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ABSTRACT

The Effects. of Sublethal Pentachlorophenal
' Exposure on Reproduction in .
-Rainbow Trout ( Salmo gairdneri ). ;

¥ ) ‘

\ James Joseph Nagler

~

t

Rainbow trout ( Salmo gairdneri ) were exposed to

sublethal levels of pentachlorophenol (PCP) and the effects A !

upon oocyte development in the ovary were assessed. A

*

significant inéteasedin atresia among the Stage 2 oocytes ) , ] R
(Balbiani stage) was recordednafger an 18-day expoéure of* .
maturing female fish to 22 and 49 ug PCP/L during July. The
- number of vdable_Stage 2 oocytes were fedgced to 52% and 19%
at 22 and 49 ug Pcb/ﬂ’respectively relative to the controls,
thus significantly reducing the number of oocytes available
to complete odgenesis.,Thi§ study indicates that %tage'Z‘
oocytes are gighly sensitiv% to sublethal PCP during éarly
summer, o | ’ -

The effect of sublethal PCP on exogenous yolk

» . K =,
"

precursors (vitellogenin) formed.in the liver was” o
i;vestigaged in‘both mature natufally rep:oducing‘femalg
fainbow'trout and in a model system in ‘which exogenous yolk .
. was'attificially induéed in.immature‘tainﬁoﬁ trout by |
estradiol (E2) injection. Changes ih‘exogenous yolk were - ‘
measured'indirectly by total serum phosphoprotein phbsphorus

(SPP) and°total serum calcium (SCa) or di:gptly utilizing a »

i o :
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_ occurred when levels of SPP and SCa were gbove 240 ug P/ml

-
rédioimmunoasséy for Gitellogenin (Vg).

A sxgnlflcant deé:ease in exogeno?s yolk was :ecorded
in the serum of 1mmature rainbow trout\Freated with 10 ug E2

after 19 .days exposure to )25 ug PCP/L his reductlon

-

¥

and 32 mg Ca/10@0 ml respectively. Mature naturally

‘teézoducing female fish exposed for 18 dayé to 25 ug.?CP/L

showed a similar trend to that observed in the model but
' q

levels of §PP and SCa in PCP exposed fish were not

——

signlfxcantly different from the controls. In the model

[O—

system, the weight of the fish and the.E2 dose used .

significan;lyhaltered the response of the fish to the

»

toxicant. Collectively tesults from the exogenous yolk

experiments suggest that SPP and SCa are more critically

~

affected by sublethal PCP exposure when levels of these

exogenous yolk precursors are high in the serum than when

o

they are low. ' B

This study‘demonstrates for the first time a -high
. » N - «
correlation between the indirect indicators SPP ad SGa with,

vitellogenin. Predictive regression equationsﬂwére developed

from the data which permitted estimation of &itéliogbgin

levels from SPP and SCa in the range of 4 - 22 m§ Vd?ﬂl for

‘B2 treated immature rainbow troyt. o H
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INTRODUCTION ' - - a

- [N

. Pentaéhlorophénol belongs to the chlorophenol group of

chemicals which are widely known and utilized extensively

fg;.a var@efy of biocidal purposes in North America.

Canada's current annual gonsumption of pentachlorophenol

(PCP) 1is %j;%mated at 20,0900 tonnes.(N§EC,1982), while in

excess of 36,000 tonnes are used each year in the United

_States "(Cirelli,1978). The .forest-products industry ‘consumes

more Ehan SQ% of a}l PCP as a wood pfeservative in wood
treatment procésses and as~a slimicide‘in pulp and paper
mills (Hooé,l978). It is now being testea as\a component for
drilring fluids in ocean petrb%éum exploratioh (Wiliiams,‘
1982). Due to its general b}ocidal chgracteristfcs PCP isa
also .incorporated into a wide range of domestic products.
wﬁere fungicide, insecticide or herbiéi al qualities are

required (Bevenue and Beckman,1967).
“ )J ~

Pentachlérophenol enters the aquatic .ecosystem

© primarily through effluent discharges of the user

industries. It has .a relatively short residence time in the .

o

water, 24 hours, whgrb it is photolysed, but may remain in

bottomesediments bound to brgénrc matter for periods up to

-

one year (Pierce et al., 1977). In biological tissue PCP is

a persistant chemical since it contains five chlorine atoms
- .

on a phenol ring. A log octanol/ water partitidp,coefficient

of 5.81 (Williams,1982) makes PCP very lipophi¥ic and it has

*®

‘

*



1965). Studies have determined that one mole of PCP

” A

A\ 1
&
M

been found to bioaccumufate in aquatic organisms ‘and may
biomaQnif} thgoughathe food ch;in (N?CC,1985); The
chloropﬁénols,'especially éhe commercial fofmprations, are
f:;quently contaﬁinatéd.with up to 5% ‘polychlorinated
dibenzodio#ins and dibenzofurans (Nilsson'et al.,1978 and

Williams,1982). These compounds, particulatly the tetra-

¢

' chlorpdibénzodioxihs are among the most toxic chemicals.

4,

known. Based on the wide use of PCP it may 'represent a major

source of dioxin input-into the environment .(NRCC,1982). ~

*

As an aquatic pollutant PCP is very toxic to fish at

low levels- and fish kills due toipccidedgél PCP spills have

-

beeh,ré?%rted (Pierce et a1%,1977). The reported acute

-

lethal 96 --hour LCS5@ varies between the 'salmonids at 68 ug

PCP/L and the guppy ( Lebistes reticulatus ) at 2 mg PCP/L

(NRCC,1982). At lethal concentrations the pesticide inhibits

[ s *

oxidative phosphbrylatioﬁ in the mitochondria. Penta- '

chlorophénol tends to bind very strongly to mitoghondrial

protein and mitochondria will accummulate this chemical and

qoncentraie it by a factor of 150 (Weinbach and Garbus,

— “

'undoyples one, functional. ATP production site containing four

moles df'ATP'(NRCC,1982). In effect it stops energy supply

to -the cell. Death rapidly results yhen toxic levels are
,Af - ’ ‘ e 'u ‘
reached in life supporting tissues after sufficient poison n
- . . \

has accumulated.

" The sublé}hal thicitj of PCP has been examined in

- s




growth rates and yolk sac reabsorption efficiency. The

teleost fish and'detrimantal effects on bjoenergetics .
(Krueger et‘al.,19§8)} metabol:sm_(ﬂol&be:g'et al,,1972,
Bostrom and Johansson,1972, Chapman‘andlShumway,1978, and
Dalela et al., 1988), histological changes in the liver (Owen
’

and Rosso,1981), food conversion efficency (Webb and Brett,

1973) and growth (Crandall and Goodnight, 1962, Chapman 1969, .

-y

_Hodson and Blunt, 1981, Holcombe'et al.,1982 and Dominguez

and Chapman,1984)'havé been recorded. The'toxicofogy of C e

’

sublethal PCP on' reproduction is restricted to effects on

early %ifé history stages. Hodson and Blunt (1981) found
eggs of rainbow trout ( Salmo gairdneri ).chronically

, - s .
exposed to PCP from fertilization to hatch' to have elevated

"mortaligy and‘zeauceg weight 4t hatch. Continued exposure

o

after hatch significantly incteased mortality, reduced

estimated_threshold concentration of 16 ug PCP/L produced
' 1]
the overall effect of a large reduction in biomass’of-the

total population up to the fourth weék of exogenous feeding.

"In a similar. study using steelhead trout Dominguez and

R <
Chapman (1984) determined thresholds of 34 ug PCP/L for

embryo mortality and 19 ug PCP/L for Yyolk sac larvae

.

1 ‘
mortality and growth. Exposure of early life history stages

of'cainbow trout to sublethal PCP concéntratiohs as low as

[

16 ug PCP/L could reduce the number of viable fish maturxng.
b
There is no 1nformation on the sublethal effects of PCcP

involving reproduction in maturing or "adult rainbow trout.

b

Y
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.Rainbow trout will concentrate waterborne PCP’3§ very

-

low levels .(ng/L) (Niimi and Mc¢Fadden,1982), Fish exgosed to.
sublethal PCP rapidly absorb it’ and most body tissues reach

steady state levels within 24 hours (Kobayashi,1978). The
mode of action at sublethal levels is uncoupling of

.

oxidative éhdsphotylation (Weinbach,1956) producing low
concentratioué of ATP and elevated levels of adenosine
diphosphate (ADP)raﬁd adenosine monophosphate (AMP).
(Stoqkdale and Selwyn,1971). This uncoupling prevents .the

capture of the free energy'reléased in electron. transport

-

and cellular-ﬁequirements for oxygen increase. A state of

‘

hypetmetabolism occurs and lipid reserves are oxidized to
malntaln energy levels,

At sublethal levels PCP can be metabol1zed by ralnbow

i s

trout primarily in the liver” (Glxckman et al.,1977 and Lech®

et al.,l978). The main metabolxte is pentachlorophenyl ~-beta

-glucurdnlde\(Fxgmre 1) which is accummulated ‘'in the gall
bladder. This qiueuronic acié conjugate, a }esult of Phase 2
biotransformafioe, is an organxc enxon and is act1ve1y
concentrated by .the b111ary anionic' transport system, The
biliazy route .is -used for elimxnatlon of this conjugated PCP
‘fqtm. A secondafy metabolite fs free-PCP which is present in
the blood at 104 levels, and is effectiveiy removed acroes
the gil‘l" membza%ne (Kobayashi,1978). _‘
.Rainbow ttout generally mature at two years of age

,although some females do not bzeed until their. thlrd year

—— = e — D e T L
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Figure 1 : The formatlon of the primary metabolite *
pentachlorophenyl beta -.glucuronide by
. Phasge 2 bxo{:tansformatwn during penta-
: chlorophenol metabolism in rainbow trout |
A (Kobayashi, 1978) . -
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(s¢ott and Sumpter,1983a). Once mature they have an annual

- reproductive rhythm‘synchrbnized by environmental factors

chiefly‘photoperiod, temperature aﬁaﬁfood‘availability (de

Vliaming,1974.). Actively reproducing matugé females can be
classed throughout the‘yéar into four physiological stages
iI previtellogenesis 2) endogenous vitellogenesis 3)
exogenous vitellaogenesis and 4) 'ovulatilon and spawning'(&qn
Bohemen et al.,1981). They are seasonal breeders that may
';pawn three or more consecutive years.

