368

A F VKRS S o LR X OV IRE 4~ D
IKEBERICHT 2F L — FRIOEHRRHE

FEKFIFIETEBE (on . ommin
BRSO FIHLE T RS el R
' B 4 7

Effect of Chelating Agents on Accumulation and distribution of
Mercury in Tissues and Subcellular Fractions of
Methylmercuric Chloride Injected Rats

ku SUGANO

Department of Biochemuistry, Nigata Universily School of Medicine,
and Laboratory of Ultracentrifugal Analysis, Niigata Untversity
( Director: Prof. Yasuo TAKAHASHD

The effect of dimercaptosuccinic acid(DMSA), D-penicillamine(DPA), N—acetyl-D,
L—homocysteine thiolactone(NAHCTL), and sodium selenite(Se) on the accumulation and
distribution of mercury in tissues and subcellular fractions in methylmercuric chloride
injected rats were studied. 1. Hg—lowering effect was in the order of DMSA>DPA>>
NAHCTL in liver and brain, and DMSA=DPA>NAHCTL in kidney and blood. Se in-
dicated the effect lower than DMSA and DPA in liver and kidney and the lowest in
blood. Se caused remarkable increase(145%) in Hg value of brain as compared with
control. 2. Hg—lowering effect on subcellular fractions was observed in a similar
manner, DMSA>DPA>NAHCTL>>Se. Se caused the increase in Hg values of subcellu-
lar fractions of brain except neuronal nuclei, nuclei of kidney, plasma, and stroma.
Nucleoli of liver showed a tendency to resist reduction in Hg in common with four
kinds of agents. 3. In cytosol of kidney the increase in the ratio of inorganic mercury
was observed as a result of agent-dosing, suggestive of stimulation of biotransformation

by administration of chelating agents. 4. From gel filtration of kidney cytosol the
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following results were obtained; increase in the amount of protein-bound Hg localized

to void volume resulting from Se-dosing; increase in inorganic mercury bound to me-

tallothionein peak in NAHCTL-dosing which showed the highest ratio of inorganic mer-

cury in cytosol;

dosing which was assumed as DMSA-Hg complex.

appearance of a new peak in low-molecular weight region in DMSA-

5. It is concluded that DMSA is

most effective in reduction of Hg accumulation in tissues and its subcellular fractions

in methylmercuric chloride injected rats and is most recommendable agent also from a

view point of its low toxicity.
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Fig. 1 The chemical structure of chelating
agents studied.
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Table 1 Dose schedule of chelating agents

Dose/200g b.w. Total dose/200g b.w.
Number of doses

mg mg ©mol
Saline (Control) 0.1 (mD 10 @ 1 (ml) —
NAHCTL 23.9 10 239 1500
DPA 22.4 108 224 1500
DMSA 5.0 10 @ 50 275
Se 0.1 5b 0.5 2.9

a, Dosed i.p. every 12h.
b, Dosed i.p. every 24h.

(930mCi/m mol) 1% New England Nuclear (Boston,
Mass) »5HEEA L7

2) MMC & LUEMORS®

J o b 3PeE—FEL L, RMEEE, NAHCTL ¥, DPA
e, DMSA B, Se BEO 5By i, Bz h615
W5 v bOEFRFRE, FE 2002 240 0.5mg (1.98
umol) @ MMC & 25uCi @ 29Hg-MMC % * T
MRS A Ule. 152 #00 U - R st oo B
ARAAK, YR ERoEYOE L EH O
FEAEEE A 1Ty, DABS 12RO & AT 10 - L.
itk Se DOBEOLZAREE T AR5 EIRE L.
IRBOBESEIELCE EDTREATVS . DMSA
LIS oSS B A AT LT 2 hY, DMSA
i1 8.6% NaHCO; #h LTR L2, ok
PG SRHEI P L BT, v 72— LT (35
me/kg) 1258467, ml © -~/ 0 v & &ty 300ml 048
HREKCEEBR AT -1, MMC 85 %EEFc
AR A K OB B SR SR T RERE O S B HETR A 1T
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g TlOH T Lis., MBEOSECE b L, kil
50mM Tris-HCl, pH 7.6, 25m M KCl, 320mM B
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WA )R Y — Ll & Lt F o 1000 g O
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L7222,
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TREAREEL L T

