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E “ .huydrocarbon molecu1es comprise up fo 98% of crude 011 vn th the remamder A %Y

il a e carcmogens Jﬂgcludmg benzo{a]pyrene and benzanthracene occur 1n ofi-: _*r‘ R
Y. o v =

ORI (Med1ca1 Research Countﬂ} 1968, Pancirov and. Brown, 1975) and Ermer f X

leatus and Rhodeus amart(s produced epitheHomas y In the aquatwc env1ron-',

"-':guf'f'hydrocarhons and‘-other po'Hutants and carcinogenesw m f1sh (Dunr( and .,_’_=

e Stlch 1976" St1ch et aZ. . 131 65 Sonstegard 1977) It wou‘ld therefore'_.ii.}i?';_"'

R4 {“' 'Benzo[a]pyrene hydroxylase has been most often stud1ed 1n manmﬁian "'.5 i-“‘-"l_' i

s.VStems espec1a11¥ }n the rat (Ge]boin. 1967) Hepat"‘: basa1 aCt‘Wty
1eve1s m rats can be 1nf1 uenced by sex (Gurtoo and Parker, 1977) and ,"5' J '
. nutmtlon (Kato and Gﬂ-’lette, 1965 N1ebe1 and Ge1bom 1975) -‘ " 1
:.( - % .:.{.. > ."'\ N "“A {; '-.'~-'-7'."' 4‘ : A . & > YRR m:&,:—‘. : ° A- r. ';."-':' o :'v.'.

v :

011 d1scharge 1nto the marme environment has been est1 ted at over o
6 mﬂﬁon metrj_t_ tons per annum (NationaT Academ_y‘ of‘ Scwences, 1975) ;’.:.,,..: R
i ! being heterocych mo1ecu1es containing* oxygen, su'lfur, nd mtrogen

"f;(speers and Nhitehead 1969 Nelson Smath 1973). A number of known =

'"‘{:'.(1970' c.f Matsusmma and Sugimura, 1976) has ,shoyn that pa1nt1ng of \

5 A '%-mthylcholanthrene and benzo[a]p_yrene on the skin of Gasterosteus acu-'/‘.",‘“‘ : :f-‘

i 2

' "'ment there is an associatmn between the presence of po‘lycyc'hc aromatic ‘
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3 ':'seem 1mportant to monitor the concentratmns of aquatic hydrocarbons.

Conney et aZ (1957) found that intraper1tonea1 1n:ject1on of 3-methy1-:'

".:-cho‘lanthrene and other po'lycychc aromat'ic hydrocarbons resulted m an &

’ ” AL o

1ncrearse 1n the rate at wfn ch benzo[a]pyrene was hydroxy'lated by micro-- S

_ somes prepared from the 1wers-of treated amma‘l §: [’l‘he enzyme 1nvo‘lved v T vt
was subsequently ca]'led benzo[a]p_yrene h;tiroxﬂase (E C ar 14 14 2) - .
though more recent authors have termed 11: aryl hydrocarbon hydroxy'lase . :

: (AHH-" E c. 1 14 14 1), as 1ts actwn on hydrocarbons became c]amﬁed
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- L Though absent frana'H biva'lves tested AHH activity has been found fe
- _: in “other mo'l!uscan c'lasses and in anneﬂﬁs, art‘“&“ods. echmodermsl 'and (.
; ‘ /chordates (Tab'le 'l) (Payne, 1977, Payne. 1978 persona1 conmumcation) _f:
',}:ﬁ:/'.f/.‘. ' -_5Payne and Penrose (1975), Payne (]976) Kurelec et aZ 4(1977), and o ,
“-.4 " »‘.»‘_IStegeman (1978) have démonstrated the usefuiness of AHH 1nduct1 on 1n oL
| 2 _'-':; : f1sh)as an 1nd1cator of marme petre]eum hydrocarbon po‘llutwh The |
, '_“"l.".("';:_-"f‘,"'-."-cu'nPner ('Lautogo]abrus adsoersus waibaum, 1792) used by Payne (1976) 15 a £,
F N o . part1cu1ar1y good mdu:ator spemes due to 1ts behavmura'l charactertstms., RN
‘_,-': Greenz ( 1975) found the. cunner to be a hommg spe‘m es uhich occupu1es. Hm
% L 1:.:".'.;‘I‘.-f-relatwe'ly sma11 home ranges Through the winter months they remain in
' ‘ a torpid state 1n the 1nshore area (Green and Fafrweﬂ 1971) whﬂe in
'.f“‘-}."";'.'the summer months the cunner is fo!und further inshore, frequent1y around
) ' F '%wharves, and as’ 1t is readﬂy attracted to food may be. easﬂy captured N
h . 4.;1n 1arge numbers I't ranges from'Labrador to Chesapeake Bay although 1t ',:,
| TN 1s most abundant in the Gu]f ~of St. Lawrence reg;ron (Le1m and chtt ‘
T et T ] g e |
b \ o o Factors mﬂuencmg drug-metaboning capamty 1.'."f1“s‘h ha.ue'l not'.-‘.‘ \ -
. 'c'l'_".','_:“f{;been we'-l'l studxed Buhler and Rasmusson (1968), Dewalde and He‘nderson ? .
: (1970), and Dewaide (197]) cou‘ld not dtscern, on’ the bas1s of sex, 'A'l;
; /\d'l fference 1n the rate of hepat1c metaboh of the mode1 substrates»
T 'A,":,amhne and am1 nopyrme More recent]y, Stegeman (]977), worklng w1th
i \ v.':‘spawning rambow trout (Ga1mo gawdnem) and the substrate ammopyrine, _ :
, _‘I_'v"_',.‘-A="f’d1d obserVe such a r.h{:t‘erencee Nutr1t1ona1’l y. Bt\h'l er’ and Rasmussén (1968)
.' noted no effeqi; on hepatm mi xed functwn oxldase activity when ratnbow -
trout were starved or fed diets mgh m protem or carbohydrate : ; -
/‘" As a further eval uatxon of the utmty of hepat1c ary'l hydrocarbon ot
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* Table 1. Presence,of aryk hydrocartion'-hydrqulase‘ in marine phyla.
> .f&‘ I l r
Phylum Chordata 2 7 Y
| * Class Chondrichthyes
. Raja sp. - Payne, 1977 :
1 Sqdalus acanthias - Malins, 1977 o
. \
(Llass Oste1chthyes ' ' \ |
: A Tautogolabrus adspersus - Payne, 1977
Mallotus villosus - Payne, 1977 :
. . . Pseudopleuronectes americanus - Foh\\ et al. , 1974 &
Phylum Arthropoda - - - L & ‘ .
| Class Crustacea ‘ ;
‘Cancer irrbratus - Payne, 1977 3
= Homarus americanus - Payne, 1977 ¥,
L Phy'lum Echmodermata g -t . 5 | ?
. C'Iass Astermdea e , i
| e ' ‘Asterias sp. - Payne, 1977 ?
- Phylum Ann 1ida - 5 ‘ - ' L - _ )
A ( /2 5 C1ass Fo]ychaetae . e
_ . o . Nermsl sp. -~ Payne, 19?7 ) | =
Phylth Mol1dsca > DL - ey -
A c " . ! T v . -
.. s~ Class Cephalopoda
C 'Il'ie:c illecebrosus - Ffﬁyne 1977, personal
- communication : )
"3, > _ ~ Clas$ Gastropoda ‘
- ., . .  Littorina littorea - Payne, 19?7 persona]
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pétm]eum concentrations this study examined: .

r

(a) the effects of mode of ’oi'l exposure on induction of 'hepatic AHH;

(b) seasonal, sex, and nUtrigqonal-effects on activity in fish not

‘ \/ ‘
exposed to ?%ducing conditions (ie. "basal" ]e?glé); ¥
; . g ‘
: ' = (¢) the rates of induction (ie. increase in enzyme specific activity)
% 0 Y

E"\ ‘ . and de-induction“(ie, decreasgvin enzg%e specific activity returning to

5_ the basal levels). _ ‘ ‘
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General Methods

I Collection aod Handling of Experimental Fish

Cunners (Tautogolabrus adspersus),‘rangihg in weight from 60-800 g,
were collected: from the mooring area at Portugal Cove (Figm 1). " Fish

were transportednin 70 L plastic containers to a 3500 L flow-through

holding tank at the Mar&ne Sciences Research Laboratory (ﬁSRL) ‘Logy Bay.

From July through September, 1977, approx1mate1y fifteen co]lect1ons of
50 60 fish each were made to maxnta1n a stock of approx1mate1y 500 flSh

® A 1n the ho1d1ng tank The sth were fed'tonmerc1a11y obta1ned cape]in

!

(Hal]otus v111osus) frﬁm a SuppIy kept at -20° C at the MSRL ThOujP
most CUnners were he]d for‘oevera1 weeks prior to: use specific ex r1~

o

P ments utilized”f1sh wh1ch had. hLen ma1nta1ned in the 1aboratory for one

" and two years as-we11 as fish brought d1rect1y from the field.

I“

II Exper1menta1 Procedure

w,

Cunner d1ssect1on anﬂ enzyme assays were performed at the Physiolo-*

gical Eco1ogy Laboratory ‘at the Newfoundland B1olog1ca] Station while.

