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[FZE] IR (microplastics, MPs) 5 W fiH5 Yy , B8 v5 Y M1 0 A= 0 & 46 o A AR PR (A 2 & ZR g Xt
T AV BRI S AN S . AR SCHE AR 2 MRS S 32 AE ), DIAS AR SIEALR 4 ZHZUKT Y5
PEFRFRIFFE A ERAZ (30 HA 100 B ) A EE (0.2% 1 2% ) FIZ 2.4 (polyethylene , PE ) ik X = 50/t (triclosan,
TCS) 7 W 5] {4 PN 5 2 20 A0 PARFAE , B LS 6 Tl Yol i M 25 PR 5 RO () s ). PSR 2R B, PE BRI T B 51442 P4 TCS 19
A ; TCS TEMEI LA T 1) & 5 B 2 IR A BT > PRAHT /030 > 30 5 38, 7E WA MK 1 & SR R 3
MIANE 3> B 43 , TELASUK 00 5 S0 R 9O il > 3R B2 IO ARME , PE A5 F , BRHFRTHE M 4h 4 23 3l TCS
Y E AR R E . 100 H PE A1 TCS WZE 88— R ER 4, /55 SOD MDA 8-OHdG 31 LA %t A Ak it | i 5
K*Na'-ATP [iff ,Ca™ -ATP BTt AAERFANAL P9 20 B FF- 45, 5 TCS i 2840 538 F PE. A% TCS f—FR 241, PE-
TCS 525 55 A Wit 2 4 58 M 151 42 A 38 AH GG (SOD L CAT) . e 100 H PE-TCS &4 # #2 41 8-OHdG 2 % #
%5, AKP K'Na*-ATP . Ca™ -ATP B EHMH]. XK 100 H MPs 78 TCS 14/ 40 ifg DNA T3 240 9 b iy 88 1
S5 AT IR WFSE AT PR MPs X 364 175 Yy A A5 XU (4 P 5% i 42 (A6 ) 2 A o

[REA] R, =54, ), & 50T, i T

[HESFES]IXS3 [ XEtREB]A [ XEHS]1001-4616(2026)01-0135-09

Effect of Polyethlene Microplastics on the Bioaccumulation

and Toxicity of Triclosan in Earthworms

Shen Haixin,Feng Yongxue,Ma Lili
(College of Environment,Nanjing Normal University , Nanjing 210023, China)

Abstract ; Microplastics (MPs) can absorb various pollutants and alter the biological accumulation, distribution, and toxic
effects of other pollutants. Nevertheless, few studies have focused on these combined effects on soil organisms. In this
paper, Eisenia foetida was used to evaluate the effect of polyethylene ( PE) particles of varying sizes ( mesh numbers 30
and 100) and concentrations ( 0.2% and 2% ) on the triclosan ( TCS) accumulation and distribution in earthworms at
individual , sub-organism, subcellular, and tissue levels. Furthermore, the combined toxic effects on earthworms were
investigated. The results revealed that PE particles reduced the accumulation of TCS in earthworms—i.e. ,the higher the
PE concentration and the greater the amount of PE in the soil, the lower the accumulation of TCS in earthworms. The TCS
distribution at the sub-organism level was clitellum>pre-clitellum>post-clitellum, while it was extracellular>intracellular
at the subcellular level and intestinal > epidermis at the tissue level. PE particles significantly decreased the TCS
distribution in the pre-clitellum, extracellular, and intestinal regions. Superoxide dismutase ( SOD ), malondialdehyde
(MDA) ,and 8-hydroxydeoxyguanosine monophosphate ( 8-OHdG ) production were induced to resist antioxidant stress
caused by the increase in the PE amount and TCS exposure in earthworms. K*Na*-ATP and Ca® -ATP enzymes exhibited
comparable characteristics, thus maintaining ion balance in and out of cells. The induction effect of the TCS exposure
group was stronger than that of the PE particles groups. Overall, compared with TCS treatments alone, the combined

exposure to PE (ingested and uningested PE particles) and TCS did not enhance oxidative stress-related enzymes.
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However, the ingested PE particles induced the 8-OHdAG index and inhibited the AKP,K*Na*-ATP, and Ca*-ATP
enzyme indices, suggesting that PE increased the effect of DNA damage induced by TCS on earthworms and attenuated
the interference of TCS with ion balance in and out of cells in earthworms. These results provide a scientific basis for
understanding the impact of microplastics on the ecological risk posed by soil organic pollutants.

