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Abstract: The objective of this study was to evaluate the possible effects of CuS0, exposure on variations of
glucose and cortisol levels in Cyprinus carpio. Three replicates of 6 fish were subjected to two sub-lethal
concentrations of CuSQ, (0.16 and 0.53 mg 1.7") for 14 and 21 days. Blood samples were isolated from the fish
following the exposure, to measure the levels of cortisol and glucose compared to the control group. The results
showed signmificant mereases (p<0.05) 1n cortisol levels for both fish groups after 14 days of exposure, whereas,
the levels of blood cortisel in both groups did not differ from that of control when the fish subjected to copper
sulfate for 21 days. We found significant increases (p<<0.05) in the levels of blood glucose of two groups of fish
after 14 days of exposure to two doses of CuSQ,, as well as significant decrease in the blood glucose of
both groups exposed for 21 days. In the later treatment, the rate of decrease in group II (exposed to
0.53mg L~ CuS0,) was higher than that of group I (exposed to 0.16 mg L™ CuSQ,) (p = 0.001 compared
to p = 0.032). Our findings attest that exposing to waterborne copper would affect the levels of both cortisol

and glucose, as indicators of stress response in Cyprinus carpio.
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INTRODUCTION

Heavy metals are considered as the main causes of
pollution in aquatic ecosystem and are expected to be so
in the future, having the highest environmental stress
mndex, often m excess of the recommend threshold limit
values (Abdelmeguid et al., 2002). The toxic effects may
result from bioconcentration of the metals and their
consequent binding with biological active constituents of
the body such as lipids, ammo acids, enzymes and
proteing (Vutukuru et al, 2005). Copper is one of the most
abundant transition metals in nature and an essential
constitute of all living tissues, however, when present at
high concentrations, it becomes toxic to living orgamsms,
including fish (Monteiro et al., 2005). Despite the critical
role of copper in a number of vital processes including
cellular respiration, the metal has the potential to exert
adverse toxicological effects (Grosell et al., 2003).

The plasma corticosteroid level 1s generally used as
an mdicator to determine the magmtude of stress
response in vertebrates including fish (Wu et al., 2002).
Among with the primary adrenergic and cortisol response,
secondary and tertiary responses such as elevated blood
glucose concentration, suppressed levels of thyroid
hormones, growth hormone and electrolytes and altered
behavior are evident reactions m fish encountered to
environmental stress (Flodmark ez al., 2002). Heavy metals

stimulate the Hypothalamus-Pituitary-Interrenal (HP1) axis
and cause an elevation of cortisol i blood of fish
(Handy, 2003). Chronic exposure to metals blunted the
normal cortisol  stress  response and  perturbed
carbohydrate metabolism in perch (Levesque et al., 2002).
Sigmficant increases were reported in the cortisol levels
of rambow trout exposed to cadmium (Gill et al., 1993)
and copper (Dethloff er al, 1999b). The release of
corticosteroid ~ hormones  in  sockeye  salmon,
Oncorhynchus nerka, was recorded following the
treatment with copper (Shah, 2002).

Glucose 1s one of the most sensitive mdices of the
stress state of an organism and its high as well as lowered
concentrations in blood has been considered as mdicator
of stress in fish (Vosyliene, 1999). The varying levels of
blood glucose were noticed as to be indicative of
abnormal carbohydrate metabolism and possibly the
result of impaired hormoenal control (Shah, 2002). The
depletion of liver glycogen and the rise in blood glucose
levels were observed i carp, Cyprinus carpio, after
exposure to sub-lethal concentrations of different
pollutants (Abdelmeguid et al, 2002). Increased and
decreased glucose levels were recorded in rainbow trout
following acute and long-term exposure to copper,
respectively (Vosyliene, 1996a, b).

Fish are largely used m evaluation of aquatic systems
quality and some of their physiologic changes can be
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considered as biologic markers of environmental pollution
(Dautremepuits et af., 2004). Tt has a great potential to
serve as sensitive ndicators, signaling exposure and
understanding the toxic mechamsms of stressors in
aquatic ecosystems (Vutukuru et al., 2005). Common carp
is a widely used species in aquaculture for food supply in
Iran (Salehi, 2006). It provides a good model to study
responses and possible adaptations of local fish
populations exposed to diffuse pollution originated
present  study, we
hypothesized that changes m the levels of blood
cortisol and glucose of the carp exposed to sub-lethal
concentrations of copper sulfate could be as bio-indices
of pollution in a water source.