- 0il’ exposure exper1ments were conducted at the MSRL Venezue]an Tia

Juana Medium Crude oﬂ'I prov1ded by Go]den Eagle of Canada Ltd., N . Was

' used in all 011 exposure exper1ments ' ‘The expoeure tanks did not have

temperature contro1s. However, the water teﬁPErature‘remathed re1atiye1y |

#

stable (Fig..2) ovér the duration of individual experiments.

2

. II1 Measurement of 011 Concentrat1on5 in Hater and T155ue .

-

A. 0il Concentrg§1ons in. Nater

.For all surface-slick exposures a time profile of 0i1 concentration
- _
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Temper-ature profﬂe of seawater at the Marlhe Sc1ences Research

Laboratory (data from K1cen1uk 1978) The\ 1nterval between the

A arrows ind‘tcates the t'lme\frame of the expemments
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%‘ U the water was.. determmed for the duratwri of:the expenment 0_1‘:1-

_--concentratwns were determ‘rned ﬁuommetncal]y fo'l'lomng a mndi ficatmn o L S

o 'of the method of Ke'!zer and Gorden (19?3) 300 nﬂ water samp1es were

draivm ~imt‘.o a sb‘lvent-washed B 0 D bottle and extracted tmce usmg 29 ml ..

) porﬁons of methy1ene ch]oride;_ These samp'les were taken to dryness on

-1 Bllch] RotavaporAR and the resulue d1sso‘lved in. 5 0 m'l of. 1500ctane ;o ¥ x

" -, —_—

Fy o -,.".I':The f]uorescence, usmg 1sooctane as a blank was then measured us‘mg a. | &

urner f'luorimeter equipped 1th a Cor-ning #7 60 e,xcitation fﬂter and e g

u _-"R"(Iunweatheredp cr-ude 011 and he 01‘1 concentrations were expressed as } -

TP a;r’ts per; bi’lﬁen (ppb) A11 of the methy1ene ch1 or-ide (Fisher Spectro-- , S A

W Ay T '-:";“."':_',‘photernetr'lc Grade} used for the extractiuns and r1n51ng aH g‘iasswqre g

S s Rl i i
s g r 87 G '.'.-‘was distﬂ'ied ”from a ﬂ ask contammg a few gr‘ams of potasswm per‘manga- :

-""_"'_,""nate ‘ta remve, background f]uor'escence M s T N .~-' R Gt g
011 concentr‘at'lons wg'e simﬂar‘ly deter'mmed 'For' the 'For'ce fed water v Br g

e 'I.f;'i'so]ubIe fractwn of crude o1‘| (see p 32) 011 concentratwns were not

L T

'-,:.._.I_I_i"'determ1 ned for water 1n t;he force—feeding compartmenta'hzed tdnk (see : L

p 32) as pre'liminary tria‘ls injecting 'I 0 m1 a@ots of. oi'l be10w the ' _
o __",_sur'face showed that the oil I'OSe qu1ck'|y to ‘the- water surface and was . x

B R MR L R A L

;' ""-.f"‘--'(';.swept away 'Into the dr-amage tr-ough .g " LR

Measurm& 01] Cdncentratwns 1n Mytﬂus 'l}assue _ o ghe A
\ Oﬂ cuncentratwns 1n the hemogemzed ﬂ_\gt:\’lus t1ssues were measured \
'_"".I:‘I';usmg u]travio'let and ﬂuorescence method? (Vandememen et al 1977) | ‘ '

fesl;by P.: Ahern at the Mar1ne Ecology Laboratory, Bgdford Inst,tute of H ‘5[52 o
| ‘_:,;"Oceanography, Dartmouth, Nova Scotja Samp'les packed m Dry Ice were P
R ".-.'!If-l:_:i'.SMPPEd by aw express to Dartrnouth Thawed samp‘les were placgd m ex— s 5

3 ""_'.:'_tractwn t.ubes and extracted 1n’to re-dlstﬂ]ed methano1 benzene The ! C = 4
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resu{ttng'ektract was'saponified for two-hours ih methanolto KOH.. - After
sapon1f1cat10h each samp1e was put through a ser1es of Nac1 washes and
‘pentane extradt:ons to yield a s1ng1e pentane—benzene pﬁase This. was
-_Vdr1ed over anhydroug Na2504 and concentrated to 1es§3@ﬁan 10° ml Qp a
.-'_mtrogen evaporator After making the samp]es up to 10 m1 wtth 1sooctane,
e :‘measurements were made b§ record1ng absorbance at 290 nm ‘ona Unpcam ‘ B
Pﬁz;ﬂ;SPSOO Uv-v1slble spectrophotometer.; From a ca11brat1on curve constructed s;f N ..V%-“
'jfﬂ;fnom the Venezue1an crude 011 the tissue concentrat1ons of 011 were ﬂ |
‘1f3;tobta1ned Identwdy of the 011 was estab]ished u31ng s;nchronous fluor-»

, .'.‘¢4aescence spectroscopy on the same extract (F1g 3) (Vandermeu1en et aZ s 0

g “IV Ary] Hydrooarbon ﬂydroxylase Act1v1ty Measurements ods t;f::ff B

A F1sh were transported to the Phys1olog1ca1 EcoTogy Laboratory and o v L:T
.ma1ntajned for A few'hours 1n*VO L p]ast1c conta1ners For AHH measure- ‘( W
‘;ﬂments the 11ver‘was removed from f1sh‘fresh1y k111ed by concuss1on and % e
: 'yi}a number of parameters suchqu Qéx, length; whoTe we1ght, 11ver weight .?’q‘f' I \
<ét'and state of gonada] maturtty were recorded A 0 5-4 g samp1e of 11ver{55
'ﬁ”was homogenﬁzed by hand us1ng a Wheaton 15 m1 pyrex t1ssue grtnder w1thfl)”;h:f'.
ﬁ: 10 mﬂ sucrose buffer (0 05 M tr1s, 0 25 M sucrose, 1% KC] pH 7. 5)

as possib]e.u The homogenized ttssue was centr1fuged for f]fteen m1nutes i } a"'

s A s 8

f'at 9000 X g USang an Internataooa] Equwpment Company Nbde] B~ 20A refr1~ )

'i{gerated centrifuge ko C) and thersuperna%ant was stored at -80 C 1n a
"J’ii,"~.?Revco U]tra Low Freezer Most homogenates were assayed w1th1n a week c’l ;h o “}f?'
.:-however on occas1bn 1t was 1mpract1ca1 to assay homogenates 1mTed1ater

.Frr:: ' ”’il*;g after prfparat1on and a de1ay'of up to 4 weeks was encountered Assays,. SERR
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8 weeks apart, using both assay substrates (Tab1e 2) dennnstrate enzymes

4

'fg stab111ty when stored under such condft1ons i g”*“ﬂ_

The<ﬂHH enzyme assay was essent1a11y the f1uorescen" method of

tgnge of protein concentrat1on (Flg 4) for the react1on., h m1 sucrose,'
ﬁ e TN . X

The reactton was tenminated WIth 2 ml of acetone "Both 2 5 d1pheny.
as SUbstrates 1n the assay"b‘t except fbr those exper1ments wh1ch

known to be carcﬁnogenlc. During the 1ncubat1on, pheno11c fluorescent

";r%v 5 commun1cat1on, 1977) wh11e the PPO metabol1te was fOund to not be 11ght

'!\

‘ l W

-

T1tes and parentxmo1ecu1evare squbTe, and a back—extract1on w1th 5 m1

B f‘“'_ of- T\O N: sod1um hydrox1de, 1n wh1ch on1y the phehotac metabo11tes are

'fj;*{ h*'f" soTub1e as|Jme can 1on1ze A ggod phase separat10n was ach1eVeq'by

v = & 3
AR v by e e e« a L.
- S G- [ -

]

By exc1t1ng at 345 nm for PPOIor 3

OB op by " ® e
EEADY R L SRS
(%

buf;fer; 100 ;n of 1 e'%c ro_ mM NADPH zo u1 of 2 mM subst?‘ate in methano]

cbmpared the two substrates PPO was preferent1a]1y used as it 1s not ;f;lisg:fﬁ;

metab011tes °f BP (3 hydroxybenzo[a]pyrene) and PPO (unknown metabo11te)jf i

C are formed The BP metabo11te 1s qu1te 11ght sens1t1ve~(Payne, persona1§;ﬁ

"k:v[*: I”{fﬂrf sens1tive (F1g 5) However when the assay 1s carr1ed out ent1re1y 1n o
“ ';;f;ff.};'- the_Jeght a s]ight decrease 1n act1v1ty 1s noted (Dawe, persona] commun1-»ﬁz”'i
':iﬁff;f ;f,fi : cat1on 1978)‘ suggestlng that a react1ve 1ntermediate may be 11ght sen- ;fﬁ;
;3'i! et :.. S1t1VEa A11 assays were carr1ed out under red safe—11ghts Metabo1ites:i?”;

e are ﬁsolated through extract1ons with 5 ml hexane, in; which both metabo-' ty

centrrfugzng for 4 mwnutes between extract1ons Peaksand spectral ﬂuor-._.'.}."-"f
'“.? escence were measured us1ng a Perkln E1mer Mode] 204 scanning fluorwmeferf'{"ff:

Sﬁfor'BP and measur1ng the em1ss1on atrfﬁ
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Tab]e 2 Change in cunner hepatic aryl hydrocarbon hydroxy'lase actnn t_y

‘ assayed mth both substrates at 0 and 8 weeks. T/e; % changes are '

. %

'ff ek not s1gn1f1cant at the .05 1eve1 of s1gn1f1cance‘ ?f’} f_f'f}uL _°:Z;'.:

N 1"._ &,

f_"Mean Enzyme.:f57_'
Act1v1ty
(Std..Dev;hI

Act1v1ty "
'Std ~Dev )

‘ \/o “Weeks . 5 T (1 es) ',...:_zs g (9 29)'
\ "8’ Weeks . s 0 (I 36) s '24 .6 (8. sr)
v% Change () 0 s Ll R ' ( ) 5. 2 Ak

.0, Weeks " II e 171 8 (ze s) LA 32

' J‘;ﬁ 8 MNeeks 4‘3 (1 sn 10 "-1?*{ 53 6 (20. 23 Ty g ,

95 Change : (+) IO 6. ( ) 22 5 - l

e~




The ass‘ays were carried ut us1ng prote'ln coﬁcen—
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Fig. 5. .Stab'i'Hpoﬂf the PPO metabo'iite under 'I%ght and dark conditions.
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Tacmrmn so

s L

,"510 nm or 520 nm reépective]y; unequivocal identification and quantifi-

v Chemicals -

‘values- were quoted such that 0.05'>J{ > d.Oz‘ﬁas expressed as P < 0.05.]

-15=

1

cation of the PPO.- and BP metabo]ites'cgn-be made. - Individual homogenate

assay replicability within and between assays was found to be fair (Table 3).

Although a detailed study was not ma?e: PPO assays seemed to provide

. better replication than BP. Protein concentrations of the'homogenates

were determined by the Lowry method (Lowry et aZ., 1951) using bovine -

serum aTbumin as a standard. To allow for variation in tissue sample

size and other uncontrollab1e factors, AHH activity was norma11zed to
arbwtrary units of aTkaTl extractab!e f1uorescence per mi131gram protein

(specific activ1ty). "',\‘ :

The Tr1s and sucrose of the sucrose buffer used in the enzyme assays

- wWere Anaiar Grade (BDH Puole, Eng]and) while the KC1 ‘was Fishér

Spectrophotometr:c Grade (Fa1rlawn, New: Jersay) The NADPH used in the

~ enzyme’ assay incubation was a chemica]]y r@duged,tetrasodium salt, Type

- . . ’
- X (Sigma Chemical Co., St. Louis, Missoyri); PP0O was obtained from BDH

vhile BP was from theSigma Chemical Coi ‘The hexane, ottane,'anq'acetone'

used were Fisher Spectrophotometric Grade and sod1um hydrox1de was a

Baker Ana1yzed Reagent (Ph1111psbur¢ New'Jersey)

P a = % ‘ _——

VI Statist1ca1 AnaTysis

519n1f1cant d1fferences were ascertaxned u%ﬁng Student s‘two ta11ed

t~test. A probab111ty Tevel of 0 05 was arb1trar11y chosen. for Judg1ng

I'signffiqance; The probap111§y_1eyels used mere.0205, 0.02, -and 0.01 and

S
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Table 3.. Assayed aryl hydrocarbon hydroxylase activity, ﬂ1thin and

between trials, using the substrate PPO and the sqme‘f1uorimqter

I

sensitivity level (S8x1).
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L Uy AssayTl melal o o S8xL-47 o L4
S e T eS0T
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Specific Experiments and Results

Ay
3

I Examination of Basal ACt'iV'It_‘.j' Levels _ 'S

Three factors known to 'inf'luence AHH actw1ty m mantnahan systems

are the animal L; sex, " amblent 'Ievels of po'lycych hydrocarbons and nu-.

~ tritjonal status __These var1ab1es were investigated 1n the cunner to
© see how great an 1nf'!uence on basal activity they wouild have.

' 'i'o ‘sele if a sex d1fference exists in th1s spec1és hepatfc AHH assLys ‘

were performed on ﬂsh co'l'Iected direct1y from the f1e'|d and on fxsh

heid in the Marme Sc1ences Research Laboratory for ane- and tm years ; s

3

» i-._-'.".-('rame i 5) “The -Ju'ly 8. samp'le of 15 fish whvicl had i held for. 27

\

years 1n the Iab, and Ju]y 18 sample of 26 f1sh from ;Lortuga'! Cove both
Y showed sigmfzcanﬂy (P < l] 01) 1ess female basal activity than ma'le

r :

-Dissectwn observations showed the gonads of these f1sh to be r1pee The

. August 1 coHection of 20 f1sh he1d for one: year 'in the lab as we'll as

and September 29, respectwe]y, faﬂed to show sex d1fferences ‘in AHH

July 'H 'IQ';'? to August 9, 197?,« mth peak spawmng acti\nty from Ju'ly

‘ .. _I"'TB to Ju'ly 22 as Judged by spawnmg behakur observatvons at St l‘hﬂhps

,f-by B.. Pottﬂe (persona1 comnun'ication) Although many of the f1sh ﬁ‘bthe

1.

A, AUgust 19 Portuga'l Cove samp'le were spent about 40% h[ET‘e stﬂ'l in spawn-— !

"Ing cond1t10n whmh pernntted enzyme actw1ty compamsons on the bas‘is "

1 of rwe versus ‘spent ma]es and fema'l es These compam sons d1d° not y1e'|d

-'s1gmﬁ cant d1fferences hence the sex differertce m enzyme actw vi ty cannot

’ - " e — LT : e R . - S oy Y - . 1
o5 . 12 v g P B T el : 4 = o
~ o v . . . . ¥ o G s iy . I
- i @ - o o e L ‘ i ap oy .
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B

Lo "
.'f'leld co'l‘lect'lons of 29 and 20 f1sh from Portugal Cove made on August 19 h

spent and the1r gonads Were shomng s1gns of regress‘ion. : The sex dlff‘er- ]" L

‘ ence occurred dur'mg the cunner 3 spawm ng peruod wh1ch extended from o

bosal actiwty L. Many of these f‘.sh upon d1ssection were noted ‘to be . P A
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Tab1é 4. Seasona'l change in cunner hepatic ary] hydrocarbon hydroxy]ase

activ1 ty, using the substrate £p0, bf fish .collected at. Portugal B
s 3 & B

RSP oo PR

Cove. ' ¥ , . e . @

- v . : ,‘l ’A J : " . .) 4 ,. - ‘,-_ T s s ?:':.

N

; »-'P'o"r_tl‘lgal_ Cove ' Mean -Ep'zymg‘ Average " ‘A}jerag‘e 'Liver Sbl]’lét‘i‘c '_ Samplq’
S Activity ;.* Liver : Bday \Index % Size o

_l VRRRR I

s ———— A et o
o 3 & ) o %

o ’* - ‘yf"."‘f‘ (S:d Dev.) Weighti Wei&ht g (Std Qev.)\
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Tab]e 5.

e s

otherui- oratory and f1e'ld col]ectwns

Fish 2 Yr.
LLboratory s

Female
g .:. ﬂ'Combined

b -

Fiq_}) 1 Yr. In
‘ . Laboratory

August 1
PPO' Male

Female

‘ f; '.Co'mbined :

T s
St. Phillips ﬁf': IR Ak
A_us_%l_ﬁ’"-'

PPO Male
Female

Comb ined

.

Mean Enzyme

Activity -

" Average - 4
L
Liver .

Average .

Body

Liver Somatic

© Index %

Gunuzer hepatrc ary'l hydrocarbon hydroxylase actwities from

Sample
Size

iy

~(Std. Dey«’) -

""‘;"-15 3 (6 i
5 @. 71)’{-1 1
*10 7 (6 94);-f,4‘;5-"'

R

15 1} (3 60) 2
<87 (3. 67)]_}."; 3
L1233 04195) 7w

S T ':.'8 5 (;s i2) .
9.6 (3:23). "
9,_0; (3.14) .

16 5 (5 54),. -
'18.3 (9.20). -
S 1A 7 (7 90)--, :

B

NN

Weight & Welght g

72

: -?.-'27,3 :

§272"

K 128'-‘ ‘.
125 "

(Std..

L

) z zz (o 62)
2 oz (o 32)

F u_fz._‘lg. (0,. 51),.,

2 Tl ' - o “ .
EOC AN e L C e
3 » 2 4 B i
; E3 . H
i Rl L
< L.
B -

1166 (0:30)
¢1.89 (0:38)
1:83 (0:37) -
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> ) Cove A1 though compam §1n (Tabie 4 5) of co‘l‘lectwns on August 16 at

"i_,",l.‘""-1n ehzyme actW1 f_r" h1ch maj' have

B -_was not d'l scernab1

' groups of cunner s

.wer‘é mamtamed in 270 L f'Iow-through tanks From Augus,t 26 to Dctober 24

-‘-I Surface S'Hck Exposdres S N R

be exp1a1 ned mérely on 'the presence or absence of gonadal products As

-.a sex di fference in enzyme act.'l\nt\v was: demonstrated when the fish were

ripe enz_yme acti\nties from all other experiments viere separated on a sex |

‘basis to see if such d1 fferences occurred when other variables were exam- ——

ined.

