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ABSTRACT . o - T ¢

Investigations on the tpxicokinet$es-of'cyanide -
in juvenile rainbow trout (Salmo gairdneri).

e

Yves Bois . - »

-

The object of this research project.was to examine the
toxicokinetics of cyanide and thiocyanate in relation to

their possible effects on the thyroid gland of.rainbow trout. ' -
v L

Juvenile trout were exposed to sublethal céncentrations of

cyanide 0,01 mg/L. HCN (0,32 uM HCN) and 8,02 mg/L HCN

(6,74 uM HCN), at different times of “the ‘year under .

~1aborétory conditions for periods of up.to 3@ days.

We measured the bioaccumulation of .cyanide (HCN)/f and

- .

- thiocyénate ( ééN) in the ‘blood plasma of _trout: The

—_ conceﬁtrations .of plasma cyaﬁide feaqhed their maxima within

v

the first 48 hours of exppsuré and remained_ constant until -

the end  of the experiment. Plasma concentrations " fn the

summer were about -2 times higher then in . the winter. «

-

o Intriauingly, fish showed an » apparent ability. to
r : . ' .- . ) ) -~
| * bioconcentrate cyanide from ‘the water which was also affected

4 ’ [ 2%
x by seron. No  dose-response relatgonships\Acould be

1
-, -

demonsgrated\isétween 'the‘.plasmi concentrations and the

cyanide levels in the water, N . ‘ . N

Higﬁe&~cdﬁéeniratiqns of thiocyanate. were observed during

the ' summer then \in the _winter. During 'yinter, maximym
- concentrations were established by day .15 and r qined

13
.
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constant until the end of the experiment. No dose-response

relationships were established between the plasma

SCN concentrations and the cyanide levels in the water.
- The clearance of thiocyanate from piasma was, als?
monitored for 15 dax§~fbllowing a 30-~day exposure period to

cyanide. Seven to 15 days were required for the complete °

elimination of thiocyanate.

A

The height of the epithelial tells of the trout thyroid
follicles were also measured. After 15 days of cyanide
exposure during the summer, the " highest ' exposure

concentra;ion (6,02 mg/L HCN3 produced a 13 % Aincrease in .

PR
their height.
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: IN{RODUCTION
‘ [ 4
This study was undertaken in an attempt to enlarge our
understanding of the sublethal tox}cS%inetics of cyanide, in

»
rainbow trout (Salmo. gairdneri) and of "its possible effetts

on thykoid"functione We also investigated the effect of
seag;ﬂwon the bioaccumulation of cyanide and thiocyanate.
Cyanide toxicity has received much interest in fish
toxicokogy research. Cyanide sublethal effects 'haye been
debcribed under various exposure conditions and suggest an
effect en--the inﬁermediary metabolism. The effect of cyanide
exposure- on growth rate (Dixon and Leduc, 1981, ﬁeéhc, 1966b,
McCraken and Leduc, 198¢, Kovacs and Ledué,l982b, McGeachy,
1984), oxygen consumptiqn‘(Dixon and Leduc,léag), and, among
other parameters, swimming ability (Kovacs and Leduc,1982b,
McGeachy, 1964), have - been traditionally attributed tovthe

action of the cyanide ion on the respiratory chain.

It is only recently that Raymond et al (1986) directly

tested tqis hypothesis by measuring liver cytochrome oxidase

L)
activity in trout exposed to various cyanide concentrations

which have been shown to induce different physiological
responses. Since maximum inhibition was achieved at the
lowest exposuzeﬁconcentration, ‘it suggests that cytochrome

oxidase inhibition can hardly explain the variation in

. sublethal reéponses observed at the differeﬁt exposure

rel

concdentrations.

3
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0 . It has also bgen demonstrated that a portion of the

4
plasma cyanide " 1oad is transformed into thiocyanate in . the
' Y

- <

fish  body ( achy,. 1984, ~Raymond et al, 1986).
Consequently, the gyanide exposure concentration 1can be
\ L .
suspected of not reflecting tﬁeAeffective concentration to
which the fish are exposed. No report of the plasma cyanide
concentrations egfablﬁsheé'under cyanide exéosure was fégnd
in the literature. I‘N L. N

’ Thiocjanape accumulates inuplasma presumably because of
its reabsorption at the kidney level. However, thiocyanate
has been shown to be excteted once it reached a sufficient
plasma concentration (Hemming et a1,198§). This leakage may
occur in fish exposeﬁ to low/cyanide concentrations due to
kidney ‘tissue necrogis (Dixon‘ and Sprague,1981). Sudden
@rops ;in plasma thiocyanate reportea in earlier works
( McGeachy, 1984, Raymond et al, 1986) could possibly be
egplained, as these authors éuggeéted; by the kidney
eondition. If this is true, tbiocyanate would be excreted
rapigly from the plafma.and significant concent;atioﬁ of
plasma thiocyanate would not be maintained for very 1long
after cyanide exposure is arrested. ”

Altthough thiocyanate is leéf toxic then.cyanide, it ﬁas
been shown to be a powerful hypothyroidal inducing agent 1in
mammals (Kreutler et al, 1977, Bourdoux et al, 1978).
Thiocyanate was shown to compete ‘with iodide for its

R
incorporatian at the thyrg}d folticle level in rainbow trout

P



s
N,

_" -, .y . ‘3

( Eales and Shostak, 1983). Cyanide, thEough its possikle
effect on thyroid peroxidase cap also depress thyroid
function (Ohtaki et al, 1985, Turner‘Fnd 'Bagnaza, 1976).
Administration of thyroid hofﬂones were éhown to facilitate
‘galt | water adaptation of juvenile rainbow trout
(Leathetland; 1985) ;nd tommodify growth rate (Higgs et al,
» L\1982).' These physiological procegées were shown to be
dffactedf/under cyanide exposure (Leduc, 1984). Consequently
the -possible interaction between ¢ thyroid function. and
bhiocyanat? and/or cyanide g&ght help to unde;stand some of

/ B
cyanide's sullethal effects.

B3

I
Qi; » Season of'éxperimipéation was observed to modify the
lethal toxicity of }yaﬁide with a maximum sensitivity
™ ' octurring during w%nger (McGeachy and Leduc, 1988). Since
L%// ;ome~pf the factors controlling the effective dose of a
' ~tdx\igaht (buptake,tpiptranfformation, clearanqe)‘arg affected

by the organism metabolic rate which. in turn is modified by

’
v

season (Beamish, 1'64), eason might affect c¢yanide and
y :

thiégkanate~bigaccum lation.
p ‘

A

§\ We tried to answer the following questions: .
’ . Coulﬁ" blood .piaSma cyanide concéntrations
explain the cytochrome oxidase inhibition in £ish
- exposé% to sublethal qoncentrations of cyanide?
! ' How are these flevels. ~affected . by
) season of experi&entation?c .
IR ~



‘experiment was followed by a clearance pexiéd of 15 days

4

[

What is the .pattern of plasma thiocyanaié

accumulation and , how is it af fécted by

season of experimentation?

\
. o \

Does cyanide exposure affect trout thyroid
function?
“ .

In brder to answer these questions, groups of fish were
examined at differ&nt time irntervals over 30 days of exposure
to 2 concentrations of cyanide as well as at different times

o o . 8
of . -the yeax. Groups of control fish were , also maintained.

Péasma cyanide, thiocyanate and hematocrit were measured as

well as the histological appearance of thzjé;hyroid. One
8 . Q o

during which plasma thiocyanate, ~cyanide and hematocrit were

measured. We also monitored changés in total plasma 1iodide
concentradion and in the height of the thyroid follicles

epithelial cells in a fiwfi 30-day experiment. . -

'
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- . MATERIALS AND METHODS

FISH o .

Parr stage rainbow trout (Salmo gairdneri) used in the

. ”
first experiment were obtained from "La 'pisciculture Mt-
Sutton”, - Sutton, Québec. Troq& for the subsequent

experiments were acquired from "La pisciculture des Landes",

St-Felix' de Kingsey, Québec, in order to obtain fish of
&

similar size (3@ g). In both instances, fish were transported

in plastic bags pressurized with oxyg%P. Upon arrival at the

v

laboratory, the fish were given a 1¢-day, adaptation period

to laboratory conditions in 208-L oval shaped fiberglass

‘tanfs* at an approximate stocking density of 158 fish per’

tank. A continuous flow of dechlorinated city of Montreal
water ., (2L/min), maintained at a constant_ tempené%ufe of
12 +/- 1°b, was delivered to the tanks by plastic PVC piping.

