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v . oo . ABSTRACT

Exposure of .Female Rainbow Trout (Salmo galrdnerl) to
Sublethal Cyanide During the ViteTTogenic Stage of
the Annual Reproductive Cycle.

Y

He]epa Maria da Costa g -

>

F3

The. annual reproductive cycle of‘fénale rainbow trout (Salmo

. gairdner') was monltored using total serum calcium (TSCa) total serum

»

phosphoprote1n phOSphorus (TSPP), the hepatosomatic (HSI) and
gonddosomatic (GS1) indices. These parameters reflected the

reproductive development of oocytes in the Heve1oping oyarj. ~

i

--————— The effect of Sub]&th&]‘ty3ﬁ1dé exp ure on female Trainbow trout

. . Q , , .
at different t1mes of the vitellogenic per1od was investigated. A

seasonal response was observed. In-May, at the onset of

&
. vitellogenesis, exposure to a range of sublethal cyanide

}\x

I

concentrations (0.01,'0.02 and 0.03 mg/L HCI) for 7 days resulted in
highér TSCa and TSPP values. In October, elevated TSPP levels’
combined with declining TSCa and lower GSI, suggest an inhibition of

exogenous yolk uptakes by the ovary caused by low level§ of calcium,
B o, \\ .

5In'December; during late vitellogenesis, exposure to 0.01 mg/L HCH for

12 days of both maturé naturally .reproducing female rainbow trout and |

immature trout °in which exogenous viteliogenesis was artificially

inéuced by estradiol injections, resulted in lower TSCa and TSPP

levels relative to controls. These results suggest a reduction in

exogenous yolk production by the liver, hence, possibly decreasing the

number of‘viablé eggs available for thé oncoming spawning'time.‘
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In réinboW’trout, gamete/broduction is séasoﬁal and requires
precise coordination with envirorimental conditions. For .salmonids,, ~
jbhotoperioq abpearé'to be the major controllind.influence in the
initiation o% reproductive events, by triggering a series of
neuroendocrine changes involving the hypothalamus, the'pituitary gland
and the'fgonad?'(wh'itehead _q:_ﬂ., 19785). Female rainbow trout reach
maturity for the’firstftime in either their second or third year
(Scott and Sumpter, 1985). Thé aﬁﬁq@] reproéuctive cyclp can be
d19idéd into three physioloé?}al pekiods: (15 previtel1oge?esis: (2)
vitellogenesis, which can be subdivided into an endogeﬁous and
w/BXogenous phase, and {3) ovu]afion and spawning (van Bohemen et al.

1981).

.

—
- -

The accumulation of yolk is}responsib1e for‘ghe pfonounced

enlargement of oocytés during vitellogenesis. - A.part of the yo]& is
“synthesized in the oocyte cytoplasm itself (endogenous yolk) whereas
the remainder of the yolk is extraovarian in origin (Exbgenous'yolk)
(Wallace and Selman, 1981) and is the mijor contributor to ovarian
growth. ‘Figure 1 illustrates the sequence of events occurring during
vitellogenesis. Tﬁé hypothafamus produces a gohadofﬁopin releasing
hormone which stimulates the pituitary to secrete one or two -
_gonadotropins (Burzawa-Gérard, 1982; hg}ahd 1dler, 1983).
Investigations by Ng and Idler (1983) suggest the existenée of two
gonadgtropins: maturational and vitellogen{c. The maturationa]I’

gonadotropin is responsible for initiating vitellogenesis, at least
. ’ ’ -

3
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. exogenous vipellogenesis, by iﬁdg&ing ovarian follicles to secrete
estrogens, o% which estdadiol is the most dctive (Ng and ldler, 1983;.
van Bohemen and Lambert, 1981). Estradiol stimulates the 1iver/to ’
syn;hesize vitefTGgenin. which is then released into the circulation
.(Bailey, 1957). Vite]logeninkis subsequently transported to the
ovary, where :t is incorporated by micropinocytosis into deve]oping
oocytes (Dro11er and Roth, 1966), and cleaved into the egg yolk
pr?;eins, phosvitin and lipovitel1idi and deposited as yolk granules
(Follet and Redshaw, 1974). fﬁis‘gonada1 vitellogenin 1ncorporet10n
is under the control of the second pituitary hormone, the vitellogenic
gonadotropin (Ng and Idler, 1983). .

Vitellogenin is a female-specific calcium binding
glycolipophosphoprotein (Wallace, 1978),end its presence in the blood
of non-mammalian oviperous vertebrates is associated with 1ncreasingkf.

,leve1s of serum components, especially calcium, ;hosphoprotein |
phosphorus and lipids ylack et al. 1971; Emmersen and Petersen,
1976), and with higher liver weights as expressed by the hepatosomatic

index (van Bohemen et al., 1981). Different methods have been

< 2

Eeported to determine serum vitellogenin concentrations 1in te]eéﬁts(
Indirect methods.'such.ES/measurements of total serum calcium and
total serum.phosphoprotein dhosbhorus heye been frequently reported
(Bailey, 1957; Whitehead et al., 1978a,b; E111dtt et al. 1979; Hori et
al., 1979"Tinsley, 19@5) Although, a direct. radioimmunoassay has
now been developed for vitel]ogenin (So et al. 1985), the technique
- wWas nqQy available at the time of the present study. The indirect

approach was utilized, measuring -total serum calcium and fotal serum

[y
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phosphép}otein phosghoru§ as 1nd1cafors of e;ogenpus yolk. \\ag1er

(1985) reported a strong correlation betwgen thg?e indirect indicators

and vitellogenin levels measured by tﬁe radfoimmunoassay in immature

estradiol induced and“natqrally reproducifig rainbow trout. So et al.
k (1985) also demon§trated a 11near relationship between p]asmq

vitellogenin levels and gonadal development expreséed as the*
gonadosomatic index. - ’ -

- - -

Exogenous yolk production can be induced in immature fish ofubotﬁ
_ sexes by estradiol injections (Plack et.al., 1971; Elliott et aly,

.+ 19793 Cyr, 1984), thus, allowing the study of this process throughout

YR

the year. ' - ' . -

A v
\ e

Therfirst objective 6f_this study was to monitor the annual

reproductive cycle of female rainbow trout'by recording ‘levels of
. N : ‘ .

total serum calcium and total serum phosphoprotein phosphorus and

{’—__—~.\)ch¢n§es in the hepatosomatic and gonadosomatic indices during one

year.

e

The second oﬁﬁective'examines the effects of the toxicant Cyanide
. o -

on the annual reproductive cycle. Cyanide is a frequent, if not .
continuous, contaminant of terrestrial and aquatic ecosystems, and its
. presence can be attributed to both natural and man-made sources.

Industrial sources of cyanide pollution in Canada include gold minigg

~ ki

‘ L}
and milling industries, with common effluent discharges of cyanide in
the mg/L range; photographic processing, ore extraction and fron and

steel manufacturing (Leduc et al., 1982; Leduc, 1984).

