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Abstract: Biochemical parameters are indicators measured in a biological system which can be related to
exposure to, or effects of, a contaminant compound. In current study some serum biochemical parameters were
measured in order to investigate patterns of response and change caused by the mercury contamination in
yellowfin sea bream. According to the LC , five mercury treatment was selected. Serum glucose was measured50

photometrically based on the quantification of NADH after a glucose oxidation catalyzed by glucose
dehydrogenase. Serum total protein levels were determined with bovine serum albumin serving as standard.
Values recorded for activity of total protein show high significance depletion (P<0.001) with mercury exposed.
Although glucose was increase in different treatment, but there was not find significant variation. Results of
the present investigation indicated that the sub- acute mercury concentrations tested is a toxic substance in
yellowfin sea bream and may cause several changes in the serum biochemical parameters.
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INTRODUCTION insulin’s action on cells. Further more, glucagons and

Fish species have attracted considerable interest in glucagons and catecholamines glycogenolysis [3].
studies assessing biological and biochemical responses These actions tend to increase serum glucose
to environmental contaminants. Fish are used as test concentration. The practice of fasting animals prior to
organisms in aquatic toxicology because of their top- blood collection decreases the variability that
position in the trophic chain and their role as food for accompanies postprandial intestinal absorption of
humans [1]. glucose. Another procedural consideration for glucose

Biochemical markers are indicators measured in a analysis is prompt separation of the serum from clotted
biological system which can be related to exposure to, or blood. Also, erythrocyte and to a lesser degree leukocyte,
effects of, a contaminant compound. They are measures glycolysis will reduce serum glucose concentration by
of the rates of chemical reactions or the amounts of approximately 7 to 10 mg/dl every hour that the blood
biochemical products in cellular or subcellular systems, cells remain in contact with the serum at room temperature
sublethal biological effects, or histological measures [2]. [3]. Blood Glucose level in fish is known to be very useful

Serum glucose concentration depends on intestinal as a criterion for diagnosis of liver and muscle tissue
absorption, hepatic production and tissue uptake of functions [4]. 
glucose. The balance between hepatic production and Total serum protein concentration is a measure of all
tissue uptake is influenced by a variety of hormones. of the different proteins in plasma with the exception of
Corticosteroids, catecholamines and growth hormone are those that are consumed in clot formation such as
called insulin antagonists because they interfere with fibrinogen and the clotting factors. For this reason,

glucocorticoids stimulate hepatic gluconeogenesis and
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plasma  protein  concentration  is generally about 0.3 to Fish Sampling: At sampling time (3 weeks post-
0.5 g/dl higher than serum protein concentration [3].

Proteins are involved in major physiological events
therefore the assessment of the protein content can be
considered as a diagnostic tool to determine the
physiological phases of organism. Proteins are highly
sensitive to heavy metal poisoning [5]. 

As we know proteins are a major constituent in the
metabolism of animals and heavy metals may be involved
in the normal working of these molecules, therefore it is
important to detection of alterations in protein metabolism
induced by metal exposure for further information.
Alterations that may occur are the increased synthesis or
breakdown of proteins and the inhibition or activation of
certain enzymes. These changes can be observed in the
total protein content, free amino acid (FAA) concentration
and the activity of proteases and transaminases such as
alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) [6, 7].

In current study some serum biochemical parameters
were measured in order to investigate patterns of
response and change caused by the mercury compounds,
so the aim of current study was to determine the in vitro
effects of mercury on biochemical characteristics of
yellowfin sea bream. 

MATERIALS AND METHODS

In vitro Design: Total fish were obtained from Mahshahr
creeks with hooks in a Upon capture, (only healthy fish,
as indicated by their activity and external appearance,
were used in the experiments), the fish were maintained
alive on board in a fiberglass tank and on return to shore
transferred to a 300-L aerated vat filled with sea water for
transport back to the nearby laboratory. In laboratory Fish
maintained in seawater re-circulatory system (300-L tanks)
equipped with physical/chemical filters and with aeration.

