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' metabolites such as

v < . ABSTRACT °

When it was incubated with herri‘ng gull or human
e,
erythroc¢ytes Prudhoe Bay crude oil (PBCO) was found to

induce methemoglobin formation, heno'lysis and glutathione

-dep’letlon'! In the- presence “of a netabu'l(ft'actlvatlnn system

such as rat Hver.m|crnsomgs plus NADPH, (these ‘effects w_e]r}
greatly enhanced. h _/
Components o; crude oil s‘uch as nap’hthalene ant‘i methyl-
ated naphthalenes: induced methemq‘gﬁi‘ln formation -in vitro
in ery‘tnro:ytes only when H.ver microsomes and NADPH were
present in th.e' incubation medium. However, ;la-phthalene .

o al’:d '1_,'4-napnt,1|}qu|nong.;1.72- and
1,4-dihydroxynaphthalene and f—niphthal redu!red no’ meta-
buHc activatign to produce toxic effects. In these studies
naphtha'lene was used as 2 model to 1nvest|9ate the mechanism
of PBCO toxicity in erythrocytes. =

“The aliphatic, aromatic and_ heterocyclic fraan_ns of
Prudh:)e Bay crude oil were tested on the developing chick
embryo for toxicity ‘(in_terms of mortality)-and influence on
cytnchrbm‘e P-450-and ary’l h,ydr‘;c‘arbon hydroxyla‘se’indunuon.

Induction of these enzymes by the fractions of crude oil wa}

"studied in the liver, kidney and lung. The aromatic fraction

was found to be r:e'sponslb'le for moqt of the emhry; tdx_icity

and enzyme inducing ability, based on its concentr‘aﬂon in ‘
% - '
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PBCO. Although the heterocych fractinn was less than 7%

(w/v) of PBCO, on a we!gr\t equiva'leﬂfhasis. it was;gppv‘oxh \
mately. as potent as the aromatic fraction ln causing embryo
toxiciyy and iv;ducing increasgs in levels of‘cyto}ﬁr“ome P~

450 and aryl h;ydroe’arb’cn hydroxy\ase The a1gphat|<’:
vfructlen had no toxic or 1nduc~t1ve effects These results®
suggest that embryo ’toxuty may b ué’ to the metabolism of"

aromat!c compaunds to rglore toxC‘1 derivaHves by aryl
_hydro:arhon hydroxylase . . \
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" INTRODUCTION
1.1 petroleum ’ . 2
o -
1.1.1 The'effect of oil on birds -
. . \
'1.1.1.1 Introduction .
g The death of Sea birds .fr:)l 0i1 pollution receives 2

H:‘?of'publici!y. In addition, because of its visual

impact,” @iling produces an emotional reaction stronger than

does death through other pollutants. Be ausé of this, much
research has been performed on the impact of oil®on jndi-
vidual birds, populations and ecosystems {Vermeer and

Vermeer, 1975; Bourne, 1976; Holmes and Cronshaw, 1977').

The following is a brief summary of some of the effects of -

0il on individual birds.
2
1.1.1.2 B¥chenical and physiological effects
,‘The dir:c‘t eff'egt of oH_ on 2 bird is to disrupt the
feathers, which are respansible for’main_tahﬂng water-
_repellance and heat fnsulation (Holmes and Cronshaw, 1977).
The loss of this insulation increases metabolic agnv!t_y to
maintajn body tamperatu_re (H;t_ung. 1?_6]). i‘oriallty can

{
1




/
i result from rapid exhaustion 6fv'in. and mu;cuTar energy
\‘. — reserves.. ’ 2 f—
Birds can also_ ingest 0il by preering theu o1Led
feathers (Hartung, 1963), or by eating cantaminated food
Many p'hy_siq'logica’l chang‘eS\have_ been reported in stud"le‘s,
_1nv01v¥ng ingested oil. Osmoregu'lator and hormone changes
heve been found (Hu)mes, 1975 bgaka'll et al., 1981), also
. |mpa|rment of we!ght gain -of youhg birds (M(ller et al.,’ '
197&)..i7nduction of ﬁepagic enzyly:es (Gors]‘lne et a'l., 198‘1).
an’d-cth’er pﬁtho]ngicél g.ffe:t"s (Holmes et al., 1978).. The
¥ egg laying frequency and ﬁat‘c,h‘lng‘ success of eggs are kﬁuwn
to be 1lqpaireq by'reh_tive’lyvsman amounts of ingested oil
(Ainley et al.,’1981). Small gquantitfes of oil or oil
product_s_, when applied to -the‘surf'a'ce ‘of eggs, are known to
ki1l the embryo at certain stages of deveiobw;ént in the
e labnratory (see Introduction 4. 1) and . in the field (Birkhead‘
et al,. 1973) . ’

1.1.2 Co‘l‘pos{t!on‘of crude oils
be \
The composition of petro]eum crude oil h -been
d1scussed in great detail by Tlssot and Welt (1984) and Hunt
(1979), and all 1nformaKHon given in this section fis based

on these two sources unless stated otherw(se. 2

’

\




-'10%.0f the composition of PBCO (see table 1.1).

—~~

The chemical’ composition of crude oil from different
regions a}m even-fr_o_ll a‘part’i:ulnr"grmaﬁon varies exten-
sively. Hydrocarbons are the m‘ust ,ibur;lnt compounds in
crude oils, accounting for 50-98% of the “total cpmpusn(nn
(Clark and Broun,,717977). Nyst-:rdde oils contain the higher
relative amounts of -nyﬂrnurbnns. The elemental composition
:unsi'sts mostly of carbon (ad-azx) and hydrogen (10-15%).
Sulfurv(0-10%), nitrogen (0-1%) and oxygen (0-5%) are

1mportant minor elements un-d are present as e'lemenu'l sulfur

or as heterocyclic cnnst!tuents and funcﬁenal groups. The‘

NOS compounds are c‘bmpounds which c_ontain the elements N, O
and S. Trace metals such as V, i, Fe, Al, Na,-Ca, Cu and U
also exist in crude oil. ¥ =

Tahle 1.1 presents examples of the composition of ;hree

crude ofls (National Research Council, 1985): A discussion

|
of the composition of crude oils will not be pr#sented'

because they conhln thousands of d(lﬁrent’.:lﬂemlcal
{

compounds due to 'lol&cular s:ramang" during fo -aNon.

Kovever, it is important to note that of the three crude %

oils pr:sented 1n table l.l, PBCO has the Mghest aromatic
:nntént.‘ Naphthalene was chosen as a ‘model to
Mochemica.I responses of red blood cells when fexposed to

PBCO because naphthalene and its derivatives co prise about

tudy the'




i )
Table 1.1. The composition of three crude oils

|

|- Crude 041

. Prudhoe ~South 7
Component Bay Louisiana Kuwait
Sulfur (wt %) .0.94 0.25 2.44
Nitrogen (wt %) 0.23 0.69 _0.14
Nickel (ppm) 10 2.2 &
Vanadium (pp .20 1.9 28.
Naphtha fr‘ictlon (wt %) <23.2 18.6 22.1

Paraffins 12:5 8.8 16.2 |
Naphthenes . e 7.4 < Tl 4.1/
Aromdtics . ’ 3.2 2.1 2.4
. ‘Benzenes 3 0.3 0.2 . 0.1
... Toluene" 0.6 0.4 0.4,
Cg aromatics 0.5 0.7 0.8
* Cg aromatics 0.06 0.5 0.6
Co aromatics - 0.2 0.3
C” aromatics - 0.1 g%‘
High bo|11ng fractinn (wt %) 76.8 8l.4 77.3
Saturates 14.4 56.3 34.0.
n-paraffins 5.8 5.2 o4
c11 0.12 *0.06 0.12 -
12 0.25 ° 0.24 0.28
C13 0.42 0.41 0.38
Clg — 0.50 0.56 - 0.44
15 0.44 0.54 0.43.
C16 0.50 0.58 0.45
C17 e 0.51 0.59 0.41 .
18 0.47 0.40 -0.35
19 0.43 0.38 T 0.33
£ A S
21 . . 0.
A O 0.24 0.5 0.17
T .Cp3 . 0.21 0.16 0.15
24 ¢ 0.20 0.13 0.12
C25 ; 0.17 0.12 0.10
C26 0.15 0.09 0.09-
27 0.10 0.06 0,06
C28 - 0.09 0.05 o¥s
C29 0.08 0.05 - 0.05
€30 . 0.08 0.04 0.07
C31 0.08 0.04 0.06
€32 plus 0.07 " 0 . 0.06
Isoparaffins - 14.0 13.2
1- rlng c,yc'loparafﬁns 9.9 12.4 6.2

R




_TABLE 1.1 (continued) \

F=4

Component:

2-ring cycloparaffins
3-ring cycloparaffins
4-ring cycloparaffins
5- ring cycloparaffins
6-ring cycloparaffins
Aromatics (wt %
Benzenes
Indans and tetralins
D!naphthenobenzenes
Naphthalenes
Acenaphthenes”
Phenantlirenes, -
Acenaphthalenes
Pyrenes
‘Chrysenes =~ - x
Benzothiophenes -
Dibenzothiophenes
Indanothfophenes
Polar materials (wt %)
Insolubles

N
roconNAL . ORwa
Dinthi s § Intolo bl iniod i

wobworONRNRES |,

Na B

-
wNowno

os oo

—

NOTE: These analyses represent values for one ~typical
oil from each of the geographical
composition can be expected for oils produced from different
formations or fields within each region (Hational Resenr:h

Council, 1985).




« 1.2 Naphthalene metabolism
7 . :

Pathways of naphthalene metabolism have been’
extensive]y studied in vivo and in vitro. A general
metabolic pnthway ¥s, aresented in figure 1.1. derim et al.

(1970) 9rov1ded d1rect evidence for the formation of 1,2-

naphthﬂene oxide as_"lhe ob]!gator_v intermediate® in the
e formation of all in “vitro ‘naphthalene metabolites. A'Itv;ongh

the 1,2~ naphthalene oxide has not been detected In vivo;

/ evidence for its formation has been demonstrated in rats by

using precursor- prnduct ra'(ationships (Horning et al.
1980). Thé enzyme respunsible for the above conversion is a
. cvytochr'ol'ﬁe P-450 dependent monoxygenase. \ence this highly
5 . reactive intermediate is formed, it can react-with reduced .
& 4 glutathione to form the .cnnjugate S?(l,é-dihydra-z-hydroxy-
1= naphth,yl) g'lutath'lone 1,2-Naphthalene oxide can.also be
cnnverted by m{crosomal epoxide hydrola,s‘e ‘to tr;ns—l,z-
dihydrb 1,2- dihydraxyuaphtha]ene or it can rea’rrange‘
t nonenzymatically to, 1- navhtho'l and 2 naphthol by the NIH "‘**L
b shlit. Experiments by Jerina et al (197ﬂdemﬁ?trated that

reurrangement -of naphthalene oxide to 1- naphthﬂ is predomi-
nant-over formation of 2-naphtho1 (88-9(87 versus 2-12%

respecti v;ely). - . ’
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Although the primary metaboliSm of naphthalene involves

. the formation 6f trans-1,2 ‘dilhydf'o-l,Z-dihydroxynaphthalene,‘

l-naphthol, and the g'lutatafone conjugate of naphthalene,

secnndary’metabo”sm the first two compounds ié

responsible for‘prudu?:l’ng toxic metabolites. Naphthalene -

_dihydrodm'l/ is converted to l.z-dihydroxynaﬁhtha'lene via

oxidation by the cytosolic enzyme dihy&rodiol dehydrggév{ase

o (Billings, .1985). This enz,yﬁ\e is present in liver homo-

i genates aﬁd has. been purified to apparent homogeneity by

Vogel et al (1980). Billings (1985) reported ihat"tMs may
be the major route to L2 dihydréxynaphtha!ene.' Autoxi-

dation -of 1,2-dihydroxynaphthalene to 1,2-naphthoquinone is

quite rapid at physiological pH, and has b&pn demonstrated

by Van Heyningen and ?Hie (1967)

1-Naphthol, another ‘major product of naphtha]ene

- metabglism can be further metabolized to 1,2-naphthoquinone

and 1,4-naphthoquinone (Doherty and Cohen, 1984) by micro-

.somal- systems or hepatacytes.' It 1s't=.el|eved {Dohertye and

Cohen, 1984) the quinones were formed by the autoxidatjon- uf
1,2- d1hydroxynavhthalene a)id 1,4- d'il\ydroxyna;},thaiene
produced by the cytuchrome P= 450 dependent h_ydroxylanon of
1-naphthol in the 2ord pusition

Altﬁnugh two pathways by which quinanes can be gener-

ated via naphthalene metabolism ’ﬂ%s been discussed, it must

" be pointed jou‘t that over 30 metaboHtés’ have been- detected

—
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/ . i'n rats. Horning et al (1980) demonstrated additiopal -
" epoxides including dihydrodiol epoxides, diepoxides, *

/

variously substituted di-, tri-, and tetra-hydroxynaphtha-
Tenes and U-methyil_:at;ghals. Along with the other‘nétab’b‘-
.’Htgs, glucuronide an@lhte conjugates of hydroxylated
na.phthalenes have been denc;stra!ed in |sola&’d‘ hevgto:ytes_
and in Tiver microsomes (in the presence of" uridine-5'- N
d‘lp‘hnspho-%—D-glucur ni'c acid (UDPGA) and N-ale®tylglucos-:
' amine), (Bock et al.,/1976).

)
4 o
e 1.3 Human er:@:yu toxicology 5

1.3.1 Pathophysiology,
- o
Ery;nrocytes are suéceptible to'perox_idatiun—._'Tﬁe—__
outer plasma membrane is rich in polyunsaturated fatty
acids. Thé cells are conﬁ.nuousJy expuseé to high oxygen __

tensions, and contain hemog!&bin,ﬁne of the most powerful
catalys‘ts for the. initiation of peroxidative reactions.
l‘;ﬂemng'\-ohin :an~undergn.autox1d|t‘lon in the ‘presence of
, Oxygen with the resultant generation of supernxide _radfcals.

The mechaMsm as discussed by Carrel1 et al (1975) involves

1" the polarization of an electron from the heme fron to thk

bnun'd oxygen in oxyhemoglobin (Figure 1.2). qumaliy this

shared electron is returned to the iron when oxyg;n is
~ 3 g . /o
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released from hemugjoh‘i'n, and the fron retajns its ferrous.:

_(Fe2*)'state. The presence of gisplacing anions in the heme

pocket, however, can interferg‘with this process. ' Although
the heme pocket .is ;oydrophoblc, ;‘a:mom Nuctua}ions in the
s’urrbunding globin may allow .the entry of witer from time tu’

time. The entry of water or other small anfons will result

| s
-in the ditsplacement of oxygen with an extra \electrnn. ie.

superoxide. In‘the process, the "héme iron loseé an elec-
tron, result!ng in the formanon !of. ferric (Fe3*) methemo-
g’lob\n. This process is heHeved (Carrell et ﬂ., 1975,) to.
ex‘p'lain‘ the observation that 3% of the total béh henbg)obgn
is’ converted éo methemogh‘)bin each day. vThis methemoglobin
is' rapidly reduced by me’themog’lubin reductase which' 1;
linked, through its requirement for 'NADH to the g!-ycﬂyti(
pathv«ay: Glycolysis is the majur\ pathway for NAD* reklctwn

ln'NADH in the hugan erythrncyte.- Oxidant drugs are alsn

‘known to produte methemog!ob!n' Oxidant drugs are c'lnssi-

fied.as chemi

{

1s which’ can oxhﬂze hemog]nbi‘h in vivo

and(or) in vit (Bunn and Eorget l986) Ehemica]s such as'r

'ferrir.y‘avﬂlde and hydrogen peroxide can nx1d|ze ferrous

hemoglobin directly because of théir higher redox potential..

in contrast, nther'agents such as nitrnes and arylhydroxy-
lamlnes.can pruduce methemoglobin ind1re:‘ny by . reducing

oxygen to superoxide and hydrogen peroxide. -
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o:idan‘ve yjuage to erythrocytes has been studied

= mostly with respect to- hemoglobi ‘denaturation and membrane
destruc_!!o}v. Oxidat.iye yam'gge to hemogTobin has Eeen' shbsgn
to* cause_changes in hemoglobin structure apd funct|ﬂm
These . Ehanges can, result in hemoglobin denaturation and
yrec'plutin(l in red "cells as Helnz bddies. B’a&ed‘on

_studies (in_vitro) the proposed me«hjuism of Heinz body

follows. # & : S & .

oxidant + oxyhemoglobin

nethimogI ol\!n

upei‘éxide ar‘niun}

reversﬂzle hemi:- v\mes (tetramer)

5 = 2 ox:g:hon1of bur(ed - -
¥ " su dr. rou 8 i
/ : (& y d g piﬂ‘) g 4
/4 e - ve
.~ 1rreversible hemochromes (nononers)
" LI preﬂplntion of |rreversible heuichio;les

in the form 'oi, ‘Heinz bo.dies.

Stndies (in vitru)uith vhenylhydrulpe and dapsone have‘

LU SR A0 1404

“that HgOz is generned when the oxidant drug |nteracts uif.h

for?nutiun Induced by axldluve stress can be represented as

,,halpedwto‘ clarify the mecbunism fur Heinz body formation by:'
oxldat(ve Insnlt. cahen and anhsteln (1960) demonstrateﬂ.

,,heluglohin. “The ‘reaction of- H0; wﬂh_,h,ennglob'ln leads to
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the f'urmtion of methemoglobin amfj,concomi'tant production of

the superoedde radfcal (Weaver et al. 1973) The. supergxme

rad\cal that is genera!ed can be brnken down ( l,mutated) to

e form 02 and hydrog): perohde by the action of superoxide

—dismutas\a Some drugs (e 9. phenylhydrazlne. dialuric ac1d)
are capahle of forming free radicals that can nxidize GSH
vnth fcvmatiun of " ‘the superoxide radical as.an 1nte:med1ate

(Kosoweret al,, 1969). .-

The sulfhydry. groups in 'hem‘u'ghhinv ca.n reac / ;_ch
glutathione (Garel et al., 1986). .The oxidativeé attack of -
G?H. on the gc¥s 93 sulfhydry) grouP\appearS to prec’edeu
_attack on other .sulfhydryl groups of hemoglopin. The,
results of 'Bi:cr;meies >et al (1973) lmﬁcate that this ma‘y
lead to denaturut\on of hemoglobin. Rachm!lewitz et a'l
(1974) reported that the yn|xed disu]fide causes 1nst_ah|1|ty
1r| the hemug'lobin mu1ecu]e, producing conformational changes
that expose- 1nterior sn'lfh_ydry] gruups. qnhnnclng the
dissociat’lnn of . the tetramer into mohomers (Rachmiléwitz‘ e’c
) a1.. 1974) This observation may explain the. formanon nf
Heinz boﬂies (Rachmllemtx et al., 1974). Althuu.gh lfelnz
bodies are formed within the red cell, they may coalesce and
mlgrate towards the mémhrane where they become’ attacheé

The re'laticnship behleen hemolysis - (ln vivo) and Heinz

bodies 1s that the latte.r may reduce the deformability of

the «ell, 1€ading to early reticuloendothelial entrapment in
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the spleen (lekind. 1965P or m:rused membrane pernea-'
bﬂﬂy resulting in asmoti: -damage (Jacob et al.,- 1963)
It. s well known that - the lipids qnmprjs!ng the red
cell plasma mgmbrhne';re very susceptible to direct attack
) - by oxidants..’ Ja:;'ub and Lux (1958’)*.6bs'erved that p’hnspr:ati—.
dyleti_anolamine (PE) is Jlost before lysisc This'.ls vnot"
surprising considering that PE 'cont’ains a high concentration
of polyunsnurned-fany u:ids. which are liable to autuxl-~
dation. Depletion -of PE in_ the red :ell ne-bnnes after
peroxidation may result 'frnm fiuy acid destructian. It was
snggested by Jacob and Lux (1965) that |njured cells had \
ho'les in the membranes_of approximately 70 A resulnng in
hemolysis. It has also.been demonstrated that ‘lipid~
peroxidaton was followed by ‘increased membr‘alne rigitity
(noSr'etsav et al ., 1977). .
. Pvnte‘lns lncned in or on the red cell membrane are
/? also targets for frte radical attack. ln.parﬂcuhr. the
lenhrane structural protein; spectrin .is 'suscqp,(l}:)e bei:ause
it has-exposed sulfhydr);ls. It.was dehonstratet’i by Haest et.
. al (1977) that in 1nta:t human® erythrocytes. SH -oxidizing

agents cross-1linked spectrin via disu!ﬂde bonds
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1.3.2 Protective systems against peroxldausnn
The following ;ivscusslon has béen outlined in Figuré
#i5. ) I ' '
i‘s 2.1 Superoxlde disnntlse - Superonde dismutase (SOD)
is the first line of defense agalnst the superoxlde radical.
. SOD catalyses the disproportion or dlsuutation of superoxide
“by the fal'luv‘lng em}nion
203" + 2H+ —> Hp0; + 07
It has been proposed by -Lynch et al . (1977) that a
major functioﬁ of this enzyme in the r’ed cell is to pf'event
the formation of methemog(lobin. The g‘rutest danger of_ Dz‘
in th; red cell is pljohably its ability.to form hydroxy?!
radicalé,(Thﬁmas et al., 1978) which can attack the red cell

membrane and cause hemolysis.

