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Abstract Changes in serum biochemistry in response to
single- and combined-metal exposure were studied in a
freshwater fish Oreochromis niloticus. Fish were exposed
to 5.0 mg/L Zn, 1.0 mg/L Cd, and 5.0 mg/L Zn+1.0 mg/L
Cd mixtures for 7 and 14 days to determine levels of
biochemical parameters and metals in blood serum. The
individual and combined effects of metals caused an
increase in alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities and in levels of albumin,
transferrin, ceruloplasmin, cortisol, glucose, and total pro-
tein, whereas they caused a decrease in cholesterol levels.
At both exposure periods, increased ALT activity of fish
exposed to Cd was higher compared with the Zn and
Zn+Cd groups, respectively. The decreased cholesterol
level was higher in the Cd alone, and for Cd in combination
with Zn, than in Zn alone at 14 days. Zn or Cd levels
increased in the blood serum of fish exposed to metals
individually or in combination. When fish were exposed to
the mixtures of Zn+Cd, concentrations of these metals in
their serum were lower than in fish exposed to individual
metals. One metal blocks or even antagonizes the gill
epithelium absorption of the other and thereby limits the
distribution of the metal in blood. The results indicate that
biochemical parameters in fish blood can be used as an
indicator of heavy-metal toxicity.
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Contamination of aquatic environments by heavy metals,
whether as a consequence of acute or chronic events,
constitutes an additional source of stress for aquatic
organisms (Kori-Siakpere and Ubogu 2008). The impact of
contaminants on aquatic ecosystems can be assessed by the
measurement of biochemical parameters in fish that
respond specifically to the degree and type of contamina-
tion (Petrivalsky et al. 1997). Blood parameters are
increasingly being used as indicators of the physiologic or
sublethal stress response in fish to endogenous or exoge-
nous changes (Cataldi et al. 1998).

Biologic changes in fish related to exposure or effects of
contaminants are called “biomarkers” (Peakall 1994).
Prominent among these biomarkers are physiologic vari-
ables, such as serum levels of metabolites (Adams et al.
1990; DiGiulio et al. 1995) and ions (Martinez and Souza
2002); levels of hormones, such as cortisol (Benguira and
Hontela 2000); and biochemical variables, such as enzyme
activities (De la Tore et al. 2000).

Alteration of blood biochemistry may be indicative of
unsuitable environmental conditions (temperature, pH,
oxygen concentration) or the presence of stressing factors,
such as toxic chemicals (Barcellos et al. 2004). It is known
that physiologic and biochemical parameters in fish blood
and tissues can change when exposed to heavy metals
(Cicik and Engin 2005). Previous studies have shown that
certain metals can cause either increased or decreased
levels of serum protein, cortisol, glucose, and cholesterol,
as well as changes in serum enzyme activity, depending on
metal type, fish species, water quality, and length of
exposure (Ruparelia et al. 1989; Gopal et al. 1997; Vaglio
and Landriscina 1999; Monteiro et al. 2005).

Measurement of serum biochemical parameters can be
especially useful to help identify target organs of toxicity
as well as the general health status of animals and has been
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advocated to provide early warning of potentially damag-
ing changes in stressed organisms (Folmar 1993; Jacobson-
Kram and Keller 2001). Plasma and serum reflect the
physiologic state of an animal because they are the prod-
ucts of intermediate metabolism (Artacho et al. 2007).
Serum enzymes (ALT, AST) are known to be important
serum markers to investigate the health of an animal spe-
cies. Specific serum proteins, such as albumin, transferrin,
and ceruloplasmin, are considered nonenzymatic antioxi-
dants because they play a major role in metal binding and
delivery to tissues. Other serum parameters, such as cor-
tisol, glucose, total protein, and cholesterol, are commonly
used as stress indicators. Nile tilapia Oreochromis niloticus
are widely cultured in tropical and subtropical regions of
the world and are an important source of protein for
humans. Because of its easy handling, culture, and main-
tenance in the laboratory, and because it responds promptly
to environmental alterations, O. niloticus is also a well-
established model for toxicologic research (Almeida et al.
2002; Garcia-Santos et al. 2006). Therefore, the main
purpose of this study was to determine individual and
combined effects of Zn and Cd on serum enzyme (ALT and
AST) activities and levels of specific proteins (albumin,
transferrin, ceruloplasmin), metabolites (cortisol, glucose,
total protein, cholesterol), and metals of O. niloticus.

