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Chapter 1

Introduction
' " . -\ .

1.1. Alkylated· Naphthalenes as Envjronmental Pqllut~t.
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The water solubility or dimethylnaphthal enes Irom various crude oib ranges

trom .O.06·ppm t9 .24 ppm (Anderson et.- al., 1074). WateN olubility'or 2,~DMN "

is2mg/L (M~ck.y and Shiu, 1077). .

~ ~~ ind;stry, methy~t;d naphthalenes are used as dye carriers tor polyester fibre.

'."'~1" >. y are abo .consti~uents of elgerett e smoke.~85m~ eigarette co~t:aining U.S.
. f . . . .

. ' ended tobacco (without filter tips) would give out 2110 og. or

. ' di . e~~~bal~nes in ,!~oke (Schmeltz et al.; 1076~ . Methylated naphthalenes

are also used as a ~osquit~ and . black~y ~epellant. Que commercial product.

Availabl e in the U.S. (-Mosquito Beater-) is, composed or O% crude oil and 16%

.metbylatedn~phtb~lenes (Witz et iJ.,1~81 ). ' . •

./
~.
!

.. . .t\

' 1.2: Living OrganlaQ1s ,and A.lk)'l~ted~aphthaJenes

:' ~rn,~ tumor p;omoting"and co-e.arcinogenlc -activity bas been att r ibuted to. ,."

alkylahd ~aphthalenes' (Horton et ai., 1057). rJ-apbthaleoe and alkyl substituted' , .

~'--~apbtb~l enes " are eqn~en'trated . by marine 'a ~ ima~. ' and rneta~lized with '

SUbS'eqUen~xi~ ertel:.ts{Anderson et aI., 1974~ . 2.MetbyIDaphtbal~lie (2-MNl. is

metabolized ill.Iish .aDd rats (Breger et al.,. 1081). 2,6-Dimetb"ylnaphtha leoe {2,6-

..DMN) 'is to~ic to pclycheet ee (Ro~i 'and Netr, IQ18). (t '~ceu rnulates in grass
,. ~ .

shrimp IDilloli, 1081), and decreases the resista~ce ' .ot estuarine shrimp to the

combined challenge.or hypoxia and redueed.aalinlt y (Dillon, 1081), 2,6-D,MN also

al te~ the eled!Op~ysio logic a.1 rt:SJ?Dses or lateral line cervee in coho sal~on {Falk

et ' 1I.I., 1081). 2-MN· is toxic to the Clara eells or lung and binds . to tissue:

m4cromo~ec:ul~ in 'mice (Grit~n et ai., '1083). The LD6(lor n~pbtbalene ' given

· iotraperitoneally to male and Iemele rats' is o.SQ g aop 0.60 gper .kg bodyweight,

r~p~ctiv~IY . , 1.Metbylriaphtb~lene and 2-MN are less toxi~ to the ' rat than
":, . , ", . '"', , ' . - ' " . '. . '.
napb.tbalene by', ~ ·rae.tor or about_~ (J:lAShestyuk, 1910). )The acute .toxidty of

wbcle oil is often directly rel~ted to the concentration .of n"pbthal~nes . in it

... : :(AO.derson ·et a!., 1914; RO,ssi and Nefr, 107~j Tatem et el., 1078). 2,&.D~ is _ .

• , m~~e .todc th an naphtl:ial~~e to many marine organisms (Anderson .et' al., 1074):

".1Ik)'1~~i~D (n;te\hylation) probablj" s~bsiantiaHr modifies tb e ehemleal end
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biological cb~!a..cteristies of an aro mati c bydroca~.bon (~ossi and Nerr, ' 1078). T he

chemical str uetur,esof naphthalene and eomealkyle ted naphtha le:neS' are shown in

.Figure r-r. ,,'" .

~~3. Hepatic Mixed Funet lon\)Xidasell

ln orde r to' exert its biological errects, a ,xenobiotic compo und in suitable

concentrations ·must interact with receptors. The intensity and du ration of acti on

of a pha rmacologically or toxicologically active sjbstance is dependent on

absorption, . binding, , me~abo! is,!" 'and, excretion, Numerous foreign ecmpccnds •

including t he polycyclic layd rocarb ons are so hydrophobic' that t hey' would rema in

jn tbe body ' indefinitely w~re , it Dot for biotransrormation. D'ur ing phase I of

met~boljsm, 'one ~L more p~l~r· - groups {e.g. hydroxyl : ce rboxyl ' groups) arc'

inteoduced into ,thl! parent molecule, thereby presenting the I!base II conjugati ng

enzy mes (e.g. glueurcayl t raneteresee an d gluto.thioDe S-trans ferases , with a

. subslrate.~ T he cODj ug~ted products are ~utrieientlr hydrophilic to be readil y >

excreted t hrough lh~ kidney ' or r i~ ' the ' bile (Williams, 1907), The .•

biet reeerc rmetion of xenobiotics can occur i!l several tissues, including liver,"iung,

- i-ntestine. skin, and kidney. T he liver, however, is the major site or tra.n~rormation

, of xencblcucs. T he liver ·is parti~u'la r 'y i.:npo'rtant for'tw o meln reasons: Firstly, il

is-well endowed w·ith ~ drug-metaboli z i Dg !!lzymes· and secondly, by virtue o f its ,

'blood ,supply, the liver te nds 'to receive higher quanti lies or · x.en~~ ioti c ~ then d~

mcst othe r organs.. Ingested; intravenously administered, or Intreperltcneetly-

I - administered compounds lire delive red most rapidly to t he liver.

