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. €« ABSTRACT \
- . ~
. 4 ) * Products of the metabolum of Arylamma cuc]nbgens "C-henznima, N\
=+ . MCmethylami ben: snd  MC-aminofl and  MC-pheriol bmd
’ irreversibly to nuclear DNA in intact polymorphonuclear feukoeyt ivated .

- by the tumor promoter phﬁrba r;yx"ixtu,e Meﬂte.:_lyl; binding occurred

. ’ ‘uqde} anaerobic conditions' indic’u‘i‘ng that the binding was dependent upon °

oxygen. 'Sull’hydryl inhibitors p-chl iben and N-ethylmaleimid

. mhlbllecr oxygen npuke as well as decrened the blndlns of lrylumliie eurcmo-

.o gens and pheno] to DNA in leu’(ocytu Acnvated by tumcr ‘promoter. ‘Phenohc‘

ylated hy isole: or ‘nordihyd iaretic acid also Indn

umllar lnhlbltory eﬂect Azxda incrensed ‘both the oxygen uptlke and bmdlng,
presumably: as a rgull of lntueellullr catalase |nhlblhon However, higher

.'cbﬁ?éﬁtYﬂBn’ﬁrﬁxde'nnd cyanide mlnblted inding without affecting the

oxygen upt:nke iﬁdichlin; that the binding is tatalysed by myeloperoxidase: "

Sl gy O : 'Grnnules uollted from the utwnted leukacyta catalysed a cylmdzensmve

perox- -;a)

.bmdmg of benzldma to calf-t thymus DNA m the pxesence of hydrog
5\

7 Pmducu o( the memboham of. "Gphenol nl.uo bmd nmvelslbly to call-

dish Beroxid o d hvd:

) thym\ls DNA i |n the presence-of h and hyd peroxnda .
B'mding also occurred to’ the b lyrib: leotides polyriboadenyli u;id,‘
polyrib "_ncid,,f"‘ dylic acid and p yrib nridyli und m“u&-

ing thst the blnding is relmvely non-upeeiﬂc wnh mpect to nucleonde bnu. s -




™ = .8 . ‘ v N S
e . (144) ¢ - >
DNA Inndmg of “C—phmol oxidized vnth honendnsh

idase/hydrogen pemxlde was pmented by gluulhmne and’ N—

ine ‘and ‘the -mechani “was shown to’involve reduction of the
< > : .

activated phennlx"\' "' s and, the ion_of conj with glu-

5 8 5 e Y
_tathiorie and "_ Ascorbate prevented binding by reduction of

\ “ . " .

.the nc,!ivited phenol interme diﬁta. N

P—henol datis b'y horseradish peroxid; ,",’. gen peroxide initially ;
reoulta in p,p-blyhol md o,-’ biphenol fc :‘nd ibsequent “results in .

polymar lormnhon, " 0,0 Blphenol is the ml}or product fomed h\n is rnpldly t :
oxidized to polym:r, pmlculnly in the pruence of phennl Phenol oxldmou o

wuh bnne marrow homogenne and hydmgen peruxlde 3130 results in o,0-

) biphenol as the mnjor pmducl p.p’ Blphenol is very rnpldly oxidized to p,p- ‘

blphenoqumone whleh can also be lnvolved in polymer lormmon

En_zymic or. qcid;enu]yud hydrolﬁis of DNA releases the bt;nnd products.

'oo' Bmhenol but not pip-biphenol binds !o DNA following peroxidase-

< Enzymic hydrolysis of the PNA to which the products of
‘the oxndltion of oo‘ biphenol had buund ruulted in lho release of produch
derived from tha biphenol. . <

Peroxidase also. catalysed the f ion of active: oxygen lpec

pmenc. ol NADH or GSH and traces of hydrom pnmxlda and u-y




\ i (iv) ' Ry

phjenolic snbslr\niq. Some oxygen activation occurred with some arylamines .

-even'in the abunéa of NADH or GSH. Oxygen consumption ‘wu proportional

to the NADH oxldnz\ed or GSSG formed. Approximately 0.80 nnd 0.40 moles o

of oxyggn were consumed per’ mol ol NADH or GSH olldlzed respectively. _
The reqmrem_ept for trace amounts of hydmgen perox\!dn and arylamlnc or

phenolic suhstnt‘& sunuts ﬁd the rcdox eychng resulted urhydmgen pnrox-

ide (onnmon 1t is proposed” hat lnmnlly formed' pheno: ndmh or nrylnm- ’

ine cihnn_ndmls oxgdlu NADH ‘or GSH to ndmls Whlc!l react with oxygen

- to form superoxide radicals and hydrogen péroxide. .

Non-carei ic arylamines T _"' nmlme and I-naphthylamine were

poor at initiating redox eyclmg in the pmence of NADH or GSH, whereas car-"

2-naphthylamine, 4-aminobipk .’.”-- be - NN’
dimethyl p-toluidine or 2 fl were higpl} iﬂec(tiva in initinting
redox cycling in-this system with Itant hydrogen peroxide

Only. phenol and o,0-biphenol were effective among phenolic substrates in

redox ey_cling‘ with ltant *hydrogen peroxide

p.p-Biphenol,
hydrcquinane‘ and catechol. were ineffective in Mtivnungo'x\matp,pigiphenol

formed a glutathione conjugate when.oxidized with ho?u’n_dial’:v peroxidase gﬁd o

hydrogen peroxide in the .presence of glutathione: The ‘major conjugate
formed was identified as &&(;Iutnthion—yl)-p,p-blphcnol unlng FAB-Mm
IIII‘I NMR

v

s
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OVERVIEW,

= n iy
Much of the hasis on the biologi 1 oxidati hanisms of chemi-

n!minogmh-’abm’lcidon‘ lect idations of carci 2

ta

form reulive‘gleclmphilu which subsequently interact with cellular nucleo-

pﬁﬂa. _Michlgﬁ (1030) in his theory had generalized that oxidation-

" reduction in non-biological chemical systems would compulu;rily‘ proceed-by

lectron transfer s, _which involves the formation of free-

radicals. Howeyef, as most 'freu-iq&ic-!u are very unstable, and ‘nru often

exceedingly rucl.h;e, it 'was proposed that in bi idati ducti
" the transfer of reducing equivale takes place ially by two-elect
. transfer so that it controls the ally d ive effects of f dicals,

- - - .
 aud thus conserves the biological function in- the respiring cell. Thus, li'\’ing_

cells have developed enzymes which are compn(tmulind in a manner

- such that the free-energy of oxidation is d and the inter-

mediates are prevented from re‘-ctintrndonﬂy with egﬂnlnr components.

i 'kmech-nim‘x of the cell to combat against infective bacteria and vfmsu,

e i
Rapid industrialization*of modern society has led to thé accumulation of

newer hemi Is in the i ,: the reactive bolic products of

Free-radical formation from chemical by‘ﬁ’tyéaic action. has been

explored by many rmgrehm. ‘This meehﬁilm is'often taken_ as a defen- i

. which cause extensive damage to cellular ‘macromoleciiles. Despite vigorous ’

efforts to und d the for of reactive bolites (either electro-
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philes or free-radicals) by enzymic action, the bi;:laginl function’of such an '

. N v ;
enzyme system remains elusive. It should be noted that the ubiquitous

nature and the persistence dnr'mg‘ evolution' of these ‘enzymes-in all Iivin‘g =
4 L

P systems suggest that there was enough selective prés\lre to give obvious

.
advantage to the organism ‘so as to maintain ;uch a metabolic pnthwny

The ion of reactive _‘ lites, is therefore-a con: of anunks -

nown bmlogml function of these enzyma. md hence it might be i lmymper

to view the action of thue eniymes in-the cu.rrenc obntm and extnpphte Z

o its function and evolutlon However, the chemluL nnlure of lhe reactive:

mtermedmta wlmh woulﬂ pose threat to' the\lwmg orglmsm.! and lhe .
mechanisms by whlch the reactive lnterrntdutes cause pol.enunl damage to

the cells are not understood clunly Thé majority of the evidencefo date

ts; that el hiles (formed by a two-elect idati mcc‘num

of a varit ; of xenobiotics) are the intermediates that cause cellular dnmigé,' v

It is ‘possible that “electrophiles formed thmﬁgl‘: two-electron oxidation
mechanisms that would nim;nall'y gxisi in cells may not be of potential

threat to living beings. There is not much literature existing, however, on

the f jon of the free-radical s which are sométimes more reactive Chl;l
electrophllu This thesls u,dsenlully directed lownrd: the blolopcnl reac-

tivity. al [rea-radmls and the posmhh mechnnuma by which they can ba

hamical

‘genemed jn a cell,) Hesults are p d on the b s of
free-radicals (g 4 by a peroxidise/H;Opmedisted oxidation’ of
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. xenobiotics) with a variety of cellular molecules and the possible role of "3
- & )
: ’puvndm enzyme systems in-the initiation of chemical carcinogenesis is -
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CHAPTER 1
INTEODUCTION A REV'IEW

(Xenoiotic : denoles al forcign chemicals not found normallyin the body)

1.1) INTRODUCTION :

Y S g The perception of cancer s a disease primarily related to the environ-
PR . i i . % 2
ment has been ‘progressively -strengthened during the past two decades. »

Diet, carcil ic chei " adiation‘and virudes are among the mujor.l'.ltr

tors that appear to be lnvolved “or thuof chemlulx as urcmogens have
been receiving mcreasmg nuentlon as !nvmg the grumt role in-the gensu
of cancer (Doll And»Peto, 108!).

. )
The mnjority of the chemical carcinogens are pre-cucinogens, which
~—
must be converted (metabolized), in mvm to ulumm carcinogens or the -

final reactive forms of these ngmu (Miller and Mlller, 1985) 1t is believed

.that covllent remlon of these fitimate cnclno(ens with upeﬂﬁc targets in

the cell results in thl initiation ol carcinogenesis (Miller and Mlller. 1985). \ .
The nature of lhse targets still remum unknown but, reactions of chemleul v )
cnrcmngans with DNA continue to receive much attention. Samc investiga-
; 'bors, suggest thlt RNA and prcmn adducts lhoultl also ba eonndered (Gm—
' now, 1080) Evulenca ngnnn ;enomlc DNA as thc l;rge} in ehemlnl cnd-
. nogenesis has been presented (Cairns; 1081). On the othgr I\nd. bmdln; of i v'.

r - P w :
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& chemical earcinogens to DNA in vivo correlates with carcinogenesis, but not

with binding of chemical earcinogens to protein or RNA (Brésnick snd East-

man, 1982).

The -wxdely ageepted lheory for the initiation of camno;wnuls by
chemlcals as Pmpoﬁ by the Mﬂler lnd Miller (1985), is- that curcmogens

ehm their activity after jon to hili bolites “which

jnterict with a nucleophilic rekiqn of a- macromolecule (Figure 1.1). DNA is

considered, to be the critical ‘nucleophiilic target associated with the indue- -

tion of neo'p‘luil (Miller and Miller, 1085). An tleét,i-nphih'l'a a molecule that

accepta an electron pair. . A nucleophile ia ¢ molecule which donates an elec- "

“tron_pair to an el hile. El react icall; lo' form

covalent bonds tlnwgh the slnnng of electron pairs wxlh nucleophilic
atoms (Miller and Mlller, 1085)‘
o~

Studies™ on the boli ivation of chemic-nl ino have pri-

mully ooneenlnted on two classes of chelmclls a) the polycyclxc aromatic

hydrocarbons and b) the aromatic smines. Figure 1.2 shows the slrncmm

s o
of some representative chemicals of these two classes:

1.3). ENZYMOLOGY FOR THE INDUCTION OF CHEMICAL
CARCINOGENESIS ’
3

B4
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- FIGURE 1.2

STRUCTURES OF SOME REPRESENTATIVE CARCINOGENIC CHEMICALS

:A) POLYCY! CLIC AROMATIC HYDROCARBONS: . = i

] ~ A 1 |
3-Methylcholanthrene . A " Chrysene * o
SN ; ) ; |
, \ : Gy ‘

B) A.ROMATIC AMTN'ES

NH
E Acetylaminofluorene 2-N|plnhyh'mme . Benlldmt ’ . ‘
N c H; @—

I-Amlnoblphenyl . Dimeth M

hyl
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The metgboli ivation of the carci is believed to occur within

the endoplasmic reticulum and the nucleus of mummnliln cells. A family of L

" eyte P-450 i y is impli d in the initial oxygenation as

) rpart of a mixed-functioq oxidase activity. In the activation of polycyelic:
aromatic hydtocarbons, epoxide vhydrnse is also required wh‘ereu, in the
activation of arylamine carcinogens various cytosolic or end’opln‘smic reticu- 5
lar ‘trunsl'erues are involved .in the formation of the electrophile. The .

d to'be a two-elect

ivation by the; mixed-function oxidase is

, oxidation of the polycyclic aromatic hydrocarbon bo‘ff.orm an’epoxide or of

the arylamine to form an N-hydroxy arylamine.”
s g i )

In_addition to mixed-function oxidases, landin H synthase has
also been shown to activate a wide variety of xenobiotics during prostaglan-

din biosynthesis from arachidonic acid (Eling et al., 1983; Krauss and Eling,

I
1084). This activation system is considered to be an alte ive or addi-

tional means of reactive boli ducti ially in h

target. tissues, where cytochrome P-450 amounts are very low (Eligg et ll.,/

! .
1983; Krauss and Eling, 1084). ! ) i 3

" 1.2.1) CYTOCHROME P-460-CATALYZED ACTIVATION OF
CARCINOGENIC CHEMICALS : ’ e

' a x




4

Microsomes from various tissues contain an enzyme system capable of

-6

carrying out a large number of xenobiotic-metabolizing processes for which
the presence of NADPH and molecular oxygen are required (Burke and
Orrenius, 1982). This enzyme system contains three components: cyto-

chrome P-450, NADi’H-cywchmme P-450 :redncuse and phosphatidyl cho--

 line in which cytochrome P-450 acts as  terniinal electfon acceptor (Bjor-' ~

](hem, 1982). Thjs enzyme system can carry out a wide:variety of reactions

(QBrien, 1982)..—:—

" i) Mechanism of sub ydroxylation by NADPH:dependent cyto-

:hromé‘_?-!sh : Studies in many laboratories on .the mechanistic details of
. & S

cytochrome P-450-catalyzed reactions, as well as on the behaviour of other

heﬁ‘ibpmuim and model systems, have led to the scheme proposed as shown

* in reactién 3 plus reaction 5 of Figure 1.3 (O'Brien, 1982) Tor substrate
. - s - 5

hydroxylation by this enzyme system. As indicated in the sehem:,'initi’-‘l
reduction of ferric P-450 to the f;rmus sut.e. allows oxyg;n binding. * A
ucond’ reduetion ol.'dle ferrous oxy complex mult? in ipliuing ol':the
oxygen-oxygen bond,‘t;lne atom being lost in ’w;tn. The other oxygen atom,
presum: 'ly m;w,ln ‘Acliv;tea- oxygen' (c,omﬂ_;mnd l)‘ is inserted. into a
cu‘bpn-hydro‘;ln -bond of the s\lbstntav (‘rmﬂon 5) to produce the
corresponding -alcohol, .whic_il is then rale_.ued with re';‘e_nention_ol t,he.férric

3 i - v
resting state of the enzyme and' completion of the catalytic cycle. During °
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Figure 13 4 g s

A scheme.on the of reactions
carried out by cytochrome P-450 .

(Adapted rgom O'Br]en, 19082)
Donor can be : (i} redllced cyl,ochrome b or NADPH'cyLochrome 3 reduc—‘

tase; (u) ramethylphenylenediamine, di ethylphenyl "" diami-

i) dimethyl ‘or, aminopyrine ete.; (iv) ROOH (Pri-

mary or ndary or tertiary hyd " i (v) d !ipids 5 (vi)*
various antioxidants. .
S_substrate. can be nmin‘u, drugs, htéroids, cnrc‘inogéns, wtioxiéunls, .
alcohols, Y . . '

N

RC&!O E Aldehyde product from alcoho‘l oxidation.

~

YL SRS
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FIGURE 1.3

// A SCHEME ON THE MECHANISM OF THE REACTIONS
CARRIED OUT BY CYTOCHROME P-450

(aken from O'Bries, 1983)

s »"%

r.l’-m,m

(1)
'

" Fe3*achyMoH
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the second reduction some of the ferrous oxygen complex may dissociate to

: [:s::m Vsuper‘oxy radical (broken line in the ‘Figure i.s) and native ferric ~
zyme. The rednction of the ferric enzyme and ferrous oxy complex i)y
NADPH appear8 to occur via NADPH cytochrome P-450 reductase (Bjor-
khem, 1982) Accordmg to Whlte and Coon (IQEO), the bmdmg of substrate
to the ferric P- 450 is the first step in the hydroxylation mechanism, followed
, by »reduv.}txon of snbstrn'.e bound lgrrxc P-450 to ferrous state.

ii) Peroxi \ydroxylati o reactions : Cytochror : P-450-can .

also-carry out all the reacuons mentloned above in the presence. of the ‘terti-+ -

ary hydroperoxidés. Cumene hydroperoxid, il particul is very eﬂecuve_

* (O'Brien, :1982). These tertiary hydroperoxides ‘substitute for NA.DPH;’

NAbP“ 'y ch P-450 red and lecul oxygen in the mixed-

. L .
function oxidase reaction for alf cytoc{hqprwv_l?-ﬁo drug substrates (O'Brien,

"1982). Th; mechanism of peroxide supported hydroxylation is d to

involve, first, the fgrmalion of an enzyme-peroxide complex (reaction 1 in

Figure 1.3). This complex may rearrange by.an oix_',er sphere electron.

tnnsfer mechnnism. Some of this complex may be dissociated to the’
~

ccrmpondmg aldehyde and the-original enzyme.. The complex may also be.

hydrated to pound I, the ‘activated. oxygen' hﬂe‘! releasing the
* alcohol. Ns}te that the same ‘activated oxygen' species is lormed in lhe

' NADPH-dependent mixed-function oxidase 'system. Subsequent steps for
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substrate hydroxylulon are the same as in NADPH—dep-dent substrate

hydmxyln»n. In addition, O'Brlen (1982) :ugguted that the

by a reversal of the reunons starting from eompound I (Rmmn 4). Al'.er~
natively, hydroxyhljon of the alcohol by the componnd I nnd rearrange-

ment.of the hydmxylned_ product to an aldehyde mny also occur. On'tlie

id alcohol oxidation to an aldehyde may be explained

other hand, the hydrop id yzed oxidation of hydrogen or electron

. donors, sa d lipids .or antioxi is' hy '7\ d to mvolve the ’

. promn or porphyrin free-radical ( X‘-i-) of compound l/;nd t}g ferryl i Iron of *
com?ound I (Rncnon 6). In competition with these donors,’ l\ydrhp{mxide
can also eonve»n‘ compound 'l“tu compound II and the mﬁlt}ng peroxy ndi‘-
cals can also oxidize the donors. ‘In tbe'lbunce of theu‘déﬁon, cytochrome
P-450 d:‘strucltit_m.rudily occurs as a result of the peroxy or protein or por-

& phyrin udiuh’fo‘rmed. Reaction 8 in figure 1.3 is thought to decrease dur-

ing the NADPH-dependent mixed-function oxid

presumably by ndnetlon of thl radicals by NADPH.

~ In addition hydrogen peroxide can also support some . substrate

bydroxylation reactions (O'Brien, 1982). The proposed reaction mechanigm__

is shown in reaction 2 of Figure 1.3. ° : T

1.2.1A) A of ‘polycye lc hydrocarbons : -
Several excellent reviews have been pnhlbhéd recently on the mechanism of




ity

Iveveli tic hvd b
of polycyeli tic -hy

(Cavalieri and Rogan.

1984; Conney, 1982; Gelholn, 1680; Pelkonen nnd Nebert, 1982; Phillips,

1983). Benzo(a)pyrene (BP) ‘has been the most well studied representative of

polyeyeli ic hyd b Activation of ‘BP (Figure 1.4) first
requires ©Oxygenation across the 7-and 8 poéitions of the BP by the mixed-

function oxidase to form (+}B?-5 8-oxide. - This epoxide is thought to rear-. =

. kange non—enzymaucnlly to phenol, nnd is converted by the epoxlde hydrase
to an optically pure‘( }-trans-BP-7,8-dihydrodiol, nnd the oxygen of lhe 7-
‘hydroxyl is derived !rom the muleculnr oxygen. The (-)-lrans-B_P-7,8—

dibydrodiol is further oxygenated by the mixe@i-lunclion oxidase to.form

two diol epoxides: the predomi ant oxygenatiob is at. 9,10-double bond"at
a lans poaition' to the 7-hydroxyl, forming ‘lﬂ,Bn-dil’xydroxy-Qa,lda-epoxy-
7,8,9,10-tetrahydrobenzo(a)pyrene (anti “diol epoxide). TE‘ (-')-trnns-BP- .,
7,8-dihydrodiol, also oxygennté;l tos gmnller extent at the sit; of 9,10-

double bond, which is eis to the 7-hydroxyl that forms 7ﬂ.80-dihydroxy-.

Dﬁ,loﬂ-epoxy-7,8,9,lo-teérahydrqbenzo(a)pyrene (syn' diol epoxide).
| o .

Both the diol epoxides form C-10" electrophilic carbonium ion inter-

diates: that are ible for their tivity toward 2ellular mlcleo-

philes (Phillips, 1983) The prelerred oxygenntlon ulte in vitro in the lorma-
tion of anti and syn diol epoxides appear to depend on the form of mixed-
function oxidase catalyzing the reaction- (Phillips, 1983); however, the anti
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dml epoxide is the mn]or isomer formed in vivg, (Phillips, 1983). The anti

isomer also appears to be more 'carcinogenic than the syn isomer (Phillips,
. . sy

. . Al
1983, b -

y
v 5 -

Adducts formed in tissues or cells treated with BP are derived predom-

msntly from the ants diol epmﬂde, wnh the mmor mvolvemenl. of !he ayn_

b diol epoxide in some cases (Plulhps, 1983)

1.2.15) Actt of amine carcl Mech

©oof metabohc acnvatxozjf of aromatic. amine carcmogens have nlso been

reviewed (King, méz/smz and Costanguay, 1984. O'Brien, 1984) Much

evidence suggest3 that the carcinogenicity of nromsuc amines depends on

« their ion to N-hydroxy bolites, as i in by the

liver cytoch P-450 n system (Bresnick and Eastman, .

1982; King, 1982). 'l-‘urthgr metabolism..to activated ealers by- sul-

f f ] N,0-a ;‘ fe or seryl fe is often reqnired
(Bresmck and Eastman, 1982) However. the lack of transferases in non-
hepmc target, tissues (lrvmg, Janss and Russell, 1071; Oglaby, Flammang,
Tullis and Kudlubm’, 1981) has made this pathwny less uur{:hve (O'Bhen,
1984).

hilic i

& . & Recent studies d that the g fons formed
Ao E e
o protonation of N-hydroxy arylamin;n may be the ultimate /clrcéno(!nu
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for the mductlon ot urinary bladder ‘tumors h\,.dogx or humans (Bresnlck

and Eutmln. 1082) (Figure 1.5). The aclwaled esters can also form
nitrenium ions (Bresnick and Eutmnn, 1982). N-| hydroxylatmn is cansldered

to be an ol .Bhgnlory even!. m thls actwatmn scheme Kndlubnr et al. have

are N-gl

. shown that hy d by the hepatic endo-
plnsmxc reticulum (Kaﬂlubnr, Mxller and MBler, W7)l They: propoaed that
the {urlher transport af these N-glucnromdu to lmnary blndder, the target

““organ, where hydrolysis of N-glucuronjdes by acldlc urine results in the for»
mation ol hydmxxlsmma for the xmuon wlth DNA (Kndlubur, Miller- and .

: " Miller, 1977). Rndonuh et al, (1077) chuncten/zed the N-glucuromde of N-

hydroxy-4-ami "“ 1.29 2 urinary m 'mthedog
iy ]

boli

“The m.j:r DNA adducls isolated from the livess of aaimals treated

with the Arylnmme urcmo;ens are formed hy the lmhge of the :romuue’~
* amine nitrogen to-C-8 of guanine (Bresmck and Eastman, 1982; King 1982;

.Behnd et al., 1983). Minor lddllclAﬂ l'ormefl with other purine bases and
" in somz\cuu, adducts l'ormed rmm the N-acetyl denvnuvw of the amines
' - are nlm‘:;:rved (Brumck and Ens!msn, 1982; King, 1982 Bell.nd et nl )
l@:}). fl‘hg DNA adducts’ Ion.ned by ll"m'ﬂlllt nmmeﬁ in the nnnnry blndder

\ A

.. are not well characterized.

1.3.1C) Cytochrome P-450 in drug and chnqled w'xlelt‘y:-- The

i!y initial n;:tivntianvthf‘ough
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v . FIGURE 15
METABOLIC ACTIVATION OF ARYLAMINE CARCINOGENS
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h P-450 , also sppears to be involved in the

development of toxicities other than carcinogenesis. For example, the
widely used analgesic’ drug acetaminophen causes hepatic necrosis in high
doses (Davidson and Eastham, 1988) and can induce renal damage, even in

modenu doses (Mllchell etal, 1917) It has been proposed that the activa-

tion of the drug to an electiophilie N: ‘,‘,‘ zoquinonimi md its
binding to protein as th puulble p-thwny for. the mduchon of hepnuc

necrosis (Moh.ndu et ll 1981 Wat et al., 1084). Bromobenzene and 4-

lpomea.nol also Tequire P-450 to form

. &
; by
electrophilic metabolites (Boyd, 1980a and b).

" ‘
1.2.1D) Cy P-450 Ivsed 1 idation : -

of cytoch P-450
8 %
Is to reactive electro-

An exteasive body of literature shows the

of

in the
philes (Brﬁ,nkk and Eastman, 1982; Conney, 1982; Sato and Omura (eds.),

st 8 %
1978). Cywéhrbm'e P-450 is also known 'to catalyze the formation of free-

radicals, by a one»eleetnon oxidation, only to & hmlted ean'. (rev:ewed by

~

O'Brien, IGM) " .
i) Free fadical f during. cytochrome P-450speroxidase-function
« Besides funct; asa och P-450 ulsolcts'ul

. pemxiduu (uviewed by O’Bnen, 1982) Tertiary llydropemxlda. particu-

hrly_ cumene _hydmpumlde, can substitite for NADPH, NADPH-
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ytoch P-450 and. molecular oxygen in the mixed-function

oxidase reaction for all cy P-450 drug

(reviewed by

v . .
O'Brien, 1982). This hydroperoxide system was shown to catalyze mainly

_the normnl t ‘ t) idations like idati Nhydroxylnuon and

0 dealkyhuon (revlewed by O'Brien,.1982). However, a one—electron oxida-

and”

tlon to “free-radicals occurs with, ph
Thns, N, N-N’ N'-t:tramethyIpl\enylenedinmine is oxidized to the “stable
Wurster's blue catmn-ndml Most luucetylated benzndmes are oxldlzed by :
8 on&electron oxldahon pathway to diimines rather lhan to the N- hydroxy’
derivatives with elther, the mlxed-!unct}on oxidase actmty or pero)gldma

readily N-d y via a

activity (O'Brien, 1984)., N-alkyl ©
one-electron ‘oxidation (O'Brien, 1984). Some violene. cation-radical is

formed in the'N-de I of ‘aminopy by’ vt h P-450 ud

cu hyg@roperoxide (Griffin 'ﬂ, 1980). However, the significance of
W y4rop

this reachon has been questioned (O’Bnen, 1984).
- . )
Benzo(a)pyrene  is nlso oxidiud by pheﬂéb\rbitnl-induced

/cumene hydi P ide to a much higher level of qumones “than

is formed by the lnu;ed~lunchon mixed oxndase (Capdevnllu, Estnbrook And B
Prongh 1980) as a result of ‘enhanced one-electron oxidation reaction to the

rndiénl cation and further oxidntjon_ of the phenols (formed from the ebox-

id/u) to quino The'p: dandin H synthase/arachid system also
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appears to form exchmvely quinones from BP (Mnrnen, Reed and Johnson,

1977; Reed and Marnett, 1979). The mechanism of this reaction will be dis-
cussed later. Oxidation by microsomes/H,0, lorms lpro«’lucu similar to
those !ormed wnh the mixed-function oxidase aeuvny (Renneberg et nl
1081) probably becauge the phenoh aretiot further oxn:hzed in this system
g ii) Free fadical forma@‘ion by cytochrome P-450 during mixed-function
ox‘idns‘e function :- :(;nghmmu P-450'a5 & m‘i‘x_ed-(u‘Eti:m. oxidase has also

) 1
been shown to catalyze the formation of free radicals by one-electron oxida-

tion. Thlu, direct N-oxidation of N- yd ine was shown to be
csta.lyzed by mi nal mixed-function oxidase (Rauck Rosen and
) Cnvagunro, 1982). . N-Hydroxy-2-naphthylamine and N-

hydroxyncetyhmmoﬂuorene are 71 oxidized to nitroxyl radicals by micro-

sonfy mixed-functiomoxidase (Nagata et al., 1082; Nakayama et al., 1082).

3 5
——aAdkane hﬂmxylntion by mixed-function oxidase proceeds via a free-radical

idati hanism (Groves, Akinbote and Ovaria, 1080; W,hite‘ and Coon,
1980). The electrophilic -N-acetyl-p-b quinonimine (ulti reactive
bolite of ace inophen) f ion was also propo;ed to proceed via a o

* phénoxy radicnl(Wmtel al., 19&4) . !

= The mixed-function oxidase. can
N

also mult in uuperoxlde formation, probably as a result: of dissociation of

i) § ) diated

. the oxy-eytochmma P-450 complex (Kuthan, Ullnch and Estabrook, '1982).

A
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The releued superoxide has -been shown, to oxidize the hydroxylamine

TEMPO (2,28,6 hyk-4-piperidone-N-oxyl) to -a nitroxyl radical.
i

.l"' i i talvzed oxid

The yzed ion of cntechol (Dybing et sal.,

1978), melhyl DOPA (Dyh‘ng et al,, 1978), 2 hydroxyutndlol Nelson et

., 1676), or eplnephrme (Dyblng et al., 1973) is mediated by superoxide
and results in protein binding.” Binding of 2,2’-dichlorobiphgnyl to micro-
sama’also seems Yo be mediated by superoxide (Hesse, Mezger and Wolff,

1078). Oxidation of alcohol which is catalyzed by microsomal mixed-

~function oxidase is partly mediated by superoxide (Cedeib and Cohen,

1980). A hy(i‘roxy.'éthyl radical is formed by the oxidation of aleohol (Jan-

i : ;en, 1980). ’ . _
T L d ‘-
% ﬂl.z.lE) C et 8 In summary, cytoch P-450 mainly carries
»
out two-electron oxidation of sub .either as a mixed-function oxidase or
' ‘asa peroxidase. However, i in the case of phenyl iné inophenol,
J . ylated benzidines, hydroxylamines and alcohols, a one-elentron oxida-
ca e - tlon by a peroxidase: type of oxldahon am)\elrs to be mvolved ngh levels.
- of NADPH in the mxxed-lunctmn oxidase pathway may prevent one-electron
« "t oxidation by reductlon of the mdlcnls by NADPH ‘However, the relevw/
of these in wtra h in terms of h P-450-medi B .
o oxidations in m’vo is still an open 'queshon. o '
. .
r N v
: . .
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1.2.2) PROSTAGLANDIN H ~ SYNTHASE-CATALYZED

ACTIVATION OF CARCINOGENS:

“As describied i;bo’ve; ;extensive body of li supports the view

that cytoch P-450 mo g diated bolic activation of
hemicals by two-el 4 idati n to reactive el hiles could be/the‘/
step in the initiation of i i However, Mnrmﬁ Wioo-

b (a)) , were, idized durmg the ‘oxidati jon of arachl~

dome Bcld to ymstaglsndms Pmstnglmdm H synthase (PHS) activity is

“high i in mnny exlrshepmc tissues, which ‘are low in monooxygenase activity

(Ehn; et al;, 1083; Knuss and Elms, 1084) Thus, |'. has been suggested
that PHS could be an -alternative  or .adi ltmnnl enzyme system for the

scuvntlon of cnrcmogans in thesp hsuuu

The biosynthesis of dins snd thromb s can be divided

genase activity of PHS cnnveru nuchldomc acid w the hydrcperoxy endo-

. peroxide prostaglandin G, ( PGG;)Jahmh_u_thgwdmd-by-tha peroxidase
- net,lvity‘o' PHS in the presence: of ‘Vn*ydrogen donor to the hydroxy- .

doj ide PGHj;. Xenobiotics can act as hydrogen dono.rs and in the ~

: dnwer und Snmuelsson (1975) showed thu several chemluls, including *

' conceptuslly into '.wo stsges (Flg\lre 1.68). In the first slage, the cyclooxy-

proéess are’ cooxidized by this reaction. In the second stage, PGH, is>

turther metabolized by additional en:yn"l to the classical pmtuglnnﬁinu (
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PGD,, PGE,, PGF,), thromb Ag sind/or prostacyclin, depending on

the tissue in which it is generated. ‘The level of free fatty acids in most cells

. is quite low, and the release of hidonije acid from

pids is an iinpormyt controlling ‘event for the regulation of prostaglandin -

y is. However, ucid‘libernted.hom i:hosph?lip,ids can

A 3 - ¥
be metabolized by lipoxygenases, as well as Pﬁs (Samuelsson, 1983). Lipox-
ot % :’:e;fe bol hidonic acid to hydrop fatty acids (HPETEs)

| -3t are reduced to hydroxy fatty acids, !Z further metabolized to leuko-
3

trienes ( ] 1083) The i ible for the reduction of

HP{TE may be PHS or glntsthwne ‘peroxidase (Brysnt Snmon and Bailey,

1082 and 1983).

