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i EfEfCQORUALE-KRBEN. AXMEAURE -EZBRVAFENESZ BELE4MH PQ
DEHRTHRETENAMEBERD. ZATHIRE S PQWMER . BEREAMGSESRHET T ZHET. BRUTEHE
AL B AR R SR A IR B AR B R BT TR ER N PQ PRI BRA W BHBITRR. X PQ R AAR
RS Y3 tE DL H A 5T 2 R AT BB, 2R S — A RAE A LI PQ M R XU BT PQ B BRI M R PQ
B S A A R R S 5 VTR R AT O AR R R

B T A BRI BN BT B R

- RE D HES R4 6 XEKFRER: A

RV RAEHESHFEMRBFILFENREE L — REVTEHEBTRARBEERRRKIEER
RIIRAE , R HEX — BRENRLET A, ARG B ERRIAERET BERWEFMNE. BFHEE AN
) S5 A= T KO FURE SO IR R T 3R ) R 25 [ SR 88 SR AR R B AR BN, — 3
X B4 57 A 3l ) B S AT B 0t O B AR I R 4T R IR E LM SR AT R A N IR L B B R RO
SRR RAW LT BB R SR BB IS,
 ANERRGRAR BRESEEHEEBN X, KPP DDT $H LB . Sa R E#MELER, B2
BRI B P 2 0k A =0T (E A SR R PR ST O BB B M R 25 AR (paraquat, PQOTEIRHE S 4R 18 E BN,
MR R AN EERR, -~ ERARBREFAEA AR ELBRPERARREERS. PQ #EF BN
AFEREAEERBHRE A TRARFMBITRBASUWAERN . PQORPFENRTERT A
909514,

1 PQHEHMFIER

PQ AR ELERE (LN 1,17 - A4, 47 Bk g — & 464 (1, 1-dimethyl-4 , 4-bipyridinium di-
chloride) , 23 F3 A C HLCLLN, , 2 F&H 257. 2, 45N E 1,PQ BTETREY R, BAQLE B
BHAEERER MR, 1955 £ PQ R AEAE R IF W EA/EH, 1962 4 H 4 i X A AE
e 25090

2 PQHWRAMBREN AR

2.1 PQHIEAKE
PQ BAEABREFME ALK, R 81 8 &N #.
2.1.1  PQ ] il 4E Bk B IR s~ FH R B (nicotinamide adenine dinucleotidephosphate, NADP) if J&

WA B H#3:2016-05-16;4&E B #7:2016-10-01.
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& NADPH, S B4 MU 7= 4 0 K B 15 M & 229 i % 905 R (reactive oxygen species, ROS), f & #
ROS 5 40 Mg fEE 9 AN A g R A4 D B S L R 5 /g A Th B, AT IR E B R Y R B A, M XTSRS R
B HED,

X
Cl-

E1 PQZH

2.1.2 PQ 5+ BRY AV ARBNLGE mﬁﬁﬁ MEEEE Eﬁ“’ﬁﬁ“’&ﬁﬁy‘ﬁ%ﬂﬂﬁi%ﬁ%ﬁ%ﬁ
FHEH =g,
2.1.3 PQ7ESERIRA S S, WY R B 56, AR T 34 & B 7 R E L PQ E(ﬁ‘%%‘dﬁ
BRI EERBR TR LRSIk Rk R EAEREHEL 9,
2.1.4 MEFAMFRE, % A PQ AR LKA N 10 , T/ 00 R 207 — 3 SR A WL A B g
MG T, PQ A5 ZE5F 85 R .
2.1.5 PQAFRRAREEE, SERNTUZFERD, BRADLE, MY TS PQ L E/NEE TS LT
ﬁ[w]‘
2.2 PQHRARR
EHBRIIRARE PQ RAA TS BRBIFHRER 2 —, R A H O E B, R KR
EOAAMLREFRD BIELELEHRBRBEA G PR EEA RO, A A0 BRI
R B9 PQ & REIL B AN T NS 3T SEOR M BB IE . L B O, R B Rt LG
IR E B BFE MRS , B AT PQ G723k 120 AN E K MM X K2 60 ZREY b2 A=,
ERRBRRRLKE,RER PQHHETE 2001 —2011 4£E H 1560 t #E = 9080 t, B HE 1AL,
PQ 1 20 % KF 48 (MREME T RE® 30 25, BREFEHAES, T 2014 £ 7 AUEAE
VEFEAE 7o I K 18 PQ BEZH B 2 P2 ok T4 b, T B AR 7= 7k ) B0 48 B 16 R B 473 7E 300 40t IX 0k 5 3
R BRI R RERME B ERE £ 7= PQ H 3k B 35 55 704 B XK 75 Z R K — Bt 18] R 8
i, i PQ MBREMRBEMARRIERRRAIBRENZANMELE L, MZ BRiRART PQTEREAE
Ry e R R RS , 75 R R K — Bt ], PQ 6 B2 BREF 88 548 R B A BB XU /7.