The photoperiod .established during the holding period

(12 -h dark:12 h lidht) was identical to the one maintained

t.

during experiments. All tanks were illuminated with rows of

fluorescent iights.' No mortality occurred during the holding
period. \
. At the end of the holding period, the fish to be tested

were randomly selected and distributed to the bic&éséy tank§

-

. { Y
for an a?ditional two weeks of adaptation t¢ the test

tanks and water. ' : : - /

. k4 *

-

L34 )
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EXPERIMENTAL CONDITIONS

o - <, °

Tanks

All experiments were conducted in 90-L rectangular white

b

polyethylene tanks. Each tank was covered with a black

~

" plastic cover in order to minimize distutiance of the fish.

" combined electrode pH meter (Radiometer,  #29). Water

]

a

Water N

-

- Each tank was supplied with a continuous flow of water

(1,7 L/min) controlled by predictable flowmeters. This flow *

of dilution water gave a 99% replacement in 4 h as calculated

from Sprague (19731, )

. The water temperature, dissolved gxygen concentration and
pH"Were 'measuréd edéry_gther,day;jn the tanks. Oxygen was
measured with a YSI modgl 54.égygen meter and_tﬁe pH with a

[~

hardness’ and alkalinity data were obtained from the city of
: - ‘ v - ¢ ¢
Montré€al. The iodide concentration was also considered since

‘it was shown, to affect the plasma iodide concentration

(Gregory and Eales,1874). This parameter was alsp‘ obtained
through 'the éity of Montreal laboratories. The mean values

for these water quality pa;ametérs,ate reported in Table 1.
. ‘ R .

" ' A ™, r
Toxicant

~

Stock solutions of\eyanide were prepared from technical
grade-KCN (Anachemia Chém{sals).- “The cyanide stock solution

concentration was assayed Qeekly_by titration with standard

)

vy
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@,1 N sil&Zr nitrate solution (Vogel, 1955,p263). Mariotte -
bottles, previously acid washed, were utilirEd to meter the
toxiéant into the tanks (Leduc, 1966a). On day b, tpe
desired ‘cyanide concentrations were established by the addi-~
tion of a calculated’ vol%me,of the stock .solution and ater
maintained with the Mariotte bottles. The test concentrations
were verified 5 time a weer by colorimetric . determination
(Lambert et al,1975}. The mean~observed conéentrations of
cyanide) in the dif?erent tanks as well as their standard

<

deviation are reported in Table 2. . {

h o
14

Food
The iodide content of some ‘commercially availablé .fish
food is unrealistipally‘ High‘ as .compared to natural food

k]

t Grerry and Eales,l‘ 1974). Because dietary 1odide has, ;7;

major 1mpact dh plasma iodide levels (Gregory and Eale$,1974)
T a low 1od1de experimental diet was preparedvas pex Kruzynsk;

4 (1972).' The ‘diet. consisted of a mixture of 10 . parts »of

distilled water, 4 parts of a mixture of beef hear

liver and. flSh food (3:3:1 wet weight basis) and 1 par vof

gelatin'(dry weight éasis). This diet was prepared for . each

experiment and keptnrroien at. -20 C. The fish food utilized

in the mixture was the Purina brand pelleted fish food‘ size

\

3 pellets. A
‘ During.‘therexperimepts the fish uere fed'daily, :inllate
mi}gipq, with a maintenance ratioh of 1,4% of the body weight

eﬁéept\fof~thé day prior to sampling‘nhen no food was given.

A ~ N “
.



[

4
-

’(able 1. Physico-chemical parameters,bf the dilution water
during the different experiments. ‘

v »
i .
v g
il

PARAMETER EXPERIMENT AND DATE .,
¥1 ¥2 : #3
. ! August 1986 Nov-Dec. 1986 - Nov-Dec 1986
pH o 7,11 " .7,64 . 7,64
TOTAL HARDNESS ‘ . A '
(mg/L as CaCo ) 1/ 127 133 -, .~133
3 .
ALKALINITY . ) S
(ng/L as CaCoO ) 1/ 85 . 90 N 90
3 - o : )
TEMPERATURE (°C) 13,1 v 12, . 12,4
DISSOLVED OXYGEN . o .
(3 SATURATION IN : La A
TANK) 93 - 89 , R : ) A
- - . - o,
' TOTAL IODIDE : ‘ .y A
(ng/'ml)_];/ . . 6,2 = Q, 6'1 ‘6'1

1/: Obtained through the city of Montr&al. .

)
©

& .

——
- PR
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Table 2. Means and -standard deviations of the observed
cyanide concentrations in the various replicates ,of
the different expériments. Fikh mortality during the
different exposure periods is also given 1/.-

3 | , ‘ B \\ \ v
EXPERIMENT\ NOMINAL CYANIDE OBSERVED CYAﬁIDE FISH \Vu
AND CONCENTRATION - CONCENTRATION - MORTALITY
DATE (uM HCN) (uM HCN)
- -MEAN (§.P.)- N N. 1/
- ' '
F1 . . . ’
August 1986 = @,37 - . . ©,36 @,82 (11) 0
’ T . 8,36 8,03 ‘(13) )
o - Y 0,34 0,64  (14) 0
' T 9,74 © 8,75 @,84 - (11)" a
: 6,69 @,11  (12) 2,
L : - 8,72 -@,07 (13) g .
| o o
‘2 | | . S
November- . _ ' -
December 1986 0,37 0,41 @,08 (11) o
- Y @,35 9,89 (12) 1 :
8,35 . G,ﬂ? (13) , /) .
6,74 - 8,72 6,066 (15) g
: @,72 0,04 . (16) 0
, 2773 8,85  (15) o
‘ - 3
3 \
November - - ) C _ K
becember. 1986 8,37 0,38 0,86 (17)~ ) o
C _ 6,38 8,87 (18) ) /
9,74 0,74 0,06  (18) e S
. 1 s : *

g,71. é,18 -(17).

. - = A
1/v Deaths -from the accidental exposure . to lethal
concentrations’ of cyanide on day 2@ of experiment #1 are. -
not reported. . ' ’ vt ’

.~ !
o N
-~ -



EXPERIMENTAL DESIGN _— .
; : , '
Thzee experiments were conducted , one in August 1986

(#1) and the two others (#2 and $3), simultaneodsly, in late
/ s

NoVember and December 1986. The concentrations of ocyanide

t%sted were a 37 uM HCN (9.01 mg/L HCN) and ©,74 uM HCN (@, cz

mg/L HCN).‘ These are sublethal levels and known to induce

-

‘differeng \phxslolog1cal responses’ (Ledug, }984).' In. each .

expeziment;; tbere Wes—a control group submitted to Ehe same
condit%?gs exceg;.for cyanide. . . ,.: -
Ekperiments #1 and #2 were designed to investig&te the
kinefiés~ of'cyanide'and thiocyanate bioaccumulation during a
period of 30 dayé in summer and winter. In both inbtancee,
- blood eyanidey. th1ocyanate and hematocrit were measured. In

caddition, the thyro1d tlssues were taken for histological

preparation. IIn_the first experiment, the qonadé,w re also.

\reﬁQQed to establish the sex of‘the fish and to determine if
tﬁere Gere any sex related responses. — .

The protodol 1nvolved‘exposure of. three gzéups of -28 fish
to each concenttat1on of cyanide . On each sampling gay, 3
?ish‘ were randomly temoved from. each tank ‘providing a éémple

size of 9 fish per treatment level . .Thie~design allowed fof

-
1

s,

comparison among tanks and alleviated the potential bigsitbat'.

could have been introduced by the spatial Qistributﬁen of “the
: N , g

tanks. ‘It also allowed for. larder sample sizes without undue '

crowding of the fish.
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analytical equipment

. . . -
¢ Q 11
For the first experiment (summer), sampling ‘was

originally scheduled on .days @6, 2, 7, 15, 28 and 30.

..

~ Unfortunately ;11\ cyanfide exposéd fish died on day “20

because of an atcidental exposure tq lethal concentrations of
i .

., .
cyanide. Since the  patterns of plasma thiocyanate

-

accumulation for the first two weeks of cyanide exposure were
alreédy well documented (McGeachy, 1984, Raymond et <al,
d ¢ -

1986), * the samplings for the second expérimeq; (winter)‘yeré

performed on days 0, 15, 20, and 30 after which the metering

of cyanide sted. The depuration pattern of

thiocyanate d cyanide were suﬁéequently monitored on days

N
Due to techgical difficulties in

32, 37, 4@ an
no value of plasma cyapide could be
determined on day @, 30, 32, 37, 40 and 45.

