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Abstract

L. rohita, the common freshwater cyprinid in Pakistan, is currently living in such habitats that are contaminated with
heavy metals. Copper and lead metals are considered as the strong aquatic pollutants in this area. The aim of the study
was to determine 96h LCsq values of copper sulphate [CuSO,4.5H,0] and lead nitrate [Pb(NOs),] for L. rohita and also to
demonstrate the effects of their acute concentrations on hematology and serum biochemistry of the candidate fish. The
96h LCsx, values for [CuSO4.5H,0] and [Pb(NOs),] were found to be 3.15 mg/L and 6.80 mg/L respectively. Based on
LCs, values, the experiments were conducted for 96h at acute concentrations of [CuSO,4.5H,0] and [Pb(NO3),] and data
revealed a significant decrease (P<0.01) in RBC count, Hb, WBC count, and PCV. In contrast, a significant increase
(P<0.01) in mean corpuscular hemoglobin concentration (MCHC) values was observed for treated groups indicating the
signs of anemia. Among biochemical indices, the significantly higher values (P<0.01) for plasma NH;, LDH, TRIG,
CHOL, LDL, VLDL, UA, CPK, and BRN were observed in experimental groups compared with the control. In contrast,
lower value of AP, UR, HDL and ALB were observed in treated groups compared with control. The study revealed that
copper sulphate and lead nitrate are toxic agents for L. rohita. The study also apprehends the fish consumers as a diet
towards the similar hematological and biochemical consequences with the consumption of such metal accumulated fish

meat.
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Introduction

The most common cause of water pollution in developing
countries is domestic and industrial waste that is directly
released into streams or ponds without treatment. These
wastes mostly contain various types of pollutants such as
heavy metals, radioactive substances, pesticides,
herbicides and corrosive substances like acids and bases
(Mhadhbi et al., 2012). However in Pakistan, another
prominent source of aquatic pollution is agriculture
industry; where growers use pesticides to manage pests.
These pesticides contain various heavy metals such as
copper, lead, nickel, chromium, cadmium, zinc and
manganese as active ingredients (Samanta et al., 2005).
Among these heavy metals, the copper and lead, being
stable and persistent, are ubiquitous environmental
pollutants and are recognized as strong toxic metals to
living organisms, including fish and man. These pollutants
in aquatic environment can pose adverse effects on
growth, physiology, reproduction and survival risk of
aquatic organisms especially on fish (Malik et al., 2010).

Fish is the diverse class of aquatic animals (Hoar and
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Randall, 2001). Fish is an appropriate species among
aquatic animals to act as a biological indicator of water
pollution (Sudagar and Hajibeglou, 2010). Many
ecological and physiological factors are known to affect
fish hematology (Oshode et al., 2008). As in veterinary
medicine, the hematological, biochemical and serum
parameters of fish are used as an index to appraise
physiological responses and to identify structural and
functional prestige of vigor during stress conditions in a
number of fish species; including the influence of toxicity
on ionic regulation and gill Na’/K* - ATPase activity of
teleost fish etc. can be used to monitor stress instigated by
pollutants (Suvetha et al., 2010). These hematological
indices are expedient to afford evidence analogous to that
given by human blood variables. It is studied by a number
of researchers that piscine RBCs, however, are more
sensitive to stressors and often demonstrate variation in
morphology and negative efficiency as far as oxygen
carriage is concerned (Rowan, 2007).

Stress is an energy-arduous metabolic process and the
fish have to try to mobilize energy substrates to handle
with the stress state (Vijayan et al., 1996 a). Thus,
hematological indices such as RBCs count, PCV and Hb
concentration have been used as signs for weighing fish
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health (De Pedro et al., 2005). Thus, hematology unlocks
the door for a number of investigators of worldwide to
emphasize their attention in studying the variables,
upsetting the living organisms including both fish and
human being. Therefore, the hematological variables in
fish are considered as useful biosensors for aquatic
pollution. Recent studies have suggested that any type of
alteration in fish blood cell characteristics (number, shape,
components, etc.) as well as in plasma enzymes profile
could be diagnostic indicators of environmental stress
(Llorente et al., 2002). Although the perturbation induced
by [CuS0,.5H,0] and [Pb(NO3),] in fish blood parameters
is well documented, but the variability of the reported
results are largely dependent on the intensity of pollution,
fish species, age, sex and water quality characteristics.
Therefore, hematological studies have been frequently
used as biosensor veritable tools of evaluating the state
health of fish in ichthyologic research (Palacious and
Risbourg, 2006). Joshi et al. (2002) suggested that heavy
metal exposure is the root cause of diminution of the
RBCs, Hb and PCV due to reduced intestinal captivation
of iron. The elevations in the levels of serum uric acid of
fish exposed to metals or any pollutant is the reflection of
reduced renal function or kidney damage (Okonkwo and
Ejike, 2011).

