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Carbon Tetrachloride Induced Calcium
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(Chief: Prof. M. Tanaka)

Carbon tetrachloride (CCly) induces steatosis, calcium accumulation and necrosis in rat liver. It has
been clarified that fat accumulation is independent of necrosis. However, the mechanism of calcium
accumulation and the role of increased calcium in CCly hepatotoxicity are obscure. The present study
was undertaken to resolve the above problems. The results are summarized as follows.

1) After the administration of CCly (2.5 m//kg, p.o.), a transient increase, twice of normal level, of
hepatic calcium at 2 hours (hrs) was observed prior to the marked increase of it at 24 hrs. However
the increase of serum calcium level was detected only at 2hrs. The hepatic calcium content at 24 hrs
was ten-fold that 'of normal liver, and both mitochondrial and microsomal calcium increased at this
time, while at 2 hrs only mitochondrial calcium increased. The TBA values in two subcellular fractions
increased at 2 hrs, then were maintained at the same level at 24 hrs. No hepatic dysfunction was detected
by several function test at 2 hrs.

2) While pretreatment with a small dose of CCl, (0.25 mi/kg) inhibited microsomal calcium accumula-
tion, the increase of TBA values in subcellular fractions by 2.5 m//kg of CCly was seen. Pretreatment
with N, N’-diphenyl-p-phenylenediamine (600 mg/kg, three times) inhibited both CCly-induced increases of
microsomal calcium and TBA values. Pretreatment with lanthanum chloride (2 g/kg) inhibited the
calcium accumulation in two subcellular fractions but not lipid peroxidation of microsomal fraction.

The pretreatments except for lanthanum chloride inhibited CCls-induced hepatic dysfunction. From
the above results, it seems likely that the cause for CCly-induced calcium accumulation in liver may be
different between its early stage and its late stage, and that the increase of microsomal and/or cytosol
calcium may play an important role for hepatic necrosis.

(Received February 5, 1979 and accepted May 1, 1979)
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EFb1x, CCly (25 mikg) oZMER L% ONFHIC
% calcium BEOZFE LWEENCER L, FOEZHFAHS
THEMT, VISR, 2)CCly o @z 5H
KyTd & (0.25 ml/kg) © CCly % # & Lch®, lipid
soluble antioxidantT# %N, N’-diphenyl-p-phenylene-
diamine (DPPD)D o §ij # &-#¢, 4) plasma membrane
® calcium transport HPHiE$510 L\l s lantha-
num chloride O RHELERED 4FED 5 » + i CCly (25ml/
kg) &#5%, HFAICRIT 5 calcium FRER BERFHYIC
WEL, JFEDBEEES O olEsE & oo B
WCOWTER LICKER, kb 2 MR ER o Te S el
HT5.

2 EBHMHBIUOERTE

2:1 EEREY

kTR 160~200 g D lfett: Sprague-Dawley %5 » b &K
O 4 PR b B AT I8 B R T v D b, CCly ©
50% olive oil i ER AV =F L vF o — 72N LTHNA
s Lie. CCly o5 iixhE kg Hro b 25ml & L
fo. WBFRTIL olive oil 4L Lic.

© JEmGR

® 25mlkg o CCly D5 Y, 24 K
o CCly (0.25 ml/kg) % 5% olive oil g & LN
BeL LR

® N, N’-diphenyl-p-phenylenediamine (DPPD) (i1
FHtZER) % olive oil & suspend L, CCly $¥5-7i 48 K
[, 24 IFfH, 2 i o> 3 (@, Ch-FAuikHE kg H7- b 600 mg
e 1 S N R By

@ lanthanum chloride LaCls, (Lanthanum) % 50%
(W/V) k¥ & L CCly #5011 3 B ic ki kg b h2g
% PR Lo BE.

EEEo 4 onwT CCly #5145, 2,7, 16, B X U241
fElie, BRIl 7s & OV I 24T\, calcium B o#lE, I
BB DI E, BT 4 LR ORI » 1T - 1o
2:2 calcium BOAEE

R calcium DAIE :

7 v M ether BB FCHIEL, MIRieHY =51 v
Fa—7HFEAL, &5 ice-cold saline 44 12 ml
DFEZTTHMEA LT, FHOMEELE T LD BT
R Lz, BF calcium B3 TO 2 90k L » €
W L.

© AR

CCly 2.5 ml/kg $E57i1%s L 082, 7, 16, 24 [RefSIA2 1 fik
DI CEIL LI 1.5 g Rl v v £ic A, 105°C ¢
24 IR S e e, IFRZIRTE BER, AP T 620°C,
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48K DI & b Kb Z ¢t KRB > Adic 01N
HCl %@L, £°C C—RKE L, calcium DEMETD
05 ml R & s v, 2hic 01N HCl TR LI 1%
LaCls ##% 45 m & iz, T HIEKER (H L 208 %)
& calcium E%HIE L.

