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Abstract [Aim] To investigate the toxicity of the pesticides spinetoram and spinosad to Frankliniella intonsa, an important

pest of daylilies, and on the activity of protective and detoxifying enzymes in this species. [Methods] The feeding and
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immersion methods were used to determine the toxicity of spinetoram and spinosad to adults, nymphs, and pupae of F. intonsa.
The effects of a sublethal concentration (LC,s) of spinetoram and spinosad on the developmental duration and fecundity of F.
intonsa were measured using the feeding method. In addition, changes in the activity of superoxide dismutase (SOD), catalase
(CAT), peroxidase (POD), glutathione S-transferases (GSTs) and carboxylesterase (CarE), were measured 6, 12, 18, and
24 hours, after exposure to LC,s doses of spinetoram and spinosad. [Results] Different developmental stages (female adults,
2nd instar nymphs and pupae) of F. intonsa showed significant susceptibility to spinetoram, with corresponding LCs, values of
0.004 4 mg/L, 0.004 7 mg/L, and 0.023 4 mg/L, respectively. Exposure to LCys levels of both spinetoram and spinosad,
significantly prolonged the pre-oviposition period (P < 0.05) and the duration of the Ist-instar nymph stage (P < 0.001)
relative to the control. Protective enzyme activity changed markedly after exposure to an LC,s doses of spinosad. With the
exception of POD at 6 h and SOD at 18 h, activity of SOD, CAT, and POD increased significantly at 6, 12, 18, and 24 h
post-exposure (P < 0.01), relative to the control. GSTs activity also increased significantly over 24 h (P < 0.05). CAT activity
significantly increased relative to the control at 6, 12, 18, and 24 h after exposure to an LCys dose of spinetoram (P<0.01),
whereas SOD and POD activity was not significantly different to that of the control after 24 h (P>0.05). GSTs and CarE
activity significantly increased compared to the control over 24 h (P<0.05). [Conclusion] An LC,s dose of spinetoram is
toxic to different developmental stages of F. intonsa. The duration of the pre-oviposition period and Ist-instar nymph stage
were significantly prolonged by exposure to LCys doses of spinetoram and spinosad. Spinosad induces a synergistic increase in
SOD, CAT, and POD activity, and activates GSTs for metabolic detoxification. Spinetoram had no significant effect on protective
enzymes but induced an increase in CAT activity. Both detoxifying GSTs and CarE were activated by exposure to this pesticide.

Key words Frankliniella intonsa; spinosad; spinetoram; toxicity; reproduction and development; protective enzyme;

detoxifying enzyme

K8 A6 S B [ B A PR 7 o
WA, PEREFR T ARY KRR E s, e RE
KA e, Hip, 168 Y Frankliniella intonsa &
JEEABEANE R E T EE L AE B (5K
RS, 2021) o 4G R R B AESE H Y A& AR
mIEIAAE TR AE 5-8 H, LU HURIE U B A
AL BT, BB FE AR D
SCEE TR SR B A AT AR AR R RS T
LR, BAESEE SR, A LU I
KT A 208 s s | b RO pbORIT I A Jpk S 1 17 B
A, KA R 20K SRS | AR I
PUESE RS, HEriig B W 2 RE R
WA RHZRWRMLIEZ A E K ( Thomas et al.,
2008; EJIRE, 2015 ), HHE SN LM, X
bR E B K E R, H RS AR A 4 TG I e 7 1

(Livetal,2016), EAMREN, ZREHELE
e 25 I8 HETBHIR 8 S8R B AR EE AR B (L
BoRAE, 2017; SRIEHAE, 2018 BESRT55E, 2021 ;
I 4, 2023 ),

AR 24Tt ) i s ) R A A 2 fih 25 i 11 22
5, XFEROEIIVESAT N A ERER
Keprgi S5 2 r= A WEBERUN, ( Desneux et al.,

