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Chapter 1 -
Introduction
1.1. Alkylated Naphthalenes as Envi tal Poll
Naphthalene »s;lld alkylated phth le ially the fftethyl ’
hthal ate the major i of the water soluble fraction of crude m-nl

& tuel orls (Anderson et'al,, 1974) quantities of petroleum enter fresh waters I'rom

sourcu such as oil refineries, petrochemical waste waters, urban s!orm dmnnge'
and from dlsposal of used’ lubricants (Storrs et al., 1973; Boyd et sl 1076). After

'spllls of crude alhr’Fodnes of ‘Water, water-solulﬂe components from the ml may

—

.

remaln even after cleanup, and continue tp exert their _hazardous effects nn the -

.-aquatic environment. The rapid increasein the demand {or and The utilization of

petroleum and ‘petrochemicals has resulted in steadily incréasing levels of
petroleum contamination of marine and estuanne waters. It has been estiméted,
tbst‘ the total annual influx of oil into the oceans is approximately 7 million tons
(Anderson et al., 1974) Oil spills- have caused the loss of large numbers of sea*
blrds, marﬁne and estuarine animals, and have become a serious ‘threat Lo the
envu-onment (Clark, -

973).. Low molecular weight polycychc gromltlc

bulated naohthal

y such as and are known to be

the major water-soluble constituents of crude  oil, and ‘are nlm ma;or by-prodnnls
of combustioh processes (Schmeltz et al., 1974; 1076). Large numbers of aromatic
. hthaleh

p; —
) in sea water extracts

hyd b (chiefly alkylated benzenes snd

P - — "
of crude oils and kerosene have been reported (Boylah and Triﬁ",‘ 1971). Boyd et

al. (1976) showed that in petroleum pollution incidents for 1974 in the U.S., 52% .

" of the volume spilled was in’inland waters (including marine waters),

PR [ L ; I
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. The water solubility of dimethylnaphthalenes from various crude oils ranges

from o.osbppgn to .24 ppm (Anderson et. al.; 1974). Wuer-solubility. of 2,6DMN ~
is 2mg/L (Mackay and Shiu, 1677). . .

In mdu‘stry, methylated naphthalenes are used 8 dye carriers for polyester fibre.

Bey are also consmuents of cigarette smoke. An 85mm cigarette containing U.S.

’efnded tobacco_ Lw:thout filter tips) would give out 220 ng. of
in smoke (Schmeltz et al., 1976). Methylated hal

- y
_are aTso used as a mosquito and black;ly repellant. Oue commercial product
available in the U.S. (*Mosquito Beater®) is composed of 8%_ crude oil and 16%
_methylated nnphthalenes (Witzet gl., 1981 ) )
1.2. Livins Organisms and Alkylated Naphthalenes -

Some tnmor pmmov.mg and co—care\nogemc -activity has been attributed m"
alkylated nnphthnlenu (Horton et al 1957). qphthnlene and alkyl substituted
;aphthnlena are cqncentrated by marine animals, and metabolized with

s snbsequenwxlc effetts (Anderson et al, 1974). 2-Methylnaphthalene (2-MN) is
meubohzed in fish ahd rats (Breger et al., 1081). 2,6-Dimethylnaphthalene (2,6-
DMN) is toxic to polychaetes (Rossi -and Neff, 1078) It ucumnlntes in grass
shrimp (Dillon, 1981), and di the . or i shnmp to the

bined challenge of hypoxia and reduced.salinity (Dillon, 1981). 2,6-DMN also

, " alters the electrophysiological resxonses of lateral line nerves in coho snlﬁxon (Falk

et'al,, 1081). 2-MN-is toxic to the Clara cells of lung and binds to tissue-
macromolecules in ‘mice (Griffin et al, .1983]. The LDyg; of na_p[;nthnlene' given

intnperitoneally to male and female rats is 0.59 % angd 0.60 g.per kg body weight,
mpecuvely l-Methylnaphthu‘]ene and 2MN are less_toxic to the rat than
nnphthn]ene by a factor of about 3 (Rashestyuk, 1970) ,The acute t.oxmty of
| - whole oil is often directly relnted to the concentration of nnphthnlenu in it
(Andemn ‘et al, 1974; Rossl nnd Nef, 1078; Tatem et al., 1978). 2 B-DMN is .
toxic than naphthnlene to m-ny marine orgnnmms (Anderson et al., 1074).