3 PQ XM B HNBRA

3.1 PQzhimaHi
PQ MBEMLBH RN FHEESE D THILL, KX XA H BRET N, 2 SR ST ROE
WA TR AR E, EFEEREEA AR ERIER R PQ BT R B % 0%, DB A
TR PQ X HAFICIKE R 104. 72 mg/ke, M RFE AW B A ABIBA RN 20 mg/kg, Y TG £
B FR9 20 % /) PQ /KF 10 mL, MR A— OB AT 5 5] 10~20 mL, X & PQ HE#ET-RENFEEZ .
HREN,PQHFEASIPEARELSHEMBREIARE, BRSME RS FEEVIE TEHEFHHEA
TR, B I R 0 0 0 BR FX AR AR, AT Xt PQ A B B K B AT R A IEAET . PQ B LB N IREAS L
B BRI R R U 5% ~15%, AM PQ BESTEM AL b K EITRP.
3.2 PQXNZHHMBHENE
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¥ PQX YR HIEN BTG EEER THERMA, BEE R IR MO EHRER, BRTKE
ERUT ¢ MEEHISE.

3.2.1 ZMIAT

NEABEATWTREARILAL . PQ TEEIHMHELRSFBUARA T, AT SIRIGERAL - RI+PE
IR AT PQ SBARMEEEHMARBCHRERE, IAHREEHEAA PQAIRBAFAMRAAE S
BB HE™] Fabisiak R T PQ 2 BJ5 B9/ BB B840 I & A e B EBE AR i 16 KBTI 51 & 40 B =075
Cappelletti Z 8758 PQ Xf At | 2 40 A549 Ry AT BB, AR E PQ X iZ 41 AL 3 24 h S HE
FIAE PQ BB FRBE SR 40 M . % 20 M R TR i S5 3 SR it (A 2 IE IR A R T2 S 4. e 4h , Mangano ST B 5
I, PQE&SHMALTHMRNET, 2 551 W L2BAEERRE.

3.2.2 ZHMdRHAG

RENFBHFABREN ], PQ 4 # 5 3h ¥y fn A48 MR 304 4 2% & R AE W B4R 4, 40 L 4% Th BB JBLR &R
TRFHTHRMALNIIE. FREEFRHARBUMAMTR. G KA NERE (XS HNEED
A FBLEE Y.

PR RBG NN EATENEREREREEN FELEW, Milzani FMHR XN, PQ W LIE R
BEOMBES FERIEBRBERAN T, AN S B E B R,

ORI 45 : BF 55 & B, PQ #E A /D R A& 5 S 841 I8 €4 & (cytochrome, CY) 38 JR B R, /& X H
CYP450 7E# i N-E WM FEETEH AL, PQ EX — £ %] 5 NADPH-CYP450 3£ 7 B F14k & & ¥ i AH
HAERMERPSETE A B, WS T/ BT RSO E 4 KB H,O, fl ROS T & 4 #
195[34]‘

SR AR« ZEVLER PQ b FRAT b B 40 M 9B M M R B PQ 4G T B Y B L i — R B
LABRGARR T PQ FBHEMH H— K5,

JEZE [ R4 : Davies BARIEE, KEMEA AR ER G ERRESRESIRAEFBA, S HEENR
BEEATHRGD.

