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Impaired cortisol secretion in yellow perch
(Perca flavescens) from lakes contaminated by
heavy metals: in vivo and in vitro assessment

Julie C. Brodeur, Graham Sherwood, Joseph B. Rasmussen, and Alice Hontela

Abstract: The characteristic elevation of plasma cortisol levels in response to an acute stress of capture was impaired in both
male and female yellow percPérca flavescer)grom lakes contaminated by heavy metals. The impairment of the cortisol

stress response was observed in fistydars and older whereas the capacity to elevate plasma cortisol levels of fish younger
than 4+ was not significantly different at contaminated and reference sites. The responsiveness to ACTH of the interrenal
tissue of 4 yellow perch was evalutated in vitro to determine whether the impairment of the cortisol stress response is caused
by a dysfunction of the interrenal tissue or if the dysfunction is located elsewhere in the hypothalamo—pituitary—interrenal axis
controlling the secretion of cortisol. The amount of cortisol secreted by the interrenal tissue of yellow perch from a
contaminated site in response to a 10-min stimulation witd MOACTH was significantly lower compared with fish from the
reference site. These results indicate that the impairment of the cortisol stress response observed in fish from polluted sites is
caused, at least in part, by a dysfunction of the interrenal tissue.

Résumé: L’'augmentation caractéristique des concentrations plasmatiques de cortisol en réponse a un stress de capture aigu
était significativement réduite chez les perchautesda flavescensnales et femelles provenant de sites contaminés par les
métaux lourds. Cette altération de la sécrétion de cortisol en réponse au stress a été observée chez les perchaudes de 4 ans et
plus, alors que la capacité des perchaudes de moins de 4 ans a augmenter leurs niveaux de cortisol plasmatique n’était pas
significativement différente entre les sites contaminés et les sites références. La sensibilité a '’'ACTH du tissu interrénal des
perchaudes de 4 ans a été évaluée in vitro de fagon a déterminer si I'altération de la sécrétion de cortisol en réponse au stress
est due a un dysfonctionnement du tissu interrénal ou si le dysfonctionnement se situe ailleurs dans I'axe
hypothalamo—hypophyso-interrénal responsable de la sécrétion de cortisol. La quantité de cortisol sécrétée in vitro par le tissu
interrénal de perchaudes provenant d’un site contaminé par les métaux en réponse a une stimulation de 10 mitvavec 10

ACTH était significativement réduite comparativement au groupe contrdle. Ces résultats indiquent que l'altération de la
sécrétion de cortisol en réponse au stress observée chez les poissons des sites contaminés est causée, en partie du moins, par
un dysfonctionnement du tissu interrénal.

Introduction 1997; McMaster et al. 1994). This dysfunction is characterized

. . . by an impairment of the typical elevation of plasma cortisol
Many of the human-made chemicals released into the environ-jg, e in response to an acute stress of capture. In fish, the

ment have the potential to disrupt the endocrine system of

. drenocorticotropic hormone (ACTH) released from the pitui-
animals (Colborn and Clement 1992). The consequences Ofi";lry gland under the control of the hypothalamus is the main

such a perturbation can be important because of the crucial rolegg;m s for cortisol secretion by the interrenal tissue diffusely

played by the endocrine system in the coordination of physio-_ distributed within the head kidneys (Butler 1973; Donaldson

l(%?g:ﬁ\lve?reqtcaGISiZZO;md the maintenance of homeOStaS'Sl%l). The stimulation of cortisol secretion is a nonspecific
Disruption 6f interr.enal function has been reported in sev- response to the alteration of fish homeostas_|s by'a variety O.f
eral fish species from sites contaminated by various types Ofstressors (Thomas 1-990)' The gluco_neogenlc actions of corti-
pollutants (Lockhart et al. 1972 Hontela et al. 1992, 1995 sol enab_le the organism to meet the increased energy demands
' ' ' ' ' from various homeostatic mechanisms and cope with the stres-
sors (Thomas 1990). Fish incapable of mounting a normal cor-
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Fig. 1. Location of the lakes sampled around Rouyn-Noranda, Abitibi, Quebec.
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sublethal toxic effects of chemical pollutants in fish (Hontela Lakes Opasatica and Dasserat, situated upwind from the smelter and
et al. 1993). A better understanding of the mechanisms under-protected from atmospheric fallout, were used as reference sites. The
lying the disruption of the interrenal function and of the effects two other lakes sampled (Dufault and Osisko) both receive atmos-
of factors such as sex, age, and season is, however, needegheric fallout from the smelter, and one of them, Lake Osisko, also
before this phenomenon can be used in diagnosis of poIIutant-rece'Ved liquid effluents from the smelting operations during many
induced physiological anomalies (Huggett et al. 1992). years n the past.

