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“'ABSTRACT
JUDITH ANNE LESNIAK : ,
A HISTOLOGICAL APPROACH TO THE STUDY OF SUBLETHAL CYANIDE

EFFECTS ON RAINBOW TROUT OVARIES

[y
P

R ?n both an early and late summer experiment, young

A,

-a / . * )
'Salmo gairdneri were exposed for 20 days to assayed 0.01

‘#nd 0.92 mg/1 HCN concentrationé.in coptindbusly renewed

w

~

‘water at 10.59, pH 7-8. - B :
A Histological examination of the ovaries at the
light migrdécopic lével revealgdwsgvera;'oocyte,abnormalit;es*
‘These igcluded deléyeQ‘Balb%ani_dgspersion'and\iécfe35ed Pés;
Lpoéihiv;'grandles suggesting an inferrgption in utli;atign‘
"of protein and‘mucopolysaccﬁaridpé_witﬁin the’cytopiasm and
A SR
a subsedhent effect upon yolk deposition, Qécytes dibpléying'
;;;ecteq egyg membranes demgnstrated loss of cell contour;
'and exaggerated el;ipsoidal sﬁapes. In both experiments,
oocytes exposed ﬁéinly to_b.oi'né/l HCN diéplgyedia uniqu;
form @f atresia which wagapfgsent‘in all stages of oocyte

development. At the ultrastructural’ level, cyanide-exposed

* oocytes revealed within the mitochondria characteristics

of both early and advaﬁcedlpathologicél conditions at 0.01
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i "and 0.02 mg/1 HCN respectlvely. These observations . . - i
k' Y T ) g
% ° suggested an 1nterrup9¢d\\;ﬁ’fhe energy—produc1ng mechanlsms
:: ) ' due to cyanlde.‘ d . ~ f‘ ;‘ e .. i
- - ] - Y
S 1 . ‘ -
, + By -the establishment of six .arbitrdry stages of . *
¢ * . . N . :
9 ‘ioocyte development,'the,effectssof cyanide on frequency - 3\, ’ ‘%
f ) ' distribution were quantitatively assessé The early . L
: summer.exberiment'reVealed a significant 42% increase in , :_r-;
' A B [ .
1 oo stage 3 oocytes 1nd1cat1ng fewer eggs developlng beyOnd o 2
R 1 " the’ Balblanl protein- dep051t10n. Ovaries exposed durlng\
i ,
i_ , late summer indicated 35b38%,lowér frequency of oocytes Q\ i
\ 3 - . . ' . . ' . . \ }’3’@%
| . ¢ with secondary yolk (stage 5) as compared to controls along N\ }%
\ e R ._ : . .. . . ~ , . ' , . A :,g:‘
t'g’ o, ' with signiticantly increesedistage 3. This was especially" }é
: : " . ‘ ,7‘ N i ' N ' a ‘ . ) . ;":?f‘
5. L evident at 0.01 mg/l1 HCN. Potential growth- studies, based &
5 . ' 'upon mean Mmaximum diameters, indicated a significantly. ?h
N Zz W N [ ' ! . . . ) ) X
}" \'retarded gro&ing rate in cyehide~éxpoéed ovaries. Th . ";
I B S ' , - ' )
9 frequenc1es of major dlameters revealed absence. of‘the
_ - . e . ’ : 8
. 3 ! .
§ . upper range llmlts after cyanlde treatment. )
., ., ' These morphological aﬁd guahtitative:data reflect 9 j
’ the sensztivmty of ralnbow trout ovaries to cyanide. In R 3
. P i
. ’ 3
’ ’ comblnatzon they suggest the p0881blllty of a delay 1n , §
& * // ’ ; | \’
spawning resulting‘in the release of eggs durlng unfavourable’ o g
S . -
N // (4 j
\ i




environmental, conditions or a decrease in the number
. [ - “ .. - } .’

. \) .
viable eggs availa})le for reproduction.
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E - . ‘Cyanide has long been recognized as a potential
' " ’ ¢ ! LY ‘ 'l,‘
. R . . ) . . ‘ i . ]
. threat to aquatic life. - Undissociated and in compound r
’ o . - , ‘V'.
form,. i€ is frequently present in waterways as a result of

v . ' ”~ . . .

o ® B 4 N N

+  various ir.x.dpstrial pro'ceéses. The electroplating, metal-

E _
. - ' ¢ . . ' ‘
v . . finishing and mining industries-.are major contriibutors
1 . . /‘_ N . .‘
’_ . bug effluent cyanides also “occur _fro'm.scrubbin’g gases at- — .
. ) . . s . . R \a , , .‘. (“‘ . :._“’!
¥ , - steel plants and from gas works &nd coke ovens, (Germain, and : e
: Vellog, 1975). . . ‘ !
s - ; [ , ® “ . i ] : ~ -
1 S ’ Recently, the occurrence of excessive cyanide wastes
- ‘' has been\‘reported in Conadian waters.- B‘érub} and Gilbert - A
¥ . i ’ : . 'k‘ v 0 N . . . ‘ " N
] g (1971) recorded levels reagﬁiﬁg as high as 10 to 30 mg/l HCN
‘\ ,‘ ",. o '; . r
N - ' £ . - *l . . »
S~ 9 . - }in mine Ea;llnc_{ ponds and 0.0l mg/1 HCTN .in northern rivers.
‘ v - [ , ~ - N ) ‘ & ..‘ -
] ,J ' This sti:lcfly has been stimulated over concgrn of these . ! ,
T : ihcreasing levels. It is hoped ‘that the-hist®dlogical findings
: 1 ) é ' v/. o . <. &h : -
of this study will contribute kfowledge regarding the effects . /
5 . v of cyanide upon the cEitical—physiolog{ca];.functions of __—
\ "5' . reproduction in female rainbow frout.' = . * -
o . 3 - hd M . B - -
. t ) ’ -
/ ’ . 0 A1l efforts'_to control water’ pollution and ensure
/ . ‘#‘ ;. ' ‘ - . . ;-:" ’ o -, ; ' o . A " -
/7" ' gq,equate water q}xality require .some ungiersi;énding_of the™ v
el’ ’ > : M ' - ’ '/d'A"—' : " . ' ' -‘
T " - parameters acting on the toxicant.in the environment. R
‘ i) ° - I " . . ¢ ' .
. ¢ , .
R ‘ < N ) & L . °
, ¥ ¢ .o



' T'he leth‘al tox1c1ty of molecular cyanlde (HCN) varles w1th

) P
temperature (WPRL Report of the Dlrectok 1967, p.62). . & I

- « .

"(Brown, 1968, p.n733), dissolved oxygen (Wuhmann and '

J . '
Woker, 1955) anhd photo-decompos#tion (Burdick and N

Lipschuetz, 1950). PH affects the potency of the alkali
” . . N e
T i ~ .. U;‘ . . e .
“metal salts of cyanide in %olution since the extent of HCN
oL © - . R
7 : ' ,r . -
formed is increased inversely with pH. ‘In natural waters
r.

(pH 6. 5 to 8. 3) sod:.um or potass:.um cyam.de hydrolyzes

almost complbtely to HCN (Doudoroff, 1956) . : '

L A 2

- .“ "
+
2

\ \ M . :;J/uh.rmann and Woker (19_48)::‘ Dou Qro’ff— _¢:a_g al. (L}g‘g":\' '
N ha/v"e .de;monst;,':lt'ed‘that the effe'ctive cyanide specigs to th\
is the’vvol_létiie;'m‘rdrocyanic acid?m(HCN . The lethality of
hydrocyanic acid 1s d‘irect’eé 'up,c;n 1:.he reépir::tory.chain,

Y

spec1f1cally at the cytochrome ox1dase and succ1n1c dehydro-

‘genase sites (Lehnmger, 1970, p.379) Inhibited electron
' e . -
transfer ,essentialig‘( renders cells incapable of utilizing
. »

.blood oxygen (gones, 1964, .p. 83) . o

-~ . . W

N - . : o : :
N . Acute concentrations of simple cyanides to fish ™ .

~ . . Ty .
\ (kaifges as low as 0.02 to 0.06'mg/l CN for white crappie,
"~ 5

p moxJ.s annularis, and blueglll Lepomis macrochirus, .
) ) o

réspecti‘vely "‘Renn. 1955) }}zelﬂ in continuous flow systems.

- s

&
o . iy .

’ R ’ 2
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Hardler spec1gf (leeghales Eromelas) cénnot w1thstand

levelslmuch beyond 0.24 mg/l CN (Doudoroff, 1956) Other ‘

x
‘e

—_—

. physiological functions required for the successful survival

workers: (Herbert and Merkensr 1952) ‘have shown that a &2 W,

~

concentratlon of 0.07 mg/l Q$ at 17.5 - 0 5°C pH 7.4 to

3 v ! -

8.0, "is fatal to rainbow trout, Salmo gairdneri. Their'

‘
~

results "indicated that survival time was closely related

-

to the‘féngth~of yéﬁflings. ,Brown (1§68) reported a 48-hour

(I .

IC50 of 0.07 mg/1 HCN‘for rainbow trout at 15°Cc, pH 7.7.

¢

F . ‘ 3

However, fish mortality may result indirectly from

suBlethal concentrations of‘cxgnide. Several investigations

o

reveal a deneral reduction in the ability to perform various .

\ﬁhthe species. Effects on swimming ability, osmorequlatinn ‘ =
growth, food consumption; embryolbgical development and 7 ) :

. N ,/\ k
reproduction have been,teporte? in the literature. .
2

[

Neil (1957) found serious reduction in swimming ‘
aﬁility of yearling speckled trout, Salvelinus fontinalis,

at concentrations of 0.01 to 0.05 mg/l CN exposed 29 days/ N
g ° .
¥ - } s 'y
Total recovery was incomplete after 20 days. Similarly,

-

Broderius (1970), showed a 51gn1f1cant.decrease in sw1mm1ng .
time agalnst a constant water velocity in coég salmon,

v [
‘\

. L
7 .

-

|
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. A
Oncorﬁxndhus kisutch, exposed to 0.01 ﬁg/l HCN.
. . .

Studies on osmorequlation in rainbow trout (Leduc .

and,Chan,,197é) revealed that fo;lowing a 28-day exposure w

period to'various ‘cyanide concentrations -(0.01 to O.OBQE
. ( - ‘

mg/1 HCN), treated fish introduced into 18.8 p.p.t. salt

water showed higher plasma osmolarity“and chloride - ' ‘

concentrationé/compared to’ controls.- Upon return to fresh

¢
L4

water aguaria the poiéoned fish exhibited a éregter loss’

of chloride ions. Most of the effects occurred at 0.0l mg/1 °

HCN"with little intensification at higher levels.

_In.growth experiments by Speyer (1975), rainbow
trout Qere'placed in O.pz'mg/l HCN at 11 % 0.5°C an@ an early

degtession of growth was evident, ‘followed by an accelerateds

-

‘rate exceedin g contro-ls after 10 days.' The work of Leduc

(1966b) demonstrated that cyanlde-treated c1ch11ds fed «

-y

unrestricted diets increased food consumpt}on)but converted
v . " 5\ . . =
food less efficiently than control fish. A pronounced effect

,was likewise determined.for juvenjle Salmo qairdnerj with

restricted food rations (D<;oh, 1975).° -

s -
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,

Leduc (1976) showed impaired embryological

¥ ) ‘
development in Atlantic salmon, Salmo salar, exposed to

levels of 0.01 to 0.10 mg/1 HCN during the whole development.
- N ! (‘Kl .

A high incidenc? of gross abnq;@alities was demonstrated

in fry post cyaniﬁé concentrations as(diluted as 0.01 mg/1
HCN. Eég mortality surpasged controls 22, to 45% respeciive ‘
to the cyanidevgradients. In another embrxological stﬁdy,_,

. Wilde and Crawford (1966) incubated Fundulus heteroclitus .

embr§05rin cyanide, (2 X 1073M NaCN). Embryos: underwent

normal cleavage and blastulation but poét-blastpla'

13

development was inhibited. Morphogenesis resumed normally

)

after a one day lag upon removal from cyanide.

'Relatively little attention has ﬁeen focussed on

chronic cyanide effects to fish reproduction. - Pollutants such-

v
L] .

as cyanide may interfere with hormone production and conérol,
) }

translocation qf\energy stores or in some other manner

impair normal gamete production. Such changes altering

reproductive patterns of a population could lead to its decline

or disapbcarancc (Warren, 1971, P 122-125). : T

&0 N

To .date, only two studies of the effects of chronic -
. I
cyanide poisdning on the reproduction of:salmonoids could

’

2




. be found in the literature: Broderius 11975) per formed

..t00.01 and 0.03 mg/l HCN in cogtinhoﬁs—flow tanks for.18 days

tion. . ‘ - NP

oocyteé ﬁgre observed in the ovaries of cutthroat trout,

1

o ¢ '
. A
3

. -

experiments using brook trout through reproduction and '

hatching. Combined values for both edy yield and per cent.,

egg hatch were normalized to poptrols and the resulgg_ﬂ‘h

' L

indicéﬁed\only 80%, 50% and 30% effective reproduction at N

0.050,0.100 and 0.300 mg/l HCN Tespectively. Histological - '
obsefvations of firigerling rainbow trout testes (Ruby and - A
i ’ , ' ,

Dixon, "1974) showed that cyanide partially arrests mitotic e,

- . . - ’ @
division of spermatogonia at the metaphase stage. Exposure ..
. s . 2 N «

at 12.5°C" revealed & 13% and: 31.5% decrease in‘mitotic -
r ! , AN 3 . \ ]
activigy of developing germ cells compared to controls., -

Cellular damage was evident in spermatogonia accompq&ied

by a high incidences of necrobiosis atthe highest concentra- - o

+

»

Current literature indicates an increasing SN

N N {

A )

2

utilization of histologidal techniques to assess the impact .

of aquatic poliutants on fish reproductive organs. Atypical '-

t

LY

Salmg clarki, after exposure to the insecticide endrin

*

(Eller,‘1971). " Although no abnormality occurred in testes, B Ej

31% of oocytes in earl& and late vesicular-yolk stages | . b .

.

- -
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differed from contxols for fish at high concentrations. -

-~/

Oogenesis did not\proéfsss'BéYGnd late vesicular-yolk //

it
v

K
deposition. The effects of injected copper acetate and

.- ———

©

asphalt on ovarian activities in two fish species were

investigated via hiétological examination by Khosa and

i

Chandrasekhar (1972) . Copper acetate was found to stimulate

—_—

)
fu; . egg size while yoikier eggs with prominent granulosa were
} b T reported.due to asphalt after a three month exposure
v o
‘ . \

interval. The work of Tafanelli and Summerfelt (1975)

reported cadmium-induced changes in‘thefgonéds of goldfish,

Carassius auratus. Production of ova was retarded or

B ,
L - - N

inhibited in fish receiving multiple padmium injections.
' o . ‘

S These studies indicate that through histological

.

- g : ﬁédhnjques, the toxic nature of a compound may thus be proven
- .o and the extent of damage related to the different exposgggs
b , : .

-

' N .

