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B ABSTRACT | e

“Acrolein may be' a_causative. agent of. hepatic netrosls-during the °

bimransk;rrﬁation of allyl alcbho]. ‘It has also been lmpl)égtsd In hemorhagic

cysmls of the. bladder induced by the anti agaht ] 4 . The
. mechamsm 6f cytotoxicity is believed lo |nvolva DNA and proleln alkylallon oo
AZQ, 2,5-dliazifiny-3,6:57 ine)-1,4 one, 182 lipid-
- soluj:l'e antitumor agent lhat b

successfully completed Phase. Il drug lrlals

The ism- of oy ici _\ls‘ believed to involve DNA cross-nnklng

; Huwevev the 1ollowmg evndence using lsolated hepamcyles suggas;s (nat the .

cyto(oxmny may lnvolv;:ﬁdatlva stress. Isolated rat hapa(ocyles were preparad‘ d

‘and mcubated wnh acroleln or AZQ

1 Hepamcyta cytotoxicity lnducad by acmlaln ensued 10|Icw|ng deplétion” et
of cellular GSH. No GSSG wasformed.”. Ghetn? <1

t
X 2. The addition of the reducing agent DTT to’ hepa(ocytss prelncubated
- with acrolem prsvemsu cy!omxu:lr—\ .

3.\ ialdehyde, ‘a-lipid peroxidation metaboli was formed during’ -

either acrolein or allyl:aleohol incy “ wm-n p

4. Although maJondnaIdehyds formannq could be prsven(ed by the -
presence of anlluxndants -and desferrioxamine m Ng,ugz)‘atucyta incubate,
. cytotoxicity was only delayea £ " ' «. 3
5. The xamhlne oxidase Inh:buur allopunnol did"not Inhlbl( acroleTn .
induced ||pld peroxrdanon or prnlé‘bt against cytotoxicity. d

. Acroleln readily induced ca2* release by lsolated ‘energized

. mltochundrla lntramnochondnal NAD(P)H was not affected Indicating tha'/”

" ‘xidafive stress was: nof lnyalved. The reducing.agent DTT could prevent the




N,

.

L4 ralaase A reversible alkylation of proteins involved in Caz* release could be
memechanlsm Involved. - - - s N R

Thasa results suggtm two- mechanisms. of cytotoxicity induced i:y

—. acrolein. - "One” InvoMng llpld peroxldaﬂon and another. slowsr mechanlsm :

~ Involving alkylation. - ¢ g
" BIAZQ : ’ ' ' s . e
1. Hepatocyte cytotoxicity induced by AZQ ensued following depletion of
GSH. JEhm o P .
o f B Inqubatlon of AZQ with isolated rat hepatocytes sllmula!ed cyanids- :
roslstam Iration and st  oxidized GSH to GSSG.” The GSSG
levels remalned high, as GSSG was nat reduced back to GSH Thls was |ound

‘to be the result of * reverslbla’“macllvauon of GSSG reductase
3. No-malondialdehyde wasvormed e :

4. Ifthe hepa:ocylas were oompmmlsed wlth azlde t6 'Inhlbn mta;ase. g

cytotoxld'ywas increased 1o-fold* - 2 . 2

/ .. 5. AZQ readily Induced Ca2+ rsleasa by isolated

" the release. Hzoz.hrmnd by redox cycling may therefore cause mitochondrial
‘Ca¥* release. :

Lt Thase results suggest thax under aarobic eondhlons AZQ partk:apms in

futile redox cycllng ‘and oxygen activation. The' H,oz lorrned may madiats cell

dsam in oompmmlsad cells.

the it olAZQandcatalasaAalayed,”k




AbStract de-vennaes
List of Tables....
List of. Abbreviations...
Li¥t of Figures
l‘\LckQ\ow"l edgémer[cs

g INTHODUCTION » S § FEEE o
8y Xenoblollc Melabollsm (‘ i ] o
= g c nU 1.1 Introductien i T x 1
. © 2, Covalent bmdmgtn‘aory fim Ny ; . 2
. 1,3 Oxidative strsssthe\ory ’ 4 -
: i :
* . 1. 2. . Rat Hepatocyte T_oxlcology |
' 1, 2 1 4ntroductlon 2 ¥
122 Cellulardetanse / E 5 N
2201 Glu:qtmone\ 0 8
. 1.2.2 2 . Superoxide dismutase 1 9' ;
" 1.2.2.3" Catalase |- 2 L i )
1,224, Gluta(hlons peroxidase -—§_, 12
1.2.2.5 Vltam[nsAandE . \3\
.8 ‘HeleofCﬂJJularCaZ"‘Homsostasls S SN

B e f !

\».14: A.K‘s PR, 2 oo ok




2. MATERIALS AND METHODS -

2.1 Materials

2.1 1 Chemicals
. 2- Gifts

2.2 Methods Related to Hepatocyte Studies

2.2.1 F of isolated rat he
A 2.2.1.1 . Isolation of hspatocytes
o202 s Incuba&lon of hapalocy'as
St e '2: 1.3 Dslarmmallun of viability -

.

