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NEERXHEBMEEZMXTIREEHRER
PRI REFNIR &R &K B2

KEF #HKE MmE /7 H

(TLIE RN BB 2 B AR IE B/ RO B K VL AL STl T S 920 %, BT 210014)

W OE U EAE R R AR A AT S0(CCRI-50) 4 AR, B KR, 7T % F [
WK JZ(0.8,4.0,20.0 mmol - L") By Xt # 3£ 3K H BR At 6] 2K = B 3t A9 0 HAAR R SOk R AT
A TANBEEER MR EREFEN DM SRR, dEXRFRMEK=ZFWFH T 410
A EK PR T AR R SRR A e 3 LB (SOD) i AL A B8 (CAT) 1L # 1L 47 B8 (POD)
A b K fE H -ATPase & M, ¥ n 7 0, = A& F 4 H,0,4 ;ALK FRAE X =B A
B AT SR A BT (MPTP) JF AR, R T KRB o M fn 2 g & &
Cyt ¢/a 14.0.8 mmol + 17"ty %2 H K W B A 7] 3K = B 40 7 |4 4ok (R o 2 37 A 80/ ,4.0 Fo
20.0 mmol « L' H xt B A KFBRAE MR A EKFMEREA N IFEATTHE =B L
BRZ AARERXTRAMEARXZBANH TAHERA E KRRy, LK EREE, W H
fER B N RERTRAMER=ZHAERFEZR, KEEHT 4.0 mmol - L' B HZEHEKF
B b 18] 3K = By EL A R Ay 0 4R

KEIR WAL RA; SobK; EE ; K =B

Effects of p-hydroxybenzoic acid and phloroglucinol on mitochondria function and root
growth in cotton ( Gossypium hirsutum L.) seedling roots. ZHANG Guo-wei, YANG Chang-
gin, LIU Rui-xian”, NI Wan-chao ([Institute of Industrial Crops, Jiangsu Academy of Agricultural
Sciences/Key Laboratory of Cotton and Rapeseed in the Lower Reaches of the Yangize River, Ministry
of Agriculture, Nanjing 210014, China).

Abstract: With early-maturing cotton cultivar CCRI-50 widely grown in China as experimental
material, water culture experiment was conducted to study the effects of p-hydroxybenzoic acid and
phloroglucinol with different concentrations (0.8, 4.0, and 20.0 mmol -+ L") on generation rate of
reactive oxygen, changes of antioxidant enzyme activities and mitochondria function of cotton roots.
Results showed that p-hydroxybenzoic acid and phloroglucinol treatments inhibited the cotton root
growth, reduced SOD, POD, CAT and H'-ATPase activities in root mitochondria, increased the

generation rate of O, and H, O, content. In addition, they also increased the opening of
mitochondrial permeability transition pores ( MPTP ), decreased the membrane fluidity and cyto-
chrome c¢/a ( Cyt c/a). Difference of mitochondria function between p-hydroxybenzoic acid and
phloroglucinol treatments was minor at concentration of 0.8 mmol + L™, while the inhibition to root
growth and mitochondria function under treatment of p-hydroxybenzoic acid at concentration of 4.0
and 20.0 mmol - L' was stronger than that of phloroglucinol. Above all, p-hydroxybenzoic acid and
phloroglucinol inhibited antioxidant enzyme activity and mitochondrial function in cotton seedling
roots, and the inhibition depended on dose of phenolic acids. The inhibition to root growth and mito-
chondria function between p-hydroxybenzoic acid and phloroglucinol treatment was different, and
p-hydroxybenzoic acid had stronger inhibition than phloroglucinol at the concentration more than 4.0
mmol - L'

Key words: cotton; root; mitochondria; p-hydroxybenzoic acid; phloroglucinol.
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bR BB L TRy, fe 7 il T i
AEF , 3 AR RS R U | 7™ B R MR A6 A
SRR (R R PR Vi T et 37 AT E SEE g (IS [S0P
FEZRHL, Hor ARk (1 25 1 2 3 18 e 1 1) o 22 Ji [
Z U I AT AR B SRR AR AE AR K 1
EHLHL, G A P Az 7 v 9 3% 1 B0 ) 0 2L A
.