.© + and condentrations. Early indications of pollution may be

¢
» ~

‘;/detected prior to external manifestations.®

Elcctron microscopy has been cspecially beneficial
. R . « . M R "

. in elucidating'éubtic organclle responses to aquatic

———

téxicants in several 6rgaqs other than gonads. Hinton et al

3

5 B (1973a, 1973b) estimated the amount of kidney necrosis in .-

channel catfish, exposed to methyl mercuric chloride and

S

T}




v

Paad

’

-

locaiized the corresponding acid phosphatase ?éaction

. s
product in the liver. EIectron microscopical observations
on‘copper poisoning in winfer flounder (ngéf; 1969)
confirmed vacuolation in gill ééitﬁelia with myelin-like

figures, various unusual vesicles and identified chloride

cells replacing mucous-producing cells.
a

The primary aim of this study was to determine any
structural alterations in rainbow frout ovaries bréught
_aﬁout by chronic.cyapide exéosure. A:histologicai deséription
of the gonad was prepared from:ligpt and e}eétroﬁ micro- |
SCopy. Ligﬁt miéro;c0picél’examination was baséd on

A

ciassifications outlined after several éﬁthors (Béams and
Kessel, 19?5;'Lewis and McMillan, i9§5g Braekevelt and ‘
McMillan, 1967:,Malserv§si and Magnin, 1963), Bo£ﬁ~a
qualitative a;d huanﬁiiétive pﬁase was necesgary‘in prder t6
éstébiish a baseline of oréaléy and to appraise any, damage -
iﬁcurred in fhé tissue ubseqﬁent to sublethal conceﬁtrations
of cyanide as hydrocy#nic acid. Oocyte ult?astructure and
early vitellogépesis have been previqusly documgntedvfér

several fisﬁ\fffcies (Yamamoto and Onozata, 1965) including

;ai;bow‘trou; (Beams and Kessel, 1973). Mitochondrial ~

~

structure was examined in oocyte and follicular cells using

L]




*

59 1

electron micrégraphs ahd compared to cyanide—treatéd fish.

« Development of eggs in maturing ovaries generally -

enhances stress upon biochemical functions within rainbow

9

trout, and this places a high energy demand upon the organism.

.Simultaneous exposure to sublethal hydrocyanic acid during

this critical period imposes an additional stress upon

fo

developing ova, particularly during primary and secondafy
yolk deposition stages, apd cbuld'detfimentally affect

séccessful spawning of rainbow trout.

L ; ¢
' This project endeavors to establish by means

of
a histological approach, the normal ovarian developmental

‘state of young rainbows, to describe and statistically
— . . e " ’ e

—~

cbrfgla%g the differences due to cyanide at the light level

- »

and Eo evaluate any‘organeile changes that may occur at the

“ 2

gtructural bevel in response to c¢hronic cyanide
‘ - .~

exposures.
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. MATER®AL, APPARATUS AND METHODS & .

« k2 J

¢

\ ©

For this study,. youg; réinbow trout, Salmo

gairdneri (Richardson), were purchased from La Pisciculture
du Lac a L'eau Claire Enr., St. Alexis-des-Monts;” Maskinonge

’
o’
o

County, Quebec. One’ hundred and fifﬁy fisﬁhvarying in R
Y

length from 12.7 to 15.2 cm were transported to the labora—

7

tory in plastlc bags conta1n1ng ice-water And pressurlzed )
with oxygen. Care was taken to assure uniformity of Yeight("

apd size for the two experiments undertaken but due to
summer growth the weights'of the fish averaged 35.61 g (May)

and 43.35 g (RAugust) respectively for the first and seqond |
\\ Pl

shipments.

) K 3

The stock received at Qo;cordia University (Sixr
George Williams Campus) was ﬂeld in 80 liter tanks st B .
density of approximately 3Q individuals per unit.
Additional ice was necessafy to’ETBQI?ﬁgEElimat{zeg%he

trout to the‘temperature'of,the flow~through system.
Prout chow. (Purina, 40% protein) was immediately

¥

jinitiated and continued throughout the #perimental period. !
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o ‘ Apparatus \ QAJ
. \ ..
Water supply "7\ ' ‘
. . - i . B "
-City of Montreal water was piped into the labora- . )
tory and passed through an activated charcoal dechlorinater o
. , o
reducing the chlorine content to less than 0.01 mg/l.
1 N . ’ - ' B |
- Chemical characteristics of the water used from May 1974 to i
1 . - ) N { ‘ , 3
' September 1974 were provided by the City of Montréal Public k
. ) . "
Works Service, Waterworks Division and the critical data i
is tabled below: .o CoT 1 ]
P
- - ' 4
Table 1. Chemical characteristics of City of Montreal water.
- A
Monthly Alkalinity :Total Hardness CO2 pH"‘H*v
Mean . (caco03) T ' ?
= &7 (mg/l1) (mg/1) ‘ /1) |
ry ° * .
May <o 8l . 117+ 0.3 7.9
¢ ) . ' ;
_June 83 120 0.7 7.9 ”
. . : . . . \
_ Augus . 85 127 - 0.6 - 7:8
September ' 83 o124 0.5 7.8
i .
Year av‘ii?e 85 . 126 0.4 7.9
\ ) ' . ‘
* Lowest concentration of total year T
- s
) N -
.y
. . &




‘ : , The inlet water was then gsupplied toé:})a experi-
"\ 1

3

mental&a‘ppajratus by plastic PVCQ,(poly vinyl chloride) pipin9: :

. . i R
into a main head tank. From here it was deliverid to the

- holding fiac}il\ities.' via an aerated 10.16 cm i.d. Plexiiylass,
column which provided rapid aeration and pre\‘)\epted the |
occurrence of air—-supersaturation in cold water. By ;tlé;ns .
of a graduafed flowmeter (Manostai:‘cgor.p., New York) the

'flow into individual ta&ks was maintained at a continuous

rate of 1.1 1/min. . ! ‘
. ’ \’ , ) Lv .. §
, /‘/;J . . .

‘ The . temperature of the watér reaching the testing
LI t . . 4 ] ¥
tanks was regulated to 10.5 ¥ 1°C by means of an inline -

Y

°

. chiller (PCSHQ, Dunham-Bush of Canada Ltd.) and during” the
latter summer run, an auxillary por?&b;e unit (Blue~M , >

N ‘ . Electric Co., Model Pcc-1355A-2) was submerged in the over-

. . . 5 -

head rese{rvoir.

-

" i Tanks .

.'; The fish were accommodated in translucent white,
I o T .

i K

polyethylene tanks (Rosedale Plastics, Montreal) which L{

measured 57.5 cm wide by 68 cm long by 42 e deep filled

) )

-

to a volume capacity of 80 liters. ”~ These units were mounted

; - _— . .

, , on a ‘common drainpan and each was f1tt-7éd with a8 large-mouth ‘

5 \ N 1 < .
c ., Standpipe and outlet tubing made of the non-reactive PVC

I

-




7

/ ’ ) R

material. Covers wele-constructed .with fiberglass mosquito

¥

a

-

\, screening framed in a Masonite pressed wood, resin-coated

S

(Standard Boat Resin, Waldor Chemical .Co., Pte. Claire)

-

to limit leaching. An elbow on thekisft corner housed a

stationary funnel draining into a weigﬁted tubing on the

e
s 2
14'3_

we ’

-

From Mariotfe bottles shelved above the tanks, the

floor of the tanltcv.,"*" . N

toxicant was introduced by 0;16 cm i.d. butyrate tubing -

which was supporteéd alongside the water inlet hése (Leduc,irgﬁ
: , ™ . -

A

. 1966a).* In this manner, total mixing of inflowing water.

and” toxicant could be achieved without any interfuption_

| ) v “

.

to the set-up during feeding, cleahiﬁg or sampling (See
- < .

Figure 1.) afterlpfkon (1975)

N

. . ‘
’ “The ifperimenta ~assembly was curtained by black

plastic sheeting to limift external disturbances. A-12-hour

4 . . ) - . .
<:;hetoperiod was assimilated by a time—switch cohnected to
. . ‘ . . . -
a series of 40 watt fluorescent lights (Lifeline, Model’
. ‘
- F-40, warm white, Sylvania Can.).
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- ‘ ‘ , Methods : ' M
. . ( . ‘ . )’- \ , [ ' I-)t,' v
A .o . ~_In prepardtion for the cyanide tests, the,fish

.

+

- " * wkre previously starved for 24 haurs to assuré the best’

, ' .reéplts in We;éht grading. Fish of the desired range were
: . o

% . . - ,, P “ 1

5 -randomly segregated under red fluorescent lighting to

) minimize stress produced by handling. Three tanks each
: containing 24 fish (ales and females) were subjected to
experimentation. Selected individuals were ‘anaesthetized

.with MS222) tricaine metharnie sulphonate, Sandoz), '‘dabbed dry

M .

N

S. . | te\weigh-to the nearest 0.01 g and bfandeg with iguid «

) e nitrogen (Mighell, 1969) for future -identificdtion. They

» e o

‘ were returned to their, original cqptainers -for completion

. @ .
\Al\ ©

of -the achimatizatidn period before the comiencement of

€ N -
. k4 A J .
AN K

R . .* cyanide exposure. ' .

B
F . ' '
3 . .
‘

For the first experiment, the trout weights ranged -

" from 34.79 to 36.43. "and the above descriﬁed prgcedures

P he two week holding time/ For the

. . y
\ were exequtednpriprt
remaining experiment, -weidhing and branding wgie conducted
' ¥

one day before the addition of cyanide and these weights

- -
! / )
a*

. - ‘ranged from 42.76 to 43.90 g.- /

.
R «, .
N A * . -
i N ‘ “ g . / L
.
& '
3 L v f )
. .
.
'
.

L2t A A
[

O . 2 ORI



- ' v . -
NI - S B!
o In the course of'this adjustment period,. identical
;_4. ‘ o ' conditions were majntained as those -throughout the testing. -

-

The fish were fed a daily alYotment of fobd in pellet form

P v N P

~ T, b at a level of 2% totskbody weight. With sampling removal
4 » ) N
4 | o of 50% of the populatlon tﬁls amount” was smply reduced

’ by oné half X ~ ‘ ;# .
9.' . - +
a . ' ‘ - - i N »
" s o
* ’ . Routine attendance to the apparatus involved daily
: ~ : - .
, 'cleaning of the tanks and repeated timings of flow rates.
- ' } .
s T 'Résuiual chlorine was chedked weekly by thej)rthotolldlne '

method (Standard Methggs. 1971) wheféby the incoming water
R -y e ! A

P \ sample was mat‘ched in a colorlmetl:en equipped with a

>
~
4

| \
* : ' fluore‘scent«%amp assembly: \ )

“t.’«n N

.
N - “

) After the required acclimatization, the cyanide .\ .

N, » ' v

B .t ‘/ AL ' soluti’.&a\s were prepared accordin\g‘ to Leduc (1966a). The - .
- b 2 48 . . L} » -
- [N

e LR
cl

e
.

'+ dilution water flow rate of 1.1 1/min provided a 99%

£

) , < replacement of . tank water every 5% hours as 'calcul‘ated’ after . -

z -

§ , . Sprague (1973). On the evgning before experimental day one,’

SRS TLLE
o
b ]
"

sodium cyanide was mctered from Mariotte systems into the

(]
El

». : , s T -
tanks at a rate of 2 ml/min to establish the concentration N o

2 -

of 0.01 and 0.02 mg/l ‘of cyanlde as HCN (hydrocyanlc acid).

. . v ™

3
©




The control group was similarily treated except for the

absence of poisdn. - . ‘ S

-

Every third morning'-thes"’concentration of cyanide’
in the tanks was determined by the Epstein colorimetriC'
- 0 method (Standard Methods, 1971) whlcg} is sens.1tive “for

microquantltles of cyanide between pH 7 and 9 (Epstein,

-

sy 1947). The stock standards cyanide was- t:.trated at

intervals with silver nitrate (1 ml = 1 mg CN. Harleco)

- “’
but the reagents were prepared \freslh with new assays. -

-

M . : . . -
Tank cyanide concentrations were closely estimated from a

PO

“u standard curve obtained using a spectrophotox;\eter (Spectronic
20, Bausch and Lomb) set at'szo/\m wavelength. A reagent
blank was used to zero the optical density following a 30 v
- e ‘ /mim;te, period of colour dZvelopment. 'T'r.le test water was
w%éhdt wn by means of a volumetric pi‘pette.' "I‘he |
modification,with butyl aleohol was found to be unnecessary

- in the relatively clear test waters.

Although it was not alv)ays possible to maintain
the predicted concentration® of cyanide in the tank, reduction -
was never reported inore than 17% of the decided strength and

. - ' when necessary. the flow of cyanide stock solution was adjusted )

accordingly.




o

T On alternate days, both the tank and reservoir

waters were analyzed for dissolved oxygen. A sample taken

at mid-depth was prepared as-per Winkler's Method (Standard

4

Methods, 1971) using the azide modification for interfering -

nitrites common in biological effluents. Sulphuric acid
Yeu , * . t ,
preserved thé reaction and the precipitate settled in BOD

- 73

bottles before the transmittance was recorded at 450)nm in

the spectrophotometer. The concentration of‘dissolved
oxygen was calgulated from a standard curve outlined by’

. N L]
: Oulman and Baumann (1956) and modified by Dixon, (1975).

.. Saturation never fell below 75% throughout either experiment.
* . .

The pH of the incoming'water was, regularly measured

' —w1th a reference buffe;wgtandard (7.00 ¥ 0.01 at 25°, \\ ¢
: L i
k Harleco) and calibrated on an electrode pH meter (Type PHM

o 28, Radlometer, Copenhagen). Readings fluctuated between

N . . Fl
7.65 and 8.05 units with the test tanks e§ightly morsa

k . acidic but remaining within this range. Sodium hydroxide

E ,’ was added to the Mariottes steadying the pH at 9 or more ’

to limit cyfnide stripping (Neil, 1957).
— A

Experimental ﬂg;igq

Two similar experiments were performed during eaily.

and late summer, tespectiiely, to evaluate the chronic




'\'3’

4

" effects of cyan{de on rainbow trout ovaries. On the 15th

day of the test, gonads from 12 fish per tank were removed
for hlstologlcal exam:.nat:.oﬁ‘«and the rema:.n:mg population
was sampled at thg end of 20 days. This " histological

project attempted to ascertain the seasonal state of
. » -

. . WMy
control ovaries and to compare both quantitatively and -

F 2
«

qualitatively any? significant changes in thé ¢yanide-
S ‘

. treated specimens. The data for 15 and 20 davs ﬁére\pg-‘led.o

Histology = ' ‘ . ,'

Upon the’ termination of the desigﬁated experimental

time, the fish were weighed and the dorsal nerve was. se'vered.

A .id-ventral incision was made from the gills to anal fin

1 whereby the right gonad was qulckly removed. Ovarie\ wei:e

'é fJ.xed at 0°C in 1.25% gluteraldehyde buffered with 3\133M

o

PO4 at pH 7.4 for 2 hours, cleared in buffer, and post-

°

fi;ceé for ¥ hours in 2% osmium tetroxide and buffer (Galigher

o N

-
N

elj}:{inate‘d air hubbles from the final infiltration of resin

' .and Kozloff, 1971). Acetone dehydration was followed by em-

*‘bedding in Araldite resin (Ladd Ind.). One hour eis’_sication

! B ‘ N 'y .
placed. in Beem capsules and the tissuds were oven-dried at 60°C
21 . . ’ .

-

ere inve:;‘eci_ on copper gr'ids (Athene type, mesh 2(‘).5)’.

/
]

. for 36 hours prior to trimming. Half miogon and silver sectiohs

@



. \ N
L‘ Thick sections were stained in 1% toluidine blue

saturated in sodium borate. The method was.-modified after

e

Aczel (1975) ‘to 3 minutes using a hot plate at.50%C. A

. staining scheme for EM grids, was compri§§d of uranyl acetate

(Reynolds, 1963) for 6 minutes and secondarily, lead-citrate-"

13

(Watson, 1958) for 15 minutes. c

. " For light.microscopy, the left gonad was simultan—

eousiy dissected into zipieces; one'beiﬁg placed in Helly's
e o |
" £fluid {(Culling, 19%7) while the other portion was preserved -
/ “ f

N
in 1% formal-fish saline (Carleton, 1938; Hoar, 1966) for °

* T~ . 7
4 . hours. ' P . ~ T

L3

. L] ! .
. Tissue was dehydrated in a gradient ethanol series -

from 70%\tg absolute for a total of 7 hours, cleared in
N ) ; .