[rSCER A %
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biological ch_n_rapieristics of an sromatic hydrocarbon (Rossi and Neff, l‘s7§). The
chemical structures of naphthalene and some alkylated x;uphthalqnes' are shown in
Figure 1-1. i . - )

1.3. Hepatic Mixed Function Oxid,

In order to exert its biological effects, a bioti d in suitable

concentrations must interact with receptors. The intensity and duration of action

- of a or

absorption, _binding, tabolism, ‘and tion. N foreign 7

ludi Tie hvd £

v the polycyclic b are so hyd|

that they would remain
jn the body‘indefinitely wérg it not for biotransformation. Dﬁring phase I of
metnbul"sm. one or more pn‘)lar‘ groups (e.g. hydroxyl: carboxyl “groups) are
introduced into the parent molecule, thereby ing the phase IT

active spb i
sy is on

enzymes ( eg. glucuronyl transferases and glutathione S-transferases ) with a

substrate.” The conjugateci products are_sufficiently hydrophilic to be readily
. ei(cret:ed through the kidney or(in the bile (Williams, 1967). The
° ,biotrnnsi’ormntion of xenobiotics can occur in several tissues, including liver, ‘l’ung,
i i]:tes!ine, sﬁ‘i’n, and kidney. The liver, how‘ever, is the major Si."e of irnns‘;fmmntion

, of xenobictics. The liver is particularly important for two main reasons: Firstly, it

wp " is:well endowed with "drug-metabolizing enzymes* and secondly, by virtue of its -

“blood supply, the liver tends to receive higher quantities of xenobiotics then do
most other organs., Ingested,. i ly ini or i i 1)

!-administered pounds dre deli

d most rapidly to the liver.

Phase I biolrn‘ns!ormatiox_:; s most often carried out by the cyt. P-450 mixed -

function oxidase system which resides| primarily in the endoplasmic reticulum of.
c;:lls. This enzyme system corisists of o haemprotein termed ci‘loci}ron;e P-450
o © eyt Pg4SQ):und a flavoprotein called NADPH-c”;'t. P-450 redlic.ta_.se (also called
! NADPH-'n?'t. ¢ reductase) and requires phospholipid for activity, There is alsé an

e . " absolute requirement, for NADPH and molecular oxygen. C)Y. P;Aso’unla!ns the
e substrate gnd oxygen-bindi_ng sites”of the enzyme system,’ while the reductase
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Figure 1-1: . %
|
.
1 !
. i ) .
1

" rmenm
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The chemical structures of naphthalene and some alkylated naphihalenes.
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serves as an electron carrier shuttling electrons from NADPH to the cyt. P-450-
substrate complex. s Another Jaemprotein, cyt. b, is also present in liver -
biotic and end i,
substrates (Cummings et al., 1984) "The types of chemical transformations carried
out by cyt. P-450 in hepatic mlcrosomes mclude oxldahve reactions in which an

3.5

‘and may particip: in the or

atom from. molecular oxygen is inserted into m organic molecule, ‘as in .shphahc
and aromatic  hydroxy , - N-oxidati alfoxidati id

desulfuration, deamination, and N-, S-, and O-dealkylations. Cyt. P-450 also
effects reductive reactions involving direct electron transfer (e.g. reduction of azo,
nitro, N-oxide, and epoxide groups) ‘as well as dehaloanahon reactions (Gillefe,

ﬁm, Coon, 1978; Guengerich et al, 1084). A genefal metabolic pathway for

bioti: boli lyzed by the ~mi | mixed function oxidase
enzyme . system is shown in Figure 1-> Hydrophobic subsmtu are. readily
hydmxylated élther directly or" throllgh the rormnuon of reactive epoxm
intermediates. Epoxides may (a) chemlcslly rearrange to _phenols, (b) be hydrated y

\to dihydrodiols in a reaction catalyzed by epexide hydrolase, (c) and / or

vith cellular

% in a reaction catalyzed-by the glutathione 5
trsnslefases Phenols and dibydrodiols may readily be conjugated with glucuromc
acid and sulfate, and excreted via the kidney or bile- duct. The glutathione
conjugate can be excreted in bile and, after conversion to mercapturic acids, be
excreted by the kidney. In addition, being " reactive, electrophilic molecllles,
el'mxides‘cap bind to and modify cellular macromolecules such as DNA, RNA and
proteins with pl;ssi\?le resulting toxic and carcinogenic effects (Nebert, 1982).