1.3.2.2 Glutathione.péroxidase - Glutathione Peroxidase
(6SH-PX) catalyses the breakdown of organic hydropero;(ides
ROOH) n‘nd hydrogen peroxide by the following equation

(t¥ttle and 0" Brien, 1968). : . , 4 5
e » e

© RooH + 2asH SSHZPXs Gsgy « RoH + 20

“ HOOH + 2GSH

SSH-PX 6556 + 2Hp0 ~
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The catalytic site of human e.rythrocyte GSH-PX (Perona

‘et al., 1978) +s similar to rat liver GSH-PX in that it

contains selenocysteine (Forstrom et al., 1978). This

enzyme can protect H‘boz from oxidative damage d’ye to

_breakdown of Hz0p and ROZH.

The action of GSH-PX on ﬁydroperoxldes is dependent on

th-e level of GSH, which is maintained by de_novo synthesis.

of GSH and NADPH cnnversinn of GSSG to 6SH'hy glutathione

reductnse In the red cell, the on'ly way to reduce NADP* {is

. by uxidat_wn of glucose via the hexose monophosphate shunt.

1.3.253 ‘Cat'lllse - The only known function of'this en}yme

is the removal of Hp02 from the cell-via the followh\g
rnction
2Hp0, S2tal2se; 5.0 4 0,

Ca_ulas'e has a low affinity f*z(); (fohen and Hochstein,
1963). At a high glutathione 'and ‘re’latlvely low peroxide
concentration, glutat’hione-pe};{xidase decomposes Hp0p faster
ihun catalase. Byt at high Hz0; concenération. catalase
remnves. H20p at a faster rate. Catalase has a much higher

km for’ HzOz than GSH-peroxidase (Nicholls, 1972). There-

fore, |both catalase and GSH-PX play a role 1n protection of
the red cell agn!nst H202. )

Catalase is a conjugatéd protein with protohemuﬂn‘ as

Tits prosthetic group. Hn'vever, catalase differs from all




{
known hematin derivatives in that it cannot .be reduced even
by such powerful red(n:ing agen-t_sia_s sodium hyposulphite
(Nap5204) . fhe breakdqwn of hydrogen peroxide occurAswpen
the iron is in the ferric form. Sodium azide was used as "an
Anhibitor of catalase because it-forms an azide-cgtalase:

complex. The ferric iron of this compléx can be reduced to

s

~the ferrous form by H0p, .rendering the catalase inactive .

. (Keilin and Hartree, 1945).

1.3.2.4 vitamta E.- The major role of Vitamin E in human
red -cells is probably as a biological antioxidmt protecting
red cen'membranes from peroxidative damage. ’
', Oski and Barness (1967) demonstrated a re'lnlonsh‘lp
between vitamin E deficiency and, hemolyti: ‘anemia in
premnure #nfants. Further séud'les\_b,v this group indicated
that premature 1rb|‘hnts whose diet :?s supplemented with
vitamin E had significantly higher hemqgloblln concentra-
tions, lower erythrocyte hydrog‘en peroxide-hemoly§1s values
and lower reticulocyte counts than a corresponding group of.
non-vitamin E-s_upplenented 1nfa_nt§.

The mechanism of action of vitamin E (O(-Tacopherol.)
involves danation of its hydroxyl hydrogen atom to peroxy

free'radiillsﬂsultlng in the formation of hydroperoxides.

These hydroperox‘ides‘ can be decomposed to, the -corresponding ’

'non-_toxu h(drnxy compounds .by glutathione peroxidase.




There is ev{ﬂeu'_c’e by Packer et al (1979) t.nn the resulting
vitamin E radical then reacts with ascorbic acid (vitamin C)
to regenerate v(u-in E. The vitamin C radical is 11; turn
enzynlhcally reduced back to vitamin C by NADH-dependent

systell_s One question vhh:h remains to be answered,

Jhowever; is how does the membrane bound vitam‘ln E interact

with Vitamin C which is locatad in the cytosol.
(.. | :
1.3.2.5 6&lutathione - Al'th‘bugh »tl_wis ‘is the last protective

system to -be discussed, it is extremely important in
—

'ce'l‘lular protection. Glutathione is a tripeptide of
- i . .

glutamic acid, cysteine, and glycine with the following
structure. -
v P
NH2
Hooc- !u -CHp-CH2-CO-NH
HS-CH2CH-CO-NH-CH2-COOH

¥ -glutamylcysteinylglycine,
— -

It 1s readily oxidized hy a variety of suhstances to give a .

disulfide. thh Jnolecu'lar oxygen, lcd|ne, Fe(Cn)53'.H202 or
organoperonues it forms the.dimer GSSG. Reactions wlth
other th‘lul compounds give rise to mlxed dlsulﬂdes The

reaction w1th molecular oxygen is s'low 1n the “absence of

me;al fons but greatly accelerated by the presence of capper‘

N
or iron:
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The de novo synthesis of GSH enables human-red cells to

maintahra‘ sgady state concentration of GSH of about 70mg
. per 51 of ce1."l‘s or 2.2 mM. Neithe_r GSH or GSSG can enter
red cells from the extra cellular fluid (;rlvés;ava and
Beutler, 196‘9). and neither has been detec.‘ted in normal
plasma. Intraceﬂul.ar GSH cannot leaye red cells but GSSG
can, in an enev"’é'y dependent reaction when the dim_er is
present at a high concentration (Sr1vast’ava and Beutler,
1916‘7).. GSH is in a dynamic state of turnove} withl a half-
_life of about three days iDimant et al., 1955‘).

The rcﬁes of GSH in the v.red cell are vari_eq. It is,
vknown to protett S-H groups in' enzymes and' act as a radical
scavenger. GSH is, also a co-facg6r in the glyoxalase
reaction Normal human red cells contain a high activity of
g}yorxalase but its purpose has not been determined yet. The
enzyme acts in a two stage ‘reaction tu convert ketoaldehydes
like- meth‘ylglyoxa‘l intu hydroxyac1ds like lactic ac)d
(Vaienﬂne and Tanaka, issl).' Methylglyoxal itself cgn/be
formed from dihydroxyacetone and glycerol and is consl‘dered
to be toxic to the cell. )

GSH is also known to detoxify foreign compounds bj

conjugating with them nnn-enz;ma’ticaliy and(or) enzymatic-

ally via GSH S;»t,ransfe‘rases. Acet_y.'latidn of the' conjugate *

occurs after renoval of glycine and glutamate to yield
mercapturic acids. -Another function of GSH is as a firmly




bound prosthetic group on glyceraldehyde 3-phosphate
dehydrogenase (Krimsky and Racker, 1952).

1.4 The effeet of oil on the chick embryo ~

There are numerous stuﬁes which show that eggs of
various species of birds that have been Eontaminated‘.hy
crude 0il or refined ofls have a low hatchabi’lﬂ_y.

(Rittingﬁaus. 1956; Hartung, 1965;U<oplshke'.,l,972; ﬁof_fman.

©1978; Hoffman, 19793; Hoffman and Gay, 19817 Ellenton, 1982;
" Lee et al., 1986). The embryotoxicity of crude ojls is

directly correlated with the aromatic hydi‘ocarﬁo» cunten\t of

the oil (Hoffman, 1979a; Hoffman and Gay, 1981; Ellenton,

. 1982). C.rude oil was found to be most toxic when applied to

the embryo during the earli‘er stages of deve]op-enh
Hoffman (1979b) demonstrated that when oil was applied on
_(_ﬂy 1 of incubation, maximum toﬁéity occurred 6 to 9 days
later. Hamilton et al (1983) denonstrne;i that the embryo
can exhibit differential response to cl‘\emluls by ei‘ther an
increase in basal enzymes levels or an increased induci- *
bility of xenobiotic metabolizing enzymes. It has been

“previously shown that crude oils are very effective huh?cers'

.of cutareou$, hepatic and renal mixed function oxidase in

rodents ‘(Rahimtﬂa et al., 1982; Rahimtula et al., 1984) and




" of hepatic mixed function oxidase in the developing chick

emh-r_yo (Lee et al., 1986).

1.5 The monooxygenase system —-

1.5.1 Introduction
° FR ‘,-}.
: , '
AMmals and plants are constantly exposed to a vast

group of chemicals that are foreign to their systems

(xenobiotics). Xenoblotics can be of natural ‘origin (eg

petroleum) or man- nade Many of these chemicals are

lipophilic and can- accumulate witMn the organism unless an
effective means of disposal is presen.t. Lipophilic ‘com- .
-pocnds that are present in excretory fluids tend'tp diffuse
through celiular membraneﬁs and are W{ed. )
. Fortunately, there are biochemical processé¢s that
') 4. convert these-compounds- into '“"ie hydrophilic ;etabn“tes.
This process is termed biotransformation and is carried out
- by a variety of enzymes. i o = - } =
& “Most 1‘nformat‘16n concerning xenobiotic biotransforma-
tion "has he=;| derived from: studies on the 1iver but it is
'known that thié-process occurs in most. nonahep'atic‘ﬂssues.
Blotrans;ormation is classlfied as occuring in two
phls\ (Okey_ et al., 1986)-. Hydrophubic substrates are

rendered more water- solub'le by the introduction of polar
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groups. in Phase I reactions. ;xamples of some of these
reactions are aromatic or aliphat‘lc .hydroxylation, 'N-
hydroxylation, and N-o;' D;dea1ky\ations. Phase: I1 reactions
involve the conjugation of polar group§ with hydrophilic
molecuTes such as qucuronic acid, glutathione and sulfate.
In general, thes?'conjugated products are inactive (non-
toxic) and are readily excreted.

1.5.2 Cytochrome P-450 ‘

-,

N~ :
Phase I reactions_are most]y carried aut by microsomal

enzymes, expe;n]ly various species of cytuch'rnme P-450
which are €omponents of the mnnboxygenase' system.  Monooxy-
genase activity requires cytochrome P-450,’ NADPﬂ. NADPH-"

cytochrome P-450 reductase (a flava/p’rotein) and a suitable

“ phospholipid matrix (Bentley and Oésch, 1982). Cytof:hrome i

bs and its reductase are also associatéd with the monooxy-

genase system. Cytochrome P-450 is so named because its

reduced form binds with carbon'monoxidé, yielding a complex
with an absorbance maximum at 450 nm. Cytochro’me P-450-
dependent ux1dat1uns have been termed mixed- functicn
oxfdases because in its redu:ed form, the hemoprotein
cata1yses the consumptinn of a molecuTe of oxygen, w‘lth one
atom of oxygen appearing in the oxidized form of tha

substrate and the other atom he1ng reduced to form water
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(M:;on et al., _19'55).' - A general scheme for the cytacm‘nme\
P-450 reduff}o;-oxidation cycle is shown in Figure 1.4. The
.substrate”:omb!nes with the oxidized .form of cytochrome P-
450 to furu’a ferric hemeprotein-substrate complex. The
Eoﬁiﬁex undergoes a. one-electron reduction via the NiDPH-
depehdent transpnrt chain formirg the fer;ous-substrate
coup1ex. The latter reacts with mo{e:u1ar oxygen to form an
oxygenated intermediate. Thas oxygenated -P- 450vintermediat
then undergoes a second electrnn reduction and- through an

internal rearrangement. one atom of axygen is reduced -to

' water, ‘while the nther atnm 6? oxygen is 1ntruduced into the

sub;trate molecule.

) are ‘the rate-

In general, the cytochromes P- ﬂ

determln!ng components in microsomaa Phase 1 metaho!ism the

. P-450 components also determine the substrate specificlty.‘
‘Although Tost' species o% P-450 metabolize a wide Variety of
compounds, those whicp<act on physiologic substrates that
" are st!ticalvto survival, are much more substrate speclﬁid
These critical forms of,P-450 are generally not:induyced by
exposuré to xenubi'uti'c chemic"als (Nebert ‘and Gonzalez,
"1985)., ; ) ’

Although cytochromes P -450 collectively are capable of
metahallziﬂg thousands of different substrates, present °
fevidence 1ndicates that-within‘any part1cu1ar‘argan|sm there

“are-only a few dozen to a few hundred different forms.of
= i
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ccytochrome P-450 (Nebert and Gonzalez; 1935). Aij.emtiuns

enzymes. . TM& creates a potential imbalance \bgvtwee'n thé

1‘» the 'Ievel?o? cytochrome P- 8450 can have profound effects
on the responsg,af the organ1sm to xevgobwti:s -

.The |nduc1hi1|ty of cytachrome‘st 450 generally is,
higher than “the 1nducnb'i]|t_y of‘ P, ase _Il conauganng

rate at which chemically reactive Intermedi,ates'nre geﬁzr-
ated (by Phase I metabolism) and the - rate- a’t vil‘ﬂcﬁ these
reactive metabolites can he inachated and - re,moved by
conJugntion. Thnse reactwe metaholltes that are “not -
conJugated‘ by Phase II react1ons~may cova]enny attack
;rntei-ns. :memb:ane components, or nucleic acids, thereby

'Iea:ﬁng to cyhetoxlcity, mutations, _and’ cancer. Reactive '

-rmetabuntes can. also generate active oxygen species which _

are also known to be cytotoxic.
1.5.3 Induction of cytochrome P-450
For many years inducers o‘f cytochrome P-450 were
thought to fall into two major catégories: 1) those that =
acted 1ike 3-methylcholanthrene (3-MC) and 2) those that
acted like phenobarbital (PB) (Canney, 1967). ~As techniques
for characterizing P-450s ‘improved.it became clear that
i 3 o

there were many more inducible spe!ﬁ!es of P-450 and that -
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. many |nducers do not “act like ekther 3 MC or PB (Nebert ‘et
1.71981). .

l 1,1- t’r\ch]oru 2,2-bis (p- ch1orcphenyl)ethane (DDl’) is

v v

Haqo’ther PB-er inducer. 1t enhances the'me"tabohsm of a

ge varlety uf substrates by these liver ‘énzymes. I}x
rats, thls group of enzyme 1nducers has h’een showin tb

markeﬂy increase liver P- 450 content and asso:lated enzyme

ctivities, such as ethylmorphine N- demethy'lase and testos-

Le}xin‘e ls-.hjdrox:y'lase. In control rats adnginister‘ed

-sedative doses of phenobarbitol, the- barpituate caused an |

er‘iha.n“ced rate- of plasma eHr'ninati'on of g.‘he test drug
antipyrene'.' !,t was .a.Iso revealed in PB induction studies
“that an enhav:céa rate of metabu’HsmA of,drut;é was Sssoc!ated
" with pro]iferat‘i‘on of smooth epdoplasmic reticulum An
the h‘epatu’cytes {FGuts ‘and Rogers, ‘1965) and increased

concentritions uf the compnnents pf the mondoxygenase enzymes

‘system, L\ytuchrnme P 4?\0, and NADPH c,ytochrome P-450 -

reductase’ acllvity (Drrenius and E‘rnstef 1964]
In the 3

C :ategory, po'lycyc'lic Aroman hydrucar‘bons
‘(PAH) such, as benzu[a]pyrene induce the synthes's Tof
cytochrome P- 448,,a hemuprotein that d(ffers in spe:tral and

’ cata'lytfc properHes from the cytnchrome P-450 present 4in
untreated rats tor .in rats pretreated’ with PB (Mvares et

1967 Slaﬂek snd Mannerlng, 1966) ytochrume P- 448 is

. .a'lso cal,‘ed Pl 450 nr&y! hydrocarbon h_vdroxy'luse (AHN)
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Several enzyme activities which .are induced by 3-MC ‘type

- ind‘ucers are 7-et'huxycuymarin-o-deethylase, 7-ethoxy-
resorufin-o-‘deethy'lase and 'benzo[alpyrene hyd‘rpxyhse. A
sreceptor protein is 1nv,o'|v}ed in: induction by 3-MC t__ype

v 3 inducers (ﬁula}nd et a]..’- 1976), qut no such receptor protgin
ke has been detec‘ted‘ for PB type inducers. o
.v . ————Fhe—first inducer of rat liver microsomal cytnc.hr.omé
— P-456 to be dis‘tjr:guished from the classical 1_|:|;1ucers was

pregnenalone ls"fc_arbo_nitrile (}"EN) (Lu et a'(..:‘1972).

Recent studies (Gorski et al., 1985) r’evealed Ehat 1m:1uc|‘-

b-lljtj of béuzn[a]pyrene hydroxylase act‘r\'vity decreased with

age in male but not female rats indicating a. sex and ag;e
~depem‘!ence. FCN' induced 'hepatic benzo[alpyrene 'I'.t_ydrox_ylase

activity 5- to 8-fold in immature male, immature female and

‘j}n‘iture‘female rats. owever, mature, male rats onl:y demon-
s-h;ate‘d a"sh"ght increase;. Another éyfochrame P-450 enzyme,
7-ith&:x,yreso‘r'ufjn-O-deethylase was not induced. fﬁis

.-, .—= provided evidence that P-448 was.not fully responsible .fnr

the benzo‘[a]pyrene hydroxylase induction. ’ 7-Ethoxyresorufin

can be Jea‘lkyhted to .e s1"ng'1_e product, resorufin hy'

cytochrome P-448 (Burke et al., .1977)., - . .
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1.6 Benzene métaboliss and toxicity

1.6.1 Introduction o

Benzen;'{s used extensively 1n’ industry as a solvent or
* as .starting material for chemical syntheses 'fz! .p"a'ints and
p'lastics_. Toﬂax. because of its anti-knock properiies. a
mixture of benzene-enriched ‘aromatics’ 1‘s being added to
gasoline as a replacement for alkyl lead compounds. In the
1‘8‘70'5, benzene facilitated the rapid dev‘:el‘opment of the
rubber industry becalse of ‘its abilfty ‘to dfss;ﬂn rubber
latex and its ease of removal from formed rubber gl:éducts.
It also'played a significant role in the high speed printing
processes because it was a good solvent for ink and could be .
removed readily by evaporation following printing. .

1.6.2 Toxicity of. benzene

. Benzene has, a high vapor pressure at ambient tempera-
tures ‘avnd hazirdous exposure n‘nay occur by inhalation. ‘A:ute
exposure to benzene ma.y ki1l by depressing the cenl;'_ul.l
nervous _system, 'leadlﬁg to unconsciousness and death or by.
producing cardiac arrhythm‘i’us' (Snyder and Kocsis, 1975).
@e’nzene’ is .wﬂl known for its ability to. induce

pancytopenia, a condition characterized by decreased number .
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of erythrocytes, leukocytes and thrombocytes (Snyder and
Kocsis, 1975)., Benzene 1is a known human carcinogen, being
responsible for the production of acute myelogenous leuke-

mia, an’endpoint to the pancytopenia and aplastic anemia

(Snyder et al., 1977).

1.6.3 Metabolism of'benzene in yivo -~ .
o . . i
Currer;t evidence ln'dicates that the tox1city. of bepzene

is due: to its.metabolism: The ‘metabolite(s) respo;\sihle for,

- bhe-ﬁemnpﬂetl\’c toxicity of benzen‘e is §HH uncertain_, but

an experiment by Park and Williams (1953), using l4c-benze * &

adninistered to rabbits identified all the in vivo metabo-

‘!Hes. Analysis of the ur'ine revealed that phenol,

hydr;oquino;le (.1.4-d1hydroxyhen1ene), catechdl (1;2-dihy-

droxybenzene) and trans-trans-muconic acid represented 23%, &

‘A.B%, 2.2%,. 0 3% and 1 3% respectively of the administered

dose. In 1963 Sato et al identified trans-I1,2- dih_ydro-

1,2- d1hydroxybenzene as an fn vivo metabolite. '

In our experiments we used henzene and its metabo’lnes -

to study their effect and chick embryas, in order ‘to .

determ‘l”ne H; they can-be used as a mndel for testing the

effects of metabolism on “toxicity. . »
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1.7 Problew of Investigation
The major objective of the studies performed 1in this
thesis was to determine thesimportance of metabelism in the
toxicity of PB_CO to grythr_ocytes and chick em_l;;yo!..-
_Ingestion of PBCO by_Herring Gulls (Larus argentatus)
and Atlantic Puffins (Frater(arctica) has been reported

to ‘induce .hemolytic anemia (Leightonet al., 198.‘1). Part of

this study 'is to characterize some of the biochemical

alterations in red blood cells v’men exposed to PBCO, under

in vitro conditionst

Ar!othevj purpose of this study was to attempt to

correlate embryo toxicity with the induction of hepatic and

renal cytochrome P-450 and arylhydrocarbon hydroxylase
activities.in the deve"(op!ng .cnick embryo. For this
purpose, drinlng'—f“luids, blowout crude oil and diesel fuel,
and the aliphatic, ‘aromatic and NOS fractions of PBCO were
tested. '

S

: ‘ : ) t - /
"TF search for the answers to these questions were/

divided into several lines of investigation-

1) The polycyclic aromatic hydrocarboﬁ extract of PBCO was

metabolized in vitro to determine if it was more potent

than the unmetabolized extract in terms of hemolysis,

1N




e,

i

2)

3)

gl'unth!one depletion am‘i metHb elevation in erythro-
cytes. The effects of naphthalene and some of its
leltahuHc d;rivutlves were investigated in order to
determine the most toxlé metabolites.
The second investigation involved determinhng the
fraction of PBCO which is most toxic to the cMck

.embryo Jin terms of murtall and induction of cyto-

chrome P-4\50.- 7-ethoxyreswqun-D-de'e‘thylase and
benzo[a]pyrene hydroxyhse. For these purposes, PBCO
wd's fract!onated into aliphatic, arcmatlc and NOS

fractions. -

Finally, to further study the importance of metabolism
PSS 7

with respect (t:n/'enbryo toxicity, benzene and some of

its known 1n\‘v)|vn metabolites were applied to cM[ck

embryos ln ordel" to deternine- if any metabolites were

_ more toxic than the parent compound. "
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CHAPTER 2
o WATERTALS AND METHODS

2 ..l Materials

2.1.1 Chemicdls 57 =

N;phthalene, l-naphthol, 2-naphthol, 1,2-naphtho-

quinone, 1,2-d|hydraxy’nav|!th'a"lene, 1.J-dihyd'roxynlphtha'levle.
1,4-dihydroxjnaphthalene, 2-methylnaphthajlene, Zimeth_;l-l_-
naphthol, é,s-d imethylnaphthalene, 1,4-benzoquinone,
resu;:inol, catechol, 'hexade:ane, metaphosphoric acid and
aluminium oxide (activated neutral 1) were purchased from

Aldrich Chemical C.u., Milwaukee, Hisinnsin.