Ca " #8114 5538 B £ B : Costantini AR R PQ W T HAHFMER A BURK LRI N K LK) Ca° R
1 A, DA T 5 15 0 R Ak P B BB T K KR, B BB & A B kT
3.2.3 BREAEANZHH

ARBEFHEYRERERANTEMEHIELTESRAMIETHILHZ—, B, FEHEARESL
R 238 br R BT PQ M B M DLHI. L 40, Situnayake FF7EIRIR PQ WA F AN W B TR IEALNF
' ; Watanabe % & 81 PQ 3 147 9 K BT 40 g 2 BR s B 18] 70 39 B8t 40k o kP 18 0 0 B B8 A B R it L4 A
HHIFE T, Palmeira K X, PQ B FEFIEEH T S T E BRI F ATP 50 A A7 8 B, M 40
T ATP A ESHTEN, SBAREENFE, AT RAME T . £ TZHEL, Autor FRIBEMY B
1k B (superoxide dismutase, SOD) A PAFER AR 50 % 89 PQ HEFE =&Y, Clair £k A MnSOD 7] LA
T PQ BN ALSh Y 4 B AR e B B A IR IR BB R M PQ BB M K RAE R
F) 4H 2R R SR A A R 450
3.2.4 NO+&#i4

Berisha %7E PQ R EM R LS AU L BT LR, NOKWERE BEMNRT, K NO TREE
PQ 5| R W FT AR MG RIEXRBIEA, RN =40 NO W R E S B T X8 5 N #45). Day S8
FE R B, 3 5 BH BT 40 M I F8 NO B9 & 5L AT A MR 20 f2 8 NADPH i E 4L (978 B , #E T 7 DL #% PQ *f 19 A2 41
MR FHE . NO 78 PQ HE 3 A R 4 78 35 45 K B 8 Moran %%ﬁﬁiﬁ“ﬂ

4 IMNEERE

PQEMFA ELFRABRANBRENZ - ERBFEZNARBERORLETP—HEEELER
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BHEACHOVERAIERRE. B, TH# PQ MM HBUR, BB B4 0 BF 5T HE R X T BE )5 42
AR B WA MBI PQ M6E R, BB PQ MR HEHLA , 3REVIAIT PQ FHEM RIF LR ARSI R
HFEERNL '

L HETR SCRR BT, A SUAH . PQ BB RN EEU T RIFHH.

B ZAHBRBRC ZHEN T PQXTIRE IR A E % RGER BB, EEBR T BELEP
FAE A EMALGUKRE WA B 5 TKF BB ARG 25,

5, PQ BEEMMIAE BT RELN , X EA /K TH— 24

F=,PQHKIIMERRSEIE N EIB L S BE JV8 | P2 H5 5 18 4 52 0% T8 78 R AR XUBS: 1) S B 47 0k
EIFHTHREANTH RS, {ER KB A 5 TAF i R FF .

B, KIEBA B PQ BN BIBRREIT R BIRT R A E B R X PQ B EH WA W BHIBITHCR, R
Bl PQ W R MEDLRI B 7E 4 PR 5 5 08 R A7 2 — TR B T BRI X BT 45 PR BERT B AR 9 BT PQ B4
LB B HE— 12 B, B W67 7 RBF R TR L.

2 £ xXx W

[1] Chagnon M, Kreutzweiser D, Mitchell E A, et al. Risks of large-scale use of systemic insecticides to ecosystem functioning and services
[J]. Environ Sci Pollut Res Int,2015,22(1):119-134, .

[2] Coggon D, Ntani G, Harris E C, et al. ‘Soft tissue sarcoma, non-Hodgkin's lymphoma and chronic lymphocytic leukaemia in workers ex-

) posed to phenoxy herbicides: extended follow-up of a UK cohort[J]. Occup Environ Med 2015,72(6) :435-441.