Key words : microplastics , triclosan , earthworm , accumulation and distribution , enzyme activity

¥R} (microplastics , MPs ) 248 A T & Wk A A i RS <Smm A9 Y RHEURL , HAT R4S /N | b 2 i AR
IR T ol AN R A R MIPs HE ABRBE A TS, B W B 4 R LTS Y, BB B
MEE . B SRR S T2 AR 7E R BRE R Y 1 b s LRI (PP) (R O (PE) (R
LM (PS) RALHK (PVC) R MPs AT . BATLAENE 08 7 R ML 4EE N &, FEH R E A
42 960 >/ kg, RiAE T B AE TPTE 0.05~ 1 mm, /NS EE BAK 2 20 pm> .

Y Sy — o L 7Y [ 25 & A0 A 47 BR T f ( pharmaceutical and personal care products, PPCPs) , = G 4=
(triclosan , TCS) #¢)" IZ B INF BT Il G5 UM AT N3P B]L 25 Tl S W) A LR 4877 i 25 B TCS /YR
A, TCS til i Z Mt AR 5. T TCS Sy 3 B9 A= P i, 3 5 B 9 B A% 3 T o AR
R F= AV e e . AT, A C MPs TCS X+ 582 E W) 5% LR A0, 45 2 5G5S e i bk 1
MPs A5 5 4 TP 58 2200 1 T 5 42 J8 . PAHs [ PCBs RIS 1fif MPs WEFf TCS %f L HEA= i &2
BRETEAR WARIE.

Wil AR S b R R TC A HESI ), AL e T TS G MRl B8 U] 6 A TR 2R 2 35 e ) v PERURE
1717 LA i 46 A 9 5 38 A W 18] 75 e %3 O MR 22, T Bl A 25 R G KR PPAG B4 557 DRt A SC )
PR MR A, L PE F1TCS A5 H AR5 4W) 4R 5T PE X TCS e M 851 1A N B S A2 R, K
O B R o W MR AL 25 RIS PR 2 IR W48 R AR T 3 MPs 25 75 e R BRI AT S AL A= 285 XUBS FA
fe R .

1 AR5k

1.1 iKIE 4

RIS 5] - 25 ] ( Eisenia foetida ) Wa B TVLIRAE ) 25w | A= A8 SR Al A tth. X9 AT7E H AR T3 b IR
2 JA, WIS R e A 3 SRR B TR AE 350 ~450 mg R BHIE. /NI Y sl 2R T

YA TCS, 74l 2i B =99% (H RIBEFHABRA A, Jb ) ;K PE Biki.30 H (100 H (4
BIBACA T ARSE) s INERFIIE O, ik 2 (MR g IR A ] m 5t ) 5 25 0 a9 1000 6 (R st @ i 1
RS, B ).
1.2 iKWt

TR IR H AR 3k R S ML IR AR B 8 R IR e s+ FEAR FRAR PR 5k 1 B
R, 5 REE) S PR ] MPs (9 0] A 42 Rk B, 156 36 FH m RloRi 4250 (30 H A 100 H ) 0 Ffr e g 1o
(0.2%12%) () PE, Bl43514 30 H+0.2%PE .30 H+2.0%PE 100 H+0.2%PE 100 H+2.0%PE , # )& K
100 mg/kg (14 TCS BEHIEACIRLR , I8 AL HL43 3 6 PE 30 H+0.2% .30 H+2.0%.100 H+0.2% .100 H+
2.0% 331 10 NAEBE, BN AREE 3 AT, B, BT RV EE ) TCS ¥ TN, AR 750 ¢ T+ rh 780k
A) BT X AR E 24 h, [N B R K. MER RS [RDRLAR PE AT £ o Bk s i HE 38 50, A
155 mL ZEIR/K PRI AT, (o 4438 15 7K ik 31 H () d5e KA /K 5 19 60% , Pk 15 HAF- R 7E 0.35~0.45 ¢
TS IS 2 Lopeprrt HOREEIEER 1 T F A 2 LA FLORIEE <, TR (20£1)°C 12 h:12 h=
JCRE S BAE VR T0% BB FRAE TR R, FEFRER 14 d IFRAR, Pk dieds] | FH 28 AR K b i, 0T R
1T (20£1) CHEFRAA DR BOE M S, 1T 347

x1 TEHERELER

Table 1 Basic physical and chemical properties of soil

pH HHLE% 2R/ (g/kg) 441/ (mg/kg) 41/ (mg/kg) KiEtEEh B/ (g/kg)
5 17.7 13.2 10.6 0.266 2.18
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1.3 HFmaoth5NE

