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E%%;Eﬁ 7 & #a‘-ﬁré}ti?‘ﬁlﬁlzm B/
——— T & Bz BRI H 5 (3-2)

HEXHA: ALK
PATEM: ERESEREEEHAAN

PXREE

HAVFARHRDETRE R PR A REL 0 T EMEE,
E—REEERA,METHEE RS HFALRMHLS) R EF S
8L 2 R KM ST H ka1 84 M e IR 3 e REREV SR R R AL
FEBABEMOMABRKRE EANBAL O EEIH ALEER
BEERANAEAHSERE— S X TR L8R E-HHEREABR;
auditory brainstem responses)#) F-F 1Ak &, HAIH R G 0 REIEK
(0.1 #2 1.0g/ kg) & FHAFK (0.2, 2.0 #v 10mg/kg) £ R, &L
1Lk (1.0g/ kg)k FHAK (02 Fv 2.0mgkg) ¥ ®ELEF L ENEY

1K 27 (absolute latencies) fv 5 = 2 B & R K 28 (the interwave



latencies)z.ﬁé';{ BB TFRUEAEGTENH, RELR I, TR B
B (B4 RS AEE) M AMBRENGSBEAB T Loy H
too BRI, BB E 0 RACAWIR T LS s B L
Na'-K' ATPase 76 HH/6, .3t & 7 2 R (2.0m/ke) B R AA# £ —
FALEWNOXEEE, EHBAEHE+—8% -
BRWRERRGBITHLHRE, AMF R FoRT AR
(2.0mg/kg) £ Fv+m X 4%, #?'fi%.);i A &G RA &4 % & (motor nerve
conduction velocity) &9 & />, 2 & # % % % P & K & (thermal induce tail
flick responses) % B R , 1@ & # (rota-rod) L i€ # % 3 motor
performance &Y %k 3, #p #] R & & AL A $ £ & 4 (suppressive
compound muscle action potentials) &K &2 MkE, BRIpH| L FivE b
&Y Na*/K*-ATPase EM, AR EMALNNEEMRATEY - R
Fleyx, REFoREAK(10gke) +twRig bR ESHERY LA
BAFAPE T ¢ Na'/K'-ATPase 7% M db3r B4R, B33 btk A & T i 44
B o LN, RATEE R F o RE A SR BRACA YA 4 b
AR %fifi_té@ B & M4 o Bk, R4 1E ALK E O RBE
TRFEREAEBEMRUESAFA, MATEHEMRRNBGE

hESTHZ-HRD -
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Studieg on the guidelines for safty regulations on the Chinese
mineral drugs—The pharmacological effects and

mechanism of cinnabar(HgS compound)

Author: S.Y, Lin-Shiau
Organization: Institute of Toxicology College Medicine

National Taiwan University

ABSTRACT

In this paper, we attempted to establish a mouse model for monitoring
oto-neurotoxicity of mercurial compounds. Mice were dosing with the
sublethal doses of HgS (0.1 and 1.0g/ kg) or MeHg (0.2, 2.0 and 10mg/kg)
by gastric gavage for consecutive 7 days. Analysis of the hearing
threshold indicated that MeHg (2.0 or 10 mg/kg) can significantly
elevated the threshold but MeHg (0.2mg/Kg) and HgS (0.1 or 1.0g/kg)
can not. Recordings of auditory brainstem responses (ABR) showed that
either MeHg- or HgS-treatment induced a significant prolongation of
wave [-V and the interwave latencies. This ototo>'<icity of MeHg persisted

even after 11 weeks discontinuous administration but that of HgS
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completely resfored after 5 weeks discontinuous administration, which
were intimately correlated with the disposition of Hg in the brain tissues.
Moreover, the inhibition of Na'/K'-ATPase activity and nitric oxide
over;;‘ro(’duction in the brainstem are apparently ‘related with the observed
oto-néurotoxicity. Based on these findings, we conclude that the
functional disturbance of brainstem induced by mercurial compounds
may account, at least in part, for their oto-neurotoxicity. we compared the
absorption, tissue Hg contents and neurotoxicity of two mercurial
compounds, methyl mercury (MeHg) which is soluble and organic, and
mercuric sulfide (HgS) which is insoluble and inorganic. Since HgS is
naturally found in cinnabar, a substance used in Chinese mineral
medicines, and relatively lacks of toxicology information, it is important
for us to investigate its toxic effects. Both compounds were administered
orally to male rats for 5 and 14 days with assays conducted at these times
as well as 14 days after discontinuous administration. Neurotoxicity was
assessed using five neurophysiological and neurobehavioral parameters.
The results obtained showed that MeHg (2.0mg/kg) prominantly caused
reduction (35% as compared to initial) of motor nerve conduction
velocity (MNCYV), prolongation (240% as compared to initial) of tail flick
responses, incomplete restoration from the suppressive muscle action
potentials, impairment of rota-rod motor performance (decrease 77%)
effects and inhibition of Na'/K'-ATPase activity of sciatic nerve; The
latter three toxicities were relatively irreversible. By contrast, the former
three toxic éffects of HgS were rather unremarkable and the latter two
toxic effects were moderately and reversibly. The blood Hg levels were

found to be correlated with the degree of toxicities of these two Hg

5
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compounds. These findings indicate that the insoluble HgS can still be
absorbed from gastro-intestinal (G-I) tract and distributed in various
tissues including the brain which is correlated with the observed toxities.
The glififerential profile of neurotoxic potencies ‘and reversibility of these
two Hg compounds in this rat model provides us a better understanding
on the toxicokinetics of HgS (an ingredient occasionally prescribed in

Chinese mineral medicine). It is estimated that the toxic effect of HgS is

ranging about one thousandth or less than that of MeHg.

