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ABSTRACT

Airborne fine particles can penetrate to the regions of lung and the
alveoli and have heavily damage effect on health. The study about airborne
particles has been paid more and more attention at home and abroad. In this
study, we investigated the DNA damage and oxidative stress effects of dust
storms fine particles.

The meaning of airborne fine particles (PM,;) is particles with
acrodynamic diameter less than 2.5 um. The PM,s samples in the study
were collected by using PM, s high volume air sampler (Thermon Anderson,
USA) in Wuiwei city, Gansu province and Baotou city, Inner Mongdlia
Autonomous Region from March 1 to May 31, 2004.

This study is comprised of two parts, the toxicology effects of dust
storm PM, 5 were investigated by in vitro and in vivo study, respectively. In
vitro study, rat alveolar macrophages were exposed to PM, 5 samples, their
water-soluble fractions and solvent-extractable organics from dust storm and
normal weather, respectively. DNA damage of rat alveolar macrophages was
detected with single cell gel electrophoresis technique (SCGE) and
cytotoxicity was assessed by 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenylte-
trazolium bromide (MTT) reduction assay. The results show: (1) PM,;
samples, their water-soluble fractions and solvent-extractable organics from
dust storm and normal weather caused cytotoxicity to alveolar macrophages
and the cell viability was decreased in a dose-response manner. (2) PM, 5
samples, their water-soluble fractions and solvent-extractable organics of
both normal PM, 5 and dust storm PM,s could lead to DNA damage in a
dose-dependent manner; the samples of normal PM,s made higher DNA

damage than those of dust storm PM, ;. (3) The sclvent-extractable organics



made higher DNA damage than the water-soluble fractions of both normal
PM, 5 and dust storm PM, 5. It was suggested that the organic compounds are
the main contributor to DNA damage. (4) No significant difference were
observed in DNA damage of dust storm PM,s and their water-soluble
fractions and solvent-extractable organics between Baotou city and Wuwei
city, suggesting that the genotoxicity compounds are similar in dust storm
PM, 5 of these two districts,

In vivo study, after rats were intratracheally instilled 24 h, the activities
of SOD, the contents of GSH and the levels of LPO in hearts, livers, lungs
of rats were measured. DNA damage of lung cells of rats was detected with
SCGE. The results show: (1) Dust storm PM, 5 and normal weather PM 5
instillation caused significantly decrease of SOD activities at higher
concentration in livers and lungs. The contents of GSH in lungs appeared a
dose-dependent decrease comparing with control group, whereas PM, s
instillation at low concentration caused a significant increase and at higher
PM, 5 instillation caused a significant decrease in livers of rats. The levels
of LPO in lungs, hearts and livers all appeared significantly dose-dependent
increase, but the changes of GSH contents and SOD activities in hearts of
rats were statistically insignificant. (2) Both dust storm PM, 5 and normal
weather PM, 5 could lead to DNA damage of lung cells in a dose-dependent
manner. (3) The effects made by the same concentration samples
respectively from Wuwei normal weather, Wuwei dust storm weather,
Baotou normal weather and Baotou dust storm weather have no significant
difference on the same examined index.

It concluded that: Both dust storm PM,s and normal weather PM,
could lead to DNA damage in alveolar macrophages and lung cells and
oxidative stress in [ungs, hearts and livers of rats. During dust storm periods,

ambient PM, 5 mass concentration was significantly (P<0.05) higher than



that in normal weather, so the toxicology of dust storm PM, ;s should be

higher than that of normal weather PM, s.

Key words: dust storm; fine particulate matter; DNA damage; oxidative

stress; the single cell gel electrophoresis technique
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EA AR R, KFRELE DT 0.5km RS,
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R (BRB) =10 i =260/s 0% (<50m)
R =8 HEi=20n/s 14 (<<200m)
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1.2 22 RRHA. {faSHE=2%

121 e RME

PERE—MEFHRHKERRR, ERRERERE—FhiniE - fhiwEd
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RARRE TR FEP iy . KB Bt RN RN EEGNE: OF
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TR, RHESANEENEY. BISRIEE R R, R
PEAER G Fe, Mn, T)BFHAELEN. B2REEFREDD ﬁk#¢%
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RIPIREX R B aERERER T EaERY, Bt T 90E R HNE B
A S B R B R s BB, X R IR R E IR, R
W R T (TR A e S RN, LR /b o T B AR AW AV JE S PR
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il 4T 44 40 ML (R 2R R R B T MR I BB W . IS R MR AL I S (LDHD Mgt
PHESEE (ACP) [ MRS METR, E7EMREREIET, PMys b PMy BIHMERE
BB AT 10pm MY E SRR ATE R Bt Rtk iR, i B ks g
EREMM A e, RTINS 2R Y S R AL S R R T T M, ARE A
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(IL-6). LDH & EMMCY. AZBIAMHARY, LB PMy; T3EAR AM
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BRiE b IAE, MMBRETIN A, ik ca aBmmbTY,
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LDH #5800, T REE A5 1 F 203 R Vi 2 B A RV F 17 40 B BEART e — o L
$AR . ACP REHAR, TEfMEERARPEIER. Ppiis, Mo
LSRN, EREAREEN, FRIERK, AP ERTE, ACP AT KEFH.
NA FTEYBREHSEEHEENEENER, NA SEFEINER YRR 528
R FH E,

(2) FURLHNRG s B E

e IRt —E EE AR, AM 41 BK N A R A B AT, 7R
AR AM SRR — ROV R T (cytokine, B T HAHMN fo¥040
AT A FHARS R G, 4, HRIESETREFEEMM) MR E
FET.  INF-o. %% FEF (NF-xB) %, HE7RaER 3 — S0 £ R mem.
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MU RGNS, A WORE T P R 0 BB F (0 TL-8, IL-6 %), i%
S 1 T L DL P A TR (TR . AN AR, %
TG M) BB, SEOER A . B E I AR AR A B O R
AIE T, USRS e BV IR . RN, BRI
S AR S th AT R

(3) Bk i n B AL S S

— BRI AME RS BT S, TSI e T L R A S
ML, AENIR GRS (ROS) S HEEL (RNS) , X34 & (1 3E5% ROS. RNS A
BATARBE D BRI L. SRS R, [SEENTR. BRE A
BEECE, TWAKHEAR. BRSEWAST, F2REEASEROTE. I
2, BROMALBAEARSIHE, HEEREIERI R R E R,
HISS PR AL S, (AP AR, SBT3 AR D e AT 4L, 12
W SER. R sER.

(4) R B s R e 30m o

TRORERD, BHOERELSBNSHSREGNTRE, HE5Rde
SRR, — sk AR S LI . DNA. B AR A 45 1 B SR ) L
T ISTEMIBOR A, BRI 2 A AL T P2 ) 8- AL S T R 2
PR — N R T Bob, BURIE T S SO T R BB TSRS )
A LR T3 B 20 T s A 4

1.5 PR REENNE

1.5. 1 e RRSHFTAEN

WA BB RS EG U T L

(1) Briavb BRI IREMEE, EROES, DI Rarmpe
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AR MALE (LB R EL2 /DT 100um BOSANIRL: A0 b sk EASRES A, AR IAN
Fpiy SRR E AT AN AR, TR CAME”
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P FABRA D DNA 565 B S AL e

FEEEM. ECEV MK, SHEEDERS TREBMES S, iR, B,
EREYREMASE. FESRSX TR RS ATE#E, TG
W . PIEATEEAESES X SR E N A DT 2 AL RFNHE, H
TEBRIMMEETESTAR, BUAREESNEREE LI EROE
7 ' : ,
(3) BAMZEEVERIMEARNMME R4, HIFRAFTURANTIERS,
Hmsaxt b R ET, EEVAREERBEOVSIRME. £ 0R MR
Mg, PUERFIRHL, IEE R THEEKNAS. 88 KPR A8,
RETGRINE, K& RAE, REBRKEMN, 1EFmirs TR,

(4) MIWZERE ., TIREAKRRKBERAER, SERLHERME X
JIHEN KM A, ReKBFI S, TR AR, KT .