BESh A A B SRS Ry 3 A% b ] FH YR BRI, PR R FH T R 050 S R i | A 5
W IR 5 30, RIS N 3 ¢ TOKGRIRENTT A | BRAF R A B ZHEUKT-hy 3 ZR M5 A 5 mL,70%
FITPAE /NS 20 s, J238 DUl M s B | S5 B [ 2 ), 43 i) Ak B i 051 7 26 B2 A i 3, 43 ) R
JEIA 3 g TCKGRRENTT /- W | R AF R A B S /KSF- Ry 3 A W51 Bk J S B AIFER , AL 3 mLL A Tris-
HC1 22 0P, 5053 it 22 T S ZH 28 K 50 00 T e BB O AL (% 10 000xg) B350 10 min, 53 25 il N
o FANEL AT, AV R T AR AL T8 AR L

BESL AR+ Ak + 2% + 8 2510 W BE R A M 51K R BE S S RS 2 40 mL RGBS B0 P A
20 mL S BEVEAEIGN], 2 2H 5 B TN vk B 8 75 AL A 7 A B 30 min, 32 7RSS 3 500 rad/min
FIESHLP B 10 min, (81 _FIER, B2 ERIRME 3 K. A9F 3 I LIS T2 20T IeE 220 5 mL
W, 56A8 2 [ T 2 A B TOK BN - E A ——RE IR Z TR (1 g—-2 g——2 ¢) , JH 20 mL 1:1 B 5 H
PERNE BRI AT 2 WK PERG , VR4S HUS R4 2 R4S 10 mIL 58 FHBE e it , B (R 2 A4 Hh G TCS 5% 81,
ARSENEZE BREMZ 1 mL B, FRRACPERETEMA 1 mL FEAEMREZA 13 0.22 wm A HUAHIER)S T
HILINAE.

TCS M 5E + 2R FH e S5O €0 38 A 52 A8 &, 8528 1260 Infinity 11, {435 4E 9 C, 4 (Agilent, 4.6x 100
mm,2.7 wm). (O3S R, MR 30 °C ;52 I K . 282 nm; Wi shAH Ry €4 ik 2l HY s, =5 47K =982 i ik hy
1.0 mL/min; #ERERE 10 L. AR H 04 BSF ) 2 1, W TR ( AMPR T ) S8 1 AN ) 0 2R 4SS =X e M 4R P TCS 1)
£

i

PTG PRI - MERA PRI | R 5] A B 6 # T  (g) MR (mL) = 1:9 By HLBIIMA 9 F5 AR Ry A= B ER
IR, TERE DK PR 78 4 A S O, 81 10 mL 25,0457, 2500 rad/min 25.0 10 min 5, $_E BB AHT 1Y
10 mL RS Bl 10% 40 21503 8 T 4 C UKFARAE, R . Sl VR B 8 A Ak I AL Tl
(SOD) G EAL S/ (CAT) A B H AR R | (GST) (78 B & fH (MDA) \ Z e AHBR G ( AChE ) |8 2 5E
A 515 (8-OHdG ) R MR A (ACP) (B FR I (AKP) (ZE 1B K" Na®-ATP i Ca® -ATP il 41
DU e I P o A A R A w30 6 A A B B 5 A
1.4 HESZITSH

A B iR A origing. 6 B HEATE R St 15 B 2l , R SPSS 3K A AT 5L R 7 22 50 BT ( One-
way ANOVA) 5 LSD k50, i 2 MoK p<0.05. iRIRZ5 R UL (bR 2E) (x£SD,n=3) LK.