Benzo( a)pyrene, 2.4-d1nitrof|uvorabenz:ne (Dllf-!’) Sn_dium

azide, dimethylsulfoxide, NADP', N-ethyl maleimide (NEM),
6SH, “glutathione reductase, DL-isocitrate, fsocitric
dehydrogenase, 5'.5':diﬂnob|s (2-Ni trobénzoic acid) (oTHE) ,
catalase and superoxide 'djsmutase were obtained from Sigma
Chemical Co. St. Louis, Missouri.

Benzene, methaqol. hexane, acetone and ethyl acetate

were of HPLC grade and were obtained from Fisher Scientific,

Fair Lawn, New Jersey. % ~
? \
Hydroquinone was obtained from J.T, Baker Chemical

.'VCa. Phillipsburg, New Jersey. Phenol was purchased from BDH
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Chemicals, Toronto. Resorufin and 7-ethoxyresorufin were
p{ur:hased from Pler:_e Chozuicn Co., Rccifurq. Illini1§.
silica gel (60-200 nesh)’_-as purchased from Matheson,
Coleman a‘nd Bel!', Norwgod, Ohio.

The Fisher Dhgnosti:s cyanlethe-oglohin Standard Set
251 was purchssed from Fisher S:iennﬂc Cn , Orangeburg,

New York.

21,2 eifts | . : g

Prudhoe Bay crude.oil (PBCO) was i'('lndl,y donated by
Dr. David Peakall, Canadian Wildlife Service, Ottawa,
Ontario.

Drilling fluids (safver 0i1s #1, 3, 4, 5), Shell

binubut and diese) fdeT were provided by Dr. Jerry Payne,ﬁ/

Dept. of Fisheries and Oceans, St. John s, Hevfoundland.l

Cis-cis lucnnh: acid was donated by Dn Eric Barnsley,

Memorial University nf Neufoupdlang, St. John's,
Newfoundland. !
Human whole blood (outdated) was provided by the local

Red ‘Cross.

—

—




2.2 Methods related to eryth}ocyte studies

2.2.1 Fl;eplrltin.n of PBCO (PBCO-DMSO extracts, and
- fractionation)
2.?.1.1' Preplratlun of DMSQ extracts of PBCO
DMSO Was the solvent of choice for sele:t!ve]y
extru:ﬂng polycych organic.compouhds from PBCO. Natusch
and Tomk'lns (1978) have 'demanstrated thut DMSO is su!tab]e
for this purkse PBCO. (5 ml) and'DNSO (5 m'l) were mixed in
a 17 x 100mm polypropyleng vial and capped. The sample was
sha‘ken in a rotary mixer for 30 minites, followed by
centrifugation in a table top centrifuge (600 g, room ‘temp.)
ior.5 minutes to separate the two layers. The DMS(Q extract
fbottol layer) was collected by poking a pin hol2 in the
bottom of the tube. Samples neré,‘stored as 5ml quuut‘é at
-80 C.

2.2.1.2 Preparation of metatdlized PBCO extract
Metabolized PBCO extract was prepared by incubation of

the‘followlng ‘components in 125m1 of O0.IM potassium E‘hos-‘

phate buffer (pH 7.5) at 379C for 2 hours: 2.5m1 of the DMSO.

extract of PBCO, 62 mg of- microsomal protein iprepareh from

thi__live'rs of untreated rats) and 12.5m] of NADPH regener-

ating system. The regenerating systenm consisted of 625
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pmoles of sodium isocitrate, v62.5 pmoles oF ﬁADl;*, 625
pmolés of MgC1, and 81.3 units of isocitric dehydrogenase in
12.5m1 phosphate buffer. At‘ the enﬂ_of the incubation
per'ind; the mixture was eftracted with ethyl ‘Eéet-ate (2 x
100m1). The ccmhined‘ex‘tracts were dried with anhydrous
NaS04 -and evaporated to dryness, The residue was dissolved
1q the‘"origina'l volume of DMSO (2.5m1). M%crusomes‘ were
prepared. ffom _untreated Sprague Dawi ey rats as described in

section 2.3.2.1.

o [ 4
+2.2.1.3 Fractionation of PBCO

The fracno'natinn of PBCO was carried out as described
by Gearing et a} (1976) with modifications. A (lcm x 20cm)
column was set up containing silica (60-200' mgsh) overlaid
by alumina (activated neutral 1) at a ratio of 2:1 respec‘-

. tively. Both chemicals were heated at. 2009C overnight to

remove any water present, and stored in a dessicator before *

use. The PBCO was prepared by mixing a 0.5m1 aliquot with

é.5ml pentane. By centr‘lf‘ug’lng this sample for 20 minutes

in a tab"le_ top centrifuge (600 >g, room temperatu're).‘

ashphaltenesf were precipitated. The pe'ntane mixture was
gently applield to.the hexane equilibrated column and allowed
to‘ flow antil the meniscus reached the top of the alumina.

The coluffh.was glutéd successively with 50m1 of hexane,~50m1

of benzene épd 50m1 of methanol to yield respectively the
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aliphatic, aromatic and NOS (nitrogen, oxygen and sulphur
heterocyclic compounds) fracHons.r Each solven.t and its
dissolved components was collected separately _1n fhsks‘.
The number of columns depended on the volume of PBCO that
had to be processew..- A1l fractions were pooled corres-

pondingly to solvent (hexané extract, etc.). ~

The solvent from each fraction was removed by the u’s{

of a rotary :\Q‘_apornor (Rntn’vapnr RE 120). The percentage'

of fr’a;ﬂﬂns in PBCO‘-:wér/e (determinred to be: aliphatic
(38.4%; vi‘/v), aromatic (38.5%; w/v), NOS (6.8%; w/v). The
asphaltene content of the PBCO 'was_ determined to be 5.0%.

After the vdlume, chg ‘weights’ of the residues were R

recorded, each fraction. was' diluted in hexadecane to the
original volume of PBCO ‘that was processed.” A sample -of
eqth fraction was submitted to-Dr. Stephen’ Mackd NEarth
Science D‘ept.. MUN) “for GC-Mass spectral’ anzl 's*s» to
deter-ine{eparating performance.of the method as well as to
identify some of the major'compgngnts 1n\:a‘:,h fraction. For

results of GC-mass spectral-analysis, see Appendjx A;

2.2.2 Synthesis of . trans-1,2-dihydroxy-1,2-dihydro-
naphthalene

. B E : ’ .
Trans-~1,2-d1 hydraxy-l,é-dlhydr_onaphthalzne was synthe-

sized according to the methyd of Booth @t al (1950). 200mg
A ; L ¢ !
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| .
of l.z-qupthuqmaone, dried in vicuo ovér phospherous

pentoxide, was placed in a thimble of a Soxhlet apparatus.
-ﬁ!ethyl ether (50ml; dried over sodiumi. wasi pTaéed in the
!
flask of the apparatus with 0.1g lithium aluminium hydride
% ‘ ] |
extracted. After the mixture had cooled tos room . tempera-

p « | P
ture, 35 mls of 1.7 M sulfuric acid was added slkowly to

solution was centrifuged to separate :the ether‘\ layer, which

was then extracted with 2N sodium hydroxide aﬁd evaporated

under reduced pressure The residue was cryst‘alli'zeﬁ from ,

benzene and: then from cyclohexu\e The crystaﬂized product

had a me1t1ng po1nt range of 104-1050C. , Reported melnng'

point of trans-1,2-dihydroxy-1,2-dihydronaphthalene is
03-1050C.  Yield = 26mg. - ’

\2.2 .2.1° Nuclear -agnetic resonance spectroscopy fnal_vsls
.- ) 14 Fourter Transfnrm NMR—fontrans—-lZ dihykroxyl 2-
dihydronaphthalene vTas/perfnrmed on a BrukerJNPeo NMR
spectrophotometer us'ing a proton frequency of [80 MHz -at

ambient temperature. ) N |
o
B

¥ e |

.dihydrofiaphthalene 1s shown in Figure 2.1. ! "

and refluxed until the naphthoquinone adpénrad to be

‘decompose the exdess lithium aluminiin' hydride. The

. .The 1H.FT NMR spectrum of trans-1,2-dihydroxy-1,2-

—
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<« NMR (CDC13): 1;5;. H20 - highfield when dilute in CDCI13
: +2.0-2:25 - 1,2-dihydro

) 4,0-5.0 -~ hydroxyls (1-OH downfield of 2-0H).
< 5.526.5 - double bond hydrogens
: 6.5-8.0 - ar‘omatﬁ hyﬂ\;ogens.' : -
R RS P :
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2.2.2.2 Mass spectroscopy analysis’ .
qeterminé'tinn of the mass spectrum of.trans-1,2-
dihydrox'y-l.z-dihy'dron(ap‘ht_ﬁalene was carried out on a VG
7070 'HS double chussi'ng mass spectrometer equipped with a

2035 .data syst‘e‘m. A direc't i_nsernon probe, which.was

.heated if necessary to obtain_a spectrum, was used to

introduce all samples, )t'h-e‘ 1an1iatjnn chamber tem'perlat.ure
was 2000C an& ions were ge,nerat‘ed by e.'lectrpn ‘impact using
70 ev electrons. Mags spect“ra] .data from perfluorokerosene
was input_ into the data systemg.) This was then us’ed to
create a calibration fife for the‘mass calibration of data
from subsequent samples.. High resolution data were obtained
#n the presence of perf'luorokerosene cahhrahon peaks using
a reso'lving power of 8, 000 10,000; low reso]ution data were
obtaineﬂ in the absence of perfluorokerosene and a resalvlng
power .of approximately 1,000.  Whenever possible, a series
of consecutive scans was a»ierageq using the data system,

Ffagment ions were ignored if less than 2% intensity.

The mass spectrum-of . trans-1,2- dih_ydroxy 1,2- dihydra- .

naphthalene is shown in Figure 2.2.

-

f
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Mass spectrum =

=48 =
4
162 (M*) molecular fon
148 (M - Hp0) -
131 (m* 2 CHZ0H)
116 (M* - HZ0, - C = 0), most abundant ion

115 (most abundant ion - H) =
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. 2.2.3 Collection and preparation of erythrocytes

Young Herring gulls (Larus argentatus) were collected

'on Great Island, 50 km south of St. John's, Newfoundland and
held in -pens at the University. They we‘re fed unlimited
amounts of cape'l!n (Mallotus v1llusus) and seawater. l‘!lond‘
samples (5m1) nere ‘drawn from a wing vein 1ntn heparinhed
-va:uuiner tubes. At |ea_st 7 day§ were allowed to e1apse
between successive blood uithdra-t.als Jrom the same bird.

6ull or human erythrocytes were obtained from whole
blood by cgntrifugaﬂon for 5 minutes in a 'tah-'le top
centrifuge (600 g, yoom t\xv?perature), follou;d by four
was‘h’ings with 2 volumes of PBS (0.1M putussiu’m phosphate
buffer (pH 7.4), 0.9% (w/v) NaCl). The washed erythrocytes
‘ue{'e finally suspended in an equal volume of P’BS, _Hemato-
crit values were deterl‘nlneq' and final results reported on
the basis of % hematocrit (Brown, 1976). .

P

2.2.4 Preparation of oxygenated hemoglobin (HbO2).

Oxyhemoglobin was prepared according to the method of
Ge;rn::i» et al (1969). Approximately 5ml of ua.sh.ed human
erythrocytes (see section 2.2.3) were centrifuged to pack
the cells. After the supernatant was removed with a Pasteur

pipetu,l Iml of the packed cells was added to 5ml of
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distilled water and allowed to stand at room temperature for

30 minutes in order to induce heiolysis. The membranes were
removed by centrifugation in a table top centrifuge for 20

minutes (600 g, room temperature).- A few crystals of sodium

dithionite were added to the hemolysate to reduce.ferric ~
‘heme. The dithionite was removed by passing this solution

‘through'a Sephadex 6-25 column (1.25cm x 30cm) equilibrated
with 0.01M potasslium phosphate buffer, pH 7.0. The "

hemolysate was collected and was bubbled with a mixture of

95% 02 and 5% COp for 2 minutes to gefferate HbOZ.

2.2.5 Dete’rlinltinn of HbO2 concentration

The concevntrithn of HbOz was determined as described
by Fairbanks (1976). A 0.02ml1 sample of HbO solution (see
section 2.2.4) was Mxed—ui(h 6m1 of Drabkin's reagent
(0.20g K3Fe(Ch)g, 0.05g KCN, 1.0g KaHCO3 made up to 1L in
H20). The absorbance (540mm) of the sol_utrion was recorded
a‘f‘ter 5 minutes 11; a spectrophotémeter and designated’ as Ay,

The following cn1culanon was used to determine the

concentrat‘lun of Hbo; in the sample.

4
Concantration of Hb0z (ng/10pm1).= (X' 0.02) . (Abx o)
o BT e - B

|2
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2

v

volumg of Drabkin's reagent used (usually 6ml).

As

Absorbance (540nm) of standard. .
Cs = Concentration of standa‘rd (Flsher Dvagnosti:s

‘ '. Cyanmethemoglobin Stlndard Set ZSl) - anmg/wom

AbsnrbancE’f?ﬂm) of sample.s )
” SO I

2.2.6 - Incubation conditions

s

A1l incub;tiops involving ery'thrucyte's-and‘ HbOz were
carried out in p‘hosnh_ate buffered saline (PBS) (pH 7.4) at
37°C uiti; gentl; shaking, and contained either ‘washed
erythrocytes (20% or 251 packed cell volume (PCV) fimal

concentration) or Hboz (50mg/ml1). To achieve a final

concentration of 26% or 25%, ‘an approp}lats‘ aliquot of
prewashed erythrocytes (see section 2.2.3) with known PCV -
'|a§ pln_ened i;nto a ‘test tube, f\ﬂlo‘ugd py the other.'
reagents. A final ?CV dgternination was performed as a

o . check.‘ta determine if the dg;'ired PCV had been obtained.

2.2.6.1 .Studies |nvnlv!n§' DMSO extracts of PBCO lv_ld )
metabolized PBCO. :
. ) lncuhat'lons ‘cantnneg pér ml: washed RBC (25% PCV) or
HbO2 (EOmg/mlj; 5= l.of nhs(r extract,& PBCO or me’ta.bu‘_-‘
\ 'Ilzed PBCO. w was necessary to determ'n; ‘1( the

. n\bollsl of .PBCO vus needed to produce toxicity. a m\DPH- 5
'
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regenerating system (5.0 pmole of sodium isocitrate, 0.5
Jpmole of NADP*, 5 pmole of MgClp, 0.65 units of fsocitric
dehydrugén‘nse) in 100):1 of PBS was added in the presence of
lmg of rat liver microsomes (control or pretreated) (see
Vsecnon 2.{4.2.1} to give a fina.; volume of ml‘of incubation
mixture. Blanks were performed using erythrocytes and.PBS
in the absence or presence of DMSO. 'T1m’e curves and :thee
tration curves were als‘o performed nr; these ex friments. At
'suitab'le time fntervals or at the en’d b_f.i.'hnun, a'li,quotg_af
the.reaction mixture involving erythrocytes were removed. for
themde\temnion of hemolysis, metHb, .reduce‘d glutathione
(GSH), oxidized glutathione (6SSG), and total glutathione
(GSH + GSSG).- Only metHb levels were measured in in.cub,u-
tions involving HbOp. Percent hemolysis was &éternlned as
described by Draper and Sa.rri C3allany (1969) on 500m1 of
sample (see section 2.2.7). "MetHb was determined as
dedcribed by Fairbanks (1976) (see section 2.2.8) on 10001
of sample withdrawn from the incubation mixture. GSH was
determined by the alloxan method (Pattersoﬁ‘lnd Lazarow,
1955) on 200p1 of reaction mix (see section 2.2.9.1). . Total
glutathione and GSSG were measured as dgs_criped by Tietze
(1969) »on~lqln1nd 100,:1 of .sample r'gspectlyely (see sectjon
2.2.9.2). .
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- 2.2.6.2 Studies involving naphthalene and some of-its
derivatives -

Incubation conditions were the same as described in the
¢ .

previous sectiom, with the.exceptlon that 0.05mM-1.0mM final

concentrations of substrates (dissolved in a maximum of 1041 "

DMSO/m1 reaction mixture) were added to the realtion mixture
instead of PBCO mixtures. The following substrates were

used: ﬁaphtha'lene,v 12-n.aphthuqu1nnne. le 4-naphthoqu'inune.

1,2- dlhydroxynnphthuene, 1 3-dihydroxynaphthalene, 1,4~ "

dihydrnxynaphthalene. l-naphthol, 2- naphtholv. trans-~ 1.?-
d|hydrnxy-l,2-dihydyunaphtﬁa'lene_‘. 2,6-dimethylnaphthalene,
2-methy'[-"-l-jgapfv|cho1 and 2-methylnaphthalene. _MetHb was
determined as previously discussed on erythrocyte or HbO2
B'il;die; but GSH and 6SS6 were determined on 50041 of sample
according to the HPLC method of Reed et al (19‘80) (see
‘sactﬁ{:‘(Z.Z.Q..'!A).

” < . %

2.2.7 Determination of hemolysis in e:rythrocytes'_

. Hemolysis of er;yt’hrocytes was determined according to a

’ lﬁ;)dlfied method nf Draper and Sarri Csallany’ (1969) A
500;41 aliquot ‘was withdrawn from the |ncuanon medlum

From this sample a 100)41 a11qunt was added- to 3ml of

d d1st1!'led H20 to hemolyse the erythrocytes comp{etely. The

'reualn‘ll(g 40041, §|nple was cen‘trifuged An a table tof) -

™\




centrifuge for 10 minutes (600 g, room temperature) to spin
down unhemﬁysed erythrocytes and ghosts. A lOO/H aliquot
of the supernatant was transferred to a test tybe containing
3m1 of PBS. (0.1M potassium phosphate‘ buffer (pH 7.4), 0.9%
NaC1). After 30 minutes the absorbance of both tubes was
measured at a vavelengt‘h. of 415nm. . The absorbances were
measured against a PBS blank. Percent hemolysis was
calculated by d|v1d‘|‘ng the absorbance value f\‘:?é the tube
containing the buffer by that of the completely hemolysed
tube containing a}ided water and multiplying by 100. T

2.2.8 Determination of methemoglobin in urythl;ocytes and
HbOp

Methemoglobin was determined as described by Fairbanks
(1976). 0.1ml of sample was rennv‘ed.frnm the incubation and
mixed with 3.9m1 of distilled Hp0 in a 10m) test tube.
After 10 minutes a 4:0ml solution of 0.15M po’tassium
phosphate buffer pH 6.6 was added followed b:y thorough
mixing. After centrifugation for 10 minutes in a table top
centrifuge (600 g, ro;m temp”.). two 3.0m1 aliquots of
hemolysate were added to two tubes designated Cp and C3. A
100ul solution of éoz potassium ferricyanide was added to
tube 'Cg and ‘the absorbance of both tubes were measured in a

spectrophotometer at 630nm. The absorbance of contents of
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_.—tubes Cp and C3 were designated as Ay, and “Sa respec-

tively. A 0.1m) solution of 5% KCN was then added to the
contents of these tubes and the absorbance (630nm) was
rechrdedAagaﬁ at le_lst 5 minutes later. These absorbance
values were designpted as App and A3p respectively. The

spectronhotometer was zeroed with a blank composed of 1.5ml

" buffer and 1.5m1 of distilled water. Calculations were

performed as”follows: ° B

Methemoglobin (% of total vigment) = 100( )Azn)_

2.2.9 Deter-lnation M gluhtMone (GSH). oxidized g]ntr—
thione (65S6) and total glututhlone in erythrocytes
2.2.9.1 Determination of 6SH by the alloxan method
Determination of GSH was perfor-ed as descrlbed by
Patterson and Lazarou (1955) A 0. Zm’l aliquot of reaction
medium was mixed with 1.4m1 of distilled wat&r to hemolyse
the red ce_'lls. A 0.4m1 aliquot of 25% (w/v) metaphosphoric

acid was added, mixed a_nd then centrifuged for 5 minutes

(600 g, room temp.) to precipitate the protein. For each

_sample, "two tubes were labelled X and Xo with both..con-

tulning a 0. 5ml aliquot of supernatant. A 0.5m1 aliquot of
0.1M alloxan and Nzo were distributed to tubes X and Xo

'rvespectively. Xo cnrresponded tn the sample blank
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Standards and blanks were set up as above but instesd of
0.5m1 supernatant, 0.5m1 (;f buffer containing Sf}/;g GSH or
0.5m1 of 5.0% metaphosphoric acjd was added, respectively.
Aféer all tubes were prepared, 0.5m) of 0.5 M phosphate
buffer pH 7.5 was added, immediately followed 'by 0.5‘m1 of
equivalent NaOH solution. iEquivalien.t NaOH was pr‘epnr_ed bj_
tnra_tlng 3 mixture of 20m1 of 5% metaphosph‘oric acid and 20_
mt o_f 0.1 M Fllexln with qAS l.N\lIION to pH 7.5 with-a pH
nefer.“‘j The amount of 0.5 N NaOH that was needed for the
H'\trat-lo‘n was dilut;d to 20ml1. . After six minutes, a 0.§m\'-'
aliquot of IN NaOH was added. This stops the }eiqt!on and
stabilizes the product ahsorbingvat 365 nm for several
hours. ‘The concentration o'f“,(iS_H was determined by the
foH“ewh\g calculation. ;

- GSH (mg/100m1) = A b Ap x 50
SRR

" » . .
Ay =.Absorbance of sample minus sample blank (305nm).