[3] Silver SR, Bertke S J, Hines CJ, et al. Cancer incidence and metolachlor use in the Agricultural Health Study: An update[J]. Int J
Cancer,2015,137(11) :2630-2643. '

[4] Baltazar M T, Dinis-Oliveira R J, de Lourdes Bastos M, et al. Pesticides exposure as etiological factors of Parkinson's disease and other
neurodegenerative diseases-a mechanistic approach[J]. Toxicol Lett,2014,230(2);85-103.

[5] Vandenberg L N, Colborn T, Hayes T B, et al. Hormones and endocrine-disrupting chemicals: low-dose effects and nonmonotonic dose
responses[ ] ]. Endocr Rev,2012,33(3);378-455.

[6] Mokarizadeh A, Faryabi M R, Rezvanfar M A, et al. A comprehensive review of pesticides and the immune dysregulation: mechanisms,
evidence and consequences{ J]. Toxicol Mech Methods,2015,25(4) ;258-278. ‘

[7] Ayas Z. Review on DDT and its residues in Turkeys wetlands[J]. ] Environ Biol,2007,28(4) ;707-715.

[8] Wesseling C, van Wendel de Joode B, Ruepert C, et al. Paraquat in developing countries[J]. Int J Occup Environ Health,2001,7(4).
275-286.

[9] Lorenzen ] M, Schonenberger E, Hafer C, et al. Failed rescue therapy with rapamycin after paraquat intoxication[J]. Clin Toxicol (Phi-
la),2010,48(1) .84-86. ‘

[10] Raghu K, Mahesh V, Sasidhar P, et al. Paraquat poisoning: A case report and review of literature[J]. J Family Community Med,2013,
20(3):198-200.

[11] Kumar H, Singh V B, Meena B L, et al. Paraquat Poisoning: A Case Report[]J].] Clin Diagn Res,2016,10(2):0D10-11.

[12] HongSY, LeeJ S, Sun I O, et al. Prediction of patient survival in cases of acute paraquat poisoning[J]. PLoS One, 2014,9(11).,
elll1674. '

[13.] Sagar G R. Uses and usefulness of paraquat[J]. Hum Toxicol,1987,6(1):7-11.

[14] Dodge A D. The mode of action of the bipyridylium herbicides, paraquat and diquat[]J]. Endeavour,1971,30(111):130-135.

[15] Amondham W, Parkpian P, Polprasert C, et al. Paraquat adsorption, degradation, and remobilization in tropical soils of Thailand[J].
J Environ Sci Health B,2006,41(5) :485-507. ’

[16] Singh B, Singh K. Microbial degradation of herbicides[]]. Crit Rev Microbiol,2016,42(2) ;245-261.

[17] Roberts TR, DysonJ S, Lane M C. Deactivation of the biological activity of paraquat in the soil environment: a review of long-term en-
vironmental fate[J]. ] Agric Food Chem,2002,50(13):3623-3631.

[18] Hawkes T R. Mechanisms of resistance to paraquat in plants[J]. Pest Manag Sci,2014,70(9):1316-1323.

[19] Oulego P, Laca A, Diaz M. Kinetics and pathways of cyanide degradation at high temperatures and pressures[J]. Environ Sci Technol,
2013,47(3):1542-1549.

[20] Zhou Q, Jian X, Zhang Z, et al. The research progress of paraguat poisoning lung molecular mechanism[J]. Zhonghua Lao Dong Wei
Sheng Zhi Ye Bing Za Zhi,2015,33(1) :72-75. )

[21] Mohamed F, Buckley N A, Jayamaﬁne S, et al. Kidney damage biomarkers detect acute kidney injury but only functional markers pre-

dict mortality after paraquat ingestion[ J]. Toxicol Lett,2015,237(2) :140-150.



124

THIFERXFEZRORHFER 2016 %

[22]

(23]

[24]
[25]

f26]

Tavakol H S, Farzad K, Fariba M, et al. Hepatoprotective effect of Matricaria chamomilla, L in paraquat induced rat liver injury{J].
Drug Res (Stuttg) ,2015,65(2) :61-64.

Zhang X F, Thompson M, Xu YH, Multifactorial theory applied to the neurotoxicity of paraquat and paraquat-induced mechanisms of
developing Parkinson's disease[ J]. Lab Invest,2016,96(5) :496-507.