Due to' 'Iess f1shmg and ferry activity it wuu'ld see#n probable that

. St Phﬂ'hps wou'ld have Ia lower background hydrocarbon léve] than Portuga'l

-

‘"

._St Phﬂ'hps, and AUQusft 16; at: Pori:tfgai Cove, show a srqmﬁcant (P < 0 05)

‘_.differenc:e hetween‘ "tgﬁbmed" enzyme actmtﬂes there are not s1gm f1cant _ _-;' ¥ o

i d1 ffenences between a y of the ma]e/fema1e compansons._ A c1ear‘ d1fference

1

been attri butab‘le to water qua‘hty £ 3

v
'

To investigat the effect of star'vation on basa‘l AHH activit.y two N

-gne fed o satlatwn with cape]in and the other starved .‘

The resu'lts (Tab'le 6) show there was a-pproximateiy a 40% decHne 1n ]
: "basa] actwity of the stawed f'lsh w1th both BP and PPO Starvatnon had

"flan ?ffect on - 'l'Iver- wmght as shown in Flg 5 whire hver we1ght is p]otted | ,
"'agamst body weight for starvéd an:l fed f1§h Ther'e was aiso a s1gmf1- o .

' aant (P < 0 (}1) dj 'Ffer.ence hetween the 1‘iver' somat1c indmes of tha starv— N

|

- ,ed and fed f1sh,~ however- there{ was no s1gn1f1eant d-lffer'ence between
. __' mal es and females m thm the fec‘ or starved groups with regard to Twer

‘,somatu: 'mdex. - _t' _ B '; RS B e . 4y N

| énners were exposed to m‘l appl'}ed as a- surface slick to estab]ish




- ~~.n l- . ‘ (jj "5 @y ' ’ !

Table 6. Hepat1c aryl hydrocarbon hydroxy'lase activity in" cunners

T T E . .
.

| , | starvéd and fed to satlatmn for '8 weeks. St

wd
- n T . . 'Méén _Ehzyme _ Average Aw:refagé' -Libér I‘Sc')mat_ic.' .Sample” ¢ '
- B B "f\ctivit& 'I'..'ﬁrér e Body - Indé.x.'z - Size '
co L (Sed Dev.) Weight e Weight & (Std Dev)
. ____.__._Starved Bish o0 il e L o 5%
"PPO; Hale: . '5.0:'(IL-4‘2)_ Crma 239 1 33 (0. zz.) "5
BRI ‘Female . 1 6.6 (1.77); 'E,’zf BT DO W NG AV I
" ‘c:ombinea 6.3(2.53) 3.9 283 1.33 (0.21) _' 18,

At N SN P o .
’
%

Female , 5.2 (2.63) - as ‘as as as _
-f}ombiimugi * 4.7 (2;45)'_' above . above ° B abpve' above - . f

x i - L4 LL
i - ar -

.~ Fed Fish _ cowe L A
_ PPO: Male T, 10.2 (1.73) L3 . 406 2.83 (06N 1
A . Female -10.2 (2.92):  6.9. - 317 - 2.37 (0.63) 9."
Lo o Coibimed 1003 (2.30) 9.3, 366 - 2.62 (0.68) 20

% ~ ©BP: Male- - 3.3 (1.24) ° same " same . " . game n same ?

']'uu, -
HT)

.M‘g',le' © . 8.51(2.52) . same  same- ‘same - agppe S

. ‘Female = 10.-3.(3.12) as’” . +as = . as Coas
« Combined 9.3'(2.88) =~ above  -above .  above © . above
) k™, w'e :. = B - O for e o R z
; | - i
' - r
# :' SR = = =4 = \_\_ . ‘/J“ 3 LA | 2 )
P T . '
é‘.‘ i
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: ‘.. . K
f 3 :
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"de-1nduct1on., Sl S \ . A e

s ‘,:12 hours. ,011 concehtratwns 1n Lhe water were determined for the duratwn B

}'of the expertment Ju'l.Y 21 tO Jlﬂy 31 (F1g 7) En.zyme aCt“”ty does

.: i ncrease with 1ncreased 011 dosage ('fab1e 7) but unfortunate]y these ac- :
| i-<t1vit1es are d1ff1cu1t to compare as the experiment took p'l ace at a time : “~ "'i’:‘
';-;"when there was er]y a sex di fference present and there are not enough ?
'i;.of either sex to prov1 de a comp1ete detaﬂed compar1son - However ex-"

' ..ammat'ion of the "combmed" data shows s1gn1 ﬁcant 1nduct1 on mth 1 m'I

”"‘of oﬂ._- COmpar1ng female act1v1t1es, sigm'ﬁcant ‘leve1s of 1nductionc

o -; nductaon/de-mductmn were conducted. usmg tyvo 270 L f1 berg]ass~f1ow— ' 5 , ]
. -j.'-‘.through tanks (approx1mate1y ]m x 1m x 0 3m, F1g 8). mth po]yethylene .

LT 11ners andT covers and siphon drainage to prevent 1oss of f'loatmg oﬂ '_~ ..‘,\:jl,‘fl

\“.
'

§ Vo ' R c . ) Y
R R T --23- AT s
P ~ /' . . ‘I‘ . 4 LB .

-the quantity o‘F oﬂ needed to cause 1nduction, to see 1f ma]e and fema]e
) R I S '
f1 sh mduce at the same rate, and to detenmne the rate of mduct'lon and

To est1mate the amount of oﬂ necessar_y to” cause mduct]on varymg “
quantd’h es of - oﬂ were, added to fwe 20 L f1ow-through tanks e!ach con-.- ’

tanning 7 9 f1sh The ﬂow rate was set at 2 L/mm and checked every—

2 .F'

'Jy occur thh 25 m'l of oﬂ» ".‘. C

The exper1ments exannmng cunner 1nduct10h to o‘i] and the rate of ,

Ex

'Each tank conta'lned cement constructmn b]ocks to prov1de cover 'For the : '_( ey

J1 sh The v L/mm f ow-rate through the tanks and- a1r supp]y were I iy bl

s checkéd every 12 hours.i The 200 ml of oi] was/app1 1ec]i m th a Becton-- 1 l

D1 ckinson P]ast1 pak syr1 nge

~,4 To deternn ne lf the rate of post-spawmng 1nduct1on 1s 1nf1uenced

by\the 1ndividua1's sex approx‘:mate]y 30 f1sh were p]aced 1n each tank

( cJontro'i and exper1menta1) and the surface shck was apphed 011

)

concentratlons 1n the water were determmed durmg the exposure period
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. using the substrate PPO, following 10 days of exposure to varying

quantities of oil.

Lontrol:

0.2 ml 0il:.

1.0 ml 0il:

i

5.0 ml 0il:

25 ml Oil:

l

Table 7. Change in cunner hepatic aryl hydrocarbon hydroxylase activity,

Mean Enzyme Average Sample
Activity Body Size
(Std. Dev.) Weight g '
Male 11,3 (=) 151 1.
Female 8.2 (3.51) 222 7
Combined 8.8 (3.65) 221 8.
Male 16,7 (0.21) 233 - a2
. Female _  10.8 (1.15) 220 ,
: ?omﬁiged 12.5 (2.99) 223~
2 . ; - f .
Male 16.5 (2.48) 193
Female - 17.9 (10.23) . 240
Combined 17.0 .(5.83) 211
Male 19.2 (9.74) ° 157
Female . 12.2 (3.04) .. 190 2
Combined 17.5 (8.93) ‘163 |9
Male '28.5 (=) 167 1
Female ¥6.5 (5.48) - 157 6
Combined  .19.4 .'(9.06) 159 7
; .
] v F 4
1
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" Fig. 8. The 270 L f]ew:-thrbggh tanks used for the s'ur'fat':e's'l'icl_( expo.-

sures.
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August 14 to August 22 (Fig. 9) The resultant enzy%@'act1v1t1es (Table
8) showed significant differences (P < 0.0I) between contro] and experi-
mental fish but no sex differences within control or experjmentaT fish. |
Male and female fish therefore appear tn be induced at the same rate. .

For the induction/de-induction experiment the ?low-thtough tanks

each contained 70-80 fish. A tourteen-day treatment'peribd (0i1 present "
from September 3 to September I?) was fo1lowed by a twenty-day de-induc—

- tive cpo 0il from September I? to October 7) per1od The* 911 concentra-

ution"profi1e (F1g IG) ihdicates that at day fourteen*qil—rempva1 opera- J
:t1pns were successfu1 1n c]ean1ng the exposure tank The 011 cancentra—
t1ons fer the controI tank ranged from 0! to 32 ppb and were Omitted from
th1s f1gure for c1arity Five control and five experimenta1 f1sh were
yem0ved for enzyme ana1ys1s at eadhlsamp]e time durlng the 1nduct1ve

)#per1od As there. were fewer remawning ‘control fish, four and Five ffsh'.

respectively were sampled for the de~1ndUCt1ve per10d Figure 11 compares,

through time, 011 concentration with the corresponding enzyme activity _\;
A

As surface slick exposure has a]ready been ‘shown to enhance enzyme ac-

o tiv1ty a one-tail t- test was used to d%termine signif1cant differences

fbetween pairs of control and expgr1menta1 va]ues Exam1nat1on of these

: ®
. sign1f1cant differences showed that 1nduct1on eccurred w1th1n twenty- %

four hours and. thap the variation in- the act1v1ty 1eve1 corre1ated very ,

. well w1th 0il contentrations 1n the water, assum1ng approximate]y a -

1] o

twenty-four time lag. .; 't .