&

Of the various cyanide compounds within the aquatic environment,

. f}ee’cyanide (HCN) 1is the most toxic, and is the form 1nvestigatéd in

A
.



most detail by researchers. In water, high concentrations Sf free

£

cyanide rapidly ki1l aerobic organisms (Leduc, 1?89). Several reports
suggest that a concentration range of 0.003-0.005 mg/L HCN is an
apbropriate water quality objective for fresh water organisms in water
at 10-13°C (Doudoroff et al., 1979; E.P.A., 1986). In the range of
physio]ggica1 pH normally encountered in surface ;ater, HCN, a neutral
hydrophilic molecule, will -readily penetrate semipermeable membranes,
such<as the gills and egg membranes (Ledué, 1984). The majority of
the HCN molecules will be carried to receptor sites via the o
.bloodstream where toxic action and/or detoxification occurs. The mode
of action of cyanide is genera]ly attributed to the inhibition d/#the
enzyme cytochrome oxidase, w1th consequent blockage of both s)ectron
transport and oxidative phospﬁorylation, thus depriving the cell of
ATP energy and oxygen utilization (Solomonson, 1981). Raxggpd (1984)
reported a 60-80% inhibition of cytochrome oxidase under sub]etpa]
cyanide exposure in ‘rainbow trout. At sublethal levels, energy

" requirements may be partially maintained by anaerobic metabolism
through g1ycoLysis (Solomonson, 1981). At these levels, cyanidé can
hélso be detoxified to thiocyanate, a compound recently Eeported for

Eiiie N

rainbow trout by Raymond (1984), although thiocyanate itsel¥tis known

to produce adverse effects 'in the thyroid gland (Hay,quél). Singh et

al. (1977) described the pituitary-thynoﬁd-gonad axis in the

freshwater catfish (Heteropneustes fossilis) as particularly

suscept{blé'to thiocyanate toxicity. o . A
Several reports in, the literature deal with the sublethal effects

. "¢ ' M
of cyanide upon fish repﬁngction. Lind et al. (1977) exposed fathead

A4
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minnows (Pimephales promelas) for 256 days to various concentrations

of cyanide and observed reduced egg production at 0.019 mg/L HCN and
decreased hatchability at 0.044 mg/L HCN. A similar study by Koenst

t al. (1977) also reported aqreduction in the number of eggs spawned

" per~female and in egg viability in brook trout (Salvelinus fontinalis)
t‘
following exposure to 0.012 mg/L'HCN for 144 days. Kimball et al.

(1978) exposed.blueéills (Lepomis macrochirus) to vatious concentra-

tions of cyanide and determined that the higﬁesf concentration
producing no adverse effects.upon eqqg Eroduction was 0.0052 mg/L HCN.
Leduc (1978) observed reduced hatching success and gross abnormalities
of embryoshat\coﬁcent}ations as low as 0.01 mg/L HCN in Atlantic

salmon (Salmon salar) eggs.

More recently, Cheng and Ruby (1981) reported that flagfish

(Jordanella }16ridae)‘e§posedhto intermittent sublethal cyanide
concentrations (0.065-0.15 mg)L HCN) applijed for 5-day periods during
the embfyon{c. juvenile and adult stages of development, had egg
production at sexual maturity yeduced by/40%. In the same stu&y,
histological examination of the newly h tche& fry revealed smaller
pituitary glandskcaused by cyan{de exposure which resulted in delayed
sexual maturity. Lesniak and Ruby (1982) undertook a histological and
quaﬁtitative study which demonstrated/ that oocyte-maturat!on was
seriously impaired in female rainbow‘troutwexposed to 0.b1—0.02 mg/L

the patterns of endogenous yolk

HCN for 15-20 days. In that s?udy,
formation were critically altered,/but the stage that was the most
seriously affected was exogenous yolk deposition.

Although these studies suggest that exposure to sub]ethﬁl cyanide



-of sublethal cyanide exposure on exogenous yBlk production; (ii) €

. _ - 8 -

-
1

interferes with egg broduction and developmert, little attention has
“ / f '

!

been focused on the mechanisms that cause these effects. Based on the
' —

findings by Lesniak.and Ruby (1982), the second objective of thjs
study‘was to examine thg_%ffects of sublethal exppsgr; to cyanide on o
the mechanisms of exogenous yolk production. Four parameters were
selected for ihis purpose: total serhﬁ calcium, total séfuﬁ‘

phosphoprotein phosphorus, goﬁadOSOmatic and hepatoéomatic indices.

".This objective was approached by: (i) exposing female rainbow trout.to

0.01, 0.02 and 0.03 mg/L HCM for 7 days during early (May 1983) and.

mid-late (October 1982) vitellogenesis, to examine any seasonal effect

/

/

//
exposing female rainbow trout to 0.01 mg/L HCN for 12-days at the pgék
of exogenous vitellogenesis (December 1982), to examine the effecyé of‘

sublethal cyanide toxicity in highly vitellogenic females, prigfwto

spawning; (iii) exposing rainbow trout, in which vitellogenesis was

artifically 13335;2 with estradiol injections, to 0.01 mg/L HCN for 12
days in December 1983, to compare the response to sublethal cyanide
exposure between naturally reproducing mature females (December 1982)

and induced rainbow trout.

".

’



A. Materials )

Test Organisms .

Rainbow trout, Salmo .gairdneri, used in-this study were obtained \V
, , L/ vt
c, from La/Piscicu1ture Mont Sutton, Sutton, Québec, Mean fish weights :

(X ¢ §Eﬁ) ranged from 226.37 % 5.06 to 275.55 & 10.06‘grams, their
1engtn was 30-33 cm ond age 2+, ' | ‘ .
/// UEpn"arriving at the.woter Po]1ution‘Research Laboratory, fish
1/4ére pHaced in fiberglass holding tanks and acclimated to laboratory
/7/ conditions for a period of 2—4 weeks prior to the'beg%nnfng—of~each*~v4———-——"“4
'/ . experiment. Tanks were supp11ed with continuous flowing water, which

/ ’
// _was maintained at a constant temperature of 12 + 1°C. -

/ ..D_'lg_t:._ | o : . _ o Ir
‘ . o éish wgre'fed‘an artificial diet at all time;. The diet, EWOS
"trout qhon; consisted of'dny pel]gts‘and Qas identical to that used by
the- hatchery where the fish were punchased. The conponents,of the
oelleted food as given by ENOS are listed in Table 1. ",
Fish were fed an ad libitum ration four times a week throughout
- " the holding period, and 1% of the body we1ght per day, during the

- ‘acclimation and experimental periods.
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: . ) N ‘ *
‘ . -~ Analysis’ of the dry trout chow pellets.
~ _ ~
. \ vy - ' .
’ Component  Percentage;, %
Crude protein (min.) 37.5
o ' 77 trude fat (min.g——" 8.0
. \ . Cru&ev.fiber (max.) t 5.0
v ' s Crude ash (méx.) '13‘0'
“\ *  Calctum (actual) 1.2
\ L Phosphorus (actual) 1.0 .
S ) 2
. ' .
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" I1lumination o . RN

‘to minimize external”'disturbances to the fish.

\\\\5\\\ E | ‘
/ | . - Cn . .
Tanks

The test tanks consisted of four 1ight blue fiberglass tanks.

The tanks werg oval with smooth inside surfaces. Tankswere dra{ned\ l

by 1ndivihua1'stanapipes lecated in the middle. of each tank and made
of non-reactive PYC material, The qapacit&‘pf.these tanks wae 243
liters. Adjustable flow meters (Manos%ef Cé?pﬁ, New York, N.Y.)
maintained the desired flow rate of 4 L/min for each test tank. This

rf]ow of water prov1ded a 99% rep1acement in 5 5 hours. This exceeded

the mln1mumzf1ow‘rate of '2.5.L of water/gram of fish/day as

recommended . by Sprague (1973). There were8 10 fish per tank during

the experimental period.

Each tank was covered with a hard translucent plastic. top. Water

'entered the taek through a funnel placed in a hole at the top.” The

inflowing water from the flow meters and the toxicant frem a Mariotte
bottle entered the funnel simultaneously prior';o entering the
experimental tank."Their flow rates were monitored daily, .

The toxicant was metered into the test tanks following the method

outlined by Leduc {1966). Tanks were cleaned twice a week.