In th t studv. the ol tisol | IS i To characterize the contamination level of the four lakes sampled,
n the present study, the plasma CortiSol 1eVelS In reSpONSey, o .qncentrations of cadmium (Cd), copper (Cu), iron (Fe), and zinc

to a standardized capture stress were measured in yellow p(_arcI(nZn) in the liver of 3- to 5-year-old yellow perch were determined by
(Perca flavescensfrom reference lakes and lakes contami- atomic absorption. The procedure described by Manca et al. (1992)
nated by heavy metals to determine if chronic exposures towas used to measure Cd. The other metals were measured using a
heavy metals lead to an impairment of the cortisol stress re-similar procedure, described in Ricard et al. (1997), and the recovery
sponse, similar to the dysfunction previously diagnosed in fish determined from standards (National Bureau of Standards; bovine
from sites contaminated by mercury (Hg), bleached kraft mill liver No. 1577b, 0.5Qug Cd/g, 160ug Cu/g, 184ug Fe/g, 127ug
effluents, and mixtures of pollutants (Lockhart et al. 1972; Zn/g) was more than 90% for all metals measured. The values are
Hontela et al. 1992, 1995, 1997; McMaster et al. 1994). Males reported on a wet mass basis (correction factor for dry mass: 3.40) and
and females of a wide range of ages were sampled in each lak&"® NOt corrected for recovery.

to determine the effects of sex and age on the cortisol stressy species and capture of the fish

response. The functional integrity of the interrenal tissue of vejiow perch was selected for this study because it is a sedentary fish
yellow perch from contaminated and reference lakes was also(aalto and Newsome 1990) that reflects the contamination of its mi-
evaluated in vitro to determine whether the impairment of the Jieu, itis abundant in many aquatic systems of the temperate zone, and
cortisol stress response is associated with a dysfunction of theit exhibited an impaired cortisol stress response in previous studies
interrenal tissue or if the dysfunction is located elsewhere in conducted at sites contaminated by bleached kraft mill effluents or by
the hypothalamo—pituitary—interrenal axis (HPI axis) control- mixtures of pollutants (Hontela et al. 1992, 1995, 1997). Fish were
ling the secretion of cortisol. captured by seine or gill net in September when water temperature
was 16.9 1.5°C. The fishing was always done in the morning and
the gill nets were set for periods not exceeding 60 min. Previous

Methods experiments demonstrated that yellow perch show a similar cortisol
stress response when they are captured either by seine or by gill net
Study area (Brodeur et al. 1997).

The sampling was conducted in the region of Rouyn-Noranda (Abi-

tibi, northwestern Quebec) where a large smelter has been operatindgevaluation of the cortisol stress response

since 1927 and many surrounding lakes are contaminated with heavyFollowing capture, fish were held in a large container onboard the
metals (Couillard et al. 1993). Of the four lakes sampled (Fig. 1), boat until fishing was completed. Fish spent less than 2.5 h in the
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container and the water was partially replaced every 30 min to insure The characteristics of assays done with this standard curve have been
that it was sufficiently oxygenated. After the fish were subjected to described previously (Brodeur et al. 1997).
this capture and holding stress, they were anesthetized by immersion
in a solution of tricaine methanesulfonate (MS 222, 0.15 g/L) (Sigma, Statistical analysis
St. Louis, Mo.) and their body length was recorded. A blood sample Differences among groups were tested viitasts, one-way and two-
was taken from the caudal vasculature with a heparinized syringe andway ANOVA, or Kruskall-Wallis tests when normality or homo-
fish were sacrificed by cutting the neural cord behind the brain. The scedasticity could not be obtained. Student-Newman—Keuls (SNK)
plasma was separated by centrifugation (5 min, 13 000 rpm, ambientor Dunn tests were used for multiple comparisons when a significant
temperature) and immediately frozen on dry ice. Fish were also frozen difference was detected.
and measurements of body characteristics were completed in the
laboratory.

