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ABSTRACT

Susvez, Kerncth Alfred, FPh,D., University cf Rhede Tolond, 1972,

The Effcct of lMadificrs of Hicrosonal Electron Tronsport o Carion Teote.

rachloride Hepatotoxicity, Co-major Frofcssors: Dr, George C, Maller
ond D, Goxy P. Carloon.
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Phenobarbital pretrcatuent siganificontly onhy

and SGPT Jwediotely follovwing a three-hour cxposure of rats to corion

Fal

tetrochloride by inholetion, Hovever, thess porenctors of heprtotoricivy

vere signiflcantly lover dn roates prebrertcd with J-acthyleimlonthrone
whea conpored to rats prevreatoed with vehicle aad cxpoccd Lo crrbon fot-

racnloride vopor, Ievels of hepatic wicrocomsl DA cylochronc ¢ ro-
ductnee end CO-binding pignent were clevated by phonoborbital prelront-
ment, tat Z-methyleholanthreins had no effect on hopatie mieronon-b HADUPH
cylochrore ¢ reiuctase.  Although carton tetrachloricde exgosure raduc.d
CO-binding pigncit content by 61 por cont dn phenobaeroitsl pretrented
and by 39 pr cent in 3enethylchol:nthecne pretrostod rats, microcinnl
NADPH c¢yltochrome ¢ rutuctase was reavecd by only 6 por cunt and 20 por
ccent, respoctively, In phonoberbitsl protrented rotbs, expossure to cavton
teteoshlocide produsid @ grester docrense in arnndpyoing ooncthylace as.
tivity then in s2line treotod car‘un tetrachioricds cupooed controls, o
ever, in Z-nothyleholantbrone protrcated rabs, cxrocure 1o coroon Leiro-
chloride produced a lecsor docrenss in p-nilrornl<nle denetlylose aolive
ty thon in corn oill troatad coatrols, Tviniy.-one houvs afcer onplzure,

YAt

the differenee in SE0T ond O3FT veluos of the phrooborbital ond 3w

methyleholenthrene poctrented rats vios nore dlvergont,  Hiswlogienld



evidonee ot this tinme poriod revonled exicacive dornge in the plonaborbi-

tal pretrentcd cniuals and a sprring effcet in the 3-wetlydcho
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pretrested oninnls,
While phenobarlital protrcatiment enhoneced the microscmal dicne con-

. 2 ) . . ) o«

Juzation cbsovplion indicutive of lipld pzroxidaticn follouing ccrlbon
tetrechloride exposure, 3-wcthylceinlinthrens pretreabnent had the oppo-
gite cffcet, Corbon n-nowide, btut not hypoitie, ¢nhanced the incrense in
SGOT, SGPT, end microsonal dicnoe conjugation absorption {following oxpo=-
surc to carbon toirechloride, These dalta svegcst thot the differontial
offcets of 3umithyleholinthieno end phenobarbital pretrentmont on NAN

1 1

1wetace and CObinding A r bo rosponsible for the

o,
o2

cyltochvemz ¢ rec

obscived proteetive cffcet of 3 oethylelnlsnthrere in covbon tobrachlor-

ide cxpocd ravs,
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INTRODUCTION

The study of carbon tetrachloride hepatotoxicity has led to neny
hypotheses concerning the initial biochcaical lesiens responsible for
the toxicity of this agent. Recently, Rccknagel (1967) authored a cone
prehensive revied emphasizing the relationship botween the underlyling
mechznisns for these lesions and the study of hepatocellular injury.

The lipid peroxidation hypothesis described by Recknagel (1967) is
carrently accepted as the riost tenable mochanisa for covbon teteachlorlde
indueced liver deriagze. According to the lypothosis, the inteorection of
ceroon tetracnloride with liver niderosonal electron transpoirt conponecivs
procuces free rodicals that abtack wsatvrated fotty asids yielding wn-
steble ion produsts that widergo poroxidative docouposition, The
disraptivn of cytoplasiic noibrens lipid compuaiavs 16 folloucd by eluzi

ations in c2llular rmetalolisa and tissuz noerosis,

e

Sioter (1955) has svezested that flovin Lirled cnzymes in the ni-
crosoirdl ehaln nzy be sites of froo redical producticn foliouing esviin

totvachlovide exposure., Pucteeatuint of rats wivh pheaobarvbital produses

2n increenzse in the flaverotein NADPH ¢ytochuoz ¢ veduciase omd C0-
nding piooemt, A conotouiice of phanobortienl pretrectumint s en i
crorsed erioitivily to carvton toltrachlovids heopotoloxicity (Gonase ard

Yolron 3 ]9 :‘9)

Polyc,clie lydrocaybong such as Z-wiiithylclnlonthronz ave &lco ine

N ~ W

cucera of druz rolastolizing casyocs b ciffer fron ghonobarbited in the

3

spoctrua of enryvines indvced and the mochindlen of induction (Sizdck and



Marnnering, 1969). Speeifically, 3ascthylcholenthrene treatment inducos
CO-bincing pignent without producing any chionges in NADPH cytochrome ¢
reductase,

If NADPH cytochrome ¢ reductase is tho site responsible for activa-
tion of carbon tetrachloride to toxic free rodicals, then increcaszd leve
els of CO.binding piguent moy enhance elcetion flow through the torminal
election acceptor decreasing the availability of reducing cquivalents
for the activation of carbon tetrachloride at the flavoprotein site, The
net result would bz a decreage in cavbon tetrachlorlde toidicity in 3-
rethylcholantheene treatsd animals,

This hypothesis will be tested by conparing the effests of riodi-
fiers of microcomal elcetron transport on cerbon tolrachloride induced

1ipid peroxidetion and parcmcters of carbon tebrechloride hepztounxicity,



LITERATURE SURVEY

The toxdeity of cerbton tetrachloride was recognized shortly after
its introduction as an ancsthetic by Simpson, the discoverer of chloro-
form enesthesia (Robinson, 1946), The inhalation of chloroform or car-
ton tetrachloride frequently produczd an zeute yellow atrophy of the
liver that often proved fatal, Vhile both agents produce sinilar patho-
logleesd changes, carbon tetrachloride is considerably rore toxie (Drill,
1952), Chloroform has beea used for anesthezia tub is aliost nover used
for that purpise today, Although carbon tetrachloride was uscd for soms
tiie as an atheluinthic (Hzll, 1921), it has now becn replaced Ly nore

offestive a1d less toxde compownds, The peinary inteceost in carbon
tetrachloride end related halogzonated hydrocartons is toxicolozical as
these agents are often responcible for accicontal poisoning, Czrbon
tetrechlormide and chlorofora have both homn used as tools for tha pro-
duction end investication of clribotic Yiver dissase (Leild, 1958),
axbon tebrachlorids preduses hapotic lesliens chovesborivcd ot
first by nocrotic dogenorabion in the rddsonal rvezion, follouwced by bal.
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(s> Rozlurenl, 1967), PBicshearien)ly, tho lecicas are chs

ekaoxinlities in caleiun iiteholicn, glyeozen duplelion, Capression of
ricrocone). canyiic activiiy, vrcourling ol ritochnadviel ordidotive phose
phorylation; eccunal=tion of irlgiycericdos end the reloase of inlrocel-
Jnler enzyo:s into the placa (o2 Roekeacod, 1907).

The 1itcretuvcs on czvion totwvacmlovide haprtotnnicily is suhston-



tial and contains nmany hypotheses attempting to explain the initlal
events leading to the fatty infiltration, mitochondiial degeneration and
tiscue ncerosis produced by this conpound (ses reviews by Moon, 1934;

Drill, 1952; and Recknagel, 1967).

Ths Phosnholipid Hywotuesis

Onz of the earliest thoroush investigations of the pathological
changes induced by carbon tetrachloride was reported by Meyer and Pessoa
(1923), They observed that corbon tetrachloride produced severe racro-
secpie lesions in the kicdney and the liver of the dog., The scverity of
the lesions wes proportional. to the administeaved cdosz end was preceded

ty fatty infiliratio Iccions appearsd abt 12 hours and were maxiuel at

sbovt 68 howrs. Caneven and Karwonaratine (1938) 2lso studied carbon tot-

Ty

rachlordde toxicity using the rat as a wodel for cirrhosis in relation
to Jiver resenevebion,  Subcuboncous injsebicis of 0,3 to 1,00 ml of

carbon totrochloride prcduced conzesticon of the liver folloied by by
dropie Crozeneration, fatly infiltration and eventuwel nocrosis, Again
Jecions iunduced vore dose depzadcnt and oftea veversible if domege vas

not euccasive,

e consiotont £ivding of corly fodity infiltretion in tho liver

Lollonlny coxbon tetrochleoride ewposune cuzgented Lo irny davestigators
1hat alvcrcd Tpid wntobolien ves e crdbledd dnitio)l eveat recguacible
for hoprliotoricivy,