In Pakistan, copper (Cu*?) levels in fresh water bodies
such as rivers, streams, ponds etc range between 0.07 to
5.14 mg/L while that of lead (Pb*?) ranges from 1.12 to
5.65 mg/L which are significantly greater than the
scientifically accepted (<1.0 mg/L) level (Nergis et al.,
2009).

L. rohita, the common freshwater cyprinid, is chiefly
cultivated in rivers, ponds, lakes etc for public
consumption as a rich protein source in Pakistan. At
present, the natural habitats of this fish are declining
because of pollution with heavy metals. Based on current
status of our natural aquatic environments and the frequent
use of pesticides and their penetrating impacts on these
environments, the present study was conducted to sort out
the after effects of the dissolved elements in water bodies
on the fish. The trials in the experiments were conducted
to investigate 96h LCs, values of [CuSO,4.5H,0] and that
of [Pb(NOs3),], the active ingredients of most pesticides
frequently used by growers, with emphasis to investigate
the effect of acute concentrations of [CuSQO,.5H,0],
[Pb(NO3),] and their mixture on hematology and plasma
biochemistry of economically important freshwater
cyprinid fish, (L. rohita). To the best of our knowledge, it
is the first study in Pakistan pertaining to hematological
and biochemical consequences in L. rohita due to heavy
metal toxicity.

Materials and Methods

Experimental animals

Juveniles of L. rohita, of both sex, with total body length
ranging between 7.6-11.7 cm and body weight between

5.15-11.40 g were used.

LCs, determination
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To determine the 96h LCs values, 15 juveniles of L.
rohita were exposed to each of the seven concentrations
{0.5, 1.0, 1.5, 2.0, 3.0, 5.0, 7.0 mg/L of [CuSO,.5H,0]}.
In another experiment, 15 juveniles were exposed to one
of the seven concentrations {1.5, 3.0, 4.5, 6.0, 9.0, 12.0,
18.0 mg/L of [Pb(NO),]}. The fish mortality was
recorded after 24, 48, 72, 96, 120, 144 and 168 hours. The
96h LCs, values for [CuSO,.5H,0] and [Pb(NOs),] and
their 95% confidence limit was determined using probit
analysis (Latif, et al., 2013). The control mortality was
corrected using Abbott (1925) formula, where necessary.
The 96h LCg value of [CuSO,4.5H,0] for L. rohita was
found to be 3.15 mg/L and for [Pb(NO3),] it was 6.80
mg/L.

Experimental design

Four groups of fish juveniles, 19 individuals in each
group, in four separate well aerated concrete tanks were
exposed for 96h. i). Control group (C), exposed to toxicant
free lab water, ii). Experimental Group 1 (EG-1), exposed
to 3.15 mg/L of [CuSO,4.5H,0], iii). Experimental Group 2
(EG-2), exposed to 6.80 mg/L of [Pb(NOs),] and iv).
Experimental Group 3 (EG-3), exposed to 1.575 mg/L of
[CuSO45H,0] + 3.40 mg/L of [Pb(NOj),]. The
physicochemical characteristics of the laboratory were:
Capacity of each tank = 300 L; temperature= 25.0£1.0°C,
pH= 6.5-6.8. All experiments were carried out in triplicate
in semi-static systems with renewal of water after every
12h interval, with the regular addition of fresh solution of
toxicant with same concentration to sustain the nominal
concentrations of [CuSO4.5H,0] and [Pb(NOs),]. Cares
were taken during handling of fish to avoid stress.
Temperature, pH and oxygen concentration of water were
maintained throughout the experiments as previously
described by Latif, et al., (2013). Blood samples for
hematological and biochemical tests were collected from
both the experimental and control fish juveniles that
survived the 96h toxicant exposure period, following the
international criteria for aquatic life protocol used by
Ololade and Oginni, (2010); Rey Vazquez and Guerrero,
(2007). All the experimental procedures and fish handling
protocols were approved by Ethical Committee of Zoology
Department, Institute of Pure and Applied Biology,
Bahauddin Zakariya University, Multan, Pakistan.

Blood sample collection and measurement of
hematological indices

At the end of each experimental period, the fish was
anesthetized by wusing tricaine methanesulfonate as
anesthetics and 1-2 ml of blood sample was collected from
the v. caudalis using heparinized syringe (Heparin inj.)
from both experimentally treated fish and control group.
0.5 ml of the blood sample was directly used to measure
the hematological parameters while the remaining volume
of the blood sample was preserved in vials containing
400ul of 05M EDTA for the determination of
biochemical indices. The hematocrit (PVC) was
determined using the microhematocrit method of Snieszko
(1960), while the hemoglobin (Hb) was measured using
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Table 1 Hematological profile of L. rohita in EG-1, EG-2 and EG-3, when compared with the control

(©) EG-1 EG-2 EG-3

(N=19) (Cu treated) (Pb treated) (Cu+ Ph treated)
Parameters (Mean + S.D). (N=19) (N=19) (N=19)

(Mean £ S.D). (Mean + S.D). (Mean £S.D).