Materials and Methods
Fish and Experimental Design

O. niloticus (80.49 £ 0.9 g of weight, 17.12 & 0.8 cm of
total length, as mean + SE) obtained from Cukurova
University Fish Culture Farm were transferred to the lab-
oratory. Fish were acclimatized to laboratory conditions in
glass tanks for 1 month before exposure. The laboratory
was illuminated for 12 h with fluorescent lamps (daylight
65/80 W). Experimental tanks contained 120 L dechlori-
nated and gently aerated tap water with the following
parameters: temperature 21.09 £ 0.22°C, pH 8.12 + 0.08,
dissolved oxygen 7.38 & 0.06 mg/L, alkalinity 202.9 +
6.113 mg/L CaCOs, and total hardness 349.12 + 2.24 mg/L.
CaCOs. Fish were divided into 4 groups each containing 10
fish. Fish in group I were held in tap water as controls, and
the other groups were exposed to the following metal
concentrations for 7 and 14 days: 5.0 mg/L. Zn (ZnCl,);
1.0 mg/L Cd (CdCl,-H,0); or 5.0 mg/L Zn+1.0 mg/L Cd.
The Zn and Cd concentrations were selected based on 96-h
LCsy values (60 mg/L for Zn and 16 mg/L for Cd) of
O. niloticus. 1/12 and 1/16 values of LCs, were used for Zn
and Cd, respectively. Throughout the experiments, control
and experimental fish were fed daily with commercial fish
food (Pinar Yem, Turkey) at approximately 3% body
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weight. Fish were maintained in static renewal conditions.
Water and metals were completely replaced every 2 days
by transferring fish to freshly prepared metals solutions
(Dutta and Arends 2003).

Serum Preparation and Analysis

At the end of the each experimental duration, five fish were
removed from the aquaria and used as replicates. Blood
samples were taken from the caudal vein of each fish as
described by Congleton and La Voie (2001). This blood
was collected in anticoagulant-free centrifuge tubes. Serum
was obtained by centrifugation of blood at 3000 rpm for 10
min. Serum samples were then stored at —80°C until
analysis.

Biochemical parameters in the serum samples were
analyzed using biochemical analyzers (Modular Roche
DPP, Modular Roche E170; Hitachi Ltd, Tokyo, Japan).
Reactants for all measurements in the analyses were sup-
plied by Roche Diagnostics (Mannheim, Germany).

Enzyme Activity

ALT and AST activities were determined using ultraviolet
(UV) test technique (Bergmeyer et al. 1985). The products
of ALT and AST activities, pyruvate and oxaloacetate,
were used to oxidise NADH to NAD™. The decrease rate of
the photometrically determined NADH is directly propor-
tional to the rate of formation of pyruvate or oxaloacetate
and thus to ALT or AST activity, respectively.

Specific Protein Level

Albumin (Hubbuch 1991), transferrin (Lizana and Hellsing
1974), and ceruloplasmin (Wolf 1982) levels were mea-
sured by immunoturbidimetric assay. In this assay reaction,
antialbumin, transferrin, and ceruloplasmin antibodies
react with the antigen in the sample to form antigen/anti-
body complexes, which after agglutination is measured
turbidimetrically.

Metabolite Level

Glucose levels were determined by enzymatic UV test,
which has been described by Schmidt (1961). Enzymatic
hexokinase catalyzes the reaction between glucose and
adenosine triphosphate to form glucose-6-phosphate and
adenosine diphosphate. In the presence of NAD, the
enzyme glucose-6-phosphate dehydrogenase oxidizes glu-
cose-6-phosphate to 6-phosphogluconate. The increase in
NADH concentration is directly proportional to glucose
concentration and can be measured spectrophotometrically
at 340 nm.
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Cholesterol levels were determined by enzymatic col-
orimetric test (Abell et al. 1952). In this method, choles-
terol esters are hydrolyzed to free cholesterol by
cholesterol esterase. Free cholesterol is then oxidized by
cholesterol oxidase to produce hydrogen peroxide, which
forms a red chromophore when combined with 4-amino-
phenazone and phenol. Formation of this chromophore is
measured at 520 nm at 37°C and is directly proportional to
the cholesterol concentration of the sample.

