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AR A L TP AL R B A SR WK SRR

M3 pkEk*x B = PhiE EF
(PEERKFEAFLTAEEEAE T ESEME, L5 LM 110001)

Hi) WIREAENKRMECRER SR R-BEBEMEEHE (Glu-Gln Cycle) M4HA
THEW, HiTRSWM S EMSEEOARTER. Tk LR Wistar XK 36
R, #&EEHNR444, SHIR. F1ANNNEBH, B2HA0 54484, B3 44N
FEMMMEREETHA. BASTFE L 2HRRETENAESK: 3. 4 HARKRaH
BT S 21. 35pmol /kg R MEA 0. 3pmol /ke MMETEF. 2 PTG, 3B 1 AEEESEHAE
K, 274 HEEEEHE ST 200 1 mol/kgMnCl,, EETARIYN Sml/kg. ELTHHRELA, &
M5 %K. BE—IKTHFHE 24 /pTE, HESHN6 R KRBT, 7EMICRE,
FEHA Glu M Gln KIS B RAEBES B (GS) MBS A ERLES (PAC) K&
FREARLKRESCREAS &R A RER, ARRARENARATCE. SR 5
XA Glu # Gln BIAE (19.55+3.23 umol/g pro; 0.9410. 25 mmol/g pro) A GS 1 PAG
HI3EH (62.53+10.85 Uemin” »g" pro; 26.57+3.97umol * min™ » g’ pro) L, 7EH
HBHd, Glu 5EEZEFH (48.81+7.23umol/g pro, P<0.01); Gln 4 BB MK

(0.57%0.13 mmol/g pro, P<0.01); GSiEHEEMK (44.47£6.93 U+ min" « g" pro, P
<0.01); PACGEHHEFRE (41.0246.601 mol * min™ » g” pro, P<0.01). SHRBFALLE
EREMWAMETEETRA, ¢ln FEWEEAH (0.78+0.16 mmol/g pro, P<0.05;
0.7710. 14 mmol/g pro, P<0.05); GSiESHIHABFH (55.62+8.64 U+ min" « g pro, P
< 0.05; 56.55+8.38 Uemin'+g' pro, P<0.05); PAC & Hh B B EF T &

(30.26+5.14pmol * min” « g" pro, P<0.05; 32.15+5.72umol *min" ¢ g" pro, P<
0.05), Glu & BEREBWTFMAEEFN (40.00+7.40umol/g pro, P<<0.05) TIFEHLE
PR R N BSAE. SXEAML, PMEAARET-EH (0.4310.11%) HAEMNE
(64.27+8.31%, P<0.01), 5REAMLERNESVRNBETFHFTHATHARBACRYHE
FE{% (42.96+6.98% P<0.01; 39.55+5.21% P<0.01). & WRELRE UL
Glu-Gln Cycle 3} SHABMAT:; FEMAMLATHTENHLEBHRT —ENRIPER.

o XRE: & MEM; AT, HSEM

®REME: BEXBRBEESE (HMB%S: 30771834)
EHZ M BE (1981-) , &, LT, BLEE FENFELBERFZEWR.
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The Effect of Riluzloe and Dizocilpine Maleate on the Neurotoxicity in Rats by
Manganese Chloride
Yu Deng, Zhaofa Xu*, Bin Xu, Jian Gao, Xiaogiang Deng, Xin Xin
(Department of Environmental Health, China Medical University, Shenyang, 110001,
China)