(5) BribdbEXEEDSGN Tk, PR RIE KRN, B, &
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1.5. 2 3 R REA B ABAIPTEIE
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B E RS ENLRE, WREDSHT]. WFS, BRFBEOE, 20, B

MREE, BB EMRAPICRE. RN BRIZUZS, UABRAFE SN, BER
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WKL ER .

1.6 EEEREEN
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Sb e RPN AR MR AIRIE T £, RRIE AR R I TR A B
(Phlm ) S A R (PMa5) S L RRERATL B i 4B 7 T 0 oK 04T 3 TR 504 T (A

. Hl, RB M TEER SR — %mamﬁﬁfTumﬁﬁTﬂiﬁpma
HIZEIEHLE, AHIE D RURECHE KR,

10



FERETT R R, ¥R PMy s B] FIE MRt b1 X BB 0 5 Mg 40 AR
i Ca™'Mg”"-ATP FHF1 Na'K*-ATP BEAIEME, {# AM 13530 LDH R ACP ¥E 18
W, WK AM BRIERERESMEMEKE RS, FMRA Ca® g EHEngl™,
A PRSP Y LR T 2R R PM, s ) DNA R0 SN, i
N TEG =30, —2XEER, M RRNE X, HiE. BERE. STAEN
fEFH MAFERER ISR LR RTERE T RSENER; —RE
RS EI S BB T IEH KR8 PM, 5 S H K IREUATE AR B Rkt
BRI DNA 5 1E M DL BUAFs A, 447 TR S PMys RG4S
FEEER, ARAPLENSENGEET Z6: ZRASBANLEWATER
FAFNEEA 5 PMy s A8 @R K BUIE . o A ZR A0 E AL BBV T LA BB 4 i DNA
MG ER . -

ARXMAAFRINAERAREFRNEFERMERLEHTHE
(30230310) “¥bh RAUTRAIR B LAFHE R0 A RGRRERI 7 i — 704, B
TR LR AENIH R ENE. RS A RIS EHER
. BREHENIEINEA,
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A RATRIT DNA 50 REANETER

FoF VR RMBMAIXS ARG S E A DNA
BARERABAIMAR

2 1WE

EEREEFG MR ER/LTHEAEREDALRERROL o B2 EEN,
B HB RO % 2 o (T A SR AR BG5S SR SR
. B, GBREESMYDLE PM s RS TR, HENFRERN SO,
NH,*\ NOy. K'. i &RTE (W Fe. Zn) BARHHUITHYIIN S H IR E
I la] HEMP HF - HFUERARE. AEERETERZ £, AAENT
EIIREEE . RE TR AR R 6 PM, s 8] Uk 2L K P,
HEFEKPHEIIEEERFBAACRE, SEERAUEFEZRYY, B,
D PM, s TR I A A3 2 B B

I E MM (alveolar macrophages, AM) [~iZ4M4a T i R EXE,
YRR RBP4, BRI EE S M, &S B e e 99%.
EAMEEE BRI AN (G ASERY . WAERNSICERY TN,
g Bt —Fh - AT 4, ReFE LS HUE KT HMRMEE. R RE
MR, BT ERERAFRREMARE T, BOEOE. HHEAXAHES,
TSR DU IREANEN S LA R P S ISR m R AR P 0 EERER,
1AM THRESZHIHEER E N, AH ST HER., MM ASANEERE.

FRRIEN PM o 2 PMs SR SE G FEER N BENER, B
- MU S ST A MRS B BRI AN RIZKCF BRI by HR KA 30%IT
FAEP/NSIE 10%~ 1SWITARAE B . ARAESRE . XRE. M SENREH
T S Y b B AT R0 Bl B A M R AR B S B A AT AL, TRRAE M P9 AR
N EWMREE. —EdR AR R (RS Sio) # AM TS5 EE4H
FRA B, WRAERAXHEEMNAREK, TSR HSRER~E. Bk,
SPRLYINT AM R0 1F o) e BRE AT AL B 28440

PR ShsEIR A, RIS PMy s TSR AN B AM FTCFIAZE. HMAFE
HIECE, Hid AM FEUED B R PMy BEBTINE MM ML B M B - B (MIP-B)
HRMBAEN-1 (MCP-1) FIEAA%E-6 (IL-6) mRNA & &Y, BETHH
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RIE P SaEhAR R E R DNA 1R 407 1E A B A gt

KR PMois PMotase PMasio ZTFIIA AM P4 KERA M RE T, ks
PMs 85/ RAETIEREE 240 5, FEENE (BALF) * LDH. ACP. i
B (AKP) . TNF-a. BN E-1AL-1) . —EAE A8 (NOS) EE . HE [ (ALB).
W B (MDA) . NO & B BER S, @Y1k (SOD) iStEfl AM K5 1%
igeM B FREY, %E SR AE (WIC) ARG SINRDER (PMos
A PMigas) FIERA AM P4 KEH I Tl L FF (30 1L-6, IL-8. TNF-a) P,
BRI RYN, RS PMys #1 PMyo S8389 AM A4 KB B P, A% 1470 31
FURI, LR PMys THRIBRBMEBC K RITRER A MK Ca¥'Mg™-ATP
B Na'K™-ATP BERNEHE, 1 AM 3951 LDH A1 ACP MR, K AM &
FERBMBIEMGIK R IR, FARA Ca & EFmMEY™), o Liftimes
TR TR TOR A s Bk 2. R T AM 23R E,

AWFI R pMys MRS RN, ERHAERETARSEEELTES
AHE, REREFRS (WY EERKUGRMABIFHRT) MPLERSTHOK
R PMps, SFAFRAIEE B RS RERS . BT rI N KRR SIS
B KRR AYREIXN KR AM 4IRS R AL DNA R R, 3t
ARSI HET B,

2.2 ME5A*%

2.2.1 AN 5NE

THHETH (DMSO), FHEMFEME: (MTT). IE%ESIIEE (NMA),
RIE R HUERE (LMA). HIEERHI. Triton X-100 BEL 24 (EB) ¥ HE Sigma
227 RPMIL640 5755 B GIBCORL, H A&7 4 H 7= 4 #r 4l B i FI 7K 4 Milli-Q
MK, PMys KIRE XSRS B X E T4 T (Thermo Andersen), %4}
BT i B E Leica 4 . ‘ '

2.2.2 HRRE

(1) SFEFFIIa] SR A Hh

FKEENEIN 2004 3 A1 HES A31 A, B0 2140 &R, BAF 6K,
REMAERE 2 A (B 1D, —ATH A BB R MW sk I 2%
(101°49°~104°43’E, 36°29°~3927°N) , —MITAZ N HEXALTEZRN
BT (109°50°~111°925°E, 41°20°~42°40°N)

(2) RPN SHNET



LR BRI DNA 40 B Ak e R i

| FHPMy s KBRS TS (Thermo Andersen) 24hiZ 804, STREI SR Hh

H#15m, HEH1.13 mYmin. PAETHEEE (EEWhatmanA 5D WEFRY,
BR$PIK (WERRSHEOHRITK), REFFNYINEERABERLT. RS, #
BMF-20CHKEN.

