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Exogenous 24-epibrassinolide Enhances Waterlogging Tolerance of Kiwifruit by
Promoting AsA-GSH Cycle
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(College of Horticulture, Hunan Agricultural University, Changsha, Hunan 410128)
Abstract: Kiwifruit (Actinidia chinensis Planch.) is a characteristic fruit tree in China. Its fleshy root system makes it extremely sensitive to
waterlogging stress, which has become one of the main abiotic stress factors restricting the high—quality development of the kiwifruit industry.
24—epibrassinolide (24—epiBL), a brassinosteroid (BRs) analog with high activity, plays an important role in regulating plant stress resistance.
The ascorbate—glutathione (AsA—GSH) cycle is the core antioxidant system in plants that scavenges reactive oxygen species (ROS) and
maintains redox balance, and its operation efficiency directly determines the plant’s tolerance to adverse stresses. In this study, "Hongyang”
kiwifruit seedlings were used as test materials, and artificial waterlogging stress was simulated. Different concentrations of 24—epiBL
pretreatment were set to systematically explore the effects of exogenous 24—epiBL on the growth status, oxidative damage and AsA—GSH
cycle system of kiwifruit under waterlogging stress. At the same time, the expression patterns of antioxidant—related genes were analyzed to
clarify the physiological and molecular mechanisms by which 24—epiBL enhances kiwifruit waterlogging tolerance by regulating the
AsA—GSH cycle. The results showed that waterlogging stress significantly inhibited the growth of kiwifruit seedlings, leading to abnormal
plant morphology, reduced biomass accumulation, decreased root activity, and massive accumulation of reactive oxygen species (ROS), which

aggravated membrane lipid peroxidation damage, reduced the activities of key enzymes in the AsSA—GSH cycle (ascorbate peroxidase APX,
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glutathione reductase GR, dehydroascorbate reductase DHAR, monodehydroascorbate reductase MDHAR), destroyed the redox balance of

AsA and GSH, and down-—regulated the expression of antioxidant—related genes. Exogenous 24—epiBL pretreatment could effectively
alleviate the above waterlogging damage, among which 0.1 mg*L™ ' 24—epiBL pretreatment had the best effect. It could significantly improve
the plant morphology of kiwifruit under waterlogging, increase biomass accumulation and root activity; reduce leaf relative conductivity,
malondialdehyde (MDA) content and Hz O, , Oz ~
MDHAR, increase the contents of reduced AsA (AsA) and reduced GSH (GSH), and maintain high AsA/DHA (dehydroascorbate) and
GSH/GSSG (oxidized glutathione) ratios; significantly up—regulate the expression levels of APX gene family, GR gene and GSH synthesis

+ accumulation levels; significantly increase the activities of APX, GR, DHAR and

key genes (Y —ECS, GS). In conclusion, exogenous 24—epiBL can enhance the ROS scavenging capacity in kiwifruit, maintain cellular redox
balance, and reduce membrane lipid peroxidation damage by promoting the efficient operation of the AsSA—GSH cycle, thereby enhancing the
tolerance of kiwifruit to waterlogging stress. This study provides a new technical approach and theoretical basis for kiwifruit

waterlogging—resistant cultivation, and also lays a foundation for in—depth analysis of the molecular mechanism of BRs regulating fruit tree

stress resistance.
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] A 12 h/d, YEREERE A3000~4000 Ix, SR H HREIRS A
TAMCAEZE G R, B lRg B KT RGBSR R
SRR A A B YR RS2 R R IR S AT
LT (121°C, 30 min) AHUS &, K JE BT
pHIE }6.0~6.5, AHUREGE=2%, A . B, #5518
15~20g kg ', 1.0~15g-ke ', 12~18g ke "', fiElf
SEBRERRA I A KT B R 5