III‘ Force-feed1ng of 0i1 and 011—contam1nated Myt11us T1ssue

w ol

Uptake of hyd?ocarbons from a surface s]1ck exposure need not be

. the on]y mode of exposure resuitlng 1n 1nduced AHH act1v1ty AHH 1nduct1on

—_— : L

\

e s S e
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s exposure SoIid 11ne Control Dash ﬂot 11ne. Exper1menta1

Dashed Iine. 3- per1od mov1ng avéfage of the Experimenta1
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~Table 8. ‘Change in cunner hepatic aryl hydrocarbon hjrdr_oxy]ase activity,
using t'hé:substrate PPO, followi ng an eight-day surface slick
exposure to oil.

.

Mean, Enzyme - Average A\;eragé ‘ Liver _Skomat_:!_.c' : Sampls_.-. T
. Activity ' 3 :L}i\lr'er.'_‘ ; B_cl:'_dyJ : Index % ; S}ze’ , ‘ ‘ )
P . "5 g d '(Stg_l Dev] We:lghtg Hé:l.lght?g‘\-” (Std 'Dév'f)‘ *ingd - J
g Vg s -COnt'rgl"l_".:_l_,'-_l b P WX e e T a S mte BOAT UMD e § %
o e b e g L S 1, 5'(3‘ ébj' D48 L3000 1 63 (o 23) ol as T
o A 08,5 €5.50) . "'4 972 2/_8/8"" o 1b2:(0.33) isf‘-'_ﬁ,,j W
A s 'Comb:med -_‘is 0 (4 ?q) 4-'5-"‘3-"-;",';{95 S 1,63 (. 30} 3]
e, e 3" Egperimencal-v*' % ='*- L ﬂ‘ﬂl‘ f R
. 0 |male 10 7 22.5:(7.08)°0 3.0 .. 209 1.40 (0.41) 18
’ Female . 21.9.(6.03). . .5.4 - .328  1.58 {0.37) 18
| Combined:  22.2 (6.47) - 4.2 ' 268 . 1.49.(0.40y . 36
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‘indicate the trend over time.
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Fig 11 011 concentrat10n5 1n the water and the correspond1ng tunner 1:Tj
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hepatic ary1 h&drocarhon hydroxy]ase act1v1t1es us1ng the subi;rates
2,5 dipheny]oxazo]e (PPU) and- benzo[a]pyrene‘(BaP), through t1me. ;  C

The oil: was, removed at day 14, as ﬁnd1cated by the arrow. - .. . "L
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was therefore examxned folIOW1ng’the force—feedwng of oil -or o11-contam1-
nated Mytilus t1ssue e ot

' These exposures to. owf ut1lxzed a f]ow through tank (F1g 12) w1th
la\ ’ three tiers of 16 compartments (each measur1ng 24cm X 10cm X 72cm) Flow— N L

e b . rate was regu]ated by va1ves on’ the Water11neJ f1l11ng the forward : o
I reservo1r Water entered the comogrtments through ho]es bored in the .

forward baff1e and sp111ed 1nto the rear dra1nage tnough over ‘the. rear g & e ¥
baff1e, T R e S N l;f\;;,ffsq.f’ﬁ‘;ﬁzﬁ"'""

The 1nJect10n apparatus used to force feed the 011 cons1sted ‘of a. fTLf,filfzjiz‘

:Ll’{”_f}f;fm iii' section of d1sposab1e p1pette,(8 10 Cm ]ong) connected to ad m1 Syringe;;;jﬁi5’”;
barrel by rubber tub1ng The p1pette sect1on used was the 1ower ha]f offh‘;tﬂ-' T
x5 1. nﬂ dlsposable p]ast1c serum g1pette. Each samp]e was force~fed by '

draw1ng up the des1red quant1ty 1nto the p1pette forc1ng the p1pette

down the fish 5 esophagus and 1nJect1ng the sample 1nto the. gut In‘ffn . 8 T
comparlson to the o11 homogeniZed Mxti]us twssue (see p- 34) 1s much ' |
“more viscous, consequent1y the 1nJect10n apparatus had to be mod1f1ed by .1‘_*11' ‘“f'f

ay subst1tut1ng the upper th1rd of a d1sposab1e 2 mi g]ass p1pette for the

2.

p1pette sect1on and a 3 m] syrlnge barre1 for the T 'mt barre1 A1so Ajfvlj.‘ .

“the ﬂxt11us sample to be 1nJected was manua]]y 1oaded 1nto the syr1nge

4‘.-

-..‘ barre] for 1n3ect10n

The force—feed1ng exper1ment 1nvolv1ng the 1n3ectvon of 011 1nto '[Jf" ‘
: I

.J: a the fxsh gut was conducted from September 29 to Ootober 17 In' add1t10n TR L

z%{r ‘ to the e1ght contro1 f1sh there were thrée other treatment groupL 3 ‘seven. {
f1sh were fed 0 4 m1 sa1t water eVery th1rd day, n1ne fish were fed 0 4

i, Bl
0 1 ml o11 every 7 days The water so]uble fract1on of the~crude o11

d 2 W .f‘ . .
/. mt water so]uble fract1on every thwrd day,\and fourteen f1sh were fed A 1 a}ﬁ;f'
. e35" . ,
{

2 3 “was’ obta1ned by f]oat1ng‘100 nﬂ of o11 on 300 ml of sea water wh1ch was 15§?§P S A
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continuously and slowly stirréd=for 24_hours with a magnetic stirrer in

an aspirator.fﬁask: Samples for injection and o1l concentration analysis -

were drawn from the watér layer following a 5-10 hour non-stirring period

which allowed suspended 011 droplets to separate. The resultant enzyme
activities (Table 9) show significant induction by 0i1 only. That salt
water does not cause induction is evidence that physical handling of .the

S

fish does not cause induction. Regardless of the material force-fed

there was n? significan? differéncg in the level of activity with respect

to sex of the f1sh : . " i i

011ed ﬂx;ilg_'tissue was obtained by ma1nta1ning mussels in a 20 L
f?ow-through tank for 7- 14 days with a da1]y surfaca-app11cat10n of 5-7
ml «of 0il. These mussels were a11owed to depurate for 5- 10 hours in
c]ean flowing sea water pr10r to shuck1ng and any v1s1b1e 011 drop]ets

were WIDEd from the tissue. Oiled and non-oiled Mytilus tissue was

‘ homngenized with a Sorva11 Omni-Mixer, the product divided into 20 g |

samples,‘and stored at -20 C. 12 Control and 11 Experimental fish wére o

fed 1.0—1;§ g of non-oiled or oiled Mytilus tissue respectively every 48

“hours between November 1 to November 11. Table 10 indicates the amount

of 0i1 contained in the Mytilus tissue of-each lot. The resultant
‘eﬁzyme activities_(Tab1F 11) using both substrates, BP and PPO, demon-
strated significant (at least P < 0.05) level of induction.: No sex
difference 'in enzyme activity could be defected in the controls or

experimentals.

o .- ’ I- : - I

IV Other Results Pertinent tb AHH Assay Use

Data generated bysthe Portugal Cove August 19 field collection and

surface slick oil exposure can be used to arrive-at other recommendations

-
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Table 9. Change in cunner hepatic aryl .hydroca'rbon hydroxylase activity,
using the substrate PPO, following intermittent force-feeding of“
oil over a three week period. )

| .
-y | :
[, Mean Enzyme  Average  Average Liver Somatic Sample
{' 5 Activity Liver Body | Index % Size
3 " (Std. Dev.) Weight g Weight g (Std. Dev.)
L Control: g . 5 .
3 Male 5.8 (2453) 3.7 169 2,63 (0.33)
Female C 4.6.(1.70) 3.3, - 174 1,81 (0.36) -
: - | Combined 5.5 (2.30) 3.6 170 2.16 (0.54) g
P 3
Salt Watér - . o«
Iﬁjecfinn: R ‘ .
Male - 5.1 (1.55) . 3.3 130 1.62 (0.5 .3 -
Female 5.3 (1.51) 2.8 150 2.51 (1.12) 4 ,
Combined ‘5.2 (1.40) 3.0 - 170 1.95 (0.87) P <"
Water Soluble .
Fraction o
Injection: ‘ ‘ " . -“' |
;- ‘Male 6.1 (1.68) 2.7 144 1.87 (0.30) 5
 Female 9.2/ (4.76) 3.1 - i38°  2.33 (0.34) = &
' Combined - 7.0 (3.12) 2.9 141 2,07 (0.38)
- ¥ " ' |
3 - 011 Injection: . ) : B N i
; Male 19.6 (9.61) 2.7 1187 2.19 (0.63) 10
Female . 12.8 (6.53) 2.9 S 140 2.05 (0.11) 4
Combined ~ 17.7 (9.16) 2.7 < -424 1 215 (0.53)7 14
L. ‘
|
£ _ :
; \ /

Y D e el 'S -t
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no contamination in the non-oiled animals. ‘

K J = I
. [
a —— / - =
I e
“
! r
Table 10. -Quantity of oil contained in the Mytilus tissue force-fed to
. the cunners.’
. 4 »
ug Venezuelan ICll:ude.,Oil
. \ : . B @ )
. ' Equivalents/g Weét Weight * - [ .
S0 Ao ) 7 ” "
. I . . NE 2 i . . ) .' .."_ [ F -
Sample  Trial 1. Trial 2 Average:’ Quantity of 0il
; L ‘ _ Calculated by
<’ L Di{‘felrence
Mytilus I 1023 "743 883 -
Oiled Mytilus I 1634 1500+ 41567 I 684
. G «l
Mytilus IT 648 697 673 =
Oiled Mytilus II 1535 1521 1528 855

- .

