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Protective Effects of Diisopropyl 1, 3-dithiol-2-ylidene malonate (malotilate)
on Carbon Tetrachloride-induced Liver Injury in Rats

Michihiro KATAKURA, Shinichi HATTA, Toshikazu SAITO, Haruo TAKEMURA
Hideyo OHSHIKA and Mamoru TANAKA*
Department of Pharmacology, Sapporo Medical College
(Chief : Prof. H. Ohshika)

Malotilate was reported to inhibit carbon tetrachloride (CCl,)-induced elevation of serum
transaminases and the accumulation of liver total lipid. The present study was undertaken to
examine the effects of malotilate on CCl,~induced hepatic accumulation of calcium and attenuation of
the plasma cyclic AMP response to glucagon in rats.

CCl, (2.5ml/kg) was administered to rats by a stomach tube. Malotilate (10 or 50 mg/kg)
was orally administered to rats six hours before CCl, administration.

Calcium concentrations in liver homogenate and liver mitochondrial fraction were markedly
increased at 24 hours after CCl, intoxication. Pretreatment with malotilate (50 mg/kg) effectively
inhibited CCl,-induced accumulation of calcium both in the homogenate and in the mitochondrial
fraction at 24 hours.

Malotilate (10 or 50 mg/kg) alone significantly increased the bile flow in normal rats. The
bile flow and the biliary excretion of sulfobromophthalein were decreased in rats 24 hours after CCl,
intoxication. The decrease was prevented by pretreatment with 10 or 50 mg/kg of malotilate.
Malotilate also prevented CCl,-induced increases in serum GOT, GPT and total bilirubin at 24 hours
after the administration.

A change in plasma cyclic AMP level in response to glucagon reflects the hepatic responsive-
ness to glucagon. Plasma cyclic AMP was remarkably increased by glucagon (100 #g/kg, s.c.) in
normal rats. In contrast, glucagon-induced increase in plasma cyclic AMP was attenuated in rats at
24 hours after CCl, intoxication, and the depressed response in plasma cyclic AMP to glucagon was
still observed at 72 hours after the administration. Pretreatment with malotilate (50 mg/kg) caused
the significant inhibition of CCl,—induced attenuation in the plasma cyclic AMP response to glucagon
at 24 hours after the intoxication, and a rapid recovery toward the normal level in plasma cyclic
AMP response was observed at 72 hours.

These findings suggest that malotilate has the protective effect against liver injury induced by
CClL,. (Received June 22, 1984 and accepted July 23, 1984)
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Diisopropyl 1, 3—dithiol-2-ylidene malonate (—
f& 4 . malotilate) (IMEVFFEE, FFiERmMIERY,
EABEAREEFER? 26 T 5L <, WiE{LRE
(CCl1)®, ethionine?, 3 J Ut D-galactosamine® 1= X
LHFEEF I LT, BEREOHE, Ho\ 1 2EEF
OEEIGEER 2T T AHE IR TWS. 361,
FAIRBBR s U C b B HITE B § % malotilate @
FERMEIRE IR TV 5,

CCL o 5w X - T, Mo LEEYL LR
b s FE#a-c o calcium o BE 7oEREY 22, sulfo-
bromophthalein (BSP) 7¢ & o &3k DEH AEEH O
THOREL A ZhbLDOREORBICW, B micro-
some TR X hi- CCl, B3k D free radical iz & 5[5
EoBm s L TwhholEzbnDY. BED
WA RHIET 5B, FHERLTo calcium D RE
&R, BSP ot WEEIHE T SO EEDK T2
T 5 &3 H A DBRICEHE L T BY.

Malotilate 3, CCl, i X 5IgE D@EV.% in vivo
B L O in vitro [\ THIEIE A o T, malotilate
w5, CCOL FFEEORBHNGICE, ZOREHEL
MHERA» N EELBRELZRL TS50 L EbRb.

AP, BREABLITHER 2% L T\ % malo-
tilate o, CCl, #5iZ X - T4 U A A TD calcium
DERE, 7oH 0N BSP o i P EHIHE T BT A E 1E
PR A BT

—F g A £ v D—>Th B glucagon |3, cyclic
AMP # second messenger & LT, HfE® glycogen
SECEFAOHESICEE L TV A ERRLABR
T %. JL4E, glucagon % &7 L7zEo, HEHR L
% 2 b Al cyclic AMP o FE», CClL, FriE=ER:
CEES LTV 5 2 e She® o CCl, BEELT
D glucagon i xf 3 % L& 0K F i, T
glucagon v+ 7 % — AP I L 2L DL BN 5.
F T, AFE R TH 4, CCL FFEEIw T
malotilate DfEfH %, glucagon 17353 2 T Dy 2t
LV SBLEL LA TREERT - 7

2 EBRWEB L UEREE

2.1 RB#HY

SEB% 1 (3 it ¥ Sprague-Dawley 5% 5 » F, 210G
(A 200-250 ) &R\, 7K, A% (V) =v x 0,
NMF) 38 HIcBR S,

CCL,(2.5ml/kg body weight) i1 50% olive oil %

FLIEE= 55

WELT, AV=Frvsz—7 %0 LRAamcis
L. BEicixEE® olive oil 2#&5 L 7-.