. The third experiment'(wihéér) was designed to test the
boss}bility tﬂét ,c&aniae exbosure cézld affect the thyroid
fuhétiﬁnf“ For that fburpoéé we measuréd the plasma 'tgéal
iodide ‘1e;els as well as the height of the epfthelialo-cells
of ?qllicles taken from the'subphargngeal region of the fish.
This portion of the,s;udy inbo}veq duplicate exposure of

groups of 3@ fish to the same concentrations of cyanide as in

the first two experiments. Oon days Q; 2, 7, 15 and 36, 5

fish from each tank were sampled giving a total sample . size

of 1¢ fish per treatment levelk per sampling day. Blood

samples were also collected for hematocrit measurements.



‘were then ccllected‘by severing the caudaf pedunéule at a

SAMPLING PROTOCOL ., . e '
. w‘ . - 3 ‘. [ ' \‘ (‘4)

On the prescribed day the fish were sampled between 18hgg@

oy

»

anq‘ 13hog. Each fish was individually anesthetized in a

> . 3 s -
g,012 % solution -.off 3-aminobenzoic acid .ethyl esther

methanosulfate (MS-222; Sandoz).
Each fish was hlotted dry, the fork length measured at

+/- 0,01 cm and weighed to the nearest 0,01lqg. Blood samples

~

point ‘approximééively l cm posterior to the ana) " opening.

" About @,1 ml of blood was first collected with a disposqble

heparin-coated'microhedétocrit‘tube which was then closed at.
one e;d with critoseal. The capillary tubes were centrifuged" - |,
a 600& rpm for ten minutes and .the percent of packed cell
J::;me measu;éd. [Blood samples for cyanide, thiocyanate and

iodide analysis were collected with a 5-m1 disposable sirinée -
; o .

(Becton-Dickingon) previously rinsed with a 0,07% éoiuflon‘\

7’

'of sodium heparin. These blood samples  were immediately’

A s he s

transferred % a 1,5-ml micro Eppegaorf tube which was kept

o

W

on ice. ' ' ' - s

’ . N

The fish was then killed by sectionipé the spinal cord

with a scalpel. The subpharyngeal region was subsequently

rd

'remOQEd and w;; rapidly transfered into.20 ml of freshly

IS

prepared Bouin's fixative. These samples were used for.

measurement of the epithelial cells of the thyroid follicles.

’ -




" analysis.

, . A ‘ : 13
The blood aamﬁles were later centrifuged in ;
cold room (4 oC) foz “3_min, the pl;sma transferred into clean
microcentrifuge tubes and immediatly fro;en"in 1iquiad
nitrogen. THese s?mples were fept frozen .at -20 8C until
‘\;

. PLASMA CYANI?E MEASUREMENTS

Since ., numerous studies on mammal fan blood have

demonstrated that 99% of the blood cyanide content is bound
to the erythrocytes (Vesey and Wilson, 1978),  any plasma
sample showing visible signs’of hemolysis was %ﬁscarded to

prevent any contamination. .
The free cyanide was first isolated from ‘the plaBma

”

sample by a d1ffus1on pzocedure conducted in polyethylene

Conday micro diffus1on cells ( Ganjeloo et al, 1986). A 0,1
or G,Z-ml aliquot of plasma was added to one end of the

outer chamber of the diffusion cé11 and 1 ml of H SO was
S 2 4 :
tranferred to the other end. A 0,4-ml aliquot of 6,1N NaOH’

wae added to the inner chember. The‘cell'was;then covered
with a lid‘coated with Lubriseal gnd the liqdid contained in
the Suter 'chadber were fihally mi-xed by , geotle rotation.
Upon‘ acidf}ication, :yanide is driven out of the‘blasma and
is absorbed by the NaOH solution. .Diffusion time was- set’
at 4 h at room tgpperatute (20 °C) and each cell was mixed at
39-min intervals by a gentle tilt. ‘The efficiency of this

s . . ‘
method: was first'ascértﬁined by a series of recovery tests in

4
b

~
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A
which different quantities of cyanide and/o:fthiocyanate were
added to plasma samples. Mean recovery was‘97§.

The NaOH solutien was;ggen assayed by the modified
method of T&fda et al (l981).é§%i%11§uqt of 6,8 ml of gcetapg
buffer (pH'S, 6,3M) was slowly added to a @,2ml aliquot of
tge NaOH solution which had been preqioeély transferred into
a test tube. The éwo solutions were gently shaken and 0,2 ml
of a .G,IQQ chloramine T solution added to the test tube.

Chlorination time was set at 30 sec. Finally, 0,2 ml of the

barbituric -acid, hydrochloric acid and pyridine reagent was

2

pipetted in a 'timed‘fsequence. The tepes, covered with
parafilm, were shaken once more before being incubated at

room temperature for 15 min. ' The percent relative

I3 > L) ’ N » ’__ﬁ
fluorescence was measured in an Amico-Bowman spectrofluoro-

meter (excitation:emiséion; 583-687 nm). * The relative
- ’ A
fluorescence values were compared to a “standard curve

established'daily from cyanide solutions mixed in @,1 N NaOH"

The detébtian limit of .this teﬁhnique waé 0,005 uM HCN..

PLASMA THIOCYANATE MEASUREMENTS )
The plasma samplgs qgie first @é;:;teinized as per

g | ’ )
Raymond et al (1986). Two analytical techniques had  to be

used - due to difficulties encountered with the
Ry rd R . N -

spe%trofluérometer. In the girst'experiment, the samples

were assayed for SCN following the method ¢f Toida et al

T

)



2

o

N

. 65
(f@Bl)rwhile in the second, they were analysed as per Raymond
et al (1986). The two methi?s agreed on t?e measured values:
TOTAL ®#LASMA JIODIDE

All glasswére utilized for the meqsurement'bf iodide was
soaked for a minimum of 12 h in a chromic acid bath. The
plasma samples were first prepared by a modification of the
acid digestion technique developed by Aysola et al (1987). A
#,1-ml1 aliquot . of the plasma sample was added to a 60-ml

Teflon PFA container (Savillex corp.). Next, a 1l-ml volume of
L4 q -

an acid mixture ( H SO : HNO : # ClQ ; 3:1:1) was pipetted
N 2 4 3 2 4 .
fnto the Vessel. The lid was then screwed tightly and the

vessel transferred into a larger sealable plastic container.

.The containerr was placed in a commercial microwave oven

alongside a beakew containing about 20 ml of distilled water
and a few boiling chips. After being heated at maximum power
setti?g f&r 2 min, ' the samples were cooled on ice for 5 min.

—

Since a yellow colored-liquid, presumably nitrous oxide, is

groduced' upon heating ‘and could interfere with. .the-

colorimetric determination of iodiae, the vessel and _.its
~»

contents were heated for an additionai 105 sec as before with

the exception that the lid was placed ajar on the - inner
vessel. The samples w;re fipélly dilutedf%g 25~-ml volume;rﬁp
flasKs with distilled waterJ before being aséayed. kThe
efficiency f this éigesiion method was confirmed by a series

of spiking tésts. The mean recovery Was 96 &.
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The diluted samples we;é assayed by the technique of
Faul kner (1961)£‘ The reaction relies on the' reduction of
ceric ammonium sulfate by arsenic i& presence Of iodide whicﬁ
acts as a catalyst. However, the brucine sulfate' addition
step wés omitted since it did not give reproducible results.
The absorbance was read on a spectrophotometer (Spectronic
20) at 410 nm after a 15-min reaction period and the iodide

concentration derived f;om a standard -curve established.

R

weekly.

HISTOLOGY

The' tissues kept in Bouin's fluid were cut into 3-mm
pieces; washed in 70 % ethyl alcohol, infiltrated with
paraffin (Fisher, m.p.:56-57 ©C) .and embedded. Sections 6% 8
um < sectioned from the immediate anterior portion of the
bulbus\ arteriosus\we;e prepared for each fish, Five slides
were prepared for each C}sh by staining with Harris' mgé}fied
hematoxylin and eosin and mounted in permount. For each
fish, the heights of 5 different epithelial cells in” 5
separate intact follicles were measured with an eyepiece

micrometer under oil immersion (10@08X).