¥ Thé diveni;y of substrates for’ this enzyme system and the variety of

rmsfnrmatmns that it effects makes it a umque ‘enzyme system among hvmg
orgauums It brings about chemical chnnges both in phymologlcnlly important
_substrates such as fatty acids, steroids, and proataglnndms, and. also in a host of”
‘foreign substances such as petroleum products dmgs, pasucxdes, lnnes!hetdcs, and
chemlcal ifiogens, as well as miscell organic 1b Iy mund

on the laboratory shelf (Coon and Persson, 1980).-
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* ‘The activity of hepatic mixed function oxidases can be enhanced or-decreased *
‘by treating the animal with various chemicals or environmental agents (Coon and

Persson, 1980). Different effects result. The rate of ex¢retion of a chemical may be
increased. It may :be rendered more or less "nctive pharmacologically or
toxwologlcally It is currently recogmzed that at least 10 sub-members of the cyt.
P-450 Imlly exist, and that different xenobiotics induce dlﬂerent cyt. P-450s. The
different cyt P-450 members are distinguished on the basis of their spectral

b b ificiti

(in some cases), molecular weights and

.immunoiogical reactivities (Bres’mick et al, 1984). It \has Lecome increasingly
apparent ‘that different forms of cyt. P-450 may géherate different ratios of

metabolites from the’same substrate. Two major sibmembers of the cyt. P-450

'»I‘a.ynily are designated -as cyt. P-450 and cyt. P-448. These are induced by

(e-g. phen ital, PB) and polycyclic aromatic (e.g.
3 ylcholanth 3-MC), respectively (Alvares et al., 1987; Breshick et al.,

iﬂs_ll. Various groups have shown that purified cyt. P-§50 ‘snd . cyt. P-448 |

hydroxylate substrates like biphenyl, 2 laminofl

lalp , each at predomi different

n-hexane, and b

positions thus producing different metabolic profiles (Jefcoate, 1983). Differences

in Lhe-m:pnbolite profile of a polycyclic hydrocarbon or other foreign chemical

reflect p sumed diff L in the acti ites of various forms of cyt. P-450 and
in the nature of tile intermediates formed. Differences in the reactivity of these
intermediates might therefore result in marked dissimilarities in the toxicil;y or
of a given d (Nebert, 1982). . . '
N

1.4. Ensymes of th I and Phue II Detoxication

“
Dewxncnuon is l'reqllently not the act of a single enzyme but the resnl! of

'sequenual ‘action by several of ‘them. Benzo[n]pyrene, for example, i sequentially
. subjected to oxidation by the cyt. P- 450 oxidases lo Iomr an epoxide| hydmuan of
- the epoxlde catalyzed by epoxide hydrolue to form a diol, and a s cond. nn;e of

idation  to yield a diol-epoxide before the f i i7 a powerl‘nl
At

P L P

lectrophile and cardi is complete”’ The sub jon of the



epoxide could be catalyzed by glutathi to form the dil

! thickther con,ngnte with GSH, or by enzymic hydration of the epoxide nng
catalyzed by epoxnde hydrolase (Jukoby, 1980).