Phase I biotr~nsro'rmation is most clten ca rried out by th e .cyt. P·4S0 m ixed

func.tion oXid~e system wh-{ch r~S~de~I,~rim8rilY in tbe t ndoplas.mic 'ret iculuriJ !It

cells. This enzyme ' system- consists of a haempro tein .teemed cy'tochrorrle P -4fiO

-(cyt, , P~4S~): and a Ilevcprotein calTed, NADPH-9l. P"450 reductase (elso ca lled

NADPti -clt. c reduc tase) a~d requires ' phospbolipid lor a~tivity ,. ~here is aLsO' a,n

, ab~l~te req u.irement . for NADPH a~d' molecular oxygen. C~. P~45otmtatns the

substrate _~nd oxygen-bind ing lites or the enzyme syste m, while Uae ~ed uctase
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-.
serv~ as an electron carrier shuttling electrons (rom NADPH to th e tri. P.4SGo

substrate complex. ' Anothe,' )aemprotein , eyt. bs' is also presllnt hi liver

microsomes "and ~ay participate in th~ oXidll.tio~of xeacbtcne and endogeDou~ '~

sulishate9 (Cummings et .el., l084):,.-The types o( chemical transformations carried

out by cyt . P·4S0 in hepatic mtcroscmee include ~x idative reactions in which an

at om from molecular oxygen islaser ted into an: orga,oiejn oleeule, 'as in alipbal.ic

./ and aromatic hydroxylation!, N-oxidation. 5ulfoxidatioll , epcddetlcn,

desuUuratioD, deamlnatioD., and N-, S., and O-dealkyl~tiotl9 . Cyt. P·450 also

errects ;eductiJ'e reactions involving direct electron transfer {e.g. reduct ion of azo,

nitr o, N-oxide, and epoxide groups) 'as well as debal~~'DatioD reactions (GUlele,

i96~; Coon , 1078; Guengerieh e~ at , L084): A geuerel rneteboh c p.!Lthway for

xenobiotic metabolism catalyzed by the ' microsomal mixed Iuneti cu oxidase

enzyme . system ~8hown in Figur e' 1-~.HYdroPhobie substrates are readily

" bydroxylated e1'tb er directly 0;· tbroug~. the ro~matio; of rea"cti~e "epcxide i
,~ : interme4ia:tes. Epoxides may .(a) cbemica~IY rearrange to .p~_~nols, (b) be b~-drated ./

.' ~,', dihydrcdiols i~ a reacti on , c~t~ly ~ ed' by epexlde hydrolas e, Ie) and ( .Jrl

conjugate with cellular glutathione in a reaction catalyz ed 'by the glutathione'S­

tran sfe; ases . Phenols and dibydrcdicle may re~dily b e co~jugated with glu~u~onic
acid and sulrate , and ' excreted via tbe k idney 0,"bile ' du ct, Th e glutathione

conjugat e .can be excreted in bile -'and, after conversion' to mercapt~rie ,acids.,'be

excreted by the kidney. In edditicn, being "reactive ..eleetrcphilie molecules,

epcxides 'can bind to and modify cellular mec romoleeules sueb as.DNA, RNA and

proteins wi:b pissi~le resulting toxic and carcin~~eD it' ettects {Nebert, 1082),

Th J" dive tsiiy of subst rates fot· tbis enzyme system :a nd the variety of

tr~nsrormations tha~ it err~cts m~kes it ~ unique J enzyme" system among livillg

organisms. It brings about cbemi~.al ebang~ ~?th· ' in Pb)'8i.~logieAIlY · important

substrates such' as ratt)' acids, steroid~ , and prostagl andins, eed .also in a host of

. -:-rorefgn subsueees such as pet;oleum produe~,"dru~, pesticideS,:an~es~be'Ucs" end

ebemieal care i6ogeos, as well A!I Pliseellaoeou~ otgarii~ sU.bB tane~ eom~~iY"rouDd.
00 the la~otatory sbelf {Coon and P~rsson'l lOaD)..

t-

I



..', '. .. ' : ~.'.

Iul
' " ,....
. '" N , . \ .'

. H ' .

• N •• , ( '~"·"·Js. ,~<.r.''' i:'':'
N •

~.. .'rt". epo_hle /l1~roh$f • . .
f"<:< . I covll entblndingtoel RHA ,ONA •. prot eln

~ (Cflluhr dlll.g e )

. Olhldr ocUol

0\ :

~ . " ..

. \

>•.,'.:, ..... ' ~" ; :



-. - .;------

;"~ ..

The activ ity of hepatic mixed lunction oxideses can be enhanced or -deereesed .

by-treating the animal with various chemi~~ or environm,l!Dtal agents (Coon and

Persson, IgSO). Dirterent errects result. The rate 01 -~x~retioD 01a chemical may be

increased. It -may · be rendered more or less 'active pharmacologically or

toxicologically.)! is curren tly rl!co~ized tbat at least LO sub-members DC the cyt.