STATISTICAL ANALYSIS -

L]

’ Statiéfical analysis of the data was carried out with tye
- Statistical Package for the Soc{al Sciences (SPSS) available

Qoh tpé Concordia University Cyber 1. Raw data’weze analysed

l
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.y | |
- 'The effect of season on plasma thiocyanate accumulation was

. 17

) A
in the fo%lowing way; homoscedasticity was first ascertained
git&l the hélp of thg Bartlett's tests (p=0{05) before being
aqai&sed with a two-way ANOVA with 2 nested levels of
factors .« Data were log transformed when the variance of the’
raw data were shOfn to be heteroscedastic. Blood ' plasma
thiocyanate, cyaﬁfde and total iodide data required this
transformation. When a stat;stically significant difference

» »
was observed, an LSD mod test was utilised a posteriori to

-

determine which treatment mean was different from the other.

evaluated by comparing the log transformed data (poofed» by

»~

9 v
treatment and experximent) with a three-way ANOVA. T test
v R , \J "

) - ~
for a cyanide effect on the deﬁuration'burve of thiocyanate,
“ , .

N ~
a™ two-way ' ANOVA was carried out on the pooled data without
wsing the controls. yOther tests were used to ascertain
LY v .

secondary hypothesis and %re‘ described in the Results

section.
. N

&,

y
“» . .
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fish weighing 30,02 g (Table 3).

. - RESULTS

o

4

The effect of season on the pattérns, of blood plasma

. cyanide and thiocyanate accumulation was assessed during two

experiments conducted at different times of the year. The
i
August 1986 experiment used fish averaging 33, 20 g while the

November and December 1986 experiment was carried out with

CYANIDE ACCUMULATION
7

Blood plasma concentrations " of cyanide measured
duting this study ., are reported in Tables 4 and 5 for - the
summer and the winter experiménts  respectively and

illustrated in ‘Figures 1 and 2.

In Dboth experiments the background levels of cyanide in’

control fish remained constant-over time at about 6,25 uM HCN

with no significant difference between seasons (p > 0,05).

‘ %
For the winter experiment (Figure 2), due to technical

difficulties, no plasma concentrations of cyanide in control
nor cyanide exposed  fish were available fer day 0. None of
the replicates within each treatment concentration of each

experiment were shown to differ significantly'from the.others

~

at any given time (p > 0,05). .

N

The plasma cyanide coﬂcent:ations observed in both

experiments were hlgher in the exposed fish then in controls

c

(p. < @, 901). _ During the summer (Figure 1), the plasma

i

cyanide concentrations increased rapidly after the onset. .of

.

exposure to reach an abpafent plateau within the first 48 'h

e
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and from ‘thereon, the means remained constant (p > g,05).
There was a similar trend observed in the wintet experiment
v .

'since here again there was no difference observed between day

) 3 f l.t o
19395.35 (p > 06,05), suggesting the occurrence of a pwiuggy

= o m—— e

No 7dose-response relationship could be " established

(p > @,85). However,f the results suggest higher cyanide
. (4] .

a

plasma level at higher concentration of HCN- in the water.
» P
During the summer plasma cyanide '‘concentrations were, at @,37

and 06,74 uM ‘HCN on day 15, 698 and 973 % higher then in the
controls. During winter the increase was only of 286% and

N, 4938,

\

Fish- showed an apparent‘ability*ﬁo concentrate cyanide in

the plasma from the water. During summer, the fish exposed

to- @,37 uM HCN had a plasma concentration of cyanide about

3

6,3 times greater then the wagér, while at @,74 pM HCN the

plasma 1level was 4,1 higher.:© .During the winter, the
>4

hidconcentration factor dropped to 1,8 and 1,7 tipes

/
4

respectively fo the lowest and the highest éxpgﬁure )

.
concentrations. ., ) ’
~——Seasen—had a significang effect §n the bioaécumﬁlhtion of
cyanide ( p < 6,85 ). On day 15, the ‘summmer values ,are .
reséectivigy 234% and 144% higher then ihére are in winte; at
s

and highest exposure. concentrations respectively.

o

the 1lowe

4 .
) v . n .
’ n
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Table 3, Number, mean wet body weight and length of juvenile
. rainbow trout at the beginning of the. three experiments.

r/ L}
L\ - - r = bl N
EXPERIMENT 'NUMBER  MEAN WET BODY .MEAN LENGTH - =
°  AND: . OF . WEIGHT (g) AND . (cm) AND
DATE FISH STANDARD DEVIATION- STANDARD DEVIATION
. o 3 -
P4
# 1 ' . Fy . .
AUGUST 1986 188 33,20 5,85 ©, 14,5 8,9
42 AND ¥3 . - | | .
\MOVEMBER - . . : ' :
DECEMBER 1986 369 30,82 5,60 : 13,6 0,9

- 4 "
’
4 v ‘ -
\

.
(Y
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THIOCYANATE ACCUMULATION N

- Tﬁé blood plasma thiocyanate concentrations measured

. <
during this study are reported in Tables 6 and 7 for the

-

summer and. the winter experiments respectively _ and
illustrated in Figures 3 and 4.,

In both egpeziments the background levels 6f thiocyanate
« ¢ J

?emained‘constant over time, *with an excébtional rise-on day

2 of the summer experimenf (p< 8,081). Also, none of the
«?
replicates’withig each treatment level in any experiment was

shown to differ sfgnificaﬁtly from the others ip > #,085).
There was no seasonal effect on the plasma_. -background

.

concentrations (p > 8,05).

In the summer (Figure 3), cyanide induced a signfficant
riée of -SCN during the first two weeks ( p < ¢,0¢1). On day
‘2, at @,74 uM HCN, -SCN concentrations were significantly‘
higher th;n in the controls (p <'0,01) hu; at‘ﬂ,37 uﬁKhCN a
siénifiéant increase did not occur until day 7..‘ On-day! 15,
thibcyanate levels in/fish exposed to 0,34 and 6,74 uM HCN
were respectively 1014 and 1797% higher than in the controls.
Duting't;g summer, QOubiing the exposure concg?trations from
30,37 to 0,74 uM Hcﬁ produced a 63% increased in thiocyanate
*on day 15. Although there is a tendency to;ardséga dose-
response relationship the dif{f:ences, on day 15, are ﬁat
significant (0,16 > p > G,GS);’ / |

In the winter ( Figure ;)f tﬁiogyanage levels in, the
exposed fish increased siégiffbanéix“(bg< 8,001) from day @

14 N4
LA
; ] .
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toa 15 ﬂand remained stable until day 3@¢. NG\d;seAigespdnse
relatiénsh}p lpould be demonstrated despite the apparent
* . difference in concentration. On dﬁy g, the plasma
thiocyanate levels.at 6,37 and 0,74 uM HEN were respectively
.483% and 894% higher then in the controls and -‘doubling the
exposure concentration duriqg'therwinte; montﬁs'p:oduced a
difference of 58% in the plésma concentrations.

However o season had a significant' effect ‘on “the
bioaccumulation ﬁf thiocyanate ( Rvé @,085 f. On day 15, ghe
summmer ‘valuég were respectivelf 83% and 116% ‘higher™ then,
they were in winter at the lowest apd ﬁighest gxposurg°

)
.

concentrations respectively.

' Y

Il

INFLUENCE OF SEX . o

The 95 § confidence intervals reported in Tables 4, 5, 6;
71 and ‘8”Zsuggest)a large variabilit&—in the response of
individual fish to cyanide exposure. In attempt to explain
some Af’ that variagility the role of sek was tested but

revealed no relationship between the plasma concentrations of

cyanide or thiocyanate levels and the sex of the individual’

fish.
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CL’EARANCEZ OF THIOCYANATE AND CYANIDE

At the end of the 308 days exposure to cyanide during

winter, the fish were kept in cyanide~free running water fg;o /

15 days to monitor the disappearancevof both c¢yanide and
‘thiocyanate from the blood plasma. However, due to techni-
cals problems the plésma cyanide coﬁéentrations could not be
meéghred. The thiocyanatik conéentrations are reported 1in
Table.9 and illustrated in Figure 5.