The release of arachidonic acid from membrane. phcspho’lipidi by

lipases and sub oceurs in response to a wide

variety of chemical, physiological and pBysical stimuli. For example, stimu-

" lation of endotheli l cells by bradyki A and i in (Hong, i980) and

stimulation of a Variety of cells by the tumor ?ymoter tetradecanoyl
ic

phortiol-l%ril_)}risnte-ls-ucente releases arachidénic acid leading “to

increased prostaglandin formation (Levine, 1981).  Mechanical s!imulatio‘n, .

Judi ‘r-v °r~l|~ o!pnr'

or altefed respirati mte

* “increases pmhglundm hlosynthasu in the mohted perfused lung - (Korbut,

Boyd and Eling, 1981; Piper and Vane, 1971)." Cell dlvislun also ulters pros-
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taglandin production in cell cultupe. Growing cells produce significant

landi

amounts of p ¢ while stati 'y monolay produce only low
L

amounts of arachidonic acid metabolites (Ali, Barrett and Eling, 1980).

The reduction of PGG,\(or HPETEs), by PHS .pemxidue requires
E ‘ .

reducing cofactors. These cofactors donate single e[ectmlis to the peroxi-

dase and.»}n turn, are converted to, reactive metabolites (Eling et al., 1983,

Krauss and Eling, 1984).

The activity of PHS vyr'u dramatically from tissue to tissue. Ram

seminal vesicles contain an extremely high Jevel of PHS jaftivity (Christ and

_Vandorp, 1072). . High activity-is also found in platelets, kidneys and lungs

‘(Eling et al,, 1983). Low levels of activity of PHS are also present in’skin,

gut and llver (Marcus, 1078; Swnrnjnh Lasker and Elmg, 1981). The

engyme is membrane bound and appears to be locallzed in the endoplasmic

reticulum and nuclear membranes (Rollins and Smith, 1980).

. Many i tigations of the idation of chemicals by PHS have R :
.[ocuésed on polycyclic: srommc bydrocarbons and imma’tic amines. How-
ever, s number of other chomlculs have been atudled but in Ius detnll For

the rem.-hon emlyud by PHS ne noc known,

7,12-dir \I.L I » .u

tonl, hanks:

lnost h

and

Benzo(n)pyrene,

phenylbutnone are oxldlzed by(? to hydroxylated produm, possibly vu‘
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corresponding hydroperoxides (Eling et al., 1983).  The mechanism for the

metabolism of aromatic amines by PHS appears to involve the formation of .

free radicals (Eling et al,, 1983; Krauss and Eling, 1084). =

1.2.2A) C ‘of polyeyelle atlc hydrocarbons: - BP

»

_was metabolized by v ulmnnl vesicle preparations lollowmg the Addmon
ol’ PHS substrate arachidonic ncld (Marnett, Wloodawer |.nd Sn.muelason,
1975). The three snblu producls were 1,6-, 3,6-, and B,lz-qmnones (Mar-

nett, Reed and Jnhnuon, 1977). On ‘uu other hand the proximate carcino-

gen (+)-BP-7, s-dlhydmdwl is epoxldlzed in the presence of nmhl’omc acid

or hydroperoxy huy acids to anti diol zpo)ndo (Marnett, Johnson nnd Bien-
kowski 1979; Slvmg.h Mukhh and Elmg, 1079) Little or no ayn dml
epoxide is formed. This is” * different lrom lhe cy!ochrbme P-. 450

N se-c ,' idation where (+)-isomer ls.converted to the

syn diol lepoxide, and the (-)-isomer to the anti diol epoxide (Conney, 1982;
. Gelbom, 1980). 18-D1hydro-BP is nlso oxidized by PHS and the stereo-
:hemlstry of epomhtmn is uulo;ous to that of BP 78-d|.hydrod|ol
= (Plnﬂllﬂlnlekll Weller and Marnett, 1083). However, the’ mechamsm of
epcxldltlon is dllorent from - zlm ol‘tha eytnchromc P-450 monooxygenase
system in &hn a llny acid derived yemxy radical is hypothesxzed to be the

epoxidizing agent (Munm et al, 10&'_4).

PO L .

A
.
-7 ;
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1.2.2B) Cooxidation of aromatic .amines: - Unlike polyeythc
/ummnc hydrourhons, aromatic amines are excellent._ reducing cofacton for
PHS peroxndne ‘The work in this ares has centered around two compwnds
benzldme and z-unlnoﬂnorene 2 £

' #

s B g a2 .
Benzidine is metabolized by-PHS to a radical cation that is in equili-

brium with a charge transfer complex and ‘its two-electron oxid‘nlion pro-

‘duct, a ,diimi;le (Josel;hy, Eling and M;aon, 1083). Azobenzidine is’ the" .

. major organic extractable metabolite. Polymeric material is slso formed.

. Whe.n benzidine is metabolized in, the pruene‘z of DNA or RNA,\!( Fi

d bolites bind lently to the nucleic atids ‘with very high
eficiency (Kadlubar et al. 1082). Benzidie is .a potent carcinogen in
rodents and bumans causing primarily liver and mammary tumors in rats
and bladder tumors in humaos (Clayson and Garner, 1976; Haley, 1975).

. . /-
PHS and arachidonic uid-llso oxidize aminofluorene to nitrofluoreng
Illd azoaminofluorene (Boyd, Harvan and Eling, 1983) and. products that
hmd to DNA (Kadlubar et sl, 1982) A dkﬂ one-electror’ oxldltlun to

)
cstlon-radlenh appear o be involved (Rogan et al., 1079) Swenl uther

—

amines, z-n-phthylamlna and 4~

4 . -
aminobiphenyl are metabolized by-PHS to reactive or mutagenic metabol-

ites (Ksdlubar et al., 1982; Morton et al, 1083; Robertsot etalylos),
- . N
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113) PEROXIDASE-CATALYZED ACTIVATION OF DRUGS
i | AND CARCINOGENS: ‘

L |

" Although the peioxiduiye type of catalytic ut{mtiqn of drup and car-

“cinogens by cy ) P-450 and p lax "J‘ H:synlhnu‘_ln.s been
7 = \
shown, a definite role. sn vivo has not been e'uublj:h‘gd. Horseradish peroxi-

type. of lect idati hanisms of \ ion of -ca

(Floyd, Soong and Cnlver, 1076; Jellinek and Fletcher, 1971 O'Brien, 1084,/

Norymberski, 1977; Roerig, Reak and Wang, 1976; Rogm et nl 1979)

t _DNA adduct (ormuwn mediated by HBP/H,O, oceurs with xennbl_o'.lu.

I e hydrocarbons (Rogaa et al., 1978); diethylstilbesérol

(Metzler and Mcln'hhn,. 1978), trans-4-aminostilbene (&Me. Metzler and

BT TR Neummn,‘ 1080), benzidine (Tsuruta et al, ‘1085), "N-OH-2-

A)ylmmnoﬂnorzne (Floyd, Soon; and Culver. 1976), and p-phenetidine
d

Sy e

[ ¥ .+ dase (HRP), a plant pg(oxfdue has been used as aimodel for peroxidative-

ersson et al., 1084)." Cation rld)cds formed from pol(ynnclu.r sromatic
A ﬁ bons have been impli d as the mctive mot#bohles binding to
DNA (Roganet al., 1970). . .
- - & ‘
(." " One-eleclr idati ol' organic ( AHy)| catalyzed by HRP“
Ta is usul.lly depn:ted by sthe fol o Il-knoy thanismr_(Saund
I\lolmebShdla and Stark feds), 1984 . *
- e -



B

oy

q hn""fﬁ"‘.“ly been WM (S?n!.um and Case, 1085). .
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" HRP 4 H,0, ~ Compound T . o
" 4 ;
Compound I + AH; — Compound IT + AH ()]
’ Cqmpoui?l I + AH, —HRP + AH e
" ot )

Peroxidase (or HRP), in °the normal [emc stlte, reacts with hydrogcn

peroxlda to form. Compound I (eqn 1). Compound I then ynd; 'a one

cleetron reduction by a hydmgen donor, g-mng Compound O.(eqn 2) and * '

: ﬁnallyf‘ pound I und lectron fedueti by lhydrcgen donor

regenerating ferriperoxidase (eqn. 3). Phen(wd mmmc amines are

widely known to react via such a mechanism (S unders, Hol 5‘4\\ and

Stark (eds.), 1964). The electroni of d1and nd

L)

Intere‘sljugl}", perg!gﬁduu also hnve.begn implicated as an ll‘lernllive or

additional enzyme systems in carcinogenicity and toxicity of certain chemi-

cals an'd drugs (O'Brien, 1984). Thus'the Zymbnl'; gland asebaceous gland

located in the rat external ear duct, cgnmns lnctoperomdue nnd is Lhe tar-, .

‘get for €rans-4—nmmostﬁene (Osborne, Metzler and ‘Neumann. 1980),

ncetyhmmoﬂuorene (O’Br{tn, '1984), monomethylnmmoazobonzena (Clayson

and Ga;ner, 1976) and benzene (Mnltom et nl.. 1982). “The Harderisn gland

isa target organ for benzidine in m!e (Haley, ,l§75) and contains high levels ’

of l@wxidua (Morrison and Allen, 1067) and low levels of >m'

> . "
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lunchon oxidase. 'l'be utms, a target organ for dle!llylsnlbulml (Metzlep~

-and Mchhhn 1978), pontuns no mned-l.nnchon oxidase activity (Bennett,
Marshall and O'Brien, 1082) but contains high levels of peroxi:h_ae (Kimura,
Elce and Jeliinek, 1983) and y’foshgimdin H synthase (Degen, Eling and
Meclahlan, lﬂ?)‘n.ivex, skin, colon, rectum, bone mirrow, lungs, Amnmmry
gland, thytoid gland are also hrge!. organs in human cancer lnd contain
pemxxdls& (Marshall md O'Bnen. 1084 O'Brien, 1084). Thus, liver hepl-

3 uocytu have agery high level of cybachmlne P 450 (Hrycny and O'Brien, .
1971) but the Kupﬂer cells of the liver contaid & pefoxidase (Fahimi, IWD).
-The skin, colon, rectum and’ bone mlrrow l.lso contain cytochrome P 450
and peroxidase (O'Brien, lwb’l‘uget tmnu oonuu\m; all llnee sysums»
include the Iunp. mammary- gland, brain and l?ope marrow (Q'Bnan. 1084).
These dl_h suggest lhl“ mostof the target 6rgans for c-:c‘ir;ogenais:eontnin
a peroxidase. "Also, liver which :onllﬂa hi‘gh‘ lmounﬁ"o‘! mixed-function )

. oxidase (y.rycny and.O'Brien, 1971) -ng low‘;moﬁnu of peroxidase (O'Brien, ,

1984) is a0 un site for carcin genigis by cb ’ (Craddock,
19768). ‘Interestingly, the mln:lmry gland ls readily susceptible for carcino

\

genesis by polycyeli tic hydrocarbons (Dao, 1969) and aromatic

' amines (Malejka-Giganti, Guttman and Rydell, 1073)."
.. = v :
Recently, ithas been suggegjed that pnrlicnln‘ cell types are often the

target organs. for carcinogenesis by chemicals (O'Brien, 1984). The cell
i 54 o
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types include I ytes, il bone mlrru:vb

cells (Bentfeld, Nichols and Bainton, 1077), liver Kupffer cells (Fnhw
% k2
1970), thyroid follicular epithelial cells (Strum and Karnovsky, 1970),

salivary gland (Strum and ky, 1070), uterus end ium (Brokel-

man and Faycett, 1969) colon crypts of Liebérkuhn mucous secretory cells

(Vgnlyc@nm, Saltoni #hd Fai:imi, i970), Zymbal's® gland (Osb‘orne,

/
Metzlerand N 19080), sub illary, subli |, Harderian (Morrison
-~ ’

., -and 'Allel_x, lﬂﬂ'i) and mammhary gland (Anderson, Trantalis and Kang, ’

‘e '1975)." All these cell types are rick in p dases. The principal i |

dasead D

to be the cisternae of endopl:

and the nuclear e‘nveléspe in the cells.

.
1.3) AIMS OF THE THESIS :
" . t
Although the: i are wid"’ely"‘v‘ ibuted, as pointed out above,
the hanisms ' of bioactivation of biotics by peroxid and the

biochemical and carcinogenic_ effects during the activation of xenobotics,

'hnvbe been overlooked. It is the aim of this thesis to investigate the re»u-'

tivity of the oxidation products formed during & peroxidase-mediated oxida- *

"tion of the xehubioties, towards vn'rio"lis i with special
on DNA a3 it may relate to the potential of DNA damage and induction of
carcinogenesis. Several quti}ms may be raised in this rcg;l;d. For exam-

- .
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ple, if the id: idation of biogics results in products which can

bind to DNA a) what is the nature of the binding?® b) can those reactive
metabolites be producéd in an intact cell® (c) évzn if the.reactive metabol-
ites are formed, can lheﬁe-ﬁ the DNA in the nucleus? Another aspect of

the-project-is to de_!ermine the possible ,and potential source(s) of hydrogen

peroxide, that may carry out the itativd oxid of biotics in
vivd conti ly, without-any’ ‘\ i
) . .
% W
~ ' s
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CHAPTER 2

MATERIALS AND METHODS
«
A
) = Wy :
' 2.1) Materials : : o -
- \ . d -
* Benzidine  dibydrochlofid d  hydroxyanisolé (BHA), N-

2 - . .
“ ethylmaleimide -~ (NEM), nordihydrogu’ninreﬁc acid '(N'DGA), p-

h ib (PCMB).'m.,' imethyl i bromid-e (¢ lor),

dlmtroﬂuon)benzene (DNFB), 3,3,5,5" T \ethyl benzidine (TMB); h 1d

\sh peroxidase (HRP) type VI, calf-thymus DNA type I, sodmm dodecyl sulfate

(SDS), polyriboadenylic -acid, polyriboguanyli Mid,.pnlyribpcytidylic acid,

. polyribouridylic acid, Wrtype X, bovine serum albumin (BSA), g]utnthioné

(GSH), ascorbic acid, N-ncetylcysleme, lysmt, proline,” lead tetrmcelate, 0,0

biphenol, p,p- blpbenol 2-aminofl (Z-AF), “ h lnmlne (1-NA), 2

nnphthylnmme\(z NA), 4-aminobiphenyl (A-AB), NN'dnmethyl-p-wlmdme

(DMPT), NN-di '“"; fnostobenzene. (DAB), aminoais} (AB),

-reduced .mcotmnmlde’aégnine dinucleotide phfnvphnte (NADPH)?* reduced

de adenibe dinucleotide (NADH), | idase (LP), ribonucl

A type I-A, ribonuclease T,, protease (type XIV), superoxide dismutase (SOD), -

tyrosinase (grade II) mdhr‘ricytoehroms ¢ were purchased from Sigma Chem-.

ical Compsany (St. Louis, MO., USA). Phenol (_thllytiul grade) was obtained

<

W
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from Baker Chemical Company (Phillipsburg, NJ, USA) and was further

_purified by distiflation. 5 % .

N
N

Hydrogen peroxide, (H,0; .’w%).yn obtained from Fisher Chemical Com-

p*y (Toronto, Ontario,” Canada). Sephacryl-300 and Sephadex LH-20 were

obtained from Pharmacia Fine Cheniicals (Quebec, Canada). . N

N-(ring- E‘C)-Mq;hylnhinoazobénzena»_ was pynﬂl?'ed as previously
described by Munier and Chauveau (lﬂ'l'o) and was purified by th‘in layer
h The

had.a specific activity of 5.4 mCi/mmol

with ‘a purity of 99%. - No | !C]-4-aminoazobenzene was present- in-the

2-(9- MC)-Aminofi was prepafed from"'2-(9- 'C)-

acefylaminofiuorene (50 mCi/mmol) (New England Nuclear, Boston, Mass.,

'USA) by mcnb/lnn(the lutter with cnboxyutelue 0, and the 2-(9- “C)-

fi formed was d with ethyl acetate u&punﬁed by Ingh

pressure liquid chromatograpby (Boyd, Harvan and Ehng, 1983). (ring- MC)-

Benzidine (25.7 lnCi/mmoI) was purchased from New England Nuclear (Bos-
ton; Mass,, USA). U[ MC] Phenol (715‘mci/mmol) was obtained ‘from

- Amersharg/Searle (Oakyille, Onurio, Canada) with a stated purity of 99%.

All the rwdlolctlvc samples were dllnted to the requh‘:d speeldc nctmty wlth

pure non- Qwuﬂva samples baton use.

- -

-

"




2.2) Methods &

2.2.1) Cell and organelle preparation:-

2.2.1.1) Leuk te cpars :-,i. kocy {aining more uun
90% polymorphonuclear Ieukocytes (PMN's) were obtmned from mlraperk
wnenl cav)ty of guinea pigs as described prev:ously (Taknnuku and O'Brien,

1975 a) A gumea png was mjeeted with 30 ml of 00% NaCl solunon contain-

ing 2% neutrahzed sodium caseinate solution. After 14 to 16 hours, the mtra— :

Y peritoneal fuid was extrkcted with 30 ud of 0.9% NaCl solution. The cell

\

suspensxon was centnruged at 400 X g for 5 mmnta Supzrnatnnt solution
was discarded and the cell pellet was resuspended in 3 rnl of 100 mM sodlum
pbosphate buffer pH 7.4 containing 50 pM CACL‘ and 0.8% NaCl; 3 ml of ice-

cold water was added to remove contammnung erythrocytes. Mter 30

seconds, 6 ml of 1.8% NaCl solution was added.to restore the isotonicity. The

suspension was centrifuged again (5 min; 400 x g). The resulting cell pellet

" was résuspended in 1 ml of the above-mentioned buffer. * After the cellsswere

obtained from 4g||ineu pi;s.' all' proéedﬁru were Vcnrrigd out at 4°C. Micfo{s»

:Jﬁe examin;ﬁon after stajning (by ding one or two drops of 0.6% bromo-

phenol blue solution to ln\sliquot‘ of the cell suspension) showed the following -
'.n;euge differential count: PMN's 93%, lymphocytes 4:%, eosinophils 2% and

monocytes 1%. fe'ukocyte graniules we}e isolated f;cmding to the methiod of -

i
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Rossi and Zatti (1968).

2.2.1.2) Prep of bone h :- Male Sprague-
Dawley rats (200-400 gms) were killed by cervical dislocation;, both femur and
tibia were immediately r;mved. Adhering tissue was scraped-off and bones
were opened by cutting both the ends with the scissors and thé marrow Was
flushed out of the cavity with ice-colc'l 0.9% saline. The resulting bone marrow
cells were/ centrifuged for § minutes at 400 x g The ‘cell p;llet : was
rnspende&’in 3 ml of 0.1 M Tris-HCI buffer pH 7.4 conhininé 0.9% NaCl
solution. Erythrocyte contamination v?ls removed by adding 3 ml of ice-cold
water. and c’entrifugnlon at 400 x g for 5 minutes.” Thercerpzllet wn‘a
resuspended in 0.1 M Tris-HCI buffer pH 7.4 and homogenized in glass/Teflon
homog;ni:er n‘nd centrifuged lor 10 minutes at 4°C and 400 x g. The super-

natant ¥ was \ued o bone marrow homogenlu. Pmtem was unmnud by the

. method of Lowrre'. al. (1051)

= My i

was isolated

2.2.1.3) Isolation of my

from human white hlood cells as plw:onsly\uenbed by Andrews and Krinsky

. (1081). “The ‘enzyme concentration was cnlc)ﬂntad from an absorbance co-

efficient of 80nM-! cm-! at 428 om. The absorbance ratio (Ags/ Awnm) of

the enzyme was 0.9,

. .




A0
N

=-34- . .
2.2.1.4) Pp fon of rat liver mi = Liver
& :

were prepsred from livers removed from Msle.Spngne-anley rats (150-’50\
gms), after pedfusion with lsotomc saline (0.9% NaCl), as prevxously described

(Hrycsy and O’Bnen, 1671)

N .
2.2.2) Studies on the binding of arylamine or phenol oxldl}l

ducts to DNA :-
. .

2.2.2.1) Binding to DNA In leukocytes - Incubations were performed

in 2 ml of 100 mM so&ium hosph buffer pH 7.4 ining 0.9% NaCl and
50sM CaCly. The following 'nfiditions were made ;- PMN's (5 x 107 cells),
PMA (1-2 x 10° M) and either 'C-benzidine (60 uM) or "C- methﬂ;minow-
20benzene (50 uM) or 'C-aminofluorene (5 uM) or "M4C-phenol (120 pM).
Other che‘micals were added where indicated. Anaerqbic conditions, as deter-
mined with an oxygen elecgrode.,‘rwere obtained by usipg b‘oiled buffers: and

continuously bubbling argon or oxyéen free nitrogen during the iﬂcnbntion

- period. The mixture was incubated for 20 minutes at 37°C with shaking and

> the reaction was terminated by extracting with ethyl acetate (8 )? 2 ml). After

“removal of the excesy ethyl acetate from the aqueous phnse by bubblmg nitro-
gen, the DNA was subsequently lsollted Bmdmg of nrylsmlne or phennl oxl-
dation products to DNA in leukocytes in the absence of PMA, was also mess-

" ured.
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2.2.3.FFDNA isolation/from leukocytes - DNA from PMN's was iso-
7/

lated eSsentially.by the method of Baird and Brookes (1973). The aqueous ~
phue‘ alter ethyl acetate extraction was bubbled with N, treated with 400 pl

of sodiurh dodecyl sulfste (fnal 19) and incubated with protease (05 mg/m).

Aner 1 hour, an equal volume of wate yhenol lnd t

chloroform were added to each umple and the reaction mtxtura were shlken

vigorously and centrlhxged ‘The aqueous phase wu transferred |nt9 another .
'.esl-hlbe and thu nucleic ulds were precipitated by the nddltlon of 2 volumns
u{ ethanol. The nuclglc acids were redissolved in 2 ml of 0.1 M Tris-HCI, 1.0
mM E;Yl_'A buffer pH 7.0 and 'n;gnbned with ribonuclease A (lo-units) n!d
ribonucleaseT, (5 units) for 10 min{-m. The DNA was: reprecipitated with
twice the volume of ethanol, redissolved in 0.1 M Tris-HC buffer pH 7.4 (1 ml)
and aliquots were analyzed for DNA content by q\mnfing absorption at 260
nm_ang the b&nd ( ';C) dicactivity was asured by liquid

counting. -Using this technique 300-400 yg DNA was isolated from 5‘x 107

cells? Tl‘ne 260/280 nm ratio was sround L7 for both the isolated DNA as well

as for pure c‘llf-lhymnl DNA (used as standard) indicating that protein was

d from | yte DNA during the isolation procedure.

2.2.2.3) In vlho umnn; to DNA -3 ml of 0.1 M Tm—HCI buffer con-

taining 3 mg call-thy DNA were incubated with C.sub te with Hy0,

and HRP or with H;0, and MPO or with Hy0; and leukocyte gmmlhr \Ht_h




Corat hveL mlcrosomes and NADPH or thh rat

- ¢ /
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iver microsornes and cumene
o

- hyd: (CHP) or inase (for appropri ditions see tslla 33

A\

- DNA was always recovered

4. 1). After incubations under appropriate cundmons, the reaclmns were ter-
minated by extracting with ethyl nceme 3 x 3 .l) " The DNA was subse-
quently isolated from the aqueous phase as descnhed above (Section: 2.2 23)

except thnt mcubnhon wn,ll nbonuclease was omitted. 80-90% of the added

'2.2.2.4) DNA and polyribonucleotide hy , and ‘column

chromatography :- DNA edduct nalysis was carried out by a modificatjon

of the method of Baird and Brookes (1973). DNA after precipitation was

" redissolved in 3 ml of 5 mM Tris‘H(.J_l buffer. pH 7.1 containing 0.1 mM EDTA

and 10 mM MgCl, and denatured by heating for 3 minutes in boiling water
and rapidly cooled with ice. l‘)eoxyrihonuc!_enjse 1(0.1 mg/mg DNA) was added
and the solution was incubated for 12 hours at 37°C. The pH‘ was then

adjusted to 8.0 by addition of 1 M- tris-base and phosphodiesterase (0.04

'units/n.lg DNA) and slkaline phosphatase (1 un'it/mg DNA) were added. The

solutions were further incubated at 37 °C for another 12 hours after which pH
Y f i bt
was re-adjusted t6 7.0 with 19M HCI and extracted with butahol. Tﬁ aqueous

d to column chrory phy uding“ hadex LH-20

layers were then
ona2b x 40 cm column. Ribonuclease A (10 uniu) was nm:l for tlle dlgullon

of polyrlholdanyhc acid or polyribouridylic acld or polynbocytxdyhc mld
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Ribonuclease T, (5 units) was used for the digestion of polyrib/gumylic acid.
. ’ 1

2(2.3) Studles on binding 6f phenol oxidation products to protein :-

2.2.3.1) Incubation procedures:-

A 2.2.3.1.1) Mi al incubations :- Incubation mixtures in 3 ml of

st . 0.1 M Tris-HCI buffer pH 7.4 contained the following: Rat liver
: protein (1 mg/ml), NADPH (0.5 mM) or CHP (0.5 mM) and MC-phenol (0.2

: B 3¢ Stei
‘ TuE mM). - Some incubati d heat-denatured mi or no protein

or mo. co'fnctor (NADPH or CHP). These :amplu were used to assess, the

S

i - extent of non-enzyrnnm conversion and binding of phenol to rmcrosomal pro-

tein.  Incubations were carried out for 15 mmutes at 37 C. The reactions

were terminated by the addition of ethyl acetate (3 ml) and the organic layers -

-
were removed. Repested 15 fi

‘were ed (8 times).

| - » 2.2.3.1.2) Peroxidase incubations :- C.Phenol (0.2 mM) was incu- »

3 . a .
bated with HRP (10 pg); H;0; (0.5 mM):and heat denatured microsomes (1

‘mg/ril) in 3 ml of 0.1 M Tris-HCI buffer pH 7.4 at 37°C for 15 minutes.

2.2.3.1.3) Bone marrow Incubations :- '*C-Phenol (0.2 mM) was

"'incubated with bone marrow homogenate (25-200 ug protein) and Hy0, (10 -
A ; !

.mM) in 3mlof 0.1M Tris-HCI buffer pH 7.4 at 31"0’.\ ”
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2.2.3.3) Q tve d fon of 1 Ible binding to
protein :- Quantitative d. ination of i ible' binding to protein .was
perf d as described by Sivarajah, And: and Eling (1978). The protein

in the aqueous Igyer was pre‘cipﬁn"@d with 100% TCA (300 pl), washed with
‘10%. TCA (1 r;nl) and the protein, after centrifugatio, wus exhaustively
.extracted (2 times) with 80% m_ethanol/wntér and chloroform/methanol (2:1
by vol).. The washed. protein wassolubilized in 1 ml of 1'N sodiupn hydroxide, ‘_

& ~
dioactivity determined by scintillation counting and protein d by the

method of Lowry et al. (1951). Approximnlely\7§%—80% protein was always
recovered, :

2.2.3.3) Further examination of nature of binding to protein &

The protein samples obtained after methanol described above,

as
were further éxaminéd to determine how strong}y‘ the products are bound to’
protein, using the method described by Joliow et al. (1873). The protein sam-
ples were suspgnded in 3 mlof 0.1 M Trh-HCl buffer pH 7.4 and digested .with ‘
protease for 12 hours at 37°C. 'Msximui.digestion OC_lerred within 12 hours,
after which‘ the further incubation had no effect on amount digested. The dig-
est was extracted with ethyl uce’ta’!ev {3mlx2) nnd’ the organic layers were

* removed. The aqueous lsy;}s were bubbled with N, for a few minutes (to '

evaporate excess ethyl acetate), and'an ‘aliquot was removed for measuring the

radioactivity. \_g .
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Some samples after hanol i and digestion yith protease,

were mixed with dinitrofluorobenzene (DNFB) (5% w/v) in ethanol and the

mixtures were kept for four hours at 25°Qin the dark, with occasional stir-.

ring. The pH was adjusted to 9.0 by th; addition of NaHCOj and the reac-

tion mixtures were extracted with 3 ml ethyl acetate (2 times). An aliquot of
AT d :

as

__ the-agyequs layer was measured for radioactivity: The ining aqueois
layers were Acidiﬂe:’i‘,to pH 1.0 W §.0 M HCI and the reaction mixtures were ~

further extracted with ethyl acetate (?!_ml x2). The\radiouctivit}" in the aqlfe-

o S
ous layers was removed. X

2:2.3.4) SDS-Polyacrylamide gel electrophoresis for bone marrow

proteins :- SDS-Polyacrylamide gel eleetrophuruis was performed to analyze

whlch proteins are speclﬁcnlly lnbelﬁl*b{reﬁchve phenol metabolites. Mter
4 :

mcubmons (u descnbed lbg_y,Secnon 22313), the reactions were ter-

minsted by adding ice-col d sucrose (0.25 M) and centrifuged at 100,000 g and
at 4°C for 1 hour. The supernatant was discarded sml the protein.pellet was

washed with sucrose (0.25 M). More than 90%, of; the total bonnd radioac-

tivity was recovered in the roteln pellec after centrifpgation. The protein was
¥

, then mluhlllzed in"300 pil of Tris-HCI buffer pH 6.8 containing SDS (1%); gly- o

cerol uo%) and f-merubtoethanol ()P%) 30 pl nliquots were run on, 15%
polyleryhmide slab gels containing 0.08% bmerylnmde After the compl&
tion of the eleetrophoruu tha gels were stained (or 3 hours in 0.25% commas-
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. 92,000, \
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sie brilliant blue containing 50% methanol and 10% acetic acid. Destaining

was performed in 25% ethanol containing 10% acetic acid for 2 days. “The gels'

. were treated with PPO (saturated solution in DMSO) for 2 OIIIS. and dfied \

before exposing the gelz o’ Kodak X Omlt films at -70°C for 4 wev.-ks Malec-

ular welght,a of . the standards ised were 12,300, 30,000, 46000 80060 nnd

2.2.4) Phenol product lgulysh -

The ethyl acetate layers (obtained after extraction of the incubation mix-
tures) were pooled and concentrated to 0.5 ml under Ny-and the producis
. were analyzed by high-pressure hqlud chromnmgraphy (\I p.l.c.) or thin’l lmyer :

chromatography (t:L.c.) o, by mass spec;roscopy B . I

2.2.4.1) E.y.l c. - Analysis of 20 ul aliquots was cnmed ‘out using a

s
Waters Associated system, equipped with a C,g 4-Bondapak (0.39 x .'!Ocm)

. column The solvent system consisted of a i mixture of l% acetic acid in-water

nnd methlnol A lme:r gudlent of 45-100%, melhanol wnth a flow-rate ol |

ml/mm was applied durmg 2 15 minute run. The products were detccted at

280 nm. Qllun!ltmon was achleved by measuring peak heights ﬁd plotting &
éalibration curve Lor known quantities of phenol, p,p"-biphenol and o,0-

biphenol. Under these conditions phenol recovery ‘ was .05-17)0% and, p,p-

< .

-
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bipbenol_snd o,0™-bipheno} was 08-100%. Thafr_eﬁnion times (minutes) were -

» as l_olléwu: phenol (7.0), p,p*biphenol (9.5) indvo,o‘-biphenol (115). In addi-
tian minor unknown peaks at 123 minutes-and, 14.0 minutes were nbgened.

.
.

. -
2@.4.2) T.le. = All t.le. studies were performed using Analtelh pre-
R

A)
ed silica gel HLF (20 x 20 em., 0.25 mm thick) plates. 200 i aliquots of

v
the org:mc layers were upotlel on tle. phta And rin in a solvent system

b hanol: ) acid [1084 by vol) annmahon was

achieved by measuri tha\ dioactiviti 'the dividual blnds. The RE

vnlua were as lollown - p,p"-biphenol (0'42], 0,0 blphenol (0. 58), phenol (0. 14)

ud,,p,p'-blphenoqumone (0.95). by addition some minor Bmds ‘were “4lso
*

» observad \viﬁ5 Ry values as follows :< nnknown 1 (D 00),. nnknown 2 (o 50),

nnhm 3 (0%52) unknown 4 (0.62) (Se_e Results in Clnpur §; Table 5.1).

