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ABSTRACT: The effects of dichloromethane (DCM) on car-
bon tetrachloride (CT) toxicity were examined in adult male
rats. A concomitant treatment of rats with DCM (0.3, 0.6, 1.2
g/kg, po) significantly potentiated the hepatotoxicity of CT
(1.0 g/kg, po) as determined by increases in serum GPT (glu-
tamic pyruvic transaminase), GOT (glutamic oxaloacetic tra-
nsaminase), and SDH (sorbitol dehydrogenase) activity 24 hr
following the treatments. Serum LDH (lactate dehydroge-
nase) activity was increased by either DCM or CT treatment.
But increasing DCM dose did not result in further increase
in LDH. DCM did not affect the increase in serum BUN
(blood urea nitrogen) level induced by CT. Orally administe-
red CT decreased the hepatic microsomal cytochrome P-450
level and glucose-6-phosphotase activity, however, neither of
these parameters was decreased further by DCM suggesting
that the potentiating action of DCM on CT toxicity may not
be associated with increased lipid peroxidative damage. DCM
treatment increased the blood carboxyhemglobin (COHb) le-
vel which appears to be saturated at the lowest dose of DCM
used in the study. A significant decrease in COHb generation
was observed in the rats treated with CT simultaneously indi-
cating that the specific subtype of cytochrome P-450 respon-
sible for the metabolic conversion of DCM to carbon mono-
xide (CO) was damaged by CT treatment.
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Attt i (CCl; CT) WA Q) 28 vl e 7 9 A4E4e 20w Qoh A}
SR e %"4 & cytochrome P-450] ]3| A 43 ¥]+= trichloromethyl free radical (- CCly)o)
71Q1%kt} (Recknagel, 1967, Recknagel and Glende, 1973). Recknagel 5-2(1982) Ald3ler A
2Z5¥ B9 trichloromethyl free radicalsoll 2)s) 4| X 4 7)32] membraned]] lipid pero-
xidationo] =11 o] #go] fatty liver, liver necrosisoll o]izA] stz =g 7]l 7oz
Ardaiet. ¥hd /9% free radicalo] A ¥Euf protein 2 lipid9} covalent binding& o] %=
Aol Adstetaof HAdoll o] F gk o8k 2hw glvhiz A QK (Gillete, 1974). #Hitol =

AtA B hAMES] 2)3F cytoplasmic Ca' ' level Z7}/} % 219) necrosis SHF7] 80 @
A A =31 2dtLong and Moore, 1986a, 1986b).

ol g3 &2 (CHyCly; DCM) ARgIstet Ao} f1Abet whe)sletd HAS zba glon), 7k
AEE3L mi g uke gufolth(Moskowitz and Shapiro, 1944; Hanke et al., 1974). —1eju}
o] Gt eH2 o] Al H 9] €} halogenated hydrocarbonsi-} -3 ¥4 A 1) =4S 7k o] A&
o] grio] thALA R A= UXEeE Ao 7|9l S Stewart and Hake, 1976). o] ¢ s} ere.
NADPH®} O, Ea)3boll A A Aksbek iz v AL¥) i (Kubic ef al., 1974; Kubic and Anders, 1975,
1978), AF-= 7H] cytosol fractionol| 4] glutathion %) 3}ol] formaldehyde, formic acid& A3

ol atste A2 v Ab¥lti(Ahmed and Anders, 1976, 1978). A A1 %l <) Abs}ek At ol = hemog-
lobin¥} A g3} (carboxyhemoglobm COHb) A3l o] A ardedy Xﬁ 0]’*] 1 o] Ao
oAt Ere] FEAo R el i

At stebael Felgh Aol 1Ayl o] & o] fuflo] Ao Wz} A|FhE]a Qo o)
FEE A AEE VH o)ddeleke] AbELS Zuby]ar Qluk ubebA] o] bR Rufite)
o]g T3 & o] W A3 Hhﬂ?ﬂ— Ao o Agiv) Abeislel 49} o]z} El L. K Q) &}
Anwe] @A ofs) tiAlEn] w5 C1 Al o]s) 1 AJo) Tor‘i}”ulﬁ Rk ECRA Sl e
upetA o] & 85HE o] EgHod ) 7} i}ﬂg o] /V ApA| o) A oll Fz 2 Bloll ¥HE o1 - Al gl e
9 Free AuE By Hoz 7yl