Total protein was measured using colorimetric test.
Operation of the kit was based on the method described by
Weichselbaum (1946). Divalent copper reacts in alkaline
solution with protein peptide bonds to form the character-
istic purple-colored biuret complex. Color intensity is
directly proportional to protein concentration, which can be
determined photometrically.

Cortisol levels were determined using electrochemilu-
minometric assay. The test kit was prepared in accordance
with the method described by Chiu et al. (2003). Serum
cortisol assay is a competitive polyclonal antibody immu-
noassay that employs a magnetic separation step followed
by electrochemiluminescence quantitation.

Metal Levels

Metal levels in blood serum were measured according to
Ghazaly (1991). Serum samples were precipitated with 6%
tricholoroacetic acid (1:5 v/v), and Zn and Cd concentra-
tions were determined in the resulting supernatant by
inductively coupled plasma (Perkin Elmer Optima 5300
DV).

Data Analysis

Data are presented as mean £ SE. For statistical analyses,
one-way analysis of variance was used, followed by Stu-
dent Newman-Keuls test using SPSS version 10.0 statisti-
cal software (SPSS, Chicago, IL). Differences were
considered significant at p < 0.05.

Results and Discussion

In the present study, no mortality was observed during
exposure to concentrations of Zn, Cd, and the Zn+Cd
mixture during 14 days.

Enzyme Activity

Compared with controls at 7 and 14 days, increased serum
ALT and AST activities were observed in O. niloticus
exposed to concentrations of Zn, Cd, and Zn+Cd (Figs. 1,
2). At both exposure periods, increased ALT activity in fish
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Fig. 1 Serum ALT activity in O. niloticus exposed to metals for 7
and 14 days. Data are expressed as mean £ SE (N = 5). Different
letters indicate significant differences among groups at the same time
(p < 0.05). No significant alteration of serum ALT and AST activities
was found between 7 and 14 days of single or combined metal
exposure
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Fig. 2 Serum AST activity in O. niloticus exposed to metals for 7
and 14 days. Data are expressed as mean £+ SE (N = 5). Different
letters indicate significant differences among groups at the same time
(p < 0.05). No significant alteration of serum ALT and AST activities
was found between 7 and 14 days of single or combined metal
exposure

exposed to Cd was higher compared with fish exposed to
Zn and Zn+Cd, respectively. Similarly, increased ALT and
AST activities have been observed in plasma and serum of
fish Oncorhynchus mykiss exposed to Cu (Nemcsok and
Hughes 1988) and Sparus aurata (Vaglio and Landriscina
1999) exposed to Cd.

ALT and AST are frequently used in the diagnosis of
damage caused by pollutants in various tissues, such as
liver, muscle, and gills (De la Tore et al. 2000). It is gen-
erally accepted that increased activity of these enzymes in
extracellular fluid or plasma is a sensitive indicator of even
minor cellular damage (Palanivelu et al. 2005). Harvey
et al. (1994) concluded that blood levels of ALT and AST
may increase because of cellular damage in the liver and

@ Springer



154

Arch Environ Contam Toxicol (2010) 58:151-157

that high levels of these enzymes in serum are usually
indicative of disease and necrosis in the liver of animals.
Therefore, increased ALT and AST activity in the serum of
O. niloticus is caused mainly by leakage of these enzymes
from liver cytosol into the bloodstream as a result of liver
damage caused by metal exposure.