2. 2.4.8) Mass lpoetr.l uufy-h = The ethyl acetate extracts of the

-
7

-

penmdm oxidized phenol or o.o’ bxphmol or p,p-biphenol reaction muv.urs )

were dried llnder N, and wue mllyud threclly by a mass apeclmmel-er. The
»

nnlyss was Cartied oat using & VG Mi 7070-HS mass

and PDP&A dlgml RLO, duc data uynum by duect pmbc)h‘ernon with flec-

Boelir 'w“' 4
tron ! a8 P

at low i w:'} mk in the

. range o! Mm Other puﬂnmn ineludg 70 eV ehclmn input ionization and

N v LI
sourcé tunpmlun of 350° C. L]
R . ' . ~
) . 7 . L4
. -. i »
LI
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2.2.4.4) D . ination of reducti \;:lh : n ‘fo?, r id, P
d II by phenoll pounds:- The rate t for the reduc- B
tion of id; d I were di ined by the melbod of Hewson and

Dunford (1976) using a Hewlett Packard stopped-flow spec!rophqlnmetér\

model 120 B. Compound (1 pM) wu L:repared by mixing HRP ( d) nnd

H,O, [¢] yM) in 0.1 MﬂsHCl buffer pH.7.4. A m‘fold excess phenolic sub~
: strates wete uised and the rate of the reaction #vas fallowed by t{e decrease in .
absorbance at 427 om. All the me,nsuremenﬁ were performed at'30° C. Voo

2.2.5) Structural analysk p:p-biph k-glutathi ‘v Jui

5 e ' ’
. . i ¢} :
2.2.51;) Incubation. conditions :- p,p“Biphenol .(0.05 mM) was i{cu-}

" bated vith HRP (1 pg), ;Iuhthione (0.05 mM) and H,0, (0.06 mM) in 3 ml of

0.1' M Tris-HCl buﬂer pH 7. 4 at room tempemure for & mlnuta Reactions

were stopysd with the addition of ethyl ucehte (3 ml x 3). Lnge seale incuba- *

hons Ior metabolite lsolltwn had n total vulume ol 500 ml.
i .
. 2, QE.I) H. p.l.e.x~ H.p.lc: o( lhu wner soluble mehbohtu !urmed lrom

theabove incubations was e usmg: C,.,."
e T

column (0.30 x

36cm) d

h W " acid (30:7:2 by vol)-nnd with a

. flow nte of l mi/min for 15 mlnutu »
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2.2.6.3) FAB Mass sp . fopy of 4 \ jugate :- A VG

Micromass 77p2E mslrymenl with X: atom beam was used at ambient tem~
perature to record speetru of umplu prepared in glycerol and deposited on the

probe.

2.2.5.4) Nuclear M R Sp! copy of

conjugate - A WH-AM MHz Bruker instrument was used to record spectra of

simpln. .!‘ . . » .
. * g
2.2.5.6) eid hydroly-ll of the lnolnted glutathione eonlngnte -

Aliquots of h.p.l.c. pnnﬁed unknowns vi{re hydrolyzed in 8 N HCI (2'ml) in

sealed vials at 100° C for 15 hours. After the re\mqval of the acid in vacuo the

* residue was dricd igh olv‘er hosph 3 ide ( P,0;) and ch

graphed against glutamic uld and glycme standards on silica gel GF plates

“doveloned

op! in butanol:acetic acid (80 20 20 by vol). After $praying vnth
mnhydnn, the plates were heated at 100° C for 5-minutes for colour develop-
ment. Lg - . . i
% “ . ' L ’ '|>
2.2.5.8) Isolation of P,p‘-blphendl—GSH conjugate from §one mlr-
row homogenate : The GSH conju‘sau f‘v’f;{ ﬁne‘manow homégenna
(200 le) was lsol:ted as desenbed above follo ing ln{ubﬂion with H,O, (10

n?M) and p,p -blphen (200 yM), and GSH (400 pM)}lwr preclpmuon ofthe -

'prote}ln“ with an pqunl‘v‘lolume of TCA (10%). _A!ler centrifugation, the




. (200 M) or GSH (400 pM).
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\ ’ ) <
resulting aqueous fraction was neutralized with 1 N NaOH and subjected to

hple.

~2.2.6) Mellnrgment of oxygen :onmmptlol;; " . ) ’ )]
l. &

J 2.2.6.1) Oxygen consumption by PMN's 1- Oxygen cqnsumptmn by'
PMN's was estimated in the reaction medium (2 ml) containing 100 mM phos-

. phate buffer pH‘H, 50 uM_CaCly/ 0‘9% NaCl, PMN's (1-2 x _10’ cells). 'l‘l‘lg ’
e‘leclrodes‘{or oxy‘g‘en (Cln:.ke type).were pj&!\d in the reaction mixture which

~was kept at 3‘1'0 with circulating w_gier; Rapid oxygen uptake oceun.-ed fol-
lowing“the addition «;{ PMA (1.2 x _‘lO‘“M). The oxyge) uptake was npt
aﬂ'ected: by the various substrates used, R

,2.2.6.2) Oxygen fon by p - Oxygen- ¢

" 'was measured as dé;ribed | ghove (Section 2.28.1) at 20°C. The standard
reution mixtures ‘contsined in 2 ml of 0.1 M Tris-HCI, ‘1‘0 mM EDTA buffer

. 4.
pH 7.4, phenol (100 #M) or lryllmme substrate (10 ‘iM), HRP (10 sg), NADH -

tions were stlmd by the addition of H,O,

(10 pM) and-followed until com o

e S : . : 0S
2.2.7) Messureinent of NADH oxldatlon i- L ‘4
; =R . .
. o> A,
1
)
N )
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: “ . The feaction mixtures, in 2 ml of 0,1 M TrisHCl, 10 mM EDTA Duffer
pH 7.4, contained phenol (100 uM) or arylsmine substrate (10 uM), HRP (10
pg), and NADH (200 uM). Reactions Were started by the nlglon of H,O, (10
M) and the dmppurum of NADH with time was followed at 340 nm using

E "a Shimadzu UV-240 h until the NADH oxidation was com-

pleu'(uslnlly 1-2 minutes). ~ L b i

- 4

S 238) of Rate Constants for NADH oxidation &

"2 ml reaction mixtures of 0.IM Tris-HPY, 10 mM EDTA buffer pH 7.4

_ contained (unless otherw.iu :iuec!) the following :- NADH (100 M), Arylu;:ine

A, _purted by the addition of HyO, (10 sM) snd the rate of NADH oxidation was

followed at 340 nm using a Shimadzu UV-240 spectroph

_22.9) Measurement of GSSG formatlon =~ The standatd 2 m] }mlion

mistures in 0.1 M Tris-HC}, 1.0 mM EDTA buffr PH 7.4, contained: phenol

(100 sM) or arylsmine substrate (10 xM), HRP (10 ug), and GSH (400 uM).

Thc reactions were started by the addition of H,0, (10 M), Nter 10 mmutes

) NADPH (200 puM) was lddad to mh’reuuon mutuu ad the nmount of

= & NADPH oxldund-folbwm; lhn addition of ;lunlhlons redncllse (1 unit) was
L3 dotermined (Stivastan and Beutfer, mv)

= . 5
& - \/\- or phenolic substrate (10 pM), HRP:(1 pg) :r LP (10 pg). Reactions were - -




»
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2. l.lo) Reduction of ferrljyuw.llnme e

e

¢ The 2 ml nutmn mixtures nf 0.1 M Tris-HCI buffer pH 7.4 cm&ained ‘/7 .

NADH (200 pM), HRP (I:g), ferricytochrome ¢ (20 M) nd phenol. Reac- -

tions were surted by Ih/Jlddlhon of Hzo, (10 pM) Reduction of ferricyto- -

chmme ¢ was monitored by increase in tln absorbance at 550 nm (Takayams %

mdNnhno,lW‘l) .
. “ . o? /. Al
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' : CHAPTER~ 3

PEROX]DASE—MEDIATED mREVE\ASIBLE BINDING OF
ARYLAMINE CARCINOGENS TO DNA IN INTACT %
POLYMORPHONUCLEAR LEUKOCYTES ACTIVATED :

» BY A TUMOR PROMOTEE.

3.1) Introduction s _ ° L »; .
. ) o :

Whilst, tuch emphasis has been placed in chemical enrcinogene'sis on the

-
two-electron oxidat’ioq catalytic activity of mixed-function oxidages, it is clear

that' |.. idation pathways hediated by lipoxyg ) p

synthase and other pgpxidliu utililin‘ fatty acid hydroperoxides or H,0, also’ '

oxidize carcinogens to metabolites that bind to DNA (Boyd, Harvan and Eling,

-lvsa;bKadlubar- et.al., 1982; Marshall and O'Brien, 1084; Morton et al., 1983;

Zenser et al, 19—70)‘ The polylﬂorphonuélelr leukoty‘te: has very higlll levels of

myeloperoxidase (Bentfeld, Nichols and Bairiton, 1977) as well as prostaglandin
synthase (Rossi, Dellabianca and Bellavite, 1981) -and lipoxygenase (Rossi, Del-
libilncn_nn;i Bellavite, lﬂﬁl) and has little or no mixed-function oxidase

activity (Bushghshlw and Cantrell, 1972). Interaction of ,the leukocyte

phorbol-12-myri 13-acetat:

plnsms membrane with the tumor

© (PMA) results in a cyanide-resistant mpnrnwry burst with- thf }ormmon of




—ig-
superoxide, hydroxyl radicsls and H,0, (Goldstein et al., msr wTakanaka and

O’Brlen, 1080) -and activation of the arachidonic acid cascade forming prosu—

glandins, and kotri (Rossl, Dellabi: !nd Bellnv:te,

1081). "These effects therefore make. the leukocyte a useful model fora cellnlar

study of zhe one—elecn-an oxidation pathway for carcinogen nctevatmn nnd also”

.~

for the effects of a. tumor promoter on chem:cal carcinogenesis mechanisms.
i ' o

11{ this chapter, binding of -arylamine carcinogens and phex;oi to the *

‘n\mlenr DNA of intalet PMN’: has been” demonstrated followmg lreniment e "

with !.he tnmor promoter PMA Phenol isan excellenz substme for peroxldue

(Snundem, HJolmer-Smdle and Stark, 1964) and a mnjor +in. vivo metabolite of * -

the leukemogen benzeun (Rlcken et al., 1079) 'Evidence will be presented that_ )

/
H,0, anc}myelopemx‘fd’ue. This ‘study is the first reported example of carci-

the hani lorthe_ ivati c_r_.,

nagen. nctiveti;)n by a peroxidaie/H,0, system.in the intact cell. -~

d phenol in PMN's.involves ’

3.2) Reul}ltu 3. - \
; . 7 )
The mplrato:y burst m\tm.ed in PMN’s, on exposure to PMA, is chn(nc- ;
terized by m increase in cyanideresistant oxygen ption leading to

suparoxnde, hydrogen peroxide and hydroxyl rudxcals mﬂnhn\ud glucose oxi- -

dahon chreugh the hexose-monophoephnte shunt (‘l‘nlmnh and O'Brien,




.
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1980). In table 3.1, it can be seen that this can also result in an irreversible
binding of radiolabel derived from varjous arylamine carcinogens and phenol to

leukocyte nucleic Mids. The binding is proportional to the number of PMN's

* present (F‘IIB 3.1): Negllg‘lble binding occurred in the absence of PMA.

-

. The in_hibition in the binding of products of n—l'ylamfne carcinogens and- phenol

FurtBermore a drasnc mlnbmon or the binding under anaprobic conditions. ———
¥
(Table 3.1) suggests that the bmdmg is coupléd to the incpeased respiration of _

B PMN's,

The production of the ‘activated oxygen species as a result of the leuko-

cyte shmulanon by PMA is beheved to be due to the activation of N NAD(P)H

oxidase Iocnted in the plnsmn emb and in the p 1 b

. formed by invagination of the plasma membrane (Bndwey and Karnovsky,

1980; Takanaka and O'Brien, 1975 b; Patriarca’et al., 1915) Followmg alag

.
of 15-30 seconds, the activation seached a plateau at about 20 minutes and the

“oxidase activity remained constant for st least 90 minutes (Mc‘Phail and

Snyderman, 1983). - As showu. in table 3.1,the respiratory burst is readily inhi-

bited by the thioli hibitor, p-chl ib te (PCMB), even though —¢

this inhibitor does not permeate the plasma membrafe. "l'his suggests that the

* oxidase or the |ctwuxon mechanism has menml thiol groups Tl\= isolated

NAbPH oxidase is completely inhibited by PCMB. (Gablg, Schemsh md San-
ﬂp, 1Q82). W. another thiolgnhibitor, also inhibited the' (spmtory burst.

- % ] s
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5 e : © Tablesa
" Eflct of various agents of irrévesible binding of carcinogesic
N arylamines and phenol to DNA in polymorphonuclear leukocytes.
= v
: 4
diions® | Op wputs® C-bousd 1o DNA (pmel/mg) © -
o (smoles) ) )
- . | Beasidite ! . Aminofuerese  Phesol
. Noae TWozT1 ¥ s3ez80 Tmisama . wisies  Teessed
£ 0")1:!@(0‘1’-!!) WIELT [ WIBT eI 103837 9242903 |
+ NEM (1 mM) 2832490 151248 : 812271 3021151 28522214 i
. . +Aside(1mM) | 9512113 701189 30242318 100142 wzsamss|
P ide(10mM)  |'036£109 sa28 [EEETI 10871 22128
N y 7‘-‘:9:! 637410 - L 270.22202 'Iﬂi.l:ll,l 1210.1268.4 *
‘|+Cymide(l0mM) [ axs | 7ssse T 2a2a27 SIATL 38281 .
+ NDGA (0.1 mM) | 21241 | 1431238 ® 631272 ™ 20. ;:&2 81223 - A
‘-4 + BHA (0.1 mM) N30T | 48218 ' 32340 : 187214 -n-lsl-‘
PMA abseat 11208 LREZRY 07£15 0118 c B2z
N Aslerobiors, il 05213 s wiser | wises
) .
P w @ :
. 5. Chemicals (10-20 jl) were sdded before the leukocytes were sdded to the reac-

M\~ tion mixture. Reaction conditions are described in Materials and Methods (section
2:2.2.1). The DNA was isolated a3 described in Materials and Methods (section
" 2.2.22). : -
. <
b. nmol consumed oxygen/20 min/ 107 cells. Means + Standard deviations of
threg experiments (using three différent leukocyte preparations).
X . S %

c. pmol ( “C}bound/mg DNA'. Means + Standard deviations of three experh
ments (using three different leukocyte preparations).

+ tefers o the amount of radioactive material associsted with the DNA
expressed in terms of the amount of original labelled compound added to the system.

. ' & 1 H

2

~ 7 .
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‘ X . ; . Figure 3.1 . ) .
z i 3 } ;
“ . » Effect of different concentrations of PMN's <
; : on the [U ™C]Phenol Mndlann DNA:

. See Materials and Methods (semons 2221 and 2.2 22) for expenmentnl

‘ . . . procednres Results are exprused as Means + S.D., n=3.

.
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to DNA (table 3.1), in the presence of sbove-mentioned thiol inhibitors, indi-
cates that the binding of these arylamine_carcinogens and phenol to b_NA in

leukocytes requires the phsm- membrane oxygen sctivating system.

The mcmldmts NDGA (RMH‘M“CI and Belllvue 1981), n-propyl

gallate (Bawuk lnd Slater, 1978), catechin (Beswnck and Slater, 1978) and -

o ) pmmelhuine (Bawnck and Slller, 1078) also inlnbn. the ’rcsplntory burst. ~

S The inki uqn ig reversible lnd may |nvolve l non-mmpetmve m!ubn.wn of

' anca and Bellnv:h, 1981) As lhown in tlble 3.1, the lnlnbmon of the m]nraf

tory burst by the antioxidants NDGA and BHA, also resulted in the inhibition
of tl;e srylamine and phenol oxidation products hin‘dip( to leukocyte DNA.
. This is further evidence that the arylamine ‘and phenol activation‘involved the

- tyanideresistant oxygen

@,

» . ’ . Low eoncenluholu of azide (1 mM). enhlnced blndmg of arylamine or

e * phenol ondatwn prodnch to DNA as well as oxygen upll.ke. Low concentra-
liona of eylmdc (1 mM) ll.uo, enhanced binding of phennl oxidation prodncts‘
to DNA. Others have nhawn that At these concenlntlonl. leu n/eyte .

udogenoul atalsse is- inhiblt«l, oxygen upea.ke h nu-nul-ud and the lcvel of

L lnlmelluln H,O, is raised (Nluml Metcalfe -nd Root, losa).\h hlghar con-
. centrations of mide and cymldo andmnplu myeloperoxidase h also lnu—- '
tivated (Nlll.loll‘ Metealfe and Iloot, mm) and binding of arylamine or phunol

ST the uhvned NADPH oxidase or membune utmtmg synem (Rossi, De“tbl- LR
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! -4 - N
oxidation pmdl’:cb to DNA was markedly inhibited’ (Table 3.1), although oxy-
gen. -uptake was not -ﬂected This' lmphes that endogenous myelopergndne is,

mvolved in the bmdmg of arylsmine or pheﬁu‘l oxidation products to DNA, but

not ‘in H;O, i l-‘u. thé enhanced binding-of arylamine- or

phenol oxidation products to'DNA by low concentrahons of- -zxde and eyumde
! -~

may mdlcatc that H201 is involved in the -ct

ation process ol lryl i

) phenol to pmducts that bind to' DNA. ‘It nppens that leukocytes hw& no v,

«

mltaehondn- aid “they derive their ATP thmugh glycolysu (Murphj, IWB)/

Furth ";'Aandrote\' pinbibitors of the mitoshond elee- S

lron transport, chmn, hld no effect on the oxygen uptake and: lhe bmdmg ol

v AT N\ . aryhmlne and phenol oxldatlon products to DNA ln lenkocyth !
_4/ h shown) which auggau that -the petlvutmn ol’ |rylsmxnes m_gwpbenol in lcuko- £
; ) cyte- may.<aot favolve mltochondnn B . B . =
- N R I
4 B * '

. N 5
Several other lines of evidence also/indicated that it is HO,

formed in- the PMA “' .’:_ kocy ,whlch ediates thc""‘ of .

phenol to. products um bmd to DNA (’I‘able 32). l-‘uslly, addition of nttll!e

»
to the incubation meliuin, ndnced bmdmg ol ph?el oxidation pmdgzch to B

" - L—DNA in leukocytes by 80%. Secondly, addition of SOD which catalyzes the )

w s s g - ;
. g i * 'dismutation of . Oj Io produce H,O, (Ds;ulse d dovich, 1984): s
S menued the bjndmg nanxly lwo-lold suggesting thn the producs +

b tlon was Jimiting. Tt-is7un \lnhkely that catalase and’ lupnong; dhmuhn per-
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~Table 3.3

Effeci of various agents on 1%C-phenol oxidation
roducts binding to DNA in jntact polymorphouuclear leukocytes.

«

Incubation conditions ¢ Phenol bound to DNA
Y i (pmol/me)®
a g
Complete system 8204£32.6
- g :
L PMA. s 33243
- - ’ . .
+ Catalase (20 pig) ' e, 6s8E -
3 .
+50D (20 pig) . 1621921208
L L
+ H;0, * (100 M) - 3 6422.4 ’
1+ m;«-.‘ (100 MY/ Glucone oxidage * (20 ig) | 95274762
. . ~ k]

t standard drvln

D PMA abeent.

Eui valyeisa huu of 3 d‘uﬂ!ll i

A

ke

- }\. VG g3

; ooy
tions {different lemem preparations)

o rilers 1 llt unvul o Mluﬂhu-muﬁd associsted with the DNA
T . " exptessed In terms of the amount. of original labelled compound added to to the sys- -

B AN




. #5- o :
-~

meate the plumn membune whicli suggest that PMA ‘caules the release uf

. sup’oxlde ‘and H,Oz into the surrounding medium from the plasma’ mem-

» . ¢sbrane. The l;ukocylu were shown to be intact as they excluded t’rypsn blue

. ? s A\
- and had no latent dehydmgenue activity (messured by. thie method of Tnk; ha

naka and OBrien, 1975 b). In the absence of PMA, ‘addition of HgO, also
Y ' catalyzed some blndmg of phenol oxldatlan producQ‘lo DNA Addmf} nf
' . glucose/glucose oxidase, a H;0, genermng system' (Obno and Gallin, 1985)".

v / . ‘also aused ,uigniﬁqgnt“phenol '?idntio.n prod‘u'cu binding to"DNA. Similar

+* results were obtained with methylamil b as a sub (Takanaka -

- % %
\ " etal, 1082). % g,

As shown ‘in table 3.3 the isolated leﬁq:ylrgrnnulu also -nl‘gdiitgd in

* vitrb oxidafion of MC-benzidine to prod ths‘t bind to calf thymus DNA in

. v 7 ;
the presemct of H,0;. Binding of 'C-benzidine o‘xldulon products to DNA
bya pero)udase system.is very upld (even at very. low peroxidase) and refiches
a maximum within two minute- vnruta et al, 1085). Addition ol‘ myelo-

v pe{oxxdssn mhlbmn, cyanide- lnd azide, resulted in a drastic inkibition of

- Vo , ’ binding. q‘?edetergent cetavion quown to release myeloperoxldue l'rem the

T -
£ R &Et]kocyte granules (Harrison lnd Shultz, 1976) and thu treatment resulted in &

- " 26 fold enh d binding of benzidi idation products to Dl‘}M The latter

bindifig anfounted t0*10% of the benzidine trapped. ‘Other pouibl:‘plthw;yl

of adtivation were inveutigmd.b NADPH did oot catalyze binding even though
4 ) . : .

P \'gf/r\ o s ‘.,

-

’




- thymus DNA (2 mg), MC-|
were Incubated for 15 minu

Table 3.3

 Leukocyte granule-catalyzed bentidine oxidation to
3 products that bind calf thymus DNA - 2

Additive NAbinding *
L ?pmol/ngl*_’A“)
\l - - -
None f <s®
H,0, 0w | azanzo
| Arachidonate EE .
.| NADPH . <5
r N ' e
H;Op + Cetavion . - 38614310
Hy0, + KON 120521
Hy0, +Atide P *
.

a-t The reaction mixivm containing leukocyte granules (0.38 mg protein), calf

b Judged to be the limit of detection.

aidine (60 1M) In 2'ml Tris-HCI bufler (0.1 M, pH 7.4)
At 37°C._The following sdditives were used as
‘ndiested:- H,0; (0.2 mM), arschidonate (0.2 mM), NADPH(0.5 mM), cetavion
(0.028%), cyanide (10'mM) or salde (10 mM).” The DNA was Bolated as described in/
Matetials and Methods (Section 2.2.2.3). The means of, three experiments (leukocyte
granules derived from three different leukocyte preparations) are givep.

@ : refers to he amouns of radiosctive material associated with the DNA expr
8 of the amount of radiolabel material added to the original incubatlon mi
" - ; %

o 5

-
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the granules have NADPH oxidase activity (Patriarca et nl.; 1075). Arachi=
o .
donate, howgver, did mediate some hinding.' presumably as a result of prosta-

glandin synthase or lipoxygenase activity in'the granyle I‘pct’inn (Rossi, Della-

3

bianca and Bellavite, 1981).
" " s

s o ) \
- Table 3.4 gh‘alsithut loperoxidase/H,0, kedh ediated the in

o 4 4 ..
vitro oxidation of MC-arylamines to products that bind to calf-thymus DNA.

No binding to DNA, by the arylamine oxidation ‘producﬁ ' occurred in the

. absence~of_pefoxtitase or H,Oz Cyanide or azide also markedly mhlblted the

peroxidase-mediated bmdmg From uble 3.3 and tabls 34 it cnn also be seen”

* that the binding oe idine to DNA e lyzed by peroxidase was ten tims .

higher than that by granules p bl hecnun of lhe compelmon

by granule protem and/or the decomposmon of Hy0, by zhe cnllne ncuvuy

+ associated wnh the g-rmulu e

P C, s o :
Since both azide and cyatdle are good nucleophiles, the possibility that

they competed with” DNA, for the intermedinté which bound to DNA, was

i . R i
- ruled: out as the “C-cryllminu or MC-plienol were rscovel?’ from the reac-

- tion mmuraa after extraction wnh ethyl ueme Azide and cyanide; there-

fore, inhibjt binding of lrylunhn or pheng’ uxldnuon products to DNA bys

inacgivating the peroxidase. \
= e

: It
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g . . / Ag
Elect of various agents on i ible binding.of P .
2 to calf thymus DNA. s =
Y . . ® g S . » 2 E *
1 s » ) L
. ( MC-Arylamioe bouod to DNA(pmol/mg) ® e .
-} 2 3
; .
MAB Benzidine Aminofliorene [ *
None <8¢ - <5 <5 - i
Hy0, - * < <5 <5 -
v Al 4
Myeloperoxidase (MPO) | <6 - <5 <5
H,0, + MPO - . | L3SO£110 36,50042,100 21610 T :
Hy0, + "id' ‘8%1 . 71 - <5 ” i
s |HyOp + MPO + cyadide | 4042 3343 61 F
. t
i :
H,0;, + HRP 1,510£110  85,400£2,300 200420,

) a : The reaction mlxlnn COIIIHM 2 II.TIIA-HCI—TI ffer (Dl M, rH 74) eall 1
Ilmmn DNA gz m;). 0 ot HRP (12 0M) and 1C-MAB (¢ 'C-bentidine |
+ (25 pM) or uotene (6 pM). The following Md vn wﬂe used as.indi-

eated: - Hy,0 (oos mM). eysnide (10 mM) or azide (10 mM)} The mixture was ineu- .

hlﬂl fnr 15 minutes at 37°C,

b : DNA was Inhl.ed a8 described in’ Materials and Methods (Sectlon 2.2.
The mean of 3 experiments are given,

@: Judged to be the limit of detection; g . h e

o ~ - ) ;
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3.3) Discussion s -/ - ) \ %
L N2
" . Interagtion g the leukocyte plasma membrane with the tumor promoter. - :

PMA reéullJ in a,cyanide-insensitive respiratory burst with the .formatién of

superoxide, hydroxyl radicals and H,0,-and the ncltivntion of n;nchidonic acid ~

cascades forming prostaglandi h I.‘ and leukotri In the .
- t . .
* present study, ev,idence has been ed that activated oxygen ¢

can result in the irreversible I;imiing ofgoxidation l;mducts of carcinogenic
erlnmin& and phenol - to |eukocyt%DNA. The ‘inhibition of binding o
arylamine carcinogens and phenol to DNA in leukocytes at higher concentra- ’

tiofs of cyanide (10 mM) and azide (10 mM) that mult in myeloperoxidase

\—mscnvuuon Me/kocytu (Nauseel', Metcalfe and Roo!-, 1983), suifests that
hY
T

the of carei lami be ',. d by myel xid

i P
The enhahcement in bmdmg to DNA, by -ryhmme or phenol oxndnuon pro-
ducts in leukocytes, by Iow concenlratlons of nzlde (1 mM) and to somé extent

by cy:mdc (1 mM) whlch.mhlblh‘:ahlue (Nauseef, Metcalfe and Roo! 1083). -

also suggesls the mvolvgment of hydmgen peroxide jn the activation mechln\

fam . . v

« - - ‘ ’ ‘

It hulbveen shown by other." ’ that DNA fragme fon occurs
in leukocyte%" llowil ., PMA bly as a result of ‘utivued ,
oxyge;l formation (Bignboim, 1082), although i >me ab jons have 2,

’ ¥ N
been found(Kinsella, Gainer and Butler, 1083). The' present study suggests




v F ~
- t
. -( i 260~ — “; :,v.?
. that Ju'nder certain circumstances the tumor pn‘:{noiﬂ PMA could ilncreue ini- ’
tiation®in the.ur‘clnogenic process. This has been sho‘wn in vivo when ’e car- 4
cino'gen is administered within 24 hours of PMA administration (Kinsella, S
Gainer anc: Butler, 1983; Pound, 1988). B . /

Antioxi kedly inhibit carci is in vivo (Wattenberg, 1981).

Whilst several mechanisms have been suggested with~regard to the two-

. o :
electror® oxidation pathway, the sbove results suggest an additional mechan-

ism, involving inhibition of the oxygen activati janism by antioxid

whichﬁrwent tivati of in bya
X . 7

Z ;o
‘The intracellular hydrogen donors ascorbate and glutathione prevent the
~

. binding. of 'bgnzidine or phenol oxidation products to DNA following a

idase/H,07 d activation as s result of reduction ol the reactive

Gludhed benzidine (Tsuruta et al,, 1985) or phenol 'apeelu (chaptar 4) involved

*in bmdmg to DNA or conjugate f i m ‘GSH+ P ly the binding :
ol nrylamina or phenol uxld:hon products-to DN:(' in leukocytes, repnrta{‘m
: the present study, occurs foilowing the oxldntlon of these, mtncellutn dYnon

. or GSH j fe i The. i of i luler ‘GSH and r

’ _sscorbate has been repoited to be 4 mM and 2 mM ‘reopectlvaly (Dechatelet et

,l., 1974; Oliver et 'sl,, 1077). ‘However, it is Ilkely that thue.levell are

“redly d ;..4.‘{ toation (Mo Metz and .

*
Sagone, 1977). ) X - .
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~ - T
“a \‘PEROXD)ASE-CATALYZED OXJJJATION OF PHENOL
: . TO PRODUCTS THAT BIND TO DNA .
s } !
' . x A : . w k.
- 4.1) Introductidn : ¢ e . . 2 L
! P : Bt ’
-Bgpzene, 8 widespread e tal poll (Berlin, Cage and John-
- . ¥ son, 1974), induces bc’ne matrow d jon and leuk in-h beings

(Laskin and Gold;tein, 1077; Srﬂdér and Kocsis, 1975; Snﬂdel{ etal, 1077) and
rodents (Cmnki‘le et al,, 1984; Goldstein and Snyder; -1082). Zymbal gland
carcinomas have been observed in rﬂs following exposura to benzens by inha-

" .
lation (Maltoni et al., 1082; 1983) Benzene is a slmple aromatic hydmurbon

and, thug, d many hers to i igate the biochemi mechan- @
i Y '
isms of chemical carcinogenesis (reviewed in Sawahata, Rickert and Gry&tﬁ,’
1985). Like.many other carcinogens, benzene also requires, metabolic activa-
t'iqn‘tu exert its toxic effects. .lt is believed tb;l one.or, more reactive metabol-
ites that interlc}. with the cellular nucleophilu, formed from benzene, could be
the hkaly candidates for the obuerved toxlcny and wclnogumelty. Benzene s
maubbllnd to phennl in liver (Gonu\ln et al, 1973) and lung (Harper, me

nnd Fouh, 1975) by the mi I cytochrome P-4§0 systern.

‘The metabolism of benzene to phenol has been postuluted to proceed through
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8 reactive epoxide intermediate (Snydér and Kocsis, 1075).. However; studies
by Tunek et al. (1079) indicated that a metabolite of phenol may be the reac-

 dive metabolite which covs'lentlyrbinds to tissue hucle’hiles. Phenol was“

shown -to be metabolized to catechol and hydroquinone which- were oxidized to
" LN
v . A reactive benzosemiquinones and quinones which bind to microsomhl proteins

(Sawahata and Neal, 1983; Tnn:k’ et al., 1080). In view.pf the low amounts of

' .
cytochrome P-450 and low mef¥bolism of benzene in bone marrow (Andrews,

S;nme and Giliet;a 1D10;‘lmns efl al., 1080), it was p‘mpos':d that mei;bolita
tn;m liver and lung V‘mly be transported to bone marrow. KActivat‘\on of ben-
zene meubolltu in bone marrow could lead t; the specific organ wxlc\ty
g However, it was xecently shown Ihat ’qmnmsuvely slgnlﬁcant lmnunu of

4 ‘phenol ’v‘ﬂere produced when ‘benzene was incubated wnth nbblt bo1ne marrow

microsomes and that the bone marrow cytoch P 450 monod ‘wn;-

responsible for the phenol formation (Go]lmar, Graf :nd-UlInv:h 1984). Phennl

)’. was found h be the major metabolite in bone marrow after inhalation of ben-

zene by rat (l!_iekeri et al., 1979).

5 q
i ) Epldemlologml studm mdlclh tblt henzena eluses bona marrow toxlelty
: lnd leukemia in h\lmm-heihu. «The le\lkemn most’ predommantly !ound ll

uuu myelo;enous Teukemia (lnhntap 1978; Vl(llllﬂ‘ 1976), Myelopemxldue

- Ieukemil.,(mtoun ot ll 1076) The peroxldua aetMty of bone mnmw Ia..