2004; Cutler et al., 2006 ), CABFF IR
MBI EE LCos X FH MY A S AL & Al eSS ™
AR, XGRS (2007 ) WF5E & SR 4E TR 2R
LCos Wra X VO 4L %] & Frankliniella occidentalis
FRIRAEIRIER] . ZRIEE (2009 ) HH9ERBLZ
WER LCys REVE FIULH] D450 ) BT, $2F4™
I, ) BIAE (2016 ) PRI HREZ AW R
LCys A At 7 P AL A1) L FpRE R, T B[R R 0 2R 30
ANHIVE . 2 A (2021) AR R HEZ
AW R LCys iELLIKIE 6 )5, S| vE L]
IR E 5 S Ak, R AR B2 0
By L s %o, ME REmREUs , HAR N
F T WOMNEE N IR S WA T, e PR
A figp T e 0 9% R, T A SR 24 1k S B
( Enayati et al., 2005; Claudianos et al., 2006;
Boina er al., 2009 ), W% E% (2021) HFRA
ML RWER LCos MHE B I 3 T 51 A H K i
Ly Thrips tabaci KN 2K P450 B JN 4l
( Cytochrome P450, CYP450 ). #RHRERMHE CarE
AW H K S-FEA6 0 GSTs 61, Rt ENx 3
i AT e A2 A AR A S i 7 L R 2 R TR AR
LB, BS54 (2021) BFREAIL, LR



2 4 TRELFN S ZRWRIRGN LB D IRE ST . KA BEAE S AR PR R 52 ) - 449 -

FRMHE T, VU AR ] R4S S i R4 i [ 41
e EALEE SOD . i ALl POD ., %L =
fiti CAT) Jf#t T (CarE, GSTs. ZFEAAGAS
fif ( Acetyl-Cholinesterase, AChE ) J3% ¥4 [w] X%} 18
TR & 22 5, HAS [R] ] B (8] 4 28 il 1) 3% PR A
Mo Az, B HL 3 2 i S LR A il 5 for 2 il 5
fit 72 (A IR IRV PR X 24 700 i , T e AR 245 751 1)
BEARZN . Ho, POD. SOD. CAT 3 Fi 4
AP EE B A B2 R, R E A
AIBTITE S 251 ;. Mif##ERE ( AChE, CarE,
GSTs ) YENE B LB 8, 765 SN R
Vit B RO E T (BRR05 4%, 2021; £ H
A4, 2024 ),

HAT, Z2REERRGXEH LR LT
Wy BLi e )22 5 L B0 F A PR 14 R 4
BLHI Y R G5 19 R WARIE . AL SR 5
% ( Spinetoram ) FZ X F 2% ( Spinosad ) K
mgwAe sy, @ ENTERE . WK E
(LCas ) BT B A& B SHH S H0 M I B A= PR
PEENSAT , RGP X s oA A 2 B B B
HERBEAI « FIRE 2 A5 45 S AR 30 i/ fift 2 8l R
BEINFER o 5T B TEMIT 2 R T R R 25X B iR
FEHW AR A, A 25 et 3R
PEERIS AR, [FIE Ry i) 2283 A 2R GG 3 A e
2P A LR S o o B4 I SR

1 MRE5AZE

1.1 kst

1.1.1 #HXEHR  HhliEs] 5 2023 4R H LT
B RFTH 2 I X =1 BT RS bk L, SR ATHT
fE i O (FE) MRS AR IR
N T A4 (B iHM BIC-400 ), R ( 25+
1) °C, AHAHBE 65%+5%, JeEM 16 L : 8D,
HELRFE 50 ARLL L, fRFR I BN A (T e 2
1.1.2 HiAFFIRFE 60 g/L AT
A ARG : CHEZRER ), WA AR
SRR NT]; 10%2RERRZITFN, WA
flEsm A=Y A R 2y F] . SOD., CAT Al POD {if
PRI 7 70 G0 B e R A BR A A
GSTs il CarE 1 P %2 18570 & W H 75 MBS A4

