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Biochemical changes in the Beluga
Huso huso exposed to acute crude
diesel oil

Aliakbar Hedayati and Abdolreza Jahanbakhshi

Abstract
Diesel oil is one of the most dangerous pollutions of oil resource in marine environment. During this toxicity
test, juveniles of beluga were exposed to the acute doses (5, 10, 20, 40, 100, 500 and 1000 ppm) of direct
infusion crude diesel oil for 0 h, 48 h and 7 days. The results showed that during 48 h exposure, except protein
all biochemical indices showed significant change (p � 0.05). The result also showed increased glucose and
decreased triglyceride and calcium within the crude diesel oil adjacency. Furthermore, 7-day exposures show
that all biochemical indices indicated significant change (p � 0.01) and that glucose, calcium and protein
increased and triglyceride decreased within the crude diesel oil adjacency.
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Introduction

Among the different types of marine pollutants,

petroleum products are one of the most relevant to

aquatic ecotoxicology (Pacheco and Santos, 2001).

In Caspian sea ecosystem, one of the largest oil spills

occurred in sturgeon stocks area.

However, these types of oil spills are widely

present in the media, and it is believed that the

main source of inland water contamination from oil

and its derivatives is due to small and continuous

leakages from underground bulk storage tanks,

thereby reaching groundwater and later rivers

(Tiburtius et al., 2005). Altogether, little research

has been done on the effects of oil products on

marine organisms.

Acute and chronic exposure to crude oil and deri-

vatives can induce a variety of toxic symptoms in

aquatic animals. Petroleum hydrocarbons can produce

free radical as a mediator in aquatic animals (Achuba

and Osakwe, 2003), and this modulation can lead to

the biochemical changes.

Studies with the valuable fish have indicated that

exposure to the oil derivatives can cause different

effects in serum biochemical concentrations (Pacheco

and Santos, 2001), suggesting that these contaminants

might interfere with the fish stress response.

Despite the previous research done on the effect of

oil derivatives on fish, some toxicological response

levels in fish remain poorly understood, revealing

the lack of data regarding the stress mechanism, as

well as many biochemical responses (Pacheco and

Santos, 2001). In addition, there are only few articles

concerning the effects of diesel oil exposure on phy-

siological indices in sturgeons, and there is a real

need of information about the effects of this fuel oil

on this fish species.

Beluga also known as Great sturgeon (Huso huso)

is commonly found in the Caspian sea and represents

a valuable species for caviar production. Thus,

considering the growing cases of environmental pol-

lution involving spills of oil distillate products into

continental waters in the recent years in Caspian sea,

the aims of the present study were to investigate the

biochemical indices of H. huso exposed to diesel oil
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as potential biomarkers to assess pollution by these

petroleum products and accordingly to get informa-

tion about the threat imposed by these spills on this

valuable fish species.

Materials and methods

Juvenile specimens of Beluga, average weight 200 g,

were supplied by fisheries research laboratory. Prior

to the toxicity tests, fish were acclimated to laboratory

conditions for a minimum of 7 days in a 300-L tank

with dechlorinated water. During acclimatization, fish

were fed with commercial pellet two times in day. To

obtain the crude diesel oil, according to the concentra-

tion, a part of commercial diesel oil was directly

injected to the tanks.

Fish were submitted to acute dose (5, 10, 20, 40,

100, 500 and 1000 ppm) for 0 h, 48 h and 7 days static

toxicity tests, performed in a tank of 200 L, each con-

taining four fish. One control group, consisting of

seven fish exposed only to water (the same as that

used for acclimation), was sampled at each experi-

mental interval along with the experimental groups

exposed to water plus crude diesel oil. Replicates

were carried out for each experimental time. During

the tests, water was continuously monitored for tem-

perature, dissolved oxygen, pH and conductivity

(Hedayati et al., 2010).

Immediately after removing the fish from the tank,

they were anesthetized with clove powder, and blood

samples were taken from the caudal vein by means of

heparinized plastic syringes. Subsequently, fish were

killed by cervical section. Blood was then centrifuged

for 5 min at 3000 r/min and serum samples were

stored frozen (Hedayati and Safahieh, 2011).

Laboratory experiments were performed using

80-L aquaria, at 20�C, under natural photoperiod and

constant aeration. Serum samples were assayed in

duplicate. Ultra pure water was used for all serum

dilutions and standard preparations and duplicate

readings were recorded for standards and serum

samples.

The quantitative determination of serum glucose

and triglyceride was carried out using commercially

available diagnostic Experimental Protocols kits

Pars Azmoon, Iran, at 546 nm and 37�C by the glu-

cose oxidase method (Hedayati and Safahieh, 2011).

Glucose and triglyceride were measured photome-

trically according to a method modified from

Banauch et al. (1975) after a glucose oxidation cat-

alyzed by glucose dehydrogenase.

Serum total protein and calcium levels were deter-

mined using Pars Azmoon, Iran kit, with bovine

serum albumin serving as standard by the method of

Canli (1996) at 546 nm and 37�C.

For each index, the data were tested for normality

and homogeneity. One-way analysis of variance

with Duncan post hoc was used to determine the sig-

nificant differences to evaluate the effect of diesel

oil on parameters. The differences between means

were analyzed at the 5% probability level. Data are

reported as means + standard deviation ( �X � SD).

The software SPSS, version 11.5 (SPSS, Richmond,

Virginia, USA) was used as described by Dytham

(1999).