Malotilate Tz B D 7=, olive oil W% & L
T, 10 5\ x50 mg/kg#, CCl, #5 6 BReEgTc A2
VsV Fa - RN L TRONCERE L. 240
BRIy, olive oil o &w# 5 L 7=, {#H L7 malo-
tilate (XA A BEHRNSH L D REEXZ I
2-2 BRI calcium E 0 BIE

7 » h% ether KB TCBAREL, PIIRICFEA LAY
TFVVF 2 —TEMNMLTC, ice-cold saline TEF L
7o FAOMBE AR08, FELREL, 0.25
M sucrose T 10% homogenate + L #-. [ mito-
chondria 4@ Carafoli and Tiozzo' »JFEEIZHE -
T8 L 7=, 109 homogenate ¥ J ¥ mitochondria
SEh O calcium BEIEFELY OB EST, F
FREKER (Har 208 ) CT#IE L 7. Homogenate
¥ I O¥mitochondria 43 i suspension ® & [ & T
Lowry et al.'® ok CcHlIEL, calcium £ nmol/
mg protein & L CTERL 7.
2:3 [EHRE4H & U BSP BB TAsEiHEnRIE

% » % pentobarbital (40 mg/kg, i. p.) FKEr FC
BEFE L, B ~BA LAY =F1v v s —7 (&
£0.8mm, 7 b AU X o TR EZERL 2.
MBIt R B %S 30 7048, BSP (BF—%3E) 25 mg/kg %
KEBFEIR L 0851, Lo 90 oFEAAT AR L 7.
BRE U 7B v IN NaOH € 100—1000 B FH L,
BSP % 580 nm THEEE L.
2.4 M35 transaminases 3 X UFM & bilirubin oEIE:

7 v % ether BB T CBAML, DBRZEHIZX b, I
WHEHIR L, 3,000rpm, 5 5EhEO L CmMEA20 8L
7c. & transaminases (X [MifF + 5 v A7 3 7 — &
WERRZE | v b (¥ b ev) 2HC510nm TH
fEE L. F i, MG bilirubin (30 & v v v
ERE | F v b (RGHEE 2 ALV, 600 nm THEE
Bl
2.5 Plasma cyclic AMP nfizE

Pentobarbital (40 mg/kg, i. p.) BT, 7 v FE
Bk X b MWK 25 ! ZEREL L 7270 Bz 10 mM EDTA-
4Na &% o saline (pH 7.4) 200 u/ iwiEF1L 7z, B0
BamO%E, 18ohic kg 100 «l % cyclic AMP oE
Bz 7. Cyclic AMP o5& 113, Yamasa cyclic
AMP assay kit (¥ = ) & A\ ¢, radio-
immunoassay'® 1=t - C$7 - 7. Glucagon(100 ug/
kg) (Novo, Denmark) 153 &z F ~# 5 L,
In i3 glucagon ¥¢531, 25 & UMEL# 10, 20, 30 3
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X O 405 DREETIT - fa.
FEEx4EB 1T mean+S. E. TERL, BT CIT
Student’s t-test L 7c.

31 Br#A&k calcium EOEE)

FF homogenate ¥ X ¥ mitochondria 4 & T ®
calcium B0 F &% Fig.1 L Fig.2 ;R L 7. IEH
Z v b BF homogenate <o calcium &, 2.7+0.5
nmol/mg protein T & - 7= (Fig.1). Calcium £ (%
CCL(2.5ml/kg) 5 24 BB ICIEFE A RMEDO# 9.8
fEIcE TN L 7225, 48 BRI, i RED v
~nE CEA L. —7, CCl, #8456 BRI - malo-
tilate (50 mg/kg) #RIME L7 » +Tx, CCL#
& 24 Br[E]#8 T % calcium o302 CCL # 58 0 %
1.7 &%y, CCOL BMBERLMELT, £0
BmoBE TERTEN - .