® #h ¥

Hiiak O J51: CHRIL L7 2 g % 18 ml @ 0.25 M sucrose
C homogenize 1€ 10% homogenate & L, Jif mito-
chondria 4 & & (X microsome 4rl% FiLFh Carafoli
and Tiozzo'®, Moore et al.l® OFFEEICHE - CHHHEL L 7=
calcium D%, Carafoli and Tiozzo DJ5EE12 (#E U,
10% ¥ homogenate, 3 X' mitochondria 43l L <
13 microsome 43D suspension ® 1 ml % G|« 3
e L b, RERBENLTRENROIEN, 025% &icb &5
12, HHUBIH L HCl 35 kot LaCly #4&1r 10%
trichloroacetic acid (TCA) %¥ 1 ml % &R BA&inx
7o £°C TG Lic AR ENB 2 o titht Lico b,
07k (3,000 rpm, 543) L, ko CRTBEIE
Fic kv calcium B % & L7:. homogenate, 35 L 0%
mitochondria 7)}[#i & microsome 4} suspension O
HEESY Lowry et all® o JjEciilE L, calcium H%
mg protein BH7z hd mol L TFER L.

M#F calcium EEDAIE :

7 v b ether JFRMET CBHMY L, QIRZHIC X v A0
LI E BN L. comikzE bic 3,000 rpm C54)
RO HEEL, Bbhicii% Bradbury et ali® ok
It 1% LaCly € 50 fHic FigR %, IRFBICEERT (Haz
208 M) ¢ calcium B &G LT
2:3 FANILEY—ILBRE (TBA KIS

CCly #1548, 2 8 X O 24 BB L7 X b mito-
chondria 4} Ei$ X O microsome 4>E% T L, T C
DIFEOMEECORRE L% By < TBA KIGa A

mitochondria 73 EDIEH :

2 g OJFiic 0.3 M sucrose+3 mM EDTA ¥ 18 ml &
Mz, glass teflon-homogenizer %\, JkiKHC ho-
mogenize L7z. 10% homogenate 10 m/ % 800x g ¢ 10
SRR O EE L. Z @ kg% 14,000 x g € 10 5050
L, s hie pellet % 015 M KCl4+3 mM EDTA ¥
Wiz suspend X4, THON 14,000 x g € 10 5-Rls& 0Bk L,
Z o pellet % 0.15 M KCl1+3 mM EDTA KT resus-
pend Xz

microsome FFEDIHA :

mitochondria O#f L LCHBE S ic 10% ho-
mogenate 8 m/ % 1,475 x g ¢ 10 &y [Hl5 OBt L, = o ki
% 12,500 x g € 20 4yfEm O L. & o ki % 105,000
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X g T 60 4> 0 BE L <37z pellet % 015 M KCl+
3mM EDTA & resuspend X 4, Ji ¢F 105000 % g, 60
S oA T, £ pellet % 0156 M KCl+3mM
EDTA iz resuspend X-7c.

1%, mitochondria 4y #, microsome 4;jH & %
X 4£°C DEMHETTT - e

TBA K& :

TBA IS R 073 & —ekZE LT » o
$7c4% mitochondria 43 % L 0¥ microsome 43 [ D
suspension 2m/ iz 40% TCA % 1 ml % iz T 15/
RN, 0.67% 2-thiobarbituric acid (FIYEHISE) w2 In
2C, FONBEM L. ZORAK A KT 100°C 30 4
Bk L7 t%, H b Hik B ¢2% L, N-butyl alcohol 4m!/
Bz, LAMEE, EfmSei. \RE 3,000 rpm €10
i3 0B L, n-butyl alcohol #i43% & b, 535 nm €
ORI e L. BeEillfRofFgicit 1, 1, 3, 3-tetra-
ethoxypropane (FEULEK) AW V7o
2-4 FFEEERRE

PRt FB KU sulfobromophthalein sodium

(BSP) fEPIBE R DRIE -

5 » b % urethane JREET (L5 g/kg, s.c.) THKEL,
FANEAE X 0 JEIT 2 BRI L7c.  BRRBALA 80 3 fkic BSP (5%
—HU38) ZEMATE kg Hc b 25 mg wARMEIR X &5
L, OB 1M ET 28K L, 2h% 1N-NaOH T
100~2,000 i #i#R L, BSP % 580 nm CLhfaE& L7

M transaminases, 3 KUMF bilirubin EDHIE :

s ether BRI CBANY L, CIRARNIC X b K A ERIK
L, 3,000 rpm C 5 430 UCis 0 i L e

1}% transaminases (¥, (MG 5 v A7 3+ —ElE
HRW ) (v b = v) high unit B kit & H o CIEERFE
{7\ 510 nm CTrfaE R L.

I bilirubin (%, FDEHIEZED &) A4 v HlERIE
kit & i\ CEEEA 1TV 600 nm THAER Lic.