©

N > 3 . :
toluene, infiltrated and embedded. in paraffin: (Tissue Prep,

m.é. 56°c ¥ 0.5°C), Fisher Scientific Co.). Gonads prepéred -
. / ' ’ -
in Helly's solution were rinsed overnight in cold water and
. , > \ . ) . ! .
washed’ in ethanol-iodine to remove traces of mercury pigment

Pprior to routine processing. All reproductive organs were

aligned and cut 1ohgitudinally in cassettes.

-~




oL ’ . . .
i ‘ - . ® _//

’ oo Microscopic sections for the verification of female

trout were cut at 5 microns- and stained with 1% aqueous eosin

. ‘ . and Harris hematoxylin. .

.

Formalin fixatiop best maintained cell structure

for measurements and counts. Blocks were sectioned into step-

-

serial levels (Gold, 1966)- in 10 equidistant intervals of 40
. < , *

miérons with each level having 5 8-micron sections. The total

’
-

depth into the ovary was 800 microns. Feulgen reagent (de

) Tomasi modification) was employed in the pefiedic acid-Schiff

L]

(PAS) technlque (Culllng, 1957) coupterstalned in Harris .-

hematoxylln for the locallzatlon of mucopolysaccharides and
vy . .
.the slides were mounted w1th,PsFmount're31n;: - -
v . . “ N K
. . ! /" oy ..
% . Helly's-fixed portions displayed advartages for
[ v \— ’ .
', cytological features such as mitochondria identification e

_(Altman Method in: Culling, 1957). oy T .
) ' ‘ : : - Y

"+ whick (half,microﬁ) sections oriented the reference

v
4 '

v |

°

region for electron microscopy in addition to providing .

N o

deta11 too thick to be otherwise discerned. ’
1 - 3 PSR M .
]
. ' LA B ¥ P
rd ’\
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“Histological Processing Equipment

VR AT 1)

T ey

’

The réiroductive tissue was processed in a

\J/
Tissuematon (Dual-Unit, Fisher Scientific Co.) for the firs"
\ s .

[ | ~

experiiment and a TecHnicon Ultra Processor (Technicon Int.,
“*: A -

Can.) ggr the second. Paraffiﬂjgﬁbédding was completed on

+{ 4 . . - .
a Tissue Tek II Embedding Center (Lab Tek, Model 4603, Fisher

Scientific Co,). Slides for light micioscopy were prepared

using a rotary microtome (Speﬁcer,AO '820') while half micron

sections were cut with glass knivef on a Porter-Blum ultra

-
s

microtome (Sorvall-MT-1}. .

’

\ Histological studies were done under a combination

of Leitz binocular and orthoplan microscopes (Wetzlar, .Ger.)

fitted with micrometer discs (Whipple) for quantitative estimates.

!

A camera (Leica, Wetzlar, Ger.) was attached to the column of

the orthoplan for photographing histo%ggipal sections, Thin

. A .
_sections were viejwed and photographed at 65 KV with an

f

““electron microscope (Phillips 300). ’ A,

For light micrography, Panatomic-X film (ASA 32,
Kodak) was utilized and gubsequ tly developed in Microdol-X

(Kodak) . Electron micrographs were photographed, using fine

grain f£ilm (FRP 426, Kodak). followed by developihg in D-19

L v




.-

Paaiie ol S A T rante - r‘ IS YRR - -

'stageé and potential growth of developing eggs.

v

23

N

s

(1:1 dilution) .for 5 minutes. Black and white photographs .

were developed in Dektol after the methods outlined by Dawes

(1971) and Desilets (1974) and printed on Kodabromidg'andl

. ) g
AGFA Brovira papers (grades 3,4,5). ‘

Ld
. . /

rd

Histological Analysis - ~ ‘

The quantitative analysis adopted for this histo-
. : "N
logical investigation was designed té obtain the maximum

4

information on changes infegg distribution, frequency of

S,

The growing eggs present during May through
]

September were classified from all controf fish. S8ix arbit-

I3

rary stages of development were assigned based upon changes

in profile size, cytoplasm, nucleus, membranes and follicular

r~

cells. A seventh class includeld several forms of degenerating

~—

(atretic) ova which occur naturally in the gonad.

1

Oocyte profiles were measured using an eyepiece

!

micrometer. To obtain' a survey independent of region, 10 of
the best-fixed (Weibel and Elias, 1967, P. 141) control

blocks were chosen with the section and level set by a table

of random numbers. Due to the ellipsoidal nature,, bdtﬁ the

A

major and minor axes of the cbmplete oocyte and its nucleus

+ b




’

, were recorded. \\)/r ‘ & .

e , . LY
. ' .

. - LY . o

Each diameter value was standardized by using the

-

. N ' . -l
square root of the product of the greatest (major) diameter
1.

multiplied by the least (minof) diameter (Bréekeveit‘and

i ' i McMillan, 1967). The nucleus/cytoplasm ratios were computed

1
Led

N and the number of nucleoli visible in an 8-micron section

-

«as counted. Total sample size was 120 measured control ' .

’

ococytes with calculated standard errors. | ]

" -

The corresponding h;stological features were’
described for ea:h measured oocyte to mark the progress of eqg
maturation. The f;qil class' limits or stages were established
'by size in coﬁjunctiqn with cytoplasmic criteria. . The stégés
" of oocytes encoiuntered on the ;urface edge 6fyﬁithout gﬁe\

$

nucleus, were estimated bylsize and/or degree  of yoik develop;

ment. ' c e/

A total of 74 cfhnide;ékﬁbséd oocytes were measured’

\
“and described by the same procedures.

Systematic sampling throughbut the'pvary was

‘initially necessary to determine the distribution of various
\

egg stagés. Step-serial lgvelsi?ecordea a'(longitﬁdinal)‘

-y ~

y e




7.

¥

. computed., ' ‘ ' .

-Day 15 and Day 20. No significant growth was detected over

_ently combined as a grand mean. , 1€

' .

depth of 800 microns into the ovary. This incorporated

14

75-100% of the left ovary segment:

Maximum growth, byﬂsize, within the ovaries was

measured using-~the largest ova present at the various
- . R N \ -
sampling times (Mathur and Ramsey, 1974). Every level and

> . - o
section was scan%éd and the major axis of the 10 largest .

oocytes per indjividual were measured and the means were

A

'\
L aml

« . ? '
in means of the maximum oocyte size from controls at Day O,

N

Potential growth was. determined as the difference

-«

. ” .
Day 15 to Day 20. Therefore, these two grou}p_s were consist-

) Cyanide-treated owvaries were similarly examined
. “\ , - . ’ . ~ !
and measured for maximum'and potential growth.

- ! s,

‘A pilot study tested t,}:.e relatioqsflip between egg
size and dcpth-distrtibution with'in the oya'ry. using the lar&est
measured ov‘a‘ as markérs:. .Cyanide—treat’éd ovaries were like-

-
. '
wise analysed for a homogeneous distribution. :




- ’ T
o

o - e N
26 4 X
The population of the seven stages (and thus all b
- N ‘ ' y g
- sizes) was tested for homogeneity. The frequency-distribution 3

W of the control stages was prepared by tallying oocytes,

_ o~ ;
falling randomly within the boundaries of an ocular grid& .

Any oocyte overlappifig the outermost upper left and lower right
corner square was not included in the counting (Weibel- and

Elias, 1967, P. 157). Initially, four areas for each 10 step-

i~ st e

levels were recorded. All oocytes were viewed at 250 X
> + »

{
X magnlflcatlon except oogonia which were checked under oil :3
¥
L I - ~3
o (1000 X). . ' / .
/ };‘.
Pl - . ‘5
. Results of the previous'g;:owth and frequency findings

in the controls permitted the application of random sampl:.ng

3 . technlques f/c})r further. count%

Since the frequency was .also not apparently d erent

among level loc¢ations, the counts were reduced to five random
r N N ) .

areas taken from the mid_—regi6n (5th level, 3rd section) of °
‘. (' o the ovaryl. An activity index of egg production was devised
by converting the’ individual stage means to percentage

frequency, cqonsidering controls as 100%\activ.ity.

v ot

* verm.er co-ordinates were selected from a table of random
numbers having out-focus to - 11m1t bias
!
o \ . o ! ‘

%’*——~ ’




<,
o

- P

The stage means and standard erxsors were calculated

!
< .

w8 for contrals and both cyanide concentrations. Significarit

L]

differences among and between the three experiméntal tanks

a

\ { v . 3 B

2 ' were tested by the student 't'-test using uhequal sample n :
/t - . (Sokal and.- Rohlf, 1969, P. 220). Aetwoyy analysis of

4 - - N i B . t“‘ - ]

4 variance and co-variance (SPSS-Manova) was app'liﬁd to the , i

-
. s s

- _ data. K
E: - 4 L - e ’ u .
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N RESULTS ;
' 3 - 4 ‘-
Oocyte Development ; | ’ ‘
" N . E . ¢ I . ) .
- The ovari®s of painbow trout, Salmo gairdneri, are

paired, elongate organs situated in the posterior body -

é:;wity,- dorsal to the guf and ventral to the swimbladder.
. "

! ] © R . .
Ripe eggs are shed into the body Cavity and pass to the

Al

exterior by folds forming a duct at the genital pore

(Anderson and Mitchum, 1974, P. 78).
) Lt S ‘ . ' ‘\ “
‘ Active ovaries possess a reserve stock of germ-
cells ready to complete a new sexual cycle, gven immeéi'ately
f , > = ’

/

after a :spawn. The ovary is covered by. a thin layer of
} . - .

-

epithelium, the mesovafium (Patt and Patt, 1969). Lying

beneath there is a thin ,mesgrichymal connective tissue named

' the tunica albuginea (Figure 2.). This vasculér' layer suppoi‘ts‘

) ’ : 3 \ 3 - ' [ - .
th'e gametes confined to the.lamellar folds which project

1 .- L] .

ventrally -and la_atérally—»inté the ovarian lumen'(Figure 3.).
< o~ - ’

A 'divisioh into cortex and medulla is lacking. Mitatic

’ division of the oogonia on lamellae generates the various ¢

-t
<

stages of maturing oocytes. A homogeneous ,populat:';or_r of

all stages is found to be g%stributed throughout the ovary,

3

_except at the extreme anterior, posterior and" peripheral
- ="y .

u

*

£ ’ 3

r . . .
regions which demonstrate a high incidence of atretic

1

LR OO e



29

+

.follipléé and ybung oocytes " (Figure 4.).WV

“ L ' -
a 4

3 (]

. The younger developmental stages present over a

. ~ 3
. %

périod extékdinq from spring (May) to fall (Septembe;) were .

Y defined by six classes. In general, growth beg{ns with a

vast increase .in proteinaceous cytoplasm closely followed

q

py yolk formation; . ’ , hy

-

Stagé,d . o o
. . < . _
The regting oogonium is nearjépherical and small
“(diametéi 4-6.5 miéxoﬁ;) with little spéciali}atioﬁ (figure '
\ ? - ’ N,
SW). A Ebin rim of‘paie basoghilic cytoplasm surrounds the Y

dark-staining. rlucleus which occupies -about 76% of the cell
(See Table 2.). No nucleoli are v%sible_but mitotic figures'

. . ) A ) , -
may still be encountered in recently divided)oogonia (Figure

6.). 'Cell membranes, nuclear membranes and follicular cgllé-

°
» - .

are” absent. . Oogonia usually occur in "nest" associations s
1§ - -

.

embedded in stromal connective tissue as shoﬁn.in*Figﬁqe 6.

: 1 . ‘ A

.
- . g 4 A s

’ o Cd
‘Stage 1 o _
- 4 - ! -

- : At this stage, the glameter of the cell varies from o

- 8

6. Sx\t\20 microns but Ehe.prfﬂhry oocyte nEmalns w1th1n the .

.nest (Table 3.). The opagque cytpp;asm iS"llghtky»ba§9pbilic
- s -
[ ' .

'and'Without'disFinct margins (Figure 7.). S e
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ellipsoidal (Figure 8.). This shape persists throughout the

T N

g i 2 iy R gl

s - . » -
. * »

The nucleus is larger than in oogonia, has a .

; . . .
i

definite nuclear membrane and nucleoli are not distinguishégle

from the—aiffuse chromatin. The primary oocyte displays

the extended "lampbrush" chromosomes which have entered the

leptotene {prophase) phase of meiosis (Schreck, 1974, (P. l;).

K

An incomplete sguamous layei of investing cells
- ‘ . ‘
occupies the spaces among the nested oocytes (Figure 7.).
It is composed of spindle-shaped cells which gradually enclose

the oocyte and later differentiate into the follicular layer.

. k=3
Stage ‘2 . '
The stage 2 oocyte increases in size up to 80 L)
microns in diameter and both cell and nuclear contours are ‘*‘

following stages.

~

A juxtanuclear- Balbiani body 2 First appears in- .
N

’

the cytoplasm. It has a duplex arrangement consisting of

a hon—bggophilic core, the -idosome, which is encircled by

a decply basophilic pallial layer (Beams and Kessel, 1973)
illustrated in Figure 8.
AJ’

2. alternative termiriology in Appendix A ,




The patterned pallial substance contains a fibrous, network °

: ' ‘ ,
material and forms 'concentric rings outside the nucleus

¢

; ~ (Figure 9.). Coee } ‘ ﬁ .

N : v g
An eccentric nucleus displays faint chromatin which

losesvaffinity for stains. Tﬁz nucleus is bordered by a :

distinct membrane (Figure 8.). one proﬁinent nucleus is -

frequently located centrally while several smaller ones are °

scattered over the nuclear matrix (Figures 8,9.).

L
Y x "

. During this stage, thin egg membranes‘étadually N
‘' encase the oocyte. The investing cells form.an incomp%iif

- layer of delicate, flattened epithelial follicular cells

>
’ —

(Figure 9.). .. . . K.

Stage 3 R
The oocytes of this stage,heye a diameter range

-

¢

between 80 and 160 microns. With cytoplasmic érowth. the

pallial substance too increases in mass and disbands towards

-9 ! ’

the oopLasmib‘périphery (Figufe 10.). ‘The fﬁbsome material

migrates between ﬁhc nuclcus and ccll border. \bradualiy
'/ = Y :{ M
the Balbiani body -fragments (Figure 11.) and totall

disappears by the end of this stage. Remaining peripheral

ooplasm -is frothy in appearance (Figure 12.) due to vacant

-
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o
°

droplets of primary yolk vesicles (small'vacuoleg) washed

RN
out\in\ethanol preparation. These increase in number and

\\ b

later fill the entire ococyte. Since a high variation
<" existed among the females, a moderate amount of foreruynner

secondary yolk may' be pfesent‘at this stage.  Similarly, !‘
. 4 [ . )
. < primary yolk q?y appear as early as iFage’Z.

. . F ,

The completion of;three egg ensheathments is
-~ »
synchronized with yolk development. Primarily, there is

. an indistinct plasma egg (vitelline) membrane closely
adherent to .the egg surface. Outside lies the sqgeyhat
tﬂicker zona pellucida (Anderson and Mitchum, 1974, P. 79). .