LY

Tanks were illuminated by’ fluorescent 1ights which were evenly
distributed above the tanks. - Lights were automatigal]y ‘controlled by
a time-switch which provided a 12 hr 1ight-12 hr dark photoperiod
(7:30-19:30). The® apparatus was enclosed by a black p]gstjc curtain

¥
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Water Supply

The Iaboratony'was supblied with water from the City of
Montfea1. Before reaching the‘test tanks it passed through activated 7/

charcoal filters whicb reduced the chlorine content to less than 0.01

~ppm; The water was delivered to,the tanks through PVC piping.

‘ Meesurement§‘of dissolved okygeb indicated that, in general, 02
levels were 90%, and never fell below 80% saturation throughoyt the ‘
experimenta1 period. ) . ) !

- Other chemical parameters of the water were provided by the City

of’Montrea1 Pub]ic Works Department. and are shown in the Table 2,
‘ \

Table 2

-, ¢
- f 4 ' ’ ———
pﬁemicaT characteristics of Ieporatory water used
during the experimental period (March 1982 to December, 1983).
£ ——
Alkalinity* Total Hardness €0, pH
CaC03 (ppm) (ppm) (ppm)
84 129 0.0 , 7.85
" * mean values
@

RN
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B. Methods'

~

Preparation of Cyanide Solutions a

- A stock solution of sodium cyanide was freshly prepared for each

experiment and the concentration verified by titrations with silver

nitrate following the method outlined by Epstein (1947).

Mariotte bottles containing the desired concentration of cyahige«
were prepared (Leduc, 1966) on ihe day prior to the start of the
experiment. ., Sodium cyanide was introduced into the test fénks from
the Mariotte. bottles at a rate of 2 ml/min. The concenfration of
cyanide in the test water was determined every second day by the
moﬂified Konig reaction (Laﬁbert.gg‘gl..‘1975) as follows: a sample of

the test water was removed from the tank, placed in a 25 ml Qolumetrfc

X .
- flask, 1 ml of a N-ch]ohg5ucc1n1mide-succin1m1de oxidizing reagert and

1:m1 of a barbituric acid-pyridine reagent' were added. The volumetric

flasks were placed in a water bath at 25°C for 20 min. Fol1ow1ng'
[

color development, absorbances were measured in a/ Bausch and Lomb
spectrophotometer Model 70 at 595 nm. The concentrations were
determined from a standard curve prepared in a similar manner and were

v

within 10-12% of the prédicted value.

Preparation and Injecfion of Estradiol 17B-3-Benzoate Solutions
Estradiol treatment in the December 1983 experimen; 1nvp]ved the
following procedures. Estradiol so]utid&s were prepared by dissoiv1ng

an appropriate .amount of estra&iol 178-3-benzoate (Sigma Chem1¢ilsJ

. Co.) in peanut oil (Sigma.Chemicals Co.) to produce a concentration of

5 mg of estradiol 17B-3-benzoate/Kg of body height of fish. These
\ K‘E\ ‘ ' -

,
- ~ 8
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"solutions were- placed on a stirrer overnight. Prior to the injection

each fish was lightly anesthetized with tricaine methane sulphopate

(MS222)-at a concentration of 30 ﬁg/L, and based upon the weight
given, an appropriate concentration of estradiol 17B-3-benzoate u;ing'~
a 100 ul Hamilton calibrated glass syringe. A disposable 264 G needle
(Yale stainless cannula) was placed on the syringe and the injecfion
administered slightly below the right bec;ora] fin (intraperitoneal '
1njéction). Injections were delivered slowly to‘;void backflow of tﬁg
estFadio] solution. Fish were placed in a tank containing

éontinuously flowing water until they’recoveréd from the anesthesia,
and were then returned to the test tanks. Ipjections were

B 7
administered on Days 0 and 3 of the experimental period.

"Sampling Techniques

The folloying experimental sampling procédures were followed for
all experiments. Fish were not fed on the day priof to sampling.
Before sacrificing, each fish was anésthetized with tricaine methane
sulphonate (MS222) at a concentration of 140.mg/L. The total body
weight was rgporded following removal of excess water with paper
towel. The caudal peduncle was severed aﬁd blood was cor%ected with a
5 cc disposable syringé. The plastic syringe was previously rinsed
with an anticoagulant solution of 25% sodium citrate. The blood
collected was gen;]y forced out of the syringe into an Eppendorf .
microtest tube and placed on ite.;ntil centrifuging.

The sex of each fish waé determined following diésection. Liver

and gonad weights were recorded for later determinations of the
- .
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“hepatosomatic index (HSI = wet 1iver weight x 100/wet body weight) and

gonadosomatic index (GSI = wet ovary weight x 100/wet body weight)-.

The midsection of oﬁ; gonad was fixed in Bouin's-solution for later
histological observations.

Thé blood collected was centrifuged in a clinical centrjf,ge at
full speed, for 15 minutes. The serum was Separatéd and placed in a

B IS 4 . ‘ v
clean microtest tube and frozen in liquid nitrogen for 10 seconds.
- - -
The tubes were stored at -70°C until further analysis.

'
-

« : ~

Al

Ana]ysi§ of Serum fqr Total Calcium and Phésphoprotein Phosphorus
1)  Total Calcium Determinations { )‘:

Pr‘or to determinations serum was thawed at room témperature. A
100 ul ngp1e was placed in a 5 ml vo\umefr}c flask, using a 100 y1
micrbpi ette and di1utedtw1th a solution of 2000 ppm potassium }
chloride. The contents were mixed. Sténdafds were freshly.prebaréd.
A Perkin-Elmer Atomic Absorption Spectrophotometer Model 503 equipped
with a nitrous-oxibe-acety]ene flame was used for these
determinat16ns; The nit;ous-oiide-acetylene flame was selected
because of its greater reproducibility with higher signal output for
calcium, and because it eliminates inter-elemental 1nterference;
(Bhattacharya, 1977). After a 20 minute warminé period,»fﬁ@

spectrobhotométer was zeroed with the. 2.0 g/L potassium chloride

solution. The potassium chloride and the standafd solutions were '
k ) . .

A}

read after everyffour'samples,to maintain consistency of resu]ts{

Averages were calculated from standard and sample readings taken

in triplicate. The Y-intercept, .the slope and the correlation
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coeffﬂcient were calchated for the absorbance copcentration curve by

' linear regression applied to the standards. The concentratton of each 0

-

€. sample was determined by the following ‘equation:

1

, ' Absorbance of sample - Y intercept.
Concentration of sample = ' P —— “a
. L ) ' ‘Slope
. D L . . : . w
. The results were converted to milligcags_bf calcium per 100 v
¥ : L » ' ‘, <
. , mi}liliters of serum (mg%). , R

11)\iDeteﬁp1nations of Serum Phosphoproiein Phospho:us
;,‘ 100 u) of thawed setum of each sample d@reop1aced in a 15 m
' ﬁy}ax centrifuge tube. The proteins were precfpitated with 5 ml of
<10% trichloroacetic acid (TCA) solution. The precipitate formed nas .

Q

isolated by centrifugation and the supernatant discarded. The‘$rote1n

'precipitate was washed successively with the fo]loning organic :
so\vents to remove lipid {Wallace and Jared 1968): (1) hot alcohol,
(2) chloroform petro]eum ether: alcohol (1:2:2:), (3) acetone, and (4)
ether. The resultant protein pellets was dried and assayed for |

~

1 phosphoprotein phosphorus using the Boehriﬁber method (Boehringer

“¥

Mannheim Test Handboo\ 1970) \ In this method, prateins are digested
with 0.5 ml of perchloric acid and 0.2 ml, of hydrogen peroxide for 15
.min in* a paraffin bath at 180 200°C., The inorganic phosphate re]eased

forms a yellow comp1ex in acid so1ut10n withsmnnon1um vanadate and

- . »
\J" . ammonium molybdate. The intensity of color i{s proportional to the -
o concentration. and was meashred g a Bausch and Lomh spectrophotometer

. ' .