To ensure that the last fish sampled were as stressed as the firsResults

ones, the water of the holding container was agitated frequently while . : :
the boat was at the dock and fish were removed by groups of seven OrExposure_of the f.'Sh was assessed by measuring concentrations
f metals in the liver. Liver concentrations of Cd, Cu, Zn, and

eight to be sampled. The sampling procedure was completed in abou . . .
40 min, and it was always executed in the afternoon to insure that the 7€ Were significantly higher in yellow perch from Lakes Du-

daily cycles of cortisol secretion did not interfere with the stress re- fault and Osisko than in yellow perch from Lakes Opasatica
sponse (Pickering and Pottinger 1983; Audet and Claireaux 1992).and Dasserat (Table 1).

Previous studies using this protocol demonstrated that the plasma The cortisol stress response to capture of yellow perch
cortisol of fish sampled last did not differ significantly from that of younger than 4 from reference and contaminated sites was
fish sampled first (Hontela et al. 1995). Fish of a wide range of body not significantly different (Fig. 8). However, yellow perch4
sizes were sampled to investigate the effects of age on the cortisolang older from both contaminated sites exhibited significantly
stress response. . iy lower levels of plasma cortisol compared with fish of the same

In the laboratory, fish were weighed and the condition factor was age in the two reference sites (Figh)2this reduction was

calculated as [mass (g)]/[length (crh} 100. The gonads were dis- . . .
sected and weighed to calculate the gonadosomatic index (GSI) oftheObserVeci in both sexes (Figo)2 Whereas capture stress elic-

fish as [gonad mass (g)]/[body mass (&)]L00, and an operculum  ted @ similar increase of plasma cortisol levels in females 4
was removed to determine the age of the fish. and older from both reference sites, malesad older from
the reference Lake Dasserat had significantly lower levels of
plasma cortisol compared with the males of the same age from
In vitro determination of the functional integrity of the the other reference site, Lake Opasatica (Fi). Zhe plasma
interrenal tissue by perifusion cortisol levels of yellow perch younger thar fom the ref-
After capture, fish were placed for 24 h in floating enclosures (0.5 m €rence Lake Opasatica were significantly lower than the levels
width x 1 m longx 1 m deep) made of net (11 fish/enclosure) to allow measured in yellow perch+dand older (Fig. 2).
a partial recovery from the effects of the capture stress on cortisol ~ Plasma cortisol levels after 24 h in the enclosure were sig-
secretion. Following the rest period, fish were anesthetized by immer- pificantly lower than levels immediately postcapture in both
sion in a solution of 0.15 mg MS 222/L before they were exsangui- reference and contaminated sites, and the difference that was
Cpinal cord. They were then ransported t the powered installations CUSEIVed between the sites immediately after capture was no
where the perifusion system was set up. The in vitro perifusion pro- longer detected (Fig. 3). The In.terrenal tissue O.f both the males
cedure used to determine the functional integrity of the interrenal a_nd _f_emales from the contamlna_ted _Iake (Osisko) secrete_d a
tissue has been described in detail elsewhere (Brodeur et al. 1997). §ignificantly lower amount of cortisol in response to a 10-min
involves dissecting the head kidneys where the interrenal tissue isStimulation with 16" M ACTH compared with the interrenal
diffusely distributed and placing them in an incubation chamber that tissue of yellow perch from the reference lake (Dasserat)
is connected to a peristaltic pump to continuously supply the tissues (Fig. 4).
with fresh incubation medium. After perifusion for 110 min to reach Females from both contaminated lakes (Dufault and
the basal rate of cortisol secretion, the interrenal tissue is stimulatedQOsjsko) had a lower condition factor compared with females
by adding 10" M porcine ACTH**to the incubation medium for  fom reference lakes (Table 2). The condition factor of males
#%Tﬁg'i:(t‘sbrae;gr?rr‘sg d?l‘;;:"Zgﬁ;fﬁ;;f\f‘:fu';goggﬂiﬂ:zﬁ:r':]ebcgrfrom the contaminated Lake Dufault was also significantly
in 10-min fractions for 120 min and measuring the cortisol concentra- Iower t.han that of males from both referenc_:e lakes Wherea.s the
condition factor of males from the contaminated Lake Osisko

