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1. Hepatoc~e, ' cy1otoXiCity Induced' by acrolein :~nsued : foI10WI.~'g 'cfepletlon'

~f cell~la.r.GSH . ~o ·G~ss'~ .~aS·fo~e~. :' :' >, ~. ~
" " , .

2. The addition of the reduci n~ agent DTT to' hepatocyte! p~el ncubated

- witA a~ro leinlPrevented :cytotO~ i~i0. -'~,-: -~ , , ' "

'3. Malondi~ld~hYde . 'allpld perO~ idiltton ·.meta~o l i teL w~s 'fo;'~ed during;

eithera:crol~jn ·o·r ·allYI . alco~o l l nqJba~ion· ~ith hepatoeYtes,"'·· · ; ,

. 4, Aith.o~gh , '~a1on~ia idehy~ ~· ·fci rmat·i~~ COUld b~' .prevented by the .

p~?se~c,e " of 'a.~UO~id~mts: ',and desterrlcxamlne.In~~tO?~~ · l nC(.lb~le·"
• cytotoxicitYwas only delayed, • . • ,', ". ' ," "

5,"'The xarith ln~" oxldase Inhibitor; allopurinol , dld'.~o~ jn~bl~ a'crolein, ." r ',' , ' ,. , - ' '., . .
Induced.lipid peroxidalion'or Prol~ .agal~st cytotO~i9~tY~

6,. ..Acroleln readily Induced Ca2+ r~ leas~ bY· iso,J.aied 'e.nerglzed

'. ~il0~~ondrl~, Jntr~mitochondria l NAO('p)H':was net ~'feci~d fnd lcatl~g " th,a~ ' ,

:. 'OXidative ~t~ess W~S "ri~ I 'lnvo ived, Th ~ reducing , ag~nt .OTT could ~r~vent 'the
" . . " . '--. , " . " . . . "

:AcrOlein may bS'~ causative. age'nt 01. hepatic 'n ebf~Sls ~du rllig the '

biPtransf~rm:ation Of,'ally; ~lC,O;'OJ ' : It has also b.sen lmp llc,~ted In he~orh~'gIC
cystitis ,of the,bladder Induc!3d by the antitumor ageht cyclophosphamide,' The

mecbanlsrn 6f ' ~y.toto~lcity ' iS be ri~v.e·d 'to~imiO IV~ ' ,l?NA' ~~d pr~le;~ ,alkyl!itl,on.

AZa , t2 ,5 -d iaZ i~ nY I -3 ,6~b1S (Carbo~t h~Xyaml ne)' 1 .4.·benZOq U I nO lle , Is a lipid '

-, SO J~~ le · antjtu.m~r' ag~nt ;h ~i ~~~ ,j~uccessfu ll~ co~pi'e~ea"P~'as~'1I drug t;i'al~,
_ The'"mec~,an.'! sm ' ·~'- cYt~ot~·x ic itY :is ' b~.\ievsd 10 involve p~A,cr~~~: t1nklng ; ~.~;

,~ H6weve'r, t~e ')ol;Owing evid~'n~e ' u~jng l~o,lated 'h~P~t~Cytes ' ~u'~~est~ tIlBt the " ' -.:. " ::;:;
" -- "" ,: , " - '>",: ' / - ,; ' , : ' : . ' " ' .: ". ' , : ' .,.-.,<..,---. .' .
cytotO.~icit)l I1),a~:,l n~ol~~, oxl.~ativ,e stress. IS~lated rat hepatocytes were'prepared _J' ., --;

'and I~cubated~ith acrotalnor A~Q. , ' :-:[;:,!;
. "". ':'~
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.i release. A reversible alkylation of proteins lnvoh,ed In ta2+ release could be
, . . . - r · · . _ " .

.them~lsm . lnvOl~ed. . - . ". . . . rr:
. T~~~e . results su~g.~SI two mech~nls.ms ~t ~otoxicity .induc~d ~Y

- . acrolein. ' One ' lnvolvln.O lipid, perOxida~on and another;"slower t]leChanJs~

- '

'. ,.;

~ ,

. /.10.Hepatocyt~: cytotoxicity lridU~ by.AZQ e~S~8d - f0I10wing deplencn o!

GS~. ", "', .

: .~. / 2: .' _l n~u~at lon_~~ _.AZ~ wlti;':I SOlale~ _ '" ~~pat~les.sti~u la~:~d -o/aJ)i,~~ ~ .

. ~jS I Slant re~~[ratlon , _a~ SIOI~hlo~et~~I!'y.0?Crdrze~, G.~.~ to~S~~.. Try~ GS~~

)~V~!S i'e~aln9.d hrg~l . a~_ G~S~ .~as ~t redu~~ ba,*.to _~~H ..: T~~I~~~ fOu~ :

to be the re sul~ of ' i everSlble- \ lnactlv atJOn 'Of OSSQ·" reductase . ".