MR TR 2E (14825 em, B30 em) W, H4
FEAR IO, Boakm sk, BadeEmk, BETRER
PN ZE 2R, G2 R RIS RE BT, kS T AR,
FrA IR E B H AR RS, #E TR SRS g A 3 . 2 1 40 0] 2 0
WAL AERARDL, SRR ZE, Biaw E, TR
AR AR

IR SE IR G — 1k, BEARR A AR T e R L 25 R
WREKE B, BRES—EH, FoK. e, Hhil
TR G RO — 20 FEATR A MR B E I, SRS
R 10 it — R B E A8 (RE8=15:15:15 ) ¥,
W PE N 0.1% , B BRI FH500 mL , 38 Gt AT 3o 2238 B
2.1.2 24-FIME RN (24-epiBL ) WREEBRE RS

HEi24-epiBLIKFIIG A _FIIRM A DR A R AR, 2
JE=98%, NEGELGMR, HIET OB, MR TK, 5
A, FHICK CBEK24-epiBLYE i, BCHIAL100 mg - Lo "AYRE
W, B TACUGETROGORAT, I FHZ R KRR 2 e
W, MR R P R CBFZORIE < 0.1%, LIS S BERTAR
Wtk &y e A3 % o

S5 AT TS0 45 3R ARG SOk IE , %1851 24-epiBL
BTG PERC R, WREE R T RE SR Rk Al i e AR B AR
W FE AR TE iR B UR , AR SL 815 5 4124 —epiBLTH
AbERYRRE , 43 A0 mg - L7 ' (3EZKXTIR, CK) . 0.05 mg 1.
S (T1) . 0lmg+L *"(T2) . 02mg-L" " (T3),
MR EINES , B EE 1001 . WS as 3R,
0.05~0.2 mg * L~ "f{)24—epi BLIFAL BEX SR Bk 41 i A= 4 JE A
WREMER, HAETE—E R e i, FItkeix
W RO B AT IR 2250

Tk 375 H R I IS 2 S AR e (4 5 2, o
JitaRst , S 25 25 45 24—epi BLIA T4 S BT FE SRRk <l i g
RIESH, HEMN R RS KERIERTETE R 1k, SRR
W% F 240 A 50 mL; HRESHEERT, H424—epiBLIA %1% DE
BRIGETT, BT RZ)H200 mL, IR RIEEER
FJE L TRUALBRE R E E N T3 d, RERTAN IR, %
SETALIES d, Xof RZE W it A e S i TR /K (50.1% B ),
B ORAE R SRR — Bk

FiALFRIBIR], SE DS AET A RRDL , R B

-006°

Ak, BiRg R A RIS, ALk EE%
SRR, BB R R A P R A 1 A, R R S5 GO
il
2.1.3 PiEBME I R

ARSI R PN AT a1 75 2, S8R0 0 S0k
BT, IS B IR i i AR R, il B AL
BT %, Wi M0 E 24—epi BLIAL BREE TS 1A T, BRI
WIF < B2t i FA A SR AEASk 20y 1 32 [R] 9 e 2 — A T A KA
SRKAE R, KA I AZRAR K, KT R AR
JEFETE 2~3 em, B RFET T8 K HE T, TE RCET 5 i PR 5T

i A IR], CRASERE YRR AR, B IR A
ZEIBK, IRANK A3 28 K i U K, [T 2 0 S AR P
ZEIROK, SRR BUEA, S SR A L L IR N B |
MRS | GRS R — B0, SRS IR PR EE 5%
PERRIED, PR 35 o S0 B] B PR B A5 AR E o

R T ARG E WA B SRS, 7 WA S ) 1
K15 d, AR FEMa0 d CPHanT) © 3d. 6d. 9d. 12
d. 15 AR TRAE, MEAHOCHR bR RIS, T iR H K
XPIRZ (AHEA T 5 bhE , HAbAL P 550800 —20) , 1T
XoF LU A3 B 7 35 A0 X B Bk 41 1 14 52 ) 2 24 —epi LI I8 4
YEH

