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ABSTRACT —

nmerican 2als, Anguilla lrostragg, vers Eorqg:fed o
taC-naphthalene-spiked crude \oil for‘S days at a rangs of
doses. . Diétrithion, uptake, ané fafe of the pefroleum hy -
drocarbon was followed during and after the .dosing period.
Marked uptake of tte 17;‘C--naphtI*tal-:ane_occur:r:ed by 3 days of

.

do§inq, but d=acreased to low levels by one Qqek of d=pvra-
tion. A compartmentalization of tha labéi was obsarved both
during and after exposure. "Water and obrganic éolvent soiu-
ble phases occurred with enhancem=nt of the water-solubla
fraction particularly for bile. Bile . is indicatesd as a ma-
jor route of sxcretion wutilizing liver detoxificatidn me-
ckanisns, ‘

Zxamination of hépatic microsomal enzymss showad
benzo[a]pyrene.hydroxylasel(BéPH) and cytoéhrome P=-450 to h=
mark;dly induczd by three days -of expdsure. A significant
increase in the protein content of hepati& postmitochondrial
fraction of oil-exposed fish was also observed.

-2
Nil exposure in Anquilla rostrata resulted in a gen-

eralized adrenal corticoid stress responsa. Tngastion of
crude .01l also caused a higher breakdown rate of cortisol

when compared to control fish, which app=ars to b2 a rss-

ponse to the induction of hepatic microsomal enzymes. Bx-
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perimentally increased plasma cortisol levels did not signi-

fiéantly affact the levels of cytockrome P-450 and BaPH in
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the liver.

Y

N
¥
- .
J ¥
n ~
ot "
. .
i ~ r
\ -
> -
L)
) (
i '
. .
i
-
£
- o~
- yii - .

B TS e




'

e e

B L et TR B LI L St E B Eeer e bk SR b f“'"'-"_“"'-‘-lf»'.‘—“vN’ﬂ‘?\-‘-‘-:‘w'-“ﬂmm‘r—viw

"

. . Vir . shey

. ‘
Des anquilles d'ﬁméfique, Anguilla rostrata, furent .

S

3

N . - . . . /
nourries pendant cing jours une gammé_de doses d= petroleg

e r——

R

Brut marque de naphthaléne-cl‘. Ta distribution,

lt'absorption ot le sort des hydrocarbures furant suivis pen-

~
-

dant .t apras 1le dosage. Une absorption prononcés du

naﬁhthaléne*ci* a2ut lieu aprés trois jours de dosage mais

< s S . . . L :
diminus a des concentrations faibles apr2s une semaine d=

- L) s - L3 *
depuration. Mne compartimentalisation du ’‘marqusur fat ob-

sarvée pandaht et apres- le doéage. Qes phases solubles‘dans _ (
l'eaJ et dans un §ol§an{ o;ganique furent observé%s, avec un J
accroissement dans la bils de la'fraCtién goluble darns
. . - ‘A
lteau.: La voi= princiﬁ?&e-ﬂ*éi?fgtion, utilisant dss mé%qn-
ismes de'dgtaxificatiOn du foie, semblerait gtfe la bil=a.
. .' Ltétude &%s enzymes des microsomes hépatiques a mon-
tré uhe inductioh prononcée du benzo[a]pvréne gydroxylase
(BaPé) et du cytochrome P-450 apr%s trois jours de dosage.
Un accroissement s;gnificatif‘fﬂn*cwntehu pretéﬁque d= 1la ‘
“n \

. . / R
fraction postaitochondriale hepatique fut observe chez des

. o R
poissons exposes au petrole. .

L'exposifion au pétrole chez Anquilla rostrata donna

- ’ /'/ . r . . .
lieu a une Treponse generalis2e au stress du cortisol et du

— -

s : ’ - = /o
tisse surrenal. . L'ingestion du petrole brut causa une aug-

T
i
<
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mentation du taux de décomposition du :cortisol, ce-qui sem~ .

.4 rﬁ.’_ .

uq;graiy Qtre‘une réponse E_i'inductioh des enzymes hepati-

- ques. 'L'augmentation expérimentalques.niveaux de cortisol

- ~
N .

- dans le
trations de cytochrome P-450 et davBaPH du ‘foia.
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GENFRAL INTRODUCTION

[ ) —~

It has become increasingly evident in recant years

that conplax mixtﬁres of hydrocarbons ar; trace contaminants
of the aguatic environment (éeff et gl.i 1§06b). They enter
the environmen£ by three general pathways: biosynthesis,
geochémical processes and anthrbpogeniqfactivities--(Clark
andlnacleod, 1977). The synthetic acti?ities of aqdétiC'or;
ganisms result iﬁ a surprising variety‘of hydrocarbons that
are released to the environment during metabolism or after
death and decbmposition of the organism (Blumer et al.,
1969). Geochenmical processes.r such as weathering of soils
and sediments, fallout of hydrocarbons from the atmosphere
and diagenesis cf organic matter, are also potential sources
of hydrocarhoqs (Farrington aqq Meyers, 1975). ‘ \>

Petroléum hydrocarboﬂs-originating from human acEEy'-
ties are quantitatively the most significaut'and are most
.easily identified. The‘major anthropogenic sources of oil
pollution in the environment are those associated with'ma-

,

rine transportation and terrestial run-off. Although much

A

N
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ofFQFhe' public concern about petroleun upollutiqn is .a

" L

conseguence of the effects of accidental release of petro-
leun hydrocarbans, these spectacular éients contribute only
a éma}l fraction oflthenfotal “0il. that enfers the équa@ic"
** environment. Land-based dischafﬁés‘such as thosé originap-
ing from refineries; vas£e oils, run-éff:and sewage, repre-
L {33ent'a major soutfe of petroleum hfdrocarboné__in the envi-
roqmént‘agq accounted for 41% of the total wéorldwide load of
'petroleu;?hydocarbons to the oceans for'1973.(NatibnailAcg-
demy of Sciences, 1979).
Activitie§ associated with the tranportation of oilk
jéroducts repreéent the second mpst significant input of pe-
troleum hydrocarbons to the aguatic environment.  They in;‘
clude the release of waste fuels from vessels as well as the
disché:ge éf. petroleunm from washing of tankers (Clark and
_ MacLleod, 1977). 0il spills reéulting trom accidantal te-
lease of crude o0il are also an important socurce of petrolaum
pollution associated with the transportation of 0il pro-
ducts. Although major - spills have been known to occur at
sea, freshwater spills such as the Nepco 140, which took
place in the Thoﬁsand Islands“ region of the St.. pawrence
river in 1976, are aiso of major concern.
Offshore petro;gum ex@ioration and production activi-
ties contribute less than three percent of the total o0il io-

2take of the aquatic environment (Grossling, 1976). It in-

cludes discharges of petroleum through minor spills due to

-



prodﬁctiqn.operétions as.uell as major Fgccidents suéh as
Euptures bf'pipelines that carry the cruﬁe oil €rom pfddﬁc-‘
tlon platforms to shore {Clark and- MaclLeod, 1977).:

The impact of o0il on the aquatlc environment is qo-
‘verned Hy phySicél, chemical and biclogical tactors in.addi-
tion to the inhetent ccmplexity of crude oil aﬁd refined
‘prpduéts. Diffepent\crude and refined-oils; for instance,
ﬁary tregendously in their relativg coﬁcentration of diffarj.
enthcompcunds. As a resulf, they may show diftferencas fh

-

solubility, dispersability and persistence in the water co-

D

lumn (Neff £t al., 1976a}. It is generally acceptéd, how-
ever, that refined oils ar2 usually more. toxic £han crude
oil, first of all becauqe many refined oils have a very hlgh‘
proportljn of aromatlc hydrocarbons and second, because they
are usually less viscous than c;ude7011 which results in a
higher solubility in the water ﬂPic =2t al., 1977}.

_?pe different hydrocdrbong commonly encountﬂred in
oilfvary substantially in their toxicities. The aromatic
fraétion, however, has received the nost attention as it.has
been known to account for most of ?he téxicity attributed td‘
water-soluble fractions of different crude and refined olls.

Several studies have bheen carried out in order tq Bes-
tablish the the toxic%ty of individual aroﬁaticlhydrocarbons
in fish and invertebrates {(Neff et al., 1?76a;- Caldwell =t
al., 1977; HWilber, 1969). In general, it can be said that

moncaromatics appear to he the least toxic, Acute toxicity
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fhe 4 and 5

-

increases yifﬁ'ibdreasing ndlecular size witil®
ring compounds are reached. HThg,aromatiqs ofih;gher mole&ﬁ-
lar'ueigﬁéxare not acutely toxic, however,_'theylééﬁ belim-
‘ﬁltcated in chronic toxicity since éoﬁe are knowh to be po;

. N
tent carcinogens. In  addition, they may contribute to

long-term dahage be;ause of their tendency for long-term ac-
cﬁmulétion‘in body‘tissues (Neff et al., 197€b). nlkyiation
of the aromatic nucleué apbears td increase the toxicity of
t;; parent compouné. Thus in both the benzene and'naphthalg
ene series toxicity increases with inéreasinq.degress of‘ai-
kylation (Rice et al., 1977). |

The impqct éﬁ,oil on the aquatic environﬁent depends
not only on the chemical conmplexity of the petroleunm. Bio-
logical factors resulting in differences in sensitivity
among specigg ani{iﬁiﬁfidﬁals also play ah important role in
the expression of toxic effects of ?etroleum.hydrocarbons.
Aguatic organisms vary tremendously im their sensitifity to
oil. Although no genera;izétibn can.be established in view
of the 1large differences cbserved, ‘estuarine and benthic
Spécies are often, but not always, more tolzrant than pe-
lagic species (Feff gt al., 1976a). ¥n addition, it has
been proposed that species and age-related differences in

sensitivity to 0il in fish may be related to their capabili-

ST .
ties for wmetabolizing and excreting petroleum hydrocarbons

S ——

(Lee et al., 1972a).

e
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Xttempts have been made to assess ‘the impact of oil

\ ~

alizations about‘greater sensitivity to o0il during' early

stages cannot be made.  Some trends, however, have been ob-

served: eggs appear to be more tolerant than other life

the surrcunding chorion . (Rice et g;.; 1977y ; larv&e seenm to

be more vulnerable than adults.. This is particularlyutfue

in most fish and cgsgzégean species tested. Additional in- "

formation, however, is required for many other groups of an-

imals (Rice, 1973; Rice et al., 1977).
kS

‘pollution on the developmental stage. ‘At this time, gener- .

stages, probably hecauséaof the protective shield offered bf

The mechanisms by'which petroleum toxicity is medi-.

ated are not very well kmown.  However, 1t appears that hy-
drocarbons 'preferentially associate}uith structures contain-
ing lipids such as plasmd and nuclear membranés as ﬁell as
organelle membranes. In addition it seems that wmany biolog-
jcal effects will depend con the charateristics™ of morpholog-
ical and functionai damage to normal meﬁbtanes caused by the
foreign compound (Stegeman, 1977). '

Besidés, any effect will of course vary with the con-
centration and exposure duration. Thus, extremely high lév:
els of*hydrocarbojs will lead tc interference with cellular
and subcéllular broéess resulting in the organism's death.
A good example to illustrate this sitvation is the damage of

the respiratory epithelia of gills after acute exposure of

rainbow trout, " salmo gairdneri, to different hydrocarbon



“mixyures’fhégkéon_%ﬁd March, 1977).' fhe dest;uction of the
giil epitheliﬁm‘may.-result in blockagé of Lgas pxchange ge—
'sulting in resplratory collapse.and deatn of the fish. h On
the other hand sublethal levels of-hydrocarbons will also
1nterfere with cellulap and phy51g}ogica1 processes but they
won't cause 1mmedi§$e death, although death’ mayffollow due
to indirect causes (Moore and Dwyer, 1974), For instance,
exposure to petroleum qf aquatic organisms is known to hava
a negativé impact in s;ppfééqing‘immqne response and disease
resistancé wvhich maf result in 1increased mértaiiff of the.
organisms directly because. of disease or indirectly because
.of reduced vitality (Hodgins et al., 1977). Whereas most
studies of the biolégical effecfs of petroleum hydrocarbons
in aquatic organisms hafe béen directed mainly to the toxic-
ity éffects resulting f;cglacute exposure, it is becoming
evident that chronic loiblevels cf oil pollution‘cén cause
related sublethal changes which are potentially dangeroﬁs to
the écdsystem. For instance, gisruption of behaviour, espeyv-
cially feeding and rébroduction, may result in total elimi-
nétion of a species from a geographical area. Once alimi-
nateqf the species cah perhaps not repopulate the area
because of the direct effects of comtinuing pollutién or be-
cause its niche has'been filled by a more tolerant species
({Evans and Rice, 1974). It is known for example that dif-

ferent biological processes such as finding of food, escape

from predators and sex attraction are often dependent ‘on

o

.
3
. /
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chemical attraction based:on very low levels of chemicéL

substances dissolved in the water (Blummer, 1971). RAromatic

-hydrocarbons have been fdund to intetﬁere with such pro-

cesses resulting in disruption of feeding. épd reproducg&on

of fish (Haslér, 1970) .

-
b

Investigatioﬁs to elucidate the effects of sublethal

doses of petroleum hydrocarbons on organisms can be categor-
T ‘

ized as physiological studies, behavioral studies and inves-

tigations of growth and reptoduction. In the case of physi-

dlogical studies, research has been dir=cted towards

altarations in metabolism after exposure to petroleum hydro-

carbons.

The effect of oil pollution on metabolism S often
assessed by measuring changes in respiratory rate of indivi-

duals fecllowing exposure. In fish, respiration has been es-

“ -

timated by measurements of oxygen consumption or by a re-

. - )
- lated index, the rate of opercular movement. It has been

observed that the magnitude and nature of the respiratory
response depends not only on the individual and species
characteristics, but also on the nature and concentration of
the hydrocarﬂons tested. For instance, the oxygen consump-

tion of the goby, Chaenogobius heptacanthus, was measured

after éxposure to phenol, lamp 0il amd lubricating 611. It
was observed that increases in concentratiocns of phenol or
suspendad oil resulted in a decrease in oxygen consumption

while increasing concentrations of lamp oil caused an in-
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crease in oxygem consumgption (Syasuki, 196u,. cited in Pat-

-~ ten, 1977). Similarly, when the oxygen consumptioh of the

sheepshead minnow, Cvprlnodon varlegatus, follovwing exposure

LY

to four dlfferent 0ils was measured,. 1t_uas found that the

concentration requmred to elicit a .change in respiratory
rate was different among all the-oils.tested faﬁderson et
g;.; 1974y . '

In deneral, the reséiratcry response appears to be
transitory, ‘being most significant during or imqediately
after exposﬁre'and'rapidly regching control levéls when ani-

mals are returned to clean waters. Transitory changes in

breathing and coughing rates were observed by Thomas and

Rice (1975) in pink salmon, Oncgghynchu§ gg;busha, exposed
to the water-soluble fractioné’ of P;udhoe Bay crude orl.
Breathrng ana coughing rates rose to a waximum in 3 to 6
hours after beginning of expériment and then dropped back
towards control rates. In‘addition, when the fish were re-
/

turned to oil-free water, breathing and coughing.rates ra-
pidly returned to normal values. |

Besides the observed changés in respiratory rate,
sore other metabolic and biochemical changes result from low

lev¢ls of 0il pollution.’ For instance, Sabo and Stegeman

(1977) indicated that the kllllflsh FPundulus heteroclitus,

from an o0il polliuted area shoued marked differences in the
rate of phospholipid synthesis as well as a decrease in the

rate of triglyceride formaticn from acetate when compared to

th
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control fish obtained from an "yncontaminated area®. Thay

also suggested that these"chaﬁges.mdy reflect an -altered

-

memb:ane structure eithen intracellularly.ér at the cell

'surface, since phospholipids along with cholesterol are ma=-

jor comstituents of most menmbranes. Similarly, analysis of

- e

hepatic metabolism in the croaker, Stemotomus versicolor,

b

exposed to petroleum hydrocarbons shovwed a significant re-
duction in the rate of acetate incorporation into lipid

(Stegeman and-Sabo, 197€).

Fish exposed to different levels of petroleum in the
environment shov various.behavioral responses. Changes in

locomotor and activity patterns appear to be a very common
B P .

response induced by oil exposure. Reactions of juvenile

coho (Oncorkynchus k;sdtgg) and sockeye (Oncorhynchus-nerka)

u

salmon exposed to Prudhoe Bay crude oil at concentrations of

0.5 to 3.5 ppm were stﬁdied by Morrow (1973£._‘¥At all con-
ééntrations, the fish sudm at the surface of the water after
45 minutes of exposure. After 24 hours, the fish showed
loss of equilibpium and reduced swimming activity. Salmon
swam in a vertical (head up) positiop and did not recover.

Similar swimming behaviour abnormalities were observed after

exposure of juvenile chinook salmon, Oncorhynchus tshawyts-
cha, and pink salmon to No. 2 diesel 0il layered on the wa-
ter at concentrations c¢f 150-3,000 ppm. It -‘was noticeaed,

however, that if thé fish were -returned to clear water, a
e H

great percentage re@ained,equilibfium (Car&uéll,f-_1973){

A\

pw

e
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Longnose killifiéh, Fundulgé similus,  subjected tb the wa-

ter-solubie’fracfiéi of Wo. 2 fuel o0il at a ‘concentration -of
-7 ppmlfor 20 minutes were also aﬁle to recuperate and regain
equilibrium uithiﬁ 3 to 5 hours (Pixit and Andersomn, 1977).
Changes in drowth and reprodudtion_ot'organisms havea
similarly been observed as a result of petroleum—exposure;
however, the litera@uré availabf;, particularly in fish, 1is
very scarce. Rice et al. (1§§5) indicated that'exposure of‘
pink salmon to jPrudhoe‘éay crude oil at a concentr&tion of
0.7 p§m  resulted in a reduction in growth rate Bf-dlevips
and fry. It was also founé that alevin growth was invérsely
rélated‘to the water-soluhle fraction concentration and this

affect was more pronounced at later étages of development.