Dovinz ths 1920%s wnd L0ts wost dnvesticntors in the ficld of
1ipdd retakolicn consid red placiaa phozpholipids to et as covriers of
febiy coids fyon oxpan bo orgen,  Petors end Ven Slyke (1945) bolicy:d
trow oy Folly acids incorporated dnbo phooeholipicds wove aveillsablo for

onidaticon, erd these pracpholipids veve precvinhly gyuthonincd in the



liver. A disruption of phospholipid synthesis would then lead to an oc--
cwilation of lipid in the liver. The increase in neubral fat and the
relative decrease in phospholipid in livers from rats meinteined on cho-
line deficient dicts was, therefore, belicved to be due to failure of
prospholipid synthesis, If alterations in phospholipld synthesis could
accomt for dietary fatty liver, then it sccmed a reasonnble conclusion
that carbon tetrachloride induced fatty liver might alco te due to fail-
ure in thz synthesis of phospholipids,

Advancos in 1ipid blochomistry have shown that fotty acids can bs
robilized from peripheral tissue by the achtion of epinephrine on trigly-
cerdde lipace (Sutherland et al., 1968). Failure of phospholipid syn-

thesis in the liver is, thorefore, not ezsontial. for accumuvlation of

Jipid in the Mver folleoirding carton telrechloricde; mobilizatlon of lipid
from pariphocal stores can evp1a¢n that phenomciion,  Passd on thoee find-

inze, the phospholipid hypolhesis es originally yroroscd no lonior soous
toneble., Horever, faillure of hepatic 1lipid trensport to ths plasha noy

o for the patlological lipid accwmlatlcn in the liver

- - ! o4 LEe P . r L L] &
As cvidence eccwndated to negate the duporcance of aliorarions
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Crhristie end Judzh (L95%) vrore orong the first o crnhasinz the
inporrtmnce of alterations in rdtochoadrial strocture and Muacricn in the
aerles of evenvs Jealing 40 hepaiic nociosis attce cavlon dotrachlorics,

e Wk TR ST A0 I TOR O
They obooaved a loas of diphosphopycilddne nucleovide depladat dehydvros..
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enase activity as early as 15 hours after cziben tetrachloride poiconing,
Fartial restoration of activity by addition of diphosphopyridine nucleo-
tide sugpgested that an alterotion in mitochendrial peorrizability induced
by carbon tetrochloride was responsible for the loss in enzymo activity,
Carbon tetrachloride produces nitochondrial srelling under in vivo
(Dianzani and Pahr, 195%) and in vitro (Malaucd et 2l., 1957) conditiens,
Rocknogel and Malazed (1958) have showa this mitochondriel ewelling to
be due to an incrcase in the parieability of the mitochondrial mambrane,
A cunsequsnce of the increascd permezbility is & lerkoge in vitro of cy-
tochrore ¢ (Dienmoni and Viti, 1955), citrate (Reclmegel end Lombavdi,
1941) end vitaiin B, (Kasbekor gb al., 1959) into ihe mediuz,
Obzervations on the disruption of mitecchundrlal function sugzosted
that the wicoupling of mitochiondrial oridative phosphorylation folloiing
carbon tetrachloride poiconing was responsible for the accuwnlation of
Jinid in the Jiver (Disvzani, 195%). A daficient copdly of cdcancing

trivhoephate Tor thz activation of fatly acids prior to oxidation could

bz responcible for acor.ulation in the liver, Foucver, election riicro-

geopie and bloshoiieal stvdies have shown 1itile Jiypwimiznt of ritochon-
driel shroctae (Obaeliug and Rouillew, 1955) or function (Re,0ldc cf
- et ‘- . . .
Pl 10382) &b a2 virme vhia thave is arveried eltcroiion in Lha eppoovanse

ot tro prorelan cndoplessde reticalinn (Oboyding and Pouilles, 1556),
Qv staew ond Dioneeatl (1e52) 1 cpowveed o ehonges in e I‘/O vouio 3a natee

chondcia dedlatzd feon covbon tetrachiloride polooned rabs es Jate &3 one

~o R R S S L R A 19 T Y . ~
Love aftor pots coing Tat roted a slgoificrat dnaven:s ab iy howrs,  In-
e KN S IR | oY P . . . ~ RO B I R T
creaced liver Jiplds es ¢y as one Lowe after poleining stronzly sug-

Y RN TUPRTORL DO A e ey \ . ~, . - L e
csts that witochondrlel chasos aeo ot respoacible for 1hz cecv wle~
Toa boweerdleoride,  Albeyellons dn ltechordvial

ghiacture and fuacticon noy still Yo dJvooet-ub n the necresenie astion of

v
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carton tetrachloride tut are rnot likely to be involved as an initiating

event.(Recknagel, 1967) .

The Catecholz-ine Hyrothosis

An interesting featuwre of carton tetrachlovide hepatotoxicity is
that the domege is primarily centrolotmlar,  The peripheral cells are
the first exposed to carbon tetrachloride and yet are not usually in-
volved in the overall pathology (Drill, 1952). 4s carbon tetrachloride
has been shovm to reduce hepatic bleod flou (Wakim and Yorm, 1942),
Drildl (1952) felt that hepatic enoxda due to reciricted bleed flow might
be rezponsible for the necrosis produced by thic egent. Indeed, MNeli-
chacl (1937) had found that inmpairved hepatic blood flew procduced lesions
siniler to thoss found after carbon tetrachloride, It scomzd reasonable
to esswan thatl the ischendiz produced by carton tetrachloiide wes respon-
eible for ths cantrolotulae nocrosis os a result of tiscuc aoxia,

Calvert and v (1950) proposad that cevbon telyachloride pro.
cuerd a presive guipnthotic dlschrorege that rootrichad hepatic hleocd flow

producirg lechuanla and hepatotondie enoxia lozdin

-~ " . » " . . » - - _— X . qA s e N N
g Lo the Feoatocholaxine hypotheeie, W oo daa to dscizula prodiced
- . . P
theone necveoia vhile the robdlisction of fote fron pavirhoral stoncs

van voesconeille for the felly infilication of the liver. Ihweh of tho

PR T “t <an Nam e A A &SN P S B . | NS . S NPT S
Typothizels woe oo d on dnliveot ovldoznce oiu7insd by commdncabed monipe

& Fy

« - M~ ry6n - r- - 1

vintiag ol (he gouyathetic revvoes gystosn,  Frosoccoleogical rotlsds sueh
3 & R A A 3 -3 TN e I 582 - AN 1

&5 yoncuping prectrentoont or vse of alronerzice tlodhiers o doerense re-

. e . " .
crivalation atlfordnd provestion ospoivst

cexlon tolrechloride induccd noerosis ond fatty infilivaiion, The phyo-
sologicel prtovsurlion of cyipothitic astivily by trenccetion of the

"}
v
_l‘

ES T A BRRE S ) P, Aty e s
spintl cord offered even groasbor proveetion ogatast thess clonges,
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The hypothesis presented by Calvart and Brody (19€0) was later sup-
ported by Larson end Flaa (19632) who confinied the protection afforded
by cord trancection of corbon tetrachloride hepatotoxicity, Fowever,
animals receiving largo doses of carbon tetrachloride viere maximally pro-
tected whereas aninals receiving 121l doses had more escvere domage than
intact controls. After deteraining that cord transcction had no effect
on the absorption of carton tctrachlorids following oral administration,
Larson and Plaa (1983b) perfoimied exporiments to deternine whether the
loss of ability to regulate tiiperabuce following cord trenzection night
21ter the response to cacvon tetrachloride, These exporinents shoued
thet cord trensscted rets moinbtained nomeothermnic in an incubaltor were no

srashloride induccd centrolobular ne-

-
c
Q
(-J-
N

Jonger protected azeinst carto
crosis, In addition, hyeotheriia produced by dwersion of enirals in
waier vas found to protect azainst carbon tetrachlorids toxicily in in-
Lact rets (Teveon and Ploa, 1905), Thzy aleo obszrved a 50 poe canb ro-
e ien 3 TAala boydy oy SN Elon o 4 rwoooul q“"rrl tht Inoroance
duction in wiole body oryoen conswiptlon end pocinlated that a deorease
in metebediom was in comz woy responsible for tho protoction affoidcd by
cord {remgseiion dnduead hypdlhcioia,

Viiile necyosis peooduesd by catersholziine induzcd tissve auoudia no

,,,,,, e . e e as A e a s
Jengor ezoemzd beasble, the folty infilirotion of thz livee ¢ae to robil-
I R T Loneas . Vi e~ o e B, TR I S

Jontion of proliliove olores of lipids gooncd a yvioszonoablo oplonntion
SO S B L T E AN RN PR N P . - N T | PRI
For The fobuy Curcacoadion of uhe liveor poodoccd by covion totrashlorida,

Fovever, Pubhinsitoin (10572 rogocbed enly teansicat dncreasss in plasqa
? .

levels of epinsyheine folloring davvedesdannl edniniclration of caxlon
o ~ <43 1.2 3 e s e oan X N R A e e v
totrachloride, This {irdiveg curgests that the sympoatbetic ecuivation

following corbon totroehloride polconing is not of seffhicient intencity
or curetion to olovabe ploena felly acid Jovels to produce foa0ty iafile
P
L

tralion of thz Tiver duae o Lypcvlipidaaia 2lons,
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The Jipid Perozddaticn Fy/nothesi

An carly approach to the study of carbon tetrachloride hepatotoxi-
city involved the use of agents effective in preventing or decreasing the
severity of the lecions in an effort to clucidate the mechoniam of toxi-
city. Much of the evidence accwrulated from such investizations sug-
gested that antioxidants viere particwlaorly effective in reducing the
pathological consecquences of carbon tetrachloride poisoning (Reccknagel,
1967) .