LGB

3 RRER

3.1 FFEELCMFE calcium BE

FEARSRALE: CIE L B AL IEH T v ~ OfF calcium
B3 150.8+12.9 pg/g dry tissue Tho7c. WHEE L
T olive oil DZF L. Li-Tiic o TR E L
7T calcium Bk, MMABEIEHR 7 » POB A LRIFEL
WMER R L. ki CCly (25mlke) #E LT » b D
[Tl 3s X OUIE N D calcium JEEORERHHZ LA Fig. 1
R Lic. Tieb bl calcium £ix, CCly #4544 2 IR
“C 2955 £35.2 nglg dry tissue & XITAEDOR 2 LN
Lrens, THEHE i@t BEO v~ g T L

HRE - fb——PUE LIRFIC L 5 5 v FFE® Calcium 5 399

fo. 16 BREIH% L b, T calcium Hif, FHOWML, 241
% T IR B 10 512 24 5 SE 35 1518.6 pg/g dry
tissue W Ui, —JiIMiE calcium PEEEITIRALE EH 7
v MTI\TiE 1034022 mg/dl ¢H b, CClL # L1452
I C—H 11.240.29 mg/dl @ 57 Lizps 7 IR LT,

pg/gdry tissue mg/dl
2000 . . 16
——Liver
——Serum e s
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w 15001 * g
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Fig. 1 Calcium concentration in the liver and serum
of CCly-intoxicated rats. Rats were given CCly
(25 ml/kg) by stomach tube and were sacrificed
at the chosen time.
standard error.

Bars represent the mean=+

* P<0.05 when compared with zero time value.
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Calcium contents
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~

(hrs)

Time after CCl4(2.5ml/kg) administration
Fig. 2 Effect of CCly administration (2.6 m//kg, p.o.)
on calcium content of rat liver. Bars represent
the mean *standard error.
* P<0.05 when compared with each zero time
value.
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IFIERIBED v A& 1z, iz CCly #4544 calcium
ORISR 253 % 7o Carafoli and Tiozzo' @
FFEEBE » CHIGE L7z homogenate, mitochondria %)
# X 0% microsome HEICOWTCOREES Fig. 2 1R L
oo BRI ToZ h b offiirthth 254016, 6.7+
0.74, 35+0.22n mol/mg protein CH 7. CCl 5
% 21HE €13 homogenate 1B % calcium &M IMC
SE4{T LC, mitochondria 4l calcium & & % JHOFY
1.5 fizic #46h0 Lchs, microsome 23> calcium i34

PR I b Ter ot L L CCl Febith 24 157 ©
1%, homogenate, mitochondria ¥ X 0% microsome 4
D 3FNTFHICB T calcium FOIE L In A4 b
n, ThZhxdlBo 176, 4.1, 4.8 fHIE L.

wic g CCly (0.25 ml/kg), DPPD s X ¢° Lantha-
num #F§i%5 Lic 7 v bic 25 ml/kg » CCly 25 L
T RO calcium B OMIERAE%A Table 1 125 L.
W CCly oI 5.4 241 (CCly 2.5 ml/kg $ 514 [T
M4 %) Cl¥, homogenate, mitochondria 43> calcium
B eh ZhilRo 4.66%, 315 & e » 7. L L, micro-
some VW TIE, TOLEFTLABLEEE 5. PED
CCly it 5 Lic s v Fic & bic CCly 2.5 ml/kg x5
T5&, 02 #% Ci¥, homogenate ¥ XU mito-
chondria 73l calcium FAY CCly (2.5 ml/kg) #-5-1i
DF L5 21 5 LAY, microsome 400 ClE, 2825
BT -1 Lo L, 24 % Tix, homogenate,
microsome4) o calciumF I IERTHE 54 (CCly 2.5 mi/kg

Table 1

f——PuE L REC X 5 F v o Calcium #H§

LR L 1979

B ERE) LTl B 2 T A & R Lic 2%, mito-
chondria @D calcium 22T, JERHESEEE D
M B DZENFRD b ied - fe. ki DPPD 600mg/kg
w3l s- Lic 7 v
dria ¥ X 0" microsome 43l €L, calcium Fic R8N
oA AR ST Lz, Zhic CCly 25 ml/kg w5
L7ctd 2 I CiE, &4k % calcium B (ki
bbb ot &2 AP, 24RHEHED calcium i,
homogenate, microsome 47T, ZhZi 17.64+0.43,
51240.25 n mol/mg protein &AL, JERiHLAED %
NER E DRV BOENRD B . Lo L, mitochon-
dria 4o calcium Bz 2Tk, 0 X 5 le ik
BB BT 5 T

e, Lanthanum 2g/kg iU ELZ T b D
homogenate, mitochondria 3 X7 microsome 4 o
calcium ¥, Fh7Th 2.8+0.17, 8.4+0.14, 53+0.32n
mol/mg protein Th-7z. hic CCly (25 mi/kg) %
B Lic 2 I €13, &9 BB % calcium £
microsome A EIC CTHZEOMWMD %Rk LUz, wih
LIz EAEETE RS I ot Lo L, 24 T,
homogenate, mitochondria 3 X' microsome 43 o
calcium Bk, FEMHRGREOLHCILLT, Thth, ©
40%, 45%, 5 XV 70% ©F LW E/R L, WEoMic
W5 s ic i EZEDS RS B T
3-2 BEEREE

CClL #EtoFflliz col

+ Ol homogenate, mitochon-

FE DM LR Ea 5 H

Effect of various pretreatments on calcium accumulation

in liver of CCly-intoxicated rats

Calcium contents (n mol/mg protein)
5 Time after Pretreatment
Fract — -
raction CCl, (hrs.) o CCl, DPPD Lanthanum
0.25 ml/kg 600 mg/kgx3 2 glkg
25+0.16 11.3+3.64 3.0+0.18 2.8+0.17
homogenate 4,3 +0.35% 179+ 2.96® 3.3+0.34 48+112
24 431+ 1.54% 10.6 +1.84® 17.6 =0.43* 25.8 £4.00*®

