.43 a

2.3 SN Ca X} Cd Bl N RELA AR ST EMIRE o/b [ER5 M

HYDEAE ORAKTFLI I FE a/b (H KN LB R MOL A E R BE T 5855, W 2 iR . Cd Wria
flintoR R a 4R b KIS MR AMERER a/b (E 53 5] % R IY 36. 53% (P<0.01) ,52.90% (P<0.05) .
77.64% 66.63% (P<0.05) , M#MAME Ca J5, B4 035 28] T 1EH KF 14 60. 71% 71. 48% . 79. 89%
83.60% . Giil T, 4k a KVAE 2 FORRIE A& T 22 2 B35 (P<0.01) . LAl LUE HAME Ca
HE—E R R T Cd s i s G A R IR

F2 MNECaX CAIMETERXAEGBESENMHEE a/b EHNZM

Table 2 Effects of exogenous Ca on photosynthetic pigment contents and chlorophyll a/b ratio in H. verticillata under Cd stress ( mean=SD)

S AL P MERE o/ (mg/g fifE) MR b/ (mg/g B ) FEHE PR/ (my/g fifH) M2t &R a/b
Experimental treatment Chlorophyll a Chlorophyll b Carotenoid Chlorophyll a/b
X B Control 0.505+0.017 a 0.210+0.042 a 0.149+0.036 a 2.48+0.58 a
Cd b4 Cd treatment 0.184+0.043 ¢ 0.111+0.019 b 0.116+0.021 a 1.66+0.18 b
Cd+Ca AbHE4 Cd+Ca treatment 0.307+0.036 b 0.150+0. 028 ab 0.119+0.026 a 2.08+0.33 ab
2.4 SN Ca X Cd W R AIEVEER S BRI 300
e N a
RN SRR R o | :
z—. hE2 T, cd BRap s T R EiEEn 3§ L I
N % r b
P bk XK IE 3 KT 74.40% (P<0.01)  TiSME Ca G5 " T
e fg N =1 PIN)
Qb B i 55 G A T R R Rk B A AY HE 150
0.77% . BEHAHHIAN I Ca S A bz E5 |
TR R A R 22 SRR E B E K (P<0.05) . 2
2.5 SN CaXf Cd B TSI ER AT A 2
=N =7 I I |
Y E!/‘ ] ‘ ‘ 0 0 cd Cd+Ca
R 2R AT 5 T A 2 L 0 S N VP o )98 3 O %Hi4b 8 Experimental treatment

W W3 P ,0.01 mmol/L Cd BHEM WA @y g cant cameTRETEREE 2 RIOLE

T T B s A O i R 1Y A i, A BT BB K Y Fig.2  Effect of exogenous Ca on soluble protein content in H.
2. 08 f%(P<0.01) ,TAMNE Ca R PRS2 R & F Ul verticillata under Cd stress

XFIRAY 1.47 45, Ve AMNE Ca 7E—ERE F22# T Cd

il B (R IR 2 B PR, Seit b, Cd 55 Cd+Ca 2 FRALBRIAMF T AR & i 22 S5 W e 3%
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(P<0.01),
& 4 A[ LA H,0. 01 mmol/L Cd il i BASEEAR 250 -
A PERE ) S AN A X RRAY 43, 43% (P<0.01) , Jiti il
20 mmol/L Ca NI Hk 5 1E # /K1) 54.28% , X it
ANt Ca JRHE T AIE BRI A8, GEitorir &M, Cd 4t
5 Cd+Ca Ab3Z [R] PT M 0E 5 2 1 22 55 31 1 20K
F-(P<0.05) .
2.6 AP Ca X Cd i K R T-AOC HYSENA
WE s Jros, Cd MrE o E AR T AREER T-A0C,

3
(=3
(=]

—
W
(=}

T

o

—_
(=3
(=]

H o

JHi %2 & & Proline content/(ug/g i )

X HEIK -1 73. 46% (P<0.05) , T Jiti il 20 mmol/L Ca 50 L
DM =GR B IE W ER 97. 69% . Sttt /b2 B, jiti hn &

J5 Ca FIF— Cd AbFEZZ [8] T-AOC 245 1.3 (P<0.05) 0 ; — R
2.7 % y)g Ca XqL Cd Hﬁ‘iﬁ? 7’% GSH Fl1 AsA g%g@ S AP Experimental treatment

=

I B3 SNE Cadf Cd BvE T 2RI EME BHTM

GSH HI AsA JEAEYIERNPIFN B Z B /N3 PR Fig.3  Effect of exogenous Ca on proline content in H. verticillata
Y, M 6 A LI H,0.01 mmol/L Cd Ab¥E 5 d J5,  under Cd stress
RBEIAN GSH Fl AsA 5 /=430l A % BRI 51.61% (P<
0.01) F173.94% (P<0.01) , IMijifi il 20 mmol/L Ca J5 ,GSH 1 AsA & & T, 4355 3 1EH K1) 72. 14% Al
91.86% , Giitsrti#RW,Cd 5 Cd+Ca PiFbIEAAMET GSH Fil AsA & i 22 F 338 B R 27K ¥ (P<0.01) .