) »

Hove (1948) reported that rats on vitarin E deficiceat diets viere

rore suscepiible to carbon tetrachloride poiconing than rats fed diets
supplemented with alpho~tocopherol, Hove (1953) cmphesized that alpha-

4

tocopherol was an entloxident in vitro and that carbon tetrechlovide

e

covld act 25 a pro-oxident in a nonbiolozical syshen, Dilnszio (1984)

soported thalt a cormercial. antioxidont containing butylated hydroxytolu-

+

e1e, bulylatod hydroxyenicole and propyl gellate offcrcd proteoction

ageinst the favty inTiltration of the liver produced by carbon totra-

Ty

chloride or cthenol, Eo sugpested a relatloaship betuszen the toifieity

of corbon totrechloride end the formation of Lipid peroxicdes, fceosrding

o this hypeothe s the 1ipid peroiides viere responsiltle for the loss of

*("

mitechondeial function end cellular degeneration,  Allcrastively, Sl

ond other enticxidrts noy proateet by coupeting ulth nicroconnl cnicyres

.. P RN L R R A - ~ PRI N |
veopoasible for cetivation of covbon teerechloride to o toxic uctalolite

B
1

Reclwezel end Ghoshal (19865) proseabed a hypothoais linking

3,
o

1

W

hepatotoxicily of carton totrechloride Lo the peroxidatlion of ricroconial

yiothzede vins bescd on the fellowlne coneidorotiona: 1)

N4 Z &

y

the gopsenl-tions of Dutier (1981) of W

Q0

LR

: A - . Ot
jrbcchn{ther ond Ceomyn (A954

thot earton tetrochloride is metabolized to the trichlovonotiyl free
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radical in the liver; 2) the finding of Fubinstein ond Kenics (1964)

that carben tetrachloride end chlorofoim ore metabolized to corbon diox-
ide by rat liver horogenates; 3) the protective cffcct of antioxidants
on carbon tctrachloride hepatotoricity (Dilazio, 1994); and 4) the or-
ganic cheaical theory of rancidity which postulabes the forcation of
1ipid peroddes durdng autoxidation of polyunsatwrated fatty ecids (Danle
et al,, 1962), According to the lipid pcroxidation hypothesis, free
radicals produced by the homolytic cleavage of carion tetrachleride abe
stract a hydrozen atom from the mathylene bridges of vncaturated fatty

acids of nicrocomal lipids predrclng a highly rcactive orpgonic fres

radical, The orgenic fres rodical comibines uith noleculer oxygen end
finally wdergoes a poroxddstive dooenmeotion,  The primery oxidotion

R TR R 2SR S B SR R [ T I, T T S PP .. .-
products of thase vnsatureted fatly ecids ora crgmitie hydroporanddes e

hibiting conjocabed diene akcorption (Pollond and Hech, 1545). The exe

L)

A BN 4 EEEE YN { PR s e 2 (L Y e AN B PR 3.

Lont of prvoxidetive dostruciion ig Gepondimt on who level of 2lphne.
K R SO PR J 2 SR U B ) ey, P A .- a Al
\UC:)}M'.CJ:\)]. 21l OUNZL eNVIORLOITINE . The snell armcint of free rad

prodeced by notuead bhological processes avo guonchsd by thess nauvwal

Lo K0 PO iny corhyy TetiaeMloride 1 2 o g s Ly 4 u,* <
antionidmte, Follewing cuwbonn tetrochlovids ypolenaing, thegs highly

i N e 3 e s - - = ..} g . PO LA Ly
reachive e vediells ave prosunnably produccd at cuch & repid rots thav

articridsnt aobivity 1o overthelncd end collulae dionge dn poodnscd,

B, Tl St BN N 1 e LS T et S IO
Povewer, Kedlo e eb 21, (2971) howve obsoeved nd Glor wrible wise in Jivew
LU R SN ) - , £ P A PR N LR PR L - -
fwos rodien Jovelds Seldloning cavbony tebvesaionicds priasnd LEDTU BT atal a2
P ~ e re e ey emand >, P PN TLoo et oAl e ane S PR T Lo
AN j. L“' 01‘.’\-&.’,\. 1 f‘.‘;"Ln bzt ARt iule (.’..‘\-n/ .r,u‘L-,,-.: L-;.‘-’.)CUPS.. O.\‘l L~h}; [AIRFXRS AR &N N

. e e A, IR SRR 1 ISR CTUNL. DO TR BRL ROV R L SRR U S SR SR N 3
thers Gudivge, thoos cuthors cencluelzd theo 1pid porenicdaiica Cons not

' 0 )

of coixon Lotrechlovidy 1o o toic notakodid

orutrnies,  Srackler (1905) enld & uoklor oud Pooiids (1985) obsivved that
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polysones isolated from rat liver after carbon tetrachloride poisoning
vere disogsregated and hod depressed protein synthesizing capacity es
ascertained by incocrporation of amino acids into protein in vitro. How-
¢7er, cerbon tetrechloride in vitro produced no such effects, The meta-
bolisn of carbon tetrachloride appzared to be a prerequisite for the cf-
fect,

Using diene conjuzation absorption as en indicatlion of lipid per-
oxidation, Ghoshal and Recknagsl (1965) showed that the loss of glucose-
leled by peroddation of niercsoral lipids. In this systen, oscorbie
acid was added to peoroidize the nicroscnal lipids. They showed that
EDTA or alpha-tocopherol could 2ot as inhibitors of lipid peroxidation
end ceuld prevent the losz of glucosc-6-phosphotase activity, Under ein-
ilar conditions, additicn of carbon totrechlorids to 20 tines the weight
of the ftotsl 1ipid raterisl was reguircd to destioy glucoss-C.-pliosphatace

activity. If caxbon tetrechloride fed to rats at a dise of one micro-

[&]

litor per 100 g tody weight could depress hepatic glucose-b . phosvhstose
cctivity, thon clearly a tordeity bacsd o edlvent acticon alona conld bz
eluinated (Restoeel end Choshol, 1986),

Typleal conjuzatced dieae abrovptien hoas baon regorted by Reclns

and Choplol (0458) dn iver wicvoronnl Tipids 90 winubtes afice oval cox-

bon totrosilowics trentrint.,  Yore roscatly, Rio and Ruclmeozel (1963) e
portsd increascd dicas conjugatica in iver ricroconal lipids within 15

rimses after onnlly efsivisoorcd cavion telrashloridz,  Imhnaccd lipid

porosidotion ot cvch aa ervly tiie ds procdlenldac]y dnporvent in that 3
preccdes the doprossion in ricvocor 2l engyee cebtivity, nitochondrial
fonction, ond rlglyecsids accy wlation afver corbon Uotrochlovide poi-

SO,



16

Alteration of carbon tetrachlorids heosiotoricity by druss

Promcthazine given to rats together or six hours after carbon tet-
rachloride has been reported to decrease hapatic neerosis as deternined
by histological mcthods (Roes eb al., 1961). More recently, Slater
(1965) reported that promethazine protected rats against the carbon tet-
rachloride induced dccrease in hepatic microsomal inorganic pyrophosphas
tase. Pronmethazine in vite) produced a significont decreace in carbon

tetrachloride induced microsomal 1ipid peroxidation suggesting that the

protective effect mzy have been due to tho antiozidont activity of this

conpound,,

According to thz lipid peroxidation hyporthesis as ctated above,
carbon tetrechloride is ectiveled to trichloronzthyl free radicals
thoovgh intorection 37ith wicrozomal electvon tvonsport components, IF

Wis acsunption is velid, then agents that alter microsoma LIS

this o otion is velid, then agents that alicr microcomal electron
transyort estivity should alier esrion totrachloride toxicity. Goracr
erd Yoloan (1989) havo shoua that induction of microsonal casymss by

phsnoburpitel s accociated uith an dncreased susccptiblity to carkon

The dver 2-0icthylasinoethyl-2, 2-diphoylvelerate (S0°-525%) is a
poteat Anhitivor of dvuy mtoboliving Czﬂ.iﬂs associatsd vith the wiceo-
comnl, eleetyon teonaport ehoin,  Sxucicht end FoToon (1087) hava shom
SNFLBZON ancd o blsnue slieos proveabts tha cavbon Ui trechleride
snthoels, Reo ef o), (1970) have shoun
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Jugation,

While many investigators support the 1ipid poroxidation hypothesis,
others have reported a lack of corrclative evidence betwecen the antloxi-
dent activity of drugs (alpha-tocopherol, hutylated hydrozytolucnz) and
protection ageinst carbon tetrachloride induced hepatic triglyceride ac-

cwnmlation (Carthorne et 2l,, 1970). Cignoli and Castro (1971) rcported

that antioxidents offer protcction against carbon tetrachloride induced
necrosis, but vicre without effect on the carton tetrachloride induced
decrease in microsomal gluccse-b-phosphatase activity, Houcver, they

did obzorve a correlatica bolireen tho ability of carbon tetrachloride

to enhance lipid peroxidaticn jn vilro and the ability of this agont to

—

produce acute liver injury in vivo. Vhile carbon toctrachloride induced

nicrocomzl) lipid peroxidation may nob account for all the toxic manie.
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uccd to decciibo the overall roaction which can ba wiitton es folloug:

AL+ DH 4 0, -~ AOH D+ 1O

Sukstrate Wydrogen Fydroxylated
Donor Substrate
At that time it wes proposcd that NADPH reduveed a componcut in
liver niceogones vhich resctod with oxyvgen to fora an M"active oxygea®

complex, The Mactive orzygea® was then transferred to the divg subst

by the action of an enzyne. Macon (1957) propocod that such bydroxyla-

tlcn reacticas were coupled to a microcomal electron tronsovt system
that passed electrons from NAVPH to oxygen,
The conguapltion of NADEH wiith the formabion of a prroxide by an

cnmyne system in microssics was repovted by Gillctie (1957) and 1efvrre
to es on TADYH oxidasa, Waile druz svbotrates did not cnhnnse the rate
of NAVPH c¢ididaticn, agents inhibiting NADPH oxidavien vere fovad to
block drug nstoholign, A relationslip botween the NADPH oxidase active
ity ard dyvg nztabolisa vies supporied by the obscrvation of Conacy and
Pans (1962) that increases in deug mebabolizing activily were coucom-
nitont with stizadation of HADPH cxidase activity,

Hochutein b al. (198%) and Crrenius of 2l. (196%) have doseribed
an PADPH-Linked povoxicdation of lipids in rat liver nicrocorzs, The
reaction is cbrongly inhibited by drags vwadergoing oxidative daovcthylaw
tien and 1s siicholy stivolated by corbon rionoxide, In thz ebasiise of
a subsbrete for e wicrosonal wized fuaction oiidase, reducing egiivas
lents fiecn YADPH s shuonted from the microconal eleetron trencpoit
choin to lipid povorxidation writh the production of malonrldelyds, a

t KR
t

clezvoyge product of 1lipld bycvoperoxides. They suzgestcd thot the oo

reactions invelved a comnon NADPH orddizing enzyise,  Prastor and Orrane

O

L

ius (1985) 1ator succested that thz cneyas common to Lobth systens ves

idoaticnk to TADZI eytochicne ¢ reduebase first Cecorihzd by Forceker
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(1950). This conclusion supported carlier investigations irplicating
NADPH cytochromie ¢ recductase as a componcnt of the microsomal druge-
metabolizing system (Phillips and Lengdon, 1962; Mosters et 2., 1965).
The ability of this enzyme to reduce cytochrorme ¢ in vilro provides a

convenient method for the quantitation of enzyme octivity., Tho in vivo

electron acceptor for NADPH cytochrome ¢ reductase is not knowm,

Liver microsoncs also contaln a hemoprotein which was first des-
cribed by Klingenburg (1958) and is now generally referred to as CO-
binding pigment or cytochrome P-450, Estabreok e al. (1963) have ob-

erved thzt carbon ronoxide (C0) inhibits the hydro:ylation of steroids
by adrenal cortical ridcroconmes end that the inhibltion could be reverscd
by lignt., Orrenius and TDeasbor (L1964) 21lso dunonstroiod thot cacbon

mooxide uhiibits drug hydzoxylotion in Livoer nicrosw oo, Thoss studies

T P TS 1 ‘\r]
S CCLVIANIS A

~
C

kavo cstablishzd CO-binding pileint or cytochrous P-450 as

n activating engruis for rix=d foncticn orddations.  Siehevits (1.9¢5)

oxYyET
reviewed the litcrature end svepgested the following schonz for the pase

gage of elcotions fyonl NAYH o oxygen:

RADPH == ID<; x ==y CO-DBinlding Dig.cnt —- % Dolo.iiiention
\,/ I‘C P
eyt /’\ \,1

Ti.0.0

vhere Fp 15 a Ldovoprotcin shwdlday 1 nob idontlicel o HATZE cyioachrond
¢ rodnetoss, end FeP? io the NADVE dn'ied prroxidatlion of nicrozonal
lipids cotolysed by e lvou-pyvrepbosphinte conlex,

The intorection of deugs with hepatic nicossonadl cyltochrone (o5
suncd to te PE0) produccs 4o distingd typos of drog indvesd spretia

RSP T - . KR St .. Lo KR SR S T . U .
chrny pocnihly dac to dnterceticn of The dicy with tho horopaotein

L 'A/ N A Ko SN .~ - . v N ~. ~v o Ny e
(Reaize b 2le, 1656). The diffcrence spielra are produced by conparicon
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of the abesorptlon between suspensions of rilcrosomes containing drug with
suspansions without drug, Hexobarbital and other drugs producing Type I
spectral chonges cause a ncgative band at 420 nm and a positive band at
390 nm, vhereas aniline and other Type JI compounds produce a difference
spectrum with a positive band at 430 nm and a negative band at 393 nm,

The treatmont of rats with compounds that stimilate the mevabo-
liem of drugs produces alterations in the activiiy of microsomal elec-
tron transfer components. These inducers are of at lezast two lypes,
typificd by phenoharbital ond 3-nmethylcholanthrene (Conney, 1957).
Phenobarbitel-like inducers stirulete various patlurays of mctabolism by
liver microcsones including oxidaticn and reduction reactions, glucuron-
ide fornation, and de-ecsterification, In contrast, -methylehnlenthranc-
like inducers stimvlatse a rorve linited group of reoctions (sce Conney,
1967)., VWnile phenobarbital produces inercases in th NADPH cytochrone
¢ reductase activity and the emount of cytochrome P-450 (Hato, 1965),
Fnethylcholanthrene produces ineyeases in cytoc".n;'o:-:e P.250 alonie (Von
Doy Ducken end Fultin, 19%0)., In addition, the cytochrons Puli50 ine
duced by 3-ucthylebslanbthrcae has a slightly different aborpuion nooil-
rn, nanely, ot U148 ra (Klverces et al., 1947).

Recontly, Slrtor and Swryer (1971b) presonted a schore for the
scquiniee of corriers in tho FADPH cytochrorne Pulifd elcctwon transport
chwin wihich sozgesta thnt conian teteashloride ¢y be motabolizned i

e flavosrotein (FADPH cylochions ¢ rednstase) site

('I'

froe redicsle at -

nn

The overall schunz for eloltion vranspoirt Yolloirs:
poit heing SK cO
bt e ! i

: : i , Diag + o2
RADPH =y TP = (WSH) wmeoed X moeed b (B‘S.) (Pil50) (
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vhere FP is flavoprotein; pCl3B is p-Chloromercuribenzoate; Xl is a rate
lirmiting component for Jdiug metobolisa; B.S. is drug binding site; and
P-1,50 is the flavoprotein cytochvome P-250 also called CO-binding pig-
ment, By using sclective inhibitors of microscmal electron transport,
Slater and Sawyer (1971b) concluded that carbon tetrachloride induced
lipid peroxddation (flavoprotein site) is distinet from the endogenous
pathniay (ADP/Fe+2).

Thus NADPH cytochrome ¢ reductase and cytochrome P-450 appear to
be well establiched as componants of the clectren transport chain, and
as such, rcasuremcnt of HADPH cytochrome ¢ reductase activity and the
content of CO-binding pignent will serve to cvaluate changes in oxida.-

tive drvg netabolisa,
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EXPERIMENTAL

Aninals

Adult male Sprogue--Dawley derived rats werc obtained from the
Chazrles River Precding Laboratories (Wilmington, Massachusetts). The
aninals were housed 1n aninal quarters nmaintained at 72°F with a 12-
hour alternating perdod of light and dark, The bvoedding raterdal ves a
commercial pine chip variely.