• ) /" . ~ . No .malondlaJd.~hyde was 1orm~d. . . '

:~~',<..,.'.., . . 4. If the :hepatocYtes·\l.iere ~nipromlsed Yiith ,azide t6 .Inhlblt cata!.~se .
~ .. ./' cytolo~idtY Was Incre~sed 10-fold.- __. I . . "

~--=c.....,~~-,-,-~5.,:-,.~I>Z~a'cr~.~.dl=1y lriduced ca~+ ieleaSe' by I solclt~e~l:{ed mjtochondd'a ' .',~~

.1'. ~~e -m~H~.eO' d~enhanCe

b
' ie the effedive~'~~~;:Of AZa" a~ .~~,i.as~f~~;edl~· - ..:-'~-.·'~~i

the release. , 2 2..formed, y r~ox cycl ing may t~erefore cause mitochondria. . ' ,," : t

.• ,' Ga~. ~::·;~SU". SUg~.st ':hat und~r a.robl~ CO:UI~ns I>ZQ p artk>pat.' In '•. ;~
futlllH edox cycling an~ oxygen aetlvatl~n. The-~202Iormed may mediate cell ,' · ..·?t

: . deat~'~ln ~~~ro~'ISed ~elt~: .'. '. . j ;~~
.' 7. ' . ~~

.. . ;~
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. CHAPTER 1

Introduction

. /
1. 1 Xenoblotlc Metabolism

'1 . 1. 1 IntroductIon

. " ~er the last two cermmes. mankind~spant an IncreBslng amount'of .
1 ~ . •

I'tlsources in th~ development 'of chemrcats In' order to benefit his edetence.

"Th'ese ' products range from Jnd~slil al chem icals to ' pharmace~tlcals 10

.\. ....cosmetlcs: &aca~sa , ~f th~ ~jdeS~read 'us~ of chaml~ls ' I~ 'our an~lronm~nt ~
"" , ' ' , ' . ' . . ; ' . , " \ ." . ,",

the human body Is contlnuously exposed 10a wide range of substances. which

'--~e: n,Qt, natural ' consll~u.ents .cjf '.t h ~" body, co ,i9~\I~e ry t~rme~ ' xanOb~oti~~..or.

, fOtetgncompounds (Mason at al. , 1985). As a result, the body has dev~loped
. ... ""-<."">0, .. . . '. - . ' . , "

mechanisms to excrete these foreign compounds In,order 10prevent their tcxlc

-\. ettect. "The maJo(route~ for ekC~lion 'i~ jnto .th; .,urlne ·and b'j;e;lhe lungs',

salivary gl~ncfs , natls and hair are' other minor ' excretory roi4,es (Brigg s and

Briggs, 1974). -

Slnc~ excretion requlres transportation vla body fluids, the compounds '

bel.ng/excreted have 10 be wat~r solubl~ , .seceuae the maJOri.ty,of ~c~emlca IS
that gel eccese to the body B:re,nonpolar Ifpid-s.~ lu.ble substances" the.body h~s .

developec:1 the ,~pabltlty to chemically transform most xenoblcitlcsi ~to dl~erant

mO'lecular "~truCtures. The'~e are us"!.ally mor) p~l~r water·~ol~~le derlvatlve80f

whl~h rapid excretion Is fa~red. This concept of ~eno t:l lotlc metabolism' has led'.
, .. ' '. . \ " . , , - ._- --. ' ,;

to the now well establls~d theory .thatCheml:als are gene~ally_ mel8bollZ~ In .

two phases, namely "Phase I metabcllsm" In which new func1lon~1 gro~psa;e

tntrcduced :Into ·the) IPOPhillC' Che,mlcats and ~Ph ase ' lI ~etaboIIBm~ or



. 2

.t onjugatlon. Phase i metabcllsrn-comprl;~S ..oxidations, recucncns and'

hydrolysis,which generally results in the introduction of s~f(fL!net ional gro ~ps
SU~h as hYdroxyi. carboxyl, ~mI'no; or,thlo l ~~to , the parent-~mpound , (~arke ,

. 1978). This result~ Ina 'slighlly more water·s~luble metabotlta than the'<parent

HPOP~I,lJc' qOmpound . Phaseir metabolJS~ inCre;$~S stm further1h~ polarity of
\ . . . ' . .

the metabolite. The latter phaseoccurs by ' the en zyme catalysed ad~itio n of

S~~il endogenou.s mOle.C:Ules I~cluding glUCU~O~iC acid or SUlf~le anp glycine o ~

glu tathione, to the Ph~se .1 metabQlli~s . 'ma king-the mole,cure less UpophUlc, .

more Polar·sndhence.,more re~dily ex'~reted 'from :t'h~ ce l ~ '(P8r1t&1~7~" . . ..

'- "' }n"some .1.nsta~~9s ;- t~e ,~enoblo ~i,C?,}~\qen 'm'ay' bd'~~(-SUCh , t~Jt : ' , ..

overwhelms the cells defense capabJllUe'sor i~ other cases the metab olic"

1; 1. 2 Covalent binding theory

It h~ b~~n known ior -~ 1O~9 tlm~ thatcertain chemicals, afteradmlnlstra:-tion .- ',
I 'I " , " . '

lo .exp,~r1,~t~i anlmais ~ , can r~a~ with. cellular macromolecules. , H.(jw~ver, n

w~s n?t ,'untI1947" ,When, MllIe~ an~ Miller ae,monstrat~d . cova lent ~ blnd lng

between th ,e: hep,atoc~rclnogen N:N.dl'!1e~hYI~4-a~lnoazo~enzene and liver '

proteins, t~a~ ,the cova,I,~nfblndln~ the~ry was eSta~lISh9d , (~llIe.r a~1 'MlIler,'

' 1 9~,7). T~e logic ,b~hlnd ,~hls , theory 'revolves around' th~ observation that

bInding Is related 't~ ' toxicity. , Th,I,S , th~_Ory ~ugges~,~ th~ "carCln~ge'nes,l.s~ , I ~ " -<

lnltlated w~en eleetrophlllc. metabOlites Interact with nucleophil ic ,groups 01 ,

rnacrcmclecues. Eviden'ce\for this' ge'rlerel '~echenism ' l~ ' based o~ · ~h~ .\ .. . .. . ' . .