from various sources. In

MATERIALS AND METHODS

Animals and experimental conditions: This study was
carried out in the Laboratory of Fish Pathology of Tranian
Artemia Research Center (Urmua, Iran), during the months
June and August 2006. Common carp (200£50 g and
18.3+5 em) were purchased from a local hatchery and were
maintained in 200 T, tanks containing aerated tap water.
The other physicochemical elements of the water and
experimental condition were kept quite instant during
the course of study (Water temperature: 17=1°C; Ca™:
145.09 mg L™, Mg*: 398.7 mg L7, salinity: 1.7 g L™,
dissolved oxygen: 7.2543 mg L, photoperiod: 12L/12D).
Prior to the onset of treatment, the fish were acclimatized
to the laboratory conditions for 14 days. They were
fed once daily with commercial trout pellets (Chineh
Co., Karaj, Iran), comprising the following mgredients:
protein 36, lipid 14, ash 16, fiber 3.5, phosphorus 1, wet 11,
carbohydrate 22.5 and fish meal 50%. Examined fish were
divided into two groups exposed to two sub-lethal
concentrations of copper (0.16 and 0.53 mg L' for group
T and T1, respectively). Copper stock-solutions were made
from hydrated copper sulfate (CuS0,5H,0), added
subsequently to dechlorinated tap water in the tanks to
obtain test concentrations. Control groups were the carps
maintained in normal, aerated tap water. The water in each
tank was replemshed daily to keep the metal
concentrations unchanged. From each of the exposed as
well as control groups, three replicates of six fish were
anesthetized by stroking on their headand their blood
samples were taken through puncturing the caudal vessel.

Measurement of the levels of glucose and cortisol: Blood
was taken from the tail vein of the fish with non-
heparinized syringe, collected in plastic Eppendorf tubes.
After centrifugation, blood plasma was removed and the
samples were then analyzed for measuring the levels of
glucose by Spectrophotometer Enzymatic Methods using

a commercial glucose kit (Enzymatic, GOD Trinder).
Cortisol levels m the blood were assessed by
Radioimmunoassay (RIA), using LKB-Wallac apparatus
and a cortisol kit made by Kavoshyar Co. (Iran).

Statistics: The data of glucose and cortisol measures
were analyzed and compared with those of the
controls by two methods of Analysis of Variance
(ANOVA) and t-test using SPSS (version. 12) and at a
sigrificant level of p<0.05.

RESULTS

The mean values (+SEM) of cortisol and glucose
levels for exposed and control groups of the fish are
shown i Table 1 and 2. Statistical analyses have given
evidence of significant differences between exposed and
the control groups.

Exposure to both concentrations of CuS0, (0.16 and
053mg L™ for 14 days, increased plasma cortisol
levels of the examined fish significantly (p<0.05). While
the control group had cortisol levels averaged
193.6£10.2 pg 1.7, the levels of cortisol in the fish exposed
to the lower and ligher doses of cupper sulfate reached
to 291.34£26.9 and 379+10 pg L7, respectively. The
mimmum and maximum cortisol levels measured m the
14 day control group were 174 and 208 pg L7,
respectively. Whereas, the maximum levels of cortisol
grew up to 342 and 399 pg 17" in the fish exposed to the
lower and higher concentrations of copper sulfate,
respectively. Nevertheless, the fish subjected to a twenty-
one-day treatment with two different concentrations of
copper sulfate had cortisol measures near or below the
control values. So that, the difference between the cortisol
levels of each of the latter groups and that of the control

Table 1: The levels of cortisol (ug L™ in blood serum of two groups
of common carp exposed to two doses of CuSQ, (0.16 and
0.53 me L! for groupsI and II, respectively) for 14 and 21 days
Exposure time

Groups No. 14 days 21 days
Control 18 193.6+10.2 209,343

I 18 291.3+£26.9* 257.0+28.5
o 18 379.0£10° 176.3£14

Data shown as mean+SEM; A: symbolizes having significant difference
(p<0.03) from the control

Table 2: Concentrations of glucose (mg L™!) in blood serum of two

groups of common carp exposed to two doses of CuS0,¢0.16 and

0.53 mg L™ for groups and II, respectively) for 14 and 21 days
Exposure time

Groups No. 14 days 21 days
Control 18 240.0+11.5 24548.6
I 18 720.0£11.5¢ 180+£11.5
I 18 747.5¢18.7* 140+11.5