LY 5 FIRS R I gt a2 p 3507 A= AR IR
Jo, %ot ] P LAt 40 A K 7 A — 5 A AR A A
L E SRR R R 3 — i, g A H A B ek
JAmkEY e E P 0,20~ 80 mg - mLT AR AE
FEFFAIRAR TR (& A A8 ) Wl 28 0 i AR AL 4
FkkA K ,1 mmol « L7 T HR | p-7 SR W ndE
PR AN T AR AN B & EAR A AR AR A K 3
H1 125 mg - kg™ REERR I I FHAS 210 AR 28 S Ak P g
HRY 4 mmol - LR B FFIEAR T ETAR R LRk
SRR R S G LR AR SR FH A BF
FEAEWA  RRAETREFE RN A FH v A% o 0 6 5 B 8 R 7] %
=W AR, 2k H R R
B HE— ISR ], 200 mg - LR
R T 5 AR AR A Al T R 2ERD i A 1.3
mg - kg™ TE]2E = 1 B0 0 S IR T & TR 4O
HYER BT 2 B Ak A AT R i A A AR
RARK M AEFAEHLT B AT T AT HRTA
AR B SE 22 4 rP AL AR B /K751 FE 4
Jit f8 KB RIS b

FEYIAR ZRZR A A A R B AR a1y 2 22
Gl ARG PR (ROS) 772 A 1 TR PEAR AL, 1005
JoipiE Tl LA AR 2R AR 7 A KB ROS, $T AL Bl
TETERAN R Cyt o/a ¥R SR LRI H Bl AR
JE AR U A0 A4, HLRE A B[] B ZE K 2R
RS2 AR BE N EE , H -ATPase 16 MERAR, fg i £
WL, K B P SE TS (PCD) 1P HE S B2
2% L IOIT T 3R BH , 2R 1A 65 38 175 M % 40 L ( MPTP )
AT RS PCD R E A MPTP (5 i T
T2 SO 4 A A | 2 AR R 37 ( Ay ) T
ROS A, 40 it 35 o h Ca™ AN, LA K 41 i 6, 25 A
TS TR — R AR AR e )
IS IR A NaCl R 190 55 ip il 24 m] DL i 2k
KR BE, PELAE AR, i ST Ca® W T
I MPTP JF ik, 5 808 st =17 (A i
VR B o Ak A S5 G i 5% M A A6 S (R T BB AR T N
AL KA RFRADE.

AR SC AT FE K AR AR AL i Bl CCRI-50

FARE, TR ABIRFE 8 52 525 FY R R0 1) 2 = [ S A AE AR
FRALRANRERMR R A KB, DL — 20 T A
FAR S 5 XA AR AR 2R 1) 475 35 LB, S fifp R 32 A i
T HE PR AR

1 #R5E7EE

1.1 e 5l ik

R T 2015 4 3 HEEIT A LR B AT
AEE AT, DL R T FR AR A% 48 54 A CCRI-50 4
ERE, BB KBRS A28 3.0% (v/v) ISR IK IH
10 min J5 , FHEB FK ok 5 0, 3% Fh T 35 .
FEHAAREE 2 7 B R IT AT, B K S5 — B R 1E &)
A 30 cmx20 cmx16 em (K xTEx5) W R,
YR ZEAL AL A A 2 I, R S TR AR [
FE TR A 6 BRI

