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Seasonal changes in the detoxification, hormone levels, energy metabolism and water
content were measured in juvenile 2-year-old brown trout held in two environmentally
different test conditions. In spite of the different test conditions, the course of seasonal
changes in the measured biomarkers was quite similar in both test group fish. However,
the measured values of these biomarkers differed significantly between the groups, and
also between sexes. Although the fish were juveniles, seasonal changes similar to adults
were observed in male gonadal growth and plasma testosterone concentration. Also,
only in males, during the spawning period, the liver ethoxyresorufin-O-deethylase ac-
tivity was negatively correlated with the plasma testosterone concentration, which was
at its highest at that time. The liver detoxification activity reached maximum in winter.
Plasma osmotic concentration was also higher in winter than summer. During the entire
year, the tissue-water content of the “laboratory” fish was significantly higher than that
of the fish farm group. Energy resources of the fish increased during summer, and were
high in autumn and early winter. Between the groups notable differences were ob-

served only in winter.

1. Introduction

Along with the growing chemical pollution of the
aquatic environment, attention has been directed
towards the development of biochemical and phy-
siological markers suitable for the early and sen-
sitive detection of environmental degradation
caused by pollutants (Uthe e al. 1980 rev. in Lind-
strom-Seppd 1990). However, there is very little
information available on the normal seasonal base-
line values of these biomarkers in environmen-
tally different test conditions. This information is
especially needed in northern areas such as in Fin-
land (60°N-70°N), where the illumination and wa-
ter temperature conditions are extreme. Days are

long in summer as opposed to constant darkness,
especially under the ice and snow, in winter. Water
temperature varies between close to zero and
above + 20°C. Background data on the normal
values of the biomarkers and their expected vari-
ability are particularly required by managers of
fishery resources and water quality, for assess-
ment as to whether observed changes in a bio-
marker are caused only by contaminants, or by
natural or endogenous agents.

The goal of this study was to investigate the
seasonal changes and differences in the detoxifi-
cation, water content, energy metabolism and hor-
mone levels — the most generally used fish bio-
markers — of juvenile brown trout held in two
environmentally different test conditions.
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Fig. 1. Water temperatures (‘C) in different test groups, and natural day lengths (h) in Central Finland.

2. Material and methods

The experiment was carried out in a fish farm of Taimen
Co. in Laukaa (62°30°N, 26°E), and in the ecotoxicological
laboratory of the Finnish Environment Institute. Juvenile
2-year-old lake-form brown trout (Salmo trutta m. lacustris
L.) was chosen for the study. This species is native to Finn-
ish lakes, and does not undergo smoltification (Soivio et al.
1989).

In the fish farm, the fish were held in an outdoor earth
pond under the natural light and water temperature condi-
tions. They were reared according to the normal routine of
the fish farm and fed daily. Natural day lengths and water
temperatures are shown in Fig. 1.

In the laboratory, fish from the same broodstock were
placed in a fibreglass basin in untreated Helsinki City tap
water (drawn from Lake Piijénne). There was constant water
flow and the water oxygen level was maintained at near
100% of air saturation by means of continuous aeration.
Fish were acclimated to a water temperature of 10°+ 2°C
and illumination of 12L/12D. They were fed to satiety three
times a week (the same pelleted food as in the fish farm).
The fish density was kept at 120 indiv./m? throughout the
experiment.

Fish were sampled monthly, for a period of 13 months,
starting at the same time of the day, at noon, to avoid inter-
ference by circadian rhythms (Laidley & Leatherland 1988).
The first sampling in the fish farm was in March, and in the
laboratory in the beginning of June.

Fish were not fed for 24 h prior to each sampling. Each
sampled fish (one at a time) was killed by a blow to the

head, measured and weighed. A blood sample was taken
from the dorsal vein with a heparinized syringe and centri-
fuged at 20 000 rpm. The liver and gonads were dissected
and weighed for calculation of organosomatic indices (OSI
= % of body weight). The isolated plasma and the organs
were frozen without delay in liquid nitrogen and stored there
until analyzed. Sampling of one fish took about three min-
utes. Each time, 20 fish per group (10 males and 10 fe-
males) were sampled.