6.7+0.74 20.6 +6.14 9.9+1.65 84+0.14

mitochondria 10.2 +0.68% 31.3+3.95@ 95+0.21 10.5+0.84
24 275+ 1.85% 24.0+3.92 227 +1.28% 152 +2.87®
0 35+022 5.0+0.73 4.4+0.23® 5.3+0.320
microsome 2 3.2x£031 4.4+0.03 3.5+0.46 3.9+0.11*
24 16.6 + 1.86% 3.5+0.19® 5.1+0.25® 5.0+0.75®

The values represent the mean+standard error.

* P<0.05 when compared with each zero time value.
® P<0.05 when compared with value of non-treated group.
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¢ TBA RIGHHEWE (TBA i) 2E Lics &5,
AUETER 7 » + OIFIE X 35 mitochondria 45,
¥ L O microsome Zylic it % TBA {Eix, =hFh,
0.28 n mol/mg protein, 0.25n mol/mg protein TH - 7.

CCly (2.5 mi/kg) Bt 514, 2 % X O 24 [FFfic 313 % mito-
chondria ¥ X 0" microsome 4yiilije> TBA i % Jll & L
FRROfECRT B SR E LTERRTHOE L LT, Bl
% Table 2 1wz L.

CCly (25 ml/kg) 54 2 I8 C1%, mitochondria %
XY microsome Z3ljic 38115 TBA {EixEESHncib L,
TRFEN46Y BIO6TYZ O EFZR LIc. 245 #ic
BUvClE, mitochondria 43 [l o TBA fEix 2 K 5 E &

X %7y o Calcium K

401

Bl

P CCly (025 ml/kg) ofii# 51z X » T, mitochon-
dria % X 0" microsome 4y o TBA (Hik, *h *
n50%, 36% LA L. CofisEs » M, Xbi
CCly (25 ml/kg) ¥ 5 Li-& = 5, 2%, TBA
oL Eo _EFiE, mitochondria 38 X 0¥ microsome
SRS HNT, i, 4NEBCEVLTEFE LVE
TR DM » fo. ke DPPD Wi, fifbo
Z Tt mitochondria 3 X ¢ microsome %3 jilij & TBA
fEcZbixiBobhd, %7 CCly 25 mi/kg 51 X »
TOEREhs TBA o LA, £<BDLRch -
7z. Lanthanum #Qij#&45 L5 v F ClL, TiKEDLT

LT EEA DY, microsome 43 CLLN A3 A I mitochondria 3> TBA fiEid L5 Lcad, LasL, CCl
Table 2 TBA wvalues of mitochondrial and microsomal fractions which were
prepared from liver of CCly (25 ml/kg) administered rats
\ TBA value (%)
Time after Treiion Pretreatment -
CCly (hrs.) e 1 CCl DPPD Lanthanum
- | 025mlkg | 600 mg/kgx3 2 g/kg
0 mitochondria 100 150+ 9.7® 100+ 15.3 141+ 7.7@
microsome 100 136 +17.8 82+279 109 £ 26.6
9 mitochondria 146 + 9.6%* 129 +£18.0 122+204 148 +14.6
microsome 167 +15.0* 141 £22.8 110+22.1 109 £17.29
» E‘ mitochondria 141 +18.4 158+ 7.3 64+ 6.2° B3+ 4.3°
microsome 148 £ 9.56%* 181 +25.6 56+ 33.3® 200 + 22,2*
The values represent the mean=standard error.
* P<0.05 when compared with each zero time value.
® P<0.05 when compared with value of non-treated group.
Table 3  Effect of various pretreatments on serum transaminase
activities in CClyintoxicated rats
Transaminase activity (Karmen unit)
Time after - Pretreatment
CCly (hrs.) i - CCly DPPD Lanthanum
2 0.25 m/l/kg 600 mg/kgx3 2 g/kg
0 GOT 236+ 21 1,757 + 570 210+ 30 812+ 73
GPT 108+ 21 710+ 99e 30+ 4@ 179+ 47
% GOT 520+ 125 1,411 +731 187+ 15 606 = 207
GPT 176 = 30 834 + 344 39+ 8e 302+ 93
o GOT 5,335=b11* 1,750 + 633 578 1369 2,840 = 140%*e
GPT 3,595+ 791* 1,007 = 187® 329+ 96@ 1,467 +104*

The values represent the mean = standard error.

*

P<0.05 when compared with each zero time value.

® P<0.05 when compared with value of non-treated group.
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(2.5 ml/kg) $rb%, 2> TBA 32553, 24 Bk
TRBAET T A FRD Sz, Lo L, microsome
SEC2NTIE, TS5 X 08 CCly #5-4 2 e R\
THB(EETRE D o 7oA, 24 IfEH% Il 2 f2ie R A%
Tzl

3:-3 FPIMEERE

(1) Mm% transaminases ;EYE

Table 3 /R Lic Xk 9iC, MAYUETEHR 7 » b OIiEFO
GOT, GPT fifix #*h # h 235+21, 108+21 Karmen
unit (K.U) Ch o 7. CCl, #8545 2 <1z, GOT i
2, GPT 17 kR Lic. 4B CREbic
GOT fd GPT b 3kic A L, ZThth 23 £%, 33 ffic
ZL.