B E AN, ARSI IE ARk S i TR AR
fb, GAEM R Bt MR R ZEFPIRE . RRARIR
LA, B BPIC SR8y A X 4 i f G O, A s Ses bR
FE SRS . AL AE T 0L, MEHE SRt
ToRFRIE R, THASET R,
2.2 LI HI
2.2.1 JrEHACTHE (XF RREH /W5 35 2H/24—-epi BLTAL FHZH )

ARSI e R RENLR T, B S IAL, 43500
(1) IEFXZ (CK1) : A 724-epiBLEULHE, Ak
TErEMa , IERHK, CRIFEEBTIRIE (BB S K ik H H
FKEM70%~80% ) 5 (2) PigXTHRZE (CK2) « AT
24—-epiBLIALHE, #FATHiFMME , 3T F2.1.3; (3)
0.05 mg ‘L~ " 24—epiBLIIALF4+35 41 (T1 )« #£470.05 mg L
© 1 24-epiBLFIANEE (AbEEF7ECN2.1.2) , FUALPREE RS IE
P %A ; (4)0.1 mg L ' 24—epiBLFAL B+ 15 EZH( T2 ).
P170.1 mg + L " 24—epiBLFIANEE, FUALFRLS o 5001 15 %
it (5) 02mg+ L " 24—epiBLIAL B+ 34 (T3) .
#1702 mg + L~ ' 24-epiBLIALIY, FAbIEE oS HEA T8 3
[iSIE

AR EIN Y EE, BAEE 10,
T 1S0MRZ T . FTA A B A A AR 25 . A8 B il P
Fr—3, WafRac R MR SEbE . g AR, AR
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AL FRA A, ko A DR S B0 45 SR i, on,
K HERE . BEiti24-epiBLAFERAEYH IR GE—HRifEHEA T, Bl
A PR A A R B

OYHANER)E , E RIS A FRAA A B AR ROIRIE , ek
WL . FERE | JET REIEIR, NSRRI
FEATI 2 A o RIS, T RO A R ) IR 55—
e, WL TR CIRAE BT IR R 1 25 T S A
o 7
2.2.2 RAEER] SBCE

N T BAS S BTEE A T BRAERk4) i 0 AR A fb R Ak
Ke24-epiBLEYIATENE M, A SCEG B 61 RAFIITE] 5, 731
HrBiEMHA0 d (BI24—epiBLIALBRES AT, P5 E WA FF 4G
Ai) . 3d. 6d, 9d, 12d. 15d. BEANEFE]SSREERE, M
RN FRA R PRGN, I 45tk
(SR x 3N TEE x 3R ), BRORAE R RELIE R
R

FAEIROL AT PR 7 OISR S 8 3~4 i)
FMRAR, MR REESS, FIZEMRK b, FHUEAUR T2
IKGY SRR3R 43 P IE AR HL 38 L MDA & 3
Hy 0, &8, 0, - - AEHORSSENR, L RVHETIE; )
— B3 I 2 AsA-GSHAR PR JCEE 1% 1 . AsAFIGSH &
i, DIPTSR A R R IRAE
B 545 2 -80 CUKFE I IR FE, & H.

HRFRAEN, /N4l AR I , HZRRK R
RO PRAR R R R, RS R, TR T R K
a5, RS Gy s — T IEAR R IE 7, Sr BRI E 5
T35 FHTI0 22 A DG A R AR A EE R 2R8I AR
A TRIRAT, 5R8 2 -80°CUKA P IRAT, M.