"
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correl ation between the .amount of cova lent bi nding of ~_ toxicant to pr9t~ lns ~nd..

th~ exte nt o f toxIcity. " erators, if the fo rmation 01 the to~Ic' elect rcphlllc

meta bolite.· is . prev.ented or i f it ·Is....removed before it cari-bind to a larget '

ma~rOrTJO lecule , toxici ty Is preve nted. An·examp le.of this Is In th~ ~ow c~:sslc'

st~di es In'&.vlng the toxici ty of t~e analqe sic drug eceta mlncph en, wh,lOh

produce s ce nt r tlcbular liver necrosis in man and other su sceptible spectes

(Davi~ at a l·.,- 1974). ACei a mlnopha n is\hOugh~ ' t o ~e meta bolized by t~e' ,
cytcch reme P·450 s; slem to ' a . ~h·i9~ IY _.reactlve" eieotroph ilic -meta~oll"9 , .

" . . . ' ~" - . ...._.. .
' N.aC?etyl, p.be,~zoqu rnone lml ne (NAf»Q I) -.,If la rge'.dos,!, of.a cetomlno'phen ~r8

given to experlmentai a~lmals, the detpxilying pathways may become saiurated

,al lo.~l ng 'the re~~i';'e m~t~b~'lIIe' ~ 'c~~~ I~ ntlY: bind t~ nU~le~~hl~IC81l~'S of

.macrO'mol~~es'and ~u~e nec roSis (~oJdeus e! w.·, \9~8)" p 'otter ~t ~#,' (1~74)

, .

-. \

\."

;' ,; .. de;,,~nstrate<? ' that ~~~tan;lnoph9n-Induc9d t:'Elpatlc necrosl~ 'In ha~s~~rs cO~1d '

;.'00 p~event~d ,by pretrea ting1.~ma.ls W!th pl~~nyl butox~e, ,art,Jrihibilor of

the-eYtodvori, e P-4SOSy'stem, or InCrease toxicitY ·bY:}-methylchola~threne , an
.: - . ' .' ...._, .- \, '~ '. . , - - , ' -
I~d~ce r of t he c ytoc,hr0 rT\9 P.4~O '!I ~taboll zl ng system. Inde~d ,

. N.aCeiy~9in~: a sulfhydryl agent kn~n to bl nd~O ',t:!APQI, has been found 1#;. .

. , '" . " . - '. ' , - ' .
be bene~1 in the treatment of acetaminophe ':!toxiclty Inhumans (PIperno a~d

. , Bressenbrugge , 1976) " In ge...neral, the COVal~nl ~lndlng t'eo~ 'has :~ecomlJ
, . " · 1 . ' _ . . .

widely accepted as a . mechenlsm lor cel1ulartoxicity, ~
. - /
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1. 1~ 3, \OXld~t1V. st~.;S th~Ory , ~ . : . ...• . '; :

OX4 t,ve stress has~8n ~ef9.rred to ~s. toxicity re~u)ng from i,n l racel1~lar

o~l~ant J ormauon • Wh~.~h results In O Xldat~ve Chj ngef(to ' ~s~~ntla l.

m:~romol~le8 (RO ~~"e~..at , 1986)._This was .fi rst ;"hypot~esized to;ex plain '

•drug-Induced hemolysis In humans with deficient ,erythrocyte..-fevels of

'ilucose.~S-·PhoS~ehy~~~~enase. Antimal~ri ~1 ~rugs such as p~j'fiit)ulne . . .

capable of gen~ratl~g' , ac;,l~e ' ~xygen epecres, ''';''er~ developed -to ~ombat ,:

mar~rlal , : ln'fecli6n when ,It 'was fo'und· thai th'e malarial parasite: showed a ~

surp'rlsr~gfY high ~u~C8.pt!bliity to ox~ge'~ t'~x'lclty (Be~le,r; . ~ ~59}." Gi~athlo~e
, has '~ dl~~~ role'ill 'p~o.te~~ng r,~d bloOd_~II~ f~m·i:ll(l~atlv~,'~amage,•. b~t It 'rri~st

..; beInIts reduced erm (GSH): 'Normally,GSSG Is prevented from aCcumulating'
• , . - . • . ' , ' .. . . . . ' . . . !.Y . ' .,' • " " , . : . , ' ;'

~. redu~lon with NAOPH10 GSH,eat~yzedby gl~athlone redectase. Red

, cell.sde~e'~d on th'~ ~enlo~e' PhOsPhate 'Sh~nt to proVide,NADP~:'a~d s1n~ the '

·.p.alh~ay I~ ~ele~I I~~ in', 91~~S,e-6~.p~0~Phal·9 d~ hYdrOg~nase def icient

·e.ry1hrocy1es" Il)esecens arepronetotoxicity_by theailtimalarlal compounds.