Ag = Absorbance of standard minus standard blank (305nm).

Final calculation was recorded as /lmoles 6SH/m1 packed RBCs
(100% RBC). ’

2.2.9.2 Determination of total glutathione and 6SS6

piteruination of tota'lyglutath‘lone (GSH and GSSG) and
- ' ¥




- 52 -

oxidized glu&athhme (6SS6) was performed as described by
. Tietze (1969). s .

Tota\’l glutathione is defined as the su'r; of GSH and GSSG
in GSH equiva’lents. The following protocol was used in its
determ‘lnatlon 10p1 of reaction mixture was hemolysed in
99041 of cold 0. 01M phosphatelo 005M EDTA buffer, pH 7.5.

" For analysis, 5041 of “the r.esultipg hemolysate was added to

a Im]l sample cuvette contaiﬁing 0. Gymole of 5, 5“‘-d1thio$"s-

(2 Mtrobeuzoic acid) (DTNB), 10pg of glutathione reductase,
0.2" ymoles of NADPH, and phosphate EDTA buffer. The final
volume was lml.,. ¢The rate ‘of reaction was expressed- as
change in absorbance per 6 m‘nutes at 412nm wavelength, and
was compared to a standard—cdrve using 1-100 ng GSH. The
‘cuntents of _the -standard cuvettes were the same as s(ated

above, but the additionm\ of hemolysate step was nnntted.
Final results were e_xpresl& as gmoles/1ml packed RBCs.

. For determination of GSSG content, 100y of sample was
incubated with 0.02 M N-ethylmaleimide for 1 hr at 25°C as a
1:10 hemqlyzate in EDTA-buffer. Following the prec(pltatiqn
of pro-teins 'by addition of 1.0m1 10% trichloroacetic acid
(1";5) the suspension was centrif’uged “for 10 minutes in a
table toq centrifuge (600 g, roem temp.). The' supernatant

sq'lut(‘on was extracted 10 times with d‘lethy‘l ether.

: Finally, 10041 of-the eitrncted supernatant was adqed toa

1ml sample cuvette containeng 0.6 ymoles of anB, 10 mg of




- 53 -

glutathione reductase, 0.2 of gmoles»r NADPH, and phosphate

EDTA buffer. The final volu was Iml1. The rate of the

reaction was expresseu/as the change in absorbance per 6
minutes at 412 nm wavelength, and was compared to a sta_r\dard
curve using 1-100 ng of GSSG. Results weré converted to
umoles/m1 packed RBCs and e;pressed as % of total gluta-
thione. , _

For studies inVolving PBCO the above meth;;‘]s were found
to be the most suitable for detérmnation of GSH, GSSGy and
total glutathione. Due .tu the complexity of components of
crude oil, intérference occurred in analysis using fluori-
metric or HPLC methods. .

oy .
2.2.9.3 6SH and 6SS6 determination (HPLC method).

Determination of reduced and oxidized glutathione was
carried"t;ut by high-performance' 11qu’id chromatography as
described by Reed et al (1980)_. 0.5m1 of imcubation mixture
was mixed vigorously with a 0.5ml solution of 7.0% meta-
phosphorric acid tw/v). After centrifugation (5 min., 600 g,
room temp.) to precipitate the protein, 0.4ml ‘of supernatan{
was added to a 0.4ml solution of ;ogoacetic acid (7.5mg/1ml
Hp0) and incubated for 60 minutes in th(? presence.r;f '
a‘pproximatew 20mg of sodium bfcarbonate. A 0.5ml so]ut\on
of 1-f1uore-Z.d;dinltrobenzene (DNP) ~(1.5% v/v) in absolute

.
ethanol was added and allowéd to react for 4 hours at room
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ieuperature in ‘themark to form N-DNP derivauves': N-DNP
derh{ﬂlves of standard GSH and GSS6 were also formed in a
similar way as described al;ov'e.'

Separation of DNP-derivatives were performed on a

Haters- Bondapack lﬁlne liquid chromatography column. The

\ 10,1} samples were JnJected with 2 Perkn Elmer’ 155-100

autosiampler. . The solvents were- delivered with 4 PerRin-
. Elmer’ Serles 4 L|qu|d Chromatograph Mlcroprncessu -
contro!l}ed snl-vent de'livery system "The. column was washed
with methanol aWd then equilibrated for 5 minutes with a
solunt system contllning 640m1 methanol, ISOml water and

200m1° from a sol«uan conslstlng of 2729 sndium a:etate

: tr!hydrate, ‘122m1 water and 37Bml glac!al aceﬁ&' atip.-r The
v

elution of DNP derivatives of GSH and GSSG6 was carried out

using the same so'lvent systeém as descrlbed for 15 mlnutes at

a flow rate of 1 Om1 per mlnute The e\uted :onpounds were

detected at 365nm ns|ng a Perkin- Elmer model LC- BSB dual

beam spectrnvhotoleter. cnntro’l)ed thrnugh a Pean-[lmr' °

L-C Autocontrol with variable navelength. The signu‘ from )

the detector were intégnted on’the Perkin-Elmer 3600 Data
System through 3 Perkin E1mer ChromatogravM\:s 2-(cI7T2)

'software package. 'Data and graphics were recorded on a

Perkin=Elmer 660 Graphics-Printer. After elunnn. the

column vas lhen washed for 5 minutes with ‘methanol: ater

.(4.1 vlv) nnd 2 further 5 minutes with methanol (1001)'
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before nna]y‘sing the next sample. The concentrations of BSH
and 6556 in the samples were calcu'latevd from réspec(ive
standard curves elufed in the same manner. Figure 2.3 shows
elution profile of GSH and GSS%. The concentrat;ons of GSH
and GSSG in the reaction mixture are éxpressed as)fmolgs GSH
or GSSG/M packed RBC. Pe’r:tentage‘chahge in 1evel‘s of E
_GSH ;zr GSSG from control values -were snmenmes used fn'r
cunsistency._

. 2.3 Methods related to chick embryo studies . &= - v

2.3.1 ir’eatment.o; eg‘gs ) \. '
i 2.3.1:1" Handling of chi:k eggs i .
Fer\‘.\'le eggs (unne Leghorn) were purchaeed frem Cuuks

Ch!ck Hatchery (T‘ruru. Nova Scotia).. Eggs were 1nc_nhatgd at

37.50¢ 1m cnmmernal 1ncubators Before app]icut‘i’oh of the

test. substance (da,y 7.0r, rtay 12 of 1ncuhat|on) e ; .

. selg:teﬂ for fertlth and normal deve'lapment by candllng,

and randomly divided inte treatment groups of 30 eggs each

co2. 3 1. Z Stud!es |nvn‘w1ng PBCO. PBCO 'ractions, drilldng’

flu|ds, diesel fu,el and b'lmwut crude ofl

-:'(aliphatlc, aromat!c, NOS‘ see’ secuan 2.2, 1 3). Drilling

M rtath studies h\vo'lving PBCO, PBCO 'ractinns




1404d J7dH uL “m.N.w:.MuC
-
\

° - SaAIjRAlJap nzn.khwmmw Pue HS9_pdrpueis jo 3]

SILONIM 3w 1L NG IL01T -
@_2 NIN 076 e

0133130

- 56 -

-
-~
-
-
o
-
-
m




< 87 -

a7 ) : . -
fluids (Safver oil 1, 3, 4, 5), Shell blowout and d‘!:s.el

fuels were carried nut‘by,;pp”cathn of samples on day 7 or .

12 _of fncubation. 0-40p15 of. sample were applied by a
microlitre eringe just below the 'qirspace of upr‘lght eggs
bas described by'Ahleré ({1977). 011 was spread ‘around the
surface of the egg with the tip of the syringe. Immelcsﬂt'e\y

after.oil application, the eggs were ret,ur‘ned to the

“ Yncubator. Eggs were candled once every two days and were
. ™ . + 8 [; ¥

opened on day 15 for eggs treated ‘on-day-7or onh.day 19 “for
egés treated on day 12. Percent mortality wis c‘a]cdhted by

' . . &
"dividing the number of dead embryos by {he sample ‘number

-~ X1007 5 h

For enzyme induction studies, the ahov‘e samp les were
applied to the surface of egg as described above on day 12
of incubation and.the Tlivers, kidneys and lungs excised 24
hours later. Kidney and luﬁg studies were not peformed on
drilling fluids, diesel fuel rand blowout crude. Microsomes
were prepared (see section 2.3.2.2) and assayed for cyto-

o \
chrome P-450' (section 2.3.3.1),. 7-ethoxyresorufin

0-deethylase (section 2.3.3.2) and benzo[a‘]pyrene hydroxy-

lase activities (section 2.3.3:3).
"2.3.1.3 Benzene and benzene metabolite studies
: s

The 1injection of benzene or i{ts metabolic derfvatives

was per'f.ormed as: described by Korhonen et 2l (1984).




‘Hamilton jyrlnge ‘via a small hole made in the sheil
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Benzene, resorcinol, catechol, hydroquinone, 1,4-benzo-.

+ quinone, phenol and cis-cis muconic acid were injected into

eggs |n amounts of 3.5-79.1 Jmoles per egg. All compnuqu

‘.except benzene were injected in a total volume of 50/11 of

PBS. (0.1M phosphate buffer (pH 7.4), 0.9% NaCl). Benzene
was delivered without previous diTution.

Each compound was injected into the a1rspace using a

/After
injection,ythe hole was sealvedAwith critoseal. _The‘ treateﬂ
e’gg-s were then returned to the incubator and racks-held in a
horizontal position for 1 day, before resuming periodic
rotatfon.” A1l eggs were treated on 'day 7 of. incubation and

S
opened on dgy 15 to determine ‘the mortality rate.
2.3.2 Preparation of microsomes

2.3.2.1 Pl’evarctlon of Hver licrosules frau rats ° £
Microsomes were prepared from untreated male Sprague
Puwle_y,rats (225-250g) .or rats pretrea}ted with sodium pheno-
barbitoT (PB), ‘(0.1‘1_so1|‘n|on,|n drinking wafer for 4 d?y;),’
or 3-Methylcholanthrene (3MC), (20mg/m1 in corn ofl adminis-
tered i.p. as 2 qa!lfinjectlons of 40mg/kg body weight).
Animals were faste?ﬂ‘overnfnht aftqr final treatment and
kll"led the following day by :ervh:lal dislocation. A1l of

the .folloying qrocedures were performed at 0-49C -according
' _ '




- 59 -

‘to the method described by Rzhimtula et al (1979). Livers"
were removed and perfused through the portal vein with
ice-cold 1.15% KC1 t-n re;vmve blood, 'blot-drted and uelghhd.
Eacb"lilver was minced into fine pieces with séissors and
homogenized with 3 volumes (w/v) of O.1M potassium phosphate .
buffer (pH 7.5) by a motar-dri‘v‘len Punér-ElJevhem homoﬁenf
izer. The homogenate was centrifuged -at 16,0009 for 10
minut'es in-a Sorval.RC-28 :entri’fuge I(us!ng(G}A,rq'tar). n.'e
supernatant was decanted, Filtered through cheese c!ath'and
:entriluged at 105,000g for 75° ninntes in a ‘model L3-50
ultra:entrlfuge, equipped with a 50 Ti rotor. The micro-
somal. pellets were resuspended ln 0.1M phosphateﬁbufférr pH
7.5 by gentle homogenization with a hand homogenizer (4
vstrakes). and recentrifuged at 105,0009 for 60 mln;tes. fhe
supern.atants were ‘discarded and} the pellets were resuspended
by homogenization in phosphate buffer in a volume equal to
‘N!e 1r_|1t1|1 weight of the liver. The washed microsomal
suspensions were frozen in suitable aliquots at -80“(.“.
Prote’ln determination was peformed as described py Lowry et

al (1951), using bovine serum albumin as a standard.

2.3.2.2 . Preparation of microsomes from chick nbryos‘
~"Chick embryos were killed lhy decapitation. ‘The 1ungs
anu—kidneys were removed as quickly as puss1b1e and. rinsed

in ice :ow 0..1!1 pélssium phosphate buffer (pH 7.5).  Each
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organ was poboled separntely with those of the sa‘me treatment
group (20-30 emhr,yos per group). Homogenizing and centri-
fugatrn of _samples were carr:ed out as described for rat
microsomes with the exception that microsomal pellets were
resuspended 1in bl‘l‘ffel‘ in 2 total volume of 600u1. - Three
200/” 'a_l!q:uots were then frozen at -800C until assayed
(usually w'ltMy 1‘ week) . Pv:o'tein deterlimat'ion was per-

formed as desctibed b} Lowry et al (1’951).

2.3. 3 1 Ieasure-en! of -cytochrome P-450 levels ’

Cytochrome P- 450‘1eve'ls were measured as described b_y

Omura and Sato (1964) CA 2m1 sample containing 2mg m1cru-
“somal prutein, 0.25M potassium phosphate buffer (pH 7.5) was
“.mixed gently with a few crystals of sodium dithionite. .The

solution Was distributed equally in two cuvettes (lm1, lcm

pathlength) which were  placed in the reference and sample

‘cell compartments ‘of a double bean spectrophotometer. —After

a baseiine was 'recorded between 400 and 500nm-,- ;he sample
cuvette. contents we{re gassed wf’t‘h c$rbun monoxide by
bubbling H:‘,foﬁ at' least ene minute at approxipately 1
bubb1e.p'ef" se:ond The spectrum was recorded again between
400nm and 500nm.to determine the maximum absorbance peak at

approximate'ly 450nm, Ca'lcu1ntions to getermh{e’ cytnchrome
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P-450 content involved use of the extinction coefficient ,

difference -of 91mM-! cm-1 between 450 and 430nm.

vZ.3.‘3.Z neter-hu!ion_of 7-uhoxyresoruﬂn‘o-ieethyllse
« “activity » -
7-Etﬁoxyr‘esornfin o-de_etnyl ase O-dealkylase activity
was determined according to thelmethods of Pohl and Fouts
(1980). A total incubation volume of 1.25n1 contained 0,125
ng ofv microspmal protein, 2.0mg of bovine serum albumin,
D.lvml'luf pot$ssium p_hosph_ate buffer (pH 7:8), 125 pl’of
NADPH 'regener_,.ting system (625 pmoles of sodiur‘n- isocitrate,
0}.63’ pmoles of ‘NADP‘. 6.25 )ﬁnoles of MgC1y and 0.81 units.of--
isocitric dehydrng‘enase made up to 0.1‘25};1 with PBS) and
1.5uM 7-ethnxyresoru.ﬂn. The sample was preincubated at
379C for 2 minutes in the ab;en:e of the NADPH regenenl‘in{gﬁ

system before starting it by its add’!t‘ion. The reaction wd\s

stopped after 10 minutes by the addition of 2.5m! of lyh’-\"

anol. After the precipitated préte!n had been removeb‘lby
centrifugation (10 m!n.,‘sou g, room temp.), the fluores-
cence of the subernatnnt uas»musured‘ using an excitation *
“ wavelength of gﬁonm and un. emls’siun wavelength of 585 nm.
Determination of product quantity was calculated b:y use of a
standard curve of a range of amounts of resorufin (0.0-10.0
nmoles). Due to light sensitivity oiwruf1q'}he precau-

tion of us1n§ din.11ghting was necessary: This was a'chieved
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by the use of _c»urtalns which extended from the floor to the
cefling to exclude most of the ambient light from the

working area.

2.3.3.3 The determination of benu[a]pyrﬁe hydroxylase
activity 0§

Benzo[a]pyrene hydroxylase activity was measured-as
described by Nebert and Gelboin (1968). The total incuba-
tion volume of 1ml conta‘ned‘ 0.2mg of miéros_omal protein,
0.1M. potasstum phosphate buffer (pH 7.5), 80uM benzo[al-
pyre‘ne (in ZU)H acetone) and 100/41 ‘of an NADPH regenev:aHng‘
system (5.0 ,nmoY’e‘s of sodium 1‘soc1trate,' 0.§}mo!es of
NADP“". Sjmn’l‘es'qf,__ngﬁz anvd 0.65 .units of isocitric

dehydrogenase made up to 0.100ml with PBS). Samples were ..

preincubated at 379C for 2 minutes in a shaking water bath
before :tarﬂng the reaction by the addition of the NADPH
‘reg‘eﬁerating system_. After 10 minutes, the reaction was
stopped by "the addition ;zf 4.25m1 -of acetone-hexane (1:3,
V:V) and immediately vortexed vigorously for 30 seconds.
The sample was then Fentrifug_e‘d for 2 minutes (600 g, room
temp.) to produce a better separation of the upper and 16,wér
hym.Snﬂ of the upper organic layer was transferred to
another test‘tuhe containing 2.5m1 of 'IN N‘aoH.; After
vor’texi_ng and :bentrwugat!an. the fluorescence in thg Tower

‘aqueous.phase was measured using’an. ext(r{ction wavelength of"
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- . E 4
398nm and an emission wavelength of 522nm. Dete‘r-lnat!on of
product quantity was calculated by use of a standard curve _

- ) <
consisting of various amounts (0-10nmoles) of -3-hydroxy-

benzo[a]lpyrene in 1N NaOH.

.
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CHAPTER 3
RESULTS

3.1 Erythrocyte Studies .

3.1.1 The effect of Prudhoe Bay crude 0il (PBCO) on herring ~

gull erythrocytes:

\Data in Table 3.1 show that a-DMSO extract of PBCO
'(15}11)_1nduceﬂ metHb formation (3.0%, P < .011) in herring
gu'll.-erythracytgs. Howevér, when am activation system

consisting of microsomes and NADPH was %resent, the extent

‘of metHb formation was increased significantly \:ov’ll.‘ﬁ%
+ (P < .005).- The activation system and the DMSO extract of
" PBCO also significantly increased methb to 3.6% (P < .01)

and 3.0% (P < .01) respec]t‘ﬁ?‘l‘»)‘

Figure 3.lrshows e effect 03 incubating gull
erythrocytes for 1 hour with varying amounts of a.DMSO
extract of "PBCO or a DMSO-solution ‘of metabolized PBCO on
metHb : formation, hemolysis and GSH deplet‘loﬁ DMSD was run
as a contro'l with 50u1 inducing metHb formation (2.5%;
Figure 3.1A), hemolysis (2.7%; Figure 3.1B) and significant
GSH depletion from 7,94 nmoles/ml packed RBC to 5.84 nmoles/

A1) statistical cnculanons were performed by us-lng
the Se‘udent's t-test. -




Table 3.1. The effect of 2 DMSO extract of PBCO on the
levels of metHb in herring gull erythrocytes. .

.+ A1l incubations were carried out at 37°C for 60 minutes
(rates were linear during this time period) and 1ncludeq in
2 total volume of 1 m1: _PBS (pH 7.4), Herring gl“H erythro-
cytes (25% PCV). The activation system per 1 ml of reaction
mixture consist&@8d of: 1 mg of PB induced rat liver nigro-
somes (p;epared as described in Methods (2.3.2.1),_5)111\0]'“—
of sodium isocitrate, 0.4 pmoles of NADP*, 5 Jimoles of MgClp
‘:nﬂ O.SS\unlts of isocitric dehydfagenase: Threel separate .-

experiments (3 separate batches of blood) were carried out -

with duplicate a’ssays.‘ Yalues are means +_stindard devia-
tions. A11 the following experiments that involved erythro-

cytes were performed using three different batcfies of blood:




. I s >
SUBSTRATE -ACTIVATION - metHb(%)
8] - © SYSTEM -
.Control (no PBCO) - ) . }.820.4
y 5 Control (no PBCO) . + - 3.6%0.7
\'_1 PBCO-(DMSO extract, 15p1) - % 3.0+0.3

PBCO (DMSO extract, 15u1) s . 11.6£0.6




_ means + standard deviatioms. -

.
Figure 3.1. The effect of the DMSO extni:t. of PBCO or meta-
bolized PBEO on metHb, hemolysis, and 6SH levels in gulT
erythrocytes. B ' . °

\

Blood was collected from two animals and noolled.
Incubations v‘ere carried-out ‘at 37°C for 60 minutes and
contiined 1_n‘a total volume of 1°ml: PBS, gull erythrocytes
(25% PCV]), and 2-50 /gl of DMSO, qHSO ex‘tracls of PBCO or
metabolized PBCO. Details ofwmetib (A), hemolysis (B) and
6SH (C) measurements are -outlined in Methods (2.2.8, 2.2.7,
2.42..3,.1. respecnvgly). T.hree‘;é'p-arate experinents (3

separate -batches of blood) were carried out. "Values are

Abbreviations: 0IL;.DMSO extract of PBCO .

HET‘ABDLI]’ES; metabolized 'Dl‘ISO extract of
PBCO
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" m1 packed BBC’ (P
B tratlons of DMSO extract of PBCD (uH) Induced a s1gn|f1cant
elevatlon—fn ‘metHb- formatlon (5‘0% with 50/11 P« .005; Fig..