Keywords : oto-neurotoxicity, ABR, MNCV, neuromuscular transmission

HgS, Na'/K*-ATPase, nitric oxide
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2BE EL 4% A nercury, 62X HgRAMNITX
hydragyrum » 2 EHKET 38.9 & » 4 TR TR— UREHE
24k BEAYRETEZRGERNK » &6 8 K&K(liquid
silver)(&% » 1991) |

BARRRGY P[5 HER ﬁﬁﬂﬁ%im%mwﬁﬁ%#
Mk He ey TR E A 2x107° g/l KA T A 2107 g/L;: &H + 4
2x107° g/l 23+ 5 20107 g/kg : BERABYFTHRIEMEES
HgS: H P34k B & 20x10"° g/kg - £ B R(Hg)imm ik e e s g™
Hg™ X 5 sz R JE & 4 HgS i sk - 425k @.(anaerobic)#k & F » HgS
$2 S HBR - A4 TiEMz HgS0: 0 3B A BB E He' - (%]
1995) -

BB RLFERBTHAZS B RHAL(E KRB
MiR) TEREE -BARA —HARBELNESLE £B%L
AT R B F R T RO AT A A 0 4 A £ E b
B TELETEM B4R B XKEEE - BT TH
RERRCOMOER ALY BREEHCEXEEAR(EE
01991) - &4 INFAAR B FMATEHBEAR  HEE
SpATLER BT - i%—ﬁ%ﬁ?ﬁﬁi(éhloralkali)1¥ - Hibih A
B KRR BEH  wBRi - SETRERFGEF 1991 &
Folk 0 199]) - AXEEHRHAMBOEN  BEHLSHOES
Bkh BR—ReRA |

— ~ R RIAE



FEEZHXA L RER(HG) - BRERT R Hg') A&
A M A6 (Clillg" il ) (48 > 1999) » 30 FTALT) 635 85 4 M B (A
BOAEAGHE LA R EORARRAEN - BRESAE
RBWR - RAR - BHE LA RT - SREAE oo T AT
SRS P Bl 0 T AR RAE ST S R B
ARG 10~100 4% B EHEMHER - KAoSH RUERF KXo F -

SH S'
enzyme + HgCl o — >  enzyme I,{g + 2HCI
SH S

EAEBRABRMRETFEARNTAREHERTET MPAR
CATREHEFFABY LB R R8s F4 X (2 > 1995 ;
Clarkson - 1994) -
BN Y E3GIOEE V.2

RARTEOFRERNNE W RBELESRERAAT MEK
BRUBRAN > BERFEF L L ERFRABERAT - £ R(H &
B RWE FRELEHRNTR SR FAEE A ARt e 0 E iR
B X (glomerulonephritis) (Hua et al » 1995) ; # T ¥i% | fohs
B EAKREEE - R AR B RRBEMACSY - 34 HLEk
B BAHM - Na"/K-ATPase ~ To® %8 -~ —KEIL %%#
R Ao B e - S P ARAYE A Yo % (810 1995)

ERMABASBRAAT A MANERMZELERL O
REHXEH Kek(mercury line) s EWbB#H AL EFT &
(Campbell et al., 1992 : %% >1991) - A A vieibE 2 4 > &4
erethism(EEHE)R & » CH AR - B4EFRL - 2HE%k-Fos
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%% (Campbell et al.,1992)-

7 (1993) % # 26 41 FLk EAM TRIAAR - MEEAZTH
mﬁ&}ﬁ%ﬁ’%Aﬁﬁ%i%ﬁzﬁ%%$%%%~¢‘m3ﬁ
ﬁ&iﬁmlﬁAﬁzmﬁ~ﬁﬁ&%%uQ%%i%§’iﬁﬁm
AHEEREELIRE - $RAMMNELE LI ZFRFROAE &
BRARFENBREEER  CERBATRAREAEREFZIA £
BRAKSXKELLES  LERAR  £BRERBES T MR
THEATREASEREZIRE -

Hua % A (1995) B3 Brown Norway rat £ &E»W k% £ (~lmg
Hg/m3 air)&# 2 F(~6 05/ R '3 R/B» £ 5B )P HHE(-24
AEE/R B R/B H£ OB BHRBER  ARBESLER KX
EMALTR MEORSESA B RAERAETA0 710,10
ppn SEEEAENE A 5. 03+0. 73 ppm» Ao T i5 608%e448 % (%
=)o W BLEEFRRMEET A/ S ¥ 2 Purkinje cell # B A
wY o ik R NGy R e

m ~ &R HgHz H4k

HgCle#y + 2 s L& (D) % 0.5g/kg & - KRR —HE 5%
(nephrotoxin) » B A& & T 2§ .69 ¥ (dismutation) ik % -
REREA R LB S BRAE (0:) ™55 2 Fhisme o A1
DA RREE  HEO_ERTAZAEEA AR (2
1995) « &t ¥ 5 &5 Bot - RERA © HOBERTRIEAT
BTRAEA AR B P ERIG R URBES TERS RE
ek BERFHREL > LHF Db il - Mot HeCl &%
& Ca*-ATPase #7515 » i Mm% Ca" Rl » B Ca¥" & PG48 4



HE R REM RS -

Sin A (1990) i §iEyrkey HeCloFodk 375 AR 69 HgS % "
7Mt/\%5l’\€§’§‘%ﬁ PR D HRACE M e B BY RAMC o 4 1
B o /Eﬁ‘ HeCl: ey 2 R AR BREHRRENRETRK - L REM
B, i']%/\x[,ééﬁ'immﬁﬂ sbefe#E R HeS ey E A FERBEH R KH
EREHELRBINAL - THRTFEA T E HCleAw HgS & - B
HI1EB-28 -3BH% 2B BETHRRAENRL - EREF
BRI A R BT RTFHLEHEABRT EAEY -Wisniewska ¥
AGHEHEEFRTEARRIFHABE BACEFRABELS FEY
% & % Metallothinein & &3k » LB LA RTET EFKE
R 45 Ak Fo B d ) (convoluted tubules)#yfmpe & R % R a4
RAFAE - AR BT FRRGIFEAE A HER R - A R £ 08 P &9 B 3B
BB NELR EAHS AR AREMBEEIRELH BT
B % HgS F 5 sk - A R RIL R FAE -

7~ H#K(ClHg" ~ CollsHg™ %)

BATEREEFERAERCSY €ERBRIRTE ER
AMBARAWE - BE REABENARSEGH N BHARYMMEMGS
EARAMEHME  BUASESLMEBANARRKZIRE 4

c AMA PRI ARG ENRER BAREMYAREARELS
FRAMERTEAFEGE L - B A Minamata Bay KA £ 69K
FPEEHBET FARHABRBRLTEHE  BHBEHERGTE
(Takeuchi, 1968) - |

FHREGE 0% ALTUREORRIK > EhBHERK ' Edb
o BBMASRE B EASE FTARNLARRLTELRAA
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Bk~ A Gt R - F AR T ETREROL - EY
kW -BRE > E® 44T - Bjaren £ A(1990)#8 £ Wistar Rats
CH:HgCl 16447 20 mg/L » #34& 24~28 REKEA FERTHFOE
R o spontaneous locomotion (B #:E&HE)METHK - % 56
RHKT & E-FRAMSETHE 2 fourth ventriéle wall #RFLER

lysosomes °

NOKBRELE

FAO (Mo EBEAR) # VIO (R RHALLR) WXL T X
HMAHERSES 0.5 ppn- EAEHKEBARARELRALRS
b RAF AR B4 0. 02~0.05 ppm GGL > 1999) - KB R LML ERE
BHRER R P RAMEBES (.05 ppn; LEKAKELEET X
HRERZRES0.002 ppm - .