Similarly} exposdre of Pacific herrihg larvae, Clupea haren-'

qus pallasi, to 12 ppm of benzehe-dissolved in the water re-
sulted in growth delay (Struhsaker _L'Qi;,-197uj.'
."'Andersoﬁ et al. (1976) carried out a:stugy-£o es-
tablish the influence. of water-soluble fractions of _No; 2
fuel oil iandlsouth Louisiana crude oil on the davelopment
rate and“hatChiné ' success of embrycs from three species of
estquine fish.‘ Réduction of hatching succegs wasgobserveﬁ
 for 2'specie$ aﬁd theldecreésé in-hatc#ability of.’2ggs wvas
.apparently related to\the‘copténtg of total hydrocarbop;\and
total naphthalené in thgfexpgs@re media. " 0On . the other hand,.
treatment of 3-yeatf¢ld raiqbo?ft;out for 6 to 7 months with

Prudhoé Bay crude oil administered in the diet caused no ef-
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fect on the mean hatching succegs In addition, no statis-

,,flcally 51gn1f1cant dlfferences were found between the aver-

age.survival bf alevin of non-oil fed parents and that of
0il fed parents fHodgins et al., 1977) . °
In addition to the toxic effects previously men-

tioned, exposure to iﬁtroleum hydrocarbons in fish results-

. in the activation of a multi-enzyme system localized in the.

microsomal fraction of cells kncwpn as mixed function oxi-

dases (MFO)}. In particular aryl hydrocarbon hydroxylases

L

(AHH) are known tc be kighly inducible by a variety of pe-

troleun prpducts (Payne and Penrcse, 197%; Burns and Sabo,

1975, James et al., ~1977). The physiological implica'tibns
of thls lnductlon however are not guite wunderstood andloun'
knowledga of the biotransformation of petroleum hydrocarbons
in £ish is rather limited. I have chosen to study this bio-

transformation im the'American eel, MAnguilla rostrata, be-

cause the specied occurs in areas where it is llkely to find
different sources of chem1ca1 pollutants, including petro-’

1

leum hydroqanbons; ~In addition, as a top predator and occa-
sional scavonger (Tesch, 1977), ;he hmerican rel is probably
exposed to relatlvely high levels of fore1qn compounds accu-
mulated along the fcod chain. From a commercial point pf
vieu, with the exception of salmon apé trout, hardly any
species of food fish has such a worldwide market as does the

eel (Canada Fisherman, 1964) In canada, <eels are fished

commercially in the provinces of Quebec, bntario and New
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<: Brunswlck._ The nathnal consumptlon, ‘howaver, is vnry lim=- - S~

\\ted and most of the eel catch is nxported to European coun-

- o

tries such as Germany, aelglum, - England and Denmark - uher=

they are considered a delicacy (Bedard _1975). There are

\ . . . . *

also practical reasons for usingfeels: fi%st.qf all they -are N
. R \

.~ inexpensive and easy to cbtain and secondly, - eels can be

kept under féhoratdry conditions withoug'any majér require-

ments in holding facilities.
Tn an attempt to understand the physiological signi-

ficance of the MFO response ﬁo petroleum hydrocarbons..in
fish tﬁe -followiﬁg expefihental approach was followed: Fiﬁ
the first placé, a study qaé carried out to establish some
parameters in the uptake and release of crude oil from or-
gans and body fluids of the eel. .These paraﬁeters could
then be used to correlate with high levels of hepatic micro-
somal enzymés observed in.eels after petroleum exposure. .
Secondly, levels of he}atic. MFC actiiiky vere determined
after ‘'oral administration of crude oil and were relafed to
length ¢f exposure and dosing regimens. The ‘enzymeslmea-
sured were benzo[alpyrene hydfoxylase {BaPH) and cytochronme
P-QSO; This;is imﬁortant because MFO's are known fo act as
‘the main machinery for the metabolism of petroleum hydrocar-
bons, therefore they may play an‘importagt role in_detefmin-

s

ing the toxic effects dﬁ‘petroleum Eroducts.

-

Microsomal enzymes involved in the metabolism of for-

eign compounds are also known to take part in the metabolism
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.t

of steroid horﬁones'(donney} 1967) . Therefore it uas.pro;‘

-- RISY

Y o ‘
posed that induction of MFO by petroleum may vresult in al-
terations in steroid balance. 1In order to test this‘hypotﬁ-
esis the dynamics df_ccrtisol changes after exposure to

.

crude oil was é%udiéd. " This was done in order to establish

whether dt not petroleur indices a general cortisol stress:.

‘I‘(t‘- _
N e

. .- ‘ .. . [ .
response in eels, In addition, 4 .separate study was carried

We—e L

out to assess the.éffect of MFO induction on the breakdown

of cortisol.

[V
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Chapter TI.
'UPTAKE‘AND.CLEARRNCE OF INGESTET '*C-NAPHTHALENE PETROLEUM

31 NTRODUCTION

A SR T e S S S e

A

Tt is a generi}ly‘accepted vieu that  the ahiiity‘of
petroieum hydrocarbons“to elicit any’ toxic‘effect is highly :
related to its capacity to_enter gnd accumulate in the or-
ganiém. Therefore absorption, distribution and release par-
ameters are important factogs determining the biological
f;te and effects of thesé;coﬁpouuds. Pétroleum hydrocarbons
' a;e-readily taken up inte aguatic orqanisms. In additiocnm,
based on presernt data, there seem +tc¢ be nc restrictions on
the type:of hydrocarbon that can be absorbed (Stegeman,
1977) . | | ‘

.  Pecent reports have discussed the tate.”of pefroleum
hy&rocarbons iﬁ a variety of marine animals (Varanasi and
~Malins, 1977);. hovever, there is not enough‘information'on
the accumulation and metabolic fate of petroleun iq'fiSh.
Most studies have been _carried-out using & wa%er-soluble
fraction {?SF) under static bioassay conditioné or using in-
dividual hydrocarbons. A very limited nunber of studies

]

have locked at the ubtake and clearance of petroleum hydro-
( -

carbons using ingestion as a route of administration. Sev-

eral studies, however, have 1indicated that aquatic organ-
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isms, includingi'fiSh,‘ ingest and retain hjdrocagbons.to
uhich tﬁey are gxposed. In addition, theSe.hydrocarboﬁs are
tranSféred and retained.by predators; thereforeé, even aﬁi-
pals that have not been directly exposed=to the hydrocarboqs'
can become polluted by eating contaminated food - (Blumer,
1971) . .
| studies done on fish indicate that alth ugh they‘
readily take up hydro;arbons Erbm the environm 7 substan-
tial decreases‘in ltissue oil concentration océur' once the
animals are placed in cleanl vater. This seems to iﬂdigate‘
the existaﬁce- of a metabolic pachinery for the removaﬁ ot
these compounds from. body tissues.' Support for this idea
comes from studies indicating that several fish species ex-
tensively metébolize hydrocarbons tp form both conjugated
and non-conjugated derivatives.. For imstance, in a étudy
carried out by lee and co-workars (1977a) it was established

that nudsucker (Gillichthys mirabilis), sculpin (Cligocothes

Eégglgﬁgéi and sanddab'(gighg;igg;hxg stigpaeus) were able
" to metaboilize naphthalene and 3,%-benzof a]pyreme to dihy-
drodiols. TIn another study vVaranasi et al. (1@78f looked at
the petaboiigm of 3H—napht$alene aﬁmin{stered through the
diet in 3 species of fish. The hydrocarbons were exten-
- sively metabolized, and furthermeore more than sox,pf the ra-
dicactivity found in blcod after 1€8 hr wvas due to metabolic

products. The highest concentration of metabolites occurred

in the gall bladder.
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Ihe'diStributionhof acqgmulatedﬁhydrocarbons inAQari:
bus tisSﬁes may be influenced by a large ﬁumbet of:factors
such as.lipid qyantity and quality of the tissueé, . the def
greé of association with carriers in the plaéﬁa, .the'route

of entry, and the extent of metabolism to which the hydro-

carbon is éubjected in the different tissves (Stegeman,

1977 . According to previous studies, it appeérs that hy-'

.drocarbons and/or metabolites tend to accumulate predomi-

nantly in tissues‘.that exhibit a high lipid content or re-
present apparent major metabolic and excretion sites.
Numerous reports havé indicated the tendency ot different
"aromatic fractions-to accumulate in visceral fat and brain
(Korn et al. 1976; Rhittle et al.., 1976€; Melancon and Lach,
1978) . Similariy, Foubal (197“5 showed that substantial am-
ounts of alkanes are éccumulated not omnly in brain but also
in spinal cord and lateral line nerves. In addition, Col-
‘lier and Malins (cifed in Malins et al., 1979) andicated
that brain aécumﬂlated considgrable amounts of naphthalene
but unlike other organs it co tained-relativelyg low levels
of bioéonversion products. Sp, 1t appears that bréin and
other parts of the nervous system tend to accumulate signi-
ficant levels of petroleun hydrocarboms, which probably re-
lates to the loss of equilibrium and other behavioral, abnor-

malities observed in fish after exposure to o0il products

(Pixit and Andersomn, 1977).

A
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Liver and gall:bladder, organs associated .with the
métaholic breakdown ‘and eicretiqn.oﬁ petroleun hfd:ocarbons,
are also known to show very high levels of petroleun hydtg-
carbons. Difféfentfktudies have indicated that gall bladder
dsually‘exﬁibifs' the‘highest levels of hydrocarbons &mong
all organs examined. For instaﬁée, Melancon and Lech (1978)
showed  that short-terﬁ expgsure of rainmbow trout to na-
phthalene and methylnraphthalene resulted in bile comcentra-
tions of both chemicals of up tc 300 times higher than.that

jnitially present in the water. In a similar expelimedt,

they also found that long-term exposure of trout

phthalene resulted in bile concentration for napthalene and
metaholites sf 300 ug/ml (approximately 13,000 times the wa-
ter concentraticn of_naphtha;ene). The high levels of_hy-
drocarbons generally found in the bile of f}sh atter expo-
sure appear to be mainly due to. the presence of metabolic

producté {koubal et al., 1977; Melancon and Léch, 1978)-.

3

he gall bladder 1is suggested to play an important role in

D

the excretion mechanisms by which petroleur hydrocarbons are
eliminated frcm body_tiséues in fish,.

liver has been reported to accumulate siqnificént
_levels of petroleum hydrocarbons (Lee et al., 1972a; Rorn 2t
“al., 1976). Furthermore, Roubal gt al. (1977) indicated
that intraperitoneai administration of selected hydrocarbons

in coho salmon Tesulted in significant percentages of meta-

bolic products at all times, irrespective of the hydrocafbon.
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s

administered. This finding is consistent with the known
role of the liver iq{}he metabolism. of petroleum hydrocar-

bons and is probably dve to the relatively high lavels of

aryl hydrocq{bon hydroxylases present in this organ {Malins,

I

1977y .

»

Studies on the accumulation and discharge of petro-
leun hydrécarbons in aquatic opganisﬁs have been largely
restricted to alkanes and aromatic hydrdcarbons; ' Present
data indicats that substantial differenceé exist among spe-
‘Cies in the ability to retain.and release various petréleum

“ .

hydrocarbons. For instance, it has been found that £ish and

shrimps tend. tc accumulate aromatic hydrocarbons very ra-

pidly. At the same time, they tend to release hydrocarhons
more rapidly. On the other hand, clams and oysters tznd to
accumulate and release hydrocarbons mnore slowly. Some re-

ports have shown a very low capacity of molluscs to metabol-

ize aromatic hydrocarbons (Lse et al., 19726}. and this may

" explain in part the lowver rate of release cobserved in oyster

AR

and clams.

. Several studies have indicated that rates -of uptake
anﬁ release are also dependent on the nature of the hydro-
carbon itself. For instance, Lee and co-workers (1972a) in-
vestigated the wuptake and discharge of '*C-naphthalene and
3fg-benzo[a]pyrene in mudsucker, sculpin and sanddab. They
found that in all species naphthalene tended to accumulate

more than benzof[a Jjpyrene. In addition, both hydrocarbons
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N

s . _ / .
vere rapidly excreted in the urind; however, naphthalene and

!

34

its” metaboliteg were - depurated - at a faster rate than
behzo[a]pytene and its metabolites._ Similarly, BRoubal and
co-workers (1977). .adminigtered “C-laﬁelled benzene, na~
phthalene and anthracene to joung coho salmon in the food
and by intrapéritonéal injection. It was fouhd that reg;rd-
less of the method of exposure accumulation in liver, brain
ahd muscle was acﬁieved in the following order anthraéene >
naphthalepe > benzene. In other words, it appears that
_these aromatic hydfocarbons aqpumqléte in key organs in re-
. laticen to the number of benzenoid rings in the petroleum hy-
drocarbon moiecule.

Tn another study, the uptake aneé release of substi-

tuted and non- substituted benzencids and naphthalenes into

muscle of coho salmon and starry flounder (Platichthys stal-

latus) was followed (Roubal et al., 1978). The results ob-

tained indicated a strong tendency for ccho salmon and
starfy flounder tohaccumulate alkyl-substitoted aromatic hy-
drocarbons through the water column in pretersnce to unsub-
stituted structures. Moreover, _the‘hydrocarbon‘retention
was found to increase in proportion to the extent of ring
substitution of the hydrocarbon molecule. .fhus, it appears
that two structural properties (degree of alkylation ‘and

number of benzenoid rings) are related to the disposition of

aromatic hydrocarhons in f£ish.
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As mentioned previousiy, the abi;ity of pét:oleum'hyf
drocérbons to exert a toxic_effect'ris felated‘to its capac-
ity to enter i;to‘tﬂe organism,” the rate at which' it is ac-
chmulated and fhe gegree to which it is retained ia the tis-
sues following- exposure (Neff et al., 1976a). 1In fhis
regafd, the absorption, distéibution and metabolism of hf-
drocarbons are important factors. that-determiné the expres-
.sion of toxic effects elicitéd by these compoﬁnds, and must
be accounted for in the interpretation of any biological
findings. | ‘
The present study was undertaken to evaluata the dy-

+ .
namics of uptake, clearance, as well as tissue distribution,

of petroleum hydrocarbons in the American eel, Anquilla ros-

trata fipllowing dietary eQﬁosure of crude oil. Enalysis of -
the distribution and release from tissues and body fluids of
hydroc;rhons may give scme‘hnderstanding of the mechanisms
by which fish «clear petrolegm hydrocarbons from their sys;
tems. | . -

In chapter II, evidsnce is given about the stimula-
tory effect caused by the administration of crude o0il on the
activify of the MFO system. It-was considered that absorp-
I

tion, release and distribution vparameters of petroleun hy-

drocarbons should be established in order to best interpret
£

the mechanisms as well as the physiological significance of

such stimpulation.
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Tt is known that, im most cases, the metabolism-of

’ hYdrocaihons results in the conversion of‘ 1ipophilic‘com-

pounds into water- soluble metabolites which can be excreted

(Adamson, 1967).  In the' present study, a tvo-phase Rgpti-

tion technique based on this principle was used-to extract

hydrocarbons from tissues and body fluids. Although no .in-

ferences can be made about the nature of specific metabolic

products, this extraction procedure gives scme idea about

the levels of such products present in tissues and . body

fliids and the related degree of petroleum metabolism.

. /\
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MATERTALS AND METHODS .

1 Experimental Animals

Immature‘hmericah eéls (Anqgillg rosgratg LgSueu:):of
Heighgs raﬂging from 70;100.grams were used as experimental
animals. They were t;ken at the St. Lawvrence tiver from aﬁ.
eel ladder placed at the Robert Sanders Gene;a£ing'5tation
at Ccrnwvall, Ontario. Immediatély after arrival in the la-
boratory, the eels were ?iaced-into a large fank vith de-
ch{oriﬂated Ottawa City tap water for a period of 3 to u
days. The purpose of this procedure vas to allou»forﬁthe
remeval of extra mucous and debris as well as elimination of;f
sick animals. TFels were.then transfered t64u30 L fibetglassT
tanks fed with circulatinq decﬁlorinated tap water at a
temperature ranging between 8 and 15°9C, wintef t0 summer,
rESpecfively. Photbperiod was approximately A; hours of
fluo;escent light alternating with 12‘ hours of darkness (or
low-intensitf red light if observations were necesdary at
night): The animals wvere allbwed to acclimate ~under the
conditions described for a pericd of at l2ast 3 to 4 wecks

-~

prior to use. The eels were not fed during the experimental

period.

