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ABSTRACT

In the present study, Caspian brown trout (Salmo trutta caspius) were exposed to
environmentally subchronie concentrations of mercury chloride. The effect of this contaminant on
blood parameters was investigated. Salmo frutta caspius was exposed to 3.5, 4.8 and 10 ug L of
HgCl, waterborne for 35 days. After 35 days of exposure, Red Blood Cell (RBC) count in three
treated groups (1.3£0.02, 1.240.02 and 1.1£0.01, 10% mm?, respectively), Hemoglobin content
(9.2+0.3, 8.0240.53 and 7.1+0.4, g dL.™!, respectively), Hematocrit percentage (38.02+2.1, 39.3+2.6
and 34.1+1.8, respectively), Mean Corpuscular Volume (MCV; 25744487, 172.5£17.6 and
160.9+£15.7 um?, respectively) and Mean corpuscular Hemoglobin (MCH; 72.6+3.2, 61.7+2.5 and
59.842.4, pe, respectively) were decreased when compared to the control (RBC; 1.34£0.01, 10% mm™,
Hb; 9.6+0.2 g dL.”! Hematocrit percentage; 38.2+2.2, MCV; 268.7+41.4 um® and MCH; 73.5+2.8 pg).
The number of white blood cells (WBC; 0.73£0.08, 0.88+£0.08 and 0.93£0.09, 10* mm ) and the
Erythrocyte-Sedimentation Rate (ESR; 2.7+1.8, mm h™") increased in mercuric chloride treated fish.
Mean Corpuscular Hemoglobin Concentration (MCHC) values in treated fish (30.7+4.4, 29.6+£3.4
and 29.945.03%, respectively) were not different compared to control group (31.6+5.6%).

Key words: Salmo trutta caspius, toxicity, mercuric chloride, blood parameters

INTRODUCTION

Expansion in agricultural and industrial activity have a results in increasing heavy metals
deposition in natural water. The presence and leading heavy metals in water is more serious than
in land and regard as pollutants of environmental. The toxicity effect of heavy metal is not the
same and its effect changes according environmental condition. Beckvar ef al. (1998) noted that
when the temperature elevated, oxygen content is low, salinities in marine environments reduced
and in the presence of metals such as zine and lead, toxicity was found to be greater. Among heavy
metals, Mercury (Hg) is one of the most hazardous environmental pollutants, due to its toxicity and
its accumulation in aquatic organisms. There are several form of mercury and methyl mercury is
toxic that are used in aquaculture activity such as using fungicides, bactericides. Some fish such
as salmonids are more sensitive to mercury.

Caspian brown trout, Salmo trutta caspius, 1s the one and the vulnerable species of Caspian
Sea (Yousefian, 2010). The adults live in the Caspian Sea (10-13 ppt) but spawning occurs in
freshwater rivers (such as ‘Tonekabon-rood’, Iran); fry live in rivers for a couple of months and
then they return back to the Caspian Sea. The Caspian brown trout (Salme trutia caspius) is
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distributed in southern basin of Caspian Sea and recently their natural stocks are endangered
{(Yousefian, 2010). Therefore, Caspian brown trout were used as a model to study the impact of
mercurial products contamination as no data are available on this species and also because they
represents important species for recreational fishing in Caspian Sea. The migration of fish is
reduced to the river due to several causes such as pollution, therefore artificial reproduction 1is
practice for many of Caspian Sea fishes (Yousefian and Moeusavi, 2008; Yousefian et al., 2008). The
Caspian Sea 1s a lake and an enclosed water body that 1s fed from several freshwater rivers.
Till now several studies have been reported in different aspect related to this lake e.g.,
Biology (Maal et al., 2012; Safary ef al., 2010; Ghaemi ef al., 2008), Oceanography (Jamshidi and
Abu Bakar, 2010, 2011), plant sciences (Abkenar and Safarpour, 2007) and fishes study
{(Sadeghi et al., 2009).