3. 2. 2" Determination ofglulathlons (GSH) and
-ttt g = _axldlzed 2 (GSSG).in

2.2°3 ’Delermmatlon of malondlaldehyde (MDA) in :
hepalocyles .

. 2. 2. 4 Preparation of _sub;:oilular iracﬂuns
% © 2,241 Preparation of liver micjosomes,

= .+ . “¥ytosolic fraction and S9 fraction -
' m rats §

2.2.5 D c of oxygen ion by )

" hepatocytes and microsomes -~ *«

226 'Enzyrhe assays »
' 2.2. 6.1 Determination of alcohol

" w -dehydrogenase acfivity
2, 2,'6. 2 " Determination of aldehyde.
) . < dehydrogenase activity .
= 2.2. 6.8 Determination.of glutathions

reductase activity .

i




2.3 Methods related to mitochondria Caar* homeoétasis C o e
2. a.b1 " Preparation ofrat iver. mi ' T
% © 2.3, 1.1 lsolation ofmltccnondrla . 27
2) 3.1.2  Incubation of mltochcndrla, T 27
"2..3. 2. Determination of Ca?+ fluxes from ! i
mitochondria ! - T 28 -
I =
233 Da(ermmauononransmstnbrane potential
- of mltocl{mndrla T T 28
\ .
. Ca
2. 3 4 Datarmmqllonoi redox status cipyrldlne s
nucleotides NAD(P)H, NAD(P)] in ;
4 isolated mncéﬁondna J .ot . 29 '\
S 2.4 stdtiétlca! analysls -"‘ i § . 29
=B = . | 3 -
' 3. ACROLEWSTUDY . - | :
. i . . -
. kY e =
™ 3.1 _Introdyction” J : ‘30
- 8.2 Results i v 33 -
3 3 *
| 3. 2.1 Hepatocyte studiés .
[ 3. 2. 1.1 _ Effects ohcroleln on the viability of .
,f % d vlso\atadra hapa\ocytes : - T
.;' 3.2.1.2 Effects ofscrolam on cellular. GSH &
/ ’ levels \ .36
/ 2.'1. 3 . Effects of thiol agamsnn acrolein-

3. .
: indudedcy(_otokiclﬁy - B 36




3.214

L P

]3. 2.1.5

-

. 3221
N k 3,222

8. 3. Discussion :
' - .

4.1 In!rnd'ucli@g\

“ 4. AZQSTUDY -

Effects of anmmdams and
desferrioxamine on allyl alcohol
and acrolein-induced cyw(oxncny
inisolated hepatocytes

Effects of allopunnol-gn hapatocyte ! \ 2 s
cytotoxicity induced by allyl ' ! .
alcohol op acypleip * . 43

. -

3.2. 2 Mitochondrial a2+’ study | - 1
: Effect of actoleifi on Ca2+ hogeostasiy - e ¢l
of isolated -rat Ilver mltochondna ¥ -
The effect of thiol agents on mno- S v 8
chondrial Ca2+ homeostasrs | B0 :

L
52.
. N .
¢ e L
1.
- - \

4.2 Results 63
\‘ 2 -—
| 42,1 Hepatocyte studies ): B g e,
N “ " 4.2 1.1 -Effects of AZQ on the vigbiity of isolated
. . ', “fat hepatocytes . 63
Eo . 2.1.2 Indugtion of oxygen uptake by AZQ 63 | :
L .-2.1. 3 " Effects of AZQ on GSH/GSSG levels in i ;
o s ——Isolatedathepatoéytes - - ' - 66—
42, 1. 4 *Effect of catalase inhibition of .
: } A AZQ-induced hepatocyte cytotoxicity 66 "
g ; ' 421, 5 - Effectof AZQ on GSH recovery after ;

hepatocyte GSHroxidation by H,0, S



4. 2.2 Mitothondrial study
~4.2, 2.1  Effect of AZQ oniisolated rat liver
*: mitochondrial Ca2* omeostasis -

: -
4.3 Discussion A

5. Summary and’conclusions’

6. Heferinces ‘ 6 g %5
o / )

76

80

84

88




LIST OF ABBREVIATIONS -

ADH . alcohol dehydrogénase B

ALIJ_H -,  aldehyde dehydrogenasg .
AU . absorbance units
AZQ i o 2,5-diaziidinyl-3,6-bis
o)-1f-ber )
BHA . butylated hydrcxyt.anlsola < N
DMSO . dimethylsulfoxide - .~
_EDTA . e(hylengdiamlvnetetr;acq(ic acid £
e B v/'\dl‘soddmsa.;l*'_. .
“eatA .. | 7 \athyleneglycol-bis-(@-aminoethyl ether)
S .' y M,N;N’;N"tetraacetic acid
. GsH s glutathione
GSSG ) @S Z glula{h]ohe disulfide A:
<HPLC : é high prassdre liquid chromatography
Lazaroid U-74500A " 21-[4»(‘;4,S—bls(die(hylamino)-z-
. . pyridlnyl)-1-plp;arazinyl]-16u- S
N - .methylpregna-1,4,9(11)triene- '
. .- 3,20-dione hydrocholoride
MDA ) Q[\,\ " malondialdehyde
NADH ™ reduced nicotinamide adenine
N T . dinucleotide" - ;
NAD Pﬂ = reducadmlootlnamldé adenine.
L . . dinuclectide phosphate
oo ) optical density
N, . T A e

/




.