+ -~ &

BHREBFLETREN  HaToik 0 mA#RRCLE )R F 2B
REReYERARL TR BB OB BETRIPEL ALK - AFARH
fdfé’?;‘#héiz‘eﬁ“l’%)\ﬁz » BRHABRAEERGEE(E 0 1995) -

F

BT EUBPAEFEHBRD A BRAEDE RBETER
WREIENHELR  FTHRETESELR - GNBENSBIRA
MEFE iz AMERTHREE AURBMENALEATHABRYE
—ERE-BAEABSHRAARE  #HETF %é@éé@%"%*?a%
i% 100 ppm > {2 AL LKA % BEARGETHELST £
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Q?ﬁhﬂééﬁﬁﬁﬁﬁ~§mﬁ%%iﬁﬁﬁ§%ﬁ"ﬁﬁﬁﬁow
RATRG RS T BITB RN ELBIOMthe)  E 2L &
BE R 6 4o o KRR AR B4 » 8 A
THC AHRERINE S R SR E 2B do T 85 55
HRAEGHNBNORBET  BRERER2HE  UBITHE &
RNELRSEOALRE - ERE T RHRA L @EY > The
RESBFHRANY  REATLE  HEBRHRALE .
EhRMH-AFRIOY EEUEET  SoY Tieibe 2
MBI E R TR M — P T BT 4 7 455
oo SeSME bR T RUGEEZ 54 0 THERM B b b 2
KRB MR QEAELBLRERE  AHGERES T £
HARR PR B ESAKED  IRBSBRED « BALEREY 0 ZH A BT AT » KA
RO TMEFT LN $RAARA RGO EM - BA Cdor T
ARBRFARETRIGCALGT G THBR P @B AL MRt &
MBIRAREF G R - ANBEANRAUDE SRR E LS4
WE  ERURE R A IRARITIAR 5 SR R 4
RGBS TR E RS HRALEERERE - BAE
B FPEEEEER 3t R e A E RE ARLR BRES -

RS T EH A ELE  RUBAREHBERNRELE T E2



K °$4§Mi%ﬁ,j EBRETARERRYLRFRL SRR
RINEHE ) $FREEAS R EHHEERSE - BEFABRAEZ
BB ER BB S 2 42458 ( 44, 000 ppm) « AF R F B AR T
AR RS E Mol -

Freampt)» R —HHHHE T8 KA 7AHIER - BREFEALH#
GIESTI S RSV AT EE RENE L R T
REAB 2o - [£8H%] Bl ARE » & T#@Ak ~ SLIEH
HE BTE -BA - -FR/ - HERE 23 HAFHEEZH - F
RIBEHR] RE > B THC s EE - RPEL THEBHER -
AREREHSE [A¥EE) TEE—$BA > #ST "HA - £
Be ~ MR T MEE MRS BAAERERT 0 MR T HE
BEMSE -

B2 BRAEE R T
L [A&) A4t 2R% - SAHE - RHBTE L AREHH
RE o feibB R o
2. [£BAIE] Bk L%~ 8 B E A R R
3. [#Mm] 4w~ EHAE -

4. [mB) %R RS BBIE -
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AMERT Bo%m] RRm o oK RIEE

o
6. [RA) Ml BhE - ERHFRZ o

T[%ﬁm%]iﬁ&’iﬁﬁ’T%%o‘
8. [ARITR] s kit > LT -

BAFCEARIRE  EFAARGH -  RRGEDER ; RE
BEALSERA > BEUR—EFARE T RGD HH 0B
ER
L [®mB])] Agl#m#  seigA -

2. [REMHMIBASA » 2 ARH -

3 [REMR] MMV EREmE

4 [AEER] ADAKRIE  RBA > BUE b~ S8 - 24
¥E -

5. [EMEYBMA] KRB > HE5A > ket AREE -
6. [AEAEEF] shab 2 @R KR — 1 TR A& Lok 4R A -

BAGo bt RANRDERERLRBHRY  HEFRE L 24
R &R0 8 B — Bt B — s (P3O R A X o B ob 3 R ok
BB RATR o TR A - RFE A I PRBEE &
B R REL RS ERARE £+ R EASHBIL URER

BREGEE



%@%?%ﬁ%ﬁﬁmi’é%$&$%%*’&~&%%ﬂm_
AERAY > BREEM - K Tech FRER > BILREH ORE » Tik
FRHEE R T AR RS BE QB ERI RRTREN -T24
BGhFEUFGYNEF AR A BAEDE RBETERIRA
RO ELR A THRETESLELE - dNBEMEVERAske) - B
AT Mok 2 RBAL K 9 XBRR &R 2D > 40 5i16K (0.5 gn/kg) B A&
ERRBHE A CERT B P L AMBRSEOEN - KRORT
TRANEERRRERE MBS RFE - BRI 245
BRUHNE L GRENITAHZHE - B M #d I AFTH
BREEZHBIMETE  UBRIHETERNELB S ENLLERE -

BATRBORE  HETHLELR LI FHEAR1E 100 ppn - 2
BHERLERAXNE - BHAFTBLEFHESS X HYHR  BE4H
BABEYS U RQEREATHE  EANHE - LRSS MHY
WHEFRITETANELR  WHBREORIELER AL - FFRITE
BRUHFPREFTFR - FHBASELB LR &4 -WE HAELE
BN RBEY  BHRERREIHE HITERELELE
BoIHRBFPEMRAEELEBET THEERELB T LSS R
BERHRBERERER -

BEE—FHRARARE  RIERABE HeS(1. 0 g/Kg)i2
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REBERET IR CHRMGRTERABENFFRAMRAE
0 7R BAHEAG HeS 69218 - MBI ASH B HS 0 1L R4