CCly (0.25 ml/kg) o0& ¢ GOT, GPT {# 13 X}
B HRNFRF N 754, 6.6 51 BA Lic. & ORjLE S
vy Mc&Bic CCly (25 ml/kg) Fh- LTh 2/ L U824
EFRIBS I 3\ T, I transaminases 3G P b F3GE
BT, 24 FRE% CEIENR GRED Th & g4 5 &,
HEOETHEE LA oMl &R .

e DPPD o 53, CCly (2.5 ml/kg) #5514 2 R
B X024 [R5 ¢ GOT, GPT {0 k5% i < il L7
Lanthanum Ofji¥ 5oL X v, GOT, GPT {Eix L&
O %R Lic. CClLy #5451z, GOT, GPT fllixdkic
R AEIA R R Lichs, 24 1% o GOT, GPT fliixdk
Wi T lbRs &, KT L TR Y, HELES
DR W E B DAGED B It

(2) #E# bilirubin &

E#S5 » b olmiEi bilirubin {1 0.35+0.03 mg/dl ¢
# oo, CCly 2.5 mi/kg #2544 2 IR CLXIEHE & ORIC
FETRD B NI h T, 245 Tz kA L CIEFHEDHKY
7.5 fEic24 % 2.59+0.30 mg/dl i L (Fig. 3).

CCly (0.25 m//kg) DL Z CIffif#4 bilirubin %
0.61-0.06 mg/dl 1w LH Liz. & oBpic X Hic CCly (25
ml/kg) HEETB L, 2 KB & O fiE 1 0.9820.16
mg/dl Eich, LR%R LD 4 EEHCE T, Ta
¥[[ U bilirubin level %k Lic. = o 24 WeflfiE%, 3E
BEREoTh LT 5 LA bilirubin fE_EF A0
X hte. DPPD Bt 5t T, CCl #5558 24 B Tt
#5344 bilirubin Ei2, 0.75+0.31 mg/dl TH b, JERTHESE
BED R & i T 5 LB 7 bilirubin {8 LR TR D
bife. Lanthanum [ G cix, CCly #5-5 24 IR
€ 1.34+£0.45 mg/dZ @ L, IfE#R bilirubin fEo LA
R BIPHBIRIIII S 2> Tk - fe.

(3) MEitmEEHB KU BSP jEMHE#E

E¥T v b OfEHFEL 3.350.28 m//kg/hr T&H b,

PO L IRFBWC X B 7 v +JF® Calcium #HE

FLBLEEES 1979

BSP %5 L Chb 1 o5 E i3 % AL P B
R (LIF BSP A PIgEMER 2 08) 13574 62.2% TH - fc-
CCly (2.5 mifkg) Brb-% 2 Weff i, MR, B IO
BSP JEyFAEEIER & dic 2 DR D B s o L
23 L 24 BB 5\~ Cik, FhFh 0.40+0.02 ml/kg/hr,
R RU147£046% & 7c 35 L% 7R Lz (Fig. 4, 5).

CCly (0.25 ml/kg) DR E5E X v, MHHEEIROM

mg/dl G
2.5- %
201

. (hrs)
Time after CCli(2.5ml/kg) administration

D CCl42.5mllkg ccu.o.zsmlkg»ccu 25mlikg
R 0PPD 600 mgtkg-3-CCis25mirkg % Lanthanum 2g/kg+CC 4 2.5ml/kg

Fig. 3 Effect of various pretreatments on serum
bilirubin level of CCl; intoxicated rats. The
values represent the mean:*standard error.

* P<0.05 when compared with each zero time
value.

® P<0.05 when compared with value of non-
treated group.

(milkg/hr)

i

Z (hrs)

0 2
Time after CCly{2.5ml/kg) administration

[ Jccuzsming [ cero25mikgrccu 25mirkg

- DPPD 600 mglkg=3+CCl425milkg =] Lanthanum 2g/kg+CC1425mllkg

Fig. 4 Effect of various pretreatments on biliary
flow in rats after carbon tetrachloride (2.5 mi/kg)
administration. The values represent the mean +
standard error.

* P<0.05 when compared with each zero time
value. g

@ P<0.05 when compared with value of non-

treated group.
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60
.

G 40

¢

o

@

] 20,

g

o

a

ES3 #
0 2 % (hre)
Time after CCl4(2.5mli/kg) administration
D CCl425mikg [ ccuoasmikg-cci 25mikg

R\ PP 6000mIrkge3+CCls25mirkg Lanthanum 2g/kgsCCls 25mirkg

Fig. 5 Effect of various pretreatments on biliary
excretion of BSP in rats after carbon tetrachlo-
ride (2.5 m//kg) administration. The values rep-
resent the mean=standard error.

* P<0.05 when compared with each zero time
value.