Table

Taple 1.1

Table 3.1

- Table -4.1

Table 4.2

. Table 4.3

&

Table 4.4

Table 4.5

\

" Table 3.2 _

»

a

. Characteridtics of freshly, isolated hepatocyte,s‘ B -

The effect of cyanamids, dlsulhram and &thacrynic acid on -

TR

ytotoxi ', in |sqlatsd rat hepato vt

oy \

Protection of acrolei

mctoxicity by desférrioxéminé;.BHA ar;d' Lazarold V-74§060A‘ g

by DMSO and i o S
AzZQ i icity in isolated rat hepatocy .
AzZQ i “6kygen activation with liver

[Tsolated hepatocytes and aséprba!e /'n

Cytotoxicity induced by AZQ in catalase inacﬁ\ia_led isolated
hepatocytes “

. Effect of AZO on glula!hlons reduclase acllvny in rat,< P

hver cytoso! I

H,0 ,:induced cylotoxici(.y in AZQ treated isolated’
hepatocytes

Protectmn of acrolsin’ and aIIyl alcohol Induced hepamcyte




se 2 E ‘Figure 1.1-.

1.2

T4
Figure 1.3

"Figure 2:1

W - Flgure. 3.1,

o Figure 3.3
. K i

.Figure 3.4

VoL e ‘
Figure 3.5 - Potentigtion of allyl alcohdtinduced GSH dspletlon by
cyanamide.in |salated rat hapatocyles 4 %
. L . :
- ) Flgure 3. s JPmlectmn of acrnlam-lrgiuced hepatocyte toxlcny by thiol.

' Proposed mechanism of acrolein cytotoxicity

- of allyl alcohol-induced h
- by cyanamide *

LIST OF FIGURES

One elecjron raduction of 1,4%benzoquinone

_ Mechanisms of regulation of cytosolic Ca2+ concentration in

hepatocytes - . .

Structures of diaziquone and‘ acrolein

Perfusion apparatus ' i
o~

B e % ' )
The .effect of dcrolein on.the viability :of isolated rat
; -

hepatocytes’ <

reagems .o B



Figure 3.7 Sequence of events of mﬁochondrial Ca2+ release (A),
‘transmembrane potential (B) and NAD(P)H oxidation (C)
Figure 3.8( F iation of ‘acrolein-induced mi al Ca* releass
by ethacrynic acid and cyanamide X B Tl
Figure 3.9 [ Effect of c eitol (DTT), (GSH) and
1
N-acetylcysteine son Ca2* uptake and retention in acrolein
‘treated mj!ochoridria -
- -
Figure 3.10 -Formation of acrolein-DNA adduct . - e
F‘,Iguu 41 " Possible mechanisms of AZQ induced cytotoxicity L
w78 D 2 . 4
i B J .
Figure ‘4.2 GSH depletion (A) and GSSG formation (B) induced by AZQ
in isolated hepatocytes .
Figure 4.3 H,0,-induced changes in hepatocyte GSH/GSSG levels
. ~ ) "
Figure 4.4 AZQ prevents GSH recovery after H,0,-induced GSH
" depletion < = -
: ; « s
Figure 4.5 Sequence of events of mitochondrial Ca?* release (A) and-
: » transmembrane potential (B) VO o =
“ o B
Figure 4.6 Potentiation of AZQ:inducsd mitochondrial Ca2* release by

ascorbate

’-




xiii
& . \
* ACKNOWLEDGEMENTS

= '

I'wish to express my sincere thanks to

- Dr. Pater J. O'Brien, my supervisor, for his great enthusiasm, suppoftand -
gverall supervision of my ‘work. . ] ~

> Dr. Anver Rahimtula, the person whe introduced me to research, for his Fz
initial snoouragemam and guldance

- Dr. Larry McGirr for his constam assistance and healthy dlscusslons

- My co-worksrs Lulsa Rossl Greg Moore, Mesuma Hahlmtula, Véronlqua// . G
Lauriault, Hnri Kaul, Sam. Jatoe and Paul Waltars, % o 5 ;

| g /
& Close lrlends A'llson Msnard and Ken Chastkavico, for maklng my slay In “o
Tomnlo very pleasam . 2 ¥

S szme Won“m her devotion an @ence in typing this thesis. ”

- My parents, lonhslr constant support durlng my wom * =

- v =




. o 3 CHAPTER 1

v ) Introduction - i |

o ¢
1.1 Xenoblotic Metabolism : o .

1. 1. 1 Introduction

2 “Over the last two centuries, mankind ;éspent an increasing amount of
N in the mént of emicals in order to benefit his sxlslancg. ’
% These- products range from' ind i to phar Is to
i \ ;_ - o the- wi ust; of y In our envlronment.

the human body is continuously axpused to a wrde range of subs!ancas whlcn N

loYelgn compounds (Mason et al.; 1985). As a result, the body has déveldped .