Model 70 at 390 mm. . T

) . . . L. .
"W‘.‘i ,‘ s 7 ' I k
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Phosphorus standard solutions (10 120 pg/ml) were prepared and
analyzed ’kmmg the Boehringer method but omitting the precfpitation
with TCA and the organic solvent yashings. ‘ . |

Absbrpamc; values measured were treated in a similar fashion as -
those for calciqm. Thg‘pmqspporus concentration of the samples- was
calculated b; the same equation. The results were tonverted to -
micrograms of phosPhorus per m111i11ter of serum (pg/ml)

4 > « - N
- - . “ * *

Histological Preparatibns

A Y

The Bouin's fixative was removed from ovarian sections by several

‘éhanges of 70% ethanol:. Tissues were subsequently processed

(dehydrated, cleared and infiltrated with paraffin) in a tissuematon °
(Dual Unit, Fisher‘Scienitfic Co.). Tissues were then embedded in

béraffin using a tissue tek Il Embedding Center(Lab Tek, Model 4603,

"Fisher Scientific Co.). 'Sectioning of the biocks was performgd.using

a rotary m”rotome (Spencer Ad 820 Moﬁe]) set to yield 6 u sections.

Sections were stained with the routine Hematoxylin “and Eosin ‘procedure

for 1ight microscopy and mounted with Permout reéin.l

Photagpaphs were taken in a Leftz\binoculér and ortmop1an
mic/osc0pe ;1th a Leica eamera, using a Panatomic-X film (ASA 32,
Kodak). - % | |

Statistical Analysis, -

Data for'each group is expressed as a ‘mean % §tandard error of:

thé mean (SEM). Differences between groups were tested using a

¢

1-factor or 2-factor analysis of variancé (ANOVA) ‘in-an Apple Ii

17
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[} R ‘ 2 ° . .
TR ' ’ (SNK) (Zar, 1984) for multiple comparisons among pairs of means, when
significant differences occurred with ANOVA, i
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RESULTS >

N
7

A.  The Annual Reproductive Cycle of Female Rainbow Trout.

' -

The annual reproductive cycle of fema\e'rainbow trout was
. monitoreq in the present study. Fish were sampled throughout'tQE
year. A new batch of fish was obtained each time and kept under a 12
_hr Tight-12 hr dark photoperiod and temperature of 12 t 1°C. The
constant light-dark regime does'ﬁot alter sigqfficant]y ovarian .
development, since Whitehead et al. (1978b; reported that spawning
. occurred at approximately the same time in rajnbow trout under the
~ influence of a constant 12 hr light-12 hr dark ph;toperiod and those
under a normal 12 month period. The malé:femdle rafio was
‘unpredictable accounting for the dif?erence_iﬁ sample sizes. The
;verage weight of fish for this study Qas 265.91 t 5.64 grams. Data
were collected-for the foilowing parameters: hepatosomatic (HSI) and
gonadosomatfc (GSTI) indices; total serum calcium (TSCa) and total ’
serum phosphoprotein phosphorus (TSPP) (Table 3,'?49. 2). Results
indicate that there was a gradual increase in all parameters from
April to October alth&ugh thé levels were not high enough to show a
statistical difference. This was followed by a significant rise in
GSI, TSCa and TSPP ]gve1§ which peaked in Decémber and returned to
basal levels by Febﬁqary. Mean HSI values 1nbreased\from 1.228 ¢
. 0.022% in April to 1.610 * 0.068% in December and returned to 1.384 %
0.068% 4n—Febeary but differences were not significant. Cgpnges were

more visible for the remaining parameters. Mean GSI levels rose from

0.157 t 0.008% in April to 51777 t 0.507% in October, reached a peak
- \

-

\
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"of 13.558 t 2.402% in Décember and declined ‘to 0.247 t 0.031% by <

| - V 20
February. Similarly, mean TSCa and TSPP 1qve1§ 1ncreas;d from 16,572
t 0.954 mg% and 9.212 + 0.167 pg/ml, respectively, in April to 18.879
t 0.769 mg% and 2i;513 t 2,794 pg/ml.‘respective1y. in October.
Between October and December there was a significant risg in mean
levels of these two parametérs, to maximum values of 27.713 ¢ 3.070"
mg’% for TSCa and 88.793 ¢ 16.647 pg}m] for T§PP.-Levels declined
thereafter to 18,169 mg% and 15.837 1 3.191 Pg/m] for TSCa and TSPP
re;dectively, in February.

’ Histologica1’observatioﬁs of ovarian sections revealed gress
morp;ologicai changes in oocytes throughout the year. fhe following
serie; of pictures (Fig§. 3 to 7) represents the various stages of.
oogenesis., The mean diameter of 10 randomly chosen oocytes/eggs was ‘
determined ;Br each stage. In Apr11£ oocytes are predominant]y‘sﬁa11
(mean diameter = 0.46 p) (Fig. 3). In May, oocytes are larger (mean
diameter = 1.32 p). and have 5 well developed juxtanuclear Balbiani
body (Fig._@) and some oocytes have al ready starﬁed to exhibit yolk

vesicles (Fig. 5). By October, the majority of the cells are b1gger

(mean diameter = 4.26 p), and have various sizes of yolk vesicTes

" within the ooplasm with the smallest spheres most peripheral (Fig.

6). In December, the ovaries occupy a large part of the coelom, and
are full of‘devélopéa eggs (mean diameter = Qf4 mm) (Fid. 7). '
The present study also indicated that in Decembgr, the feméle
population could be-differentiated after sampliné into two groups: the
viteilogenic and non-vitel¥genic based on the level of .reproductive.

development. The vitellogenic group was discussed above. The
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2: The annual repro&uctive cycle of 2 year old female
-rainbow trout: profiles for the hepatosomatic and
" . gonadosomatic indices, and total serum calcium and total
serum phosph‘oprotein phosphorus levels from April, 1982
h to February, 1983, Each point represents a mean.
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Figure 3:

-Figure 4:

Ovarian sectigh from female rainbow trout taken in
April, showing oocytes in early stages ‘of development:

(a) primary growth phase, and (b) 1ar§er oocytes which

'hhvé initiated the formation of the Balbiani body.

" Hematoxylin and eosin, 100x.

4

~
2

vaarian section, in May, showing oocytés‘aith Balbiani .

bodies at various stages of development. gaS Earlier
staée showing the'juxtaquclear position of the Balbiani
body; (b) s!igh;]y larger oocyte 1in yhfﬂh the Balbiqnf
body ;;s started to expand and migrate to tHe periphery;
and (c) the Balbiani body is completely disperse&. |

Hematoxylin and(eosfn, 100x.
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Figure 5: In May, some oocytes present are in the Balbiani body
stage. (a), while others (b) have initiated the
accumulation of secoﬁdany yolk vesicles (yv).
T L Hematoxylin and. eosin, 100x.
Figure 6: In October, oocytes increase markedly in size and contain

numerous secondary yolk vesicles (yv). Note that the
nuclear membrane is absent and the nuclear contents have

dispersed in the ooplasm. Heméthy]in and eosin, 100x.
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Figure 7:
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Eggs obtained by hand stripping a mature female rainbo
. 4 .
trou; in the laboratory, in December.
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'S.( Exposure to Sublethal Concentrat1ons of Cydnide. ,

(1) axposu;e to 0.01, 0.02 -and 0.03 mg/L HCN for -7 days in October

-
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proportion of females that\compfetea-the reproductive cycle was

napproximatély 301 In the n0n-0ite11egen1c group the ovaries were

undeveloped and appeared s1m11ar to those of fish sampled in Apr1T o
(Fig. 3). This.was reflected in the lower 1eve]s obtalned for: a]l < A

four parqmetershwhen compared to those of v1tellogenic females.

i
t - * . u Y °

} ‘ . ; a

ey e !