RBC Count(x10° pl™) 1.220+0.0184 1.1795+0.0181% 1.1874+0.0156° 1.0184+0.0248°
Hemoglobin (g/dl) 4.473+0.331 4.142+0.2082 4.204+0.2432 4.023+0.430°
PCV (%) 13.416+0.993 12.432+0.6312 12.626+0.723°2 12.06+1.292
MCV/(FI) 109.96+8.40 105.14+6.14° 106.04+6.28"° 118.5+13.30%
MCH(Pg) 36.65+2.80 35.05+2.05° 35.35+2.09° 39.50+4.432
MCHC(g/dI) 26.69+2.62 29.92+2.92° 30.52+5.382 32.40+7.82°
WBC Count  (x10%pl™)  8.19+1.06 6.79+1.043% 7.52+1.13° 6.50+1.972

The hematological values are expressed as the mean + S.E. Superscript “a” statistically highly significantly different (a = 0.001) from control according

to Duncan’s New Multiple Range Test. Superscript “b” indicates non-significant (b = 0.05)

Table 2 Serum biochemical profile L. rohita in EG-1, EG-2 and EG-3, when compared with the control

(©) EG-1 EG-2 EG-3
Parameters (N=19) (Cu treated) (Pb treated) (Cu+ Pb treated)
(Mean + S.D). (N=19) (N=19) (N=19)

(Mean £ S.D). (Mean £ S.D). (Mean £ S.D).
Triglycerides (mg/dl) 57.77+2.78 67.27+3.74° 62.39+5.24 70.97+4.032
Cholesterol  (mg/dl) 106.02+5.35 125.02+6.16° 112.16+7.93 139.1+18.20°
H.D.L(mg/dl) 21.63+1.94 16.17+1.772 18.34+1.98°2 14.15+1.90°
L.D.L(mg/dl) 56.92+3.25 76.41+4.76% 64.75+4.412 89.0+12.30%
V.L.D.L(mg/dl) 11.553+0.557 13.455+0.7482 12.48+1.05° 14.194+0.807 2
LACT(ug/dl) 1.522+0.0821 1.744+0.382° 1.843+0.401° 1.858+0.426°
AST(U/L) 33.09+1.83 35.23+3.40"° 36.56+4.31° 39.26+6.66°
ALT(U/L) 32.40+1.89 36.66+4.82° 34.09+3.85° 38.39+8.25°
L.D.H(U/L) 59.54+2.38 83.04+7.53% 70.30+14.70° 97.80+17.00°
GGT(U/L) 15.076+0.969 17.49+1.24% 16.00+2.88°" 19.48+1.51°
ALP(U/L) 3.569+0.307 3.921+0.502° 4.387+0.829° 4.262+0.613%
Glucose(mg/dl) 7.363+0.578 8.47+1.70° 8.81+1.95° 9.81+2.62%
TP(g/dI) 4.406+0.242 3.928+0.338° 3.973+0.549 3.485+0.406 °
ALB(g/dl) 1.345+0.131 1.002+0.133° 1.152+0.169° 0.9958+0.0997 ¢
GLOB(g/dI) 3.066+0.405 2.927+0.547° 2.824+0.490° 2.886+0.271°
Acid Phosphatase  (U/L) 1.2637+0.073 1.227+0.168° 1.1184+0.050° 1.094+0.124°
Uric Acid(mg/dl) 0.843+0.125 1.298+0.210°2 1.162+0.218°2 1.561+0.2442
CPK(U/L) 102.96+1.70 107.45+6.12° 108.90+7.29"° 156.20+29.00°
Bilirubin(mg/dl) 0.1110+0.0098 0.1754+0.0145° 0.1665+0.0101° 0.1826+0.0283 ¢

The serum biochemical values are expressed as the mean + S.E. Superscript “a” statistically highly significantly different (a = 0.001) from control
according to Duncan’s New Multiple Range Test. Superscript “b” indicates non-significant (b = 0.05)

Table 3 Serum gas and ion profile of L. rohita in EG-1, EG-2 and EG-3, when compared with the control

©) EG-1 EG-2 EG-3
Parameters (N=19) (Cu treated) (Pb treated) (Cu+ Pb treated)

(Mean * S.D). (N=19) (N=19) (N=19)

(Mean £ S.D). (Mean + S.D). (Mean £ S.D).