HR PG AEFE FTI2 B0 Ak B Jot & it A v 45
T - S8k ey Jo e B R iU A R ok
PR S I R D 1) 2 = Ty S IF 9 % B2, s 4 I
Y% & 0.8 4.0 F120.0 mmol - L' 3 PHRIE ST
TR ST R R 2 5 2 T R R ) = B s i, 2 s
FHEE Hoagland 75 R BCR H AR B A H A5 20V FE 43 5
49 0.8.4.0 120.0 mmol - L', /] HC1 #75 pH (& Ky
7.0 %4 0.8 4.0 F120.0 mmol « L™ AR FEHE I
FR(A, A, A,) FIE] K = (B, .B,.B;) i Hoagland
BIRW I A SR e 56 546 5.0 L, LL4l Hoag-
land EF5W XTI (CK) 3 WEE A K SO MR
YIENET , 658 (450+30) pmol « m™2 - s, G A ]
12 h, BRIREE(30+2) C/(25£2)°C .5 K11
a2 B KRN FE R 2B TTEAE R K 5, IS
24 hEAE 3 d ERGE IR 1 IR TEAL IS 5 20
KEUREFEATAHOCHE AR E .
1.2 WENESIE
L2 1 RAEEY = BEK ERMRRENE 7
b FRZE SR A T AT 6 R AR, BY BURR 254
ZEEAK Pk, ] Win-RHIZO 1R RIE 47 & 4 00
MR B BRI 4 EAR , 2 )5 5350 0 fR R LT
MR T, #8027 ZIR H TTC 742 MR R T
3T AR R A e b A A= AL S B
1. 2.2 RAIRAGIR L 2 IR A TS S0 A 5 vk SR L
HRR LR AR AEAR R HZEIRK R, BYH 3.0 ¢ R
KT, InAL R AR LB (0.4 mol - L7
B¥#,0.05 mol - L™ pH 7.4 Tris-HCl %% #h ¥, 1
mmol « L' EDTA) 2 mL, vKIEWFAI3E , 1500 xg &5
0> 15 min, EI T 14000 xg 2.0 15 min, JUHEN
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SRR, PRI 3 IR, FHZR AR BRI (BRI ED-
TA &b, HA R #W8) &%, 2R IRRERE S
Huang 270 {75 1 0 /2 R AR R A 5 & =, 2 5
FE A TCLE VKA AR AT, T 5 LAt B i B 26
R V5 T A B B R 2

1.2.3 Zkifk O, A M H,0, & &t
U e iR 0, " AR G #. 2 BE Zheng
PR E 0,0, % &, A s, B 1 mL
Ab R 5 BOR Tk, 45 A 1 mL 0.1
mol - Lflﬁ}'q%@ﬁ?j;f@{@i( pH 7.0) #12 mL 1 mol + L !
1) KL, ¥257, U8 20 min, 390 nm AR E T OG(H.

1. 2. 4 LRRIAPUSEALBHE YD E 218 Zheng 55
175, F NBT i Ji 2 0 22 68 48 Ak P57 {L 7§ ( SOD )
WM AR 5 vk D i S A I (POD) ) 1
v s 0 1 o S A U ( CAT) 1 1.

1. 2.5 2R A 538 37 1 % ¥ fL (MPTP ) (i (L %
Cyt o/a SRR B S MR MPTP il % = B&
Marchi 25" (1475 1 W SR A48 BUR 78 73 8 51, DA
B TR AR FR LR S RS 19 R A B B AR AR
7% MPTP JT R RE .

P Z Cyt o/a [EAYIE S IR Tonshin %524
(7, P B ERAAR ] 0.2% (W/V) BSA &%, #
BEIFWIT T ERPAE IR IEZH 0.5 mg « mL™.
FHEE AN G EETHAG I 550 F1 630 nm &b A4 W Wi .
PRI K AW (2 LB A 40 €36 LM Cyt o/a.