-

‘This refréftile band (Figure 12.) is hyaline-1ike, non-

|
cellular and strongly PAS-positive. Outermost, the investing
cg}lg (fibroblasts and reticuiar cells) form a single layer

of squamous folli¢le cells which is mpfé clearly obsgrvea

~

~~ at a later stage. The follicle cell nucleus is sausage-

—

shaped and uniformly basophilic (Figure 12.).

»

. ' . During stage 3, the'nucleus/cytoplasm ratio is L

- )
reduced to 56% (Table 2.). The nucleus resumes the lampbrush

type chromosemes (Figures 12,13.). A multiplication of the
. | R N R
nucleoli has occurred averaging 21 in number per B-micron

section and they migrate'tp the perimeter of the nuclear




- T

- ~
0

membrane (Table 3.). Clusters of PAS-positive granules’

+

congregate directly outside the nuclear membrane as

indicated in. Figure 13,

-

Stage 4 ‘ :
; . . .

The diameter by this stage increases to 210 microns

in profile. Small vesicles of primary yolk continue to

A

L

spread across the entiré 90p1asm.' Strands of PAS—positige'
granules Yadiate from the nuclear regiomn and indenévthe ‘A
nuclear membrane (Figure 14.). In Figure-l4, beads of }

‘ mucopolysaccharide—ﬁound vacuoles form a distinct baﬁd on"

the ooplasmic periphery which fusé with the primary yolk

v

, vesicles resulting in deposition of secondary yolk * ‘

:

) B
. (Braekevelt and McMillan, 1967). The zones of combined

. vacuoles are also eviden; outside the nucleus and bmess -
R *

.

inwards on-the fragile nuclear membrane (Figures 12,14,1S5,

16.). The cytoplasm becomes highly acidophilic and reacts

positively to periodic'acid-Schiff due to the production -

or accumulation of secondary-yolk.
I'd

P
— S

3

-

Only 50% of the cell is occupied by the central
- v - - )

¥
-

~nucleus - again revealing eXtended and obvious chrbmosomes

’

(Figure 16.). An average of 35 nucleoli of mixed stages .

- ho 3

TS STARAL Y e

B w0
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are positioned at the nuclear boundary‘(Table 3.). ,

¢

-~/

The follicle cells consist of two single layers&

an inner layer of follicular epithelial cells and an outer

[ 4 & - v

layer of thecal cells (granulosa). The zona pellucida
appears between these two simple layers as demonstrated in
Figure-17, and . confirmed later by electron micrographs.
Stage 5 . p ' ' ) \

. R

The most mature oocytes present in the sampled '

- ) .f

ovaries grow beyond 249 microns to ?\maiimgm 340 microns
v
in diameter (Table 3.). Lérge sec&hﬂary yolk vacuoles fill
the entire cytoplasm (Figure 18.) and push the femaining
p;aces of primary vésicles to&ards.the periphery. ;The
uﬁifblk vécuolqs coalesce-into irre%ular gIﬁbules.(Rajalakéhmi.

1966) but retain the ﬁénding effect pboth at the cell periphery

‘of the tvell and haloing the nucleus (Figure 18.). At the

end of this period, tﬁese*globules occupy ﬁhe enkgre
cytoplasm, - : "k
® , - _.The .pressing yolk results in an involution and

¥

-_ .
gradual loss of nuclear membrane. The nucleoli loose the'ir

o

'péripheral poéitibﬁ and disperse along the broken nugléar

envelope{Fiqure 17.). Up to 53 nucleoli are present but are

-
¢ -

/ 7
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¢

' typically spall and stainrlightly. Lampbrush chromosomes
persist in the nucleus as it begins to shift to on; pole. ,
. The nucleus/cytoplasm ratio is further decreased to 38% °
/(Tabi;a 2). . o | . ’

. 5 .

Thecal and epithelial follicular cells enlarge to T

v

a cuboidal shape, each remaining as ‘a single layer (Figure 18.).
The wavy zona pellucida thickens slightly and intensifies in

colour reaction to PAS. . -

TR Atresia ; . .
) N “ <~

y, " .’
"Some immature oocytes undergo a natural degeneration

‘ procedure which may occur at any stage in their differentiation.
N . - ' ‘ - .
\ ' Atresia was present in all {control and cyanide-treated)

ovaries viewed. It was most common in stages 3,4, and 5

axe

of oocyte devélgbmenth} - ' . \”

-
. The most widespread form of.atresia, pre-ovulatory

. ) atresia (Zuckerman, 1962, P.248), involved the elimination
.

of an egg and its associated membranes. The earliest signs
- are demonstrated in Figure 19. where a simple ridge of ’ .

- . peculiar yolk vacuoles occur at the cé}i periphery.




A

Hypertrophied follicle cells myltiply and ac£ as‘phagocytés~¥

-

- (Braekevelt #nd McMillan, 1967). The follicular phagocytes

contain conspicuously large, indented nuclei which are pale-~

staining (Figure 20.). They congregate outside the zona
;. (] 4

pellucida which eventually loses its smooth contour, .’

ruptures and permits entrance of thé’;hagocytes to the

’iﬁterior (Figure 20.). Occa551onally, the blunt cyt&QléENf"

processes of phagocytes reveal undigested granules from the

¥

endulfed yolk. An empty ball of collapsed cells results

from persistant ipvolutidn at the oocyte periphery as the

ground substance is simultaneously and completely resorbed’

(Figure®21.). Late atretic sites display rich vascularization

and the scarred region readily becomes reorganized imto
s ’ ! ' {

general stroma.

'

3
B . ' ' b b . ' o

? o - Non~hypertrophic atresia was rarely identified in *
3 ‘ '
control, pre-ovulatory ova. It does not involve the swelling

\

of follicular layer 'and membranes. Yolk rqurﬁs back to a

v

E I finely granu%ar texfure with a basophilic affinity. Cyanide-
\ .

L. S

, influenced ovaries displayed a similar yet unique degener-

' " N v »

~ - Y [

ation to be compared ip detail under the pathology section
Ve

" to follow. ' .




T

rd

- . Post-o ulatQ{y atresia was anothexr form of atresia
¥ present in rainbow trout ovaries. Only a few ovaries were

s i
sufficiently mature to' demonstrate the hollow shells left
behind by shed ova [Figure 22.). The remaining stroma is

o

extremely loose and cenvoluted., The normal-looking follicle

CA it

cells are removed and rep%;ced by rows of younger developing

3

oocytes.

] .

P i Pathology

Ovaries were examined after the exposure time in

cyanidef'and changes in oodyte sfructq;e were detected by

~

- .
. - -

¥ light and electron micndﬁcopes.' Examination of .paraffin
3sections exhibited a number of abnormalities.
, A} ' e e
In both experiments, a unique morphological
R e e = P
"\ aberration was apparent whereby deep depressions in the.

< . .
ooplasm consequently resulted in ococyte lysis. Ovaries .

i previously exbosed to.0.01 mg/} HCN showed the highest

incidence of damage, especially in Experiment 1.

The process was initiated will the rotreat of
‘ acidophilic cytoplasm and loss of granulation Q?d yolk .

. \esicles when present. The resulting ooplasm appeared

dull and opaque and a vaiiable number of dark-staining ’
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nucleoli became detached from the shrinking nuclear membr ane *

3

. (Figugg 23.). Enlarged, amoeboid macrophages infiltrate
) .

3
the egg surface and .interior. Their typically small, dark
. .. | s, :

e nucleus is most appérent when the macrophages entrench

-
©

-

themselves in a row of vacuoles (Figurés 24,25.). BAs yolk

’

Y ingestion proceeds, the eroding action produces depressed

-

furrows in the ooplasm (Figure 25.) until concentric swirls

-

of clear furrows eventually replace the entire ooplasmic

mass (Figuf%s 26,27.). Sép%}ation of .egg membranes and the
. .. & ' '

:"‘ -associated follicular layef (Figure 27.) may alter the ococyte
13

contour. Océésionally a few phagocytes occur on the eqqg

boundafy (Figure 27.).

~ .

T These aberrations were recognized in most stages of

- oocyte deeélopment as indicated in Figure 28.). The degree i

of damage was not confined to any particular oocyte size

. g———

or %tage. Two ovaries exposed to 0.02 mg/l HCN dgmonstrated

-

- the earliest signs of breakdown as described for the lower
: o

(v\ﬁ\éyanide concentration. =

.

The aboyg:procé;s of o&&yte degeneration (and b g

' ' ‘ 3 . + 13 . -
, elimination) is a form of atresia unique within cyanide- ‘

- )
t ’

N N contaminated ovaries. Pre-ovulatory atresia previously. p

S .
v : - N

“
.
4
4
x-“
-
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»
»” -

- . » N »
& described for controls is present as well in cyanide-treated

-

ovaries, but differs considerably. Phagocytic follicle

-
.

cells. with large, pale and indeqﬁed nuclei denote pre-

*

ovulatory atresia (Figure 29.). These cells %etain theirkﬁ
- | . ;oL

©

peripheral position as the cytoplasm is digested inwards.
.((//-'\ . ‘ , .
The %ona pellucida ruptures and this facilitates phagocyte

invasi&% to the interior (Figure 30.), until a complete

»

collapse of the ococyte ensues. In contrast, furrow

\

formation as described above for cyanide treated ovaries,

begins with -an infiltration of macrophages spanning a

°

large area within the otoplasm (Figure 31.). The character-

isti® macrophages contain a small, dark nucleus (Figure 32.).

S3 MR

Lot

Total collapse of an oocyte proceéds with the lifted "

>

e

.

'membranes gemerally remaining imntact (Figuzﬁf 31,32.).
. ! —
. . . o . -
Peripheral phagocytes (Figure 32.) continue resoiption of

.

the scarred tissue.

) - Tan \ ’ .' '
. Other effects of sublethal, ‘chronic cyanide include

PR Y

-

: & - .
alterations in the shape of many oocytes. Figures 33,34.

» - * — N W7

'

illustrate an exaggerated ellipsoidal contour that is .

‘ - -

prominent in ovaries exposed to both test concentrations of

, . " oz T o -
. cyanide. Expeyiment 2. revealed a gteater occurrence of

these ellipsoids. Aithough a low‘inéidence occurred in

- . . +

T . . )



o

.

control fish, only the earliest deformation was apparent .

L
s e )

and it was restricted to the peripheries of the ovary.

The extent of damaqe was not intensified with increased - 3
3 . |

cyanide concentratfen, but the ellipsoid pdb\lation
o . 3

extended from the perfiphersdl extremities to 'ne interior
regions of the ovary. .
. ” . ‘ .

.

"

as pictured ‘in Figure 35. = . {
L . e .o

Frequently‘?he shape~affected oocytes showedAélmost

.

complete separation efvhembranes from the égg surface ] /‘

o
(Pigures 33,35.). . - - T
3 ” N . . . ' ¢

LR
.

The loss of elasticity was demonstrated in many

3 e
2 5

oﬁher cyanide~treated .oocytes by extensive thickening of

. the adhering egg membxanes._ The hypertrophied and wavy /‘
ERE .
L zona pellucxda (Figure 36.) renders hazy. 1mproper

resolption of these oocytes. ) k
o oo . ) 1
The majorit&'of.the,two types ofveffected'oocytes ‘

~were classed into stage'4 or 5.by é{ze“éonsideration alone.

e B

™
L7

bl e ar D il a e



:
s : * )
) - 'y . . .«
. - - . \
N <
R
v .

>

v

,. Their cytoplasmic devefopment was not equivalent to control

? R ! N ' \N . -
‘oocytes of similar dimensjons. ///
‘n . - . . : R .

- i . Throughout Experiment l only the 1nIt1al steps -of

. ¥
- ] . ’

- . yolk dep051t10n weye prevalent (Flgure 37.). The primary
. D X
oo ) ' ;Efect‘of cyanide oécytes of comparable size, appears
M fh : as a lag in the dlsappearance of the Balblanl body. Figure‘
4 w! ' . ‘A ’

. . 38, 1llustrates the patchwork effeck of basophilic fragments

= tr

L 'migratlng.frqm the nucleus: -

.o - -

_ [P . .Y . During Experiment 2, late stage oocytes displayed
Cn . i

- .

4

. -+ a peak pl§iod of secohdary yolk development (Figure 39.)%
SRR ¥ .
In the cyénide-contaminated oocytes, large accumulations
1‘. . of granules stagnate out31de the nucleus (Figure 40.) and

stalﬁybrllllantly with perlodlc ac1d<Sch1ff. D15persmon of
‘ fthese grannles into the peripheral ;ytop;asm,is abnormgl_
f' léhd ;ay 52 blocked as-early as stage 3 }Figure 40.). Mal- ‘
U formatzon ‘of secondary y%}k v;cuoles reduces|the mobllizatlon

-

v'to the cell border (Flgure 41 ) ’ The normal banding of.

¢
! . e’

;coalesced yolk globules .is inhibited and results in an

“

‘Q .lrregular dlstrlbutxon (Flgure 41.). . : .




Ultna%tructural‘Observations
. L 4 ’ . .
Several control and cyanide-treated ovaries were ‘

examined Under the electron microscope. In late-stage
N : o M A
. . \ N ’
-oocytes, the follicular cells were confirmed as anvinner

* epithelial layer and an outé;'theéal-layer. Both layers
appeared ndn—stratifieq. The thick,‘acellular zona pellucida
; ~_, Was identified between‘ the fgtlicuiar layers (Figure 42.).

. . . p .
The ooplasm within control oocytes demonstrated a

wide 'variety ef bizarre forms of mitochondria.- They varied -
from round to long and coiled (Figure 43.). The acéi%e .

elongate mitochondria were commonly characterized by the
' ' ' 4
typical godgle membrane but revealed an irregular congphx

~

(Figure 44.). The -inner membrane displayed transverse,
tubular cristae of variable lengthsfextending into the ”’
homogeneous matrix. Dense granulations were appérent in the

.finely granulér matrix (Figure 44.). (see chart 1.)

»
“ >

«Control follicular (epithelial) cells consistently

\ .
contained round or oval mitpchondria which were bounded by

°

'a smooth-contoqred? outer membrane (Figure 45.). ’Paralléi

¥

- e N
" tubular cristae were appareénht within‘the co¥toidal ground - .
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oObserved. -
A

Ultrastructurs#l exdmination of cyanide~treated

oocytes revealed subtle effects on the mitochondria of

both the ooplasm and.follicular cells. Early structural

alterations after 20 days exposure at 0.01 mg/1 HCN\EE

+

" the follicular mitochondria, included increased matrix
granules, laminations and rupﬁures of the ‘doublé membrane
frequently resulting in a release of the internal contents

. . )
‘into the surrounding cytoplasm (Figure 46.).

& ‘Follicular cell oocytes at 0.02 mg/l HCN exhibited
'~swelling of.the entire mitochondrion, and hypertrophy of the
interspace between ;he‘membrahes $§igure 47.). Breakdown and

vesiculation of the cristae accompanied by a loss of matrix

A
b

granules'@gfe observed after thée 20-day treatment.

.

«

After 0.02 mg/1 HCN eiéosure. affected mitochondria

within the central oopiasm appeared severely hypertrophied
with discontinuous membranes (Figure 48.). . The clgpdy matrix
containedjaggregations of dense pérticles and a reduction in

the number of cristae was obvious (Figure“48.). -

-




T vty

47.

/ . , . .
* ’j[ Feeding and Wet Weight Observations : ’

s

-

. " In both exneriments, the fish auickly\acclimatized .
to the tank environment and resumed feedina wlthin two days

upon arrival at the«laborato;y. Introduction of the

toxicant resulted in stimulated swimming activities. After -
the fourth or £ifth day, the fish held at 0.02 mg/i HCN 5 4
exhibited lethargic, surface swirmina accompanied hv a decline 4
in food intake, most pronounced in the first experiment. A

' " similar response was evident after 8 to 10 davs in fish _ .