Abstract: Objectives The aim of this study was to observe the effect of MnCl,
on “Glutamate-Glutamine Cycle” and apoptosis of cell in striatum and to approach
the protection of riluzloe and dizocilpine maleate on neurotoxicity of MnCl,. Methods
The 36 Wistar rats were divided into four groups by weight at random, 9 animals for
each group. The first group was the control group and the second group was Mn(Cl,
group. Both of the groups were subcutaneously (sc¢) injected with 0. 9% sodium chloride.
The third and fourth groups were intervention groups and were sc injected with
21. 35umol/kg riluzloe and 0. 3umol/kg dizocilpine maleate respectively. Two hours
later, the animals in the control group were intraperitoneally (ip) given the
injection of 0. 9% sodium chloride, from the second to fourth groups were ip injected
with 200 1 mol/kg MnCl,. The administration above was given five times a week, lasting
for 4 weeks. 24 hours after the last injection, 6 rats in each group sacrificed after
paralyzed. The content of Glu, Gln and the activities of glutamine synthetase (GS),
phosphate activated glutaminase (PAG) in striatum of the rats were determined.
Apoptosis of cell in striatum of the other rats in each group was detected by flow
cytometry (FCM) technique. Results Compared with the control group, in MnCl, group,
the content of Glu increased; of Gln decreased; the activity of GS depressed and
of PAG rose. Compared with MnCl; group, in both riluzloe and dizocilpine maleate
groups, the content of Gln increased; the activity of GS raised and PAG activity
depressed. Compared with the control group, the apoptosis rates of cell in striatum
increased. Compared with MnCl, group, the apoptosis rates of cell in striatum
decreased in both riluzloe and dizocilpine maleate groups. Conclusions “Glu-Gln
Cycle” was destroyed and apoptosis was induced by MnCl,. Riluzloe and dizocilpine
maleate have a certain protective effect on neurotoxicity of MnCl, in rats.

Key Words: manganese chloride; dizocilpine maleate; riluzloe; neurotoxicity

& (manganese, Mn) RYAKILRHEBITEZ —, T ENEETHHHAR,. By,
EREERMNEEARK S, XRESHOBEN. R, TBAET G HF R
VRBEEANRREME NG TEEREXRNEEAZSY (BELRE. BARNERK
), AEE—REUNERKESENNBBITHRE, RAIETEY. XTFEPHOHE
MARTEEE, HXMEAAER (glutamate, Glu) FIBHHMENESEH TR TEN
Pz —". “BER-AE B (glutaminase, Gln) E3F” 7E Clu LRSS TP &
EE+SEENER".

FI&M (Riluzole) BEMEMAAL &Y, ALETMEIMIEE FIBIE R Glu BK, F
BEMEIZ & (glutamate transporters, GluTs) IZNEE™ . MG TSk B &L (Dizocilpine
maleate, MK-801), B—M®EFH N-FE-D-KLHM (N-methyl-D-aspartate, NMDA) %
FIERESFERBTINT . ALK WEF] &M A MK-801 31 MnCl, 5| R HIELURE A Glu. Gln
SR, BEBESHE (glutamine synthetase, GS). BERRBUEIIA B BLEE (phosphate
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activated glutaminase, PAG) EHHIKEKHEHAMMT: (apoptosis) KM, BHHRLED
BEHHE, AEARTERNHS B RKIEB R EEE.

1 MRS
1.1 i K j5

P EERREERIYP ORGP LIRFFEESR Wistar KR 36 R, 4KE (180+10)
g, MEEERA. EXLREMRE 7d, RERAEBNSR 44, §H9R. 31 AANEA,
B2 ANRAEE, WAETES 0.0%RLS: B 3. 4 AAITFHAH, HHWETEH
21. 35umol /kg BFIE MR 0. 3umol /kg B MK-801, R FiESt 2h /5, 5 1 MRS 0. 9%
AL, 274 A E S 200umol /kg MnCl,. FHHU4E 4 B, B 5 K.
1.2 BERRER I ERIR

BE—RTHHLE 24h J5, SANKR 6 R, FIZBMREBEATE, Wk H R FFmiE
SEREKM, KA T UIRRGURE, HIBARR ) 5% M. GS ISR E /K% Renis #R K
v AEBRRERNIEER LR RNBITHEY: PAG KIEME Curi WHENE®; BAE
B Lowry " BEESCREHIE R 1095158, REEFERRAEHANE Glu A
Gln & .
1.3 FAMMOTILUIR R LR 0 i R T