45 1

4.0

H »

(%) (%)

=2V
e

=

A

HA o

RIS
g
(=1

Soluble sugar content/(ug/g )
o
W

BPUEALREN
T-AOC /(Ulg 7 )

He

—_
W
T

o
W

—
S
(=] [\S] s (=)} [}
T T T T

Cd Cd+Ca

’ igﬁﬂ‘@ Expgfimental treatmfiiﬂca igﬁﬂ\ﬂ Experimental treatment

(=}
(=]

E 5 SME Caxf Cd BB T &% T-AOC KIS
Fig.5 Effect of exogenous Ca on T-AOC in H. verticillata under

B4 4B Ca ¥t Cd BB TEERAIREHES ST

Fig. 4 Effect of exogenous Ca on soluble sugar content in H.
. Cd stress
verticillata under Cd stress

2.8 HM Ca X Cd i N R NP-SH A1 PCs 75 5 1521

& 7 AT IE H,0.01 mmol/L Cd ZbFHE ¥ 5 d Ji5 ,NP-SH F1 PCs 4 2 1 T-XF BEAK S | 43 31 ok xof B
1 1. 18 ff5(P<0.05) Fl 1.77 £ ( P<0.01) , Mi#Miti 20 mmol/L Ca i NP-SH 1 PCs 7 43 5 Jy % B 1. 03 £
AL 3UAE, Gih TR, PCs & e 2 FIALBA T 22 ik B B 3 7K F- (P<0.01)
3 iFig

Cd XK A=) 0 B B 2 RPN I A R B0 20 P ARSI T 45 1 ,0. 01 mmol/L Cd 4b#E 5 d
Jo , BB R 2R EEF AR e gk e MR A A T R R R SRR SR, AR Ca
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W BEAE— R R L b S fiff i LERE AR, DTS 588 SR XS Cd il Tt 24

80
a OGSH & AsA [ NP-SH @ PCs
70 ¢

W
S
T

GSHMASAE &
GSH and AsA content/(mg/g i)
W
B
3

NP-SHHIPCs &
NP-SH and PCs content/(umol/g f{ T )
[y} (98]
(=] (=]

J—
S
T

(=1

0 Cd Cd+Ca 523 kb3 Experimental treatment
S155 4b B Experimental treatment FALAEIR Experimental treatmen

B 7 5MR CaXt CdFfi8 T2 NP-SH 71 PCs & EHIRIT
Fig.7 Effects of exogenous Ca on NP-SH and PCs content in H.

6 SME Ca 3T Cd B T 2% GSH 71 AsA 2=/ # M

Fig.6 Effects of exogenous Ca on GSH and AsA content in H.

. verticillata under Cd stress
verticillata under Cd stress

Ve I H AR K AR TR e 2, ST Cd AW 3 R shas i, (HA AR REHERR £ shmlic ™ A
g, Cd X B E FRICR B A B WM E I (3R 2) AR LUBZSE S« (1) Cd 35 535 X SR - G {1
LR BB RS R T B T IR A 05 1 55 T Sk 6 A A, AT S EOR RE T I 4 AT (AN P AT K)
FEHMITFREREER ; (2) Cd MIEFRICR Z R 2L A2HM L, a1 ¢d* (1.034) . Zn**(0.83 A) Na'(1.02
A), Cd FIX L Es Toa S 5 s i A T B T iE ' 5 (3) I I ATPase FIIFZE (4 SH % Cd 2 0 BUK, 1N
SHEHKHSREATED, WA, BT Cd ™EHIE T R RE T (B S AE 6 ) 377 Az W A i AP R
FH LR Cd A B 5 45 44 1) 52 3R 1 B BEIR , P aL T SR X & FRon R i, AR, Cd* Al Ca**
DA 38 [ Fr) 3 T 2 A0 6, 8 RO RIZ S I AP AR S 4 0 ARSEIS o i NS Bk BE I AMIR Ca 5, BT
Cd 1 Ca WFEHUAE LW T Ca B3R B2 (1IN, A R 3T Cd PSR MR R A EE sl 55 | RT3 1Y
PP 2R G0t B G 358 (1] 5 IR 6) , 4575 37 0 2R B WIS B 42230 1E 8 /K-