(3) FEfa

RIE DGR R RE ZEK 4 IEH RS PMys BR8] PMys. EHR
R PMys X EEEERS X EIG LN EFHERI, WAER PMys B BNA I X
BEAVWE, KPRREREHRA. B (FEFSAERHE GB 3095—1996),
A Bk 2 MTTEET ZHK (BIEMT #eEEX. mkTiEERES
K. R, T RFURARX ), KRS ST - EiRaE 1Y,

2.2.3 WFMNYEERELKEDYMBYIENDEROHE

PRSRTAS RIFP SRR 45 R 2 SR — S R B 4 BIREAT & 36, AR
FHREHTEEN S, SHERMNERES S D=0, —4 RkH& 55
WA, — A RBEAKRIYE, — 0 ARE&FIREYER. FE2
FECERP), (R InR

(1) GRYEER N BEE PMys B IR E . BTSN 50mL
AFEARER, N 30mL Milli-Q B (KEBE A S 30min, WERZRHFATAGT
B, WEEREGTRINNER, ZTHEFET20CHKEAS. LR LIREG 0.9%
AR KRBT R IR R B, R E Smin RS

(2) RIEERBEORIE: FFEE PMas A T A BB IEBYRE 5 0 Milli-Q AKA%
RBERG 30min, WEBFWIFLL 0.45um 4T LT id 08, EEAETHR, HE
JREERAFT-20C o SEU M LUK B ¥ A B AR 7K BC BB T R T

- (3) AVLIERWIEI%: HEEA PM,; 0 AR IEREIRE G &2\ e

AR 30min, MBI 3 I WERIGR, i, TREWE, H DMSOH
R BT IR, 4 CEOE{RTT .

2.2.4 KRBHE SRS ER

L ATE 220~250g HIVEVS . AEREEEYE Wistar KRFEHIKELEZS (90mg/kg)
FEEREE, BRSO EE, RESEMM, HXEES0OBHERREHE (PBS,
pH=7.2) EEVEXU, FEHUELH (BALF) T 3000r/min. 4°C 2.0 10min. VTIEAS
10%0 R V&R RPMI1640 Brariliikiik. Bi%, 3 MR RET . “afs
SeT BB IMA (BIMAE 2.4x10° NI, B 37°C. S%CO, BFAINE 2h 5
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BoF YoREEa KRR E A DNA R4 BRI

AU R IR, T 0.9%4TEERK 3mL BEIEER 3 WL B ARG EE A A R A
FEA LAY, WGEE BN B A Al KT 95%.

2.2.5 ESHERHNE

RHAMTTAHHEPY . R4 G AR MR AR TR ST (NADP) HEHIE
A%, TEEARMITEENTETDMSOM L EYR (Formazan), AL+
BEERIE K, MTTAHELIE, Fm RSO E 5 M R iR 2R . SR ELRKE
HIPBS (pH=7.2) FRHIRK0.5% MTTEH®, HidBE, TERE.

PM, s RUKIRERV I A ag ot 76 96 FLANMIE FR IR (R FLAS 2X10° M)+
THAARE MLV ) RPMI1640 BB AL I A AREEAD % 100@,
6 LA —HTAT. FHERYMAMESESE: % 96 FLARSEFRELLE 2x10°
AN IMATE ML ) RPMIL640 3R 190uL M HLIR B (A
TEREWHDI0uL, B 6 FL—4H F4T . B FE 20h JF I Smg/mL §9 MTT &3 (20uL/
FL) BREERLSE 4h, DF LFE. DLPBS SRS MA 2000l —HRETR, =B
FRE 15min. #H H P # 100ul. R TREFRT 96 L4 ftE 774K, 7£ BIO-RAD
Model 550 BUERAR{C EME. THE MMM EER (ALIA TG & X AR
HHE . ‘

2.2.6 ZHBE ONA IRIGEIE

£ PMps FIAKIREN S FAS, BAEFMPERMA L7mL XL
RPMI1640 B FEH (& 24x10° KRB E KD M 200uL AR (B4
AR A B S AELHIRT AN EIREER PMas Bl (ZUREEA 514 33.3ug/mL. 100pg/mL
A1 300pg/mL) BUKIRBUYNE IR (BRIREEST 14 75pg/mL. 150pg/mL 1 300pg/mL.);
EFENRRYRZAD, WESMEFMPELRMA L7mL 5 400
RPMI1640 ¥ 530, *TRRAEMMA 30uL B = PR TH, TRAFRMA - FEE
R H A RS ERTVRRIE R (ZWE 558 25ug/mL . 50ug/mL I
100pg/mL), $E7 4h jSUHEan 36 & AR 3k A (SCGE) #ll DNA 1
i

B BRI Bk AR EE AR IR Singh PR G, FEAALEREINT
HEHAT. EESBIT . ORAMEMAEIE W RS AM B, 328
LT 37°CH 0.7%WERB S IEE LIE XA R SIRS . @R HME3E, F1
EAEESSRERE (NMA) B, 32 EASHMBNESE D ZEE (LMA) 2,
FEIENLMA B QU RRE FEH K TPEATRHIMN 4°CARBABCE 2.5M
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Y2 SRV DNA 15765 B UL S R

NaCl. 100mM NayEDTA. 10mM Tris. pH10, F#TIN 1%Triton X-100, 10% DMSO)
TR 1h. @DNA BRIE S8R THH 05 ik 2 rhi (0.3M NaOH.
ImM EDTA) % 30min, LAfE{# DNA FERRME &4 T BB, ©Hik fEHE 25V,
M 250mA FIZAFT, HIk 30mine @R MR T TR, A ki
F 15min, WKFERT. ORBE5WE H 30pg/mL EB 5 20min 5, 5% EHHEAH
W, FAFEARENIER 50 49K,  Leica BIZ A IORESHEFRZ, [ Casp
AE BB 4 DNA T80 Olive BE(OTM). BMERES 6 K.

2.2.7 GitaR

AR LIS (%) HhRHEE (s) Fon. H SPSS11.0 iRk EE NEEF £
B C(two-way ANOVA) HATHBIZ R BEMRLE, HEEOLERRMA LSD =
Bonferroni %, P<0.05 FRERFEE (BFHEEN).

2.3 &8

2.3.1 e RMBRY R EKERGIATIZEA R E

MIEBE LRI LR PMys RER L BB, AKIRE. HHUIRIIIOIE K
A A 50.62%, 1036%F 3.10% (R 2-10. MM AGIEIERE R, HHIRK
PR Z AR, ARV R L R TR 3.3 7.

#0-1 ALY PM, s K IR MR R B

W FHERKN RREM BRHY RIUKR ARRY EIGEN #AIRR
FEdh MEBEER KYEE R D F YEE R I F REYE PREE

(g) (g) (%) {g) (%) 2 (g (%)
0.4893 0.2498 51.06
RE 04473 0.0424 9.48
0.3384 ' 0.0104 3.07
0.4474 0.2245 50.18
Wk 04106 0.0231 1125
0.3912 0.0061 3.12
BHME 50.62 10.36 3.10

2.3.2 WERMABR R EKENI AR MM S it
KB PMos M AU, BN G0 KEE RS, BS ALK ERHER,
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HIE R AR A B BN DNA S5 ARSI R

WN AREIERE RS, WS AR e 2R, AEMEREARRTST PM;s
Fe HACRIA A HUER B A 2 U VS 40 B 24h J5 B9 40 JO 350 0 2-1.