P·450,family6 exist, and that dirrereDt xenobiotl cs induce dir{e~I!Dt eyt. P·450s. T he

different ~yt. P·450 members ate distinguished 'on the basis of their spect ra l

. characteri stics, substrate specificities (in some cases), ' molecular weights end

.Immunologica l r~aetivities (Br~Dick ~t aI., IgS4). I~.j~as tl!c~ml! increasingly

apparent tb at dlrrer~nt forms ol eyt. P- 450 may geberate dlrterent ratios of

metabo lites from the'eeme eabstrete. T wo major 8Ubin~mber5 of the cyt, P-450

Ca,milY are desip;b~ted · as cyt. P-4.50 .'ILnd cyt. P-·U8. These are ind uced by

b~rbiturates (e:g. phenobarbita l, PBJ anll polycyclic aroma tic hydrocarbons [e.g .

3-metbylcbolanthrene, 3-MC), respectively (Alvares et al:, i061; Bresllick et el.,

i98~). Various groups have shown that purified cyt, P.~50 'end . cyt: p.448 ,

hydroxy late subst ra tes like biphenyl, testosterone , 2-acetylaminonuo.:'ene,

brcmcbemene, a-bexene, eed benzolalpyrene, each at predominantly different

. Positions thus producing diff~rent metabolic' profiles (Jefco~te, 1983). Dirrerences ,

in the ,metaboli te profile of a polycyclic hydrocarbon or othe r foreign chemica l

relleet pr~~med d.nrerenc~ i~ the active-sites of' various fo~ms of cyt. P-<t50 and

in the nature of the intermediates formed. Diller encea,in the reactivity of these

intermediates might therefore result .in ma rked dissimilarities in the toxicity or

carcinog~nicity of a given compound (Neber t , 'i9S2). · , t ·.
,,-.- - .; - "

1~. , E nl7mea: ot Phase I a nd Phaae U Deto xleat ,lon
- , . \ , / , ... '. - ,

D~tox i ca.tion U frequ~ntlynot the ad 'of a single enzyme but t e result of \

' sequent ial -:ac'tion b~ eeveeel of ·them.. 'B.eDzolaJ;yre~,e: for 'exa~ple, ' sequent ially )

.~ subjected to oxi?ation by the ·cr t . P.45~ oxideses ,to teem an epcxlde hyd~ation or . Jr

the epoxide catal yzed by epoxide hydrolase to rorm a diol, aDd a seCond Ita ge or

OXidation to yield a dioi.e pQxide berore ,the tbnSformatl jOi b a powerfule,
eleetrophile and carcino gen is complete':' The subsequent de icatio n or the

\

\
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I epoxide could be catalyzed by glutathione transfer&lle9 to form the corresponding

' tbio'tth er conjugate ~itb GSH, or by enzymic hydration of the epcxide ring

catalyzed by e'poxide bydrolase (J~koby, 1080). : <

1.4 .1. MlcJ'080JD~1 En8)"mclI or Phue I Metabollam or Xenoblotlea

,1,.0"'0 N,ulPH-q'.' ",du,'''' I..
~ADPH-cy~.c reductase is a navopr otein aod is , localized in the eadcplse mie

-re~icu lum of the celt T his navopro tein suppllea electrons from NADPH tor the

oxidative reac~ions mediated by eyt. p-450 . (Master s, 1080). The hyd roxyla tion

eyele mediated by cyt.P-450 requires two electrons to be introducedinto the eyt.

P-4S0 ' .molec \l~ dur~ng su~t,ate· bitNling, oxyge~ binding, aDd/ the cODoon:.'itant

intramolecular oxidation-reduction steps leading to the final 'products of the

reactioD: It ill kDOw'D that NADPH~cyt.c reduct ase is Ilecess~ry ror th is process,

but it is not kll,OWIl whet her it ill 8urficieDt in the mierosomal system for a"upp ling

.both electron s. Tbe oxidation -reduction sta tes which NADPH-cyt .c reductas e

. .undergoes during c'atalytic tum-over b'avEl been the subject o( mucb discussi on

(Masters , 1~80). . ' .

1.4.1.2. 1.Ethoxjresorunn ~Deeth,.laae

~:Ethoxy~~rufin is preferen tiall» ()'deet~Ylated by liver microsomes from 3-,

• rit'!tb)'lchol antbreDe . treat ed rats · cont aioing C1t. -P-448, while untreated - aad

pheDobarbi{~1 tr eated rat liver microso~es e~hibitoegligible activity (Burke et

al.. 1977).

1.4 .1.1. BeDlo[a]pJreDe Hydroxylase

Certaio rorlIl5or cyt. P·450 have associated aromat ic hydrocarb on hydroxylas e

(AHHI ,activity l nd uced by polycycli~ aromat le ~ydr~arbons. T be way for .Alrn:
acti vity with the use of benzolalpyrene (BP)' as ·s~bstrate. a~d 3-hydroxy-BP ~ the '

p,r,od~ct rorm ed 'bas remained .a r~lativll index or BP mei.~~olism . Be~z~[~lpyreoe

hyd.roxylase can both detoxify polyc)'cllc hydroc arbon, as well at aclivate them to

more carcinogenic forms (Whitl ock aod Gelboin , 19~2). ..::

d
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1.4.1.4 . E poxtde H,.drol~e

Epoxide hydrolase is linked tunct.ionll1ly and perhaps st.rud ur"' ly with min d

-. rundionyxigen &S~ in liver endoplu mi!= reticulum. It bydrolYles uene oxides..