Microsomal UDP-glucuronyltransferase (UDPGT) and
ethoxyresorufin-O-deethylase (EROD) activity, and gluta-
thione (GSH), protein, water, glycogen and lipid concen-
trations were assayed in the liver; water and lipid content
were determined in white muscles. Liver microsomes were
prepared according to Lindstrom-Seppd and Oikari (1989).
UDPGT activity was determined by the method of Castrén
and Oikari (1983) using p-nitrophenol as the aglycone, and
pure ammonium salt of uridine-5-diphosphoglucuronic acid
as the glucuronyl donor. EROD activity was determined by
the method of Porter et al. (1989) using 0.1 M Tris-buffer
of pH 7.8 and the incubation temperature of + 18°C. Liver
GSH content was determined according to Saville (1958),
and protein concentration by the method of Lowry et al.
(1951) using bovine serum albumin as a standard. Glyco-
gen and lipid concentrations were assayed as reviewed by
Soivio and Virtanen (1980). Tissue water concentration was
determined by drying the samples to their constant weights
at 105°C.

Blood plasma was analyzed for osmolality (The Ad-
vanced Micro-Osmometer, model 3 MO), testosterone (T),
17 B-estradiol (E,) and total cholesterol concentration. Plas-
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Fig. 2. Fish weights (g). F = “fish farm” group, L = “laboratory group”. (®) = differences observed only in females
between the test groups, (3) = differences observed only in males between the test groups. * p< 0.1, ** p<0.01,

*** 5 < 0.001

ma T and E, concentrations were assayed by RIA as de-
scribed by Scott et al. (1982). Tritium-labelled hormones
were purchased from the Radiochemical Centre, Amersham,
and antisera from the Sigma Chemical Company. Cross-
reactivities of the antisera are shown in the Sigma test files
(T-4276 and E-2885). Plasma total cholesterol was assayed
with Boehringer test kits (Mono-test). All measurements
were performed in duplicates.

The results for males and females from each sampling
time are expressed in figures as group means. Differences
between groups and sexes were tested for each sampling
date using Student’s #-test, which is satisfactory for this kind
of experiment.

3. Results

At first, fish did not grow much, but from July
onwards the weight increase of the “fish farm”
fish started to be significantly faster (p < 0.001)
than that of the “laboratory” fish (Fig. 2). How-
ever, though the “fish farm” group grew better,
significant differences in the energy resources
between the groups were observed only in win-
ter. Changes in the muscle lipid content were not
very distinct, while those in the liver were more
perceptible (Fig. 3). The values varied between

0.5-1% and 1-6% for muscle and liver, respec-
tively, and were at their highest in winter. Addi-
tionally in the liver the second peak was observed
in summer.

In both groups, liver glycogen reserves in-
creased towards the autumn (Fig. 4). In the “labo-
ratory” fish, the concentrations dropped unexpect-
edly in September, but in the beginning of Novem-
ber they were high again, even higher (p < 0.1)
than in the “fish farm” group. After December
concentrations began to decrease towards the
spring values.

In the “laboratory” fish, the course of changes
in the liver protein concentrations was quite the
opposite to that of the liver glycogen (Fig. 4),
which was very distinctly observed e.g. in Sep-
tember. In the “fish farm” group these two vari-
ables changed quite parallelly until December. But
after that, when the liver glycogen concentration
started to decrease, that of the protein still showed
an increasing trend.

As shown by the muscle and liver water con-
centrations (Fig. 5), and plasma osmolalities (Fig.
6), fish contained more water in summer than
during the rest of the year. Moreover, during the
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Fig. 3. Muscle (m) and liver (1) lipid concentrations (wet weight %). For more details, see Fig. 2.

entire year, the tissues of the “laboratory” fish con- Seasonal changes in the liver EROD activity
tained significantly more water (p <0.001) ascom-  are obviously partly controlled by the water tem-
pared with that of the “fish farm” fish. Changes  perature (Fig. 7). In the “fish farm” fish the activ-
in water content were smaller in the muscle than ity was high, when the water temperature was low,
in the liver. and vice versa. During summer the “laboratory”
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Fig. 4. Liver glycogen (Gly) and protein (Prot) concentrations (wet weight %). For more details see Fig. 2.
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Fig. 5. Muscle (m) and liver (I) water concentrations (%). For more details, see Fig. 2.

fish were in colder water, and had significantly During the spawning period, in spite of the
higher (p < 0.01) liver EROD activity than the low water temperature, the EROD activity of the
“fish farm” fish. In spring, the results between  “fish farm” males was significantly lower as com-
the groups were opposite. In autumn, the water  pared with that of the females, and the “labora-
temperatures were similar in both places and so  tory” males. The activity also remained on that
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Fig. 6. Plasma osmotic concentrations (mOsm/kg). For more details, see Fig. 2.
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Fig. 7. Liver microsomal ethoxyresorufin-O-deethylase activities (pmol/mg prot/min). For more details, see Fig. 2.

in the females and “laboratory” males it had started
to increase already after September.