Data shown as meantSEM; A: symbolizes having significant difference
(p<:0.05) from the control
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was not significant (Table 1). Plasma cortisol in the 21 -day
control fish had a range between 203 and 210 pg .7, while
its maximum levels quantified to be 302 and 203 ug L™ in
the fish exposed to the lower and higher doses of copper
sulfate, respectively. Changes in concentrations of blood
glucose of the treated fish are presented in Table 2.
Exposure to both concentrations of copper sulfate for
14 days has dramatically elevated plasma glucose levels
of the fish comparing to the control (p<t0.05). While mean
glucose levels was measured to be 240£11.5 mg L™ in
the control group, it rose to 720+£11.5 mg L~ and
747.5£18.7 mg L™ in the fish exposed to the lower and
higher concentrations of copper sulfate, respectively. The
lowest and highest glucose levels in the 14 day control
group were 210 and 250 mg L', respectively. However,
they maximized to 740 and 780 mg L in the fish groups
treated with the lower and higher doses of copper sulfate,
respectively. After 21 days of exposure to the two
concentrations of CuSO,, the blood glucose levels of the
studied fish dropped to levels lower than that for the
control group, recording as 180+11.5and 1404£11.5mg L™
for the groups exposed to the lower and higher copper-
sulfate doses, respectively (Table 2). These decreases
were significant as tested statistically, however, the
magnitude of decrease in glucose level was higher for the
group exposed to higher (0.53 mg 1.7") concentration of
copper sulfate (p = 0.001 agamnst p = 0.03). The control
group for twenty-one day of treatment had glucose levels
ranged from 230 to 260 mg 1.~', while the highest glucose
levels, measured for the fish exposed to the lower and
higher concentrations of copper sulfate, valued 200 and
160 mg L™, respectively.

DISCUSSION

In fish, copper 1s a classical limiting factor as it is
both essential and toxic. As a micronutrient, it is
necessary for hemoglobin synthesis and for being as a
component of cytochrome oxidase (Benneth ef al., 1995).
Copper 1omns are quit toxic to fish at various functional
levels when environmental concentrations are increased
(Vutukuru et al., 2005). The toxic effects of copper are
related to its capacity for catalyzing oxidative reactions
that leads to the production of Reactive Oxygen Species
(ROS) (Lopes et al, 2001). These highly reactive
compounds may also induce tissue alterations and
change some physiologic responses of fish, thus leading
to oxidative stress (Sies, 1991 ; Paris-Palacios et al., 2000,
Varanka et al, 2001). Elevated levels of copper become
actually and chronically toxic to aquatic lives. While acute
effects may be death, chromc effects could be reduced
growth, shorter lifespan, reproductive problems, reduced

fertility and behavioral changes (Olaifa et al., 2004).
Furthermore, copper can affect metabolic activity at the
biochemical levels (Valarmathi and Azariah, 2003).

Concentrations of cortisol and glucose are
considered among the most important stress indicators in
fish (Yang and Chen, 2002). Serum concentrations of
glucose are regulated by complex mnteraction of such
hormones as glucagons and cortisol. However,
environmental stress can also cause marked elevation in
plasma glucose levels (Martin and Black, 1998).

In this study, the levels of two biochemical
compoenents of blood, 1.e., cortisol and glucose, have been
considered as indices to display the degree of stress-
induced responses in the carp subjected to two sub-lethal
doses of copper sulfate. Plasma cortisol levels indicated
signmficant increases when it exposed to two sub-lethal
concentrations of copper sulfate (0.16 and 0.53 mg I.™") for
14 days, while they reduced to the levels similar to those
of the control in the fish exposed for 21 days (Table 1).
Table 2 illustrates the varying concentrations of blood
glucose of the treated fish. As can be seen in the table,
exposing to both concentrations (0.16 and 0.53 mg L") of
copper sulfate for a period of 14 days caused sigrificant
elevations (p<0.05) n the levels of glucose m the fish
plasma. Furthermore, there were significant decreases in
the levels of glucose of the two fish groups following
21 days of exposure, however, the group exposed to
higher concentration of copper sulfate (0.53 mg L™
revealed greater decrease, as indicated by a lower p-value.
Monitoring of the other consequences of copper
exposure than blood cortisol and glucose levels was not
the focus of this study.