* and May. . * ' ' 9 . B

-

The first series of experiments was desvgned to exam1ne the
/

effects of e;ﬁosure to sublethal concentrafions of cyanide (5 01, 0. 02
aﬂd 0.03%mg/L HCN) for Z_days, on HSI, GSI, TSCa and TSpp 1eve1s in

female‘rainbow‘%roqt, A1l fish were sacrif1ced on Day 7. Experiments :

\]
ki

were perfoFmeé in_October‘ahdaHay, iwk., during the exogenous and

. 6 ) . >.
enaoganus viteliogenesis stages, respectively, of the reproductive
cycle. Female rainbow troGt“had an average. weight of 245,93 ¢ 10. 48
grams in October, and 275.55 t 10. 06 grams in May,

2

ln October .as se;p in Table 4, the control values of the

measured‘parameter$ remained constant’ over the 7 day experimental

perfod. 'HSI values declined with increasing concentrations “of HCN,' 2
from a control mean level of 1.407 t 0.049% to 1.009 t 0.130% recorded
. at the highest HCN concentration (Fig. BA). The response of TSCa

levels to HCN was nonlinearﬁ The mean iSCa levels.showed a sharp

! dec\ine from contro\ values of 18, 879 t 0.769 mgX to 7.024 £ C. 790 mg%c

[SNK test: p 0.01), following exposure to 0.01 mg/L HCN (Fig. 8C).

Mean ISLa levels fncreased thereafter, with rising HCN . concentration.-
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. Figure 8:  The effect of exposure to 0,01, 0,02 and 0.03 mg/L of
' 'cyanide (HCN) for'7 days, on the hepato;omatic and
gonadosomatic %ndices. and-on the levels of total serum
‘calciunt and total serum\phospﬁoprotéin phosphorus in
fega]g.raiﬁbaQ trout during October, 1982. Each point
repféseqts a mean,  SEM. SEM is not shown when it is

\ ) _ <0.1.
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\ conéentration, but at 0.03 mg/L HCN, TSCa values were still reduced
(14.327 ¢ 1.989 mg%) although not significantly relative to controls.
Efposure to 0.02 mg/L HCN elevated significantly mean TSPP levels to
33.058 £ 3.050 pg/ml from 21.513 £ 2.794 pg/ml reported for control
females (SNK test: p<Z0.01) (Fig. 8D). TSPP levels, then declined
significantly to 24.677 % 4.789 pg/ml at 0.03 mg/l.HCﬁ’re1ative to
0.02 mg/L HCN (SNK test: p<<0.05), but were not statistica]l&
different from control levels.

The GSI demonstrated a trend towards lower mean values. followihg
exposure to all HCN concentrations, although the reductjon was not
significantly different when compared to coqtrols (Fig. 88). There
was a large animal-to-animal variation in GSIs with{n the control
group, which had a meén va{Le of 0.777 £ 0.507%. The lowest GSI
recorded was 0,166.1 0,.046% at the lowest concentration of HCN.

' When the same experihental procedure was repeated in May, during
early v1te1logengsis, a different respon;e was obséryed }or the
fo]lowiﬁg parameters: TSCa, TSPP and GSI, after exposure to HCN (Table
5). S{milar to that observed in Octgber (Table 4) the measured
pafameters remained stable over the 7 daw period.. As seen in the y
previous experiment mean HSI values declined at all HCN concentrations
(Fig. 9A). Mean HSI values for the control group were recorded at

1.416 £ 0.076%, then declined to 1.141 % 0.093% at 0.01 mg/L HCN and
stayed simiiar at the\remaihing HCN concentrations. Mean TSCa and

TSPP levels increased simultaneously, with rising HCN concentrations

from control values of 17.265 t 0.515 mg% and 12,896 t 2,792 pg/ml
respectively, to maximal levels of 23.290 t 1.126 mg% for TSCa and
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The, effect of exposure to 0.01, 0.02 and 0.03 mg/L of
Eyaniﬁé (HCN) for 7 days, on ihe hepatosomatic and

. gonadosomatic indices, and on the 1evgls of total serum

calcium and total serum phosphoproteih phosphorq; in .,

female rainbow trout, duringlMay, 1983. Each point

represents a mean * SEM. SEM is not shown when it is

<0.1. '
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. females were similar for the four indirect indicators of

- vitellogenesis. Mean TSPP (Fig. 10D) and GSI (Fig. 10B) values

38

22.110_t01.561 pg/ml1 for TSPP, at the higﬁest HCN conceptration
(Figs. 9C and éD).‘ These changes represent a significant:increase in
the levels of these two parameters in the serum of female rainbow
trout following exposure to’HCN (Table 5). The GSI showed no
significant change in’mean values.be£;een HCN treated fish and

controls (Fig._98B).

(11)‘Exposure to 0.01 mg/L HCN for 12 days in December. ' _

The reduction in TSCa observed at 0.01 mg/L'HCN in October after
5*7 day exposd?e, led to the 1nvestiga£10n of the effects of this
sublethal concentration of HCN over a longer time period dur1n§ active
exogenous vitellogenesis. Fish were exposed to 0.01 mg/L HCN for 12
days in December and sampled on Days 1, 3, 6 and 17 of the

experimental period. The average weight of females in this study was

A

255,25 + 7.35 grams. The female population was divided after sampling
into two groups based upon the level of reproductive development of
the ovaries: non-vitellogenic -and vitellogenic.

In the non-vitellogenic group (Table 6) control and HCN exposed

rémained similar between the tyo groups throughout the experimeﬁta]
period. Mean TSPP 1e9els, on Day 12, were 10,995 t 0.513 pg/ml in
control$ and 10,174 & 1,221 pg/ml in HCN exposed fish. Mean GSI
Vatues were similar for control and HCN treated groups for the
duratioh of the experimen}. Changes'in mean HSI values (Fig. iOA)

followed an identical pattern for control and HCN treated fish, during
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Figure 10:  The effect of exposure to 0,01 mé]L of cyanide (HCN) for

12 days, on the'hep'atosomatic and gonadosomatic indices,

and on the levels of total serum calcium and total serumy

phosplgbprotein phdsphorqs in non-vitellogenic female

. : ' rair‘vboﬁ trout durivng December, 1982, Ea‘gh' point
represents a mean SEM. SEM 1s not shown when it is

<0.1. . .
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Figure 11:
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12 days, on.the hepatosomatic and gonadosomatic indices,
and on the levels of tota1 serum calcium and total serum

phosﬁhoprétean phosghorud in viteliogenjs female .raipbow

. trout during Décémbgr. 1982,
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The effect of eprsure to 0.01 mg/L of cyanide’ (HCN) for
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the 12 day period. BotAQgroups showed an elevation in mean HSI levels
at Day 3 to 1.723 t 0.413% for controls and 1.568 t 0.077% for HCN
exposed fish, when compared to the rem91n1n§ sampling days. On Day
12, mean TSCa levels..were 20.468 % 0.395 mg% for controls and 16.795 ¢
14640 mg% in HCN treated fish but no significant differences occurred
(Fig. 10C). | ' | “

Egposur; to sublethal HCN on vitellogenic fish (Table 7) showed a”
Frend towards‘lé:;r\pean GS1, TSCa and TSPP levels although %hanges |

were not significant as a result of small sample sizes. Vitellogenic

"femaleﬁ represented approximately 30% of the total female population.