2 gR500r

2.1 PE X} TCS 7SR EE N E 9 B 00

WE 1A Fis, PE BUSIN E FEAR T TCS FEM A A KE 195 4 BIFE 30 H+0.2% .30 H +2.0% 100
H+0.2% .100 H+2.0% 5 TCS AYRFEAE 53501 A% BRZH 1Y 76.2% . 76.3% Fl 68.1% .66.8%. PE Fifeik
KR E R, TCS B AR, dZUKF b, MXTF R B R R i, i i B8 i F 24 50 = (] 1B). PE
TR T MR A1 TCS B R A, 30 H+0.2% 30 H+2.0%.100 H+0.2% 100 H +2.0% &b B 40 5% &
A3 R %ok FRZH Y 69.2% 53.3% 1 50.8% 64.1% ; 1M % iy 151 % Je 5 45 B S AL R I AE 100 H+2.0%3 5
o BRI R 74.0% ; B PE X451 i35 TCS & 4 052 = TR B2 ALK I, TCS 78 M 5] {4 P 1Y) 5
AR RIS AL FH P S PR RS > P IS 5B 1 3 (B 1C) s PE FEAK T LA FRALM TCS & i, JuH 2
FRAF R A PR AR B A g .38, 30 H +0.2% .30 H +2.0% 100 H+0.2% 100 H +2.0% &b 3845 43 51 S %if B 21
i) 8.7% .18.8% .39.5% .20.0%. V417K -, TCS 7 W5 fd SN 2H 43 B9 40 A K TN 44y, PE S & B AR T
TCS 7EMIANE S 953 4,30 H +0.2% .30 H +2.0% 100 H +0.2% . 100 H +2.0% &b B8 20 43 5] g %F B iy
76.2% .76.3% 68.1% .66.8% , i X§ TCS {E ML PN L4043 A3 AR A K (I 1D) .
2.2 PE-TCS £ & & 5 ¥T b 5] S 4k B S50 52 A9 2 M

SOD,CAT MDA ,GST ,AChE . 8-OHdG AYiH 25 5 UK 2. 5% AR, 5. — 2 88 100 H+0.2% .100 H +
2.0% 1 TCS 40 ,SOD M i Z 1 | /09 % BRI 1.26.1.32 Fi1 1.24 5, MDA & 2 s 4& ETF, 20 5o xf iR
f) 1.45.1.36 Fl 1.29 f5. #EL#— TCS %52, PE-TCS & A %82 A L Bl SOD {3 345 , HAT W fa 55 1) 44
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30 ¢ IR Br b O Maradl 5
O A5l ¥air O sl or
Rl B S W 7
& P2
£ 18 E 15
. rﬂﬂrﬂﬁ% & rﬂ
wn wn
O @)
= 6 = 5 w’_l'

0
30H+ 30H+ 100H+ 100F|+ JGPE  30H+ 30H+ 100Fl+ 100F|+
02% 20% 02% 2.0% 02% 20% 02% 2.0%

+IETCSHE (100 mg-kg™) HHETCSHE (100 mg-kg™)
BAELL CP(E bR 2 ) BB (n=3) . * F8 PE-TCS AR ER41LS TCS B —RBAH , FYETE p<0.05 B EA BE M
iR

0
jT:PE

E 1 PE ¥} TCS 7ZE8EHI/ME(A) (HLE(B) THLE(C) THA(D) K FEEEREIN
Fig. 1 Effects of PE on TCS accumulation in earthworms at individual( A) , tissue(B) , suborganism( C) and subcellular (D) levels

#OMDA IR ISR, 5XTHEAR L, TCS BR—ZR 41, CAT 1 M 1o 25 FEAIK, % BEAY 80.4% ; GST T 14
SRR, AT RRAY 1.61 % AChE 15 ME 380, AXT BEAY 1.15 f%. PE-TCS 2 & #FE 4/ GST AChE i§
PEES TCS PA— R 5, A TS, Hrp GST 4123 N8, SXHIEAL, JA—2FE4 100 H+2.0%
1 TCS,8-OHAG 1. 58— TCS ZFE A A, 8-OHAG 7£ 30 H PE-TCS & & %5 N B &M, 100
H PE-TCS & & #5 T & {eit
2.3 PE-TCS E4EExTHrHIE X ATP BEE R