\

machanlsms to axcreta these 1ora|gn campounds ln order to-prevent their !axlc
effect. The major routas for excretion is into the ,urine .and blle the lungs;
.y salivary glands, nails and hair are other minor axcratovy royl\es (Briggs and
Briggs, 197:1). )

; 3 b 4
being excreted have to be water soluble. Because the majority of chemicals

ped the ¢ lity to I most stics into different
molecular structures. These are usually mord polar water-soluble derivatives of

which rapid excretlon Is favored, This concspt of xenoblo(lc matabollsm has led .

bt 3 )
two phases, namely "Phase | in which new functi groups-are

into -the

and "Phase Il metabolism* or

. o b \ are not.natural _of the body, ly termed o S of .

Since excretion requl}es transportation via' body fluids, the compoilnds '

that get aocasé to the body are nonpolar lipid-soluble substances, mé body has

to the now well ¢ theory that < are i in




: (rans(ovmatlon may produca an |hcraase in toxic metaboﬂles resulzmg m\‘

: chemleel Induced llssua injury. Two wovklng hypothases for.chemical Induced:

0.

. ;
. Phase | oli camprlse‘s.oxlda(iops, reductions and”
hydrblysls which generally results in the introduction of smalffunctional groups
siich as hydroxyl, carboxyl, amina r thiol into the parent 'c"qmpodnd (Parke,

. 1978). This results in a slightly more water—sélublé metabolite than the parent .

I il Phase 1l m i >- still further the polarity of

: -\
the metabolite. The Iatter phess odeurs by the enzyme catalysed addmon of

small sndogenous molecules including glucuromc acid or sulfate and glycme or

glutathione, to the Fhase | melabqlltes “making- the molecule less IIpnphulc. :
more polar ‘and hence more raadlly excreted from the cell (Parka 19731 4

jn some Instances, the xennblotlc bu}qan may bébas such

avarwhslms tha cells da'anse capabll(tles or in other cases the’ metabolic™

tlssus Injury have_been suggested to Include the covalent,blndlng thsory and

the oxldatlveslrssstheory i s 5

1.2 00va|o;\t blndl!\g theory

It has been known for & long time that certain chemicals, after administration

(5 / N A
to- experiryagtal animals, can react with cellular macromolecules. However, it

was not ‘untll‘3947. when ‘Miller and Miller demonstrated cévaient,lﬁlndlng‘

the hep: gen N,N-dimethyl-4 and fiver”
proteins, that the covélgnf blndln’g-thaory 'was eéia‘bllshéd (Miller and Miller,
19‘47) The logic behind (hls theory re\'ibl\?es arouind thé observatlon that
binding ls related ‘to toxicity. This lhaory suggests thal carclnogenssls is
Inltlalsd when electrophilic, metebomss interact with nuclecphchc groups nt i

. macromolecules. Evldanca\gcr this genaral mechanism-is basgd on" the




correlation between the amount of covalent b‘inding of atoxicant to proteins and
the extent of toxicity. p-erelore, if the formation of the toxic sle&mpr'rlllc
metabolite_is prevented or if h‘isqemoved before it can bind to a target’

toxicity is p 1 An. le.of this is in the now classic
studies ln‘&vlng the toxicity of the analgesic drug euu_imlno.phen. whieh

poduces centrilobular liver necrosis in man-and other susceptible specles
(Davié et al., 1974). AEetamlnophen is thought to be melat;oll_zed by the.
cytochn':ma P-450 sy"stam to-a. highly. reactive” electrophilic mgl»qub“te,
k N-aqétyl-p—bepzoqulnonslmlna (NAPOI); If large doéqs of acetominophen are

given to expe | animals the detc ing p ys may become
allowing !he reactive melabollle to covalently blnd 16 nuclenphlllc sites of
mcromolemlas and cause necrosls (Moldeus et al., 1978) Potter ot nl., (1974) )

d that induced hepatic fecrosis in hamsters oould
- be prevented by pretreating tNl animals with piperonyl buloxlg‘le, an;}nhlbhor of
the.cytochrome P-450 system, or Incn s toxld;y by 3 y e, an ke

Inducer of the cyioc_hron\o P- 450 metabollzlng syslsm Indasd

acetylcysmne, a sulfhydryl agent knWn to blnd to NAPQI has been found r&

be in the fhent of m toxicity in humans (Plpamo and

Bresseénbrugge, 1976). In ganaral the covalent binding \‘eory has ?mma

widely aocepted asa mochanlsm for cellular toxicity.,
f A




\

* drug-induced hemoiyéls'iln ‘humans with deficient erythrocyte

b . : ’4:

1. 1.3 |Oxidative stress theory

Oxldatlve stress has been re!errsd 1o as toxicity rssulﬂng from intracellular

oxidant formation which results in t 3 to~

chrcmolsculas (Rossi et al., 1986). This was first hypothesized ,t?axplain -

evels of

gl )-6- y imalarial drugs such as priffiaguine,
capable of generating’ active oxygen species, 'Were developed to combat *