* The numbers shown are based sofé]y on the ultraviolet absorbance at
292 nm._which'would ;130,1nc1ﬁde'ehdogenous (non-petroleum) Uv;absorbing
material. The‘estinmte of petynléym_in thg oiled animalé is'ba;ed'onﬂthg

différenteA1n'UV,abshrpance. calculated from a standard curve, assuming
i a

. fuy ’ 2
. . r
-
) J
B
4
r
-
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_Table 11. Change in cunner hepatic aryl hydrocarbon hydroxylase acfivity

using both assay substrates, BP and PPO, following 'intermitt_:ent o
feeding over a ten-day period of oil corctam'inated Mytilus tissue.
h

Mean Eng)Fme © Average Avefage Livex_' Somatic Sample

!; . Activity ~  Liver - Body Index % Size
5 ' (std. Dev.) Weight g Weight g (std. Dev.)
{ ~ Control _ . . L . |
- l - _PPO: Male 5'.6-(1‘7_2-)‘ 5.3 - - 188 2:79 (0.52 o
T " Female . 4.2 (1.28) 4.6 - . 156 2.94 (0.96) 4. |
- © Combined '5.17 (1.66)° 5.0 .. . 176 - °2.84 (0.67) 11
-_I."‘:‘ ,\Ha.1e~_ ;4, 6_ 3 (174) same . . sa;ne'[- '. same _ ggme
" Female . 2.6 (1.42)"/ as . as. -t ' as -
’ - ' Combgl.ne{d 3'..',3 ,. (1.‘81) 'alﬁoﬁe " above: aﬁév;e - "above
. . X i B . & ’ o
Experimental ) '[ .
PPO: Male  30.2 (8.33) 4.1 162 ,2.57 (0.34)
Female 19.8 (7.37) 3.0 135 2.31 (0.80) 5
Combined 25.9  (9.29) . 3.6 151 2.46 (0.56). 12
BP: Male  85.2 (25.30) same " same " same same
Female 53.1 (14.70) .,:a_s Jj . as - : as . ¥ ag
Cﬁ;nbined 71__&8 (éﬁfid) " above ' - above ‘ above ‘ ‘sbove
Y ) ’ _
- :Ilr'
.
, f
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and conclusions.
Ease of nomogenizing with a Wheaton 15 ml1 tissue grinder indicateﬂ -

that 3 g is the practical makixvim@:t of Tiver to be sampled. A.graph
of liver versus body weight,(Fig. 13) therefore indicates the optimal

fish s'lze', for assay use, is 100-250 g.

A plot of ‘specific activity versus liver or body weight does nn‘t show

of‘ not homﬁgehizi'ng a sténdéfdized quaniity nf' 1ivef~ Fish of 600 g

-frequent'ly h‘ad lwers we1gh1ng more than 12. g and these had to be sub--
‘sampled “By. using fish of 100-250 g such prob'lems cou]]d be avmded

Assuming a constant pr‘ote‘m content per unit of 'I'iver, tota'i hepatic

' -AHH actwity can be estmated by mu'ltip'lymg enzyme 1spec:1f1c actiwty by

an 1ncrea$ing linear function (F1g.,15 a,b). Total hepatic enzyme acti-

vity therefore increases linearly with both body and Tiver ‘weight.

How we)1 PPO substitutes for BP in the enzyme assay can be seen ’

by p'lot.t.inﬁBP versus PPO enzyme specific act'1' vities for, 'Ind'fv'l'dna'l fisrh:

If PPO and BP are metabolized equaTIy well by the sige enzyme or P450

'system a 11near re]atwnshw wou'ld be expectedd The curve (F1g 16)

appears to be bwhasw. it is 'Iinear up to a. specific acti\nty of approx-—
imate'ly 25 beycnd wmch ‘the PPO actnn ty seems to 1ncrease at a IL:sser |

rate
_}/

‘good correlation (Fig. 14 a,b). This “"shot-gun" scatter may be the result

L

'_ Tiver ne1_gh_t. P1ott1ng th1s est1mate agamst body or Hver we1gbt yields ‘

-,
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- ,:;_ F1g 13 Re]atwnship between 'Iwer we1ght and body weigh}: for cunners

‘ co'llected From Portu | Cove on Auguit 19 S1cspe = 0 016. =

‘Fntercept = 0. 94 orre1 atwn coefﬁcient = 0.91. (Other s

collections demons

1
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a'ted a"lsim_i.'lar ‘relationship). . ~
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o F‘Ig 14 (a) Relat1onsh1p between spec1f1c act1v1 ty (ﬂuarescence per-

m'l'ligram pr-otein) and 'Iwer we'ight for cunners co'l'lected from

Portugal Covk on August ‘19 S'Iope =.=0.67; intércept = 28.7;

“correlation coeff1cient = -0, 27 (61:‘her coi'lection$ demonstrated

+

a sinflar relat‘l onship)
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Fig. 14 (b).. Relationshi p bei__:wéen specific aci:ivity‘ (f'luoréé;cenlcqlper

miT1igran protein) and body weight for cunners coTlected from :
‘Portugal Cove on August 19 S'Ibpe' = -0.013; iﬁtércept = ”28;5;
correTation coefficient =-0.29. (Other collections demonstrated :

a similar relationship). L : _,
. . | pa ¥ * 4
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S , droxylase actwity (1wer' weight X' specif1§c act1v1ty) and 'lwer'

Ay

- wei ght for cunners, co'l'lecte& from Portuga'l Cove on August 19 o
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L
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2 1 S‘lope =, 20 1, 1ntercept =21.8; - correlatwn coeff'lcient = 0.&1

(Other c011ect1 ons demonstrated a s1mﬂar r-elaticnship]
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Fig. 15 ('b)- Re?atmnsmp betwéen estmated total aryl hy{ir'ocarbon |
'hydr‘oxy'lase act'ivity ('lwer weight x spec1f1c actwity) and body
-'we1ght for cunners coﬂected from Portuga‘l Cove on August 19
.STUpe = 322.9,‘; intercept = 42.'!,\ corre1a_t1qn coeffi__cie_nt - 0.73-.

(Other coﬁectiqns dem?mstrafed a similar reldtionf.h;b)'.

Il

1
oo

]
_ 5 3
. v U
% \1
{l
-~ = '\Ii , =
| e . " -‘} -
. “.
4
1) !‘ . :
] ; . v




o

% , ...._ ’ .
_ T T -
- } ...r4 . . .
. % J N
. ¥ . o . - ) ....
_l i i a . i 1m“
o i . e ® e y w
" ’ . ! ... @ - ..,.
e . . BN | .,
s @ - L ® _ , )
o & .i..m
- W g0 @ Y&
[ @ '
) 3 . .. . -
1 X L .
g ®
. " i R " - .
L < - . 3 - - 1
g § & & °
T ALAILIY O3S X () LHIBM. ¥3AN
. -
, e - .

B
s




] i i
' i
: A
- ra -
, . ' . , |
{ . ! g ‘.
: /_,_..1_\
. ’ ~ 3
L2 | -
! ' '
) . . i

‘Fig. 16. Relationship between:PP0 and BP -'éﬁg“tﬁ_.ivfic'act;fv'ilt'le's,-ft_}'_
. individual "curiné‘rs.l_ e Y s L A SRS S

i

»
-
A 1l 4
.
F —_—
o
#
-1
'
-
.
. - | !
’ = 1 v 3
7 ¥ i
o . o m—
- L an . L
.
. '
. [
& ¢
o - ' i
)
v .
= :
) . . ' : '
i e "
{ -
i -
E ' -
. 3
L
e s L3 ) S
" Anle i ! o - i he ;
. : . * o - p L - i
P . IS -1 TR




. _mm...n,..ﬁ‘g

B g e

v

. T

-

Lol Sl I
3 i e e S Y & ST e S

Rtiacal s N

&

OIS d8
. or

b

.'48

00l 08.