3 IA), a slgntfl:ant 1n:reuse ln tne leve] of hemalysis (38% '

with 50,u1' P < 005 F‘Igure 3.1!) and a suhstantiﬂ decrease
in GSH levels (5.53 nmu’!e/m] packed ‘RBCS with 50/41 P <
.005; Figure 3:0€) There was no slgn1f1cant difference

(P > .05) between 50}11 of 'DMSO and the DMSO extract of PBCO -

in their ability to reduce GSH ’levels. - Metabolized PBCO,
’ . . . . .
however, induced metHb (15.7% uith,ZS/ﬂ;. Figure 3.1A) and

hemolysis (42.7% with ,2.’9:1; Figure .;S.IB). Addition of 25):1

of¥metabolized PBCO significantly (P < .005) depleted GSH
. from the control value of 7.94 nmoléslml packed RBCs to .3.47

nmoles/ml packed RBCs (Figure 3.1C). | i

3.1.2. The effect of PBCO on human erythrocytes

The results in Table 3.2 demonstrate that the levels of
metHb und',q)ut.athlﬂanev in human er&thracytes are also
affected. by PBCO. At the end of ‘incubation the levels of
metHb in the erythrocytes were 2.7%, 5.6% and 7. 2% in the
presence of zs,n/ml DMSO,’ DMSO extract of PBCO. and
metahollzed PBCO respectlvew .

Tota) glutnhion.e decrea{ed’* from the control value of
2.47/lmn'le§/m1 packed RB.C to Z:lﬂl (é_< .01)‘. 1.92 ;nd 1.53

'1{]‘05) (F1g|;ré 3.1C)+ [Increasing ’cunc‘eﬁ-v




’ cytes.

" Table 3.2, Ihe.affe;t of PBCO.and metaboTized PBCO on

;etﬁb. total glutathione. and GSSG levels. in human er‘ythro»

. E : i

Incubations were»c_arr,!é& out- at 37°C for 60 minutes and

contained 1n a total volume of 2 ml; PBS, (pH 7.4), Kuman

erythrocytes (25% PCV) and 25 41 of DHSO, PBCO (DMSO .

extru\:t).' or netibolued PBCO. .At the end of {incuatidn,

. methb, total gl“ut'nh‘l'oﬂe (Tietze method) and GSS6 (Tietze

method) were measured. For fufther details, seé Methods
(2.2.8, 2.2.9.2 and 2.2.9.2) respectively. Three separate

experiments were Earried out., Values are: means  stardard

deviations. o
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. : Total -
INCUBATION CONDITIO! ) metHb Glutathione 6556
. : 4 © (umoles/m1 % of total.
cked RBC) glutathione
no{audizi_én' . 1.740.6 2.47:0.10 . 4.2:0.2°
25p1 DMSO/m1 - 2.730.5 . 2.18%0.06° . 4.8+0.4
2511 PBCO (DMSO Extract)/ml  5.640.4 1.9240.10 7.440.6.
2'5/41 metabolized PBCO/m] 17-230.5 1.5310.06 11.240.5
P
Py =
TS
o .
d | \ | [ B
' || J
| . b E st
O .
\ .
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in the presence of DMSO, DMSO extract of PBCO, and:

metabalized PBCO respecnvely - ion

The elevanon 1n levels of oxidized glutathione (GSSG)
from the cuntrol value of 4.2% (% of total glutath'lone) was'
“observed.  DMSO, DMSD extract of PBCO and metabolized PBCO

ngn'ficantly e]evned 8SSG-levels to 4.8% (P < .05), 7.4%

(P < .005) and 11.2% (P < .005) respectively.
X .
3.1.3 The effect of PBCO on human HbOp
‘The effect of thl amount of PBCO on human HbO3 s

. - s N
summarized in figure 3.2. The DMSO extract of PBCO and

metabéllzed PBCO induced a concentration ?even‘dent ipcrease

in metHh formation. \Consistent with results obt"ained with ~

erythrocytes, me\‘.aboned PBCO was found to be more
effective in Inducing metHb f,ormatlon. The* was a
significant (P < .05) ‘increase in metHb with 50u1 of DMSO

~ 5
(5.43%) versus 50p1 of the DMSO extract of PBC . 81%) .

Figure 3.3 shows the time course of metﬁiw formation

from HbOz during fncubation with a DMSO ‘extract: of PBCO or
metabolized PBCO. 'There was a time depénd_evj_t 1ncrease.|n-'
_‘metHb formation from PBCO (Figure 3.3A) to 1 hour of

incubation but from metabolized RBCO, there was an increase

in -metHb formaHon' up to 4 hours. .’ lnlcu'bat(ons containing

-~
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Figure 3.2. The effect of vp]uu' of the DMSO extract” of
PBCO or metabolized PBCO on metHb formation from human HI;O;.
¢ . | ) . * -

. ,Inqubh‘lnrys were r.arlf'led out at 37°C for 60 minutes,
an& contuivned in a total volume of -1 m1; PBS (pH 7.4), 50 mg
of human HbOz'(fur detailed procedure of preparation inf
huinan HbOz',’ s.'ee methods (2.2.4)), and 5, 10: 25 or 50)11 of
DMSO ex.tr'ut of. PBCO or metabolized PBCO. Samples were

removed at the end of 60 minutes for metHb determination as

outlined in.methods (2.2.8). Three separate experiments
.

-eré,sarrled out. Values are means + standard deviations.

- »
Abbreviations: OIL; DMSO extract of PBCO

T METABOLITES; metabolized DMSO extract of
) PBCO
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Figure 3.3. Time course on the effect of the DMSO extract
of PBCO and me_tlholhed PBCO on metHb formation in human
HbOZ.

Incul;ations were carried out at 37°%C for 4 hours and .

contained in a total volume of 1 ml; PBS (pH 7.4), 50 mg
Hb0z, 10 p1 of DMSO or DMSO extracts of PBCO. Samples were
removed at 0 mins, 20 mins, 1 hr, 2" hrs and 4 hrs for metHb
determination as outlined in Methods (2.'2.!).‘ ‘N’|ree
separate experiments were carried out. “Values are means 1

standard deviations.

_ Abbreviations: ‘OIL; DMSO extract of PBCO

\
METABOLITES; metabolized DMSO, extract of

pBCco




- 76 =

.
20
1 A ‘
- ~t
o CONTI
- - oL
) .
=
-
E 10 4
.
0 T T
od : 0 1 2




T

OMSO (Fjgure 3.38) or fo substrate (Figure 3.3A) did not
demonstrate any increase in MetHb formation.

3.1.4 The effect of nlphthalene and its derhatlves on

herring q-ll erythrocytes

Aromatic hydrocarbons Tike naphthalene and metﬁyuted
naphthalenes such as Z-methlylnaphthnlene and Z.S.-
dimethvy’lnaphtha'lene induce metHb (6.9%, 6‘.21‘ and 4.3%
respective'fy)‘ in gull '.erythro:ytes as 1r]dicated in fable
3.3. These values are slightly higher than the_l.sl- metHb
observed in erythrocyte‘s along, But as obsefwed with PBCO.
.‘(Table 3.1). inclusion of microsomes and ”Aﬂﬁh'»sign(fi:ant1y
elevated metHb f;nrnatiqn to 34.0%, 48.3%, and 18.2%
respectively after 60 minutes of incubation. Incubation of
hydraxy!at-ed naphthalenes such as 1l-naphthol, 1.2-’ar ),l-
nihydruxynaphth_l'lene o;' 2-methyl-1-naphthol gave rise to
extensive metHb formition‘(zﬁ.!!. 78.01," 79.0%, [anu 96.6%

.respectively) without any microsomal activation. 1,2

phthoquinone also induced a substantial increase of MetHb
levels (67.8%). g .

‘v




Table-3.3. The effect of naphthalene' and some of its
derivatives on the levels of metHb in herring gull erythro-

cytes.

- A1l incubations were carried out at 3'7"E for 60 minutes
vand fn a total volume of:1 mh» PBS (pH 7.4), Herring gull
erythrocy.tes (ZSZ-P.CV), and \naphtha!ene‘ 2~methylnapnt'ha-_
lene, 2,6-_d|m‘ethyvl'naphth|1er_le. l-naphthol, 1,2-
-dihydroxynaphthaler:e, 1,4-dihydroxynaphthalene, 2-methyl-1-
nap‘hthol or LZ-naphthoquin'on_e. Each substrate was
dissolved in 5p1 of DMSO at an amount to give a final
concentration to give 0.5 mM. The activation system per 1
ml of reaction mixture u;nsisted of 1 mg of PB induced rat
liver microsomes (prenr}tlon as de-scr|bed in Methods
{2.3.2.1), 5-pmoles of sodium {isocitrate, 0.4 pmoles of
NADPY, 5/Amoles of MgClp and 0.65 units of isocitric
dehydrogenase. Three separate exp;\lments were carried out.

Values'__are means % standard deviations.
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‘SUBSTRATE ACTIVATION MetHb(%)
SYSTEM
No addition - 1.540.3
No addition + 4.510.3
P
Naphthalene : - 6.‘9:0.
Naphthalene . + & 34.0%2.

2-Methylnaphthalene -
2-Methylnaphthalene - ]
2,6-Dimethylnaphthglene -

2,6-Dimethylnaphthalene +
—

1-Naphthol =
1,2-Dihydroxynaphthalene -
1,4-Dihydroxynaphthalene -
2-Methyl-1-naphthol -
1,2-Naphthoquinone -

6.440.

4.3+0.
18.2+1.

26.3+1.5
78.0+2.9
79.045.3
96.8+3.0
67.8+4,2

5

2

3
48.332.4
4

8
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3.1.5 The effect of naphthalene and its derivatives on

metHb formation in human HbOp.-

Table 3.4 shows that nhﬁht‘haieﬁg but not l-naphthol;
~\1,2-maphthogquinoe, -1,4-naphthoquinone; 1,2-dinydroxy-
naphthalyene‘ ryequ,h‘e metaboH'c‘ac ivation to induce metHb
forl‘naﬂon from Hboz" This is consistent whh data obtained
rusing herring gu11 erythrocytes (Tab'le 3. 3) 2 5-)Dimethy1-
naphthalepe gave a sljght but significant (P < .05) increase
in metHb (6.1% at 60 minutes). Although l-naphthol by
Titself gave a ‘substantial 1ncrease in metHb (38.4% at. 60
minutes), the addition of microsomes and NAUPH 1ncreased the:
metHb level to 47.2%.
2-Naphthol and 1.3-d|h,y.druxynaphtpa1ene induced a
slight but significant fmwcrease in metHb from HbOp (5.5%;
P <.005), 5.2%; p < .05 respectively) (TabI&™334). In the
presence of the activation system there was a dgcrease in
metHb -formation for 1,2 naphthbquinone, 1,4- naﬁhthoqulnone)
1,2- d1hydroxynnphthalene and 1,4- dihydrnlynaphthﬂene.
1,3-Dihydroxynaphthalene (Flgure 3. SA)\did not signifi-
cantly (P > .05) elevate‘metﬂb 'levels inJﬁu_ma_n erythrocytes
] J

after a 60 minute 1n:ub;t_|b‘n period. .




Table 3.4. the effect of nnphthalene and its deriv‘cuves on -

metHb fnrmn.loo from human Nb02

.

ALl 1ncnbations were carried out at 37°C .for 60 ninntes

and contained in a “totai” volute of 1 ml: PBS (pH 7. a),

.lmlnan nbl)z (50 -g), and naphthalene.j\ﬁ dlnethylnaphthl-'

1ene‘ l naphthol, 2- navhthoI 1,2- naphthoquinone. 1,4-
nlphthoqulnone, 1y 2 d1hydroxynaphtha ene, 1,3= dihydroxynapn-

~thalene or 1,4- dihydroxynapn,tha'lene AH :ompounds were

dissolved in 5/41 of DMSO to give @ final concentrlMon of

induced rat llver mlcrnsomes (preparatinn as ﬂ1scussed— in.
Methods (2 3.2:1), 5pmoles of soxﬂum isocitrate, 0. A)Amoles
of ' NADP' Sﬂmules of HgClz lnd 0 65 units of isocitric
dehydrogenase. Three separate experiments Were carried §ut.

V-alues are means & standarﬁ deviations.
.
he .
J N 9

e -

0.5 l\H The activation syslem consisted of 1 mg of B ™
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.2 . .
N
¢ . “ACTIVATION “Netus (%)
SUBSTRATE (0.5 M) SYSTEM - MIN ‘50 M

No -addition’
No addition ™ -
Naphihalene
* Naphthalene
3 N H
25 6 Dimethylnaphtha]ene

'

5 2 6 DTmethy]naphtha?ene

“1-haphthor '
» 1-Naphthol
" 2-Naphthol '
%iaa 'Zln;bhthn\

\ 1 2- Na-phthnquunone

l 2- Naphthoqn!none

: 2% 4 Naphthoquinona\

1, 4 Naphthoqulnong
\\\\\" l.Z-Dihydroxynaphthale;e
5 bv\:\-l,i-Dihyf:lroxynuphthal:ne
S 1,3-Dihydroxynaphthalene
_1.3-Dihydruxynapitha12ne
1}4-Q|hydroxynaphtha1eﬁe
1,4-D1hydrn{ynaphthuIene

uz.og‘.:' 1.0040.0 -~
©2.181%5, 3.041,07

0.9+41.2  0.0+0.0™
1 ¢

£2.320.5 18.5%0.9

1.540.7-7.6:1#3.9
4.240.6_ 16.7+5.4
7.542.2

9.150.6 “47.2+1.3
2.840.1 © 5.541.7
4.641.2 30.740.4
42.436.8 73.6+2.8
23.631)2 “50.1+2.3
3.6+0.6 - 42.2+2.5
4.243.0° 23.8+0.6
36.642.4 73.4%3.1
21.743.0 41.3:1.8
21401 5.243.1
14.310.3, :%J.og'o.s.
3.341.7 33.238.1

wB820.3. 20.324.4

38.4+4.1 °
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Figure 3. 4 .The effect of naphthalene and naphthalene

A - derhntives on metHb formtion in human erythrucytes
-~ : ‘ e
| J — i T BN ~ E
e sy AL ‘z * Incubations were carried out at 37°C for 1 hour and ‘cbn-

tained 1n a tou'l volume of 1 ml' PBS (pH 7.4), human )
erythrncytes (25% FCV) 28 mM-n‘aphtnalene (Figure 3.4AN\

4 . 2
‘trans 1.2.~dihydrnxy-1,2 dihydronaphthalene (Figure 3.48),. 3 \

l-nllnht‘hél or.2-naphthol (Figure 3.4C). The a:t(va:tlon b

i sys‘tel?‘(»‘ALj),"cnnslsted of 1 mg of PB in é‘ed rat _liver
T E microsomes \(prgq’a"r_ed as described in Methods 2.3.2.1),
/xnoies of sodium isocitrate, 0.3 /amo'l‘es of NADP’\,A.S/mMes
of MgCl, and 0.65 units of W\sggjtﬁc dehydrogenase._ Trans-
R l.Z-diﬁydro;y_ﬂj- dihydronaphthalene was alsp .inr.ubate-d in”
Bk @ ‘,'thle pres_eynce,::f rat liver cytosol ‘(CQ‘). nontreated; J .
’ v‘equlva'lent to 1 mg oprrb'tein, and 2.3‘ mM ﬁhnr"’.' Samples
" were removed at 0, 10, 30 and 60 minutes for metHb determin-
p  lation as Ygscodfed in Methods (2.2.8). Three separate

‘experiments were carried out. Values are means, + standard

F deviations. E A
. S .
.A'bbr\e!ilﬂo'ns: 'NAP, naphthalene™ S -
- . . \' i DHDIOL trans-1,2- dlhydroxy 2 % 2 dihydro- :
(S b 1 ) naphthalene _ - -
- 1-NAPOL; l-naphthol ' i

2-NAPOL; 2-naphthol
CYT; rat liver cytosol .

ACT; activation system % =




metHb (%)’

metHb (%)

- NAP_
=~ NAP% ACT

v

40} * .
B
< DHDIOL
301 .= DHOIOL+ACT 5
- DHDIOL+CYT
’ - OYT
204 .
10+
ot T - T —
0 - 20 - 40 60
_ Time(minutes) 4
=16 :
40 T 1NAPOL
- 1-NAPOL+ACT
- 2.NAPOL
-

2-NAPOL+ACT




'Flgure's.,rb: Time course of metHb formation from human

erylﬁfocytes" by—ngpﬁthoquinnn'ss and dlhydroxy‘nlphthalenes.

Incubations we?e carri‘:d out at 37°C and contained in a

total volume of 1 ml; PBS {pH 7.5), tgman erythrocytes (25%
PCV), 50 }m 1,2- naphthaqulnone {1,2-NQ), 1 4- naphthoqu1none
(Flgure 3.58), 1,2-dihydroxynaphthalene _(;,02 QHNAP), 1,3-

naphthﬂene. or l;i-d{hydrax}"naphthﬂ_ene'(Figure

'3.5A);' 1.3-\]1hydrnxynaphthn)epe had a concentragion_ of '0.5
mM.. The control contained no substrate. Tﬁé niphthu—
quinones were a}so incubated in the presence of 1.0 mM
sod!um azide (Na";) M'I sybstrates were dlsso“ed in “DMSO
(5):1 per- 1 mT {n;ubanon) ’Samples were Penoved ati 0, 5 and
60 minutes for determ(nauon of metHb as descr‘lbed in

% ~ Methods (2.2.8)% Threo separate experimer\ts were ,carried

) S g
out. Values were means * standard déviations.

“Abbreviations: .DHNAP; dinydroxynaphthi'lbene

M NQ;. naphthnqninbne -




metHb (%)

mele(%)' .

2
&

- 12NQ
- 1,2NQ+AZIDE
* 14NQ
= 1,4-NQ+AZIDE
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3.1.6 Th’e effect of naphthalene Jand its derivatives on the .

'level of metHb in hu-qn ery‘hro:ytes.v

In human erythrocytes, naphthalene (figure 3.44) and
its derivative such as trans- 1 2-dihydroxy-1,2- dlhydrn-
nappthalene (&nre 3.48) did ot significantly elevate
_ metfib_ Tevels after 60 minutes of incubatipn (2,6’.’5%; P> .05,
2.13%; P > .05 respectively). 2-Naphthol produced 'a slight’
but signﬂitant (P < .005) 1n‘c::ase'_1v‘| mePHb from 1.97% to

—Te 04%. Ijlovleve.rr when an activation system was present,

naphthalene, trans-l.2-d|hydrux.y-l,2-&;Ihydronaphthalene, and
. ] x '
2-naphthol elevated metHb levels to 12.7%,. 24.9% and 39.6%

fespectively at the end of the 60 mi-nutg incubation period.

“Microsomes and NADPH alone signihcantly elevated metHb
- levels to 4.7% (P < 05)

2 . llhen trans- 1,2-dihydroxy-1,2- dihydronaphtha'lene _was
1'n;ubited “in -the presence of rat liver cytosnl and lADP’,
'metHb was elevated to 36.0% after 60 minutes of. {ncuhation
(Figure 3.48). . v.
» Also cansistent ‘with methb formation frnm HbO, (Table
" 3.4) s the significant 1ncrease In metHb in human
; ' erythroqtes by compounds such as 1 2~ dlhydroxynaphthalene'
(Figure 3.5A), 1,4-d1hydroiypaph;hal&ne;(F!gure 3.51_(). 1,2- .
napht,hnqu‘lnnn}e (Figure 3.5B) and r.tﬁjthoqu\fnune (Figure

3.5B). With these compoundsS<petHb 'Ie’v’ s were elevated to
. 3 P V"'}’,e s - .
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38.1%, 27.51 42.3% and 18. 31 respecuvely at the end of the
60 minute Inr.ubat!nn period. These compounas were very
polent consider1ng tha'. the :uncenlrat‘nn in the M:ubations
were 0.05 mM, while the other substrates tested nere 0.:50mM, —.\
In th'e presence of 1.0 mM sodium ‘azide (»F! ure 3.55).
1,22 dnd 1,4-naphthoquinone ‘stgniﬂcaml’y'\'v < .oos‘)

elevated metHb levels above those obtained with 1,2- and .

. 1.4-naphthoqu|ne_n-e ‘alghe. Sodium azide is an inhibitor

(rever;lb!e) of - catalase: ®

"3.1.7 The efféct of naphthalepe and its ﬂeri‘uﬁves on the
B b aaih v

level of reduced glutathione (6SH) in human

* erythrncy':e’s

Depletion of GSH was similar to changes in metHb "
levels. = Figure 3.6A shows that in the presence of 0.5mM
naphthalene, th: GSH level was a‘pprox‘imately 93% of the
control (no substrate) throughout the 60 minute incubation
period. However, 1n‘ the presence of .NADPH'?nd'M somes, a
final value of 50.0% of control was nbs‘erve;i. Similarly;
with 0.;mM 2-qaphthnl (Fléure 3.6B) activation was needed to
cause dep]eHon" of GSH to 51.8% of tontr_;al values.

‘0f special interest was the pi:servition ‘that m(croscm'u‘
and NADPH deplhked GSH to ubmft 69.6% of the-control value

(Figure 3,6). However, evidence indicates the microsomal

—




~J

& .