Y
A

z

HgS 0.1g/kgfBREEtXR#% ' KT EAERLERFRLBESTEL
caloric response hyperfunction ° & HgS A4 VOR Saushfets > 5
42 HgS» 53 A — :l&s'ﬁnui -Ef 4% VOR caloric response tk#i
B EREREMERRTHEMNY  BEFEGRGER  RENE
DEE o FERE 0 TIREE 9% HgS 0. 1g/kg BEEXR - 47
HRERIEN ABRAFEWHITERATE - #1247 ABR 5 waves
&y duration B4 & interwave intervals » 34K % HgS (0. 1g/Kg)= %

> &A1&y #F %45 R HgS(0. 1g/Kg) T4 B B Rk » 5 P ARG AY 48

& %o/ B B 4T B R A1) AE 69 4@ 0 HegS #p )/ B ATPase &% >

380 NO & & » T3R5 3R 8A HeS e9/F A I



1.69-47 ¥ HZ 2 2% B A (Na'/K'-ATPase Activity
Assay)

4

tm e Bt ATPase activities #| A Liu et al., 1997; Rohn et al., 1993 2
RO FEAAR. W ETHRAREER —#hb¥P

Na'/K'-ATPase and Mg**-ATPase #4975 45 M Bsaywa &4 4] A
covered 96 well microtiter plates f£ 37+0.5°C 354 R B 14 83X, 90
microliters of & (10% sucrose pH=7.25 N 2ug =BEE &
18 R JEAE F. Na'/K'-ATPase 7t # ouabain (3.74 mM) # it i& M 4§
Na'/K*/Mg**-ATPase activity i8] . &M &58]) 34 LA AN 3740.5C 32
%41 B 20 min, 3# 4 Ao 10 gl of ATP (final concentration 5 mM)
BHERE, LR L& E R oA 200 4l of malachite green
(MG) + ammonium molybdate (AM) (3:1)Ri#4T. &#& BIREH A

microplate ELISA reader (MR7000, Dynatech, USA) at 630 nm 2R 3% 5.
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2R XE

HAE BT liver, kidney or cerebral cortex tissues E #i #k A F| A
AR AE R BIverson ef al., 19745 & 817 ki S M 248 %
4k AE 2 74 4% #4 & Lt 4 the cold-vapor atomic absorption

spectrophotometry 4|3 4R & & liver, kidney or cerebral cortex

tissues R AR AL EM—EFHA A

3.8 % R i £ 5% (Recording of auditory brainstem

response) (ABR)

#] B auditory evoked potential system (Nicolet, Spirit, Madison, WI,
USA) @&ékitstE. B5%zar# A B T4 F st ABR and 747
BEME., TEREEMK 5-dB £ -10dB° X% #(guinea pigs)

HEREFA BT EERAER LA L LR

4.Ca*"-ATPase & PLAIE

4@ f 8 ATPase &M #| A Liuetal., 1997; Rohn et al., 1993 4 %k &)
FEE AR TR TR BU RN R FETEERER RS

ATPase &M » FiEBRIER F—APATHL -
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5.— &4t f.(Nitric Oxide) 1§ 3

# X #] B NO/ozone chemiluminescence (NO Analyzer 280A

A
A

SIEVERS) # NO &% & -

B34 F  NO+ O03—NO2* +02; NO2* —NO2 +hv

6. 5% Ao & o 2 T B

5 /T ABE R 1 8 F iE#) A straight Laser doppler flowmeter (LDF)
AT R B o 7 o SRR B
T.8h BT ETR

ATBROBITREAN A SHMEGH HiE#(rota-rod test) b &4 8%

PRl EsniekE RERAG B THEHNLEHRT o

S.TARER%

#| M Raya et al., 1994 4 & i &9 7 & BB K AR 947 42-ALA

THRAOEE - —FEHARMARATAEHEHFRATR
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9. 805 4 3 1 2 ¢
R #BHE X meantSEM %k 5~. #/ A Analyse of variance
(ANOVA) 54t #EGHEEM > BDunnett’s t-tests5#7 o 48 3 F
4 £ B b (Ndamba er al., 1997).%)%&4%%P{af;%o.osgq HELEBRE

2EMH
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T3 3
AL R H I N SR EZ R E
1R1E 4% %7 £ % 2 ABR

£

ARMREHESRETNHERFCRBENTRARS MR ORI
FHRATERAGBA-BBANEEY. BHHCRTFRARIEERT 7 X
%, #H7 ABRIMEHERFLENE 1. KMNOLERETTFEARQ K10
EX/AF) TURABRZRIGNE. SHELETHRET 11 @,
Tkt EXEREGAAEERIEAIEE, RRIABEH T LEO2
EH/NF)RBACRO.1 % 1.0 F/AF), B3] 8 Te 4 Heyish 15
%, BFR 1L 8%, BT 7EARQ BTN FF AN REA
AAEEFREORREMILS . ABR BB 00547 @48 1 2]
BVOBHIE, wEASLAZMGMBCGELI-T, I-M, I-V, I-
Ve M-V), FARO2E2.0FH/NF)RBAKO.1 % 1.0 L/AF)
BRUEMER TR BAASA 1| BeFRAE - B2 HrREE
R4 BAEP BB R 85 4 R R MEF KLY interlatency {4 » ABR
éﬁi&:ﬁﬁ%”—;ﬁﬁéﬁa“z’é&& 85 m AR AMHAREEBEMBMI ZRN % 1
&)

iR M RIERARETEARL B —EER 5 wave

VLK > 2R -V or IV Fa‘i”%%’%&&&ﬁl‘ir'fi&kl‘é’aéﬁﬁ—?
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%ﬁ°&&ﬁ%m%?%%%mi&?iiﬁﬂ%ﬁw&¥ﬁwwe:

VR I-Vorlll-V fs&ayag g o

LARH AT RS &

BUCRFERK  —RBARBFEEN > AN CRAES
TR R F A R% A4 K F a8 (blood, kidney, liver, cerebral cortex
and brainstem) 2. 1 & 49 4% » B 3A SR BAEEHK L6 LT HILE
(0.1 and 1.0g/kg) & F % (0.2 and 2.0mg/kg)#h » K #9468 I 2 ] 8 8
M EME RN BEY @ BB EMCRRE S AR T4
¥ ° 4 blood T 0.8ppm * £ liver *Ti¥ 1.2ppm » 4& kidney +Ti%
3.0ppm » 4£ brainstem =T i& 0.2ppm » & #| & ?%iﬁiﬁé‘)?ﬁfﬂ]ié@é\
€ ° & blood Tif 5.0ppm : £ liver Tig 7.0ppm > 4 kidney +Ti
14ppm - 4% brainstem i 0.2ppm * B 3B A TR EHR S o5 Lok
MMM RE Q& @ ERARD - O LMAIELT &
KA S » KA R brainstem FERSESH 0.5ppm $LFK
% ABRAGARBH M - o BB LFHILRETRFH4 >
Rife 11 BEAARNERTERRTSHEFRARRE N @H 5 -
RGBS AR EREMESMTHE w0 3 AF - b— L2 bRBA

ABR A& L -



iz B 8 BagtaTHRAERAOgk) R F AR
(2.0mg/kg)th » BAR TR K AR AR R BERER FELREIEH

S T L B

i

3.5% 8 Na'/K'-ATPase 7& H 3 3,

st 3a B S Ak 25t Na'/K-ATPase i 14 0 2 8 &4 Bl SRS &
R B BATRAERES AR TRE GBS Na'/K'-ATPase 7% 1+
Mgk B— 5 TRAMEER | €4+ 8 LB TFHALRO.1 and
1.0g/kg) & F # 5% (0.2 and 2.0mg/kg)# > Na'/K'-ATPase 7% 1 A BR 694K
odl > B 4B 9 LEA~EH LB L THARAOgk)R T EK
(2.0mg/kg)# » Brain stem > Stria vascularis and Organ of corti P
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1 748 3% ﬁmq #(10 or 20 HZ) =T 5| 8 A7 M ipHlE S MILA &
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#4b& (inorganic form) FRIE#K B — A& 88 P9 &) F AR ]
$m&aw%£maaﬁwmoﬁﬁ’ﬁﬁ%ﬁmmmi&um&@
(F 8 P 4K ALK & 405 8 ) R BRALR(Yeoh et al 1986) 14 4 AT B Fo
FRARBUAER BT THRRCHAI R FEEN B
¥ GALRA T ARA G A6y I ) M5 ABR 92 # -

AREEHAEBFIARARBENTFRARGERBANES
FoE 8 (Wassick etal, 1985) « &K » 4 M E6 %3 fe B L eg 174547
2 AEARREZRMATREZANDAERENRICHHYHR - £
RPRAFSMEBEFLHTARPHILRR S5F 11 BEHFESR
Wb E > BRBERENEGEEFRIRGER BRI LREREH
¥ &K (0.2 and 2.0mg/kg) HEALEK (0.1 and 1.0g/kg)ik 25k & F
Fl & & 25 (L IL 111, IV and V)5 3, ¥ £ & (0.2 and 2.0mg/kg) &KARILK
(W%Q?ﬁ%VK%ﬁﬁﬁm&i«MM@IédeMMVﬂ
zm%%ﬁ&%&%%£°

:‘Ea&é% BEFHE-KENEERERENTE - F— 1@
AL R AR T ¥ L & EHEsFo k14 #| A £4% brainstem auditory
evoked potentials (BAEPS)#t % £ # A # 1 i% BAZ B E g5 ok e T

ABHR -V EFRBERGSHR %(Counter etal 1997 ) B o F
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ﬁ\ﬁ%ﬁx%%ﬁmm’ H k%2 B#h e £ X - B ok & brainstem
auditory evoked potentials A743 2|4y V i&:;’éﬂié@%@%u THAE TR
#%%%#?%ﬁé&%i% cREHERALCHIAL ME
BR;~ BAEP “TRETH M fo ksl et iBE TRV B H 008455
BT B(Counteretal., 1997) £MN i@ L HR > KIPEBEE

B BEH BoE( AL K) P KRB D TIRR A R TT A
TP R EELABEHRE -

% & atomic absorption spectrometry (AAS) iEEF L » BAIIHB
tREFLT FHAR (0.2 and 2.0mg/kg) & #ALEK (1.0gke) & % #%
E—EBETT 00k AR TW- - A TS R4
ETFTFAREEZCER 11 BEH - BUAEAMAYEERLE
KA T R A BT MR A PR R AR MR (Pedersen et
al., 1997) - £ HMGAR T > FHERBEFHILEK (0.1g/kg)BRAF €9
PR E R iR R KB P o ﬁﬁ_i%m&%?ﬁs;ﬁ & 1/500 - B gt
RiLH B KBRS EF R A T R4 8 A 1000ppb > 857
KRR 4 BA0 A EcoG BT 208 2 M A& A e B (Desi et
al., 1996; Lapham et al., 1995) -

sbsh o BT RRE AR EMEE PIAZB 100ppb € 3] A s

RS EERE Y RE Y 75"1*53?& & 4 & evoked
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potential (EP) B3B8 ¥ & E X VX Pl ey B R tb sk - LRSS EBE

&) evoked action potential » AR B R A AMHTATHRA PP E L4

%s@@ BETRITC ALK NEE - AT BIABETH R AR TS P
REHBEAGHGERIZRRAROEH -

& /1 42 ABR i&ﬁﬁﬁiéﬁ%‘ﬁiefgf%éﬁﬁﬂﬁﬁ%# ¥ ATPase R JE Lt &
45 A6 F R o Mk T A% (02 and 2.0mg/kg) FozifbRk (0.1 and
1.0g/kg)i R I 7 R % % AR BS54 ATPase EMBEE T - £ 58 B
F AR (20mgkg) i ATPase #H & Lir4l43id 11 EH AR ge

@ﬁ%%%T?%mﬂﬁﬁﬁm&KTm%Ew&%ﬁ%&ﬁ

-%

MmIFEALR - EEEREEEE—FMERT ATPase & Hp4]fuid g
X—EALEME (Bl — RILB) MU BEE R RE TRV E LA LE
RERBEAER -

FRENGRBTERARECTHERET SODV &9 & M g K B Fo B
#r GSH 5) €85 KAMERNHERILERGER - — RILBR
R%\iﬁii%iﬂﬁ Ef oL A MB T HBRBRIMEERER £ —2b
B 15 LT T peroxidase #7% M % % % (Hussain et al., 1997) - R4§iE
BRERRATUFE —ELEEE A — Qb BN RETHHA