The period of exogenous vitellogenesis entails the

t

ovarian accummulation of yolk protein derived from the
liver. Es;gogens} of which estradiol is the most potent
(Sundararaj and Nath,i981 and van Bohemen et al.{l982), are
released from the ovarian fqllicles and induce the hepatic

synthesis of a calcium binding glycolipophosphoprotein

- r

(Em&ersen and‘Petersen,1976 and Hori et al.,1979). This
female }pecific piasmg protein called viteliogenin_is
rapidly produFed and released into the circulation'in Egrge
amounts (Sundararaj and Nath,1981) where it is actively
sequéstered by mic:op;?oﬁﬁtqtic activity at the oocyte
surface (Droller and Roth,1966), Vitellogenin is
incorporated intg the developing oocyte as Ehé yolk-pfoteins
lipovitellin and phosvitin (Ng and Idler,1983). The process
of vitellogenesis is a universal phenomenon in noamammalian
vertebrates and is well established in birds and amphibians

1Follet and Redshaw, 1974). Although the contribution of ’

1




vitellogenin to the overall quantity of ovarian yolk has not

. e .

“been measured in teleost fish, studigs on the toad 4
. .

- . ~ .
( Xenopus laevis ) have .indicated greater than 99% of yolk

pfotein is derivéd from vitellogenin (Wallace and
Bergink,1974) . - .

Exogenous yolk production can be induced in immature
(Elliott et al.,1979), male (Efmersen et al.,1979) and

non-vitellogenic female teleost fish (Bailey,1957) by

éh&fadiol treatment. Chardcteristically theﬁlivé{\ﬁgiiktw//

v 4

(van Bohemen et al;,19&2), plasma célbium and. phosphoprotein
phosphorus all inprease (Elliott et 41.,1979) apd‘ .
vitellogenin appears in the bl@od within days (Idler and
Campbell,}QBG{. Plasma phosphoprotein phosphorus and calcium
are often used as indirect indicators of vitellogenin in
expefimentally or naturally induced fish (Emmersen and
Petersen,1976, wnitéhead et al.,1978, Elliott et al.,1979
and Tinsley,1985). The vitellogenin induce@;by E2 in non-
vitelloéenic females is net removed from the plood by the
ovary presamably due to the lack of prope; endocrine priming
and elevate§ plasma levels will persist in-both sexes for
A weeks (Sundararaj and ﬁathﬁl981 aﬁﬁ Hori et .al.,1979).

The'déveiépment of the femalé gametes or oogenesis is a
proéess,of differentiation and growth of Bogonia to mature
ooc;tes (Nagahama,1983). The various oocyte stages in thb

rainbow trout have been classified on the basis of

morphological and/or functional criteria seen at the light

‘) ’




. ceffects of sublethal PCP on oogene51s in maturing female

microscope level (Yamamoto et al.,1965, Beams and -

. Kessel, 1973, Lesniak,1977 and van den Hurk and Peute,1979). -

3

Oogenesis initially starts witﬂ a primary growth phase
involving oogonial proliferatiop into eaxiy stage oocytes ?b
to the point of yolk deposition. A cytoplasmic feature-of
these early stage‘OOCtyes is the Balbiani body (Beams and
Kessel, 1975).;Thé secondary‘oocygé gtéwéh,phase where large
amounts of yolk is accummulated in the ooplasm finishes with /
’$atutq‘§on of the eggs which are then ready for spawning.

| Atresia or ovarian folllcular degenezatlon can occur at
any oocyte stage‘durlng Qogenes;s. Tt is found as pre- ' , '@

ovulatory or post—ovdlatory forms with or without phagpcytib

involvement (Lesniak,1977). During pre—ovulatary atresia the-

‘follicular cells usually hypertrophy, absorb the oocyte
lcontents;and collapse ‘into an if;egular mass (Kﬁoo,1975). '
Although this is a very-common.feature of the teleost ovary
(Ball,}960) it ma; be enhanced by environmental é&ress‘(de
Vlaming,1983) or pollutants (.Le.s'niak and Ruby,1982). .-
The primary objectivés of this research were 1)‘to o
examine the effec£ of suble;hal.Péé exposure on. exogenous

vitellogenesis in rainbow trout and 2) to deternine any /é//i

2

, rainbow trout. T ‘ o,

To stuéy the consequencés of sublethal PCP exposure on
‘ “ T o
exogenous vitellogenesis two approaches were takén. 1) 'An
A4 N

experimental model was used whereby 1mmature rainbow trout

LY

y




‘ . ' . | ] | | ‘.
:.’ . | \4 | . ‘ . e

7

are freated.with E2 to artifically induce Witellogenin

production. The effect of sublethal BCP #n exggenous yolk -
; ‘ production was mea;;rgd using the .levels of total ;erum

/ ‘ phosphog:oteinAphosgﬁgfus and total serum Falc}um. The‘

factors of° E2 dose and{ fish weight were cbnsidezéd as . \.
. it - :

-~
modifiers of SBP, SCa and hepatosomatic index levels in E2

treated immature rainbow trout. The validity of using SPP

'

—————
t 0

and SCa as indirect indicators of vitellegenin was also

examined. 2) Then, mature naturally vitellogenjc female

A

. rainbow trout were exposed to sublethal PCP. This was used
to determine effects on the naturally induced levels of SPP“
and SCa and serve as a comparison to the results obtained,

. from the experihentél yoik induction model. | aff ‘

"

The second objective of this study was to examine the
- {

histological effects of sublethal -PCP on oogenesis in female

; - \ , £ ,
rainbow trout maturing for the first time. Fish were
dhronicélly exposed at two different times of the year to
sublethal PCP. The quantitative effects involving oocyte

1

atresia and oocyte growth were recorded. . '
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MATERIALSA\AND METHODS - : ' ‘ <r
O

’ 1. MATERIALS ’
“ ) . , {f .

i) Test Organisms ‘m

X

Immature (15 - 120g) -and mature‘ (400 - éﬁ@g) rainbow

. { .
trout ( Salmo gairdneri " Richardson ). were-obtained from La

. \ . \ e
Pisciculture Mont Sutton,- RR#1 Sutton, Quebec. They were

received in aerated pond water at ambient temperature and
transferred‘to the holding facilities of the Water Pollution
;o Research Laboratory, Concét&iﬁ University. The gimmature figh
were placed in 175 1itré (L) and the mature fish in 620 L
Arectangula; fibreglass bolding tanks. The holding tanks were

x

. (ﬁ_tgupplied with a continuous flow of decﬁlorinated City of =
- N s N .
’ Montrea.l water (activated charcoal filter) at 12 +/- 1 °Cs
o : >
providing > 99% replacement in four hours (Sprague,1973).

Each‘tank was supplied with compresged\afr aeration apd

] Jovered with a fibreglass lid. A photoperiod of l?-hour
light : 12-hour aark'was controlled by an autématic timer
clock. The fish, depending on.tﬁeir length, weréﬁféd an
app;ép;iate sige/dry‘pelletedﬁt;;:t food (Table 1) ad
libitum every morning. The fish remained .in the holding
facifities for at léast one month before experimental use.

. During the holding period morEality,was always < i%f

¢ . o .

) - 10 Con . ; K

PN
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‘ ' Table 1 : The 'analysis of dry pelleted trout food.
n" . | ) . D' ~& s . >
. ) ~ . } v Y
) B b
' Grower Pellets For Salmonids< .
Martin's 83G | .
’ ") o -
[ _ ! . Martin's Feed Mills Ltd. . -
, ¢ L
i .
& L ‘ w» - Elmira, Ontatio. .
-g; ! ¢
r\ ' ' " Crude protein (min,) - 40.0 % .°
; Crude fat (min.) -~ 10.0% =
| . . . . R .
oo 7 Crude fibre /fgax.) - 3.0 %
: Vitamin A" (min.) - 758@ i.u./kg
Vithmin D'?» (min.) - 3066 i.u./kg
. " Vitppin E (min.) - 100 i.u./kg
‘. ‘I‘ - tt/».n . . -
< _Ascdrbic Acid' (min.), - - 808@ mg/kg
.‘*\ < .’ ' . Q
\ L™ - S
. ¥
- e W " / -
. ' . 11 )
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Eaboratory water entered the test tanks from a common

" ‘measured wifh a,D.0. probe (Yellow Springs Instrument

%

. Ay
»

ii) Experimental Apparatus

-

Y ’ ; ‘
The test apparatus consisted of a series of four

» .

kranéigcent/QSQ L rectangular polyethylene tanks painted

‘fblack on'the outside, with a cover of similar material. The

n

¥

aerated head tank via PVC pipé through graduated flowmeters
‘(Manostat “Corp., New York) delivering 2 L/minute (90%

replacement every %ix hours). The water left the test tanks *

T

' LN
through a standpipe at the ‘end opposite water entry.
The physico-chemical chargcteristiéé of the laboratory/

water during the experimental periods is reported in Table

-

2. Wateq/temperature was recorded aaily in the head tank

with a tempetature probe (Yellow Springs Instrument Co.,

®

" ohio) and/or mercury thermometef. Dissolved oxygen was °

8 -

'

Co.,0hic) an H with a combination glass calomel electrng

’%RCanlab) iﬁ the head tank every four days throughout the

~

éxéerimentalfperiods. To prevent.photodegradation,
pentaéhiorophenol (PCP) solutions were siphoned out of light
shrouded Mariotte bottles (Leduc,1966) using .58 mm |

Lntramédicupolyethyiene tubing'(Clay‘Adams), mixing directly

/

with the laboratory water eﬁferiqg the test tanks. Liéhting
¢ -

was provided by overhead 4@-watt ‘fluorescent tubes (warm

&hite, Westinghouse) controlled by an automatic timer clock | \

, A .