Thrbughout this portion of the experiment, the background

levels of thiocyanate 1in .control fish remained consténE
\ - >

(p > 0,05) at about 3 uM SCN. None of the replicates within

LY

each treatment concentration were shown to differ from the
otﬁgrs at any given time (p > 0,05).
Plasma thiocyanate concentrations in fish previously

expg®™ad ,to 0,37 uM HCN rapidly declined to reach control

»

.![ye1§ by day 7. A similar pattern occurred .at ©,74 uM HCN

// . - .
though betweenw 7 to .14 days were required for the same

rresponse. Since there were no significant differences in the

plasma SCN at the 'two exposure 1)Vels on day @ but there was

"on day 7 the slope of the curves suggest a faster eliminétiqq

rate in - fish previously exbosed to 6,37 uM HCN. A two-way

.

ANOVA was then conducted on the log transformed data. (repli-

a

I .
cates were pooled) without considering the controls. Day 15 ..

. P
observations were not included since the #,74 M HCN expoged
ﬁisﬁ might have reached control levels much earlier then by
da§ 15. - No difference in between thé two exposure concentra=
PN .

tions was detected on this set of data (6,10>p>0,05).

\
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EFFECTS OF "CYANIDE ON 'TROUT :I‘HYROIDQ EUNCTIQN_.

The effect of cyanide exposure on rainbow trout thyroid
function was assessed with a third experiment conducted in -
Novegbersnecember 1986 with fish averaging 30,02 g. ‘?he mean
we;‘body weight, length and the respective standard deviation
of the rainbow trout used are reported in Table 3‘whereaa the
iodide 1levels are in Table 9. The piasma concentrations of
total iodide were not affected by cyanide exposﬁ}e (p>G,65)
under our experimental"condigiohs., Tgé éfati?}ical aaalysis'
of the data indicates that the variations observed in Table
9 mainly reflect random variation since nojindiv{dual source
of variation was showq/{o contribute significantly to the
totai error term. ‘

The effect of cyan;dé exposure on ‘ﬁhe histological
appearance of the thyroid follicles was evalygﬁed during. the
summég expériment throﬁgh the measurement oﬁfthe héight.,af
the’epithelial’cells (Table 10). The fish exposed ?0'0,37 uM
HCN were not affected. The-héghest treatment levél (6,74 uM
HCN) induced a 13 % increase ,in the  height | .. the

»
epithelial cells of the follicles (p < 6,01) aft days
HEMATOCRIT °

R o
¢ .

Cyanide had no effect on the hematocrit value of the exposed

of exposure.

fish. The mean packed cell voluﬂé was of 49%.

A



35

T S1‘8 (60°B) 9BZ‘D ] AE .
£’ | €10 (990‘8) 81’0 8 Y4
SS’P €29 - (82'0) 6E‘D AT ST
4 L1'0 . (vB’B) YA 8 L
Le’s Z1'e (61'0) YA’ - 6 z
GE’D 60’0 (v1‘0) ze's S 9. B vL'D -
?
9Z‘p 91‘p (89‘0) 120 6 /1% .
16‘8 (7.5 (9€‘p) Lz’e .8 (Y4
LE'D L1'0 (L1'8) Lz'e 6 ST
zZz'p 88‘9 (99’8) 91’0 9 L ‘
9Z’s - LA Ahm.sv az’v . 9 '
6E‘0d 80‘D (120) XA L (/] LE‘S
zz’o ST’ (99°9) 81’0 6 J Bt
L1'0 110 (sp’s) 1’0 '8 (Y4
zz'e rARE (LB*9) L1'0 L ST
£€.'90 89’0 . (12’08)" 02’0 6 L
9z'p AR’ (80’0) YA 9 * .
2 AK'] Z1’'e (1z'9) 8z'’p 9 9 80’p
Z1 11 i : )
e L L (*a-s) {tu/6n) N (NOH W n)
SLINWIT NOILVHLNIDNOD dZIS JJANSOdXT NOILYALNIONOD .
dONIQAIANOD $S6 JdIA0I YKWSVI1d NVYIW J1dWVYS ~ d0O m.wca 23Nns0dxa
: -
- T .*9861
N\wnEwowQIuWﬂwa,Oz ut m:OmuMuu:mUCOU wmw_.” uefo suot iea *

03} sAep g 103 pasodxad pue 'D,ZT 3e pIay 3n0i13 moqutel

artuaan{ ur sjtuwyy

-~

3JuapTJUOD § $6 1TAYI pue SUOTIRTA3P

paepuels ‘suoirjeijuaduod apIpor Te3o3 ewseld poolq ueay °*6 diqel

N

7

3

é\



*(18*#>d) sioajuod [Te

mo1y Jua19331p Arauedyjrubls =e

_ N -
ze’e 98‘z ®©(8z'8) 6B°E "o ST
€€ €L°2 (ST’B) 88°‘% S L .
PB'E 9p‘2 (ee’8) €L’z 9 8 WL‘0
8872 89°C (81°0) wL'z 9 St
P1’¢ 9c’z. l6£'®) €L°'T S L - -
€62 €52 (¥2°8) €L‘2 "9 9 LE*D
) - N N ettt s ’
o€ ¥z (se‘p) 2L’z B -9 .61 . 7
98°¢ 85‘z. “(w1'@) ZL'T S L
8842 8s'z  ~(g91'8) £L'C .9 ) 200
&
21 11 (*a*s) . ‘N (Wa)
STIVAIALNI (Wn) IHOIAH HSId ' .330Ss0dXd NOILVYILNIONOO .
FONIQIINOD §S6 114D AGIO¥AHL JdO YIGHON hO SAvd «Wﬂmbmomxm
- ) *9861 3Isnbny
ur Do ¢1 3¢ sdep g1 103 apruedd jo suoyjerjuaguod -
snoyaea o3 @insodxe buranp 3nNoT} moquiea ajrtuaanf jo .
s112> 1erieyarde proikyil =y3l 3o IybIaY ayz Jo IIFWiT
30USPTIUOD ¢$G6 PuUR UCTIRTASP paepueas ‘3ybtay uesw. <pI a1qel
i y ues) ).



At Y

DISCUS SION

- .
] i
*

CYANIDE ACCUMULATION : e

1,
)

i

This  study clearly showed that significant plasma

.concentrations of cyanide are established within the

first 48 h of cyanide’ exposure at a time when a steady state
is established.

No report of plasma cyanide concentrations in fish,
exﬁosed to cyanide was found in-the 1it§rature but the
concentrations measured in odr control fish are similar to
those reported in control trout by Hemging et al (1985) in
their study on thiocyanate toxicity. -, Sfcce no cyanide was .

found in the dilution water these background levels may be

,attributed to cyanoglycosides contained in the . food

(Soiomonson, 198L¢'g 11-28).

In both experiments, the plesmq cyanide ‘concentrations
in exposede fish were, at steady s;ate, higher then the
cyanide leveﬁs in water. This was unexpected since hydrogen
thnlde was believed to diffuse- pass1ve1y through the 91118

membrane to reach an equilibrium in .the blood plasma (Leduc,

'1984, page 158). This "accumulation of cyanide agafnst' a

concentration gradf;nt cadnot be attributed to an artefactual

released of cyanide during the processicg'of the .samples nor

to the back convexszon of thiocyanate into cyanide in tde

~"* organism, It appeats unlxkely that cyanide would have been

‘released from thiocyanate durlng the acidification process

>



. ? | s
used for its isolation since the mean plaéma cyahide levels "
were constant over a wide range of mean blasma thiocyanate

o concentrations. No correlation was observed between ihdivii

; duel' plasmaicyanide"and thiocyanate values. We also tested:

for the release of oyanide in plasma saniples sptked with

. a Eyanide,tthiocyanate or cyanide and thiocyanate solutions but-
‘ no cyanide was produced Acidification of plasma ,samples
containing hemoglob1n could have also resolted in an

{ . o
artefactual release of cyanide (Vesey and Wilson, 1978). This

p0351b111ty is however precluded since plasma samples showing
any sign of hemolysis were discarded.

Blood thiocyanate may e back converted to cyanide in the
organism., In mammals, injection of radio-~labelled thiocya-

i

.nate leads to exhalation of radio-labelled cyanide (Boxer and

ickards, 1952'a,b + Goldstein and‘Reideis} 1951). Cyanide

_ was also ”present in the blood of fisp éxposed Eo waterborn
thiocyanate (demming 'et al, 1%85). However, the plasma
concentretions Qg thiocyanate geported in their study to
produce comparable plasma concentrations of cyan%ﬂg ‘wege
never attained in our experiments. ‘ .
In 1rats, hpmane and dogs, between 93 -and 99 § of the
blood. cyanide was shown to be strangly complexed to the egyJ
throcytes since upvto 6 washings with a saline solution did
. not dislodge any cyanide (Vesey and ~ wilson, 19785.