'Themost l.mporta~ 9Kampte 01compou~ds, which are able t~' loim ~etIve
'. oxYge'n specle~ are ~~dOX ' cycl~rs , ~ud, as '~I~o nes: ' . l ~ 'the ~r8serte 0;

·~~le~le:r oxygen,' ~dU~ q~lnones ' are C~Pable ~, ~~nerat~g superoxlde

' r8dlc~IS '(0 2-) \ri~ red~<c;~llng between ~Uln,O~9' ~e~I~~ln~ ne ~dical 'a~d '
', hydroq.ulncine. FIgure 1.1 IJKempUfies thls\onfj·electron redudion 01a q~inon.e

(1 ,4.b~~,zo·qul.none) to,""S s'~mlqu'ln~n,e free r~~lcaland' h~dr~UI'none w;th

mOI~CUI", oxygen ~~ the OxldJzl' agent~' 7 sl~c9 m,ost seml~ulnone, ,~adlcals': ,
' reacl'rapld ly~ with ' rno l~cu iar ' oxygen to lo~m superoxlde (Palef and wiison ,

'.1973), the'~roC(j.ss· of 8~~~X I~~tlOn 01the s8,mlqulnOri9to the qulno.ne~n YI~~ ,

--

· ·· .li
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0.- + H2O.+ H+~ HO + O2 + HzO [oq.41 .

large quantities 0102; (KaPPus and 5Ies,' 1981). Hence. nostable reduction ' '. ,.':t;n...:"
products~~. lorm~ e~'Ce~ under ar,.aerobic conditl~ns. au"inone redox cydi~

. '.. ' . I ( ' .
can be catalyzed by a variety of lla voenzymes including NAO?H.cyl:ochrome

P· 450 reductase, NADH--cytochroi'Tle' b~ reduct ase and ' NAOH:UbiqUinone .'
. .' ~ ..' . ' ... • . .

oxidoreduct ase (lyana~ 1 and Yamazaki. 1970) ~r : d l r~ct ly . by Intracellular

electron carri_ers, .s~ch as ascorbate or glutath!One (Wefers arit Sias! 1983),

Th~ e~zymatl~ 'or 'spontan'eous d ls~utatlon:.O f O2: yields H20 2• 02· can then
" . " - ,' :' ..I': . ' r , ••' ;

react with H20 2 1n a proce.~ catalyzed by trace .metals (M) to .term hyc;lroxy'_

rad icals ('Ho.) (eq. ~ 4 1 'and '~I~'~ iet oXY~~ri ·( l O ~([eq . , 5],' (Beauchamp and
, " -', , ' .:; , ' , ' "",:- ', ' " ,': . ." . ' ;: ,., ; ,. ' .

Frl?OvlC~ 1970 y. T~ose: r~~~~~~s forml.~g,(HO.) ~n~'~2) a~~..I~ l u~trated beIOw:

. : ' .. " , . ' ". ,

02:+.M~1 .~ M~:of:~ [eq:.1 ..~"" ' .
. 0:z~ +0:2: +2H+ . -::'~ .H~~ +~ ' (eq~ 2J . ' : ' .

M~ '+ HA·~~-t: ' ~M'M'1 +HO .+H2' '[eq.3]'
..'- _J _~ _ '_:-_ ' .._ '.. -- " . ... ' - \~

. .0 2: +HAl~OH-.+ ~O: + '0 2 [~ 5l~

Since b~th (HO') 'and ('.02) .ai-e strOngr~X~IZln~~g8nts, theY.,are probab~th8 ;
, ctie~l~l ~pede$ respcnslbla for oXld8t;v~.~r~ss 'Induc~d enZY'!1e . l na6tl~atlon ; .
I:Pld pe~'ldallon llOd,DNA Sl~nd br.akag~ (Halliwell and ~utt.ridg.e; 19861, J'

~. .

~"
~"

~t:,:1.": ,:~,:;.:~"""..~;z,;.,.,:•...J b •. :.:.tt."i. ,...~,:.>~~,;..: . ;~. ' t. ,

" .\
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'1. 2. 1 Intr9dUGtIO." \ \ __

The ~lv9r p!ays a major role In )(8n0610tlc. metabolslm mBlnlybecause 01. ,

two Charaet~~stiCS . One, because' of its b!ood SU~PIY I the liver tends to reC9lv~ 'i
f .. ., . I · . . .