(Ruan et al., 1997) - sz i 695} 75 3 BL4& & ‘%iﬁ#ﬂﬁ/ &4 7% sodium
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nitroprusside (SNP a NO donor) A #| EFo s R KB & M F H 4 (Kong
et al., 1996) - 4t 4} » Nomega-nitro-L-arginine methyl ester (L-NAME) —
AR A REE B A T HRA LB S8 5 4
(Adams et al., 1998) o Fk# g sk 4 Rfo 169 4 £ » K474812 INOS £
FAmNO TRREPERE AL AN FidEEM > AL ABR
¥ I-V Fo [II-V & /] 4 94 RREYILE -

BRI ARERGEHEMS THERANO - KAWL RILBET
FAK (02 and 2.0mgkg) Fwriib K (0.1 and 1.0g/kg) 4% Na'
K'-ATPase 5169 F 16 BHALEFL T 7 RIZLKH 755 NO 9
Bey Lot - 7 REF AR (0.2 mgkg) Fosifbik (1.0gkg)e3l4k
 TH#HNOBEAR - REFAR (2.0mgke) 432 W HeH NO &8
HEARE —ROER S 1 R - RANTRIEEBS T ES
9 NO 4 s, 7T #E &3 %] Na’" K'-ATPase &1 i B 5 H b e &M fodk
fek o BHERBHTHERS BAEPs T4t R rAf3| e ahda i &
Ye b & 4 M 69 8447 % B T B (Discalzi et al., 1993) - &g &Arey 4 Bfoz
W84 + AT EHIE NO/ Na® K* -ATPase #3548 T 4t 35 A #
TN ALAAEE -

RERIERR,SEEHHILTR0 L/IAF)F Baribey £ 5 5),

HNRERRSBEANLEER SRR, EHH LB ERE 94
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ﬁ&%&ﬁ%ﬂ&%ﬁ@%%ﬁAmeﬂ%ﬁﬁﬁwﬁﬁ#@%ﬁ
Wﬁ?%ﬁ%ﬁﬁ%ﬁwmoiﬁm¢%%§%ﬁ%SWwaﬁé
KOk 14 REGALR XS > FMBAEATHEMGBEFEHEN - § I
DR 14 X2t BEREERELTSORM > RAFEE L TR

B)REMEIRE 100ppb > Mt M B RELTHREARY A
20-30ppb -

FRARGBEHEERQ EL/NF, #5 LD0)UF#BER
P A RS E SN  BRBTARRWEREHKOMR 14 RFE
(2.0 mg/kg) © FrA 89k BAE D BRIE B DIRAFTE o BT F ARG B
HREFHILEALRES R EXEMAWE GRS Em B L Ok
BYH 14 RAABKEHHEE - BLEHEHFHGERGRE £
o ROREARAGNG - AT EREH 14 R b R MELE
%] 800ppb » £ FPHIAR A 14 R 214 o P 6938 5 AR $5 48 250ppb o £ AT
&%?ﬁé%%i%h?%23$15%°ﬁﬁui%ﬁﬁﬁﬁ’i
Eh b ERETRELR 2B RN EHFHAIERE -

R HF W7 ST LA RIEA K BREALK B RT A &

HEBERRI BN EERRARARTFERYS Tz —RERK -
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Mo B R B e T BRAL S M A B A Sy o SR AR ARAL
i+%$%w@%mmiﬁﬁﬁﬁﬁﬁ%ﬁfﬁ%ﬁﬁﬁﬁ&%mm
B A7 Bl Danscher % A § 41 451 B HE Ak  SAE R 60 105 44
1% (HgS2HgS2Hg)n » HA14% RIf%k V¥ ¢ He S50 8T =T SRR 245
THERG BRARRRTHEAT LR SHAR—E+IEH
e R -

R EEMOTEMRBOLLT LETHEEBETM 2.8
4 b B A 3 BB TR 48 o AT B PR 408
& GABA fo3sfh 7% 6 ¥p 514k B 5.20 % M 47 ATPase 8575 14 » #3538 &
BEMAEETRPEEEOS  BHABRN IR @ - A A
Transcutaneous stimulation of caudal nerve » T XA fe R R E R EF &
R o FACAME K RO BB T B RBRRRAE - ¥
ﬁ%ﬁﬁ%ﬂ%&ﬁ%ﬁiéﬁﬁ%mmﬁﬁ%mﬁﬁ%ﬁﬁ%
ko LA RSP EALA SR A MR o

AR LR A SRS BEHEEN TUEBORTLHRE
P R PR A i 0 B A0 bk S 400 1] A B A9 48 847 ATPase 514 ey = LR &
R ALK BT BT A0 H] B SUR #9385k - @ positive control F| A oie

=k ] {2 i suppressive rate ﬁ%ﬁé@’ﬁﬁiﬁ%ﬁﬁ%i’fh%%éﬁf%ﬁ o
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fruﬁﬂw#aﬁi& CMAP thir kR ARG HRACHFHIHATHE
1Ry KRR PSP A5 T e B G Re ki BIE A o M He
{REFEHf ey CMAP e THeMM > BATERAE He 5lieaiibm it
Poodphl e FAAEREMET ATPase R TERGIBE - & SUBRIE H -
F#ETF8 SH AW B & KA HRA/11¢ Voltage-sensitiveCa®*
channels i A58 TP M » & A BATH O BMBI T HE > 2
P4 M ay SH A EACB] 0 &% SR + 458 F ey Rt K2 A A 454l
FERTYERSEBEASD - FARI &£ MNCV &b &3 ZARARR
Y hl4as7 ATPase o 5k KEALR & T &Mk b o B4l 4 B 4 48 6 30
47 ATPase » T 8% a0 32 R A B 4] MNCV 15 AT &
B 0 s R R ATHIRE S M P ATPase A BBET RA S 09
Fof ey R — 2k -

o R BRI BY BRI P AR R R 4 SE 80 45 8L B Rk 0 B B A
8 A B T LA R - BB S A S50 IBE
BRGS0 PRV A 4o 48 & S BIL R A A & R A 8 AT A 8
SRS B AT AR T AR & d AT LA R A E 53 R 56098
B o 2k AR A S4B A B E KB BHILRE G & G
B RGBESE -

W b AR T T EREUMR 14 X RAEEGIEER (1.0 gkg)