Consequenély, " it appears unlikely that . any sigoificant
. » A -

v
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guantity of cyanide would have been"released from the cells

S

in the present study.

.-

-

Another possible exbl;nation for the bioconééﬁféation of
cyanide may be an active transport mechanism at- Lhe gill
level. Epstein etral (1973, 1975) observed the inhibitioﬁ of
chLor{Eg transport at tgé-g%II level by thiocyanate,?‘and
Zadunaisky et val (1971) deééribed how th{pcyanate competes
for the chloride transport sites in frog cornea. Recently,
Hemming et al (1985) demonstrated that fish can concentrate
tbiocyanate’ against éhe concentration gradient established
between water and the blood and that addition of chloride
ions to the water decreased thiocyanate uptake. 'Owing to the

anionic resemblance between CN and SCNhthe‘same mechanism

4 #

-

~might explain the_biocongentration of cyanide,

'As.appe;ling as this hypotlesis might appear, it must be
kept in mind that a minimal portion of the cyanide added to
‘the test water exiéts as .CN at pH 7.6 (Leduc, 1984, p.154).
If an active transport mechgnism for. cyanide /is existing it

© would have to be exceptionally efficieng;in order t; myintain
Qhe' plagma concentrations of cyanide in the répprted range.
'Alsq, active transport of chloride is an ATP dependent mechas
nism most probabiy\inhibifed'bg cyanide whicﬂ would.make this -

hypothesis self-defeating.

' Another possibility is that a pdition of tbe cya load

‘was complgxed to some plasma component. At physiological H ~

.of 7,5 (Hemming et‘al,1985) most of the cyanide present in ..

[4
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the blood is ig/ the. molecular form and |is slightly

liposoluble. In a partition test betweén water and benzene, °

up to 25% of hydrogen cyanide has been recovered in the
bgnzene layer (Stephen and Stephen, 1963). Lipoproteins were
- .

shown to make up to 51% of the total blood protein loaa in

goldfish, Carassius auratus, (Houston and Fenwick, 1964)’and

‘are a significant cyanide b1nd1ng candidate. Some of the
cyanide load ptesent as 'cyanide ion conld also possibly bind
to some ‘positively charged pmino acid or metalloprotein
carried in  the plasma. Since extensive binding of
thiocyanate to bovine plasma” albumin has 6. also been
demonstrated ( Chandra -and McMenary, 1978), binding of
cyanide to bléod albumin could have qontributed significantly
to increase the apparent concentrati?n of plasma cyanide.
1if, a£ saturation, 'the comg}exation of cyanige is
responsible for its bioconcentration,” the differencg, in
"plasma cyanide concentration established between various

Id

treatment levels should reflect the cyanide level in the

water. In this 'experiment,l increasing the _ exposure

concentration by . &,37 uM HCN produééd a mean increase,

plthough.not significant, of @,56 uM'HCN ih the plasma. fhis .

w

<

N

sugdést that not all potential binding sites were eccupied or .

that an active transpott mechanism was present. .

Cyanide (HCN) is a weak acid having a K of about
-10

7,2 X 1@ (Leduc, 1984, page 154) so that at pﬂ?siblogical

-blood pH most, of cyanide should be presept, in  its

»
» - .
[y
o .
o .
.

7’
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undissociated form: HCN, Any incnease in blood. alka}inity
would up;et this equilibrium an&-produce’a larger proportion

of CN . Cyanide exposure coulgd potentially induce a state of

~

L-
alkalosis by reducing the production of CO through the
2
inhibition of the oxidative metabolism or by reducing

catalase activitf (Chance, 1949). Accordingly, 'the
proportion of —CN would then be 1ncreased and more HCN could
diffuse into the fish blood and explaln its bzoconcentrat1on.
No measuremggt of blood pH under cyanide exposure was found
in the literature. S : S ,

The pattern‘of»cyanide biocaccumulation supports Raymond
et 51 (1986) obée;vgtions‘on the kinetics of'livgf cytoéhrome ’
oxidase inhigition " of jainbéw troug_ exposed to similar
éublethal cyanide concentrations, ., Théy found a 60-8¢ percent
inhibition of cytochrome™ a within the first 24 h of
exposure ‘and observed the 3level of inhibition to stay
constant throughout the following 26 days. 1In_ this studj,
the plasma cyanfde concentrations pedked within the first 48
\h and r;mained qo;stant throughout the‘ﬁﬁést period. The
absence of .-a. dose-response relationé%ip , of. cyanide
bipapcumulation also occurréd in Raymond gt al (1986) work,
as they could nét demonstrate any difference in the levels of
cytochrome a oxidase inhibiéiop at different HCN concentra-
tions in ;heigatg“;‘ -

Raymond et al (1986) have estimaéed the plasma Syanide

concentration required to inhibit "~the 1liver cytochrome

X

~ @
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s
oxidase to be of about #,5 uM HCN. We can hardly compare our
) .

measured plasma concéntration with their estimate since .the
!

effective cyanide concentration will vary between organs and

does not necessarly équal the plasma concentration. In

-

humans, ingestion of cyanide '‘produces blood concentrations 3
to 10 times higher then in the tissues. The lowest levels

were observed in mustle while the highest were established

It

in the spleen (Ansell et al, 1976, Hglstromo et al, 1945).

o

In rats, the level of cytochrome a inhiﬁition achieved in
. 3 .
the brain and the heart were shown to be independent of the

administered dose even where the lowest was not lethal while -

the highest produced 100% mortality (Petterson and Cohen

-

1985).
.The results of this study stress. the ‘necessity of

. investigating the compartimentalization.of cyanide in f£ish

. \ \
blood as well as its speciation. Further investigations

© 4 . v
should also be concerned with its distribution at tﬁb\:ifspes
leve nder different exposure conditions. 7

L]

THIOCYANATE ACCUMULATION .

w

This study cléarly confirmed that cyanide-gxéosed\ figh
;ccumulate : thiocyanate présumabiy originating - ftom~— thé
biotransformatign of cganide into thiocyanate by rhodanese
(Weétley, 1981)." Thioc§ana€é accumulates 1; plasma because
it is a éseuéohalogen\pnd,\.gn freshwater fish, competes wiﬁﬁ

} . P

- i Ve
. ) ' w
¥
N
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other” anions, especially chloFiQe, for its reabsorbtion at
the kidney level (Guyton, 1976; Hickman and Trump, 1969).
Background concentrations of plasma thiocyanate were
observed and agree with values ;btained _in earlier
investigations conducted in this laboratory by Raymond et al

(1986), McGeachy (1984) as well as by others ( Hemming et al,
“

1985). A background thiocyanate levels in control trout were
s o
expected and might even serve some biological function (s) as

suggested by Solomonson (1984).

The pattkrns of thiocyanate accumulation observed during
the first 15 4 of\cyanide' exposure match closely the
findings of'both Raymond et al (1986? and McGeachy (1984) .
They reported a constant increase that wés not dose related.

However, as in previous studies there was a tendency towardg

e

a relationship between the cyanide concentration in the water

and the established thiocyanate 1levels in the plasma.

'

However, this absence of a dose-effect relationship for

«f

thiocyanate agrees with our results of plasma concentrations

of cyanide. . to -

~

[

T

gngCT'pF SEASON 04’CYANIDE AND THIOCYANATE ACCUMULATION.

:Thé eétablishe? plasmalcoﬂcentrations of both éyanide and
thiocyanate 5§ffered with season., Titers of both. éompounds )
were drasfically lower in winter than in summer.

There is some‘éontroyersy on the interpretation as to how

. winter affects the metaboljsm of £ish when kept under summer

p e

¥ , .
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, - ’ . ‘
like laboratory conditions of temperafure and photoperiod.
This arised most probably from the confusion in the
literature ‘on the difference between acclimation and

-

acclimatization.

Acclimation is a process by which an organism adapts
itself to a givén set of physicochemical conditiens . It is
ir}duced by environmental factors to which the fi\sh responds-
in an effort to adjust its metabolic machinery so it can
optimize its operation. Acclimatizati‘on on the other hand
is "an adaptation phenomena which consist of a compensatory
zresponse tc a complex array of wvarying factors and |is
anticipatory in essence" (Reynolds and Casterlin, 1979).