tions in the fractions by radioimmunoassay. The cortisol released, L .
when summed over all the fractions, was used to compare the re-Was significantly different only from reference Lake Dasserat

sponse to ACTH of fish from different lakes. The in vitro experiments  (Table 2). Males from the reference Lake Dasserat had a
have been carried out in one reference lake (Dasserat) and one conhigher GSI than males from the three other lakes whereas fe-
taminated lake (Osisko). Yellow perch measuring from about 18.5 to males from the reference Lake Dasserat had a higher GSI com-
20 cm (4 year-class) were selected for the perifusion experiments to pared with only one group, females from the contaminated
decrease variability in the age of fish used. Lake Dufault (Table 2).

Radioimmunoassay of cortisol Discussion

Concentrations of cortisol in plasma and in the incubation medium B the Ii is th . ite of tal lation i
collected from perifusion were determined with a radioimmunoassay >ecause the liver IS the major sité of metal accumuiation in
kit (No. 07-221102, ICN Biomedicals Canada Ltd., Montreal, Que.). fish, exposure of wild fish to heavy metals can be assessed by

A standard curve prepared by adding synthetic cortisol (Sigma) to Measuring concentrations of metals in the liver (Sorensen
incubation medium at concentrations used in the kit's standard curve1991). The lower concentrations of metals measured in the

was used to measure cortisol in samples collected from perifusion. liver of yellow perch from Lakes Opasatica and Dasserat,
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Table 1.Limnological characteristics and concentrations of metallothioneins and heavy metals nS#ia the liver of
yellow perch sampled in four lakes around Rouyn-Noranda, Quebec (numbers of samples in parentheses).

Lakes
Opasatica Dasserat Dufault Osisko

Limnological characteristics

Alkalinity (mg CaCQy/L) 29 23.8 13.7 9.5

Conductivity (1S, 25°C) 87.6 72.2 173.4 300.4

Oxygen (ppm) 7.9 8.5 6 9

pH 5.84 7.39 6.52 5.9
Liver metallothioneins|{g/mg protein) na 140.2 (5) na 5.61.8* (7)
Liver concentrations of metalgi§/g)

Cd 3.2:0.8c¢ (20) 1.90.2¢ (28) 231.8a(20) 14+0.8b (49)

Cu 9.%#1.6b (20) 7.#1.2b(28) 19%2.3a(20) 2#2.8a(49)

Fe 10@&32b (20) 10@12b (28) 21427 b (20) 8652 a (48)

Zn 40+1.4b (20) 312.3b (25) 4%5.9a (16) 5Gt2 a (48)

2755

Note: Means followed by the same letter are not significantly differgnt 0.05, Krukall-Wallis and Dunn tests).

*Significantly different from Lake Dasserap & 0.01,t-test). na, not available. Data for limnological characteristics were obtained from
F. Girard (Ministere Environnement du Québec, personal communication). Liver metallothionein data were obtained from Dr. P. Moffat
(Department of Chemistry, Université du Québec a Montréal, personal communication).

Fig. 2. Plasma cortisol levels (meanSE) after a standardized
capture stress iraf younger than 4 and ) 4+ and older yellow
perch from reference and contaminated lakes. Numbers of fish
sampled are indicated on top of the error bars. Numbers of fish
sampled were too small to separate fish younger themydsex.

There was no significant difference between lakes in fish younger

than 4+ (one-way ANOVA). *, Significantly different from the
reference Lake Opasaticp € 0.05, two-way ANOVA and SNK
test); #, significantly different from the reference Lake Dasserat
(p <0.05, two-way ANOVA and SNK test).
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Fig. 3. Plasma cortisol levels (meanSE) of yellow perch from
reference and contaminated lakes immediately after capture or after
spending 24 h in an enclosure. Numbers of fish sampled are
indicated on top of the error bars. *, Significantly different from the
reference lakeg < 0.05, two-way ANOVA and SNK test);
**_significantly different from the postcapture group € 0.05,

two-way ANOVA and SNK test).
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perch from Lake Dasserat compared with Lake Osisko provide
further evidence that yellow perch from Lake Dasserat are
exposed to lower levels of heavy metals.