Sodium (m.mol/l) 1.668+0.187 1.488+0.147° 1.523+0.150° 1.285+0.130°
Potassium  (m.mol/l) 1.429+0.166 1.234+0.160° 1.255+0.166 1.008+0.137°2
Ca**(m.mol/l) 2.353+0.271 1.864+0.193° 1.976+0.171° 1.587+0.225°2
Mg*2 (m.mol/l) 1.291+0.111 1.413+0.187 1.451+0.159° 1.547+0.251°2
pH 7.368+0.155 6.646+0.749° 6.849+0.248° 6.759+0.204 2
Ammonia (m.mol/l) 707.04+5.30 852.00+11.50° 799.4481.5% 875.4+83.8%
PO, mm Hg 58.49+2.72 47.63+2.97° 52.34+1.63% 46.34+1.82°
0O, Sat (%) 95.21+1.84 89.84+2.14% 91.89+2.02% 89.52+6.97°
PCO,(mm Hg) 25.12+1.34 33.24+2.70% 32.01+2.56% 40.26+4.31°

The serum gas and ion values are expressed as the mean + S.E. Superscript “a” statistically highly significantly different (a = 0.001) from control
according to Duncan’s New Multiple Range Test. Superscript “b” indicates non-significant (b = 0.05)
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Hb test kit where it was converted into red
cyanomethemoglobin under the effect of potassium
ferricyanide and potassium cyanide, following the protocol
used by Ahmed Hamid et al., (2013). RBC count was
carried out using haemocytometers and WBC counts were
measured using light microscope with an improved
Neubauer hemocytometer, following the protocol used by
Shah and Altindag, (2005). The other derived
hematological indices such as mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH) and mean
corpuscular hemoglobin concentration (MCHC) were
calculated using standard formulae as described by
Blaxhall and Daisny (1973).

Determination of serum biochemical parameters

For blood biochemistry, the blood samples were subjected
to centrifuge at a rate of 10,000 rpm for 5-8 minutes in
TG20-WS Tabletop High Speed Laboratory Centrifuge
Machine, serum was separated out and the various
metabolites, ions, gases and enzymes were analyzed from
the serum. Serum biochemical indices which were
analyzed by using Hitachi 902 automatic analyzer (Japan)
are glucose (GLU), Cholesterol (Chol), total protein (TP),
albumin (ALB), total globulins (GLOB), PO,, PCO,, O,
saturation , triglycerides (TRG), high density lipoprotein
(HDL), low density lipoprotein (LDL), very low density
lipoprotein (VLDL), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), lactate dehydrogenase
(LDH), creatine kinase (CK), creatine phosphokinase
(CPK), alkaline phosphatase (ALP), lactate (LACT),
gamma glutamyltransferase (GGT), acid phosphatase, uric
acid, bilirubin (BRN), sodium (Na*), potassium (K),
calcium (Ca®") and magnesium (Mg?*) (Kengkoom et al.
2012). The test was performed as stated in service manual
for model 902 automatic analyzer Hitachi, Ltd. 1997.

Statistical analysis

All the data are expressed as mean and standard error of
mean. The statistical package, Minitab-14 was used for the
data analysis. The statistical differences were determined
by using one way analysis of variance (ANOVA) and the
level of significance was set at P<0.05, following the
statistical protocol, introduced by Zar (1996).

Results
Hematological profile

In exposed fish, RBC count, hemoglobin, PCV and WBC
counts decreased significantly (P<0.01) for EG-1, EG-2
and EG-3, compared to control (Table 1). MCV and MCH
for EG-1 and EG-2 were not different to control, but for
EG-3, these were least significantly higher than control
(Table 1). Maximum variations in hematological profile
were observed for EG-3, where L. rohita was exposed to
0.1575 mg/L of [CuS0O,;5H,0] and 0.340 mg/L of
[PB(NOs),].

Serum biochemical profile
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Among lipid profile indices in exposed fish, the plasma
ammonia, TRIG, Cholesterol, LDL, VLDL, uric acid,
CPK and bilirubin showed significant higher values
(P<0.01) for EG-1, EG-2 and EG-3 compared with control
(Table 2 & 3). Liver function and health parameters such
as glucose, AST, ALT, LDH, GGT, except GLOB were
significantly higher (P<0.01) for EG-1 and EG-3 than
control (Table 2). Marked two folds increase was observed
for LDH levels for EG-1, EG-2 and EG-3 compared with
control. In contrast, acid phosphatase was the only enzyme
showed significantly lower values (P<0.01) for EG-2 and
EG-3, but was not significantly different for EG-1
compared with the control (Table 2).