JF mitochondria 4@z 3175 calcium 20X,
B homogenate T DA & (ZFFRKETH - 7=(Fig. 2).
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Fig. 1 Effect of malotilate on calcium concentra-
tion in liver homogenate after CCl, adminis-
tration. The values are mean+S.E. The
number of observation is 3-6.
®, vehicle+CCl,;

A, malotilate(50 mg/kg) +olive oil;

A, malotilate(50 mg/kg) +CCl,.

** p<0.01 compared with the value at time
0. §§ p<0.01 compared with vehicle+CCl,.

PUsE(b R FBIFEE cXf -+ % Malotilate DfEH 605

E'% 7 » + §F mitochondria 43 | T ¢ calcium & 1%
7.3+0.8 nmol/mg protein TH 7. CCl, #5 24 B
fEi#%, calcium (349 8.1 f5OWMA R L2y, 48 Kefd
DI s RO L~ T A Lin. CCL # 5 24 RRS
# ¢ H b7 mitochondria 4z 15 calcium DB
fnex, Bf homogenate D& £ Ak, malotilate o
FALE Ci3iTIEl 2 ute. 7ods, malotilate DL DAL
& T, FFhomogenate 35 X U mitochondria 4T o
calcium E12E L\WBEIFED b ish - .
3.2 EARES LU BSPBEARGEHENES

Malotilate @ 10 35 X ¢F 50 mg/kg DAEIZ X > T,
BHHEG BLUBEET » F TOELLEELTE 4,
21% 3 X OV 31% BB HEI L1-(Table 1), CCl, #
524 B0 7 » M CoBRHEER, EFXRMECRH
419% i L=2%, malotilate(10 #5413 50 mg/kg)
RETAE L7 7 » T, CCLow X 2B FE O
HEE I - T

BSP Ry mBEit &y, CCL #5 24 BRIB CIEH
BB DB O 34% B L1z (Tablel). = o CCl,
Iz X 5 BSP JHiT A8 E R4 13, malotilate » 10

Calcium concentration (nmol/mg protein)

0 24 48

Time after CCl,4 administration

72 (hr)

Fig. 2 Effect of malotilate on calcium concentra-
tion in mitochondria fraction after CCl,
administration. The values are mean=+S. E.
The number of observation is 3-5.
®, vehicle+CCl,;

A, malotilate(50 mg/kg) +olive oil ;

A, malotilate(50 mg/kg) +CCl,.

** p<0.01 compared with the value at time
0. §§ p<0.01 compared with vehicle+CCl,.
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Table 1 Effects of malotilate on bile flow and
" CCl, adwministration.

FEEE - b

FLWRER B

biliary excretion of BSP in wats 24 hours after

BSP excreted into bile

Treatment No. Bile flow (m!/kg/90 min) (meg/kg/90 min)
Vehicle — Olive oil 7 4.57%+0.23 12.0241.69
Malotilate (10) — Olive oil 3 5.53+0.14* 10.37+1.01
Malotilate (50) — Olive oil 5 6.00£0.63* 11.64+2.97
Vehicle — CClL, 3 1.86£0.87** 4.14+2.02*
Malotilate (10) — CCl, 4 4.89+0.58% 9.51+0.58§
Malotilate (50) — CCl; 5 5.6810.628 9.62+0.458

Serum GOT (Karmen unit)

The values are mean+S.E. Doses of malotilate (mg/kg) are shown in parentheses.

* p<0.05,
§ p<0.05 compared with vehicle+CCl,.

LU 50 mg/kg DOFIAE L » TEECEIFI St
3.3 I3 transaminases $ L U bilirubin L~ILOZE
&

Bk L7 & <, BF#A#L calcium &3 X U BSP BT
B2 BE LT malotilate 13 CCl, i & ZREE DRI
RPN U, X5, ~ o malotilate o CCl, fF
R ot A H4I7E AL, MiE transaminases 3 X O
bilirubin v <~ OEENC KT HERBD LR Fig.3 o

** p<0.01 compared with vehicle+olive oil.

ABIVUBIRTZEL, MmiEGOT X °GPT v~
At CCl #3545 24 BRI TE LW ERLRL, ToOfE
GEERNBEDE «, 1981017 FisEL i
#50 transaminases L <40 _EF 3, malotilate(50
mg/kg) OFIABEIZ L - CTEL EMHI I, 12EXR
VAUV ER - . [FRRI, Il & bilirubin v < 3
CCL # 5.1 24 BB CIER X RO 11 fEie L/ L
7%, malotilate BB 1L, = O EF HZHRAYHIH
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Fig. 3 Effects of malotilate on serum transaminases and bilirubin levels after CCl, administration.
The values are mean+S. E. The number of observations is 4-6.