• which' are formed as reaction intermediate'lldurinl Hnral, per~apt all. a~omatic

hy.droxylat.ionreactlons and proouces aromatic'dib ydrodiob (Oesch. 1073).

1.4.2. M leroeomal ED.,.a:iea or Phaae B Met.bollam or Xenob lotlee

1."'.2. 1. Gsa S-Tranereraa ea
:""

Tb~traDsf~rue u~ family of de_tox ifying ,·~Dzym~ th~t i:atalyz~ ' tbe

:conjugat.ion of tbe sulfhydryl group of reduced glutatb ione witb a wide variety ~ r

electropbilic ,ubsta~c~, The glutathione adduct tormed in the' first step it' usuaU;

ce:nve'rted to a mer.captur ic acid de.riv~Hv-@ · whic~ ' is excreted via ' the k i~ney

(Boyland and ChaMeaud, 1060). In rat, tbe major portion of the activity is in the,

cytcsclic fraction of the hepatocytes~ bui ¢ SH ~transfe;'ue. aetiv'ities have a~
been obs'erved at. a lower level iiimicrosome and mitochondr ia (Mannervik, d . at ,
,_&il. . .. ~

-I 1.",.2.2. -UDP-G lncuronr l T r&lllreruea

. _UDp'-_G IU~r~nYI..!ranSf~r&ses ~~e ~a~~·in the endoplasmic ret iculum oU~~
cell and catalyze the conjugation of a variety or endogenous and exogenou

compounds .. itb UDP·, lucuronic acid thereby. renderi n~ the' ~rod~c·t.s ,~~re water-

Soluble and , more . readily excreta ble via ' the kidney [J efecete, lQ83). ,tJ.DP•

glucuronyl tunsferues funcUon In 'etcse assoc:iation witb the microsomal mixed

function oxidase syst;m; elaee maoy subst rates. hydroxylat~d by -the lat ter are

. t hen subj~ded to ~onj u gation_ The enzymes u n be induced by 3-MC. p~, or

_st ilbene oxide (Jefcoate, IgS3).

S·'.:... ,
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. . "1.6. M~tabolt.m or Alkylated Naphthalenes

Fe~ inveStigatiotls coneerning the biotran sformation of low molecular weight

aromatic "hydrceerbcns like naphthai ene and alkylat ed naphthalenes ha ve been

conducted . This ' is probably due to their lowe r carcinogenic potentia l when

compared to polycyclic "hydrocarbons such as beD%o(aJpyr~ne- and 1,12-dimethyl

beeeantbreeene. Soyland (1950) proposed that aromatic hydrocarbons are

metabotizedllvla epcxldee. The ' latter may give rise to . <lihydrodiol-~po~ide

iDte~med iates (Daly ~t at , 1012; Wong et el., lU80). Th ese reaction~ allInvolve

the crt. P~45()"IiDked'monooxygenase system (Coon-and Persson, 19SOj.. t "
The:appareni K~ro~ 2,~dimet~yinapbthaleDe torcoho salmon liver microscmes >.\

. was found to be 15.3, pMjnd th~t tor naphthaJene to be 300pM (Schnell ~~ el., ...­

1UBO). Salmon met,aboliu 2,tl-DMW 'fo · naphthol s and dihydrodiols, prob~bly

through 'feaetiv~' ;poxide intermediates (Malinslet at , 1979),'Orally admin istered

2,tl-DMNw~," r~adiIY takeD upend m~taboJiied brecbc s'alm; n, and be th the

hydrocarbon and its metabclitee were found .in liver, mu scle, blood and brain of

DMN-exPOll~ nsh(Coilili'retaI., 1983L-Among difrefen'i 'species of '(lSlies there is

a-ma rked difference in. the primary m~tabolislD of alkylated naphthalenes, Alkyl

oxidation' of 2,~PMN ; predominates over aryl ' ,oxfe.!!~ in st arry Iloueder,

wliei'-eas aryl oxidation is dominant in .echc ~&Imoil (C ollier et 11., 1983),' Sea

urchins metabolize alkyl eubstltuted aromuic., hydrocarh ons prim arily tbrough

aromatic ring oxidation (Malins and Roubal , 198 2). Th e bile of the non-indu ced

rainbow trout ' exposed to ~qU~US ,Uq 2-MN ' bas a greater- rat io or, ,2­

hydroxymethyl napbt balene to dlhydrodtols th!n} bat of the s-nepbtboflevcne

induced trout (Melancon and Lech, .19S4). ". Napbth ofiavone pretr eated trout have

greater .. ~oncentrations ' of total metabolites,' glucuronide conjugates and

dihydrodiol metabolites 012·MN in the bile (MehmcoDand Leeh, 19S4).

Ccasldereble work OD. tbe' metabolism. of metbylated naphthalene s, (especially

..dimetbylnap~~halen,:,), bee be~n done on marine lire, bllt less h$Sbeen report itd in

~ammals. In mice 2~MN c~use! pulmonary toxicit y (Grirtin, er aI., 1983). Grimes



,fMeJaocpo'et al., 1982).