The present study demonstrated that yellow perch submit-
ted to a life-long exposure to sublethal levels of heavy metals
exhibit an impairment of the cortisol stress response to capture,
similar to the one observed previously in fish from sites pol-
luted by Hg, bleached kraft mill effluents, or a mixture of
chemicals (Lockhart et al. 1972; Hontela et al. 1992, 1995,
1997; McMaster et al. 1994). The analysis of plasma cortisol
data in terms of age also demonstrates for the first time that
the impairment of the cortisol stress response is only clearly
evident in fish 4 and older.

To determine whether the impairment of the cortisol stress
response observed in fisk-4nd older is caused by a dysfunc-
tion of the interrenal tissue, the functional integrity of the inter-
renal tissue was evaluated in vitro by perifusion in yellow

compared with yellow perch from Lakes Dufault and Osisko, perch from the contaminated Lake Osisko and a reference lake.
indicate that the exposure of these fish is low and justify the The interrenal tissue of both male and female yellow perch

use of lakes Opasatica and Dasserat as reference sites. Lowdrom the contaminated Lake Osisko secreted significantly less
metallothionein concentrations measured in the liver of yellow cortisol in vitro in response to the 10-min pulse of 1Dl
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Table 2. Characteristics (meahSE) of female and male yellow perch collected from reference (Opasatica and Dasserat)
and contaminated (Dufault and Osisko) lakes.

Lake n Age (years) Weight (g) Length (cm) Condition factor GSI (%)
Females

Opasatica 27 4.26).38ab 81.86:12.28a 18.5G:0.87b 1.06+0.02a 1.65+0.10ab

Dasserat 14 3.29.48b 88.2%20.12a 18.331.27ab 1.11+0.04a 2.43t0.41a

Dufault 22 5.080.30a 33.95:2.09b 15.3%0.31b 0.91+0.01c 1.48:0.09b

Osisko 57 4.0%0.08b 93.333.64a 21.02:0.29a 0.96:0.01b 1.58t0.05ab
Males

Opasatica 11 4.2.28a 50.95:6.58a 16.480.62a 1.07#0.04ab 2.06£0.40b

Dasserat 32 4.00.22a 56.52t5.40a 16.68:0.48a 1.11+0.01a 4.80£0.35a

Dufault 17 4.4%0.51a 21.94r2.75b 13.02:0.43b 0.930.01c 2.56:0.23b

Osisko 33 3.6%0.15a 52.884.19a 17.030.52a 0.98t0.01bc 2.98:0.25b

Note: Means followed by the same letter are not significantly differ@nt 0.05, Krukall-Wallis and Dunn tests).

ACTH compared with the interrenal tissue of yellow perch Fig. 4.Cortisol secreted (meanSE) by female and male yellow

from the reference Lake Dasserat. Because ACTH is the mainperch head kidneys stimulated with-18 ACTH during 10 min in
stimulus of the interrenal tissue, this lower responsiveness toperifusion. Fish from reference and contaminated lakes were tested.
ACTH of the interrenal tissue of fish from the polluted site  Numbers of fish sampled are indicated on top of the error bars.
indicates that the life-long exposure to sublethal levels of met- *, Significantly different from the reference lakp € 0.05,

als has altered the normal functioning of the interrenal tissue. two-way ANOVA and SNK test).

These results thus provide evidence that the decreased capacity 70

to elevate plasma cortisol levels in response to capture stress = 4 | ; ',\f:,'j:,es
of yellow perch from the contaminated Lake Osisko is caused £ 5 | an @
by a dysfunction of the cortisol-secreting interrenal tissue, al- E
though they do not rule out the possibility that other levels of £ 407
the HPI axis are also impaired. 3 304