Mz H

AEESE2

A 150~250 go] 5% Sprague-Dawley @S B 71obd ol rglo g2 W E] Fopule}
ARE-ELETE Hopule e (2o o] A} .‘33&]0]]&1 H2-A17] 5. ARSI iAo o
22+ 1C 9 124 7“’“«] light : darkness cycle-& - A8}g 11 S-S0 A A} o} *‘%f A g3l o]
oi%s}"iq AL sl gk a9} o] A3t € corn Olloﬂ g Mste] Aot Sof sl o 244 ¢k A )

Fol AEEA7} decapitationsle] (Fz A H 23k}

Alef
At stels, ol dstul g, clofElof e, vleks, Mol s Ao Q)X Wako AbiNE] -
a3t EDTA, Folin's phenol reagent, SDH kitv> U]5t SigmaAbi3-E, Clinical Chemlstry
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AnalyzerE o] €3 LDH, GOT, GPT, BUN, creatinine ¥#4-& $3 A2k v]=} GilfordAl=
BE 7elstgnh 19 Ao ALeE & 3§82 reagent grade T 71 o]/4e] EA T

Assay

goHZE COHb %+= Rodkey 591(1979) W& tha #43te] S8t HES mejd
v 2 Adsle] A E HS 001 M Tris 42 oF 10008) 3|43} sodium dithionite
2 mgg 748 ¥ 420 nm9} 432 nmo M FFEE A3k Total Hb 5 COHb %= 5738 €
&35 9} Hb, COHb2] molar absorptivity 28] A2} 0}

AHAE Ao g RE HEA e X7 2 GPT(glutamic pyruvic transaminase), GOT(glutamic
oxaloacetic transaminase), LDH(lactate dehydrogenase)$} 214-= 4] o] 21X 2 creatinine, BUN
(blood urea nitrogen)-2 Clinical Chemistry Analyzer Impact 400E (Gilford Co., USA)E
ALg-she] EA AT

Bt} gpecificdt 7HEAd o] A% 2 7H5 = SDH(sorbitol dehydrogenase) 732 Gerlach®]
(1965) spectrophotometer& AM&-3h= W o 2 243t FE2FH AT A 0.2 m/ol
0.2 M triethanolamine-HCI buffer (pH 7.4)3 NADH(23.3 mg/4 m/ H,0)E 7}38}aL 25C of A
303 7F wlok3dl T fructoseE 718l 366 nmoll A FF o] WSS 7|&E3st SDH €48 274
Aot

Glucose-6-phosphatase €3-S Traiger9} Plaa®](1971) Wi o2 FA o). FFHd =
2o 19u) ¥-3]9] 1.0 M maleate buffer(pH 6.25) 7}5}3L homogenizationdt] 0.2 m/-& 3}
0.2 M glucose-6-phophate 0.5 m/, maleate buffer 1.8 m/2} 37C ol 4 401+ vl ¥ttt TCA
gl g vha) uhe-S F8A7 F AdEE sl g #18] ammonium molybdate 8- 2}
3491491 1-amino-2-naphthol-4-sulphonic acid& 7}8t1 660 nmolA FFE=E S4 3t

Microsomal cytochrome P-450%= Omura$} Sato2](1964) W o 2 ZA3IAch ZAH 2t
microsomes-& phosphate buffer(pH 7.4)& 3]4338}1 sodium dithioniteE 7}g $- sample cu-
vetteol] COZ bubbling3lth. 400-500 nmol A &2 Z scanningdl™] difference spectrum
© 2 XE] cytochrome P-450-S % 231t} Microsomal suspension 2] protein sFake Lowry
Fo)(195]) o AT

wE AYATE 7} 2 2to] Hitt HF o2 HASAh Z o two-tailed Student’s
t-test L} oneway ANOVA 4 A] % Duncan’s multiple range test® vl atgch wa 7]&384]
oro- 8t P<0.0591 - oAl zlol & 183kt