120 ¢ L0
H 33, 3Hg/nl
% 90 v * B 100kg/ml,
v 7 B 300Mg/ml
HE 60
5
30 ]
F 7
0
BN BS WN WS
E2-1-1 PM, ; BEikry
120 0o
B8 751g/mL
® 9 | B 1501g/uL
vy B 300K/,
YT 50
5
30
g
. | ,
BN BS WN WS
B2-1-2  PM, KIBH
120 T Qo

25ug/ml,
50Hg/ml.
B 100Kg/uL

<o
(=1

- HIRRATIE 2R (%)

=

BN BS WN T WS
E2-1-3 PMy s HLIREY)

2-1 AEHR LRI RS PM s R EAGRE A HIR
ot oA BRI VD I R AL 4
BN: BSLEFRSH M BS: Bk SR, WN: KBRIEH KSR, Ws: REr g,
BB P, n=6; 53 BHILL, *p<0.05,#4p<0.01.

B 2-1-1 °T40: BEE PMos BRIREM K, SREERE L. s

17



P 2MERYIN DNA Hifs Reb s A

Bl 24h J5, BREFRRAAVERERREE RSAPELEERERRE
(300ug/mL) FAMFIEENFH 72.48%. 75.84%. 70.89%% 76.49%, SxtHMAM
HISEEENRER. BER—KET, A—lR LR PMys 51IEE KSR 2 0.
ALERSRRERRSBESZRULELD LR SRR CREERZE, WAk
MBS TEEERES.
M 2-1-2 7750: FEE PMys KEZER S TR BRI K, AR V8 Rt B i PR 1% .
TEALFRAIRE 24h J5, B EHRTMVPLRE SREBIEE RIS L RESERKE
(300pg/mL) FHUMLAFTE B RA 76.52% 85.74%. 84.52%% 81.92%, L5xtMR4IfH
WFREEER., BER—KET, R—HRIRE PMs KERYRERSEE
ML AL EESRBIEFRSHRZ ML R ERSRED L $H
m B, XA MRS B E R,
M 2-1-3 W51 BEE PMos BHUIREUIEROK IR, MMEEERES L.
{EALEAM 240 JE, AKIER RSP ALRSRBER RS LB RTESKE
(100pg/mL) TFEHMTERE RS A 70.83%. 91.38%. 72.95%% 73.38%, S HIZAAH
R BENEER. TAASKET, LY AHE PM s AHRRIERLEKE
WRA PMys HHUREUAHRE G AR B R ERRE, ARRYPLR2E5RRERR
A A, AREESREEERSHERZN, URELPEESREDCRE
M2, SRR EEDTEEEER.
2.3.3 o RMERYREKIZRNEHIZEE DNA 8iRGER
B SCGE BARZ BRI S AR AAR KT PMys A KIRIIRIA LR
TR i 3of oK BRI VL S 40 ) DNA 1345V . DNA Hi S8R BT E sk m s -
# M Olive % (OTM) &R, #ENLE 2-2.

10 1 K, # 0o
ok, # B 33. 3ug/nL

100mg/nl.
s W 300K/l

OT™

El2-2-1 PM, o5 FR4h



HIE  WAREmRYR R ER RN DNA 5 ER TR

2.5 r oo
£ 75Kg/mL
2r @ 1501g/ml.
i B 3000z /al.
= L5
=
o L
0.5
0
7.2 1 ok, # oo
B 25ug/mL
54 2 50tg/mL
- W 100ug/nl
E 3.6
1.8

BN BS WN WS

E2-2-3 PM; sANIEEH

CE2-2 ARHER P BRI R RS PM, s X KRB R HLIEE R K B E
fl DNA iR 1ER

BN: L IEHRSHES; BS: B RN W REBIEFE RSN, WS RSN MR
H—HEF, n=6; 5XHEML, *<0.05,*p<001, SR—HEERERMH, *p<0.05.

MIE 2-2-1 7T 40: BEE PMys AbEBIRKEIE R, AATEH RSN EESHREE
WREMGARR 4 B PM, s 8F (541 DNA TR{5RE R M d e dty, BRIk B
(33.3pg/mL)> PM, s 034N, DNA SMFREREEAS. CTEHRET, 4
KR RIEKIER R HEMI DNA i EH BERRG: EERET, REWE
e LLuUEUE ¥ R AR X DNA 36 1E F 0 2 3 e . BAL SREIEE RS,
Ak SRV LIT4 M DNA BRI AREEHER.

B 2-2-2 W[4 B PMas KRN AL BRI K, BT H REAV LRSS
HELE R KA R 4 50 PMy s K IR I97G (F 40 e DNA S {52 A .
ME 2-2-2 i AT LB R, fARZUEIEH RS PM, s KRB E S A¥b 48 PMy 5K
PEETA DNA B8 R 52 K, BIREETS i ™ & AL TT IR RS PMys KRV
FEARIRAE (75pg/mL) TFERAT 51 DNA #i45 B8,

M 2-2-3 A% BEE PMos BHLIREA BRI K, ASkER RS 2
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T RABRYIL] DNA ] R EALNBHER

S # RSP L I 4 B PM, s B HISREUIEA (20 ¥ DNA S5 72 1 ity
%, HUGEZEEIRAE (25pg/mL) T, 40 DNA SRR LY SRS, A
WET, AkTFERSULALDERES, 1 DNA BGREF R, EEKET,
RBEERHRBDLERSD, ¥ DNA SRS M. NETL, RE5EL
IEH RS PMys 2 8. Bl R PMys 2 (8], HAVUIREYS DNA Bk L 2E
25 SRTT B IR TE 3 RS PMy s A HSRIRAG L3015 PM, s B LTS DNA
ARG R, |

2.4 it

ATV, BB ARSI LT 5 A BRI R S8 15
HEAIE 2200, SRR, T b R I CTSP) . PM 0 PM, s FIAB AN BRIMICPMy )
IR (BALF) 5 AM HE S HEMHY, W3R, DNA LG, &4k
il EETHR T, AEEDLE PMys B KIEEUAA VIR i 2 b 1
SRBIASIFIR D AFRGERED, GLPRBEERTOPLE PMys
K KSR IR MU B AR i M AT DNA 3R, BRBEREK
BEZR. HOETRES: BAENNLLR PMy s BIAIALUS, —/ES ENa
BVEFR S RO, T MBI R4 T DNA: 5 — HEIPD A5 PMy s OB
EUEAI E—E LR AT, 4 NO, NO X SiEta bR E i) Oy TRk
(¥} ONOO-, T ONOO-th Af HHI dr 41l A4 T DNA Y, PM, s P BIH AR
W (EHBFSRE. FHREANARIEREWES) SARRY (WELE

© Ni. Cd. Cr&) o] B3R 0 #/EF T DNA, 32 DNA Biisi &4 s, ks

Ab, PMp sl B AT B i EMEA T DNA, 355 DNA #HH,
IWEFFE RIS, EETTTIER, SR BIE, BRGNS, =
| EAFUMNBLESRNRE, REREVARZEREY — GEFHILBREE
BEBEAMPRRFER, HEKPLEBEBPEHENRY, LREERFY
WERARANE L ZLRERNELY. RRMBKPE T -KEA (B 1-D,
R FHLRNERE, DARIEETFERKS, WERESRTRE. XKH
HPERRERIA TR A RENPRRANAEES A, BF 2R, 4
LARBD LR PMys BEEVIREM S EH RS PMys REBIIRMY—#, &
TRIR SRR B E MR DNA 7 B 5451 JATT PMys AR 3 IR M3
e, BAESTERIRIE (300pg/mL) R A5 A RUFHIE EIE41HE DNA 5 B %47
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BT P~ 2RRuHeY o R ENEAIN DNA IR ER AR