It is interesting to note that the in vitro responsiveness to f—%’ 20 4 ) .
ACTH of the interrenal tissue of males from the reference Lake 5, | as
Dasserat was significantly higher compared with the interrenal ~ © -_Y_‘
tissue of males from the contaminated Lake Osisko despite the 0 Dasserat Osisko
fact that the plasma cortisol stress response of these males was Reference Lake Contaminated Lake

not significantly different. These results indicate that the low
cortisol stress response of the males from the reference Lake
Dasserat is not the result of an impairment of cortisol secretion ywhich the impairment of cortisol secretion has now been ob-
and suggest that the in vitro ACTH challenge test is a better geryed.
diagnostic tool for assessing the functional integrity of the The present study and others conducted at sites contami-
interrenal tissue than is the capacity to elevate plasma cortisolhated by a mixture of organic pollutants and heavy metals
levels in response to capture. (Brodeur et al. 1997; Girard et al. 1998) have taken an impor-
A reduced responsiveness to ACTH of the interrenal tissue tant first step in the understanding of the mechanisms under-
similar to the one observed in the present study has been pretying the impairment of the plasma cortisol stress response by
viously demonstrated in yellow perch showing an impaired identifying the interrenal tissue as a site of dysfunction within
cortisol stress response at sites polluted by a mixture of heavythe three levels of the HPI axis that could theoretically be
metals and organic pollutants (Brodeur et al. 1997; Girard et impaired. Heavy metals were present at all these sites, and it
al. 1998). The present study is, however, the first one to link is not known if the dysfunction of the interrenal tissue is a
the dysfunction of the interrenal tissue to heavy metals. Metals phenomenon specific to metal-contaminated sites or if it can
could lead to the impairment of cortisol secretion by having also explain the impairment of the cortisol stress response ob-
direct toxic effects in the steroidogenic cells of the interrenal served in sites polluted by other types of contaminants. The
tissue, since Cd, Cu, and Hg have been found to exert toxicsigns of atrophy in addition to impaired cortisol stress response
effects in the adrenal gland of mammals, the homologue of fish observed previously in the interrenal cells of fish from a site
interrenal tissue (Veltman and Maines 1886198@; contaminated by bleached kraft mill effluent (Hontela et al.
Mgbonyebi et al. 1994). Because the increase of cortisol se-1997), however, suggest that the interrenal tissue of these fish
cretion is part of the general adaptation response of the animalmay also be dysfunctional.
to stressors, it can also be expected that the interrenal tissue of As more data become available, the impairment of the cor-
fish living in contaminated environments chronically experi- tisol stress response appears to be a general phenomenon in
ences periods of elevated metabolic activity that could even-fish from polluted environments, since, beside the present
tually lead to cellular alterations and impaired cortisol study with yellow perch from lakes contaminated by heavy
secretion. This nonspecific mechanism of action would also be metals, it has also been observed in northern gisax luciu3
consistent with the various types of chemical pollution in from sites polluted by Hg (Lockhart et al. 1972), white sucker
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(Catostomus commersoniyellow perch, and northern pike Advances in modern environmental toxicology. Princeton Scientific
from sites polluted by bleached kraft mill effluents (McMaster ~ Publishing Co., Princeton, N.J. _

et al. 1994; Hontela et al. 1997), and yellow perch and north- Couillard, Y., Campbell, P.G.C., and Tessier, A. 1993. Response of
ern pike from sites polluted by a mixture of organic pollutants ~ Metallothionein concentrations in a freshwater bivaimddonta
and heavy metals (Hontela et al. 1992, 1995; Girard et al. %r?:::]%g?é%pgggn3¢igwronmental cadmium gradient. Limnol.
199.8)' The mudpuppy, an amphibian, also has a reduced C@Bhonaldson, E.M. 1981. The pituitary—interrenal axis as an indicator
pacity to respond to ACTH and to secrete corticosterone in

) ) of stress in fish.n Stress and fishEdited byA.D. Pickering.
response to acute capture stress at sites contaminated by chlo- academic Press, Toronto, Ont. pp. 11-47.