HARARAFA
1.2 REFH*

121 BREEERGVUHISARLEHH
HEWEANSANE S NY/T1154.16-2013
FINY/T1154.6-2006 {4242 PN A= il 5 055 1
[ | B L e S e SR i e A B DA
FHEBE T K06 60 g/L L4277 10%
L AT EBIFFISERC 100 mg/L BER, FE4> 51
FELLRRBRIG 5 AN, LITEK AR IR SR G A
R R TR A R I (B R AR,
2021 ): A B AN VR BE 25 1= 01 30 s ST,
BRGS0 20 ST S
BB 2 WA, CREEEE AL 90 AL, &
T ANTAMER . 24 h 5, DLBER il BARTE 0
MAFET, GEiH AFET-Ha . SR AR Ak
WHAOTE ) (RS2 954E 2021 ) R FHAS RV 25
REihh 10s, WT 2R, 5% 2 EH &1k
SRIRFR, BENLE 20 Sk, 3-4 d J5WERiC s PI1k
B, BER3AER,
122 THEREZREZERAGNEE S
EAMEKETHIRM 5 ) sEENIPL
AE#] R 20 Sk, AR CIEZ R E M
ZRBE LCos 0T 24 h, Wb IS 7235 10 R
R RIEW SMHETE 24 h 5K, KGR T
A SR B R AL VR IR, R 3 k. A H i
172 LEE (F 8:00, B 20:00), ic @A BB H
S AR (224, 2021 ), T 4B T o
FEFELE AN, PHRMELIUEE, HA iR 6 o
BEF=OR (24 h) DALY AT B T4
AR KT PEEUAR A B AR 8 T R 20
L, EEESE, R LA R EA R, HE
R EMCIEZ R RS LCys AbH
FHER AR, HEWE, BRI RI, fFH
PULSE W A 2RSSR L, B A0 TSR
T 7K AL 3 G A A 55 0 R AR S S AR X IR, HAE
3, BAER 20 Sk, RMEL 2 Kk (F8:00,
e 20:00 ), ICRLREMEEY (57 #,
2016 ),
123 THERESFIEZXNRAMHEILE
DAEREEMMZIESIME  BERHA  LCys W



+ 450 - R B H 244k Chinese Journal of Applied Entomology 63 1

8% = FNEY BN ] SER R A
6. 12, 18 F1 24 h, DIVE/KALEER) & MARFRAE
0] A Ry %o RR 2 18 B LIS A7 105 B4 A6 86 2 i
20 3k, 435I 1200 uL 0.86%4E FHER K ({547
fit} ) F1 pH 7.6 0.1 mol/L MR 2% bl ( fif 51 ),
ZUKIBWFEE S, T 4 °C&AF T LA 3 000 r/min &
L 10 min( £ EFR AT 10 000 r/min B5.0> 15 min
(fRTEREIR ), B EIH AR MR IEERR (45305,
2022; BEEEITAE, 2022 ), AR [A] B AR R S
I T 20 SAE T A AT
BEEPEIAE : 3 Fh {47 SOD. CAT. POD
H1 2 PR CarE . GSTs WM & 2 7™ A% i 1R
WS U BRE, B EiRE 3 N EHE
EERERNE: RAZSHmED, U
Mg H & H bR e fIEE A bR 2. B
300 pL FFIEERE S, A 3.0 mL 5 Sh 58 i
G-250 ety , iR IR A G T 25 °CHEE 15 min,
FE 595 nm A FINE ROGEE, AR bR e i
LA TP E A RE

1.3 HiESH

SIS EYE T ] Microsoft Excel 2019 473«
B, SRH SPSS 27.0 F A AT B R 5 2250 #T

IR B Probit AEHAUERE T AT R, LI
Wi 2 Fh 2 R R AR BB E (LCso)
I ZLAE IR LCsso NGV OGS Ep TR S
KA 2E 5 W E L Student ¢ KagRdEA T
T, T — e () AN ) Ak B A ) % 1 2 5 ol 2 vk
KM GraphPad Prism 8 H XA 2 7 20 Mk
95, [v)— A BHLAN ] bk [ £ 5] A RG22
BB MR Tukey K50 474387 o

2 GRESW
21 BREEXRRGNEEDFEBRE RN

=¥

W 22 2% T 28 2R A 20 X5 A6 i) 1 45 0% 101 1) 75
TIMEZER IR 10 ARSI PR AP 24 h &
X AGE] S MR L 2 W TR AR, s
96 h e X AL # LI B A5 R . CHEREZRER
X AG G AR L 2 I ORI Y LCso MR
0.004 4, 0.004 7 A1 0.023 4 mg/L, ZAHEEN I
R 3 U LCso {43517 0.303 0. 0.503 0 Fl
0.125 0 mg/L. HIRIA 5 FE AT, AL g
2 WA AU BET- B S I BET - R BEE 2 Fhifezy
WeRERE IR, REIEMRK R,