Specific Protein Level

Serum albumin and transferrin levels increased for both
exposure periods, whereas ceruloplasmin levels increased at
14 days in both individual and combined treatments
(Table 1). Metals taken up from the gill are released to the
blood for transfer to the other organs, such as the liver and
kidney, for use in metabolism, or they are sequestered. It is
known that serum proteins are recognized as major parti-
cipitants in metal transport in both vertebrates and inver-
tebrates. Vertebrates possess metal-specific proteins—such
as serum albumin, transferrin, ceruloplasmin, transcobal-
amin, and nickeplasmin—which are responsible for the
transport of Zn, Fe, Cu, Co, and Ni, respectively (Nair and
Robinson 1999). Zn and Cd are transferred mainly by serum
albumin (Li et al. 1996), transferrin, and o,-macroglobulin
(Carson 1984) in human plasma. De Smet et al. (2001)
reported that Cd in plasma of Cyprinus carpio was able to
bind metal-transferring proteins of 60 and 70 kDa. Albu-
min-like proteins, with a molecular mass of approximately

Table 1 Specific-serum protein levels of O. niloticus under Zn, Cd,
and Zn+Cd exposures™®

Metal concentrations 7 days 14 days

(mg/L)

Serum albumin (g/dL)
0.0 0.87 £ 0.02 ax 0.91 £ 0.03 ax
5.0 Zn 1.10 £ 0.03 bx 1.20 £ 0.02 bx
1.0 Cd 1.15 £ 0.02 bx 1.27 £ 0.04 bx
5.0 Zn+1.0 Cd 1.18 £ 0.01 bx 1.29 £ 0.02 bx

Transferrin (mg/dL)
0.0 0.21 + 0.017 ax 0.23 + 0.015 ax
5.0 Zn 0.29 + 0.024 bx 0.38 + 0.014 by
1.0 Cd 0.31 + 0.022 bx 0.42 + 0.010 by
5.0 Zn+1.0 Cd 0.32 £ 0.029 bx 0.45 + 0.033 by

Ceruloplasmin (mg/dL)
0.0
5.0 Zn
1.0 Cd
5.0 Zn+1.0 Cd

12.04 £ 0.49 ax
12.94 £ 0.10 ax
12.80 £ 0.13 ax
12.97 £ 0.11 ax

11.79 £ 0.13 ax
13.62 £ 0.43 bx
13.73 £ 0.33 bx
14.12 £+ 0.22 bx

% Values are expressed as mean = SE (N = 5)

® Letters “a” and “b” indicate differences between groups at the

«

same time, and letters “x

”» g,

and “y

times for the same group (p < 0.05)
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indicate differences between

66 kDa, are considered major binding proteins of Cd and Zn
in O. mykiss (Jasim Chowdhury et al. 2003).

Proteins are the most important compounds in serum,
with albumin and globulin being the major serum proteins,
and heavy metals may be involved in the normal working
of these molecules (De Smet and Blust 2001). Most serum
proteins are synthesized in the liver (Burtis et al. 1996;
Ziak et al. 2002). Increased concentrations of serum albu-
min, transferrin, and ceruloplasmin in O. niloticus may
result from increased protein synthesis in the liver in
response to single and combined Zn and Cd exposure.

Serum albumin is the most abundant protein in the cir-
culatory system (its redox modification modulates its phys-
iologic function) as well as a biomarker of oxidative stress
(Fabisiak et al. 2002). It is known that albumin, transferrin,
and ceruloplasmin in vertebrates serum act as nonenzymatic
antioxidants. Thus, the induction of these specific serum
proteins by Zn and Cd may have an important role in pro-
tecting against metal damage. Halliwell and Gutteridge
(1999) suggested that binding metal in an inactive form
prevents metal ion—catalysed degradation of peroxides,
thereby preventing hydroxyl production. They concluded
that this type of antioxidant mechanism is effective and is
still used in biologic systems, e.g, albumin acts as a sacrifi-
cial antioxidant. It has been suggested that ceruloplasmin
may function as a circulating scavenger of superoxide anion
radicals, thus protecting cells and tissues from the injurious
effects of free radicals by inhibiting lipid peroxidation and
DNA damage (Goldstein et al. 1979; Gutteridge 1983).

Metabolite Levels

After 7 and 14 days, the individual and combined effects of
metals caused an increase in serum cortisol, glucose, and
total protein levels and a decrease in cholesterol levels
(Table 2). The decreased cholesterol level was higher in
fish exposed to Cd alone, and to the Zn+Cd combination,
than to Zn alone.