ACP AKP & (fif (K" Na-ATP fiff .Ca®-ATP 1% ¥ A8 b 25 R LI 3. Hivp ACP 5 AKP % M 7F TCS
FRER 0 LT X IR T PE #5240 S50 AL 22 5 AR 2. ACP W& MEAE PE-TCS B & B EA
FEE T — TCS R, 4351 TCS 2019 1.33(30 H+0.2%) .1.72(30 H+2.0%) .1.19(100 H+0.2%) .
1.08(100 H+2.0%) fi5. AKP i J17E PE-TCS & & % 85 4 b Z Ik T 59— TCS B FR 4, 475 TCS 41y
52.0% .57.1% 41.6% 45.0%. ACP Fll AKP 7E TCS 41l PE-TCS & & 284 h )28t a3 — 2, 2%
TR IR, SRR, & FARGELE PE(30 H+2.0%F1 100 H+2.0% ) F1 TCS (1552 F 1%k B A%, K Na*-
ATP [ Ca®-ATP BE{E 100 H PE 2288 F W E8 0. 58— TCS ZHAH L, PE-TCS £ & %8 K'Na'-ATP [,
Ca® -ATP [if 2. 0.
3 e
3.1 PE X TCS EHBENERES SN

MPs X HAlh 5 G ) 78 e A 8 5 2 2 A 52 i, A B T8 7R MPs A i i5 e 244, anfar s i i5 4L )
T 3 R G LR Y T SRR, MPs 25385 ol (A i 514 PN 35 e ) B 4 AR A il R
WX &I, PE B FEANT TCS 7EMT M5 A N 1) & 4, AH L 100 H PE 30 H PE /™5 F, Ml iA Y TCS & 5 &
AR X —Z58EIE T Wang 5K FLAI Jiang AR KB Wang s sr 00 PE FN PS FRAK T 5
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307 A N O XPE 2r B O XPE
300 F a O 30H+0.2% A A O 30H+0.2%
= o 43, E30H+2.0% = Ar— A AB W 30H+2.0%
2 250 B T T a 7 W100H+02% e I tH a . E100H+02%
L H @ 100H+2.0% 2 a 37 E100H+2.0%
S 200 1 5
2 2 6l
Ho150F =
100 F
3 s st
50 -
0 1 O 1
JETCS TCS JTCS TCS
+IETCSHE (100 mg-kg™) +IETCSHE (100 mg-kg™)
200 ¢ 0 KPE 1250 p 0 kPE
= O30H+0.2% a O30H+0.2%
2 16F e 4 o E30H+2.0% = 100} A a 2 E30H+2.0%
o AAB pe B 100 [+0.2% g B 100 F+0.2%
T 12k Smm: B100H+2.0% 2 sl b b 7 100 H+2.0%
E cCc > B B
£ hrl =5 C
= 08F = S0fF p CD
g o4t © a5t
=
0 : 0 :
JETCS TCS JETCS TCS
+IETCSHE(100 mg-kg™) +IETCSHE (100 mg-kg™)
WO g . 0 KPE 5 F A 0 JkPE
A 0 30H+0.2% ~ 317 . O30H+0.2%
g 40r «BCB pcBC  [F] p b E30H+2.0% £ 4t W 30H+2.0%
& 1 g 3 W 100 H+0.2% & 5 W 100[+0.2%
g 3207 2 100 H+2.0% % a3l ¢ c = 2100 H+2.0%
5 R c
3 240 & <
D160 f 2
g 2
< sof S
O 1 O 1
JETCS TCS JETCS TCS
+HETCSH (100 mg-kg™) +HETCSHE (100 mg-kg™)