. hl~.her,~ncentration5,~f,~~~,ObI0I1CS thando .m~st \mh9.r or~.a~8 a~dse~ondly II

Is"" major site 0.' e;:tru.g.m~ta~?IfZ~ng"enzymes' .Eiruer ,studfes,Sh~W~d th~t th~

ev~~ts :of xeno~.rOUC~lnd~cedtoxICIIY I." ISO,lat~~ . ~eratocyt~~ t~,~.d , to cccur.ln.e

" sl~ilar seq~ence , to those obseryed during the ,~eve,lop~e~t: of:hepatotoxicIty ,In

::' vivo, sugge~lng lhatisolated~e~atocytes ~n as '~ hseful~Oder:for the st~ciy 01 .;

'in V/~ hepato19x;Clty" (Fry~~d' Bridges',,'1979).' As'kres~lt; hepatoc~es 'b~t~·ln !
. .. .. . . I · .. ... . . ~ .

suspension and lr rcuhure have recently,been ext~ns!vely used- for. xenoblotlc
. ' , . I ·

• m9ta~?ns~ st,udles. . ' ,. ', . 1.. \ :.-
. Earlyattemptsto Isolatehepatocytes witnessed the uee.ct mechanical terce

and 'subsequently, pe~usl~n'ol '~h9uvefwlih ca2Ja~~+ c~e lat~rs ~ These.
. \ . . ... . : . . \ . . .......

m;hods ho~ever, were unsucce,ssfutInobtainln ,g v1abl~cerrs In hIgh Yi~I~S

(Jacob'snd Bharava, t962). RobbeU In,1964 then demonstrated the lsclatlcn :

of 'fat C~II~ ' by' digestl~g , adlPOs~ tl~sue wilh' a ~ollag enSSe/~yaIUrOn ldase
m'xt~·. FOIlOWI~ this,' Ho'ward'a~d . Pesch (1968»)describedthe Isolationof

viable adult rat hepato.~ytes .by digestion i of liver SIlCes;-;m,

coliagenas,on;yaluronlde;o. .S;;ry ondFriond(1969) Improved this mel'h.OO.d~ . bbV~
Introducing a liver p.erfuSlon,technlque using Jhl~ anzyme mixture. .1,ha

perfusion method nas eeen ,~·odl~ed· bY, varl,o~s ~O~;B to suit ~pecI~c goals.

\,: The ~ei::h~lque, ~s8cnn .the; pres~ri(s~u.d~ ~as introd~Ced by MoldausO 978),

, .

· 1

, .~

1. 2 Rat Hepatocyt•• Toxlcology

i ,
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, ' fH~ , " ,', -
HO=H.c H,-eH, .cO-NH-CH-CQ-NH-CH ,-COOH

, ". " , . ' , , -
CH,-SH

.'t ..glutamYlcystelnYI~Cine

..J 1. 2.- 2. '1 . Glutathione ' ~

T~I~ nU,Cle,Ophlnc trlpeptl~e . found In a~.t1ssues may be_ CO~jUgaled 'w ~t.h ' :

. many types of xen db!otlcs . S~bstrates for this rs ad lon must 'possess an

. The hepat~e : has.several mechanisms to rid the cell of toxicants and of

l~~se. ,conj~~atl~n;:Wlth ''GS~ .Is prO~ably the most 1 "'!P~ri~t" .GSH' Is a

tr1ps-ptlde 01glufarril c 8cld ,"cysteine and - g ly~ne with the fo llowing' structure:
" ~ ~ '

~ - .
a~ comprises'of a1wo .step perf~sion method Invo lving perfusion of the liver . ~

! . . . ..
~h a Ca2· ·chelatlng so lution first, followed by. a conecenaee mixture

~'ntalnlng C,ffZ.+. Theresult Is a homogen~s suspens ion of parenchy"

, cr"s with Ii"~e ~ntamlnati02 o.~ other cell typ.es. .The ~araderistlcs 01 the

freshly-Isolated cells ar~.described in table 1.1.

. .... Freshly ISQ I.a~ed hepa tocyt{Js in suspension. w hile remaining vlab.le for

/onl)' llppro;!m,a,ts',IY '1.0 . ho~rs·r ·h~~e . ·t~e. adva~tage o f n:rta~nlng their· .

~ IphysiologIcal characte ristics (Moldeus et al.• 1978 ) Cultures of viab le

J
hepatocytes lend to lose cenaln specialized funct ions as the cu lture time

I ncre~ses. I '! he P'";,SSlblllty O! tra~Sformatl~n afte~ dl~ISlpn may also maj(~
cultured hepatocytes unsuitab le a~ a model for III vivo hepatotoxICIty studies.. , -

- . . . . . ~

• 1. 2. 1 Cellular Defense System, -

. ,', . ,



1.1 Characteristicsof frellhly. Isolated
hepatocyte!. .

.. 90"0 '

.. 2 - 4x107 cells/g ' liver..:~"

~:,
Trypan Blue ' exclusion

'Recovery

, 50 nmol/10 6 cells

' ··d.8

0.2)- '

, 20 nmol/10 6 cells

, 12 nmol/106 c~l1s per min

.. 0.25 nmol/10a cells \\

J.. < 5%

Moldeus at al.,1978

Cytoch,'!\"" P-450

Cells .with biebs

ATP ,

02-' consumption .,(\ ,

NADPHJ(NADP+ + NADPH)

NADH/(NAD+ ; NADH)

Glutathione

-- '.
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,
e lectroph l1lc cent re whic h binds covalently with t he nuc leophili c sulfur of th~

,cy stelny l group of the t h e ~SH to y ie ld a conjugate . The format ion of

g lut:'-thlone S-conJuoa\es can occur eithe.r dlrect ly or catalyzed b y glutath ione

S :t r8J)ilerases. a group of cytoso llc enzy mes wit h broad su b.strate speeifiq ti8S•

(Ja kob:t and Hab Ig , 198 0 ). The 'conj ugale th e n unde;goes remov e r 01 "

g lutamate and glycln~ fOllowed by 'acl;ltyletlon to yield m e rcepturtc acid . The

a bility of aSH to d irectly reduce fr ee radicals with the cOn comita nt fdrmation of

th lyl redtcats ~nd aS SG has b~8~ specuia~ed , ho~ever, the eXle~t 10whic h this
0/1. • • • ".' " "

re action occurs In viIIoIs stil i unk nown.