Figure 3. 6. -J"' effect of naphthalene, 1- naphtho\ wnd

2- naphlhol on GSH ‘depletion in hnmn erythrocytes.

anub.itiog‘s were carried out at 37°C for 60 minutes and

contained in a total volume of 2.ml; PBS (pH 7.5), human

erythrocytes (25% PCV), 0.5 mM nabhthalen"e’(nk?), (Figure

3.6A), 1-naphthol or 2-naphthol (I-NAPOL, 2-NAPOL), (Figube
f
ounds were added in 5):1 of DMSO per 1ml of

reagtion mixture. The “activation system cov‘i.s1sted lo'fv;'l mg
PB i:muced rat Tiver microsomes'(prgpuration as described in
Methuds 2.3 ? l). Sjumo’les of sodium isocgtrate, 0.4/11!\01&5
'af NADP’ 5/umn'les of MgClp and 0.65 units of: isocitrate
dehydrogenase. Samples were removed at 0, '10.- and 60
‘\mi»’utes for‘asn determination as described in Methods
(2 2.9.3). The value of GSH in tube containing no substrate

S .
nt -1.93 + 0.14umoles/m1 packed RBC's. Three separate

experiments: were carried out. Values are ‘means + standard-

B
deviations.
°
N
"Abbreviations: NAP; ngphthalepe f
NAPOL; nnphtﬁnl "4
ACT; activation system
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vnx1daHon of NADPH may produce”. superoxide radlca'ls

(Fridovich and Handler, 1961)
, 1957). ‘. -

Consistent with the’, resu‘ts of metHb studies,

-and hydrogen weroxide

(Gillette et al.
trans 1,2- dihydroxy -1, Z/ﬂlhydronaphthalene by itself did not

(Figure 3.7A) bu‘t’in the presence of NADPH argd_mjcrns.zmjes or

. |
rat liver cytosol and NADP*, GSH decreased from the control

value by'17.8% and 50 4% respe{:tivtely after 60 minutes of
incubdtion.

naphthol (Figure 3.68), 1 2- d1hydroxynaphtha1ene and'l 4-

respectivelylas compared to the control.

dlhydruxynaTh/ﬂen’e decreased GSH by '44.9%, 90.3% and 60.5%

0.5mM

.Os)lthange the GSH level'at 60 minutes
b v

The other nnphthalene derivatives such as 1-

"1,2-Dihydroxynaphthalene (Figure 3.7B) and 1,4-dihy- -

draxynaphtha]ene_'(Figure 3.7B), gave substantial depletion.of

GSH at concentrations 1Q fold lower (0.05mM) than the other
compounés while 0.5mM 1,3-dihydroxynaphthalene si?g/r.u?ficant’ly
(P < .05) depleted GSH\“:{o 15.2% of control am minutes

of incubation. .




‘Figure 3.7. The effect of trans-1,2-dihydroxy-1,2-dihydro-. -
naphtha]en_:z; 1,2-dihydroxynaphthalene, 1,3-dihydroxynaphtha-.
lene .and 1,ﬂ-d"lﬁyfr’cbxynaqhthalene on GSH ,deple}]nn’ in human

" erythrocytes. ! v ' .

Incubations were carried out at 37°C. for 60 minutes and
cpntained in-a total volumé of 2 ml; PBS (pH 7.5),- human
‘eiy‘throcytes (25% PCV), 0.5 mM trans 1,2-dihydroxy-1, 2-
dihydronaphthalene (DHDIOL) (Figure 3.7A), '1,2° dihydroxy-
naphthalene, (1,2-DAHAP), 1,3-dihydroxynaphthalene o
1,4- dikydroxyn/aphtha'lene Compounds were .added in 5)11’
DMS0/m1 of reactioch mixture. The activation system ' (ACT)
per ml of ¢ a:_t_ion mixture Icunsist‘ed of: 1 mg PB induced
rat liver /microsome (preparation as described in Methods
Jle.3.2. 1)) 5/umu1es of sodium isocitrate, O. 4}Amn1?s of »
NADP* ﬁ,umoles of MgClp and 0.65 units of isocitric
dehydrugen.ase Trans-1,2-dihydroxy-1, 2 -dihydronaphthalene
was also incubated in the presgnce of rat Tiver cytosol
(L‘YT)/ (nontreated; equiva’lent ‘to 1 ng of protein) and 2.3
mM NADP¥. , Samples were removed at 0, 10 and 60 minutes for
6 determination as described in Methods (2.2.9.3). _The
y’a1ue of GSH in tubes conta\mng no substrate was «.97
/0. ZZ,moles/ml packed RBC's. Three separate experiments were
carried-out. Values are means + standard deviations.

Abbreviations: DHDIOL; trans 1,2= dihydroxy =1y 2 dihydro-
" naphthalene

DHNAP ;' dihydroxynaphthalene.
ACT; activation system .
CYT; rat liver cytosol .

!
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“3.1.8 The effect of 1 2-naphthoquinone 'and 1,4-

naphthoqumone on “the levels ' of GSN and’ nrldhed

g‘lutathione (SSSG) in human. erythrncytes “
] .

One of the funcnens of GSH is to prevent the oxidation. a

‘ af physwlog\ca'l'ly important. compounds :ln the body in uhich :

.ro'le it 15 ox.idized tu GSSG or con;ugated with :rea:tive,

P
metabohtes - Using 0.05mM, 1 2- naphthnqlﬁnone and 0. DsmM

s 4 naphthoqu‘lnone as substrates, 1t is shown in Fil ure”

and 3.8C. that GSH levels were decreased in b Sth cases. _L,2-°

naphthoqulnune was more- potent than j 4 naphthuuulnune.

wh1ch resulted. in decreases (after 60 m1nutes of incubation)
hy 65% and 40% of cuntru[ values respectively. Alsq. the
levels of' G6SSG increased- but :m magnitude was much higher

for P,2-naphthoquinone (Figure 3 BB) thanﬂl ,4- naph"ﬁouuinune

(Ngure 35 BD) . . ey ) ’
Ih the presence of\smhum az1de, 1,2- naphthoqulnone and :
114 naphthoquinone dep.'lete' GSH. even further, and §1multan-
eolisl,y 'GSSQ ir'u:reased (Figurd 3.88 and Figufe 3.8,D respec-
tively). et K o T » o ’
;\15;1 from thése‘resvlts, it. 15 evident that the

quinanes produe'e drastic cﬂanges in- GSH, and GSS6 w‘lthln 10

minutes of 1M:\|bat;on The only except'on ta th's trenu is

the « change of GSH with/l 4~ naphthoqu!non 3




- Figure 3.8. The effect of 1,2-naphthogquinone and 1,4-

,naphthoquinone, ‘'on GSH and GSSE T human erythrocytes,
.'- o \’ . : B )
= Incubations were ¢arried out at 37°C_for 60 minutes and,
' contained in.a ‘tota] voluge of 2 ml; PBS.(pH 7:5), human
erythrocytes (25% PCV);_ .50 MM 1-,_2-na|':h_thoq_uinone‘_ {L,2-NQY

‘¢ .and bj:‘and when yincluded, 1 mM sodium azide. Compounds

T “were dfssolved in 5 j1 DHSO .per ml reaction mixture.:

Samples }Sére ‘removed at 0,.10 and 60- minutes for, the
‘determination, of (GSH (Figure 3.84 .and C) and- 6SS6 (Figure
3.88 and D) as described in Methods (2.3.2.1).° GSH i$

) & i - iy

. expre‘vésed.as percentage of tq}tal giutathéone (in GSH
equivalents) “in control tube. GSSG is expressed Aa‘s_fe.vrcen-v
v "tage of total gl'utathione (_1‘n Gsrj _euuivaIents). Total
glutathiBwe in 4eryt]|rocytes was 2,13 + 0.25 umoles/ml-packed
RBCs. -Three separa’t&_éxper!ments were carried out. Values,
S . . ¢ f > .
. : are megns * standard deviations.
: L T =, .
wbt R Abbreviations: NQ; naphthogquinone
. AZIDE; sodium azide .
e . T r = %
e R \, v " b

- (Figure 3.9‘&@ B) or 1,'4-naphthoq‘t’:1‘npne (1,4-NQ) (f‘lgures

N
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2 In all cases of these experiments,, the decrease of GSH
.-—was not equivalent-to the increase of 6SS6. An inter-

pretation of this result is given in the Discussion.

3.2 The toxigity of'Plco and 1t§ ‘fractions on chick embryos .

3.2.1 The effect of PBCO on -crnlit_y rates in 7 and, 12 day
old chick e‘lryos Lo
Figure 3.9A shows the effect of application of various

amounts of PBCO or_its fractions on chick, embryo mortality.

In general, there was increasing -embryo mortality with-

increasing dosage. The 7 day old embryo was very sensitive

to the effects’of PBCO. The LDSOs (day,7) for PBCO and its

aliphatic, aromatic and NOS fractions were found to-be
- 1.4p7, >»I0p1, 0.4p1 and 6.8p1 raspecﬂve'(y‘(?igure'3.9A).
) “In contrast the lZiday-oid embryo was much less sensii_ive.
=" thiose em’bryos the L‘DSDs -for PBCO and its aliphatic,
.aromatic and NOS fractions were found to be 35u71, - >>40)al

‘a0 and >40}11 respectively (Figure BJB)

,——')




Figire 3.9. Toxicit‘y of PBCP and its aliphatic, aromatic
and NOS fractions on the chick embryo. '

*

Indicated volumes of PBCO or 'its aliphatic, aAromatic‘
and NOS fractions were applied h‘u;t hefnw N;e ajrsac of
fertile chicken eggs on day 7 (A) or 12 (B) of incubation as
described in Methods (2.3.1.2\). 30 eggs were used per
group. Eggs were openg‘d up on day 15 and 19 res‘pectﬁvely.
and dead 'embry’o_s were: enunten;.

£
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3.2.2 The effect of PBCO fractions on hepatic and renal
cytochrome-P450 (P450) levels in 12 .day old chick
- .

embryos

In iigure‘.’s.lo. the effect of app]i:atio’n ‘'of the
aliphatic, aromatic or NOS fractmn to the 12-day-old egg on
embryo hepatic and renal PI50 'Ieve\s is shown. -As seen in
figure 3.10A, the athatj: fraction up to 20/11 failed to
suh‘s‘tantia]'ly élevate. either the hepglt‘l.c or rev}a] PiSb
levels. The aromatic f‘nctian (Figuré 3.10B) showed a

.cdncengraﬂov;-dependent increase in both hepatic and renal
P4.5§) 'Ieve\ls. A 3-fold increase in hepatic P450 levels was
seen :l_‘i_th 0.5/11 of the aromatic fraction while 10}11 showed a
maximum elevation of 5-fold. A doubling of renal P450
levels was seen with-as little as 0. an of/the 'promatlc
fraction while application of 2/11 gave a amximum elevatlon
of 3.4-fold (Figure 3./05). The KOS fraction (F\gu\‘e 3 10C)
also elevated both hgpa_tic and renal P450 ?evelktoj approx!-
mately those seen v!_th the armgmth: fraction bu7‘ required
higher concentrations. For cémpurison. Ahe elevation of
hepatic and renal P45.0 levels with Sul PBCO s /also shown
. (Figure 3.10C). Previously it was shown thut 1 of PBCO
was suffic1ent to cause mnx1ma1 elevations of epatic P450
levels as well as BPH and EROD activities. [(Lee et al.,
1986). ) -k




- 7
Figure 3.10. Ind’;cibﬂity of chicken embryo hepatic and
renal cytochrome P-450 by ahphatic,v“arumatn. or® NOS

fractions of. PBCO. ; ) . . .

Indh:‘ated volumes of a’l‘iph tic (A). aromatic (B), and
NOS fractions (C) were, apphed Jjust below the airsac of

ferti]e chicken eggs on day 12 uﬁ incubation as described in i

Methods (2.3.1.2). 30 eggs were used per group. Twenty- . ,"
four. hours later, Hvers rand Hd\neys from each treatment B

group of - embryos were pooled separate]y, and sed immed=

iately to prepare microsomes (Methods, 2.3.2.2).’ Cytochrome . -

P-450 levels were deter‘mi’ne(‘ as descri in) Methods

(2.3.3.1). Results are means of duplicate as . o
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3.2.3 The effect of PBCO fractions on hepatic, renal and
Pulmonary benzo[alpyrene hydroxylase (BPH) levels in
12 day o1d chick embryos
4 .
Changes in activities’ of hepatic, renal and pulmonary

BPH leve‘lsr following application of the- aliphatic, aromatic

Tor NOS fractions to 12-day-old eggs “are shown in itgure'
BB . =

The- aliphatic fraction up to, 20}41/egg showed no
substanha] fnduction of BPH (Figure 13.11A). The aromatic
fraction (Figure 3.11B) was very potent avd caused a maximum
induction of over 15-fold of hepatic BPH\on application of
only 1p1. .Even 0.2):1 induced hepatic BPH over 4-fold.

Renal BPH was also elevated in a dose dependent manner by

the aromatic fraction. 0.2p1 doubled renal BPH activity

while 5u1 showed a 4-fold maximum induction. Low doses of

',:he aromatic fraction ((1;‘11), did not significantly alter

pulmonary BPH Tevels -but 5/‘1 elevated this activity to a

maximum of 4-fold. The: NQS fra;:tﬁon (Figure 3.11C) also

. elevated BPH activity but only in the -Hvit!- and kidney.

Application of 10);1 of the NOS iract{un resulted in a
mnximum induction of 15.5-fold and 3-fold of the hepy»ﬂ:—amj_

renal activity respecﬂvely For comparison, the changes in




Figure 3.11. Induc!binty of chick embryo hepatic, renal
and pulmonary benzo[alpyrene hydroxylase activities by
aliphatic, aromatic, or NOS fractions of PBCO.

B S .

- -
Indicated volumes of aliphatic (A), a omatic (B) and %0S

(C) fractions were applied just below th Lairsac of ferile

-€hicken eggs -on day 12 of incubation as described in Methods =
(2.3.1.2). 30 eggs were used per group. Twenty-four hours 1.
1ater. Hvers, kidneys, and lTungs from each. lreatnent group
of embryos were pooled senarately and-immediately f«lnved R
by microsomal preparation as described by Methods (2.3.2.2).
8enzo(‘a)pyrene hydroxylase levels were determined as '
described in Methods (2.3.3.2). Results are meansuof
duplicate assays. '
R
* -
¥ = s
&
4 .
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BPH activities with 5u1 of PBCO are.2lso shown (Figure
3.11C). In an earlier report, it was shown that s)n of PBCO
~3elevated hepatic BPH activity 14-fold (Lee et al., 1986)7
= s

P oy

3.2.4 The effect of PBCO fractions on h:p7nh:, renal and
'pullanary 7-:tﬁoxyresor-f’in-o-deethylase (EROD)
Tevels in 12 day oW chick elbryos'

In keeping with other results, t‘ne aliphatic f,racnnn‘
failed, to substantially induce EROD (Figure 3.124). In
contrast.\buth the aromatic (Figure 3.128) and NOS (Figure
3.12C) fractions induced .hepatic and renal <EROD. However,
the aromatic fralion was more effect!ve with 1/.1 fnidu'ci’ngA
theé hepatic activity over 40-fold and the renal activity
about 9-fold (‘ngre 3.128),. In contrast, 1}1! of the KOS
fraction caused only a 12-fold increase 1in the hepatic
activity and#® 4-fold increase in the renal ict{v'ty.l A

Bmaxinum elevation of about 60-fold of the. hepptic activity
was ;een with higher concentrations of both aromatic t;r lﬂl‘S
fractions., In compar|so;. 5)|1 of PB.CO caused” a 65-fold
|‘ncrease in hepatic EROD acH,vH:y and a 37-fold increase in
the. renal EROD activity (Figure 3.12C). It was previously
shown that 5}:1/ of PBCO elevated hepatic EROD by over 7d-fold

(Lee et "al., 1986). ;
& ' . /




Figure 3.12. Inducibility of chick embryo hepatic, renal
and pulmona.r:y 7-ethoxyreoryf in-0-deethylase activities by
aliphatic, aromatic, «'—-Noszﬁwacnons of PBCO.

Indicated volumes of aliphatic (A), aromatic (B) anpd NOS

(C)ﬁaction‘s were applied just below the air sac of fertile

' chicken eggs on.day 12 of incubation as described fn Methods

(2.3.1.2). 30 eggs were used per group. . Twenty hours
Hter,‘]]vers and kidneys: from each tréatment group of

embryos were pooled separate'ly. ar-|d used ‘1mmed1ate>ly to

‘prepare‘mi\}rosomes (Methods. IR 2) 7< Ethoxyresurufin- . @

O-deethylase _levels were” determned as, des:ﬂbed in Methods

T (2.3.3.3). Resnlts are means oj uthcate assays. g S
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Figure 3.13 provides a direct comparison of the results -
) ’ ~ for t.he\‘l.iver and-shows the effective dose of the 'ar‘-oma:tic

and NOS fractions that are required to cause half maximal
fnducuon (Ebso) of P450 Tevels as well as of*BPH and E,RDD .
J\\ actiwties. In ‘térms of volume, approxmately 3 times the

T - ' unt of the NOS fraction (1 9}11 as compared to the v

omat i€ fractfon (0. 6).11), was requwred for ha’(f max]mal
lnductlon of hepahc P450. Also, 4 times the amount of the.
NOS fract\nn was required fnr half maxima] e]evanan ‘of BPH

(_1.5,«1 vs. 0.4}11) and EROD ( B

7/11 Vs, 0.7/11) activities.

S :
3.3 The tox‘city of blnu\nut crud.e 011 d&.ege'l oil and

drHHng muds on chick emhryos o "

'3.3;1' The effer,fon} mortality rateél in chick embryos

! . : =
PR et

Buth blownut crude 011 and diesel 011 caise slgmficant

increases (n~morta‘|ity whenﬂapp]!ed_to the outside surface ‘-

of eggs. :ontiining 17day old chick embryos. As shown in
'Figure 3.14, vtii Ll?;-SO for 'blawoqt or_diese‘l fuel. was, 2.6)41 B
or 3 6/11 respechely. These results are in contrast to’
«data: obta[ned for drHHng fluids “ As lndlcated in F1gure
3 15, ‘none of the Safver oils (trade name uf drHHng fluids ’ v
that were tested) induced a s(gnificant ‘increase in,

‘mortality. ;Safv,er 'u'l,ls #1,, 4, ~and 5 induced, a.mortality -




+ Figure 3.13. The LEffect of app11:at\an of vary1ng duses “of,
% 0
aromatic or NOS fractions Qn dly 12:chick embryu liver

72 ethnxyresoru!in -0- deethylase, benzn[a]pyrendlhynrnxylase
and cytochrone P:450 levels,

~The var!ous data pnlnzs uere nbtained from figure 3 10-

3.]2.v The doses 4fn f]) of the aromat!c ind NDS fractions
requ!red for half max!nal 1nduc\10n (EDSO) of the EROD, BPH
iand P450 were optalnqd as shown from the graphs;, e
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Figure 3.14. The effect of dose of hloyout crude u'm‘d!ese\ -

0il o;| chick embryo mortality.

Results show mort‘;lhy rates of Ch1€kel‘| emhv’yos on da.y 7
app’lii:ano‘n of 0.3-20 /ﬂ volumes qf‘ b1.owout: crude. or diesel
fuel. Sam_p'les were applied \to.' th.g outside‘_of the edg. _Vus?(Y
below the air sac as described in Methods (2.3.1.2). Eggs

.. were opened on dAay 15 of incubation and de:‘a bryos‘were
,"c-nunted. Mortality rate for 30_unt}-eated eggs was 3.3%.
Sample size for each dose was 30 eggs. i
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Figure 3.15. Yhe\\\ffect of application of Safver drilling
fluids on chick-embr;b‘-urtahty.

Results show uortallty‘rnes of chicke_n embryos nh day 7
of applicatinn of 5)4\ or 20 /1] voluns of variges Safver
drilling fluids. Samples were appHed to the outside of the‘
eég, >just below the air siac as described in Methods
(2.3.1.2). Eggs were opened on day 15 of.. ingubation and
éead embryos were counted. Sample gize for each dose was 30

eggs.
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rate of 3.3% at a dose of 5ul. This result was not signifi-

cant considering that out of a sample group of 30-eggs. only
& -

1 embryo died. The mortality rate for nontreated eggs %as

3.3%. However at a dose of 20u1, Safver oil #47and #5

\prvoducedi a mortality rate of 13.2% and 6.6% respectively.

3.3.2 The e’ffect on the levels of 7-ethoxyresorufin-0-
/

{ | deethylase and benzo(a)pyrene hydroxylase in the 12
4
day old chick embryo liver.

—

Consistent with the results of mortality studies,
blowout crudk and diesel were significantly more potent at
inducing EROD™and BPH levels than drilling fluids (Figure
3.16). .

Although the EROD level (Figure 3.16A) in day 13 ni-
treated embryos was determined to be (].25‘ nmolés/min/mg
protein, a 5/u1 dose of blowout crude or diesel (24 hour
pret'vleatment) induced enzyme activities to 14 fold and 6
fold rgspect_ive'[y. anev‘er. whéﬁ a 20/11 dose. was tested,
the enzyme -levéls werk elevated to 7 and § fold above
control, so that the.activity in 20/11 treated embryos was
less than that in 5u1 treated embryos. o

In contrast, drHHng fluids were not very effective
for inducing EROD levels, with the exception of 20):1 of
Safver oi1 #5 (2 fold induction).




pree

Figure 3.16. Inducibility of chick embryo hepatic levels of

7-elho/;yresoru'f1n 0-deethylase and benzo[alpyrene hydroxy-

lase by drilling fluids, blowout crude and diese] fuel.

Five and 20 )a,l samples of Safver drilling fluids,
blowout crude and diesel oil were applied just below the air
snc\nn day 12 of incubation as desgrlbed in Methods
(2.3.1.2). Twenty-four hours later, the chicken embryos
were killed and livers were excised, foliowed immediately by
m"‘cro‘somal pre araﬂon as flescribed in Methods (2.3.2.2).
7-Etholxyresoruf1n 0-deetﬁ}ia§e (A) and benzo[alpyrene
hydrouyl,ise‘ (B) were ass"}yed as described in Methods

(2.3.3.3 and 273.3.2 respectively).
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The 1nduc!iun of BPH (Fi’gure 3.16B) was consistent with
results obtained with EROD (Figure 3.16A). Again, blowout
crude and'qiese'l were effective at inducing BPH activities
>frc.m 0.1; nmoles/min/mg, protein (nontreated e-br_yns)‘tn
activities 6 and 2.7 fold higher respectively, at-a dose of
5u1. The use of 20u1 dose did not incresse activities as
well as the Tower dose. .t ’ ’
2F The df_ﬂli,n-g f‘1ui‘ds did not 1ndu‘ce BPH with :;|e .

exception of Safver oil #5 (1.8 fold induction).