At the end of the experimental period, mean GSI values in HCN treated

_ fish (Fig. 11B) had declined from control values of 11.695 t 2.359% to

6.909 t 0.188%, Similarly, mean TSCa (Fig. 11C) and TSPP (Fig. 11D)

tevels ‘dropped from 30.043 t 4.078 mg% and 92.448 ¢ 20.5Y7 pg/m,

réspectivg]y, reported for controls—to 17.751 t 0.688 mg% for TSCa and

39.215 ¢ 0.952;pg/m] for TSPP in HCN exposed mature femaleﬁ. .

(111) Exposure of E2 injected rainbow trout to 0.01 mg/L HCN fo; 12
days in December. - '

The small proportion of fgmales undergoing full vitellogenesis in

the previous December 1982 experiment led to. its artificial induction

" in the following year. Hence, in December 1983, the effect of

N
sublethal cyanide exposure, on rainbow trout in which exogenous

vitellogenesis was artificially induced by estradiol- 178 was examined
(Table 8). In this experiment both non-vitellogeaic female and male

“

Fajnbow irout were utilizgd, s\nce males and females respond similarly

v
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Figure 12:

J

s

The effect of sublethal cyanide exposure (0.01 mg HCN/L)
on the hepatosomatic and gonadosomatic indices, and on
the 1exels of total serum calcium and total serum
phoigﬁpprotein phosphorus in rainbow trout treated with
estrgégol 178 (5 mg Ep/Kg body weight) during December,

1983. Each point represents a mean & SEM,
14
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to Ep treatment (Cyr, 1984{;_ The average weight of fish was 226,37 %
5.06 grams. | .

ég administration (5 mg E2/Kg body weight) resulted in higher?qean '
HSI, TSCa §nd TSPP levels when compared to the untreated groups.

. Sublethal HﬁN“exposufe {0.01 mg/L) for 12 days, resulted in

v

sigu;ficantly lower meanLT§Canand TSPP levels in the‘Ez treated HCN
exéosed grdup rélative to the Eo treated control group (Fig. 12). " Mean
TSCa ieyé1s in the Ez control fish, at Day 12,'were'46.006 % 4.107% and
in the E2 & HCN group 32.483 £ 6.259 mg% (SNK: p<0.01). The recorded
meaﬁ T§PP levels, at Day 12 were 144,250 t 31.258 and 101.750 t 23.849
pg/ml'for the E2 and Ep & HCN groups, }espectively (SNK: p <:D.0g).

The GSI remained unchanged tAroughout the experimental period.
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- . DISCUSSION o

A)  Annual reproductive cycle of female rainbow trout.

The present study pr;vided profiles of GSI, HSI, TSCa and TSPP
througfout the annuq] reproductfve cycle of female rainbow trout
(Table 3). This data also served as a base]ine,cqntrbl }or the
toxico]qg{gal experiméhts performed at var{ous stages of the
reproductive éyc]e.

The annual reproductive cycle of the female rainbow trout, Salmo
gairdneri, is divided into phree main stages: a pre-vitellogenic
period (March-April), a vitellégenic period (May-December) which is
subdivided into endogenous (May-July) and exogenous (August-December)
vitellogenesis, and fina)]y ovulation and spawning (January-February)
(van Bohemen et al., 1981).

In the present study, during the pre-vitellogenic period, GSI,
HSI, ¥SCa and I§PP values were the lowest recorded for the annual
cycle. This stage is the quiescent period and the present data are
supported by the low levels of sex steroids in the plasma reported by
Scott and Sumpter (1983). At the ovarian level, this stage is
characterized by the presence of small oocytes, with a high nucleus to
cytoplasm ratio (de Vliaming, 1983) (Fig. 3). Scott and Sumpter (1983)
suggested that the selection of oocytes that will develop into eggs
during the oncoming reproductive cycle may occur during this stage.

‘ During the endogenous phase of the vitellogenic period, thére was
an {ncrease in all four parameters. In this phase, the oocytes

synghesize a basophilic material which is stored within yolk vesicles
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(Wallace and Selman, 1981). The Balbiani body’is a possible source of
endogenous yolk .(Beams and Kessel, 1973 and Lesniak and Ruby, 1982)
(Fig. 4). This endogenous yolk synthesis is accompanied by a rise in
GSI. The gradual 1nq}ease‘in TSCa and TéPP ossg:ved dhring this
périod suggests that small amounts of exogenous ysz‘are also being’
synthesized. Similarly, Ruby et al. (1986a) reported vitellogenin
(Vg) in serum of rainbow trout using a direct radioimmunoassay (§IA)
as early as Jyne, indicating exogenous yolk precu}sors were
synthesized. Histological observations of ovaries during this stage
(Fig. 5) confirms the presence of exogenous yolk. Therefore,
endogenous and exogenous processes overlap, the former predominating
initially and the latter during the gihal stages of the vitellogenic
period. T ' |

The exogenous vitellogenesis stage was marked byﬂa sharp increase
in all paraméters investigated, between October and December. During
this period, vitellogenin (Vg) is synthesized by the liver .in response
to estrogen produced from the ovary, released in the circulation, and
sequestered, under gonadotropin control, by the oocytes (Bailey, 195%;
Wallace and Selman, 1981). The increase obsenved in HSI in this study,
duning this period possibly represents synthesis of Vg, since electron
microscope studies of hepatocytes by Emmersen and Petersen. (1976),
showed that HS1 peaked concurrently with maximal levels of RNA in the
liver and Vg in the serum. During exogeﬁous vitellogenesis, the
hepatocytes undergo dramaf;c structural changes: rough endoplasmic

reticulum (rER) is strongly developed, Golgi bodies are enlarged with

electron dense inclusions, and the nucleus and nuceolus present a

. v
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hypertrophied appearance, indicating active protein synthesis (Aida et
al., 1973; van Bohemen et al., 1981).

Vg is subsequently released in the bloodstream and was detected,

in this study, by a rapid increase in TSCa and TSPP levels between

" October and December. Whitehead et al. (1978a) observed an identical

increase in thesé parameters, during these months, although‘the levels .
FEbbﬁtgd were high‘?ﬁ The same response was observed during these
months with direct serum Vg measurements by van Bohemen et al. (1981)
for rainbow trout, using gel electrophoresis, and by So ? al. (1985)
fn Yandlocked salmon (Salmo salar Ouananiche) using tﬁe elently <
developed homologous RIA. Nagler (1985) using both indirect (TSCa and
TSPP) and direct (RIA) Vg determinations showed a strong correlation '
between these parametérs‘in rainbow trout during late vitellogenesis.

Vg is then sequestered into developidg‘oopytas by
micrdp%nocytosis (Droller and Roth, 1966; Campbell, 1978), converted
to the yolk proteins lipovitellin and'phosvitin, and accumulated in
yolk globules which later coalesce (Follet and Redshaw, 1974; Wallace,
1978; Wallace and Sélman. 1981). This ovarian\incd?ﬁd?ation of large
quantities of exogenous yolk\was reflected in higﬁ GSI measurements
recorded for this study during this stage. Figs. 6 and 7 show the °
oocyte growth that occurred between bctoper and December. So et al.
(1985) report similar changes in GSI in landlocked salmon and showed a
strong correlation between this index and Vg levels.