Due to close condition of Caspian Sea, the fish are exposed to mercury and different heavy
metal by the surrounding water or directly from food. To test of mercury effect in this fish several
techniques and methods are suggested. Among Them hematological analyzing is a fast and cheap
techniques are used to illustrate the status of fish. Hematological changes in some fish exposed to
various toxicants have been studied in Oncorhynchus mykiss (Atamanalp et «l., 2002),
Salmo trutta farto (Atamanalp ef al., 2010), rainbow trout, Salmo gairdnert (Niimu and Lowe-
Jinde, 1984), Oreochromis aureus Allen (1994), Persian Sturgeon, Acipenser persicus
{(Khoshnood et al., 2011) and Clarias batrachus (Maheswaran et al., 2008).

The present study was undertaken to analyze the impact of sub-chronic concentrations of
mercuric chloride on haematological parameters of Caspian brown trout (Salmo trutta caspius).

MATERIAL AND METHODS

Fish stock: The experiment was carried out at the Kalardasht Salmonids Reproduction Center
(KSRC), Iran, after the spawning season of Caspian brown trout. Adult fish with 2-years-old
(n = 44), female or male Caspian brown trout (5. irufta caspius) with a mean (#SD) weight of
267+£19.68 g (total length: 35-45 em) were randomly selected and transferred to one 6 m? concrete
raceways supplied with running water, approximately 4 weeks prior to onset the experiment during
March, 2011. Fish were maintained under natural water temperature {10+0.5°C) and photoperiod.
Fish were acclimated for 2 weeks before they were used for the experiments.

Experimental design: In order to expose fish subjects to Mercury chloride, a flow through system
was used which has been described previcusly (Lahnsteiner et al., 2005a, b) (Fig. 1). Briefly, the
system consisted of four 0.5 m® tanks. The tanks were supplied with well water of 8°C, an oxygen
content of >90% saturation (pH levels and total water hardness were 7.6 and 105 mg in CaCQ,,
respectively). Mercuric chloride was added by means of an injection pump. Consequently, the
Mercuric chloride concentrations were adjusted by changing the injection rates. Well water was
supplied via a storage reservoir in a height of 1.5 m above the tanks where after the water flow was
regulated by reduction pieces (diameter reduction from 30 to 6 mm) (Fig. 1).

This set up reduced variations in well water flow rates to <2.0%. The injection pumps were
precise, having variations of <0.5%. Final mercuric chloride concentrations were calculated based
on the flow rate of uncontaminated well water and on the injection rate of mercuric chloride.

The stock of mercuric chloride, containing 3 g HgCl, (Merck) was diluted to 580 ng 1. with well
water. In the experiment estimated final mercuric chloride concentrations of 3.5, 4.8 and 10 ug L™
were used. To obtain these concentrations the well water flow through rate and the mercuric
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Fig. 1. Scheme of the flow through system used for exposure of Caspian brown trout to mercuric
chloride (HgClL,). Tanks had a volume of 0.5 m® and well water supply was adjusted by
reduction pieces which reduced the tube diameter from 30 to 6 mm. The legend 1s relevant
for tanks with final mercuric chloride concentrations of 3.5 and 4.80 pg L7
{Lahnsteiner et al., 2005a, b)

chloride injection rate were adjusted in the following way; tank 1: well water flow through rate:
2.8440.05 L min~!, Mercuric chloride injection rate: 10.00£0.02 mL min', resulting estimated
Mercurie chloride exposure level 3.5 ug L7, tank 2: well water flow through rate: 2.85+0.05 L
min ', Mercuric chleride injection rate: 24.00£0.02 mL min™", estimated mercuric chloride exposure
level: 4.8 pg L7, tank 3: well water flow through rate: 2.7240.05 L min~ ! mercuric chloride
injection rate: 52.004£0.01 mL min~}, estimated mercuric chloride exposure level: 10.0 ug L™! and
tank 4 served as control.

Before the onset of the experiment the system was calibrated for 1 week to reach equilibrium
between potential mercuric chloride adsorption on equipment and concentrations in water. In the
beginning of the experiment the system was controlled daily on well water flow rates and injection

rates.