Cortisol plays an important role in ion regulation,
energy metabolism, and metal detoxification by way of
metallothionein induction in fish (Fu et al. 1990; Wend-
elaar Bonga 1997). Cortisol is a nonspecific indicator of
stress that is released to the blood by way of stimulation of
the hypothalamus—pituitary—interrenal (HPI) axis by
heavy-metal exposure (Dethloff et al. 1999). Cortisol is not
stored in the interrenal tissue but rather is synthesized on
demand (Sumpter 1997); thus, in this study increased cir-
culating cortisol levels must be a function of de novo
stimulation of the HPI axis in response to heavy-metal
stress. An increased cortisol concentration has been rec-
ognized as the main hormonal response to stressors and is
widely used as a stress-response indicator (Barton and
Iwama 1991).
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Table 2 Serum metabolite levels of O. niloticus under Zn, Cd, and
Zn+Cd exposures™®

Metal concentrations (mg/L) 7 days 14 days

Glucose (mg/dL)

0.0 50.67 £ 0.66 ax  47.02 £ 0.24 ax
5.0 Zn 67.33 £ 0.32 bx  63.09 + 0.55 bx
1.0 Cd 80.89 + 1.01 bx  75.80 &+ 1.45 bx
5.0 Zn+1.0 Cd 80.65 + 1.16 bx  79.11 + 1.76 bx
Cortisol (pg/dL)
0.0 10.51 £ 1.01 ax 9.69 + 2.04 ax
5.0 Zn 2272 £ 2.13 bx 1749 &+ 2.14 by
1.0 Cd 2692 £ 2.11 bx 20.04 £ 2.08 by
5.0 Zn+1.0 Cd 28.84 £ 242 bx 19.29 &+ 2.15 by
Total protein (g/dL)
0.0 3.22 + 0.03 ax 3.24 + 0.0lax
5.0 Zn 4.20 £ 0.03 bx 4.29 + 0.02 bx
1.0 Cd 4.17 £ 0.03 bx 4.28 + 0.02 bx
5.0 Zn+1.0 Cd 4.19 £ 0.01 bx 4.30 £ 0.02 bx
Cholesterol (mg/dL)
0.0 214 £ 145 ax 216 £ 2.19 ax
5.0 Zn 172 £ 0.67 bx 176 £ 1.86 bx
1.0 Cd 170 £ 2.10 bx 131 £ 2.13 ¢y
5.0 Zn+1.0 Cd 168 £ 1.15 bx 132 £ 3.33 ¢y

* Values are expressed as mean £+ SE (N = 5)

® Letters “a,” “b,” and “c” indicate differences between groups at

“y,”

the same time, and letters “x” and “y” indicate differences between
times for the same group (p < 0.05)

An increase in blood glucose is common in animals
encountering a stressful situation, and it is one of the major
effects of the secretion of catecholamine and corticosteroid
hormones that occurs in such situations (Brown 1993).
Increased serum glucose levels in fish under stress has been
reported by Cicik and Engin (2005). Hyperglycemic
response, as illustrated in the present study, is an indication
of a disruption in carbohydrate metabolism, possibly
caused by enhanced glucose 6-phosphatase activity in the
liver, increased breakdown of liver glycogen, and synthesis
of glucose from extrahepatic tissue proteins and amino
acids. Increased blood glucose may indicate disrupted
carbohydrate metabolism caused by enhanced breakdown
of liver glycogen, which possibly is mediated by increased
adrenocorticotrophic and glucagon hormones and/or
decreased insulin activity (Raja et al. 1992).

Stress is an energy-demanding process, and the animal
mobilizes energy substrates to cope with stress metaboli-
cally (Vijayan et al. 1997). Glucose is one of the most
sensitive indices of an organism’s stress: Its high concen-
trations in blood indicate that the fish is under stress and
intensively using energy reserves, i.e, glycogen in liver and
muscles (Vosyliene 1999). The stress hormone cortisol has
been shown to increase glucose production in fish by

gluconeogenesis as well as glycogenolysis and likely plays
an important role in the stress-associated increase in
plasma glucose concentrations (Iwama et al. 1999). Plasma
glucose and cortisol levels, used as stress indicators,
increased during a waterborne copper—exposure period are
thus significantly correlated with each other (Monteiro
et al. 2005). In our work, cortisol and glucose levels, both
of which are important pathways for stress recovery, may
have increased to cope with the increased energy demand
that occurs during metal-induced stress. Increases in cor-
tisol and glucose levels have been reported in Prochidolus
lineatus (Martinez et al. 2004) and O. niloticus (Monteiro
et al. 2005) in response to Pb and Cu, respectively.