®, vehicle+CCl, ;
* p<0.05,
compared with vehicle +CCl,.

A, malotilate (50 mg/kg) +olive oil;
**p<0.01 compared with the value at time 0.

A, malotilate(50 mg/kg) +CCl,.
§ p<0.05, §§ p<0.01
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L7z (Fig. 3, O,
34 .Glucagon i=x}3 % plasma cyclic AMP [5&n
xE)

Glucagon (TFFARBA[E o glucagon v+ 7' % — &AL
T adenylate cyclase #{EMEALL, TOERBE IS
cyclic AMP % second messenger & LT, H#lc
o glycogen 73k X OBEHT AR (RAET 2™ 2 & 230
LT %, Glucagon 5 U /BRIl cH#ENT %
cyclic AMP i3, £ & LTCHARBROLDOTHE D
T, glucagon »#5 L 7-BEoifid cyclic AMP v~
N RIET S 2 & CHIE D glucagon i35 IR &M%
WET2 - L ATRE L Fe D, CCL #4524 BEEIEE, 5 v
b iz glucagon ##r5 1 7:E<o plasma cyclic AMP v
~ A OEBNCOWT, Fig 4 1Rm L. EERES » b
~ glucagon (100 ug/kg) » ¥ & L 7= &, plasma
cyclic AMP i1 glucagon $5.%% 20 5T — 2 &igh,
BERIO 428% F TLER L, #0040 5% Tk
Sl LLCCL 50T v +Tit, glucagon itk
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Fig. 4 Effect of malotilate on the plasma cyclic
AMP response to glucagon in rats at 24
hour after CCl, administration. The values
are mean+S.E. The number of observation
is 3-6. - Glucagon (100 xg/kg, s. ¢) was
injected to rats at time 0.

O, vehicle+olive oil; ®, vehicle+CCl,;
A, malotilate(50 mg/kg) +CCl,.

* p<0.05, ** p<0.01 compared with the
value at time 0. § p<0.05 compared with
vehicle+CCl,.

R LR FEREE o5 % Malotilate DfFH 607

% plasma cyclic AMP o FH1355 5 B biuiohs - 1e.
—7%, = o glucagon 2% -+ % plasma cyclic AMP
& To CCL iz k 5{K T, malotilate (50 mg/kg)
DOFIE CHEREIWCHE 2, 20 45 To cyclic AMP L
AOBEILEERSRBRMEO L A E S, 36T
plasma cyclic AMP [RZE Fioxl-3 % malotilate ©
HrER iy, CClL #51 72 BEfE OFF S T—BHHE I
7, glucagon iz X % cyclic AMP FRoRBEICIEH
XHHERE L iiEZE S e T 7o (Fig. 5).

4 = E3

EER =7 L OfERA AV BhTws CCL o
SRR cEAEEROME, BEOEE™, cyto-
chrome P-450 4 EDET?, BSP Ak oR{T A5k
DEEN, I ok E O ERIT. ke Th, B
Ko calcium o 2% e BRI, MO L & EE
H7eBEE AR OL D EE 2 L TWAP. KERICK
Th Fig. 1 & Fig. 2 R L7z &<, CClL o EIY -
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Fig. 5 Effect of malotilate on the plasma cyclic
AMP response to glucagon in rats at 72
hour after CCl, administration. The values
are mean+S. E. The number of observation
is 3-6. Glucagon (100 xg/kg, s.c) was
injected to rats at time 0.

0O, vehicle+olive oil ; o, vehicle+CCl,;
A, malotilate(50 mg/kg) +CCl,.

*p<0.05 compared with the value at time 0.
§ p<0.05 compared with vehicle+CCl,.



608 FrEEE - i

T JF homogenate ¥ X ¢ mitochondria %) & <,
calcium ©F LWERHRD bht. Zhbo calcium
DER T, CCl, #5 6 B:EE1 1z malotilate & AL &
FTHI Lo TEBTCHE E i CCLEER
mitochondria 1z 3135 calcium DEREI, BEECL-
THEHN L7 cytosol B1od calcium % mitochondria 23R
Doy LI I-THELBEEEDLRDY™. fE57T,
malotilate »3, CCl, iz & % mitochondria < @
calcium OER YT 5 &\ 5 R (Fig. 211, CClL,
12X » TEL AR~ KXKED calcium DA %,
malotilate 23 RANTHIH L T\ % Z EBRTH DT
HAH5.