BEOEWAER. 2011-2015 £ EEEWH TGS HAMN S REF A RRER] LR AEREH, 2011

Cha E S, Chang S S, Gunnell D, et al. Impact of paraquat regulation on suicide in South Korea[J]. Int ] Epidemiol,2016,45(2):470-
479,

Davarpanah M A, Hosseinzadeh F, Mohammadi S S. Treatment following intoxication with lethal dose of paraquat; A case report and

review of literature[]J]. Iran Red Crescent Med J,2015,17(10) :e19373.

L27]

[28]

[29]
[30]

fs1]

[32]

Wunnapuk K, Medley G A, Liu X, et al. Simple and sensitive liquid chromatography-tandem mass spectrometry methods for quantifica-
tion of paraquat in plasma and urine: application to experimental and clinical toxicological studies[J]. J Chromatogr B Analyt Technol Bi-
omed Life Sci,2011,879(28) :3047-3052.

Spector D, Whorton D, Zachary J, et al. Fatal paraquat poisoning: tissue concentrations and implications for treatment{]]. Johns Hop-
kins Med J,1978,142(4):110-113,

BREE, E®, TXB. BEMY AN HepG2 Sl A KA A MMH ], MR IHE A28 QAR #EM,2015,43(6) . 94-101.
Fabisiak J P, Kagan V E, Ritov V B, et al. Bcl-2 inhibits selective oxidation and externalization of phosphatidylserine during paraquat-
induced apoptosis[ J]. Am J Physiol,1997,272(2Pt1) :675-684.

Cappelletti G, Maggioni M G, Maci R. Apoptosis in human lung epithelial cells: triggering by paraquat and modulation by antioxidants
[J]. Cell Biol Int,1998,22(9/10) .671-678.

Mangano E N, Litteljohn D, So R, et al. Interferon-y plays a role in paraquat-induced neurodegeneration involving oxidative and proin- '

“flammatory pathways[J]. Neurobiol Aging,2012,33(7) :1411-1426.

23]
[34]
351
367
[37]
[38]
301
[40]

[41]
L42]

[43]

Milzani A, Dalledonne I, Vailati G, et al. Paraquat induces actin assembly in depolymerizing conditions[J]. FASEB J,1997,11(4):261-
270. .

Misra H P, Gorsky L D. Paraquat and NADPH-dependent lipid peroxidation in lung microsomes[J]. ] Biol Chem,1981,256(19):9994-
9998.

Hirai K, Witschi H, Coté M G. Mitochondrial injury of pulmonary alveolar epithelial cells in acute paraquat intoxication[]J]. Exp Mol
Pathol,1985,43(2) ;242-252.

Davies K J, Delsignore M E, Lin S W. Protein damage and degradation by oxygen radicals II; modification of amino acids{J]. J Biol
Chem,1987,262(20) :9902-9907. ‘

Costantini P, Petronilli V, Colonna R, et al. On the effects of paraquat on isolated mitochondria; Evidence that paraquat causes opening
of the cyclosporin A-sensitive permeability transition pore synergistically with nitric oxide[J]. Toxicology,1995,99(1/2) .77-88.
Situnayake R D, Crump B J, Thurnham D I, et al. Evidence for lipid peroxidation in man following paraquat ingestion[ J], Hum Toxi-
col,1987,6(1) :94-98. )

Watanabe N, Shiki Y, Morisaki N, et al. Cytotoxic effects of paraquat and inhibition of them by vitamin E[J]. Biochim Biophys Acta,
1986,883(3):420-425,

Palmeira C M, Moreno A J, Madeira V M. Mitochondrial bioenergetics is affected by the herbicide paraquat[J]. Biochim Biophys Acta,
1995,1229(2) . 187-192.

Autor A P. Reduction of paraguat toxicity by superoxide dismutase[J]. Life Sci,1974,14(7):1309-1319.