SURAA S A M RBIB A FES R Villalba B M. BE—RTFHHFLH 240 5,
HFHBRBK{KR 3 R, FHCEBERELTE, EKE T2 BRI 75mg SCREHL, A PBS #
MY 3-5 MEWRE, BT 2ml 0.25%B RSP, 37°C/KE, WL 20-30min, FHRABRE AN
WR¥T. A& 5-10ml 10%/)v4 ML 7/ f¥] DMEM £ 1 R N . FIR B2 RIT 20 a1t 200 B M,
J& 800rpm B 8min, K PBS #rPk 1 ¥K, F 600rpm B5.L» 10min. F PBS B FHME 4ml,
B Iml FRAEPEL 800rpm B0 Smin J§, F L&, fn 0. 5SmlBuff F4MEE. EHEANER
I BA53E4T PT A1 Annexin V-EGFP $efs, {FRIMIM MM RBT-IFN, HitEaR
RALE,
1.4 it

F3 SPSS 13.0 BMH4#THIELTE, LRFABEIEUFYELREERR, RAREEN
ESTATARNERFSEERE, AARMKERE QER (SNK).,

2. 4
2.1 SREARGIURGIn HEE (R 1D

KRP4E 4 B, SXBAML, FRgREAS Glu M EHEMIN (A<0.01); Gln
HEEHERK (P<0.0D). 5HaddaAmtt, ZaHEWTHAP CluEBREERK (P
<0.05),6ln MI&EEEHM(P<O. 05); 7 MK-801 FFHA + 6ln A B B E M IN,<0. 05),
T Glu K& &8k 1o B 2%

#1 BHAKRLREGCIUMCIn AR (=6 xEs)

A5 Glu (umol/g pro) Gln (mmol/g pro)
T4 19. 55+3. 23 0.94+0. 25
MnCl. 4 48.81+7. 23%%k 0.5740. 13%

MK-801+MnC1, 4 43.30+6. 30 0.78+0.16*
F| 8 M+MnCl, A 40, 0017. 40* 0.7740. 144

. S3TRALE, *»+ X0.01; 5MnClAHE, * X0.05
2.2 GURIEA GS R PAG BITE 1 (R 2D
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KB 4 AR, 5xBAM, ERAREAT 6S KIS A BRI (P<0.01); PAG
BIE B BB (P<0.01) . SastguE AL, 7ERE MM MK-801 A S KiEHHE
EMR (P<0.05; P<0.05), PAG Ii%Eh3¥9EE MK (P<0.05; P<0.05).

#2 BAKRLURIECS HIPACHIE S (n=6 x*s)

PAG (pumol emin”»g"

s -1 -1
A 5 GS (Uemin" *g" pro) bro)
o gt 62.53+10. 85 26.57+3.97
MnCl, 4 44, 4716, 93k 41. 02£6. 60%
MK-801+MnC1, 4 55. 621 8. 644 30. 26 +5. 14*
F 44 M-+MnC1, A 56. 55+8. 384 32.15+5. 724

. GXRALE, * X0.01; 5MnCl, A, * X0.05

2.3 gREALARMAT (B 1 EEK3)

KRR 4 AfE, SRAME, ERAREAPSREAAARHAT-RARERT (P
<0.01); S AAaLL, 2658 MR MK-801 FHA S ARMT- YA B REK (P<0.01;
P<0.01).