Serum pH, arterial blood gases and ionic profile

Serum pH values were decreased for EG-1, EG-2 and EG-
3 compared with the control (Table 3). The concentrations
of Na* were not significantly different for EG-2 than the
control. However the sample for EG-1 and EG-3 showed a
significant decrease in Na® levels than the control.
Similarly, the concentrations of K* were significantly
lower (P<0.01) for EG-1, EG-2 and EG-3 than the control
(Table 3). The samples for EG-1, EG-2 and EG-3 showed
significant  increase in the concentrations  of
Mg*2compared with control (Table 3). In contrast to Mg*?,
the concentrations of Ca™ were significantly lower
(P<0.01) for EG-1, EG-2 and EG-3 than the control (Table
3). A decrease in oxygen saturation (%) and PO, in serum
but an increase in CO, concentration was observed for
EG-1, EG-2 and EG-3 compared with the control (Table
3).

Discussion

Fish is the heterogeneous group of aquatic animals. Since
the fish are ectothermic aquatic vertebrates, having
economic values as natural resources of proteins and other
fish  product(s), their physiologic, pathologic and
toxicologic studies are emerging fields at the present days.
Such fields pertaining to fish physiology, pathology and
toxicology are further worth attention due to the
significance of fish in human nutrition, as people of almost
every nation agree to include fish in their normal diet as a
rich source of quality protein (Saksena, 1999). It is
informed that important elements responsible for normal
physiology of animals and their intact structure of various
organs for physiological life sustaining processes are
hematopieotic tissue, hematological parameters, blood
serum biochemistry, lipid profile and circulating blood
(Davis, 1997). The toxic substances cause fluctuations in
hematological parameters, either by enhancing their
number or concentration by promoting their biosynthetic
activities or their fall in number or concentration by
suppressing their biosynthetic sites (Scott and Sloman,
2004). In clinical and veterinary medical sciences, the
hematological parameters are considered as good health
indicators of animals as well as for environment (Schuett
et al., 1997). The quality and quantity of blood cells
(RBCs and WBCs), which are prime important blood
parameters are used in evaluating the health of the
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animals. Any type of fluctuation in these parameters is the
reflection of stress, caused by some contaminant in the
environment (Tierney et al., 2004). Sahan et al., (2007)
gave preference to hematological parameters to evaluate
the effect of water pollution stress in fish. The study
showed that [CuS0O4.5H,0] and [Pb(NOs),] significantly
caused alterations in hematological and biochemical
parameters in L. rohita. In view of the results the
[CuSO,.5H,0] and [Pb(NOs3),] were included in the lists
of compounds strongly toxic to fish. In our study, for L.
rohita 96h LCs, values for [CuSO,.5H,0] was found to be
3.15 mg/L and for [Pb(NO3),] 6.50 mg/L. These values
showed nonconformity with 96h LCsq values of 0.56 mg/L
for [CuS0O,.5H,0] and 27.2 mg/L for [Pb(NOs),] for L.
rohita stated by Adhikari (2003) and Abdullah et al.,
(2007) respectively. Several aspects including composition
of toxicant, experimental situations and sex or age of fish
may affect the sensitivity of fish to heavy metal exposure.
The exposure of L. rohita to acute concentrations of
[CuSO,.5H,0] and [Pb(NOs),] and their combination
caused a significant decrease (P<0.01) in RBCs count for
EG-1, EG-2 and EG-3, that is the sign of hemolysis,
leading to anemic situation for exposed groups. The
another concrete evidence of anemic situation for exposed
groups was the decrease in PCV, hemoglobin and a
decrease in TP, all these signs of prevalence of anemia
were also observed for EG-1, EG-2 and EG-3. The
decrease in RBCs count may perhaps be from the
inhibition of DNA synthesis in red blood cell production,
or impaired intestinal absorption of iron or possible
disruption of hematopoiesis and hypoxia, induced by
exposure to the selected toxicants (Shah, 2006). Similar
diminutions in RBCs count have been stated by Musa and
Omoregie, (1999) when the fish was exposed to polluted
environment under laboratory conditions. Thus, the
significant decrease in these hematological parameters is
an obvious clue of prevalence of severe anemia induced by
exposure of the experimental fish to copper and lead in the
water, as reported by Maheswaran et al., (2008). These
alterations were attributed to direct or feedback responses
of structural damage to RBC membranes, blood cell injury
resulting in  hemolysis, as is evident from
hypercholesterolemia in treated groups of fish, because
cholesterol, the prime important component of almost all
types of eukaryotic cell membrane, indicating impairment
in cholesterol contribution in RBC membrane maintaining
structural integrity, thus resulting in hemoglobinemia and
hemoglobinuria. The decrease of RBC count may be due
to hypocalcemia, as calcium is the main regulator of
permeability of cell membrane to water and inorganic
ions. Its low levels causes hemolysis due to endosmosis of
water, causing severe anemia (Saiki et al., 1995). The
results of hypocalcemia in the present study match with
the data presented by other authors (Tulasi et al., 1990). In
the study, the MCV values showed an induction for EG-3
compared with control, but the increase for EG-1 and EG-
2 is non-significant, indicating the incidence of
macrocytosis, consequently anemia for EG-3, where fish
was administered in combination of copper and lead
metals. Increase in MCH values for EG-3 in the study was
another concrete evidence of anemia for EG-3. Increased
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MCHC values (hyperchromia) were observed for exposed
groups. Such conditions were found where the hemoglobin
is abnormally concentrated inside the red blood cells.
These alterations were attributed to direct or feedback
responses of structural damage to RBC membranes, blood
cell injury resulting in hemolysis (Gross, 1997), as is
evident from hypercholesterolemia.