rinated hydrocarbons (Gendron et al. 1997). Flick, G., and Perry, S.F. 1989. Cortisol stimulates whole body cal-
The impairment of cortisol secretion observed in fish from cium uptake and the branchial calcium pump in freshwater trout.
polluted environments could be used as an early warning J. Endocrinol120: 83—-88.
biomarker of toxic effect, since this endocrine dysfunction will Gendron, A, Bishop, C.A., Fortin, R., and Hontela, A. 198i&vivo
most likely result in more important health problems because  testing of the functional integrity of the corticosterone-producing
of the major role played by cortisol in the maintenance of ~ @xis in mudpuppy (Amphibia) exposed to chlorinated hydrocar-
homeostasis. The low condition factor of yellow perch from Girg? dnsc'” tg‘fo‘g’gﬁ'r EJmc/:Iroghgolji(locr?tléIghszééggé_eiggﬁéiveness of
bOth Con.tammated lak.es indeed .SqueStS that fls.h .eXthl.tmg the interrenal tissue of yellow percRérca flavescerndgrom con-
an |_mpa|_rment_of CquOl secr(_atlon_ h_av_e more difficulty in taminated sites to an ACTH challenge test in vivo. Can. J. Fish.
coping with their environment, since itindicates thatthey have  aquat. Sci. In press.
decreased energy reserves (Goede and Barton 1990). HoWggede, R.W., and Barton, B.A. 1990. Organismic indices and
ever, before a biochemical parameter can be used appropri- autopsy-based assessment as indicators of health and condition in
ately in health assessment, it is necessary to characterize itin fish. Am. Fish. Soc. Sym8: 93-108.
afield situation and determine how it is affected by biotic (age, Hontela, A., Rasmussen, J.B., Audet, C., and Chevalier, G. 1992.
sex, interindividual variation, etc.) and abiotic (temperature,  Impaired cortisol stress response in fish from environments pol-
season, pH’ etc) factors (Van Gestel and van Brummelen luted by PAHS, PCBs and mercury. Arch. Environ. Contam. Toxi-
1996). The effects of season on the cortisol stress response are C€0l- 22 278-283. _ .
repored in Girard et al. (1998). The present stuy provided "O71%2, A, Rasussen, 36, and Chivater, o, 1993, Crdocrine
SOme |n5|gh.ts on the |_nf|uence of SEX and age on the impair- luted environments. Water Pollut. Res. J. C28.767—-780.
ment_Of, cortisol secretion by showing th"’,‘t males and fem‘f"les Hontela, A., Dumont, P., Duclos, D., and Chevalier, G. 1995. Endo-
are similarly affected and that the older fish of the population * ¢rine and metabolic dysfunction in yellow perdperca flaves-
seem to be more seriously impaired. cens exposed to organic contaminants and heavy metals in the St.
Lawrence river. Environ. Toxicol. Cherti4: 725—-731.
Hontela, A., Daniel, C., and Rasmussen, J.B. 1997. Structural and
functional impairment of the hypothalamo—pituitary—interrenal
We thank Strahan Tucker for help in the field and Claude axis in fish exposed to bleached kraft mill effluent in the St.
Daniel for metal analyses. We also wish to acknowledge the ~ Maurice River. Ecotoxicology6: 1-12.
Ministére Environnement Faune du Québec in Rouyn- Huggett R.J., Kimerle, R.A., Mehrle, P.M., and Bergman, H.L. 1992.
Noranda for access to their facilities and Francois Girard for ~ Biochemical, physiological and histological markers of anthropo-
his helpful advice. The study was funded by the Canadian genic stress. Lewis Publishers, Boca Raton, Fla.

. . . Janssens, P.A., and Waterman, J. 1988. Hormonal regulation of glu-
Network of Toxicology Centers (Reproductive and Endocrine coneogenesis and glycogenolysis in cagygrinus carpid liver

Toxicology Program). J.C. Brodeur was supported by a schol- pieces culturedin vitro. Comp. Biochem. Physiol. A Comp.

Acknowledgements

arship from FCAR. Physiol.91; 451-457.
Leach, G.J., and Taylor, M.H. 1982. The effects of cortisol treatment
References on carbohydrate and protein metabolisnFimdulus heteroclitus

Gen. Comp. Endocrino#i8: 76-83.
Aalto, S.K., and Newsome, G.E. 1990. Additional evidence support- Lockhart, W.L., Uthe, J.F., Kenney, A.R., and Mehrle, P.M. 1972.
ing demic behaviour of a yellow percRérca flavescengopula- Methylmercury in northern pikegsox luciug. distribution, elimi-
tion. Can. J. Fish. Aquat. Sel7: 1959-1962. nation, and some biochemical characteristics of contaminated fish.
Audet, C., and Claireaux, G. 1992. Diel and seasonal changes in J. Fish. Res. Board CaR9: 1519-1523.
resting levels of various blood parameters in brook trout Madsen, S.S. 1990. Effect of repetitive cortisol and thyroxine injec-