Experiment: To determine the influence of sub-chronic concentrations of mercuric chloride on
blood parameters, 2-years Caspian brown trout were exposed to mercuric chloride during the
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experiment. Four experimental groups were formed each consisting of 11 fish. Also the fish density
(approximately 3 kg m®) was approximately similar in the four tanks. Fish groups 1-3 were exposed
to the deseribed mercurie chloride concentrations for 35 days, group 4 served as control. Fish were
fed two times per week with commercial pellet and had a natural photoperiod. At the end of 35 days
exposure, fish were taken out and their blood was subjected to hematological analysis (Aziz et al.,
1993; Santhakumar et ¢l., 1999),

The collected blood from the contrel and mercuric chloride treated fishes was obtained by
severance of caudal peduncle and collected in Eppendorf tubes containing EDTA anticoagulant
(Mghbenka et al., 2003). These treated and control blood samples were used to estimate the
haematological parameters. Approximately, £ mL venous blood was drawn from each group using
heparin as an anticoagulant and for estimation of Red Blood Cell (RBC) count and the total
White Blood Cell (WBC) (Blaxhall and Daisley, 1973). Hemoglobin (Hb) concentration
{(Soivio and Oikari, 1976) and Erythrocyte Sedimentation Rate (KESR) whereas the Mean
Corpuscular Volume (MCV), the Mean Corpuscular Hemoglobin (MCH) and the Mean Corpuscular
Hemoglobin Concentration (IMCHC) were calculated according to Reddy and Bashamohideen
(1989).

Statistics analysis: All haematological values of the S. trufta caspius are reported as meansSD.
One way analysis of variance was used to determine significant variation between the treatments
existed. Difference between means were determined and compared by multiple comparison test
{Duncan). All tests used a significance level of p<0.05. The data were analysed by SPSS 18
software.

RESULTS

The erythrocyte count of healthy controls showed a mean value of 1.3£0.01, 10° mm™3. The
fishes exposed to environment relevant concentrations of mercuric chloride showed mean+SD
values of RBC’s as 1.340.02, 1.240.02 and 1.120.01, 10° mm ® for 3.5, 4.8 and 10 pg L7! treatments,
respectively. The treatment with mercuric chloride was found to inflict a drastic reduction in the
total count of RBEC’s. The reduction was dosage dependent; as concentration of mercuric chloride
increased the RBC levels declined (Table 1), The values mentioned above showed a significant
decrease when compared to the control (p<0.05). There was no significant change in RBC’s count,
between treated group at 3 ug L' concentration of mercuric chloride and the control group
(p=>0.05).

The results of the total count of white blood cells revealed that the blood of the control fish
showed a meanSD value of 0.7£0.01, 10* mm®. The fishes exposed to environment sub-chronic
concentrations showed the mean values of WBC as 0.75+0.08, 0.86+0.06 and 0.93+0.09, 10* mm™®
for 3.5, 4.8 and 10 pg L' of mercuric chloride treatments, respectively (Table 1). The values
mentioned above showed a significant increase when compared to the control (p<0.05).

Hematoerit and MCHC percentages in treated group were not significantly change in compared
to control group (p>0.05). The values of ESR was showed a significant increase only in the treated
group at 10 pg L™ mercurie chloride concentration (p<0.05). Hematoerit values showed a significant
decrease in treated group at 10 pg L' concentration of waterborne mercury chloride (34.1+1.8%)
in compared to control group (38.2+2.2%, p<0.05).

The contrel fishes showed mean+SD value of 9.6+0.2 g dL.™" for haemoglobin. The fishes were
exposed to different concentrations of mercurie chloride showed the haemoglobin meanSD values
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Tahble 1: Changes in the hematological parameters of Caspian brown tout exposed to mercuric chloride for 35 days

Parameters Control (n=11) 35pegL 1t (n=11) 48pgLit(n=11) 1W0pgLitn=11)
RBC (10° mm™?) 1.3+0.01 1.3+£0.02N% 1.240.02*% 1.1+£0.01%*
WEBC (10* mm 9 0.740.01 0.7320.06* 0.86=0.06* 0.93+0.00*
Hematoerit (%) 38.2+2.2 38.02+2.1M5 39.3+2.648 34.1+1.8*%