-2 Experimental Procedure

The fate of petroleun %ydrocarbons after ingestion
vas studred using a fresh crude oil obtained from Norman

Wells, N.W.T. This o©il is characterized by a relatively
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high content df low boiling point hydrocafbons'(ﬁﬁbelh?rdt;
1978). TwWo geparate ekperiments ﬁege:carried'out to éstabl-
_ ish tﬁe uptakg, gisttibﬁtion and rélease of hydrogarbohs iﬁ
fish folloﬁing ingestion exposure of 10 and 1000 pl oil/kg
 f£ish crude oil levels. o | o

| A simpie\techni&de'uas used to administer orally cal-
culated amounts of <crude o0il spiked uith 1*C—néph§haiene
(uniformly labelled; specific activity: 3.67 mCi/mmol na-

"ppthalene, Amersham/Searle, Arlington Heights, TIll.,). ‘The

""éﬁouﬁt~of labelled na?hthalene used was previously calcu-

- lated so that it would not alter the naphthalehe composition

of the crude oil. The spiked oil was mixed with beef-liver
homoéenate. A'total velume of 0.1 ml was ihjected into the
gut of the fish via the mouth. X 1.0 ml syringe was usad,

fitted with a‘qavage needle to avoid damage to the gut tis-
sue. Careful handling ensureq no regurgitation oflthe_oil.
‘Experimental animals were given single doies containing 0.5
pci (in both 10 and 100 pl/kg) of A‘C-naphthalene for 5 con-
secutive days. Control fish were force-fed heef-liver hamé*
genaté only for the same period. '

After dosing, fish were replacéd into* tha holding
tanks previously'described. Five fish were sampled at each
time period of 1,3 and 5 - days after initiation of exposuter
At the end of tie 5 days of dosing, the remaining fi;h were

transfered to another tank to follow the clearance of the

.0il dose.‘ Again, groups of 5 fish were removed on days 3,¢
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"and 12 of clearance.. Control groups of 3 fish each were
sampled 'simultanebusly~thrbugﬁout the experimental 'pefiod

‘and ° were.used to establiéh analy?icql and physiological

) . . Il .
baselines for oil-exposure-related exper%ments.

3 Apalytical Methods

At each sampling, fish were anaesthetized in 2% MS222

'solution (Ethyl;m-aminobenzoate pethane qsulfonié acid salt;

Sigma Chemical Company) for . approximately 3 minutes. The
fish were killsd by decapitation and ‘samples of tissues and
. body fluids were taken. The tissves-examiped were liver,

4

posterior .

. blood, gall bladder, heart: gills, white ﬁuécle,
kidney and brain, Extreme care was taken not to puncture
the gall bladder during removal. Bile samples were taken.

“In -addition, prior to excision, the liver was flushed with_a
perfu%iOn fluid for fresh water eel;l(shuttleuorth, 1972) to
rengve bléod trapped in the hepatic cifcuiafion. Eacﬂ ;ié—
éue‘was tested for-radicactivity S;ﬂthe followihq procedure.
X 200 mg sample was homogenized Hith 1 nl of distilled water
using a motor-driyen éll-glass Potter-Elvehjenm, tissue gtin-
der immersed in ice. éile samples were not homoqenized;
After comﬁlete homogenization, ap extraction with 4 ml of a
1:1 methanol-benzene sqquion (only' spectral grade solvents
vere ugea} ¥as carriéé ouflfpr_zﬂ hours in teflon-stoppered
test tubes on a rotator at a temperature of approximatglg

‘4ocC, This extraction solution was then centrifuged at 1400

-
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'x\g for 10 minutes. ﬁliéuots of the ofganic and agueous
bhases'uere_tested separately for l*c—éctivity.. Radioactiv-
ity in thé?solven;-phase was used to ebtéblish_céncehtration
' df naphthalene spikead crude oil fréctioﬁs uhile'thé,aqueous
. lAyer vas used to estipate values for totai' metabolites.
Re-extraction of the residual pellet indicated'cbmplete eli-
ﬁination oﬁ_soivent'eitréctable radioacti#ity, In addition,
only background actiyitf\waw tound in tﬁe NCS~digested ﬁel-
lets indicéting#ﬁf;hat thé extraction procedure  for
l*C-naphthaleng' épproached 100% efficiepc;. Bécovery éf‘
known amounts of 1{C-quhthalene follo;ing the two-phase
;artition techrique was carried out. uéing:labelled crude
6il;u~ The extraction ﬁ;ocedure resulted in an or-
éaniC/aqﬁeous éhase partition coefficient of zero, as ho ra= -
dioéctivity above background levels Hés detacted in the
aqueous phase, A §imilar partition coefficient of tﬁe
t4C-naphthalene was found in bile and liver samples spiked
with known quantities of the labelled oil,

One-half ml aliquots of the organic and aquUeous lay-
ers were counted by 1liquid scintillation procedures, after
mixing with 10 m1 of Aquasol-2 (NEN, Canada) and E§onof1uor
(Fisher Scientific, Canada), Tespectively. Determinations
of 14C-activity were dome by counting samples im an LKB 1215
Rackbeta.SCiptillation countar. Qﬁench-corrections ware es-
timated'usiﬁg quench'curves constructed with the fatented

Aat-trick calibration kit (LKB, W%Wallac, Pinland).



sis of variance (P < 0.05).

fza‘
The radloactiv1ty levels 'in tissues and hile of{the

American eel A, rostrata durlng and folloulng 1ngnst10n of a .

e B

140 naphthalene splked crqpe oil at a dose of 10 pl/kg are’

~shown in Flg. 1 an& ,2. Statistical differéncas-amonguand.

within treatments were established using a two-factor anmaly-

. . | " ) .

Two diffefent patterns in uptake and_géleaae.véfé.oﬁ;.
served for the solvent- éxtractable fraclioa. Tassueé su@h
as llVEr, péart, blooa, musxle; kidney, 'and.gillasﬁ%yedia"
significan£ rise on the third ddy, followed by. a drbp}da day
5 to ‘'day 1 -levels. Ro further change; la,radioaetlfit&:wea;
observed betweem days 5 and 17 in ‘these tissaes.ﬂ'ﬂhfseaqnd’:
pattern, characterized by allaler‘peak apiﬁﬁé-ead.;of';he
dosing ﬁgriod‘(day 5), was_.observed for b;aia.;tztﬁis in-

crease in . radiloactivity levels was followed‘ by.a'lgfadual

", drop by day 8{(during the‘deﬁgration period), .fésulting in

tracer levels similar to those of day 1. Padioactiqity lev-

4 £u

" els remained'unchanged throughout the rest of the experimen-

tal period.

m™he water solubls Tractlon,,uhiéh represents metabolL_:'
1zed hyd:ocarbons, also shpwed two differeﬁt patterns in dp-

take and clearance.. ' Hith the exceptlon of llver and blood,

LY

all tissues examined showed a 51gn1f1cant 1ncrease in ra-. -

dloact1v1ty at day 5 folloued by a drop to day 1 levels dur-l_‘:

ing the depuratlon perlod at day 8. Bile levels also peaked{'

I
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ﬂad10act1v1ty 1evnls in selected tlSSUPS and blln,of thp
American’ eel, Anguilla rostrata, during and follow- "
ing .ingestion 6f a 14C- naphthalane spiked <rude 01l ‘at a
dose of 10 pl/kg, given for five consecutlve days .(0; 5 pcl/

,dose).

PO .
O-=-0

A=~

T-‘a,g:h point ropresenfs thﬂ mnan of 5 Flsh.
R total ra@1oact1v1ty

, activity in organic solvent fraction

., activify in aqueous fraction

?iQﬁﬁe 1: ™issue and bile radioactivity: Joﬁl/kgioil

1

dose
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. Radioactivity levels in selected tissues of the American
eel,Anguilla rostrata, during and fcllowing ingestion

of a 1¢C-naphthalene spiked crude oil at a dose ot 10 pl/kg

-given for five consecutive days (0.5 pCi/dose). Fach point
represents the meam of 5 fish.

0,__0  , total radioactivity
D‘"'ﬂ ., gctivityAin organmic solvent fraction

" A--A. o, activity in aqueous fraction

P

Figure 2: Tissue radicactivity: 10ul/kg oil dose
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at day 5. The.rate of clearance, ﬁowever, abpeéred to ba
slower than that of thé tissues examined because maiﬂtained
high‘levels'éte still observed on day 8. Sihilarly to what
were found for the organic solvent trartlon, liver and bleod
-showed.a significant increase 1in radloactlvity during the
dosing period at ddy_37"‘A delay of six days in clearance,
lhowevér,,was observed in the Hater-solublé fractioﬁ of 1hese
tvo tissues when qompared to the.orqanicl solvent fractions'
levels did not clgnlflcantly drop until day 11.

Total rad10act1v1tv was ca;culated for bile and se-
lected tissues.. =TIt represents tﬁe_sum 0f tracer leavels ob-
served for the aquedus and organic solvent fbactidns. At
all times, the total radiqaétivity levels in bile were sig—'
nificantlv higher than in any otLer pissue: ekamine&. It
showed approxlmately u5 times higher levels'of -maximum up-
" take than thcse observed for the 1liver which was the tissu=
exhibifing the highest gracer acti?itj légels. |
o A*he.radioactivity levels- in selected tissues and bile
of. . ; ;gg;;gta : dnriné ~and follovigg  inqes£ioq - ot

1*C*néphthalene spiked crude oil at a dose of 100 pl/kg are

shown in Fig. 3 énd,u. Tn qenefal tﬁe'pétfefﬁs of'uptgke
~and release are similar to 'th05ﬂ prev1ouqu described for
the 10 pl/kg o1l dose experlmont. ;,In addltloﬂ; novsiggifi-
cant dlfferences_ in the tlsiue_guptake_ofl?he\.i;be;léd na?
"phthalene were found between the 10 and 100 ﬁL)kq exposzd

fish, This suqéests_a complete.absonption of the label dur-

-
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Radipactivity levels in selected tissues and bile of the
American eel, Apguilla rostrata, during and tollow-

ing ingestion of a !4C-naphthalene spiked crude o0il at a -
dose of 100 pl/kc} given for five consecutive days (0.5_}1Ci/
dose)., Each point represents the mean .pt tive fish.

—0 , total radiocactivity
D___E] -, activity in organic solvent fraction

A - A , activity in aqueous fraction

‘Fi.é;ure 3: Tissue and bile'radioactivity:"1dd }.‘li/k_g dose .

T
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b
Radioactivity levels in selected tissues of the American
eel, Anguilla rostrata, during and following ingest-
ion of a t*C-paphthalene spiked crude oil at a dose of
100 pl/kg given for five consecutive days {0.5S pCi/dose).

Fach point represents the mean of five fish.

o__o » total radioactivity
-0 r activity in organic solvent fraction
A - A , activity in aqueous f\raction

i I

Figure 4: Tissue radioactivity: 100 pl/kg oil dose
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ing the two dosing regiﬁes. : fherefdré, based on sp;cific\
activity of fhe original dose, the total h&drocarbon céntent
- .

) ;§ the tissues was derivéd. These nominal conCentrationg of
petfoleum hydrccarbons are presented Hin Table 1. Froh
this table, it can bhe séén that'there is a ten-fold greater

content of hydrocarbons incbile ' and tissues after a 100

pl/kg dose compared to a 10'plkkg exposure.

a
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~ TABLE 1
‘Petroleum hydrocarbon dist;ibution
= : .

Nomimal concentratlons(a) in pg/qg of petroleum hydrocarbons
in the American eel, A. rostrata, tlssues and bile. -

o —— v o ——

At peak (c) At 17 days
Tissue (b) 10p1/kg 100p1/k§ : i iOpa/kg _100pl/kg .
Bile .  2,717.0  28,044.0 176.2 1,171.0 |
Liver T 87.9 1024.6 12.1 . 130.0 -
Kidney 31.8" 322.3 11.6 160.6
flood 20.5 321.1 - 5.9 3.4
Heart 20.0 ©153.0 5.1 su.3
Gill 22.0 207.2 | 6.7 7247
Muscle 26.0 249,761 76,0
Brain , 2501 286.9 1.8 71.5
¥
a = calculated on the basis of I‘Clnaphthalene specific
.. activity in criude oil doses
b = sample size of S
c =

.maximum concentrations at 3 days, excppt at 5 days in
bile, gills and brain., ¢ ‘



DIscossioy
e . The ;apiﬁ uptake and release of hydrdéarbons byiéhe
American.eel, A. rostrata, waé similar to the results ob;\
tained- with other _marine and fresh uatzr fish (Lee et QL;,
\13?2; Melancon and Lech, 1978: BRoubal et gl., 1978) . .The
findings indicate that ingestion of petroleum hydrocarbons
results in absorption through the gut and deposition in kay
organs and tissues of treated fish. Tracer activity was
mainly concentrated in gall bladgzr anaqiiver which are or-

gans asscciated with the metabolic breakdown and excretion

petroleum hydrocarbons {(RKorr et al., 1976). Accumulation

petroleum hydrocarbons in fish 1s known to reach consid-
erable levels in tissues of high lipid content (ﬁhit?le et
g;;, 1976} ; ‘this prcbably explains the relatively high‘lev-
els of tracer activity'found in eel brain tissue after expo-
" sure to naphthalene spiked crude oil.'

Ingééted labelled maphthalene appeared to‘be readily
taken into the- body by way cof the gut as indicated by tma
raéid increase in radicactivity seen in most tissues. .The
tfacer'levels ig the bile were substantially higher than
those found in all t%e tissues examinéd, suggesting a bili-
ary route of hydrocarben excretion in the eel. Hydrocarbon
activity in the bile appears to bé mainly duetto métabolites
since the activity was primarily found in the water-fraction
of extracted samplés.l\ The finding, of high levels of petro-

leun hydrocarbons in bile is consistent with other studies,
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wvhich also indicate ihe presenéé of high levels of‘hydfocdr-
bons in the gall sladder of pet?oxeum lhydroc&rhon'exposed
‘fish. For instance, Rouhalmég al< (1977) ihdicated‘that\in—
traperitoneal;administration of t*C-naphthalene to c;ho sal-
non fesulted in maximal 14C activity in the bile. Further:"
seventy per cent, of the radioactivitﬁ was due fo the pres-,
ence of naphthalene meﬁabolités éimilar.to the £indings in
the €el. Chromatography anafyéis of hydrocarbons in the
hile of rainbow trou£'exposed to naphthaiene and methylné-
pﬁthalene indicated that at least 65 to 70% of the activity
recovared was due to metabolites, In additio&ﬂ it vas also
fouéd that most of the metaholifgs in the bile were more po-
lar than the hydroxyl derivatives of naph%halene and methyl-
naph%halene and were probably present as conjugates (helan-
con and Lech, 1978). Chromatograpﬂic analysis of
hydrocarbons in fhe bile o% 3 species of marine fish exposed
to naphthalene indicated the presence of two ma jor metabolic
products: 1-hydroxynaphthalene and 1,2¥dihydro¥1,2-dihydro-

xynaphthalene (Lee et al, 1972a). Administration of na-

phthalene into rock sole (Lepidopsetta billineata) resulted

in the appearance of 1-naphthyl glucoronide as‘a ma jor meta-
" bolite in the bile. - Moreover, 1-nap£thol,
1,2-dihydro-1,2-di— hydroxynaphthalene, 1-naphthyl sulfate
and j-napht£y1 glﬁcoside were also present (Varanasi et al.,

1978). similar metabolites in the bile of A. crostrata are

- 1likely to have accounted for the observations of high water-
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" (refer to Chapter II). In addition, in Chapter IT, evidence

fraction radioactivity. The results of the. study on the ac-

cuaplatlon and release of petroleum hydrocarbons ‘in A. go

.trata are based solely on radlometrlc analy51s, therefore ltj

* _provides no indication on the ‘molecular structures vith

-

which the I*C-was associated, houever, the two phase partl-

o

tion technlque used to extract blle and tissue samples glves‘

some indication on the Ievels of parent and metabolrzed hy-

'drocarbons. l‘c labelled naphthalene :¥as used fo study the

uptake and discharge of hydrocarbons in the eel because it .
was considered to be a good representative of the hydrocar-.
bon mlxture present 1n crude 0il. In addition, polycyclic

aromatic hydrocarbons such as naphthalene are known to ac-

_count for most of the toxicity attributed +to oil pollution

(Blumer, 1971) and have heen found to be very potent induc-' 

ers of hepatiC»mired function oxidases in fish (Bend et al.,

_1974; Philpot et al., 1976).

The existence of a detoxification mechanism  is sug-
! L

- gested by the hlgh concentration of parent hydrocarbon and

partlcularly metabolites found in the—blle, as well as in

" the liver, of A. rostrata following 011 ingestion. This is

—— s

particularly important because the liver was also,;foundhto ‘
be a major site of aryl hydrocarbon hydroxylation in the eel

. w)
is given .about the ability of petro{gum hydrocarbons to in-
duce hepatlc BaPH which probably causes an 1ncreased hydrox- -
ylation of aromatic petrcleun hydrocarbons (Malins, 197735

Statham et al., 1978).



. The "accumulation ~of metabolic is not
restricted to the gall bladder apd the
S ‘ D 1
high radioactivity levels assocXated . with the water soluble

fraction vere’' also found in other tissues such as kidney,
gill and heart. It is not probable that these levals of nme-

. _ N we
tabolites are associated with the «capacity of these tissues

- to metabolize petroleum hydrocarbons. A study of Yissue

distribution of BaPH in A. rostrata (Chapter II), indicated

' that the capacity. of gill, kidney aid heart to metabolize

aromatic hydrocarboms is minimal. Prggumably then, this wa-

o v

ter-fraction :adioéctivity in these iissues was attriﬁutable
to a p§ssiyé 'accumulation, of, especially in the case of
kidnpey andtgills, a‘éelective excretion preocess. " Definition
of the excretion fumnction in paptiiq;ar will.rggﬁiré further
stud;y. ! i l
‘Subggantial ahbunt of radiocactivity was also found in
brain and muscle. Tracer activity, houever,'was«éSSociatea
mainly with the solvent fractionrqnd radioact;vity_ievels in

.

the water-fracfion wvere almost negligible. The.low accumu-=-
lation of hydrocarbon metabolites is consistent with other
Teports, indiéating relatively low levels of petroleum bio-
conversicn products in br&in and muscles (Roubal et al.,
1977; Collier and Malins cited i??ﬂalins et al., 194§).

| When examining the dyném{Es of petreleum hydrocarbon i

content during the experimental period, brain seems to show

i
a slower rate of release of hydrocarbon when cémpared to



W

e ! oo

most other tissues. Similar results have also been found: by
Neff and co-workers (1976b) when studying the uptake énd re-

lease of petroleur hydrocarbon in zgggg;gg similus exposed

]

. _to the water-soluble fraction of No. 2 fuel oil.