Fish were randomly divided into five equal groups
and allocated to  a  15  static  cylindrical  polyethylene
tank filled with the appropriate concentration of an
aqueous solution of Hg in dechlorinated tap water. The
Yellowfin sea bream were exposed to nominal mercury
concentrations of 0 µg l (tank 1), 10 µg l (tank 2), 20 µg l
(tank 3), 40 µg 1 (tank 4), 80 µg l (tank 5) respectively and
maintained for three weeks with aeration. These sub-lethal
doses were chosen on the basis of preliminary toxicity
tests and determinations of LC  96h for this species,50

suggestive of inducing toxic effects but not lethally so [8].
Conditions within each  experimental  tank  were
monitored daily with the temperature 25C ± 1, pH 7.8 ± 0.1
and salinity 46 ± 1 ppt under a natural photoperiod
(12hL:12hD) in controlled room. Water was oxygen
saturated through constant aeration in a static system. 

exposure), nine fish from control and any confinement
tanks were netted into a bucket containing clove, Fish
were anesthetic and weighed, total lengths were recorded
and an external examination for any signs of abnormalities
or infestation was conducted [9].

Blood Collecting: To obtain blood samples, fish were
quickly taken out from the water and held firmly on a
bench with a cloth covering the head and blood was
withdrawn from caudal vessels by a vacuum heparinized
syringes and needle containing 0.1mL of anticoagulant
(after filling up and expelling about 1.0 mL), to the
Eppendorf tubes, whole blood withdrawal process took
less than 1 min per fish. Handling time was less than 1min
to minimize stress effects. 

Extracted   blood   (1.5   mL),   was   immediately
placed in tubes for biochemical analyses. Blood were
placed in non-heparinized tubes and left to clot at 4°C for
15 min, Afterwards, tubes were centrifuged at 3000 rpm
(20000-g) using an Eppendorf centrifuge for 10 min to
obtain serum. The serum was  separated  into  aliquots
and was frozen and stored at -80°C until biochemical
analyses. All samples were immediately immersed in liquid
nitrogen and then transferred to a -80°C freezer until
analysis.

Glucose Analysis: The quantitative determination of
serum glucose was carried out using commercially
available diagnostic Experimental Protocols kits Pars
Azmoon, Iran (1 500 0178), at 546 nm and 37 °C by the
glucose oxidase method according to Trinder [10]. The
limit of detection (LOD) of the procedure was 5 mg/dl.
Intra-assay and Inter-assay Mean ± SD were 64.2 ± 1.12
and 92.5 ± 1.10 mg/dl respectively. Glucose was measured
photometrically according to a method modified from
Banauch et al., [11] based on the quantification of NADH
after a glucose oxidation catalyzed by glucose
dehydrogenase. The quantity of NADH formed is
proportional to the glucose concentration.

Protein Analysis: Serum total protein levels were
determined  using  Pars  Azmoon,  Iran  (1  500  028)  kit,
with bovine serum albumin serving as standard by the
method of Lowry et al., [12] at 546 nm and 37C. The limit
of detection (LOD) of the procedure was 5 mg/dl. Intra-
assay and Inter-assay coefficients of variation were of
0.91% and 1.06% respectively. Intra-assay and Inter-assay
Mean ± SD were 5.27 ± 0.05 and 5.24 ± 0.06 g/dl
respectively.
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Statistical Procedure: Significant differences were RESULTS
determined with one-way analysis of variance Anova with
Duncan Post Hoc was used. To investigate associations Results of in vitro biochemical analysis are presented
between bioaccumulation and its effects, Pearson in table 1. Values recorded for activity of total protein
correlation coefficients (r) were calculated between show high significance depletion (P<0.001) with mercury
mercury concentrations and enzymatic parameters. exposed. Although glucose was increase in different
Multiple regressions were used to determine the treatment, but there was not find significant variation
relationship between mercury concentration and blood (P<0.05).
parameters. The differences between means were analyzed The correlation between mercury with biochemical
at the 5% probability level (p value of less than 0.05 was parameters were statistically tested by analyzing the data
considered as statistically significant). Data are reported obtained during the mercury exposed. Both glucose and
as means ± standard deviation. protein parameters show significant correlation (P<0.05)

Table 1: In vitro biochemical activities of yellowfin sea bream exposed to mercury chloride. 