1. UL EZSSREH, PM,s 321 DNA F8 0716 A 5 202 i SURL s F i A BRI
SRR, KR MM DNA MR ERE /N, SRR AM Bk g R T
AE SRR AR FIRAR R IR A, IBERA 50 AM L ik,
BT TNF-o 14 B F-1ET- DR E 4 EE 2 B A o 31a s,
NS PMyp MBS LKA BEE S AM FEAE £ 4R E F-0 1L-6. TNF-a.
MCP-1, HfE#S AM ZHERTR, X5 PMas 4 B8 AM KR (INBERL TNF-o.
MIP-f %) tEBEHAERATES. ALY EREALTERRS, RibE PMys,
ERKFEBMEYIRERER, A iia B4 DNA MiRfih BE R, X
REREHELRE ARG RE“EMNETIIE T, HEERXRS PMy;s thibd £
PMs TG H BB RYHRZHR. BLDER PMs FIREID 22 PM, s RIHAKIEE
VMEVIED R, Bz MEFEESER. HNFERD D BNLZEH G
T REABEL, RILIEERTIR. BAERRRLHRSH PM,ys REKEERIMNE
PRI M TR K, BACIIZEHRAEERER, RAfE5aLH
BTV URABRE, FEEFLBE, BIFE PMys FHEMREE LR LHE,
PMy;s HIBESM S ERE LRMHRIETIHR. KERYLUTHEETHN
WA E, R PMys ARIYD L CaS0, S BES, HFEETHILFAH
BIEARAR A : 804 > Ca®*> NOs>CI' > NHy™> Na', T IE % RS PMas KRB
L NH.NO; & B R %, K X T E FHIHAT S L SRR U : SO > NOs> NHL ™ CI
>Ca™y KO, st PM, s AKIRIFESEH L BEHLSBET MRS, ',
Pb?', Crf", X4 BE T4 Fenton R ROS, FEMNK DNA 475
¥ SSB. DSB BLEBERN. B, HETHEHETF (0 Ca¥" . SO& . N0y«
NHS%) Hsnt &t =4 S . Yag PMys BRI EBEIER K
[ PMy s FHLIRE>, ERRS PMas HHARERY B A 5% WA B K55 22K 4
&% (PAHs) HREWAEE PMys M%), TR W4M PAHs #7515 DNA fER]
JER.DNA &9, B DNA #$ifhi, XFTAEHAE RS RS PMa s F AL L0 2
F PMy s HHLTER X A i DNA S EAmERN E 2R E. SR+, Rigrbd
L HRS PMys WLULETTE Fe. Al, Ca Na. Mg, Ti SxENFEHR,
W, T PMysH9E5HE —EEM Cu, Zn, Pb, As ZHESBLE, AW, Wi
# PMy s h RIRHR TR BB, BIEE RS PMys 975 5-8 51559, i bk A
FERITETY LR PMys PEBUERRSREM. TELRETESTERML, L
BAHEANDW PAHs & B>, AIREDAEE PM, s B ¥ RS PMy s Bt
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P RAMTRIYH DNA 145 R YL R EER

R EE. B2, BTWERMIEY RS PMys BERAY . AREFIE PR
¥, BHEMERSEYR, BEATTARASEEERAERR, i UXERR L
A4 R BRI B A ) TR B 1 T — R A

SRR OREU) AL B B RARIE LU T R E I B K PMys LA IR
TIAE7E (£ EPA #lE M HIBAE S 65 ngm®, BT 3 A 1 H~5 H 31 H3ppd
RKAEM PMy s REIREER 73 pg/m’),— MEATFHE S FIEE 150 25, BA
RIAMTRIPILT | SHTTARCE ML (it VR IR A 1T BT RERG AM 4 2x10° 1),
M—AA CBAEBTATAH])D —X (24h) 9 PM, s FEMMIEFI AT E (the “equivalent”
human 24-h dose, EHD) J7: EHD = 73 pg/m’® x15 L/min x 24 h x 0.15 = 236.5 pgP™,
MR RAWARSMAS PMys IREFH, EHD AR, ¥ RRkiEn S
PMa s HIIREEZY A BARAEE M 2.33 f5 447, BT EHD 7[iAE] 550pug. LR 41H
BEFFHA AM BEL 2.0x10°~24x10°4 (B 2.2.4) , IMAMERESERE
Tk & FHEFE 1.9mL, T 3 ANHE (33, 100, 300ug/ml) #EE2p R YEE
kA 63, 190, 570png, BIPAIEARHIEZIEE RS T PMys X AM BITERAT,
MEMAERENRPERERST PMys 3 AM BIERAKT. TR, sZRd FERAH
B 5 hrthMRT, s AR IR s, SRS REHNARE: i
#PM, s JTHE AM, A{X5IR40H DNA f44, WEM 2 FIEE TR, X
RUVLRTEMEHNFNEERERNZ — HEHREERENSS KERS TS
ZFH BRI AM BEEERAR T RMIK R A YURIRY, TRESFRS
RiFEHREHNE BT BRI,

Z Lk, vAF PMys X AM BB RIEIER 2 Ek B R BRI ZEHIER
W. REARSAEARTERNMIEERSEN, 5 DNA {5 5 EFRK,
BH T ERRRE, K5 PMes MERESEITE, WREBREERRR
B PMas BUEIREL A IEERSM 246 1§ CREEHMBE LS XA 61.94ugm’,
B L RRE A 152470y AW R FRS PMy s FUERBE AN FERS
M 327 & (RAFHIRERERRSFEEA 77.18uyn’, BRI EERSTFHNH
252.56pg/m* ). WIRFEFE PMys IEIZBE Z MM, WYL EESHERRNESX
KigE. Bz, NTEgE PMys MEEERRE S LS a0 i &
FTHS, A B AT AR SRR = R AT

2.5 Ihg§
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FEE BRI Yk R B e DNA R ER B (RS IT

LB EIEF RTS8 PMy s XHKIRRMA PRI R it B
WS MR DNA MR fh, HATRIEREBCR. PMys R4IM DNA s £
R BRI P AR RS IR, KRR M DNA [ fhERE . B
TR IR AM S0 K R B AT R S R B AN LA H IO R RETER AL
FETHERERIERE RSHES, X DNA #4558 % BE EhTYEe ki,
K2 PMes RERESRITHE, WRHE PM,ys WERERKEm, M DR
e MR N S K ORI N
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¥ FAFERANET DNA $05 R UL B rER]

F=F DoIMTRINA RGN DNA MIRER
A G2 B S L RLRIER

318"

EERREVALERNE SN FFEH, M 20 B4 50 408 5 e
FT 90 FAH 23 o 2000 EHEFRERIMR RKAET S RPLERS, BWER
5200 FPAAHE, EERERTE LAANE, JlETEEEREAILAFREE,
LR RN, AT TR ERNE YRR E BRI S, KIS YmE,
B N R B . A T RIR I PMo BR PMa s BRI NG S b
KR, BEMER, EEEEMERE I TR e R RA TR
TEAREE b, Hopokdy 0% R /NTIE, 10%~ 15%TRTERE K . ERSMAE
BATRFRE R PMys BIREE LT SERBMERT R, SELEXREY, RHELIT
MR RGO B Ol R ERETIREITSAA L, WA R PMys TR BRI
BT A 4 I W 20 L B Ca™ Mg ™" -ATP N Na'K'-ATP BEM3E 1, {8 AM 1535
#F LDH 0 ACP FEHERIN, K AM RS R ZIREME MK X Fsh#E, FMm K
CHBIMET, ENETENATIARE, FXDRR PMys MBI
HIHRIER D, AR ER PMys 3BT E LLSM 1 LA A 22 ) 5 3 2 B AR 9T % 5K
HARIE

TR LR PMys RN EEERH, BRITEEHRERATNRS S LN
fEARER, REEFERR BHEZERUTRYRBIFHRI) FPLERAF
BIRA PMys, FRIFRHIERRSEESMP RS, B AR LRUES PMys
SR RN A R Lo A R AL R B, R R U0 B DNA YR 4%
TEH, REEEARRE PMys B RRM. O, FFAESUEACERE 2B BT A
AR AT S5, PR PMy s X S B B SR R E 4.