The increased cortisol and glucose levels observed
in the fish following their exposure to copper sulfate was
similar to the results obtained in a previous study on Nile
tilapia, Oreochromis nilotiscus (Monteiro ef al., 2005). A
periodic treatment to copper sulfate caused significant
elevation in glucose levels of tilapia (Chen et al., 2004).
Cortisol 1s not stored in the interrenal tissue, but 1s
synthesized on demand (Sumpter, 1997). Thus,
elevation of cortisol levels in blood of fish must be a
function of de nove stimulation of HPT axis (Handy, 2003).
Cortisol release via the HPI axis was found to be
stimulated by copper exposure (Pelgrom ef al., 1995,
Dethloft et al, 1999a). Cortisol affects carbohydrate
metabolismand a rise in its levels is frequently followed by
hyperglycemia m fish (Wendelaar Bonga, 1997). Although
the mechamsms mvolved remain unclear, the rapid rise in
plasma glucose concentration following an acute stressor
has been associated with the activation of the
Hypothalamus-Symphatic-Chromaffin cell (HSC) axis
(McDonald and Milligan, 1997), rather than with the
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cortisol rise mediated by the Hypothalamus-Pituitary-
Interrenal (HPT) axis (Arends et al., 1999). Hyperglycemic
response illustrated n this study i1s an indication of
a disrupt carbohydrate metabolism, possibly due to
enhanced breakdown of liver glycogen (glycogenesis)
and the synthesis of glucose extra-hepatic
tissue proteins and amino acids (Larsson et al, 1985;
Gill et al, 1993). Glucose may alse be released
mto circulation in  heavy metal-induced hypoxia,
which enhances
(Zikié et al., 2001) and processes of glycogenolysis by
cortisol (Van-Raay et al., 1996). Cortisol reduces uptake,
phosphorylation and consumption of glucose by the
extra-hepatic
glycogenolysis, resulting in the elevation of glucose
levels in blood of fish (Shahbazi and Maleknia, 1999).
The fish subjected to lower concentration of CuSO,
(0.16 mg L") for 21 days, showed a slight cortisol and
glucose decrease, whereas, those treated with the higher
metal value (0.53 mg L") revealed a larger glucose and
cortisol decrease. This might be because the fish could
provide an adaptation to the low copper values, wiule that
for the higher concentration seem to characterize
exhaustion. Adaptation implies changes in several related
physiological processes, permitting homeostasis return
(Martinez et al., 2004). It 1s, however, known, that the
hypothalamus-hypophysis-interrenal coupling is one of
those system responsible for the adaptive potential in fish
(Flodmark et al., 2002). Stimulation of the system leads to
mtensified or reduced secretion of numerous hormones
(Donaldson et al., 1990). Exhaustion occurs when the
Hypothalamus-Pituitary-Interrenal (HPI) axis has been
stimulated to a degree where the chronically elevated
cortisol titer leads to a down-regulation of the system
through negative feed back. This disables the fish to react
appropriately to other eventual stressors. HPI axis
exhaustion involves atrophy of the interrenal tissue,
which 13 a slow process that cause decreased cortisol
levels (Flodmark et «l., 2002). Lowered or absent of
cortisol responses 1n exhaustion status, observed m
fish exposed to toxicants for long periods of time
(Friedmann et al., 1996, Hontela et al., 1997). Glucose 1is
one of the most sensitive indices of the stress state of an
orgamsm: its high concentrations in blood indicate that
the fish is in stress and it is intensively using its energy
reserves, 1.e., glycoger, m liver and muscles. Mean whule,
a decreased concentration of glucose indicates the
exhaustion of energy (glycogen) resources and
subsequently, the worsening of an organism status.
Namely, a decrease in glucose m the blood of fish was
observed during long-term exposure to heavy metals
(Vosyliene, 1996b). Sumilarly, a sigmficant decrease
i glucose levels was recorded in rainbow trout,

from

the mobilization of catecholamine

liver

tissues and  increases  the

Oncorhynchus mykiss, after a chronic dietary exposure to
copper (Handy et al, 1999). As a result, the declined
glucose levels m the fish treated for 21 days in this study,
suggest that the fish might have been in a worsening
state or were experiencing liver failure (Kram and
Keller, 2001). Prolonged exposure to stressors m high
concentration makes 1t difficult for a fish to adapt to and
creates weakness characterized by decrease in serum
cortisol and glucose levels. This, subsequently, creates a
series of alterations m the metabolism and shortens the
life span of crganisms (Cicik and Engin, 2003).

To conclude, this study denotes that the fish
responded to the copper exposure as represented by the
changes in its blood cortisol and glucose levels and that
the response was dose and period-dependent.
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