R1 FAHMESRERERGNEHAIHEHNE

Table 1 Toxicity of two spinosyn-based pesticides to Frankliniella intonsa

; % E {5 X [a ;
. s EAMEASE  goapdikpr O A’E{”_II:H WHIKE 1) 2 WERBR
AR Toxicity -1 (mg'L ") -l .
- Developmental . (mg-L™") 0 (mg-L"") Chi-square Related
Pesticides stage regression 1. 95% Confidence 1y value  coefficient
g equation LCsomeL ) i1 ierval (mg'L™h LCos (mg' L")
CHZREE MR y=0.94x-0.58 0.004 4 0.003 0-0.006 9 0.000 8 4.650 0.949 2
Spinetoram Female adult
2 y=171x-1.15 0.004 7 0.003 2-0.009 9 0.002 0 0.608 0.979 3
2nd instar nymph
1§ Pupa y=130x-0.50 0.023 4 0.014 0-0.045 7 0.007 2 0.629 0.978 8
LZREE I Rz, y=2.40x+1.26 0.303 0 0.208 0-0.400 0 0.1590 1.110 0.978 3
Spinosad Female adult
2 y=1.38x+0.40 0.503 0 0.142 0-0.851 0 0.1530 0.762 0.979 3
2nd instar nymph
1 Pupa y=1.10x+1.01 0.1250 0.021 0-0.236 0 0.0310 0.452 0.972 6

22 ZRERERANEHLHEENNERE
BRI

MR 2 4521, CHEZRBRMEZRHRN

LCos A FR IS X} A 80 T 1Y) B 58 1 A5 — g s, [ ¥
KA B HEAF L, 1 g e 7 B i B B A
0.75 ( P=0.014) F11.00 d ( P=0.025 ), {5l
Ui (24 h) HRZFEERm (P>0.05), 5
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YR, CHZAHMBEMEZREEREMN LCys
AL BN 4 2 ) R | T B R M A R R A
EHm (P>0.05); 25 HAYA R AL P H AN [E

BIZEONE, 1 W HUOUITE 2 A 25 e T S0 i 2%
FER (P<0.001), 2 @A HHAE CHRZ R E
rie R 2 AR (P<0.001 ),

x2 FMESRBRERALBEREXNEE IR ENEAENZMN
Table 2 Effect of two spinosyn-based pesticides at LC,5 concentration on
the fecundity and development of Frankliniella intonsa

I 1 %58 71 Fecundity of female KREHWY (d) Developmental duration (d)

24 h FLHE=BR
I e (o) BEORD o rmm 2mEAm BN
Treatment Pre-oviposition Number of g 1st instar 2nd instar Prepupal g

eggs laid per  Egg stage Pupal stage

period (d) . nymphal stage nymphal stage stage
female in 24 h
(grains)
S (1K) 1.75+0.25 6.80+1.40 5.81+0.27 0.97+0.07 4.93+0.20 1.02+0.14  2.28+0.30
Control (Distilled
water)
LHEIHEE 2.50+0.00 * 5.20+1.70 5.64+£0.23 1.79+0.03 **  3.46+0.18 **  1.10£0.01 2.38+0.16
Spinetoram
ZRAHE 2.75+0.25 * 4.70+0.30 5.50£0.16 1.96+0.12 **  5.10+0.13 1.17£0.05 2.66+0.16
Spinosad
F P EUE T ERER, F—SBdRE B 5 Fm A P [ X BRI A L 25 57 3% (*P < 0.05, **P<0.01, Student ¢
Kz )o

Data in the table are presented as mean+SE, and followed by asterisk within the same column indicate significant difference
between the treatment group and the control group (*P < 0.05, ** P <0.01, Student -test).
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24 h, CAT i 1 [F) X B AR o Al W 8 3% T
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B8] TN CAT 3% P 34 #0827 X I8
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BT ) ) S < S IR 1 T i iR T T AR S A, A
TR AE o LIEZ R R WA 78 8 Th R ) CAT
TEPE RS THG a3, 18 Fll 24 h B MR 164
ZARAWRMIAL CAT 36 MW el ek T 5 I 22 1%
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Fig.1 Effects of spinetoram and spinosad on the activity of superoxide dismutase (SOD) in Frankliniella intonsa

P B R P (bR DS, XA Control fC3RIEK . A I ns FoR 22 AW (P>0.05, WHE 4R ), £S5
AR TR B 1) Ab B [F) 0 FRAH A HE 22 3 38 (*: P<0.05, **. P<0.01, ***. P<0.001, ****. P<0.0001, M[AEF %
TR ), A ERTE/ING RS [ — A PR Rl ] 2 ) 25 5 3% (Tukey’s 2 OB ). T IR .