Evans et al {1962) have shown that rainbow trout accli-
matized to outddor winter conditions had a\total metabolic
rate high“;ar under laboratory summer-like (16 Oc;16 h 1light)
then winter-likerZB c)C; 8 h light) conditions. Since our
exper iment .was of similar duraticzn and conducted in the same

dseaspn', we can reasonably assume that our ,f'ish had not yet
cbm'pensated for the change in temperature and photop_eripd” and
stili had a higher metab;)lic rate then when they were brought

~ 2N

‘It has also been shown that cold-acclimated goldfish have
b

a higher  oxygen .consumption then ' warm-acclimated fish

in.

(Karrungo and Pregser,1959). Beamish (1964) has shown that
~ ~ -
‘at a constant temperature the metabolic rate of brook trout

¢

(salveliniis fontinalis) changes with season, beéing at a

E
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m?Limum in Marchlﬁ It started to increase in late summer \to
‘re?ch a maximum in November/December in parallel . with the
seasonal gonadal development. The rainbow tfoutr»which is a
spring breeder (Scott and Crossman,1973) should then have its;
metabolic jrate increasing until the breeding season is over,
Howev this relatlonship still -has to ée aemonstrqted in
immature fish.  Presumably, our fishfwo 1d have’ had a higher
metabdyic rate during the winter expe iment'then'duripg "the

- 4
late summer.

_ Under these conditions, irrigation of the gills s;ould be '
-
higher during the winter and‘"prpduee ‘rYa:ger plasma
concentrations of cyanide. We observed, however, the reversi
‘ sipce ‘plasma concentrations of cyanide on day 15 weré
significantly 1lower during winger ghan in summer, The
accumulation of thiocyanate\ also éfffered significantly’
" between winter and summer in pa;allel to cyanide. '
Theée are a fé%, possible explanations fof‘ these
observations. The first is based on the assumption that some
of the measured cyanide was in fact Sound to a plasma

- \ - ’
component. It is known that- plasma protein concentrations

decrease ;6 brook trout during the winter , months ~

independently of their reproductivg state ﬁnd, presumaply,. of E

their nutritional ;tate (Cunjak. and ”qué&,1986).. Assuming .

bind@ﬁg of HCN with th;;e proteins, their reductioﬁ could .-

lower cyanide céncentratidps observed. fk also appears

plausible that cyanide éliminaéiodlwyplg ptoceed‘morg ;édidi&.*
: N .

. , . ' -
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at an elevated metabolic rate thus 'contzibuting to a
lowering o§ the plasma cyanide concentration. ﬁThe third
possibility is that the detoxification of cianide into
thiocyanate 1is enhanced during winter. Howeveri plasmhy
concentrations | of thiocyanaté were also depressed during the
winter, - . o /
i£ ig almost impossiBle to speculate on the efficiency ‘of

the cyanide detoxification mechanisms in- the. different
seasons forr the following Jgons; First, . the concentz;tion
of free cyanide ions available to thfﬂéction of the rhodanase

enzyme is unknown . Secondly, the reported concentrations- of

thiocyaﬁate represent its free portion since the plasma

~ +

sample was deproféinized'before being analysed. Any seasonal
modification Eﬁn thefproportioq of the plasma cﬁnstituent :

might  suggest an inexistant:'seasonal variation in the

?ctivjty of the rhodanase enzyme. Extensive binding of

,thiocyanaté‘ to  bovine cpiasma dlbumin ;has " also ~ been

demonsf?atgd (Chandra and McMenaty, 1976) Finally, yéﬂcould

7/ not insure.that a steady g%ate was reached dbring the summer

_"experiment.

Cyanide toxicity appears to, be related to fish metabolic

rate siécg higher temperature Qnd 'activity increased

v resistance of fish ﬁéains low lethal concentrasions of
aﬁ%gyan}de‘ 4Koyap§‘and Le@uc,ljgﬁa,1 McGeachy and Leduc,1988)4
Since at sublethal concentrations, both fﬂe plasma

.

concentrations -of cyanide and thiocyanate are dgpressed' in

-
“ .
%
-
-

. .
. il
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" pecember, the decreased tolerance of the fiéh to its .toxic

action must arise from an increased sensitivity or in the

availability of the toxicant rather then from an increased
load. This most probably indicates that the seasonal
modifications ' in cyanide toxicity cannot be explained by the

: usual metabolic rate toxicity relationship.
N
THIOCYANATE DEPURATION

In mammals, ‘birds and in fish, clearance raté. of

_ thiocyanate from the plasma is a " function of its

b3

concentration (Guyton, 1976, Hemming et al,1985). When the
reabsorption cap&citi of the kidney is exceeded, thio?yanate
Fbegins\ to leak into . the urine. However, thiocyanaée
depuration in fish may also be a fynction its excretion

. through the gills. - [~ . °
5 Thé second experiment of this study was iéitially
\\\\Sf?igned to monitor the disapﬁearanqq of thiocyaﬁatefﬂgnd
cyéﬁ*gg from. the plasma ’of trout <£following a 30-day
preexpo5gre “to sublethal c;ncentrat ons of" " cyanide.
Unfort;n;weif, problems with the analytical . apparatus

p;ecidded the analysis of the plasma cyanide.

It tgok 7 to 14 days'iohéomplstely eliminate €H10cya&ate

from he plasﬁa.' In 'rabbité injected with potassium

thiy/yanate, 90% of the dose was recovered in ‘the urine in 5

days - ( Baumann et al, 1933). Clearance of thiocyanate-was -

not shown to be dose rqlated in this study (6,065 > p > 0,10),
v, ]

although a strong tendanéy is observed toward faster

3
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elimination for the 0,01 ‘mg/L HCN preexposed fish. 1t is
thus possible that the sampling schedule as. well as the low
ndmber of samp11ng days precluded the demonstration of any
dose~response relationship between the cyaq;de exposure
concentration and the thiocyanate depuration. rate. 'Determi=
nation of the'g§pe of thiocyanate clearaﬁée kinetic (fi}st
or second ordef3, is also impossible for theﬁsahe reasons.
Even though the ggmpling schedule does not allow precise cal-
culations oﬁ‘thé usual kinetics parameters,  the depu%atjon

rate can ' be estimated tb be close to 6,082 uM/L SCN/day

during the first 7 days folldying the arrest of the cyanide

flow into thé tanks.

v

The t1me required for th;ocyanate depuration indicates
that thiocyanate is, most probably, st111 reabsorbed at the
kidney 1level since urinary excretion rate of thiocyanate in
rainbow trout, ’following exposure to similar thiocyanate
_ concentration (Hemming et al, 71985), would be sufficieﬂt to
account @ostlygfor its clearance from the plasma. Héﬁming et
al (1985) showed that these plasma thiocyanate concentrations
do not exceed the kidneys reabsogbtion capdyfty. Howe‘er,
since extensive biﬁding of thiocyanate to bovine plasma afgq-
min has been dempnstrated (Chanéra'and~McMenary, 1970), what
looked to be a slower '‘excretion of thiocyanate at 8,02 gé/L
HCN @ight in fact reflect release of thiacyanbte from the

binding sites. rathei then a difference in the urinary

excret¥on rate. -
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£

Moreover, if cyanide is truly bound to some complexing site,
its release might provide a substrate for the rhodanese

action and explain the apparent lower clearance rate of

¥
thiocyanate.

Since urinary excretion of thiocyanate could account for
its depuration rate it abpears to be a limited ‘cqptribution
of the gills under the present experimental conditions. This
is consistent with the role of the gill chloride cells_which,
under freshwater 1Eondjtions pump chloride ions into the

% - -
fish. Gill contribution to thiocyanate excretion would then

< f
be limited to a leakage of. thiocyanate bthrough ‘passive
diffusion. - However, under saltwater condigions, gill

- contribution might become significant since in that situation

chloride ion excretion mechanisms would be in operation,

This competition phenomena between thiécyanate and chloride
(Hemming ' et al,1985) could accohqt for the inability ‘of
cyanide preexposed rainbow trout t; maintain their 'plasma
chloride concentrations at Eontrol values when transferred to
saltwater conditions. Leduc and Chan's (1975) study shoqed
that “cyanide ‘pzeexposed rainbow trout took much fbnget to
brind their plasma chloride concentration-back to control
xlevels’(wﬁén transferred éo 18,7 pét seéwg}er. _However,
cyanide exposure . might have induced tﬂ?s effect by impairing
- the abifity of the Dfish to produce the physiological
s modifications required for normal function qqder salt;ater

poﬁditions. e . ~ : . .