g =

N3EAo) & 7He A =]319 GPTe GOTx A 3ol AFE¥ 3 A8 ol g3} gt 23]
W elalA] ereron o]dstu el Saks 2uf i 3u) & SV A S Wk ST A] 9 krHTa-
ble 1). 8] 2 nonspecific tissue injury® ¥rdsh= LDHE i8] olgsiug Fod
MLzt vlEte] AsEdont gHelEAS HolXv ot $ Agsteae
Abe | g2kl A &= 54 GPT, GOT, LDH 48 7M1 A (H5d0] FEHUSS oS
Quk. sk 1 abA i (HE A urElA) oo old s ehe Al gtk A FA RS
W (FeA A EES olddsivlete] 3k wel Szl MalE Rk ol dsiHehe AH8-H
48203 ghe)ol M EAHQ fo4 S HolXe o) tha GPTe GOT &4& 571
e AGe wgon Ful SakA A AEsterAe] HEAS F7HIZE TEY
oladgluEte] fako] Au) & Z715] QS wf Abgdstet s (Heg FUbESE 23] gidhe
ok} o Mot ol9h 7te o|isivgkel] o]t gaFolE A ey S LDHS SDH F3 44



256

NM = FHAE S

3+ smooth endoplasmic reticulum®] integrity 2] £/4o] 32 wtegsl= 2 HE QA glucose-6-
phosphatase 848 233} A3} Table 29} 2t} AFA3tet A= @A 1A glucose-6-phospha-
tase S AaA oY o] Fstughe B A7 o A8 HILEH 1.2 g/kg & FNA KL o]
2ol G Fx) ko AL s AL FAl FAHAUE o AtHsle Ao aRE
ZEAFNA) ) 23] H AHS-FE H 8ol A AL sHeRAof 9J3) A 31E glucose-6-phospha-
tase TS thh 3B A A Table 19 239l U3 S Ak

Atdstg Ao wolhE H A 73] ARk o 31 =4 o] 3L 2 A blood urea nitrogen (BUN)3}
creatinine g &4 3} tHTable 3). AFEstehAe ARRH &30 A BUNS 42404 F7HA
7o} olQF et e AL 85 A Zao A o] A Hol FES 2] Eal o I ALY SHeEA )
Ao E WalE 22 gkl 38 creatinine leveldl: At slet Ao} o]dsY gl T F B

Table 1. Changes in parameters of carbon tetrachloride hepatoxicity induced by dichloromethane
treatment in rats?®

Treatment GPT (units/ml)  GOT (units/ml) LDH (units/mi}  SDH (units/mi)
Control 33+ 16 110+ 24 455 + 128
CT (1.0 g/kg) 496 + 393° 594 + 250° 2044 + 1449
DCM (0.3 g/kag) 38+ 11 133+ 43 1103 = 270°
DCM (0.6 g/kg) 40+ 8 134+ 42 843 + 267°
DCM (1.2 g/kg) 46 = 17 150+ 34 896 = 256°
CT (1.0 g/kg)
+DCM (0.3 g/ka) 604 + 375° 1590 £ 1942° 3078 + 1483 842 +171

+DCM (0.6 g/kg) 2376 = 1494 8867 £ 6877% 4636 + 845° 1262 + 22(0°
+DCM (1.2 g/kg) 1127 + 678" 1936 + 1220° 2306 = 862°

*Blood was sampled 24 hr following oral administration of the solvent(s). Each value represents the
mean £ SE for 5 to 10 rats.

®Significantly different from the control animals (P<0.05).

“Significantly different from the animals treated with CT only (P<0.05).

4Significantly different from the animals treated concomitantly with CT (1.0 mg/kg) and DCM (0.3
g/kg) (P<0.05).

Table 2. Changes in glucose-6-phosphatase activity induced by carbon tetrachloride and dichloro-
methane in rats?