The changes in WBC count can be manifest with the
form of leucocytosis, as lymphopenia and heterophilia are
common characteristic responses of the animals under
stress (Joshi, 2002). Since fish in contrast to mammals
have no lymph nodes and their bones are without
medullary cavity, hematopoietic tissue is limited to the
stroma of the spleen and the interstitium of their kidney.
To a lesser extent hematopoietic tissue is also confined to
periportal areas of the liver, the intestinal submucosa and
the specialized lymphoid organ, the thymus (Mumford et
al., 2007). In the leukocyte series, WBCs count were
found to exhibit a highly significant decrease (P<0.01) for
EG-1 and EG-3, compared to control except for EG-2,
where the decrease in WBC count was non-significant.
The significant decrease of neutrophils, thrombocytes and
lymphocytes count for EG-1 and EG-3 may be due to
increased concentration of toxicants in various tissues of
fish (Ololade and Oginni, 2010). It is reported that when
the animals are in stress the cortisol secretion is induced
resulting in shortening the life expectancy of lymphocytes
and induce their apoptosis (Verburg et al., 1999) and
inhibit their proliferation (Espelid et al., 1996). The
observed reduction in WBC count for toxicant exposed
groups agrees with the reports that fish is in stress and the
release of cortisol during stress causes a decrease of
leukocyte count, which shows the weakening of the
immune system (Olanike et al., 2008). These changes in
WBC count could be manifest with the form of
leucocytosis, as lymphopenia and heterophilia are
common characteristic responses of the animals under
stress (Joshi et al., 2002). This indicated a low
concentration of these cell types and increased MCV
values (P<0.01) for EG-3, an indication of immunity loss
in toxicant exposed fish and the values of leucocytes found
in the study were in agreement with the data reported by
others (Velisek et al., 2009), but our results showed
contradiction to those of Velisek et al., (2009), where an
increase in leukocytes was observed in trout exposed by
[CuSO,4.5H,0]. In our data, the decrease in serum ALB
was also observed, further a supportive indication of
depressive immune response caused by metal toxicity for
treated groups of fish. AST and ALT are bio-sensitive
indicators of liver damage or injury from different types of
diseases (Vinodhini and Muthuswamy, 2008). The results
for EG-1 and EG-3 indicate an induction of both
transaminases (ALT and AST), suggesting amplified
transamination processes due to amino acid input into the
TCA cycle in order to cope with the energy crisis during
heavy metals based stress (Satyaparameshwar et al.,
2006). As the fish gill epithelium is the primary site for
exchange of respiratory gases (Evans et al., 2005). The
results of any abnormality in plasma levels of CO, and O,
in fish is a clue of either in damage of gills or hemoglobin
abnormality. In the study, an elevation in CO, and a
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depression in PO, and O, saturation (%) were observed for
EG-1, EG-2 and EG-3. These results could be correlated
with the levels of hemoglobin, as the hemoglobin levels
were found to have decreased values for EG-1, EG-2 and
EG-3 compared with the control.

Conclusions

The study suggested that the hematological and
biochemical indices of L. rohita are target parameters for
[CuS0,.5H,0] and [Pb(NO3),]. This data verifies that the
vicissitudes in hematological and biochemical indices may
be used as sensitive biomarkers for animal health
evaluation, especially in regions that are naturally affected
by heavy metals, causing stress in fish on exposure to
elevated levels in the water. Exposure of L. rohita and
other allied fish species to higher concentrations of copper
and lead demonstrated a toxic poisoning. The study may
also conclude that higher fish mortality is expected under a
stationary bioassay method. The fish mortality at massive
level is almost an observable situation in most of the
aquatic environments particularly during drought when
there is no or little flow of the river system, because of an
increased concentrations of these metals. Secondly, the
bioaccumulation of these metals in edible parts of fish i.e
muscles is reported by a various authors (Khadiga et al.,
2002). The consumption of fish as a diet from such metal
polluted areas is directly toxic threat to human blood
characteristics. Thus sincere attentions should be devoted
to minimize the risk of copper and lead pollution in the
ambient environment to save living organism including
human population from adverse effects of these pollutants.

Conflict of interest
Authors declared no conflict of interest with any one.
Acknowledgement

The authors are grateful to Higher Education Commission
(HEC) of Pakistan for providing research grant for this
study under Indigenous PhD Scholarship Scheme.