Tissue protein content has been suggested as an indi-
cator of xenobiotic-induced stress in aquatic organisms
(Singh and Sharma 1998). Total serum protein, i.e, the
majority of serum proteins synthesized in the liver, is used
as an indicator of liver impairment (Yang and Chen 2003).
The increase in serum total protein caused by treatment
with metals was mainly related to the increased albumin,
transferrin, and ceruloplasmin observed in this study.
Exposure to heavy metals resulted in increased total protein
levels of plasma and serum of fish O. mossambicus
(Ruparelia et al. 1989) and C. carpio (Gopal et al. 1997).

Cholesterol is an essential structural component of cell
membranes as well as the outer layer of plasma lipopro-
teins and is the precursor of all steroid hormones (Yang and
Chen 2003). In the present study, metal exposure caused
decreased serum cholesterol concentrations, indicating
hypocholesteremia. This response may have been caused
by the inhibitory effects of metals on cholesterol synthesis.
Dutta and Haghighi (1986) suggested that heavy metals
inhibit cholesterol synthesis in fish. Agrahari et al. (2007)
suggested that hypocholesteremia observed after exposure
to monocrotophos in C. carpio may be caused by hydropic
changes in tissues and that the bioaccumulated pesticide
inhibited the conversion of esterified cholesterol to free
cholesterol. Decreased serum cholesterol levels were
reported in Lepomis macrochrus (Dutta and Haghighi
1986) and O. mossambicus (Ruparelia et al. 1989) in
response Hg and Pb exposure, respectively.

Metal Level

Zn or Cd levels in blood serum of fish exposed to metals
individually or in combination increased compared with
controls during 7 and 14 days (Table 3). We observed that
when fish were exposed to the mixtures of Zn and Cd,
concentrations of these metals in their serum were lower
than in fish exposed to individual metals. It is possible that
one metal blocks or even antagonizes gill epithelium
absorption of the other and thereby limits distribution of
the metal in blood. Serum Zn and Cd levels increased with
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Table 3 Serum metal levels (pg/mL) of O. niloticus under Zn, Cd,
and Zn+Cd exposures™®

Metal concentrations (mg/L) 7 days 14 days

Zn
0.0 499 + 29 ax 53.8 &£ 1.7 ax
5.0 Zn 98.7 &£ 2.2 bx 129.3 + 1.9 by
5.0 Zn+1.0 Cd 68.4 £ 2.1 cx 93.6 £ 1.5 ¢y

Cd
0.0 NA NA
1.0 Cd 0.121 £ 0.002 ax 0.179 £ 0.003 ay
5.0 Zn+1.0 Cd 0.079 £ 0.003 bx 0.115 £ 0.003 by

NA not available
4 Values are expressed as mean = SE (N = 5)

® Letters “a,” “b,” and “c” show the differences between groups at

the same time, and letters “x” and “y” show differences between

times for the same group (p < 0.05)

increasing exposure periods in all concentrations tested.
Metal accumulation in fish tissues depends on exposure
dose and time as well as other factors, such as interaction
with other metals, water chemistry, and fish metabolic
activity (Heath 1995). Metals levels increased in blood
plasma of Tilapia zilli (Ghazaly 1991) and O. mossambicus
(Pelgrom et al. 1995a) exposed to Pb and Cu, respectively.

The results of our work suggest there is a positive
relation between contents of specific serum proteins and
metal concentrations in blood. Under metal exposure,
increased serum albumin, transferrin, and ceruloplasmin
levels may be associated with increased blood metal levels.
Ceruloplasmin levels of O. mossambicus increased after Cu
exposure (Pelgrom et al. 1995b).

In conclusion, the results of the present study demon-
strate that exposure to heavy metals affect serum bio-
chemistry, with all biochemical parameters levels except
cholesterol increasing in response both to Zn and Cd alone
as well as to combined Zn+Cd exposure. Changes in blood
parameters of fish are possible as a result of metal-induced
stress. Therefore, these parameters can used as indicators
of heavy-metal toxicity.
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