ESR (mm h™) 1.8+1.7 1.9+1.6"8 1.0+1.6M8 2.7+1.8%
Hemoglobin (g dL.™) 9.6£0.2 9,240,348 8.02+£0.3% 7.1+0.4%

MCV (pm?) 268.7+41.4 257.4+£48. 7% 172.5£17.6% 160.9£15.7%*
MCH (pg) 73.5£2.8 72.6+£3.20% 51.7+2.5% £H9.6L£2. 4%
MCHC (%) 31.6+5.6 30,744 20.6+3.4M2 20650319

NS: Not Significant, *Significant (p<0.05), **Highly significant (p<0.01)

of 9.2+40.3, 8.02+0.3 and 7.1+0.4 g dL' haemoglobin at 3.5, 4.8 and 10 ug L7 treatment,
respectively (Table 1). The values for treatments showed a significant decrease when compared to
the contrel (p<0.05). There was no significant change in the haemoglobin assessment between
treated group at 3.5 ug L7 concentration of mercuric chloride and the control group (p>0.05,
Table 1).

RBC and MCV parameters in treated groups were found as very significant decrease compared
to control group (p<0.01). The values of MCV and MCH parameters showed a significant decrease
(at 4.8 and 10 ug L ! coneentration) when compared to the control (p<0.05).

DISCUSSION

Our findings showed that mercuric chloride had some effect on the hematological parameters
of Caspian brown trout. It is shown that the 10 ug L dose examined in this study also causes
important changes in the hematological properties of Caspian brown trout. There is alack of studies
regarding to researches related to hematological responses in Caspian brown trout chronically and
sub-chronically exposed to heavy metals. In the present study a series of hematological parameters
were examined in Salmo trutia caspius after exposure to in vitro doses of mercuric chloride over
a period of 35 days.

The use of immune system parameters to assess hormonal growth hormoenal effect, alterations
in fishes experiencing heavy metal expesure and interest in defense mechanisms stem from the
need to develop healthy management tools to support a rapidly growing aquaculture industry
(Yousefian and Shirzad, 2011; Jones, 2001). However other techniques such as using
supplementary feed or using inhibitory effects of some organism in preventing disease should not,
put out of our mind (Srinivasan et al., 2007, Radfar and Farhoomand, 2008; Yesillik ef ai., 2011).

The results of the present investigation show that the mercuric chloride treatment inflicted a
drastic reduction in the total count of RBC’s. The reduction was dosage dependent. Chleride
mercury exposure, decreased RBC, hematocrit and haemoglobin values of Salmeo trutta caspius in
treated group. The difference was evaluated as highly significant (p<0.01) in the statistical
analysis. Previously decline in RBC wvalues and anemia were reported in fishes such as
Salvelinus fontinalis (Maheswaran et al., 2008), Salmo gairdnert (Johansson-Sjobeck and
Larsson, 1979), Anguilla anguilla (Haux and Larsson, 1982) which were exposed to heavy metals.

The decrease in haemoglobin concentration may be is due to decrease in oxygen carrying
capacity of the treated fish by the effect of the chloride mercury. Similarly result are stated by
Atamanalp and Yanik (2003) that demonstrated a significant decrease in Hb content of O, mykiss
and reported this situation with Hb destroying or to a decrease in the rate of Hb synthesis.
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In the fish Salmo trutia caspius exposed to mercuric chloride, haemoglobin percentage
decreased significantly. This indicates that mercury caused anaemia and this may be due to a
decreased rate of production of red blood cells or an increased loss of these cells. Our finding 1s in
agreement with those statement of Gill and Epple (1992). They have attributed anemia to impair
erythropoiesis due to a direct. effect of metal on hematopoietic centers and accelerate erythroclasis
due to altered membrane permeability or increased mechanical fragility. Anyway the effect of
mercury 1n decrease in the haemoglobin concentration can be due to increase in the rate of
haemoglobin destroying or prevent its synthesis.