There was a decreasing trend in the liver
UDPGT activity of the “fish farm” fish through-
out the year (Fig. 8). In the “laboratory” fish the
UDPGT activity stayed on a reasonably steady
level until December—January, after which it also
started to decrease. During winter, the liver
UDPGT activity of the “laboratory” fish, espe-
cially the females, was higher than that of the “fish
farm” fish.

The highest peak in the liver glutathione con-
centration was measured in mid-winter, though
the concentration seemed to peak every third
month throughout the year (Fig. 9). During sum-
mer and spring, the GSH concentration measured
in the “fish farm” fish was higher than that of the
“laboratory” fish, but during winter it was lower.

Seasonal changes in the gonadal growth were
distinct only in males (Fig. 10). In females GSI
values stayed on a steady low level (about 0.2%)
throughout the year. The difference between sexes
was significant (p < 0.001). Testes started to grow
after June. When they reached their maxima sizes
late in autumn, they were significantly bigger
(» <0.001) in the “fish farm” males than in the

“laboratory” males. During the spawning period,
only in the “fish farm™ group, were there males
with running milt. Variations between individu-
als were great. In the “fish farm” fish, the testes
started to decrease after October, about two
months earlier than in the “laboratory” fish. A new
cycle started again after February.

In all fish, during the whole experiment, plas-
ma 17-estradiol concentration was low (< 2 ug/l)
(Fig. 11). In females, also plasma testosterone
concentration stayed at a low level (about 1 ug/1)
(Fig. 11). In males, the plasma testosterone con-
centration changed quite parallelly to the GSI
values. The difference between sexes was signifi-
cant (p < 0.001). The maximum was measured in
November during the normal spawning period of
the fish. There were no differences in the concen-
trations between the groups, although the testes
of the “laboratory” males were significantly
smaller than those of the “fish farm” males. The
basal low level was reached after December, in
accordance with the GSI values, in the “fish farm”
males two months earlier than in the “laboratory”
males.

Seasonal changes in the plasma cholesterol
concentration were more distinct in the “fish farm”
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Fig. 8. Liver microsomal UDP-glucuronyltransferase activities (pmol/mg prot/min). For more details, see Fig. 2.

group than in the “laboratory” fish (Fig. 12). Also,  in the “fish farm” fish were significantly (p <0.001)
during the entire year, cholesterol concentrations  higher than those of the “laboratory” fish. The
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Fig. 9. Liver glutathione concentrations (umol/g ww). For more details, see Fig. 2.
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Fig. 10. Gonadal development, expressed as GSI %. For more details, see Fig. 2.

lowest values were measured during spawning,  served only between females. In the “fish farm”
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Fig. 11. Plasma testosterone and estradiol-17 concentrations (ng/l). For more details, see Fig. 2.
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4. Discussion

The water temperature, together with the light
rhythm, are the most important factors control-
ling plasma sex hormones and cholesterol con-
centrations, and also hepatic detoxification activ-
ity in adult fish (Whitehead et al. 1978, Koivusaari
et al. 1981, Koivusaari 1983, Boulier & Billard
1984, Elliot et al. 1984, Scott et al. 1984, Lind-
strom-Seppd 1985, Nakari et al. 1987, Skarphe-
dinsson et al. 1985). Water quality may also af-
fect these (Nakari et al. 1986). Sex hormones can
depress and be the inhibitors of the liver detoxifi-
cation enzyme activities (Forlin & Hansson 1982,
Stegeman et al. 1982, Pajor et al. 1990, Larsen et
al. 1992). In this work, the above-mentioned may
explain the changes in the liver EROD activity of
males, which, in spite of the great individual dif-
ferences within the groups, during spawning pe-
riod, had equally high plasma testosterone con-
centrations as mature fish (Soivio et al. 1982),
although the fish were juveniles. However, the
similar changes in the liver EROD activity and
plasma cholesterol concentration were observed
also in females with low GSI values and plasma
hormone concentrations. One very important fac-
tor in controlling the liver EROD activity, also in

juvenile fish, seems to be the water temperature.
Fish kept in warm water have lower liver EROD
activities than those in colder water. The case
seems to be the same with the plasma cholesterol
concentration.