KA AR, AR ERAE, RS B Y, B
PRAE it 1) 52 B AR i 2 . A I ) A 8 R AR AE ] — I
[F1] 5 B, 388 s PR SRR I [ 28 ot S 0 485 SR s J R i SRR
S RTRE S AL BN ORAT, G bE AR BT, B PR AR
FRITEERA T
223 AV GHEAL

MR SRS R AT SR A R M, AN SR E 3
Yredi, B ER 10, b I 30RRA) 1
AW R R AR EARIR A SEG 25 T, A AT 2R S
5, BERS ARSI IR S, PR LI A AT A

FEFRFRIE SRR, BRI EI N R TS, FR
R JEAR X R — RS T 2 RN E , BOPI AR e i
BIMESE R, BERSA R I o R b A B R 22, $R it
PRl R ERPE . I, AENE AR XT R S . MDA &, il
I PESGRERIS, BARE B T3P Tl E , O BIALE

MR LE R

FEA G I B S H ARG 20K , 25 G Bk 1Y
AR AR RS IHE BRI E T oK, SO LR, RES
S5 WS B8 A PR EL SR o BB ] A R AR A By
AN TR, A EEIRN, FRGECRELR )
REMT AR R, TS TR PR AIIE , 6 R hn
FERARTE, RREITTEI2E T,

S AR, KOOSR SRR, AR AR T A
FIALEE, 25 B G S e 5 R (s i 25 - 4 ik
K, BEERTHATIE , RS EE 0Y B SR AT SR
IR, SRR T e 245007, SR FHSPSS 26,04k f4i#E1 7
HHZE 208 (ANOVA ) |, 225 8 R H Duncan#i &
WAL (P<0.05) , DIBABRSS LB 2 (6] 122 5
2.3 MEHEREFE
2.3.1 TFBFEAHSCA R bR (FHXTHL % . MDA 555 )

LARERT L T 23R A o AR F, A5 3 S A 4 i s P )
BAERR, BiEMNO T, Mz, EERN, A
i BToME, SEUE R R TE, ARXTHL SRR, AR
AV o ARSI R FH RSO I S Ak e R A A X R
S, BARTIEAT

UL 0.5 g, FHZEIR/K T4, FHIEAN T
KAy, BIK0.5 em x 0.5 em /N, A TR,
A20 mLZEIRK, 35 E THIK L, 25°C, 1501 * min °
PR1%30 min, SRJ5 FHIDDS-307 81 i, S 2 5 W 00 B
B(S1) o MBS, KA KBTS min, K
FEANM, (AN N R e s, BHIEERE, e
TSR 3R (S2) o AEXT L% (% ) =(S1/S2) x 100%,
BAFERMIEINAER, BOPBIEIE I E AR

e st fEeh, iR T IC A, ZRIRK T LTS
Yy, PR T R K VA B ] A 4], B PR R EAS 5 )
MELEA  [RIE, D B ORRRIR 3, G B AR A X
S 5 3 B

2N (MDA ) & il . MDAZEG T k2=
Y, FE R SRR WA B G i AL FR . MDA B
e, ARz A, AR AR L I Z R (TBA)
P BRAER AR R AIMDA S, BT

BUA VR B 7 B5UR R AR 0.5 ¢, JIAS mL 0.19%F)
=ZHL (TCA) W, AR TR A1, RI5F
4, 8000 r *min~ "ES.L>10 min, B EVERIENEE S ELBOK .
B2 mLAE S REGR, A2 mL 0.67%ITBAY I, TRAH
SJG, A KB E15 min, BHEFRG, T4C.
8000 r * min”~ "E50010 min, BRI, SMAI7ES32 nm. 600
nm K IEMOLEE (A532, A600) .