Further, evidence for the existence of an efficiént
mechanism for the remdvai of petrecleum hydrocarbons 1in A.
gggﬁ;ggg is offered by the Qecreaée‘in tracer activity in
blood despite continued ingesticn of the labelled oil at
this time. In addition,’ the depuration period resulted in
'significant decreases in hydrocérbon activity in most tis-
sues exémin;d. An exception, howevert_ uaé'the Kigh tracer

'

activity'foﬁnd in the bile.  Thus, it seems that radidactiv—

" ity lost in the various tissues during the clearance period

vas transferred to bile, 'This 1lends additional support to

the hypothesis that the gall hladder'ié a major site for the

-

excretion of petroleum hydrocarbons.

\ . " 38 o
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INDOCTION OF MIXED FUNCTION OXTDASES
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The exposure of an animal - to foraign compounds can

v

result in a .wide range of effects, . including‘én immediatg
toxic response, a delayed toxic response or no ob;erﬁablg
toxic effect at all. A major response to toreign chemicaI;:
is their biotransfourmation or metabbligm into more polar ﬁeé
tabolic products which can be excreted directly or converted
intc more wéter-soluble conjugated compounds and then ex-
creted. The metabolic processe% can be carried out in éif-
ferent tissues and organs. The Hepatic System however, acts
as the mrajor site in the bicttansfprmation of dive¥se chedi- |
cals such as industrial pollutants, pesticides, drugs and
many other .lipophilic substances, The gemeral patte;n of
‘xenobiotie_ggigholisw for most animals, including fiéh, c§n
be divided according to Williams (1959) into two phaseé:
phase I ;eactions in which biochemically reactive groups
such as =-0H, -COyH, ~WH, and -SH are irtroduced or exposed
within the molecular structure of the toreign compound.
This  phase comprises oxidation,reduction and hydrolysis.

Phase II represents a synthetic reaction and includes conju-“

gation. These reactions are considered +to be the true de-
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1

toxification mechanisms since the majority of conjugates are

non-toxic water-soluble metabolites which are readily elimi-

nated from the body (Parke, 1974)y . ' *°
. . ]3“ " . ’
Fish are  wmembers. of - thg/Zqﬁatic food chain ' and as

w';éGch'afe ébhjecf to biéconcenfration of a number of foreign
or~xen?piotic compounds.. Attention has Fherefore been fo-
cused én the’ mPtake; distribution and toficity of foreign
compounds in fish, and on tﬁe 'prdteéses by which fish con-
vert . and 2xcrete these compounds. .@;:hQ:isms for the detox-
ifiéatioh of lipophilic compounds appear to be essential for
fish survival, since it has bteen found that they do not
readily excrete such substances throuéh their gills (Adamson
and Sieber, 1974). | |
"Enzymes responsible for reduction of nitro- groups
and azo-linkages are known to occur in different species of
fish, including elasmrobranchs and teleosts. ?Ehleruand Ras-
musson (1968a) examined the reduction of ﬁ-nitrobenzoic acid
in 17 species of freshwater fishes. . They féﬁnd that all of
the species tested were able to carry out this reaction, but
té varying degrees. The nitro-reductase system was associ-
ated with the soluble fraction of liver homogenates; the en-
zyme required NADP and was 1inhibited by oxygen. X variety
of fish species including both primitive (cyclostomes and
elasmobranchs) f£ish and teleosts afé able to carry out azqg- .
.reduction of neoprontesil to form sulpharnilamide (Adamson,
' 1967), although the conversion rate is only approximately.

1/10 of that found in manmmals.

_"/
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Oxidation of xenobiotics can :occur bf different
pathways, including aromatié hydroxylation, aliphatic hy-
,:droxylation. o-deélkylation; " n-dealkylation, deaminat%on,
n-oxidation and sulfoxidation.: The majority of these reac-
tions have been knqu? to occur in.several fish species both
from in vivo and in yitro studies. Thus, hydroxylation ot
acetanilide and of aniline has been reported in tainbow‘
trout (Buhler and Ragmusson, 1968b), the o-dealfylation of
alkoxybiphenyls by érout liver, the o-déalkylation of phena-
cetin and 7-ethoxycoumorin, and n-dealkylation of aminopy-
rene and d-benzphetamihe by the hepatic microsomal gvstem of
several species oé fish (Sieber énd tdamson, 1977). Liver
microsompal preparations from numerous spacies of ﬁish can.
also carry out the metabolism of parathien ana related anti-
cholinesterase insecticides by the conversion of a P=S group
to a P=0 group (Adamson, 1967) .
Relatively little is known of the ability of fish to
“%.detaholize foreign compounds by hydrolysis. ;'thhough_the
reaction mechanisms have not been fully elucidated, 'Harphy
(1966) found that sculpins, floﬁnder, bullheads and sunfish
could hydrolyse organmophosphorus insecticides, but at_a‘much
"slower rate. than is found mammals: |
The oxidation, reduction and hydrolysis of a lipo-
philic compound is frequently a preliminpary to their further’

detoxification by conjugation. Fish excrete some endogenous

substances such as bilirubin, steroids and thyroxine as con-
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jugates, so it is perhaps not surprising that conjugation

(Parke, 1975). The six major conjugation reactions are:

glucoronide formation, glycins conjugation, mercapturic acid-

synthesis, methylation, acetylation and ethereal sulfate

synthesis., All of these reactions, with the exception.of.

mercapturic acid éynfhesis, have been found to occur in fish
(Adamson, -1967), tmong the different conjugation pathuéys,
giﬁcosylation with glucoronic acid appears to be of singular
importance in 'vertebfafés. fhe enzymes involved in these
transformétions are responsible for the fcrmation of gluta-
thion conjugates from arené oxides, thus they are importén;
in tﬁe éhility of organisms tc convert poientially toxic
epoxidés to less toxic conjugated derivaéives (Malins,

197 7Y .

Bend et al. (1977} studi=d giutathione-s-transferase

activity in the hepatic wmicrcsomal fraction of teleost,

elasmobranch and invertebrate using different arene oxides
as substrates. B&ll spécies examined, includiné the American
eel,’ fere capable of converting these substrates; howvever,
wide variation among individuals was observea. Similarly,
Huang and Collins (1962) found that dogfish shark, goose iéh
and flounder were able té conjugate different isomers of -

inohenzoic acid with glucurcnic acid, glycine and acetate.

0f all microsomal drug-metabolizing enzymes identi- ,

fied, the MFOs are the most widely distributed. They moder-

D

- reactions involving foreign ccmpounds also take plaée}\\

td
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compounds and are present

-

ate the metabolism of most fdreign
in the endoplasﬁic reticulum of animal cells. These enzymes

A

show a requirement for NADPH and molecular oxygen for activ~

N

i

Jity. For all MFO!'s so far studied, the following overall

feormula has been estpblished:

RH + NADPH + 02

+ 2H* =-=> NADPH* ¢ H,0 + P-OH’
. l

Although the exact number of individual enzymes which carry
out the vast array of activities assigned to the MFO systenm
is not known, three components are required for maximal ca-
talytie activity. They are: cytochrome P-U450, NADPH-cyto-
chrome ¢ reductase and phbspholipids. This electron trans-
port system metabolizes a wide variety of drugs, aromatic
hydrocarbons, pesticides and many other foreign compounds.
In addition, it is well acéepted that steroid hormenes and
.fatty acids are physiological substrates ot the hepatic MFO
system (Conney and Burns,'1972; Schulte, 1974). The key en-.
zyme of this system is cytochrome P-450, a complex of pro-
tein and heme Hhiéh gets its designation from the fact that
in the reduced form it binds carbon monoxide and then ab-
sorbs light most intensively at a wavelength of uso,hanome-
ters., In the MFO, cytochrome P-450 serves as thf/ierminal

oxidase; it accepts electrons passed along by intermediates,



binds oxygen, and " then delivers th% oxygen: to oxidize its
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substrate (Bock and Remmer, 1978}, The functidn of the
NADPH-cytoéhrome ¢ reductase is to transfer electroms from
NADPH to Cytpchrome'P-HSO. The final result‘is the oxida-
tion of the substrate with ope atom of oxygen while the
other atom usué{ly coﬁbines with two atoms of hydéogen to
form water (White et g;., 1973) . The phospholipia fractionﬁ
facilitates the eleéf bn“%fansfer from tye reductase to Ey-
tochrome P-450 and the complex formation between the two
components. Tn addition, this fraction enhances the binding
of substrates to cytodhrome P-450 (Bockrand Reamer, 19?8).
Mixed function oxidaées were first described in mam-

-

malian liver microsomes. Saveral studies, hgﬁeve:, indicate
that this enzyme system\is widely distributed in nature. In
mammals, cytochrome P-450 has been found in ail species thus
-far examined. It occurs at varying concentrations in micro-
sdmes of liver, kidney, spall intestine, lung, adcenal cor-
tex, skin, testes, plaéenta and several other tissues {Wat-
- temberg and Llecng, 1968). During the last 15 years a great
deal of work has been done on the ability of marime organ-
isms to oxidize foreign compounds, It was originally
thought that aquatic vertehrates do not require special me-
chanisms to. dispose of lipid soluble substances. Tt was
gquite ac_:cepted,r for example, that fishes process foreign

compounds by the elimination into the external environment

through the activity of the gills. Several studies have



shown, however, tﬁaf micrasomal enzwﬁggfz;;:\;etaholize for-
eign compoﬁhds are present not only in fish but also in ﬁany
other marine and fresh uate# species. Payne (1957) carried
out a species survey for ary; hydtdcarbon hydroxylases (AHH)
in animals from the coastal North-west Atlantic, Activity
was found in the twelve fish species tested, ‘some'cfustace-
ans an elasmobranéh} an.annelid, and an echinodern, .Plank-
tonic crustaceans such as copapods have also been known to
metabolize naphthalene and benzo(a)pyrene’ (Lee, 1975).

ip fish, the liver appears to be tha principal organ
of metaholisﬁ of. lipophilic compcunds. It demonstrates £he
highest_actiﬁity for AHH with other tissves sgﬁwinq low or
negligible activity. Some activity has also been detectead
however in gill and kidney (Payne and Penrose, 1975; Lee &t
al., 1972b). The rate of metabolism of drugs and other for-
eign compounds varies widely in different species and
strains of animals and may,éiso be affected by the age‘qf
the individual, its sex, diet and environment. Chemicals
present in the food and the environment, however, appear to
’be_thgtgost important factors regulating thel metabolism of
lipoﬁﬁiﬁ}c compounds by drug-metabolizing enzymes. By far,
the'most\extensively studied characteristic of the microso-
mal MFOs is their ability to be induced by a large number of
organic compounds. |

The induction of hepatic microsomal enzymes is impor-

tant pharmacologically for it may result in marked altera-
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\'t}eqs in the toxicity ot iipophilic compounds. In some

cases 1ncrease in enzyme act1v1ty could result ‘in more rapld

detOXLflcatlon of: forelgn compounds,’ In other SLtuatlons,

.

hpwever, metabolism leads to the formation of a mo:T toxic

metabolite; enzyme induction. may consequently increase tox-

icity (Parké, 1975) . “In addition, since the MFO systemjalso
catalyzes the oxidation of natu;ally occurring -comﬁbunds
such'as’steroids, emphasis has beern and should be given to
this additional physiologicdl effect of induction méchanisms
by foreign substances. Althoujh the mechanisms by which in-
duction occurs are not qﬁite understood, it ié widely ac-
cepted that the increasedllevel of MFO enzymes is due to an
increase rate of.synthesis of these proteiné (Bock and ﬁqm—
mer, 1978). Since the levels c¢f proteins in animal tissues
-in steady state are generally requlated both by.synthesis
and degradation, the tern inductign nay be defined opera-
tionally accord;ng to Schimke.and Doyle (1970{, as ah in-
crease in the ratio of the rate of protein syﬁthesis ovar
the rate of.proteiq degradation, that is, a turﬁover ratio.

| The inducticn phenomena cbserved in 1liver following
treatment with lipophilic compogﬁds involves many procasses
besides the increase in cytochreme P-4%0, Sv far, they Eave
not been elucidatéd, nevertheless a few significant features

may be poiﬁted out:

1) Although several hormones can alter the activity of

drug metabolizing enzymes, the stimulation of NADPH~depen-
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-dent enzymes in "liver microsomes by lipophilic compounds

does nét“appeaq to be hormonally controlled, Activatiom in
. rats occurs even}affer.adrenalectbpy, . hypophysectony, ‘6r
thyroidgctémy, so that stimulatiod\of the hypophyseal~adre-
fnoco:tical sysfém or the thyroid'iﬁ not ‘ihvolved (Bock and
Remmer, 1978}. Furthermore, induction mechgnisqs appear to
be indepenqent o; extrahepatic factors sinéé benzo[a]pyrense

hydroxylation can be activated by perfusion of isolatead f;t

~liver with 3,u-benzpyrehe (Juchau et al., 19€YH).

2) The stimulatory effect of phenobarbitadl and.polycyélic

aromatic hydrocarbons on liver microsomal activity cannot bhe-

-

explained on the basis ©of an altered affinity of the enzyme
"for the substrate. Phenobérbitél and 3,u-ben;pyrene in-
crease the maximal velocity of p—nitroanisq}e demethylation
and hexobarbital diidation without causing any effact cun the

hY . “
Michaelis constantsegﬁubin 2t al.,1964).

4
3) Chemical inducers appedr to act at a cellular level as
“induction of aryl hydrocarbon hydroxylase has also bzen de-
monstrated in mammalian cell cultvres. (Nebert and Gelboin,

1968) .

Al

4) Foreign-compoﬁnds appear to produde their stimulatory
effect by increasing the rate of synthesis of microsomal en-
Zymes. It has been found that tﬁe induction of cytochrone
P-450 and NADPH-cytochrome ¢ reductase can be ' prevented by

inhibition of protein synthesis at the transcriptional or
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translational level (Gelboin, 1971, Jacob et.al., 1974).
‘Activation by foreign compounds is ingibited by the adminis-

tration of puromycin (which blbcks the transfer of amino

‘ .y /
acids from aminoacyl s~EN3A to microsomal protein) and by ac-

tinomycin¥D, an inhibitor of messenger RNA synthesis. In
.addition, incorporation studies with radioactive amino acids

the ‘rate'of hepatic protein after administration of chemical

. !
inducers (Conney, 1967).

5) Several observations indicate that the accumulation of
liver proteins after treatment with lipophilic compounds is
partly promoted by a decrease in protein catabolism. A pro-

longation in the half-lives of microsomal NADPH-cytochrome c¢

< . .
reductase and cytochrome b5 was clearly demonstrated with

2

l*c'guanidine-arginine (Ruriyama, 1969) indicating that 'phe-
nobarbital can delay thelcatabolism of hepatic proteins.

The stimuiatory e%fectrof foreign compounds on liver
microsomal enzyme activity was first dhserved in 1954 by
Brown and co-workers, while studying the dietary factors
that influence the activity of hepatic aminoazo dye N-deme-
thylase. Since then +the number of known ‘inducers has ex-
panded considerably making it quite difficult to establish
‘generalization about the nature of the ;nducing agents.
Th%! apparently share no other pfbperty than a non-polar re-

gion in the molecule which permits 1lipid solubility at a

physioiogical‘pﬁ (Schulte, 1974). In addition, they are

i
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substrates or  become bound to the microsomai enzyme (Pérke,

1975} .

’”he stlmulatory effect produced by reducing agents

;'depends on the dose admlnlstered and the 1nduced enzymne 1ev-
els are maintained as long as the inducer is present in the
body. ”herofore, foreign compounds such as DDT wvhich tends
to accupulate in body fat, will maintain hlgh enzyme 1evels
‘for a relatively long time (Bock and Renmmer, 19?8).

When a wide variety of polxcycliélaromafic\yydrocar-
bons (PAH) differiﬁg in molecular éize and geometry were
téstéd as enzyre inducers, - it was found that the active hy-

drocarbons possessed an optimum molecular size ranging from

75 to 150 angstroms. Holecular ‘coplénarity was also tound

to be an important factor in determlnlng the PAls as 1nduc- _

ing agents (Arcos and Comnney, 1961}. “hese requlrements
wl
suggost the importance of steric fit between the hydrocarbon
and the biological structure upon which it acts.
Baseh on diffefendés in their profile of biological
effects, the inducers of MFO are.classicaily‘subdivided into

tyo groups. The first, represanted by phnnoharbltal, stimu-

lates a wide number of hete:ogeneous degradative pathways

and augmentation of smooth endoplasmic reticulum. Thig:

group 1ncludes dlfferent cowpounds such as DDT, cho}esterol,

pentobarhxtal, chlorobutanol etc. (Conney,1967). Phenoba:-

pital-type inducers enhance . the metabolism of drugs by mi-
\‘s

crosomal enzymes at four different levels: ‘ .

a) by increasing total liver mass

-
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b) by increasing microsomal protein : “at

[

<€) by increasing sgeéif;c éctivity of microscmal enzymes

- 4) by increasing amount of NADPH cyfdchrgme c reductase and

-

amount of cytochrome P-uso‘(Gram and Gillette,'1971f.;

1] A

T
.-

The second” group .of  induéers represented byl

a more limited number of oxidation pathways, the smopth-én-
doplasmic reticulunm is not increaséd and the cytochrome in-
duced differs from that of ‘cbntrol pydits sﬁﬁstrate specif-
iqity and spectral prdpert;;s. . In adhitidh, :3-Hq‘does not
alter the amount of Nnnfﬁ—cytochrome ¢ reductase (Parke,
197u3;“ The delay between étppsﬁrg;énd.maximhﬁ enzyme induc-
tion is cf the oréer of hour; fgfﬁBJHC and of days for phe-
nobafbitél. " Further, ~ in—contrast to phenobarbital which
y

prodﬁces- striking effyects on the ultras;fuctute of the
liver, 3-MC does not.E?use any detectable morphological al-
terations (Gram and Gillette, 19771). -

- éoth the I?velglef activity - of the vatious drug-meta-

N

bolizing enzyme$ and the extent to which they may be induced
. A ,

-are under genetic regulation, S way be seen from compari-

sons of different épecies orMdifferent strains of a given

species. Larqge differénces in basal 1eve}s‘of hepatic mi-

8

crosomal oxidases and their@induction by phenobarbital -have

been observed in different strd%ins of rabbits " and ‘rats

(Parke,_ 1975L.\ Similarly great differences in the ability

of 3-MC and phenobarbital to induce aryl hydrocarbon hydrox-

'3-methylchqlanthreng.{3¢ch or 3,47benzo[a]pvrene,”stimulété \h\\\/ﬁ)

&
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, ilases‘have“beenﬁfouﬁd émong rats,‘iguinea pigs and rabbits.
Studies of AHH activities iﬁ fisgféeﬁeﬁled “thAt extremely
wide variation exists among individﬁals of apparently simi-
:larigeﬁetic backgrounds and-raiéed]pnder similar eﬁvironmen-
tal qongitions (Halins; ;977). - &, .