2 PE-TCS £ &5 RZE M #EE| SOD . CAT MDA .GST AChE #1 8-OHdG EI 5400
Fig. 2 Effect of PE and TCS combined exposure on SOD,CAT,MDA ,fGST,AChE and 8-OHdG activity in earthworms
RS PR RN A — R A S X IR EE A M HL, 5 351K 9 SOD . CAT MDA GST, AChE Fll 8-OHAG 8 ¥R M43t 242 5 (p<
0.05) ;/NEFHER/R PE-TCS E G #8415 TCS B —F 1A L, it 4514 P9 SOD ,CAT MDA ,GST AChE #1 8-OHdG M5t 57
(p<0.05). FIA.
IKMER MG YY) (2 AR | ZHT7)R) TEM I 200 & e . sRLAE ) R B, RiAR o 75 ~550 wm BT
F AR ARG T i ] R P B S TR R e MR . Jiang 25U FI AN C UM B EEFRICE AR &, 1000 wm
1500 nm PS PR T U 5| PR N FE AU ALR. PE S0 TCS 7884511 9 A9 & 4, 76 T PE R MUK 5
BK Mk B B RN 32 75 Y S D BARR v RS T A PE (30 H ) W B+ 1 TCS, FFAIK £ 48 TCS
JE IS TCS LR KMRFEAL; AT A PE(100 H ) FEAREE 54 Y TCS (5 4, i fEfE T PE 7E4%A
FIHE R RSN R P, PE XF TCS AW 5w T RaiE 414, 55 PE 515 A 4 B S 33 ok 3% 28 th 2 FR K im i 4
Ul TCS fRE SN . BADFEE U KB, 10 nm 10 wm 100 pm [ PS H4E kbR i SE R AR DY 150
pm 9 PP 2 i 45 A A AL R ) 30 pum FT 100wm (4 PE S48 T i 45 % 4 A iy 46 0. X nl REAE Tl
XI5 YW ) E 4R, 52 3] MPs Bh2E DRiAR RBE , T3R5 Qe R RIPE BT (K, ) SE 2R R 5.
ATFGE R B, T80 T5 4 PE A SR, TCS 7961 56 B 10 5 476 (R 35 , 10 M £ o B2 o
3,30 H+0.2%PE 30 H+2.0%PE 100 H+0.2%PE 100 H+2.0%PE /5 F , 43 #| b Bi— TCS 75 Y4
H3.23.1.22.4.22.1.93 mg/kg. iX1ET TCS 1Y logK,, A 5.4 B, e 5] X}y Gy i e e AR 38 0y 5 A DL &
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30r A O JkPE 200 Aaaa B O XPE
2 30 B g A L AB O 30H+0.2% = =] D 30H+0.2%
2 I a M 30H+2.0% S 200F a @ 30H+2.0%
= 250 b b EI100H+0.2% = B B 100 FH+0.2%
= a ¢ @I0H20% g sl i 2 100H+2.0%
o 200f o)
& 150t € ol be g
R R ¢ ©
w100 - e
=¥ =¥
50
g sor E:
O 1 0 1
JETCS TCS JETCS TCS
+HETCSHE (100 mg-kg™) +HETCSHSE (100 mg-kg™)
30 C O XPE 0121 D 0 JkPE
A O 30H+0.2% — A O 30H+0.2%
A =
250 F1p W 30H+2.0% g 0101 % W 30H+2.0%
= & a
S B W 100 H+0.2% & B B W 100 H+0.2%
o zor B @100H+20% 5 008 b B100H+2.0%
£ 5 b b
5 15f 2 006 €T ¢
£ :
T 1.0f < 0.04f
H M
05F 2 0021
0 : 0 :
JETCS TCS JETCS TCS
FHETCSHRE (100 mg-kg™) FHETCSHE (100 mg-kg™)
0.04 A E 0 JPE
A N O 30H+0.2%
2 o0l sy W 30H+2.0%
g 0L B 100 H+0.2%
g B B b b @ 100 H+2.0%
é 0.02 F ¢ be
50
<
s 001
1
JETCS TCS

FHETCSHRE (100 mg-kg™)
B 3 PE-TCS E&EBE E%E ACP AKP EHE K*Na*-ATP & Ca® -ATP BgiE AT
Fig. 3 Effect of PE and TCS combined exposure on ACP,AKP pepsin, K*Na*-ATP,Ca?*-ATP activity in earthworms