i) oM EE

Ty b 3PSO T — v L, 4 BB SyM, TE
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200g AEH70 0.5mg © MMC # 5 » bz 1[E
HEE, T 1 IORLAL L TCIBOED L LU Se
S LB EOR - i - B - mEOKEMERER 2 1@
AL ABREKAES LM BT R S &
<, B FF o BOMEIEL TV, R FIC LS
KEBENET 2B S L Ti 2 &, FTFHTR
EFThEIE DMSA>DPA>Se>NAHCTL &% b,
-1l DPASDMSA>Se>NAHCTL, BT DMSA
>DPA>NAHCTL >Se Gk Lo BFD, mM¥ET
12 DPASDMSA>NAHCTL>Se Lot Zhb
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EEH-OOKSE c.p.m. E, ThEdBEOHEED
HlE (% of Saline) &AWL TH5D.
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Table 2 Effect of chelating agents on the retention of mercury in tissues and
blood of rats treated with methylmercury

Saline NAHCTL DPFA DMSA Se
A A B A B A B A B
Liver 46,640 41,700 | 89 24,850 | 53 16,430 | 35 30,800 | 66
Kidney 162,700 | 158,900 | 98 77,600 | 48 82,060 | 50 | 112,950 | 69
Brain 15,420 10,230 | 66 8,940 | 58 7,130 | 46 22,400 | 145
Blood 302,000 | 158,900 | 53 99,380 | 33 | 104,500 | 35| 171,000 | 57

A, cpm/g tissue (mean of three rats).

B,. % of saline.
% cpm/ml blood.
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Table 3 Effect of chelating agents on the retention of mercury in subcellular
fraction of tissues of rats treated with methylmercury chloride

Saline | NAHCTL DPA DMSA Se
B A A B A B A B A B
Liver
Nuclei 126 79 63 53 42 36 29 69 55
Chromatin 91 61 67 38 42 28 31 74 81
Nucleoli 57 71 125 38 67 36 63 66 116

Mitochondria 353 243 69
Microsomes 216 158 73

Ribosomes 232 154 66

Cytosol 573 448 78
Kidney

Nuclei 322 260 81

Mitochondria 831 704 85
Microsomes 839 735 88

Ribosomes 695 423 61
Cytosol 2700 | 2740 101
Brain

Nuclei (N,) 118 72 61
Nuclei (N,) 104 52 50
Mitochondria| 158 108 68
Microsomes 165 105 64

Ribosomes 119 75 63
Cytosol 264 206 78
Blood

Corpuscles 2010 | 1030 51
Cell content | 2230 | 1040 47
Stroma 199 199 100
Plasma 33 31 94

159 45 186 53 233 66
102 47 66 31 133 62
103 44 84 36 112 48
262 46 184 32 341 60

179 56 144 48 369 115
491 59 409 49 765 92
517 62 395 47 672 8O
376 54 265 38 674 97

1280 47 | 1210 45 | 1590 59

53 45 116 98
50 45 .
60 58 147 141
81 51 74 47 198 125
73 44 75 45 202 122
59 o0 53 45 173 145

154 58 139 53 436 165

625 31 692 34 | 1150 57
662 30 734 33 | 1340 60
63 32 62 31 226 114
18 55 19 58 69 209