to crﬁfte a l2-hour light : 12-hour dark photoperiod. The
— - : L}

/

4 , -

t . . ”’2

~




13

- - - v -« .. - h «
E o S : - - AR
’o A o - ; . < . . - - . *
- - - t- : ) ’ i ’
. . o N - - N
- ) .- - . . . . .
" P ./ \n\\l, ‘- ~ - -7 I R v ,
. ’ .mvonumm. aou:wﬁauwmxm ayl butranp . . 2 -7 '
123em Liojezoqe] 3jo mUHMwaumuOMHmcu Amanwco - Ooﬂmhnm P 7 21Qqel .
« / . ~ . : - . - -~
- . - N R a . 'y
y i L e -
e ‘ - -
- . TUCTETATQ SYIOMIDIEM ‘BDTIAIIS SNIOBM O1Tqnd “T1earluol Jo L31D ayy Kq papraoid suesaw Aiyjuowm - ®
. ) N » .mlo - v
- ° " ) ) - ' : i .
T°8 -/+ B 01 z°0 -/+ 8°11 ¥a'p -/+ 6%°L S8 ’ 82T ¥861°22qWadad °9
- - . - . l : ) . }
£€°8 -/+ T°0t . g8°p ~/+ 8°21 68°8 -/+ 9¥°L S . re 521 T y861‘A1nr G
- b - i . .
£°8 </+ ¥v'o1 L8 -/+ B'Z1 2e°e ~/+ L27L ve ’ 9Z1 ) ¥g61‘aunrc ¢
2°8 -/+ L°81 - £E°0-—/+ 5°21 - P19 -/+ -S9°¢L ’ -88 ’ 6ZT ¥B6T‘YoIew °g’
' “ . .
Z°0 -/+ L'B1 €9 \l\.v LA ¢ 98P ~/+ BS°L ’ €8 [ TAN £861‘32qWasag g - -
- M .2 WJ 2
. . . . .
z°0 -/+ 8°01 8°T ~/+ 8°21 <8 0 -/+ hh.,n 1 4:] wNA. tg61‘aunr 1 T
- » ‘. - * ﬂ\ . . Y '
‘ - B ’
o - : .
(as -/+ X . as </« X)) tas ~/+ X ) € . - ) e
{ /6wy (Do) - e en se 1/Bw ) e(*oded se /6w ) Spot1134d
uahfx0 paAal1ossiQ wn:uMuva«a. -l Hd ) « >:c.:3:< SSauUpIeH 1PI0L 1e3juswtaadxgy
¢ L ‘ - /r % N . > -
s ~ 3 -
. . - . }
- ® . *
L ‘. - ‘ N
- « . ¥
; \ . « ] . .
- . ‘ ~
a - : ., — "
o - .¢ N .
. : ﬁ & o : . - ~
B T . " -



|\

‘.

~a

f . .

' . .

' whole apparatus was éhielded from exteinal:qiséurbances‘by a

5 . ¥

dark ‘black pléstjq‘curtain.

+

2, METHODS
‘v a

I all exgeriments the fish were randomized into the
test ‘tanks to gcclimate at least two-weeks before Y

experimentation. A twenty fish subsample was wéighéd at the
beginning of the -acclimation period to determine the feeding

ration per tank. Thrqughéut‘fhé experiments the fish were .
fed a size specific dry pelleted trout food (Table 1) at
2,8% wet body weight ever§'mqrning. The fish were not fed’

]

the day prior to'ény sampling and the rétion~§djustea per *

tank after 'fish 'were removed. The test tanks were cleaned

e ~

with a siphon once each week.

i) Toxicant Preparation ‘and Measurement

. , PO

a

The toxicant employed was pentachloreophenol (99+%

PCP,Sigma) which was reéfystallizéd once in pure methanol

(Fisher,pesticide residue grade) to remove impurities. A
. ! L, . - . . L}
chromatogram of the purified PCP is shown in Figure 2. The

concentrations of chloripated dibenzofurans and
diﬁenzod@oxins found as'contamingnts in the PCP afﬁex-

purification .is given in Table 3 (Nowva Labs, Montreal).
. . A

&

-;;he PCP tést solutions werg‘piepared by dissolving"

. . 2
-
v . @ ‘
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Chtomatogtamsof purlfied pentachlorophenol

. used in toxicology experiments. The lindane

(hexachlorobenzene) added.to the solvent _
hexane was used in the extraction procedure
as an internal - 'standard. ’
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16

o

wefqheé amounts of ?CR in sodium hydroxide (NaOH) (1.0 ml
@.36 M NaOH/5 mg ,PCP) whicﬂ was made up to 18 L with
distilleé water in glass Mariotte bottles, The
concentrations,thué produéed were diluted wfth laboratory

water (2 L/minute) before entering the test tanks .to provide

" nominal levels of 12.5, 25.0 or 5¢.6 ug PCP/L. The nominal 3

\
and measured PCR concentrations in the test tanks during the

experimental périods are given in Table 4.

!
~

i ! -

The concentration of PCP in the test tank water was
monitored every two days during the exposure periods. The
water concentratlon D PCP was determined following the

proceqpre of Chau and Coburg (l§74) with some modifications.

. . | : '
Basically PCP in'a sample of test tank water 1s converted to

—~—_
~ PCP-acetate by the add/xlon of acetic anhydrlde in the

presence 05 ‘a bastﬁ’aedlum and extracted into hexane. The
hexane ex{ract-is separated from the water and analyzed by
electron cégtq;eﬁgas chromatography. Test tank water Samples
(208 ml)kwer;'collectgd in-glass stoppered Erlenmeyer flasks
(previously washed with hot water and Isocl?anTM (Mandel
Scientific}, rinsed with acetone and dried). To each fiask
the following'reagents were added in succession : 1) 1.38 g
potassium carbonate (Fisher,reage;t grade).‘Z) 1 ml acetic
anhydride (Fisher,reagent grade) which was redistilled three
times beforehand'in an all glass systém until the reagent

blank showed no impurities on the gas chromatograph (GC). 3)

10 ml hexane (Fisher,pesticide residue grade) that contained

N
v
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Table 3 : The concentrations of chlorinated dibenzofurans
and dibenzodioxins in purified pentachlorophenol
used in toxicology experiments.

d

- Compound ' - Concentration
-+ {ug/gm PCP)

.

Pentachlorodibenzofurans - . 0.014

Pentachlorodiben?odioxins | 'N.D,
ﬂexachlorodibeézofurans : B.20

L Hexachlorodibenzodioxins . N.D.
Heptachlorodibenzofu;aq& o i | B.72

‘ Heptachlorodibenzodioxins ‘ 2.02

’ Octachlorbdibeh;oﬂutan ' -, B.68
’ Octéchlorodibenzodioxin | 4072

ﬂ | (thal A 8.36 ug
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was added to the mixture and it was stirred

0.5 mg/L hexachlorobenzene used as an internal standard with .

which .to measure extraction losses. A teflon stirring bar

at moderate
3

-

]

speed for at least one hour. The hexane iayer was sepagﬁtéq
and 2,0 ul quantities injeéted into a Perkin-Elmer Model
Sigma 4B gas chromatograph equipped with a 63 Ni electron
capture detector: The GC used a 6' X 1/4" o.d. glass column
packed with 3.6% Ov-1@¢1, 'S% OV-210 on 8@—19ﬂ mesh chromosorb
Q, acid washed an& DMCS treated. The operating conditions
were iﬁjecfor 300°C, column ZIGDC, deteétor|3ﬂG°C with a -
carrier gas of nitrogen or PS5 at 6@ ml/minut . Data was
collected on a Perkin-Elmer Sigme 1@ integrAtot inﬁeffaced
with the GC. ' ' :

The unknowns were compared with equal volumes of '
PCP-acetate standard dis;olved in hexane. This standard w;s
prep&fed by dissolving 18 g (0.04 mole) of purified’PCP in
25 ml Pytidine (fisher,rquent), adding 100 g (8.28 mole)
acetic anhyride and the mixture maintained at '12@°C in an

oil bath for 45 minutes. The product was cooled, diluted

with 200 ml distilled water and extracﬁed three times with

100 ml portions of benzene (Fisher,pesticide residue grade);

The pombined benzene extracts were washed with 200 ml 5%

(w/v) NaOH and dried over anﬁ}dious sodium sulfate (Fisher,

1]

reagent). The benzene extract was evaporated to get solid

'
\

. PCP-acetate which was recrystallized three times from 'hexane

to-obtain pure white crystals (m.p. 156-152°C) that gave.a ?///

i
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single peak in the GC.
! 2
ii) Estradiol Treatment
fﬁpx?w( The experiments involving estradiol (E2) treatment of

immature rainbow trout Jdtilized crystalline beta-estradipl-

)

suspended in

[

3-benzoate (Sigma). The E2 was dissolved and
. v

peanut oil (Sigma) by mechanigal stirring €or at least 24

. hours prior to use. Previous studies indicate that the

peanut o0il carrier has no effect on the parameters under

study (Cyr,1984). The fish chosen for E2 treatment were

removed- and placed in 36@ L tanks provided with a continuous

@

flow of 1laboratory water in a room eqdipped with red
fluqrescené,lighting (40—wat€,$y1vanfa) to minimize'stress.
The fish were‘individually anaesthetized in a qeparaﬁe
container with #.4 mg/L 2-phenoxyethanol (Sigma}, blotted
dry aﬁd‘weigﬁed to determine the appropriate E2 dosage. They
were giéenf§i§b.ul'intrapgritoneal (i.p.) injeétion of 2.5
or 5.9 ug EZ)g'bet body weight on the midline of the belly

behind the pectoral fins. A 5¢ ul glass syringe (Hamilton)

.

| with a dispoéable }6G 13mm Yale needle (Becton-Dickinson)
was slowly ifiserted on an angle toward the posterior of the
fish to deliver the E2 solution. The E2 treated fish were

immediately placed in“a recovery tank for 2 hours before

being returned to the test tanks.
’ 4




iii) Tlssue Sampling - ) : .

o

. ’ v L4
On the morning of specific sampling days five immature

fish were removed from each tank, killed by a blow to the

[N

head, blotted dry and weighed to the neérest qmﬂl g; The
mature fish were handled identically ex¢ept'that they wete
anaesthetized (6.4 mg/L 2—§henoxyethanoi) upon removal/ftom
the test tanks. Blood was c llepted,ih soéium citrate {25%
w/v,Fisher) rxnsed 1 cc tub line syringés (Becton-

T,

Dickinson) following caudal severence. The whole blood.was

v

placed in 1.5 ml plastic micro-centrifuge tubes'(SarstédH

oM crushed ice for no longeﬂ than three hours. The clotted

.
)

blocod was subseguently centrlfuqed at 12,800 g for 3
minutes, the serum decanted into clean 1.5 ml plastxc mlcro—
centrifuge tubes, sealed and quickly frozen in Tiquid
hitrogen. Thg'tubes were stored at.-SBOC until requ{red tof
Serum analysis. ‘

7 The fish were opened-mid—;gntrally and the liver (gall
bladder excised) and the gbqads removed and weighed to 'the
nearest’ﬂ.ﬂl g.'The liver weight’wés used with the body

-~

weight in determ1n1ng the hepatosomat1c index (HS&)' The

A

ovarles of the female fish were preserved wlth Bou1n s f1u1d

in glass vials for histological study. .