-007+
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MDA FH I HE AN : MDATHE (pmol - g~
FW ) = [6.45 x (A532 — A600) — 0.56 x A450] x Vit /(W
x Vs), Hr, VOVRBURSAKRFL (mL) , WRE:N & &
(g) . Vsl ot pr I BOR AR (mL) o BAFE
WHEINHAREE, BOFIEME N RAL R

FEG LR, DR BRAELE KIS SR T b AT, R
P SN S BOMDA Bt Th iy s 150 i J3E AR ™ At 4 1
BAOR LV VR 5 WK TR D AER ok fead Bk 3L
5 TR Al T i 2 T 22 B S s VT O 1 S 3 EZ L2
ko % T T PR S A 5

3N ERAGRINE . EEEAEEY RN E
BB EET Y R ABUEAY T, BrEWE T, I
BT RN POSERE S, WTIEMEA S R
M, R P RE B . A ST SR F A i
G-250 Y £ 35 0 72 B Ak 0k i FOAR 2R 00 R 1 B A
L, BT

B RO E Ry R SR R FEA0.5 g, TAS mL 0.05
mol + L~ "WyTris—HCIZE Wik (pH=7.8) , TEIKIG XM T
WS A) 0%, T4°C . 10000 r * min~ "B§.0>15 min, B
TR AL SR BOR . BLO.1 mLEESRBUR , TAS mL
O G-2501H], IRAWAE, ERMES min,
FE595 nmifl KT W2 WO B

LA IS AR (BSA ) anifkdn, 2 hilbn ik i £
FREFR o 2T R S T AR SR (mg - g
FW) o BRI EINAREL, BOFHHEE R RK
iR

D b A e, 8 I ) p HLAEL ™ A 1 o, F B 7 vk
AT HEAT, R AR YE s B S N I B
B Y O ROR 5 bRl R0 22 SR, B ARE A A
A R

4 TR B D o T SRS A IR N B B

PP, EEENA TS, WER s RERR, i
THMEER, dERFA R E R R MINRE, AR

Pt o A S50 R R T Bl = F 53 I o ke ki A
MR AR & &, BAREnTF .

BOA R AR AF I B 3R R ARG 0.5 ¢, IMAS mL 3%
BB EK IRV TR, TE VI S50 P IRES BLAT I, AK
B A0 min, RHERRG, T4C, 8000 « min~ *
B0 10 min, BT BAE AR L SR IBOIR . J2 mLAE A 4
WU, A2 mLyKZ 8 F2 mLERvEel =fik7), BEH
AJE . BABE A W30 min, BWHIEERE, A4
mLHOR, IRG I, #EN 2R, BHER)E, #£520 nm
P T E OB
-008-

DR SR AR i R R, AR 2R, AR bR
Mt B PRER S E (g g "FW) o B4
e B3R B, BOPAEAE R A g R

SE R, SRS BRI R B R, Wk KV ]
JUREHE, RO IR ST R ORI R 501, H
TR ER e 25 2 W R s AruE M4 2 SEEr , dEf
W2,

2.3.2 AsA-GSHGFRCHEMF G MM 2 (APX. GR. DHAR,
MDHAR )

ARSI P 2R FH A0 0 2 As A— G SHAE P O SR il 17
PE, FEMCA-80CIRTFIINT F IR R, ZLUKIBHHES | 28 il
PRI IR S0 5 ARAR R IOR , SRRV 50 THRAE,
WS, AR AR E R

LY M BRI ALY (APX ) « LABEBRZE hifi . AsA .
He Op FIEFHZIORCN OB IR ZR, 2290 nmi K MG
BT REER, LR R AR 460,01 8 1RGS2 (U ),
e MEFRAR AU - g TFW,

AW H BRIA B ( GR ) : ATris—HCIZE 19 . NADPH
GSSGHIFHE OB HE S VAR FR , D7 340 nm I T ROLRE
AR, LRSI AR 100 1 1B FRLfr, Tl TG
PR MU - g TFW,

3 BLEPUIR M AR IA 5 ( DHAR ) « SRR S R 2%
M. DHA . GSHFIEGEEIOGR , 52265 nmiE KN IO
TR, DU OGEE AR 1001 R ARG B0, B
PR AU - o TFW,

4. LR PUIN MR A U ( MDHAR )« DATris—HCIZE
M . NADPH . MDHA RIS IOR R S AR Z , D7 340 nm
PR TG TR, DU S BRI G B A8 £10.01 4 141l
T, BHEPERR U - g TFW,

2.3.3 AsAFIGSHE e (b J AU/ 4 A L) )

K P B SORAE (5352 ( HPLC ) I 5E R JR A AsA (AsA ),
MAPR MR (DHA ) , PAIKGAJFAIGSH (GSH) . ik
BRI H K (GSSG) 5, 11 AsA/DHA . GSH/GSSG Lt
i, BRI HAREL .