Control 10 µg l 20 µg l 40 µg 1 80 µg l 

Glucose (mg/dl) 66.83±25.89  67.83±3.81  77.33±11.60  92.66±31.72  88.33±29.10a a a a a

Total protein (mg/dl) 7.32±0.90  7.40±1.20  6.29±0.62  5.10±0.78  4.99±1.13a a a b b

Table 2: In vitro correlation of enzyme activities of yellowfin sea bream with mercury chloride

Glucose Total protein 

Pearson correlation (r) 0.36  0.67  * **

sig (p) 0.04 0.00 

* Correlation is significant at the 0.05 level, ** Correlation is significant at the 0.01 level

Table 3: In vitro curve fit linear regression of biochemical activities of yellowfin sea bream with mercury

Glucose Total protein 

R square (r ) 0.13  0.452  * **

F 4.2 23.7

sig (p) 0.04 0.00

* Correlation is significant at the 0.05 level, ** Correlation is significant at the 0.01 level

Fig. 1: Total protein response in the yellowfin sea bream during in vitro exposed to different concentration of mercury
chloride

with mercury exposed, that also both correlations were and total protein and glucose content. Both biochemical
negative (Table 2). parameters show significant linear regression (P<0.05)

Curve estimation regressions data were used to with mercury (Table 3). Regressions model Y = a ± bX of
determine the relationship between mercury concentration significant parameter are in Fig. 2.
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Fig. 2: Regressions model (Y = a ± bX) of Glucose and Total protein of the yellowfin sea bream during in vitro exposed
to different concentration of mercury chloride.

DISCUSSION glucose concentration of gilthead sea bream exposed to

Levels of glucose were measured as conventional increase, our observations show no disagreement with the
stress markers to assess the reliability of stress response literature values. West et al., [20] argued that during peak
triggered under our experimental conditions. Serum activity glucose use can increase by almost 30- fold. A
glucose levels in control fish did not significance vary, weak or no change in plasma glucose may be attributed to
however amount of glucose had increased regularly with a high energy demand so that glucose cannot be
increase of mercury dose that means hyperglycemia. accumulated (acute experiments) or the organism be

In animals, the most frequently encountered causes habituated (chronic experiments). 
of hyperglycemia are failure to fast an animal and Some authors reported a weak rise of glucose [21],
catecholamine release secondary to excitement or fear. others found no change [22] and even a decrease [23].
Animals that become moribund occasionally develop Sometimes no significant changes in plasma glucose may
hyperglycemia. Less frequently encountered causes, be observed, because under stress the fish is rapidly
especially in toxicology studies, include insufficient consuming the energetic substrates generated (glucose)
insulin (diabetes mellitus and pancreatitis) and increased since the main function of the central nervous system
glucocorticoids (hyper adrenocorticism and steroid (CNS) is to maintain homeostasis.
therapy) [3]. Glucose is a carbohydrate that has a major role in the

Some irregularities have been reported in glucose bioenergetics of animals, being transformed to chemical
response when anesthetics are used before sampling. The energy (ATP), which in turn can be expressed as
ideal role of anesthetics is to minimize fish stress mechanical energy [24]. In suboptimum or stressful
response, prevent any negative impact on performance conditions (internal or external) the chromaffin cells
and thus measure real values of glucose or other blood release catecholamine hormones, adrenaline and
components [13]. Velisek et al., [14] reported a significant noradrenaline toward blood circulation [25]. Those stress
increase in rainbow trout glucose when anesthetized with hormones in conjunction with cortisol mobilize and
clove oil. Also clove oil and MS  blocked cortisol elevate glucose production in fish through glucogenesis222

secretion but increased glucose in another experiment and glycogenolysis pathways [26] to cope with the
with rainbow trout [15]. Those controversial results energy demand produced by the stressor for the “fight of
suggest that perhaps anesthetic efficacy in halting flight” reaction. Glucose is then released (from liver and
glucose increase is species dependant and also previous muscle) toward blood circulation and enters into cells
tests may be required. through the insulin action [27]. 