Increésed AHH acFé}ﬁty bylexposure to pétroleu; hj—
" drocarbons has‘ béen reportad for differeht aqu;tic species
. (Rurns and Sabﬁ,.1975;- Payne §pd Penrose, 1975i. Campara-
‘{iitively, . polycj;lic‘aromatic :hydrocaqhgns have also been
found to activate aryl hydrocarbon hydroiylases.: Increased ,
enzyme activity was foundt in sheqpshead ﬁnd li£tle skate
(Raja ggiggggg) éfter administratigﬂf of 3-MC. and dibenzan;
thracene respectively (James, et al., 1977; ‘Bénd et g;;,
1976} .. Benzo[a]pyrené.hydro%ylése (an AHH'enzymey is higﬁly
induced in fish by exposure to petroleum products, therefore
a practical dpplication of MFO measurement has been 'sug-
.gested. Thus, levels of AHH ha#e been proposed as an alter-.
‘native for monitoring petroleum pollutiom 1in the marine en-
vironment. Ho;ever, since different chemicals, other than
petroleum occur as aquatic pollutants and may act as AHH iﬁ-
-ducers, care must be taken when correlating oil pollution
with enhanced AHH levels,
It is clear now, that both aguatic and te;restrial‘
apimals metabolize a diversity of chemicals including dif-

pgtic system plays a major role in this process. The meta-
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‘bolic reépbnse io those chemicals éonst;tntes in part, a .
detoxificationAmechanigﬁ. It has récently béen'éhown, how-
‘éjer, tﬁat reacffong mediated by michSOmai énzfmes are as-

sociated with the formation of metabolically’éctivé epoiides
» - . 'l-'] < )
vhich are known as very potent chémical carcinogens. — Dif-

ferent experiments “have shown that exposure of fish to a
number of pure organic chemicals such as benzopyrene (which

is metaholizéd-by the MFO system) increases the incidence of

tumors, (Harschbarger, 1977). 1In addition “there is some av-
idence indicating an increased frequency of tumors ‘aﬁong
‘fish from very polluted waters. It has been suggested for

”

example that epidermal papillomas cbserved in the European

eel,\ggguillg anguilla, are asspciated with the presen&e of
polldtahts, including chemical carcinogeq;, in the aquatic
environment (Peters, 1955).' |

| Despite these facts, deéailed investigations on the
biotransformaticn of foreign compoupds by tish have begun
just recently and our knoulédge in .thﬁ area is still rather
limited. _The present study wvas designed .to chagacterize
first ofﬂallﬁ an MFO respomse in the Rmerican eel, LAnguilla
£9§££§§é ; thus a tissue -<distribution waé carried out in
order to asséss the relative contribution ot,différént tis-
sues to the metabolism of ?oreign‘qompounﬁs. Détermination
of optimuﬂ pA ahd température were also made. Thié’éspect

was considered gquite important in view of the di fferences

among species reported by several authors (Parke, 1975; Buh-

’
L]
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ler and Rasmusson, 1968). MFO activity was measured as cy-
tochrome P-450 and aryl hydrocarbon (benzo[a]pyrene} hydrox-.

yYlase.

L study 'vas also carfied out to determine the ability

of.crude oil to 'induce MFC activity. Induction was related
. N X o ”

. L]
gimes.'

e



'MATERIALS 'AND METHODS

Imnature yellow eelsr(ggguilla rostrata LeSueur) of
weights ranging from 70-100 gm were obtained from the St.
Laurence\kiver at Cornwall, Ontario. (For defa;@ed informa-~
tion on experimental cqnditioné'and‘design, réfer to'%habter
PR Animals vere ot fed during the exp_eri;nental period:
Benzo[ a ]Jpyrene hydroxylase (BaPH) activity in the eel was
characterized by establishing the enzyme tissue distribution
as well as 6ptimum pH and temperature for éctivity. Liver,
posteribr kidney, gill, white muscle; intesti;e, heart,
blood, and brain were,tested for enzyme activity, The 2f-
fect of pH on hepatic AHH activity was asseésed with the use
of a tris-chloride buffer system. Optimum temperature for
BaPH in the eel was determined by measuring enzyme activity
at different incubation temperétures.

Experiments were carried out to demonstrate induction
-~ . a

of mixed function oxidases after oral exposure to 10, 100

and 500 pl/kg of Norman Wells crude oil. In the 3 experi-

ments, measurement of MF(Q levels in oil-exposed and cdntrql
fish were carried out simultaneously. Expérimental animals
vere force;fed daily for 5 daYs with 0.1 ml of 'a crude oil
and beef-liver h@mogenate preparation while control fish
were fed the saae volume of beef-liver homogenate only.
(For additional information of feeding procedure refer to

Chapter ). Enzyme activity wvas measured after 1,3 and 5

54
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days. -In addition, MFO act1v1ty 1n eels was also determined

at the third, 51xth and twelfth day of clearance.

. 2 Enzyme Preparatioms | ©N
Fisb were anaesthetized in a 2% N5222 solution. Liv-
ers were flushed in §;§g as previously described in . Chapter
1. Since bile has been known to inhibit aryl hydrocarbon
: hxeroxylases in fish (Balk et al., personai communication},
care was taken to avoid contamination of liver tissue by
léakage from the gall bladder. Excised-livers vere blotted
dry with filter paper‘and weighed, R liver portion of known
weight was placed 1nto four volumes of ice-coid 0.05M Tris-
chloeride 0.25M sucrose PpH 7.4 buffer. . lLiver tissue was
diced with a pair of sScissors and homogenized 1in e motor-
driven glass Potter- -Elvehjem homcgenizer. After homogeﬂiza-
tion, ~the homogenate was centrifuged in a refrlgegated cen-
trifuge {(Sorvall RC2-B) at 9,000 x g and 5°C for 10 minutes
to remove cell debris, nuclei, mitochondria and lysosom=3s.
The resulting postmitochondrial supernatant was then de-
cented into plastic tubes jmmersed in ice. A portion of
this supernatant was used for - the estimation of BaPH. The s
remainder of the supernatant was re-centrifuged in a prepar
rative ultracentrifuge (Beckman 15-50) at 100,000 x g for &0
minutes to precipitate the m&crosomal fraction. Microsomes

were further washed by resuspending the pellet in ice-coid

1.15% kcl and re-centrifuged at 100,000 x g for 30 addi-
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tional minutes. The microsomal pellet was aséayed for cyto-

chrome P-450 content.

3 Enzyme Assays

Hhengver assays were not carried out immediately
after preparation of gubcellul&f fraction, whole 1ivers were
wrapped in éluminum foil and ffozen‘at -700C, Tt was prévi—
ously established ﬁhat\tnder these conditons, determination
of AHH activity and cytochrome P;QSO content after a month
reéutled in a 10% and 15% loss in specific activity respec-
tively. The activity of AHH in the liver was assayed in the

-+

supernatant fraFtion using.the method of Nebert and Gealboin
(i968). The protein concehttation in the supernatant used
for- the assay was standardized at S mg/ml.

The concentration " 'of extracted hydroxylated
benzo[a]pyrene (3-0H Ba#) in the reaction mixture'was deter-
mined flubrimetrically using a Turner 430 - spectnp:{%uorom-
eter, with activation at 396nm and f;udrescence measured at
522 nm: Quinine sulfate and 3-hydroxybenzo[a]pyfene (kindly
supplied by Dr. A.R. Patel of the National Cancer Igstitute,
Carcinogenesis Research Program, Bethesda, Maryland) Were
used as instrument calibration and anaiytical standards res-
pectively. Concentrations were calculated on the basis of
the amount of hydroxylated benzo[a Jpyrene per mg of superna;
tant proteim as well as per gram of- body weigh;. Cytochroma

-450 concentration was determined in liver wmicrosomes. Thsa
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uashed.ﬁicrOSOmal. pelieé was resuspended in ice-éold 100mM
" ‘Tris-chloride buffer at pH ﬁ.u,*~ana diluted to a standard
volume of 1 .mg prétgin per ml.- This preparation was used
for £he determination of cytochroﬁé P=-450 E%ntént. Cyto-
chroms P-HSO‘levels were measured by the method of Omira and
Sato }195uy aﬁd the modification developéd by Johannesan an@
De Piarre ]1978) to correbt for contamination by hemoglobinl
and methemoglobin. Cytochpome pP-450 was analyzed optiéally
in CO-bound, dithionite-reduced samplés ig. CO-bound refer-
ence, withga Pye-Unicanm SPB-TOO U.V.\ recptding speeigopm?-
tometer. Cytochrome P-450 content ués determined using an -
OD4S0-475 extinction coefficiesf of 105 /mM/cm_(Johannésen
ahd De Pierre, 19#8). ‘ Concentrations were exprassed as
nmoles of cytochrome P-450 per mg of microsonmal prdﬁeinL
Protein levels in.tﬁe supernatant and micresomal fractions
were determined by the method c¢f Lowry and .co-workars
{1951). Crystallige bovine albumin was used as the refer-

"ence standard (Sigma Chemical Company) .



X o : - *- 58

. BESDLTS b
1 Fhysical characterlstics of benzo[a]pxrene
hydroxylase |

Incubation of BaP with 50,000 x ¢ supernatant frac-

Eion“frcm” various tissues demonstr?ted that ggggi;;g ros-
trata could{catalyig~then'hydroxyiation ot this polyaromatic
hjdrocérbon (Table 2). 'Li;er p:eparations Yielded lthe
§ greatest %tlvuty but some m1n1ma1 activity was also associ-
ated with other tissues such as kldney, gill and heart at

1%, 0.6% and 0.6% respectively, as compared to liver levels.

Activity was not detectable in any of'the other tissues exa-

“mined.
The effect of pH on BaP hydroxylatlon by A. rostrata
liver supernatant fractlon is shown in F{ET 4 peak was

sharply defined at pH 7.5. Fel hepatic BaP hydroxylase ac-
tivity was tested at several incubation temperatares (Fig.

6). Maximum hydroxylation of benzo[a]pyrene occurred when

incubations were carried out at 279C. Enzyme activity de-

creased at higher temperatures and only traces of activity
- remained at ypoc. The amount of hydroxylated BaP also de-
crease at lower temperature; the inhibitory effect however,

was more marked at the high temperature range.

.2 Induction of mixed fumction oxidases

The stimulatory effect of petroleum hydrocabon inges-

tion on hepatic BaP hydroxylase activity, expressed as

Pt
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kj . © .  TABLE 2 . : _

Tissue BaP hydroxylase activity

Tissue distribution of benzof a ]pyrene hydroxylase
activity in the American eel, hngu1lla rostrata.

"
|

L

Tissue(a) . Ba?i{sjedific ac£i§ity(b).
Liver 0.320 ¢ 0.1500°

Ridney | : 0.003 & 0.0010

Gill 0.002 + 0.0009 )
Muscle ND{(c)

Intestine ND

Aeart (d) . 002 + 0.0006

Blood v &&@/ A

Brain (d) | ND

a = sample size of 5

b = umoles of hydroxylated BaP/mg of supernatant pro-
tein per 30 min. incubation’

¢ = not detectable (less than 0.002 nmoles)

d = samplas pooled to give 2 replicates bhefore homogen~ -

izing

S
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Relationships of pH and benzo[a ]pyrene hydroxylase activity
{expressed as pmoles of hydroxylated BaP/mg of supernatant .
protein/30 min.) in eel liver supernatant fractioms using a -
tris-chloride buffer system. =ach point represents the mean
of 5 fish ¢+ standard deviation. “

Figure 5: ¥ffect of pH on BaP hydroxylation
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Effect of incubation temperature on benzo[a])pyrene hydroxy-
lase activity (expressed as pmoles of hydroxylated BaP/mg of
supernatant protein/30 min.) in eel liver supernatant frac-
tions. Etach point represents the mean of five fish & standard
deviation. ' -

Figufe 65: Effect of temperature on BaP hydroxylation
. . )
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umoles/mg supernatant protein, in Anquilla-fostratg‘isvshoun

in FPig. 7. Statistical differences among and within tfe{;{
ments were—established using a 'Euo-factor‘épalysis of vari-
ance (P < 0.09).

\ . , _
.A significant increase in enzyme activity was ob-

served at day 3 during the:1b Pl/kg dose experiment, fol-

lowed by a gradwal decrease resulting-in acfivity levels si-
milar to-those of control fish by day 11. No further

changes in the enzyme levels ware found between day 11 and
k\ ‘ ) ' . | ‘-
17 in the oil-dosed group.

-

During the 100 pnl/kg dose experiment, Bab. hydroxylase

levels showed a rise on day 3 fcllowed by a sliéﬁtkdrop by
- ,

. day 5. These levels however, "~were both (at days .3 and 5)
I - : :

i

siinificanfly ﬂigher than those observed fb% tﬁe contfol
qroup. Inducéd levels in‘enzyme activity were observed
throughout fhe e;éérimental period.

Herkéd‘diffefences in enzyme activity levels getveen
10 and 100 Pl/ké oil-exposed fish ﬁére observed at dgys 3,
11 and 17, in all caseé; ‘however, 150 ‘Pl/kg values were
higher thamn those observed in the 10 ﬁl/kg exper;ﬁehf.

A significant rise_in enzyme activit§fwas‘observed at
day .3 dﬁring'the 500 pl/tf‘dose experiment., This increase
was followed by a dégp to”control fish levels on day S. No
differences in {ke amounts of hydroxylated BaP  were found
from days.§ to 17. ngh tpe exception of day 1, the enzyne
levels in the 506-F1/kg' 0i% expésed fish were sigﬁificantif

lower «7

s

S
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Effect of petroleum hydrocarbon *exposure on hepatic B
hydroxylase activity, expressed as, umoles c¢f hydroxylated BaP

- per mg supernatant protein, in A. rostrata at three dose
(@) 10 plykg; (b) 100 pl/kg; (c) 500 plskg. Values

levels:
are means * standard deviation.
A—A , 0il=-exposed (n ='9) :
A~

///’—\E“‘~ - = -0 . controls (n = #j 4

Figure 7: Petroleunm exposure/vs.~BaPH (pmolgs/mg.“super.

prot.) :

,
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than those observed in the 100 pl/kg oij—ddsed:eelsa Yo di-

fere@ces in enzyme activity however, were found between the

506 yl/kg and the 10.pi)kg oil¥dosed fish.:

The effect of petroleunm hydrocarbo%‘ingestion on,-he=
patic BaP hydroxylase activity, expressed as Pmoies . of
BaP/gm body weight, is shounlin Fig, 8. With the exception

-of the 500 ﬂl/kg experiment, enzyne aétivity followed the
same dynamics along experimental time indepéﬁdently of
whether it is calculated on the basis of the amount of su-
éernatqnt protein or per gram body weight., 'When enzyme ac-
tivity vas expressed onnthe_.basis of microsomal progein a
significant rise in the activity of-BaPﬁ Has Gﬁserved on day
3. In cbntrast, when the activity was expressed per gr;m of
body weight, ~ the rise in BaPH activity was hot se=an until
day 8.

- The effect of crude oil ingestion at doses of 10 and
is presented im Table 3. Statistic%l differenées among and
Qithin treatments wére established using a two-factor analy-
sis of varianc? (P < 0.05). Ingestion of cfude oil resuited

in a signifj

ant lpcrease in the cytochrome P-850 content on
day 3 of exposure,. indépeﬁhenﬁ of the exposure level used.
0il-exposed fish sh Hed.o er 2 times higher P-450 content
when compared to hepatic 1é§els in control fish. Induced

leveis in cytochrome P-450 were observed throughout the ex-

perimental period. : ™ .

i,

=3
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Effect of petroleum hydrocarbon éxposure on hepatic BaP hydro-
xylase activity, expressed as pAmoles of hydroxylated BaP/gm
body weight/30 min., in Anguilla rostgata at thtee dose le-
vels: (a) 10 pl/kg; (b) 100 pl/kg; (c) 500 plskg. vValues are
mean + standard deviation. .

A—A .+ cil-exposed (n = 5) o ‘ ¢

D___D ¢ Controls (n = #)

Figure 8: Petroleum exposure vs. BaPH (nmoles/gm hgdy wt.)