Fy
A

10

10
(2820 ]

NK-801+MnC125A £ ¢ +MnC1 260

B 1 RAKRNERETIER
#3 BAKRLRBERATE (n=3 xts)

4 5 FATE (%
pogiitcl 0.43+0. 11
MnCl. 4 64. 2718. 31%x*

MK-801+MnC1,4H 42.96 £6. 98**
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F & M-+MnCl, 4 39. 55+5. 2144
i SxrBAtkEr, wk X0.01; 5 MnCl AR, 44 X0.01

3. it

HERR SSRGS, Mn F Glu FEAREAEBERAART . ¢S RER R AMAMRF
xRiE, RESRERRERS, Glu a7 6S FIYER THZ R Gln. )G Gln BRI¥HZEMZITA,
1E PAG YERI TEH A Glu, R “Glu-Gln Cycle” "7, A L% R %8 MnCL, B4 GS
BIE 71, R PAG #9771, BB Glu A EWM, Gln 5B, BIK “Glu-GinCycle” ,
3 TG S AR B M TR AL IR T AR PR X F i S 1 .

EARRERS, EERE 4 BE, KRBESREN Clu EEHEMM. ZLRERS Lipe
LA T RRE KRS 20mg/keg Mn J5, KM Glu S B EMMAELR 4 B —B. Normandin
F Hazell " HSEIOBTITth R BLAR T (6 4 ML Sh S (] B Y Glu RAEMAN. Bh4b, Crooks Z"
R GABA B AF5 I G MMM AN Glu B &S BN, ALREBRE ST At 4
4§ Gln WEBME. EZER 5 Milatovic BYATEHHMEERLBRRA MM Cln Hizh
HIThee, 1§ Gln WEEMMME RAH—, B, 4T Mn SF Cln FEHRE, REERAR,
REFEBARMBAARBEARTHAR. Lipe Z"9HARIK DI REXRSE 20mg/kg
10mg/kg Mn G RIR, 20mg/kg Mn REEEKKAS Gln B4 M, 10mg/kg Mn ZhEK KA F Gln
& B, Zwingmann Z""RIAEELEL T 50mg/kg Mn 4 KJG, BAKAK Gln FE S5 BA
ML REAKE] 67%, AUMIEZ R Gln & EIGINE] 56%.

MFREEE, CluFIGCIn S BEZNHE2 EEATERHE T “6lu-GlnCycle” HEA XK
GSFIPAGTE H R A . XL, EEREIAT, KRBRECIRIENGSIE /1K, PAGIE S
W% . GSHITE A BEK S5EriksonZ " IS RAE—B, ML ERBABER1I-18RHAR
WALMNS04 (1 mg Mn/m’) FERIL, SUREAKICSHIEBKFRmRNARIELI K. PAGES
%3S A REA KT TR 4 R,

W TSR F AR _ECLuTs A RER F I PCLuBEM IR, RIPHEMKRA
ZCluBHMI ., €VMDAZARE FRCLWRATESMERMER L, %A EHET
Ped—RFIMBHAIER. R4S, “Glu-GlnCycle” BGHEIRIR AT RS E5G1uTsFINMDASZ 457 %,
ZEARSEWRt, FEREY BITUES FRESMAMK-801 BRI E, )& Mal @ s siEiE
BIBERDCLUBRRER, F3761uTs™ . MK-801 RNMDASZ (A JE ZE S RMA™ . LR RRHIX
BT R RS A LMRY “Glu-GlnCycle” EHEMARB, HHEMHEEMN. XRRRRA]
GluTsHINMDAZAEER P HEMNRERBTRETEENEA.

ARATRARBEFUR TR AR TARKLHFET T —, HERIIFBERK
FANESHARAT. XLRHRAERE, EPHEAUFESREA Clu T2, SBARRA
TSR B8, FE MR MK-801 W] CAE I A T- R M. Glu WAL ARASERS
MR, 8K Glu TEIHEEERRFESAM, FHBMK IL-18 # TNF-a, B
W HERBRFRARAT" . FlEuWaT OB R GluTs MRS, WD Glu AR, BIE
AT, T BAY Glu 7T LAE NMDA 24kt B BKE, {F Ca¥ BB, HREER, Y
BT, MK-801 @it 3k NMDA 24k BEBGE, MBRAMBT- R,

g b, S LLETMA GluTs, TBUNMDA BT E#IE, BF “Glu-Gln Cycle” IEWH]
Rift, FEEMREAT. &M MK-801 T AEHRENSEENE. BE, AGKIFINEER
Fi#t—SHR.