LAsASDHAS . FESR 28 5% I i B2 VRV 9T 5 2 1L
B JE IR IEWGE0.22 o m A HLIERE, SRACI8(AEEE, L
0.05 mol + L~ "WifR " AR (pH 2.5) HMymahAd, #ill
PR 243 nm, SMRIEEE, HAsAT E=AsA+DHA, &
AsA/DHA [ (H .

2.GSHEGSSGE it FEMMZS%— A LIRVKVE R FEHL
INAVansyBFITAEAL, B0, DIHEE-0.05mol - L~ °
BETRECA WO AN, DRI (BRI 350 nm, &
SREK420nm) | AMREE R, BGSHE H=GSH+GSSG, 1154
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GSH/GSSGH AR .
2.3.4 PrEALAHICIE R FIE M (PCREEA )

KSR EERPCR (qPCR ) FiAR T APXIEH K
5. GRIEEF JGSHE HUOCHESEEA (v -ECS. GS) MyMIXTER
ki, RSk Actin S RIVE g NS 5L, B HE LR34
REE.

LS RNASRICS Rk . R A CTABYAAR IR o AR &
B B RNA 38 A% R & I E AR T RNA R 2l B
( A260/A280411.8~2.0 ) FIUREE, 28 B WHE e v Uk 9k
RNASEHEENE TG, 4% HR e iR 6 U6 I A5 4 RN A S e it
HeDNA, BT -20°CHRA4E% .

2.5 1B 54 1 ARYE GenBank R BRIERL AR 5 K] f
TRsFIF5), B Primer 505 HR SR qPCRE 1Y), %
WA TG, 512 B PCRIGUE RS S5 8
3.qPCRIE N GHHE 34T : RHSYBR Green”d )t i
. TEPOEE EPCRIL LT RV, RVARZR H20 pL,
ALFGECDNARIN . #5149 . SYBR Green MixAlITCHEK
FSFEF A 95 CHAEYES ming 95°CAEMELS s, 60°CiE k
FEAN30 s, SLAONERR s ST B TIE RN Z AT, SoUED 1
Fesetk. SRH2T A A CukITE AR A ek it
2.4 BIRGHS 5

S IS AT BAE AR Excel 202 1 BH TR RS R AT 4,
FIFHSPSS 26 041 A TR 2R J7 22530 (ANOVA ), 2K JHDuncan
BIEMEETLIA T2 AL, R N RIbHRZ [R] 22 57
WA AP<0.05, SR HOrigin 2021 E TIRIZRZHI, Fr
BEER VI « b2 (Mean=SD) R,

3 RGN

3.1 S RE24-epiBLI & F TR A K I8 PR B % IR

BrEMRAT, CK241 “2UBH BRBEpkaiti A 2 W il
BEPE AR, fpk IR 25 | Hifk, ZEFTANES, AR
IR BENG, AP S 2 RIT, ARRIE JI8CK]
Y1 FF##E60% . 1M 24—epiBLIALERLA LI A 15 RE RIS A AR
FREEDEf , H IR FEARsPE , JLH10.1 mg L " 24—epiBL(T2)
AR A W15 disf, SR R (RIS, MAREE
R ECT HAD IR, B R B CK2A$E5535.2%, iR
AU NYEHFECKIAIRY70%LA |5 005 mg - 17 (T1) U2 %
BORIRZ, 02mg -« 17 ' (T3) AURFIHER, 51241
HAEREES, VSR 24-epiBLAIE— AR T ER]
3.2 24-epiBLX# E Ml TEABG M EEIER