The rats were injected 1ith either phenoburbital (50 LO/P y intra..
peritoneally, for four dzye) or 3-mothylchylanthrene in corn oil (40
mu/} 1, intraparitoncally, for two days) or ssline or corn oil vehicle

as respective controls, Rzts protreatcd with phenobarbital or 3-

nethyleholantheene will be referrcd o as induced, where wppropriate,
] -
Meteriels -

Anzlytical reogent grode choricels or egquivelent were usced throveii-

’

-
Ve
oS

out the investigavion., Co-Tastonrs (NADP, NADPH, rlucosc-5.phios

4 -
glucosc-buphasphats colydroscaese, and cybochrons ¢), crystalline tovins
sorin edlbuning and S-oltlyydcholenthvens were purchresd from Sicoa Chonde
cals, Drugs veid in this dvveatisetion wove purehizesd fron tholr re-

J Y | PR R B e - <
spaetive nmnfacturers, Rengent grede czvbon teirachloride ves pura

Tuenty--fovr Yours afice the last dinz of phanobarbitel or L8 hours

1 M s ? s 3o « S 2N P B oy
afiter the last dose of Z-nizthylcholaatheens, aninnls were exposed to
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carton tetrachloride vepors in a dynamic inhalation chumrter consisting
of a flat tottomed, cylindrical glass jar (12 by 18 inches) placed hori-
zontally on a wiooden platform, 4An air flow rate of 10 liters per minute
vas naintained throughout the exposure period. The expocure atr:osphere
was formed by passing ailr through a cylindrical glass Jjar containing
carvon tetrachloride, The vapors formed were passed into the chamber
to produce the final inhalation nmixture, The concentration of carbon
tetrachloride in the chomber air was determined with a Packaird series
700 gas - chromatozraph equipped with a flarme ionization detector,
Aninals were also cxposed to atmospheres containing carbon tetra-
chloride and carbon monoxide or 7,5 per cent oxygen. Carbon monoxide
was added to the erposure chambor by substitubtiag air containing avpprox-
instely 31000 ppm coxbon wonoxide for the norinl 10 liter psr ninute air
flow in the chomber, The 7.5 par cent oxygen atrosphere vwas preparad
by nixirz o 95 per cont nitrogon-riyr misxduwre with compresssd air to pro-
cduce the final coucentretion deterndncd Ly the uée of a Pzckion undel
nunbter 96260 oxyen adepinr connccted o a Ezcknan rodel rawber 76 pi
reter.  Tho hyposdie (7.5 par cont) owygen efrazphore was intreduezd inio
the chanbor at 10 liters per mimite. Corbon tetrachloride was then

200-3d as doscrikzd above,

Collection of Ielo~ierl S-:oles

aihievised with cther, the toils clipnad,
end appioniraively 5.0 ml of blcod vas collectcd in a test tote end al.
Joed to ¢lot, The clotted blond was then centrifvacd end the sovon was

racoved ona frosca vatil eacay,
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Liver
Sections of liver for histolopical examination were fixed in

Dietrich!s golution and stained with hematoxylin end eosin,

Freparziion of Iiver Microsones

Aninmals vere scerificed by cervical dislocation., The abdemen was
operied and ice-cold saline was perfused throvgh the liver via the hepa-
tic portal vein. The liver was quickly excisced, chilled on ice, and
minced through the coarse scrzen of a Hervard tissuz press (rodel num-
ber 141), Five grams of the mincs was Lomozenized for 30 scconds in 4
volumes of 0.1 M phosphate tuffer (pH 7.4) using a Teflon horogenizer,
The Yorogzenate was centrifused in a Sorvall RC2-.B refrigeraied ccentri-
fuge (0°C) =t 10,000 RPX (20,000 x g max,) for 15 winutes to reusve

e

nuclel and nitochondria, Th2 supcractent was ceabrifuged o

cr

52,000 KRM
(105,000 x g max,) in an X0 refrigerated wWliraccateifuze for 00 minute
to obtain the nicroconal frection., The nicrosomsl pellet vos resis.

pendod in 0.1 I n)tnﬁaue bulfer to yield a rdcrezomsl sucpension cguilv-

.
2lent to 250 1z liver per nl,

Microgomzs to bz vsad for the doverination of lipid pororidotion
as indicatcd by dichc conjuzation abiorplion were puepavad os above ex-
capt that 0,3 M sucrosze contoining 0,003 M INTA was uscd for hoiiazeni..

zatioin, The final microcou~l p2llod vos Lovcdiately assoycd for diens

conjusates as deceviled by Rockna

In Vit o Tacuvhstion Peoesdore

P L =S N e

Ardvooviing de sothv]lsiion
Comcy b 2. (1920) heve reported increasced aiinopyeine denathyl-

ase activily in Jiver rdcrocones fron phenobsrbital pectreatcd ret

Thevefore, the damotlylation of & dnopyrine in vitro by liver rdcroconal
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suspensions from phenobarbital pretreated rats wes deternined as a corw
relats of altercd diug metalolizing activity.,

The incubations wcere carricd out at 37°C undor air using 25 ml
Erleamcyer flasks in a Dubnoff metabolic shaker for 30 nminutes. The in-
cubation mixture conteined 45 pmoles scaicarbazide, 60 pmoles glucose-
6-phosphate, 5.0 I,U, glucose~6--phosphate dchydrogenase, 50 jmoles nic-
otinamide, 50 pmoles magnesium chloride, %t pmoles NADP, 1.0 ml of 0,1
M phosphote tuffer (pH 7,.4), 0.5 ml of microsomal suspension (0.5 g
liver equivalent) y and 10 proles of aminopyrine in a total volume of

5.0 ml,

Pepitroanisole deisthylation
Treatyent of rats with 3methylcholonthrens does rnot resvli in an
inercase in anminopyrine demethylation by liver microsones (Conncy et 2l
1960). FHowever, the induction of p-nitroonicole derethylase activity
by 3methylcholanthrene provides a convenlent msthod for asscssing altcor-
abions in drug mebabolizing ability (Netter end Soidel, 1961).
Incuboations were carricd out undsr &ir ab 3?°C in 25 nl Erlennoyer

m AT

flachs as avove, The incabablon riaxture contoined 2 prolus RADP, 20

. *

proles glucose-G-phoorhote, €0 pridles nicolinanids, 120 puisles 10'012,
5.0 T, U, glucose~£.phospliete delypdrogencas, 0,2 1l rderossinl suspgension
(0.2 g liver equivalent), and 1,0 1) of 0.1 M phogphate Luffoe (pH 2.9).
The finel addition of 3 proles of p-nitrvanisole brovght the total vol-

wis o 3.9 wl,

fnalyvtico) Fronoiduves

P N Nrmmra S m e e e T

~tion of cobhon tetrochlovide in the drbaloticon ehahe

h goas chrenzbozroet (Peckord sories $700) enunipped with a flaie

iondzaticon detestor and a Leath Szrvoolocorder 1:032) nueber EG.208 wos
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used to measure the concentration of carton tebrachloride in the chaaber
air. The column (18 per ceat Neopentyl Glycol Sebacate on 60/80 mes
Chromosorb WA 6 ft, x 2 mm I.D, glass colunn) was meintained at a tem-
peravuxe of 10500; the injector at a temperature of 14500; and the de-
tector at a temperabture of 135°C. One 2L of carbon tetrachloride was
used as a standard., The concentration of carbon tetrachloride was de-
termined as parts per million by using the cquivalent of 1 mg of carbon

tetrauﬂomde/n to give 159 ppn (Browning, 1965).

Sorun_glatemic-oxaloscetic and glutamic prravic transaminase

e e S

The adininistration of carbon tetrachloricde to rabts has been re-
ported to produce a dose dependent increase in serunm glutamic pyruvie
trancatinase (SGPT) (Balazs eb 2l., 1951) and serum glutanic-oxaloacctic
tronsaiinase (S30T) (Block and Cornich, 1958). Thesze enzyma activities
vill be dztermiined after carlon tetrochloride inhalation as an indico~
tion of hepatic injury. The acsay systen vecd to dotermine S30T and
S3IT v.os that of Reitrion and Frenkel (1957). The reazctions therselves
are

gluw, iie
acid

aspnrtic
acid

3
-~

glpha-letozlubaric acid ¢~ oxaloscctic acid -

alsning o elyhasketozluteric zedd D pyruvie acid + glutmaic aszid

Tne subsirete for the determination of SSPT or SHOT conbained

A}

elgha-lorozlnterebe (2 11) and cither Alealimdine (200 1Y) or d1-

. »

aspoviste (200 7)), reazpectively, adjucted to pH 7.4 by addition of NaOH
and 0.1 M phosohate huffor (pH 7.4), A 1,0 ml portion of cubsbrate was
incuboted with €,2 nl of scrun for 30 nmimutes to detoraine SIPT or 60

rimates to detormine S20T, AU the cad of the incubation povied, 1,0 ml

versent (1 nl discolved in 1N 1C)) was

Lo
-/

of 2.n-dinttroptonyl hydras

"'\.

acded, cad the eolution left o stand for 20.minutes, Then, 10,0 nl of
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0.% N NaOH was added, the samples shaken and read zgainst a water blank
at 520 nm exactly 30 minutes later., A blank was prepared for cach som-
ple by adding 2,4~dinitrophonylhydrazine reezent iimediately to a test
tube containing 1.0 ml of gabstrate and 0.2 ml of serum., The abcorbance
of each sariple was corrected for the blonk and copared to a standard
curve (Reitren and Frankel, 1957). Results are cxpresscd as the nunbor

of Roitman-Frankel units per ml of serum,

Estination of microsorial HADPH cytochrone ¢ reductase ectivity

R S rapen et

Mierocomal BADPH cytochrome ¢ reductase activity was deterained
by the method of Dallner (1963). The assay is bascd on the rate of re-
duclion of cytocuroiie ¢ through the neasvrcanent of the incrcase in ab-
soriance at 550 nnm,

The acsay systea conteined 0.6 poles NADFH, 0.3 juidles cylochrome
¢ and 0,99 puoles KCN dn 0,1 M phosphate taffer (pH 7.%) in a total vol-
urie of 3,0 nl, These rezgants were placed in the refercice and sonple

cuvebtes of 2 Poclnian woded D3-G spoctroprotoncter equippzd with o con-

a

..