LR VR B 2 HR Dk s 0 A ) k0 AT
B2 0.3 mL 2R ARFEBOR , A 2.85 mL 0.3 mol + L'
HE#EE A 60 wL 5 mmol - L7 8-7K JHz-1-Z% fiffi 2
(ANS).1 min J5 205 EOEEETHINE | R E =
IR(22 °C) , R K 400 nm, & SH% K 480 nm, Bk
HETERE S5 nm. DL BT AR R M ZORLR S R 58t
588 R IR S B RN
1. 2. 6 ZKi AN H -ATPase TH P E 5 MR A
SRS B i AT RE
1.3 b

K H Microsoft Excel %4 A4 B4 11 i iz Al
HlVEZAE  H SPSS 17.0 Ge it 447 75 25 43 Fr ,
LSD A6 90 b 3L 8] ~F- 35 {8 1) 22 S5 b 2 Pk, S 2 kK
FREE a=0.05.

2 ERESH

2.1 R FEHER IR AR 2 = M AR AEAR R A W
LEESI 208 LAV S Tpa AL
FHY 1 RT AT X 5 e R Y R ) = gy 4 B I

Z: M Tan

F1 MNEEFXFBRMEX=BMNBERZEVE. SR
KRREHEERMRRFANZ M

Table 1 Effects of p-hydroxybenzoic acid and phlorogluci-
nol on biomass, total root length, average root diameter
and root vigor of cotton root

b3 WEEYE  BHRK WEF WREH
Treat- Root Total root HEE Root vigor
ment biomass length Average root (g g’! -
per plant (mm) diameter h™! FM)
(g) (mm)
CK 0.3%4a 1166.3a 0.35g 345.7a
A, 0.276b 884.3b 0.40e 266.4b
A, 0.164d 371.6d 0.48¢ 166.2d
A, 0.112f 295.6e 0.52a 116.4f
B, 0.284b 902.3b 0.38f 251.5b
B, 0.179¢ 582.6¢ 0.46d 185.4¢
B, 0.128e 384.2d 0.50b 134.3¢

CK: %1 Control; A, A, A, F1 B, B, B34 5I3/K 0.8.4.0 A1 20.0
mmol + L™ R} ¥ 56 5 H R I 4 M) Ab B A, , A,, A, and B,
B,, B, indicated 0.8, 4.0 and 20.0 mmol - L' p-hydroxybenzoic acid
and phloroglucinol treatments, respectively. [F]51 7 [ 51 K 7R 22 55
2 (P<0.05) Different letters within the same column meant significant
difference at 0.05 level. T [F] The same below.

AR TARAEAR R A SRR R 35 77, 3
THREZRVHEA.20.0 mmol - L ") 4] 8 558 B iR
FER = b BT AR AR R A BAR KRR R
T 103 90 e 3o BB FEAR 71. 5% F167.5%  74. 6% Fi
67.1% .66.3% 1 61.2% , 1 #i F2 - 45 AR A1 43 1] 34
11 48.5% F11 40.0% . P FRFH 8] L3 A B, W B2 2R 0.8
mmol « L™, X R SR H R A B AR 2271 ELAR
TR = Ab B AR AR AR 5 R = Iy b #E 22 RR
W WK 4.0 F1120.0 mmol - L7, X LK H
FRALFRIAR R AR R BAR K AR R 96 1 B KT
[ = T Ab 3L TATAR 3211 ELAR 8 T ) 2R = I Ab 2.
2.2 RFFERBEDR R A (R] R = T XA A6 AR R LR
0, A HUE R A H,0, & = A5

I Xof 358 5 2 Y R A ) R — ok B8 T 5, A AE AR
0, MM H, 0, & & & W T, 20.0
mmol + L™ XEEFIR R A0 2K =y Ab B R, 0, 7=
AR A H, 0, &% 1 40 B BT & 109. 9% F
87.3% .196.2% Fl1 163.3%. P Fik 7 [a] L&, We J
0.8 mmol - L™'H} O, " f= A= 1 H,0, &% &2 7 A
T WA 4.0 F120.0 mmol - LB ¥ B4 HH i
AFRAY O, 7R SR H,0, & B B TR
A HE(E ).
2.3 PRI R R [B) 25 = X AR AR AR AR Lok 1R
PSRl T 114 5 )