44 v -
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If we accept the assumption that the céntribution of the
gill  to, thiocyanate ciearance was, limited under our
experimental conditions, Fo significant dfffergnce in the
clearance rate should have been obsk:yed between the two
treatment levels (Hemming et al, 1985) unless cyanide has an
action of its own on the kidneys.
, It was reported in earlier works (McGeachy, 1984, Raymond

et al, 1986), that plasma thiocyanate concentrations becomes

unpredictable after the first two weeks of cyanide exposuré .

s’

4 . P - . .
~In some of these studie§ plasma thiocyanate concentrations

continued —-to risge. well beyond 15 d;fs‘of cyanide exposure
while in oghersrthe values leveled. In other experiments the
plasma concentrations of'thiocyanate suddenly dropped. These
authors tentatively attrgbétedr these varying responses _fo
impairment .of iidney funcéfon ané an inabilityl to reabsorb
the thiocyanate .ion. This hypoﬁhesis aﬁpearéisustained by
Ehe K observation that ' cyanide exposuie induces necrotic
figu;es in trout kidney (Dixon adﬂ,Sprague, 1981). However
both'the stable thiocyanate concentrations observed up to day'
30 as well as the low depuration values repof%ea in this
study do not support this hypothesis. e .
_Discrepencies' in these }gsults may reflect the small

L

sample size and the pooling of blood of hany fish to-obtain a

. §
sufficient volume. S— ‘

o
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THYROID FUNCTION

- After 15 d of exposure to 0,02 mg/L. HCN we observed a
significant increase (}3%) in the height of the thyroid
follicle epithelial cells.

1f fcyanidé,exposure seriously decreased levels of thyroid
. horménes, the thyroiF follicles would show signs of
stimulation by the pituitary gland'(TSH). This réﬁponselhas
been demonstrated in huqans after:the’ ingestion of large
émounts of cyanoglycosides or treated whith sodium
thiocyanateu(wOod, 1975, p. 223-2é6). In fish thig response
has not yet beenedemonstrated. - .
, \;These -symbtoms can befeéq}uated through the use of a
v"thyfoid index" (Sonstegard and LéathEZT;nd,19763€ Of the
three paramegérs utiliseéionly the heéght of the epithelial

°

cells appeared to be reliable in our case. T

A severe depression of radioiodide uptake by the
follicleg has been observed in'trout ihjected intraperrito-
neally .with thiocyanate salt ( Eales and Shostak, 1983).
However, these authors could not,demonstrate any effect on

) t
circulating 1levels of thyroidal Hormones. They. also showed

the thyroid‘ gland to maintain significant reserves ' of
thyroidal hormones when exposed to thioéyanate.

Oqf\ resuyts appeats' to contradict EalLs and Shostak's
(1983) ;Eatement that "KSCN is of no practical value in— the

present population of,labo:étory trout., as an inypothyroid ‘

inducing agent™ but the situation is different.
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Firstly, qsr fish were exposed to the‘cpmbined action of two
cheﬁicals; thiocyanate and cyanide. The latter may, for
example, {nhibit the thyroid peroxidase (Ohtaki et al, 1985)
so that our observations cannot be attributed only to the
action of thiocyanate. éecondly, these authors injected
their fish.intraperitoneally.and the effective concentration
attained is unknown. Finally, the iodide intake of our
fish was ilimited and monitored through the plasma
concentration of total iodide. Although the plasma
concentrations of total iodide were not reported in Eales and
Shostak's study (1983), it was probably much higher since
their figh were fed a commercial diet manufactured by a
company whose products contain extremely high concentrations
of iodine (Gregory aﬁ? Eales, 1974). A high iodine con;aininé'
diét was shown to induce high concentrations of plasma iodide,
(dfegory and Eaies! 1974). It is thep possible, as‘Eales and
Shpstak‘(1983) suggested, 'that large p{asma concentrations of
ioéide woulg have provided a sufficient concentration
" gradient for iodide to passively diffuse into the thyreid ]
follicles and sustain normallsynthesis of thyroxine.
Névertheless, our observations are consistent with the‘
class{éal model (hypothalaﬁic-hypophyseal axis) of thyroid
function control. Decreased iodide ﬁptakegby the thyrp&d
gland woﬁld reduce‘pro&uction of thyroxine thus stimulating

production of TSH from the pituitaty. To this increased

éolicitation, the thyroid follicle would respond “by

Xa
f

& r‘—*"'
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increasing t;s synthesis capacity which is noticed in the
increased height” df the epithelial cell of the foliicles.
Although limited, our results are the first demonstration of
the-possible‘go;trogenic effect of cyanide exposure to fish.

. The results of this study indicate that cyanide exposure
has 'no. measurable effeét on the plasma concentrations'/of,

total iodide. Since thioéyanate decreases iodide uptake by
o ]

P 4

the thyroid gland (Eaies and Shostak,1983) an increase in the
plasﬁa concentration could have been observed.

Plasma‘ concentration of total iodide in the Salmo .genus
ranges from ©,8l1 to 5,97 ug/ml but are. usually ldgér
then 0,5 ug/mi (Gregofy and Eales, 1975). Our mean valye:
which Yas around 0,2 ug/ml iodide then falls at the lower end.

of the range.
The absence of an effect onlﬁhﬁ plasma concentr;tipnf of
:“}odidé can be attributed to the following. The contribution
;f deiodination sources to the totél iodide pool |is
minimal ,j"ﬁunt and Eales, 1979) and mfn;mal enterohepatic
~gycling of thyroid hotmones metaboliyes occurs (Cbllicut and
Eales, 1974, Eales,1985, Eales and Sinclair,1974). L’im‘it,ed
storage gf iodide ih fish musclgs was shown to occur which,‘
7 owing to the bulk of the tissuesﬁ could make it a ;ignificant
‘ pool in situation of altered iodide balance (Gregpry and.
| Eales, 1974). Assuming that the thyroidal uptake of iodide |
wa; reduced by thiocyanate, the thyroid follic1e§ would react

to this negative iodide balancé‘and adjust their machinery
[

-
~

]
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accordingly. * However, fthe'muscle storagef which depends on
the plasma concentration of iodide, would absorb any extra
iodide tha£ could potentially be released by the follicles.

- Normal concentration of total plasma iodide would tﬁen be
maintained.

If the latter explgins'the absence of an efEect ;f
cyanide on _plasma iodide concént:ations, ldngé; exposﬁre
should depress plasma iodide concentrations especiélly with a
limited die{ary intake and énlj'af;ér the muscular reserves

become deple;ed. Spec}fic physiolo%Lcal conditions may speed

ué the .procesﬁ. +For example, ‘fish ovaries were éﬁowﬁ to
store large a&ount of iodide (Leloup and Fontaine,196¢,

Tarrant,1971l). _ Lower plaé;a iodide concent:atgpﬁ7: were

observed in mqéure then immature females;‘ most érobabwf

’ s

because of a competion between the ovaries and blood plasma

0 -’

(Gregory and Eales,' 1974). It canfpe suggested that {f

cyanide exposure affects the iodide balance, the effécf might

L]

be erihanced in-period of gonadal matqration.*‘



“CONCLUSION

-

*  We have shown in this study that cyanide bioaccumulate in
the .blood plasma of trout exposed to cyanide. Maximum

cqncentratioqé were obtained .within the first 48 h of

$

exposure - and stayed constant. until the end of  the

- experimental period. Intriédingly fish showed an ability to.

7

bigconcentrate cyanide.,  No dose response-relatioﬁqhip could

be - established between the exposure ‘and the plasma

3

coﬁéentration.

We also confirmed the bioaccumulation of thiocyanate in

-

fish plasma. No dose response’ relationship could be
established between the cyanide exposure concentration and
N
~

the. plasma thlocyanate levels found.

We -have also shown that cyanide and thiocyanate plasma’
concentrations established QUring the summer are larger then
those in the winter. ’ . ~ h

This study has demonsf%ated' that 7 ¢to l4 days are
required ~for complete elimination of thiocyanatg from th;‘
plasma. This relatively long period of time suggests that
kidncy reabsorbtion capacity has not been exceeded. )

Although limited, our results are the first demonstration
of -the possible goitrogenic .effect of cyanide exposure to
trout. The hi;hest cyanide exposure concentrafibc induced an
ctatistically significant hypertrophy of the epithelial cells

of the thyroid follicles. ..
°*
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