References

Abbott, M.S. (1925). A method of computing effectiveness of an
insecticide. J. Econ. Entomol., 18: 265-267.

Abdullah, S., Javed, M. and Zavid, A. (2007). Studies on sub
lethal concentrations toxicity of metals to the fish (Labeo
rohita). Int. J. Agri. Bio., 9: 333-337.

Adhikari, S. 2003. Effect of calcium and magnesium hardness on
sub lethal concentrations copper toxicity to Indian major carp,
Labeo rohita (Hamilton) and catfish, Channapunctatus
(Bloch). Aquacul. Res., 34: 975-980.

Ahmed Hamid, S.H., Mohamed Ahmed, F.A., Adam
Mohammed, I. M. and Mohamed Ali, S.1. (2013). Physical &
Chemical Characteristics of Blood of two Fish Species
(Oreochromis niloticus and Clarias lazera). World's Vet. J.,
3(1): 17-20.

Ali, M., Igbal, R., Rana, S.A., Athar, M. and Igbal, F. (2006).
Effect of feed cycling on specific growth rate, body
composition, condition factor and RNA/DNA ratio of
Labeorohita. Afr. J. Biotechnol., 5(17): 1551-1556.

Evaluation of Toxic Stress of Copper Sulphate and Lead Nitrate on Hematological and Serum Biochemical..

Blaxhall, P.C. and Daisley.,, KW. (1973). Routine
haematological methods for used with fish blood. J. Fish Biol.,
5:771-781.

Davis, J.R.E. (1997). Molecular and cell biology. In:Mechanisms
of Disease, Tomlinson S, Heagerty AM, Weetman AP (eds).
Cambridge University Press, Cambridge, UK, 13-62.

De Pedro, N., Guijarro, A.E., Lopez-Patino, M.A., Marinez-
Alvarez, R. and Delgado, M. (2005). Daily and seasonal
variation in haematological and blood biochemical parameters
in tench Tinca tinca. Aquaculture Res 36:85-96.

Espelid, S., Lokken, G.B., Steiro, K. and Bogwald, J. (1996).
Effects of cortisol and stress on the immune system in Atlantic
Salmon Salmo salar L. Fish and Shellfish Immunol., 6: 95-
110.

Evans, D.H., Piermarini, P.M. and Choe, K.P. (2005). The
Multifunctional Fish Gill: DominantSite of Gas Exchange,
Osmoregulation, Acid-Base Regulation, and Excrection of
Nitrogenous Waste. Physiol. Rev., 85: 97-177.

Gross, S.B., Pfitzer, E.T., Yeager, D.W. and Kehoe, R.A. (1975).
Lead in human tissues. Toxicol. Appl. Pharmacol., 32: 638.
Hoar, W.S. and Randall, D.J. (2001). Fish physiology. Academic

Press New York, pp 101-187.

Joshi, P.K, Bose, M. and Harish, D. (2002). Hematological
changes in the blood of Clariasbattrachus exposed to mercuric
chloride. J. Ecotoxicol. Environ. Monit., 12: 119-122.

Kengkoom, K., Chaimongkolnukul, K., Cherdyu, S., Inpunkaew,
R. and Ampawong, S. (2012). Acute and sub-chronic oral
toxicity studies of the extracts from herbs in Phikud Navakot.
Afr. J. Biotechnol., 11(48): 10903-10911.

Khadiga, G.A., Sherifa, S.H., Hama, M.l. and Ramadan, A.S.
(2002). Impaired function in Nile tilapia, Oreochromis
niloticus from polluted waters. Acta. Hydroch. Hydrob., 29:
278-288.

Latif, A., Ali, M., Sayyed, A.H., Igbal, F, Usman, K, Rauf, M.
and Kaoser, R. (2013). Effect of copper sulphate and lead
nitrate, administered alone or in combination, on the histology
of liver and kidney of Labeo rohita. Pakistan J. Zool., vol.
45(4): pp. 913-920.

Llorente, M.T., Martos, A. and Castano, A. (2002). Detection of
cytogenetic alterations and blood cell changes in natural
populations of carp. Ecotoxicol., 11: 27-34.

Maheswaran, R., Devapanl, A., Muralidharan, S., Velmurugan,
B. and Ignaeimuthu, S. (2008). Haematological studies of
fresh water fish, Clarias batradrus (L) exposed to mercuric
chloride. 1J1B., 2(1): 49-54.

Malik, N., Biswas, A.K., Qureshi, T.A., Borana, K. and Virha, R.
(2010). Bioaccumulation of heavy metals in fish tissues of a
freshwater lake of Bhopal. Environ. Monitor. Assess., 160:
267-267.