1. Mier | Enzy of Phase I Metabolism of Xenobioti

litl.l. NADPH-cyt.c reductase [

- NADPH-cyt.c reductase is a flavoprotein and is‘llocalized in the endoplasmic
‘reticulum of the cell, Fhis Navoprotein supplies electrons from NADPH for the
oxidative reactions mediated b); cyt. P-450 (Masters, 1980). The hydroxylation
cycle mediated by cyt. P-450 requires two electrons to be introduced into the cyt.
P-450 molecu‘ dlmng substrate biniding, oxygen binding, and/the concomitant
intramolecular oxxdmon-rednclxon steps leading to the final products of the
reaction. It is known that NADPH-cyt.c reductase is necessary for this process,
but it is not known whether it is sufficient in the micfosomal Bystem for suppling
both electrons. The oxidation-reduction states which NADPH-cyt.c ruductue
'undergnes during cntnlytlc turn-over hnve been the subject of much dlscnsswn
{Masters, 1980).

1.4.1.2, 7-Ethoxyresorufin O-Deethylase

7-Ethoxyresorufin .is

cyt. ‘P-448, while untreated -and
phenobarbital treated rat liver microsomes exhibit negligible activity (Burke et
al., 1077). Lo

1.4.1.3. Benso[a]pyrene Hydroxylase

Cenlin forms of cyt. P-450 have associated aromatic hydrocarbon hydroxylase
(AHH] activity mduced by polycyelic aromatic hydmeubnns The assay for AHH
activity with the use of b a)

product formed has remmned a relative index of BP mutnbolum Benzo(n]pyrene
hydroxylase can both detoxify polycyclic hydrocarbons as well as ncuvate them tu
more carcinogenic forms (Whitlock nnd G:lbom, 1082).

iallyp O-deethylated by liver mi from &
° riféthylch lanth treated rats -

(BP) as sub  and 3-hy BP as the”




1.4.1.4. Epoxide Hydrolase - L

Epoxide hydr is linked functionally and perhaps lly with mixed
- funetion_oxyg es in liver endoplasmi i It hydrolyzes arene oxides, ‘

-

which are formed as reaction intermediates during several, perhaps all, aromatic )
' .
hydroxylation reactions and produces aromatic dihydrodiols (Oesch, 1073).

1.4.2. Mi | E: tes of Phase II Metabolism of Xefiob

1.4.2.1. GSH S-Transferases

& The transferases ue<; family of detoxifying -gnzyms that catalyze the
. conjugation of the sulfhydryl group of reduced glutathione with a wide variety of ¢
o lectrophilic sub The jone adduct formed in the first step is usually :

. cqnve’rted to a mercapturic acid derivirivg which is excreted via®the kidney

(Boyland and Chasseaud, lbﬂh). In rat the mnjo( portion of the activity ls in the,

cytosolic fraction of the hépatocy ‘, but ,GSH S rase, activities have also
- been observed at a lower level in microsomes and mitochondria (Mannervik, et al.,
1083). ; 3

I 1.4.2.2. UDP-Glucuronyl Transferases

}IDP-,Gluc_.n‘rénylr _transferases are located in the endoplasmic reticulum of the __
cell and catalyze the conjugation of ; variety of endogenous and exogenous
compounds with UDP-glucuronic acid thereby renaerin[ the ]?MI;CLI more water-
' soluble and more readily excretable via the kidney (Jefcoate, 1683). _U_'DP-
glucuronyl transferases function in close association with the microsomal mixed
function oxidase system, since many substrates hydroxylated by the latter are
“then subjected to conjugation. The enzymes can be induced. by 3-MC, PB, or

stilbene oxide (Jefcoate, 1983). ;
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1.5. Mgta‘bollnmsof Alkylated Naphthalenes ,
Few inveatigati ing the biotransformation of low mol weight
3 aromatic hyd b like and alkylated hth have been |,

conducted. This is probably due to their lower carcinogenic potential when
compared to polycyclic hydrécarb_ons such as benzo[a]pyr;zne and 7,12-dimethyl
benzanthracene. - Boyland (1950) proposed that aromatic hydrocarbons are
meubolizedivia. epoxides. The ' latter may give rise to dibydrodiol-epoxide
inte}mediates (Daly et al, 1972; Wong et-al., 1980). These reactions all .involve
the cyt. F;450-linked1 monooxygenue system (Coon:and Persson, 1980).
¢