stent temperoture bobh (25 °C) and a Poclwman lin cnr-log prtentionsiric

recorder (rodel 1095), A 0,1 ml alicuot (conteining approdnetely 0.1

9]

rz proLein) of the nicrocssal suspiasion was intreduced inlo the samiple
cuvette end niizc i, The lincaxe chonge in ebiorbonce over a five riinute

poried ot 590 m1oves theon recordad,  The exoinction coeflficient wscd in
these dotomdnations wos 18,5 = 103 at 550 na for rcduced minus oxidlized

ochiare ¢ (Frgolinch, 195%). Results vere exprossed as nroles of

cylochronie ¢ reduced por ng riicrosonnl provein,

Estivntion of CQ.vinding visyrnd

The mothad veed for the doteurination of microsomnl CO.Linding

pigicnt wos that ¢ ribed by Dallner (19£3). A Beockuan nodel DE-G
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spectrophotoricter end recorder were used as deseribed atove,

A 0,5 ml aliquote of the rdcrosonal suspension (0.5 g liver cquiv-
alent) wes nixed with 2,5 ml of 0.1 M phosphate buffer (pH 7.4) in each
cuvette, A few milligrams of sodium dithionate (Na.ZSZOb() was aanded to
each cuvette and mized, The sample cuvetie was gassed with carbon monox-
ide for three minutes, and the specctrum scanned from 500 nm to 400 nm at
a rate of 40 nm per minute., The content of CO-~binding pigment vas re-
ported as the difference in absorbance between 450 nm and 500 nu per mg

microsomal protein,

.

wination of protcin

Protcin content of liver ricrosomal suspensions was determined by

the colovinctric nizthod of loury gt al. (1951). A 1.0 ml 2liguob of ri-

crosimal suspansion (1.0 g liver equivalent) was added to a test tube
containing 4,0 ml of 0.5 N KOH eolution, The tubes were hcated in a

vater bath vntil 211 nmaterial was dissolved, Stondards vicre preparcd
weing cyystaliline bovine serum albumin in 0,5 N EOH, A VPloxk corried
through the entire procedure consisted of 5.0 1l of 0.5 I KOH, After
the sonples were completely diseolved, a 0,1 ml oliguot wvas rowved and
ploccd in a sceond ture contoining 1,0 nl of NeDH solution., Five ml of
Rerzent A (prepoved by the eddition of 1.0 1l of 1 por cent cupric sul..
rhinte soducion plus 1,0 1l of 2,7 por coune polrssium tartrate to 100 ml
Sivo ermrbonate eolution) was added, the sorole mized,

» 20 riinutes. At

end the tvros &lleied to stand 2t room tev
this time, 0.5 ml of Rongent B (prepaved by dilution of commeicisl Folise
phoeol racoent to LI wiith distilled vator) was added and each sonole
rapidly chzlien.  The sowrlos were 2lloved to slernd ot room teanerature

e

for 40 winvltes for coler developminb, The absorbonce vas then deter
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nined against the blank in a Peckman model DE-G udcctr0p‘10uo acter at

500 nn,

Estimation of fo.maldshyde

—

The enzymatic demethylation of drugs by hepatic microcomal frac-
tions has been shown to rosult in the release of formaldehyde (liciahon
and Easton, 1962). The procedure described by these authors was used
for the estimation of formaldehyde produced by the in vitro N--
demethylation of aminopyrine,

After a 30-ninute incubation period described wbove, the reaction
vas stoppcd by pouring the flask contents into a test tube containing
L,0 ml of 10 per cent ZnC‘12 (provared with C02~fr ce distilled wateor).
After mixing, 2.0 nl of saturated barium hydroxide colution woes addad to
cach tubz, The tubas vere centrifuged end 5.0 ml of the clear superina-
tant was added to a tubz contoining 2.0 ml of double strength Rash rea-
gent (0,04 M acetylocctone in 0.5 M erponiunm acctate-0.1 M acetic acid
solntion). The tubes wore shoken and the color deve Toped by hoating in
a vizher bath ab 60°C for 30 nminvtes, The sauples were then read ageinst
blenks at 410 na in a Paelman wpcdel DR.G gpictrophotoneter,  Aninopyrine
dercthylace sctivity was reporied as nieles of fornaldchyde formed pze

Lig microcoial protein pae baur,

nf o h L,‘r \\n 0l

The cnzynatic desetlhylotion of p-nitroeanisole produces formolde-
hyde and pnitrophenol (Nobier ond S:idel, 1964), Tue anowit of p-
nitrophonol 13.1\‘"10(1 by the in vitro cazymatic dencthylation of pe-
nitroonieole ves voed Lo deteraine ponitrooniesle dausthylase activity.
AU the cend of the 30.aminvle  dncutabicon poricd, 10,0 ml of dce-

RS

cold acotonz was addzd to lhe incubetion flasks., After centrifugation
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(10,000 RPM for 10 minutes in a refrigerated Sorvall RC2-B centrafuze),
the supcrnatant solution was read versus a tissue blank at 410 nm on a
Bcckman DB-G spectrophotonicter. The amount of p-nitrophenol formed was
deternined by comparison with standard p-nitrophenol solutions. MMzyme
activity was expressed as pg p-nitrophenol formied per mg microsomal pro-
tein per hour.

irstion of microsenal 1ipid perowidation
by diene conjuration ahsorpbtion

Iiver nicroconal lipids exhibit an increase in absorption in the
region 230-240 nm when they undergo peroxidative decomposition (Razo and
Recknagel, 1968), A rodifScation of the mcthod deseribed by these
authors vas vscd to ezbimate microsomal 1ipid peroxidation following car-
on tetrachloride exposure,

The liver nmicrocomel p2llet (5.0 g Jiver equivalcnt) obtainecd

e

after high spcod ceptrifugation desceribod altove wos cventitatively trans-

ferred viith 10.0 ml aboolute rmothanol 1o a lacge serenr top test tube., A
& P
20,0 ml portion of chlovofcr.i wes added, and the mizturce vas wvarued to
0 . . . .
507C for ons minnte end gholien vigorously on a Nuchler rolling shatier

Iy

(rodel 2-2000) for ton minutes, The pixbure ves thea filtored throveh
Whatmaa Fo, 2 filter paper to isolatve the chlorofor. wricthrnol lipid o
tract, Ten rl of golineg solvtion (U g NoCL por 100 ;1) weg then added

5

the 1ipid etrect, Tho s=iles were goantly shakon end contrifivzed

S-

2t 2,000 RPIl an an 187 model Hi.S ccubtrifivge for ten rinutes, A 10,0

nl aliguot of 1hz leucy chleroform 1lipid phoce wes lronsferved to tared

U /O . .
beakers end eveporated wnder vacuw) ot 25°C, The recoverad lipid was

veighed end disenlved in gpctlroqueolivy cyclohaunne to a finall concen-

tration of 1,0 s+

bl
el

rev 1), The 2beorbance ties then detenniducd in a Dock-

rian wodel DG spoctrophotonzter over the ronge 220 to 250 ma,  Fstina-

v
i
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tion of 1lipid peroxidation was reporbted as the difference between the

nean absorbznce at 240 nm for microsonal lipids from carbon tetrachlor-
ide exposed rats end their respective controls. The mezn optical dens-
ity oblained by differcace is tha dieno conjugation abgorption for per-
oxidized lipid at a final concentration of 0,1 per cent, which when mul-

A
tiplied by 10, is reported as delta Eipcm (R2o and Recknagel, 1968).

Statistical methods

Studentts t test was used to compare differences bziween means,
The "t" statistic was calculated on an Olivetti Undervood Frogramma 101

deck top conputer, The forrada cupleyed is as follows:

- e g



RESULTS AND DISCUSSION

Effect of Carbon Tetrechloride Exnmosure
on SGPT and SOT

The rises in serun enzymes imeediately following exposure to 2450
ppn of carbon tetrachloride (0014) are prescited in figure 1, In the
phenobarbital (PB) pretreated animals which were expoged, SGOT end SGPT
values were elevated two.-fold when compared to saline treated controls
that were similarly exposed. However, the 3-methylcholanthecne (3%C)
pretreated group had significantly lower (p¢.05) valucs of SGOT and SGFT
than the corn oil trented controls,

The effccts of pretreatmont were further intensified vhon SEPT end
SG0T values were obbained 21 hoars aflter the tevmdnaticn of erposure
(figure 2), Bxposure to carbon tetrachloride resulted in a 100-fold ine
crease in the SGPT valus of the phenoborbital protrectod gronp whea cor-
paved to saline aninals sindleely exrnoed end a 238-fold incyrcase in S50T,

owever, the SEPT and 30T valuves for the 3-wicthyleholantlone protranied

grouns wore only 28 pzr cent and 57 per cent, respictively, of the corn

01l group vihen voth groups were cerpdooad o carion tetrachlovide,
These doba cupport ihe firding of Carnsy and 1:Tcan (3D89) that
phenoborbital preireatiiont catinnces earton tetrachlorids henatotoxicity.