*

Aetlv\ly hu ‘been med as a cytoehemienl myelold mlrker for’ this type “of )

-

-~
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p lusively iated with leukocy (Benﬁeld Nichols nnd Bainton, 1977)

" and 90% of the leukocym in the body are pl’esen'. in the bons marrow (Enlev

1074; Sietz, 1069). Benzene also causes Zyn\)al gland carcinomad in rats (Mal-

(Osborne, Metzlar and Neumann, 1980) and low mixed- luncuon mudue

/ . g activity (Kreig et al., 1978). Sawahata and Neal (1982) reponed that the, '

toni etyal., 1982). This tlssue contains high amounts of hitopemxldue Lo

_peroxidase of bone marrow can m‘e( bolize phenol to biphenols and result,in —

i blndlngd{ oxidation pmducts to proteins.
- N\ ) e L v ’ .
Although the relationshij between industrial exp re'to benzene and

leukemn ln man is well estnbhshe/d (revwwed by Snyder’ et al., 1077) lho

4 underslnndmg of the mechmum of benzene induced carcinogenicity has been
" kiampered, pnmnnly becl\lsa of lnek of a sm/uble animal model. Eatlier nu- & n
S T B dies, on laboratory nmmn.ls, to mduca leukemn with benzene, were con-
- » gistenqu .ne;uive. How;ve;. in recent years, evidence has bn;: pmen“ud lh;t
‘;}enune can induce .lel'lkeml; in ;odents (Goldstein and Snyder, 1082; Cronkite
: et aly 1084). Maltoni et al. (B) have conducted a long-term study in
Spr‘ngué,-‘anley rats after oral dosing with 50 or 250 mg/kg of b;n:ene From K
." v lhe lga‘ 213 weeks, animals were —d(yﬂl-s dlys/week lor 52 weelu lnd

¥ then observegl until death. A dose-related increase in Zymbal ghnd carcino-

‘. “ . = -’mn were obsgrved in then rats and ‘small igecidences of lqmo\l[u_ y
4 N

& s }~g|u'1d|, liver and oral cavity were also observed. These investigators (Maltoni
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et al, ma) Auéated that benme may be a multi-potential ,cncinggen.

* Similar effects Were observed in a recently reported bnonuy conduoted by the

us. Nahnnll Tgchnical ngnmme Report (NTP 289, 1985). -

& & B
Another problem fi 1y d in d ding benzene

indu¢ed carcinogenesis is the lack of carcinogenic eflects, botlr in animals and

" humails, by the metabolites of bensene. As stated above, phenol, hydro-

» .

quinone and c’e«hol are the meub;lic?- déhcttd in vivogof benzene. Phenol
was found to be the major metabolite of benzene. Phenol was found to be
non-carcinogenic in ntq and mice when orally administered in dri:kinx w’am-
at 2500 ppm to 5000 ppn; for 103 w.eeks (U.S. National Cancer Institute Bioas-
say Technical Repo;t. 203, 1980). It should be mw that the majority of the
phenol geu eonj-pud to glucuronides and sulfates and excreted t«hrou;h
urine. Hyqumnono apd catechol would nlso be expected to be elumnﬂ.ed
this way and thus these hydmphlhe metabolites' may not reach G{ bone mar-

row. An excellent review in lhu regard has been praented (Snydeb et al.,

.lD'ﬂ) l'. appears that when benzene was given alone, the concentration of

benzene rmuboIIY/In bone marrow exceedud that in any other organ includ-

‘_ Ing liver, & major llu of benzene metabolism, The mncantrnlon of benzene

maubolhu in bone marrow wm\ nppmxlmntely 10 fold gnner thnn the blooe(

_‘ ‘Wllm ‘_"' were admini: d sub or intrasy,

peritoneally, thcy did nqt ueumulcu in boné marrow. Admlnhtand plunolle
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also did not in bone marrow. It was shown in dogs,

chronically exposed to benzene, t!ycnuie condentration was npproximntely.
f s :

20-fold higher in-bone marrow tifan in Bl&qﬂ (Schrenk et al.,-1941). These

' observations, coupled with the rep‘on's‘ of Andrews, Sasame ‘and Gillette (1979) : - =

and Gollmer, .'Grnl‘ and .Ullricl} (1984) that benzene hydroxylase '(n fopm ‘of . ‘v
xhixed-[unction‘ oxidase) involved in_benz‘ene hydroxyl:lic;@. was iden;iﬁed il? A
bone marrow, suggest that the bm‘\e marrow itsell may b:g'the sité at which
toxic or cnréinogenic metabolites of benzene are formed. - Assuming,the lnngsg'
as the pnmnry means of entry of benzen 19znto the budy‘wu suggested eu-
lier (Cohen, Freedmnn and. Gnldstem, 1078), that benzene mny pm‘!hrough
the bone marrow hefoxe it rnclm liver for pomble dekmﬂcahon Moreovn,
the increase in benzene concenlntlon fouud in the marrow mﬂ be associated
with the hxgh lipid solubnl)ty of the agent and I' high proportion of fat cellx.
in this lou‘liyon, ' \

% o
bolite(s)

.- Although the ewd points to the productioft of ospeciﬂc

Ahat may be ruponslble for 1ox|c|ty or mnogemmty, theexact nnlure of lhe

metlbohte(s) has yet to be detelmmed Benzene epox:de as a reactive m("-lr

bollte has been ruled,out by Tunek et al. (1979), and they sug;o@led that a

“further metabolha,al hydroquinone mly be the reactive menbulllt

(A

Deaplte somme evidencn Atnlnn genoml?l;)NA a8 the crmcnl lnr:al. in

chemic;l cmlno‘nnuh (Cuirnu, lOBI). w ballnvc-lhn .
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alie:hﬁbn of cellixlzr DNA is the critical step in zbe initiation of cnr‘cinagenecis
(anlck and. Eutmun, 1982) Metabolites of benzene have' b:en shown to |
' ‘.‘vbmd to DNA, RNA (Arfelllm et al;, 1085 Gill u\d Ahmed 1981, Lutz and
Schlatter; 1977) nnd proteins (s-wahm ahd Neal, 1083 /Tunek et al., 1980)
vivo, both in liver and bone marrow. Rehtwely higher. binding w bone mar- ..

row uuclelc aclds and neghphle blndmg to liver nucleic ulds was lolmd when

Heb was’ admini; d sub 1 “"nll nnd Ahmed 1081) Bmd- b e
ing or benzena ox:dntmn products w protein |nd glntnh;gne was reported in . o
/. vitro when buuene Was activated wnh liver microsomes (Tunek et al., 1980). - ~.~ ?
. Bmdmg to pmtem was also found in bone marrow homcgenne (Smwnhnh and
Neal, 1082), when pheno) wns nhvnted by bone marrow homognate nnd

H,0,. Binding to nucleic acids in vjtro by benunz meubolna hls been

“~an earlier report by Tunek et al. (1679). - »

reporled to occur by Arfelhm et al. (1985), but "this report is con'.udlclory(‘o . *
L *
|

In m'lro mutagenic studies using Salmonella/S-9 or microsomal systems,' E ) o b

b hlve ruulled in conflicting reg*llts with benzene as well as- benzene meubol- .

9

¥ -~ lta. phanol, y i ang eatechol ( ed by Dm,,wss) Thus, the

. ! al bunzene

in relation r.o its toxiclty or curcmoseni-

clty lhr hevn lnmpered by tha lack of . .luitnble in vitro model lyah\zm i ) 'Q\

) » / v 1 s
Honendhh pemxldnn has Imn used as a ():ro Tor




by B

1976; Jelllnck and Flelcher, lWl O'B‘nen. 1084 Nnrymbenh. m’lﬁoeng. .
Reak and Wang, /{016 Rq;nn ‘et al., lD19) In this chnpter it is. shuwn lhal

: : ) A‘exunslve hmdlng of . "C-phenol metnbohm tn DNA occurs l'nllowmg .cllvn- : .
v tion with horsenduh peroxxd-sa nnd H;0,. However, no ‘binding of C- l
phenol metubohm to DNA occurred !ollowmg menfmlmn of phenol with liver -

mchOmG! and NADPH or cumene’ hydrnpemxnde The reuhvuy of

: S L ’ -
Lo "‘, l ofvp:henol [ pmducls that bind to vari- -
Cp I ous' biomolecules are. also compat¥d. , : e
% b e R

4.2) Results's o

Loy /| "/

“Table 4.1 shows a ’ npatison of mixed-function oxidade and «p

v calnlyud MC-phenol .binding to DNA llld pfotein. 'lhl hver mlcmsomls in* )
the presenee of NADPH :ntlly:ed the hmdm; of some ndm‘utmly 0 pmleln ’_ k]

“but- not to !;NA In' the absence of NADPH ar wnlh heat dtnllumi mioro-

‘ ' . scmu, thera was little ndmuhvlty usacllted with protein lnd:enting vé
tle non-en:ymlc oxldntion of - pheno) / Thm mulh mdwnltd ‘hll
microsomes in the pmenqa of NADPH uM.u "C ﬁqnol to recﬂlvu mcll— -

s R bohtu 'chh bmd'té\protem Héwever, lhe‘nnﬂlve pmduch did: nol blnd ta

/
{, DNA und&lbe condltionl syﬁud. ) e Y e e
\ . w 1 o e A g e . "

¥ & N : . ‘.‘ 3 -
e T s 'Orglnle(hydrope ;x{u ‘in the presence nf.cywehrqlﬁykP-CSQ canalsgoxi- . ‘o -
. ; ’y R Ty, Y e
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b . o iy - ,
4 f
) = . Table4a”
A ison of mived-function oxidsse and péroxidase-catalyzed
- -binding of 'C-phenol to,DNA and.protein. = =
Incubation system | Binding to DNA | Binding to Protein
{omol/mg) | (uuiol/mg) | .
N AN . it g
RIM + == |, 000 0035001 © 3| ~
- [BRLM + NADPH{ - ‘000 - oo2s001 . |
.. | RLM + NADPH 0o | ssos040
AP 3 s v
BRLM + CHP'.| 0.0 © 0b54002
RLM + CHP cuw\\S 2054354 ,
. &, &7 ;
TYR :C 000 424158
. It .
HRP + - ! 0.00- © 0,001
- + H0, ¢ ° o000 *0,03+0.01
= | HRP + Hy0, - | .\ 135.6412.5 © *160.6+15.4 .-
o “ ;
™ N Y , '

RLM: Rat Liver Microsomes; BRLM: Boiled Rat Liver Microsomes; NADPH: Reduced ~
»_N;ncnlinam’ide Adenine Dinucleotide; CHP: Cumene Hydroperoxide; TYR: Tyrosinase.

4C-Phenol (0.2 mM) was incubated with rat liver microsomes (1 mg/ml.) and
NADPH (0.5 mM) or with rat l‘ljg microsomes (1 mg/ml.) 3nd cumene hydroperoxide
or with tyrosinase (50 pg) or with HRP (10 pg) and H,O, (D.E{Ml in the présence
or in the absence of DNA it 3.0 ml. of 0.1 M Tris-HCI buffer pH 4 for 15 minutes at

Bindin;iq DNA and prouin was determined as described in Materials and Methods
(Sections 2.2,2.3 and 2.2.3.2). - °

Mean  S.E.M. for 3 expériments are given.
+ Boiled Microsomes were used as a source of protein to determine the protein bind-

a— R
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e - B - :
dize various xenobiotics (O'Brien, 1982). Table 4.1 shows that cumene hydro-
pe(oxxde in the presence of rat liver migrosomes medlstu the binding of MC- «
* phenol oxidation products to pmteln *The bmdmg is l‘onr {fold higher as com-

pared to that of in the presence of NADPH. However, again the products did

tiot bind to DNA under the reaction condilions\studied. ' s <

Oxldatlon of M, phenol by houemdul\ pemxnds:e/H,OzﬁaQed in’

N Foxil 85% of !he di T bmdmg to ly added
¢

thymus DNA. The radmnctwny was also bound to protem it heat denstured

mL liver microsomes were subsmnted for/Dl(A No bmdmg‘w DNA or negh-

\'.

gible bmdmg to protein occurred i m ‘the ah.wnce of HRP or H,0,, showing that

,_LLme is mediated by HRP ‘and mz the binding is dependent upon Hy0,.
These results indicate that phenol can be activated to reactive products that

bind to DNA. - . f el
. | . E
Oxidation of -phenol with tyrosinase is also studied for a comparison since
this enzyme specifically hydl;oxylatu at the ortho position to_form catechol
¢ > \

(Sanada et al, 1972). Cateché’i‘ is ‘further oxidized by tyl:osinue to o
* benzoquinone. A: shown in ta!?[e 4.1 the oxidp;ion of phenol. l?y' tyrb;inu:
resulted in pmd‘\lcts that can bind to protein but not to DNA. - -
I 4 N

H, dich idase/H.O.
/Uy

h !4C-phenol oxidation to products

thll blnd to DNA was mvmngnted Sevenl variables were exnmmed in order

‘a




. " c ¢ ; . .
T to ﬁnd‘the optimal conditions. Figure 4.1 shows that the rate of binding to

DNA was dependbnl‘upon the peroxldase concentrauon In lhe Wuence of‘lo ki
i eroxldase thé binding wa.\.l?esr for 1 mmnte amd reached a plateau
wnthm 3 mlnum In the presenck of only 0.1 pg peroxidase the binding was

linear for 30 mmuta before reaching a pln‘uu anure 4.2 shows.thnng‘uenol"
\

binds ‘,’ \_“ at s sn - crease

oI H,0,. Any l\lrth/em

‘in hydmgen perox:de coneentrshon did not affect the bmdmg@ Plgure 43"

'shows the eﬂ‘ect of pH on phenol OdeAMOII producls hmdmg to DNA. As lhe

ﬁguxe shows. the bmdmg of phenol ux:dnmn pfoducts to DNA was not

significantly affected uyer a WIde range pl [ S v

Initial observations showed that most of the phefol oxidized- by }he

idase/H,0, system precipi into dark-brown coloured, granular specks'

in the absence of DNA. These ipitates are onsidered to be poly [Jas'-

chek nnd Miller, 1066; Klkbmov, Tsuman-Tu and- Scott, '1983'—Snundm, .
Holmer-Siedle.and Stark, 1984). Upon extructlon with ethyl nceute. these. p(e- .
cipitates remlmed t the mterphne of the organic ang Aqueous layers. More

than 98% of the radioactivity was removed from' the aqueous layer just by a

e L
"' single extraction. Figure 4.4 shows the distribution of radioactivity in the pre-

cipitate and the u’?un’ie layer, when ‘the incubations were performed at 20°C
in the absence of DNA. and the mixtures were extracted with ethyl acetate at

different times of in‘dxb\nﬁoﬁs.’ As shown in the figure, the formation o_f precip-"
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added phenol had a specxﬁc Acuv' y of DDlllS uCl/umole The same
specific activity i 1s used consutently

HRP (0.1 pg).

Quantitative me of i

ibl bmdmg to DNA was_peiformed as
>

described in Materidls and Methods ection 2.2.2.3).

Results are expressed as Means + S.

- n=3. y ~

/H,0,
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- Figure 4.2 :
-~ « Effect of H,0, concentration on [U- “C]Phenol

binding to DNA catalyzed by peroxidase:

Incubation mixtures contained phenol, HRP (10 pg), and DNA (3 mg). in :
3 ml of 0.1 M Tris:HCI buffer pH 7.4. Reactions were started By the addi- ~
tion of H,0,. ) .

: Phenol (0.2 mM); A A A:Phenol 0lmM). .

Results are expressed as Means t‘S.D. n=3.
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Flgure 4.8

Effect of pH on the [U- "C]Phenol binding
“to DNA cntﬂyied by peroxldnu/llzozx

The r:eaction mixtures co_nhined phenel (200 sM), HRP (10 pg), H;0, (220

#M) and DNA (3 mg)lin 3mlof 0.1 M Tyis-vHC'l*buﬁ'ér (pH range 7.0 - 10.0)
orin 3 ml of 0.1 M-Sodium acetate buﬂ;gr (pH range 3.0 - 6.0). Reactions

_were started by the sddition;br- H,0; and fincubated for 15 minutes at

37°C.
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) ‘Figuredd . }
Effect of time on distribution of rAdIo-ct‘lvlty ln‘ aqueous .nnd organic N
layers of peroxidase/H,0,-oxidized phm’oﬁgcud with ethyl acetate:

Reaction mixtures ‘ontained, pheriol (0.2 mM), HRP (10 ug) and H,0, (0:2

mM) in & 3 ml of 0.1 M Tris-HCI buffer pH 7.4. Incubations were carried

out at 20° C for different times before extraction with ethyl acetate.
|- B A A A : Radioactivity in the organic layer; ® @ @ : Radioactivity in the

insoluble polymer at the‘interphue of orknuic and aqueous layers and

d by filtration; [J [J [ : Radioactivity in the aqueous layer;

-Some incubatioms~Were carried out with‘DNA added at diﬂ‘el_-ent times of

= ; incubation: |-l [l : Radioactivity d in DNA if DNA was added at-
. -different times ol'in‘curbntion.'
: Results are expressed as Means + S.D, n=3.

—




/ : o2
~ 7
) g L.
. . . 4 - Vs
P =
I N € ] ,,
© < * - "]
= m,, .\. £ .
ww . v!\. [
a9 J ) \
S
Ty & & B
o > o~ «© - ~. -
_ « -2 - . S T
: , ~ \
. - (g-01 x wd2) b SN |
. > ™~ :

.. " pai3n03ai-y




-75-
itate was linear up to 3 minutes with the maximum amount heing‘ formed at .
around 5 minubes’. Up to 80-70% of the phenol could be récove;e]i as'precipi-
tate. However, if the incubations were perlom.led. at eithér 30°C (‘:r at 37°C,
the maximum precipitate fori.nati?n occurred only within 3 minutes. The

~~“aqueons reaction mixtures, after extraction with ethyl acetate (io remove
~ X - .

benols) "

unchanged phenol and b were auaye(i itati (d‘t

activity using 3,3',5,5; hylbenzidine and following the rate cf oxida-

tion at 655 nm in the pnsence of H,0, (Andrews and Knnsky, 1982) h. ‘was’

found that- 80-90% of peroxi was inactivated when i 5 were, per~"
U
formed at 20°.C. However, little or no inactivation of peroxidase occurred at '

g 'éngld that the rate of precipitation is depen-

either 30°C or 37°C.. This
*dent upon bou'! tlje concentration of enzynre and the temperature. At higher

the rate of precipitation was faster than the iﬂ"sctivation of the

enzyme and rtvlow temperatures the rate of inactivation of the enzyme is

" bigher than ‘the rate of ipitation. C sent)y,” the -d of the

radioactivity in‘ the b;gn'nic layer wu‘ faster at 30°C of at 37°C than at
20 C. The broken lme in anu:e 4.4 shows the radloncuvny reccvered in
DNA if the BNA was' added at. dlﬂ‘erent times of mcubmon As can been
’ seen, less than 10% o( the !dded ndmunwty was recovered in DNA if the
DNA was added Aner 5 minutes of incubation. . This indiulu thn the reac-
‘llva ?ntel’medlntu responsible for. ﬁ’pding are l[nghly .unstable and shor&-lwed

This _result llso shows that' tha unbound phenol producu»uo eﬂecuvely' K

PR
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removed during the isolation pr’oced\lre. The life-time of the reactive inter-

“mediates clodely matched the rate of precipitate formation, indicating that thé -

iediates in precipitate formation bind to DNA. -

anure 4.5 shows the dlstnbuuon of radioactivity as a function of time . 2

o nqneolﬂyer after extractions was, [ lound to ‘increase thh time reuchmg a “:
maximum thhm 2 to 3 mmum The ini di ivity was,

" in the orgsmc layer. It appears that PNA prevents some step(s) in preclpunte

_ rormnhon, i.e., the mu:nve meznbohtes formed from phenol bmd to DNA and

thus are being preveq: from ipitati Precipitating the DNA i

s
| aqueous layer resulted in lhe recovery of nll l.he radxoactlvny in the DNA. ¢
lncubnuons performed at 30°C or 37° C, however, showed no effect on the.dis- ;

tr&xﬁon of radioactivity in the aqueous and organic lnym p:obnbly because

the D\NA protects tbe peroxldue from inactivation. . o ) .
Q . 5 - -
5 Flgure 4.6 shows tbe ruulu of chmmntosuphy of Ihe DNA bound 0.0
’ N MC.phenol products on a Sephacryl-300 column (40 x 2.5 cm) eluted wuh 02"
: C/ .M plh\ute buffer pH 74 Perc idase activity was red 1 itatively .
' using 33’5" Ibenzidine as a sub l];d foll ; g the rate oln‘ ’
. -

oxidation 'ap 6.15 om (Andrews and Krlna'ky,.losz). As can be seen from,




wiere carried out at 20°C for. different times before extraction with ethyl

= =11-

L d
' 3 F 4.5
. lgnre .
El’ect of DNA on the distribution of ndloutlvlty in .
the aqueous and organic’ lsyemPperaxIdm/H,Or@dhed
“ [U- YCJPhenol extracted with ethylgcetate: = "

. Incubation mixtures contain:d phenol (0,2 mM), HRP (10 pg), Hy0, (0.22

mM) r‘né DNA (3 mg) in 3 ml of 0.1 M Tris-HCI bufler pH 7.4, Incubhions

acetate. ’ s

0. o [ : Radioactivity in aqueous layer; A& & : denouctmty in orgnmc g
Iayer, [ ] .0 Rudlonchvxty in .insoluble polymer. recovered by filtration.

Results are exprgmd as Mesns + S.D. n=3.
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“% l . o Flgure‘l.o

Elutlon prnllle from Sephacryl-300 column “of DNA and
paroxldue mixture with bound [U-'C] Phenol products :

Phenol (0.2 mM) was incubated with l'iRPv(lD pg), Hy0, (0.22 mM) and

* DNA (3 mg) at 20 '\C for 15 minutes in 3 ml Tris-HCI buffer pH 7.4. After

ethyl acetate extractions and precipitation with ethanol, DNA was redis-
‘solved in'1 ml distilled water and applied on to the Sephacryl-300 column.

The Sn’mples were eluted with 0.2 M phosphate buffer pH 7.4 containing 0.1

E M soﬂium chloride. The elnfed fractions (é.s ml ench)- were meuured for

DNA content 4t 260, nm and rar pemx;due activity. Ahqnots of the frac-

_tions were used for tha measurement of  radioactivity.

S
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Figure 4.6, the l'(‘3-[:henol radioactivity co-eluted with DNA snd not with the
peroxidase fraction. More"than 90% of the beroxidase activity \;vas g‘ecovered

in the peroxidase fraction and was not bound to the DNA. This shows that all

* the radioactivity was bound only to DNA and that the observed binding to

DNA is not due to phenol oxidation producu bmdmg to pekoxrdue This i

re:ullalsoshuws that'no insctivation of | idase, i d when i

« were'carried out at 20°C in the presence of DNA.

Loa Ny s

oA 3 E >
The reactivities of t-RNA and various. homopolymers of ribonugleotides

were also compared (Table 4.2). Binding to various hpmopolyribonucleoti‘du‘

all ribonucleotide bases. = ’ . s

- : . =

As can be seen from Table 43, acorbnte, Nlcetylcysteme and glu-

.- and +-RNA readily occurred indicating that the reactive ’iptenqediatu‘bind_to’ -

uthmne prevented phenol oxidation products bmdmg to DNA. The reaction

mlxture becam& colomlas on addmon of ascorbic acid, but was not affected by

ducls to DNA as a result of bemg a competitive donor for peroxldsse, since it *

) did not nﬂael the amount of phenol oxidized.- Fifty per cent of the radioac-

nvny remdned in the aqueous phua followmg ethyl acetate extrn:tmn indi-
cating conjugate l‘on{uﬂon with the reactive phenol mlermedute. With DNA
in Ifla rea\cllon mixture, mﬁch less DNA conjugate was formed, ‘Sndicnung thate

the reactive species binding to-DNA l!w forms the GSH Eon]ngnte. Similar

mhxone Gluuthlone dld not inhibjt lhe bmdmg of phenol oxidation pro-
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-Table 4.2

.

5 : Binding of 'C-phenol oxidation
products to macromiolecules

o

Macromolecule

Binding to macromolecule (nmol/mg)*

polyadenylic acid 09.547.1
polyguanylic acid 72.6:&0‘5 .
polyeytidylic acid 43.012.5
polyuridyic acid " - n0s33 -
+RNA ¥ 12004102 . '
DNA - 1300105 .
singlq stranded DNA 12504122 o

serum albumin

polylysine

<

60.0+6.0
13004120 -,

Incbation c;ndmm: MC.phenol (200 #M) were incubated with peroxidase (10 pig),
macromolecule (3 mg) snd H,0; (220 M) for 15 minutes at 20°C in 3 ml Tris IiCY;
buffer pH 7.4. Methodology was describéd in Materials and Mz’hnds (Section 2.2.2.3),
The MeanS.E.M. for 3 experiments are giw{‘tn.

4 refeis to the smofiat of radioactive material .smm_e& with the DNA expressed in

terms of the amoilht of original labelled compound added to the system.
ot )
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‘Table 4.3

e | Effect of biological donors on horseradish peroxidase/H,0,
b catalysed phenol bindig l/o DNA_

: - In the presenceof DNA | o the absence of DNA
w77 | oPhenol® | ceminding to b | SGphenat® | Setsinedin'®
oxidized DNA oxidized | the aqueous layer-
v & ) None . - 100 2 68 ' 100 1+035
Al;b!b'll; 0.2 mM 100 65£5.8 100 105
04 n!M 20122 5+2.0 801:5:0 1£0.5
: o osmM|w o0 [ o 20425 |- 105
Glutathione ' 02mM.| 100 \, 0525.6° 100 25425
: oamM | oozeor | .axze 100 0£42
08mM | 8050 ws20 - | 756 | soise
N-Acetyl i
cysteine  G2mM | 100 8£4.6 100 3028
oamM | sox4s | | 120 w |, 40x40
: 08mM | 30x28 | [ . 76258 | 5046
Proline 20mM| 100 0845.6 100 | 1405
Tuyaine 20mM | 100 045.5 w - 1205

. By 8 Auslyzed by high pressure liquid thromlmnphy a8 described in Materials
5 . * and Methods (Section 2.24.1).

b Binding was performed as described in Materials .and Melllndl{S«Ilon 2.2 23}
usog 0.2 mM pheaol except that 04 mM HOg was ued..

c: After extraction thrice with ethy| acetate, radioactivity In the squeous lsjers
was measured by sciatillation connllu.

Mean4S.E:M. for 3experimenls are given.
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" sesults were obtsined with N-acetylcysteine. Ascorbate also d phenol

R P

oxidation products binding to i)NA; however, all the radioactivity was
extracted into ethyl acetate and phenol oxidation was completely inhibited.
7Linle oxidation of ascorbate (measured at 265 nm) was seen at pH 7.4 by the
peroxidase/H,0, system but rapid oxidation occurred ‘_in _the pru’ence of

‘.phenol. _Ascorlfne th ren;re does not inhibit the phenol o)‘tidltion and binding
to DNA by being a cc;mpetitivcdqnor for peroxidase, but does so by reducing
th.e reactive oxidized phenol intermediates back to phenol. Glutathione and

+ N:acetylcysteine also partly inhibite’d the rate of phenol pxia;tion so-that this

i piotect’inn_c;l binfiing to DNA is due ;o reduction of the relctive pheno‘l inter-
'med;nu and conjugate h;rm:ﬁo’n. Lysine and proline did not inhibit the

E bi‘nding of phenol oxidation prdducts to DNA even though they n:ldily form™
conjugates with quinones (Mason Ind. Peterson 1965; Rgu and Pirie, 1967). N
This suggests that quing;la are not tl?e reactive phenolic intermediates

involved in binding to DNA.

4.3) Discussion :

. The lbﬁvu results indicate that phenol can be oxidized by
peroxidase/H,0, to products that bind icreversibly to DNA. As shown in
Tn\;le 4.3, approximately 85% of the phenol oidation products bound to

DNA. This works out to a binding level of 150 nmols per mg DNA, which

&
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corresponds to 1 phenol derivative bound per 25 nucleotides. ’l:lms, extensive

in vitro bint’ling to DNA of 'a metabolite ol' benzene, a weak cnrcinoge‘n, is

reported for ‘the first ume Binding to various homopolynhonuclgzud- and t--

R.NA also readily occurred (Tahle 4 2) mdlcatmg that the reactive intermedi-

‘ates, could bind to all nbonucleoude bases. The’ reactive metabolites ulso seem

to form thnol conjugua (Table 4. 3) An-analysis of one or more o( thae con-

* jugates should uvenl the rencnve phenol mehbollta involved.  In chapter 8

the structure of a GSH—conjugn__te formed wit_h ap, '-biphenol ‘oxidation pro-

" duct is ‘identifled. Sswahats and Nesl (1982) proposed . that - p,p*

biphenog i the further oxidati pmdu‘ct of p,p™-biphenol, could be one of
g BT
the reactive metabolites responsible for benzene induced bone marrow toxicity.

However, as shown in table 4.3 Iysine\andj)roline did not inhibit the phenol

oxidation products I;inding to DNA, slthougﬁ tiley readily form conjugates 4

with quinones (Mason and Peterson 1965; Rees and Pirie, 1987). This suggests.

that quinones may not be the reactive pmduc&s that bind to the DNA during

eroxi /H,0. diated oxidation of-phenol in the' presence of DNA.

Activation of phenol witlr rat liver microsomes and NADPH, however, did

'no_t result in phenol oxidation products binding to DNA, although protein

 binding occurs. Similnr.levgls of protein binding were reported by other inves- 5

" tigators (Sawahata and Neal 1983; Tunek et al., 1980). They found that

phenol was initially hydro‘xylated by liver cytochrome P-450 monooxygenase to
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hydroquinone and catechol in a 20:1 ratio. Further oxidation of hydroquinone
i . :

and catechol by sjtochrome P-450 moncoyg formed b
apd/or benzoquinones which bound ‘to microsomal protein and Ionpeﬁ/ : glu-
tathione zol;‘iug.ate. Incubnt_ibn of tat liver microsomes with benzene and
NADPH also formed the same reicﬁt‘él products (Tunek et al., 1980). . ) '
i o e
|

. I o
The present study also showed that rat liver microsomes in the presence

‘nf cuhlene"h);dropel:oxide activate piuinol to reactive products which bind to
’pmtein. However, th? products did nj bind to tilu“bNA unde‘r the conditi‘(;ris :
s-tudied. Highly purified rat-liver. c‘y&o}chr&l‘ne‘ P-450 (ki’n'dly prov;ided,by Dr. )
Anver D. vRahimtu]n) in the biaenée of cumene hydroparoxide;, did not
catalyze the o;:idation' of phenol to products. lha[bind),&’\ DNA although éxten—
sive binding to .P-45.0 protein nccurreri -(resulli n;n sli\gwn]. A Analysis of the .
produc'.‘s formed (concentrated ethyl m‘ceme exmct.s /;avere analysed by thin
layer cﬁr_omatognphy using the”solvent‘ system benzene:methanol:acetic acid
70;8:4) showed that hydroquinone and catechol were formed .in this sysm;u.
Hydroquinone was formed in abgmximﬁtel‘y ten times hiéhér ‘ama‘un".s g.hnn'
catechol (results not shown). Thé‘presgliie of ascorbnte'fﬂﬁt incubation mix-
-tu;e was réqnired for maximal hyt‘iroquinone and catechol for‘mntien. Presum-

. lei, hydroquinone and catechol are rapidly oxidized peroxidatively as soon as

N they are lormed: Ascorbate also i’n’iﬂbite& MC.phenol binding to protein,

pn;bnbly by reducing, the reactive b i back to hyd i and
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.catechol. Benzene, however, is'not d by rat liver mis 0 and
cumene hydroperoxide (McCarthy and White, 1983). Benzene also did not

. bind’to microsomal proteins or DNA in the presence of rat liver microsomes /'/
-and cumene hydroperoxide (results not shown). Oxidation of "C—phengl with /

_tyrosinase also gnggestedvthnt\o—benuqu'mone may not bindv toDNA. =

Phenol mulso eooxldlzed by_progtaglandin H syntha.se during aracbldomc - -

" acid bi ion to pro ! landi (Egan et al, lDBl Egan, Gale and

I/Keuhl 1979; Egnn, Paxton and Keuhl, 1976 Smith and Lnnds, 1971). How-
ever, there aré no_reports on the detailed analysis of the products formed.-

Egan, Galesnd Ke\li]l (1979) reported that a product with similar pmper‘tig:

to a polymer was formed as the major product.