R B P WSS I logK | <5 B DU DL 5] 26 K Wi 4 K s W i TCS S . T
HUAIKT 1=, TCS 14 5435 LA A F AT (14 B S5 85, LU R i S 3. 53X — & L5 Zhang %21 1Y
REE R —5. Zhang %) R, ZRIFEEAE IR T8 EWS]  BE s B 051 R0 5% [ 6 s 0 A 3 R S 1Y) s 4 e e
=, I B E BT annetocin HEFHIEFFIE. PE AT T, TCS B FRARE 7 PR BIHS 0 AR {5 ol B 3. X ] g
IR R A A A A B IE R DO RS ) X TCS BYWRN ES T PE. AR MK T I MiSh 2R
I3HY TCS W B HR A E TN 4L4Y , PE A5 R, MEAh TCS RO AR b 3, M N AR 8 2. X ml g e T
HANR 53 & A B BRI, B« R BK AL B ). BRI PE UKL Y) 320 4H A PR
3.2 PE 5 TCS £ & & & Xt 5| &1k 5 B35 B 1 22 11

SOD CAT FJ & BR AL Az ok s 07 1 40, A 46 1 El R R S & 1 o e LR 19 1E 5 A 3L
Zh' 2. MDA 2N A 35 | R MRS Tt SR P o =), FL i i 220 IO i it sl B A R B % A
SRR B REEE . AP R, 100 H PE R EE4L H— TCS Z 241, Mk f51/& Py SOD 1% Al MDA &
RIS, XA RESE 100 H PE 3 A —HF b 451 7 308 1) o 72 o Xk 17 10 40 2 it iU A £ R AR . TCS
FEHLTE T 0 W51 4L PN SOD TP % 55, MDA P38 5 DA SR 047 A 9 40 ) pR SR 0 . 3R A AR R S
NEAYIE R R, H— TCS REFZH Y CAT I M 3 BRI, AT BEJE SOD Ay MY SR PR VE R 1 38 70 176 4k 46, iz 45
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It H BRI CAT K IEEH.

GST J&—FhAE WA QI , mT A2 e H R B st SRR T 55 20 B P 91 %) 55 L -4 T e A I N [ A
RN BEY T . ACKE 2 rP X R G A5 AL T 0 — P SR , P R 2 IR ARG, (R UE 4o 2215 57
AR N B IE R AE . BP9 R I, 100 H PE 201 GST . AChE 3% P52 Z4M i (SOD F1 MDA f) 4% 5 $2 {1t
FETTHR) , TCS 2H 1 58 W] GST A1 AChE #% TCS 75 i | Ak L4 it A b 8L Ve . x5
Li Al Lin MWFE 400 —80 Li %M Lin 251270 LB, 7E5—I5 Y44 MPs(28 ~ 145um /) HDPE F1 8~ 125um
) PP) RN TCSY [ e R, M sl SOD  GST MDA 5 s it 515 5.

8-OHAG S MUR N DNA ffhidr &4 . W5 &3, #— 100 H +2.0%PE, TCS Z# 4,100 H+2.0%
PE.TCS B & #F,8-0HdG B &I, X Uil 4 FhbBEZHAY DNA B B2 2815, X 5208 1y % 2L
Bo—8. 2R R AR TR A 8-OHAG 7 535 2k B 5L B i Al ) —30% e R

PE-TCS & &5 % #5 4 ,S0D ,CAT MDA (AChE AR WrE RN, AH L 100 H +2.0%PE 4, PE-TCS &
IR , GST RIL PRI, 8-OHAG RILIF5HUA . AL — TCS 2 #8424 , PE-TCS & & 558 , GST &
PRSP , 8-OHAG F I PRI B . X — &I 5 Zhou %5 H1 Cheng 251252 97 A K —%L. Zhou %%
1 Cheng 55 & 3, MPs— 5 9l > \PS—FE [LDPE-45 L1t PP-4@" (& & W30 X ke 45 SOD | CAT,
GSH 119 B0 T 3500 38 K. 33 PR 4 BH A [ il ke B — 0 A2 55 e 1 et AN [, G 2o A1 B b ) & VE R B 46
TR0 405 3 52 A5 TS Ye 5ot 0858 A ) B MRG0, Tl A7 AE P W) sl B s e i 2
3.3 PE 5 TCS E4FEEXTHri& 1L E ATP B5iE A0