-

_/exnosed-to 0.01 mg/l HCN.
L -

e , ¢ )
e . - A

~ . ’ A minihal number of fish mortalities occurred during

both experiments (Table 4’)i Control mortality was attributed

. to fungal infection and specimens were removed uvon loss of

7~

equilibrium. Disease was almost eliminated in the tkeatment

AN

_'tanks,aﬁier several davs of cyénide exposure.

yoe % d 2 |
'6~ ) -'.' ;" Co . -
At the l5-dav sampling, the number of females was - ‘
: — g ‘ v »
. not large enough (less than™5 individuals) to provide a '’

- complete set of data for statiétical analv§is. Aqaih the

15 and '20-dav mean values were combined for t-test analysis.

[y

L4

Table 4. shows the wet weight distribution between the
~ * - i ’ A !

. -
spring and late summer experimentsi < It also compares : , ;
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the initial to final wet weights ¥or each experiment. The -
control initial wet weighy$ “ere sismificantly different
from Experiment 1. and 2. means of 36.43%¥ 1,08 q and 42.76

ti1.29 g respectively. Summer hatchery growth accounted for the

'

weight increase. After 20 davs exvosure in Experiment 1.,

no significant chance occurred in the fincl wet weights for ¥

*

either control or 0.0l mg/l HCN tanks. Final mean wet
‘yeiqhts of fish exvosed to 0.02 mq/l HCN were siqnificantly
different from controls and from initial mean recorded for

- \
" this tank (See Table 4.). This weight loss was consistent

Y

with the noted change in feeding habits. In Experiment 2.,

-t
¢

all tanks exhibited siqnificént qains in mean wet weights

s [ 1] . ] \
over the 20 davs duration. WNo significant difference was

1

evident in final means bhetween controls and cvanide IKQUDS

IS

despite a slight food rejection observed at the highest

concentration..
? 1

"To test for any different effects of HCN an the
arowth of females, the mean wet wéiqhts of females were
s

Separatelv.analvsed—in Table 5. These results show that

whereas the growth of the pooled samnles of males and females

' (See Table 4;)showed A sianificant effect of cvanide onlv aéM

0.02 mq/1 HCN in Exveriment 1., the control females grew -
faster and were mEFh more affected bv cvanide. Their wet
- weight cains were lower at 0.02 mg/l HCN in Experiment 1.

énd at 0,01 and 0.2 ma/1l HCN in Experiment 2.

N .
< ] . . . ' . .
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In Experiment 1., the control females did nét show
significant growth over the %grday exposure period, but,
the .wet weight increase in Experiment 2. females was

“highlv significant.

Effect on Frequency of Stages

S .
A wide variation in the rate of qvarian maturation

was observed within fish of an initiallv close weight and
length range. Sevekal complements of ova develop
concomittantly within the.ovarvy. One or two stages are

predominant, however, aﬁ anv one sampling perioqland the

specific stage chang§§<;ith seasonal growth. Figure 49.

&
/ : . g
demonstrates the rel?tive pronpxtéon of stages in the control

fish ani,the incidence of all tvpes of atretic fellicles. A
~ " N . . . T
comparision of the two experiments reveals that the majority

or

" of oocytes present during the spring (Experiment 1.)\were at
stage 3 , whereas the late summer (Experiment 2.) stage peaks
‘shifted to stage 4. The second experiment exhibited a
higher freaquency of stage 5 oocvteé.and oyerall dépressed
“oogonia production (Figure 49.). . o

L

~. . Mean frequency values for both control and treated
fish are presented in Tablg'G.“ All stages were significantly
differént (0.05 P 0102) between the'two experimental'control

~

groups. . . . ,
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were significantlv different at 0.02 mg/1 HCN

Stages 3 and

v

in Exveriment®l. when compared téﬁcontfbl means. In
Experiment 2., 0.0l mq/l HCN was highlv‘effective in staqge
! ! 0,3,5 and atretic follicles. The 0.02 mg/l HCW concentration

exﬁibited significant differenées from controls in stages

.

1,5 and atresia (Table 6+). ‘ .

;i e =

In the freauencv histograms-of Figures 50a and 50b, the

control meAns per stage are expressed as'1l00% .\The repro- .

o/ : !
- ductive activitv in -the cvanide-exnosed ovaries is 1pdexed

/ . A

. in Table 7. as nercentaae freauencx of control stage actlka?

Pl

: (1n0%). . ' . )

v

quureq 50a and 50b indicate, the reoroductive e
. act1V1tv shift in the pronortion of the dlfFerent stages after
a 20—dav expdsure to hvdrocvanic acid. Na siqniflcanthchanqe

3 * - 1 v . *
~ . in stage freauencies resylted1iipm 0.0l mg/! HCN exposure in -~ o

Fxperiment 1. At 0.02 mg/1 HCN, staq3 3 activity is 41.€7%

~
¢

Higher than_controls. A significant'decrease occurs in stage 5 ..

at the same coﬁcentkatién (Figure 50a). At the highest concen-.

- v K

+ tration in Experiment 2., the peak values-(Fiqure 50b) remain at

- . stages 3 and 4 as in controls but staae 1 (primarv oocvte) - .

production is significantlwv increased by 71,43% as well as ,' ..

xr

mﬁ*iﬁm”% XY CN
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a significant stimulation of atresia. Significant blocks at-

e

L}
stages 0,3,5 and atresia are demonstrated at -0.01 mg/1 HCN
g
in the same experiment.’ The decline to 35.38% in stage 5
and the significant atresia activity (201.78%) comprised

mainly ofolaté—stage oocytes are evidence of a reduced

B i ' . .
number of oocytes developing beyond stages 3 and 4.

Observations on PotentiaI\;;§\Growth

2
Monthly changes in average oocyte sizes ocoﬁ%red

from May through September and were.used to study the .
3 - : [}

effects of cyanide on egg maturation. The largest eqg
diameters were found at'all levels of the sectioned ovary.

Peripheral -zones, however, tended towards smaller-sized

—

oocytes, often i}ﬁfgular in ‘form.

~ -

From the arithmetic mean of the 10 largest ova

diameters for each ovary, potential growth was analysed -

[ .
. ~

~

between the time intervals of the twb,ékpérimentafperformeé.

— : '
Growth within the 15 and 20 days.duration of an experiment

“

was also measured. In Table 8., tﬁeﬂﬁoanlgrowﬁh over spring
. ' * ' N

(pay 20) to summer (Day 20) controls is a significant,70.

microﬁb.a The difference between control Day 0 and Day 20

- showed approximately 75% significance‘ﬁn both experiments.

-

s




- .

o .- .
[Ts]

| ‘potxad sansodxe Aep @z 8yiz Isao -
20oUSI9FFTP 9Y3 Se umoys ST Yiypoxd TeT3IUS3Og -renpiaTpur xad sa34A000 3sabaet - -
0T .43 3O STX® zofew ueau fse pajuessaiadex ST vAO paTdures 'JO YIMOIb umurrxew

“8 °IdeL

\

>

< 969 3e juedIyTubTs ST anjea
quawtxadxd =CF {1 Juswtxadxmy =13

N

.3, sjusurrazadxs usemasd Y3jmoab asummsg °Z
*sonTea oz Xeqg snid g1 Ae@ Y3ITM PSUIqWOD- ST 0Z Aed

230N

20°0<d<S0°0 =«

. L90°T 19°21 0€°GLT 8 oz Aeg - zo'0'- %3
% SSL°T 82°01 12°692 €1 0z &eg@ - 10°0 - ¢z
69°LT 8% °86C . 8 oz Aed - 00°'0 - ¢4
0z0°1 K s
BE°ET 11°9LT 6 o0 -Xeq - 00°0 - Ca
% 99L°1T ‘B VS . 65°50¢ B4 oz Xeq - zo°0 - Iz
' - . . .
612°0 -98°0T 3 AR 444 A oz Xea - 10°0 - tz
. , 4 N .o
, , %o 1T 00°822 .6 oz X=a ¥oa'o - 1z
LET"0 , , ;
. . A - A — .
v ¥e €1° €22 .S © 0 Zea - 00°0 i
0z A=a Toa3uU0D . (£) (w (u) (NOH T/Bw)
0¢ AEQ FUBDIXO], I0xxd STXVY w 2218 juel, .
anTea ,3, paIepueys x0lew uesan a1dures TejuswrxadxXy
) . <




Ve

¢

No valid difference occurred from Dav 15 to 20 in

either experiment, and the values were accordinglv
' ' )

.

and consistently combhined. o

ol

o

]
~

The potential gqrowth rates of toxified oocvtes

were compared to control Dav’ 15 to 20 combined data.

Table 8. ihdicates a 'siqnificant dif‘erence‘in the mean
major diameters in Exneriment 1. after 0.02 qq/i HCN
exnosure. The mean major‘diameter was significantlv
smaller than the controls onlv at 0.01 mg/l HCN in | Yo
Exne;iment 2. The freauencv histoqrams of diameter ranges
in Fiqure 51. and 52, reveal the absence of the largest \\'f

-

oocvtes. In Exveriment l., there is 0% frecuencv of {

oocyte diameters greater than 300 microns after 0.02 mqg/) "N

HCN exposure (Fiqure 51.). Similarlv, 'Figure 52.. demon-

strates 0% freauency of diameter ranges hevond 350 microns

-~ i - . s

.. . i )
. 4 " " . * R
4 ' “ . \

for hoth cdvanide concentrations. o " -‘fB N




SIS " , . :

+ .

Figure 51. Experiment 1. size d:i.stribution of oocyte
mean major diameters in .control and cyanide-
treated fish. '

- . d . .




N s
N 11 g

)

_ * .. Figure 52. Experiment 2. size distributicn of oocyte
‘ ’ mean major diameters in control and
cyanide-treated fish. . ) ]
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>

ﬁhysiological Effects

< ° e

e e . 9 . . .
. Siqnificance of Observations in Normal Oocvte Maturation

\

T & Lagler et al (1962) have stated that female Salmo

gaivdneri attain sexual maturitv for the first/ time from ) ’

- the ages 2-5 vears or hodv lengths ranging from 7.5 - 30 cm

or more. The voung females obtained for these earl:{;gd'late/

’ : - ) ", . . )
summer experiments measured between 12-16 cm. Hist oglcal”J“ ‘

L

E: — examination of these ovaries revealed develooing ova

‘ <
o ,underqoina maturation for the forthcoming spring spawn.

- o

3
.

‘It was evident from this study that although rainbow

trout are annual breeders, Epe ova are not svnchronized at -
. . one developmfntal stage throughout the growing season. .
. ) . Several egq stages were present at any given sampling time .

" which'suqqests that rine' eqqs are sh&d on more than one

s

occasioq."ﬁ-hiqh variation in the freauency of stages and ' ww

the degree of maturation amonq individuals was common.
] ‘ ‘. N N C . - . —
E Similar variations were describhed in the ve%%ow perch, Perca

4

flavescens b§ Ma1servisi and Marmmin (1968) who indicate

..,

that such varianép mav be anticipated in moét fish of
temperate waters. Scott (1962) ohserved wide ...

differences in-final eqgq size for wild nopulations of

3

R : - . - - 0




rainbow trout and attributed the! differences to intraspecific

B
%

[ 4
.‘ 2

competition.
; * « | :
i‘ - \ Classification of the stages of egg maturation in
i /"\' ) the Salmo gairdneri §tudied, was complicated by oocytes of :
» S seemingly comparable siwze di~splaying a variationh in morpho- -’ ;

g ‘ ‘ " logical organization. Similar f’indings have been previously
' N * ’ N
" reported for rainbow trout (Beams and Kessel, 1973). ‘

v

Considerable overlap of definitive stage criteria, esbecially

e

; ' in rapidly proliferatinglstages 2-5, was visible throughout f IR

e

. - pveds

this study. These included the rates of Balbiani body

. ¥ fragmentation and disappéarah\‘e, as well as frequently’
. ' . [

d \_\) R - ,
simultaneous deposition of primary and secdondary yolk phases 1

1l
which were sometimes common -to several owcyte size classes.
N} » » » . ' . . “ . | o0
This indicates a wide variation in the, consecutive develop- . o,

’ . '\ N )
mental stages with respect to time among oocytes and expresses

varying metabolic rates of activity of these sequences. ! “

Large class intervals éssigned to egg sizes reduced the over-
. o . L ~— ’
"lap and facilitated recogmof trie lag effects dué to

‘  cyanide. : , , ' .

) » o : ot




i\ ’ ' ) A
As evidenced from Tables 2. and 3.,- cocytes undergo
_ ,

a primary growth phase marked by an increase in volume of -

-

both cytoplasm and nucleus. The extended "lampbrush" i N
chromatin observed during this period has been attributed

to,the synthetic activity of genes by previous authors

. " 3 .
. (Beams, 1964). .

ot
.

Multiplication_ of-the nucleoli corresponding with

-

celi/growth discerned in this investigation, along with

4 .

- .

their migration to the preferential nuclear boundary, reflect

~ \ ‘ )
- stimulation of RNA production.

. . ‘ ‘o - °,
The presence of a prominent Balbigni body, as '
L4 @ ' ' ~ - ) '
. previously reported in rainbow trout (Beams and Kessel, 1973),

: LN . . °
.was confirmed in this study. Its duplex structure consisting

-~

of a non-basophilic, idosome core and densely basophilic, \
o o . -

-

outer paklial substance was clearly evident in oocytes

- - -

ciassified at developmental stages 2 and 3. The déeply

- -

basophilic layer suggests ‘an endoplasmic reticylum rich in
. , S -3

RNA and roflects a period of active protein syn%hcéié

e 0 ~

L4 tem e ko S




5

ody of Channa maryleus, a teleost,(was partiakly

P .
‘ 4 composed of RNA and associated its pr&uction with that of

pfoqeins and fatty yelk ﬁormation. In more recent studies

(Beams and Kessel, 1973), the affinity of the pallial layer

z |
\ for basophilic dyes and its subsequent destruction by ho%

]

RO INATA . PRI AR R

A

3 “  trichloracetic acid, clearly’demonstrate RNA and protein

[}

nature. Enzyme studies performed By Livni (1971) on’ three®

teleogts demonstrated the Balbiani body ‘to contain suceinate
dehydrogenase (aerobic), glucose - 6 - phosphate, dehydro-

t.;‘ L genase (anaerobic) and «-glycemphoephate dehydrogenase
. (anaerobic). !
] . NN v

Y

Clag!ified stage 3 and early 4 oocytes displayed
.accumulatipns “of positive periodic acid-Schiff* granules

~ immediately outside theé nucleus and radiating into the
. ’/ L : ‘

e

suxgsunding ooplasm. -Identical graﬁules have been:considered

. glycogen in composition by Beams and Kessel (1973).

3 N e

‘ : As seen. in Table 3:. the secondary growth prhase

[
' . R

during stages 4 and .5, 'is charac%erlzed by an exchange of

o , products,as the large complement of onk is 1ncorporated into
.\. M o"':(> 'f‘?'l}“'\:""&\
 : “the extens Ve maaadgﬁseytoplasm._




o ”*

., , The results of‘the present study suggest that the

trout oocyte becomes filled with yolk resulting from the

action of\f&s own organelles and via selective micropino-,
-~ . . o

E]

c;éosis with the follicular cells.

° a

- .

Confl%cting views of p;otéiq yolk formatiog’have ..
.resulted among ;yvestigqtors working on different species of
developiﬁg eggs. Yolk may be formed gﬁthef from the oocyte
ofqapelles (intracellular), or may'be'obtained.vié the

. ‘ - <
follicular cells (extracellular) pneviously°ﬁ5nufactured“

outside the owvary, or from a combination of both methodéz

Four patterns have been classified (Wolfe, 1972, 5.458—461):
"~¥olk ‘bodies may be formed directly from the mitochondria #s\\\
T . . ’ . ‘

described for amphibians . Secondly, yolk may arise by - .