In conclusion, the present study demonstrates for the first time in vitro =

& : . binding of -phenol oxidati ducts to DNA mediated by a idase sys-
tem, The presence of myeloperoxidase in bone marrow makes.this reaction

o= interesting. - i s T




CHAPTER 5

ROPERTIES OF PHENOL OlﬂDAleﬂ_

S

_ 4= PRODUCT(S) THAT'BIND TO DNA. °

_,5.1) Introduction :
o \

" In the previous chapter it was shown that when 'C-phenol was™ incu- .

gated witi*horseradish peroxidase (HRP) and hydmgenr pemx‘;d‘e (H0,) in the
presence of DNA, appmximuiely 85% of ‘the radioactivity was bound to DNA.
The DNA bound products were not extracted inté ethyl acttnt‘e and were not
released I'rt;‘.m DNA by repeated ylmipitations. Addition of DNA at different”

" times of incubation however resulted in- a decreased radioactivity association

with' DNA. No radi ivi iation with DNA occurred.if the DNA wus
added after 5 minutes of inc\lb@@u !cating that very highly:renc!ive and
< short lived products were formed by phenol oxidstibn with peroxid;s-e and

H;0;. In the abseace of DNA appmximilely 85% of the radioactivity resulted

in ipi fe it indicating that i di involved in the precipi-
tate formaiion bind to"the DNA. ‘A'dd\lct formation occurred also with v;nmu
homopolyribonucleotides, t-RNA, protein and glutathione. In thiu‘chspt‘er the'

results regarding the nature of the r’euctivc products formed from phenol by

pefoxidnse/ﬂgoz idation and the hanism of thejr f ion,*have been
-’ - 3 B i
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presented.

& =

5.2) Results : , ) ) ‘

Rg
‘The DNA isolated from the reaction mixture i§ uniformly - dark_ brown
c‘:o]onred und lud sn absorbance maximum at 418 mm with a shoulder at '510
nfn (Figure 5.1) and a penk at 201 um (Figure 5.2). Reduction “with dnhnomth
belore extrlctwn and pnrlﬁcntmn of DNA, resulted in the disappearance ‘of the -

band at 4{8 nm (m‘cl'\l’dﬁlg the shoulder at 550 om) and a shift_in the ultra-

violet™ absorbance maxima to 287 nm with a shoulder at 274 nm (Figure 5.3).. A

‘Vnrioix; Ehen‘ol derivhtives were also tested for the ability to bind to DNA fol-

/H. 0 catalyzed 'v‘ i The DNA, however, isolated
from reaction mix‘tnra containing.o-créol, 2,8-dimethy1 phenol, 2,&\dimelhoxy
phenol, guaiacol, 2-tert-butylphenol, were not coloured in spite of the fact that ~
the reaction m‘muru‘_ were deeply coloured and (orvmat‘i‘o-n of precii;.itsta has
t;ccurred. Furthermore, the presence of DNA in the rea‘ctioq mixture did not -
affect the formation of ‘coloured pn;ducts ‘or the formation of p;’gcipimu. The

coloured ‘oxidized products of these smtpd phenols therefore do not bind

* toDNA and ‘DN;\'doa not prevent their formation.

“ . i

e N\
0,0"Biphenol- and, pp-biphenol have been identified among the products

-formed during the peroridase-ctalyzed cridation of phencl (Sawshats md
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Figure 5.1

Spectral properties of DNA-bound productsfrom peroxldne-oxldllcd
/ phenol, p,p“biphenol and 0,0-biphenol (in the visible reglon). *

—: Phenol (200 V'pM)/Iy!RP (10 p8)/ H0, (210 AM)/DNA €3 ), inew
bated fdr 3 minutes be{ore DNA pptn; = ’ - : 0,0"Biphenol (200 yM)/ HRP
(10 pg)/ H,0, (210 uM)/DNA (.’i mg), u;cubnted for 30 mmntu be!ole DNA
ppi;—=m—=: p,p" Blphenol (ZOUyM)/HRP(IO pg)/ H,O‘, (ﬂO pM)/DNA (3

. mg), mcubnted for 30 mmules before DNA pptm

—t S e
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o " Flg\u-o 5.2 .

D!ﬂ‘ei‘ente apeetrnm for the DNA hodnd oxidized prodllch of phenol.

Reaction conditions for 'incubazion afe snlﬁe‘ u‘l for Figure 5,1. Final so|u-

tion, after redissolving the DNA, contained 75ug/ml of DNA and scanned

bound with phenol oxldumn prodicts) DNA.
~_
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Neal, 1982). 0,0"Biphenol also formed brown culo‘ured DNA following a perox-

’ idase .oxidation. * The 0,0"-biphenol:DNA products- (Figure 5.1) had a similar

nl)sorpuon “to the phenol:DNA product with maxima nl 423 nm (with a
shoulder at-550 nm) and 287 nm (wn.h a shoulder at 274 nm) Reduction with
dithionite resulted i ina DNA addﬁcl identical to that formed with phenol (Flg-

ure 5.3). On the other hand “C-p,p’ b|phenol another phenol oxidation pro-

duct was’ meﬂ‘ectwe-m bmdmg to DNA in the peroxldne system and there was -
also no chnnge in the spectrum of the DNA (Fxgure 5. 1).. These results suggest *

that-the phenol oxulmon pmducts binding to DNA are either derived from

n,o’-biphenn’L However, addition of DNA at the end of the reaction to the,

0,0"-biphenol reaction mixture resulted in no binding of phenol.oxidation pro-

duets to DNA, indicating that DNA .must be present during ‘the oxidation

' before binding occurs.-

"The nature of the products in the reaction mixture was further investi-
gate:i. Initial observations showed that, ;'ellow and red products were fgrmed
during phenol oxidation by HRP/N,O,. The yellow ’coloured p'roduct ;lll
reduced easily by ascorbate nnd was extracted into ethyi acetate both in the

presence ﬂd in the absence of | DNA However, the red coloured pmdnc! was

Bt easily reduced by ncorbste nud was not extracted mbo ethyl acetate when

phenol or are |den'.|csl to the products formed .and bmdmg to DNA _from'

phenol was incubated in' the: presence ol DNA. o,0"-Biphenol yva similar )
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’ Figure 5.3 o TR

Difference spectra for the dlzhionlm-rednced DNA
bound phenol or o,0"b

— Phenol or 0,0"biphenol (DNA bound pro‘ducts); :. Phenol standard

(10 gM); - - - oo"Bnphenol standard (2 BM); -eree : p,p™-Biphenol stan-
dard (2 pM). ’ T
All the incubations were carried out in 3 ml of 0.1 M Tris-HCI buffer pH 7.4

(n'src.

- ¢
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findings except that the rate of formation of coloured products was slower than
that of phenol. p.p'—Bip!:e'noI was rapidly uxidize_d but formed only .a yellow
coloured product which was easily reduced by ascorbate and was also ex"xacted
into ethyl acetate both in t!e presence and in the absence'of DNA.

Table 5.1 shows the percenhge ?l‘ mdmnctlvl'.y{ incorporated into the pro-
ducts of phenol oxidation extracted' by ethyl acetate and sepnmted by 'thin y
- layer chromnwgrnp_hy. As shown in the table phenol was, complnely oxnd:zed"

within‘ 3 minu.ta; under the conditions ‘studied. Tt nppenr_é that the red

material at the origin (unknown l,‘. Rp 0.00) and FI nﬁnor product (unknown 4,
Ry 0.62) disappeared when DNA was frselit in the reaction mixture. The i

red material remained at the origin conld not be eluted into ethyl acetate from

*+- the silica gel and is to be p ic in nahne Precip
was also mhlblted in \the presence ul DNA. These preclpltuzes were not
extracted into ethyl acetate from the reaction mixture nnd remuned at the
interphase of the aqueous and'orgamc layers. It is.con¢luded thnt either DNA
binds the precipitates l‘ormed from phenol, or PNA prevents the formation of

. the precipitate By binding an intermediate(s) in;rolvedf‘xg its formation. Simi-+

lar results were ubtalned with o,0"biphenol. However, none of the p,p-

henol products (mainly p,p'-] bxphenaqmnone) were nﬂ‘ecled by the preeenceA
o(DN& A + x
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Table 5.1 ’
5 Time course for 'C-Phenol Metabolism by Peroxidase

Product Formed Without DNA With DNA
30 See 1 Min 3IMin |- 30Sec 1Min - 3Min
Polymer(insoluble) 20222 0235 65250 N " .
o,0"biphenol 5200 5200 2100 | 5200 5200 2100
3 P
p.p-biphenol (a) 5200 5200 520.0 5100  5:00 5200
& p.p"-biphenol (b) 10£20 15510 "20420 | 13210 15520 2420
‘pup"-biphenoquinone (a) Se14 10822 10£2.4 PRTE 10228 10£25
+ | p.p“bipherioquinone (b) . |  © o 0 [ 0 0
it Unknown1 .~ [ 10424 a2 - 2208 | 2200 1205 05205
.| Unknown 2 . 5405 . 5405 5505 | 5205 £05~~ 5205
. Unkiown3  ° 5405 5105 5205 | ss05 [ 5205 1 ss08’
: Unknown 4 1202 104 1s04 o0 L ]
Phenol oxidised 60425 75134 10g£0.0 | 62304 74230 100400
0" Biphenol sid p,p'biphenl were quantitated by hp.le. (sétion 22.41) and Lle.
(section 2.2:4.2) p,p"Biphenoquinone was determined by spectrophotometry and tle. Unk-
nowns 1,2,3 and 4 were quantitated by their I’MI" The radiosctivity of the insoluble
polymer was measured by filtration.
- lncnbniwn conditions: Phenol (0.2 mM) was incubated with HRP (10 pg)
and H,0, (0.2 mM) with and without DNA (3 mg) in 3 ml Tris-HCI buffer pH _
I 7.4 for appropriate times as indicated at 30° C. . The incubation mixtures were
L) extracted with the ethyl acetate at the end of the incubation penod and the
ethyl acetate ¢xtracts were analyzed fnr metabolites.
* (a) and (b) (for p,p-biphenol and p,p’ biphenoquinone) indicate the exper-
LI iments in '-he absence of . neorhau and in the presence of ascorbate mpec- ; N
B e tively. e
. § ' Mean % S.E.M. fov.-‘! expenmenn expressed as % of total ndlncuvll.y
incubated.

” B s
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Table 5.1 also showed that from the original phenol 5% was converted to

p.phbiphienol and 5% was as 0,0-biphenol. The maxi amount

of o,o’-bipl{ennl appei’red within 30 seconds both in the pruen;e and in the
absence of DNA and dinppeared. slowly on fu‘r‘_iher incubation. The maximum
imount‘ of p,p-biphenol was also formed within 30 seconds of incubation with
no chnnge‘oﬁ further incubn;ion, p,p"-Biphenoquinone v}: formed maximally

at 1 minute of incubation and-started decreasing slowly pfter 3 minutes. Addi-

“before

p,p"-biphenol| i il two to three times as a result of reduc-

"ing the p,p’-biphenoqninoﬁ_e in the ‘reaction mixture. ©,0-Biphenol forr‘nntion

was-not” affected by ascorbate lr\en.tment before extraction. It is very likely
that r’nuch moge o,fw':biphenal -than p,p™-biphenol is !crmed‘ since the formed
o,o’-bi;;henol disappeared completely within 5 minutes. DNA present in the
incubation mixtures, however, had no effect on the o,0™biphenol, p,p’-biphenol

binh . fe

and p,p ion under the conditions studied.

A
Figure 5.4 shows the spectra for the pgmxidaSe-oxidized phenol, p,p-
3 -
biphenol and o,0-biphenol. It appears that apptoximately 20% of the ph%n'ol

is oxidized to p,p"bi i as nined from the

at 399 nm. However, the absorbance.at 500 nm for the products formed with
100 uM phenol was similar to that formed with 50 )li\d'o,d-biphe}n;l.
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:* . Figure 5.4

T Spectral properties of oxidation products of pln'evnol,v .
o,0-biphenol and p,p-biphenol in aqueous reaction mixture :- .

Incubations were carried out ia 3 ml of 0.1 M Tris-HCI buffer pH 7.4, ’
——: Phenol (100 yM)/H]"ZP (_10 #g)/Hy0, (120 M) scmrln‘cd at three
minutes of incubation; - - - : p,p’-Biph‘e’n_o] (10 pM)/HRP (10 pg)j H,0, (80
#M), ‘scanned at one migute o'l' incubation; s 8 o,o’-Biphenoi. (50

BM)/HRP (10 pg)/HyD1,(60 #M), scanned at 15 minutés of incubation.
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Figure 5.5 sh;)v‘vs the spectra for the ethyl acetate extracts of o,0"biphenol
oxidation products with,and without DNA in the reaction mixture. The red
product(s) had absorbance maxima at 403 and 500 nm. The spectra of the
unextracted reaction mixture was the same whether DNA was present or not
indicating that DNA did not affect the, formation of, li:ue products in the

i -lenwl;s rneti;)n mixture. However, in the presence of DNA only 45% of the

product(s) was extracted into ethyl acetate whereas in the absence ‘of l;hh\

95% of the prod ot ‘.wu tracted indicati tl;e -red product wa's nr;ngly
- ;;)und tcrm The maximal effect of DNA vias found at 30 in_il‘:_n‘tes of incu-
bation (ag observed from the difference in absorbance at 500 nm). If equimollr‘
phenol was present to speed up the oxidation of o,o’-bi;;hennl, the maximal
effect of DNA was found at 3 minutes 'al incubation. The prodlzcu of 0,0
biphenol reaction mixture were run on t.Le. anmml of-the product remained
as a red band on the origin. This band was markedly \decreased if DNA was

present in the reaction mixture as a result of DNA bil}ding.

The ethyl acetate extracts of either phenol .oxidp_.tjonv products or 0,0
biphenol oxidation products, dried under N,, were analyzed by mass spectros-

. copy-—Thé mass. spectrum for phenol oxidation ﬁroducts (Figure 5.6) had

' peaks at 186, 278,‘ 370 and 462 corresponding to the molecular ions of

biphenol,_triph or p P with relative

intensities in decreasing order. However, 0,0"-biphenol oxidation products (Fig-
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p Figure 5.6 By

The incubation was carried out in a total volume of 3 ml of 0.1 M Tris-HCl
hl‘rﬂ'en pH 7.4 at room temp. for 30 minutes, Reaction mixtures contained
0,0-biphenol ‘(100 #M), HRP (10 pg), ,}i,b, (120 pM) wil‘h and without
DNA (3 mg). The ethyl ncelst.e extracts were scanned spectrally. -~

- . R ' .

P
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ure 5.1) had Lonly two pesks at 186 and 370 corresponding to molecular ions of
biphenol and a dimer of bipkienol (tetramer of phenol); peaks at 278 and 462

were absent. This could indicate that the peak at 278 present in Figure 5.6

" may not be s fragmentation product of 370. Furthermore, when 0,0"-biphenol

oxidation products were run on tle. all the 0,0"biphenol appeared to be oxi-
+ dized, indlielﬁnk that the peak at 186 may not have been a fragmentation pro-

duet of 370, however, whether the peak at 278 is a. fragment of 462 is not

knowe.. . . /

Partial or complete hydrolysis of DNA to oligonucleotides or nucleosides
\ .

revealed the nature of the products binding to DNA. The enzymic hydroly;is
. 7 .
of phenol oxidation products bound-DNA, isolated.and purified as described in

“materials and methods, by d Syrib 1 alkaline phosph and phos-

pho&iesterue according to the method of Baird and Brookes (1973) (section
2‘2.42.4) results in the release of brown specks ‘(presumably polymer) into the

mediul;!. Table 5.2 shows .that butanol ‘extraction removed plmost all the

s = ;5 :
* radioactivity from the aqueous layer. However, little radioactivity extracted
* .

into butanol layer. The remaining ndioutiv'ity in the aqueous layer was
recovered as unhydrolyzed DN;\ in the first peak and had nl.l'ib_soLbAm:E max-
iml‘xm at 420 nm when the nqueo‘svlnyer was passed- through a Sephadex LH-
20.column. | This suggests that some of the bound produ;u Pprevent con"xpleta

: digestion of DNA. The nucleotides: released by digestion eluted as several
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'l;nblt 6.3

Effects of n-butanol ly bydrolyzed
1C-phenol products bound DNA or pnlynbonllclzoudu

% 1C-phessl extracted | % 1'Cphencl at interphase | % ' C-remuining in the
into batanol aqueouns layer.

HRP: |ompe o2 1opg |002pg O2pg 1P | oozpg  Ozug  1opg

. . DNA  pH7.4: | 4208  4xll 4212 | 17422 52435 65242 | 16411 10308 10408

« PHB0: |7304 2208 2108 [ 10418 38526 0044 [ 2:04 8305 . 2302

PolyA pH7.4 2408 6202 221 | 12215 20426 3a36°[ 6308  6a02 8203 : B

pH 5.0: | 1202 1204 1204 | 2208  15x26 38332 | 2404 2402 2106 &
PolyG pH7.4: 2105 2408 2105 | 5412 32428  0x2 | is02® 1108 1204
PHEO: 202 2108 2404 | 5215 2428 waas 1203 2105 1208
\} : PolyC pH7.4: | 2304 2103 2202 | 10422 18326 20132 ] 5304° 5112 5108 4
PH5.0: | 1202 1204 1302 2:!.‘0 10412 15323 | 2108 2408 5112
L Poly ll‘ pH 7.4: | 2108 ..Zgﬂl 2408 | 18221 25424  1632.2 | 6108 5208 8408

PHSO: 1205 1202 1202 | SxL1 10822 18124 [2:08 2308 Sx12

Incubations Conditions: - Phenol (0.2 mM) was incubated with HRP (0.020r 0.20r 10

‘ ﬁs) and H,0, (0.2 mM
LS .
tides (3 mg each) in 3 ml of 0.1 M Tris-HC buffer pH 7.4 or in 3 ml of 0.1 M Sodium

r 5 min in the presence of DNA (3 mg) or polyribonucleo-

Acetate buffer pH 5.0. At the end of incubation the resction mixtures were extracted
with ethyl acetate (2 times). The. macromolecules'in the aqueous layers were hydro-
 Iyted aud urther extracted with mbutancl, The radiostivity in organie layer, aque
nI;s layer gnd at the interphase was measured by scintillation counting. kuuu. ;ra
ex;em‘l a per cent of the, ndiom}ny of the original '*C-phenol added to the

incubation mixture. For DNA or ibonucleotide isolation #nd bydrolysis see

= Materials and Méthods (section'2.224). d o

. Mean = S.EM. for 3 experiments are given.
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peaks but did not contain any radioactivity.

Table 5.2 also shows that enzymic hydrolysis of the '4C-phenol oxidation

products bound-polyrib leotides with
Y -

release of -'C-products at the interphase. 0,0-Biphenol products bound to.

borucl,

also resulted in the

DNA or'polyrihonncleotid gave similar results upon. hydrolysis. All of the
released brown s‘pecks settled at the interphase upon butanol extraction. How-
ever, the amount ‘el' uﬁﬁydmlyied l‘)NA was higher, compared to that of 'phelnol
bound DNA. Acid hydrolysis (in 1-M HCl at 100°C for lhhour) of DNA
bound with phenol or-o,0-biphenol oxidation ‘products also resulted in the

removal of the brown specks from DNA.

Mg?* had no eﬁé‘ct on the "C-phenol binding to DNA or polyribonucleo-

- ti‘d@ ind;cating that phosphate groups of the DNA mn;' not be involved in the ‘
‘7 bi‘nding; Furthermore, so;lium dodecyl sulfate (10%) or-an equal volurie of
saturated phgl;ol at 60°C kcquld not remove the '4C-phengl products from the

. * DNA or polyribonnclleotidu. . ' . \
: . /

Figure 5.8 comx;ares the MC-phenol products binding to PNA with the
_’ / " absorbance of the bound DNA. It can be seen that me maxlmsl amount of the
/ : o 14C-phenol bollnd to DNA within 3 mmutes However, the maximal shsor-
bance of the bound DNA was' not renched until 10 min (Figure 5.8). Figure

' 5.9 shows the influence of H;0; on 'C-phenol biriding and the absorbance of \




] . . .
Figure 5.8"

Comparison of “d—phenol products binding to DNA with
colour formation on DNA; Time course for phenol binding:
Colour formation on DNA was measured by absorbance at 418 nm.

MC-Phenol (0,2 mM) was incubated with HRP and H;0, (0.22 mM) in the

presence of DNA (3 mg) in 3 ml of 0.1 M Tris-HCl buffer pH 7:4, at 37°C.
uoo:HR'Puo*. +: HRP (1 pg).
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Figure 5.9

Comparison of “C-phenol produeu binding tc DNA with :ohnr
formation on DNA, Effect of H,O, nDNA b

Phenol (0.2 mM) was incubated with HRP (10 pg) and HyO, in the pres-
ence of DNA'(3 mg) for 20 minutes it 3 ml of 0.1 M Tris-HCI buffer pH 7.4
at37°C. g

——
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* FIGURE 6.9

Absorbance at418nm
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the bound DNA. Although the maximal amount of {.C-phenol was bound at
1 equiv. concentration of H,0,, €he maximal absorbsnce of the bound DNA

was formed at 1.5 e(iuiv. jon of Hy0,. Itis luded that some of

* the phenfl‘c products bound to DNA are colourless and can be further oxidized

to bound coloured products.
. N

* "Figure 5.10 shows the rate of 0,0"-biphenol oidation (as d- by
incresse in the 500 am,_ product) in the presence of phenol and p,p-biphenol.

‘The increase in the rate of oxidation of o,o"biphen_ol was direc’tly» proportjonal

tothe concentration of phenol. With a ion of phenol equimolar to ’

o,0"bipherol, the rate of 0,0"-biphenol o:_(id;-t{:n was increased by a factor of

12. p,p’-Biphenol was much less effective at increasing the o,0-biphenol oxida-

‘tion. Furthérmore, Figure 5.11 shows that o,0-biphenol efen at-very low con-

Tetol o i I

‘centration (0.1 molar equiv.)

inhibits p,p"bi

from phenol although o,0-biphenol did not inhibit the rate and,amount of |

p,p-biph i fe jon from p,p'-biphenol

Since phenol and its oxidation products (biphenols) can influence the oxi-

dation .of each other during peroxidase-catalyzed éxidation, it may bé worth

dividual sub iq

the rate’ for i during

Yz S 5 ‘- .
catalyzed oxidation, which may ‘further impro;le the understanding of the

3 meqhnnism of phenoi.ﬁx ation, to polyme‘ri_}zy per’oxidn,se. In ‘table 5.3 the 7

+ rate s for "'(ﬂ. Huction .of idas d 11 by phenol and its
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Figure 5.10

" Effect of phenol and PP -blphenol on the rnt.e
from

of 500 nm p!

. . -

Réaction mixtures contafhed o,o’ biphenol (50. aM), HitP (10 Bg) nnd vary-

ing concentmtlons of either phenol or p p-bxphenol Rmuons ‘were started

. by the uddltmn of Hy0, (120 pM) and the increase in -sbsorbance was fol- -
L .

__— lowed at 500 nm using a Shimad

UV-240 sp

00 ®:in ti!e presence of phenol; X X X: in the presence of p,p"-biphenol.
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: Figure 5.11 ‘ .
- Effect of o,o’-blphénol on the rate of P! '-blphen’oqnlnone
formation from phenol . Y
Reaction mixtures contained phenol (50 gM), HRP (1 pg) and varying con- | ’ N
- . .
3 of 0,0 biphenol. Reacticfis were started by adding H,0; (120
M) and followed at 400 nm using Shimadzu UV-240 ph
. . w8 -
, ) S
' . Ly
<
. ~ | )
i -
- 1
»
4




, 107, "
A
g 1
J
. . " FIGURES.1 .
N & -
- % > )
. .
l ) 4
7
A.
. o
: .
s .
‘ ;-
v )
oL T T — 5
0 2.0 & - BB
- A :
. s ] ' 3
» CQNC N.uM) .
' - 2 (0.0:Blphenol) CHE
i L [
. . L #E
B i . = ”
3 PR N+
i ' ‘
- .
+ (( > ks
. b4
i




4 . . .
i
" L3
. 108 . .
.
o
. Table 5.3
duction Rate constants for peroxidase compound-1I(Ky) by
¥ phenol and its oxidation products
. | K
e Substrate Ky(M-'s) A
Y e % T T
L 3 . v 4
A | Phenol | .8:5£0.3x 104
5 o o2
. - p/p“-Biphenol . .2.240.1X107
0"Biphenol 7.140.4X 108
v 7 - - . .
_ ! v
: s p.Phenyibhenol A¢ | 8.6£0.3x10° .
E - o
¢ N ot : -
s o.Phenylphenol . | 2.4£0.1x 10
<o v oW - A .
§ ] w = *
X G Reduction rate constants were determined as describedin Materials and methods
E (Section 2.2.24). Mean & S.EM. for 3 experiments are given. X
5 ’ - |
N - ’
- - o]
v et P
= o . i
v ; ]
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o;ndshon pmducts have been determmed It can be seen thnt the rates of oxi--

dnnon dlﬂ‘ered:. widely and were "in decreasing order. mﬂ‘ecmenus- pp- J

biphenol, ph?ol and o0,0"biphenol. p-Phenylphenol was also a far more active

substrate thén o-phenylphenol. . ) ’
b “ . .

. .
5.3) Discussion :
o = o

Enzymie hydrolysis of DNA bound with 'C-phenol oxidaion products

mdncntu)h& DNA bound prnducu‘could be polymers.—Phenol is initially oxi:

dized (Figure 5.12) to phenoxy tadicals (l or 11 or [I) and these rndn:a!s dimer-
ize to form dienones (IV, V and Vi) which eventually tsulomeme into
biphen:)ls ‘(Vil, A1 andvx) in protic solvents (Harborne, 1984; Taylof arid
Battersby, 198'1]. In addition dimers with C-O bond also !niy l‘)e formed.
o,04Biphenol and b,p’-hiphex;ol were formed in a peroxid.'zs’e system (Sawahata

' L]
and Neal, 1982). Biphenol: arg also sub for idases (Sawahata and

Netl‘,’l‘@{?). Mass spectral reslflls indicated that trimers, tetramers and penta-
mers are also form€¥ by peroxidasg oxidation of phenol (Figure 5.8). In con- '
- clusion, cox;plcx polymeric products could result from. phenol oxidation.

Enzymic hydrolysis of DNA bound with 0,0"biphenol oxidation products also '

rénlted in the release of bound products. Howevef, none of the p,p™-biphenol

products were bound to DNA. , ' ‘ N 4
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FIGURE 6.12
OXIDATIVE COUPLING OF PBBNO’_LS :SCHEME -1 -

(Taylor and Bastersby, 1067)
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F catalyzes the oxidation of many hyd:

1948). The bydrogen donors act by converting peroxidase compound I to II

and converting compound Il back to peroxidase. The latter is usually the

\ @
_ slowest step (Chance, 1948). The reduction rate Cﬂl‘l*lﬂl! (Table 5.3) indicate

that p,p-biphenol was 400 times n\ore‘eﬂective than phenol. The 'above
resul's showed that phenol even at very low concentr-nons greatly enlmnccd
the oxndmon of 0,0-bipheno] ( Figure 5.10). Fnrthermon. p.p- b)phenoqumone

formation from phenol was inhibited in the presence of even very low concen-

donors (Chance,

trations of o,0-biphenol (Figure 5.11). On the other hand o,0™biphenol had no ,

effect on the rate and amount n{ formation of p.p'-higllie.nl?ql;innne from p,p™-
biphenol. These results suggest that the y,p’-hiph‘enosemiquinone radicals
formed from p,p'-l;iphenol may oxidize phenol non-enzymically. The results
also sn@\l:l’nl phenoxy radicals formed from phenol either miymiu]ly_ or

non-enzymically may also oxidize o,0"biphenol to the polymeric product. The

proposed scheme for the interaction of these phenoxy radicals in the oxidation
% v .

of phel;ol and subsequent DNA b'mdil;g'is presented. in Figure 5.13. When
comparing the Ilmﬂl'lir of red product formed (Flg\lre 5.4) as a result of 0,0

biphenol or ph:nol oxidation lt is clear that most of the phenol is nmmlly oxi-

dized to 0,0 biphenol. Only 20% of. the phenol is initially oxidized to p,p-

biphenoquinone. Figure 5.13 shows that p,p'-bipheno’semiquinon& radicals

formed from p,pg; blphanol can oxidize phenol non-enzymically to phenoxy radi-

r

cals and phenoxy radicals in turn oxidize o,0-biphencl to the red polymeric




12

auouinb
- ~-ouaydig-dd Ve

ZoTH/auH

.
o
<
4
o
<
£

>

" “ONIGNIE VNG OL ONIGYaT T1ON3Hd 40
NOLLVAIXO 3SVAIXOUdd 404 u!ﬁanﬂioxu

£1'9 JUNOIA




113 =

bioh

of p,p"

ot

product. However, the p radicals directly
interacting with o,0"biphenol . metabolism cannot be excluded. Using
fuorimetry, Danner et al: (1973) also showed that o,0biphenol is the principal

. product formed from phenol by peroxidase oxidation. ¢
T ~N
Melanin or lignin-like polymeric products can be ge;leruted by the oxida-
- Mon of various phenols in vitro (Harborne, 1964; Sealy et al., 1980; 'l‘uylor and
& Battersby, 1907) These polymers differ in.structure and reactivity. ﬁelnmns

L . g
are d to be' redox poly quinone, and

hydrpquinahe type. units ins€quilibrium (Seu_l};,e! al., 1980). They also contain .
l‘ree radicals under all known. conditions (Sealy et al., 1980). They also readily
\ bind to metal lons, certain drugs and qunternury bnpyndmm salts. Although,
the nature of the bmdmg is nut known, it is beheved that they form charge
transfer complexu in which the drug acts as an electmn donor and melanin
. : acts.as an electron acceptor. Suc}: an interaction is possible here between . A\
- DNA and the phenol ;;élymer. Anionic detergents like sodium dodecyl sulfate
were ineﬂ‘éctive' in removingthe bound phenol polymers ‘Trom the DNA. An
equal volume of sntunted phenol at 80°C also failed to remove the phenol

v ' although this treatm ment; removes sdmmycln from DNA (Ehon Gianni md
Myers, 1983). e N

) The formation of the pr;)dueu fonn.d in phenol coupling(during the oxi-

dation of phenolﬁ with chemical agents] have been exphined lzlhc following
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mechanisms:

* electron is d‘istributed over the oxygen atom and al} carbon atoms of the
aromatic ring (Figure 5.12). The observed ;:oupling pos‘itions (ortho and para
but not meta show that a free phenoxy radical is reactive only on the oxygen
and the ortho- and para-carbon atoms (Taylor and Battersby, FQW). Itis ofi-

/ ginally bélieved that spin density factors play a major role in the:coupling.(;f
phenoxy radicals. The high spin density is found on oxyge‘n and at the para
position, whereas both orlll; ‘pi;sitions show. coupling constu'xu of half this
magnitude. But the co‘upli\{g. constants at 1, 3 ‘snd“s‘ positions appear to be
negative, It is believed that coupling of i)héngxy radicals should occur pre-

ferentially at the site of highest spin-density (Fleming, 1978). Oxidation of

26~dlmelhylphenol under & variety of gives the pare-par pled
dimer | p the mnjor product thh rehtwely small amounts of the: orlho-p)ra—
coupled product (Dalgleish, Nonhe!:el and Pn\uon, 19111. By contrast, oxida-
tion o; p:craol with a variety of metal -agents, gives rather more or{ho-para—
coupled ‘prdduct (Pummerer" :\‘ketone) than the ortho-ortho-coupled product
(Anderson et al., lp‘l7). All these data were consistent with the idea that the

spin density distribution in the intermediate phenoxyl , radicals playing a

- »signiﬂ'emt part in determining the ratios of products.

1) Phenoxy ;adienls appear to be stabilized by resonance, and the odd -




N

2) Armstrong et al. (1983) have critically evaluated the role of spin den-
sity factors in phenol coupling reactions. They showed that )hcm)\llnd 3,5

digpethyl phenol, both of which have highest spin density at the para position,

upon with various chemicals, give p inantly ortho-ortho-
product. However, under certain conditions (see Armstrong et. al., 1983)
ortho-para-product is the major |;rod||ct formed at'the expense of ortho-ortho
prodllct They (Armstmng et al, 1083) have nn;;uted that. khegoxy radi-

cals fnvournbly Appmlch each other in 1,3-relati nther than 1, I-relationshi

(Figure 5.14). The lwo-most probable 'tnnsmnn mm are (A) and (B) The
interaction between phenoxy ndiclls would be greater in (A) than (B) as the
sites of highest spjn density (the para position) lie‘ directly above each other.
However, electrostatic repulsion between the two electronegative oxygens
would also be more powerful in (A) than (B). The ‘transition state' (A) would
lead to the para-para dimer and also the ortho-ortho dimer, via (IV) and (V{]
respectively, while ,th; transition state (B) could give rise to buth the ortho-
ortho- and prlh»paro-diiners,‘w'a (VHI) and (IX) respectively. That ;hm
latter are the major products s.ngguu tl_nt the most-favourable coupm.muto
proceeds via the ‘transition state' (B). o

The rnults pmenud in this chapter also luggut that o, o' “biphenol may
be the major product formed from phenol upon oxndnllon with HRP and H,0,.

p,ﬁ'—Biphenol is also formed but appears to be in minor smounts. Whether
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/) FIGURE 6.14 -

nO)K]D.A'_l‘[,\fﬁ/(:olJl’LXNG OF PHENOLS : SCHEME - I’
(Armstrong et al., 1083)
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o,p"biphenol is formed or not, is npt known. Sawahata and Neal (1082) have

reported that no significant lormntiné of Pummerer's }eton‘e (rearrangement "

product of o,p-biphenol) occurred, under theifteonditions of study.