. The Appnrent K for 2, B-dlmethylnnphthnlene for coho salmon liver microsomes ; 3
" was found to be 15.3 4l /nnd that for naphthalene to be 300sM (Schuell et al.,
1980). Salmon x_n‘et‘nl‘aolize 2,6-DMN-'€0 naphthols and dihydrodiols, pxubnbly .
through reactive eﬁoxida intermediates (Malins fet al., 1679). Orally administered
2,6-DMN w\u'rndily taken up and metabolized by coho salmon, and both the

hydrocarbon and its metabolites ‘were found.in liver, musele, blood and brain of
DMN-exposéd fish (Collier et al., 1983)._Among dlﬂe{ent species of fishes there is
a-marked difference in the primary mgtsbolum of nlkyhted naphthalenes. Alkyl

idation of 2,6-DMN : predomi over aryl oxidation in starry flounder,

e "i»’wlz’e'reis‘ aryl oxidation is dominant in .coho salmon’ (Collier et il 1083). Sea
urchins metabolize ili(yl substituted aromatic hydrocarbons primarily through
aromatic ring oxidation (Malins und Roubal, 1982). The bile of the non-induced
rainbow trout exposed to nqueous [“C]2 MN" has a greater ratio of 2-

” hydroxymethylnaphthal to dlh drodiols than ﬂm of the p-naphthoflavone
* induced trout (Mehncon and Lech,.1984). }Naphlhoﬂnvone pretrented trout have

greater i of total boli and 5
d|hydrod|ol metabolites of 2-MN in the bile (Melancon and Lech, 1984).
Considerable work on. the bolism. of methylated naphthal (especially

dlmethylnnphthnlenes), has been done on marine life, but less has been reportéd in
mnmmals In mice 2. MN causes pulmonary toxicity (Griffin et'al., 1983). Grimes
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and Young (1956) studied the metabolism of 2-MN in-rabbit, rat, guinéa pig and

mouse. They reported the jon of “ halene-2-carboxylic acid and the

dihydrodiol of 2-MN. Kaubish et al. 11972)‘ provided further information by

synthesizing 2-methyl- and 1 Z-dlmethyl-nnphthalene 1,2-oxides and their phenolic

rearrangement products, and compnred Lhem to the phenols produced by rat
hepatic mi; ; They luded that the [c ion of arene

oxides with slkyl subsmuents on the oxirane rmgs did not appear to be a major
pathway for hepatic metnhollsm Migration of methyl groups as well as apparent

migration of oxygen occurred during i of methyl substi .arene
oxides, The ratio and nature of rsomermuoanroducts varied wrth reaction

i

that multiple. pathw, are op

3 renrrangerrrents. Major produ’cﬁ of 1 hylnaphthal 2-methylnaphthal

in these

&Y
and 1,2-dimethyl-naphthalene with guinea pig microsomes were 1-naphthoic acid,
. 2 hthoic acid and 2-methyl-1-naphthoi aéid, espectively. Breger et al. (1981)
isolated three isomeric dihydrodiols from rat a‘nd runbow trout. microsomal

incubations which were identical with those obtam{ed from the urine of rats fed 2

" MN. Inin vitro studies.the formation of rpgtaiml{tes was reduced by incubation
in the\ presénce of carbon monoxide, omission “or NADPH, or use of heat
denatured microsomes,' implying the involvement, of cyt. P-450 linked mixed
function oxidase activity. Pretr with” phenobarbital or -naph

selectfVely altered the-rate of formation of specific dihydrodiols by rat Ilver
rrncrqsomes (Breger et al, 1981). Recently, -2-hydroxymethylnaphthalene and’
three isomeric dihydrodiols shown to. be m; 3,4—dih‘ydroaiol, 5,8-dihydrodiol, and
7,8-dihydrodiol of 2-MN. have been isolated (Breger et al., 1983). This-suggests
- that the cyt. P-450 dependent mixed function oxidase system can form epoxides
on an aromatic rin‘g with an alkyl group attgched to lL.
fn rat, the ma]or urlnnrymelnbuhle of 2MN was the ‘glycine conjugate of 2-
napthoic acid suggestmg extenswe metnbolum of the alkyl group (Melancon et al.,