$% M.

1. Zorin SN, Baiarzhargal M, Gmoshinski IV et al. Multipurpose assessment of organic
forms of essential trace elements: zinc, copper, manganese, chromium in vitro and
in vivo experiments. Vopr Pitan 2007;76:74-79.

142



2. Christianson DW, Cox JD. Catalysis by metal-activated hydroxide in zinc and
manganese metalloenzymes. Annu Rev Biochem 1999;68:33-57.

3. Huang CC. Parkinsonism induced by chronic manganese intoxication-an experience
in Taiwan. Chang Gung Med J 2007;30:385-395.

4. Hsieh CT, Liang JS, Peng SS et al. Seizure associated with total parenteral
nutrition-related hypermanganesemia. Pediatr Neurol 2007;36:181-183.

5. Fitsanakis VA, Aschner M. The importance of glutamate, glycine, and gamma
-aminobutyric acid transport and regulation in manganese, mercury and lead
neurotoxicity. Toxicol Appl Pharmacol 2005;204:343-354.

6. Fumagalli E, FunicelloM, Rauen T et al. Riluzole enhances the activity of glutamate
transporters GLAST, GLT1 and EAAC1. Eur ] Pharmacol 2008;578:171-176.

7. Narita M, Kato H, Mivoshi K et al. Treatment for psychological dependence on
morphine: usefulness of inhibiting NMDA receptor and its associated protein kinase
in the nucleus accumbens. Life Sci 2005;77:2207-2220.

8. Renis M, Cardile V, Russo A et al. Glutamine synthetase activity and HSP70 levels
in cultured rat astrocytes: effect of
1-octadecyl-2-methyl-rac-glycero-3-Phosphocholine. Brain Res 1998;783:143-150.

9. Curi TC, De Melo MP, De Azevedo RB et al. Glutamine utilization by rat neutrophils:
presence of phosphate-dependent glutaminase. Am J Physiol 1997:273:1124-1129.

10. Lowry OH, Rosebrough NJ, Farr AL, et al. Protein measurement with the Folin phenol
reagent. J Biol Chem, 1951;193:265-275

11. Villalba M, Martinez-Serrano A, Borner C et al. NMDA-induced increase in [Ca*]i
and “Ca® uptake in acutely dissociated brain cells derived from adult rats. Brain Res.
1992;570:347-353.

12. Aschner M, Allen JW, Kimelberg HK et al. Glial cells in neurotoxicity development.
Annu Rev Pharmacol Toxicol 1999;39:151-173.

13. Lipe GW, Duhart H, Newport GD et al. Effect of manganese on the concentration
of amino acids in different regions of the rat brain. ] Environ. Sci Health
1999;34:119-132.

14. Normandin L, Hazell AS. Manganese neurotoxicity: an update of pathophysiologic
mechanisms. Metab Brain Dis 2002;17:375-387.

15. Crooks DR, Welch N, Smith DR. Low-level manganese exposure alters glutamate
metabolism in GABAergic AF5 cells. Neurotoxicology 2007;28:548-554.

16. Milatovic D, Yin Z, Gupta RC et al. Manganese induces oxidative impairment in
cultured rat astrocytes. Toxicol Sci 2007:98:198-205

17. Zwingmann C, Leibfritz D, Hazell AS. Nmr spectroscopic analysis of regional brain
energy metabolism in manganese neurotoxicity. Glia 2007:55:1610-1617.

18. Erikson KM, Dorman DC, Lash LH et al. Persistent alterations in biomarkers of
oxidative stress resulting from combined in utero and neonatal manganese inhalation.
Biol Trace Elem Res 2005;104:151-163.