Data in the figure are presented as means+=SE. Control: Distilled water. ns above bars indicates no significance difference (P
> 0.05, two-way ANOVA); Asterisks above bars indicate significance difference between treatment groups and the control
group at the same time point (*: P < 0.05, **: P <0.01, ***: P <0.001, ****. P <0.000 1, two-way ANOVA). Different
lowercase letters above bars indicated significant difference among different time points within the same treatment (P < 0.05,
Tukey’s multiple range test). The same below.
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Fig. 2 Effects of spinetoram and spinosad on the activity of catalase (CAT) in Frankliniella intonsa
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Fig. 3 Effects of spinetoram and spinosad on the activity of peroxidase (POD) in Frankliniella intonsa
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6 h iE M (P<0.05), TWFE 18 F1 24 h B}, G
P mE, B RART 12 h B9KF (P<0.05 ),
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2 FhEZRWERARZ] LCos X bl T i AT
AN RIS E] A FEfp e Ab 3, LR P i #5186 CarE 15 1
AU 5. TECHEZ RERLI 6, 12 124 h
Jei, AEBTIHIRDY CarE Mg xoh R 4 A i bk 25 7t
i (P<0.000 1), T7EALEE 18 h I, TG 2.
EREAL, IHMRTXIIELA (P<0.05). ZREERAL
1 6 h B}, CarE & ME R B B 25 1 X0 R
(P<0.000 1); AbFE 18 h i, AE#H] K CarE
TEPE TR, B0 BRZL AN 8 35 R A ( P<0.000 1 );
b3 24 h B, CarE {EMHAFTRE , (H 5%
WML EFARE (P>0.05),

WE s pras, XFRRAE#E] ) CarE T M3k
FKHNE ETHE T, I REELHA S,
T2 T D) S 3R G 08 T AR T ) AR A
K 18 h BHEMERE T, BEMT 6 112 h
(P<0.05), 24 h BEELEHEFEL, 6 6 FI
12h LREES (P>0.05), ELRBHEMIT,
CarE WHMESMARI N TG LA
P 18 h PG TR R R AR, DEMLT 6 Al 12h,
24 h BIEMHEEHR EAHSE, BEET 18 h
(P<0.05). SZRWEHEML, CEZRERN
AE8 Ty CarE M 175 55800 B a8
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RIFFEZNZE TG T LR EZREE
52 RARNACH] e 2 W I
J1o G5RFRH, CHZRREFEX 5 RN
MR T 2R EER, HME SRS 2 A X255
AR B A 20T o RIS 2,3 22 R TR R B
SRR R, [FIAEST SR AN S, XA A
SR N AR IR A B G 2R o A58 R I E A
R AN E O Z R EE MR A KFET =
M IXEAESE HPEE S (ZNEFE 50 /%) =
TR, Z5SREH, HXEH R 24 h
LCso A 0.004 4 mg/L. 5KHEHISE (2018 ) il
IR R ML IPAL 6 Fh R RIS AL & S EE T
RIHXS I R E I U, 24 h LCso
1.423 mg/L; BT (2021) RS2
FE S PG RIXNTACET B EE ), s OB R

RINEE e, 48 h LCso M 0.029 mg/L, 5 Fik
WFFEAH L, AU h AR 8] Th X} L 2 2K TR R
o AR % 25 T RS HO B A 2
B A Dy s A G