Results

Animals exposed to crude diesel oil for 48 h

showed a significant elevation in serum glucose

concentration, in relation to the respective control

(Table 1), whereas serum glucose in fish exposed

to crude diesel oil for 48 h was significantly

greater compared to the respective control groups

(p � 0.05). Triglyceride and calcium showed a sig-

nificant depletion within the crude diesel oil adja-

cency (p � 0.05). Total protein activity did not

vary significantly in the groups exposed to 48 h

crude diesel oil compared to the respective control

groups (p > 0.05) (Figure 1).

Furthermore, 7-day exposures showed a significant

change in all serum indices, in relation to the control

treatment (p � 0.01). Whereas serum glucose, cal-

cium and protein was significantly greater compared

to the respective control groups (p � 0.05) and serum

triglyceride was depleted within the crude diesel oil

adjacency (Figure 2).

Table 1. Serum biochemical indices of beluga before exposure to crude diesel oil at time 0

Pollution dose (time)

Biochemical indices

Glucose Triglyceride Calcium Protein

Control (0) 50 + 1 303.3 + 21.3 6.76 + 0.11 1.23 + 0.05
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On the other hand, serum glucose and triglyceride

showed a time-dependent increase in 5 and 10 ppm

exposure and it was decrease in 20 ppm crude diesel oil

exposure. Plasma total protein and calcium levels in

fish exposed to crude diesel oil for 7 days were signif-

icantly elevated in relation to the control and 48-h group

and these indices showed a time-dependent increase.

Because of the high value of the experiment doses

(more that LC50), after 7-day exposure there were

100% mortality in 40, 100, 500 and 1000 ppm, and

we could not get the serum samples (Figure 2).

Discussion

In the present work, fish were exposed to a direct

solution of crude diesel oil. Levels of glucose were

measured as conventional stress markers to assess the

reliability of stress response triggered under crude

diesel oil stress. Serum glucose levels in control fish

did not vary significantly, but in two times glucose

had increased with exposure to crude diesel oil.

Levels of glucose often increase during the first phase

of the stress response due to an elevated breakdown of

glycogen (Wendelaar-Bonga, 1997).

Glucose is a carbohydrate that has a major role in

the bioenergetics of animals, being transformed to

chemical energy (adenosine triphosphate (ATP)),

which in turn can be expressed as mechanical energy

(Lucas, 1996). In suboptimum or stressful conditions

(internal or external), the chromaffin cells release

catecholamine hormones, adrenaline and noradrena-

line, in blood circulation (Reid et al., 1998). Those

stress hormones in conjunction with cortisol mobilize

and elevate glucose production in fish through gluco-

genesis and glycogenolysis pathways to cope with the

energy demand produced by the stressor for the ‘fight

of flight’ reaction (Wendelaar-Bonga, 1997). Glucose

is then released (from liver and muscle) in blood cir-

culation and enters into the cells through the action of

insulin (Nelson and Cox, 2005).

Normally, after exposure to a stressor, a high eleva-

tion in glycemia occurs. In the present research, beluga

showed a hyperglycemic response after 48 h and 7 days

exposure to crude diesel oil, indicating the provision of

energy reserves for immediate utilization (Val et al.,

2004). Similarly, Alkindi et al. (1996) showed signifi-

cant elevation of serum glucose concentrations in

flounder (Pleuronectes flesus) after 3 h exposure to the

crude oil and an increase of more than 50% after 48 h.

However, Pacheco and Santos (2001) did not find any

significant differences in glucose level of eel (Anguilla

anguilla) exposed to diesel oil for 3 and 4 h.

Proteins are the major constituents in the metabo-

lism of animals, and oil pollutions may be involved

in the normal working of these molecules; therefore

it is important to detect alterations in protein metabo-

lism induced by oil exposure for further information

(Reddy and Bhagyalakashmi, 1994). Alterations that

may occur are increased synthesis or breakdown of

proteins and inhibition or activation of certain

enzymes (Canli, 1996).

Hypoproteinemia results from either decreased pro-

duction or increased loss of protein. Hypoproteinemia,
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Figure 1. Serum biochemical indices of beluga after 48 h
exposure to crude diesel oil.
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Figure 2. Serum biochemical indices of beluga after 7 days
of exposure to crude diesel oil.
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as with anemia, can be masked by dehydration.

Because of the reserve capacity of the liver, hepatic

injury must be fairly severe before protein synthesis

is notably diminished. Loss of protein, both albumin

and globulin, occurs with hemorrhage and exudative

lesions. Hydration status of the animal is always an

important factor for proper interpretation of changes

in serum protein concentrations (Gad, 2007).

When an animal is under toxic stress, diversifica-

tion of energy occurs to accomplish the impending

energy demands and hence the protein level is

depleted (Neff, 1997). The depletion of total protein

content may be due to the breakdown of protein into

free amino acid under the effect of mercury chloride

at the lower exposure period (Shakoori et al., 1994).

Biochemical properties of fish are poorly understood

and there is no adequate knowledge concerning the

metabolism of reference toxicants. More knowledge

of these biochemical activities in beluga is necessary

before they can be employed as biochemical indicators

of stress due to oil pollutions. Finally, the results

obtained in this work exactly showed that the crude die-

sel oil can cause important biochemical alterations in

H. huso. At the biochemical level, there was activation.
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