It was observed that in December, at the peak of exogenous yolk

production, only a small proportion (approximately 30%) of the female

population had high GSI, HSI, TSCa and TSPP levels, {.e. was fully .
J/ , N
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mature at age 2+. Female rainbow trout spawn for the first time in

either the second or third year (Scott and Sdmpter. 1983) and after
that, fhey do not necessarily undergo the reproductive'cjcle every
year, which may account for the percentage of maturing females
obtained in this study. o

The final stage of the reproductive cycle comprises oocyte
maturation, ovulation and 5pawn1ng (de Viaming, 1983) and-is
gonadotropin dependent (Ng and Idler, 198J; ScoEﬂ/ZL'gl.:\1983).
During this period, a sharp-decline in the four parameters was
observed in this study. Sc;;t and Sumpter (1§83) report that .
estradiol 17B levels are low, whereas gonadotrdﬁin and progesterone

(1nx-zopp and 170-P) levels are elevated at this time. During this

.phase, oocytes are ovulated into the ovarian lumen and subsequently

spawned under fav?rable environmental conditions (de Viaming, 1983).
However, spawning behaviour does not eatura]]y occur in captive female
rainbow trout and ovesremain in the body cavity after ovulation (Bry,
1981). This was confirmed in the present study, when females sampled
in February had the coelav full of atretic eggs.

The present study represents the first investigation when all
four parameters were simultaneously mgnitored throughout one complete
reproductive cycle. There was a marked rise in GSI, TSCa and TSpp ’
between October and December, and these paraﬁeters were good !
1nd1cetors of the annual grodihlof the ovaries. Changes in HSI were
less dramatic. 'F]ucthations in this indicator may reflect other’
metabolic processes. However, when used in combination with other

parameters, it may provide additional information regafding the

53.



process of vitellogenesis.
"B - Eprsure to sublethal concentrations-of cyanide.
(1) Exposure to 0.01, 0.02 and 0.03 mg/L HCN for 7 days in October
and May. ‘
Exposure to sublethal concentrations of cyanide in October
affects the process of exagenous vitellogenesis in female rainbow
trout. Mean TSCa, GSI and HSI.values were reduced whereas TSPP levels
were higher when compare& to con%rols. TSCa and TSPP shouid parallel
each othér when rising levels of thesg indirect indicators represent
—i~exogenous'yolk precursors (section A; Whitehead et a)., 1978a), but in
tﬁ}s experiment they responded differently, TSCa levels were
significantly reduced at 0.0l and 0.02 mg/L HCN while TSPP levels were
elevated significantly at 0,02 mg/L HCN., TSPP lévels appear to
reflect Vg since Ruby (1?86b) reports a similar rise using a highly
sensitive homologous radioimmunoassay (RIA) for vitellogenin in {
landlocked salmon following exposure .to sublethal HCN in October. The
decline. in TSCa levels under HCN exposure may‘reflect a disturbance in
calcium regulation. ' .e ;
Several reports 1ndicate that calcium regulation occurs majnly at
the gill, which is also the site of action of calcium regulating \
hormones in many teleosts (Taylor, 1985; Shephard and Simkiss, 1978; °
Wendelaar Bonga et al., 1984; Milhaud gg_gl.; 1977). The reduction in
TSCa levels that occurred in the present study at the 1owe§t HCN
concentration does not appear to reflec{ thg direct ef%ects of cyanidé

on the gill since Dixon and Leduc (1981) showed no histological damage

-
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in gill tissue in rainbow trout after a'9 day expasure to 0.01 mg/L
HCN. However, at higher concentrations the possibility of gill damage
following HCN exposure cannot be exc]qud. The pituitary is ihe major
seurce of calcium regulating hormones in freshwater teleosts (Pang,
1973). The hormones'prolactin and ACTH, are effective . in raising
serum calcium levels by promoting calcium uptake at the gill (Pang,
1973; Wendelaar Bonga et al., 1984). HCN may affect producgiguxg& p
prolactin and ACTH at the pituitary level, thus decreasing TSCa
levels, although there is no evidence in the literature for this
mechanism. There is, howéver. evidence that gonadotropin (GTH) {s
reddced fof]owing thiocyanate administration in the catfish

(Heteropneustes fossilis) (Singh et al.,"1977). Thiocyanate is a

product of detoxification of cyanide (Hestlgy, 1981).

In the present study, the“;ise in TSCa level beyond 0.01 mg/L HCN
could be attributed to a mobilization of calcium from bony tissues to
‘eompensate for'fa111ng calcium levels in the blood. This mechanism 1is
known';o exist in humans (Nartey, 1981) where bone decalcification has
been reported following cyanide/thiocyanate eiposure.

This overall reduction of calcium levels under HCN exposure could
have ser10u§ jmp]ications on ova}ian grovth and maturation. This is
supported by the trend\towards lower GSi values obsérve& at a]l HCN
‘;odcentrations. Vg is sequestered from the bloodstream into oocytes '

. by ptnocytosisl(whitehead et al., 1978a; Ng and ldler, 1985). |
""’Finqcytosis is calcium dependent {Brandt and Freeman, 1966). Fig. 13

‘shows a diagramétic representation of the sequence of events occurring

)
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Figure 13:

~

Ihg sequence of events during pinocytosis: The approach

(a) and attachment (b) of a particle, invagination—of-
the cell membrane (c), formation of a pinocytotic
vacuole (d, e), and incorporation of the material fhto

the cytoplasm (f) .(from Bennett, 1956). -~
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_during pinocytosis. Molecules must be posit{vely c;arged, to. bind
with the negatively charged mucopblysaccharide_cell membrane (a, b in
Fig. 16), inducing ﬁinocytosi; (hustad, 1961). It is possible tﬂ:;
the calcium ion in the Vgﬁmofecule provides this posiine charge for
Vg and faéilitates b%ndiqg to the oocyte meﬁbrane. In addition, the
invaginatisn of the cell membrane assoc{ated with the formatjon of the
.pinocytotic_vacuole (CK d i&;iig. 16) reqhires extracellular calcfué .
- and ATP (de Terra and Rustad, 1959; Campbell, 1983). Therefore, HCN -
could broduce its effect through a decline in TSCa levels and throﬁgh

inhibition of ATP synthesis, on This critical pinocytotic pigfess.

Increased TSPP levels ‘recorded with Hqﬂ exposure probabiy reflect

. T A

rising levels of Vg ig the serum. Two additional reports support this

observation. Cyr (1984) recorded increased TSPP 1evels_in estradiol
treated rainbow trout after exposu?e to 0.02'mg/L HCN in October.

Ruby (1986b) reported an elevation of plasma Vg levels, measured by a

RIA, in female landlocked salmon following exposure to 0.005 mg/i HCK

at1tﬁe same time of the year. In the latter study, a decline in
ovariaﬁ Vg was also reported,'suggesting also the inhibition of Vg
uptake by the ova;}. In the-pre;ent study, at ;he highest cyanide
concentration (0%63 mg/L HCN), TSPP leée]s-declined relative to 0.02
mg/L HCN probably indicating ls‘aqbreakqown of ihé Vg molecule, to
meet energy requi}ements, by the anaerobic cataBoligm of the 1ipid
fraction of.Vg (Nagler, 1985){ or é) a dec;ease in Vg synthésis;
caused by the unavailability of 1ipid following HCN exposure. Kovacs
and Leduc (1982) report a 70% reduction in dry weight gain, in
juvenile rainbow trout exposed 0.03 mg/L HCN at 12°C, primarily due to

57



L}

a decline in fat synthesis.

- Cyanide exbosure resulted in a significant decrease in HSI. In

A

naturally reproducing females, the exogenous yolk production stage is
. - N - ' ‘\

‘osually"reflected in the liver by an increase in HSI due to the active

synthestseof Vg by the hepatocytes (van®gohemen et al., 1981). The -

decline in HSI ih the present experiment may be associated with a

. depletion in liver glycogen levels rather than in Vg since Raymond

.(1984), using similar cyanide concentrations, observeSx{prwthe

decrease in HSI coincided with a reduction injliver glycogen, which
was attributed to a shift from aerobjic to anaerobic metabolism.