(Salvelinus fontinalis Can. J. Fish. Aquat. Sci9: 870-877. tions on chloride cell number and NE*-ATPase activity in gills
Brodeur, J.C., Girard, C., and Hontela, A. 1997. Use of perifusion to of freshwater acclimated rainbow tro8almo gairdneri Comp.
asses vitro the functional integrity of interrenal tissue in teleost Biochem. Physiol. A Comp. Physi®5; 171-175.

fish from polluted sites. Environ. Toxicol. Cheit6: 2171-2178. Manca, D., Lefebvre, M., Trottier, B., Laparé, S., Ricard, A.C., van Tra,
Brouwer, A., Murk, A.J., and Koeman, J.H. 1990. Biochemical and H., and Chevalier, G. 1992. Micro method for the determination of

physiological approaches in ecotoxicology. Funct. E4oR75— cadmium in tissues and slurried samples by use of flameless atomic
281. absorption spectrometry. Microchem. J. 46: 249-258.

Bry, C. 1985. Plasma cortisol levels of female rainbow tr@&sl(no Maule, A.G., Tripp, R.A., Kaattari, S.L., and Schreck, C.B. 1989.
gairdneri) at the end of the reproductive cycle: relationship with Stress alters immune function and disease resistance in chinook
oocyte stages. Gen. Comp. Endocrirkdt. 47-52. salmon Oncorhynchus tshawytschd. Endocrinol120 135-142.

Butler, D.G. 1973. Structure and function of the adrenal gland of McMaster, M.E., Munkittrick, K.R., Luxon, P.L., and Van Der Kraak,
fishes. Am. Zool13: 839-879. G.J. 1994. Impact of low-level sampling stress on interpretation of

Colborn, T., and Clement, C. 1992. Chemically-induced alterations in  physiological responses of white sucker exposed to effluent from
sexual and functional development: the wildlife/human connection. a bleached kraft pulp mill. Ecotoxicol. Environ. Saf: 251-264.

© 1997 NRC Canada



2758 Can. J. Fish. Aguat. Sci. Vol. 54, 1997

Mgbonyebi, O.P., Smothers, C.T., and Mrotek, J.J. 1994. Modulation Thomas, P. 1990. Molecular and biochemical responses of fish to
of adrenal cell functions by cadmium salts. 3. Sites affected by  stressors and their potential use in environmental monitoring.

CdCl, during stimulated steroid synthesis. Cell Biol. Toxicol. Am. Fish. Soc. Sym8: 9-28.
10: 35-43. van Gestel, C.A.M., and van Brummelen, T.C. 1996. Incorporation of
Pickering, A.D. 1984. Cortisol-induced lymphocytopenia in brown the biomarker concept in ecotoxicology calls for a redefinition of
trout, Salmo truttal.. Gen. Comp. Endocrinob3: 252—259. terms. Ecotoxicologys: 217-225.
Pickering, A.D., and Pottinger, T.G. 1983. Seasonal and diel changesVeltman, J.C., and Maines, M.D. 198@Regulatory effect of copper
in plasma cortisol levels of the brown tro®almo truttal.. Gen. on rat adrenal cytochrome P-450 and steroid metabolism. Bio-
Comp. Endocrinol49: 232-239. chem. Pharmaco85: 2903-2909.

Ricard, A.C., Daniel, C., Anderson, P., and Hontela, A. 1997. Effects Veltman, J.C., and Maines, M.D. 1986Alterations of heme, cyto-
of subchronic exposure to cadmium chloride on endocrine and  chrome P-450, and steroid metabolism by mercury in rat adrenal.

metabolic functions in rainbow tro@ncorhynchus mykisérch. Arch. Biochem. Biophys248 467-478.

Environ. Toxicol. Contam. In press. Wingfield, J.C., and Grimm, A.S. 1977. Seasonal changes in plasma
Sorensen, E.M. 1991. Metal poisoning in fish. CRC Press, Boca  cortisol, testosterone and oestradioBii the plaice Pleuronec-

Raton, Fla. tes platess&. Gen. Comp. EndocrinoB1: 1-11.

© 1997 NRC Canada