21
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P

HSI = Wet weight. of the liver X 109

-

Wet body weight o

x4
iv) Serum Analysis . " ‘
-‘P‘ ’

e : . o

4

Setum samples were assayed for total serum - RN
. . :

phosphoprotein phésphbrus, total serum calcium and in one
. ' € '
experiment vitellogenin.
" . - o , . -
The total serum phosphoprotein phosphorus concentration

-7

AN

was determined using 58 ul or 14@ ul oﬁ‘freshly thawed serum .
in a 15 ﬁl glass éentrifuge tube to which 5 ml of’cold 18% o

(w/v) -trichloroacetic écid (Siggp):waé added. The érotein

fraction was precipitated and the solution‘spun for 15

minut;sﬂin a desg top clinical ceSZrifuge (Damon,IEC) at top ) L
speed. The supernatant was discarded and the resulting .
pro;ein pellet delipidated yith successive organic solvents
accotding tp‘the'methéd of Wallace and Jared (1968). The
pellet remaining was analfged for total phosphord;\ atant
(ug P/ml ser;m) u;ing the wet-ashing spectrophotometric

procedure outlined in Boehringer—Mannheim Corporation

(1969). g

) The analysis of total serum calcium consisted of 5¢ ul

of freshly thawed serum diluted to 5.0 ml with 20060 mg/L e

potassium chloride (Risher). Tptal calcium concentration (ﬁa



Ca/18¢ ml serum) was determined by flame atomic absorption-

!

using a Perkin-Elmer Flame Atomic Absorption Model 583
following Bhattacharya (1977).

The vitellogenin analysis (mg Vg/ml serum) was

*

performed at the Marine Sciences Research Laboratory,

Memorial University of Newfoundland, St. JohnVs,

N L4

Newfoundland using a homologous radioimmunoassay (RIA)
system for rainbow trout (So et al,.,1985).
v) Histological Preparation and Analysis -

a

' “
Mid-ovarian portlons of the Bouin's fixed oVar1es from’

female Plsh were chosen as they have been shown toLprov1de a’

'

homogeneous frequency of the oacyte stages present (Lesqiak,

19775.'The tissues'were washed three times in 7@% ethanol to
remove the fi;ative. The§ were subseqoently dehydrated
(Tissuematon,Dual Unit, Fxsher) for two hours in each of a
'gradleng sthanol series (7¢,86,9@,95, 10@%),‘cleared for two
© hours in 1:1 1060% ethanol:toluene and 1@6% tolugne~and
infiltraped for two hours in paraffin (Tissue Prep., m.p. 56
+ /- G.S°C,Fisher).AThéﬁnndividual tissues were oriented and
embeddeé in paraffin“cas;ettes on a Tissue Tek 11 Embedding
Center (Lab\'-.’l‘ek,Model 4603,Fisher). The tissue blocks were
cué in cross—section at 24.serial 10 migron (um) sections

using a rotary microtome (Spencer AQ¢/820"' Model). The

sections were stiined Gill's #2 formulation hematoxylin-
e oo

-

7
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€ v -

. -

{Fisher) and counterstained with eosin Y (B;kgg;jbeforg
. P .

mounting with Permdunt resin (Fisher). ' S

A binocular Leitz orthoplan m1c€9§/;pe (Leitz-Wetzlar),

<

. fitted with an ocular ‘micrometer, (lﬁ/mm) and gr1d (7 mm

a -

sq.), was used for histological examinatione¢ A camera
I S . . " . ‘ :
{Leica) using Panatomlcax/p int film (32 ASA,Kodak} was

» attached to the microscope for photography.

.The histological analysis consisted of quantitative
- -

) measurement of oocwute atresia and oobyte diameter in
N e % °

mid-ovarian sections of control and PCP-exposed femafe

The differedtﬁkgyte"stagés present in the maturing

female ralnbow trout have been cla351f1ed from Stage @ - 4

L)

(Appendlx A), and this c1a581f1cat1on scheme was .followed in
) - | -
identifying oocyte stages found, Stage 2 oocytes were

selected and recorded as belng v1ab1e or atretic, Counts '-.
were coénducted on every third serial section from 1 to 21
using\an ocular grid; The grid was moved randomly over the
section, for countiﬁg by alternately thro;?ng thé‘midroscoge
stage out of focus, mov1ng the stage and brlnglng the
sectlon back /into view (Chalkley,1943). Aﬁ?>5tage 2 oocytes
wfth a visible nucleus fglling by more than 1/2 within tpe

grid were recorded and the count terminated when 20 viable
\

oocytes had been scored. In each treatment group the number
ry
~ r

- of atretic Stage 2 oocytes were compared to viable Stage 2

vocytes and presented as a percent of the total.

§
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.The ellipsoig nature of trout odcytes necessitates the

2

'measureﬁent'of both the major .and minor axes (Lesniak,1977).

The maximum and minimum diameters of the ten largest viable
¢ i :
cocytes in which the nucleus was visible on mid-ovarian

4 o )

cross~sections were recorded with an ocular micrometer fromg
each fish in, conzfgl and PCP exposed.groups. The diameter

values were standard1zed by using the, square roof of- e

- °

v

product of the maximum diameter multlpl1ed byvrhe m1n1muﬁ\ -
L3

diameter '(Braekevelt and MeMillan,1967). The diameter value;\\\\\

calculated were used in compdrison of oocyte size between

treatment gggngiNover the 18-day eprsure periods.

- *

vi) Statistical Analysis

3

All the datahinvoliigg'total serum phoéphoprotein

phosphorus, ta;aL serum calcium, serum vitellogenin and
Pl . B

i \hépatosomatic'index values from individyals of each test

»
3 . .
N

group for specific sampling days were calculated together as
‘a mean (X) +/— standard error of the mean (SEM) When
dlfferencés between groups were compared all values were
log—transforMed;( X = log (X+1) ) . The histological data

.pertaining. to oocyte diameter values and Stage 2,6337te
: - . hrat - 5
atresia levels were calculated’ as a mean,+/- 95% coufidence

i ’ L ! 4 LR Y
. limits. To test for differences between groups, Student's

t-test or Analysis of Variarce (ANQVA) (1-Factor or 1 T
. B ~ . ' . —e
2-Factor). at- the 95% level of significance was performed. | .

5



~

52}

. S
o . . .
,

kN
When statlstxeal dlfferences occurred with ANOVA the Student

Newman-Keuls (SNK) taet for multlple comparlsons was used

e

(p < 0.65 ). Simple l1near correlations were determlned N

Bétweenliog-tranéformed values of total seruh phosphoprotein
4 . 4 N

phosphorus, total serum calcium and serum vitellogenin. The

S o ) . >, /"7

clinear'functions of éerum?vitellogenln with tofal serum

[
.

( ' .
phosphoptotein phosphorus and total serum calcium were
calculated with#log-fransformed values b& simple linear «
-’ ' ‘

regressxon. All computat1pns were performed -with the

Statistical Program packayes avaxlable for the Apple II e .

?

computer (Apple Personal Computers). ' i

. “
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RESULTS

The flrst experlment was perﬁormed to: examine the
effect of sublethal PCP. exposure (25 ug PCP/L) on the levels
of total serum phosphoprotelq phosphorus (SPP).and totel
serum calcium (SCa) in immature rainbow troot treated with
18 ug éz, (5 ug Eé/g body wt. on Days @ and 3).' It wee
observed, follow1ng exposure of fish to 25 ug PCP/L for 19
days, that there was a 51gn1f1cant decline in o/pﬁ mean SPP

and méan SCe,levels in the PCP exposed E2 treated group

‘(Figure 3). The mean SPP and SCa Yevels attained maximums of

w,

245,4 'ug P/ml and 32.9 mg Ca/10¢ ml fespectiyely‘on Day 17

.PCP exposed E2 treated group"the mean levels of SPP, were,

and’ then decreased significantly (p<@.85). By Day 24 in the ®

*5
192.3 ug P/ml and SCa 31.4 mg Ca/104 ml, relative to the E2

treated control group where the mean SPP and SCa levels were

stlll ;ncrea51ng at 372.1 ug P/ml and 49.6 mg Ca{iﬁiiﬁy

' respectively.- ' .

N

The effect .of ihjecting three differept doses of EZ, ]

'2.5, 5 and 10 ug (2.5 and 5 ug E2/g body Wwt.) on the levels -
\ .

of SPP, SCaeand tMe HSI in immature rainbow trout was

tested. As the dose of E2 1ncreased; so did the magn1tude of

the mean SPR ‘and SCa levels (Figure 4 and 5). The lowest

‘dose of 2.5 ug E2 gave mai}mum‘levels of spp, 49.8 ug P/ml,
. - Y .

.
v

on Déy“? (Fidure 4a) and SCa, 1l4.1 mg Ca/l@9 ml, on Day 17

(Figure S5A). In the E2 treated group receiving thib

-

21
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t

The effect of 'sublethal pentachlorophenol
exposure (25 ug PCP/L) on the levels of total
serum phosphoprotein phosphorus and total
serum calcium in 10 ug E2 treated immature
rainbow trout (mean wt, = 88.0 g) during
‘March, 1984. Each point represents a medn
+/- SEM for 5 fish. (* ~ significantly
«adifferent from E2 treated control group

“a.

with Student's t-test a? p < @495 ).
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Figure 4 :

\

The effect of 2.5, 5 and 10 ug E2.on the
levels of total serum phosphoprotein
phosphorus in immature rainbdw trout (mean
“wt. = 6.7 g) ‘during June, 1984. Each point
represents a mean +/- SEM for 5 fish, '
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The effect of 2.5, 5 and 18 E2 on the’

levels of total serum.cdlcium in .immature
‘rainbow trout [(mean wt.