. Co )
Raymond (1984) also reported that glycpgen levels and HSI declined

with rising cyanide concentrations a trend also observed in the

_ present study. Decreased liver glycogen foilowing cyanide exposure

could stress reproductively active females, since Petersen and

< .
Emmersen (1977) report that hepatic glycogen and lipid repregent

important energy sources in tns,metabolic rquirements for ovarian
growth and spawning. | ,
The response observeo in May following cyanide exposure differed
from that reported when females were exposed in October‘gpder
identical conditions indicating thut the reproductive response to °
sublethal.cyanide can‘differ with season. In ﬁay, females are s

entering tne'vitellogenic phase of the cycle. Early vitellogenesis

was confirmed by histological examination of the ovaries. 75Ca and g,
° . !

TSPP levels of cyanide exposeo females 'increased with rising

concentrations of cyanide relative to controls after 7 day;\_

Siﬁiﬁarly. Ruby et al. (1986a) using a direct RIA fob Vg, reported an/

0 ” )
Lo K
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. . . . /
increase in Vg levels on day 6 of a 12 day experimental period, where

rainbow trout were exposed to low concentrations of cyanide (0.01 mg/L

HCN) in May. At |day 12 of that experiment, Vg had declined to

non-detectable levels, suggesting that Vg synthesis had ceased. The

leﬁgth of time of the present %xperiment did not permit an assessment

of effei} of sublethal cyanide exposure over a l:néér period of time.
There are two possible explanations for the increase in TSCa ang

TSPP levels reporéed in the present study. A stimulatory effécf on

the synthesis of yolk precursors by the liver. The stimulation of

" .biological processes by low levels of toxicants, a phenomenon called

hormesis, has been previously reported in the literature (Stebbing,
1981, 1982). Stimulation of‘growth, for example, was reported by
several authors after cyanide exposure (Cheng, 1978; Leduc, 1978;
Dixon and Leduc, 1981), and has been associated-with 1) a slight
hype;;hyroidism, or 2) an increase in water content and, hence, in wet

weight, 6bserved following thiocyanate/cyanide exposure (Leduc,

1§82). Secondly, the lack of Vg uptake by the ovary as 2 result of

" the absence of vitellogenic gonadotropin at this time of year.

Vitellogenic gonadotropin is the hormone responsible for the
stimulation of ovarian Vg,incorporiifcn (Ng and Idler, 1983). F{ilure
of the oocytes to seqﬁester Vg is suéported by similar GSI values in

control and cyanide eibosed females. g

{ ,
In summary, there is a seasonal difference in respbnse to cyanide

exposuFe between females exposed ;in May and October.

\



<
(1) Exposure to 0.01 mg/L HCN for 12 days in December.

In Decémber. in non-vitellogenic fisht no significant differences
Sccurred between control and cyanide exposed females, for the four
parameters of vitellogenesis. However, in the cyanide exposed
vitellogenic group, there was a trend towards lower GSI, TSCa and TSPP
levels at the termination of the experimental period. Changes in HSI
did not reflect those occurring in the other parameters. The decline
in TSCa and TSPP concurrent with a decrease in GSI among cyanide ‘
exposed fish at day 12, suggests a reduction in yolk precursor
formation, and [p tts subsequent uptakq‘from the blood by oocytes.
Singh et al. (1977) demonstrated that gonadotropin production by the

pituitéry was decreased by thiocyanate in the catfish, Heteropneustes

fossilis. Thiocyapate is the product of a detoxificgtion mechanism of
cyani¢e, in a reaction between cyanide and th:;sulfate. mediated by
the enzyme rhodanese (Westley, 1981). Raymond (1984) measured
thiocyanate in cyanide exposed rainbow Frout. Thiocyanate interferes
with fodide uptake by the thyroid gland (Way, 1981) resulting in a
reduction of thyroid hormone (TH). This {s associated with an |
accelerated groductiOn of thyrpid stimulating hormone (TSH) by the
pituitary (negative feedback ;gchanism) at the expense of gonadotropin
synthesis (Singh et al., 1977); A decline in gonadotropin output from
| the pituitary, céuld reduce es#rdgen synthesis by thehoviry. which in
~turn would result in the decrease of exogenous yolk formation by the
liver observed in cyanide exposed females. A reduction in circu\at1n§

exogenous yolk would lead to decreased gonadal activity and a decline

in GSI. Sing et al. (1977) similarly observed a reg:ction in gonadal

0
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maturation in catfish following thiocyanate treatment.
These results suggest that (1) maturing vitellogenic females are

more sensitive to low 1eyels of sublethal cyanide than

non-vitellogenic females, and (2) thag vitellogenic females e;bosed to .

;uBletha1 cyanide in December, at the peak of exogenous v1£elloggne§i§
show a trend towards reduéed exog;noﬁi_yo1}\formation, and in its
uptake by'the ovary. This ;ou1d p?dbably decrease fhé number of
viable eggs available ch thé oncoﬁing_Spa;ning time.in

January-February.

o) “ v
.

(i11) Exposure Qf E2 1njected;}itnbdw tréut to-0.01 mg/L HCN for 12;
days in Decembér. . | \ ‘ \'
Cyr (1984) developed a mer1 of artificial induction of exogenous
yolk production by Ez injections fin iﬁmature_pale and femﬁle'rainbow .
trout. Since fish of both sexes réspondwsihilarly to éz; ’ '
administration (glIiott ég.gl. 19?9; Sundar;raj_anq Nath, 1981;-Cyr;
1984) both non-vitellogenic females and\males were utilized in the
!present experiment. Statistical analysis of data furtﬁer 1hd1caied
that there were no significant differences between males and females
in the response to E3 treatment,-and thérefore data obtafn;d“foh both

sexes were combined.

Based on the previous Degember experiment, only a small

proportion ( = 30%) of females enter full vitéllogenesis each year.

Artificial induction of exogenous yolk pro?yct{on. using an identical

£

7
model system, provided an”opportunity to compare the response.to

sublethal cyanide exposure Between naturally Eeproducing mature.

~

N
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females and induced rainbow trout. ‘
Exposure of E2 treated rainbow trout to 0.01 mg/L HCN for 12 days
resulted in lower TSCa and }SPP levels when compared to the E» control

group. This response was similar to that observed in naturally

) reproducing vitellogenic females exposed to cyanide, providing further

support for the above results. Decreasing levels of TSCa and TSPP

suggest a decline in yolk precursor formation caused by cyanide

exposure.

In the present experiment, however, no significant changes were
observed in GSI of non-vitellogenic fgmales relatjve to the
vitellogenic fgmales. A possible explanation for this is the absence
of vitellogenic gonadotropin in immature females. This hormone
promotes Vg uptake by the ovary and is not affected by estradiol
treatment.

In sdmmary, in May, at the onset of v1te&4ngenesis.‘exposure to a
range of sublethal cyanide concentrations for 7 days had a stimulatory
effect on the synthesis of yolk precursors by the liver. In October,
during exogenous viteIIOgenesis.“re§u1ts indicate an inhibition of
yol} uptake by the ovary caused by low levels'of calcium, In .
December, during late v1tgllogenesis. exposure to 0.01 mg/L HCN for 12~
days had an inhibitory effect on exogenous yolk production, therefore
possibly decreasing the numbers of viggle eggs available for the
oncoming spawning time. This study dgmonstrated for the first time q
seasonal differgnce in the response of naturally reproducing female
rainbow trout to sublethal cyan;de exposure. These results therefore ,

indicated that during toxicological studies, the sedson in which tests

»



’

. . 63
are being pe'rformed muist be con;idemd. This investigation has shown
that vitellogenic mechanisms respond differently to sublethal cyanide
with season. Future studies-are required to ascertain {f hormonal
changes may explain the variation in response with season following
sublethal’ cyanide exposure. ’
L]
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