H—
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1

The protein content in hepatic postmitochondrial su-
pernatant fraction of A. crostrata during and tollowing ing-
esﬁion of crude oil.at doses of 50, 100 and 500 pl/kg is
shéwn in Table 4. Cverall, ingestion of crude oil resulted
in a significant increase in the trotein content of hepatic
postmitochondrial supernatant fractiom reqardléss ot thE.eXf
posure level. WNo significan¥ differences in protein concen-
;ratioﬁ:uere found .among fish exbosed to different qil con-

centrations. In the 3 dosing sequences, maintained high

protein content wvas observed throughout the e@xperimental,

period.

S g
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Effect of oil‘ingestiqp onrheéatic cytochrome P-450

TABLE 3

Cytochroma P-450 comtent in the liver of' A. rostrata during
and following ingestion of crude oil at doses of 10 and 100

rl/kg, given for S consecutive days.

Fach point represents

the. mean of four controls and five experlmental fish &+ stan-
dard deviation.

rays

11

17

-

)Jéytochrome P-450 (nmoles/mg protein)

10 pl/kg

Control

0.16 4

0.23.

0.19 ¢

j‘.
0.21 ¢
0.22 ¢

0.18 ¢

0.08
0.05
0.07

0.08

0.05°

0il- exposed

0.19 2 ocvﬁx

o
.
F~4
N
+

100 pl/kg

Dil-exposed

Control

0.17 + 0.04 0.

0.25

0.21

0.19

0.24

-

0.06.

0.13

i
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TABLE 4

Effect of oil ingestion on hepatic protein content

Protein content in hepatic postmitochondrial supernatant fraction of
the Amperican eel, A. rostrata during and following ingestion of

crude oil.at doses of 10, 100, and 500 pl/kg given for 5 consecutive
days. ‘Each point represents the mean of four control and flve gxperi-

. mental fish t standard deviation.

10 pl/kg e . 100 plskg 500 pl/kg

.

Days Control Oil-treated Control Oil-treated Control DOil-treated

1 3 12 38 +9 38 £ 7 38 £ 10 38 + 8 41+ 9

3 3349 44 10% 35 & 11 89 & 1% 37 & 7T 47 £ 13
5 3008 11 41 ¢ 14x © 35 £ 13 42 & 12« 39 & 10 41 £ 7 ¥
8 346 & 10 47 £ 13x 32 £ 10 44 & 13% 35 & 9 46 + 11 ¥
11 3768 45 & 11» 33 ¢8 464 15x 33+ 7 Ue s 13 ¥
17 - 32 ¢ 9 40 ¢ 12x 344 7 45 % 13x 37 & 8 43 + 10 *

%- indicates significant difference from control means; P<0.05.
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Numerous studzes have damonstrated that the hepatlc

‘microsomal enzyme systems of flSh can carry out ‘a variety of

mlxed function oxidase and NADPH-dependent reductlon ra2ac-

tions (Adamsdn, 1967; Buhler and Rasmusson, 1968a; .Chambers

—— i

and Yardbrough, 1976).  Among these, aryl hydrocachon

-droxylases are known t¢ occur in hepatic microsomes of’

hy-

ma -

rine and fresh water fish and have received considerable at-

©  tention ian relation ‘to their .role in hydroxylation

petroleum hydrocarbons.

of

,fvidénce is given in the present'study on the ability

of the hepatic systems(df A. rostrata to metabolize foreign

lipid compounds. The resblts also imdicate that it is a cy-

tochrome P-450-1linked monooxygenase system which is respon-

1

\

sible for  the hepatic metabolism of petroleum hydrocarbons

in particular. This study of tissue distribution of BaPH in

A. rostrata squest the liver as the main 51te of Detroleum

hydrocarbon metabolism, as indicated by the minimal levels

of enzyme activity found in all the other tlssues oxamlned

Slmllar results have been found in cther flshtspec1es.

such

as rainbow trout, brown trout - and capelin {Hallotgg villc-

1975) .

sus) (Pedersen and HAershberger, 1974 ; Payne and Penrose,

Several repbrts have shown that the major features of

the MFO system of fish generally resembles that of mammals

with regard to subcellular localizaton and co-factor

re-
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qulrements (Chambers and Yardbrouqh, 1976) . Fish liver mi-

crosomal enzymes have, however, much lower temperature op-

. - tima than do the corresponding mammalian systems (Adamson,

‘1967) and are almost 1nact1ve at 370C. Measurements of op-

timum temperature for mlxed function oxidases in the stin-

gray, Dasyatis sabina, obtained. from the coast of Florida,
: - :

however, have been reported to re?ch up .to 400°C (James et

yal., 1979). The results presented here indicated that BaPH

in the American eel, Anguilla roctrata. has similar charac-,

A v A ——

teristics to those reported in other f1sh,_.shouing optimél
‘pH and temperature chafactéri§tics in the regiéq of pH 7.5

and 29°C, respectively. o
. . The experimental iﬁgestion.-of petrolguﬁ hydrocarbons

elevated levels of BaPH. ngh BaPH act1v1ty is con51stent

]

"with other reports, indicating that this mixed function oxi-

dase can be induced by a variety of different compounds in-

cluding crude oil (Payne and penrose, 197%; Yardbrough and.

Chambers, 1977)}- In addition, highlevels of BaPH activity"

has been found to cccur in fish living’' in contaminated wa-
ters, suggesfing that the levels of MFO enzymes can be

linked to envirommental contamination (Stegeman, 19783

9ayﬁ3;i 1976) and may be used as a biological index of such
F/cont ination. L ‘

The time course study of the induction of BaPH by pe-

troleunm hydrocarbons showed a typical’ timevdependent in-~
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crease in MFO activity. Independently of the crude -0il dose

to which A. rostrata was exposed, BaPH activi;y, as calcu-
lated on the basis of the amount of supernatant prdtein, vas

éignificantly incrdased. by the third day of dosing. The

. 4
maximum levels of enzZyme activity as well as the enzyme lev-

els during dépuration time, however, are quite different ac-

"

=

cording to the doses used,

A number of reports have indicated that the induction

]

of microsomal enzymes is associated with an incre2ased de

o .

novo synthesis of hepatic protein (Gelboin, 1971), TIn th

present study, ingestion of crude 0il by BA. rostrata at

dases of 10, 100 and 500 pl/kg resulted in a significant in-
ctease“in tﬁe protein éoptent of the hepatic pgstmifochon‘
drial sﬁpernatant . fraction which perRaps acéounts fér the
elevated enzyme activity reported for the oil-exposedﬂfish.
; Comparison o£ BaFH enzyme levels found for the 10 and
100 pl/kg oil-exposéd fish indiéates the éxistence‘of a
dose-dependent response. Enzyme éctivity'tor the 500 pl/kg
treated fish do not follov.this trend, but exhibit a lover
enzymé level, when compared to those of the 100 plskg ex-
posed fish. Furtherpore, continuous exposure for 5 days at
500 pl/kg fesuited in a significant drop in BaPH sgecific
activity followed by a new increase when the animal eﬂtéred
in the depuration period. Comparatively, in a study.carried‘

out by thokas and co-ﬁ%rker@ {1976), it was found that pike

e

-~
(Esox 1uc;us) from highly polluted water showed a decrepsed

-
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MFO capacity wﬁ?ch vas associated with a release ‘of NADPH. . - o
cytochrome ¢ reductase from the endoplasmic reticulum. This ~

resulted in an impéired effect on the aétivity of\cytoéhromé

P-ﬁsorlinked oxidations. wﬁgther or not long-tefm‘inggstioﬁ )

of high 1eve15"of betroleum hydroc#rhons couid have the éame

negaﬁive effect oﬁ i. rostrata will require further -investi-

gatioﬁ.l Tt is impértiqt to point quf that uhen.enzyme ac-

tivity for the 500 Ml/kg exposed fishlﬁas expressed peb gram

of pOdy ueight,,méximal BaPH‘activity vas observed only dur-

ing thé d;puration period.*‘ This snégesté'a~heé;totoxi¢‘efr

fect due to the high exposurgjlevel. . | , | B B -
| An elevation in hepatic cytochrome P-:bé content was

observed inmconjunction with higher BaPH activity fSr tha 10

Pl/kg and 100 Pl/kg .crude oil-exposed - fish. This is in

agreement with other reports which demonstrated a simultane-

ous inductioﬁ'of AHH and cytochrome P-450 in F. heteroclitqs .
fréﬁ‘an cil peolluted area ?Stegeman, 1975). Similar ésul s
were alsc fouad in.rainbou trout after exposure to a\wariety
of polyaromatic hydrodarbons (Statham et al.,1978). The
levels of cytchrome P-450 found in control eels were similar
to those pféviously reported ‘for other fish spgciesJ(Philpot
et g;.,‘1956). indUCtion of BaPH in many mammalian species
is gometimes accompanied - by a shift in the maximum'absoqp-_
tion of cytochrome P-450/from 450 to 448 nm. This is-;ttri—'_

buted to a relative inckea of a cytochrome of different

spectral_wﬁf&perties, the cytechrone p-448 {aAlvares et

Rl

- 7
I
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-

al.,1967). In this study, no differences in .the'bpt§Ca1

properties of cytochgome P-850 indicating a P-448 were. ob-

1

-sérved,'similar to the results of Burns (1976) and Stegeman

(1978) using F. heteroclitus. ,. -
This study has showa that ingeston of crude oil by

the American eel, Anguilla rostrata, results im an enhanced

3 . : | . . '
hepatic NFO activity measured as BaPH and cytochrome P-450.

1
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‘‘Chapter I

EFFFCTS ON CORTISOL BALANCE

-

INTRODUCTICN

——

Tlavation of plasma adrenocorticosteroid cqncefntra-

- -

tion appears to be a generalized response to a variety of

disturbances in many vertébrates (Selye, 1976}). Circulating:

cortisol concentrations in fish have been shown to increase

.

in response to stress factors such as handling, physical ex-
ercise, teﬁperature Ehangés; .decreases and presence of pol-

1utén§s in }hé vater environment (Fagerlund, 1967; Schreck
and Lorz, i978; Di Michele, and Tgylor,;1978).

l Fish respond  to stress in a wéy which 1is ‘basically
similar fo the mechahism in mampals., Exposure tc sfress re-
sults in the release of ACTﬁ from the pituitary gland which
stimulates the synthesis and release of cortisel fron the
 interrena1'tisshe (Donaldson and Dye, 1975). Clear evidencel

‘of hypothalamic control of ACTH release in teleost has been

indicated by Redgate {1974}). Removal of the pituitary .gland

of a salmonid fish results in a decline 1in plasma cortisol |

concentration and a failure to respoend to stress (Donaldson’
and McBride, 1967). Similar results have also besn obtained.

in Anguilla rostrata after surgical removal of interrenal

tissue (Butler et al., 1969).
' L

”

.y

¥



The iné;ease i lcirculating cont}toids along with
elevated catecholamihé levels is considered to be afprimary
effect of stress i; Fish. ~ In additien, a large body of re;
sults seeﬁ to indicate that‘imetaboliq énd osmoregulatory

disturbances as a result. of stressing situations in fish are

brought- about b& changés in . these hormone levels and relate

to the role .of cort;sbl in metabolism-and osmo- and electro-

lyte regqulation. | Corfisol is known to have a pronounced

: _ -~ . _
glvcocorticoid action involving stimdiétion of liver transa-

minases, and gluconecgenesis accompanied by elevated glucpsé

levels in both muscle and liver  (Chan and Woo, 1978?. In

-

the Furopean eel {(Anguilla anguilla), administration of cor-.

tisol results in significantly elevéted_blooq glucose and

liver glycogen probably due to an enhanced Ikwver gluconeo- .

genesis’ (Lidwan

strates.

| ; _The requlatory effects of cortisol'on lipid metabol-~-
ism are not quite understood.“ As a result of the studies
carried out on ‘mammais, thé corticosteroids have been as-
signed a lipolyéic effect. Intraperitoheal administratidn

to increase fat utilization. In addition, cortisol injec-

tion into =starved A. rostrata caused a rapid increase 1in

plasma £free fatty acid concentrations . (Butler, 1973y .
Purther, Lidman and co-workers (1979) 1indicated that admin-

istration of cortisol in- A. anguilla for 14 days resulted in

t al.,  1979) from non-carbohydrate sub-
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decreased triglyceride titres in muscle and liver tissué}-as

vell és in blood plasma. Théy'also suggestéd that these re-

sults expressed_anAimpaired- re-esterification of triglycer-

ides and/or an increased lipolysis as an efféct'@f cortisel.
Cortisol has alsc.proven to-play an important role in

the osmo- and =2lectrolyte requlation Q« cBntrolling the so-

" -dium influx across epithelial membranes. Potassium homeos~-

tasis has beép shown to be affected by cortisol adinistra-

4

tion in phé European eel (Lidman ‘ggtg;., _ 1979) . By

comparison, surgical adrenalectomy of A. rostrata, resulting

in a  significant reduction in plasma c6r£i§61, failed to

produce any significant changes in either plasma or epaxial

76

muscle electrolyte concentration although a decrease in

pla§ma magnesium was observed.

As mentioned before, 'circulating cortisol concentra-
tions have been'shoun to increase in reséonse to exposure to
pollutants. To date, however, conly a iimited number of stu-
dies have dealt‘uith the corticosteroid response to foreign
compounds. Schreck and Lofz (1%78) carried out a study on
the effect of heavy metals in salmon. ihey iﬁdicated that a
general | petrhaps cortisolfmed;atéd, stress response in coho

-

salmon is observed depending upon the nature of the chemical
A | '

under study. Thus, it was found that while copper exposure

was followed by a large cortisol response, "cadmium caused

death without any.chénge in circulating cortisol levels. 1In

addition, acute exposure of sockeye saimon {Ohcorhynchus




G

o - ' X

netgg)' to copper produced a ‘marked dose-dependent elevation

in cortisol 1evels monitored over 24 hours. Similarly, Di

chhele and Taylor (1978), 1nd1cated that exposure of Fundu-

lus heteroclitus to naphthalene dissolved in water resulted -

in an increase ,in serum cortisol concentrations which were

‘propontional to the naphthalene.concentration to, uhich'the

anlmals Mere exposed.

.

L3

Not only absolute lavels, but also the dynamics of

circulating cortisol responses appear to depond on pollutant

exposure lavels., The initial phase is usually characterized
by an immediate increase in cortisol tor all the cdnoentfaé
tions tested. fhis'phase is generaliy foi;Oued by a period
in ﬂhich‘cortisol levels return tc normal and the organism
appears to .regain homeostasis. With very high pollutanf
levels the return to normal is transiengL?nd a second in-
crease.in cortisol levels is observed. 'It has been observed

that during this period, maintained;high cortisol titers may

lead to death. " on the other hanﬂ, animals exposed to rela-

thElY low concentratlons do nox reach'the'staqe of exhaus-

tion, rather they appear to be able to accomodate and adapt
to the stressor (Donaldson and Dye, 19753 Schreck and Lorz,
1978). 1t appears, then, that the cortisol response in fish

eliciied by forE1gng chemigals depends,not only on the spe-

) .
cific nature of the stress, but also on its concentration,

as well as the léngth of time that the fish has been exposed.

i

to the compounq{(Lockhart et al., 1972).
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Hhereas a prlmary.response to tbe presence of fonnlgn‘f

compounds is’ an elevatlon of cortlsol 1evels 1n the plasma
' Ve -

2

~of fish, it is 1mportant to con51der the recent flndlngs

"that éxposure is frequently assoc1ated Hlfh an .lnducedWHFO\

\

activity. Several studles ‘have bnen recently -oriented to

“ the ekamihatign of the 90551b1e physxologlcal role of he-

patic micrdsomal enzymes. A quebtlon of partlcular 1nterest

is whether the prime function of- this system,\ known to ca-'

talize the hydroxylation.df -dfugs and many other foreigm
! 5 .
substances, is to participate in ' the metabolism of endoge -

»

ndus compounds such as steroids and fatty acids. The corti-

P . :
sol response pattern would be complicated- by possible comse-

qhent alterations in cortisol balance. It has been found,
for example, that exposure of rainbhow trout to. PCB's, which

résults in enhanced hepatic microsomal enzyme activity, " 1is

associated with a marked decrease in corticosteroid levels

.
-~

(‘"\ ‘) .
The possibility that the oxldatlve drug metabolizing

(sivarajah et al., 1578).
enzymes play a role in the metabolism of steroids is an im-
portant question to consider for there is a close similarity

between enzymes that oxidize drugs and enzymes that oxldlze

steroids. Both groups are localized in liver microsomes and

require NADPR and oxygen for activity (Conmey and Burmns,
19€3) . Additional studies have demonstrated many other si-
'milarities, suggesting that steroid hormones are naturally

. A .
occurring substrates for drug metabolizing enzymes i? liver

;
s
! I

~_

e e bt
* - .



picrosomes. FPurther, it has been shown that these detoiify-

ing. enzymes are inhibited by carbonm mbnoxide and this inhi?