F L 2 T 2R X 3 e 2SR ) — iy e
ThEs  KAAEHR R R SOD 3 1t 5 2 PR AR, e 1
0.8 mmol + L' B AP [H] SOD {if 425 A B 3
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®EE B8 15 |
.ﬂ.4 gTao d oQ & c c ¢
SE 3¢ Q% 10}
S5 E,
H il
0 . . . 0 . . . . . . )
12 _?_ R 25 -
b b T a
g0l + . ] LR
= 8 c
W E & d d wE E i
@“ § w 6 | i § 15 q d
(@) S -E a a T, d
) o [ 8 8 EJ 10 [
ERE £
o Sy
N
0 L L L 0 . . . . . . ,
CK A A A B B B
4t 7 Treatment 16 r
ey N N b — AN - = 14  a
1 XEESEAR I R R A R 4R K 0, 2 Iolft
WA H,0, 7 R 980 Wit |
Fig.1 Effects of p-hydroxybenzoic acid and phloroglucinol on ﬁég %J 8 b be be be w
generation rate of O, * and H,0, content in cotton root mitochon- S g g: 6 d
dria. E 4
ARG ERE R 78 AN [ Ak B 1) 22 57+ 8. 25 ( P<0.05) Different small 2
letters indicated significant difference among differont treatments at 0.05 0 . . : : : : !
CK A A A B B B

level. T [A] The same below.

WeFEF 4.0 F120.0 mmol - L7 I R 32 5 € FHY R A 3
T SOD &P I 3 5 T E) 2K = AL #E.0.8 mol - L™
MBI H R AL FER POD FE R R T BE | 24 e B 4k
2Tt , POD 16 P 5 2 F I, 18] 8 =5 40 3 F POD
T DU o Ak 3 v T AT, PR ) b, vk
JEN 4.0 mmol - L™'iF POD i P 22 55 R W 2 ) vk &
4 20.0 mmol - L™ B Xf B2 FL K H R AL BE R POD 1%
PR K T 18] 4 = W b BELXF T CAT 3§ 1E, 0.8
mmol + L™ X F2 IR I 8 A1 (1] 2 = [y b 3 R v i 35
B CAT J5 1, Bifi 5 A B v B8 Ak 5 T i, ) 2 = Iy
JEFETR CAT IE PERFLEREAIS, I X6 F8 308 H R A 38
CAT JEPEARE# /N, 7F 20.0 mmol « L7 ¥R E T X2
SO RRAC R CAT 76 M i 3 5 T a1 28 =y kb 2.
2.4 XPFERIEIR HH I R[] R = T X A AR AR R LR ik
JE Ty BE B 5% M

LR A BT IR AE 540 nm Ak BT B RE A% S
MPTP FFREEE B AR 4k, MO B BRI, MPTP i 2
JERK b 5 1Y) MPTP JFJ5ORE BE T SR 2 ki AR D
VAR ESE T I 3 AT BE T R R
FH R R0 (B A% = T V4 B85 -8 , MPTP 3 2 B 3% W 3
K, PR ) e g, v 0.8 F14.0 mmol + LA}
MPTP 2% 5 3% W 9 20.0 mmol - LI X2 3

4k 2 Treatment

2 ORI B R R[] 2K = i X AR AR AR R R AR BT AL
TR P RS2
Fig.2 Effects of p-hydroxybenzoic acid and phloroglucinol on

antioxidant enzyme activities in cotton root mitochondria.

AHRACHLT MPTP FF R B W 25 0 T h) o8 = 1
AbH.

JEEIAE 20 1 1 el AR R DA A g JEE ) e 1) AR
P2 Sk 35 RS Y ) R T VR B T T
Bl B B AR G B, 50 1a] b A, WS 0.8 i
4.0 mmol - 17" Ay i 355 3 2K R Ak BT 194 35 B Pk
WFMT AR =B AL B e B2 20.0 mmol - L7
B ) 28 5 AN 2

Cyt c/a JWLZER AR N Cyt o B & /9 A0 XF A2
AR R X R R R N ) R = R R T
Cyt c/aZit [EARE S W Aian B] i, v 2R 4.0 Fil
20.0 mmol + L7'B} Cyt ¢/a Z5 AN RE, WEHN 0.8
mmol + L7 SR 52 B FH iR Ab B A Cyt ¢/a BEKT
(B2 = A 2.