Treatment Glucose-6-Phosphotase

(umoles PO, formed/g liver/min)

Control 9.39 +2.22
CT (1.0 g/kg) 428 +1.01°
DCM (1.2 g/kg) 1040 + 381
CT (1.0 g/kg)

+DCM (0.3 g/kg) 538 +0.72°

+DCM (0.6 g/kg) 507 £0.81°

+DCM (1.2 g/kg) 6.05+1.12°

*Rats were sacrificed 24 hr following oral administration of the solvent(s) and the enzyme acivity
was measured in the liver homogenates. Each value represents the mean * SE for 5 rats.
*Significantly different from the control animals (P<0.05). However, values with the same superscripts
are not different from each other (oneway ANOVA, Duncan’s multiple range test).
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Table 3. Changes in BUN/creatinine in rats treated with carbon tetrachloride and dichloromethane.?

Treatment BUN (mg/dl) Creatinine (mg/dl)
Control 136+26 048 +£0.08
CT (1.0 g/kg) 247 +£55° 0.65+0.14
DCM (0.3 g/kg) 183+ 64 049 +0.09
DCM (0.6 g/kg) 186 +4.2 0.65 +0.24
DCM (1.2 g/kq) 136 +23 054 £0.13
CT (1.0 g/kg)
+DCM (0.3 g/kq) 226 +49° 056 £0.10
+DCM (0.6 g/kg) 228 +49° 056 £0.11
+DCM (1.2 g/kg) 262 +49° 065 +0.12

*Blood was sampled 24 hr following oral administration of the solvent(s). Each value represents the
mean * SE for 10 rats except the control value which used 5 rats.

®Significantly different from the control animals (P<0.05). However, values with the same superscripts
are not different from each other (oneway ANOVA, Duncan’s multiple range test).

3

nmole/mg protein

0 I I
CON ¢ DI Dil bt C+DI C+DlII C+DHI

Figure 1. Cytochrome P-450 contents in rats treated with DCM and/or CT.
CON : control

C : CT (1.0 g/kg)

DI :DCM (0.3 g/kg)
DIl : DCM (0.6 g/kg)
DIII : DCM (1.2 g/kg)

C+DI : CT (1.0 g/kg)+DCM (0.3 g/kg)

C+DIl : CT (1.0 g/kg)+DCM (0.6 g/kg)

C+DIIl : CT (1.0 g/kg)+DCM (1.2 g/kg)
Each value represents the mean * SE for five rats. An asterisk indicates significant difference from
the control animals (P<0.05). However, values with the asterisk are not different from each other
(oneway ANOVA, Duncan’s multiple range test, P>0.05).

AFo A AL oA &g X @Stk
A BlEb A9} o) aluehe] EAE A 0 2 o] thALE visl sk EhTolA HAAH JE
&to) A} stebae] HEAo 98 FHeko] 74 Ele cytochrome P-4508 &3¢ A<= Fi-
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Figure 2. Carboxyhemglobin saturation in rats treated with DCM and/or CT.
Each value represents the mean for five rats. Standard errors are omitted for the sake of clarity.
Open circle : DCM (0.3 g/kaq)
Closed circle : DCM (0.6 g/kq)
Open triangle : DCM (1.2 g/kg)
Closed triangle : CT (1.0 g/kg)+DCM (0.3 g/kg)
Open square . CT (1.0 g/kg)+DCM (0.6 g/kg)
Closed square : CT (1.0 g/kg)+DCM (1.2 g/kg)

gure 13} 2t} AMEE 1.0 g/kge] & Foll X Al st Ae
level S oF 1/42 ZrAAA o] AAF g &8 = A2
A §lo] cytochrome P-450 Hafoll W slE fdalA] 29
P-450 level Asta o] g nAA] £kt

& o]l gre] MFO o&4 tiAbZx A5 e daksbeta: (CO)oll €3 COHb A7 &
Figure 29} 2t} @3 COHb peak o]d3lvgt 7 -5of 3 of 4A)7 tloll =E3iglom 1
peak level & oF 12~17%% T o|A3luete) ol Q& H o7 F7tabA] &t 1eu
ol s}lmele] fa=71o] wre} 83F COHb leveld] At AAs o] A &3] H§ o4
et 5o 3 12417 A7 Ao % COHb level S AAH el vjs) Aol ATk A st
a7t Ao FAHYS uf o]t gro] 9% COHb A2 #3ts]o] &% COHb level>
A Aol 43 2%E 438k Eslgth o] Axle MFO &4 whgol oz mj7i= =
ol glulgto 2 RE] Uakset o] A Ado] At stekio] od] PASHA AAH-E BTl 9]
t}.