A~n~ with co'~uga~'o'n ,wllh !1l~ny t~l.~ ~oleCuI"s. or m elaboli'tes prOduC:~
8 S '~ - re s~ 1I of P hase I drug .metebc nem, ' GSH ' I~ also Iiw olved i n ;he'

~9I(j~ncatlon :01hyclroperox~~s (O'B rI~en: 19~) . H~drOperoxlWJ S are powerful .:

o xldlzlng agent~ , a oo'ean 'o xldlze"compo unds cont~nloQ SHg~ups, as'can the

' f ree radlca~ form ed ciJr1 n~ hydrbperoxid~ d,:g',ad ation (d iS.!JSS~d laler). ~SH ..

ha s bien 'Shown !o Piey an Important ro le In the ~~8CtIOn 'of~""s trom t hese:

peroxides byact ing as th~ ccrectc r for the enzym e gMath ione peroxlclase . This

re suItS· ln :the conve~o" oUh~ '~rox ide 10 H20 or alco~OI ~nd 'of OSH 10_.

O SSG. SInCe a ccu mula ti on of GSSG Is 'Cytoto xlc, ce ll s hav~ developed a ·

me chanlsfn to e~rude the d isulfide ffom.the~II a n dtor i~ reduCe" it back to GSH... _. .. ' " " .. '"

w ith I.he a id of the. ~nzym~. g lu~ath~one red~s~ and ,NAbPI! "

. .Becaus e of the efflux 0',GSSGand .G~-eonJugate during oxidat ive s~l'9ss an~

~ovalent 'blnding , the ' ability of the -ceu to re synthesIze aSH may' ,be .:

.compro~'1i~ad by a lackof substrate. As a result, to~c1ty is found to ensue after '· .

OS H de'Pleuon by xeno~lotl~, S ince the ~upp!y 01o/st~ I ':l 8 app e ars to be Ih~ .. .

, ~at8.llmitlng ,step In hepa tlc 'glutalhlorie 'synlliesl s, adm;~lstration ~, cy steine

• pre o.n:ors· !rkeme.t.hio~ine or;N-a~~st~lne m ay ~~et cells f rom O~I~UY8

., '

\

\~
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stress and be of ben~ fit in the treatment o f acetami nophen~~O)llclty (Piperno -and

Br essenbru egge. 1976j. H e nce GSH serv es a prc t ecuve fu nction against both

o x idative -stess and 9 (9ctroPhI1iC '~;;aCk by reaC~ I V~ rnt ermec netee dU rlng

xenctsc nc metabol ism.
. . .

.. ~ I , .
1 . 2. 2. 2 Superoxlde dlsmutaser

. Supe roxlde dlsmutase (SOD) Is Iha~i rst line of deiense ~gaInS~ 'superOxlde•.

ra dicals (0 2'-.), S <?D. ~at~.Iyzes the ~~~ propo rtlonatlon ,or .dtemutetlc n of .

s u peroxtce by t~B followi ng equation:

:,· : If'·
,... ~ "' } ' .

In he~tocytes:there are two types?' SOD: !he CulZ o -contafnlng enz yme

,lo c ated In ..the cyt oso l, and th's Mn -contalnlng.enzyme fo und m ostly'ln the

mi tochondria (Weisiger and Fridovl ch, 197 2).

1 . 2.2. : .call~.. . ... . . .
", Catal~s9t\fs _pre~9nt .ln a lmost' all memmeuan cells .end is' rn,ostly "

co mpartm e ntalized In pero x lsomes . Its main function Is the removal 01 H20 2

trc rn the.c all via: the loirowing reacti on:

" ' Cat~ lase is ' 8 conjugated protein,w ith proto~aemat l rfas It s prosthe Vc ,

' gro up. .An ~nusual char~cterlSllC u"nlque c:>' catala se whlc 'h differs from other

°hi'ematln de rvenve sJe that 'll cannot be -reduc e d ·even by su ch powerful
'..:...- J:I , •
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reducing agents as sodium.hyposulfite. Catalytic decomposition of hydrogep

peroxide eccurs when iron Is In the ferric form. Hepatocytes 'deficient in

cataiase activity ~ay bJ obtained by trealing the cells with so.dlum azide. This

. res~i lS In the formaflon of an aZide.j:ataliis~ complex which can be reduced 10 fie

, : . .. . . .
the ferrous form by HzOz• rende~ng Ire catalase InC\,ctive (Keilin an9 Hartree,

1945). . . ' . . ' . ,,- . ...