I n\' _
end Young (lgS6) st udied the metabolism of ~~MN inrabbit, rat, guinea pig and

mouse. They repor ted the formation of naphtbalene-2.ca rboxyUe acid and the

dlhydrodiol ~r 2~MN. Kaubisb et a1. (1912)\ provided further informatioD by

synthesizing 2-metbyl. and 1 ,2-d imethy l-napht~~ene J,2.oxides and their phenolic

rearrangement products, end eompered them \,to the phe~ols pecdueed by rat

hepatic microscmelmet~ They conclud1ed that the formation of arene

oxides wi~b alky l substituen~ on the oxirane ri~g9 did Dot appear to he a major

pathway tor hepatic metabolism: Migration of methyl groups lIS well u &Pl5iient

migration of oxygen occurred during rearrangerbent o~ethyl substituted .ereee .

oXid~s. The ratio and nature or ~~~eriJatiOD \ ·~~OdU~t.s varied ~i.tb reaction.

conditions,: suggesting tbat multiple. ~ee~~nisth~ f .atbw:ays are operative in ~bese

: rearrangements. Major produ'cis 01 I-methylnapbtbalene, 2.metbylnapbthalene,

and l,2-dimethyl~naphthalene with guinea pig ' nli[rosom~ were l-oaphth~ic acid,

2.Daphthoi~~~id and 2.metbYI.~~naphthoiC Bdd; r~pectiveIY :' Bre~er et al. (19SI)

isolated tbree iSom~ri~ dihydrodicls IroJD 'rat ' ~nd rainbow' trout . micro~m~l ,

incubations which were identical witb these obtafned lrom tbe uelae 01 rats led 2·'

MN. In in vit ro studies.the 10rmatioo'o Lmetabol ltes ",as reduced by incubation'

in the presence 01 carbon monoxid~, o~~ion "01' ,NADPH, or use 01 heat

deDatu~ed micr'osom~': implying tbe involve~eni 01 cyt , P·4S0 linked mixed
: . . l ' .'

Iuncticn oxidase activity , Pretreatment witli"phen?barb ital or ~napbtbonavone.

selecti'Yely altered tbe - rate of lormation 01 epecirle dihydrodiofi by rat liver

~icr~somes (Breger et aI., 19S~): Recently, ' 2-h~~rOXymetbY lnaPh ~h !1 l e Q..e And'

three isomeric dibydrodiols shown to. be the 3,4-dibydroaiol, 5,G-dihydrodiol,and

7,8-dihydrodio l ol ,iz-MN. have been 'isolated (Breget et !I., 1083). Tbis -suggests

that the eyt. P·450 dependent mixed lunction oxide;sesystem tan form epcxtdee

OD an aromatic- ring with ee alkyl g~oup at.tlched to It:
, , '. "

fn rat, ijae 'major urinary..meta'&Olite of 2·MN was the 'glycine conjuga'te 012-

naptboic acid ; uggesting extensive m~taboJisni' 01 ihe alkyl group (Melancon et aI.,

ID82), MiDor prcduete were di'hydrodiols, indicatiog some ring oxidation as well
".
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In guinea pig, tbe major uriD~ry ,metabolites were oxidative p~oducts o~

methyl group of 2·MN, namely 2·naphtboic acid and its glycine and glueurcefe

~id conjugates (Teshima et al., IgBa). These etudles ~uggest tbat oxidation of the

methyl group rather than ring oxidation is the major reaction which faci!i~~tes the. ' ' . .
urinary excretion of metabOlites. 8-{1·Methyl·l-naphthyl) .cysteine, a~d glucuro~ic

acid andsuUate conjugates of .7-methyl- l -naphtbol, were atso identified as minor

urinary metabolites (Teshima et ·al.,:,lg83),

A s~mmarY,?f these transformations 'is shown in ~igure r..J:

:' -- ' .PulmonarY and ,hepati c microsomea from DBA/2J mice metabo!ired 2-MN to

three di~ydrodiols and 2-(byd,roxymethyl)naphtbalelle ~!ereas renal micros~~es
" .~" " ,

. prod,ueed .ydroxymeibyl)naPbthalene, . but ,DO., detectable diLydrodiols (Grif~in

etal.,lg~. ._ '

. 1.6 . Binding to 'Cell ular MBcro~olecules

.;

....~ -

~.-

r -.

• The incubati"n of napbth~len~ or ' l'- na~ht~ol with 'rat ,Iiv.er mic~somes in tbe

.presence of ~ . NADPH~regenerating system leafts to the formation of rea ctive

m~tabolites which bind " ir~v,tsib ly -to protein. It . was suggested tbat either -e-:
quinone or semiqulnone metabolites were involved (Hesse and Mezger, 1979). A

recent study with isolatedbepatocytes supports the s~gg~tion tba.t tbe"toxicit y of

t-nepbtbol may be mediated by the (ormation of 1,2.n~phthoquinone and/or 1,4-0

, naphtboquino.ne._ wbich may then undergo ODe .electron reduction to

naphth~e';iq~i'none radicals (Doherty et at. 1~84:1. , :rb~~ . in tUTn, may

cov~lently bind to important cel~lar .m(cromolecules or eetera 'redox cycle with"

molecular lfJeygen thereby generating active ·oxygen spe£,ies (Doherty et el., 1984a), .