° "
3.4 The . toxicity of benzene and its metabolites-on chick

embryos

Mdias_uith seven day old chﬁc_k":-hryos

-
2

. -
As shown in Figure 3.17, benzene and some of its

3.4.1 Morta

metabolic derivatives can cause death when injected into the
airsac of a seven ‘day old embryo. '
The LD-50 of benzene (Figure 3.17A) was experimentally
dete;mlned as approximately 67/umo)es per e'gg. _However,
1.4~benzoqu‘lno‘ne, 1,4-dihydroxybenzene -(hydroqutnone) and
1,Z-d'|hydrnxybenzene (catechol) had LD-50s of 0.07, 0.07 and
lltshﬂmoles‘/egg respectively. Because high enough concen-
trations were not tested the I.Dso of rgsorcinnl and phenol

were not clearly established. However, it appears that at




Figure 3.17. The effect of benzene and its metabolites n;
chick embryo mortality’,
\//
Vi Eggs on day 7 _uf incubation were injected with-0.55-79.1 k
% pmoles of benzene, phenol, muconate, 1,4-benzoquinone
(Figure 3.17A), resorcinol, 1,2-dihydroxybghzene (catechol),
1,4- dihy‘drpxyhe_nzene (hydroquinone or muconate (Figure
3.178). Samples were disso]veh in 50 u1 of PBS and |nject\eu ;i
into the air 'sacs of, upfrﬁht eggs” as described .in ’Methvads,
. E © 7 (2.3.1.3). Eggs werg opened on day 15 of i‘inf:»ubat.iam and -

“ dead embryos were counted. . Sample size for each dose was 30

eggs. - . . . 0 - «
Abbreviations: C-MUCONATE; cis-muconate : ) J"
" _» T-MUCONATE; trans-muconate '
1,4-QUINONE; 1,4-benzoguinone. '
L]
i
>

~ >
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“ £
doses lesg than 45 }nmo]as/egg their potenctes are similar to
benzene.dL )

‘Cis-cis muconate and trans-trans muconate did not cause

a significant mortality at the doses tested.
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CHAPTER ‘4 ”
- DISCUSSION

4.1 PBCO toxicity fn erythrocytes \

4.1.1 ' A possible explanation for 'theitoxlci.ty of PBCO in

" herring gé11 and‘human erythrocytes-
From our studies it is evident that a DMSO extract of
PBCO is capable of inducing metHb formation, GSH depletion

and. hemolysis ifi erythrocytes, especially after activation
7 - g

‘by liver microsomes and NADPH. ‘

Liver microsomes contain mixed function ‘oxidase enzymes
-hl:h are clplble of metabolizing a:wide variety of sub-
strates. An earlier study by Leighton et al (1983) h:as
demonstrated that Heinz-body hemolytic anem is a primary
toxic response 10 seagulls, upon ‘lngest!_on of. crude_oil.
Accompanying Heinz-body anemia was an fncrease in retienlo-

cyte count, which is a further Ind(catwn of hemol¥tic

anemia (Leighton, 1985). The red ce11 leidons observed were

, similar to those that~were observed when phenylhydrazine was

injected into seagulls.

Crude o11s are known to ‘contain. significant amounts of

‘aromatic_ hydrocarbons like nap'bthi'lgne. phenantkrene, and

benzo[a]pyrene, and their alkylated derfvatjves (Peakall et




al., 1982; Lee et al., 1985 National Research Council,
1985).. s o T

Metabohsm of aromatic hydrocarhuns brmxeu funcnun

i dxniase is known to produce phenols. diols, and quinones as

ue'l) _as .reactive 1ntermed|ates Ehat bind tnycellu]ar macro-
mo1ecn1es (Hesse nnd Mezger, lf7?;irou§h et al., 1979;
Pelkonen and Nebert, 1982). i e . P )
It is'alsonknuwn that” adm"ni§tratiun of n.aphtha'lene to
rodents results in oxidative damage to erythrocytes (Smith,
'198Q). There are documented case} of ¢infants poisoned by
1ngestion (Gidron And Leurer. 1956) pr mha\aﬁun (Valaes et
al., 1963) of naphtha'lené leading to hevqo'lyt\c ‘crisis.  In
the latter case, Heinz bodies wére detected in the erythro-
cytes. It was, therefore, likely that at least a portion of
the nx1dative damage to er‘yt.hrncytes induced by PBCO is due
to ‘the @romatﬁc hydrocarbons present in il
\The \rational for the use of, naphtna'lene def!v'aﬂves such
as 2- methy]naphthalene and Z 6 dImethylnaphtha1ene (Table
3. 3) in these\experiments 15 based on the observaﬂon that
methy]ated naphth,ﬂenes are present in crude oil. Like naph-
thalene, they were a'lso ab]e to induce metHb !armanon in
seagull er}:throgytes when 1ncubated 1n the presence of mic-
rnsgm_gg _ana_N;\DPH.A Bet(ause of ' the commercln avaﬂabiﬂty
of ‘naphthalene m'et'abo'lltes, compared to methylated deriva-
tives, ‘we uséd the fo:‘mer compounds .as model substrates to
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..study the effects of naphthaleme metabolism which in .turn

sev‘-ved as a model for PBCO toxicity studies.

Our results indicate that 1-naphthoT, 1_,2-dihydroxi;
naphthalene, liﬂ?ih;dr_oxynaphtha!.ené 1,2-naphthoquinone and
1'4-n|[‘ahthnqu1none ‘are the most toxic of all naphthalene
metabolites tested on the red cell or HbOZ.

The metibolism of nlphthalene in_vivo and 1n vitro has
been outlined previously (see lntroductiun) A variuy of

naph!hi'lenes ind their nydroxylated derivatives were able to

'vinduce metHb fornatlon in erythrocyles. As expected, the

naphthalenes but not the phenols (with the ex:ept!on,of'
2-naphthol) required metabolic ach‘atibu to toxv1c
metabolites. .

The results in Table 3.2 Show that there is a time
dependent incfease in metHb formation,’ a decrease ‘in total
g’luta!hisne le nd an increase of .GSS(‘% level when a DMSO
ex’tractuof_ PBTCD .is incubated with human erythrocytes. T‘hese
effects were -signiﬂunny enhanced vhen a letahoned‘
extract ‘of PBCO (see methods 2.2.1.2) was used 1nstead
Payne and May (1978), have previously shown that 1ncuhu1on
of a DMSO extract of crude o0ils with fish liver homogenates
results in the produ:Hm; of a variety'of fluorescent
products. 1lee et al (1985) and -Ra_himtula et ;\l (1584) have

observed the same with rodent—1iver u.m gull liver micro-
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somes respectively, indicating that transformation’of crude
0i1 components does gccur in these tissues. .
A variety of chemicals including phenylhydrazine,
phenacetin, aromatic amines, aminophenols and quinones "are

known to induce metHb formation (Jand1 et.al., 1960; Gault-
- . S ~

ret al., 1974; Eyer et al., 1974; Goldberg and Ste;n, 1976).

Phenylhydrazine is the classical oxidant hemolytic drug and
Jandl and &oworkers (1960) origina"lly postulated that
nheny]hydrazine-i.ndu'ced hemo’lysis_ was causéd by free
radicals produced. when the drug was oxidized within the red
cell. The resilts of a latér study (Bablor, 1981) ‘confirmed
this and ‘indicated that phenylhydrazine hemolysis *and metHb
formation required—the oxidation of phenylhydrazine to
nhrenyldi‘azene by oxidizing systems formed ultimately from
hemoglobijn and oxygen. Phenyldiazene itself or its further
on‘e-electron-oxidannn product, thé phenyl radical, is
believed to be the ultimate hemolytic species.

The fact that metabolized PBCO, 1-naphthol, 1,2-naphtho-.

‘quinone, 1,4-naphthoquinone,.1,2-dihydroxynaphthalene, and

1,4-dihydroxynaphthalene -are directly able to oxidize HbOp
to metHb (Figure 3.2, Figure 3.3, Table 3.4)- indicates that
other components 'of the erythrocyte (such as the plasma
membru/ne) are not required. Naphthalene, Z-Eaphthnl and
'2,5-d|methylnanh/tha'lene were also able to convert HbOp to.

metHb but only after microsomal metabolism (Table 3.4).
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erythrocytes

4.1.2 A possible mechanism of 1?.“/"“” toxicity in

The ability of pheno¥s_to-—directly interact ‘with HbOp

and convert it into metHb is well established. Wallace and i

Caughe‘_y (1975), have .shown that-phenois can transfer an
electron. to t‘he I;ound ‘uxygen.of Mbon Then the;combinatinn
of an electron transfer from an external donor ((a phenol)
and an electron from Fe2* of the protein allows the thermd-
ﬁju‘vam!cally favoured two electrnn‘ reduction of bound
dioxygen to H20 to occur and on:w)s the possibility of a
very rapid reduction reaction. The rate of metHb formation
would depend upon the electron gonating cipacity of the
phenol (Wallace and Caughey, 1975).

Eyer and coworkers (1974) have shown that 4-dimethyl-
aminophenol rapidly converts HbO2 to metHb and .that the role
of Hz02 in metHb formation from 4-dimethylaminophenol was of
little importance. Based on these observations it is likely
t’hat the conversion of HbOp to metkb by l-naphthol or other
phenols present fn metabalized PBCO oceurs via the following
mechanisn: the inftial reaction 1is the one electron
reduction of Hb0z by a phenol resulting in the formation ol
metHbd, Hgo‘z and a phenoxy radical: " ’ '

" HbOz + B0 % 2H* —> methb (Fel*) ¥ Hp0p + RO-

.
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The metHb produced in this reaction then acts as a peroxi-
dase, catalyzing the one-electron oxidation of additional
phenol molecules by Hp0p.

Hp07 + 2ROH methb

> 2Hp0'+ 2R0-
The phenoxy radicals may be fuv‘t}ner oxidized by 0z or Hb0p
to quinones, d1mers or other products.
R-0: + Hhsz or 0 ——> quinones, dimers etc. + metHb
R-0+ + 07

> quinones, dimers etc. + 027
The phenoxy radicals may a’]so be reduced Back to the
ﬁhgnu] by cellular GSH. -
2 R-0- + 2 GSH ——> 2 ROH + GSSG

DMSO alone as well as PBCO decreased seagull erythrocyte

GSH levels significantly but metabolized PBCO was much more

effective (F1gure' 3.1). There is some increase in GSSG'

formation with the PBCO extracts but total glutathione

Tevels de:rea}sed as weU by 22-43% (Table 3.2) indicat|n§

that some pf the components of ‘PBCO must bind covalently to
6SH. '

It s well establfshed ihat a variéty of pheriols ca‘n be
activated in vitro -and in vivo to give glutathione adduc\vsw‘
'(Moldeus and Jernstrom, 1983; Tunek et al., 1980)’.’/ 4-
Dimethylaminophenol is also known to reduce GSH.levels,
increase 6SSG levels and give rise to a glutathione adduct
in erythrocytes both in _vitro (Eyer and Kiese, 1976) and in

vivo (Eyer and Gaber, 1978). GSH is the primary intra-
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cellular proiect!ve agent against oxidative damage and its
dep\eﬂlon below' a certain critical concentration usually
précedes_oxidatlve damage to erythrocytes and other cells
(Babier, 1981; Allen and Jandl, 1961).
4.1.3 A possible mechanism of dihydroxynaphthalene and
nlpl_n.h/un‘h,une tnx?c_!ty in erythrocytes

’ Further experiments uithfother known metahn]ites'oﬁ-

naﬁhthilene on human” réd cei1s indicate that quinones may
play a major role in toxicity by elevating metHb leve’]s and
depleting' GSH levels (Figure 3.58 and 3.8) at a low cen-
tration of 50uM. . ; ’

: In view of the fact tr’:at these ct;mpounds can autoxidize
T to .the corresponding quinones (Doherty and Cohen, 1984), as
expec!_ed. 1,2< and 1,l-di'hydraxynaphthal;nes demonstrated
the same trend (Figure 3.5A and 3.78). )

1.3;D1hydroxynaphthalene d'l.d not effect l-etHb or GSH
levels (Figure 3.5A and »3..7B\$ proha:bly due to its inability
to form a quinone, '

Trans-1,2-~dihydroxy-1,2-dihydronaphthalene also had no
effect on metHb or GSH levels (Figure 3.48 and 3.7A')- unless
nicrosomes‘nnd NADPH or 1fver cytosol and NADP* were
1nclua;d 1n>the incubation. As previously stated, d!hydrb-
diol dehydrogenase present ;n the -rat 1iver cytosol probably
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convertéd the dihjdrodlol to the catechol (1,2-dihydroxy-
naphthalene) .

These studies indicéte that quinones deriveu.frnm the
metabolism of naphthaléne may play 2 major role in the
tuxh‘.it‘y of -.naphthalene_to red cells. The conversion of
Hb0; to metHb by quinones most likely occurs by the fol-
louing pathway (Wi nterhqurn. 1985). ' .

" quinone + Hb0; —> metHb (Fe3+) + 07 + s‘emiq‘ulnohr"
.The semigquinone free radical ¥ntermediate reduces 0 t’a \the
superoxide radical.

semiquinone-” + 0p —> quinone + 027

The superoxide radical produced is converted to Hp0p by
superoxide dismutase (SOD). y

207+ 0 S35 0, + W0,

Ih’e khydrogen pernxide generated- can be‘hrﬁkenv do;m by
catalase a’nd glutnhione‘perox(das_e. Involvement of
glutathione perog&idase would explain why 6556 is elevated
:nh these compaund’s. .

It should be noted that at zero time, theslevel of GSH
in the incu‘bat'mns containing 1.,2- and 1,4-naphthoquinone
(Figure 3.8A and 3.8C) wer:. considerably lower th;n
expected, This may be due to the possibility -that the
:ulnones (or reactive. intermediates) were still reacting

‘.Awlth GSH in the presence of metaph.nspnpri: acid (see m\ithods

2.2.9.3). Corresponding to initial Tow levels of GSH is the
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relatively high amount of GSSG. It is therefore a possi-
bilfty that the zero time values recorded are not accurate
and mayl;-evresant a reaction time of a few minutes.
Furthermur‘e,._the sum of GSH and GSSG ‘(1»n GSH equiva-
lents) does not add up to the total GSH in the control
Incubatio;\ (erythrocytes” and buffer). It 1is possible *+' .t

"GSH may‘be lost due to forming conjubates with the quinc.es,

Miller et al (1986) demonstrated that GSH npn;—enzyma‘t’ic'ly'

.r\eacts with 1,2- and 1,4-naphthoquinane to form one of more
conJugates. Nickerson et al (1963) have demonstrated that
quinones react with thiol groups by a nucleophilic substi-
tution reaction,

Recycling of thg'quinone may be the reason why 1,2- and
1,4-naphthoquinones are very effective -ih elevating metHb
levels at very 'Iow con:ent\tlons. The metabolism of

quinones has been studied in isélated cell systems (Thor et

al., 1982) and in subcellular fractipns (Powis et al., 1981)

and it has been demonstrated .that they may undergo eixh_eﬁ
one- or two-electron reduction. The one-electron reduction
of a quinone forms a semiquinone radical; this process can
be catalyzed by a variety of flavoenzymes, vinclud’ing NADPH-
cytochrome P-450 reductase, NADH-cytochrome bs reductase and
NADH-ubiquinone oxidored"uctase (Thor et al., 19823~Powis et
al., 1981; Iyanagi and Yamazaki, 1970). In th\e\presence of

oxygen, the semiquinone radical can be reoxidized to the
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parent quinone wit‘h &he_ concomitant formation of superoxide
anion 027 (Thor et al., 1982; Lind et al., 1982). The
enzymatic or spontaneous dismutation of 0,7 yields 0, and
H202 (Kappus, 1986). The tm&-electrnn reduction of certain
quinones (eg. menadione) to the corregpondtng hydroquinones
is catalysed Sy the flavoenzyme NAD(P)H:{quinone acceptor)
oxi.dnrgduct‘a‘s,e (DT-diapHorase) (E;rnster, _1957) without
;c-maéion of sémiquinune free radical intermed.iates (Thor et
al., 1982). The significant increase in G556 levels in the
presence of the naphthoquinones (Figure 3.8) is evidence
that -Hp0p is generated. The Hp0p can be detoxified by
'glu_tathione peroxidase with concomitant formation of
oxidized glutathione. w
Catalase, another enzyme present in red cells probably
plays a role in protection against naphthoguinone toxicity.
The addition of 1mM sodium azide (an inhibitor of ca,{a]ase)
to the incubations enhanced the quinone mediated GSH
' depletion and GSSG elevation (Figure 3.8). A recent study
by Miller et al, (1986) demonstrates a similar mechanism of

toxicity of naphthogquinones in hepatocytes.
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4.2 The lnllcﬂ; of PBCO, diesel oil, blowout oil and
drilling fluids on chick embryos

-

The res‘ults of the present study indicate that the order
of potency of the fractions of PBCO in (i) causing embryo
mortality and (1i) inductng P-450 levels, benzo[a]p.yrene
hydrnx‘ylase activities, and 7-ethoxyresorufin-O-deethylase

activities i's aromatic > NOS >> aliphatic. Previously,

-

Ellenton (1982) had shown that the aliphatic fract®n of ,

PBCO, when app”'Hed to chick eggs on da}. 3 of incubation, was
ineffective in dinducing -embryo abnormalities or ﬁortaﬂty‘
The mechanism by .uhfch. crude'al‘rs exerF their taxli:!ty
on the avian embryo x; not known. Components of crude oded
could be directly toxic to the deve]opﬁ\g embryq or meta-
bolic activation may be required. It is well established
tha; many xenobfotics including the aromatic hydrocarbons,
requfre nt‘abolic activation before they can exert their
toxic or carcinogenic effects (Miller and Miller, 1981).
Bevitn[a]yyrgne has been shown to cause embryo resorption,
fetal death and malformations when administered to: pregnant
rats (Rigdon and Renn.els, 1964). 7,12-Dimethylbenzan-
thracene is also vkn'own to cause a high incideffte of
1n:omule£e neural tube closures and other defects (Currie et
a:l.. 1970). Hoffman and Gay (1981) found that the temporal

pattern of embryonic death following he‘ administration of
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the polycyclic hydrocarbons benzo{ alpyrene, c’hr.ysene and
7,12-dimethylbenzanthracene, was simH‘ar to that after
exposure to cr;‘de oil, with additional mortality occurring
after the dntgrnwth of the chorioallantois.

Lee et al (1986) have previously shown that- chick embryo
liver, at least from day'l0 onwards, contains cytochrome 4;—
450 and is capable of metabolizing hydrocarbons like
naphthalene and hgnzo[a]pyrene. 'fhe chi\ck embryo at
earliest ‘stagés of development from day 3 onwards has also
been shown to have AHH a‘ctivity (Hamilton et al., 1.983).
Thiﬂ; suppdrted"by. observations ihgt disulfira!u, a drug
known to iuwer cytochrome P-450 1§‘ve15 in rodents, substan-
_tially reduced the embryomgxic effects bf ;BCD applied on
day 7 of incubation (Lee et al., 1986). " This suggests that
a‘romanc r‘-_ydrocarbon;.}ﬁ_ presumably other compounds

present in crude oil, are metabolized by the embryo}”ver.

4.2.1 Mortality studies

4.2.1.1 The seven day old embryo -
4.2.1.1.1 The effects of PBCO ‘
In the 7 day old embryoy the LD50s of PBCO, aromatic

fraction and NOS fri:‘t‘lon were found to be 1.3 pl, 5.4)11

and 6.8 )ﬂ‘respe’ﬁtive]y (Figure 3.9A). Since each fract‘ion

was reconstituted in hexadecane‘up to the original volum!"cf

. . N




- 135 -

! |
PBCO, 1t follows that, on a volume equivalent basis, the

aromatic fraction was 17 times more potent than the NOS
fraction. Thls is in agreement with the results of Ei]enton
(1982) and Hoffman and Gay (1981) that the aromatic fraction
is pr1mar‘|]y respons'bh for the toxicity of crude oils like
PBCD. However, the aromatic ‘fraction cbmpr\lsed 38-.5% (w/x)
of PBCO whﬂ_e the NOS fra:t{.un accuunfed for\‘cnly 6.8%. On
a weight. equiv‘a'lerg_t basis, therefore, the aromatic fraction
was’ only 3‘ times more toxic to-the-embryos than the NOS
fraction. To our knowlege, the "embryotoxic" potential of
the NOS fraction has. not bBen previously recognized.
Hoffman (1979a) found that the app]ic‘atibn of heterocyclics
1ike benzothiophene, dibenzothiophene and 2.3,3-trimethy’i~
indolenine, known to be pre‘sent’in ;ib;nth Louisiana crude, to
mallard eggs did not result in any embryo mortality. This

would suggest that the heterocyclic compounds re$ponsible

for the toxic effects of the NOS fraction of PBCO.are

different from those tested by Hoffman (1979a). .
The fact that the aromatic fraction had a lower LD50
'(0.4/11) than PBCO (1.3x1) suggests that “some of the inert
:@mponents of PBCO might bg\lnhibiting the_toxi% effects o;
the aromatic covmponents on the embryos. This would be

'partlculaﬂy r‘ele\;ant 1f metabolic activation of the

protoxic or promutagenic aromatic hydrocarbons (presumably .

by the cytochrome P-450 dependent mixed function oxidases)
L]

/
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. .
was being competitively inhibited by other nontoxic compon-
ents of PBCO which could also act as substrates. In support

of this, it has previously shown that the liver microsomal

metabolism of benzo[a]pyrene as well as the mutagenicity in

the Ames assay was substantially inhibited in the presence

of 2 dimethrylsulfoxide extract of fuel odl No. 2 or of
/

Kuwéit crude (Rahimtula et al., 1984).