1. 2. 2. 4 'G1ut8t~ l o n e peroxIdase

Glutathione P~;,~xldase tGSH-Px) cat~IYZeS .the t1rea~_down 01 hydrog,9Jl.

per~Xld,e and .O!g~lC hy~ro~eroxl~es(R-OOHI by the IO~OwinQ. equations (Ut1le

and O'Brien, 1968>=- . ' . •

> GSSG~~ ·GSH-exHOOH + 2GSH

AOOH ·+ 2GSH .~ GSSG_ + HzO + ROH

I
.Essentlal t~ the actlcn of GSH;P~ oh~ftYdroperox~deslsth~ le.vel of GSH

" . "

whlc~ Is ma1r:'talned by de !'l0va synthesis of GSH a: weir as by the reduction of

GSSG to GSH with NAOPH. The latter reduetio'O is catalYsedby glutathione

.~eductase~' an e~zy~e')ound: 'tn t~'e 'cytosol ~nd mltoch~ndrla. . NAOP+'jS ~
maintained In ,Its,rediiced,form by glucose.6-phosph~te denYdr.ogenas~ of the

' . . 'peht~s~ phosphate pathw
7a;

I lsecltrate dehydrogenase'and .other . enzy~ei" of

the" Kr~b~. CYC{~(R~eq. 1986; Eggle~tonand K-iebs~ ~9~4l. The caialytr~ ~it~. Of ~ '
GSH·P~ cOntainsselenocyetetne (Forstromat at.. 1978) and its activity c~ri .vary
with ~theamou.nt of se'len/urn In the drat (Coom&sand toombs, 1984). ' G SH~Px

." • ' . . "' J" .

acts Ir rccncert with catalas~ . to/a.mova H202. but ~as a muchlower Kr:n for

'\
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H20 2 than catalase. Therefore. ~t hIgh GSH and rel:t l\l~ly low peroxide levets .:

H20 2 Is decomposed by GSH-Px taster than by catalase (Jones et at, 1981).

1. 2, 2. 5 Vitamins E and 'A

Vitamin E is a one-electrond6nor. The hydroxyl group olthe benzene ringof

vitamin € (vil ·E-OH) acts as a reductant, upon oxidlsed with tree radicals, and

~ gener ates a vita~inE free r adica; (vit-E·O.):

:; ' ROO" + vit·E -QH -> R·OO~ + vit-E:O. ..-.

The result,lng-'vitamln.E radical.may then bereducedback to vitamin I; by

po!~r dO~O~ such,'as ascorbic acid (AH2)} PaCker etal., 1979),andf~r GSH: .

..' vit:E.Q. + AH2~~ AH·' + vit-E·OH .

vi\t,E-?' ~ ~SH ....:....:....> as· + vit·E·OH

. ~

i. :~.

. The reSUlting vitamJ C .radiCaI IS in turn errzym atkauy requcec back to

vit~~in C by NADH-dependent systems. while the glutathl~ne fre~ radicals lorm

GSSG which can then be reduced back to ~SH by glutathione reductase,

The antlcxidant'actlvi!y shown by carotenoids (vitamin A) has been related to

- their capacity tc quench oxlda'nt species such as singlet. molecular oxyge"

",(Foote and Denny, 1968). Apparently. cis-carotene reacts with 102, yielding an

excited carotenoid which subsequently dispe rses Its' en~rgy by ' revef~lble. .'

lsome.ii zation to trans-carotene. .This characteristic inherent of -cerctene Is the

.basis 'or its' protective role agalnst 'damage lnltlaled by,visible light, as well as

its poSSible' ~;~-iA the treat~.ent of certa in photosen'~llive diseases (ca~e'nas ,..
'. '., : ~ . ~ ' ,- : ," .:., .
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----.
· 1985). It has been sugggested .t"'at dietary -carotene could be prot~etiv4

~gain~t cancer.~evelopment (cecenes. 1985).

1. 3 Role"of c~lIular Ca2+. homeo'Stasls ~ n toxi cology . .

The Intmceilular Co~fJtraii(J n of Ca2+ plays a m'*r role In iHe regulaHon 01
," . " .

lnle~s well at'motJleand.secretory cell fUhcllons (Dvncan, 1~7er As

IIlustrateCl. in 'fig. 1.2, its ccncentratioq in the cytcsct is rigorously cOntrolled by

active C.9:mpartmentatlo~ Int? the endop~asmic fetlcU1um and mitochondria,

"extrusion bythe plasma membr?n~ and by .calcl~m bl~lng 10s?e,c11IC~rOlelns

Including calmodu lin (Carata1i, 1987) .' .. Mitochondrial Ca2+ homeosta sts Is .
reg~r~ 6~ fJ ~cl i'c· liIechanlsm -~VOfVl ng · ca2.~ up~ake by ' ~n e leCt_~gen lc

.rutheniu m-red e nsl~lv9 . u ni P~rter .and :~a2+ ;e le~~~ , ·iW~ I~h . Is- ;~ro~bly
mediated by -a Ca /H+ ennpcrte r. : The latte"i' appeerate be regu l~te<:f by the ' •

': redox IeV~lot . ln~,f6mit • ndrial pyiid in~ , ,!~eotld~s (Le~ning9r ~t ~ i~·. 1 978)~