It is noteworthy, however, tha\,in~mice the~.Ciara ;\\-is 8. target for the c-ytotoxic

actioDs of i~MN, which binds ~rreversi~IY to tb~ cell microsomal proteins (Grirtin

et ' aI., 1982, Ig83). Lung twu~bas a low capacity for metabolizing xeaoblctle,

and glutathione concentrations '11 vitia-are not much· depressed. In vivo

compounds 'wn!eh depress glutathione concentration,s in liver may , after a. l~rge
. ->-

."
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."dose, ca use effects In the IU;~, incl qding a decrease io ,I u tathiooe . This su ggests

th at acti ve meta bolites a re trans ported Irom the liver '(Buckpitt and' w arr en,

1.831·

t .7"Reduced Glutathione' (GSH) and Deoox leation >
-. Boylan d (UlSO) suggested tha t polycycl ic' aromatic hydrocarbon metabolism

proceeds via epoxid e. re ne oxide) lormation. This is mediated by microsomal

~ixed r~DctioD cx tdees (Jerina and Daly, Ig7.4). Epoxidcs can' react' wlthGSH ill

8. re&eti~n catalYZe~ bya series o r enzymes known ~ a SH Strens ferssee. Booth

e t ~1. (UJ6i) showe d that: conjuga tion 'of aSH with ' n aphtha lene requi red no t o,nly

' t he presence cr Hver micr osomes and ~ADPH but also/the;preseoc e of rat live,t

cy) bsol wh ich"contains 'the GSH 5- ttUs rerases. ,T h e . rotmat.ion~ epo~ides w hich

ca n react with OSH, -hee else been demonstra ted for ot he r polycyc,lic

· by drocar b dns':IGiOver 'et 11.1., 1972). Most e·poxides are re active . and' therefore

• potentia lly touc to biologicalsyst emsA'be intrinsic !t~~i1ity of the epoxide with

· respect to sponta neous iso merizat ion to t~e· pheno l or hy dration to form the

d ibydrq:iiol , and the re-lative amqttif.'S of the diCCerent e nzyme systems Cor a

p articular epoxide in d irrer~nt species may decide w hich route or metabolis m' is

domi nant, and may regulate' the potential toxicity of the epcrid e' to biolo gical

· systems (Grover 'et el., 1972; Jerih a et el., 1974). 'T he formation or epoxides and

d icl-epcxtd ee is though t to be of gr eat impo r tance in csrcinogenesis by polycy clic

a ro matic bydroearboDs, an d diol,epoxides'a r e rega;ded as ultimate e ereieogens in

.most cases lSimsee a!., 1974 ).

Th e liver is an ' importan t' organ of biotra nsforma t ion and , appropr istely, GSH

leve ls are rel ati~ely high (about "170 mg/iOli gf in r lit liver (Chasse~ud, 19 76).

Meesurement of bep ,atic G SH..depletion, or ev~n ext rahepatic OSH d epTetion , can

pr ovide a useful ind ication of the prot ective role of e SHagain st potentially toxic

com pounds (Chassealid, 197 61. Hen ce, aSH may be regarded as a n endogenou s

pralec'live, agent w:itb wbicb..drup , peetieides, and oth er re~ctive com pounds (thatl

have the capability to eova lently.hi nd to bio logical m~romolecu [e5) r eact to form \

, . . .coDjugat~ whieha.re readily ereeted. ~ . _. ~

\ .
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tlea r1y all of the glutathione in tissues is present as r;duc ed glutathione (GSll)

w ith less th an 5% o r the to tal bein g presen t as glutathiOJle d isulfide (GSSG). th~

tbi ol redo x status is maintained by intfiLcellular G SSG red ueteee ,nd NADPH

----... .(R eed and Fariss, Ig84). Dep letion or G~H .b~rapid conjuFtion ca n eeuse GSII

-;;n~is 4t rates upto 2 to 3 "mallis/ bI g or wet liver tissue (Whit e, · "~76) ...:it.e
. i iver GSH content in rat un dergoes diurnaJ or circad ian var ia tions, and is alt ered

by starva tion and ch~mic~1 treatments.' The murna l varia tion in hepatic aSH

conte nt r esults in the high est GS H l~ve1s ' iD the n'igb t and early morning and

lowest lev els in th e late aft ernoon with m~imum' va r iation 9 ( as mu~h ll!J2S'?(, to

3 0% (Reed and Fariss, 1084) .

A general pathwa y tor GSH turnover is s ho wn in figur e' t- 4.Experiments ee m ed

"- 6 uf using mice indicated th a t jl.dmin~tration of GSH or cystei ne befor e' and i ne r

a dbseor :-MN gr~atly _dimi~~hed the toxic ity or 2-MN, whil e the admin istration

o r diethy l ~al eate (w~icb d epletes 98H) berore 2-MN enlianl!ed the. t oxicity of 2- .

MN [Teeb lme et a t, 1083). 2-MN has b:en shown t o conjugate with G,SH..in the

p resence o f guinea pig liver O,OOOg super n ata nt and , when 2-MN was given to

gu inea pigs orally a t a do~;"Or 500mg/kg body wt., the li'cid soluble sulphydryl '

Craction' in the liver decreased by·"40% [Teebime it ai., I08:J)~ H is possible t hat

so me of t he ring oXiJati~tt meta bolites o r .2-MN a.re respon sible ' Cor ib-:k xi c

e ffects, a n d that tb.-eS!'-;;;';detox ified by l!onjugaiio n witb aSHand cysteirtl: ~

m entioned earlif. : G SH~onj ugation ..,is ,one of the main pathw ays of de toxitica'on

o f xenobio tics in ammalian speeies.

. [ . . . -
1.8. Met-haemoglobin . .