Levels of glucose often increase during the first In current study, serum total protein levels in exposed
phase of the stress response due to an elevated fish had significance difference which amount of protein
breakdown of glycogen [16]. Smet and Blust [17] had depletion regularly with increase of mercury dose that
observed no significant changes in the levels of serum means hypoproteinemia. This results from either
glucose at cadmium exposure. decreased production or increased loss of protein. In

Significant increases in glucose were observed as a dietary toxicity studies, decreased protein production can
result of toxic effect of Cu [18]. These results may be result from effects on food consumption, digestion, or
attributed to the hepatocellular damage. The plasma absorption. Because of the reserve capacity of the liver,

acute confinement was increased [19]. From aspect of
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hepatic injury must be fairly severe before protein proteins makes a major contribution to the total energy
synthesis is notably diminished. However, in large
studies, small differences between the control and treated
groups might be apparent with mild to moderate
hepatotoxicity.

Loss of protein, both albumin and globulin, occurs
with hemorrhage and exudative lesions such as burns.
Albumin is the principle protein lost as a result of
enteropathies and glomerulopathies. The half-life of
albumin is shorter in smaller species, at approximately 2
days for mice and approximately 8 days for dogs [2].
Theoretically, impaired albumin synthesis or albumin loss
can be detected earlier in the smaller species. Hydration
status of the animal is always an important factor for
proper interpretation of changes in serum protein
concentrations. Hypoproteinemia, like anemia,

can be masked by dehydration. A small, statistically
significant decrease in serum albumin concentration is
one of the most frequent findings in toxicology studies.
The exact mechanism is usually not apparent but a
combination of factors, similar to those causing mildly
lower glucose, are probably responsible [3].

Sancho et al., [28] observed protein depletion under
propanil stress in eel liver and muscle. Some studies
indicate a decrease in total protein content during heavy
metal exposure. Such decreases were, for example, found
in the edible crab Scylla serrata exposed to cadmium or in
the freshwater fish Sarotherodon mossambicus and the
common carp exposed to mercury [7, 6]. Depletion in the
protein content of the Catla catla exposed to mercury
chloride sub-lethal concentrations were estimated [29].
Total protein contents of the liver of Clarias gariepinus
showed a noticeable decrease after exposure to
fenvalerate [30]. These results agree with those of Tripathi
and Verma [31] who reported that exposing fish Clarias
batrachus to fenvalerate induced a highly significant
decrease of protein content. Reddy and Bhagyalakashmi,
[6] found that total, structural and soluble proteins were
decreased, in fenvalerate exposed fish Cyprinus carpio.
Total protein content significantly decreased  after
treating freshwater fish Labeo rohita  with  chlordane
[32]. Sancho et al., [28], reported that total proteins had
decreased in the European eel, Anguilla anguilla after
fenitrothin exposure. 

The rapid decrease in total protein content was
associated with active degradation of proteins under
stress. This fact is correlated to the development of
resistance toward to toxic stress. Proteins being involved
in the architecture and physiology of the cell, they seem
to occupy  a  key  role  in  cell  metabolism.  Catabolism  of

production in fishes. Under stress situations may
constitute a physiological mechanism with an important
role in providing energy to cope with the stress situation.
Therefore, depletion of total protein content might  also
be attributed to the destruction or necrosis of cellular
function and consequent impairment in protein synthetic
machinery [33]. When an animal is under toxic stress,
diversification of energy occurs to accomplish the
impending energy demands and hence  the protein level
is depleted [13]. The depletion of total protein content
may be due to breakdown of protein into free amino acid
under the effect of mercury chloride at the lower exposure
period [4]. Reduction in protein content in liver  of
exposed fish might be due to either arrested  metabolism
in the liver or to use it to build up new cells or enzymes to
reduce the stress [30].

Results of the present investigation indicated that the
sub-acute mercury concentrations tested is a toxic
substance in yellowfin sea bream and may cause several
changes in the serum biochemical parameters.
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