\

‘bitlon.can be reversed by the absorptlon ~of monochromatiq

11ght at 450 nm. A 51m11ar 1nh1b1tory effect of carbon mo-

noxide has bzen found 1p 1liver microsomal ster01d hydroxyla-

ﬁion. HFreVspeciflcally, ;he 1nh1b1tory effect of carbon

monoxide on the GB -y 7% -, and 16X =, hydroxylatlon of tes—‘

tosterone hy liver wmicrosomes can also be prevented by mo-

nochromatic 11ght at 450 am (Conney, 1967) . The ﬁﬁiforhly

v

 low Michaelis constants fqr the hydroxylatlon ot testoster—‘

one, progesterone{ and estradiol by liver microsomes also

[

‘support the concept that sterozds afe normal substrates tor

oxldatlve drug metabollzlnq enzymnes (Kuntzman, 1969);

" The many similarities between the hepatic hydroxyla-

tion of
aeffects of liverx m;crosomel inducers on the metabollsm‘of
steroid hormones. Studies carried out during the last 20

years have shown that chronic adnministration of meny drugs

causes a non-specific increase in the metabolism of stercids.

by .microsomal enzymes. ! Therefore, enhaneed'steroid hydroxy-
lation in animals treated chronically with drugs would bhe an
important consequence of the hypothesis tha rug and ster-
0oids are metabolized by tpe same enzyme sys&éz. Treatment

-

of rats with phenobarbital for several days increasss the in

vitro liver microsomal hydroxylation of testosterone (Conney

and Klutch, 1963}, progesterone (Kuntzman.et al., 1966},

rugs and ster01ds, prompted detalled studles on the



.

cortisol,' corticosterone, ' and cortlsone (Conney éi al.,

l1§65:,‘cdpney and'Schuéidmag,. 196&). Several structurally'

,

unrelated chemicals that stimulate the actlvity df drug ne-

tabolizing enzymes -also activate stnr01d hydroxylgse actlv* _

ity. 'Examples of such compouﬁds include dlphenylhydantoin,

chlorcycllzlne. phenadrlne, phenylbutazOne and several halo-
¥

qenatad hydrocarbon 1nsect1c1des (Conney and Burnq, ]972).'

The admlnlstratlon of DDT (10 ppm) and dleldrin (2 ppm) for

1 week to-male and female pigeons stimulates the metabollsm

of testosterxone by liver microsomes (Peakafl, 1967).ﬁ In ad=-
dition, Davigoh and Sell (1974) cbserved that reduction of
hepatic microsomﬁl 'enzyﬁeé/éfter administratioh of DDT and
dieldrinlépoduces thinEiniﬁof eggshells in the mallard duck.

Chronic drug administration has ‘also been found to

increase the metabolism and decrease physiological actiomns

of steroids in vivo. . The increased hydroxylation of - pro-,

gesterone caused by phenobarbltal, chlordane aﬁd DDT is as-
sociated with a deérea§e in the anaesthetic action of pro-
gesterone and decreased aﬁounts‘pf this 'steroid and 1ts
metakolites in the brain and total body in.ihe rat. Similar
effects of pﬁenobarbital treatment have been” observed for

other steroids such as &éogyoorticosteroné, androsterone

and testosterone {(Kuantzman, 1969) . - ﬂhereag'normally, the

-adwinistration of estradicl and estrone to immature rats in-

creases uterine welight, pre-treatment with phenobarbital,

chlordane, or dieldrin has been found to block the utero-

r
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tropic;action of these ho mones (Conney anq Burns, i1972)i‘

Tn humans, as well, treatment with phenobanhltal, phenylbu-

¥ l
-

" .tazone, ant;pyrene and c,p'-DDD, stimulate the metabol1sm of:

COrflsol ‘to form 6B~ hydrocortlsol, normally a minor metabol-

1te of COttlSO% 1l&yaiarly, treatment Hlth N~- phenylbarbltal

alters the relative amounts of &estosterone metabolltes ax-

créted in the urine (Kuntzhan ;t al.,  1968). The observa-

_—— B

tion that compounds which stimulate drug metabollzm also in-

[

.....

crease +he excretlon of BB hydrocortlsol in man_has lead to

. r"f

- the suggestion that the level of ur;nary £3- hydrocortlsol in

man.may be used‘as a. measure‘of.epzype 1n§up§ion SKuntzQan,
1969) . -: ' . o | ‘ |
O N ‘ . :
Not onlfﬂcan treatment with drugs alter the metabol-
¥sm of ster01ds, but seveial repcrts 1nd1cate that treatment

hHlth ster01ds can alter the metabolism of drugq. ' Induction

of hepatlc MFO by ster01ds of all kinds including'cortiCOS—

ter01ds,‘ androgens, estrogens and progestogens, together

with various synthetic steroids have been shown. to affect

J -

the metébo;&EE;EE drugs by stimulating‘or inhibiting the ac-

tivity of -drug metabolizing euzymes of the liver ({Conney;

1967) . The admlnlstratlon of progesterone and its analog

'norethynodrel to: rats durlng 1 to 2 hours inhibited the me-

taﬁGIism of hexobarbital and 2oxazolamine by liver micro-

-somnes., 'gg/éhe other hand, enhanced metabolism of hexobarbi-

tal and zoxazalamine was observed when rats sWwere treatad
. : . .

with norethyhbdrel at 18 hours before sacrifice (Juchav and

\



mice (Nov1ck gt al., 1966)

. S 82

Foﬁts, 1966).‘Madministtatiop,of testoétefone’to fomale rats

for several veaks increases the hepatic microsomal metabol-

‘ism'of hexoharbital and narcotic drugs. Iﬁ addition; suhcu-

taneous admlnlstratlon of several 19- nortestosterone darlva-

tives produce an 1ncreased ‘hepatic mxcrosomal:metabollsm of .

13

'hexobarbltal and decrease zoxazolamine prostratlon time. in

Inte;estingly-it_hhs been found that adrenalectomy of

1

the male rat 'decreases the vrate of metabolism of‘hexobarbi-

. .
.

#al and many other drugs but this activity “can be restored

by administraticn of cortisol or phenobarbital (Parke,

1975). In addltlon, remgmal of the adrenal gland or the hy- . °

pophy51s has been known ‘to, decrease hepatlc NADPH-cytochrome

¢ reductase and cytochreme P=459 reductase more that it de-

» . - L4 . .
creases cytochrome 'P-450. Activity of these enzymas is re-

stored hyrcorticdStenone, or ACTH, vhieh sugests that the

. L
A .

“pituitary—adrenal system exerts a regulatory function on}the‘
: p :

hepatic drug metabolizing enzymes (Castro et al., 1§79).
our knowledqge about the ability fof"pollutahtslto al;
ter the metabolism of steroid hormdnes‘in fish is quite lim-
ited and most work has been done eithér in mammals or birds.
U \ . .

Thuslga;, only one report seems to indicéte t ~gnhanced

hepatic microscmal enzymes -have an effect or circulating

steroid levels im fish. It was found that exposure to a PCB..

(Aroclor 1254) administered. intraperitoneally resulted in a

marked induction of aminopyrene demethylase and cytochrome

o .



' Ho;?ENETTeCts of foreign ccmpounds and steroids. Steroid

'P-450'ih both trout and carp. In addition, induction of MFO

. i v . o “ A
enzymes was associated with a significant decrease in plasma
t . . . \‘ﬂ’“ - ?'.— . \A
concentrations 6f androgems, estrogens and corticoids (Siva-

~rajah, 1978). The metabolic relationship, if,any; Ehaé not

"

been tested further.

Our kndiledgé ;E?ut the effects of steroids on t#é
mixed fuhctién oxﬁqases?of.fish. liver is also very limiﬁéd. ;
Hansson and Lidm#n (1978{ in&gstigated the effecté‘of corti-
§01 on .some of-ihe'components of the MFO ‘sysfeﬁ in rainbow

troutlliver They indicated that implantation of cortisol

S -«

pellets, which resulted in elevated cortisol levels, caused

a.concomitant increase 1in NADPH cytochrome.c redactase ac-
tivity. Cytochrome'P-ESb levels, however, did not change

after cartiscl treatment.

From the previous information, it is clear that. a re—“/(/

- lationship’ exists between the m€%a<olism -of steroids and

that oé lipophilic foreign compounds. Yet, our knowledge
about thé“mechanisﬁs behkind that relafion, as well as its
physiqlogical'significance, is very scarce. Particularly.in
fish, very little is kncwn about the‘ perhaps mutual meta--
phfsiology alone 1in fish requires further study. It was
considered worthehile tc investigate the effect of petrolesunm
coﬁpands iﬁ the form of crude oil, a very common pollutant

of the aquatic-environment, on the cortiseol balance in the

- & :
~ :

~

AmeriCan_eel,“Egguilla rostrata. The present study was ai-
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vided into 3 phases. Firstly, attention was concentrated on

L}

ésgaﬁ;ishing'hhéther drude otl produces a general cortiéol
streSs‘tespohse in A. . rostrata as it has beeﬁ‘f;portgﬁ for
many other pollutanfs in'gthér species. Secondly;_attempfs
vere made to determine if the inéuced levels in MFés ob -
served aftef exposure to'crude oil (refer to Chapter II},
had any effect oﬁ the breakdoun rate of circulating coftisol
levels in fish. Tt was thought that this aspéct would g;ve
some understanding about the physrological ,siQnifiéancelof
ihe interaction between steroid .hquones"and the microsomgl
enzymes which carry out the metabolism‘of foreign compounds.
Firally, since sterqids have-been known to induce drug métaL
bolizing enzymes in manmals, an experiment was cbnﬁucted in
order to establish the inducing. affect of cortisol adminis-
tration on the Ievelsior _ac;ivitiesfof hepatic microsqmal

enzymes, measured as cytochromerP-QSO and AHH.

e
v
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>1low eels (Anguilla ros;gafﬁ\Lesﬁeur) of

i ~Immatu
welghts tang'

X

St. Lawrence{River at Cornwall, Ontario (ftor detailed infor-

mation on .holding fagilities refer to_chapter - IT). Fels

- : ‘ v
were not fed during .the experimental period.

2 =ffects of oil ingestiocn. on Elasma gortisoi

- 'This experiment was -designed to determine: whether
oral exposure tb Norman Wells crude 0il in eels resulted in

changes in circulating cortisol levels and if so to describe

;hé dynamics of these cﬁanges. Sinéé-it is. widely recog-
nizea'£hat intense handling of ﬁ}sh'?esﬁlts in‘elevated'cot-
ﬁisol levels (Ma;eaud.gg giTT‘—ﬁ§73jjm experiments‘were car -
'riéd out in our iqporato:j to define the cortisol response

. < ‘ ‘
of eels to héndling fEngelha:dt and Roy, pers. comm, } . In
that study, if w;s astablished th&t although"hahdlipg re-
sulted in elevated plasma cortisol titers, the fish:é;émed
'to'adapt'rapidly to the,haﬁﬂlfﬁg;"é?EEEE*Hg“measufed by this
ihdex,' and cortisol levels returned to.COntrol qi}des'in 3
fto 4 days of continued handfing and remained low,wiéﬁ subse-
gquent continued experimental handling. " In th? presént
gtudy, a ;te-handling period of 4 days, prior to the experi-

mental run, ¥as adopted. burinq this time, all animals to

\ .
be used (control and experimental fish) were handled daily

S

N

g between 70 and 100 gm were obtained fronm the

.
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-4 restricted time of day. At each sampiing time; animals

.were obtained from the caudal ‘vein with heparinized syr-

levels due to possible diurnal cycling. In addition;

S -N@J

B [ - . - I
-

e

=¥ —

using ;he séme' probedure to be uSed later_ dufing

' v

force-feedlng technlque). At the end of this period exper-:

1mental fish wvere nxposed to 10 and D0 plgjg doses. Exper-

imental and control fish wére sampled's;multaneously-and at

A ]

: ® ' . |
were anaesthetized with 2% MS222 solution. Blood sample
- c. ‘ 5

inges. Blood sampling ua5 carriedh qut batwesn 09.00 and

"10.0Q hours to avoid unrelated variations i pLaéma‘cortisol
s . " . - .

1

he
time required for anaesthesia and blood sampling of sach

fish was never more thanm % minutes. The collected blood was

- transfeTrtad to hepariﬁ?:ed—centrifuge tubes, and centrifuged

]

at 1400 xg for ‘10 miputes to obtain plasma for later analy-

sis.
‘Quantitative determinations of cortisol were done }h

dupliphte by radioimmun0gssay (RTA) . {(Immuno-Phase, Cortisol

”

Radioimmunoassay test system, Corning Medical, Medf‘eld,\

Mass.) . Briefly, the cortisol RIA involves the liberationm

~

of. cortisol- frem protein binding by a specific releasing

agent, 8-anilino-naphthalene~ sulfuric acid (ANS). An amti-

IZSI-lahei{ﬁg/ahtigen- and a test plasma sample. - The la-

-

~——
belled and unlakbelled antigen compete for the antlgﬁifﬁhﬁnd-

ing s:.te: therefore, the amount of labelled antlgenﬂzound

e

. experlmental tlme (catchlng eels Hlth qﬁnet and u51ng a shan

body specifigﬁ?or cortisol is reacted Hith a trace amount of

-'és'.

-’
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décreases. as the: concentration of unlabelled én£§g?ﬁ ;iq-‘l { :_ , |
credses, and vice versa.  Bcund and free antigén afg sepat) ){,{/ | -
rated byfcentrifug;£ion.. Activity of iabelled aﬁtigen bound o ’
't to the ‘anéibody wvas carried ouf%by couﬁting the.resulting
'pe};et in an ad;pmatic gamma-cogntef (Model ‘1085, Nuclear
- Chicago). " The piasma concentration of cértispl va§ calcu-
lated by extrapdiating the sample congéntratioh from a stan-
. . _

dard curve constructed using a series of cortisol standards

of known concentrations.

ts of cortisol on the levels of MEO

In this expefiment, the levels of AHH and éytodhfome
P-450 weEe examined after an intraperitoneal injeétion of -
exogenous gdrtisol.into qon-oil-exposed fish. Enzyme assays
were carried out simultaneously' in cont;ol and experiméntal

fish placed under simjlar envirenmental and hangiinq condi-

tions. Cortisol-treatgd fish were given daily doses of O\NO1

mg of cortisol (Sigma Chemical Ccmpany) dissolved iﬁ 0.1
of corn oil for 5 comsecutive days, while control fish ware
given the éorn 0il carrier only. This cortisolgﬁbse wés'
calculated such that it would yield plasman cortisol 1evelé
cimilar to  those observed in fish exposed to 100 pl/kg of
crude 0il for 1 day {(refer to Fig. 10); Four cortisol-
treated and four control fish wefe sampled at each time per-
jod of 1,2,3, and 4 days after initiation cf treatment. An-

imals were rapidly decapitated and blood samples from the

w
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~ventral aorta . érgéﬁcollected in heparinized centrifuge

-

tﬁbesayiyﬁlood"Sigoling.ua§ carried oug,bgtueen 09.00 é;d
}Orab:houts. | éioog waslthen oontrifuged'for.1ﬂ‘miﬁutes.ahd
' cortisol‘levels‘.uere qﬁantifieo in plasma by FIA as des-~
ctioéd previousi}. | . - \

Aftef blood sampling, - an abdominal incision uas‘made

blood cells. Preparatlonvof subcellular frdctions and as-
says for ARH and cytochrome P-450 were carried out following
the procedure detailed in chapter IT.

a
i

. 4FO ;gggggi_ and oorfisol'breakdown rate -

In this experiment, the clparance ot radioact1v= cor-
“tisol from the plasma of eels showing induced AHH activity
was compared to the;cleatancenof cortisol fronm nonFinduced
fish.

- In order to induce. RHH 1evels in eels,ﬂ én’experimen-
tal gﬁpup vas force-fed daily for 3 days with 100]P1/kg of
Norman Wells crude oil mixed witm beetf- liver homogenate (an-
imals were fed uSing the sane techpique descrlbed in chapter
I). Control fish were fed beef-liver homogenate only.

At thfLend of this period, feeding ‘was stopped and
both groups (oil-treatgg and control fish) were injected in;

traperitoneally .with a single docse of 0.1 pCi 3H-labelled

cortisol {specific activity: 209 mCi/mg; Amersham/Searle,

Arlington Heights, 111.) dissolved in 0.1 ml of corn oil.
y

i
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The‘amoﬁnt of ~labelled qutisb. used was previopsly'calcu-

v

: }ated.so that it woﬁld.nét alﬁer the ﬁlasma cortsiol levels
of the injected fish. . |
. - _ = L :

" Five fish were sampled at each time period of 30 mi-
nutéé, .z,u.6,9,1252u,3e;n8,60, ~and 72 hours after adminis-
tration of labelléd corfiébi.‘ At those times ahimals were
rapidiy decapitated and blood samples from the wventral égrta
were_obtainéd tn heparinized tubes. Plasma was then sepa~
raéed by centrifugation and frozen at -700°C for fadioactiv-h
ity analysis. . livers were flushed in situ as=previéusly
déscrihed and removed for preparatién of . subcellular.frac-
tions and measprement of BAHH levels,

aliquots of piasma of 100 pl were mixed with 10.ml of
Aquasole‘ (NEW, Canad;) and ' were ’aésayed fdr total

3g-activity by 1liquid scintillation counting (LKB 1215,

Rackﬁeta, HWallac.).

N

-
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. corg_sol levels *

1 Effects of crude oil 1nqest10n on plasma

”he cortisol concentratlons in the plasma of A. Tro

trata ?urlnq and ,following ;ngestion of c;ude‘fg}l at doses
of "0 anh 10? nl/kg are presented in Fig. 9-and_j0 rgépec-
tively. St%tistical différences among and uithiﬁ tteatﬁenfs
were established using a two-factor énalysis devariancé (p
< 0.05}. - o -

In the 1d,pi/kg oil~-dosed fish, a significant rise in
cortisol titers was observed on the first day of dosing.
The piasma cortisol levels returned to control valuas on day
3 and remaineddunchadged fer the rest Bf the experimentél
period. Yo changes in cortisol titers were observed for
control fish througkout the experiment. |

Ingestion of CﬁPde cil at a dose of 100 nl/kg re;
sulted in elesvated cortisol levels on days 1 and 3. This
increase was followed bf'a.érop to control levels by day 5
which was maintained throughout the experimenfal pe:iod; No
significant differences in cortisol titeés were found bet-
ween control and oil-exposed fish from day S5 to 17, although
- the trend sg%hs to indicate that dosed éish show lower lev=-

els than controls. No changes 1n cortisol titers were ob-

served for control fish.
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_ 3
{ Cortisol concentrations in the plasma of the American eel,
_ Anguilla rostrata, during and following ingestion of crude

0oil at a dose of 10 pl/kg, given for five consecutive days.
Each point represents the mean of four control and five
experimental fish, t standard deviation.