Another interesting point that c3KId be raised t this stage is the mechan-
. M

id b

to form p,p"-bi

ism of p,p"bip! phenol Tt is postul in

the scheme presented in Figure'5.13 that p,p"-biphenol oxidation to form p.p-

biphenoquinone  proceeds . via  intermediary  formation  of pp- -

biphenosemiquinone radic'alﬁ based on the results presented in Figure 5.10 And
Figure 5.11. However, no deﬁmtwe evidence has been presénted regarding the
mechamsm of p,p"-biphenol ‘oxidation. Electron pnrmnbhc resonance stu-
dies may result in a definitive answer. Thus, there are still many questions to
be answered What I have described in this chlpter is & speculative pathway

which may stimulate further research in this area.




-CHAPTER 6 /

PEROXIDASE-H,0, OR, EONE MARROW HOMOGENATE-H,0,-

MEDIATED ACTIVATION OF PHENOL AND -

BINDING TO PROTEIN

7 /(;

6.1) Introduction

While the phenol activation studies in the previous two chnpte_rs were per—

formed with- h dish id: other invegti \ and Neal,

d to study the

‘1982; h Rickert and Greenlee, 1085) have

p idase/ H,0,-mediated activation of phenol in bung marfow -homogenate.
Their results showed that 85% of the oxidized phenol was bound to the bone
vmnll'mw prl;tein. Only 5% of tl}e oxidize& phenol actounted for the total
;.iphenols formed. Hoth 0,0"-biphenol and ‘p,p’~‘k;ipﬁenol were detec’ted in
:pprqximnzul! equal amounts. No éther metabolites were detected. However,

p,p-biphenoquinone was' also shown to be formed when partially purified

" 'myeloperoxidase was substituted for bone marrow homogenate. Sawahata,

Rickert and Greenlee (1085) have luded that p,p™biph D qui is the
major reactive metabolite binding to proteins.

-

In thigrehapter, (1) results are presented on the possible mechanism(s) of «

activation of phenol by bone marro® homogenate (see.section 2.2.1.2 of
e .

o
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Materials and Methods) and H;0,. In contrast to the results dbllil;ed by
Sawahata, ‘Rickert and Greenlee (1985) the present study shows that o0
e it N -
biphenol is the major metabolite formed initially from phenol and further oxi-
dation-of 0,0"! hlphenol accounts for the majority of the prolem binding; (2)

evidence is also pruel)ted on the nature of binding between phenol oxidation

products and BSA, when phenol is oxidized by HRP and H;0,.

6.2) Results :

’

Figure 6.1 shows the effect of bone marrow protein concentration on the
N b

rate of phenol oxidation. As shown in the figure, the rate of @e_ngl_oxidntian ’

d with i ing protein ion. Figure 6.2 shows that 'C-
phenol ‘activation by bone: marrow homogenate can result‘ in reactive products
which _bind to protein. The amount of phenol bound is proportional to the
concentration of H202‘ (up to 10 mM). The need for a large ii,o, excess sug-
gests that most of the H,O, may be decomposed by catalase in-the bone mar-
row iiomogenate. Figure 8.2,also shows that pre-incubation, for 5 minutes, of

bone marrow homogenate with H,O, results in the inhibition of protein bind-

ing, p bly by inactivating the enzyme(s) involved in phenol activation.

Table 6.1 shows the ti for the boliém and protein-bindi -

of MC-phenol activated by bone marrow homogenate and Hy0, The effect
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/ A

N \ Figure 6.1 .

Effect of d ions of bone row protein on the'rate
~of phendl oxidatlon d by bone h and H,0, :

~5 . J oL

MC-phenol (200 nmoles) was incubated with bone marrow homogenate

(concentrations as indieated in the figure) and H,0, (10 mM) in 1 ml Tris-
—- %

HCI buffer pH 7.4 for 1 minute at 37°C. (Note: Added phenol contained a

specific activity of 0.0045 4Cl/nmole). : v

a . »
, After incubations far appropriate times, the reaction mixtures~ were

extracted with nthyl acetate, and the phenol oxidation was measured by
radioactivity on t.l.c. (section 2.2.4.2) ‘or-by h.p.le. (section 2.2.4.1) as

described in Materials and Methods. _

)

!
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Effect of, different ncentrations of H;0, on' i)rt;_bgh-blndlng of
MC-phenol nhlyled by bone murqw homogenate and H,O, :

]

Phenol (02 li was mcubnted wnh bone marrow, homogenote (380 yg)

lnd Hcog (congentrations as |nd|uml |n-ﬁre ﬂgllre) in 1 .mlof 0. rﬁ‘m-
‘\ﬂclbuhrplﬂdn.’ﬂ *C. ‘ o 3 EN

-0~0 0- as ducnh:d nbove, -A-A-A- premcubued for 5 minutes with 1 ,

mM H,O, before the addition of phenol und H,0y; *[}-[- |] yre—mcubated

for 5 minutes thh lb mM H;O, before the nddmon of phennl and- H;0,.”
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Time course for 1C-phenol metaboli

Tabl

le 6.1

by bone marrow homogenate
(Percentage ol' the udlou:tmly incorporated into products)

Fondot Tormed .u:h:,«.g men: e e e T
oo'Biphenol | 2:0 | 220 | 220 | 320 | 220 | 420 | 320 [ 620 | 420 | 1020
p,p'-Bilel;l‘ 140 | 120 | 130 | 120 | 120 | 120 [ 120 | 240 | 220 | 420

Usknowa 1 o o | o ° o o o | o [105]1s08
Proteinbound_| 0 o | as2 | ax |oase | st | ords | snss | wss | mar
Pheaol oxidined | 622 1543 | 164 | 2743 | 2634 | 6845 | 6745 | 100 | 100

WP
da..w in Material

quia
ing was debermined w described is Materias sad Mehods (n:tnl 2299}

Incubation conditions : Phenol (0.2 mM) was incubated with 200 pg

bone marrow
HCl buler pH74.

Note ¢ Ascurlm: acid (1.

homogenate and 10 mM

tion times, before extraction with et]

Mean  S.E.M. for three experiments are given.

I acetate.

H,o,na’l Cirl ml of 0.1 M Tris- *

was added at the end of various incuba-




~

4

=

-

C123

of ascorbate, added at different times of incubation, was also studied in order »

to'understand the mechanism of activation. As shown in the.table, 100% of
the phenol was-oxidized within 5 minutes. Approximately 75-85% of the «

phenol was bound to bon‘e marrow"prgt;in. Both o,n’-b"lpl‘lenol and p,p-

biphenol were formed from phenol. How\év,er, they abcounted only for less

than 20% of the total' phenol oxidized. 'J/is possible. that both the biphenols
are further oxidized to products which bind the bone marrow protein. No
’

y i — or catechol fc ion was detected under these conditiogs.”
4 saa

Addmon of ascorbate one rmnute before the extraction with elhyl nce(‘nte
resulted in mcrensed amounls of éxtractable 0,0 biphenol and p;| ’blphenol

(Table 8.1). A il of four-fold i +in 0,0-biphenol f¢ i tion was

‘observed. Although, p,p“-biphenol formation was also mcreued the total

p,p’-biphenol formed was at leut four-fold lower than the total o,0-biphen
i

formed:Thus, oo'hphenol appears to be {he major métabolite !nrmed from’

phenol during activation by bone myrrow homogenate and HyO;. The results

in table 6.1, also sl no decrease'in protein-bound radioactivity in the pres- .

_ence of asoorbne sugigesting that hcorlme is ungble to remove the products s “ ¥

: alresdy bound to rotem A minor nnknown product with an_Rp = 0.00 was

_ detected (both in the pmencc and in the absence of- ucorbna‘ only At 5
minutes of incubation. Huwever, the nmounl. formed appears to he unchlf;ed

compnred to the amount fbrmed in the lbaznce of ucorbne Thu compcund
1

’
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=
was pot eluted from the silica gel with ethyl acetate. A c%mpound ‘with simi-

lar properties, presumably pca’]ymu', was formed in previous incubations when

HRP was used instead df bone marrow homog;lu (see Chapter 5).

Preincubation of bone marrow

b with N-ethylmaleimide [(1.0

mM)(further dislyzed to remove excess N-etbylnuleimidc(-]] deéreued protein

']

thiols by 90% but decreased the protein binding of '*C-phenol oxidation pro- -

ducts by only 10-20%, An;gating that the majority of the binding of phenol

" pxidation products to -protein may not involve sulfuhydryl groups. i

Flgure 33 () shows the protein proﬁle of 3 bone marrow homogeme

after the protein  has- been sep:nud into different bands by SDS-

polyacrylamid: gé‘l 1 hords. Addition of phenol to the bone marrow

Immogenn: had no effect on lhe separation of these proteins (Figure 6.3 (b)).

Addition of H,0,, resulted in the diss) ce of some low molecul weight

proteins and lh'e pp of three hi;h. : | wtigllt - prohﬁu which
remained at the origin. snd/or close to the origin (the high molmullr-weigilt
proteins are marked with Arrown)‘ (Figure 6.3 (c)), whvich may suggest that

HyO, some how cwllnkﬁ these blow molecular weight proteins to ili‘her

moleculsr weight proteins, When “C-phenol snd H,0; were incubated with

the bono magrow homogenate the low molecllhr welghf proteins dlﬁppured

lgun, ain (e), md a decreased Commaysie blue staining intensity of the pro-
tein bands m moleculsr w..ghu 80,000, 76,000, 68,000, 58,000 and 36,000
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Figure 6.3 &

: - S-Polyacrylamide gel electrophoresis
I @ e me marrow homogenate protein:

a) 1 a) incubated with.nopeyb) incubated wilh.}m ﬁM-\'?G-pheno‘l; ¢) incu-
e i &

bated with 10 mM_H,0; d) incubated with- 02 mM MC phenol and {0

Lt
~7 mM Hy0,. , .
2V2: .
’ * This experiment was performed only once at Dr. R.K. Murray's laboratory,
* g
. Department of Biochemistry, University of Toronto).
. .. .
- iy
E .
‘ .
3 N \
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also occurred No stain was detected, at the ongm or nenr the origin, indicat-
ing that. no hlgh molecular weight proteins appeared However, an autoradio~
gisph showed that most of the radioactivity remained at the origin. This
ay suggest that the phenol oxidation products may have cross-linked some
p otems to a high molecular weight protein whlch stuyed at the origin; nnd ‘the
sence of Commassie blue stain at the origin mzy mdlcate that bound phenal

oxidation products ‘may have prevented the stnining of the high mulecuhr

weigh’t ;;rotein, with Cofnmassie blue. Miernativgiy, it is possible that the

binding of C-phenol oxidation products to proteins may involve a-non-
covalent interaction with'a phenolic polymer which separates ffom the protein

. on'electrophoresis and remains at. the origin.

- ~
When bon!"’mnrrow homogénate proteins were separated by $DS-
polyncry}smjde gel electrophoresis, the proteins with molg.culnr weights 80,000,
_'76,000. 66,000 a‘;n/d 5%,000‘i|m specifically ‘stained with 3,3-diaminobenzidine-
g y H;0; a stain used to ’/d,eyct peroxidases (Desser-et al., 1972; Graham and Kar;
; noYsky, im). However, these proteins disappeared \(u determined by étnining

with 3,3-diaminobenzidine) when the bone 'marrow homogéqllie_wis pre-

incubated with H;0, and suggesting that H,O, inactivated the peroxid
activity of these proteins. Furthermore, results from Figure 8.2 showed that,
.pre-incﬁhtion of bone marrow homogen( for 5 minutes with..H;0, slone

¥ B
and further incubation with C-phenol and H,0, resulted ia inhibition of

Y
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- -~ .
protein binding by 75%. This indig{tgd that pre-incubation with H;O, sctu
ally inactivated the proteins involved in the-activation of phenol and thus may

~
have inhibited phenol oﬂ?}\tion, which is reflected in decreased binding to pro-

tein. The above joned proteins also di d (determined with 3,3

\dinminobenzidine) when phenol and H,0, wete incubated with bone marrow

\ P of these proteins and the

h Rurtherm th . di
appearance of a bigh molecular weig_ln protein at the origin (see above para- .
‘gnph) wl;en the bone marfow honllogenne was incubated .with phenol,and'
?120,, also sn&gufs that one gr _E-mr: of thu’e peroxidases mn}: be involved in

phenol activation, - ) . . .
A

~
To further investigate how strongly phenol oxidation products are bound
to protein, oxidation of phenol by HRP and H,0; in the presence of BSA was

investigated. & -

- ¢
Fi;nr‘e 8.4 shows the spectral properties of phenol oxidation products
bound to BSA. Ax shown in the figure, in the fbsence of BSA, phenol oxida-
tion ‘product(s) had absorbance maxima at 210 nm and 399 nm ard a shoulder
in the 240-250 nm region. In the pruaﬂce of BSA, phenol oxidation product(s)
bad absorbance muix;ll at 242 om and 204 om. The reaction mixtures were
utrtetéd with ethyl acetate, after which the 62&}11 inhe squa;:ui lnyer;/:s
_ yrpeipit‘lted_ with ffCA (final concentration {lﬁ%). The protein pellet was
redissolved in 3.0 ml of 0.1 M Tris-HCI buffer pH 7.4 and re-scanned. The, .

.
’




Figure 6.4

Spectral properties of phenol ir 0,0"-biphenol -
oxidation products bound BSA.

wweeee + Phenol (100 pM)/HRP (10 pg)/ H,0, (100 pM)

i Phenol (100 u#M)/HRP (10 pg)/ H,0, (100 yM)/ﬁSA 5 mé)

-+ o,0"Biphenol (100 xM)/HRP (10 ug)/ H,0, (100 sM)/BSA (5 mg)

Reactions were performed in 3 ml of 0.1 M Tris-HCI bufler pH'7.4 at room

temperature. After incabation for 30 minutes, reaction mixtures containing

BSA were extracted with ethyl acetate (two-times) and the BSA was precip-
-

itated with TCA (l?% final). BSA was redissolved in 3 ml of 0.1 M Tris-

HCI buffer pH 7.4 and scanned using Shimadzu UV-240 spectrophot

(Reference cuvettes “contained equal amount of BSA).

Reaction mixture containing no BSA, was scanned after 30 minutes of incu-

bation. : B
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products bound to protein were not removed during extraction snd precipita~
tion as evidenced by-the presence 9!‘ the peaks at 242 nm snd 204 nm. ’f‘igurg
8.4 al;o shows the—spmmm for o.o’-biphe;xol oxidation products bound’ to
BSA. "The spectrum shows absorbance maxima at 242 nm and 204 nm sug-/

gesting that the products binding ‘to protefh by o,o"biphenol oxidation" are

‘similar to the phenol oxidation products-binding to proteifi. On the other.

band, p.p’-‘biphenol oxidation products bound to BSA have an abgorbance

maximum at 250 nm (see Chapter 8, Figure 8.2). *
o . Y
Table 6.2 shows, the effects of protease and dini

derivatization of the resulting smino acids, on the '4C-phenol oxidation pro-

ducts bound to BSA. Before protease’ digestion (column ‘A’), approximatel.

75% of the "radioactivity remsined in the aqueous layer after ethyl acetate

if phenol was incubated with 10 pg HRP and equimolar H,Og;
only 30% of the radioactivity remained in the aqueous layer, alter ethyl ace-

tate i .if- phenol was il

with 0.2 pg HRP and equimolar

HyOq. The ining of the radi ivity was d in the ethyl acetate

extracts. Digestion of the BSA bound phenol oxidation products with protease
.

(column 'B’) and extraction with ethyl acetate r;moved §0-70% of the radioac- .

tivity bound to BSA (the radioactiyity removed vas d in the ethyl ace=

tate extracts). This suggests that the majority of the p!o(hlcn bound to BSA

may be non-covalent in Iilll;le. However, it could alto be possible that the
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g Table 8.2

Effects of protease trestment and protease/DNFB treatment . o
on BSA containing bound phenol oxidation products.

% Radioactivity® remaining in aqueous phase [t

3 fter extract! th ethyl
Incubation condit}o\ly—iw"—_‘_%—
+ A B pH 9.0 EH 1.0 » .

Phenol 0302 f03£0.2 | 03202 | 0302

+10p5 HRP .0.350.2 o‘.a;go.z" | 0302 [03+02
+0.2ug HRP + H,0, | 20.542.5 | 176424 | 166:3.2 [ 12+06 c,

+10pg HRP +H,0, | .74135.8°| 242434, | 244260 |21+08

- - - B

Phenol (200 ‘M) was incubated with 0,2 ug HRP or 10 uyg HRP N
and: H,o, (200 42M) in 3.0 ml Tris-HCl buffer pH 7.4 for 30 minutes. .o
Controls in the absence of H,04 or in the abseneg of H0; and HRP - e
were included. . .

a3 100%_radiosctiviy represeats_the iotal radioativity added to the .
incubation mixture,

b: The rest of the rndlouchv:ty was recovmd in the ethyl acetate
layers.

s

A: undig'é-u{i reaction mixtures; B: reaction mixtures digested with

_ pronsse; C: reaction mixtures digested with pronase and trested with . Ve

'DNFB. s ) : .

- For detailed i al d see Materials and Methods, Sec-
tions 2.2.3.2 and 2.233. 5 4
4 )

Mean + S.EM. for three experiments are givén. . *
: o i,
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‘products are covalently bound ta released amino acids or‘pepiida and” dre

) ext?med into ethyl acetate.

~ y '
Amino acids from an aqueous solution can be extracted into an organic

solvent followid

conditions (see Materials and_ MeLl‘n;ds section 2.2.33). Thus, nmin:: acids

covalesitly bound to drug metabolités can bo ellectively isoliied by this pto-

cedure (Jollow et al. 1073). Column ‘" in table 8.2 shows, that more than
95% ol the rldlo;cl\vn.y from the aqueous hyel was exirwd fmm lhe'audlc '
aquégus reaction mlx\),%enntammg BSA hound with phenol oxldnllon pro- ’
ducts, al'ter thgwuon with protease snd treltment wnth DNPB Huwevqr, #
DNFB trntment under alkaline condmons dld notsmt‘reuu the amount gl'

ndmactlvlly exlructed l‘mm the nqneourhyus, iomplred Io thnt nl‘ the reac-

tion mixtures not ueal.ed with DNFB. This sugyﬁs that. the bli\dmg of some

fraction of the pbenol oxidation products to BSA may 'be covnlzdl in nntnre

The presence of GSH“ in the reaction mixtlire preve’nted ‘;he binding of
HC:phenol oxld:uon products'to protein. GSH-also prevented the peroxidase
c-tnlyu* phenol o)udnhon to dimers (dah not shown). However, GSH was
rapidly and comp}elely oxidized to GSSG (m Chnpter 7; figure 7. 2) ln the
“absece of phenol, 16 GSH oxidation occurred in the ‘peroxidase/ H,O, reac-

» .. . .

tion mixture. i .

g derivatization With dinitrofluorob ‘_(DNFB)undericidicﬂ.-
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_Table 6.3 ‘c'umplr,es the ‘effectivéness of phenol, o,o'~biph;ﬁol or p,p-
e biphenol, oxidation products in reacting with thiol gréups on BSA. As can be \
—_ N . ' . 4
~seen in the Table, the‘!hiql group of bovine serum albumin reacted with p;p*

Imaleirnid

h:phenol idation products ‘as ively as with N-ethy However,

s the 0,0 bxphenol oxidation products or H,0, were ineflective in reducmg the

A
. number of thiol’ groups. The :fmll red\lchon in Thiol groups, observed with

- phenol oxidation products, therefore, may be best

d to the Tea /on
with p,p“biphenoquinone formed from phenol oxidation: # 3
R e .

. 6.3) Dhcn-k;n: _‘ - . ,
: s "' A : x . . A .
- ¥ 7;: Sawahata mti“:l;ﬁﬂork;r; flOBS) have propo‘sed thn.l. p,p‘-biphenoql;inope
‘;\" :ml): be the m:jor reactive product bﬁdin; to protein when phenol was
o . L . nlwnted vrlth bone marrow hol‘mgenlte and H,0p: However, the present -

A}
resulls indicate that p,p"| blphenoq}mona may be one of the reactive metabol-

L~ . . tes bindln; to protein but not the major reactive r:;ehbollle. The lhreefold
: increase in; oo‘-biphenol iohnllion, in the‘ presence of ascorbate, suggests Iilll
aTE lhe moj:rlly o[ lho bmdmg may be due to 0,0 bnphen:l derived mchve pro-
L g e duets. “The pocnbmly th‘lt phenoxy radicals may be directly Involyed in pro-"
4—’ e ) » toh blndln[ lppuu to be unlikely for the l'ollowmg :1:“,, ( l) irthe phenoxy

T : . mlink m directly bindinl to pmtalns, there lhquld have been a lag pe}iod

obnrvcd In the lormltlon of blphnnoln Howver, both on‘-blphmol and pp-
‘-

.o L hlphonol were dlmud [ urlf a ls mondl oHntuhution, at whlch time.nd *
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" Mesn &+ S.EM. for three experim'znu are glven[

leig 83~ \ . ' e

o . .,
Reaction of phenol, 0,0"biphenol or p,p"biphenol oxidation
products with thiol groups of bovine serum albumin
1

Treatment | Aimol-SH/mg protein | b
§ <= : - .
None . . © . 0.840.5
5y +Pighol + H,0, - T naz03!
a, +0,0"Biphenol + Hy0, 8.810.5
RN
- +p;p"-Biphenol + H,0, 1.4£0.3 -
+H,08 ad 9.5:0.8
L ~ » .
+N-Ethylmaleimide® 0.3:+0.2 L
7 T

T
¢

Reaction migtures of 3.0 mPof 0.1 M Tris-HCI buffe, pH 74 con-
tained :*5 mg b%’ne serum albumin, 50 uM phedol (or 25 uM p,p"-" ~
biphenol or 25 4M b,o"-biphenol), 1 equivalent of H;0; and 10 ug perox-
idase. The reaction mixtures were incubited for 30 minutes at 22° C.
:’mte;n thjols: vl assayed by ‘the proceduredf Sedlak and Lindsay
1088). . *

I

a: Hy0, (50 yM) & :

W :
" b:3.0 ml of % M Tris-HCI buffer pH 7.4, § mg bovine serum albdmin

and 20 uM N-ethylmaleimide were incubated as xpove. +

4
. A v i

3 ’

. - E / ."r.

vk
)
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protein “binding. was obgef'ved; (2) Sawahata, Rick_en[md Greenilee (1985) ~ °
reported that p;p-biphenoquinone formation was detected when phenol was ',’
5 . L.

incubated with -partially purified myeloperoxidase but not with bone marrow

.- homogenate- H0,. But p,p’;biphenoi formation was jeumd in bot‘hlthe
cases, Furthermore, the results from table 8.1 suggests thn-p,p'-biphenol‘ and -

0,0"-biphenol are further oxidized by bone marrow homogenate. -
4

Results from figure 8.3 show that wh; bon: marrow homogenate is inu{:‘ .
bated with phex‘zo:—‘und H,0,, .protein bands of mole&ul:r weigh: nvpproxi-
mately, 80,000, 76,000, 66,000, SQ.DOO and 30,’000 had a d:’creu_e\ in intensity of :
“ commassie blue stain (Figure 6.3(d)) in comparison to the intensity of com;nu- —_— ;
li‘e‘blu: stain, of ihse pr;tein bands, in Figure 6.3 (a), (b).and (c). However,

, the intensity of commassie blue ltni_nv:ol‘ p?bw.lp\ band with molecular ;veight 2
41,000 appears to be not ni!'ec!ed by@/ of the tredtments (see Figure 6.3 (l)_ %
o (d) ) mentiotied above, which suggeu}s that the ‘creue in the intensit‘y of .
the,prgains bands - 80,000, 76,000, 66,000 58,000 and 36,000 - may not be due
to the low proiein content, in tl_x'u:mple Applie;l on ':}u gel: Interestingly, all ¢ u »
these proteins (excep".‘ the proteins o[ moleel_lllr weight 36,000 and '41,000)

specifically stained with 3,3-disminobenzidine- H;O, indicating that these

bands may be peroxidases. It appears that Pona -mnmw from different sources.
contain at_ least ' two _different typ; of peroxidases, namely eosinophil and

\hetero'ph‘(mye!o) p.eroxlduel (Desser o al,,'1072). The molec!xlnr weights of
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i B ) *
® . these enzym (holoentymu) were report'ed to._be around 14}090‘160000'

(Andzrson Atkin and Eyre, 1082; Desser & nl 1072; Zgllczynskl et al, 1958)
Ubon SDS-polyacrylamide gel electmphoresls they were shown to be sepmted

Y .
4 into snbumu which %e ke reported to h:ve different molecular welghts (nyprux-

: / lm*]y 50,000-80,000) from different laborptories. Recently, -it\was reportes /

that myeloperqxldase mny also contain subunits of molecular weight appr6xi--
mately 15,000 (Andtrson, Atkm and Eyre, 1982). The present results show

. that some low molecular weight prol_eins (lS,M24,000) disappeared when'
boné marrow homogenate was inculiated with ‘H,0, (Figure 6.3 (c) or phend] -
pn‘d H,0, (Figure 6.3 (d)). However, yhether these perolein; are the ;nbunav

of p roxxdases or nol, needs’ l‘urther mvestlgatlon Recently, Ohno and Gnlhn

: (1985) reported that H,O, aloné can inacti my '/, id: Inscti tjo !
r) . of myeloperoxidase may occur hy an oxidative du}rlicilon of the‘ heme moiety.

'] " On the other hand, mcubnhon of . bone marrow hnmogennte with phenol .ni'—
- + H;0, results |~npxd activation of phenol, /nd lhe mscuvnuon of myeloperoxi«*

. v >
. dase may occur by phenol metabolites. Phénol metabolites may also attack
other pmtéins in bone marrow homo;énnle. wyich may rcsuqt in the covalent .

| o

or non-covalent protein cross-linking.

A T

N-Ethylmaleimide (1 mM), a uqﬂfyﬂryl reagent, appears to decrease the
binding of phenn’ oxiflation product(n)t}a pmleuyin bone marrow homo;en-

ate, by lpproxilﬁltel 10%, lu“ali g that groups oﬂler than thiols are
3
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<2 . \
involved or that ea binding may not be covalent, It may be xugguted !mm &
N

the results of Figure § hat Cgmmassle blue apd phenol produc!s bind to

{
‘. the same functjonal group rotelna Commmle blue Appnrs-'.o interact -

Imtaliul]y M th positiv ch:rgu on bmc amino ac*crs in proteins, wlnch ‘
!urther enhanced by bydrophobic bondmg (’l'al Silberstein and anser,
1985) In the previous ‘chapter it was propostd thut phenol oxldauon produ;u
gl (presumably polymers) l?ind to DNA by forming c&nrgetransfer !‘ﬁplexs v
with D?NA A similar intenctim‘; could also ;xplnin fnuch of the protein bind- :

iig wlih certain .amino acids acting as electron d(;nors and phenol polymer act- ° \
. - .

) , - ing as elec(run.lc.cepior.' . . i
I order to und d the nature of i jon between| phen3l metnbul—
. -

—
ites and protems in more detail, oxidation of phenol by\m und H,0,, ig/the
. .

¢ - presence of BSA was mvahgn!ed (F|gure 8.4, Tnblu 8.1 antz'u z)w—h support

o! | non-covalent mtera:hon it was found that a majonty of the produet(s) -~ °

‘bound to BSA was releued when BSA ( ining bound pheng)_ idation pro- ’
ducts) was digested with protene, and the released prod") was extracted

into ethyl acetate. ' This implies that majority of the blndlﬁ of phenol oxida-

: L\\i? prodllc" to BSA may be throigh non-covnlent lntenchons Howevtr, it
could” slso be poulbln that the products are covalently bound to amino acids
..and peptides ‘and are extneted into ethyl uelm It was pmposed earlier in

- chapter 5 that Nndln: “of phenol oxld-tion productu to’ DNA may be. non-




1
~— implies that these metabolifes were covalently linked to amino acid residues. ; -
. 1 ’

: 11 . .
;- \b S .
covalent and that the bindin etween phenol oxidation products and DNA
mly occu{ throllgh charge-ti nns!er complexu ‘The released pmduct(:), upon
DN hydrolysls, however, were Lot exlncted into butanol (or-ethylcetate)
bnt shyed at the interphase between the orpmc nnd aqueous layers. lnl.eresb-
m;ly, ll was indicated by the results of this chnpur that the nd:on'mty was
pmsm in the organic lnye‘mer extraction with ethyl acetate, of the protease

digested BSA. Tl}is m'a‘y indicate that BSA prevents the precipitation.of the
phenol oxidation products, » : ¢
* . - : o,
Some fraction of th b{nund, p;odncts were not released from BSA when
BSA was digested with protease. However, they '\lere extracted into ethyl ace-

tate - when the digested BSA was treated with DNFB and acidified. This‘
" o |

Table 6.3 shaws that p,p’-biphenol oxidation product(s) can react well
PS
with thiol poups on BSA. However. o,0-biphenol oxidation producl(x) or

phenol oxnhtlon p:gﬂuct(s) reacted poorly with thiol groups on BSA Reac-

+ tion of phenol oxldntlon‘product(s),'ﬂth thiol groups on BSA, ‘yppears to, be( .

'greater than the reaction of ob’-biphenolvt;xidition’ product(s). Since, {1)

phenoxy ndiells Agpenm to bind to p&n (uble 6.1); (2) p,, p' biphenol is

\n minor pruduct of phenol oxidation and (3) o,0% biphenof oxi

ation product(l)

lppugot 0 react with thlol oups on BSA; It is tempting to poslulno that

" p,p-biphenoquinone (hn-ll{ar oxidation product of p,p*biphenol) lormgd from
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eplain why p,p-biphenoquinone was Mot detected when, phenol was oxidized -

purified myeloperoxndue (Snwshatn, Rickert nnd Greenlee, 1985] Further-

more, raulu from chnpter 8, show thal oxidation of p,p*! blphenol in the pm-

_ phenol could be reacting with thiol groups on BSA. A similar reaction may

: by bone marrow homogenate, but was detected when oxidiiedgby partially. e

ence of GSH lesul'.ed in the formation of covalent conjngatu wnth thiol group .*”

of GSH. The major conjugau formed is identified as 3-S- (glutazhlon-yl)-p,p-

lnphenol and the results are i with the ion that the conjug:

was formed from the renction‘ of p,p-Wphenoquinone with the thiol group of

«GSH. However,_further studies nr:‘nhsslry to determine. the structlre of

covalent conjug;te between 3éA and oxid’ized phenol product(s). Preliminary 5
. studies o|; protease digested BSA (bound with phe\gol\ products), after extrac-

s . it
* tion with ethyl 'acetate, shoﬁed a peak at 257 nm, upon spectral- analysis

- (chnrnctemﬁc of PP ".biphenol-GSH conjugie/ Chapter 8 figure 82).4wh|ch
suggests that the covnlentq“encuun—wllh BSA may involve reaction: of‘p p-
blphenqqumone with s, ¢ystemc xyl‘due. If this is the S, W whether p, p‘
blphanoqumona could cross-libk the proteins or. not should be investigated, in’

comparison wilh 0,0 biphenol oxndmon products, whlch mny give further

on the hanism of il jons of phenol producu

with proteins, '
"ln ‘conclusibn, the results presented in this chapter suggests'that o0

/
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=3 biphenol was the muor prodncL!om:d,.when phenol was oxidized by bone

matrow homogenlu and H)O,. The dgtais llso eonmten! with the sugges-
tion thl'. further oxidation prodnct(:) ol 0,0" biphuol mny account for the

majdrity .of - the rmdueu b;nd g to pmleln Howaver. rurlher studies are

necesnry'n“‘ te the mech ism of i i ofphenol idation pro-

ducts with proteins:
\

1! \ e

o

~s




) CHAPTER 7 ' -

PEROXIDASE—CATALYZE}D’WGEN ACTIVATION
BY AB.YLAMINE CARCINOGENS AND PBENOL.