¥ 5.2.1.1.2 ~Thi,effects of diesel oil, blowout crude, and
drilling fluids

, .
~To test the hypothesis that. aromatic content pﬁys a

role in toxicity, diesel, blowout crude and drilling fluids

were applied to 7 day old chick einbrybs in order to -dzter-.

mine if aromatic :onten.t plays a role in toxicity. Al of
the above samples, with the exception of blowout crude and
Safver 3 -e?e analysed for aromatic content (Table A.3) and

the results were reported by Payne et al (1985). Their

‘results indicated that the levels of monocyclic, bicyclic

and tricyc]i\é aromatic compounds were much higher in the
diesel fuel than in th? drilling fluids. .

Consistent with the ‘levels of aromatic compounds. as
determined by Payne et al (1985), diesel’ 011 had an LD-50 of
2.6,»1 while Safver 1, 4, and 5 produced mortality rates of
3.3, 13.2 and 6.6% at a dose of'ZO}nl r;:spe:tive\y (Figure
3.14). )

Because data on the composﬂ‘m‘l of blowout crude and
Safver 3 was not obtained, the aromatic content could be

’ B .

.*‘




- 137 -

:predi‘cted only. Blowout crude had an LD-50 of 3.6}.1 while

Safver 3 produced 3.4% mortality at a dose of 20Qul.

~ & 4.2.1.2 The twelve dly old e-uryo

PBCO- ansits aromatic and NOS fractions were found to be
considerably Yess tox'c to the 12 day old embryo (Figure

? . 3.98). This- may be due -to the fact that the critical
stage(s) of embryo develupment affected by PBCO occur(s)

'dur'lpg an earlier grn_wth phase. offman (1978)mreported’

that in ch‘lck‘,.gmﬁryos,. a major incréase 1in mortality

Vg : oc:urred'nq Jthe ‘7th and 8th day; of 1ncub‘ai|on after crude
oil had been appl‘(ed 'to the ‘eggshell surface on the 2nd day
of’develu'pment. rn.e major p\é’Hou of lethality in embryos
occurr‘ed during the time of rapid ou‘tgrouth of the gmrio- .
allantaic -embr‘ane over 'ihe' surfaee of,the i‘n er shell
- membrane, suggesting poten“af for rapid uptake of the
" ‘xenoNoHcs by this membrane (Hoff-an, 1978; Hdffman and
- "Gny. 1981). Alternatively; the 'Iarger size of the 12 day
old embryo may make 1_! more difficult for the PBCO compon-

ents to be absorbed and tra_nsported to tile critical target

sites. However, in the 12 day old embryo as well, the

aromatic fraction waé fnund to be more toxic than n.é NO‘S
fraction on a volume equivalent basis (Figure 3.98). Tn_"

contrast to the 7 dc,y old embryo, the 12 day old emhryn was

- somewhat more sensitive to PBCO than its aromauc fracnon.

a
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Also, the NOS fraction was closer in toxicity to the.
SHETNETE PRACEIOR Gn day 12 than on-day 7 (Figure 3.9A).
The greater potency of’ PBCO on..day 12 can be accounted for
on the basis of the. additive contributions of the aromatic
and NOS. fractions. It is no‘t quite clear why the NOS
fracHon has increased ‘toxic potency relative to .the
—aromatw: fractvon on day 12 It is’ possible that the
Aincreased metabolic capacity due to inducfion of different
cytochrome P-450s on day 12 (re'latlve '.u day 7) is better
‘» able to activate compounds present ln the 'NOS fracthm It
is a]xso,pussnﬂe that the NOS fraction affects embryo
d€velopment at a later stage relative to the aromatic

fraction.
(

4.—2._2 Enzyme induction studies

‘4.2.2.1 The effects of PBCO N

Both the aromatic. and NOS fructionsvelevated e_mbryu
hepatic cytochrome P-450 levels ‘a m;aximum of 5-fold qnd
shifted: the carbon monoxide binding spectrum of the reduced
hemoprotein from 450 nm to 448 .r.un sugge;tingvthat these
fractiun§ are similar to benz_o[a]pyrene and 3-methylchol-
: anthlreng in inducing cytochrome P- 4;18. in'support of, this,
benzo[a]pyrene hydroxylase (BPH) und ethoxyresoru”n 0-
.-deethylase (EROD) acnvlt{es were ‘elevated rougMy 15 fnld ’
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and 60-fold respectively. Both benzo[a)lpyrene and 7-
ethoxyresorufin are excellent sSubstrates for the cyt’“gcnrome
P:-MB induced by benzopyrene or 3-methylcholanthrene
(Conney, 1967; Lu and Nes‘t, 1980). The 1argér induction
seen with EROD as opposed’ tanP}:l is due to the fact that’ the
constituth‘le forms of cytochrome P-450 present in untreated’
liver micr‘osomes are bet‘ter al;,le to metabolize ‘BP than ER
(Conney, 1967). ' . . .
In addition to the liver, both kid’neuy and lung from the
developing élrrbryo are able to metabolize xenobio;l’cs. In
ﬁoth these tissues as well, BPH and EROD are inducible
(Figure 3.11 and Figure 3.12) bu¢ not to the same extent as
the liver. Hamilton and Bloom (1983) previously showed thag
pulmonary BPH was not induced by 3,4.3‘,4'-te'trachloro-
bv‘phényl 1;n embryos of Cornell _K-strain eggs from day 14 up
to day 19. The lack of pulmonary BPH induction observed by
them cannét be compared with the induction observed by us~
s(nceAm:r measurements were made a day earlier with a
different strain of eggs and with d‘ifferent‘tnducmg agerits.
The aromatic fraction was found to be mere potent than
the NOS)fraction in inducing cytochrome P-450 levels and
ai-hhyd’rocarhov; hydroxy-Ia;e a.cuviﬂes (Figures 3.10-3.12).
Fig'nre. 3.13 provi&es a direct compari’son of the results
for the _Hver/and shows the concentrations of the aromatic

and NOS fractions that aré required to t:.,anse half ma;dmal
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induction of cytochrome P-450 levels as well as of BPH and
EROD activities. On a Wolume, equivalent basis, roughly 3
times the amount of tlt'e NOS fraction (l.?):i) as compared to
the aromatic fraction (o.s,n). was required for half maximal
induction of hepatic cytochrome P-450, and 4 times the
amount of the NOS fraction was.required for half maximal
elevation of BPH (1.5u1 .vs 0;4)11) and EROD (2.7/11 vs 0.7u1)

activities. This would indicate that the aromatic fraction,

and presumably' the polyaromatic components present in it,

are primarily responsible for the elevation of hepatic cyto-
chrome P-450 levels and related mixed function oxidase
activities seen previously with PBCO (Lee et at., 1986)..

Since the concentration of the NOS fraction is less than
one fifth of the aromatic fraction, the resu’lls indicate
that on a weight equivalent basis, the NOS fraction was at
least as effective as the aromatic fracth?n in Jinducing
hepatic cyto:hromJP-ﬁD levels and mixed function oxidase
- activities. Similar conclusions could also be drawn“ for the
k’ldney. The fact tRat the“ NOS fraction contains poten}
inducers of chick embryo mixed function’ oxfdase activities
has not been previously reported.

It is not known with certainty which components of crude
oil are pr1mar1iy responsible for its toxicity to embryos.
El'l.en.ton (1952) subfractionated the aromatic fraction .of

PBCO and fuel oil- No. 2 into 2-3 ring aromatics and 4-5 ring
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'aro-at{:s. Her results indicated that the teratogenic and
toxic activities of both oils resi&e-d in the 2-3 ring
aromatic fraction. This was due primarily to the much
greater abundance of the 2-3 . ring aromatics in th;se oils.
Hoffman (1979a) tested the toxic effects on mallard eggs of ~
a mixture of‘nvronath; hydro;a{'bons similar in cla;s Vcou.pnsi-
tion f.t; ‘South Louisiana Crude, an American Petroleunm
Institute reference ofl. He found that when individual
c‘1ass.es of aromatic compounds w;:'e t:&ted. only the tetra-
cyclic like pyrene and chrysene caused significant embryonic

death. However, the entire mixture of aromatic hydrocarbons

~—was found {0 be far more toxic than the individual classes.

One possible explanation for this observation could be that
) the polycyclic components of the mixture would induc‘e the
cytochrome P-450 levels in embryos. This would enable the
__Mmore abundant 2-3 ring aromatic to be more efficiently meta-
bolized and possibly activated to toxic species. In support
of this, it ha‘s’ previously been shown that PBCO induc‘es,
naphthalene hydroxylase 6-fold in the 12 day old chick
embryo (Lee et al, 1986). In the present study, we did not
subfractionate the aromatic fract!un'into various classes of

compounds. .
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4.2.2.2 The effects of diesel o0il, blowout crude and
.drilling fluids . ’

Consistent with mortality studies involving day 7 %n‘ck

embryos (see discussion 4.2.1.1.2), diesel_oil \um{owout . ¥
crude were more effective than drilling fluids for inducing

E’ROD and BPH (see figure 3.16). There appe‘ars to be a
positive correlation between the aromatic content of these
compounds (Payne et.al.. 1985). and these induction studies.

This study is also supported by the 3-fold induction of Eﬂob.

in liver anq k‘idney of fish (Payne et al., 1985). Their

studies also indicated that drilling fluids induced EROD to

a lesser degree.

4.3 Benzene toxicity in chick embryos 2 .

In humang, one of the long term effectsM/

exposure to benzene is the increased risk of leukemia and

chromosome abnormalities (Snyder and Kocsis, 1975). This is
supported by 6il1 and Ahmed (1981) who reported that. l4c
from benzene. and its metabolites binds cavalently to nucleic
acids Luﬁt.ﬁe hemalopoiehc cells of mice. .

Monmno et al (1983) demonstrated that the induction of
sister-chromatid exchanges (SCE) in human lymphocytes: by
micr.‘oscmaliacnvation of benzene mef_ﬂabolites was h‘{ghest {n .
_the presence of ‘catechol '(l,z-d1hydr05ybeylzene) in compari-

son to r;ydroqumone, phenol, and benzene. Their results
- X
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also indicated that the order of decreasing potency was

r’:,y_druquiﬁon.e- (1,4-dihydroxybenzene), phenol and benzene."

Benzene did not induce SCE, unless a microsomal activation
system was present The data of Mnril_natv et al (19é3)
de nnstrated that ‘catechol and hydruqdinone can be
metabolized to produce reactive species such -as #nzo(semi)-
quinones under conditions of lower metabolic activity

Phenol is a major metabolite of benzene arnd a rearrange-
mgnt product of the putative reactive intermediate benzene

oxide (Tunek et 'alz, 1978). De;’ending on the animal

species, when phenol was administe;ed in vivo, up.to 7% of

the phenol was further oxygenated to form hydroquinone-

(Capel et al., 1972)‘, The majority of phenol was directly

‘cunjugated ‘and excreted, Although catechol was formed in-
trace amounts (P‘ark and Williams, 1953), _hydr‘oquiknone was

. the_main further oxyg®nated metabolite.

x Tunfek et al (1980) have provided ev‘dence that rat liver

"mtcrosomes activate benzene' via phenol and hydroquinone to

p-benzosemiquinone and p-benzoquinoﬁe -as quantitatively
important reactive metabolites. Benzene is known to block

Tiver re,geneura’tion in partially hepatectomized rats (Sammet

et al., 1979), and o‘arhn hypertrophy in the hyperspayed’

rat (Soyza'et al., 1979). Gil1 ahd Ahmed (1381) reported
that mitochondria are frreversibly labeled by 14c from

N
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benzene and its metabolites which correlate with previously
described morphological and functional abnormalities of this
organelle (Kaminski et al., 1978). These effects may jimpair
respiration, especially in rapidly growing tissues’ (Gi11 and
Ahmed, 1981).

The e.ffez:t of benzene metabolites on mitochondria ;hd\
possibly respiration may be responsible for the mortality"
rates observed 'un,appHcaHon of the above in the 7 day
chick embryo (see Results 3.4.1). 1,4-Benzoquinone and 1,4-

* dihydroxybenzene had an LD-50 nf.0.07/mb1e/egg. indicating
that these metabolites were the most toxic of the metabo-
lites tested. In comparison, catechol which had an LD-50 of
118 /lmoles/egg was 'still more potent than rvesorciﬂL.L
phenol, benzene, trans-muconate, and cis-muconate. Benzene
and phenol were able to induce mu-rtél-i—t—y—r—pre‘sumably because
they were metabolized by cytochrome P-450 and other enzymes
known to be present in the 7 day old chick embryo (Hamilton -
et-al., 1983). Resorcinol (1,3-dihydroxybenzene) cannot
serve as a precursor for quinone formation. therefore
possibly explaining why it was not as effective as hydro-
quinone or cabechol for inducing morta]ﬂy. Cis-muconate is
not a known metabolite of benzene, but it was tested with
trans-muconate to determine if confov;manon may have an
e“ffect on mortality. However, both cum’uunds brodu:ed the

Towest toxicity over the dose tested in this experiment.
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CHAPTER 5
CONCLUSIORS

Metabolized PBCO was more toxic than unmetabolized PBCO
as determined in vitro by GSH‘dep]etion‘ and metHb

elevation in erythrocytes.

The metabolism of napnthaiene was esséntial in order to
produce to;ic\ty in eryt.;n;“ocytes 2s determined by in
vitro experiments. Naphthoquinones or compounds
capable of autoxidizing to naphthoquinones were the
most toxic in terms of GSH depletion and metHb

elevation.

The aromatic fraction of PBCO was the most potent

fraction in terms of mortality in 7 day and 12 day old

\ . : 5
Nr:Mcl( embryos. The induction of several enzymes in the

.12 day embryo was stimulated mostly by the iromit.ic
fraction. For the above parameters the NOS fraction
was more toxic than expected. Other oils tested 4vh|ch
are known -to have a high level of PAH's (diesel and

blowout crude) produced mortality and enzyme- induction

" in a similar fashion as PBCO. .DrHHng muds (;yntheti.c

oils), which have a low PAH content had low levels of

toxicity. ’
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The benzene metabolites which were most toxic in terms
of mortality in the day 7 chick embryo were hydro-
quinone, catechol._ and 1,4-benzoquinone. This study
helps to support previous observations that quinones
and compounds capable of autoxidizing to‘ju!nonzs

produce greater toxicities than the other wﬁ‘unds
tested.
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APPENDIX A

For GC-mass spEttral analysis the sample was injected
into. an oven of a 5792A Hewlett Packard Gas Chromatograph
and equilibrated at 70°C for 3 minutes. A temperature rise
of 4°C per minute was sust‘ained until a final temperature of

270°C was reached. The sample was then injected into a

" 5970A Hewlett Packard Mass Selective D}etectorﬁnnbrated

at Z.BOTC‘ The data was analysed by a 9133 Hewlett Packard

Data System. .
E . _
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Table A.1:

g "
Identification of selected peaks in GC-mass .
;pectrum of the aliphatic _and NOS fractions of
BC : = - g
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et t

Peak number
11-37

PR

.PH

3

2
1.

4

aliphatic fraction~

Compound(s) :

C31 - C37 normal

alkane series

Pristane

Phytane € b ]

NOS fraction

N i
benzoquinoline

hexanedioicacid

l.?-henzenéd{carbuxyl1c‘
acid

carbazole

R .The a11%h
¢ descr1b

atic and NOS fract1ons of PBCO were prepared as
in Methods -..
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Table A.2:: . Identif&catiun nf ‘selected peaks in Gclmnss
” . . ‘spectrum of the aromatic fraut1on cf PBCO

.
Peak number -.Compound

1 naphthalene 1
2 2-methylnaphthalene
3 - 1-methylnaphthalene
4 1,3-dimethylnaphthalene
5 Cp-methylnaphthalene
6 1,2-dimethyinaphthalene -
7 Cy-biphenyl
8 C3-trimethylnaphthalene
9 C3-trimethylnaphthalene
10 | 1,4,5-trimethyinaphthalene
11 * 1,4,6-trimethylnaphthalene
12 C3-trimethylnaphthalene
13 Cg-biphenyl '
14 . Cz-hipqeyy1
15 Cq-naphthalene
16 Cg-naphthalene
17 C3-triphenyl
- 18 Cj-fluorene
19 phenanthrene
20 Cq-biphenyl
21 l-methylphenanthrene
22 Cj-phenanthrene
23 2 5‘d1methy1phenanthrene
24 2,3- dimethy1phenanthrene
25 C3-phenanthrene.
26 !/ 2,3,5-trimethylphenanthrene

d
!/
i

»

;he aromatic’ fraction: of PBCO was nrepnned as described 1in

ethodsT Cy represents. side chain.’aliphatfc group(s).
C; represents either 2 methyl groups or 1 ethyl group.
/ - i

eg.
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’-' ' Table A.3: Analysis of drilling mud:base 0ils

_ drilling Y concentration of aromatlchcomgounds pp
fluid . B -ring =rings -rings =ripgs

safver 1 ' : 35,000 15,000 700 ND
Safver 4 ) 10,000 500 ND ND

Safver 5 14»5,0}00’ 6,000 ND ND

.ND.— none detected
ppm - .parts per million

Analysis was performed by Payng et al (1985). One, 2, 3 and
4-ring.aromatic compounds were calculated as benzene,
naphthalene, phenanthrene: and pyrene equivalents.

L
















	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Title Page
	006_Preface
	008_Abstract
	009_Abstract iii
	010_Acknowledgements
	011_Table of Contents
	012_Table of Contents vi
	013_Table of Contents vii
	014_Table of Contents viii
	015_Table of Contents ix
	016_List of Tables
	017_List of Figures
	018_List of Figures xii
	019_List of Abbreviations
	020_Chapter 1 - Page 1
	021_Page 2
	022_Page 3
	023_Page 4
	024_Page 5
	025_Page 6
	026_Page 7
	027_Page 8
	028_Page 9
	029_Page 10
	030_Page 11
	031_Page 12
	032_Page 13
	033_Page 14
	034_Page 15
	035_Page 16
	036_Page 17
	037_Page 18
	038_Page 19
	039_Page 20
	040_Page 21
	041_Page 22
	042_Page 23
	043_Page 24
	044_Page 25
	045_Page 26
	046_Page 27
	047_Page 28
	048_Page 29
	049_Page 30
	050_Page 31
	051_Page 32
	052_Chapter 2 - Page 33
	053_Page 34
	054_Page 35
	055_Page 36
	056_Page 37
	057_Page 38
	058_Page 39
	059_Page 40
	060_Page 41
	061_Page 42
	062_Page 43
	063_Page 44
	064_Page 45
	065_Page 46
	066_Page 47
	067_Page 48
	068_Page 49
	069_Page 50
	070_Page 51
	071_Page 52
	072_Page 53
	073_Page 54
	074_Page 55
	075_Page 56
	076_Page 57
	077_Page 58
	078_Page 59
	079_Page 60
	080_Page 61
	081_Page 62
	082_Page 63
	083_Chapter 3 - Page 64
	084_Page 65
	085_Page 66
	086_Page 67
	087_Page 68
	088_Page 69
	089_Page 70
	090_Page 71
	091_Page 72
	092_Page 73
	093_Page 74
	094_Page 75
	095_Page 76
	096_Page 77
	097_Page 78
	098_Page 79
	099_Page 80
	100_Page 81
	101_Page 82
	102_Page 83
	103_Page 84
	104_Page 85
	105_Page 86
	106_Page 87
	107_Page 88
	108_Page 89
	109_Page 90
	110_Page 91
	111_Page 92
	112_Page 93
	113_Page 94
	114_Page 95
	115_Page 96
	116_Page 97
	117_Page 98
	118_Page 99
	119_Page 100
	120_Page 101
	121_Page 102
	122_Page 103
	123_Page 104
	124_Page 105
	125_Page 106
	126_Page 107
	127_Page 108
	128_Page 109
	129_Page 110
	130_Page 111
	131_Page 112
	132_Page 113
	133_Page 114
	134_Page 115
	135_Page 116
	136_Page 117
	137_Page 118
	138_Page 119
	139_Page 120
	140_Page 121
	141_Page 122
	142_Chapter 4 - Page 123
	143_Page 124
	144_Page 125
	145_Page 126
	146_Page 127
	147_Page 128
	148_Page 129
	149_Page 130
	150_Page 131
	151_Page 132
	152_Page 133
	153_Page 134
	154_Page 135
	155_Page 136
	156_Page 137
	157_Page 138
	158_Page 139
	159_Page 140
	160_Page 141
	161_Page 142
	162_Page 143
	163_Page 144
	164_Chapter 5 - Page 145
	165_Page 146
	166_References
	167_Page 148
	168_Page 149
	169_Page 150
	170_Page 151
	171_Page 152
	172_Page 153
	173_Page 154
	174_Page 155
	175_Page 156
	176_Page 157
	177_Page 158
	178_Page 159
	179_Page 160
	180_Appendix A
	181_Page 162
	182_Page 163
	183_Page 164
	184_Page 165
	185_Page 166
	186_Page 167
	187_Blank Page
	188_Blank Page
	189_Inside Back Cover
	190_Back Cover