T B . N

~

g

e

[

B._ .
@

ALY 90305 0dd




-45-

Discussion

The m‘ixed function oxidase system.present's a cnmpTex, controversial
research area. In rat and rabbit liver it is fhought to consist of
cytochrame P450, ﬂADPH-;ytoéhrome P450 reduetase; and lipid, likely °
phosphatidylicholine (Fig. 17) (Ryan et al., 1975). Hydroxylatioﬂ involves
the binding of the a1iphat1c or aromatxc hkdrocarbon and oxygen to cyto-
‘chrome P450 yielding an "active oxygen“ fg{m of P450 (Goldstein et al., ‘
1974] This comp]ex then decomposes to produce an 0x1d1zed mo]ecuTe,h_ ' . ; ,

: ox1dized.P450 -and an’ equ1Va1ent of water. The comp]ete mechan1sm and 1ts | o
jcemponents when poTyaromat1é hydrocarbons are the substrates comprise
‘ _ what is known as aryl hydrocarbon hydroxylase (AHH) Hany factors such
'f_.as age, sex, spec1es thace: meta1lnetabo11sm, and ghem1ca} pretreatment e
’ have been “shown . to affect the act1vity .of mamma1ifn microsomaT enzymes

({‘.onnEy‘, 1967; - Maines and Kappas “1977). }f the AHH assay in cunners

i £

I is to-be routine]y used for monitbring aquatic-petrolehm hydrecarbons

the user must be aware of the 1nf'luence these factors' can have
. ' éex d1errences 1n hepatic drug-metaboliz1ng a?111ty are known to

occur 1n some strains of mice and gerb11s where fema?e actjv1ty is great-

er than 1n the ma]e. and in the rat wﬁere maﬁe act1v1ty is. greater (Ves-
'e11 1968; Ha1nes and Hestrall 19715 Chhabra and Fouts, 1974) “In rats
the 1gher drug-oxudizing activity 1n:the 11ver microsoma1 fraction ap-
| pears to- be due. to’an androgenic efféct as castrat1on depresses and testo—
sterone admin1stratnon enhances drug metab011sm (Murphy and Dubo1s 1958; : )

h Qu‘lnn et aI 1958 Schenkman et aZ " 1967) Admimstratwn of the .

: estrogen estradio'l, has been shown to decrease drug metabohzmg

R .. . 2 actwity (Murphy and Dub_ois, .1[958,, Qumn et al., 1958,. Inscoe and.

i i LI . QDT 14 S
kg R WA 4 e HARER i LRk e T
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17. ,The benzo[a]pyrene (ahy1 hydrocarbon) hydnoxy1ase mechan1sm.
(from Go'ldstein et at. v 1974) ]
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are’ unknown. however, in fema1e brown trout (Sa]mo tta) deve]opment o
-"of,gonads 1s known to be accompan1ed by 1ncreases 1n es adiol -and" gona- N

T_ddtropmn 1eve15 and .an 1ncrease 1n the product1on of a serum 11p1phospho-“ ¢

femqle te]eosts ‘have. substant1al p1asma Tevels of testosterone which

: i ) g o= st e [ S T L Lo cmy e
b i s 1 el ey i e i “""-:-M-*"" = ; Lagads SIS0 ¥ e heialnd et
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Axelrod, 1960). AHH sex difference in extranepatic tissues is known for ;

rat kidney where the fema1e‘has higner act;gity (Gurtoo and Parker, 1977). - |
Although earlier workers (Buhler and R;smusson, 1968; Dewaide and

Henderson, 1970;. Dewaide, 1971) could not-demonstrate'an enzymic sex
» A o N

" difference in fish, Stegeman (1977, 1978) has shown a difference to be

‘present when Fundulus heteroclitus and Salmo gairdneri are spawning. Such

a difference was a?so found in the cunner with both assay substrates

when examining both 1ab and field populations. Stegeman also found the

difference to be transient, occurring only when fish are in spawning con-
B . | - "

 dition. Hormone cycIes leading to gonadé1'devé]opnent=in~ra1nbow trout

N v

prote1n, v1te1logen1n, by the 1iver {Crim’ and Id1er, 19?8) However, the
brown trout spawns.only once per annum’ wh11e the ciunner 11ke the medaka,

Oryzias Iatipes (Br1ggs and Egamﬂ 1959. Egami and Hosokawa, 1973) spawns

repeated?y ‘aver seVera1 days Reproductive cycle endocrinology,is poorly -
2 ]

known and_what is gnown deals nmin]y-with the one-tine spéwners (Crim,

s 1

"~ 1978 personal communication) Whether this cyc1e and the hormones involved
'are ‘the. 'same in the cunner is not known Assumlng a s1m11ar ‘system in
" the cunner tEEre are many poss1bi11t1es +Q account for the sex difference

) 1n flSh The 1ncrea51ng estradio1 concentrat1on a]one cou1d depress he- -

pat1c AHH activity, or; as the hepat1c hydroxylat1on pathway degrades

_ifestradiol (McKerns, 1969) perhaps the flsh decreases hepat1c hydroxy13t1ve

j,activity to conserve energy Peter (19?8, persona1 comnun1cat1on) in .I ‘-‘ l _1

= ,

"';;re91ew1ng hormona1 1nf1uences orf annua] teleost gonadal cyc1es notes that




* apuriTs

o spawning period
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in some_spec{es may equal fhat of tﬁe males, males generally have lower
estrogen levels than females but in some species the levels are_sim11ar,
and an eetrogen seasonal cycle corré]afing with testicu]af development
is also species dependent. The productinn of v1te1109en1n is under
estrogefi control (Campbe]l and Idjer, 19765 - Crim and Id1er, 1978). As
hydroxylase aEtivity is. correlated ﬁfth the hepatic microsomal concen-
tration of prote1n and phosphol1p1ds (Cooper and Eeuer, 1972) and may be
depreESed B? unsaturated fatty ac1ds (Lang, 19?6 pussib1y vite]logen1n
-prodUCtion depresses femaJe AHH activ1ty ﬁs starvation was shown to -

depress enzyme activitJ perhaps femh]e cunners cease,jeeding during the

j" EVer, have Pbserved cunhers spawn1ng w1thin a few hours of feed1ng j*fThe .

‘ b reason for the sex difference is therefore{unc1ear and whether a spawn1ng

o

female cunner can 1nduqe as we11 as'a male is also unknobn. The experi— :

. nant determ1n1ng the amount of olixnecessany to cause 1nduct1on serves

-ie

; soma? cytochrome P450 1n ratb (Marsha11 and McLean 19?1

. - = e
G '\n..;mlu r"-‘"*“"“" . X - i

to point out that-a researcher must be aware of seasonal cycles 1n enzyme

) act1vjty in the f1§h‘spec1es-be1ng studied.

+.-Nutrition has also been fouhd to-influence a pollutant's toxicity

(reV1ewed by Campbell and Hayes 19743 Shakmah; 1974)7 Rat Tiver | ‘
benzo[a]pyrene hydroxy]ase actavity has been found to- decrease when the
anamals‘were starLed (W1ebe1 and Ge‘bo1n, 1975) The effect of. each |
nutrient class: (ze prote1n, 11p1d carhohydrate) 15 unc]ear althotigh
d1ets restr1ct1ng the 1ntake df different types of prote1n, 1nd1v1dua1

famino acids. or Tipid have resu1ted 1n 1owered Jevels of hepatic micro-

Fielding and

Hughes 1976, Truex et %; % 19??)

‘S
is 51m11ar to(that 1n mdmmals wherehy liver g1ycogen stores are f1rst »j‘ )

Green and PottIe (1973 persona1 %ummunication) how- ;

Tissue uti11zation 1n starving fish

'
!
oY P
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* used followed by protein and fat stores (Kamra, 1966;. Wilkins, 1967;
!

‘Love, 1974). 1In cod starvation decreases the concentrations of liver

!
]
{

phospholipid (Love, 1974) while increasing the levels of furan-containing

fatty acids (Gunstone and thesundera, 1976). As drug-metabolizing
ability is dependent on phosphotipid (Copper and Feuer, 1972) and the

presenco.of unsaturated fatty acids, in vivo, depresses nﬂH actﬁvtty

(Lang, 1976) either ‘of these factdrs could account for decreased AHH

4 ' - activity upon starvation. As starvation was. shown to depress cunner

S

, hqpatic AHH act1vity and a starwation effect was demonstrated by the "
change 1n Tiver somat1c 1ndex the nutr1t1ve status must be taken 1nto
account for routine assay1ng ) L ' _

As a molecu]e decreases in molecu1ar weight becomes Tess 1ontzed
. or 1ts part1tion coefficient 1ncreases, 1ts pharmaco1ogic effects tend |

to.increase (Cohn, 1972). As. petro]eum hydrocarbons are very T1poph111c,

they could be taken up by any membrane (Cohn, 1972) . o ' !
- Benzo[a]pyrene hydroxy]ase act1v1ty in the rat has been found to

vary depending on the tissue examined (Conney, 1967 “Chhabra and Fouts,'

i Bt i =

i - 1974; Gurtoo and Parker. 19?7) It is 1ocated in highest specific

f#L o rE act1vity in. the Tiver, Hlth lesser amounts found in-the: kldney, sra11

-1ntest1ne sp]een and upon 1nduct1on, can be- detected 1n the thyroid
:*,,Iung, and testis - (Cohney, 196? Gurtoo and Parker, 1977) A similar

distribut1onal pattern ex1sts in the cunner where Payne (197?. personal

conmun1cat1on) found 11ver activ1ty to be greater than kidney, and only

whEn 1nduced by crude 011 cou1d activity he detected in t1ssue from the

: :5 gi11 1ntestine, pancreas. spleen and hEart .-

. _ A hypothet1ca1 defensive pattern thereby emerges. - Hydrdcarbons._; ?