’+/- SEM for 5 fish,

»

66.7 g) during
+ June,1984, Each point represents a mean

-
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intermediate dose of$5 ug £2 mean SpPP, 129.6 ug P/ml and
SCa, 22.5 mg Ca/l18¢ ml, peaked on Day 17 (Figure 4B and 5B).
The highest mean levels of SPP and SCa, 258.7 ug P/ml and
38.6 mg Ca/100 ml respectively were recordedfon Day 22 in
the 1@ ug E2 treated group (Figure 4C and 5C). Thé magnitude
of the mea;.HSI levels increased as the E2 dose increased
(Figure 6), similar to that observed for®SPP and SCa. At the
lowest E2 dose, 2.5 ug E2, the mean HSI level, 1.7,‘peaked
on Day'4 {Figure 6A). The mean HSI peaked later ak 1.8 on
Day 7 gtvthe E2 dose of 5 ug E2 (F;gure 6B). The highest
meaanSI value 2.1 wag found on Day 12 in the 10 ug E2
treated'group‘(Figure 6C) . '
A further éiudy.separa;e& immature rainbow trouk into
two weight.classes 18.9 g (wt. iédge 15-25.9) and 66.7 g
':(wg. r;ﬁge 5%—8@ g) and'tréated them Qiﬁh an identical dose
of 10 ug E2,- (5 ug Ei/g‘bde wt. on Da;s 2 anq 3) to
determine thé effécé weight has on khe levels of SSP, SCa .
and the'HSI. The SPP and SGa levels peaked earlier and at
lower mean value;‘in the lighter E2 treated fish compareﬁrto
the heavier,EZ,tre;Eed‘iﬁdiyiduals (Figure*7 and 8)..The .
'mean'gPP and SCa-levels in fish from tﬁe smaller E2 treated
£ish peaked on'Day 12 at 179.8 ug P/ml and 29.4 mg Ca/1@@ ﬁl
respectively;(Figure 7A and 8A). I; the heavier E2 treated
érqﬁp the mean levels of.SPP, 25517 ug P/ml and sCa, 38.6 mg
Ca/100 ml, were still increasing on Day 2é (Figure 78 and

8B) . The pattern of mean HSI values for both E2 treated

-
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' " trout (mean wt. = 66.7 g) during June,]984.
Each point represents a mean +/- SEM for 5
* fish., ~ . . , 4 . :
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The effect of 2.5, 5 and 1 E2 on the
hepatosomatic index in immature rainbow
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: ' _Figur@*? : .The effect of fish weight (mean wts. = 18.9
’ N . »and 66.7 ¢) on the“levels of total serum
L P ' phosphoprotein phosphorus in immature
rainbow trout treated with.1@ ug E2, The
. . experiment using 18.9. g ‘fish was performed,..
4 . during June, 1983, the otheg using 66.7 g
£ , ) ©o fish in Jtne,1984. Each pointgrepresents
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Figure 8

8

The effect of fish weight (mean wts. = 18.9

and 66.7 g) on- the levels of t
calcium in immature rainbow. tr
with 10 ug E2.'The experiment
fish was performed.during June

other using 66.7 g fish in June,}984. Each'™

‘point represents a medn +/--SE

N

e

v

otal serum
out- treated
using 18.9 g
, 1493., the

M for 5 fish.

o
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- ‘ *
groups were similar (Figure 9), each reaching a maximum of

2.1 on Day 7.
The.Validi;y of using SPP_and SCa& as indirect measures
of vitellogénin (Vg) in E2.treated immature rainbow trout

‘was examined. To achieve this, -SPP and 5Ca levels were

-obtained and compared with the serum vitellogenin. levels in

| the same fish injected with 5°ug E2°(5 ug'F2/g body wt.) .

The overall response was the same for all three parameters

Sep, sCa and vitellogenin in the. E2 treated group (Figure

10). There was a steady increase after injection to peak

levels on Day 12, followed by a decline tb control lévels on

'Day 3¢. The mean maximum levels of SPP, SCa.and vitellogenin,

3 B
were 105.08 ug P/ml, 20.1 mg Ca,10@ ml and 17 mg Vg/ml

a

régpectxvely on éay 12, A-stroppg correlation exﬂsts/bétween
SPP, SCa and vitellogenin values.in individual fish. The

ccrrg}ation‘coefffcfent for SPP and SCa is @.89

e N r N . ' i I
(n=28,p<@.40081). When SPP and SCa were correlated with
Yvitékl?genin} the correlation coefficient was Q.91

(n=17,p<0.08601) for both. parameters.-The predictive linear

regression q’uatiohs to estimate indlyiduabgdqéellogenin'

values from SPP and SCa determinations are respectively :
- L v . '

s, v

1) log y = -8.72 +/- .36 +1.02 #/- 8.24 log X
where x = SPP and y =‘vitgllogen1n}'(§fgure 11j. *°

and ~ + ' \
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Figure 9

(Lo ' v o LY

-

-

The effect of fish weight (mean wts. = 18.9 .

and 66.7 g) on thes hepatosomatic-index in

immature ralnbow trout treated with 10 ug
E2. The exper1ment using 18.9 g fish was
perfotmed dur1ng June, 1983, the other using
66.7 g fish in'June,1984. Each point
represents a mean +/— SEM for 5 fish. -
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'bigure 18 : The effect of 5 uyg E2 on the levels of

‘ total serum phosphoprotein phosphorus,
total serum calcium and serum vitellogenin
in immature rainbow trout (mean wt. = ..’

v 35.4 g) during July,1984. Each point = .~
rgpresents a mean +/~ SEM for 5 fish.
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Figute 11 : The simple 11near regression telatxonshlp
. between total serum phosphoprotein phos—
' phorus (x) and serum vxtellogen1n Ay) in
5 ug E2 treated immature rainbow trout

: (mean wt. = 35.4 g) during July,1984.
N ‘ C— (h=17;-
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2) log y = -2.16 +/- @.73 + 2.73 +/- 0.68 log «x

where x = SCa and y = vitellogenin, (Fiéure 12).

.

v

[ . ‘ /
- . .

“

Following testing of the médel, the effect of ssublethal
PCP (25 ug éCP/L) on SPP and-'SCa in mAture female rainbow
trout undergoing natural exogenous vibelloéenesis was
examined. At 9 and 18 days after subiethal PCP exposure
. began there were lower mean levels of SPP and SCa in PCP
'e§posed female raipbow tréut compared to éontrol fish'but mo:
vstat{stically significant differences occyrred (p)B.QS)
(Figure 13). The Pé? exposed érogp had mean levels of SPP,
59.9 ug p/ml and SCa, 13.8 mg Ca/ml, relative to 89.8 ug
P/ml and 14,1 mg Ca/ld8 ml respectively for the control

group on Day 19. '

f v

The histological effects of an l8-day exposure to
spblethal,LeVelé of PCP (12.5, 55 and 50 ug PCP{L).on oocyte
growth and development iﬁ_maturing female rainbow trout was
studied 1n two expériments during December,lQ&}'and July,

'19é4; The Sta?e 2 oocyte characterized by the p:esené@ of*
the Balbiani body (Figure 14) was the most:numerous stage 1n
thé ovaries of these female rainbow trout maturing for the .
first time. An abpormally high incidénce of pre-ovulatory,
non-hypertrgphic atresia was observed at this oeocyte ;tage
in females exposed‘to subleth;l PCP. Atretic oocytes'were o

identified by dlsfntegratxon of the’cytoplasm with a large

space developing between the nucleus and .the oocyte

ot
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13 : The effeq} of sublethal pentachlorophenol
exposure (25 ug PCP/L) on the levels of
total serum phosphoprotein phosphorus and
total serum calcium in mature naturally
vitellogenic female mhinbow trout (mean ®

" wt. = 55@ g) during December,1984. Each

* point repregents a mean +/- SEM.
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'Figure 14

a

. oo,
Mid-ovarian section from maturimy female
rainbow trout (control) showing viable
Stage 2 oocytes containing Balbiani
bodies (=) in various stages-of 'development.

" Early.Stage 2 oocyte (a), later Stage 2

oocyte with Balbiani body dispersing, to-
the periphery (b) and Stage 3-oqocyte (c)

‘'where Balbiani body has completely

dispersed. Haematoxylin 4#nd eosin, 10¢ x .

.

' t.



.
B
B
)
.
. .
v .
L
' o
-

-

b




PO . .

periphery. In most 'cases the nucieus was displared to one

¢ “
Ve L

-side‘ofltﬁewébcyke aﬁd the Balpiani body had shrunk agalgstu
;t‘LFlgufé ké}L‘The‘étageNZ oocytéé'were assessed:%s a jroup
for tie ptbpo;liqn pf vhavle or atretic (Figure 16} oécytes
presént\in contrnoi ;nd exposed fish. The'levélvqf atresia

i
"

among. Stage 2 socytes in female fish exposeq’té subiethal

.Toncentrations ofy PCP during Decemper,1983 was simiiar to

tne controis (p>8.95; (Figure 17J. During the second
experlment'iJuLy,laaéj s1gn1£1¢ant1y (p<8.85) higher levels
_,f.at:es:a amoﬁg‘StaQé 2 aodcytes were -found at the two

nijnest PCP concentrations employed (F1§ure 18). At the

a

levels of 22 and 4923 PIP/L there were 71% and B9 atretic

Stage 2 odoytes respectively, relativd to 48% atresia 1in. the
A} ’ . N

€ IR . . B ;\u .
contro. fisnh.o . . i ; )

AY N ’ ; : .

The mean-.diameters for the ten largest Jsiable ooTytes

.

«
s

AN

s : : P ¢ ot " Y
apparent 1in the wovaries 9f these mgturing femaie ‘rainbow

“

QJ

® ' LT v . . . . N ¥ - T N N .
truut were measured in control and expbsed indivaiduals. .
\ o - ‘ o ‘ ‘. .
I7 uotn experiments tnere werd decreases in jpean oocyte,

\
Y

c3iameter for female fish expgsed to sublethal PCP, but thnese
: i ) ’

differences were not significant (p>@.65) from the cantrol
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Figure 15

-
-

d v

2
'

Mid-ovarian section frgm a female rainbow
trout chronically expoSed to sublethal =
pentachlorophenol (22 ug PCP/L) for 18
days showing atretic Stage 2 qocytes (A)
with a large space‘gevel.opin'g‘ih‘.the

‘cytoplasm and the Balbiani body . (=) °

clustered around.the nucleus (n). -

Haematoxylin and eosin, 250 x .’
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Figure 16 : Mid-ovarian section from a female rainbow -
\ trout chronically exposed to sublethal '

, ) pentachlorophenol (22 ug PCP/L) for 18
days showing viable (V) and atretic (A)
Stage 2 oocytes. Haematoxylin and eosin,
la0 x . ' . .
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Fidure 17

\ . : .
. December,1983. Each treatment "group
E ’ - represents a mean +/~ 95% confidénce -« -~
, N interval for 7 fish. )
- ’ » ‘
’ 1
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The relative proportion of viable Stage 2/
atretic Stage 2 oocytes in maturing female
rainbow trout (mean wt. = 70.8 g) exposed
to sublethal levels -of pentachlorophenol
(17, 25 and 51 ug PCP/L) for 18 .days during
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Figure 1é :

Pl

oot

The relative groportién:of'viable Stage 2/
atretic. Stage 2 oocytes in maturing female
rainbow trout (megn wt. = 113.4 g) exposed
to sublethal levels of,pentachlorophéggl

(L2, 22 and 49 ug PCP/L) for 18 days ring
July,1984, Earh treatment group represents
a mean +/- 95% confidence interval for 7
fish. (* - significantly different from the
control group with ‘ANOVA and SNK multiple

comparison test at p < 6.95). ‘
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. % .
Table 5.: The effect of 18 day sublethal exposure to
Co different levels of pentachlorophenol!
(17, 25 and 5L ugy PCP/L) 'on the mean
diameters fjum} of the ten largest
7iable oocytes in the ovaries of
femalé rainbow trout.