® P<0.05 when compared with value of non-
treated group.

1/2 ¢, BSP JEHPISEIE B oM 1/3 wifid L. L
L R SEc CCl 25 mli/kg #HE L Ch, 21
B, 35 & O 24 RIS IC 5\ TR & BSP JEy Pk
=R & T h B EOIR T IEIZE S hich » 7. tkic DPPD
D50 % T, BSP I AHRIER OB A 2 h, %R
DIFIE L2 L. LavL, o DPPD ji# 57 v bic
CCly 25 mi/kg % HEE L Ch, 2 KRilds X 024 MR 35
T, PR, BSP IRH PRI o FiaBids Shind
- T

Lanthanum [ 538 iR, % L O BSP JEH ISk
KOREOWAHE R Lz, &0 Lanthanum s 5
v Mo CCly (25 ml/kg) 1535 & 2 M T, HH
Pk & BSP JHH PRSI Z LR B iehs » s,
LA L 241 <y, iR 0.35+0.03 mi/kg/hr,
BSP JHAPIgkER 13 1.064+0.31% L238 LWl %R L.

4 £ =

5y Mtk kg h 25ml 0 CCl 2 n k54 %
& Fig. 1 @hbhn & &<, 55 2 % X 0 24 IR
BT calcium EOWMAFRH LR, L,
& ORI B BHF calcium o IO M FCITLLT
Wik 3 2k EEGHRDENRS. b, 1) CClL #5
#% 2 IR U, o, HETOM 2 fFic s &% B2,
—HIE# L~ LicD b 24 % CLli 5o 10
2 E cHNT 5 & &, 2)subcellular level T calcium
OHARRIENB &, 2 % Tl microsome 4yEjic cal-
cium DOHEEPERD S NI\WZ L #1539 mitochondria 45

E T calcium B 15 FBMLTWAZ &, WO
I 24 BT BT, T & BT calcium BAMHY
M35 & (Fig. 2, 3) M calcium i 2 B4 T
9% bA+5c & (Fig. 1) I En LM IT BT cal-
cium EHMOMICITHIC B RE & & F LT E Mk
BbBbDEBz LS.

CCly fEMHic H b BT calcium FJ o 2 10BN
DUNTUL, Reynolds!® & = hWa i 5 & & HiT, & O
OO B IE R LT\ 5. =0 CCly #4521
[t & 24 EfE#E & i s 7T calcium £ DB IIAVER)
CRDZERENTHEDE LT, MK RCRT 54D
g e o psE (Fig. 3,4,5) #bIFsZ e TcE 5.
e CCly #3544 2 IRl R\ CUEIF calcium o34 n A
Db MBI HBLT, HEEEOIE T OIEL 2 4 { BLE
NI T2 Z Edb, ZORE TORF calcium £ o #4 b0
i, MR OBM IS T 2 by calcium FHR
ThorhDEBLZBNS.

CCly # 5%, IFEHOMBIL I C &b Tl
L D10, hw> TBA RIEHIREIC L TR B Efb % 1~2
IRfEI 23R8 C, 4RI IIRIR T B L T T 519,
Z ONFEDMER LAY, plasma membrane @ calcium i
WA FRE 0Bk R X1 L, calcium DERCBIL LT
WAHZ ERFTEHIEHELZLNS. UL, —F CCly Hfkic
L AIRFE D TTHE L, Fh—D2D WM L LTE LD
-

% ¥ Stacey and Priestly?® i1, isolate U7-JFi)a
L EER T, 1) TBA KJ5=° diene conjugation %%
EAERTLERRWREORE O CClLic X h Mg b
alanine aminotransferase (ALT) % X0 KT g »3n
B, 2)ADP/Fed3t Tt dose dependent 7cfl§HE
B LR e fciciz, ALT 38X 0°KY o leakage
DEEAERIBIRNE EEHE LTS L LERY
W% Z L <, antioxidant ©» DPPD %5 LTk <
L, HHila~o calcium @ transport %%, CCly #r 5.7 2
Bz bt s (Table 1) & & A58, CClL HkD
ERIC £ % calcium WA DHRE, AL LKL
Bc TSRS L LAME calcium ¥R ORI
PIEE OB LA R U LUGRZ s o2 &2%, JFic
BT 5 calcium WMEOZRE LicdbDEHBx bR b2,

B E ol iy, CCly #5HAMNOANE A calcium
OB/ LTS B2 b5 00, FMilaRcs
F5#8 calcium BN OHE—BIER level iy, FO
ZELUWEIMCE S ¥ Tk time lag b B = & (Fig. 1)
5, 24RFEBICED LN BIF calcium OFER A IEEH O
BALORTHBT5C LR chs. FrxDRRTY,
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microsome ¥ L8 mitochondria 4rjljic 1) % TBA i
vk, CCl 54 & b 2IRHIBRIC R L, 24 IFRIEECH I
FIF CIEEHERFT 2 2 LD B (Table 2). L7ah?
- C, “cytotoxic LBt X OV % R 722 23,

calcium level O7F o fliilic & 7e WIFMIAN CEL S h
D3, IR A 7 I MR O BIIEAEE Ly L5 hE
W hEx bhn. e CCLIc X »Thich Ehf free
radical 12 & B i E O WAL 1L, MESCHIIC 2 O & IR
A OIS & b ma Ll CHEfT 3 5 b in .