N

>

7.1) Introduction :
&

v L e
R of reactive metabolites of various carci with Glutathi

have become an interesting subject of discuesion with regard to the role of glu-
. L] hd
tathione: in' detoxifying the. reactive metabolites involved (Moldeus and

= Jernstrom, 1983; Smith et~al., 1083; Reed, 1985). The majority of the evidence
.
]

b -\" to date, obtained from' various studies, indicates that glutathione can Eonju—
b - o
- N I
gate with some el hilic bolites of various i either in the
% g
- g M pruence or in the lb:ence of glut:thlom transferases. It is beheved that l.hese

conjugation reactions are involved in detoxlﬂcmon of these electrophilic m:u—

bolites and that the depletion of " cellular g\utnthione can modify the toxicity

“and carcinogenicity of thoge bioti However, aromatic Ilydroxylnmmas X

and alkylatin bolifes of "nit 'may react with DNA much more g
LIV R eﬂ'eel(vely thm lhey ao wlth GSH (Mnlder et al, 1084 Puraon and Songutnd, o

. . 4 *
* T ) » . DR . e
. s F % ah [
. Eouf Recent studles from vrious laboratories indicate that glutathiope can also
o v : L Y et
' R
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interact with fi dical of xenobiotics (Moldeus and J

1083; Smith et al. 1083; Reed, 1085). Thiyl radicals were shown to be formed
. initially which dimerize to form GSSG In the proess. reactive oxygen pro- -

.ducts such ag superoxy ndmls are !ormed Wlmher the remwns of glu- .,
deloxifi

tathione with iotic fi dical rmnlt in or Wxnmy is nol e

known.
.

In the present chapter, results are presented on l!:e reaction mechanism

by which GSH or NADH, interact with free-radicals derived from various

3 arylamine carcinogens and, phenol, during oxidation with peroxidase Az‘nd‘ H;0, /.

. in the pr;ence of dS_ or NADH. Reutionu.‘!'ilh NADH were performed fora -

50 83 {6 understand the mechanisms in detail. The reactions of

' peroxidase/H,0y ly idation’ nf i i wlmlnu such as
mesidine, aniling, l-nnphthyhmme and phenols such as hydroquinone,
catechol, ),p’-biph_enol and o,0-biphenol, in the presence of NADH or GSH are
also oo}npned. . 3

. & e i

- : :

7.3) Resultat ' . i,

@ ! ; . ¥ .‘_'
: ( o ¢ Table 7.1 shows zhn{oxldnion of the arylamines l-nnphthylnlmlﬂ,"ﬂ- P
» \

“naphth or N,N"dimetbykp-toluidine (N,N-DMPT) by*HRP -i.u,o,

- _' eu result lu some oxypn uﬁnke Much ‘more upld oxygen uptake occurred
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N\ o
* | Tabler
PEROXIDASE MEDIATED OXYGEN ACTIVATION BY _
ARYLAMINE CARGINOGENS AND PHENOL: .
. .
Jubateate %’E«% “minus NADH/GSH
none e | 08208 05408 ‘| 05405
2Naphthylamine (0.01 mM) | 14282148 | 137.5416.7 | 166435 o
| #apbtbylamine (0.01 mM) az.c;h.n © | 308:%2 | 28844
4-Aminobipheny! (0.01 mM) l‘ﬂ.B*}O‘.l 137.814.1 | 115244
MAB (0.01 mM) 10664102 | 762122 | 85445 -
N.N-DMPT (0.01 mM) 10842106 | 8654134 | 346266
2Aminofivorene (001 mM) | 62428.2 69.8462 | 5.545.5'
Mesidine'(0.1 mM) 0520.5 Wi 05205 | 05405

a 'Aulli/ne (0.1mM) 05£0.5 05205 |.05205"

" Phenol (01 miv) 2214 | 11012102 | 05205
0,0"Biphenol (0.1 mM) 10524164 | 11214140 ohios
pp"Biphena) (0.1 oM | ossos ) 1 oss08 u.sgoh\.
Catechai (011 mM) 05£0.5 05405 | 05405
Hydgpdiinone (0.1 mM) 05205 05205 . | 0.520.5

Tncubatioh~Canditions :- The resction'mixtures-contained a 2 ml of 0.1M TrisHC),
1.0 mM.EDTA bulfer. pH 7.4, phenol or arylamine substrate (concentrations as indi-
* cated), HRP (lo!{u , NADH (200 M) or GSH ‘(400 #M). Reactions were started by

the addition of
Materials'sad Methods for the

Mesn & S.E.M'or § experiments are given. .

0, (19 #M) sad followed untll complete'(sually 1-2 migutes). See
of oxygen tion2.20.2).
o
o '
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— when NADH or GSH are included in’ the‘ reaction mixture (except with 1- ’ L

PRTEE TR

Little oxygen ption was observed in the absence ‘ot
HRP or Hy0,.» Phd o,o’-bip‘l;enol were active only in the presence of (/
S NADH or GSH. 2-Aminof A-siiibtakeol o stk iand o

(MAB) lalllted in only hule  oxygen consuimption in the absence ol NADH or
-~ GSH under the conditions Stlldltt’ bnt resulted in extensnve oXygen consump-

tion in the presence of NADH or| GSH. p,p"-Biphenol, hydroquinone, muiﬁi_ine g 4
@ . i . -
% or aniline were not active even inthe presence of NADH or GSH. .

g -~ o

N
Figure 7.1 and 7.2 shows the éffect of Kyin( H,0, ecncelfulinn (Figure

7.1) or SOD (Figure 7.2) on the total oxygen consumptich catalyzed by peroxi-

dase in a reaction mixture ‘ ing phenol or 2-aminofl NADH, H,O, ~

and’ HRP. Oxygen consumption was pmponidll to the NADH oxidized.

Al;pm_ximnydy 0.80 mla of oxygen were consumed for the oxidation of 1

mole oWADH Simil ruulh were obtained whm GSH was used- instead of

NADH. GSSG viss formed in slolg_lnomﬂm unounts hom the GSH and

lppn?:im:uly. 0.40 moles of oxygen were consumed for the‘nx?dulon of 1 nnl"_ “

oi CSH. ‘The diu_i)pelrinee of NADH with ‘!Imo in the reaction mixtures wis
‘- 'r‘nllowed'n .340 om. }mlh. absence of lrylunin‘!l or phenols lh; oxldntl;an of Z A

NADH }zy the HRP/H,0, reaction mixture was very slow at this pl'! How- “,"

' u:u: in the presence of- truc\m}gunh ?l-uyhmﬁu or phenols the oxldnk?
of NADH: was tgpid. Figure {2 shows _th.:q'ct of SOD on the amount‘of
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. . - B Flgure 7a .

’
# Oxidation of NADH lnd GSH by HRP H,0, in the pre:ence
i of phenol and 2. ; Depend: on Ha 1,0, ation:

N ~

: ( 2 mi-reaction mixtures of 0.1 M Tris-HC1, 1.0 mM EDTA buffer pH 7.4"con-

& % ™ tained ": phenol (200 uM) or 2-aminoflucrene [’.’%.\1), HRP (1 pgg). an ‘ !
E . X ; A Q\r
\ NADH (200 pM) or GSH (400 pM). Reactions were started by the addition

S

. of Hy0p0n [ - % o
/ W : ! U ¢ - .
- )

X X X : In the presence of 2-aminoflucrene; 8 @@ : ln\(he presence of

&£ .. phenol. . 8, . o
. Nole: @ or X represent the average values of oxygen consumption from three
npcrimems‘. Error bars represent the larg(-s( standard d‘n‘islion.nl-nired N |
from av (-rage.)\nlurﬂ of NADH m.lduedvrr GS3G| I‘cnrmed llrom lhm experi

m(nl*! (‘und:\rd deviation for oxygen conﬂumpwn was Dot gre:nrr than

H .
Lo the error barJ represented). 2 . 3 "“ "
5 R
(The total oxygen consumed, NADH ondnﬂ' or GSSG lormed (lmm 2
¥ . . _molés of GSH in’ the .geaction mixtufe wh meu\m;d as ddcuhed in s
g Materisks and Methods (Sections 227 14 220). ‘ T L
W ; X i \\ o “ # .,
Cge e : / s od 7, . .
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».,» Fl;ure 7.2 . w2 & 3
Oxldltlon of NADH llld GSH by HRP/lle, in the preunce 55 -
N n of 2. 53 ¥
’ e i v
2 ml reaction mixtures of ojn M 'fris,ﬂc_:l,‘ 1.0 mM EDTA buffer pH 7.4 con-
tained : aminofiuorene (20 yWHRP (1 pg) god NADH (200 pM) or ‘GSH
) (400 pM), SéD (concentrations as indicated in the ﬁ.gure)unnd the reactions i 3 5
"y . < were started by the addition of H,0, (5 pM).] LR .

: [T .
Note: The X points represent the average values of oxygen. consumption
from ffhreeexpesiments. Error bars represent ‘the standud doviations

= ' - obtained from\the\average values of NADH\)x:dlzed -or GSSG formed (from ' .

\ three i ). (Standard deviati Iov oxygen ption was not

_ greater than the error bars represented):
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"FIGURE 7.2
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! \,_ NADH oxidized or GSSQ formed in relnuon to oxygen conulmed As the
M figure shows, nldmon of 1 nM SOD ruulted in tha complete oxldmon. of "
. - . NADHand a twu-_lold increase in &he lccompmyl'n}.oﬁmn uyuke. The addi-
. . . & ) L. @
tit\m‘ q( SOD 5ho\raulted in j‘he complete oxidation of GSH and-a two-fold
. increase » in‘the Qccompnnying‘ ;nygen uptake. b
L 5 P L4
N 3 - o .o
\ . " As shown in figure'7.3, phenol enhanced the initial reductipn of ferricyt

chrome ¢ in the H,0,/HRP/NADH system. Incressing the concentration of
’ phenol ‘increased: the initial rate of reduction of lerricy'.ochr\mhe ¢. Above 50
1 s
« #M concentration of phenol the rate was too fast to measure, No reduction of

—ferricytochrome ¢ occurred with phenol alone’in the absence of H;Op. The

v rat; was completely p d by

enhmv;emenl by phe‘xol of the

LI ide dish (1 pM), ing that ide was responsible for

cytochrome ¢ reduction.

" The extent of superoxide formation by the peroxidase/H,O,/thyroxine

_ system was previously esti d from. the inhibition of O, uptake, by-l‘erii-

. ey ¢ and its prevention by’ superoxide di (Tak and
Nakang, 1977). Figure 7.4 ;hows the oxygen consumption by phenol vin the
2 “-HRP/H;O,/NADH system. ngi H;0, concentnnon wis also used 50 88 to

oxidize all the NADH in tha syatem. As shown in thu figure, lerncytochrome ¢

. inhibited oxygen ion ‘indicating that superoxy radical formation was




. - Figure.7.3 |
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g Rednctlonofferrl:ywehromu ‘durlng |

phenol medllf.ed NADE oxldltlon by HRP/H.,;O, : '

. & {
Seu,Matgmﬂa and Methods 1secﬁon'2.2.lo) for reaction conditions.
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.- Figure 7.4 B

A) Effect of ferrleytothrome‘: and SOD on oxygen consumption by

arylsmine or phenol/NADH/HRP/H,0, system :

2 ml of 0.1 M Tris-HCI, 1.0 mM EDTA buffer pH 7.4 contained : NADH
" (200 M), phenol (400 M), HRP (10: pg) and I'erricy‘tpchrome ¢ (concentra-

) tions as indicated in the figure). Reactions were started by the addition of ..

_ Reaction conditions are as described in (A).

H,0, (100 pM). ) i, '

e

b

.=~ . B)Effect of SOD on Inhibition by ferricytochrome c:
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required lor'oxygen pti pp 0.15 mM ferricy

w:s required to mhlbm the oxy;en i letely. -Howe ,A:ddi- )
tlon of only 0.02 mM I’errwytochrome c ru\llted ina SD% inhibition ol oxygen
consllmpmn. probably hecme’iednced cyu)chmma ¢ can n.lso be Odelled by
superoxy radicals back to ondlzed cytochroma c (l‘emoylcv:hrome ] (Tukay—

ama and Nakano, 1077). ide di (1 l‘M) p d the mlnbx-‘

tion by Iemcywchrome e Slmlhr ruults were obmned when ‘phenol was
replaced by ammoﬂuorene or other arylsmme sllbstutu Femcytochrome ]
however, did not Allect the amount of NADH oxidized in thu sysum indicating

tlm superoxy mdlcals do not o}ldlzg NADH « 1
7

Fig\lre.’l.s si:ows that oxidation of NADH occurred and is .of first-order

with respect to phenol ion when fixed tions of other reac-

-ﬁnts were used. The rate can be-calculated from -

[ ].; '[Phgl [N.‘.ADH] kl[Ph]

where k°|NAD}{] = kpis the Appsrent ﬁlsb-order rité constant ( min") in

whn:h [Ph] is ‘he midal concentrutlon of phenol. The rate constants, however, :

were independent of HZO, i i pmvlded the H,04 concentrmon was -.

above 30 uM. Bélow these cone ior NADH oxid fon was not compl

(uee Flgun 7 1); Imwever, lhe initial -rates lor NADH oxidation were not

Aﬂeelod‘ NADH idation d wlth other ds were, also .
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A\ Figure 7.6 |
First-order rate gonstants ( ko) b
were plotted against concentration of phenol : P
2 ml reaction mixtures of 0.1 M Tris-HCI, 1.0 mM EDTA buffer pH 7.4 con-
taihed, phenol (concentrations as in‘diclu(: in the figure), "HRP (1 pg),
¥ NAf)H (200 pM). The reactions were started by the addition of H,b,'(zo
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apparently first-order reactions.

Table 7.2 shows the apparent ﬂmaorder.rne %onstaits of all the com-

pounds tested under the conditions used for- following ox‘ygen.uptnk& It can

be seén that compounds :uch s aniline, mmdme nnd p,p"biphenol . which did

- not aqhvate oXxygen were eﬂ‘utwe at enalyzmg NADH oxldmon However,

hydrnqumone did not cnslyze NADH oxidmon indicating that the semi-

qumone or quinone produa.s did not oXIdIZ;"NADH 2—anlithylsmme wns

found to be the most potent followed by 2-aminofl and 4
L ) inobiphenyl. At 'these peroxid fons the rate of NADH oxida-
. . i depend idase cop ation. indi that the rate of

tion was on

idase/H;0y lyzed oxidation’ of the hrylumine.)i)r phenolic compounds

wag rate limiting. In the'case of J p'-biphenol, however, the rate of NADH oxi-
dation was nct affected over’ thu range ol 0.1 pg to 500 pg peroxxdue pp--
Blphenol appears to be ﬂ}é mosl effective peroxldase “substrate known (see =

6" Table 5.3;Chapter 5) sn{ therefore the rate of p,p"-biphenol oxidlli(m was nat

i

. ™ B " rate limiting. Table

/2"alsor shows the rate constants for NADH oxidation -at —
high peroxidase co) centnﬁon‘s. Under'ﬁ:ée conditions the rate was indepen-
dent of pem?ae concentrations and therefore reflects the nblllty of the vari-

ous.arylamil 7 oxidation prodncts to oxidize NADH.
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Table 7.2

° First:Order Rate Constantgin Arylamine’and
" Phenol mediated oxidation of NADH by HRP-H,0,.

B I e v
| aone ‘0.0 "o 020
e ‘.‘pAminnﬂucvene. “0322008 | 0442000 | NM,
; Y N.pmhylumnu " 0120024 | 0284006 |  NM.
U | 2Naphthytamine | 08202 | ossog | N
{ 4-Aminobiphenyl | 0142004 | 0122003 | NM.
g ; N,N‘-Dh‘ﬁ”‘l‘ 0.10£0.03 n.xzifh.os 0.42:£0.06 E
‘ f1aB 10062002 |- 0.04£001 | 0342005
. |aB 6042001 | 0032001 | 0313004 |
Mesdine 0082002 | 0.162008 | 0.14003
Aniline _ 0042001 | 0102002 | 0.104002
9 P'henn'i‘ ' ,.-om*o.ox', 0426008 | 6034001
.ﬁ: iphenol 0.005::0.001 00!10 02 Dpaﬂ;,o[
p,p}-mphenol “0064001 | 006002 | 0042001
" | Hydroquinone 0.00 000 0.00
Catéchol ~015200 " | 0952010 | 0042001

"|NADH (100 p1M) substrate(10 uM), HRP (T ig), or LP (10 p1g). Reactions were
g ‘-mw by the addition of Hy04(10 iM).”
Al the substrates used wete of 10 4M concentrations exubl Tof pp' blpheliol which’

whs used'at the mmunm- of § uM.

T b, Resction mixtures contained NADH (50 yM).,‘nmm. (0.5 uM), HRP (100 pa):
7 . .Reactions were started by the addition of HyO, (50 uM).
NM.: Too fast to measure, Mean = S.E.M. for 3 experiments are given.

Reaction mixtures of 2 ml 0.1 M Tris HCl, 1.0 mM EDTA buffer pH 7.4 contained :'.




® 7.3),Discussion :
* i 2 ) . . - -
~Figure 7.1 and 7:2 showed that trace amounts of phenol or-arylamines can
uuly"ie the oxidation of NADH'in 8 reaction mixture containing ‘peroxidase 2
‘nlnd Hy0,. Other lnvuugnon have sho\nm that some phenols can act as
'cnnlysu in llle oxldmon of NADH by the hydrogen peroxlde and peroxldua ’
o (Takayama And lelno, 1977). The m:clnnum is believed to be du‘i‘b lhl
mmsl oxldmon of phenol to phenoxy radicals by pemxldna/HnO, md tha
reacnon of phen/u radicals with NADH to form NAD l‘ldlclh The reaction
| of NAD radicals with oxygen [orms 0, (Tnﬁyumn Il'ld Nlhno. 1917) The * '
above results (Flg\lre : f ’l) showed that 0.80. mols of oxygen were enns\lmed
per mole of NADH oxidized, whick is close ul tl!e value of 0.83 moles nl ax!gen ’S )
eon'sumed.per mole of NADH oxit‘lntionr reported by Tmlklim and Nakano, . -,f,‘
(1977) where .thymxine was used as c’nt-lysi. They also reported that 54%of (_\

‘the total fux of electrons’ from NADH to oxygen resulted in ;ubem;y‘ radiesl

br\;duction. ‘The mechanism in the presenceof GSH also appears to be similar,

except that 0.40 moles of oxygen were consumﬁ per mole of GSH oxidized. .

2 : N .
c Figure 7.1 showéd that a small amount of H,O, in the presence of peroxi-

due atid" a small amount of arylamine or’ phenolic dotior cltnlyud the oxldy ) .
o " ! tion of & hr;‘ gxcess oI NADH and GSH. Since nlparaxlde ndielll do not oxi-
dize: NADH (Tﬁhynmn and Nakand, 1977), they pmumnbly dumumo lq &

»
H;O,, thus Mng the, reaction to proceed. It is also knm ‘that O, ~ esn
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idase by ing it to d M (Yamazaki and Piette,
'a!ﬂ&’i). The addition of superoxide dismutase to the reaction mixture resulted
i G :

© . in a two-fold increase in the total NADH or GSH oxidized. This is probably as
- .

mult of the increased H,0, levels. S i also prevents the
P i mwuvntmn of the perondue o a résult of eompmmd IO formation by ‘
k uuperoxy radicals (ngnnkl and Piette, 1963)." oo =
.A mechanism for the'oxygen activatioh can be described by the f Sl

@

equations : .
o
v N
5

St B 2ArNH; + H,0; — 2A'NH + 2,0 )

With some :arylminé, the rédica.l' formed is further oxidized by o‘xygen
* ¢ and superoxide -radicals may be formed. -Oxygen' uptske was previously
Jr:pbx’ted for the p'emxidue-cah.lyzed oxidati(;n of N N’-DMPT (Ashley, Davis

L 3 and Griffin, 1980) S\lpéfoxnde radicals are formed during the peroxidase

“‘ d idati of hal d N"” i ylanilines (Galliani and Rin-
Tl doney1979).” T . } i -
3 o -

3" < vl I lhe pmence 01 NADH the arylamine radicals could react wnh NADH
T e « ®
g = fnrmm; NAD' :- e ‘ . 5

ArNH + NADH —~ ANH, + NAD (2)
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Willson (1070) has reported a second-order rate constant of 1.9 x 10° M-!

57! for the following reaction.

NAD + O, + H* — NAD* + O 3)
p e

]
The requirement for only ¢atalytic (Figure 7.1) amounts of H,O, could be
mcplumed if the H,0p !ormed by dismutation of the superoxide radicals (reac-

-

tion (4)) participatéd in reaction (1).

20,” = Hy0,+ Oy . ' ()

A diﬂ‘erent mechanism for superoxy rndical formation in the presence of

' GSHis llkely as the ﬂuyl radicals reacl with O, to form a peroxy sullenyl rad-

b lcal which reacted further to form lngher oxldmnn states of GSH (Welers &nd

Sles, 1083) including GSSG.

_ANH + G5~ — AsNH, + GS ) )

The thiyl radical formed can niancl. with GS” to form a disutfide radical

” anion which ia‘ mtoxidi‘gble.(ﬂlrm‘un, Mottley and Mason 1984; Saez et al.;
1982).. Other investigators have found a cystefﬁe oxidase aéﬁvity“fo_r.peroxi-

dase (Olsen and Davies, 1976) and a vsimil:r ‘mechanism for 'rhﬁ"Hz& formation

h’is\lleen proposed‘ (Harman, Mottley and Mason, 1984). Barton and l;;cker

(1970) have reported second-order rate constants of 3 x '10° ML s~ and 4 x

¢ E gser . : .
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*10® M 57! respectively for the following reactions. However, Quintiliani
. (1976) has reported 6.6 x 10° M~! s™! and 1.8 x 10% M- 57! respectively for

. -
these reactions:--

Gs s~ =GssG- : ©)
GSSG- +0, — GSSG + 07 0}
- I . —

At low catalytic fons, the n¢ cinogeni arylaminies mesidine,

i, 7‘ aniline, or catechol (;r p,p"-biphenol” were ineffective in catalyzing oxygeh
activation although tiley were effective in mediating the oxidation of NADH.
With th_m_ecmpounds, the following ve;y_ rapid réaction could prevent NAD"
accumulation and the-above chain reaction but resul:t in NAI;H oxidation by

redox cycling :

e P 'NAD + ArNH — NAD* + ArNH, @
. However, the quinone prodl{cu of catechol and p,p‘-biphepn‘:l npicig' nxi-’

/ dized ~ NADH. E“urthe‘rmore, during . the pp-
. biphenol/peﬁxidue/NADH/lliOrcnhlyied .oxiqmion. p,p-biphenol existed as
‘p,p-blphenoqmnone (see Chapter a] "Quinones oxidize NADH by hydnde'

. transfer rather than electron ln.nsler (Carlson and Miller, 1085) lt is !hen-

fore unlikely that p,ﬂiphenoxy l'ldlc!.l.l are !nvnlved in NADH oxidation.
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“ "Recently oxygen uptake and-thiyl radical formatioh has been reported
with peroxidase, GSH and much higher non-cnti]ytic cp'ncentrnions of Hy0,
and p-phenetidine than those used here (Ross et al., 1085). This oxygen '

'uptake'was ,sc‘r‘lbed to the following reactions :-

GS+0,~GSO; z : ©

N . 1 zcsoé+H:o_.cso,1}+Gso,H ’ 4 ag

The lack of superoxide;vraaical and i:l,O, formation would then eplain .

~.why little.oxygen .uptake occurs at catalytic concentrations of p-phenetidine - . \
‘and 1;1202‘ However, no GSO,H or GSOH for‘mnian occurred (determined - '
by the H.pl.c. method of Reed et al, 1080) in the arylamine radical catalyzed - /

GSH oxidation reported in this chapter. Y

The Yeaction described in this chapter‘ shows that, for every mole of
NADH oxidized, 0.8 moles of O, was consumed atd for every mole of GSH
Q?K,idiyl;%d 04 n{ol;s of O, was consumied. Takaysma;and Nakano (1077), i
obtained 0.83 moles of oxygen copsumptidh for every mole of NADH oxidized,
wtgen'thyroxine was uséd u’,:u:ubstme. " . A

. . 0 ¥ ~. =
According to the reaction sequence presented [réaction(1) to reaction (4)}:
one»mt.;le of H,0, converts two moles of ArNHj to two moles of . ArNH- and 2

two,moles of H,0. The two roles of- ANH: would oxidize two moles of .. =
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NADH to two moles of NAD- and two moles of O, to yield two moles of
NAD and two moles of O;~. Then the dismutation of two moles of O;" gen-

erate one mole of Oj and one mole of H;O,. The net result is two moles of

NADH oxidized and one.mole of Q’; consumed and. two moles of NAD aad

two moles of H,0 are formed as sl;own below:- . — .

o JAINH; + H,o,-.xm-t“n,o s ."'(1.)
2ArN'H+2NADH - zArNH, +2NAD ‘. o “(z)
2NAD + 20, + H* — 2NAD* + 20, '_ . .(3)

e o arr

8 B Uam g \

’

INADH + 0, + 2H* — 3NAD* 4+ 20,0~ ()

for every mole of NADH oxidized. Howeyer, the results lhow that 0.8 molu of

0, consumption !nr every | mole of NADH oxidized. ; This m;guu lhlt reac-

Table 1 it is |hown that oxygen gonsumption by arylamines, even in the

2
absence of NADH, occurs to some extent. -Oxygen uptske was previously
Al 2 . N & .

Thln, u:eurdin: to reaction (1]), 0.5.moles of O, consumption is expected -

. tlonu of molncnhr o!y(sn, other thm wlth NAD may ulw be occurring. In *
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reported lor the perox\duecslnlyzed oxndnnon of N N-DMPT (Ashley, Davis -

and Griffin, 1980). Peroxidas lyzed oxidation of N,N"' hylanilines’

also results in oxygen consumption and superoxide radicals are formed (Galli- -

ani and Rindoné, 1979).

This reaction in addition to the veactions (1) - (4) may explain' the addi-

* tional oxygen cofisumption agd the observed stoichiometry of 0.8 moles of oxy-

gen cql{suniption per miole of NADH oxidation. g

~
) .

Reactions of phenoxy. radicals of _2,4,$tri-l,zrl~bulylphenol with oxygen

result in the formation of- v"\' (Taylor aiid B by, eds., 1087). How-

n A i o
ever, the phemoxy radicals formed from the oxidation of 2 B-di-terl-hutylphenol
dunenze much fuster than Ohe renc!lon with oxygen. A similar reuuon m;y
explain why phenoxy radxuls did not renét with oxygen (Table1). However,

. in tbe presence of, NADH, due to the renchonu of phenoxy radicals with

NADH, the dimerizati / ctions may be p d. Uader these conditions

some of' ti:e oxygen nptah may be due to addition réutions lth phenoxy

radicals which wonld—bztnvo\lred over dimerization when the st, uly state con-

centration: of phenoxy rqdicala is low. Addition resctions

srylamine radicals may also oceur. .

ArNH + 0, + H* — ArNH, + O, v {12y
A\




- . e 160

> 4 smilsr kind of reaction may explain the stoichiometry of 0.4 moles of

consumption for 1 mole of GSH oxidation.

P s |

& : /
=

\
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CHAPTER 8 g

PEROXIDASE/H,0,-MEDIATED FORMATION OF
3-8-(GLUTATHION-yl)-P,P'-BIPHENOL FROM
P,P-BIPHENOL AND GLUTATHIONE

8.1) Introduction : T "

In the prevnous chapter it was shown that. oxidation of phenol or o,0™

'biphenol (but not p,p-biphenol or hyd: i or catechol) idase/ H,0,
! ,'9 ; 20,

in the presénce of GSH results in superoxy radical formation. Hydroquinone

and catechol were known to be oiidized to the corresponding electrophilic ‘

quinones. (p-b i and spedtively) via the i di

lte iqui dical P and

renddy form covalent conjugllu with GSH (Tunek et al., lm Sawabata and

Neal, 1083 Smndnet al., 1072).

" In this chapter results are presented on the products formed when pp™

biphenoquinone reacts with GSH. ’

' o

8.9) Resalts, ) : 5 - L
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Oxidation of p,pbiphenol with horseradish peroxidase and H,0, resulted

in the instant formation of a yellow product (309 nm). It is relatively stable
\

\ wnh little change in the zbsarhmce over 30 mlrmF (extractable wnh ethyl :

muu) i‘lgnre 8.1 shows the mass sp. 4 pp-blphenol idation pro- ’

duct. The reaction mixture after oxidation of pip™biphenol with HRP and
' HyO,, was extracted with ethyl acetate. The "organic layer was evaporated
under N, and subjected to mass spectroscopy. As shown in the Figure 8.1 the

major molecular ion found is 186, w;hich ;umlt it is a dimer of i)henol.

. L > Z . N .
However, no p,p"biphienol was detected if an aliquot of concentrated ethyl ace-

tate ex!net was’ anbjected to-h.p.l.e. or t.lec. This may sug;at that p,p™..

blphenoqumone could have been reduced to p,p’ -hlphenol under the conditions

studied for mass spectroscopy. \. -
v = %

In the‘pruence of bovine serum albumin the absorbance at 309 nm (yel-
low colour) disappeared eompletely within ls minutes (Figure 8.2). Little
p,p-bnphenol or yellow colour was extm:uble mu ethyl acetate suggesting
tlm. the yellow coloured product was bound to the protein. Similar results

ed with bone marrow homogenate

' were obnined when p,p"biphenol was o
and H,O, Figure 8.3 shows the d:ﬂ':renca spectrum of the bovma ‘serum
albumin bound p,p"-biphenol oxidation products which have dn nbsorln.nco
‘maxima at 250 ﬂm.' 1f equirtiolar GSH‘.i: present-in the incubation mixture the

protein binding is readily Inhib_itetl'and none or little absorbance at 259 nm
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Flgnr‘s 8.2

1 of p, P' bivhenol oxid
products in ﬂu presence o; bovine sernm albumin:

p.p"-Biphenol (50 sM) was incubated with HRP (1 pg) and H,0, (60 uM)

in the presence of serum albumin (3 mg) in 3 ml of 0.1 M Tris-HCI buffer
'

" pH7.4. The reaction was started by the addition of H;O; and the reaction

mixture was scanned for about 15 minutes :uin; Shimadzu UV-240 Spictro:

photometer. . -
Maximal p,p-biphenoquinone was formed in the first scan. Subsequent L~
scans indicate that sérum albumin- causes x‘i"npid decresse in the PP~

biok

Each scan rep 40 Qe(nnd u
N .

'F
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Flguﬂ 8.8 L

Differencé lpeem for the p,p' -blphenul oxidation *
products bound bovine serum albumin: '

p,p"-Biphenol (50 uM){ was incubated with HRP (1 pg) and HZO; (80 pM)

in the praeny;ol serum albumin (250 pg) for 15 minutes in 3 ml of 0.1 M

TrisHCl buffer pH 7.4 after which the protein was precipitated with the
. addition of icecold 0% TCA (300 #l) and redissolvéd in 0.1 M TrisHCI

buffer pH 7.4 and the dlﬂ‘erence specmm was obtained by scanning in the

UV-region uslng dzu UV-240 Sp hoton ERN . .

——: Protein bound pwducu, ~-— : Protein bound pvoducts in the pres-

ence of glutathione (50 sM). * "
s - P 3 (

- N
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can  be obtsined. " 3,3',5,5'-(methoxy)4,4"-Biphenoquinone  or

£ ‘. .
-33',5,5'-(methy])y4,4biphenoquinone, formed from 2,6-dimethoxyphenol and

2,6-dimethylphenol, did not bind to protetn., This suggests thiat the ortho posl-

tion of p,p -blphenoqmnone may be reqmred for protein binding.

Fxgum 8.4 shows the spectrul studies, on the oxidation of p,p“biphenol by

. horseraduh perpxldue and Hy0, in the presence. of GSH p,p"-Biphenol has

an lbxorbmce munmn at 257 nm and 216 nm. .qun'oxxdnlon with HRP and

eqummlnr H,O,, most of the p,p"- bxphen&l (95-100%) was oxidized to the .

'p.p-hxphenoqmnone As shown in ﬁgure 8.4, addition of 1/2 eqvt. (eqv!s ‘of

. ruullad in the complete di “of p,p-b

" p,p™biphenol. (see section 8.3; Di

' Examination of the wnea'-sclub]e~ ‘melnboliley by h.p.Le. (Figure 8.5) form,ed-in ’

P p~h1phenol) of GSH reaulted in a decrease of p,p"! b|phenoqumone (- 25%)

with a shghl increase in the absorbnnce nmnnd 500 nm (orx’nge-red) Addition

+ of another 1/2 eq\uvnlent ‘of GSH™ tuulted in a'50% decrease in pp-

blphenoqlunone I'ormmon with an increase in the absorbance at 495 nm (pur-.

ple_colour), 257 nm nnd 218 nm. Addmon “ot 2 eqvts. of GSH however,_ R

'y

increase in the 4v absobance at 257 nm‘and 216 om. 'fhe_ absorbance at 216

nm was now much higher than that o griginally added p,p’;biphehoj. Extrac-

tion with ethyl acetate ‘resulted in the recov’ery of 50% of originally ‘added

\

v

 and a further:

the above_incubations' in the Ppiesence of ‘GSH resulted in the aegurition of .