WERRG ( APC  AKP ) 758 F29 T I TH Ak W 328 i B 2 32 R ol 1 ik (A1 45 3 A % 97 o 2 1) e 3 1A
RN, W5 E I, PE 2288, Meis| ACP Fll AKP T MR & A48k s TCS 2255 T, ACP HI AKP &M g 25 [%
I, X F B TCS Xof ke 451 W W50 3% 9 3 () B0 4 He PR S SR B0 AR 5% e BRAASIE T i 4l 55 R v R 41 45 I 4
TR SR SR R AT S R, M E IR, B A B R A ACP TSI, 2 PR A i B AR TR K
BRI, 77 2 0 B RUK BT S B TSR B E A hin. 56828 T, T TCS
4, ACP AL AR 1 3, AKP 15V il S5 W A1 3 T 8 2 DR Ay i s R MAC 9407655 5 40 okt 3 2 FH TR s it AS A2 A
N SRR (ADP ) B FR LR ISR EERAS AT =W R ( ATP) 4R AEH R %5 iz FpdER e R

R RSO Y TP IR AT INIK R B — R DI, B— PE TCS 28 T, 8 ARG 1Y
RIS Ho  TCS 4 BRI B3, A BRI 62.7%. X T RESE N MPs (94 B 405 , Wi SE ok
FEI IR A B I ALIE , B2 TCS BfL2435 3 BRI B 3 T s ik se 17X — &k 3. #ip"!
KI, A HLBEREIATR TaBP Z288 T, b W5 i 18 25 1t 0 306 1 32 3] 0 S5 M ], B TnBP B2 sy, 410 1l 50 2 el
e

ATP i (K*'Na"-ATP Ca® -ATP ) f& S f5 2 38 8 Rp R B, AT A A0 SRR PO 0 7 ATP 7K fff , 445 240 1 oY
HNES T E A 3B 5 K. 100 H PE M TCS PA—Z2 85 T, ATP i =2 M 451 %5 YL g A B0 30
N BAAZEEE N, ATP BEREAR, X RIS KT Na® Ca® 20 A S8, th LMY K™ Na® | Ca™ %K. Zhu
SRS e B, A G i 0 i DR P K Na-ATP  Ca® -ATP TGP , 52 i e 051 Fr) K - 440 i 45 et
AFIRE AN

A FE I i E ISR, RERIT T AT AR AT B A PE 0K X TCS 78 b 351 74 P & 48 43 A I
A A B 3 X i W5 S MR N (S AR AE | AT B T 2 T MPs A A W BE 3844, o Hofh 75 e e A 1Ak
B KL A R TR A Y RN, AR 3 MPs 52455 L I ERBEAT R R A S K
B DAl 5 A B HERL KR, EEATH A . (1) PE o W 25 PR TCS 78 mfe 151 17 18 | BRH7 F L A1 20 43 1Y
I3AT AR TCS TERTISI AR Y 1Y 5 425 (2) SR |, TCS i 451 i FEPEVE FH R T PE, #ME5 4% SOD . MDA |
8-OHAG MiFE AR T PEAHHOR AT EEARLAR , AT AKLAE PE 3458 TCS X DNA $5i4j3, INEE TCS X2 ffd
WANE T A )T, AR ZATET . (1) &TF PE FRARMSI K N TCS & 4 /R MUK A8 7R, 5 1 0T
T M MR R AR AT IS I 0 Ao W B S G A TG 5 (2) PE 5 TCS X e 5] &2 45 B P AIF 5 {5 B3 FE Tl
TEPEERSCHE bR, AR IR AE /R SCREHLH] , J5 300 v] 30 40 B ol A e = T S 2 AR A - S e A
g3 AR R Z L.
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AR AN ATEEACKIAE PE 4 52800 T TCS ZE e AR N 9 A= 0 & 48 Horb PE MR B Sy | H0 355 SR sk
W MR SRS MM A5 PE WE AR T TCS FEMT 5 i ¥ RIS 53 o A B — 2
T, AT AKI#E PE . TCS %55 SOD MDA 8-OHdG  ATP [iff 1) F+ 75 157 %t it 480 10 o 360 045435 20 B PN 0 25 F
A, H TCS 5 S0 5 T PE Jiik. 2524, nTH AKIAE PE ARG TCS X i 451 %) 4204k Joir 38 AH G i
{HiES T TCS i 8-OHAG F5F5, M T TCS 4HA#Y AKP K*Na*-ATP  Ca> -ATP G PEF8FR, 2 B0 il 5 A
RIALIEER TCS X DNA #4473, IR TCS X4 jg P AN s 1A ) T3
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