19. Jia K, Xu Z, Xu B. Effect of dizocilpine maleate and taurine on the circuitry

of glutamate and glutamine in rat striatum exposed by manganese. Wei Sheng Yan Jiu
2008;37:8-10.

20. Fif, XNFE, FEE, K BRL AFL SERMNAERASARSHYAE
ERRARRAT R (J]. PEERERE 2005;25:860-861.
21. Tjalkens RB, Zoran MJ, Mohl B et al. Manganese suppresses ATP-dependent

143



intercellular calcium waves in astrocyte networks through alteration of
mitochondrial and endoplasmic reticulum calcium dynamics. Brain Res
2006;1113:210-219.

PR R P A\ B I AR AG N W B R LR AL Y8 Cu/Zn-SOD R F1X

FHRY, FEES, fEE, ®EE, FAE, #ES
(¥ X BB T % BT =, M L, 563003)
WE BE: RS URGERBRE TSR ERERBPNER. Hik: KEHL R
HZirfE, NEMNEETHXHERRRFITRITRERE, FNREE. SWERBERT
FqR. BRI 121 B, AENTRALRMNRBEEXR 23 #), B4E AR MER
EDTA.K2 Hist4dn, ¥ e ¥BE Cu/Zn~-SOD, GSH-Px, CAT RI3EHE L R AL 457
Y3 MDA RIS B, SRAWHE R PCR SREK FB 3K 23 Bk M ML A% & Cu/Zn-SOD f) mRNA A% RiA 1
f. GR: BERHFORPHINRELYBEEDRTRBRZESS, T M0A NEFEYET
FMXBIERE, BERHERBEEZRPO.01; BESEEHAMLLMBREAYEEN TR,
MDA BN, ERBE P<0.01; Cu/Zn-SOD ] mRNA MM RILE, ERARATRFE, BE
AR TIEHA P.05. il RERHTHERPHEDREEARLHFEELNGER, RPE
"] EAM# Cu/Zn-SOD ) mRNA RIZ R T M, ERHREMBEIEETE, Ra®RaMNS FKFMm
#l Cu/Zn-SO0D F HBIF=E ATT R MILERIEILEE S, AiEt— P NHBHBMRR LHARK
SRR EAYBERNRENEWRETS%,
XK. WP Fst: RPRE: iR,
Effect of fluoride on antioxidant system and transcription of Cu/Zn SOD gene in groups
of coal-burning endemic fluorosis
Abstract Objective: To observe the situation of oxidant stress and gene expression
of Cu/Zn-SOD mRNA in group of coal endemic fluorosis. Method: The activities of
antioxidant related enzyme included copper/zinc superoxide dismutase (Cu/Zn-SOD),
catalase (CAT), glutathione peroxidase (GSH-Px) and the contents of malondialdehyde
(MDA) in serum, as well as the relative expression levels of Cu/Zn-SOD mRNA of these
samples were analyzed. Result: The expression levels of Cu/Zn-SOD mRNA dramatically
decrease in patient group(P<0.05), as well as the activities of Cu/Zn-SOD, CAT, GSH-Px
decrease significantly in severe group compared with slight group and control group
(P<0.01). The content of MDA in patient’ s serum significantly increased compared
with normal groups (P<0.01). Conclusion: The fact of oxidant stress in patients of
coal endemic fluorosis was determined. F can inhibit the expression of Cu/Zn-SOD
mRNA, thereby reduced the production of Cu/Zn-SOD protein, consequently cut down the
ability for antioxidant in patients.
Key words: Endemic fluorosis; mRNA; Enzyme
MAUBRFEREETHAEATIRNOR, FIEMUERRAZERFNENER". HM
WX ERRFTERAX, FERLYMERKARAZEABRLEN Y5 IENGTIRORR

fEEN: £ B B, (1981.), @LEHIRAE
1, BEXEZRBBEFENE: 2, SBEXFARLTAEZRIFH PELSHE T EKE; 3, BMERHK
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