. et PR ST S L Ay 3. R O PO s
Houever, prcovresinent vwith 3-nallyleholontheens vios assocloted with a
~ . 2

protective effect on the cwcon tetrachloride induccd rise in sorun ene

AT
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Histolosical E*f\dr"lf‘e of C“*non Tetrachloride

P

(o=,

Microscopic examination of the liver following carbon tctrachlor-
ide exposure reveals ridzonal focal necrosis as early as six hours after
poisoning (Wigglesworth, 1964), At 12 hours, the centrolobular cells exz-
hibit prenecrotic changes, and ballooning is evident in cells of the nid-
zonal rezion, Marked centrolobtular necrosis is evident in up to half
the lobules at 24 hours after exposure, In the present study specimens
of liver tigsue vere stzined with henatoxylin and eosin and exemined by

%
a qualified pathologist,

Higtologicsl examination of the livers from the air-exrosed ani-
nals in the 2h-hour study revealed no morphological. abinormalities in
the animels recciving either soline or corn oil, The phenobarbital pre-
treated rats dooonstrated a more coarse gramlar cytoplasm in the paren-
chymal cells, Thore were some vacuoles in tha parenchymal cells of the
F-rethyleholanthvene pretreated rats, In the growps exposed to carlton
tetrachloride, the livers showced verying degsrecs of deege, In tha
soline trented rats there vas controlobwler ncerosis in nost tut not &ll
lobules, The colls of tho centroleobalar aveas showed hydeopic dogencras-

oy end ballooning., A fou colls in

thoza ercas shoucd pyrnotic nuclel or nuslear Jycis, The porenchynal
oMs of the porivhery of the affected lobules vove well peosevved,  Eo-

scatially the some Lype of leslion vas prescnt in the Jivers of aninzls

(D

injected with corn oil, althouzh injury wos glightly rove covere and

3

widespreed, In the phondbarbliel protreated group, injury was nuch rore

severe vith cuinassive necrosis of the liver, Fel dweoplets, hydropic

e o e B A A i ol ) e S

F\7<01 Iﬂ‘ sto, Divigion of Flomtiical Saicnces; Trowva Undversity,
Providence, Rhode Is ]1nd
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degeneration and ballooning was prescnt in most cclls, In the animals
pretreated with 3-methylcholanthrene, lesions ranged from minimal al-
terations in sone animals (consisting of fat droplets but no nccrosis)
to centroloimlar necrosis and hydropic degeneration (in about one half
of the liver lobules) in other rats, In the rats showing the most
marked lesions, the injury was confined to only a few cells in the cen-
trolotular areas and appeered to be much less intense than the rorpho-
logical alteratians found in animals receiving corn oil and carbton tet-
rachloride,

Tho histological finding of less liver domage due to carbon tet..
rachloride inhalation in the 3-nethylcholenthrene pretreated animals
then in the corin ol controls is of speeial intercst since Reuber gt 21,
(1983, 1970) demonshrated that 3aacthyleholanthicoe in the cdiet of rat
greatly increcased liver cirrhosis due to carbon tetrachloride aduinig-
tration, This difference is probably due to the fact that these authors

adiministered the conpounds for 12 veeks.

Effcct of oL
The inmziracat of liver microoernal drug o onzyiies hng

bzon f}ovn 10 be crconponled by a decresce in Jiver nilcrocosl G .binding

pigrent (C tro et o, 1988; Sivekler ot 2l., 164 &7). TIn tha prosent

study, cxpocure of vrats to 2050 ppa of carion tetrochlorids reduccd CO-
binding pigicat content in all four groups of avinale whiin comprrad to

their regpoetive iy cupaool controls (teble 1) Fovover, the greatest
ceerense (6L par cont) was found in the phenotarbitel pretreated group.
The dzcrcree in the cora oild group (33 per cent) vas similor to the de-

crease in the Z.nothylebslanthrens grovp (39 per cout). This cmvosuvre

did not signi c&qUTy derecnss the NADPH cytocheome ¢ reductaca activity



T2ble 1, Effect of CCly Inhalation (2450 ppm) on Microsomal Eleciron Tronsport Comboncnts in Induced and

Control Rate Delermined Immediately After Termination of a Three-hour Exposure

CO-Binding
. NADPH Cytochrome  Per cent . a Pigmeni® Per cent c
Group N© ¢ Feductass Deerecso P N x 10-% Decrease )
Salincwair 6 93.8 = 4,3 — — 6 127 8,2 —_ _—
Seline~CCl, 6 82,2 % 6.1 12 N.s.® 6 106% 7.4 16 <.05
PBR-air 5 178,2 & 11,4 — — 3 269 £ 30,8 — —
PR-CCY, 7 164,62 13,0 6 NS 7 1kE 7.5 61 <.co5
Corn oil-air 6 115.9 £ 5.3 —_— e 6 194 % 9.5 — —
Corn 041-0C1, 6 85.8 6.5 26 {005 6 121 % 11,4 38 <.005
PCmoiy 6 118.9 = 7.6 — — 6 32k % 13.1 — —
36-CCL,, 6 95.3 = 6.6 20 {.025 6 196 % 11,8 39 <.005

Tumber of cnimaols

Clwo-tailed Student!s t test

nmoles of cytochrome ¢ rcducod/minutc/mg protein

SDifference in absorbance betwesn 450 and 500 nm per mg protein

C\ - » »
Not cigrnificont

144
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of the saline and phenoberbital pretrectcd aninals and only slightly re-
duced activity in the corn oil and 3-methylcholanthrene pretreated
groups,

Expocure to carbon tetrachloride decreased aminopyrine dencthylase
activity in saline and phenobarbital pretreated rats and p-nitroanisole
demethylase activity in corn o0il and 3-ncthylcholanthrene pretrcated
rats (table 2). While the per cent decrcose due to carbon tetrachlorice
exposure vas greater after phenobarbital pretreatiment, the opposite re~
lationship was ceon after 3-methylcholanthrene pretreatment,

These results suggest that phenobeovbital pretreatricnt enhances the
carbon tetrachloride induced decrease in microsomal constituents while

3-nethylcholanthrene pretreatmeat excrts a protcctive offect,

Iiffect of Carlon Tebvochloride Iinosvrae on Microsonal

early as five minutes after orally administercd cerbon telrachloride
(Rzo and Reclkragel, 1983), IFexdimel dienc conjugation occurs at one half
hovy afber edminicizration. In a preliminary experimznt, induced and
cortrol rots were edminisbered 3.0 mlfkg of eriton tetrachloride intro.

gestricolly,  FMumnced dlene eonjugation eboorpticn was observed at 30

".)

rmivmbes aftere poleoing (table 3).  Phansbarbital prolrectnont enhsoced
dicne conjusation following earbon tetrachlovids whon corwsyed Lo salive

Y Py

pretvented carbo tetranihloride exrosed coentrols,  Hougver, the opposite

.a

effect vas obeerved with 3mcbiylcholantheane prctireated vats when conie
paved to resrzetive controle,

To obeoerve this phonerimon uvnder inhalation conditions, groups of
induced and conteod andiale vere aipweed to on clbiogphore contuining on-

an

prozintely 4400 pym corbon telrochlorids for 30 ninutes,  The animals



Table 2, Iffect of CClLy Inhalatlion on Microsomal Demethylase Activity in Induced and Control Rats
Determined Immediately Afver Termination of a Threc-nour Exposure

2 A'ninopyrincb 2er ceat R p-}\‘itroa.rﬁ.soled Per cent o
Group N Denatnylaso Lacreose P Demethylase Decrease P

Seline-air 5 130.3 = 22.0 — —— — — ——
Saline-CCly, 6 85.5 & 8.9 25 N.5.° —_— — —
-air 5 39%.0 = 51,6 -— —_— e e —
PB-CCL,, 7 1664 = 17,6 58 4005 — — _—
Corn oil-air 6 S - — 1.59 % 0,08 — ——
Corn 031-CCYy, 6 - — - 0.38 2 0,015 76 (.05
SHC-oir 6 — — [ — 9.83 £ 1.27 — S
SHO=CCL,, 6 — — — 4,93 % 0,75 50 <.005

Murber of animols

Poles formaldehyde formed,/mg protein/hovr

c -
™vo=-tailed Studentl!s © test

e nitropnenol formed/mz protein/hour
}10 p- Py -

Clot cignificent

29



Table 3. Microsomal Dicne Conjugation Abgorplion Ditermined
30 Vimutes After Oral Coxbon Tetrachloride

-

i, pLP b
Delva W en P

Group n?

—————

Salinc-CCl,° 1.2 {.05
2.2 {05
1.5 .05

1.2 <.05

. - PPSENFS

PB~C014

Corn oilvlCCl4

W oW wWw

3HC-CCY,,

".A .