J AF 2ol v)3) cytochrome P-450
ol G el ek 8 kol
&= Ab u@r‘?}igl cytochrome
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Aldgteb A YA 7 2 AAEA gurEAz g ol 7)RHeh Aartide] wof itk
o] 219]& &ulji= 7ke] MFO 2]& A wb-go) 9]3) trichloromethyl free radical (-CCly)-& A
A&}l o] free radicalsoll 3 THEAdo] op1EE W) delA] vk eyt BAdH of free
radicals®] 7FEA1 9] §bof] oW A 7|3 ateE 7holli= o} We =gho] AlLEH 1 ok F, 4N
AqAEe AldslebA e 2E A AE trichloromethyl free radicalsell €3] membrane2] lipid
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peroxidation®] Yoju}il 1 A3} fatty liver, liver necrosisol]l o] 24 Hrhe B8-S §A31=
whA A free radicalo] Al ZW protein 2 lipid2} covalent binding-& o] &= Zo] ALY
shgae] 240 o 2% 982 813 Urhi= da e A A H 1 YrkGillete, 1974; Recknagel
et al., 1982).

T Ardsteiae] B4 ortA) 852 o) Zrhgo] Ruwoe] 9tk EHJR%J
HA2E 4FFEA ethanol, methanol, isopropanol, butanol® X5 A}HgElie] 7H=A)
%7+A1Z1tKCornish and Adefuin, 1967; Tragier and Plaa, 1971; Maling et al., 1975; Strubelt
et al., 1978). ©|F ethanol® 1 #ApA|7} Atdslelio] 312 /)8t cytochrome P-450
subtype 2| %E%’%E g3z Aol 1 71Mog By o] 9 om(Traiger and Plaa, 1972)
isopropanol®] 73-¢- 21 thAHZQ] acetoneo] #& AA:Alo) ethanol®} U3 FH2 7ixoz
Al Bhek A %xg% S7H7IE Ao 2 deA gltiCharbonneau ef al., 1988). vFk7}4) 2 of &)
52| ketones & AtdslebAol 93 =4S Z7}A171t} (Brodeur ef al., 1986).

ol9} go] X BHEL Alddterad] A3 o g o) EH/\} ST A =S S R
Wheted ETHE BAe Algsteb o) gialR e o] Zutele BAIQE 7)Ao &) At 3er A9
240 YFS F Aoz Belth Suarez 52(1976) "El*li}ﬂi F<9lo] ®AZ GPT, GOT
level& S7HAE #dstRdom, A¥FE 728 methemoglobinemiaz} Abgsets 7}
548 F7A13 0] RuE v 9l ctHPankow and Ponsold, 1976). B3+ Shen 5-2(1982) AFA

& 12%% Xﬁ}*l 7|9} AR AE RES FYAAL o AFAstEb o] HEA )
A A5ES BAsAt Z{X}r 2 23 ¥ lipid peroxidation®] A HE& W32
2] 9F9kL o) HPBH mlcrosomal lipid ¥ proteinol] A}E3}ek4 9] bindingo] A &HA =7}
& ¥ESLA o] o] AikAhTFo] Ardslet e HEAS ZUhA7] VAo s A
AHAME= ojdslmgte] o] ALY &ujFFANM 71 HEA oz <5 o] K}

ArAstE A B dAER Algo] FUlHa Aute AT o) alu| el —rﬁ
b& F3F AiaFe] fidel ks HE& FA 8l o|d g gle] AJdstEr A =
Fe Aldstdh HE A Y o)Qau gL Al stk ol )3 GPT, GOT 2 SDH
A A 3HA "‘“”:"]74 AtdEtE A S-S TEAYES Bk 28y EAS fukelx)
A o]dsim ke 85 LDH &4& ]iivo_‘ﬂ ol Axgde A X E uT
] A= o] 3ty EW] o3 ¥ H4aZ-& 53 nonspecific tissue injuryol] 71918}
Ao 2 Helth o|gslugto] Aledstetlof ofat @ GPT, GOT, ¥ SDH #7}la7& ==