\
TJecember 1@83

.
[

,LControl .Control 17 ug PCP/L 2% ug PCP/L +«51 uy PCR/L

Day. @ Day 18 Day 18 ‘Day 18 . Day, 18
CR=194.7  %=216.5,  X=204.9 ©X=212.0 X=209.5
$= 9.1 W o+/-11.9 +/-11.5 +/-12.0 v /l14,7
f . ‘ . Y . N :
o= 12 n =18 n = 7, T T B n =7
N.S. - N.S. N.S. " ""N.S. N.5.
. ) -1
i,wmeénf‘4/— 953’confxdeuce Limits, .

N.S. - not .signtficant w1th ANOVA, p <.8.85. . = /¢

. . v re?
) A w

P
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'Table‘6':

‘% (mearf] ) +

49

The effect of 18 day subieihal exposure to O

different levels of pentachlorophenol
(12, 22 and 49 uy' PCP/L)

diameters {(um) yf

e ten

on the mean
larjest
“liablel gocytes in the ovaries aof

. female rainbow trout.

’,

.+ Day 18°

ey

w

X=268.1

+/<34.9"

i

<

¢ l
July 1984,
Contral 12 ug PCP/L 22 uj PCP/L 49 ug PCP/L" -
Say 18 Day 18,  Day.18
. - Lt . \ )
'X=296.2  X=282.7 X=263.8
v /-3108 0 +/=13.6 4=22.5
n-=9 n.= 7 n = 8
"N.SL - N.S. NS,

1.0

/—‘95%'con£;dencé,11mxt§._

v
.

e

“
[

~

EO t ﬁ.S. - nqb‘kfgﬁlfxcén; witn ANOVA, p < 34@5.

b



DiSCpSS:ON
’ The,effect.of sublethal PCP exposure on expgenous yolk
productldn was examined util?zing a‘modél i% which exogenods
yolk format%on was induced by B2 injectiob in immature
rainbow .trout. It waslﬁound that sublethal PCP, 25 ug PCP/L, -
“could signif;qénély reduce SPP and SCa wﬁen'levels were ‘
greater thén 249 ug P)ﬁl and 32 mg Ca/1¢8 ml féspectively

(Figure 3). This occurred after 19 days of toxicant exposure

_F

followingcan E2 dose ofr 10 ug E2. It appears that the
s&bletq?l'concéntration of 25 ug, BCP/L can, in 52 treated
immature\réinbow trout, sign@fican%iy reduce ‘SPR and sCa
when leyels have reachea'a crit;cal point; . “ Co-
A similar model was usgd previously to éxamine the
effect of sublethal hydrogenicyanide tHCN) exposure on
exogenous yolk '(Cyr,1984.) but this marks the first
applgéation of .this model to study sublethal PCP toxicity.
To déte thefe is no informatfon on the consequencesjof‘
sublethal PCP exposure on exdgenous vitellogenesis in
éxperimenfally or natﬁrélLy ;nédgéﬁ fish and little E

‘involving other water pollutants. Singh and Singh (1984,

'1982) found the organochlorine compounds, aldrin and endrin

. ~

redyced ovarian 32P uptake .in the Indian catfish

l( Hétergpneustes fossilis Blaoch) at lethal and sublethal

(™

concentratlohs. Cyr(1984) showed sublethal HCN to

-significantly” increase SPP and SCa levels in October, but

nso“ ~ /




A

B¢

v

51

" ‘ . . ‘
\ . . . -#
have no effect during June in immature painbow trout '

LI

injected wlth 1@ ug 82 after 17 days. Alternatuively, SCa

LRI, 1
ﬁ%vels were reduced and SPP not affected after 7 déys of
14

"sublethal HCN in matute ‘female rainbow trout during October

<

(da Costa and Ruby,l984). Finaily, in ‘a lake (George Lake,

Northern Ontario) undéﬁgoing acidification it was
demqnstrated (Beamish et al.,1975 and Lockhart and Lutz,
* ¢ . [\ -

1977) that the seasonal-rise 1n 5Ca associated with

)

Wi exogenous vitellogenesis did not occur in female white

'equalrf'lﬁ

-~

. A . ] .
PCP as exposed rainbow troué concentrate it there for

, Y
- o ! . . L
suckers ('.Catostomus ’commersoni ) living there.

» ‘w . : » «
~9¢ ' Suplethal PCP interferesiwith SPP'"and SCa once the

serum lévels attain 248 ug P/ml and 32 ug Ca/180 ml

respegglyeﬂQ. Edeea éﬁ ﬁne SPPiand"SCe values the liver

ed in both F2 treated groups but onlj susta

exdgenous yolk productlon to a certain po1nt followxng 25 ug

PCP/L exposuré To produce thevreductlon m SPP and SCa

"
t

,levels PCP could be act1ng in three dlfferent manners, 1t

EAEE . S !
may be at the level of the hepatocyte by llmltlng energy
é
productlon or secondly by preVentAng the blological

[ Y

~expressjon of the hormone E2. ‘The third p&sslblllty is

? \ \

+
genétally accelératbng th catabollsm of high exogenous yolk ﬁ
ievels in the blood.-' " . ' ‘,' ,
. V. B v 3

is

1ns

Iv

e The capacxty for the hepatocyte to proddbe vitellogenin

could be llmlted by the’ 1nh1b1tory actlon of: sublethaleCP -

¢

-

,‘on gnergy,productlon. The llver comes in rapid contaclt with-

\

S

-

.
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, - chepat: act/::*1es 28 byrowat= kinase and ractate
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' :denfdrugenase and 1acr=ased the acttivities L nexLKkinase,

.’ q10c05e~b6-pn 1ospnate “denydr v : 08
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- (ess cheml~a. enerjy for the &1 and tals 1s crucia. £or
] = ]

v v

f Y the nepatocyte 1n thils 1nstance wWhicn .is stimaiated by E2Z

- " for v1teLlogen}n production., THe nepatycyte has enouih N

enerydy to sustain'wvitellogenin production, as i1ndicated oy

" 3pp and.5Ca ievels, yp to a certaln iimit under subletnai

‘ “

- .

gncoupiinie wf oxi1dative pnuspn.ry.ation, Tne net ffect 15 ¢

'g © PCP éﬁposure, but -above this point the’ levelsv&Te not . .

malntalneé (It is of anterest to note tkat followxng : -
sublethal PCF‘éxposure SPP and SCa levels decrease
.suggest1é§ that energy reserves are depleted -and the
hepat?cfle can no longer sustain efogenous yolk'production.

,ﬂi ' ' a The second means by which sublethal PCP could limit -
exogenous yolk production at the hepatocyte is by preventing
.¢hg biological exéressi?n'of E2. Pentacﬁlérophenol may
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. » ,C25e 3t eirfner 'i? dose used as w.idenced Ly similar SPE and

‘ " B5C4.levels 1n wotn POP expused and contral dr)ups for ap t.

two wewksS post-injection. | \ .
' . Lpstly sub etnal P%P pqxsvnxn% may‘cause catabolism Uf
rm— . ) ‘ \

| exogenbus youik pregent.in the plood dué to tne lipid
L . » thd A

componeni 1n vitellsgenin., By 1t's mode of action of -

N '
-

\uncoupliné oxidatlve\phosphdryiatlon sublethal PCP iﬁcﬁeaaes

basal metabolic rate (Holmberg and Saunders,1979).
' , —~ ’ .« . ' \ .
Sufficient ATP energy frdm the\electron transport chain is

not previded by oxidative phosphgrylation.‘Catabolism of .

\ : -
. lipid, providing more ATP/g than carbohydrate, occurs to -
co ; supplement energy defficiency (NRCC,1982). Total- bedy lipids

(I were.dramatically reduced in young coho salmon ( Oncorhychus
- - D | N
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TN 03T Al S eﬁat shanjed tne 3PP and 5a .evels -and

,

suLsequent.y a.tered the response ,userved when uptilizing

tne 12du 'r1on modet. 1t was demonstrated tnat a:t@rxng the
E2 duse from 2.5 to 10 uj E2 had differént jeffects an the

evels of*3SPP apd sCa 7Fiqgures 5, and 6). There 1s a clear

. ..

Juse-dependent respdnse with 1ncreasing E2 dose and'hxgher

maximum 3PP andlgpa levels in E2Z treated immature zainBow

v

trout¢ This 1$ supponted by a similar response 1nvolv1ng the
HSI whlch complements the changes observed in thé serum
(Figure 7). The E2 dose-response involving some of the

. previous parameters has been demonstrated in a number of
. t o :
. immature ﬁeleosts. van Boheméh et al,., (1982) have indicated



40 Fle 3t brrwTespDen

a ,r.

o
oy
-

. .
5t w_.L 0.A8Ta Jli-2l,odenin, t.tla P30
.
+ 0
LTLTAn WLer TALILw ST Ll o any ¢ osnma

TaX I TJT

DL SR 2t W de e

Te. 3Tl oNS7DPS "1a e e eStan.iSnel

£a

Jitat s BRI ST IS LT A A T s S

8».4‘.-55.}5 3.%51%Vel18 Bl Ta

DS ,

"

50 W " RSN

‘e,

v ),e.*'
N
NOR P L ADE ETIE S TRe SRR

sder ITra” ire £180 4%2%4i7ed a1 iner maxlmngr

TEoand T Vel s mpaked Lo SMAalaer yytunier: f182 031 =n
. .
vtNe 5aMe 305k ,f_ﬁz ‘F1iures A oand %:.'Tnxs pnenﬁménun nas
a0t een prevxiuslj:duujmented in fish, out, a provacie
. ) -
hypbtnesx% for 1t relates to the aormune-=receptor
. b

\nterdctlon atJth
mammals the uterl
‘induction of prot
a 51ngie E2'in]ec
factors whicH cou
relative to the f
'affigity of the L

receptérs for E2.

from the smaller

\

\

e tar jet tissue as 3 function of aje. In

x

$ - ‘
1n past-natal rats measured oy

\

ne response

) N\

eln synthesis increased with age followiny .