EA IR B, AR HFE W BBR E T X E
HUBEGRE Sy ] e A S P VR o a0 224
(2009 ) 5% 3R W] 22 25 TR 2% RE RS A1 32 PG 46 i) 55 (1Y)
FEUIAT R, AR EAR A (2021) MIXRERR], 23
ZARWE LCos MHaVEIEE T 6 U5, FLHLME™
G 0 2 T FE 16.07%; WAz 7 /CRF, 77Op
P R E R 23.04%., ABFSEAM, &
S e ES N RIS ERES A ¥
SEAE B 1) 7 OF T, 2 O M 7 O
(24 h) WA, WEFEHRE R BAAL T
BAm s, haiElear. 4 e
(2016) WL LB, LILZREE LCys AbHT]
AR VG AR oy iU SO A & R >
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1.53 d; Z5E4R%E (2021) WIS BR, 4i%24
F LCos WREEIRIE 6 105, VHAERITHABR &
OB 450, WA, B R ] g D
0.26d, AWFFEH, 2 FRERERIRAL EE
FEA T AG A L () 7= DU 1 8 ], 22
AR F A B E A 2 A AU (R R
S BAME SO (24 ho). DRIYT . TR A A A
A TC i E R

S RS2 BN HD TR, £ a1 AR A%
P R G T DL AR I A A BRI I e (&
I, 2011; FEES 2021), @EIYE AL
(SOD) nJfffbB A=+ H H 2 ( Superoxide
anion radical, O ) kWit % k4 (Hydrogen
peroxide, H,0,), it (L (POD ) Flid
LS ( CAT ) WIRB#Z i — 243 fi# HoO, ( Ahmad
and Pardini, 1990 ), 3 FhgHRIVEA], Sl
H FR AR, DT U A kG 1 e e
TR 1 . AR BT 2 P2 RERIEK
2 LCos 23 WIALHE 6, 12, 18 1124 h i}, fE#] L
A P DR P B E 2 3 N B Sh SRR I L, 25 R &
PR, A8 S PR BT 2 B A Py 24 1 i AN S AH
], ZAB RO, R BEAH H AL 3 R Py {4
J'l SOD. CAT. POD &1k T, JEHEnt
) FEK: 3 g il T S B K 2 sh 2578 1k [+
XTHEAH L, SOD TEPEZEMNE 6 A1 12 h B i 257+
B, 18 h WFFEMR, 24 h mhR TR, UWTE
LCys ZARWEMHALNT, L8 iR PNH SOD
i A S N R H SR HL0,, Y
H,0, FRBZE —EWE )5, SOD iht:Z 2,
Wi H,O, #7151, SOD G B #ik & 3. T}
L, dE—2K A LA Hy0,. CAT 1 POD
TEPETE 12, 18 il 24 h ¥ = TXT R, CAT i
PETE 12 h 3AFIE(H , POD 1&ETE 18 h i FI(E ,
F SEAEI 3 12-24 hYERIN, AE8] it TS
CAT F1 POD & HhRIVE R IA N K i H,0,, FF7E
18 h Hh¥ HARHIERALKY, BT H0, Xt
SOD J&EPERYINE, =35 Pl b W] sh 25 P8 4%
T/ H XU ) E i . 2 R R
fifrsa R Bk ff 4P SOD. CAT. POD R PEzhZE
AR EE RN, [N BEAR L, SOD i M:AE kit

12 F1 18 h B} B 25 T+, 24 h BHRE 2 1E % K-,
UL QIR Z XM E WA T, B8 57E 18 h fufl
N SOD Z M K A fr B b Hy0,, H 2R
& Ho0, ¥R B IR 5 — 5 Y, SOD 1 A2 24 il .
CAT JiMEfE 6, 12, 18 Fl1 24 h ¥ 8 &= TXIHE,
POD IGMEAE 6 F1 12 h ¥ B & TR, 18 Al
24 h B MR R A, HULHEN POD 78 12 h 3
FlNZ 5 H,0, i, CAT WITE 24 h 35 I/
h BB ERFEE R IR N K Ho000 FHELES
M5, 2R E R WA T A8 R P P4 il S g
TR, BENETE— i R B ol A R] Y R P 3 o S
(R 25 A MEEAIL i A 22 4R 25 R B A 380, T 2 36
22 28 TR 2R AL 3 (R B P 0 S i B AN LK
SRR, XFh 2 REUE T 232 R 2 X AL 5
HAT R R Ve, S 8O AR PR Y B (R
PLoeml, SHE257% (2021 ) MIBFRESER—K,
322 7% T 0 AE i T RNV A 8 T ) SR E S
RIS, ANKAER] T SOD i M A2 THE T B
poRTE R