AZIv LDH @457 el 47hate whe Ho ]E A& olshgtol| 93t LDH A& 77}
o] &ufe] holl thgh 2Hgoll 71918} °L*“Ci— FAIEHY, g o] sl glo)] 93 LDH A&
Aol AHgE A4 Bkl A Aol Gall o] 3l gt § 2= vto] ule) U] o] Abe] A4S Kol
@odth o] At ojdstugel] 23t COHb A A ¥318AS Hol: A3 37 1e
W LDH 352 oldsiete] thAHZQl Y4kstetsol] o8t hypoxic injurysl] 7]218hge S

143}; Atk

g trichloromethyl free radicalsel] €] 8} peroxidative damage & ¥l 3= Zo g QA E =
cytochrome P-450 9 glucose-6-phosphatase @42 2. 280 Al25 L&ako) i
ofs dAstA A 0}5—] RNov F7HEAE o]dstughe o] A HE o 63:"% TR gk o]

b= AR ster A (MRS SUHAI7)E oldaiehe] &7} Al stekA iAol o3t lipid
peroxidation®] F-7kell 71R18HA] e-&-& AlALSELL Tk £, 1ol A A&3F Al sbeka 7HEA o)
Hiras FHEHe] & anE uud 01?35}“1]‘?}—4 AtEE R (P54 SEadE o
Guloll o8 lipid peroxidation®] Z7}H b= AL 8bekA thA29] A E W) macromoleculesol]
3k binding S7FE o) 71918hs Ao 2 Holt) o8 AZdE ApAde da) B A7

ol M Al el Ak

o T bH ML -
)
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o]t ghol] 93 COHb Ab52 AFRE Grjjo] f%71e) mhat oj&E# 0 2 F713hA| ot
ot m RE] Aisterrz o] YAl Ao AFEE HAEFoA EsMEES B
t}. o] A= E A7 A5 Ao dx3tar rHHogan et al., 1976; Kurppa and Vainio,
1981; Kim and Carlson, 1986). 12l\} Sojg ojd3jvete] L7} wiel d3F COHb
A& E AAE oy o] Adts o|dsiuete] Fo f-ako] ZyiH uel A 2 J)E
ZZ o) olgslrlet RFake] FUHES AlARIE o|gatulehe] YA ErAR O AL X
33 4S Hole o) f ¥R 221} Hogan 5-2(1976) Al &A1 AAiksteta /0] cyto-
chrome P-450¢} Z3}tsled MFO o]&A w38 A&sle AL 7142 A AIF bl lch

B Ago) A o]gstrgte] dirsterz o) thAaks A 3tekAol ofsl] A EHA AA = U Th
o] A AR Argsterae) t=A Ay FEhAE A o] HEtE o] FUT Hawel o3l vl
A=)E o] Bl ere] thAA EHoll 71913 Ao g Wtk Abgsleris} FAlo] FodH o498}
wgke] fa&k=7te] wat tha COHb level® Z7131th o] F8ue SUF Fhvol 9
ALE Y Wk FAlo] FAEAS w EATHRENA FAHoZ v Ho|m matA
oldsteete] &¥F7hE ARG T ANM Abdsteacte] Bl felstAl 2H-8-std COHb
level &S tha ASA7)e Aoz HAth

Atgstet A B A3 AMEE S oA AN AAEAgY ARE ASAHSY o] AR
3k o]dsivgtel dake AR A ok

B ATNYL 1 AAEE HEAS FLERA e £33 oldsidgho] At slehag 7t
EAS dASA 272 F S8 RT3 Qlok wek B g A= o glEhEde
918 (chemical hazards)E 23] o &317] fsliMc FAlH FoHE A5AH £E 54
B4 o3t EFavngZ aador iy olF s TFHe MEAH B MA A
muololg} zhzte] A B iAo e & B2 adE HEsor &S A A

Aot
2 a1 & ¥
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