- malarial ‘infection when it'was found: that the malarial .parasite: showed a

surprisingly hlgh susce_pllblll!y to oxygan toxlcl!y (Beutler 1959). Glutalhluna

. has a direct role in prolectlng red blcod cells frdm nxlda(lve damage, hut it must

be In its reduced form (GSH): Normally, GSSG s p d from n

by reduction with NADPH to GSH, cat iyzed by rac Red
cells depend on tha pentose phoSphate shum to pmvlde NADPH, and since the

p y is in. gl 6 y defici

erythrocytes, these cells are prone to toxicity by the antimalarial compounds.
“The most important example of compounds which are able to form active
I_oxygeh spséles are redox cyclers, such as qulnones.a In the presence of
molecﬁl& oxygen.'wsduood quinones are capable of c'enerallna superoxide
radicals (Op") Via redox 'c;cllnq between quinone, ssmlqul'néne radical and
hydroqulnone Figure 1.1 sxempllﬂes |h|s\nna electron reduction of a quinone

(1.4 ¥ ‘, to Its free radical and hydvoqulnuns with
moleculav oxygén as the oxldlzlrﬁ agent. SInco most semlqu!none radicals
react mp|_<,!|y» with molecular ‘oxygen to fotm superoxide (Patel. and Wllsn_n.

'1973), the bmo,els of aulbxl_daﬂon of the se;nqulnoﬂo 16 the quinone can yield




s.omlqulnoni'
l\_ldlel_l




large quantities of 0, (Kappus and Sies, 1981). Hence, no stable reduction -
products are formed except under anaerobic conditions. Quinone redox cycling

(
can be catalyzed by a variety of fla f NADPH-cy
P-450 NADH-cytog ) b and NADH

oxidoreductase (lyanagi and Yamazaki, 1970) or dlreclly by Imracallular

aloctron eamers such as ascorbate or glutathjone (Welers and Sies, 1983).

The enzy or r o! 02 yields H;05. Oy" can then

rsam ‘with H202 In. a process catalyzed by traca _metals (M) to.form" hydroxyl
radlcals (HO') [aq 4] and slnglsl oxygen (‘Oz) [eq. 5], (Bsauchamp and

Frldovlch 1970) Those' rsacﬂons 1ormlng (HO') and/(’oz) are IIIustralad balow

/+

- 05" + M+t '—>Mm+;02 [eq:1 - o
S OF 407 +2HF  —>H05+0; [eqi2)
M+ 4 H0 + Ht: ——> MM + HO- + Hy [6q3)

i : v
K " Oy +Hp0p + HHMeLGaL 5 HO- +0,+H0 [eq.4] .
o 3 % - . <
< T ‘02'.+H202.._M“_'>0H‘+H0~+‘02 (eq.51_“

Slnoe both (HO-) and (10,) are stmng ux»dlzlng.aasms they are probably lha

‘ species ble for ) j* induced enzyme | Inamlvatlon
e llpld peroxldatlon Lnd DNA strand breakaga (Halllwell and Gunevidge, 1983) ’

P i N




57, (Jacob and Bharava, 1962), Rohbell in-1964 then ‘demcnma(ed the Isolation

o i

¢
1. 2 Rat HepatocytesToxicology

121 Introductlon \ ' E —

- - The diver plays a major role in xancbloﬂc matabolslm mainly’because of
. two. characteristics. One, because of its blood supply, the liver tends to receive

[}
_hlghsr concentrations of: xenoblollcs than do” most Other organs and sacondly it

is the major site-of drug metabollzlng enzymes, Earlier studies showed lhal the i " A

events of xenoblotic-induced toxlclly In Isolalsd hepatocytes wnd to uccur ina

; . slmular sequence to those observed dunng (he develupmsht ol hepamtoxlcl(y in :

: vivo, suggestlng that Isola(ed hepatocytes can as a use{ul modl for the s(udy of -

o

in vivo hepatoloxlcl!y (Fry and Bridges, 1979) As® a result, hepatocylea balh in

. suspension and in culture have recently:been extenslvaly used- for xenobiollc
|-
- metabolism studles |

- . . | .
- Early attempts to isolate hepatocy l‘heus‘e of force

and subsequently, perlus!o_n’ot the liver with Caz*-ll 'a(h{ K+ chelatcirs‘ These.
methods however, were unsuccessful, in oblalnlng“vlnbla cells in high ylelds

of fat cells by’ dlgssllng adipose tissue wllh a collagsnaselhyalumnidase
mlxtura Following this, Howard and Pesch (lQGS),\dascnbed the' Isolation of

« -viable aduit rat hepatocytes by dlgestlon of “liver sllyﬁm
aolxagenase/hyaluronidase Berry and Friend (1969) Iimproved this method.by
|

. perfusion method has been modlr ed by various goups to suit apecltlc goals
' The lschnlque used ‘in lha praser( it study was Inlroducad by Moldeus (1978),

introducing a liver parfuslon technique using thls ~enzyme mlxture.

f' v



and oompnses of a\&lu-step perfusion method involving perfusion of the I:var

with a Caz*-chelatlng solution first, (ollowsd by. a collagenase mixture i

% . containing C#+. The result is a ion of '