“Tunker of animsls

D oo ay. re x At .
Tio-toiled Student!s € test couprred to air-cxposcd controls

°cCy,, acministered orally, 3.0 mlfikg

Table %, lMicrosom2l Dienc Conjuzation Absorption Doterminzd
Iimicoictely Aftor a Z0-oimate fposura to
Corbon Tetrechloride Vapors (4400 ppa)

EYTAREN Al o gt 3 Sp PR o s e P P s

a o 1% b
D‘\.lba .L-l e p

I B AR £ T 8 A Bl el 45 B S O S S B AT R AT - Pt = 1 e R S e Bl e e g

82)ine~CCL,, 3 1.2 (.05
3 1.9 {.05
Corn ©i1-CC1, 3 0.9 {.05
3 0.6 (.05

2 metvasna ~———r » o e e =ty ey

Group N

PB;CC14

HC;CCI4

Armber of onirols

bTwo#tsilcd Studentl!s t test compared to alr-exposed controls
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viere imacdiately saerificed and microsomal diene conjugation absorption
vas determined, The resulting data (Lable 4) was similar to that ob-
toeined after oral carbon tetrachloride., Phenobarbital pretreatment re-
gulted in an increase in lipid peroxidation as a response to carbon tet-
rachloride, while 3-methylcholanthrene pretreatment resulted in a de-
crease,

Although free radicals generated in vitiro con produce lipid netab-
olites from methyl oleate similar to those found in the liver after car-
Lon teirachloride intoxication (Gordis, 1$6%), free radicals generated
from caxbon tetrachloride by liver nicroscmal cnzymes nzed not be es-
sential for lipid peroxidation, Fochstein et al, (1984) and Orrenius
et 21, (196%) have Gescribad an NADPE-linked perocidation of 1lipids in
rat liver microcoiies. The reoction is strongly inhilited by drugs wnder.-

going oxidative densthylation end is slightly stimnlated by carbon nonox-—

icde, In the chozace of a cubstrate for the mdcresonzl nixed function
o:iidase, roducing equivelents from NADPH are chunted from the nmicrosonal

of 1lipld perouciastion,

My egent yreveating reducing equivalents from leoving the elceew

tron trensport chehin ot CO-binding pigicat could concelvalbly activate
a ghrinbt rosponeible for Jipid poroxddation.  Covbon totroehloxide itodlf

G- PR L R N : TR X 2 e R TR
sout sines At eonbines vith CO-Linding ploioat produeing

oy be coch an &
a Type I epzoteed chance (Ueloen, 1957).

Slater and Sawyer (1971a) have coneluded that the st aolaticon of
nalonaldebyde prodieticn by corton tetrechlorids is depandont upon its
hasolytic cleavege 4o free radical produsts, Thay also conclude (Sloter
and Stuyor, 1971h) that the point of interoctien belreen errion totre-

chlorids and the ndxed function orfidasc systonm providing for the stinu-
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lation of molonaldehyde formation is at the FADPH cyltochronz ¢ reduclese
flavoprotein,

Whether carbon tetrachloride produces an increose in lipid peroxi-
dation bty activating a 1ipid peroxidotion shunt or by formation of toxic
free radicals from intersction with intermediates in microsomal electron
transport remzins undetermined at this time, In either event, an in-
crease in HADPH cylochronie ¢ rodactase and CO-binding pigment by pheno-
barbital pretreatment would account for the increase in the hepatotoric
effect of carbon tetrachloride and enheonced lipid peroridation as re-
ported by Rao ef, al. (1970). Fowever, after 3-nmethylcholenthrene induc-
tion an increase in CO-binding pigment without a concomiitont increase
in FADPH cytochwrone ¢ roductose ves associated with docreascd carivon tet-
rachlovide induced hepavotoxicity, In this c:se, ths incrcoss in 0.
binding pigent could prevent 1lipid peroxidation throush enhanced utili-

4terolien of crnlogenins snbsbrates,

0
=
c
%}
12
I
—
=
g
[\

zation of rcducing eguivale
Hence, the prevective elfcet afforded by Lisxcbarbitol and aniline on the
carbon totracnloride porfused rat liver (Rubin et 2l., 1970) may be due
to viilizotion of reducing eguivalents through CO-kinding pigmont,

On the bagis of the dabte presented, it was proposced that phonolid-

1

bitadl protreatiicat enhonzes ndcvosonsd. electron treas;ort ead 1ipid per-

y

R N A 337 Sy LY. P NPT S N S TR N SRR I -
oxidation vecponcible Jor Tthe wotentiotion of covton vetrochloride hopa-

ORI R S Tt oy oA e T T AT Ay e Ve e e s P N S & Lo ! . K] RS
cotoxlcity.,  Threcomsiiyllensloninvens protreatiiont cvonves en Lrhalonice

in NADPH cytociveone ¢ roluctase and CC-binding pigoont favoring the utilde
ization of reducing couvivelonts at the teorwinal elesiron accopior rosuli-e

ing in a provocelive effcet,  Tf this Npypothesis is valid, intervuption of
elcetiom transyort at CObinding pigiwat shovld enhince lipid peroxida-
tion ¢nd hepoiotordcity follewing cavlon telroehlovide exposure,

Soveral dave ulub“Lu,u hove reported on the in vitvo inhibition of
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drug rctabolisn by carbon monoxide in isolated hepotic microsoral. frac-
tions (Cooper et 2l., 1965; Kampfimcyer end Kiese, 1965; Kato, 1966).
Lewis (1967) has reported that atrmospheres containing 40 to 90 per cent
carbon monoxide inhibit CO-binding pigrent depandent insecticide metab-
olism in houseflies, More recently, Fontgomery and Rubin (1971) have re-
ported that acute exposure to carton monoxide resulted in the inhibition
in vivo of drug melabolism in rats as measurelby prolonged response to
hexobarbital and zoxazolamine, Houwever, these authors ¢id not conclude
vhether the effect vias due to direct inhibition of CO-binding piguent or
to induced tissue hypoxia. These findings were the foundation for addi-
tional experinenvs to determine whether or not cerbon nmonoxide could en-
hance in vivo 1lipid peroxidation and hep:ztotoxicity due to caxbon tetra-
chloride by virous of its affinity for CO-binding pigment, Rats vere
exposed to carbon monoxide (appr o-matﬂl,r 1000 pgn) for &0 minutes to
reach eguilikriwn saburation, Carbon tetrachlovide vas then introdud
into the chanber for the final 30 minutes of exposure, A control cpori.
rent was 2leo performed to doteradne the effect of hyporia (7.5 par cent
oxyeen) on corbon tetrachloride hopatotoricily.

In the corbon nonomide~corbon tetrachloride group, 55PT and SGOT

Y

determined 24 hovrs afior exposure were clevated throz-fold when com-

3}

pored to enimals ciivoocd 1o carbon tetrechlorids alons (tadble 5). Tns

[

effcet is not likely due to decreansed tissue ocrypen s hyporio d&hd not

oo the response,  The effect on nicrocer»l 1ipid pororicdation
Cetormined inwmcdiately alfter exposure vos os vrcdicted by the hypothesis:
carbon ronoxide enhmieced dicne conjugation abzorpiion follouing curhon
tetrechloride exposure while hypoxia was uithoud offcet (teble 6). These
ive effest of Z-nethylcholontheine

data swnort a hypothazis for the proted

baszd on enhanced wtilization of reducing equivalents throuzh the tewiinal



Table 5. Effact of Corbon Monoxide (CO) or Hypoxia on SGPT ond SGOT Debermined 24 Hours After
Termination of o 30-minute Zxposure to Corbon Teltrachloride

Experiment Nurber C-roupo' Nb saor°¢ pd saor® pd
1. 5140 ppm CCL,, Adr 5 6% 3 — Ls % 5 —
co® 5 7% 1 x.s.t Lo 1 N.S.
CCly,~adir 5 220 = 26 — : 406 = 100 —
CC1, ~CO 6 700 % 102 {.005 1466 = 160 <005
2, 2799 pgm CCLy, Adr 5 6= 3 — bs = 5 e
Hypoxia® L 21 & 1 N.S. 50 = 5 N.S.
CClymair 6 100 & 31 — 198 = 38 —
CCL,; ~hypoxia 5 127 = 23 ¥.S. 21 = 33 N.S.

Spninals were cxpocsed to 958 ppm carbon monoxide or hypoxin for 60 mimutes followed by exposuro for an 2ddi-
tional 30 minutes to carbon tetrachloride vapors combined with corbon monoxide or hypoxia.

N .
Mmber of animals
CReitmon-Frankel units per ml serum
d‘l";.'c-toilcd Student!s t test

958 co

958 prm

Vot significant at p.05

L)

1S

7.5 par cent oxygzen

'



Table 6, Effecct of Carbon lonoxide (CO) or Hypoxia on Microsonal Diene
Conjugntion Absorption Detewmnined 30 Minuleos After
Expocure to Corbon Tcirachlorido Vapors (4400 ppn)

L PN - kLt B A ey o 118 B PO VIS

Groupa N Dzlta E%:%C'u pb

TP e i, O 3 T i e L e €r € T it ST s R TS STV ST A ) S G T U D £ Wt 1 il R 5

CC1y-0ir 3 1.2 {05
1.1 <-05
CC1,,~CO 2.6 .05

GO, ~byposcia’ 3
3

CO &lore 3 0.4 {es
3

d

-0.2 N.s,°

N = - s i VT ST B A L W AL PV AT e St O NI £ K TR )

Bypoxia &lorne

a, . o . .
Mnitals weve exposed to 958 ppa carton monsyide or hycoxde for €9
rinutes follored Ly exuosuro for en additionn~l 30 rinutes 4o cexbon
tevrachloride vepors combined with coxon roroxide or hypoiia,
b’ﬁ-yo."[;.g-i]‘cd Studentts t test compared to alr-ciposcd con vrols

CH- . oA -
7.5 per cont oxygen

9958 pria €O

®Not, significant
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