M F A A AN A 4 R R A A AT, HOATE R TS AR R, AR, 0. 01
mmol/L Cd Zb¥E 5 d J&5 , FAHEEXT Cd AWM Z 1 m (1& 1), SESEAE AR ST Ak BE T (B 5) RN F ORI
(GSH il AsA) (1l 6) 7K V-9 8 2 T B, 3 MR A 1 N 17 8 il 37 S Ak e 7y IXURS: | [RI B i 38 (32 2) a1
S (1 2) B R R Ul A vk B Cd B PR e i A 8 A S AR A %5 L AN Ca ARB , SRR Cd (IR
Wi RRAI, RIS B 5 T AR N /N TR 5 (1 6) FLE BT S8 AR /K (BT S ), AT B 5 1 X6 S )
PP VE, X X R Al e AR AR T A R, I EE RN AR 1A TR A A ] - e B R o SRk

ORI, IR B BV YT, 45 R B N R EE A S R R N AL RS R E AR
e 7 RS R B T I BRIE PR SAAL , B AR A R A0 M98 5 - T NADH/NAD® L] 4 pH (B DA B AR
TS AR R B AT M X Cd W2 i i 0, S R A PR 1 e Rt R i R (I 3) L
HMIE Ca AbBRJE , IR & 5 L TR B AT s 55 , Xt A 55 — A B BB AR Ca 7E— @ FRE LI T Cd
XA SR VB R 5 A — R EE LA B R Y, TR AR N TR S B TE Cd ME SRR T KR TR
(E 4) 55NN Cd A i a G R S B @523 UL OB A 1EH R G2 B3R, Wi fiis &
FEMID TS RS AR A R o 2 B T AR B RN M AR TN 3 B FE A AN R Ca SR
PRPRAR DY AT R O R RN . El-Naggar S5t & L, MEMNAMNE Ca 21 T Cd AL B AR /INER i ] V5 PR
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TR IIRART . TR SR R PN ) BB S AN A B B TR T RE T, SRR A M 45 F R T BE A SE M, A
Mg E R E4 R Cd W IE N RE ST

N T BRI R AR, MR AAE N AR TR R T — B PR R, AR DT A A R SR B B A b
Z 45 (GSH,NP-SH Fll PCs %) 2! | Az B NP-SH 75 Cd A F 2 (18 7) , Nouairi 25
NI T Cd A IE T BRER Ehil 5 f2 i APS IR IRl FN 22 4 8 2 e A R i 1 iX 5 Mishra
FIGERAAF SOk, B— Cd A HE GSH F PR (181 6) , X & GSH 1B PCs YA T A S 5
T PCs A ALY, PCs BAYIERNHES BB FWEEKSHEESBE & Cys IZAK™, PCs 1813 HR L5
4R B THA RIS, vl 40 P 3 2 A0 T 4 B RO R, DA ek A T 4 R I AR
REZWFITINATE S PCs A e 5 AR %o T 4 S Jh 200 g — b Ja BLAR >4 32 4041 R Szt 2 SRABIE A Cd a6
BEVA S PCs 16 SBMAR N Ay KB BRI 7) , X 5 Tripathi Z89BF8 45— X2l T od a5 S %
G RO (PCS) B AR AL FEHE PCS JE[H (LsPCS1) BYZEik "), i 20 mmol/L Ca J& , B34 4 £ NP-
SH il PCs S AR T H— Cd A PR, 3X 53 B FE Y Ca HI 55 BT Cd B FUMEE EEHA 5, ] i,
Cd Xt PCs (355 FHE 1A Cd X R e ) FEME R4 2 ) — 2 I AH DG EEU0HE PCs AR Cd A B A= 0bmic 4,
{EAFHE— 2B AT

2 LRk AMitiE R R Ca PTG MR Cd XA PR FAE M, HT B MLEE R . (1) Ca 8 &8 5 4 40 i B
= Cd WA A 00 B Cd I, (2) Ca S RRUE BRZEHG) , AERF AN N AN B TP, (3) Ca ANUFE
AT R E IR CR B LR RE M NS G, 530 T — R A B A s TR
VIR N ) Z R BTPEDL ], G T PSR OGS 3R TV PR B PR 5 M 04 A 1 DA B A 5 1 7K P I B R
fLRETI A5
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