34



-~

ﬁu%Mi#@ﬁ+%§’ﬁi&ﬁﬁ#%iﬁ%%@é&%imm
B ERAFBEHTFRAROYE £ F B ol iE BEFA
i&%éﬁ%’iﬁ@&¢iﬁﬁ—@##%%%§’ﬁﬁﬁﬁiﬁ
ﬁ&ﬁiﬂ*?ﬁ%#@%ﬁﬂﬁ%%%ﬁ@iﬁﬂﬁ#@éﬁ%%
o BABRRAMCROBABENFEAROE —F2 - SRBHL TR
M- EARLTREBEERTRAFT PHBDE milfeik v &0
Rk -
mBEH
ﬁﬁgz’%m%%%ﬁﬁTﬂ%%ﬂ;
L AMEAEEAREARCR (REHEERY ) TEHEBER
&%%i%%vE#@éﬁ%?%ﬁz£+%zﬂﬁiwo
2.7 BRERFHEMZIHME > bk (HgS) FHEMRREFAE
(MeHg) ZF 42— BATi#M -
3ESEGHEERAET BRA - SR (HeS) FHEIBHTF L

& (MeHg) -

%
HAKARLCEANRMAZHEAN  CHOE LiBHH

RoERREIEEE  FEMNERLMATBRAGDRHEEH

35



Wik BRMRENRD B LS EH  PEEARBRORAAR -
FEUEH - RIEARBERH LR AL S AP ERN AR

CENRR T UL EL LS

36



Table 1. The é%solute latencies of ABR waveforms in mice. treated with

mercurial compounds and control mice.

v o

Absolute latencies (MeantSE msec)

ABR . Control MeHg(mg/Kg) HeS(g/Ke)
waveform g 2.0 02 1.0 0.1
A

I. 1.90+£0.09 1.94+0.17 1.9940.12 1.9510.15 1.94+0.06
I 2.9610.11 299024  2.9620.14 2.97+0.19  3.02+0.06
I 3.81£0.15 3.974023  3.92+0.16  3.87+0.17 4.00+0.08
Y 4.8610.29 4.91+0.31 5.11£0.19  4.98+0.27 5.045?).11
\4 5.79+0.39 7.10£0.22* 639+ 0.21*  6.7140.31* 6.17+0.21
] .
I 1.7610.09 1.870.19 2.02+0.15 1.88+0.17 1.85+0.10
II 2.810.11 2.94+0.22 2.8940.15 2.80+0.16 2.61+0.15
III 3.58+0.16 3.8740.24 3.80+0.13 3.6740.20 3.43+0.21
IV 4.54+0.17 5.19£0.29*  4.9240.19 4.59+0.16  4.50%0.18
\% 5.71+0.22 6.58£0.31*  6.21+0.33*  5.6410.24 5.43%0.27
C
I 1.68+0.05 1.74£0.09 1.71+0.05 1.71£0.10 1.74+0.06
II 2.4210.10 2.61+0.24 2.31£0.05 2.4440.07  2.40+0.05
III 3.70£0.14 3.9110.18 3.57+0.06  3.6740.18  3.76%0.06
IV 4.52+0.23 5.02+£0.23*  4.56+0.05 | 438+0.19  4.44+0.04
\% + 5.5240.06 6.41+0.24* 5.30£0.27 5.40+0.03

5.16+0.17

The ABRs were recorded at 0 (A), 5 (B) and 11 (C) weeks after the
discontinuous administration. Data are mean+SE. (n=16 for each group)

*:p <0.05 as compared with the vehicle control.

# 1.£32 R & & HgS » MeHg # ABR wave forms #) absolute latencies A i& 5%,
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Table 2. The interpeak latencies of ABR waveforms in mice treated with

mercurial compounds and control mice.

Interpeak latencies (MeantSE msec)

ABR — Control MeHg(mg/Ke) - HgS(g/Kg)
waveform g 2.0 0.2 1.0 0.1
A
LI~ 1095005 104018  097:0.06  1.03:0.17  1.0820.06
LI 200008  200£022 18740.08  197:0.19  2.02+0.09
LIV 3011014 3074020 301013  307:019  3.13:0.12
IV 3626002  S.11£030* 3858012 478027 3.80+0.25
-V 2342004  31140.32¢  240£0.12  2.80:021* 217413
B .
LII 105005 1074009 091#0.07 098+0.17  0.830.07
LI 202011 2048021  1.86t0.09  18940.19  1.7740.11
I-IV 2984015 3174021  29840.13 2874024  2.54%0.13
IV 396016 469020 4324025 3891026  3.61021
M-V 2041011  2.68:031% 243010 2061023  1.95:0.17
c ..
0941010  ~097+008  0.08£0.05  081£0.17 0.88+0.06
m 188021 2 214022 1624003 —-1.9420.17  1.5740.02
'_ 29480, 19' 3212016 2 7910 05 277021 2. 98:0.03
Vi3 8240 32——~4 62:1:0 29*—3‘6@:0%3——3 6840.29—3.66£0.02
A 1891013 | 2 091:0 26 1.73£0.02

__.,:,2'..5__1:9.274* | .1 79:!:0 21

:‘:é"»‘
.

' fter the
‘SE (n—-l6 for each group)

x'SK ’0(1

:w \ f, n mm ’\*".H

& 2.1 32 X F] #| & HgS MeHg # ABR wave forms & interpeak latencies A 1% R,
Ep-2 i
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Fig 1. Increase in ABR threshold for hearing after treating the mice with mercurial
compounds. Data are mean +SE. (n=16 for each gfblib_)?:”ﬁ—z‘ﬁ;ﬁ's* as compared
with control (n=16).
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- Fig 3. Mercury contents in various tissues of mice. Mercury contents in the blood,
liver, kidney, cerebral cortex and brainstem of mice after daily dosing for consecutive
7 days with MeHg (0.2 and 2.0mg/Kg) and HgS (0.1 and 1.0g/Kg) respectively were
measured at 0, 5 and 11 weeks after the last administration by means of cold vapor
atomic absorption spectrophotometry (AAS). Data are meantSE. (n=8 for each group)
*p< 0105, **:p<0.01 as compared with vehicle control (n=8).
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Flg 4 Detectlon of Na /K+ ATPase actmty on the bramstem of rmce The bram :
'stems of the rmce at 0 5 and 11 weeks after the last treatment w1th elther MeHg
. (0. 2 and 2 Omg/kg) or HgS (0 1 and 1 Og/kg) for consecutwe 7 days were used for
Na'* /K*-ATPase assay.: Data are mean_SE (n—8 for each group) *; *:p <.0.05 as
- compared with control (n‘8 ) : -,]-.‘.:.'. e
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. Fig.5. NOx levels in the bramstem of the mice. The bramstem of the mice at 0, 5 and
——11 —weeks after-the-last-administration with either MeHg (0.2 and 2.0mg/kg) or HgS
‘ (0.1 and 1 Og/kg) for consecutive 7 days were homogenated for determiniation of
. NOx (N02- plus NO3-) levels by nitric oxide analyzer (NOA) system. Data are
presented as meantSE (n=8 for each group). **:P < 0.01, *:P < 0.05 as compared