'Ill' Th e ab ili ty or - b tmOglObin (Hb) · to _bind' reversi~,IY with oxyge n is call~d ·
· · o xygena ti on". U~er...eerta~n cOb;d i~ion~ t he iron ' o f, the " haem m oid y bind s . '\

~ o xygen so closely that it is una ble to di.ssoci~t~ and 'ts ~h~reforc not availab ie fo;

rt!\'lpft'.ilion , Oxida tion"or Hb, in. wh ich the iron of th e haem mi*~ty i3 bivalent

. Ie r roaslll }, to tbe t~ivalent ferric tID) form resulta ' in ils. traJ;l~formation into ..

b ro wn' pigment ca lle d metbae;o~lob in (metHbj; which can accumul~te in .. red

-;,,'-;2
, .' -"i/ '" ,-,-.~ ,
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Fllure 1-" 1 A ge!leu.i plt h.WIYror OSH
lu rnover

GSSG
Aty l ~SG

Bouml GSH
Prot ein SSG

' /

R..~rs l ble.....,
Loss

synthflsts

A/IIlno-4;GSHC::

Acids ~

I r rev ers ibl e

""'~. '
' . ' - AJkyl- SG

- Ary l -SG
(mercapt ur f t
adds )
- gluhlllyl

. ~, Pept ldes 1 5-o~oproll ne lI : r- , - f~~~G~:~I:~fl. U~
.. .

.' - h pr es e'nta t 1on of th e r eversible and 1rr everst ble protesses : whlch ' effe ct , ~h e
GSH-GSSGsta tus of cells . (Kosower an~ 1C0sowl!r. 1976); .
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cells. It is i£iiti cal to the physiological function of 'Rb that the ferrous [Il] should

not be oxidized to lerric(m), as metHb is not able to bind oxygen. In normal \

physiological condit ions metHb is continuously being-terme d within erythrocytes

but ill reduced back to lerr ous(ll) enzYrl.latieally (Jaff e, 1964). This is done within

t he cell by a specln; .NADH-metHb reductase •. which maint ains a physiologica'

metjl b concent rat ioD. at about 1% of the total Hb present parCe, 1964). U!l~ally

• . high amounts or metHb of p!lothol~~cal imporlanc e can result Ii) when the rat e of

ro~mation and the am~.u nt of rnetHb overwhelm tb~ ' physiological re~eing

enzyme system; (ii) when t here is a geDetic defect in,the intrae rythrocytic enzyme

syste'm that norm ally reduces metHb or (iii) from the presence of an abnormal

-amino-substit ution 1M-Typ e Hb ap.d Mb'Freiburg).(Btu er" U~·82) .

Meibeejnoglobtaeemtecl!-n: also r~lt from. exposure ~ certain , toxic agentll or

drugs su~l1 as.'pbe~ols t ,arylamioes, bydreaines, nitr ites,' coppet , eulpbcacemid ee,

eceteullid, nitroglycerin, and"~.h.en~~etin . ~·i tb'ese a£c~;e~ate the · ox id~ti~o or .

haemoglobio(Beutler, 1985). t ,oxie meth aemor;,lobinaemia is charac terized. by

elev~ted levels 'or , the gro~ in component :of Hb witboue any NADH-m..e~Hb

reductase ,deficiency, Newborn infants and those up to about '3 months of age

have a tendency to form meU-iJ;. and are thus ,part icularly sensitive to these

oXidizin'g "".subs.tanc es~uer, '1982), Normally, arter proi"onged s,tanding,

oxyhaemoglobln is convert~d to metI:lb which ia brcwir. !"1etHb formation also

accclJppanies 90m~ forms or haemolytic anaemias, 90 that metHb is found in the

serum,'and urine, both 'or wbrc~ tui~ browl:!:

..

-'

{
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1.G. Purpose of Study

The metabolism of naphtfaalene in biological systew has been periodically

"nvestigated io mammals and (ISh [Meleaccn and Leeb, 1979; Buekpitt al!d

War~en, 1983I.The in vitro and l:n moo metabolism of 2~MN has been reported in

tata,; mice, guinea pip and in mertne species (Breger, et at , 19S1; Griffin et el.,

19S2; Tesbima et , al., 1083; Melancon et aJ., ~082;. Malins et aI., ,1070). A

comparative study of the fate of naphthalene and 2·MN in mammals and fISh

in~icates that indu~eJ'll. of hepatic monooxygenase activity s'uch, as p

naphthonavone' or phenoberbitel, s;lectively altered the rate of form~tion of

·- - ---"p,.,""'.ir"'i' --,;:dibydrodiols by hepatic microsomes [Breger et el., 19S1; Melenece et 11.1.;

19S4; Grirfin ~t at ,. UI83). Similar studies on tbe metabolism of 2,6-DMN, 'either

, in . vitro 'or -In ~vo, in ma~malia~ ' systems (especially' in rat) have not . been

_carried out. It was considered both· important and interdting to extend . these ,
4 . ':

studies to the dimetbylnaph~halenes ' which , ~re one of the ' most abunda~t

components of crude oil. In,addition"dimetbYlnaphthale..n.es beve been ,sh~wn to

be 1pxic to some marine species (Anderson et al., 1974).

ln • the preseot , study, 2,8-DMN was selected as a representative

, dimethylnaphthalene because (i) bardlY,anYwork has been done on its metabolism

in mammalian system. (ii) . the . 2,6-position o~. the methyl groups gives a

symmetrical molecule which might limit the number of rnetebclijes (III) 2,6-DMN

is ' available as a radioactive compound . 2,6-DMN is only one oJ, '~llM several

possible. jgom~rs, It ~ay be viewed as ,a model but alone cannot tell the whole

story.