A, cpm/mg protein.
B, % of saline.
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Ll ELLPHRARE LI m Lo
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oo, FEEMIRREE (N &7 THEifa (N T
i Ny OFDASREE T AAE o7, DPA #5085
Eit, T OIS I 44~58% OB CAGRMEET
BELRI. BT NAHCTL o8& & Ny OF
DETFTHE LT, DMSA BEDOEEL TTOM
Bad 43 1= 45~53% ORI ARER T A R 5 i, Se
BHEOBEIFE 2 TR LB E LE ORI —
FLT Ny ZBRTNToME S AKEED A7
Rohie, Ny & Np 2B 2 LKEEEFF T N,
(70 7 fifak) wEECES . REE LAY
A bAEGARE LR E C165%, VR Y —4a 145% &
70 7R 141% A o hie o &, T hbav Ry TEL
Ui 7wy —algTiehnch 125% B L0 122% ©
B ot o KEMEE TR DMSA=DPA>NA
HCTL>Se &HEEni.
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MERARS (~€ 7 a e v) OREMEICK LTIRES
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OFE T RER s KRR T AR L. Se #5 T
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1 b/ BEORE S R ERKEOERI R L&
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RLIcED I A b ADORKED 5 B 34.7% HidE ik
HKEBTH T FhA ZaFd x40l 4 FookERinE
BLIEC WD ERHERTWANS, Zhic—F LT
E— 7 MOBSHEEDS HEERERTH -1 £ M
L OBESTUOREER S BT TROESHEBS I
LI AF S LT ERKBORMETH L. Flor—
IME DES RO ©— 7 3R B ES T E
ORI L HH0THS. B 2—NAHCTL & NAHC-
TL B E5OEEOBH A b/ ADsa 75 LTHS
M, E— /MM 41.3% L#EmLt (F 4). ¥ 7 control
I B AERER GO W — 7 L ETOBh R
Hbhto, B 2—DPA 0li DPA B#5OBEOBF A b
SO aw b T LAkRE L, e 27 M2 19.1%
EWA L. B 2—DMSA i DMSA &5 OEH A b
SADIaT TS LTHES, E—IMIE24.4% & co
ntrol Fi3EAEEL G, EHICES T 13.4
%t DI EE Y — 2 LAV HB L. DMSA
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Fig. 2 Gel filtration of kidney cytosol on Ultrogel ACA 44,
O: ovalbumin (45,000); C: cytochrome C (12 500).
M and L indicate the peak of metallothionein and
low molecular weight substance, respectively. Opti-
cal density (OD) was measured at 280nm.

Table 4 Inorganic mercury in cytosol fraction of kidney after injection of
methylmercury chloride followed by doses of chelating agents

9% Inorganic mercury % Radioactivity
in cytosol fr. of kidney in peak M*
Saline 34.7 23.9
NAHCTL 6 5.7 41.3
DPA 4 7.6 19.1
DMSA 57.6 24.4
Se 48.9 16.9
%, Radioactivity in peak M was almost (>95%) as inorganic.
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MiZ 16.9% & L7ohs, BLEsFHloEAES S
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AREREER) S L CAHE, AMRERAES ~0
MR ARIMERBE A OB A B L /-,
AEBRCHGLIEOEDOH B, BF, B, M, Mg
ShiEn T hOMIES H 2 MmEk, 79 X<
WTOBEORE, KEEREAET 889805
SOGEDIT DMSA THEZENBOL M EeoT, &
72 DPA &3R5 < DMSA IEWRIEA 7R L. N-
AHCTL 2 h 6 0MFEIC &~ THRBEET O R
1358 <, FEMEO AGRIE I E T FRE OB AR L
fol, YA A, Aba—w, F5 Al Fim o0
TRECHRERS -, Aaseth SV M-
MC #5559 b &AW~ Y AOHBKSEBET5
NAHCTL %% L5, DPA % NAPA (N-acet-
vl-DL-penicillamine) & 9 & ASBEETIERA T O
EEHBHUTE. MMC #57 v biBd 5 KEBOHE
HH 2 G EEKEEOE T O B DMSA My
BRARTZ EEE ORI L - TR IR TS,
Planas—Bohne ' {3 DMSA 7 NAPA < DMPS (2,
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LIRS T STV D T ER O, Aasseth 534 in
vitro OB THRMERDL~ /S H A bAD A F KD