St Clair D K, Oberley T D, Ho Y S. Overproduction of human Mn-superoxide dismutase modulates paraquat-mediated toxicity in mam-
malian cells[J]. FEBS Lett,1991,293(1/2):199-203.

Li H, Cao Y, Liu B, et al. Antagonistic effect of curcumin on lipid peroxidation of rats poisoned by paraquat[J]. Zhonghua Lao Dong

. Wei Sheng Zhi Ye Bing Za Zhi,2015,33(8):609-611.

[44]

[45]

L46]

[47]

Berisha H I, Pakbaz H, Absood A, et al. Nitric oxide as a mediator of oxidant lung injury due to paraquat[J]. Proc Natl Acad Sci U S
A,1994,91(16) :7445-7449. .

Day B ], Patel M, Calavetta L, et al. A mechanism of paraquat toxicity involving nitric oxide synthase[J]. Proc Natl Acad Sci U S A,
1999,96(22):12760-12765.

Moran ] M, Ortiz-Ortiz M A, Ruiz-Mesa L M, et al. Nitric oxide in paraquat-mediated toxicity: A review[]] J Biochem Mol Toxicol,
2010,24(6) :402-409,

BEE . KER, EXR. HEMX AN HepG2 fyBze sk [1]. $idb sk B2, 2016,55(4)  896-900.



#6m RE  F . FEREALRRALAS Wy BN HHFLHR 125

A Review on Paraquat’s Application Status and Its Toxicity Mechanism in Animals

ZHANG Yuling, TANG Chaozhi

(College of Life Science, Henan Normal University, Xinxiang 453007, China)

Abstract: Paraquat (PQ), the second largest herbicide in the world, was always favored by the farmers since it was reg-
istered. But for many years, PQ’s application had caused heavier and heavier public-health issue. Although previous researches
widely detected the respiratory, urinary and nervous toxicity of PQ and put forward various kinds of hypothesis about its toxici-
ty mechanism, these treatment methods and antidotes based on current knowledge and technique had no obvious efficacy on PQ
intoxication. This paper reviewed PQ’s application status and its toxicity mechanism in animals, and intended to provide refer-
ence material and novel idea for further assessment and prediction of PQ application risk, analysis of PQ toxicity mechanism and
exploitation of effective PQ antidote.

Keywords: paraquat; application status; toxicity mechanism; treatment method; antidote
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Dissolved Law and Chemical Composition of Organic
Matter in Shenmu-Fugu Coal Under Microwave Irradiation

WEI Yanbin'*?, JI Jianbo', XU Yanhong!®, WEI Xianyong?, ZONG Zhimin®

(1. Xuzhou College of Industrial Technology a. School of Chemical Engineering; b. Jiangsu Rubber Recycling Technology and Engineering
Center, Xuzhou 221140, China; 2. Key Laboratory of Coal Processing and Efficient Utilization (Ministry of Education) ,
China University of Mining & Technology, Xuzhou 221116, China)

Abstract: Converting coal to more soluble fraction and understanding the molecular compositions and structures of the
soluble organic matter in molecular level is crucially important and essential for efficient and clean utilization of coal. Extraction
behavior of Shenmu-Fugu bituminous coal (SFBC) in various organic solvents was investigated at microwave powers ranging
from 150 W to 240 W and microwave irradiation time ranging from 10 min to 40 min, The extracts of SFBC obtained at differ-
ent solvents were analyzed with gas chromatography/mass spectrometry (GC/MS). The results show that the extract yield
(EY) of SFBC remarkably decreased with raising the microwave power when microwave irradiate for 40 min, whereas micro-
wave irradiation for 10, 20 and 30 min, the EY of SFBC slightly increased and then significantly decreased. The EY of SFBC is
largely related to dielectric constant of the solvents. The main group components in the extracts of SFBC are alkyl arenes, al-
kanes, alkenes, oxygen-containing organic compounds, and sulfur-containing organic compounds, of which alkanes, alkenes
and alkyl arenes are predominant, implying that these group components are more easily to release from macromolecular struc-
ture of SFBC.

Keywords: microwave irradiation; Shenmu-Fugu bituminous coal; GC/MS analysis; macromolecular organic species