. .
5

c pinocytosis whereby the pinched-off vesicles contain extra-

N

¢ 4 . o

cellular yolk materials from follicular cells, such as in the

’

case of lampreys. Yolk formation through dirett cq?nection

-~ -

with the roudh‘énd smooth endoplasmic reticulum has been
’ - \u ./ ..\

documented in crayfish oocytes apnd also from veéicleg arising
. v .- ‘ - . . et L .

near the elements 6; endoplasmic reticulum and Golgi asvfor '’

hd H
-

9xam§ie in thg f;og genus Ranq; Beams and Kessel, (1973)

-y - . [

o

N, ' R 4 : e i

‘habe:demohsxraéed an extensiyely_deéelépéd system of T
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v
. ‘ . \
| ) o
- endoplaspic reticulum having numerous cisternae granules .
*

. A
present in the earli oocytes of rainbow\trout. Their _ .,

W et i e g

, . {
suggested purpose of this system is the é%aboration of a

. specific type of yolk granule. -

(13
The initiation o£ yolk in control rainbow trout was

C .
/ found to begin concurrently w1th the Balbiani fragmentatlon

(Table 3.). Frothy oil droplets of fatty yolk occupae&‘most ' ”
1
A of the remaining cytoplasm in early stages 2 and 3.

! 1 '
Carboﬁgdratefbound primary and secondary yolk appeareé'to be ™

el W dmmb s

3 , ‘ o - 2o
established next within thb‘expandgd‘cytoglgsm. " Yamamoto ,
2 ’ ' S '
aﬁF Oota- (1967) fohnd mature yolk gléobules to be rarndomly ' @ B

scattered im zebrafish eggé. Con?rary to their findingsy

deposition of yolk in rainbow trout within the present study,

indicated. a repetitive oréanization. This was marked by a v T
- ﬁ% - ‘ sl o !
."distinct -ban8 of yolk firs appearing in restricted regions

. o~

circumscribing the nucleus and‘kscéndarily a£ the péréphery ‘ T

Ay B - ¢ ‘fx
. of the c&toplabﬁ'of the oocyté. Tiny vesicles of primary
. Tty '
“ . T e : L. » . .
“yolk first occurred in these band formations and spread; . ¥
. . .

€ cgntfally.“ When the éytéh&asm was almost entirely.filled,

‘Jacidophilic seé&%dary yolk vacuoles occupied the identical, ,

> ! . P
fonner band reglons. Agaiﬁ} these miQrated acrOSS‘the oopla

o

1 - ¥ N
q to unlt w;th prev1ously lald down prlmary yolk. The flnal ' .

) .
. . . \»J '
< ° A
' - i
- -« . .
© . E . fe o - ‘ ' o
v
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3

product by stage 5 was characterlzed by the merged yolk 2
,globules. Gene émpllglcatloﬁ\and the yolk band about the

nucledr membrarie indicate active. synthesis of specific yolk

prescrlbed by the nucleus,aand its assocxated organelles

(Golg1 dpparatus and eA!%plasmlc reticulum), Electnon

/
microscopical studies by Beams and Kessélf (1973) "have shown t
’ . / , L4

-

pasfage of'grénqles into the cytoplasm throudgh/nutlear pores.

N \

. eVidence of 1nterd1g1tat1ng mlcrov1111 between

(epithellal) folllcular cell and the ooplasm’proper .in s

R late stage 00cyt¢§. .This indicates a secondary site of active
k- , : yolk synthe31s. The increased surface.area suggests passage

of materials, presumably raw nutrients from folljicular cells, -
into the oocyte cytoplasm, ° ‘Pe:ipheral yolk band formation

observed in. the oopl!Lm adlgcent to this region may signify .
w ¥ ’ -

the'receiving d%ea of a d;fferent and .specific yolk.
N - . 4 4 ~ .

-




. : ) &-
A similar description of peripherally banded yolk

/vacuoles,and globules has been reported byzRé{aIEKShmi (196€)
Gobiuq:giufisq Braekevelt and McMillan (1967) expressed
the same peripheral yolk dépogifion in brook qticklebéck.

" However the formftion of yolk in restricted regioné circum-

scribing'the nucleus and the'repetitive nature of primary

, and secondary yofk deposition patterns as_reparted in the
present étudy has not been prééiously deécribed.

b
- Atresia

folli&ular atresia ig the natural means_ within the

. . N \

ovary to\elimlnatej?bcytes.' Although it. is fundamentaﬁly
, ? the same in all teleosts (sathyanesan, 1963) it may’be /s

present in several forms such as:- pre and post-ovulatory, .

.

being &ither hypertrbphic (involvlng phagocytes) or’
nonhypertraophic. D
L oo e
.. During the spring’ and summer ekperiments, pre-

ovulato:y. hypértrophic atresia was the mosé frequent form

e
r

* of degeneration‘zgahggtered. Normally éhe procéss was seen

Kol ‘ ' Rl

to begin with dlsxntegration of the’cytoplasm followed by

follicular cell and membrane 1nvolut10n. A large populatlon

\
d% phagocytes somet;mes containrdb yolk granules wasqpresent.~




’enzymes lyse the cell and the dlssolgsd yolk is subsequently

‘growth, the grcates; frequency of oocytes shifted to s$ages’

These flndlngs indicate yolk resorptlon by phagocyt051s where

1

g

-

recycled. 3 / - .

o

L . +
“ The onset of atresia was recognized in all stages S

o, : o

L 4

-

of opcyte development, in agreement with Hoar (1966). Stages

3-5 demonstrated the highest percent occurence. Earlier
: ‘
atretic oocytes (stages 0-2) were rarely identified but the
: A

process takes ‘place, rapidly due to the scant amount of yolk

13
~

present for' resorption.

I3

. The highest incidence of atresia was located along

the lateral and'posterior peripherie§ of the ovary which may

reflect a selective/force which proteets the innermost . .. )
P ) ' ’
oocytes. ' N, , -
. ' Reductlon in numbers of ooCytes is usually completed

A
early in the secondary growth phase (Hendersoﬂ 1963) The

control .rainbow trout confirmed this finding.- Wwith summer

.

.

4 and 5 and this was accomﬁanled by a sighificant decline in » ‘\

control incidence of atretic fOlllCleS.

\ -




R p. 105-137) related increased atresia.in rainbow trout

/ i ' ﬂ' . N ’ - v
. ® . . ‘. I72
. . -
,': - ' Y
e Test fish held at either 0.0l or 0.02 mg/l HCN
’ . . displayed significantly .increased frequencies of atresi§ in

B . These results suggest that the secondary growth period betwgen

é;,\\ | & 2 o 1.
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ExpegimenE'Z. aqg were composed mainly of stages 3 and 4.

stages 3 and 4 is normally more susceptible to atretic degen-

i}

eration and it is enhanced by cyanide in the water,

_ The sequence of events involved in egg resorption

k- a%d‘remgval may stemafrém a variety of sources., BaI!L(l960.

b

° L . ° -~

4 ‘ -
3 .
’ )

oot ) A C .. '
exclusively to restricted experimental diet intake. Similarly,

regressed egg numbers in natural populations coincided with

a
N .

' decreased stomach content volumes. In this studyb optimum

‘ . 1Y
B . . ‘ i

feeding may account for the reduced control“atresia
E corresponqing to the later summer months' experiment®’ There-
Ko . iy . . .

fore it appears that the significant increases in atredia obser-
5 .

~

e

< ved in treated ovaries reflects the  gtimulated effect of

. cyanide on’egg degeneration. . ‘- .

¢ . -

1
t
4 ' W i . \ . .
4 + Palholvgy ot \
/‘ - ! ! ] . " . 'y ] . l A
E Lo \ ﬂ~Numerous abnormalities of-individual oocytes g .-
p = \‘C.a ' . ) ) L3 '
observed within the treated ovaries indicate permanent damage

v v 4 ’ ‘ . -

associated with prolonged cyanide treatment.

» - \ * .

.
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A tolerance variation was obvious since individuals were not

- § . ’
equally affected under the same concentration. In both

*

experiments, a unique morphological aberration within the
» :

cytoplasm was confined mainiy to ooéytes exposed at 0.01 mg/l

:

'HCN and was detected in all stages of oocyte development.

¢ . . . . : . .
Deep fuwtrow formations were associated with''an infiltration
! ° ,

of macrophages. Unlike the phaéocytic invasion involved

»
-

in norﬁél-q&;étié breakdown of oocytes (Bragkevelt and

) 'y »

McMillan, 1967; Lewis and McMillan, 1966)., the répid surface

attadk gf maqrophages recorded-in this study reflects a

7t
.

reaction of the reserve defence mechanism of ovaries under
: . <
cyanide contamination. Bloom and Fawcett (1975) have
. . ) L
attributed this mobilization of normally sessile macrophiges

1

to stimulation under inflimmatory conditions. Evidence that

I

.

-

+ the furrows are consistently and almost exclugivelw limited

> . . - “ l
? - 4 ‘ »
+ to the lowest concentrat}on suggests that 0.0l mg/l HCN{is
. J - ‘

Id

a critical level whexeby the ovary attempts to‘coéefwiéh the

stress. Selected oocytes may be eliminated to conserve

'enef§y which is in turn channeled to completion of{other

L4 »

.
o, . - 8

oocytes. - - T




o

s

.

Lesser alterations revealed in preated ovaries

included either thickening of the zona pellucida or loss

k]

“

of cell contour and the subsequent production of ellipsoidal

P

-

oocytes. A low incidence'of the ellipsoidal phehomegoﬁ/Qas
restricted to the peripheral regions of. the ¢ontrol ovary

whereas at 0.02 mg/l HCN the ovar@es revealed ellipsoids

s throughout the goﬂ%d.A An intensification.of.these conditions
’also increased.wiLh increasing cyanidé‘con;entration. Thé
. « h ¢
enlarged ellipsoidal oocytes were necessarily classifiéﬁ into -
. o ’ 1S
stage 4 or-5 bgcause'bf size but were neither atretic nor

. revealed any furrow formations. The cytoplasm,nhowever.

s

R A\
was notably, retarded in comparison with controls. This

o
i

ellipsoidal condition explains the apparent lack of

-

-

significant differences in the stage frequency data at the .
. : . * s -
4 0.02 nig/1 HCN- concentration in the second experiment.  The
\

& ’ : .
‘ occyrrence of the ellipsoidal oddytes in controls (although

rare), implies a commo: stressing factor in control and.

- .

nhanced upon addition of cyanide.

treated fish which i

1

. N ‘ Although the mcchan&sm of aclion is obscurc, thcge
, ’ N . & .
., distortfons may perhaps be caused’ by minimal inhibition or
ot ' ) ' v .[. | }o' ', .
maturation and’
° . w i = . f"

. ' - maintenance of tensile strength -in the menfbranes. " 4 .
. : A ‘ ] ! e .
I - /t SN A B

.o, ., _delay of pfoducts;es§ential to_cytqp;asmfb

; »' \

. . . ]
. - . Ca - . a

j
t,

. , » I * L} 4 v
; . . o i- o :
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) . It is of interest that evidence from atresia,

iy -t .

furrows and ellipsoids all suggest a Gimilar mode of preotection-

Bl

whereby the ovary sacrificés the outerjnost oocytes in order AL

to compensate internal oocytes. The frequency of atresia
- ’ ) . . .
% ' was higheét'on the ovarian peripheries and especially at . #

. the posterior tip of the gonad. Likewise, furrow formations

and extreme ellipsoids first populatéd the pe}ipheries and

h ) developeq,inwards. ] -
: WA
o , -~
3 Some relationship may exist between the internal )
3 . o . o
3 position of the oocxfes and blood supply in the functioning ;
. - 9 .
~

5 " of this protective mechanism, - , .
x "

-~
e v
- <

It is clearly evident from the morphological fesults;
- that. the metabolic rates in cyanide~treated ovaries have been

significantly retarded. After 20 days ®xposure, this was

expressed in affected oocytes as an obvious lag in the
K ' , | 4 .

cytoplasmic products including the Balbiani body, PAS-positive

.

3 ¥
' . ,

granuléS'or'secondary yolk vacuoles. . R

R
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B ‘ The arrested Balbiani fragments observed.in the
’ ¢, .t , ‘
N scytoplasm reflects a probable cyanide interference within

.

a biochemical mechanism. Livni (1971) has previously
’ Y N

K . identified in’ the Balbiani body of severé}/teléosts/fv

~

~concentrations of succinate dehydrogenase. ‘This enzyme
, + 1is involved in catalyzing part of the carbohydrate (aercbic)

- ‘pathway of Krebs tricarboxylic acid cycle. The succinate

«

dehydrogenade reaction convgrts succinate to fumarate

« ~-a ' IS
-y

(Lehninger, 1970, P. 160) and is irfeversibly inhibited by

‘cyanide (Keilin ahd King, 1960). This jindicates that ’
liﬁhibition of succihafe“dehydrogenase may be respoﬁsible
for the non—dispersiéi of Balbiani fragme;ts. Sipcé~the
‘ pfoduced. enzyne iﬁ,inaétivaFed, build-ups of intgrmédiate

1
. . R ’
~t 4

. 'substraﬁes of the pathway remain in the éytoplasm. As a
“ 4 result the BRalbiani cannot continue in protein deposition,
Y 4 ¢ ) . ' . 4

. | - N o
0~ . The morpﬂolmgical‘result is expressed by the basophilic

\patchwork.Qbigh'maf répre&‘nt an excess or’unuéuablé’fofms

/ a ' N ' .' L+ 4 »
-( 'of gmino acids. These would normally bg deaminated and
~ S ) PO

i recysled into Krebs.cyc;é for productifin of compounds Qith"
high phosphat? transfer potential.

\ S . LY ' N \v'n/. .
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Other altérations in the distribution of brilliantly

stained PAS granules throug}iout stages 3-5 Qccurred in

- treated ovaries. Thé granule aggregates outlside the nuclear

‘ ' 1membrane in stages 3-and early % ooctyes lacked the@\ )
% LR ‘ dispersion into the dytoplasm. "In late‘stage 4 and 5, these -
i » .

‘ . granule:s, formed clumped associations with the secondary

5 ) , .
. ' yolk vacuoles and failed to disperse into the cytoplasmic

mgd formations. The above observations suggest blocked C 4

-
—

v »
mucopolysaccharide activity within the oocyte and hence an_ * ¢

interruption in the pathway of carbohydrate-bound yolk
L4 '] ©
z

deposition. .
;‘ A ' r hd *
" o The effécts observed may in part be related to‘3

¢

second organ such as the liver, which is known to manufacture
~ ’/_ .

3 ' . -

.intermediary yolk products in several animals (Droller and’

i)

. aRoth, 1975; Schjeide g_t;g)_l_, 1963). These are possibly WQ"“ }

- [

transferred to the ococtye' via follicular cell microvilli.

. N [
-

DiXon ' (1975),using concentrations of cyanide as low as\
J, . . those of this st&dy showed some degree of }{epatocyte

. o . . ’ . ; . . w &
degeneration in all rainbow trout specimens examined. ' ‘ ;

)

Blocked "mugopolygacchﬁride activity of the present invésti:;-‘

- '

s
N . _ gation may illustrate a secondary effect on yolk synthesis

- e
[ . 3 B

brought about by imgaired liver funttion.

- . . . - T .