RS & ORI 53 ~ DO K ERFERIC X 5
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PWORAHEE LOTHEDAT A FVKBOBRER S
DERA B L, DMSA ' BAL, Thiola (2-mercap-
topropionylglycine), DDC (Diethyldithiocarbamate)
7o & X OO ALBEE S D IR ESR AR D &
%4 U7z, Planas—Bohne 5 & #rifiEks i 4 90K
SRA BT 28R A B L, DMSA>DMPS>NAPA
=DPA L8 U7h, ZhidE7 in vivo OEBRTY
S LR, $7 Gale 5 {3 MMC #4535 o

F DS AOKERHEMEI R A i L, DMSA »° DDC
I OEERT R TV AEAH L, Kostniak 530 (2
B KSREME T iw DMSA BERTH S 2 Erb~T
WA, ZOX oI DMSA HEEELEMBKEENET
TER%R &> S RARERICKE LV TH LA e,
COEHRFHOEIZECTHLBOEL L v ChTuw
%. Planas-Bohne 5 {% DMSA, DPA, BAL &
LDsy B3 v ADEPE&ThFh 30m mol SH/kg (3g/
kg), 25m mol SH/kg (2g/kg), 1.5m mol SH/kg
(W0mg/ke), *#U, Aposhian ** $5 L Planas-Bohne
3 4, DMSA & DMPS & v @EEsMEL - &R ~NT
Wh., AEBRTIIEESE 250mg/kg @ DMSA %
Wiedt ZORIE RO LDs A 1/127T4H 5. Planas
Bohne 5% & LDsg @ 1/3 B lg/ke # 1 8HE
G LTHFAOFEL v Eai_T v b, £7 DPA ©
S 5EE ERo LDs o 1/3.3 &7 b, DMSA
& DPA TIZHBKEEOETHRICKER -1
B, BHOEAERTRIE DMSA oAFRT AT
HZEDRBOMTH A NAHCTL OoFMHELEL O &
DU TVLAES 45 DMSA OF5ERAHS L
FEBORER T L KEEE TR DMSA 1< B
AP - 7o BAL 3 A F gl 2 EE il
BT A0, B~OBSHEE L WEEO LD
BRI ENBUSRTWS, LLEOBERIC L A
FEREBTOF CAHEHEIREMEMCOWTIREICE
%fiiﬁﬁ&?{j?% Frﬂ@'f% A5,

Se DA FVKREBHEBRSR T TIC L <CHEB R
FETH 0P B LR Se (LEWITARRT
Sl L VERTH DI ik v v RO KEENER
W A F AV AKROEAERIAEET 2 2 bk 5
OTIREL, ThETRWLohDBERARE I T
A3 MMC &t L v ORI SRICED Hh b
B O BEN BRI~ Hg & Se OERO
WS LR TV LB REEETd - hé—FKL
TR~ DOKEEFOBEE HINAED bR (F 2).
Lo LEBBIAM S BB ME, Bok, 75 Xvk L0
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b m— i S OESIT LKEEROBME R LR, T
B oBLA oS OKEEFEOE T IO ED OB &
L LE, -1 (38 3). BMELIA o FF g E 5k
SONMERAE S (FE LTAET rEw) ~DOKBER
kLT NAHCTL #5086 & REEOE TR
RO Chb0BEE Se O 4 F A REREHER
W ROBEORIZE L OBER S L LD EEbN S
DEREASBOBEE E o b, KBLH 1
KEPHEE LT25 o MCHit L VIR 8 L TEB I
4+ V% Sephadex G200 T4 VAT 5 L, AEE
BB OB A & B 0 KO K void volume
(Vo) WEHERE 8, By byt ool 5 sl
BERADERAE ST EEZHB UL, —F Chen B3
MMC E i+ L s FRR S LB e, g
JESRATAM S O S RS & — ik MMC § Jo i
4V/®f%m B LB SRl A EE S T
EH Ut KERTE, MMC B5HE =L v B B