CCl, BENFC4 U % calcium DR FEHLEBEL ED L
SIHEFIZL > TH b INT VLD, FXETHIC
IR I T Teus. LinL7epsh, microsome TO
CCl, of8hz X » T & free radical iz k % g
BB LOKER, calcium OEFEEEYHEAIED X
5 Jr plasma membrane D 3B, H 5\ i1 active
Ca?" extrusion mechanism OFEENE LT, ThbD
CEMRRAE D, KEOcalcium 0EENEL S D
DEEZLRTWAM, ¥ 7, active Ca?* extrusion
mechanism = -> \» T 3, microsome 4 i T » Mg-
ATP dependent Ca?* pump = X % fifapA sk
~ o Ca* @ pumping # # o & & », Moore ef
al.?® 2 Recknagel et al* 12 X - CRE IR T
5.

“okyie, CCL#E5H, HBEHREIICEL 5 free
radical i J A REOEB &, LV BBICHEETLH
e E L VBB L 3BEHEYF T340
LE 2 OB, FREARCHIEICEH %7 3 % malotil-
ate™ oFAED, CCly ok A Co calcium D
HREBAIH TS LR TORRIZ, Tl
#lo N, N’-diphenyl-p-phenylenediamine =<2\ T D
FBox OH|EY Lz, HIROE 2 AT/ TLELOTHA
5.
Malotilate {2IF# 5 v + ~0¥5T, BHHEEYSE
BEHENL, 2o E3FRULYICE o THRESR T
B EERLS—H LA CoRTHEEHEMER L
malotilate = & % Oddi #~DE B HEERIZL S
P0LEzZLRTVA%. CCLFFEERIZAE LA
HHEEDET, kX 0BSP DiEH AEH DET i,
malotilate D FAE 1T L » THEEICHE X h7-(Table
D. zho malotilate FFF I, AREEECLIIE
Fic X 5 CClL HFEE 0 B o#H i 2 ¢, malo-
tilate H{81C X AR FHEOHEINLERE L B0 TH

FLIRER 55

%5, X1z, malotilate o CCl, S Z B IN4I1E R
P transaminases 35 L QUM E bilirubin v~ 0ZE
BB L T @R»Hn(Fig. 3), FIULY o & —%
L.

W s Ui & < CCL #5-7% 24 BfR ok S
¢y, glucagon I X % plasma cyclic AMP o F&Hix
e E R b3 (Fig 4), CCl, BEHR o glucagon i}
T AINEMOE T 2RE iz, Malotilate O gALE
i, - OEEE o glucagon iz %t T % plasma cyclic
AMP & DET2HEIH L. ZodEshiie CCL #%
L.t% 72 BERE OB A C—BEEE L - 1o (Fig. 5). CClL,
FEE o glucagon 1ok 3 5 IR B OE T 1L, FHETo
glucagon v & 7 2 — OB Ik > THEUTWA &
Hpnb, LULREUERE L2 THS insulin L+
7 & = TOFA 2 CCL BEH THREIhI S Lo
Ahb, BEER-Coglucagon v Y 2 — B OB L
CClL X n il DB L L v iy, L L», HESE
B4 U T\ % hyperglucagonemia®®® iz I % glu-
cagon L+ 7 & — o down-regulation® |z X - T4 7
LANTBEE 2 BID. - T, BEFO glucagon
2T B &K T % malotilate 2WIHIF 5 & U 5 EER
i3, malotilate »3 CCl, JFfE=ER o M1+ glucagon v~
MR RGTEREORE R L CHERITFERA LT
B ERRTEOMD L B i E o, malotilate
OEAEESRIBEER? 17 X - T/ glucagon L+
72— DEWIMEE X, £ Lsimalotilate 1o X
%, BEERT O glucagon ki1 5 5EE T OeEICE R
LTwBohd Lk, haboSicBEL Ty, 4
BEM BB ETHA .

5 # &

7 v Fa AT, CCl i X 5 FFESE I LT malo-
tilate DHIHITEA 2 8Et L, LIT OER LB,

1) CCl, # 5% 24 B4 U %, JT homogenate
¥ ¢F = mitochondria 43 & < @ calcium o # o 3,
malotilate DFTAEIZ X - TR < HE S iz,

2) Malotilate 13, CCl iz X 3BHHEENEKT, &
U4 BSP JRTF BRIl EOR T 2 RANimdEl Lic. 2
iz CClL, 1z k& %Iy transaminases 3 1 0%, bilirubin
o EHizxt LT3 malotilate i3I R AR L. &
1o, IEE 7 v -~ malotilate o512 X - THEHER
BEOEMMERD L.

3) CCL #5724 B[ T », glucagon wxf -3 5%
plasma cyclic AMP G 32 L {ET L T 7
Malotilate o Ri[LE L, < plasma cyclic AMP &
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