1082). Minor products were dihydrodiols, indicating some ring oxidation as well
(Melancon‘et al., 1082). »
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In guinea pig, the m‘ajor niinury metabolites wer’; oxidative products of the
methyl group of 2-MN, namely z-nnphthmc acid nnd its glycine and glucuronic
acid conjugates (Teshima et al., 1983) These studies suggest that oxidation of the

“ methyl group rather than ring oxidation ls_ths major reaction which facx!:}'am the
urinary excretgn of metabolites. S-(7‘-Melhyi-l-n3phthyl)_cysleine. and glucurox\:i‘c

acid and sulfate conj of 7-methyl-1-naphthol, were also identified

as minor

urinary metabolites (Teshima et -al., 1983). &

A summary of these transformations’is shown in Figure I-3,

', s .
Pulmionary and hepatic microsomes from DBA/2J mice metabolized 2-MN to

three dihydrodiols and 2-(hyd: byl)naphthalene wheress renal N
du ’?, d hyl) \! but no d ble dihydrodiols (Griffin
et al., 1083). . o U By .

. 1.6. Binding to Cellular Macromolecules

The incubation of napl‘nh_nlene, or l-nabhtgﬁzl with Tat_liver n}icgosomes in the
_presence of s‘NADPH-rcgeneraling system lealls to the formation of reactive
metabolites’ which bind irrevusibly to protein. It. was suggested that either
quinone or semiquinone metabolites were involved (Hesse and Mezger, 1979). A
recent study with isolated hepatocytes supports the :uggesuon that the toxicity of
I-naphthol may be mediated by the formation of 1,2-naphthoquinone and/or 1,4~
B nnphihqquinan_g,_ which may then undergo one electron red‘uction to

naphthosemiquinone radicals (Doherty et al., 1984a)., These, in turn, may

covalently bind to important nelﬁlar mdcromolecules or enter'a ‘redox cycle with =

molecular dxygen thereby generating active‘oxygen species (Doherty et al., 19843)

Itis noteworthy. however, that i m mice the Clara cell is a target for the c-ytov.oxlc

actions of 2-MN, which binds \rreverslbly to the cell microsomal proteins (Griffin

et al., 1082, 1983). Lung hssua, has a low capacity for metabolizing xenobiotics,
and glutathione concentrations in viva_are not much- depressed. In vivo
compounds ‘whi‘ch depress glutathione concentrations in liver m:{-, after a large




Figure 1-3:
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.. dose, cause effects in the Iuﬁp, including a decrease in glutathione. This suggests

that active metabolites are transported from the liver (Buckpitt and Warren,
" 1083). el 5

1.7, Reduced Glutathione (GSH) and Detoxication > .

~ Boyland (1950) suggested that polycyclic’ aromatic hydrocarbon metabolism

proceeds vias epoxide@prene oxide) formation. This is mediated by microsomal

mixed function oxidases (Jerina and Daly, 1974). Epoxldm can react with GSH in
a reaction cmlyzesl by a series of enzymes known 23 GSH S-transferases. Booth
et al. (1961) showed that conjugahon of GSH with naphthalene required not only
. the presence of liver microsomes and NADPH but also/the presence of rat liver L~
' . cytbsol which contains the GSH S-transferases. The- lormm‘.lon '3[ epoxides ‘which H
can react with GSH, " has also been demonstrated for other polycthc
! KR N hydrocnrbdns (Grover et al, 1972). Most epoxides are reactive and therefore

» potentially toxic to biological systems~Phe intrinsic stability of the epoxide with

- respect to spontaneous isomerization to t.ke‘ phenol or hydration to form the
dihydn(diol, and the relative affiglties of the different enzyme systems for a
particular. epoxide in different species may decide which route of metabolism is
dominant, and may regulate the potential toxicity of the epoxide to biological
_systems (Grover ‘et al, 1972; leriia et al., 1974). The formation of epoxides and
diol-epoxides is thought to be of great importance in carcinogenesis by polycyclic.
aromatic hydrocarbors, and diol epoxides ‘are regnr'ded as ultimate carcinogens in

.most cases (Sims et al, 1074). : . 2

‘The liver is an imp organ of b ion and, app i , GSH
levels are rellhvely high (about -170 mg/lOOgI in rat liver (Chmesud 19786).