—7J7 subcellular level T calcium OF xciHEH LT
Ik L, CCL L 2%y, calcium {3 mitochon-
dria 43 CHIN L, microsome 43 Tl LT\ 7o\ &
LwiRdie (Table 1). oz ki3, CCl #5 2 % T
VRIS caleium PEER EH LB, —EAFH
APy~ calcium DOFADLEI L, cytosol @ calcium P&
sl LSRG, L2 ADIEE MR LE T
microsome T calcium uptake OJFP L » T B
7220 caleium content DEIINAIZ S T (Table 1), 5¢
- T calcium § 9 A A B8 & 72l % 1) C Loy mito-
chondria?? 1z calcium OFEEIERE s Tcdb D EEL BN
5. AFEEETH, mitochondria 2l Cii3Cic 2 I o
5 A b E » T\ % (Table 2) 1z 3 #9553, calcium
DI D ABDWATARD NI oTe. Thic LTh, —
IR 7z cytosol @ calcium ¥EEED FFE, EHIC mito-
chondria 1 X Bk s & LTCh, mitochondria #4
DN R E ORI B -2 T b & LB it
<Tewn L, & 7o CClyie & » A3 B Ik 7e il ia o 23t
ANDVELHELT—HBEH - TWBHZ EdBE2 LR BD
CCly 518 24 IRgfHlic 351 BT calcium o e L
Ci¥, mitochondria 43l COREINC & &% H3, micro-
some 23 CTH X IBDH 4.8 2 1c#E Lz (Table 1). zod &
£ 1%, mitochondria To calcium IR DA LA EFRICEE L
FeD D), & B\ M B 0 calcium A U
SEPVE U O Thaic BET5 & EafEll S5
Thiers et al.® 3, CCly #2516 i[5 L% ¢ mitochondria
LIt o fraction i calcium 2340 LC\wW5b & & & DT
W5, Lo Liess, CCly # 54 mitochondria 23K,
Izt 35 2 ER BT B ), fractionation O
SRR TSR 5 7. mitochondria 43 calcium 23,
mitochondria DIAAD4rBRCIRA L 5 5 WHedk: & &6 Lis
FhEebitwThs 5.

FTCRBNTERL 5, HEOMPBL D b D2
i U, calcium OMEMNEE D5 L4, )7
SBEEALOMEITICHE S toxic substances DpEAEDS, Hlluod
BOECBS LT 5 E52 BicbiX, 1)CCly fko free

VAL RIC £ % 7 v T Calcium FHHH

AL AL 1979

radical OFEAE O], 4 L <1k, 2)antioxidants O 5.,
3) calcium DHifAPIFRA DI &b, CClic X » T
Tl S ITHEE A LY % 2 LIRSS,

X, R CClLy %5 v Pciiftf L TR it X
D, bbb L CCl, othaE LLETS 252 &
Lrmbh Ty, C oEF RS L CCLicib
microsome T» CCly OG22 B b 7o) L35z
ST, HxnSERc CCly 0.25 mli/kg D50 &
X0, W5 RS R0 b e (Fig. 8,4, 5). L
L, Chic&bi 25 mlikg » CClL &5 Lick 25,
Wikes Ui &, LinwBd SR T 5 &, 24 IGRI&
@ microsome ¥ X mitochondria 4yl CTOJFE D
ek, RRE DS #BT, FEERE oK
B, WS ST B TR E oD T 2
o Lic. oAb ExiE, CCl 025 mikg FRE O
Gy, IBEOMB ez 52 LolicnboT
By, FRFEREOMRFRCE] L Tk, microsome TOG
T DI sk, JIOBEFSD & 3552 5 & LA E
DD Litigu.

I calcium FiwouCix, CCly HiiB G- BT,
ZOD B o R L. —HERWTiE, 2R
Bic BB I calcium BWINTH D, i mitochon-
dria G EOHMAZE Lu. BT T, 24K5EE D mito-
chondria 8 X% microsome 4 i I& B\ T calcium &
OB RS, e microsome 43 CliE calcium
WINREE2THz bhiz EThs. Dbz &nb,
mitochondria 1€ calcium 23FE i X5 7-dIT, micro-
some ®° cytosol [T A calcium BOHINAPLIE X
BT L&D, FERICITHEGE OREE OLEIT 25 o
LRSI DEBZ DI ENTES.

vz lipid soluble antioxidant T s DPPD i
Lt ek, CCl # b IR DB LAY < L & 5 21
R, ELIC TBA o LA Shic. i CCly
P 5% 2 HifSlc 381 % homogenate, mitochondria 43
To calcium O ER2EH 2 SR,
nases DFH &M < PHLI- X2 A7z (Table 3).