) " Figure 8.4-

Eﬂeté of glutathione on spectral prnpnrtl@l of p,p"vhlphenol '
xidati d formed by oxid [' with HRP/H,0,.

- - - : p,p"Biphenol (50 pMJ; ... : p,p"Biphenol (50 uM)/ HRP (10 pg)/
H,0; (60 pM);—

p"-Biphenol (50 uM)/GSH (25 4M)/HRP (10 pg)/
H,0, (80 BM); - \ p.p"-bihenol (50 uM)/GSH (50 HM)/HRP (lg’,.uj/
H,0, (60 aM); — — — : p.p"Biphenol (0 4M)/GSH (100 M)/HRP (10
BM)/ By0; (60 M) '

N . TN




1673

° FIGURE 84

ABSORBANCE
= IS CY -
- T e
[ 1
I

400

. WAVELENGTH(NM)




168

; ; . . Figure8s

HPLC tracing of water-soluble products from incubation
."* of p,p'-biphenol with HRP/H,0, and glutathione:

See Materials and Methods (section 2.2:5.2) for procedures.

s
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several compound.s, one of which predominates (retention time 10.7 minutes).
i .
" This material was isolated from a. large-scale incubations (at pH 5.5 which

" gavei d yields of the p peak) from ous h.p.Le. runs.

The presence of GSH in this wat. lubl bolite was indi d by

acid hydrolysis-and identification of glutamic acid ( Ry 0.37) and glycine ( Rp

0.33). by -thin-layer ch hy ‘as described in Materiais-and Methods
(section 2.2.5.5).

» Figure 8.6 shows ;Ius FAB-mass spectrum of the above isolated water-

soluble metabolite. The présence of (M+1)* ion of 402 is consistent with a

ubsti d conj cfﬁSH and p,p"-biph i Presence o! the

frngment ion at 307 mdlcnted the presence of glutathione in the conjuglte

.
Flgure 8.7 shiows the proton-NMR spmrum of p,p"| blphenol (Flgure 87A) ‘
and of the water-soluble metabahle (Flg\lre 8.7b). The spectrum of pp™

biphenol shows two-doublets centered at 7.36 ppm and 8.80 ppm (J=8.5 cps).

The down-field resonances are a result of the ‘mzla protons while the upfield

resonances are a result of the ortho proténs shielded by the hydroxyl sroups.

The sp of the bolite gives an additional doublet at 7.43 ppm"

2

(1—2 2 cps), which is shifted down-field lndlcltlng that this pmlon is next to
aa S-alkyl group. The 2/, 6 nnd 3,5 pmlons of p,p-biphenol are unaffected,

wheren the' 5 and 8 protons show 'a slight down-field lnd upfield shift
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Figure 8.6 '

FA.B-Mm ulieccrqiccfpy tracing of.isolated water-soluble product
from the incubation of p,p-biphenol with HRP/H,0, and glutathione:

See Materials and Methods (section 2.2.5.3)for instrurmnentation.
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Flgure 8.7

Proton-NMR [«IOMH:] tracings ol‘ the aromatic region (n) p,p’ b!plxenol
[ D,0/ CD;0D]
l4 . . and (b): isolated wnter-solnbls product [ D,0] from incubation of
v el " . p,p"-biphenol with HRP/H,0,:

The chemical shifts (ppm) are those down-field from the external standard
~ ) .

Trimethylsilane.

See Materials and Methods (section 2.2.5.4) for instrumentation.
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pectively. Other assi are ized in Table 8.1. These data are

s 4
consistent with the structure, 3-S-(glutathion-yl)-p,p*biphenol.

Oxidation of S-S-(glutathion-yl)-p,p'-biphenol with HRP (1 pg) and one-

. eqmvnlent of H,Oz resulted in the formation of orange-red plgmenz (409 om,

510 nmj which pi nably ‘is the p,.," h i of the juga The
nddmon of GSH (om_heqvt) led to the formahou of the purple pigment origi-

nally seen in the oxidxtiun of p, p’-bipheual Hp.le. analys'

of the incubation

mixture showed the formation of more polar ‘products praun(,ably conjugates ™

whlch are multl—subsmuted with glutalhlone

e

8.3) Discussion :

The results presented above indicate that b,g'—biphenoquinone can readily™
form covalent conjugates with sulfhydryl group of. GSH. The. following reaction

mechanism may be proposed for the gonjugation reaction of’p,p’-

* biphénoquinone with GSH.

o-@-@m +GSH—— HOOH
’ [ »
T the presence of excess of H,0,, p'eroxl'dnse may also oxidize the conju-

gate further. . . = Py

HODH +HRP'+ u,oz———> o=©=®=o

SG - : . . . i_SO
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Table 8.1 )
ments for p,p-biphenol

Summ: of TO!
e glnhthlon-l-y‘s-p,wblphenol

Ameumetly muﬁ::::ﬂ s::u:::)‘:.n .an::l:‘:::
Hy - 748 (41) -
Hy - {u- @32
L
He _— 1@y
Jon A
Hy |[—— 650 (4.2)
o 620 (d4) { |
Hy | 033 (41) F
oy add @) |——m— 383 (m3) -
aae  [oef | —— 429 (d) -
) 1o ) | ——— 320 (dd,1)
B 217 (d1) | — 3.08 (dd,1)
wa e ) | 353 (m3)
s inmwy) [—— | 7 187 ([@2)
Cevad | 29(ed) | ——— . @)

13

Following the chemical shift, the splitti

d the sumber of protons are in parasty

Glutathions specira were retorded’ ‘st mom tempersture in DL. Cor
T 840, gy = L4HY Iy =8tHs

s

po-Biphencl spectra were recorded at room tempenture in u,o/cn,oo Conplng comtants arv:
J.,-unu,,-nu. Jia= BiHalgg = LML

b{ﬂlluﬂm-&yl)-p.i b»phnl et wery recorded at room tempenstu

Ie=84HsJy,

i D,0. Coupling conmtaats arv:
-nuu,.,-nml,_,-umlw-m "

: dowbles of doublets; & triphet;

g coatuts am
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i »
The results from figure 8.4'suggested that some p,p-biphenoquinone is
Llsg reduced to p,p*-biphenol by GSH. The detailed mechanism of reduction is

still under investipﬁdn, however, it appears that glutathione conjugate [3-S-

yl1)-p,p-biphenol] is ible for the ion of some of the

i p,p’-biphenoquinone.. Minor amounts of GSSG sre also formed during this

rea’clinn, but only when GSH was used above 2 eqvu.\(eqvls. of p,p-biphenol):

Direct addition of 3-S-(glutathion-yll-i

biﬁhencquinone led to the recévew of 83%-100% of the theoretical amount of
p,p™-biphenol. Thg reaction mixture showed an orange-red colour which may
be the quinone of the c‘unjugate‘. .
In chapter 4 (Table 4.3) it was shown that some wste’ltsoluble. products
- 3 : 5

can be formed from phenol during peroxidase- H,O; oxidation in the presence

of GSH; however, only upon longer incubation times and with high H,O, con-,
0

centration. H.p.lc. analysis showed that 3-S-(glutxtqiox‘x-yl)-p,p’-biphenul_waq
P ~ .4 . B - .
not formed in such incubations. “Thus, the products binding to GSH, during

_phenol oxidation may be similar to those phenol oxidation products interacting

,p-biphenol | (1.8 eqvts.) to pp- .




CHAPTER 9

2 % ol - R .

" qENEm DISCUSSION AND CONCLUSIONS

[ ..

Although 'the results presented in this thesis suggest a role for H,Op

depéndent activation of and thus in the initiation

by

° of chemical carcinogenesis by chemicnls_z, a numbér of qutstib’ns’st.ill arise.

L > .
Thus, the first and immediate question that may be raised is the site of intra- .. |

cellular location of thése pem'xiﬂ‘a&es and the ability of these activated pro-
ducts to reach the DNA%ip-the nucleus. Secondly, the.nature of the‘da‘m‘nge'lzz
DNA and the'ctﬁciencylwith which !ﬁg bound produc’l:s'_inhibit DNA replit‘l-‘
tion or cause muta’geneﬂs’.' Thirdly, tl;e source \7} H,b, in the cell'is in-ques-

tion. At present these ions cannot be gnswered letely but at least

" some suggestions may be made with the available e\(idebce, which may be use-

desi| new i or in developing new' techni which may

ful in
expedite the.issue of understanding the procegses involved in ‘the initiation and

promotian phases of chemical carcinogenesis, *

w

0.1) I llular™ fon and DNA damage of
_chemicals by peroxidase and Hy0; :- Histochemical evi_denéé*llxo\;'l that
mist of the pem;(idu;s are located in theendoplasmic retffulum and in the

-

“ /? ‘»

\ . nuclear gnembr;nu of the- cells (reviewed by O'Brien, 1084). The prezenc"nj T




DNA. - Mye idase of pol Koniicl

.man, 1082).
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this enzyme in the outer envelope of the nuclear membrane indicates that the

" activating system is in close proximity to the nuclear DNA. However, activa-

tion of the e‘l.‘rcinogen at a site away from the nucleus may pose the question
7, s Hd ;

of the stability of the reactive products and Xheir ability to reach the nuclear *
¥ » ¢ E

e
. - i 3 .
in the-azurophilic granules in the cell, a site Which is away from the nucleus.

However,” activation of various arylamine carcinogens and phenol by ntyelo-

pamxxdnse in pelymorphonuclear leukocytes (Chspter 3) resulled in products

Wklch are bound lo the nuclear DNA, clearly indicating thnt the reactivepro-

. duets ean reach the nuclear DNA.

»

» K ] 5 “
. 0.2) Nature of DNA d The _nature of the,d: to DNA that

[ ) 5
can lead to-the nnco;enﬂis at present is not known. It is also not known . ,

whether the reaction with DNA" nlone u sufficient, or whether other mechan-
.
isms l.lsa paruclpnte in the process or oncngenau Neverthelus, binding in

vivo to DNQ by s vnnety of cnrcmogens appear to correlate thh carcino-

genesis-more than the blndmg elther with protein or RNA (Brunlck and East-

" 1t is believed that covalent i i ol ! hili bolites of xéno-

biotics with DNA may play a major role in the'initiation and [mmo ion stages

h
of chemical carcinogenesis (Miller and Mxller, 1085) On tbe ther hand, non-

:ovuent interaction wnth DNA of some anti-cancer drugs 'like proflavine and

'ytes appear-ta be located -




A Eeadili. .However, cell proliferation may be initiated in neighbouring less"dam-
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acridine orange analogues (Baguley et al., 1981 a, nn;‘l b; Muller and Crother,
1975; Muller and Gautier, 1975) and adriamycin (Youngﬁmn and Elstner,
1984) have been related to thé{r ability m;cn;e mutagenesis (Muller, Crother
n;’ld W_nring. l1073'; Wright et_al.,, 1980) or curcinqenicity (Siebei’ and Adam-
son; 1975; Waring, msx) The results pruented in chnpter Sund:cate that

phenol polymeu mdy be non-covalently interacting with DNA.. BEII?‘IF. also

rApldly poly »' d on ’ ion with idase/H,0, and- these polymers

were shown w cause DNA bmdmg thmugh Doy covnlent mterncuons (O’Bnen

et al., 1985). Similar results have been reported also for dxethylsnlhutml (Epe

* and Metzler, 1955), phenylenedismine-(O'Brie, 1984, 1985) and methylaminoa-
- e "

i

2obenzene (Q'Brien, 1085), Very re¢ently, scetaminophen was also, shown to ’

0 .
form polymer¢ upor. oxidation with HRP and H;0, (Potter, Miller and Hinson,

1985 and 1680). However, the interactiol;s of "polyme;s‘ with DNA and their !
nhiiity tulc'nuse irrepairable mutagenic changes remain to be established. How- '

ever, the binding of these polymers to DNA is’ so strong that formal pro-
. \ X 0 .

cedures for\establishing covalent binding to DNA ‘were ot effective in remov-

_ing all of theui\polymei'hbm DNA (ChApter 4 and 5). Thus, if this type of

binding occurs in‘the célls, repair may be. difficult and the cell may die-very

aged cells, "on
: /.
e w o 1 .
Interestingly, upon enzymic hydrolysis of benzidine oxidation. products

» L .
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bound to DNA, a small fraction of a covalent nucleotide adduct with similar

to the N-d in-8-yl)-benzidi (O;Brien et al, 1935), was

prop Y Y

* found to be the major in vivo ndduct in the dog hlndder (Kadlubar et al.,

1985).

9.2.1) Oxidative DNA damage : DNA damage may not necessarily be
mediated by the reactlve metabolites ol “mnogens alone. Reduced oxygen

species like the hydmxyl radicals were shown to hydroxylate the guamne resi-

dues in DNA (Kasai and Nishimura, 1984) and cause DNA single strand breaks ’

“(5choles, Willson and Ebert, 1969). These reactions of reactive oxygen species

ha\;e beeh related to mutagenicity (Kasai and Nishirura, 1084), carcinogeni-
city (Kasai m':d Nishimura, 1984), chromosémal nb:n-nions‘(Emerit et al,
1982) and: il‘l‘mpr pronlxoﬁon (Zimmemln and Ceriltti, 1984). Moreover; these
oxygen radicals or other ‘{adicnh may also attack macromolecules ‘or lipids and
chnn_gg me;mbun:permenbili}y. In the process other Teactive radicals can be

generated whi;ii can also cause damage to DNA (Ames, 1984).

.

~

Thus, the type of peroxid lyzed oxygen ivation reported in

chnpter 7 mvolvmg intracellular GSH and NADH may alsoBe of significance in

chemical | carci is, Thus, idizing thhls have been shown to be

‘,smnnxenic (Glatt, Protic-Sabljic and Oesch, 1983) and cytotoxic to isolated rat
L. -

hepatocytes (Saez et al, 1982; Vina et al., 1083). Hydroxyl radical formation

has been shown to occur with autoxidizing thiols anf| has been given as an
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explanation for their cytotoxicity (Vina et ;l., 1983). The following reaction
mechanism has been suggested by those authors (Vina et al., 1083).:
RSSR- + H,0, — OH' + RSSR + OH- - )

Moreover, reaction of H,0, with ferrous ions (reaction 2) or with superox-
ide radicals (catalyzed by ferric ions)(reaction 3) could also result in hydroxyl

radicals as shown below:

"

Fe?* 4 H,0, — Fe™* + OH- + OH )
pedt.t

0+ 0, —'OH +OH + 0 - @)

. Another cytotoxicity mechanism could be the oxida_tive stress ensuing asa
-

result, they ine or phenol-mediated oxidation of GSH to

GSSG. As the phzﬁl/o Zrylnmme effectively redox cycles (via its free radi-
cal), the GSSG reductase, psmcnhrly if inactivated by the oxldnwn prodncls,

may not be effective at preventing tixe GSSG formation. The GSSG readily

- forms mhéd-disulﬁde with - protein which leads to enzyme inactivation

Offermann et al, 1684), activation of gl Bpliosphate debyd
( . Y

(Egglestone and Krebs, 1974), ‘inhibition of mqmbrl-ne Ca®* pump (Brigeliis,

1985) and results in cytotoxicity (Ziegler, 1085).

/These effects euggét that g!utnthione under certain clrcun)shncu, may
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also play a role in the in the initiation and ion of il is in

addition to its role in detoxification. ./

9.3) (s) of H,Q; :- Intracellular steady-state H,0,

are very low, generally in the raﬂge of 0.1 - 0.001 mM (Sies et al, i973). ’
Oy .

Thus, the intracellular activation of xenobiotics by pe

ool

may become-
limited by the availability of HyO,.

..-7 Results from chapter*7 indicate . that free radicals formed by the

P Y

of some arylamines can directly interact with

molecular oxygen to form superoxide radicals and H;O,. More interestingly,

the ion of superoxide radicals is enh d several fold in the presence of

NADH' or GSH. Intracellular concentrations of NADH are very low but many "
ti:suusnu rich in reduced'glutathione (0.5 - 100 mM).. This suggests that
sgltﬂ H,O, can be geneuted in the cell by the oxidase activity of peroxidase
and | may not require nddl(mnf sourdés of H,O,. Interestingly, the ability of

aryhmme urcino;anl to activate oxygen'in the presence’ of NABH or glu-

tathione appears to correlate with the i ic potency of the arylamines. e~

‘ Thus, the i ic-arylamines idine and aniline were not effective

in catalyzing the oxygen activation although they were effective in mediating

oxidation of NADH. p ot
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Plasma membranes of a variety of cells eg: liver, erythrocytes and Hela

cells and the plant cell wall contain superoxide ‘forming NAD(P)H oxidase

L (i, -106).. ‘Netiophil alio. poosess Samaeabiass NAD(P)H oxi-

dases which arebelieved (} form Hy0, for the antibacterial function of this cell

(Baehner, Boxer fnd Ingraham, 1082). A thiol (GSH) oxidase is also associated

with the plasl)m membrane of Viiennl/lubuls} epithelial cells and intestinal

epithelial cells (Lash, Jones and On{en.ins, 1984). In view of the role supéroxide

’ i " radicals may play in cytotoxicity (Bo;-g u;d Schaich, 1084) or clrcinogeni!
(Zimmerm_nn and Cerutti, 1984), activation of these oxidase systems by cata-~

Iylic ccncentntiafns of cnrcinogen‘ie arylamines or phenol could have biological
consequences. However, it sh;mld be noted that the cell§ are alsp. equipped .

wilh‘ various defense mechanisms such as catalases and glutathione peroxidases

to keep the Hy0, concenlntiv*l minimum (Reed, 1985). It remains to be

seen whether any of these suggested activation mechanisif® can occur in Wvo

despite the defense mechanisms.
: & e s SR L
- Figure 0.1 summarizes the postulated scheme for the possible mechanisms

-

" by which peroxidase/H,0O,-mediated activation of carcimogens may initiate the 2
4 B ks .y Ve
carcinogenesis by chemicals. o //

' Stier et al, (1080) have proposed that the redox cyeling of stable nitroxide

radié-ﬁ formed from carei genic nines may be of imp in arylam-
\ ine induced carcinogenesis. Nakayama ét al. (1983) recently reported that
i Jeies . %
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superoxy radicals were formed during the sutoxidation of N-hydroxy and

boli

nitroxy radical

of i i lamines _including 1- and 2-

.
phthylamine. The results p d in table 7.1 (Chapter 7) showed that *
1

oxygen consumption also occurred during the oxidation of 1- and 2-

-
p i bly due to the idation of cation radicals formed

from these substrates.” But, in the presence of NADH or G’SH, extensive

supei‘oxy radical formation ‘and redox cycling of H0, occurred with c:rcino

gemic2-nap| ine, whereas no enh in superoxy radical formation

occurred with the non-carcinogenic 1-naphthylamine.
9.4) Benzene and leukemia :

= g 5
Benzene has been known to be a powerful bone marrow or blood poison
since before the turn of the century. The earliest of the reportson benzene-

induced h poietic toxicity d in 1807 (reviewed by. Snyder et al.,

‘1977). In 1928, the first report establishing the relationship of benzene expo-

leukemi: blished

sure to was p Since then, .cases of leukemi

among individuals exposed to benzene have hun.reporl.ed in several countries.

Although the toxicity of benzene was noted as early as ﬁmly recently
have the toxic effects of benzene gained llt;l;lion. ‘This is primarily because of L

- extensive commerclhl use of benzene inv industries (Gerarde, 1050;_ Greenberg,
Mayers n_nd Goldwater, 1939; Hardy and Elknn, 1945;' Tln;men', '1910; thon, 5

¢ -
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"hours after exposure.
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1942; Wintobe, Lee and Boggs, 1974) : leather industry, both artificial n;zd \
nntllra,]; the manufacture of artificial rubber; in gilding; bronzing and silvering;
varnishes, shellac nnd‘pnint removing; in the printing industry; and in dry
cleaning. Benzene is a constituent of high octane gasoline used in sirplane and

automobile enginies. In addition benzene has been used in the manufacture of -

pl , P plastics,

%

and medicinals. Benzene is also used as a solvent for rubber gums,-resin3, cel- i

luloid; m': an‘dﬁih«}ids. s

The primary means of entrance of benzene into the body is wa inhalation.
A study of humans exposed to l?enune revealed that it ‘rnpidly reaches equili-
brium v;ith the alveolar. air a‘nd’tha} saturation coul‘d be achieved within
Tminutes (Hunter and Blair, 1872). In eiperin!enls carried out in rats, the con-
centration of benxreneh in the blood was demonstrated to be parallel to the ct‘m-
cenin:ation in the inspired air (Deichmann,‘Mncdo.nnld and Bernal, ldqa). The
hugn;n expexi}nenu’ algo showed that berbene is_maingd in’lhe‘ body for many \

hours after the exposure has been i and that jinination of benzene

via the lupgs accounted for only 12 % of :éhe excretif'during the first six

The prinicipal métabolites of benzene in vivo are the plienal, catechol and+

" hydroquinone, of which phenol is the major metabolite.. These pheﬁols are

then further processed by sulfation or

to gi've the conj!
- L

\,’
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_ end products (reviewed h!" Snyder and Koesis, 1075).

The mechanism, of benzene-induced b

toxicity and leukemia

+is thought ti involve initial hydroxylation via an epoxide 'ﬂ‘termedinte to

“phenol by the liver microsc ytoch P-450 ygenase system.

N

2 \
Although in tl_ze beginning it was proposed that benzene epoxide could be the -

reactive metabolite (Snyde}anﬂ'Kocsis, 1975), studies 'by Tunek et al. (1080)

indicate that the further activation of phenol is necessary to generate the reas-

tive metabolites, Moreover, benzene epoxide is not mutagenic in the Sal-
monella assay system for muugenesls (Jung et al, 1981)/}z was shown that
phenol is rurther hydroxylated to hydroquinone and cmcho] (Tunek et al.,
1980; Sawahata and Neal, ‘mssj, the former as the major metn_bolite

(Sawahata and Neal, 1983). The semiquinone and/or benzoquinone products

of hydroquinone and catechol bind to protein and glutathione. However,”™

phenol . did not bind to DNA following activation by liver microsomes and
NADPH or following activation with tyrosinase (see Chapter 4; Table 4.1).

Sawah

and hata and Neal, 1982; Sawahata, Greenlee and

Irons, 1985) reported that bone marrow peroxidase can activate phenol to form

biphenols and it was p d that p,p™-biphenoqui was the major reactive
TN

g
species involved in benzene toxicity. However, the results in chapter 8 showed

that-the o,0™-biphenol is t! major metabolite formed durlng the oxidation of

phenol by bone n;nrm mogvnnte and HzO, and that the further oxldmon
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of o,o’-bipI}nﬁT/uwunted for ‘thie majority of the protein binding which
o}:curred. Results from chapter 4 (Table 4.1) showed that éxtansiv_e binding of -

phenol oxidu'.}on products to DNA could occur when phenol was activated

with peroxidase and Hz0,. However, it is unlikely that p,p-biphenoquinone

binds to DNA (Chapter 4). Furth ' 3 idase/H,Opmediated activa-.
tion of phenol or ‘o,o’-bip“enol in the presenc‘e of NADH or glutathione, was
proposed to result in extensive superoxy radical and H,O, formation (Chapter

7). fn the process GSSG was formed thr&ugh thiyl radicals. However; hydro-

. -~
- quinone, catecho] and p,p"biphenol did not result in superoxy radiggl forma-

* tion (see Table 7.1; Chapter 7). Instead théy form quinones which could oxi-

dize NADH (except hydroquinone) by hydride transfer (see Discussion of
Chipter'7) or cdvalent‘conjllgntu with sulfhydryl group of glitathione (see
Di‘cnssion of Chapter 8): Howeve},'minor amounts of GSSG formation also

occurred. when p,pbiphenogquinone was reacted with GSH (see Discussion,

Chapter 8)‘ ortho and para Benzoqui i.e., the oxidati pr;)ductls of
hydroquinone and catechol, did not form GSSG witk GSH ('up to 2 eqvts).
Howgvgr, some GSSG (10% of the added GSH) {orn;ation occurred with these )
quinones in the presence of large excess®f GSH (5.0 mM) (results not shown).
Detailed studies are required in order to tnderstand the mechanism. p,p-
Biphen_aquinn:e has a very high' redox potential (954 hV) (Brown snd Todd,
1054) of the quinones. O.n the other hand ortho and para benzoquinones have G

redox potentials ’of 702 mV and 716 mV respectively. The formation of

i ‘
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sulfhydryl mnjngatéml these quinones suggest that sulfhydryl conjugstion
of quinones is independent redox p‘;lentilh.
R}
a i :
N\ Table 0.1 summarizes the present knowledge on the reactions of benzene
metabolites v{ith various biomolecules. Thus, one-electron oxidation of ph}‘ml )
rei‘:lily uslllts/in phenoxy ‘rndicnl: that react with NADH or GSH to fnnr;
superoxy radicals and prt;ducts- that “bind to I?NA or protein or :GSH. '
Mélnnin-like polymers appear to be binding non-covalently lo DNA (Chaspter _
5). Reaction of phenoxy xuiicah with. GSH also résulted in GSSG formation.
Peroxidase dxidation of p.p’-biphbnol,:hydroqninone and catechol resulted in
covalents conjugation with protein and glutathione. GSSG is raho formed Ato

some extent but comparatively at higher amounts -of éSH. 1,24 (OH)y

. ' -
Benzéne, a minor metabolite of benzene in vivo (Snyder” and Koesis, 1977), also

-forms superoxy radicals during autoxidation.

) b N0
Récently; Hinson et al. (1085) ted that mi I metsbolism of -

benzene to phenol may involve another intermediate cyclohexadienone. They‘

st d that the cyclohexadi: A can be formed through an enzyme-
substrate complex or by theTeafTingement of bémsene eporide il:tennedilla.
Further isomerization of cyclohexadienone may result in the formation of
phenol. l} is possible that metabolism of benzene in bone marrow may result

in direct formation og cyclo‘hexndiuﬂuﬁ rathér than through an epaxlde inter-

edjate. Ho‘we:er, the mciivity of ‘this metsbolite !owudl' cellular .
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| Table9.1 i
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Summary : Metabolic activatlon of bensene [metabolites .
: APTER -1¢ OXIDATION
3 i . |
: g . _osH PROTEIN | ' DNA o5 of 635G
- b .
y ‘CONJUGATE- | BINDING _BlNNNG (NADH OR{GSH) | (AUTOXID.)
0 § N
- . LPHENOL - Polydie! Polymer? | Polymer? P “ e
% > - .
2. 0,0"-BIPHENOL Polymer! Polymer? .| Polymer? - Raasd
¢ ' [
|4 ppBrpHENOL 205" . 5 2 -
1 HYDROQUINONE FL S s +) R P %
- + : = .
e
+ . |scaTEcioL £ P ++ - - ++ +
A o
. n.z.«nr),swzm sas1 + “ . N
3 =
Sea text for exphnation. . !

/ ’ The mumerical val

(or GS represeais the probable ite of GSH conjugatioa on the aromati

|
!
ai}

ring.
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nucleophiles is not known.
It is also i ing that p ys other than hydroxylation of benzene
may salso eXist in vivo. (ranas, M ic acid, an open-chai boli

was originally shown ‘l‘oie formed by Parke and Williams (1954) and recently
>

. confirmed by Gad-el Karim, Ramanujam and Legator (1985). However, the

v
mechanism of ring opening and tie enzymes involved in this pathway have not \

been explored., This metabolite (¢rans, trans-muconic acid) was not }br‘med.-
when phenol or catechol or hydroquinon'e were ldminimr;d Aiqslu’d of ben-~
zene. Gad-el Karim, lesmlj:m and Legator (IQ pmpo‘ud that mucondi-
aldebhyde formed from benzene may be the rw:hve metabolite which cnuqs

benzene boxmty At present, it is & pure conjecture to suspect that this menr

bolite might induce benzene t)oxicit.y or carcinogenicity, but the data |ug='.
p S § . .

that other possibilities exi 6 the study of benzene-induced carcinogenicity

and toxieity. FTImx, there are still many questions to be snswered.  * ’
3 :
g : )

Pheflol is 8 non-carcinogen under the conditions of NIH bioassay (U.S.

National Cnncerhlnstitule Bioassay Technical Report, 2032 1980). However,

- chronic or,acute exposure- of | phenol causes’ nephrotoxicity in humans and *

animals (Coar, Baggs and Blosgn\n'n,,lﬁsﬂ). Phenol is also an<Bemolytic n;e.nl

(Machleidt, Roth and Seeman, 1972), and intravenous ldministntlnn of phtnol

. to several species caused hemoglobulm (Oellmn and Davis, lm) . /These

hemwwx of phmol may nol be due to its effects i in boa- nurmv. .

‘e
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. .
but possibly due to its effects in circulating blocd, since phenol appears not {o
reach bone marrow in experimental animals (reviewed by Snyder et al., 1977).
Nephrotoxicity of phenol may be explained by its ability to reach kidney

through the circulation (Cgl‘an, B.aép and Bossman, 1982). Thus, phenol may

§ L, s .
also mimic the:leukemogenic actions of benzene, if administered in situ into

> ;. " R L
L
Anuther f' pomt in the. lation of idation of phenol to

benzene induced bone marrow tax:cnty.nnd leukemm, is its re]s}lve |mportnnce

in relatxun to’its hydroxylauon‘nctxon followe\l by lhe lormahon of reactive -

or b li Although, the mults from the chapter 4 sug-

gests that benzoquinohes 'mu)'" not. bind to DNA, Rushmm’p et al. (1083) have :

demonstrated the formation of mnine'nucleoside- uddhéls in mitochondrial .

DNA afteg; th Ihe menbolum of benzene by rabbn bone marrow cell mltopluts
Incubation of mltupluh with labelled benzene and unlabelled benmquman: or

hydroqumone reduced the yxelﬂ)l labelled benzene adductg in mitochondrial

DNA iog that these compounds are the metaolites that:

bind m glumne residues in DNA.. At present n is dlﬂ'lcllll. to answer this ques-

_tﬁn, however, a suggestion- can be mn.de. Results presented in chapter .8

showed thn“p,p’-biphenoquinon'c can form glutathione . conjugate. Since,

ortho- and pambenloqninoilfhnﬁtlbolita of catechol and hyquuino_n&

l_upecl’i.vely, also form qulfhyd;yl conjugates (Lu;:te‘ and Kissinger, 1983;

¢
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Sawahata and Neal, 1083; Tunek et al., 1980), thn, determining the E®ous

glutathione -conjugates found” in the bone marrow. following the in vivo

administration of benzene, 3r4henol may distinguish the relative importance of ’

, proposed activation pathways.-
S . ¢

_. 0‘.5) Conclualm’l;

e In conclusion, this thesis reports on the mechanisms by which hydrogen
@ peroxidemedinted’!orm.ézn~ of reactive radicals formed during activation of
arylamine. carcinogens and phenol by peroxidases interacts" with various bio-

.

lecules which couldah i

_the toxic or carcino-

n
genic. effects of these agents. In the precxdin; chapters it was shown that (.

the peroxidase-mediated activation of arylamine carcinogens, and phenol_i; a
- ¥ v
cell can result in the irreversible binding of the carcinogens to nuclear DNA.,
N .
(b) Polymers of phenol appears to be the reactive products binding to DNA

during the in vitro pemx:dlse[H,Of_lhlyzed oxidation of phenol. A free rad-

ical .chain hanism is d for the formation of poly . The
relevnnce' in penzen&induced lenken:in and bone marrow toxicity was dis-
.cnued., (c) It was also shown that peroxidase-mediated activation of arylam-
ine carcinogens and phenol in the presence of NADH or GSH can result in -
ndo;( cycling and lead to hydrogen peroxide formation via superoxy  radicals.
It was suggested that this touid ke an important source of hyﬂro!:n peroxide

& Ay
in vivo, -~ s
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Further studies are necessary to see the relative ﬂnporunce of this activa-

tion pathway with regard to the oth® nclivntion pathways namely, NADPH-

- dependent mixed-function ofldase or scachidonate-dependen landi
yoth diated activation of carci and toxins. Fyrther investiga-
tions along these lines would aid in ‘: b of i derlying the

Jecul hani: oul i o and proi ion of i si Thus, the

) _intncelluh} ‘consequences of f?e)[l’di&;ls generated by a one-electron oxida-

tion of chemical éarcinogens should be compared with the more widely studied

of el hil d by a two-electron oxida-
» 4
tion. 2 ) -
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