: Messurement of hepnuc GSH 'deplenon, or even extrahepatic GSH depletion, can
provide a useful indication of the protective role of GSH against potentially toxic
compounds (Chasseaud, 1976). Hence, GSH may be regarded os an endogenous
proteétivq agent with which‘drugx, pesticides, and other ren'ctive compounds (tlm‘\ 4

bility to lent] _l?ind to biologiesl mfe lecules) react to form *

have the

’ conjugates which are readily excreted.




Nearly all of the glutathione-in tissues is present as reduced glutathione (GSH)
with less than 5% of the total being present as glutathione disulfide (GSSG). This
thiol redox status is maintained by intfacellulsr GSSG reductgse god NADPH

\ .(Reed and Fariss, 1984). Depletion of GSH by rapid conjupmn can cause GSH

syn esis 4t rates upto 2 to 3 pmoles/h/g of wet liver tissue (White,” I010) _The
Tiver GSH content in rat und diurnal or circadian variati 5nd is altered
by starvation and chemical lrestments The diurnal variation in hepatic GSH

content results in the highest GSH Ievels in thé hight and early morning and

lowest levels in the late afternoon with ma.xlmum vanntwn of as much s 28%
30% (Reed and Fariss, 1084).

A general pathway for GSH turnover is shown in fi gure'l 4.Experiments carried

“~Gut using mice indicated that admmu!rstmn of GSH or cysteine before and after

a dbse of 2-MN greatly dlmlnlsh!d the toxicity of 2-MN, while the administration
of diethyl maleate (which depletes GSH) before 2-MN ' enkianced the. toxicity of 2-
MN (Teshima et al., 1983). 2-MN has been shown to conjugate with GSH.in the

» presence of guinea pig liver 9,000g suﬁematnnt and, when 2-MN was given to

guinea pigs orally at a dosé of 500mg/kg body wt., the cid soluble sulphydryl
fractior in the liver decregsed by "40% {Teshima et al, 1083). It is possibl that
some of the ring oxm‘ntlon metabolites of 2-MN are responslble for its

effects, and that these are detoxified by conjugation with GSH and cystei

d earlier, ’ GsH 1jugati yLsone of the main pathways of detoxnl‘ica‘on

of xenobiotics in\\ ammalian species.

1 8. Methumog,lohin

The ability of hé‘mﬂglobm (Hb) to bind rEVerslbly W|th oxygen is cllled~

*®oxygenation". Un: er_ certain coqdltmns the iron of; the haem moiety binds

i oxygen so closely that it is. unable to dissociate and 4is therefore not available for

respiration. Oxidation of Hb, in-which the iron of the ﬁlem moiety is bivalent

_ferrous(ll), to the trivalent ferric {[[l) form results in its transformation into &

. : ”
brown' pigment called methaemoglobin (metHb), which can accumulste in.red

Q
KO
.




Figure 1-4: A general pathway for GSH
turnover
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“arnino-substitution (M-Type Hb and Hb Freiburg) (Béue, 1082).
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cells. It is éritical to the physiological function of Hb that the ferrous (II) should

not be oxidized to ferric(Ill), as metHb is not able to bind oxygen. In normal

ditions metHb is it being-formed within erythrocytes
but is reduced back to ferrous(ll) enzymatically (Jaffe, 1964). This is done within
the cell by a speclhc NADH-metHb red . which maintains a physiol

metHb concentration at about 1% of the total Hb present (Jaffe, 1964). Usually

’ hi{;h amounts of metHb of pathological importance can result (i) when the rate of

formation and the amount of metHb overwhelm the physiological reducing
enzyme system; (ii) when there is a genetic defect in the intraerythrocytic enzyme
system that normally reduces metHb or (iii) from the presence of an abnormal

Methaemoglobinaemia can also result from. exposure to certain toxic agents or
drugs such as phenols nrylammes, hydrazines, nitrites, copper, sulphononmxdes,

haeroglobin ‘(Beutler, 1985). Toxic h lobi ia is ch ized by

glycerin, and phenacetin. All these accelerats the oxidation of.

eleviited levels of the globin component of Hb without any NADH-metHb

reductase deficiency. Newborn infants and those up to about '3 months of age
have a tendency to form metHb and are thus particularly sensitive to these
oxldlzmg substunces (Bauer, 1982). Normally, after pmlonged s_tmldlng4
oxyhaemoglobin- is converted to metHb whigh is browm. _N,[etHb formation also
accompanies some forms of haemolytic anaemias, so that metHb is found in the

serim-and urine, both of which turn browg.