3.2 gRI5FH*

3.2.1 RFEEE

IEH A IESE (NMA). RSB HZEMERE (LMA). WMIEEH. Triton X-100 X
BLLGE (EB)L 1, 1, 3, 3—IIZEEWH (MDA, B EHZE (TBA). 5' ,5
T - - E RS ER) (DTNB ). DMSO. BMEWE,4kEF (Xanthine oxidase )+
FIEW (Xanthine) 5 Sigma AW ; RPMI1640 135 M B GIBCORL, H4&iR7
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=% B RMBEYIRT AR DNA 85 2R AR 8 s S bR AE R

3 E P B K R Milli-Q B4k . Feal e A B AL (HITACHD F-4500 &
PO eEH, Bl E Al HITACHI U-3010 4606 . PMys KB KNS F
PEE3I B £ [E# A T2 ] (Thermo Andersen) , BB A HT{XE B E Leica 23 H) .

3.2.2 HERE

(1) Feeda] 5 R A A

SRAEERSEI 2004 3 H 1 HE 5 B 31 H, &0 24h E4XH, SAF6 K.
KA e 2 A (B 1-1), —A T H R 4 B 7T R 35 M ) 36 0 8% % T3
(101°49°~104°43°E, 36°29’~39°27'N), —AMMUTFAZEH B K AL T E 25 I
BETH (109°50°~111°25°E, 41°20°~42°40°N).

(2) RAAEE SR G RTE '

FHAPM, s Kt B RS K FE 2% (Thermo Andersen) 24hﬁ%ﬁ7ﬁc#, KA A
H#15m, FEN1.13 mYmin, US4 4EIEM (35 Whatman’ 7)) W& kY, &
ﬁﬁwwlm%ﬁwﬁﬁ%ﬁww,mﬁ ﬂ%%ﬁﬁ%%m%@ﬂ W5 I
F-20CHKEN.

(3) Fransrd

ARHE Lt S R IR B B R 2 TE 5 R A PMy s FIPP AR 8 PMys. IFE R
SAEARE BREE A XS R ERBIRA, VAR RF ARG hE LS
vhEGE, KR BEREHRS. Wi GRETRERME GB 3095—1996), &
B Bk 2T R T K AR PR E MR AR BLAEEREAK.
TR, BT RARMBE), KRESRRIT = FdrdE,

3.2.3 WFREIFHRAT &

PSR TT AN L FR 2 (4 R B ) 28 R e R — 0 U H B2y BT &9, LIAY
FTLBHREEN—S . HRsBITIRE, M.

BRI A % KA PMs SR AIEMEFRE . BT R S0mL /s
FEH P, 90 30mL Milli-Q A4 RE B AR % 30min, IWRBFEHETATHETIR,
WERRETRBANER, BHEET 200K LHN LUK E R 0.9%4: 22k
KBS AT R R E MR B, IR HE Smin FHE MRS .

3. 2.4 N EARES

KK FBEL A AR EARK, P, S ELSEA, 46 H. FHEHAR
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PR RMRBRIH DNA 4934 B FAL R B

SEFEAREE, 258 AT EE KRS, SEARRE R, 1E
FE A 1.5,7.5 #1 37.5 mg/ke, X BETFSARAERENR, LEEREE D
37°C,

3.2.5 fABEHRYHIE

KRB TEEE 24h, JEEESIREH 24 (90mg/ke) , B E=FNAKRMALTE, #
Bofl Lo FPRE, FEUKEHIAEIRAKDEIRE, A KB (AR SN
ELIh 1: 10D, FE SRR BAE 4C Tl AL 3%, 4°CF 15000/rpm B0 Smin,
B i oA R, SERE TRE AL (SOD). BEHEK (GSHD Hifte
FEZEE A (TBARS) B4 ERINIE.

3.2.6 SIBERETIETTE

(1) 41} DNA 58z

FEARYE Singh EC IR, F4 A A LR TS A IEUAT SCGEPY, §4
PERBAYLIESE 50 MM, H Leica BSOS IR EE, A Casp MG
B0 DNA T#M OTM. B HRER 6 K.

(2) SODAgE I RIMIE

Cu,Zn-SOD %t 72 SR A #gEnd UL BT, 78 560nm &b OD 5. —4
HAT R SOD 52 3h B8 0%) NBT 755 50%89 % & h &4 89 SOD His i, $iRET
2 Umg EH.

(3) TBARS 7TF#IlisE

JAGREBRZE (TBA) AR, FEERIESISnm, K HAK548nm FIIE
E TSR FRGERE. LA E AR TBARSHE B (nmol/mg) R4 B s it
SRR, '

(4) GSH&RKME

FHDINB AL, #E4120m FRRICHE, REREMLRECSHE R, Bl
FIREFUPGSHII & & (nmol/mg) R MMTEAE ST,

(5) H il &

KAZDEEE™, ol mig g R ERE.

3.2.6 Fith
HE L E{E (F) RARHEE (s) Rax. Al SPSS11.0 Sevh B @i WA £ 4 £ 4+
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BEE WRREERAIN KRN DNA (94315 B3 T RS B R LR sE

#r (two-way ANOVA) AT M ZERMEEMEY, HBAELELEHE LSD =
Bonferroni 5. P<0.05 FREREE (A&it%E 3,

3.3 &8

3.3.1 R RATMAY R DNA BiRE1EA

ZH SCGE HiAS AR AL MR AR RS T PM,s Xk Bt 4H A DNA B
1R, DNA B S HFMITERER LA OTM £R, £ERE 3-1,

ME 3-1 a4, BEE PMys IR, BLEERS. WERSRBEERS.
YR PMys BENEAINL DNA G REERN, BEMEEMFBKBNEER. 7T
1.5mg/kg MET, BKEFRIUFIHAMDNA #1345 2 BEHIN (5 BAHE,
p<0.05); 7 7.5mg/kg. 37.5mg/kg FIE F, AT DNA HIRGHEEAE (5
XHHEAREL, p<0.01 B4 0.05). B 3-1 thifl, R —WKETF, EHRE PMys Hybd
& PM, s ST40 /i DNA HIRGSEEKN, BR—R L8 PMy s 5TER RS PMys 2 Al
WAEF SREEE RS PMys Z AU R AL LR 5RED DR PMys Z 0¥
REEER.

5r sk [y}

1. 5mg/kg
*% B 7. 5mg/kg
B 37. Smg/kg

O™

5 WN WS
PM:s 2 Tk

BN B

3-1 R X425 PM, s KRBT DNA f4i 45
BN:CKER KSR B AL B4R WNRBIERERSEL; WS RRILSRR -
BB, n=6; 5% HAL, *p<0.05,**p<0.01.

3.3. 2 i S SR ERIART SOD B MRS 220

MR 3-1 W5, BB PMys IREHA, BATHRS. PAh25RREERE.
WA PMys BT SR KEUD. BTAE SOD BEiETEE#F 41K, IO SOD BiE T
BEREML. W 1L.5mgke FET, WLEFERS PMys 1l1E SOD BEHES
FEfE (SXSFEAELL, p<0.05), BREFIEMFEME. FFE SOD BEiEtHhpE s

27



P F MM DNA 84 REA SR

B RE, EHAERMERST (37.5mgke) 7 AEBEREME (p<0.05).
® -1 gl E£R—FET, F—-MXEPLRS5ERE RS PMys 2 H, 8
LEESREFERS PMys ZIH UL RE RO Z 5RMP LT PMys 218, B4

X =R SOD BTSRRI L R EEER .