Mercury in blood have effect in hematology as we found in our experiment on Caspian sea trout
and also may have biochemical changes in bleod. According to Clarkson et al. (1961) about half
of the mercury in blood 1s associated with red blood cells and the remaining half forms a
complex with serum albumin by combination with sulthydryl groups. Haematocrit decreased
significantly in the mercurie chloride-treated fish when compared with the control fish. The
disturbed haemoglobin synthesis due to an effect of lead on ALA-D may also result in anemia
{(Santos and Hall, 1990).

In the present investigation, leucocyte concentrations showed greater and quite different
pattern of change with the effect of mercury when compared with the erythrocyte levels of the
control group. White blood cells play a major role in the defense mechanism of the fish and consist
of granulocytes, monocytes, lymphocytes and thrombocytes. Granuleeytes and monocytes function
as phagocytes to salvage debris from injured tissue and lymphocytes produce antibodies
{(Wedemeyer and Mecleay, 1981).

In present study, blood of all experimental groups contained higher concentrations of WBC
{leucoeytes) than those of controls. Allen (1994) observed increased WBC (leucocytes) counts in
Oreochromis aureus after mercury exposure. An increase in WBC (lymphocyte) number may
be the compensatory response of lymphoid tissues to the destruction of circulating lymphocytes
(Shah and Altindag, 2005).

In the present study, white blood cell count was observed a significant increase in the treatment
group in compared with control group and this is consistent with other previous studies
{(Santhakumar et @l., 1999),

The increase in WBC observed in the present study could be attributed to a stimulation of the
immune system in response to tissue damage caused by mercuric chloride. Brandao et al. (2009)
found a reduction in some immunological parameters (platelet, leukocyte and lymphoeyte counts)
and increase in neutrophil and monoecyte percentages were demonstrated in HgCl, exposed.

The increase in neutrophil and monocyte percentages, which represents the activity of the first
and second lines of defense against the cellular damage after mercury exposure has been reported
previcusly (Perlingerio and Queirez, 1995). According to Wedemever et al. (1990), the suppression
of the immune system increase the susceptibility to diseases in fish, a significant aspect. considering
the presence of heavy metal in natural ecosystems as a result of human activities.

Significant decrease were obhserved in MCH and MCV values are similar to other studies. MCH
was significantly decreased in C. idella after 48 h exposure to fenvalerate (Mughal ef @l., 1993).
The decreased MCH and MCV levels may he a sign of hypochromiec microcytic anemia
(Shakoori et al., 1996). In contrast to cur findings, there were increases in Hb and MCH values in
T. mossambica exposed to cadmium chloride (Aziz ef al., 1993) and C. idella exposed to sublethal
doses of mercuric chloride (Shakoori ef al., 1998) and in O. mykiss exposed to cypermethrin
{Atamanalp et al., 2002).
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RBC indices such as MCV and MCHC fell during prolonged exposure to Mercuric chloride. The
decrease in cther hematological parameters is attributable to reduced MCV (Ahmad et «l., 1995)
while Carvalho and Fernandes (2006) found no significant effects in MCHC fish, Prochilodus
serofa on copper toxicity, that are consistent with present study regarding no significant in MCHC
values.

In addition, in present study, the Erythrocyte Sedimentation Eate (KSR) showed significant,
increase in treated fish. The increase in KSR shows that fish were intoxicated by Chloride mercury.
This finding was similar to Atamanalp et af. (2002) and Kumar et al. {1999), these studies
demonstrated that the cypermethrin exposure to O. mykiss and deltamethrin exposure to
H. fosstlis, causing significant increase in KSR values of fish.

The present study showed that under experimental conditions, blood parameters were sensitive
to different aspects of heavy metals exposure. In conclusion, the major finding of present study
were indicate that the sub-acute mercury concentrations tested, may cause several changes in the
hematological parameters of treated fish, therefore, estimation of these indices, could provide a
useful indicator regarding to ecosystem pollution.

In addition, the results of the present investigation show that mercurie chloride caused
immunological impairments in Salmo frufta caspius, which suggests that the heavy metal may

weaken the immune system and may result in severe physiological problems, ultimately leading

to the death of fish.
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