“ - carried out. It was

1.9. Purpose of Study

The fabolism of hthal in biological systems has been periodically
in Is and - fish (Melancon and Lech, 1979; Buckpitt and
Wnrren 1983).The in vitro and is in vivo metabolism of 2-MN has been reported in

rats; mice, guinea pigs and in marine species (Breger, et al., 1981; Griffin et al.,
1982; Teshima et‘nl., 1983; Melancon et al, 1982; Malins et al, 1970). A
- comparative study of the fate of naphthalene and 2-MN in mammals and fish

indicates that inducers of hepatic monooxygenase activity s\lch. as f#

or | electi ly altered the rate of formation of

specific dihydrodiols by hepatic microsomes (Breger et al., 1081; Melancon et al.,
1984 Griffin et al., 1983). Similar studies on the metabolism of 2,6-DMN, ‘either

“in vitro ‘or in {nw, in mammalian- systems (apecxally in rall have not_been

studies to the dimethylnaphthalenes which are .one of the most abundant

components of crude oil. In addition, dimethylnaphthalenes have been shown to
y 2 :

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

In - the present. study, 2,8-DMN was selected as a representative

. dimethylnaphthalene because (i) hardly any work has been done on its metabolism

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

_ symmetrical molecule which might li}riit the number of metabolites. (iii) 2,6-DMN

is' available as a radioactive compound. 2,6-DMN is only one of ‘ilie several

possible_isomers. It may be viewed as a model but alone cannot tell the whole
story. ° - *

The metabolism and toxicity of 2,6-DMN was investigated using primarily rats

or liver mi es obtained theref: The et boli of 2,6-DMN was
d in liver mi isolated i d rats as well as rats that had

been pretreated with a variety of agents known to alter the hepatic mixed
furfetion oxidase activity.- This was done in the hope of identifying the possible
._pathways -by “which the different metabolites -are formed. Binding to

idered both’ i and i ing to extend these .
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macromolecules, depletion of GSH, and metHb formation ;re generally indicators

of toxicity ofa d. Hence, such ph were ined to di .
‘the potential of 2,6-DMN as a toxic compound. ' \ c
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Cﬁdpter 2
Materials and Methods
2.1. Materials

‘The followin; chemicals were purchased from Aldrich Chemical Co., Milwaukee,
Wisconsin:  2,6-dimethylnaphthal i

disulf lithium
aluminium hydride, acetyl chloride, pyridine and o-phenylenediamine.

Sodium ‘phenobarbital = was obtained fl:om J.T. Baker- Chemical Co.,
Phillipsburg, | N.J(US.A). - 3 ent

NADP*,
dehydrogenase (type N), DL-isocitrate (type 1), reduced glutathione and oxidized
glutrfthion:, ‘were obtained from Sigma Chemical Co., St. Louis, Mo. Cobalt
protoporphyrin IX was purchased from Porphyrin Products, Logan, Utah (USA).
All other chemicals were of the highest grade cow‘éinlly available.

2,&Dimezhyl[s-“c]nnpmhﬁene (specific, activity 2.1 méifmmole) was
purchased from California Bionuclear Corporation, Sun Valley, Ca. The
radiochemical purity \l this compound was shown to be greater than 98%gby
High Perfe Liquid Ch

hy (HPLC) on a C,g yBondapak (4.6 x33

mm) reverse phnqe column \using acetonitrile:water (20:80) which was changed in a_

stepwise gmdie‘ntrw acetonitrile:methanol:water (60:10:30).
o Sl & .

-

3
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