% 3-1 AR LR PM, s 5K B = F 28 SOD BEistEnuien

e LRI L EERS R T REIEERS W R
(mg/ke} PM; 5 PM; 5 PM;5 PM; 5
0 434 +£0.34 3.96+0.54 4.01+ 039 428+ 0.48
15 3.51+0.28% - 3.844+0.28 3.56+0.28 3.93+0.32
fii
7.5 323+ 0.46% 3261 0.41* 3.06 £0.31% 3.27£0.26%
375 3.04 £ 0.52%¢ 3.13+052¢ 2,79 £0.26%* 3.07+0.19*
0 3.99:+04] 4.05+0.49 3.86+0.29 4.20+0.54
o 1.5 383+041 3.95+0.36 3.82+0.58 4,00+0.38
7.5 3.79+£036 3.9340.38 3954036 3.91 +0.57
375 3.73+£0.56 3.97+0.29 377+0.23 3.99+0.16
] 1.96+0.34 213 20.52 1.89+0.46 1.76 £ 0.29
0 1.5 1.65 £0.47 1.95+0.13 1.78 £0.26 1.69+0.32
75 1.57+0.26 1.76 £ 0.35 1.63+£0.45 1.53+0.42
37.5 1.37 £ 0.48* 1.54 £ 0.31* 1.48 £0.15% 1.334 0.28*

H. FAEESMxEs For, TRk = 6 5MEML, P <

3.3. 3 A RMEMAYAT GSH S

M 3-21f 40, BEE PMys IR, GLIEHRA.
g PMys, FREME GSH 5B EFEREHE K, FHKF GSH &

RSN

e BE R IR L ERAAFE, mOAt GSH &

Mg, BKIEWERS PMys HY GSH &
#£37.5mg/kg R T, &4+ GSH &
JFETE 7.5me/kg FIR T, BEEERSHMBERER KK

0.05; #+P < 0.01

HERESREEERA.

EH L

BLBENRN. WEE 7.5mg/kg
BOEETH (GXBHL, p<0.05);

BB ERL (ST EAMLL, p<0.01 5% 0.05) .

B (SXTEAELL, p<0.05): EEFFIE 37.5meg/kg T, FHYF GSH &
FTEARLL, p<0.01 B 0.05) .

32 iR, IERW RS PM,s LE¥PAE R PMos XTI, FFIE GSH & B FIsm
= PMys 208, AkIER 5HE
IEH RS, PMy 5 2. [8] u&@%«y'\a %rz:tﬁw"‘ﬁ% PM: s Z T8, EATH =R Bt GSH

28

#1h GSH &

BEEEET

B RERKE



ZF PR RN DNA S04 23 E 4T M a bR B

RIS EEEER.

T 3-2 AFHX P S PMy s STRRZFIEEE GSH SR MEH

e HEFIE ALEFERS Bk BRE#HXS R R
(mg/kg) PM; 5 PM, 5 PM; s PM, 5
[ 19.23 +2.58 22234313 17.56+1.29 18.72 £ 1.98
" 1.5 17.194 1569 1937 +£2.34 16,26+ 1.98 17.63 + 3.08
Fili
73 13.24 4+ 2.53* 1726 £ 2,48 1437+ 3.01 1497+ 2.36
373 12.75 £ 1.63%* 16.23 £ 1.43*% - 12.99 + 1.69** 14.36 £ 0.98*
0 14.77+129 16,38+ 1.93 17.05+1.35 1532+2.14
1.5 1496 £ 1.76 16024213 1537236 1533+3.39
7.5 . 1365196 16.37 +2.46 16.88 £2.75 1503+ 1.87
315 13.13+1.36 15.33+£2.17 15.96 £3.34 1465+ 2.16
0 23,18 + 1.63 25.14 +231 2745+ 1.96 2145+ 2.09
P 1.5 2524 + 1.89 26.34 +£2.65 28.15+2.16 23864+ 248
7.5 20.46 +1.053%* 2336275 22,69+ 1.56* 1955 +2.71
37.5 17.23 £3.08%* 20.87 £ 0.98+% 2098+3.12* 17.65 & 1.25*

H: FANESMxts FR, TH K = 6; 5HEME, P < 0.05: P < 0.01
3.3. 4 b L TR 3T TBARS K F a0 ’

MFE -3 A, BEE PMys iREERE R, Sk IER RS, WASE5RBIER XK.
YRR PM,s RSB AR, BT, L TBARS /KFEZFMM S, MULE 7.5me/ke
BT, BKEERSEF TBARS K TEER I (SITHAME, p<0.05); FEE7H
B 37.5mg/kg T, FH T TBARS KFH B EBIN (G, p<0.01 B 0.05).
JHRTE 7.5mg/kg FET, GAKIERRSAMBEIEE XS AT TBARS KT EE 1
n (SxEAE, p<0.05); FEFHFE 37.5myke F, &M% TBARS 7K B 51
MR BARLL, p<0.01 5 0.05) . CMETEAAIR 37.5mekeg T, AKIEEF L
TBARS 7Kg & (XML, p<0.05).

F -3 IR, IEE KA PMys LEEPA R PM, s 5 =FifIE48 TBARS /K18 m
BR, HER-FET, B—HMRHPEESERRS PMys 28, BLEE SR
WIEE RS PMys 2R LR AL 4 R 5 AR PM, s 208, B0 =FEeE
TBARS /K VI EMEB L RENEZR.
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P REBRAYY DNA 6 R B #IER

F 3-8 AEHBEYMR R PM, s X AR =FhBE% TBARS /KT8 500
WERE  ALEERS ALybig REEFRS ERpLg

i

(mg/ke) PM; 5 PM, 5 PM: 5 PM, 5
0 0.23 £0.03 0.24 £0.04 0.26 + 0.06 0.20£0.02
1.5 0.28+£0.03 0,26 £0.04 0.28 £ 0.05 023002
il
7.5 (0.33 £ 0.02% 0.28+0.03 0.31+0.01 027006
37.5 0.35£0.01%* 0.3140.04% 0.39 £ 0.06* 0.29 £ D,05%
0 022 £0.02 0.1920.05 0.24+£0.03 0.25£0.04
1.5 024+ 0.03 0.21 +0.03 0.25+0.05 0.25+0.03
7.5 0.25+0.04 0.24 .07 0.28 £0.06 027 £0.05
37._5 0.29 £ 0.03* 0.25+£0.04 0.30 + 0.07 0.28£0.03
0- 0.39+0.02 0.42+£0.03 0.43 +0.04 .41 £0.03
i 1.5 0.44 £ 0,03 045003 0.46 + 0.04 0.41 = 0.05
7.5 0.50 = 0.02% 0.48 £ 0.04 0.49 £ 0.02% 0.48 £0.01
37.5 0.56 £ 0.03** 0.50 £ 0.05* 0.52 £ 0.03** 0.51+ 0.02*

A RABEESHxEs r, TRREn = 6, 5B, P < 0.05; P < 0.01
3.4 Vg

AT %Eﬁnzzfjm Yo RN R B R SR B 2
FHENER. B, LHEMEESER, ToEIER. IRETER. M
TGRS, I, PMas o TE SOSURL AT LA BT 82 5 i B A (R S AL,
WHfEA T HABBRE, AW HIERRN] PMos BT R0 RHR RG2S
ARS T WA SRR, TEBRT, EyamidsE iRy
Bi. 0 SOD. GSH AR H R AR E hEHEEE, SoD. GSH
TEEF TBARS AP Rl LAk A TR IR ALV A aeg, %E’@T
REEE—E RS SR G,