• alth~U~ a .recent SIU~ . has shown th~t .t~ lol ~ ni~". ~e ImPo~~nt In

modulatlng mitochondl1al ca2+.transport {DiMonte et at. t;rL,. In addltic n,J.
· exlsle nce of a Ca2+/Na+ ani it;c; rte~ ~;y "alsO contr1buie to. <::a2+ efflux i ~ IIVQf ..

mltochoOdrf~. The aCtive transport ct calcium 10~S~ through . ~he e ndopl~;mlc

, reti cu lum and plasma membrane is me·dlated . by C-a2+-st l mu lat ed "

Mg2+-dependent ATPase~ ~hl~h both ~ppear to d~pend on . free" sulfhydry l

groups for aetlVl1y(Moore et at, 1975). . . ~
A.ecsntly,.a role tor cyt~soHc:lon ized calcium'as a mediator Incell lnj~ry" has

been "suggested. D~g.Jnd~ced hepatocyte "toxlcity has been 's"ssohtated with
I · ' " . , . " " 1" 1 "," " .. . "

an Increase In"cytoscllc Ca2~ concen tration. which appears to Involve the '

·moblUzatlon of Inl';'ce ll~lar Ca" store. as well ~s Inl lux of extracallular Ca2. I

(~,~IJomo .and ·6rr~n IU.S. 1~). " T~"e " ~~ctm~iS~(s'~ ~y-.which.:t0~OIiC Ca2+

'" ~ ' " ' . ' " "" -..,

:;:

r ;~
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.
F.lgure 1.2 Regulation of intracellular calcium

._-~ . ..

... . . : . .. "-
. . -

. .. ~ .

Nicotera: p:and' o~r~jUs. s.. (1987) .
~

.' ...
:, ..

~ .... • ' i.." ••. ' • • -.<
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. , .

.mediato'- t~xJC coli !J 'IY.may.involvo intoraetiOn"vffl~ ca.;~li~. cytcsko'otal

components such B:~ln and tubunn and activation 01 hydrolytic enzymes

such as 'pnosphcnpases and proteases (Nicotera and Orrenius. 1987). Hence.

these events may represent an'e!rty andccmrron step In drug-inducedtoxicity.

2.4 Alms

' .

("

The _major objective of this thesis is to determine the importance of

al~~n and O;lda~l~e .st ~e~s fn th'~ ~~~~~itY Of, ~e.~Obl,~~I.CS 'uS i~g isolat~d rat

hepatccytesbothas thlYmetabollzlng system and1arget.ceus..

. chenilcal.lndUC~d tlssue Injury has been sugge~t8d 10' occur ,through

-BlkyJatlon'-~nd ~xldative st;ess: However, the reratlve 'Conl~butlo ns of~~Ch of
. ' _ : .". -' , ". , ".. . , . . .

these mechanlsms 'ln Induclng cytotoxlciW are 'stili being de~,ted. .The majcr :

part' of th;s ~tudY' I~ . to cha~~ertz8 the' bi~chemlcal mech~'ri~~s ;e~~lng ~o
t~xlcliy When\ISO I~ted h e'~atocYt8't '~re expos~ to compo~ n~s' ~hICh : "

. th~oretJ,~ly a~e go'~'~ndid~s"for·leth;r 'c:"~tf~n or ~xkfatlve .~~e5s. ....

-. . In the present ~udy. the"'elteds 01 dlazlquone and acrolein exposure 'to

Isolated rat 'h~pat~cyte~ will be present~~ In order ~o m~;strate the 'parallels .

.- betw~en ' t~e eft8'd~ ~i':th~5e two'agen'ts In .th~ devel~p~ent .oJ , ;;ftotox·icl~ '
. ' ' . . \ . . . - .
(f1g~ r~ 1.3 ShOW~ their s~ru.ctu red , ' p Dlzlquone' is :a benzoquinon.e. ~h~Ch . ,

theoretically can u~dergo redO~CHng ' via the aCtivated semiquinone, and .
. , , . ,r. .. , . . .. _.. .. . , ' . ,

acrole!r"Is the reponed reactive-Intermediate In the metabolism,ofallyJalcohol. .

'. Alterations 1MCB2+~omeosia~ls hav~ bean Sugg~sted~to be Critf~BI 'in the.:

Inlt,latloR of lrreversibleche~I~I.lnQllCed Inj~;y . , ,The other part ci" this the~i.s ~ . .

.. ;~cu.ses on the ·Sb.llity..ot 'the tw~-mcdel com. pounds '10 d iS~P~ ~eIlU lar , Ca. 2+ :: ~ " ~/)~
. ·homoostosls. To o~mpliSh thlS.~:lat.d rat lI~or miiOchondrio~oro used to .C • '/( /

•. .;." .;.b;;'"" ;~.....~.. ... ..• ...;j
~'f : :. '.: \ .,'.•. .............c•. •.. .·.,•..t-• •..,.••••••..• .•...•••~ ~. ~., ;-.,•••.': .._'.•,...•._..,;.._.•;.•. ••••.•.•.~~,.;.•.~••~•.."....... ~ " ' "U~~:'~;>;'..!~,i·.~:.iii.::.}.:,'>.~-,1 ;;."::"D: .• . .' ",---..; ~ .... ' »a s; ::...<~::~~'. ~;~::'-~ jL~~l:'..:..:z·;_~: \:i'li·::.:i :~~t
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