B 0 S SOG4 B AR AR IR, CK22H I AH
X HLS R MDA & BB 0 A e e BT, RS distay
M CKIHIEF82.5% . 96.3%; He O, . 0, ~ - ik

ik

AKRBERE, S NCKIHM2.3~2.81% . FMNE24-epiBLTAL
PEAT I S RRARET R A AL B AR, A A A E AL
FEARBRFCK241, T2 e B2 Wharn 15 dif, JLnf
AHIRT L R MDA &84 CK2 40 73 BIFEA32.1% . 38.5%,
He 02 . 0, = - FAREHIFEIR40.2% . 36.7%, LN
SEAFITII AR ) 78 VAR B A R AR
3.3 AsA-GSHAEF 2 Gt im i F#AE
3.3.1 KBRS S

PEPEMNET , CK2ABRMBERRS I AsA-GSHAIE PR OCH il
(APX. GR., DHAR., MDHAR ) 7t 2e/ Mg BT+ PaE =
R, WB9 dJF ¥ BT CKI4L, F A 35 o ™ il 475 24
KEEBHEE, FBUFHBFERBORIEIR, 24-epiBLITAL# ]
i S P R Y R O A T M I A R R v, bR
TG A48 2 T CK2 4L, HLT24H i I M i A T e i 7K
o BhA15 diF, T2ZHIFFAPX . GR. DHAR. MDHARYH
PERECK24H 43 W4 15158.3% . 62.5% . 49.2% . 51.7%, W%
DS P 2 A R AR A a3, W] 24—epiBL AT A 2504
5 AsA-GSHIE A CHERG , (R HEIEM =808 1
3.3.2 AREEHUA MY TS AR Ik

CKIZBRRHEA B IR IR I AsA . GSHE H4ERRFasE ,
FEAIDHA | GSSGH AU ; BiFWHA T, CK2ATIRJFAIASA |
GSHE 542 PR, DHA | GSSGH KR LTF, HAsA .
SGSHE I A8k, RUIEFHMIN T AsA . GSHIYE L
B JFAT . 24—epi BLITAL B AT i) 28 42 997 35 ik AT ASA |
GSHE i, BRAVAMRIY) AR, Hh T2 R e il 3
e 1S disF, T2410F A AsA . GSH & BEAECK241 4 Sl s
45.3%. 52.1%, DHA . GSSGH&#rHIA%30.2% . 35.6%,
SAsA | EGSHE 8 5 CKIH T W 3% 2% 5 .
3.3.3 AsA/DHAFIGSH/GSSG HAB /1T

AsA/DHA | GSH/GSSG LU B J2: S B2t i Ak i TR Y
B Fabr, CKIZMA L AR AR R K AR 2 - 95
FWHAT, CK24IPIA™ FeAE Bl B [RIRREE N R, it 1s d
it B ZCK1411930.1% | 26.7%, FEWI40EAL T ™ H 44
AR FS o 24-epiBL 1 4k P AT @ 25 4E F5 57 F T K 1
AsA/DHAFIGSH/GSSG [U{H , £ 40 PR LU 25 = T CK2
A, T4l e fE SR BRaa 1S dif, L AsA/DHA |
GSH/GSSG HLAE A B CK241 02,165 | 2.3f%, HCKIZ41TE
25, ULWI24-epiBL T A RLAERF AR 20 I A9 0 S A
34 MEMNMRERREER

BrE AT, CK2AUBRBAk T AL AR DG KL R ek 4 ik
FANH, APXEEHN S . GREE M GSHE RN ( vy
-ECS. GS) BYAIRFRIA B0 B [RIRFEE NI, i 1S d

+009-
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B CK14Lf920%~35% . AN 24—epiBLTANHH AT I 2% |
PHE7 R AR A 3RIA /K, HIR ARk i 5j24-epiBL
e St MY IE AR SC , T2ZH JE R L 3 el 13 e b %« P 15 dl
fF, T2 20 APXHE PR G805 25 i D1 A X 26 35 i 3 CK2 20 42 /&
2.5~3.21%, GREEHAMIXFBEIEF3.06%, v-ECS. GSK
PR A ek s o 4 i 2.8 | 2,665 T3P Rk 5T2
AT RFEZES, KRR WEZ I .