with the respective control (n—8)
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Figure 7. The distortion-product otoacoustic emissions (DPOAESs), obtained using the
standard default mode of the ILO 88 equipment by low to high frequencies for the right
(R) and left (L) ears after 50/60 dB (intensity). The black areas in the TEOAE spectra (B)
represent the noise floor (NF) range, and the open area above is the emission itself.
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Fig 8 Mercury contents in various txssues of gumea pigs. Mercury contents in the_
1blood and bramstem of guinea-pigs after daily dosing for consecutive 7 days w1th:
" MeHg (2. Omg/Kg) and HgS-(1 Og/Kg) -respectively were measured at 24h after the
last administration by means of cold vapor atomic absorption spectrophotometry
-(AAS) Data’ are meantSE. (n—6 for cach group) P < 0.05, **: :p<0.01 as compared
__with vehicle control (n—lO) 3
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for consecutive 7 days. Data are meantSE. (n=6 for each group)*:p < 0.05, **:p<0.01
as compared with control.
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Fig.10. NOx levels in the blood, brainstem and cochlear of guinea-pigs. 24h after the
last administration with either MeHg 2.0mg/kg) or HgS (1.0g/kg) for consecutive 7
days, these tissues were homogenated for determiniation of Nox (NO2- plus NO3-)
levels by nitric oxide analyzer (NOA) system. Data are presented as mean+SE (n=6
for each group). **:P < 0.01, *:P < 0.05 as compared with the respective control
(n=8) .

B 10.5% 32 7 ) #| & HgS MeHg #f blood-brainstem & cochlear a4 ¥ NOx level

48



-,
-

340 -
—O— Control

—e— MeHg
so0 4  —®— HgS

320 .

280 -

260

240 H

220

200 -

Body Weight (g)

180 -

160 -

Consecutive

treatment Discontinuous

-

o ::;_’:‘.'recorded durmg and after treatment of mercunal compounds Data ¢ are presented' &
. 'meaniSE *-p <0 05tas compared w1th control T :

;ﬂ‘.

B 11. ‘P&tﬂ”"'ﬁ‘?ﬁw&@ Omg/kg) 1 ﬁ&2%iﬁ%é‘”‘ﬂ&%mﬁ§ AR ERAL K

(1.0g/kg) 8] & sb32 % -

49



(2]
(3]

[A]
o

-1 Control
MeHg
HgS

£
E 25 - BN L .’
2N [N N
=
E4N TN | |
2 LN |N I[N |
SN IN [N |
EUN [N [N |
SN |N | N |
=
t o E
0 5 14 14 @w
e [
Consecutive treatment Di:f_::::::tus

Figl2. Effects of mercurial compounds on the motor nerve conduction velocity of rats.
The motor nerve action potentials (MNCYV, m/sec) were extracellularly recorded and
calculated. Six . rats per each ‘group “were orally—administered - with either MeHg
(2.0mg/Kg) -or ‘HgS (1.0g/Kg) respectively for 14 consecutive days. Data are
presented as meantSE. *:P < 0.05 as compared with control. '
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Figl3. Effect of mercurial compounds on the recovery from tetanic stimulation-
induced fatigue of synaptic transmission in rats. Progressive suppression of muscle
action potentials by tetanic stimulations (10Hz) for 60s and subsequent recovery
during single stimulation (0.2Hz) for 17 ‘_1'nins of the rat caudal nerve. The amplitudes
of compound muscle action potentials ‘(CMAP) were extracellularly recorded and
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administered with either MeHg (2. Omg/Kg) “HgS (1.0¢/Kg) and caffeine (20mg/Kg) -

.. respectively for: 14 ‘consecutive’ days )The data 'shown are. the control before (A) and -
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Fig/. Effects of mercurial compounds on the progressive training and acquisition
process of rota-rod performance in rats. Rota-rod performance is expressed as
retention time on the rod rotated at 8.0 r.p.m for one session, which consisted of 10
trials in a day. The retention time of six rats per each group stayed on the rota-rod-
(max.180sec) was calculated by summation of total retention time of 10 trials divided
by 10 and recorded. Following MeHg (2.0mg/Kg) and HgS (1.0g/Kg) administration
orally for consecutive 14 days, the changés of the retcritidri time were presentéd. *:P <
0.05 as compared with the vehicle control.
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Figl5. Effects of methyl-mercury (MeHg) and mircuric stlfide (HgS) on the thert
induced hyperalgesm in rats. Tail flick testing expressed as the thermal withdr
latencies was performed throughout two 30-tpm intervals (the time courses for te
are Oth, 30th and 60th min). MeHg (2.0mg/Kg) and HgS (1.0g/Kg) were admini
respectively for consecutive 5 days (A), consecutive 14 days (B) and stop 14 )
‘later (©). *: P <0.05 as compared with the vehicle control.
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Figl6. Effect of Hg compounds administration on Na'/K*-ATPase activity of the rat
sciatic nerves. Following MeHg (2.0mg/Kg) and Hg$S (1.0g/Kg) administration orally
for consecutive 14 days, the enzymatic activity was detected at various time courses
*:P <0.05, **:P<0.01 as compared with the vehicle control.
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Figl7. Hg contents of various tissues of rats. Following daily orally dosing for
consecutive 14 days with MeHg (2.0mg/Kg) and HgS (1.0g/Kg), mercury
accumulation in the whole blood, liver, kidney and cerebral cortex of rats were
measured immediately (Fig. 7A) and 14 days (Fig. 7B) after the last administration by
cold vapor atomic absorption spectrophotometry' (AAS). Data are presented as
meanzSE. *:p < 0.05, **:p<0.01 as compared with vehicle control.
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