&z B0, CCly #5144 24 IFFfic 8\ Cik, DPPD Hi#
Lic X h TBA o R 235eac il &, 23 2)F calcium
OB b R AR S h o e b 2avb b
mitochondria 43 CD & calcium B D3 L\ sl 8
Hhht. oz &y, FMAA Lk caleium 23
mitochondria iz & A EWR Y & Fhi ko dic, cytosol
* microsome 4@ calcium P EH Lisivd 0 &R
FETHUE, FOIcd T COITHRED, 24 RIS B\ C
LIRS EINE D EZL DI ENTES. o

D transami-
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<, CCly Dliffticsi4 % DPPD o ILEAE, IHEA
fRfbic X B BEERE O Z L ORI IC D 2T 3 X & Tl e
<, MBOBER0:3) % 4B Lisihhidlebawn X 5 i
bhb.

ER L T&EZ &35, $ L CCl i@ X BF calcium o
H L HIEREL & ORI REBIGROTE R RETIUE, T
calcium DHEINAHIHI 3% LB AR 2 OF 1 ) <
2 L.

%< DR, fExOfED plasma membrane @
calcium channel OERELILEFT 23 LEL2 bh T3
Lanthanum %{i# 5 LicSERic s, kdLiz2o
OG- OB & 134 &7z b, Lanthanum 2 i3fiFHEas
RET BRI & A ERDB I Ieh - 1z (Fig. 3, 4,5).

Lanthanum 23F#ifao plasma membrane &\
3 calcium © transport I L 5 B2 E 5 i oWT
&, BED L 2 AR AL L. L, isolate Lic
JF mitochondria Ci%, fBOfl A& &4 < kL,
Lanthanum (% calcium @ transport & i@ < #fl3% =
ERHIBNTWAD. HEIOFKEO Lanthanum s
FEC1 CCly b 24 FEIBICIF calcium DIEIMHERD &
Ricic d #59, microsome 43ilij®° mitochondria 4}
T calcium BE{ILRD S e -7 (Table 1). 71
b, kil Lo CCly % DPPD ofi#y G0 Rns
W X5 &z AD, microsome SEICKITS calcium
BN & FFHREROR & OBIfRI%, = Lanthanum pij#y
GRECIRHR L Lish o, oM E L, 1) Lan-
thanides OJf #3435, 2) Lanthanum ¢ mitochondria
ANOERE) Ts EDTFHHEREE OMIbIc RS- L - TR M v
¥UF B EMTEB. L d Lanthanum FE7ETF Gk
microsome 43, 3 X O% mitochondria 4y HiZ s\ ~TC
calcium HEDMAFHD S &, cytosol T, cal-
cium O_LFHIFLELchd L. 2o X5 Lan-
thanum B@&CFEERHS &£ LT, P& (025 mi/kg)
» CCly o Lftficiy, Lanthanum ofFiEE2%, W34
WR> BSP OPHIEER & CHFEE AL L3 & b v
%% &, Lanthanum Jii#e5c X 528 b Fcx %
2 Lihv/gls. 772 L Lanthanum <RI L 5 % B4k
calcium transport OfEK L H HE 5 L, KEDO CClL 1@
X BT OB S EZ bR BDT, Thbnb
Lanthanum 5O calcium B H#INA33 BT X % 2
b Livewe.

5 & &

CCly %5 L7 7 v s Ol 1) % calcium o)
REARIFHNCIE L, PEE OB O TR ot &

W - fb—ELRFEC L 55y T Calcium #5 405

OB ARG L, LT OREAE -

1) CCly (25 ml/kg) Br5-4, 24 BT A cal-
cium Fi, 2 Refdlf & 24 IR 2 I DN % 77 L.
CCly #8567, T mitochondria 43, I 0N microsome
5> O calcium i, 2 K[ €% mitochondria 4y
MWD& T, 24K M # T3 mitochondria 4, 3 1 O
microsome 43l CHITHIINA X 7= Lz IME calcium 13
2 IREHE C O HRIEMATRD B e

2) CCly #4512 X b, W mitochondria 4y, 3 L0~
microsome 2y TBA {1 2 Bl iidtic E57 L
2%, 24T T & DfEICIZ & A EBED e hs - .

3) A&Eo CCly (0.25 mi/kg) DL, KED (25
ml/kg) CCly # 5 £ 24 iR 2090 b 1 5 B RS o> 5%
&P L, 2> microsome Zyic &1} 5 calcium &
DIEHNEGH < HH L.

4) DPPD o513, CCl ¢ X 3 IFHhekEE 2 524
WRHIE L, TBA fE% K < #iEF L7z, IF mitochondria 4) i
@ calcium FEiHN L7, microsome 400 calcium
CEA L BMAERD b ek » fe.

5) LaCly ofii## 513, CCly ic X B AL E 250 |- ©
Elemrote. %7z, CClwe X AF mitochondria 4yl
microsome 4y i T ® calcium O BN IR B SRk
o7,

P EDKERENS, CCl #5440 2 DN calcium &
DI, COWFO LGS, #MBNSMO Ens g,
F R NTRERERRE & DBIMIE D b2 b b TV i 4 < Bl B
Roteb o LfEmEns.

Wa#z2edicd, FBEHGREE E L cE PSR
CHRLF KL IET. T, TPE RV LRER
HFL 2 G R RWESE, ANPEREDTF, (b 15
BETT R FUBDBOE, ORGS0 U R I R L
7.
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