4 g

4.1 24-epiBLIF#EBRIEHE 5 1 1Y 4 FEAL K]

AN 24- FIMERNEE (24~ epiBL) Ml EUS PR
MR- A BEH BRIEIR (AsA- GSH TE3F ) , B isy ki
Mo 57 Pk (A% 0 o F 5 A Bl A . 7EBFEMRA T, MK 24
- epiBL —J7 HIRERS 2 LiMPTIR ARt A AL ( APX)
B IGA TR (GR ) S8 CHT LR LR (5 SRk
HETT B S AR AL TE 4, b E b (He 02 )
SRt AR R TE PR IE BRACR AR ARAR AR o A
PR, IR A RIS E A0, AT A5 AT S 25 4
B oE sk S A B R YRR S . 3 — D, 24- epiBL A3
TR HEAF e H ARG OCHEFER v - A I e 2R & i
(y- ECS) 58MHIKEGHE (GS) MEL, Hishid)s
RIGURINAR (AsA ) FAJFRIZFBEH AL (GSH) By& RS
B, U400 P 4R Y AsA/DHA 5 GSH/GSSG i 5 [
R, RERNAME RS, B REEE R AT . %R
SRR Y3 A T 61 SR AR, R e 0 M AR
5% S

L LFRT, 24- epiBL BENS FELHEUCGEBRERRTE W K 55 1
THMRRIE S, BMRARNE. B85, ka5
W RS R S 52 68 ), dEm e A R S
AR AR, RGOS AR AR (O T i A . XD
HRMEZNERN SR RIES 5AMYRetit, b
WHLEA R G0 = 0s e iRl 5t B Y e & S o s 1%, iF
—R Ak AsA- GSH JRIRFENG P EUH IR h A OVE T . 25
[, AR 24~ epiBL iR ZHAT . ZRRGTEEEE, 4
i RAEHSIEEUE —AsA- GSH Préa bk
WOE— AT R 5 IG5 A (R — A R A 395 1Pk Wk
I MsERERE R, R IR T BRI A7 P )
Bl
4.2 5E AR B RS

AWFFREE R GKAE . NG AR AREY) T 24-
FIMEZENEE (24- epiBL) $=FHEALY AR O A 1T
FEEE T 5k, PE—HAHIESE 24 epiBL il A SIS BT
MR- ABEH K (AsA- GSH) JHFREE . HEsRAEMRDTE
-010-

TLBTTEEE ST, AR N 22 R A )3 15 3 i) < e
B, i SR W BRIEW T AE ) i AR bt o 42 v 4 g
PRAL T BRI S

SR, SRR, RS —AE AR AR L, BRppk
VR AR AR AR, HEXE 24- epiBL 4 A= BH 1 52 B
W58 RN S . TEARIFGE Y, 24- epiBL RAERAEDFF
RO R e AU 0.1 mg - L Y, ELE— B4R it
WA AR aOR, BRI, X4
RED S , ARARA 5 RANEYIXS 24 epiBL AU
AR 25, AP RErE R KR . A5 S
G A T S RAKEIAFAE D, SORTEARASAR
FHAIMIE 24- epiBL B, ANE IR AVEY it IR B, 5
S G ARFPARE M FR AT X A (v B O e 5 OB PP

FEE, ABFgEE— I T AsA- GSH G 1 BR
B AS [ A5 A i 5 b (g Dh e et S s 22 5% . MAE
MR R, TieEEiE . TRIEEERMA, AsA- GSH
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