» ! i . Lo . A ‘
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The ‘mitochondria are thg ultimate source of energy -

N /

for all Qork performed within an organism. , Many stimuli

N

"which may lead%to cell injury or death begin in these

-

orén'elles. Fawcett (1969,' P. 82) states that normal

.

mitochondria within relatively inactive cedly tend towards
_ Y
¢ - ) v

. . . . . . 2
few cristae and a simple,K internal organization. Cells

1

actively engaged in synthesis have a large number of

s
’

review by Rouiller

\

N Al 2

(1960) has shown thaq the cristae are not stablé structures

))

-and are capable of shape changes.

mitochondria containing_maPy cristae. A

>

o~

Early strugtural alterations in mitochondria indic-
ating the onset pf‘pathologidél conditions are 'a loss of

o .

matrix granules and swelling of the mitochondrion. ‘The

&

. - . y .
properties of“irreversible\ﬂamage,ihclude formation of

!

“dense particles, absence of cristae and disruption of the

0y

‘membranes (Anderson and Scotti, 1972, P. 4-7)\.

o * i Y

several lafe—stage oocytes and follicular cells showed
v . ﬁ\

l-éhese changes incluée swelling of ‘the mitbchondrié' trans- R
' BN / S ‘ N
~formed cristae and flux of matrix granules.

)
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Mitochbndrialfswelling denotes initial damage within

a4

the cell due to a reversible osmotic disorder (Rouiller

1960) . Hypertrophy of the double membranes and the inter- /

q s

‘ space as seen in cyanide ovarian ti$sue indicates. a respgonse

awto the severe swelling. Rouiller (1960) has related vesicul-

!

ation and loss of crﬂ;pae with mitochqg%ifal swelling. The

same author described swollen mitochondria resu ting from a

7
o [

. '~ wvariety oources such as 'starvation, tigele fragments - ..
’ c N

[ N N 4

immersed in hypertonic, acid or slkaline solutions, etc.

»

However, prolonged swelling following cyanlde exposure
probabry accounted for the ruptd}ed double membranes obéerved
. ¢
~in this investigation and signified ?rganei}e death. These
. , findings sugges£ Qiat the mitoghondrio; under lengthy duress

of ATP depletion is fatally directed towards the equilibrium

- (steady) state in which the frei/énergy decreasés to a

3 _ minimum within the cell (Lehninger, 1970, P. 293).

3 . L \

. , E / . .

, - The conspicuous matrix granules whi®h areé cation.

e .-~ . * . .
ce) binding sites are normally present among. the cristae and - : 4

. \ » r . IR

- © ’ are believed to regulate theAinternaglionic environment of ‘ b g
- - e

- . ) . i

]
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may reflect an obscure relationship between cvanide and the

transfer of sodium and votassium ions within the

. mitochondrion. i ”

. . T . X
. ' " ‘ 4 . ’ \¢

.

N

" @
The observed structural changes in cvanide-treated

s

oocytes are probably related to two kev enzvmes: cvto-

chrome oxidase and succinate dehvdrogenase. The fornmer is

\ .
. .

- involved in electron transfer and oxidative phésphorvlation

H

whlle the latter is a Krebs cycle enzvme associated with
v - \,‘
the conver51on of succinate to fumarate bv removal of hvdrogen

ions and electrons. These two enzvmes, assoc;ated with the- ~ ol

inner mitochondrial membrane (excludinq'thé'cristae), are i- -

-

active in the formation &f ATP. The greater poftioh of ATP

is derlved from -the Krebq cvcle and althouqh there may be

- a temnq.arv borrowing of energyv from other cvcles>such as

v

anaerobic glvcolysis, these sources would quicklv become

.. depleted.,

. [y . s

- 4
v w\ . . ’ R i / v , .
K . Cvanide has also been sHown to/inhibit those erzymes e

. -~
which are depepdeht on Fe2+

or Fe3ﬂ'bv forming 1nact1ve

complexes similar to ferrocvanide or ferricvanide: (Lehniriger,,
1676, p. 162). The iron-norphyrip molecule is the active iy
) ’ * ok

n -
v * .

T e ea LS
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N a

center in, cytochrome oxidase. Cyaﬁide;inhibition°5trikes

specifically at the ferminaL poftion of the rquiratory
- . X .- &

e o chain from cytochroﬁe a + a3 (oxidase) to oxygen electron
, - e

- ' . - ©

/ transfer (Lehnir@:;r, 1970, p. 379). No newdATP is obtained

» - ¢ v /

. ., and the dependent cells such és“qpcytes'gxadually become

LY .oe

. - depleted of energy resulting ‘in a back-up of waste products

such as lactic acid. - ’ ’ .

¢
~ *
o EIR

- 3 ! N d B -
A , Unlike the cytochrome systeém, sucdina§e~dehydro- -
genase does not tontain a heme group but the §e2+ and Fé3+

S

a - - [ *
—1ions also undergo -.valence changes {(Lehninger, p. 352).
Y ' ) o .

Succinate dehydrogenase is produced on,the inner mitochondria,
- e 3
. <

is linked to the cytochrome system and is blocked by cyanid

as ﬁreviously outlined gn this discussion under Balbiani lag.
-" ) A ’ - ' . . T3
. X i . . " L
. The energy stress under cyanide is delichtely

v

balanced within the organiéh. it-appga:é'that c¢hronic

cyanide forces energy to be redirected away from thewy ;J-
‘ ‘ ; .
- reproductive activities to.maintenance of priority systenms.
. pe < ., - N 4 . ¥
: Although cyanide detoxifiqptigp processes including gret- «—

 hemoglobin. thiosulphate @ndgpossibly‘rhédenase exist in

. . - o
. " LN

i " ' fish (Dixon, l§ﬁ5}. once these 'mechanisms are cyanide-
o . s ey o CRm * s

et * ,} . O J .~"'\
saturated the progressively deteriorating éfﬁggts m\ay”beD

v . ¥
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'Kpressed in several systems. For examplf ‘Bahr (1972)
’
o emonstrated that the physiological behavror in fish
" - ffering from cyanide was similar to hypox a. Both
ﬂ‘ . ~ag nts produced conditions Of seriously reduced heart A
: s “ 1 r
N functioning evidenced in electrocardiograms. HCN first -,
- |2 . .

.

enters the blood system via.the gili apparatus. Beduced
blood circuliﬂéon‘from altered heart output results in "a*

‘lack of tis'sue oxygen and a bUlld up of biproducts Luch as
lactic aCld Jpotasgium and carbon dioxide.‘ These result
5 o
in damaging effects on the nerve cell membranes, altering

o EN

impulse conduction (Bahr,_l972; Neil, 1957)

A ]

é

q4
e s R

Frequencyﬂ

< .
. v

Not all ococytes. exposed  to cyanide developed

+

morphological changes. This permitted quantification of the

’metabolic differences existing in control and apparently S

]
normal cyanide oocytes using stage frequency counts. Egg

size (major axis- diameter) was used in the potential growth

surveys. Since it is an 1ndicator of metdbolic activity,

these results along with the frequency data aided in

supporting the patﬁology findings.
N

t
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It is important to reali;? that a combination Rf
. 'S "',

cytoplasmic feature# and diameter ranges 'determined frequengy {

~

such as the extreme ellipsoids experienced under 0.02 mg/1
X ' "
HCN treatment in Experiment 2. ‘ '

I
N

‘
-

Normal-looking oocytesméfféctéd by a delay @r . /

~ -
“

block in the overall maturation process due ' to cyanide maf
. account for the shifts in stage frequé%cieg. The stages most

affected when compared togcontrols were stages 3 and 5 as

outlined in ‘Tables 6,7. In Experiment 1., Oovaries exposed

-]

3 : : o
to the highest concentration resulted in a significantly

v
Q .

5 reépectivélyﬁ The.

. ' A
increased stage 3 and decreased stage
' AY

-

7 .
late summer experiment control ovaries demonstrated an )/
’ .

anticipated incremsed frequency shift among._late stages 4 and

°

5 with the increased égg_size presumabiy requiring higher
o energy levels. . At the lowest concenﬁration of Experiment.Zf.
significan£ increases occurred in stagééq0,3 and'§; The ~
0.02 mg/i HCN concentration revealed significant increase

‘ in stage 1 oocytes ?hd reduéedhstage 5 frequencies. ' These

-

~

responses of increased frequency indicate within affected

oocytes a de1a§ in passing onto the next stage of

14
.

v ~
o

counts. Diameter size was ultimately usedvto classify oocytes

e =, ‘1\9- . “
, .

B e RESE TR

.
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meturatlon and is reflebied in the reduced numbers of oothes

. arriving at stage 5. This lndicates that over stages 3 to o ¥

¥ 4 the involvement in proteln and early carbohydrate yolk

L -

-

—

depositlon are the hlghest energy pexiods of the developmental

‘. A

dtages described and are followed in order by stages 5,2,1 and 0.

/

.

£$ﬂ The apparent lack of significant changes in
Experiment 2. at 0.02 mg/l _HCN, may be explplned by several

factors. Extreme: elllpsoids previously described were most

€

frequent "during this experiment and at the hlgheet concentra-
- N -. A /‘A -
tion., These oocytes did not appear atretic_yet remained

a

- immature\morphologically when compared to control oocytes A

t

of équivalent dimensionejand wereQgccordiany/claseified

strictly by size into. the appropriate range./ This classifi-
N 4 . ’ E ( "

cation combined with high individual control variation plus.
small Bample size may have.contributed to the seeminglv

lessened response‘;p stage 3 rrequg%cies.

i .
4 ~ s .
- . 3

Potential growth rates measured over the. 20-day. term
v ; * !;“ .

confirméd'the control frequendy data bywlngicationé'that
cyanide-treated oocytes digplayed slower growth rates. A /ﬁ\

similar trend was apparent with significantly  lower (mean)

maximum growth at 0.02 mg/1 HCN in the first experiment

v X

o ;ﬂ:awumm%wm

W&M}&wwad,xm -
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whereas the effective concentration in experiment 2. was at
- ! &

.0.01 mg/1l HCN. iThe»frequency'of diameter classes .
.corresponding to the last experiment exhibited 0% of oocytes - .
. Al 0 / '

with diameters greater than 400 microns for both test
concentrations. These findings indiéate that the diameter

- —frequencies is a mork sensitive method than that of the .

- \
mean largest diameters for detecting subtle effects of

cyanide on overall oocyte maximum and potential growths.

. o =
The above frequency distribution and potential growth >

-

analysis -on cyanide-treated ovaries are quantitatively consis- -

T

¥

\\. <.
tent with the observed histological changes reported in this

3

oS
R

study. These results cgllectively illustrate the inability

of’the‘OVary to endure reduced‘qnerqy supply due to cyanide
' . “ . - ‘\‘ - ’
under prime growth periods. :

.
y
7 [

It appears that as the energy demand within the ovary

increases later in the summer season, ﬁpe consequences become
! , *
. : N

A

iniepsified., : RN .
r ’ N
"N\

" ¥ : \ .
Other investigators have associated\changes in stage
" frequencies of oocytes with a variety of envifbnmental\\
changes. Studies by Aczel and Ruby-(1975) using similar . .,

*

frequency counting me;hods revealed reduced ability of flag-
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fish oocytes to deposit secondary yolk after exposure to
- . . \

PH levels below 6.7. Retardation of oocyte growth stages

* 2-5 was also evident and this implied disturbed‘p:otéin‘

-

«>

production. Webb et al '{1974) found preliminary results

e ik .. / 8. A L
indicating increased proportions of atretic eggs in rainbow

~ * “

. trout after lengthy éxposure to potassium ethyl xanthate, ' ','

Similarix, Tafanelli and Summerfelt (1975) 3x§mi;ed oéa’ —_
stage @evglopment in goldfish after cadmium exposure. Gréups oot
receiving multiplg injeqtiops ha&:b% frequency of occurr-

ence of stages'5-7 and few ova dgveloped“beyond stage 4.(

Lower doses also showed less abundant late-stage docytes
&5, .

and corresponding increased fréquencies of earlier stages.

+

/ .

Ecological Effects . '

-~ L;rge éuaétiti;e of hﬁtrientéfh'carﬁohydrates,
proteins and lipids, must be stored in the eggs’ for éevelop—
ﬁent of fhé young progény.'.These‘maierials are o;iginally

' acqﬁiréd'by means of fee@ing. Interference of food av;ii-
j;.?biyity*thfopgh unfa&ograﬁie ényironmehtalvcoqggséyns.mqy
reduce body grqwtﬁ and would ultimately affect bocyte C

s “

development. T ' L4
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~ Previous investjgators (Speyer, 1975 Dixon, 1975)

- F have demonstrated wet weight loss in ralnbow trout followxng

-

o ' ' ghronzc expoqzre £6.0.02 mg/1 HQN. In Experiment 1: and 2.0
4

fish uhder cyanide stress demonstrated similar ﬁindingsf' !
_ This may be in part explained by the observed altered~feeding
| R I ) '

- f habits. However, Leduc, (1966b) fed cichlids unrestricted

[ o ¢ ~

.-

L ’ . - amounts of natural diet following exposure for 36 days at

‘eyanide concentrationg ranging from 0.008 to 0.10 mg/1 HCN.
' . s ' - ’
' ~ and noted increased uptake with lowered food conversion eff-
. o N ' ‘ . ’ I .
iéiency. In-the first experiment, the final mean wet .weights

were slgnlflcantly lower only at O 02 mg/l HCN compared to

] " controls., No significant dlfference was revealed after

AN

the second experxment. However, the leh in all thres tanks of °

5 -

- ‘ Experiment 2. showed significant weight dhange over 20 days
guration. The separated_females’difé’lndicates a s}gnificant
. 1 = ' s

weight loss.in Experiment 1. at 0.02 nig/1 HCN and at both

v - » .

concentrations in Exgeriment 2%

N * W

-’
"

' . Love (1970) eétimated that 8% of the total lipid
j \ :
- .content of, female,sockeye salmon was transferred to the
. . ovary during egg maturation. The observed experimental 1,

~and-2. wet weights despite the small sample size, may posaibly

e

reflect a greater effect of cYanide upon female tainbaw

5
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trout undergoing gonad development.

' LY

s

Morphological changes in, the ovary as a cbnsequence
of reduced nourishment have also<>éen reported (Scott, 1962).
The, in¢idence of atresia within rainbow trout was related

to \resrtric’ted guantities of exberiméntal diet under otherwise

normal ciréumstances, Studies on natiral populations

kS

Pt

ind;gatec} that folligular atresia céincided with decfeased
qt_atomach contents throughout late summer r{tonths. The
controlled optimum holding conditipns may be responsible for
. " the ‘decreased meaﬁ ~freqqency of atretic oocytes in Experiment
2, ,cc;‘r}trols. . It seems likely that under tpe competitive
st‘res‘e;'es of the nai:urél gnviIOMent,/.thLe impact of cyanide
.could 're"zulrt in intensified effects on the reproductive
system of ﬂ:hé rz.ainbOIw‘ t_ro{xt:. Although the 20-day exposure
represents a relatively short period of the total develop-
me.ntal “term; both concéntrations at 0,01 and 0.02 mg/1l HCN
el;iégted different and highly. ‘effecti:ve results b;ought' '

about by energy reduction.. ..