» cells with little contamination of other cell types. The characteristics of the
freshly-isolated cells are described in table 1.1, . 2
i~ Frashly isqlatéd in ' while maining viable 101' - :

only approximately 10 hours have the advantage of retaining their * ' "
Y,, ysio gical cha ( ot al, 1978). Culturés of viable

hepalor.ylas tend to lose certain specialized functions as the culture time

S '
I The Ibili o' aﬂer divlslon may also maka

i cuﬂuvsd hepatocyles unsunabls as a model for in vlvo hspatotoxlmty studies.
’ i - .
/ e . X ol . L 3

/o121 “Cellular Defense System
s

4 1.2.2.1 Glutathlons © , - ¥ e

) The hepatocyte has-several to nd the cell of toxicants and of

\ N

\ these, con]ugallon with GSH is probably the most Impqnam GSH is a

tripemlds of glutamic acid, cysteine and glyqne with the following structure:
>

: ¢
- ) INHZ g ' & N
Hoo@cucuz-cuzco -NH-CH-CO-NH-CHy- coou . Lo

L . CHy'SH" !

)‘-glulémylcystelnyl@yclne

' X This_nucleophilic tripeptide found in all tissues may be-conjugated with

many. types of xendblotics. Substrates for this reaction must possess an -



B

' TABLE 1.1 Ci

istics of freshly,

hepatocytes.

‘Recovery

Trypan Blue - exclusion ]

“Glutathione

NADPH(NADPQNADPH) v
* - “NADH/(NAD+ +.'NADH)

7=ATP " :

[e7% .éonsumption K

Cytochrq{né P-450

- Cells "with blebs

2 - 4x107 cells/g’ liver

90%

¥ }
50 nmol/108. cells

0.8

o‘z\?’;"

§

©20 nmol/108 cells '

12 nmol/108 célls per min

0.25 nmol/108 cells

<5%

A
v

Moldeus et al.,1978 .




3 ®
:eiamphmc centre ml:h binds covalently with the nucleophilic sulfur of the
cysteinyl group of the the GSH to yield a conjugate. The formation of
.g[ul.alhlons S-conjugates can z‘)ocur either directly or catalyzed by glutathione
S-transferases, a group of u/tusollc'unzymas with broad substrate spec'iﬁcgiss .
(Jakoby and Habllg, 1980). The conjugate then undergoes removal of
glutemate and glycine followed by acetylation to yiéld mercapturic acid. The
ability of GSH to directly reduce free ladlqals with_ the c(‘mccmltqm Iarmatlon of
thlyl radicals and GSSG has bsér; speculated, however, the extent to which this
reacton ccaurs'in yio's stil unknown. - :
Along with con]ugallon with grany (u)ud v pre
as a’'result of Phase | drug metabolism, GSH !.s also involved in the

i Y

-

detoxification of hydroperoxldés (0'Brien, 1988). Hydroperoxides are powerful

oxidizing agents, and can oxidize compounds oontalnlnb SH groups, as can the
“free radicals formed during hydré ¢ isdussed laer). GSH
has been shown to play an important role inthe protection of cells from these
peroxides by eﬂlng as the cofactar for the euymé ﬁmhiom peroxidase. This

resulls'ln_lhu conversion of-the peroxide to HzO or alooQoI andof GSHto

GSSG.  Since ¢ of GSSG is ) cells have a
mschanlsh to extrude the disulfide h‘om the cell andlor 1o reduds it back to GSH
with the ald of the enzyme, glula(hlana reductase and NADPH

Because of the efflux of GSSG and GS-conjugate during oxidative mres‘é and

wovalanl blndlng. the ability of the -cell to resymheslze GSH may ' be
n by a lack of b As a result, toxicity Is found to ensue after

GSH depletion = by xonnblolics Since the suppiy of cystelnn appears to be the
rnte~||mltlng ‘step in nepatlo of cysteine
like N ylcy may protect cells from oxidative




. stressand be of benafitin the treatment of acalamlnophan‘tpxlcny (Piperno ‘and
Bressenbruegge, 1976i. Hence GSH serves a protective function against both

'stess and ole philic-attack by reactive intermediates during
+  xenobiotic metabolism. ’
el i
1.2, 2. 2 Superoxide dismutase #2:
) Superoxide dismutase (SOD) is thelfirst line of de'ense agalnst supemxlda_ )
" radicals (0y). Sl 2 the or . of -

4 . " ’

uper by the g i oL

SO ] 20/4BH — - 5 W0+ 0,

% o W ~ -

e In hepatocytes, there are two types of SOD: iha Cu/Zn-contafning anzyrﬁe

located in the cytosol, and the Mn-ocntalnlné-enzyme found mostly- in thé

P mitochondria (Weisiger and Fridovich, 1972).
1 .

S present -in almost’ all mammallan cells.and is mostly

in p Its main function is the removal of H20,

fram the cell vid the loilowing reaction: ’ . .