.-
• The metabolism ead toxicity of 2,&-DMNwas investigated using primarily rats

or liver microsO~~ obtained therefrom, The .,m~abolism or 2,6-DM!'l was

examined in liver mtercscmee isolated from'lIntreatedrats as well as rats that bad

been pretreated with-&" varie~~ ' ~f 'agents known to alter the bep~tie mixed

futrttion oxidase activity.' This was done in the hope of identifying the possible'

.., p.iltbway. -by ' which the dirrerent meta~olites are formed, Binding to

"

1~ ,,: ..
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macromolecules , depletion of GSH, and met Hb forma tio'n are generally indicators

of ~xicity of a compound . Hence, such phenomen a were examined to demonstr~

'the pot ent ial of 2,B--DMN as a toxic compound. ! _\ c..
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Chapter 2

Materials and Methods

2.1 . Materials

The (ollowi~g chemicals we're purchased CromAJdri<:hChemical Cc., Milwaukee,

Wisconsin: 2,6-ditnethylnaphthalene, potassium nitrosodisuUonate, lithium

aluminium bydride,acetyl chloride, ro:ridlneand o-pbenylenediamine.

Sodium 'phenobarbital was cbtei ned (rom J,T. Baker Chemical Co.,

Phillipsburg" N,J.{V.S.A.). 3-MetbYlchoiaDetbr~D~. . N'ADP+. isocitrate

dehYdrogeD~e (type N], DL-isoeitrate (type 1), reduced glutathione and oxidized

glutath~one, 'were obtained from Sigma. Chemical Co., St . Lo'uis, Mo. Cobalt

protoporphyrinIX was purchased from Porphyrin Products, Logan,Utah (USA).

.All other chemicals were ~( the 'ighest gradecO~eiallY available.

2,B-Dimethyllg.;.HC)n'8phth:iene .{specific; activity 2.1 mCifmmoleJ was

pur ebeeed from CaJifornia Bionuclear Corporation, Sun Valley, Ca. Tbe

radiochemical purity 'o( th~ compound wu shown to be greater than Q8%t.by

High Performance Liquid C~romatography (HPLC) on a C IS ~Bondapak (4,6 x33

rom) reverSe phase colurri~8lng acetonitrile:water (20:80) which was ebenged in a
·f · . ,.

stepwise~~~~l~t to .a~~ronitrile:methanol:w.ater (60:10:30).










































































































































































































	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Title Page
	006_Preface
	008_Acknowledgements
	009_Dedications
	010_Table of Contents
	011_Table of Contents ii
	012_Table of Contents iii
	013_List of Figures
	014_List of Figures v
	015_List of Tables
	016_Chapter 1 - Page 1
	017_Page 2
	018_Page 3
	019_Page 4
	020_Page 5
	021_Page 6
	022_Page 7
	023_Page 8
	024_Page 9
	025_Page 10
	026_Page 11
	027_Page 12
	028_Page 13
	029_Page 14
	030_Page 15
	031_Page 16
	032_Page 17
	033_Page 18
	034_Page 19
	035_Chapter 2 - Page 20
	036_Page 21
	037_Page 22
	038_Page 23
	039_Page 24
	040_Page 25
	041_Page 26
	042_Page 27
	043_Page 28
	044_Page 29
	045_Page 30
	046_Page 31
	047_Page 32
	048_Page 33
	049_Page 34
	050_Page 35
	051_Page 36
	052_Page 37
	053_Page 38
	054_Page 39
	055_Page 40
	056_Page 41
	057_Page 42
	058_Page 43
	059_Page 44
	060_Page 45
	061_Page 46
	062_Page 47
	063_Page 48
	064_Page 49
	065_Page 50
	066_Page 51
	067_Page 52
	068_Page 53
	069_Page 54
	070_Chapter 3 - Page 55
	071_Page 56
	072_Page 57
	073_Page 58
	074_Page 59
	075_Page 60
	076_Page 61
	077_Page 62
	078_Page 63
	079_Page 64
	080_Page 65
	081_Page 66
	082_Page 67
	083_Page 68
	084_Page 69
	085_Page 70
	086_Page 71
	087_Page 72
	088_Page 73
	089_Page 74
	090_Page 75
	091_Page 76
	092_Page 77
	093_Page 78
	094_Page 79
	095_Page 80
	096_Page 81
	097_Page 82
	098_Page 83
	099_Page 84
	100_Page 85
	101_Page 86
	102_Chapter 4 - Page 87
	103_Page 88
	104_Page 89
	105_Page 90
	106_Page 91
	107_Page 92
	108_Page 93
	109_Page 94
	110_Page 95
	111_Page 96
	112_Page 97
	113_Page 98
	114_Page 99
	115_Page 100
	116_Page 101
	117_Page 102
	118_Page 103
	119_Page 104
	120_Chapter 5 - Page 105
	121_References
	122_Page 107
	123_Page 108
	124_Page 109
	125_Page 110
	126_Page 111
	127_Page 112
	128_Page 113
	129_Page 114
	130_Page 115
	131_Page 116
	132_Blank Page
	133_Blank Page
	134_Inside Back Cover
	135_Back Cover