2.5 OOFFERBEA TR AN [A] AE = 1 XA AE AR AR BRI
H*-ATPase 1150

H P 4 TR it X 3 R 24 P R ) R = 1y ik 32

FtE , H -ATPase 614 32 #F# 41X, 20.0 mmol - L'
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X FR HE R VR A ] R =1 A B R H' -ATPase 1 P53
AT BRIRAR 71.9% F1 60.9% . F Al ) 7] Le 4, e
0.8 mmol « L' H*-ATPase I 1E 2= H AR,
HeFEE R 4.0 F120.0 mmol - L7 I Xl 32 J5 248 FHY R A 3t
T H*-ATPase 15V i E K T 0] 28 =Wy b #4.
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Fig.3 Effects of p-hydroxybenzoic acid and phloroglucinol on
MPTP, membrane fluidity and Cyt ¢/a in cotton root mitochon-
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ATPase i 4 1) 5% 1H
Fig.4 Effects of p-hydroxybenzoic acid and phloroglucinol on

dria.
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H"-ATPase activity in cotton root mitochondria.

3 i

R SEAE YRR 5 FIBT B8 FR 0 FE R E
HIE ST TIAEAR AR S LH&%%*E%%’T‘(HX?%/ \EI’J
AEJ AEAR AW W0 Z5 A T AR AR IR e IR
T8 o B AR AR F I S Ao A Uﬁf“ﬂfﬁﬂj}k
ARBIFE R RT3 i 2 YR R I 4 = 13 ¥k 8 1) T o
FRAEAR A Wi | ARG AR R0 4R 82 AR, T AR
FOPHHAR BRI X 54 AR AR R 2
PEW (A A o ) Ak 3 A 2 AR R A T 2 R —
i, FRBIHE F A B 152 3 400 k) S A2 A e A
Py AR RN R dt A Ak 1Y) 32 B2 A0 M2 | LS8 B M X
A AS RS D RE A i % T AR, R
S F L AR I R EEARAL, AR B B 52 R A R
32 ARBITSE o R T IR K = ok 3
FRAEAR RERifA H,0, & 5 F 0, fiﬁiﬁ?ﬂf—] it
AL i 5 PR D) S R IR E %, X 55 Baziramakenga
S50 R B R A FR R T 4 R — B, LD R e
Vi) e A T M AR ) 1 0 AT Tl 5 i, B
it SR | e 20 P AUV R BE D AR, T E LA G
BEATR, SO 1 376 P40 SRR, o I AR G 3 Pl B ™ T Y
At
LR AE B YE R i FL (MPTP ) 2 1 5 2ok 4 1y
HMIFEZ [8] AR R 46 1 5 F PR S, o S AR T 5
ek LA T R P A . MPTP JFJORE BE R, 4k
PR3 25 P K, MPTP 7 IE 6 A= B 2% 1R R J] 30
TEI, HEFF AR AR A LA 2 7, DR S A Jt ol 1
(1 38 27 A 8 v S 8 R R ) % = 1 A 3
PIfest T MPTP JFJ, 3 BH AR B 14 52 B 1k 1 2]
IR, TSR sh P AT Cyt o/a IR ZRAAE B Z 1
Cyt ¢ Lo 2R A E A Ao vh , s B2 A S
T BE LRI Cyt ¢ M2 A 7 i 1A Y
JBE BT Cyt o JUPBERE 2 &5 FELRORLIR AR 120 ol
(05 PR SR — 1T T LA MPTP M8 A 5 A5
SEALR I, AR MPTP FFI, 55— T2k
SRR ARL AT 5 R LA, 5 BOBE TR S PERRARE T
MPTP (3 FEA T TT AT PLS R Cyt ¢ IR KL A
NI 5 T ok AR, 38 A Cyt o/a AR, ]
B, 2 5T Y Cyt e v DA 25 2 e = R 1Y
RAF IR H /KB ( cysteinyl aspartate specific pro-
teinase, caspase) , ﬁ%ﬁ‘éﬁﬂﬂ@ﬁ@*ﬁf?‘@%tm] I
AN AERVEEE B AL A KL Cyt ¢
E’J‘bﬁ%]ﬁ“Tiﬁbﬁ%?ﬁfﬁ%m AT 7 Az B 22 3 1
S, T MPTP i JF i, 3X 5 Ciniglia 55" it 8
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ALY ) WHWW ( walnut green husk waste
Wdters)*ﬂ]ﬁ?‘lﬂi**ﬁ%éﬁ*ﬁﬁ:lﬁﬁg\Ejﬁﬁﬂ‘%}?‘@%ﬁ
2R —3K.