-

~—

2H,0, —calalase . 2H,0+ 0,

‘Catalase is a E: protein with pi h Tas its i

= ~groi1p. An ;musua] charéétenmlc unique of catalase which differs from other

*hdematin dervatives'is that it d%nnoi be reduced even by such powerful




reduclné ‘agams as sodium. hyposulfite. Catalytic decomposition of hydrogen
peroxide oceyrs '\Kwhen iron is in the ferric form. Hepatocytes ‘deficient in
. catalase activity ﬁay bé obtained by treating the cells with sodium azide. Tﬁls
resﬁi(s in the lcrmaﬂon of an azide-catalase complex which can be reduced to *
L. ) the ferrous form by H202. renderlng t}ﬁe catalase IHRC(IVB (Keilin and Hartree,
1945). P . . :
. 1. 2. 2. 4 Glutathione peroxidase ' .
: ," ! (GSH-Px) ¢ 2 me' of gen
P (R OCH) by the (ollowmg equatlons (Little
and O'Brlan 1956) { . ‘\}

and organlc hyc

E . L
: p - R 5 3
o : "HOOH + 2GSH —GSHPX > assG +2 Tl
ROOH -+ 2GSH ~ —GSHPX » GSSG. + Hy0+ROH o
5 - 3 5 -
- vwow ow, Sy 3.' . 5 4
‘\ 2 i P Essential to the action of GSH;Px on?}iydroperuxidas is'the Ievel of GSH-
which is malnlelned hy de novo synthesis of GSH as well as hy the mduclmn of
GSSG to GSH  with NADPH The latter o is 6d by i

'_(eductasa, an snzymo found in the cytcsal and mltochondna NADP* is Y

- malintained In its raduced form by gl -6 dehy of the

pa{\wsg phosphate pathway, Isoci ydrogenas 'and other-enzymes’ of

' the Krebs cycle-(Reed, 1986; Eggleston and Kesbs, 1974). The catalytid site'of -

o " GSH- F'xbcontalns selenocysteine (Forstrom et dl., 1978) ;'snd its activity car'; 'vary )

7 with !he amount c( selenjum In the diet (Coombs and ?onmbs. 1984). GSH-| Px
acts In‘concert wlm catalase, to remove Hz03, but has a much “lower Km for -*

-




o

\ .
Hz0 than catalase. Therefore, at high GSH and relatively low peroxide levels,’

Ha0, is decomposed by GSH-Px faster than by catalase (Jones et al., 1981).

1.2, 2.5 Vitamins E and"A .

Vitamin E is a one-electron dénor. The hydroxyl group of the banzede ring of
vitamin € (vit-E-¢ OH) acts as a reductant, upon oxidised with free radlcals. and
generates a vitamin E free radical (vit-E-O.):

©

5 " ROO + VitEOH ——> R-OOH + VIE-O- "

The rasull_ing ‘vifamin E radical may then be raducad back to vitarin E by

pnlar dornors such_as ascorbic acid (A}'.l‘g)‘(Packer etal., 1979)'hnd/ar GSH:

: .+ VIE-O- + AHp'———> AH- + VItE-OH )
WHEO- + GSH —=> GS + VLE-OH
* The raéulllng vitamlj1 C radical is in turn snzyma(k_:ally reduced back to
vitamin C by NADH-dependent systems, while the glutathi_one free radicals form
GS;SG which can then be reduced back to GSH by glutathione re::luctasex

'Tha antioxidant activity shown by carotenoids (vitamin A) has been related to
«;l"nair capacity to quénch oxidant species such as slhglet_ molecular oxygen
w (Foote and Denny, 1968). Apparently, cis-carotene reacts with ‘Oz,v ylelding an

excited whichi su ; S its-energy by  reversible

tot _This cha isti¢ inherent of isthe:

basts for ns protecnve role against damage initiated by visible Ilght as well as

its possnble use in lhe ent of certain 3 i (Cad_anas,




. Ty
1885). It has been sug that  dietary could be protectivg,
agams( cancer. ¢evelopment (Cadenas, 1985). . N
& . . " RN T

1. A:! Role_of cellular Ca2+ homeostasis In toxicology N
_ The intracsililar conceftration o! Ca2+ plays a major role in the regulation of
Inte,_u_a_ry_as well as’motile and secretory cell finctions (Duncan, 1976). As

d in fig. 1.2, its 1in the cytosol is rigorously controlled by
active comp: n into the ‘ratlculum and mitochondria,
" b& the plasma and by calclum blndlng to spaclﬂc prmelns i
Includln§ calmodulln (Caraioll. 1987). | Ca2+ .‘ is is ¢

regul@g by a cycllc mechanlsm (Ipvolvlng Caz' uptake by’ an alectroganlc

ruthenlum red fensitive. unlponer and Ca2+ raleasa, which Is proggblyA

by a Ca?y/H+ antip The latter appears to be ragulalpd bythe ~
redox level of ial pyridine niicieotides (Lehninger et al.; 1978),
anhough a recent study has shown that thlo!s may -be imponani in
Ca2+. (DiMome etal., 3. ) In addition, fhg

_existence of a Ca2+/Na+ anllponer rnay also contribute to Ca2+ efflux in liver,
mitochondria. The active transport of calcium ions through,the endoplasmic

reticulum and plasma membrane is mediated by Ca2+-stimulated "

Mgz*-depandem ATPases whlch both appear to. depend on.free sullhydryl
groups for acﬂvlty (Moore et al., 1975).