L .,
“~

tion_ (Somjen et aly,1973). There
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.
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indi/1dual f1sh.'Th}s‘stud§

represents the first direct comparison that nas peen made

2

between: the indﬁract measures of'SPP and SCa with

vitellagenin in individual E2_injected‘immatu:e'raLnbow

trout.

.

L

>

|
/

In tne past many ftechniques have been used to measure

vitellogenin in E2 ‘induced immature” fish. Elliott et ald,

. - kol 1
(1979) used the same parameters as the present study to

indicate ‘the pfesence of vitellogenin. They observed peak

$PP and sCa levels of 832 ug R/ml and 75.2 mg Ca/1€¢ ml’

b=,

cur Avinap
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respectivery 1n E2 freated 1mmature rainvow trout after 21

. - o

jays. ldler and Tampoeli (1488, measared vitellsjenin witn g
rajlcimmenoassay 1n E2 treated 1mmatire rainoow Srout ind

v

found _eve.s 1 5.5 mg Vy.mlo1n males and 8.2 my Vg maoan
. . : . ) L
femaies wiioe untreated fisn nad 24 a; Vismy afrer 12 days.

el sLlectrHpnur=sils san Bohemen et

(YO

sini Polgavrylamide
1..{1982) detwrmined 3 fema.e-specifl - pulypeptide as

o
v ~

Jiteil.oIenin 1n B Treated IMMatire rainuow Srout 1t evels ¥
. e
from do4-".d my omioafter 7 days. Im oimmatuare cod B2 ' . —
@ ' .

"reatment resdited in thet appearance of serum ejy prateins

witnln two days éhat ‘wrrespunded ty tne je. filtratiun
L d , ! .,
pattern i, mature femair ~od seruam and Todeej) extract

t

U

{
L

lavk et alt, 1971y, Arda et ai,(1973) wa$é ible to 1increase
1 ? . :
i
plasma. ~ca. - 1um and two specific pilasma proteln fractions v
characteqistic of mature vitellojenic females usinj stare

—gei electrophoresls 1n E2 treated immatire maie ayu after 7

days. Finally, 1mmature goldfish ( .Carassius auratus ) fed

E2 showed elevated serum protein phosphorus, 1197 ug/ml,
.

. . . 1
total serum calcium, 555.3 uy/ml and similar electrophoretic

serum protein patterns to vitello%pnic fish 1n a study by
Hori et al.(1979). The levels of spp and/SCa induced bf E2
treatment of immature rainbow trout in this study compare

; & .
favourably to valfles reported here. Although the SPP and 5Ca
l . . ) /v——\.ep—"
levels are lower than those of Elliott et al., (1979), the

|
-

variables gf fish weight and age probably account for the

differencés 6bserved;(%he vitellogenin levels in this_ study

- — 1
- . / . .
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were nijher tnaan thuse found oy Idier and Zampuell (19849,

1. .

for rainoow Srhut most cixely due £ thae sensitivity of tne

nomo. o joas Jiteilodeniyn radisammunoassiy o raiiuow trout

amployed n tn1s sourx (5S¢ et 4. .,1985.

The medsdares »f 3PP oand 574 are calid indirect

’

indirators of vrteslogjenin in E2 treated 1mTatire rdainoow

r

+ruut wased on thelr Corr<£iatioHn witn one another, thelr

"M1gn overreiation toovitelosgenin and one physioloiiocal "

sevels found 1n F2 treated immatire r41nbo¥ traut s
sompared t) matdre natiraliy viteliogenlo female fisn, The

~orre.atioun vetween SPE and sCa.1s r=49.44 in=28), 1ndi ating

/

4 _ } . ;
4 il ratiy. This nas 31lso neen noted oy Blliott =t al.,,

/

(1979 who reports a corre.ation, r=@.936 (n=86), for 3PV and

/

323 11 FEZ2 tre=ated lmmatire rainoow trout. Further evidence

»

.
.

s

18 tne fact that 5pPP and 5Ca respectisely, correlate equally.

well witn vitellogenin levels abtained 1in this study, r=0.91
(n=17), supportinj the hypothesis that they represent strong"

1nd1rect indicators of vitellogenin. The maximum 5°PP, SCa
and vitelloygyenin levels are 165.0 ug'P/ml, 20.1 mg Ca/199 ml
and 17 mg Vg/ml repectively and well within the normal

physiological range for mature femaggs of this species

0

actively undergoing exogenous vitellogenesis. Whitehead et

‘
Y

al,.(1978) report maximum levels of SPP and SCa to be 408 ug

P/ml and 58 mg Ca/1@@ ml respectively, in mature vitellogenic
/ .

. ) ,' 4 . 3 .
female rainbow trout. Scott and Sumpter (1983b) indicate a

maximum level for vitellogenin of close to 50 mg/ml and So

v

ey
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“ ! ! . . "
2t al.,(1985) of .22 my./ml for female ralnvow trout duriny

the periaod of =xujenous vitellojenesis.

- From this work there are spgecific limits within which
. . a0 ¢ ’ v .
S5PP and 3:Ja vasaes Can be used 10 Jenerating 71€eLanen1n
N ) R .

levels from the predicti/e rejression equations and utilized

. ?

.

' AN separ3ating sitellngenic from non-steliogenic fish, The’
. . N . 5 .
- detarmination of 3PP 1s a4 measurenent of total derdm .
.""l .
dhospnoris due £+ protein phosphoras and npuclelc acid a

/ ) ' . ,
phosphoras., The nuciel.: acyd phosphoras component >f tne sPP
10 non=-vit=2il2genty femate rainbow trout nNas neen shown b
. " '
- nake ap 641r Hf tne tHta: seram phosphoras —ontent { Jratk and
Harwey,1484, . Thouyn there 1s no evidence that Serdm nucielc

7

ac1d phosphoris 1's aftected w, E2, high lLevels of sbp should
P S Ie iy .

k2 . de attarned bef,re 1t an ve assumed tnat 2Kojenous
vitelingenests 1s taking p%gﬁe. Likewise the determination
- B

of 5Ca 15 a total measure of serum caiclum content, doth
vound and unoouynd,.as E2 1s a moollizer of calcium reserves

v

in fish (N3 and 1dler,1983). The measurement of SCa tnen’

regpesents calcium unbound and bound to “serum proteins,
+ ’ \"

e séécifically vitellogenin, which is & caleium binding

. protein. The strong correlafion however between SPP and SCa
can/not be discounted and above cextain limits in / .

conjunction with SPP, the measurement of SCa can be expected
>

to reflect calcium.bound ‘to vitellogenin., It is therefore

‘recommended that the presence'of vitellogenin in the serum

v

can be'a55umed whensSPP and SCa have feached values of 20 ug
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) . P/ml and 12 my Ca’LGG ml respectlvefy; These*lévels
¢ . -
, . correspond ta a rxtellogenxn value of -4 mg,ml (hxgure 12

and 13). Zraik and Harvey (1984) also sug;est 20 ug,mi

prj%etn'phdsphurus 4s 1 ower lxmxt for ’Ltelloiénests,'a
value derived from a vSflety of \gr(ﬁe ani freshwater ‘
teleost fish spéc1es..Tne upper limits of 119 uq P mi for.

SPP and. 2¢ mg Za. 134 ml for 5Ca repr&sentang 22 my,'ml
. L Lud . ) .

7itellogenin 'should Le employed. Extrapolation pveyond the
L N .

»

o ’ N
limits of tne respecti’e pradi~tlJ/e reéjressiin equations
! »

developed 1n tni1s study has not ozen ralidated. Any-valdes
>Ef SPP or SCa frum £1sh below thls jiven randge may oe

classed as non-vitellogenic. When the ievels Jf 3PP and 5Ca

tajether ire nigh or Jsery low these i1ndirect 1ndicators can

ve utilized 1n separating vitellojenic from non-7itellogenic

‘E2 trwatuq 1mmature rainbow trout respectlJely

The rulatlonshlp bdtween tne levels, og spp, SC; ;nd

'itetlogenln/1n‘v1tel{ogen1c raxnbow trout san onlj be

d scqssed hypothetically since comparative values Eor_

na unally reproduc1ng ralnbow troEt are not available. If

the level of vxtellogenln in highly vitellogenic females is
BN

betwken 22<5¢ mg/ml (So et al.,1985 ané Scott and

Sumpter,1983b) the cor;esponding maximum SPP aﬁd SCa levels

e in the order of 220 ug P/ml and 5@ mg Ca/laﬂ ml

respect'vely,vpredicﬁed EIOT extrapolation of the reg;essién

following E2 induction of immature rainbow trout.

There are\two previous reports of peak levels of SPP, 440 ug
. N >
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"

P/ml Snd scé, 58 ﬁg/mb,'fgr nat%rgllyirepruduCJn; mature
female- rainbow trout (Whitehead et al.,1978jland 3PP, B30 uj
. . ‘ .
P.ml and 50a, 75 my Ca.ld@ ml respéctisely (Ell1ott et al.,
1979) 1n E2 treated zmnépare Falnbow trout. Tﬁe;wavsiues

would .suyjest vitelloyenin 1n =xcess of 1¥d myg viyoml for

v

. S , .t M . . ‘
mature, n&turqlly vitallngenic, female fisn and 209 my Vg mi

i
[

for F2Z-treated immaturelfish rf a {1near reiationship 2xists

between 3PP, 504 and vitellogénin as proposed from the B2
’ ’ ' .
1nduct1on model for ralnpow trout 1n the present study.