RLREE R, WARBFEFE RS PM, s BT80S H 40 DNA 445, B2
LA B8R B AR, B0 PMy s XTI 40 DNA A= EMRGER, HATaeH
WIS BAKPI PMys BUARNALUS, 77T PMys o B0 I A4 TR AITS
P (ROS) EEMSHAMAY RS T DNA; 52— PM, ¢ B il B4 g
HI—# W E 5B (NO Synthase, NOS), 74 NO, NO X 5iEHE Pl T HBERN O,
FERTAER) ONOO-, REHEKHMMA K2 T DNA, 55 DNA #45. PMas
AHEEATPR R, BIEM, MAGKEERL, EEXRLTEANINTE
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B L RAEN R DNA B85 R R R8T LR R

HiE. AFRATREREL R PMys ISR EMEN R ET IR, LRHFEY
PM, s (TR ML RIRIH S N4, WENERSRERELE Ni. Cd. Cr
o EATTEEBFEERT DNA, 51 DNA BRSNS YER. thit, Mk
P EL S AR R R R RE M B R (F T DNA, %% DNA B,

AR S RIERIL, [EE RS PMy s L% PMy s X041 B DNA HMHRFESK,

TTEER BN EH RS PMys LLEP LB PMys I BB RBEEX. RES56
RPN TAACEARR, KSEREERR, EFBPA SR PM, s X4 DNA K3
ER, Mz EHEEER. LRI RR PMys TS RSN L
YA HERL. EHERHAE T AERE PMy s 5 IE% RS PMys 3T DNA 451
HEBILEEER, HhTYPagRinn, XS PMys RERESEF R, FiUY

25 PMy s R BV 2 K 380

AR B BEN AR, R SRR ERR. %8RRI
LFEYRSFRERMN, iﬁﬁki%kﬁ?ﬁiiﬁ%ﬂﬁf_%ﬁﬂﬁ)ﬁﬂ’ﬁ%. SE M Th
BERRES, ERAWRIE, 71R8™ EREYEMRER R REER, sop
EAVAPR R B BRI BB R, 2GR A hmENREER X,
HERMBEERE TR, ENEREGRG. fibaifiEEdihrEs
EEEASY, GSH 21 ZEETEMEAG DS Ty, REEMERE
SHENEEAN. ORI TEREFZIREDN, BT 5ENSTRER
B REREE RMBEREYEERET SRR RN G ERER, 8
ARG (W0 ATP BE) TR ESBMENFBE (REPHEY) . HUESRE L
BY. GEFARN CaRA. WHEEN T RIEEEHEMAPS, MDA RBEAES
R RE R H, AR MDA FIFR B AR AH R g miL AR Ik, TR
MDA ABXAMARES. BERUALKBESES ERHE. GSH T B
TBARS H R IR MRS RS D RGeS 158, MRl a2 s—x
2 E AR AR (5,

HREWAEREIN, WEBRHNIEE RS PMys MERR. O, HESDERRRE
RSB OER, Ehxbptmdimar, FRRZ, OlSA. X8R EY
PMys Xffb FTIERA IR MHAAER, FALHR] A2 oo 40 B =45 RS Fid &
. BERARPAN-TELREN TE, FEEMREIS. HEEbNE3®R
RIS BRI B R PMys BIEERNIGIZ —. ARG ERE—HE
B EHEREES, BT LLEY AR PMys KB, B LIZH Fenton KM (iF
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¥k RRTRYH) DNA 865 BBt A

B&R E T L) SRR EEL BRI B B Tored: P2, Sagai SR PM, s BHF-
£ ROS fa8e 1Y, ROS MIF=E 50, ERRGEHRTEIIHISE. Dellinger %3
EPR HARIE] PM,s BB EFKBWFEEEEAE, HXE mEdT#k ROS
fEHF DNA M EH AT, AL RERITSE, WA AREER E bESGH
SRME—EER. M. FFUEX B bR 5 BERGR, AR PMas #EANEIRE
BRI A mE L HINE, SOD BEEMEIA R MK, T/ AEXT B a5 HE B3
REBRER. FER2 B, XEH T LIRENEEEDBIEFE, bl
TR PMys BUREZEZR, M. FF. O =33 PMys MEBEREE A —HK,
Bl E TR EAL R BOK P A —

e, ASEWEERIE R, EHERS PM,s thibR R PM, s M-F I BRI M2
WA, XWRERBENIER RS PMys TRFH T 243 Tollkys 4 Lok B 6 F LR
AR PMys TS H B RYBEZE R, B ~RR PMy s IR L5 PM, 5
HHE, BNz AR EREER, R R HRE T RE LK b E
W B A AT REAR L XTI E AT . BARAEAD R B B T b B PM, 5
HEFRS PMes GENEBRERZELEEESR, HHTFhRRigHE, %
PM, s RERE SR &, WREE PMys WERZENEW, WA R PMs HEH
TEH R & R AL IE R RS PM, s FEHEEA.

B2, XT¥ELE PMys WEEERRELS KYBEIZE RS VS S HTF
W, xb B ATA 5 = IEAEAT .

3.5 Ipg

EH RS R E PM, s B K BT DNA SR e s, Tﬁﬁi’ﬂ gl
fit. HEHY SOD BHE M RIMEE, Mt GSH & MK, T GSH 2B EHEF &
JE BRI IR P AR, T BAERE. 0. AFAERT TBARS R ETHE. ZREHY
LFEMEFRS PMys XX RIGHMRSH RESHEER, R, O s
ARBEMAMNEEN. BER—RET, I—HBRDPLE PMs EEFESR
PM, s Z [6] ALK IEH 5 BB IE H RS PMy s Z A1 BL R ALk b B 5 b R PM, 5
ZIHMEEEER, AP EE PMys NARH SEESHERTANTE,
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BN ik

FONE &£ 8

AIEFERSMP AR PM,s RIUKRIIF A NREY, 254EH T s
MR AM, ARERURGEEE LMK DNA B85, SREH: LM
IEERSMPLRE PMys B IEKREAG HER R a5 i B 41 i DNA
BRBY, BRARRRRBICR. PMys A1 DNA 5 1 = B t ikt
B HREISIRER, AR 40 DNA RHRGIERE . BRI AM &
WA K SR A T e SRR R R B IR R R R . REERSRENE FibERE
antbIEW RSB, X DNA il & REEHB THALERKR, X5 PMysFik
WESRIA &, WRER PMys IREZERNZN, WS RASHRNES
AR ,

RAAEHBREARSE, AEERSHYAEE PMs ARKRBRSZ W, §5
24h JRACHE KR, 4 BIIERG, . FFBERT SOD #EtE. GSH &K LPO K¥E, [
IR EIABANE DNA B, SRR EERSIPAERE PM, s 156K Bib4
DNA MRERREN M, RN, O, FESRTERENSWNERN. B
F—EEF, A—HEWLR PMys 5ERRS PMys 200, BLE%5REES
RS PMys ZIAIUR BRI LR SR TR PMys LB TBEUER, 1P
PMy s B SBIE T KB M A &

ASELG 73 A RSNFIR BT 5 TR T #0228 PMas B9 DNA 507 R S AL R
fER, ELEXT #b2R 2 PMys AR G2 10 LRI R PMy s SIEH KN PMy; 2 [
XA AM B4 REEE & DNA 4G4, FFR T4 8 PMys WA R AFES
RIEALNBE R, MRS HOR N —E LR X, EEFEA DRI
HELTERINGMLE, B TYARERESERNEARTNEL, KRERT—
R AMPHAY A8, R AT AR S E XA A,

33



PR MM DNA 145 R BER
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