A L«Tl G b BELEEY A P ADY RS —

EREWT, &5 FREREC Vo wiEliEn s %Hg—
AR Y — 2 OBEE AR (H2). By b
SR OEEEARRO % pEMm (4 LTWHILL S

TREACEEAREOLGFES LTV D A Tty
=R LTS (FR4) OT, TOECHIHE
BAEED Se & &L ICESTHEERY #ER LT Vo

VCESH & i & D HEE SR A D FEI B TR T
»H5.

MMC #45% DMSA %5 LB EOHr A~
»$0@Amwbhfﬁﬁfm%%t~7lu%h\
DMSA & KEOESHCHENMT 2 & D LHEE
DMSA O KSEETHE TR)R 5 bk L T
3 Larioue,

MMC #55 » r OERTIE, BIFETRHTH LM
A F VIR~ D55 (Biotransformation)
NERID, ERLLTEARNCHEET 5 RERKRER
:ox#uma %4 2 EEMOKER O L 0 RE B B9V IS0

L@ &ML T LA oty A b
Fang L BB b i), SRIOEGRTIE AT
WAERA Lo PRl n B EERERICE 2 5 Biotrans-
formation PEMOEEIC L - TEES N D T & &R
et HREEMNE ORI O SRR

ohE A~ OKE OB S L 2 ERERERE
DIE T TREA DY OIS L ORI L - T
LRty 70 AE M 2L~ LT
bt b OTH -1 AP T T 2 A M

L%%&#

[ #103% Ws5H ERLESH

DL BCTEOYRELIERC L b TOR
B 2 OMBIPIES O KEED LT L b Sl EROEE)
AR LTI D EHVHEE L. S OFEEEDORR
OHFEOBE I — > OHE SR RS 2 & FRIC ISR R
DN, VEFRBEOBRICIFRT D 0 R 5 2 5 s
WTLE#RASDEELLRD.

i B

Dimercaptosuccinic acid (DMSA), D-Penicillamine
(DPA), N-acetyl-ID, L~homocysteine thiolactone
(NAHCTL), &L v (Se) w27, A FKkER
By o b O b O S O AERERE
AL A PR L TR OB R 15

1. FF&EBTE DMSA>DPA>NAHCTL, # &M
T DMSA=DPA>NAHCTL DOJED AKSFEIE i)
AR Uz Se (3F, BTk DMSA, DPA &R <%
BAR LIS, MECHETRTHD, BMTidhi-T
HIFRED 1459w & EAE 726 Ui

2. MEBAREEEI R LT b Y oK ERER TR
DMSA D& T DPA pMEETZ itk ® NAHCTL
& Se DIHRILE, -T2,

3. FFoMEELS O 5 HEMED KEEIL TR O3
HOBET LET LI S WEBS RS i NAHCTL
& Se {Emz - CTHRIEE L v KBES EF S,

4. Se (FFRRMIRUEZ AR < BeAMMEREE Sy, EAIRRL,
TS5 A, Abw—-<hEORGEE B LD FHEE
7.

5. B EROE YA N TSR 7
BAEolRomMAR RO R, FYRES A F A KEO
B A (BT A FTHEME DR X Rz,

6. BWHA LUIADINARRI 0T N T 5T 4 Ik,
Se WEOBAERLES TREBEQECEET HKEE
DI Lo &, EBMEROREO NAHCTL OB&
CAROTFARVE— PR TH -2 &, KEEE
TEEORAD DMSA O8&1c DMSA-Hg LHEE
EhARSTEE—-/MHBE LD &, e EDEIERShi.

7. LILEOSER, @ik L UHIBEES LA BLT
HBEE TR R b A & <, LDso D H{EFME L HE
FTERh A DMSA AER £ F L KEOERD B &
LESTHD RS .
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