The various qualitative and .qixanbitative observations
' o T . \
of sublethal cyanide have disclosed-some of the chronic

effects upon the ovary of Egm gairdneri. . 'rhee'é f:l..nd.i.‘ng_s 2

. .
.
. .
4 . o /
— . . ‘ ‘
) . |




, ®

89

\

reflect the s'ensitivitp‘of rainb'oww trout mva'ryt and in
- combination pcipt towards 'pos‘sib]f- reduction in the °
potential numbers of viable eggs availcblé for fé:rtilizatlon .
and delajred’ spav;ning under Apopsibly advcrsé 'cnvicfonmental
_ condi‘tions. Low food supply, predation and unfavocrcble ‘
bemperatures may inhibit embryo development. Eggs of épring |
and fall spawners .may be shifted to summer and late fall
respectively. Summer egg deposition could be- affected by
high temperatures and low oxygen aVailability while cold
water temperatures could be detrimental to egg 1aying in
. late fall. Gall (1975) has indicated such a possibllity
in. ralnbow trout where- lowered growth rates of offspring which
.were spawned late in the season. wa\rc actributed to cooler
wate:: temperatures. . 8ince the inherent timing of each species
presumably ensures optimum reproductive success, ;he delay
"tindlngs of this study cmp)(-azize the’ seriousness of the
.cyanlde problem. Furtharmore, f..taft held in the l.abo,rat-or\y
under optimum conditions m)uld probably be less susceptible
| to the total impacf. of cyanide. . However, witkin the natural

\

‘ environment, stresses of competition in addition -cyanide

' -may magnify the af;fects and furthe“r contribute to a reductiop

in fecupdity. znvi 'muent;al chlmges infllcted artifically

{

i

[}



3
by pollutants such as cyanide could lead cO the aventual

Y . A 1
.

decline or extinqtion of this species,

.
Py

i

Game fish including réin\\w trout are minimally ~

" protected by governmental agencies because of their potential

.

¢ |
economic importance. Other aquati¢ vertebrate and 1nverﬁa§

g%ate organisms possessing limited commerc%al yﬁ}ue contri~

bute significantly to the ¥god chain apd may. be simiiiily

yulnefasle to the effects of dyanide, These organisms have
. little assurance of protection gnd survival with continued

cyanide dumping in aquatic écosystema. (S

, To date, only the Newfoundland Dupattment of
Provinc;zl Affairs and En:;ronmant asaumes responsibility
fqy water courses and limits the dischaxge of cyaniﬁe to .
0.025'mg/1. _The target levels proposed'!%r Alberta goldf"
mining induatry are listed at O.! mg/1 - cu’ with future \
conaideration to allow £.,0 to 5,0 mg/1 ferro cyanide. ‘
Objectives for cyanide levels outlined atBrf%iah Cclumbia
report in 1973 aim at O 10 mg/l total ey nide but preaantly
approve higher leveln up bo 2.00 mg/l CNi(lovcl ey, Therc

hadb also been some 1ntarnationa1 guidel}ncn for the Baint

John River anin, ‘Nova Bcotia (1975) eoncorning cyanide

(. | : ',‘ “

.
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' which" riécommend po more than 0.02 mg/1 for wildlife Bnd

-

2 - ’ a .
aquatic orgenisms, The United States Environmental
‘ . . . - (0
AT Prot'?dtion Agency (Ann., 1973, pp, 189-190) sets the .
. 4 ' ’ .

maximum concentration of cyé}'aide at 0,05 mg/1 HCN,

P

‘It appears obvious from this studf that acceptg‘blg\)

4

levels of hydrocyanic acid 15 receiving waters.must be lower

than 0.01 mg/1l HCN in ordgr to ensure reproduction and -

L 3 i . ‘.
survival of normal populations of sensitive species such ' .}
»s Galmo gairdneri. ¢ . S
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Figure 2. Posterior portion of the ovary (l.s.) shoWing the
duct (D) formed at the genital pore for the
release of ripe ova., Oocytes -(0) are embedded
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" Figure 3. Lamellar folds (LF) projecting into the lumen of -
’ . the ovary. Oocytes at all stages of development . \
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Edgé of lamellae (L) illustrating many regting
oogonia (RO).. The dark nucleus (N) igs Bude
-rounded by a lightly basophilic rim of cyto
\\pgpnm.having no distinct membrane. (3,300 ¥)

\

Figuie 5,

- L}
| B :
Figure 6. A pair of recently divided ooqonia (DO) in »
: "nest"” (N) association im embedded within the
stromal connective tissue (B), A mitotic
»figure (MF) bordsrs one nucleus, (4,400 X)
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‘Cell nest containing stage I,.primary oocytﬁs

The hucleus is larger than those*in

oogonia, and ho nucleoli are present,.

(3 300 X)
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Figure 8.

%

Stage 2 oocyte with \uktanuclearfﬁalbiani body’
. (BB) in earljiest form. A central idosome (I),
is- surrounded by denscly -stained pallial (P)

.2 oocyte, Faint chromatin (C) within the
"nucletie loges affinit? for stains., The invest-
~ing collagform an ‘incomplete’ lnyor of\folliclo
(’0]111 €1y (’l 300 X)
- ) .
oy
)u - ‘
. .
v .
] . » B
TN *

, S

. gsubstance, The nucleus (N) has a distinct
. ;membrane and sevoral eccentric nucleoli (Nu). N
Note the ellipsoidal contour beginning, (1,320 x)
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« «.'- cdncentric rings in-the ooplashtof later stage v
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§

Stage 3 oocyte with the expansion of the
Balbiani pallial’ (P) substance and disbanding
to the periphery. The idosome (I) material
migrates between nucleus and cell border.
(1,320 x)*- -~ :

14

e

Dispersing fragments of the Balbiani body - .

towards the cell border in a later stage 3
oocyte., Gradually these fragments totally .
disappear by the end of this stage. }},76Q X)
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i Figure 12,
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F ~ Figure 13.
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The periphery ooplasm appears frothy dye to
droplets of primary yolk (1°Y) washed out by
ethanol preparation. The egg membrane (EM) )
and zona pellucida’ (2P) ensheath the late
stage 3 oocyte. A squamous layer of fz}}icle
cells (FC) is completed. (3,300 X) o .

L8

7
rs

'

0 t’ \

/

The centralized nucleus (N) resumes the lamp-
brush chromatin (IC). Numeroas nucleoli (Nuj
have migrated to the nuclear periphery.
Clusters of PAS~positive granules (Gr) congre-
gate directly outside the nuclear membrane (NM).
(3,300 X) - : x _
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Figure 14. Stage 4 oocyte with strands of -PAS-positive
‘ granules (Gr) radiating from-~the nuclear . .
region (dark gray). Secondary yolk vacuoles ' ‘
{ (V) form a distinct band on the ooplasmic
periphery and outside the nucleus (N). The
pressing yolk indents the fragile nuclear
) .  membrane (NM). Small vesicles of primary
- yolk.occupy the remaining ooplasm (light w
- © gray). (1,109 X)
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.Two’stage—4*bocxtea demonstraing advanced \!'

secondary yolk vacuoles (2°yva) and fusion:
with primary Yolk vesicles (19YVe) within

the ooplasm. (1,760 X) .
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Figure ii.

L . [ 4

N AL AP AR R ek Gerer e e . P I R T B L R
N M

r

.
. .
T .
™~ .
1
.
N T (
%

Nuclear region revealing zones of combined yolk -
vacuoles (YV) which press inwards on the nuclear :
membrane (NuM), Extended lampbrush chromo- .

somes {IC) are present within the nucleus (N),
(3,300 X)

layer of epithelial celle (FEC) and an outer
thecal (T) layer. The zona pellucids (2ZP)
appears between these two layers, The eqgg
(vitelline) membrane (EM) is closely adherent
to the egg surface., (3,900 X)
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Btage 5 oocyte with secondary yolk globules .
(YG) coalesced again in bandes haloing the, ‘

The - !

nucleus and on the ooplasmic periphery,
nucleoli (Nu) lose their periphery position
and disperse along the broken nuclear membrane

(NM), (1,760 X) ‘ T
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Fig\grh 19., Ini al atate of pre-ovulatory atresia, withi
T - a stWge 4 oogyte.:.A ridge éf yolk vacuoies »

' N (YV)-at the,cell border is undergoing deqaner-
R ation. {1, 320 X) k2 o
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Figure 20. Pre-ovulatory oocyte undergoing atresia.
C Congregated at the periphetry are follicular
cells which.gave hypertrophied as active
" phagocytes (P). Their nucleus is conspicu-
. -ously large, indented and pale-staining,
g The slightly ruptured zona pellucida (2P) -
‘permits phagoqyte invasion and the yolk is
engulfed in digesting vacuoles (V). (1,320 X)
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Figure 21. Continued involution and resorption of the

o ™ ground matrix results in an empty ball of
o0 * collapsed cells. . (1,760 X) ’
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Figure 22. Posterior portion.of a mature ovary demon-
strating post-ovulatory atresia. The shed ova
. leave hollow shells (HS) within extremely lose

stroma (S). The normal-looking follicle :
cells [FC) collapse and are quickly removed
to be replaced by young oocytes (O). (825 X)
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Figure- 23,
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\Earliest form of oocyte damage assoclated

mainly with 0,01 mg/l HCN. Note the retreating :
.acidophilia (A) and loss of yolk vesicles in y
the ooplasm (0) at the right, The nuceoli (Nu) '

are displaced from a_shrinking nuclear C '
membrane. (825 X) »
. - i
N ’ .
[
* " 4
Ve > \ . !
- "
d - ¢"‘J ! [
1
- v
{ ) ‘. -
‘ x .
. RN
\‘ N ¥
) A 1
\‘ . -.1




AR o 0




e PR S e e Y S n s pm wmp s

Figgfe—24. Infiltration of amoeboid wmacrophages (M) «
. within the ooplasm. The macrophages have -

formed a line of action, (1,320 X) - ]
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Figure 25. Macrophages (M) are entrenched alongaide ! \\
) vacuoles (V) which merge as yolk ingeation
| proceeds, The arc of a furrow (F) is forming
~ . around the ruptured nucleus (N). (1,320 X)
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Figure 26, TFurther degeneration remulting in the formation
o of clear furrows (F) of collapsed ooplaam.
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| - . FigafeuzlL_:Severa erosion of. the ooplasm continues until ‘
B concentric swirls of furrows (F) are formed,
" Each furrow-ia still lined by macrophages
B {M). The covering membranes become separated .
i 1 ‘ ‘+8) from the egg surface. Phagocytes (P) are

3 ~ occasionally encountered especially at the peri= ,
i 3 : phery. (825 X). : ' - L
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Figure 29. Ancgacyte undergoing norma\. pre-ovulatory .
C atresia in a cyanide-\-treated ovary. Phago- !
. cytes (P) with large,\indented nuclei remain °
" at the periphery and push inwards as the yolk
" is digested in vacuoles (V). (1,320 X)
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Figure 30. Late stage atretic follicle showing ruptured o>
zona pellucida (2P). This facilitates -entrance
.0f phagocytes (P) to the internal ooplasmg
(l 320 X)
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Figure 31.

Figure 32.

6

Furrow (F) formation. with infiltrating macro-
‘phages (M) spanning a large area in MCN-exnosad
"ooplasm. Egg membranes (EM) frequently become

separated from the oocyte. (1,320 X) '

, \

Higher magnification of the furrow region
containing macrophages (M). . Note the small,
dark-staining nucleus of the macroéphage com-
pared to the peripheral phagocyhes (P). Zona
pellucida ‘and follicular cells.(FC) remain
intact. (3,300 X) . '
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Figure 33, Early modification of the ellipsoida}. contour
) of oocytea previously exposed to cyanide,
(825 X) )

*
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Figure 34. Extreme ellipsoid in a stage 5 oocyte after

, ment 1, (1,320 X)

20 days exposure to 0,02 mg/l HCN in experi- )
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Figure 35. Serious aistortion (arrow) of the coplasm (O)
and nuclear materiala (NM) after cyanide

exposure, Note the separated egg membranes
(EM) . (825 X) o

o
Figure 36, Some oocytes reveal a thickened and wavy zona
. pellucida (ZP) and follicular cells (FC) under
the influence of cyanide concéntrationa as
 low aa 0,01 mg/1 UCN., (825 X)
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Flgure 37,

.t

Figure 38.

H
-

Control atage 5 cacyte during Experiment 1,
The cytaplaam diaplaya PAS-poaitive granulXes
radiating from the perinuclear area. A single
hand-of 2° yol¥k is preasent at the periphery
and another immediately ouwaida the nucleus,
1825 X) \

LY

-

I
S
\

Oocyte of comparabhle aime in eyanide-tréated
ovary of the same 'experiment, Note the patch-
work effact of Balbiani (B) fragmenta 1ndicatinv

a lag in development., (aas X) ; -
- . '
- “ . ®
. 3
5 i} .
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i Figure 39. Control late astage 5 oocyte during EXperiment

| M ‘ 2. displaying a peak peariod of sacandary yolk
: ‘ development (arrowa). The nucleua (N) is

¥ irregular in outline and lacking lampbryah

| ' - chromoaomea. (825 X) '

i
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.3 »

Figure 40. - lLarge accumulationa of granulea (Gx) brilliantly K
atained with PAS may occur as early as atage -
3. (1,320 %) |
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Figure 41. ‘Mhl!brmaﬁioﬁ.gf secandary yolk vacuoles in -
o cyanide-treated stage 4=5 ococyte. The normpl ,
o N . " banding about the nu¢lear and cytoplasmic | ., )
" . ‘poripheriea is inhibited. The resulting large ‘ !
' " . - ® . ‘clumpa_ (C) aye distributed in an irregular
' manner, (1,320 X) ° - [ L
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v

\ .
Stage 5 oocyte demonstrating the inner control
follicular (epithelial) cell (FEC) and the outer
thecal follicular cell (TFC). The thick,
acellular zona pellucida (ZP)-is shown between
the follicular layers. (23,000 X)
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- - Flgure 43.

o .

Various ‘shapes of mitochoddriﬁ (M) are present
in a control, late-stage oocyte. The
follicular cell mitochondria (FCM) is round

in form whereas those within 'the central ooplasm
vary from oval

to long and coiled (axrrows).
(37,000 X) w . |
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Figure 44. A mitochondrion (M) from the central cyto-
plasm-of a late stage cocyte within a control A
ovary. - The double membrane is irregular on

the outer surface. The inner membdane dis-

Plays tranaverse cristae (C). The tubular :

cristae are embedded in a finely granular ' <, |
.~ matrix containing several dense granules ﬁ)
.- (DG). (1934800 X). . A
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Figure 45, Cohtrol follicular cell illuatrating a mito-

chondrion’ (M) which ia bounded by a smooth=

T ' contoured oter membrane. Parallel cfilsteae

‘ ' {€) are present in the ground matrix

dense matrix granules (Q) are alao e
(124,000 X) , ’
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Fiqure 46,

"w

. K, -
A folliewlar cell mié&hmdri\; (M) after 20 -

- days expoanye to ™0} mg/l ICN. The double

nembranes appear laminated (1)’ and the
raprured area (arrowa) resulta_3in a release
of the internal contents, The Matrix contains
many granulea (6)., (92,000 X)
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Figuse 47, . Several follicular cell -mitochondria (M)
' after 20 daya_ expoaure to 0,02 mg/) HCON,
The awollen witachondria exhibit hyper-
tro of the interapace (I) hetween
wembranea, There ia a‘loas of matrix
granulea and vesiculation of the criatae (VC),
(124,000 X) o v
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' . Alternative terminology for Balbiani body:
R .’Yolk nuclear complex ; T . ‘ -,
A " | ) . . ° . o » 4
7« . -7  Xolk,nucleus - ' ) ' - -

otterkexn . .
alpiania vitelluie body - / . '

¢ -

. , Corp vitellin ST '<’f

. , . Cytocenter .o ‘ ‘ o
. : Chromidia T PR ' <o E
N B 4 , . . ( N 1 , B ) N
/. ¥ gynthetic center : o .
Refer to: Beams and Kessels (1973) .= . . - ,
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