Van den Hurk et al. (1978) and Hoffmann and
Wondrak (1980) have given a good description
of the seasonal anatomical changes of fish testes.
In fish with a proper maturation cycle, changes in
the GSI values are accompanied with the changes
in plasma sex hormone concentrations. However,
smaller gonads do not always mean lower plasma
sex hormone levels, as was stated by Munkittrick
etal. (1991), at least not in healthy fish. This was
observed in the “laboratory” males with the sig-
nificantly smaller testes, but equally high plasma
testosterone concentrations as in the “fish farm”
males.

The nutritional state of fish can affect their
liver detoxification activity (Campbell & Hayes
1974), and energy metabolism (Sheridan &
Mommsen 1991). In this work, no correlation was
observed between enzyme activities, energy re-
sources or the fish weights. The liver detoxifica-
tion activity was in accordance with Buhler and
Rasmusson (1968), who found no changes in
monooxygenase activities of rainbow trout starved
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for 8 weeks, or when fed with diets high in pro-
tein or carbohydrate, and with Andersson et al.
(1985) showing that inducibility of cytochrome
P-450-dependent reactions in rainbow trout is not
influenced by starvation. However, the differences
observed in plasma cholesterol and tissue lipid
and protein concentrations between the groups are
obviously caused by the different feeding rhythms.
Yet, to avoid variation in results, diet must be care-
fully chosen and controlled in long-term experi-
ments, because some commercial fish pellets may
contain both inducers and inhibitors of several
liver microsomal enzymes (Ankley & Blazer
1985, Vigan6 et al. 1993). In this work, accord-
ing to the manufacturer’s guarantee, the used fish
feed was free from hazardous substances. Also,
there were no pollutants in the test waters, which
could have affected the results.

Handling, which can cause changes e.g. in
osmoregulation and water balance of fish (Eddy
1981), may be excluded from the results, because
fish were handled quite similarly in both test sites.
However, in spite of the similar handling, the
laboratory group fish were more watery than the
fish farm group fish. Pearcy (1961) observed that
during winter the plasma osmolality and the wa-
ter content of flounders (Pseudopleuronectes ameri-
canus, Walbaum) were higher than during summer.
Umminger and Mahoney (1972) found a similar
winter increase in the plasma osmotic pressure of
flounders, but no changes in the muscle water con-
centration. They proposed that the watery condi-
tion of the fish flesh in winter in Pearcy’s work
could have been related to gonadal development,
because flounders in his experiment were ripe
adults. In this work, the results are in accordance
with Umminger and Mahoney (1972), with the
exception that the “laboratory” fish were more wa-
tery throughout the entire year than the “fish farm”
fish. The higher osmotic pressure in the “fish farm”
fish during winter may have some adaptive sig-
nificance as a protection against freezing for fish
inhabiting cold shallow waters, as has been sug-
gested already in 1957 by Scholander ef al. But
on the other hand, Umminger (1970) and Denton
and Yousef (1975) have shown that seasonal changes
in the osmotic metabolism in rainbow trout and
winter flounder are not related to temperature. So,
what might be the effects of light or exercise?

Arising from the above, it is very difficult to
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compare results from different works as such, or
to ascertain, if the seasonal changes in biochemi-
cal or physiological variables of fish are attribut-
able to temperature, photoperiod, or developmen-
tal or innate circannual influence, or are caused
by pollutants. In spite of the different experimen-
tal and external conditions in the fish farm and in
the laboratory, the seasonal changes in the meas-
ured variables were similar, but the quantitative
values between the groups differed. According to
this, the seasonal changes in fish biomarkers are
controlled by the endogenous factors, but the
quantitative values by the exogenous ones.

In northern areas like in Finland, where the
seasonal environmental changes are great, and the
normal environmental conditions in northern and
southern parts of the country are quite different, it
would be very important that the baseline values
and the background data on the normal seasonal
changes in the used biomarkers in certain envi-
ronmental conditions could be available, when
results from different experiments are evaluated,
and environmental monitoring test programs are
made.
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