s 'whether they be 1ngested_or taken up across the~g11ls_or integumeht;'may_ ,;k
T ] ' a3 b 2

T a-—--““""""”*‘*' - vis P “\
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be biotransformed by enzymes at the site of absorption. Uptake of a .
chemical from the digestTve tract is often limited by the bu1k of the
material present, metabolism by gut flona. and the effect of digestive
processes on its molecular structure (Schanker, 1972; Williams,'1972).
If the no1ecu1es are taken up by the respinatoryﬂ as opposed to the intes-
tinal, route they will more likely be dispersed into-bodp tissues due

to the much longer circulatory pathway - unti] the blood reaches the liver,

the major b1otransformat1on site. If b1otransformed in the Tiver the

-,metab011tes w111 11ke]y be secreted 1nto the biTiary tree. stored. in
_the gal] b1adder, and eventua11y excreted into the 1ntestine for feca]
- ,.”e11m1nat10n or resorption {P1aa, 1972) Genera11y a molecu1ar weight

'greater than 300 and the presence of polar groups fac111tate b111ary

excretion but it has a1so been .found that the extent to which this . w’
excretory.route is used is Species specific {P1aa, 19?2); The other
ﬁain'excnetory route is uia the kidneyc. By this route polar molecules
having a mo1ecu1ar,weight less than 60-70,000 are readi1y_isoTated from
the.b1ood.and excreted-into thelunine (cafruny, T§72) "~ Also as enzyme
actiVIty increases -the amount of active carc1nogen produced increases :

resulting in a h1gher 1nc1dence of tumours (Kour1, 1976) Therefore

~ the route of uptake may p1ay a 1arge role in the- rate[of uptake and

.-

excret1on

. For both practica1 and physica1 reasons 1t is notadoss1ble to com-

-p]ete]y iso]ate and expose these routes of uptake to see 1f there- is a

measurab1e effect on hepatic AHH The most common oi] exposure mode .

.is by Surface s]ick which wou]d expose ma1n1y g111. though also gut,.

membranes to. hydrocarbons Ag1tatlon of a slick can generate bal]s of :

R 011 which may be ﬂngested on the pretense of he1ng food Be1ng a.SaIt,

S e ptem————
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water fish the cunner drinks sea water to facilitate‘osmofegulatiOn,

hence may ingest -some of the 0il's water soluble fraction. rpirect'

1 - exposure otlgut"membnanes to hydrocarbons could therefore'increase he-

’ patic AHH activity. There may also t_)e_. a food clhai'n effect whereby
ingestion of-ot] contaminated food could release hydrocarbons into the
Qut increasing hepatic AHH QIThrough the experiments'carried'out exposing
cunners to oil. v%a surface slick, oil 1ntroduced directly into the gut, |

: and 0il contaminated food AHH activity wps shown to ‘increase. Examina~- _ .'"f_h

tion of ma1e vérsus femaIe act1v1t1e§ CDuld not demonstrate a sex d1f~

|ferenCe 'in hydrﬁcarbon rnetabo'l'ism The 1nduct1on/de—1nduct10n expeif’iment ;3

- f I demonstrated that tunner AHH- can be induced with1n twenty-four hours.‘the : ;r |

| ‘induced -S:tét'e “Qma""s ag’ 'long as oﬂ 1s present, and that de 'lnductwn | ' ;
s qtn te rap1d occurrmg mthm a week In the fie'ld Kur"elec et P

] . (1977) showed hepatic 1nduction took about three days 1n B1enn1us pavo

when the water was saturatéd with' D1ese1 2 oil and pers1sted at an 1nduced

activity 1eve1 as 1ong as oil was present

i . " The ﬂgt11u force-fEed1ng exper1ment'was particularly 1nterest1ng
1 as this bivalve is a natural food of the canner (Chao, 1973, | Shurrmay

and St1ckney, 19?5) As. feedmg oﬂ contaminated Mgtﬂu which belng

vb'lva'lves do not possess AHH, to cunners 1nduces th’eir hepat1c AHH more-

» carcinogens cou1d be activated increasing tunour 1ncidence._ It 15 also-

\

% 1nterestlng to note that the cunner has an abnormm11y h1gh 1nc1dence of -
Y o IF g
- -oral tumours and the1r 1nt1dence has been proposed as an: 1nd1cator of

'po11dted waters (Harshbarger et aZ., 19?6) g
'_ _ Due to the number of factors wh1ch can affect microsomal enzyme
r_ '<?7 ell ‘ act1V1ty. espec1a1ly that of the female, Maze] (1972) reconmends us1ng

;:animais of;the same age and weight and to standard1ze, as much as possible,

mmnf'-‘**“““‘”’_"" G
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- i_on rat/ﬂHH that many factors can 1nf1uence 1ts activaty.
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the cond1t1ons under which they are kept in order to’make results as
comparabie as possub1e Although an effect’ due :to we1ght (hence age) ,
was not shown bere, taking such parameters into. considerat1on may be
worthwhi]e. -Aithough,for laboratory work a sze-rangelof fish coqu be
‘ -chosen,' such se'tection in the"’ fie;Id rnay not be posstb]e -However:,' 11"' :
the apparatus and techniques utiIized here were used routineiy standard-
1zing~the amount of 11ver homogentzed from a selected size_range of fish

: Iwoon be desirab1e both with regard to procedural workup and the assay s

[ .-

1.enzyme k1net1cs Though PPU 1s non-carcinogen1c 1t 15 an adequate sub-t.'~

’ -stitute for BP only up to a spec1fic actTV1ty ot approximate1y 25 beyond

“y;WhiCh BP measured enhanced activity 1s not para11e1ed by PPD This suggests .‘:"‘ |

"J"*nthe presence of two enzymes or mu1t1p1e P450's, as found 1n the rabbwt

":;and rat (Guenger1ch 19?7), whach may vary wwth regard to substrate
' _— "‘..-..bu

_spec1f1c1ty "-‘ oL ff;; 'ffi'“ T ‘*i';,-
— - De5p1te aryl hydrocarbon hydroxy]ase having been demonstrated in

* -u_the f1e1d to be a useful mon1tor for aqnat1c petro1eum hydrocarbons

-

(ﬂ1th regard to

:'the cunner tyo such factors a}e the 1nd1V1dua1 5 sex-and nutr1t1ona1 health

' f.As in’ th1s species ma1es are ternntoria] they may not be read11y captured

T'-f-hegce a: co]1ection s sex’ ratio may be’ b1ased toward females whpse activ1ty

l'is markedty depressed during the spawning season Record1ng lxver somatic

' “1ndex is 1mportant as d1screpancies 1n act1vity between‘e011ection sites

'71may then be 1nd1cated on a nutr1tlona1 ba51s As cunners moue to over- --7 v,

I.

jwinter1ng sites once the water temperature approaches 5 C and remain torpTd
. 4‘7"_-

':yfat these sites through the w1nter (Green and Farwel] 1971] their use- ¥

& fu1nESs as an 1nd1cator spec1es, 1n Newfoundland may be 11m1ted dur1ng

vl & g 4 Ry Tt " ."- o= -
e S - ,"'. oL -5 P - it
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the w1nter due to the difficu1ty ofacapture and Iack of know]edge of
-1nduct1on under colder cond1t1ens.‘ For the rest of thevyear the cunner
is” abundant, read11y captured in- s1zeab1e numbers, and 1ts hard1ness
,  makes it a conven1ent research~species. A]so be1ng a shOre f?sh which
5homes and’ whose ma1es are territoria] add—to this spec1es attrihutes
'_as an 1nd1cator of locaT po11u?10n._ Another restrict1on on AHH utility

; may be the 1nf1uenqe on a&tivify by other po11ptants., A]tﬁbugh hepatit

é%%fg 1 DDT, and Aroc10r IOIG EPayne 1975) such screen1ng has not been

..... N

LHH ::E_vity in trout‘has been shown to not be inf1uenced by Fenitrothion,:_wij;i$T' ‘

done f% the cunner. Hhen the sex and nutrition factors are accnunted for, ; :Zt;-f.-

1nductien of AHH occurred equa1]y well ié both sexes when 011 was pre-

Jsented to the fish V1a surface slick,uinaect1on diTectly 1nte the gut, ;;:'
and in the food Providing such facto;e-as sex, nutr1t1on. and other 5:
g po]1utants are prOVen to have a small: 1nf1uence on act1V1ty 1n cqma':.f
' .partson to the petro1eum hydrocarbon induct1on, aryl hydroéarbon : .
'-hydroxy]ase 15 a. reasonable 1nd1cator for monltoring the presence ofi‘

R S _._;.-. > gy
ol L ‘( .’

1l_petr01eum hydrocarbons. ::. ::5. ‘di'.,f_;f N R
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