Recently, a role for cytosolic:ionized éaloium as a mediator in cell |n1ury has
boen suggasted Drug-lnducad hepatocyte toxlclty has been asso&alad with
an in

mobilization of Imrecallulav Ca2* stores as well as Influx of extracellular Ca2+
(Benomo and Orrenius, 1§8j). -The 3 by which. A Ca2+

y Ca2+ re whlch ‘appears to involve the
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v
.
Figure 1.2 Regulation of intracsliular calcium

-
Ca?* (107 M)
| ~ e ie]
¢ 2 . "4 proteins 1
- [ S -
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Ca?* (1073M)
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Nicotera, P. and O:jre\'ius, S. (1987) |
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mediates toxic cell In ry may involve i with

components such aa in and tubulin and activation of hydrolytic enzymes
such as'| ses and 3 (Ni and Orrenius, 1987). Hence,
these events may represent an efrly and common step in drug-induced toxicity.

24 Aims oA -

The major ob]scllve of this thesis is to detevmlne the importance of
}\ﬂon and oxidative stress in the.toxicity of xenobiatlcs us[ng isolated rat
both as ther f system andﬂargal calls

Chemlcal-lnducad tissue injury has been suggested to occur through )
y arid oxidat) stress. However, the relativec of each of
these In Inducing cy 0 ity are still being debated. . The major :
part of this study Is-to §-the bi 2 s Isa,:dlng iu

ir;xlclty when "lsolaled Jpat H are to which

theoretically are good eandid%:r lelher a]kylatlnn or oxldatlve stress. _
“ In the present study, the effects of i and acrolein exp to

_isolated rat hepatocytes will be presented in order to illustrate the parallels

between the effects ol'thes@ two agents in the development of cytoloxlcity'

(figure 1.3 shows thelr truc ure) .” D isa inone, which

theorétically can undargo vedox ‘cycling vla the activated semlqumone and

"

acrolein is the reported e inter in'the r of allyl alocho|

* Atterations in Ca2+ homeostasis have bean suggésted to be critical in the.

initiation of Irréversible chs}nlcal-!nQuced injury.. The other part of this thesis e ‘

focuses on the ability of the twodnqul compounds to dlsnipi cellular 0gé+-:
homeostasis. To accomplish this, Isolated rat liver mitochondria were used 1o~
monitor Ca2+ fluxes Upon exposure to the chemical agent. :
































































































































































































































































	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Title Page
	006_Copyright Information
	007_Abstract
	008_Abstract iii
	009_Table of Contents
	010_Table of Contents v
	011_Table of Contents vi
	012_Table of Contents vii
	013_Table of Contents viii
	014_List of Abbreviations
	015_List of Tables
	016_List of Figures
	017_List of Figures xii
	018_Acknowledgements
	019_Chapter 1 - Page 1
	020_Page 2
	021_Page 3
	022_Page 4
	023_Page 5
	024_Page 6
	025_Page 7
	026_Page 8
	027_Page 9
	028_Page 10
	029_Page 11
	030_Page 12
	031_Page 13
	032_Page 14
	033_Page 15
	034_Page 16
	035_Page 17
	036_Chapter 2 - Page 18
	037_Page 19
	038_Page 20
	039_Page 21
	040_Page 22
	041_Page 23
	042_Page 24
	043_Page 25
	044_Page 26
	045_Page 27
	046_Page 28
	047_Page 29
	048_Chapter 3 - Page 30
	049_Page 31
	050_Page 32
	051_Page 33
	052_Page 34
	053_Page 35
	054_Page 36
	055_Page 37
	056_Page 38
	057_Page 39
	058_Page 40
	059_Page 41
	060_Page 42
	061_Page 43
	062_Page 44
	063_Page 45
	064_Page 46
	065_Page 47
	066_Page 48
	067_Page 49
	068_Page 50
	069_Page 51
	070_Page 52
	071_Page 53
	072_Page 54
	073_Page 55
	074_Page 56
	075_Page 57
	076_Page 58
	077_Chapter 4 - Page 59
	078_Page 60
	079_Page 61
	080_Page 62
	081_Page 63
	082_Page 64
	083_Page 65
	084_Page 66
	085_Page 67
	086_Page 68
	087_Page 69
	088_Page 70
	089_Page 71
	090_Page 72
	091_Page 73
	092_Page 74
	093_Page 75
	094_Page 76
	095_Page 77
	096_Page 78
	097_Page 79
	098_Page 80
	099_Page 81
	100_Page 82
	101_Page 83
	102_Chapter 5 - Page 84
	103_Page 85
	104_Page 86
	105_Page 87
	106_References
	107_Page 89
	108_Page 90
	109_Page 91
	110_Page 92
	111_Page 93
	112_Page 94
	113_Page 95
	114_Publications arising from this work
	115_Blank Page
	116_Blank Page
	117_Inside Back Cover
	118_Back Cover