. . ) ' ¢ ‘ +
Phygiolojiraliy thnese predicted vitellogenin levels would
appear t) pe excessi/e, It 18 possiaie thdat a plateau 13

euentually reaghed 1p the linear relationship between SPP
, A N ,

and 3Ca witn viteliojgenin. At lecels,apprqxxmaélnjhiﬁ My, ml

N .
vitellogenin the deyree of phosﬁggrylgtxom and calcium

bindinj would have to increase and the linear curve would ’

flatten parallel to the abscissa. This change could account

i

for the high SPP and 5Ca levels reported by some
' . ’ /

v

investigators relative to the.maximum vitellogerin level of

5¢ mg/ml iﬁdlcated 1n highly'vitellpgenic rainbow trout

. -

and Sumpter,1983b). 2

»

» (Scott

\

The effect of sublethal PCP exposure on exogenous yolk
- ’ ' ' + t
production in mature naturally reproducing rainbow trout was

determined, permitting- a codmparison with immature. rainbow
trout in which exogenous yolk had been artifically induced?
There is an indication in mature female fish that 25 ug

PCP/L,exposure does;seauce the“leVels of SPP and SCa after

.
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i days, out 1 S7a%1stl ta.ly signiflczant Jifterences were
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.
-

recorded, oncerse.y de31anif103ns ddecrease 1 0SPP o and 503
¥

Wwas rzoorded Tia 1MMatare ralinow Srodt 10jected wita ldog
]

" . “

D2 and exposed v 25 28 PR TL sur 19 dayg. This =2fY¥eot wast

and 33 n7ad attained .evels, of 249

-

noted noowever s

rn
T
L
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o
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s

Wi P oml oand 32 my Ca.ldd Ml respectisel,. The maximam 3PP

and 503 ievels 1n the matuare female -ontrul f15h Wwere less

P

ﬁ¢an.haif these vaid=s5¢ 'Resuits froan tne B2 trgateq imhature
. . . Al ’ R 1

: c o ; . . g
f1sh jndicate there is 3 sSritical point for 3PP and sCH

Levels above which 25 gy PP L produces a sigyniflcant. toxis
" v . . . :

e

; ‘ . .
gffect. In matire female f13h the naximum 3PP and 8Ca laevels

-

s ! M .
“ere 4ell pelow this point and tnis nay explain why 3
. . .

’ , ‘ :
statisticaily didnificant effect was not sbserved we/en

LRI '

. . ' _ .
though levels were reduced in PUP exposed fishy

Juring July,1984 at tne sublethall™®Cp concentrations,

i

52 and 49. uy PCP,/L, Stage 2 wdcytes were highly susééptrble

)

and shHowed 4 significant increase in_ atresia not observed in

*

Other Stages among female rainbow trout maturing for the .

first time (Figure 19). While high levels of atresia among
Stages 2 oocytes were recorded in PCP-exposed females
‘undergoing ooyenesis in earlyusummer,‘a similar response was

.not'obseryéd‘in December,lQEBi High levels of Stage 2 docjté

Qéﬁgneration during early summer would significantly reduce’
‘ o . , ’
the number of viable gametes available for fertilization.

'The sublethal effects of PCP on early life history .

v

stages of rainbowfgrout have been p:eviousiy'reported

~ ‘ ‘ ' . v I

.

—
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ﬁ\ﬂédsgn and 3lant, 1981 and thlngueé and Jhapman, 1984

¢

fnoweler tiers has oseen no r=2searth regarding the effects on

1 .
"desiaping eggs witnhen thd ovary of sexually maturing’

» v

[

females, Santethal s30dium pentachiorophenat: (Nabob) cauged
» s13nificant raduction i tde f=2oundity and raoility of
@335 layed oy the aquatl: snail ( Australorvis gjlabratus }-

iy

fallowini exposdar= to ad-and U3 ujy NaPlP/ L (Viivier and

- “t

jask1ns, lY6¢). dther srjanochiorine compounds, specificaily |

poiyzhlorinatead w»iphenyls shavz raased proliferation ofj}he

smooth endoplasmic reticuium 1n developing riinbow trout ard

_ /

carp ( Cyprinus carpio ) oJocytes (Freeman-et 2al,,1988;. The

presant study 1s tne first report >f the histopathological

consequences of suvlethal PTP exposure on pojenegsis th
, ) . . : g.
naturing female rainbow trout, -
In the&e female rainoow trout there -are three possi%%e

explanatl)ds for the excessive atresia observed amdng Stage

2 oocytes following.sublethal PCP exposure during éarly
. .

-

summer..They are 1) the inhibitory effects of PCP.within the

devefoplng oocytes, 2) effects on hormones that control

. . } .
ooyenesis and 3) effects on general metabolism andgpgrowth.

In this study Stage 2 oocytes were the most numerous in' the

ovaries of these femaﬁes maturing for the first time. The:

.

Stage 2 ooclyte is characterized by the presence of the

B§lbiani body, an aggregate composed of ribonuéleopnoteins
» ¢ .

located in the nginucleqr cytoplasm (Wallage and Selman,

v P

1981)., Organelles such as mitochondria, Golgi bodies, smooth

” .

. . \ L]
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"endoplasmic reticulum, multivesicular bodies and lipid
granules have been shown éo make up‘these aggregates (Bea%s
and kéSSel,l973b. Although their efaét function remains
s unknown, they apﬁear to be involved in active RNA-prdtein
s?nthesis. Guraya (1979) i}dgests they are tﬁe cénter ,for
'formation and éuplication of_o}ganelles»agg materials .
L required by the oocyte pridr to yolk deposifion. |
The Sfage 2 oocyte .«containing the Balbiani body was
L T severely affected during July probably because it was -
metabol1ca11y most active at éhls time. Pentachlorophenol is
a metabolic DOLSOn as prev1§usly mentloned with a high
affinity for mitochondria and a potent uncoupler of *
oxidative phosphorylatHQn. At sublethal concentratlons, ;CP

nas been shown in wvivo to 51gn1f1cant1y reauceohepatlc

succinic dehydro&énase {SD) in Notopterus notopterus'%v

(Dalela et al.,198G)'an@ hepatic glucose—6—phosg&§tew

dehydrogenase (G—S-PD{ in the yellow eel (Bostrom' and

s

Johansson,1972). Both these enzymes, SD and G-6-PD have high

\ ‘ ‘ Joo E ! -

. act1v1ty in thg m1t0chondr1a and Balbiani bodies :

respectlveiy of immature: acgytes in the  following teleosts
( * carp, Tilapia aurea and ﬂggll‘-cap1to (Livni, 1971)
y . , , Ky
. ‘These enzymes prov1de crucial functions  in ghé . e

- ‘;érlcarboxcyllc acid cycle and ox1dat1ve\phosphorylat\on at

¥

the oocyte directly, disrupting the normal formation of the

Balbiani body by binging to mitechondrial proteins and

v

\
the mltochondrlal level. Sublethal PCP may therefo;e affect - .-
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s " \
. '- - \\
inhibiting enerdy¥ production. y
. A -
/The probability that hormones are involved in the
. : \ i

r
significant increase of atresia among Stage 2 oocytés seens
unlikely. The primary growth phase of oocytes'in the teleost
ovary, that is the period up to vitellogenesis, is said to

occur independent of pituitary gonadotzépin {de Vlaming,1983

and Khoo,1979) or gonadal steriod influence (Fostier et

v~ al,,1983). Any effects then of sublethal PCP o&
P ;

gonadotropins or steroids elaborated by the female should
.not manifest itself on 5ogeneéis at this staée of |
development.

/ éublethalvPCPvpbisqnipg does significahtly alter
‘general metabolism and growth in fish and subseqﬁently>;qu1d
Iqaffect ovarian deveiopment in sexuaily maturing femaieér The
effeét; on metabolism and growth can be explained By PCP's

mode of action which éauses blockage of ATP production
(NRCC,19§2) and inhibitign of enzymes involved with energy
metabolism in the livér ?BoStrom and Jéhansson,lQ?Z and -
Holmberg et al.,1972). The effect of PCP toxdcity has been

measured in various studies ahd reflects the increased

/ metabolic demands placed on the fish. Sublethal RCP'exposure
*

in the eel ( Anguilla rostrata )} doubled oxygeﬁ consumption

(Holmberg and Saunder§,1979). Krueger et al.(}968) showed

sublethal potassium pentachlorophenate to affect the -cichlid

( Cichlasoma bimaculatum.) by increasing the cost of

specific dynamic action, energy losses and the cost of
/ .

¢
t

re
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Aoy , - '
sexercise Aue to, swimming. Different authors 'have Eeportéd
decreased growtp in juvenile salmonids subjected -to ‘

sublethal PCP (W%Ph and Brett,1973, Chapman,1969, and
N »

Dominguez and Chapman,@84). The overall metabolic effggﬁk

. ¢

of' sublethal PCP poisoning could affect ovarian development
. atthe prlmary growth stage. Energy channelled to gonadal

developmen€ in the matur1ng female rainbow trout may be.

redbced or re—dlrected during sublethal PCP exposure and

-~

this could account for the high incidence of oocyte +

degeneration found. .

There was no,gtétistically significant effect observed
on the growth of the largest viable oocytes in the ovaries
of maturing female rainbow trout exposed - for 18 days to

sublethal levels of PCP at either time of the year {Table 3

¢

L
amtl 4). The exposure period at these PCP concentrations may

not have been sufficient for significant ovarian growtn
%
effects %o occur. By comparison, previous stud1es thh

salmonlés on the. 51gn1f1cant ef f&ct sublethal PCP has on

<

overall somatic gi%wth involved similar ranges of toxicant

concentrations but longer exposure periods={Webb and Brett,

-

1973 and n'oa,scg\‘and Blunt,1981). A chronic sublethal PCP

’ exposure g&alonger durat1on in matunng female rainbow trout
: may’lndlcate significant ovarian . growth effects.

& In summary, thlgrwork has demonstrated that rainﬁow

-

trout are sen51t1ve to sublethal levels of PCP at spec1f1c

staqes in their reproduct1ve cycle. Chronic sublethal PCP
) @ .

1

-
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. produced toxic effects on early oogenesxs in female ta1nbow

trout maturlng for the fxtst time. Thxs would reduce the
number of vxable gametes available for fertilization. .

Sublethal PCP may also affect the level of exogenods yolk

during the ‘period of exogehous vitellogenesis. Using a model

‘where exogenous syolk was artifically induced by E2 treatment

. -
.

of immat&re rainbow trout, it“ﬁas §howq tpat 25 ug PCP/L
'could significantly ;educe the lévels of SPP and SCa when
these yolk‘precursors are present at hxgh levels in the
b}ood. quil%y, thgg\study determxned for the first time a.

high torreélation betweenithe indirect indicators SPP and SCa

n

»

with. vitellogenin. Regression equation5'were developed from,

the data that allow vitellogenxn levels to be estimated from
/

’SPP and SCa in, E2 treated 1mmature talnbow/trout .

) . !

7
v

’ . . il
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