IS, B JEE 3% H 7 Folp i 1 Tl 2 i i
il B HAR P fiff 7 S T, HON B T 2 550 A
25 . VEFAIR) B B URP S B4 SRR, . GSTs
Fl CarE 15 MR BRI MEHR, S5
AN IR PE R N IR R SR A (B S A
2021), EAMFRUESE, ZRERIKRA T BF
O ] Sh R Y R T (SRR ESE, 2009; 2
SRR, 2021 ). TEARWIIEH, 2 P2 R RIK
b PRI S AL E] RN GSTs il CarE #iPEK
IREEAR L, GSTs WGPETEMMA 6. 12, 18 F124 h
34 TR, R R R EE ML AH
E LCys AbHLYIRE WA T AL RN GSTs
WPETER , ZEE AL 2 FhARZG TSR T
A S5 FERIASBEHBK (Reduced glutathione,
GSH) WsisE & A4 G RN, S5 g K LR
BEAME (JETHEFRSE, 2013 ), 2 Ry FI7EA [ i )
RO GSTs Wi SACRAFAEZE R, RMERRIN G
FTHE FRES, Z 24 h BFEEE R B A B R,
{EATS 3 X AR . Fh B HEI AL 8 ) GSTs i
BRGNS Z R R R AR 2 M W, T RELE A
PR 38 3t B T I L X 2 75 3 B S [ %) SiE
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K, GSTs iGtEZ#iZaE . Mok, el
ZANFINR A AR, B R CarE
TG PE LA B S N v, AT CarE FEAC P IR
ot MG 7 R o B R TG A A RE A R AT ik
fe2¥) i K fi#t ( Terriere and Yu, 1974 ), A5
H1 CarE TEPENIXT 2 P 24 i N A AR, &
HERERMIAT, CarE WAL 6 F1 12 h 2
iR TR, 18 h B i 25 RE A, 24 h BB 20,
F 12h N, FEHI DRSSt CarE T,
IR B2 AR B ek 525 &, Dk
A% 24 700 R A 50 B Dl R R MV FE (ol PH
XA, 2016 ), FEERFRZER, CarE {§ M5
B Z B E GG K TE T, D CarE 16 1%
A BE SR AE B DR R 2 N R Wi i AR
WHLEH . 7EZRERIA T, CarE {iHEANFE 6 h
A% B XA L, 12 F 24 h B[R] % BTG B
25, 18 h B AT X IR, Do 2 5%
B 2% S A 1] Y B TGS T R8T & CarE 6 PEMY
ThE, SRMBEAL B R 2, CarE {GHEZ i3
FIPH . HENTE 24 h N, CEZREREEE
if GSTs Ml CarE PplEfEHSEE s, 2
REZ WA GSTs istt. RLERSFEMF
(2021) KT LHEZARABRUIETTLET S 6 U5
CarE Il GSTs 1t i3 LI 450 —2L, RIS
J55F (2021 ) HeAEE 5 Aok BRI 2 P 2 A 2 G
TR AT, Hh R ZREEX GSTs 1Y
ik s VA SR TE AR

ZE LA, AL RE, JEH T XT 23
Z A F AR BURR, AT BTG B AR T AR ]
KA E AR R, 2 P N R IR
W2 Jolh 38T 6 0] 1) AR 4 G 7 AR 0N AL o 22 S
WK, ZREEMA 24 h ENRE B RS
FE#[ T SOD. CAT F1 POD i, #HH. BhEIL ]
ARty B i A S, CHREZREER
JE I E] PN 2 A A G, (2 SOD AN
POD G PEARPRAZ 24 H],, CAT 1S & A S,
A REVERAEE S O AW R G ENREE
A BHIE  o 2 Fh 22 IR R R AR 2GR b T Ak
] T (1 i B N A 22 5, GSTs TR PEX#k
EE RS, CarE TEPEN 232 R R W

R IE R, Ht R ZRNE RN 24 h
P, GSTs Fll CarE {5 0] GBS A6 81 5 ) T 22X
MR, MIZAREEMNE T, GSTs I PEgE &5
SWE, CarE MRS BE S, AR PR
YRS 22105 KOV o ABIFGT 5k A T b oy A T 46
) I P R S S MR O R A E ML
A T 28 A P (1) P o 1 AR
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