Figure 9: Plasma cortisol following 10 pl/kg oil dose



28

1S

Days

198 |
8

- 8

c . lw, BuS | om)| 3 ao0 pweo|d




-

Cortisol concentrations in the plasma of the American eel,
Anquilla rostrata, during and folloulng ingestion of crude
. 0il at_ a dose of 100 plskg, given for five consecutive days.
' Fach p01ht represents the mean of four control and five ex-
perimental fish t standard deviation.

Figure 10: Plasma cortisol following 100 pl/kg oil dos2
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./ . . a,‘ . . . ' .
The initial .elevation in plasma cortisol 1levels.ap-

pears to be dose.dependenf as$ indicated by the significantly

higher cortisol titers Observed"at days~'1 and- 3 for 100
]

'pl/kg dosed flSh as: compated to the 10 pl/kg 011 treated an-

o+
y

imals.  In both cases, however, the 1ncrease in cortlsol
ﬂ\-

‘ 5
.1evels is followed by a significant drop to control levels.

2 Efféct of cortisol aaministratibn-ggz

C . S
The effect of intraperitoneal administration of cor-

tisol on eratic benzol a lJpyrene hydfoxylase'aétivity-gnd cy;
fdchrpme PTQSC c;ntent are preasented.in Table S. When stu-
dying tﬁe‘time course of the cirEulatinq cortisol levels, no
change in - plasma cortisol c5uld be observed in cortisol-
treated fish on the first day of administration. 'Subseauent
lnjectlons, however, rasultéd iu elevated plasma titers
which remained high throughout the experlmental parlod. No
changes in cortisol levels were observed for control fish.

The cortisq} -tgéatment did not significantly affect
either the cytochfsme P-ﬁSO content or the enzyme.activity
of BaPuhydroxyiase in the iiver: |

3 ffect of induced MFC levels on the

akdown gg circulating COttlSOl

im I

bx

The clearance of -radicactivity from the plasma of 2.

rostrata injected intfaperitoneally with 0.1 pcCi of

3g-labelled cortisol, ccmparing controcl to oil-exposed fish

w



TABLE_ 5

' MFO response to cortisol iﬂjections

Besponses in hepatlc BaPH ‘and Cytochrcme P-450 to five doses
of cortisol, given intraperitoneally at 10pg/day, in the
American eel Anquilla rostrata, compared to control fish,
Values are the means, of four flSh E - standar& deviation.

Treatment Plasma -~ . BaPH (b) P=-450 (c)

Day Cortisol (a)
Experimental ‘
g ©30.75  277.90 t 63.62  0.15 & 0.05 /.
2 250.00 209.04 + 66.59 to 0;20 + 0.09
3 - 260.00 199.29 ¢ 59.32 0.19 + 0.07
4 .. 285.00 168.63 + 61.28 . 0.21 t 0.08
5 .270.00 7 200.00 ¢ 31.07 0.22 + 0.0€
-.Control - )
1 23.66€ 259,82 ¢ 23.61 0.17 ¢+ 0.05
2 29.66 183.12 + 35.86 0.14 %
3 . 2B.33 . 214.53 + 34,59 0.16 t
o 31.66 - 187.01 + 50.18 0.18 &
5 26.33 195.17 + 31.12 0.15 ¥
a = ng/nml ‘
b = benzo{a]lpyrene hydroxylasa activity expressed as nmoles
of hydroxylated BaP/mg supernatant protein/30 min.
¢ = E-450 concentrations in nmoles/mg microsomal proteln

e,



is présente&ién Fig. %.ii' StafFSticai diffeféncéérhetueeh
treathents.wegé\éstablished usihg dgfone-uay'analysis.bf_;o-
variance at P < ﬁ}OS. _ | . |

Overall, thé“ oil-treated fiéh sﬁoued an increased
eiearance rate of ‘ﬁlasma coFtiéél whéﬁ éoﬁ§éréd_ to control
“eels. Biological half-life forﬁwcoﬁtisol,‘ calculated from
the clearance curves of'Fig. 11, were found:to ba 1: hours
for oil-exposed and 19 hours for non-exposad fishf

Levels of baPH‘activity and cytochrome P-450 content
in the-liver of control and oil-exposed €£ish were méasuréd “
at 24 énd 72 hours as shown in Table €. Signifiéant.differ-'
ences hetueen groups wWere establish;d.using the Student's
't' test at P < 0.05.. At both times, oil-exposed fish
" showed a major induétion in BaPH, 7-8 times c;ﬁtrﬁll}evels.
Cytochrbme_P*HSO‘uas ‘also induced, showing an increase of
over 2 times Qhen comparedl to hepatic 1levels in control

’

_fish.
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’

Clearance of radioactivity from the plasma of A. rostrata
injected intraperitconeally with 0.1 pCi of Ig~-labelled

cortisol, comparing six control to six experimental fish
exposed for three consecutive days at a dose level of 100

ul/kg. - ‘ . -
0.__0 . qil-exposed eels. “ e,
A—A s Control eels 4
‘ O

.
F

Figure 11: Clearance of inﬁec%ed_Jé—labelled cortisol
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.. TABLE €

‘ > , \
Fffect of oll'ingestion on hepatic BaPH amnd cytochrome P-450

. - 9/ .
. ‘Responses in hapatlc BaPH and cytcchrome P-450 following
ingéstion of crude oil at a dose of 100 pl/kg for 3 conse-’
cutive days. Enzyme levels wore measured-on the first
~and third day after dosing. Each value rePreqents the
mean - of 6 fish + standard dev1at10nh

[

i

L o
Confrols ) ) - O0il~dosed - '
day 1 - day 3 day 1 “day 3
1 3 X Al
BaPH, 184 ¢ 33 198 &+ 32 _ 1,889 ¢ 410 1,320 & 398

. P-450, 0.18 + 0.09 0.19 x 0,06. 0.45 ¢ 0.11 0.38 + 0.12

a - benzof{a]pyrene hydroxylase activity expreséed as nmoles
of hydroxylated BaP/mg supernatant protein/30 ain. '

b - cytochrome F-450 levels in nmoles per mg microsomal pro-

tein ;
L ]
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Cortisol is generally recdgnized as the major circo-

lating_qlucocorticoid in teleoét fish-(Idlér ahd Truscott;'
1872) . 'It';s knoﬁn to promote glﬂtoneogénesis and this pro-
cess underlies its major role in intermediéry metabolisnm

(Chesterlbones et al., 1972). In addition, cortisol is also .

involved iﬁ‘ion regulation énd alihough its precise rqie in
}‘osmoregulafion~in fish remains obscure, it has bheen §hown to
atffect ionﬁtransport " mechanisms at the dqills (both ihfiu;
and ;ptflux), ;he-kidney of fregg:ater-gdaptéd fish and the
call memhrépes throughout the animal (Chester Jomes 2t al.,
1972). A

Changes iﬁ‘plasma' glpcocérticoid conéeﬁtration ap-
.péars td be a geqerélized adapfiye .response to .a varietf of
d;sturbancqs in many vertebra&eg fSelye, 1976). Circulating
cprticoidrlevéls in fish'have been shown to increass in res-
ponse to pollutant\exposure such as to heavy metals (Schreék
and Lorz, 1978), pesticides (Grant and Mehrle, 1973)'and na-
phthalene (Di gﬁchqle and Tayior, 1978). In ths présent
‘'study ingestion of petroleunm Ehydrqcarbons by the imerican
.eel at doses of 10 and 100 pl/kg resulted 1in marked eleva-
tions of plasma cortisol titers during treatment independent
cf the.oi;,exﬁosure levelgi The initial rise in piasma cor-
tisol levels appears to be dose-dependent as ' indicated by

the lower plasma cortisol levels observed in the 10 pl/kg

oil-exposed fish when compared Fo'“the 100 plskg treated



“fish. Exposure of F. heteroclitys to varying concentratiohs
of naphthalene in the water also resulted in a' dose depen-

. dent elevation in plasma. cortisol titers (Di Michele and

I N

Taylor, 1978).

i

The stress respohse to-'envifonmental agents has béen
previoﬁsly defined as a multipbasib proéess whbse'stagéé are
mgrked by dfnamic changes-iﬁ éirculating glu&ocorticoid lev-
els fPines, 1966, cited in De Brﬁin, 1§76: Sélye,'1976}. In
the pfesent sfhdyh the different ﬁhasesin‘:he stress res-
ponse of éefs,exposed'to‘petrdleum~hydtocarﬁons could not be
distinguished because of the discontinuous sampling times,.
No major chahgeé'in the dynamics dfuéi;culating5 ;ortispl
levels were observed between the 10 and the 100 pl/kg cfﬁde
‘oil-exposed €ish.  In both céses an ingrease‘in plasma cor-
.tis;l -titers-was_ obser#ed., Similar responses have bheen
found in cohc and sockeye salmon_afterigiposure to heavy me-
tals (Donaldson and Dye, 1975; Schreck %1978). The
initial elevation. in cortisol titers obse;ve on day 1 i?
eels eprsed toc;udé 0il, 1is followed by a drop, to control .
levels regardless of the dose employed. No further in-
creaées were observed for the oil-treated fish which prob-
ably {ndicétes that the exposure levels were of a sublethal
"type and, as a result,n‘the animal.is able to compensaté and
return tc pre-stress condition. i

There is some evidance indicating that exposure of

rainbow trout and carp to PCB's for 4§ weeks results . in a
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sigaifican£ decrease_1ip plasma concentratlon o? corticoids
(Siﬁarajah é; g;5,1978); Thls is 1nterest1ng in relat*on to
this study because those low levels in plasma corticoid were
aécompanisd‘by anduction,of hepatic microsomal enzymes such
as aminopyrene demethylase aad‘syfochrdme P-450, suééestinq

o,

a relationship between enhanced hepatic microsomal enzyme

s

activity and decrease in steroid levels. In the American

eel, once the cortisollleve1s~rétdrned to control levels, . no

-

significant differences were~found Letween oil-exposed and -

controf eels. It should be mentioned, however, that there

- seems to be a tendency towards lover éortisol levels in the

011 -treatad F1sh when comparod to control fish. This may be
1mportant because, . as shown in Chapter I1, exposure to pe-

.

troleum hydrocarbons in A. ggsggagé resulted in a marked in-
duction of microsomal enzymes measured as RaPH and cyto-
chrome P 450.

Farly studies have indicated a striking 51mllar1ty 1n

14
the microsomal enzymatic activity uith respect to steroid

hydroxylation and the oxidative metabolisms of lipid soluble

b

"foreign compounds (Conney, 1967; Runtzman, 1969).  Further-
more, different investigations have suggested'that adminis-

tration of a variety of MFO inducers in mammals causes an

ingrease in the metabolism of steroids by microsomal enzymes-

(Conney et al., 1965; Conney and Burns, 1972).

In this investigation attempts were made to establish
a correlation between induction of MFO enzymes and changes

P e T
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1n the breakdown rate of cortisol The ;ééults obtained in-
d}ﬁﬁtgd an 1ncreased clearan®e - rate.in éirculatinq élasma
cortisol levels for the oil-t;eated eéls‘uhen. compared to
control fish. The significant elevations'_in the'lgvels'of
hepatid microsomal BaPH and cytochrome P;ﬁbo indicéted an
enhanced MFQ capacity, which is perhaps responslble for the
more rapld rate of breakdcun wbcerved fgr cortlsol. Since
cortisol has an important role in osmoregulatlon and ion ho-
meostaéis;‘as.well as in the intérmediary metabolisn in eels:
(Lidman et al., 1979, physiological consequences are sug-
gested to result frém an interaction " between’ petroleumn-if-
duced m1crosoma1 enzmes and steroid hormones in fish.

Fpom studles carried out on pammals, it lslwell 2s-

- tablished tﬁét administration of = exogenous steroid hormones
of all kinds including gorticosteroids, androgens, and es-

tfogens could result in the .stimulation of hepatic microso-

mal enzyumes (Conney, 19€7) « in the present study, calcu-

" lated dose administrations of 'cortisol resulted in plasma
corfi_ll titers sipilar to.those previously observad in the
‘plasma of " eels exposed to érudé oil at'a dcse of fDO pl/kg
(refer to Fig.10). The range of the measured cortisol lev~

els in the contrbl fish was within the normal range prevm-‘
ously. reported for eels (lLewander et g;.,: 1976) . Tn this
investigation, intraperitoneal administration of cortisol

and conseguent elevations of plasma cortisol for 4 days to

stress levels did not significantly affect the levels of he-

Pl

>
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patic BaPH and cytochrome P~450 in 3. rostrata. This find- .

At}

ing is supported by the results reported‘bj HansSon'and Lid-

[

man (1978). In that study, chronic adminlstratlon of cortl-_

sol for 21 days into ralnbow trout also tailed to induce the

levels of cytochrome P-u4507) - A ‘signlficant increase in-ﬁhe
activity of NADPH cytochrome ¢ reductase in cottigol;treatéa'.
fainbow trout, , however, was found at all sampling events,
squestlnq that cortiscl may activate the in ¥ivo matabollsm
of epdoqenous suhstrates, This was further substantiqted-by
a decline in plasma cor£i501 lavels in the cortisol-treated
trout despite continuous adminisfration of exogehous corti-
sol. ; . : \ ‘ o

Froﬁ the previous discussion, it appears thét the in-
duction levels of hepatic m%crosomal enzymes observed in
eels after ingestion of petroleun. hydrocarbons ars then not
a4 response to the high cortisol VleveIS‘ observed in oil-
treated eels. Additiqn;l work is of interest; howéver, in
crder to “establish the effact of elevated corFisol on thea
induction of other HFO;S, and a possible change in.the bio-
transformation of_othér steroid hormenes, as well as foreign’

compounds,

=
The results -presented in ‘this study indiéqteg that
ingestion of crude oil by the American eel, B.-rostrata, re-

T

sulted in a generalized ccrticoid stress response which ap-

pears tc be.dose-dependent. In addition, osure to petro-

"leum in~eels caused an increase in the rate off breakdown of



B . . ’ - — X = z v
e " "‘.‘" Y - e . .
: i ¢ . ‘ Y

. | L 103

i

. PR

irculating cortisol which - i probably dﬁe-td:,enhanced he-
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" 'SUMMARY AND CONCLUSION
. i

"W

Ingestion of crude oil by the American eel, Anguilla

. .

'rostrata, results in a rapid uptake and acqumhlation of hy-

F .
drocarbons in key organs, pacticularly those.of recognized

high 1lipid content or those that represent sites of meta-

bolic breakdown and excretion. © Liver exhibited the ‘highest

'hydfocarbon concentration; other tissues had markédly lower
hydrocarbon concentrations. k ,

An efficient system for the removal of hydr9carbons
is suﬁgested by a rapid degrease, by a factor of 20, 1in the
total hydrocarbon concentration at the end éfl£he depuration
peridd when compared to tha togal maximum hydrocarbon con-
centraticn during the uptake phase.

Maximum kydrocarbon éctivity ués found ip bile which
showedLQS times higher levels than liver. This suggests a
biliary route of hydrocarbon axcretion.

) Most of the tracer activity found in bile was associ-
a£ed with the water-soluble fraction. This indicates that
the hepatié enzyme system of cels is capable of transforming

[
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noh—polaf foreign hydrocarhons int6 po;ar'metabolites which
can then be readily eliminated from the Qrganish.

Additional support for the exisgence of a detoxifica-
tion mechanism is given by the findinés of a marked activa—
g;dn.of.hepétic~microsomal enzymes measured as B;PH and c}-
'tochrome P-450., This induction in MFO enzymes 1likely
:egults in an enhanced hepatic biotransformation of petro-
leum hydrocarbons which may then account for the high levels
of-hydrqcarbon_hetaholites‘foﬁndvin the hile of oil-exbosed
fish. Tt appears therefore, that although short term expo-
.sure to crude oil‘results in a rapid accumulation of petro-
leum hydrbcarbons in eel tissﬁes and fluids, hepatic 2nzyme
syste;é are simultaneously ‘induced by the oil exposure al-
loﬁing an effective removal of petroleum hydrocarbons fron
the fish system.

0il éiposure ;u R. rostrata results in a cenerallzed
adrenal-corticoid stress response indicated by the increase
in cortisol levels observed in oil-treated fish. Elevations
in plasma cortisol titers appeared to be dcse-depandent and
lncrea51ng from 25 ngs/ml in the contgbl fish to €0 nq/ml for
the 10 pl/kg oil-exposed fish, whereas the 100 pl/kg treated
eels shoved an increase to 120 ng/ml.

The adrenal corticoid stress reaction is known to be
an important aadap’tive endocrine response, but exposure to

the petroleum hydrocarbon stresscr is known from this study

+o result in an enhanced hapatic microsomal enzyme activity

B

SR S
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‘in‘th; eel:. fhis enzyng'induétion appéafs to be responsible
for the higher breakdawn‘rate of circﬁlating cortisol ob{
serwved iﬁ'the oil;exposed_eels. The increase in the bréak-l

down rate was reflected in a significantly shorter cortiscl

half-life for the oll-exposed fish when compared to control
cels. An extrapolation‘of these findings is that lﬁﬁg—tqrm
exposures to petroleum hydrocarbons in eels may ﬁﬁave a de-
'~1etefiousleffect in agcele;ating.the metabolisnm oﬁ cortisol,
uhich could result in the breakdcwn of the adrenal corticoi&

strass-response and, as a conseguance, in a long-lasting ne-

gative effect on cortisol balance in fish.

\
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