LR H' -ATPase J&REE A 1) —FP AR R
G LK ATP BRI RE 5, #E AT 300V B2 BE 1)
B s WM ORFRE 40 M N 0 B -k BE AR R
DAAE RS A 4 A 10 0 A BRI O A o e
FH R AT ) = B A B SRR | HY -ATPase 1%
PET B, UL ZR A N PR AT BN B8 F % s HIL
AL, X5 Hejl 7 & (LY B 7 SR R 4
WP Ak B T A R — 8, S AR
MPTP R SR Cyt o/a B A

FE P X6 AN [e) A S AR ) ot S W AP TR R 25 ¢
BTG A T I [ A A B R X R OR Y 1R
XoF 7K A 4 1R ZR AR A B A AR R T BT B R, T
Jung 25T RFFT F W [ S PR R T 1) A% AR AR
AR B B0 FH R [R2R =1, ;X 5 ARWF 5 4.0
F120.0 mmol - L™ XJ 85 H R b BT AR AL AR R A=
KAMRIE R T 0] 248 =13 1y 45 SR A — 3, BT 5
R FH A3 o R B YR 35 i iy T IRIR =1
(e v X R R R R R ) R = % 43 O
1.5~5.7 mg - kg F10.7~1.6 mg « kg™") "™ X pt—
AU TR B R EE o R B8 F B VR 1 1) 3 3
RFIEZR =Wy st Ah 72 K AR 7 op R ARk AN AT
G 1 0 - S AR 5T (HUE RS AR IR HATY A i i
AR AR O ) | 3 5 ARHIF 5 Hh P R L) S5 2
IVHIR R AR, FEIEH AW 5EATE KIS 5%
P I , Wik 35 24 5 K H A 58 A fb 2 21 AT A7
AR LS 7E 135 o I 95 BB 7 22 % JE RS FF38 [
R NN, o 2275 I8 I B AR S A 2
PR BRI 5t 1 B8 e Ak B A R 1 5% 1) A F 5
IR TEAN AR KT L RE T 08 B R o 1) 4 =
1y X R AR 2R 40 S LR (ER AT 5 o — 25 T J AR

A TEAE -3 v X R A TR R[] 4 = 1y 5 e 3l A58
ARRAISE , DL BT K EH BR 5 vh v b Ak 8% ) Jo XoF A 46
G NN

25 L TIR R ¥ A PR R R (1) 28 = 13 347 mT 4000
Ui ) RGN 7 SR i = WA E < (i WS A ZN
H'-ATPase .SOD .CAT F1 POD 3%, {ff MPTP J i
FREERS K, B S MR, 40 (5 R Cyt o/a fHF
56 5 B VAR B (%) 380, o i 4B AR R I 5 4 R %o 2
FORH R AR = A SUR A 22 5 RS T
4.0 mmol « LA X3 B HY R L ] 2% =1 HAT B
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