Mhadhbi, L., Palanca, A., Gharred, T. and Boumaiza, M. (2012).
Bioaccumulation of Metals in Tissues of SoleaVulgaris from
the outer Coast and Ria de Vigo, NE Atlantic (Spain). Int. J.
Environ. Res. Publ. Health., 6: 19-24.

Mumford, S., Heidel, J., Smith, C., Morrison, J., MacConnell, B.
and Blazer, V. (2007). “Fish Histo Histopatholo,” USFWS-
NCTC., 243-248.

Musa, S. and Omoregie, E. (1999). Haematological changes in
mudfish, Clarias gariepinus (Burchell) exposed to malachite
green. J. Aquat. Sci., 14: 32 - 37.

Nergis, Y., Sharif, M., Akhtar, N.A. and Hussain, A. (2009).
Quality Characterization and Magnitude of Pollution
Implication in Textile Mills Effluents. J. Quality Technol.
Manag., 5(11): 27-40.

Okonkwo, F. O. and Ejike, C. E. C. C. (2011). Simulation of
heavy metal contamination of fresh water bodies: toxic effects
in the catfish and its amelioration with co-contamination with
glyphosate. J. Appl. Sci. Environ. Management., 15 (2): 341 —
345.

371 | International Journal of Current Engineering and Technology, Vol.4, No.1 (Feb 2014)



Abdul Latif et al

Olanike, K., Funmilola, A., Olufemi, B. and Olajide, O. (2008).
Sub lethal concentrations toxicity and blood profile of adult
Clariasgariepinus exposed to lead nitrate. Int. J. Hematol., 4:
2-10.

Ololade, I.A. and Oginni, O. (2010). Toxic stress and
hematological effects of nickel on African catfish,
Clariasgariepinus, fingerlings. J. Environl. Chem. Ecotoxicol.,
(2): 14-19.

Oshode, O.A., Bakare, A.A., Adeogun, A.O., Efuntoye, M.O.
and Sowunmi, A.A. (2008). Ecotoxicological assessment using
Clarias gariepius and microbial characterization of leachate
from municipal solid waste landfill. Int. J. Environ. Res., 2(4):
391-400.

Palacious, S.P. and Risbourg, S.B. (2006). Hepatocyte nuclear
structure and sub cellular distribution of copper in zebra fish
Brachydaniorerioand  roach  Rutilusrutiluss  (Teleostei,
Cyprinidae) exposed to copper sulphate. Aquat. Toxicol.,
77(3): 306-313.

Rey Vazquez, G. and Guerrero, G.A. (2007). Characterization of
blood cells and hematological parameters in Cichlasoma
dimerus (Teleostei, Perciformes). Tissue and Cell, 39: 151
160.

Sahan, A., Altun, T., Cevik, F., Cengizler, I., Nevsat, E. and
Genc, E. (2007). Comparative Study of some Hematological
Parameters in European Eel (Anguilla anguilla L., 1758)
Caught from Different Regions of Ceyhan River (Adana,
Turkey). E.U. J. Fisher. Aquat. Sci., 24: 167-171.

Saiki, M.K., Castleberry, D.T., May, T.W., Martin, B.A. and
Bullard, F.N. (1995). Copper, Cadmium, and Zinc
Concentrations in Aquatic Food-Chains from the Upper
Sacramento River (California) and Selected Tributaries. Arch.
Environ. Contam. Toxicol., 29: 484-491.

Saksena, D.K. (1999). Biomonitoring of Pb, Ni, Cr, Hg with the
help of bryophytes in Nainital. In: Proceeding of National
Conference on Bryology, (Ed: V. Nath, Bishen Singh Mahenra
Pal Singh), 159-176.

Samanta, S., Mitra, K., Chandra, K., Saha, K., Bandopadhyaya,
S. and Ghosh, A. (2005). Heavy metals in water of the Rivers
Hoogley and Haldi and their impact on fish. J. Environ. Biol.,
26(3): 517-523.

Satyaparameshwar, K., Reddy, T.R. and Kumar, N.V. (2006).
Effect of chromium on protein metabolism of freshwater
mussel, Lamellidensmarginalis. J. Environ. Biol., 27: 401-403.

Schuett, D.A., Lehmann, J., Goerlich, R. and Hamers, R. (1997).
Hematology of swordtail, Xiphiphorus helleri. 1: Blood
parameters and light microscopy of blood cells. J
Appl Ichthyol., 13(2): 83-89.

Evaluation of Toxic Stress of Copper Sulphate and Lead Nitrate on Hematological and Serum Biochemical..

Scott, G.R. and Sloman,
environmental pollutants on
integrative behavioural and physiological
toxicity. Aquat. Toxicol., 68: 369-392.

Shah, S.L. and Altindg, A. (2005). Alterations in the
immunological parameters of tench (Tinca tinca L) after acute
and chronic exposure of lethal and sublethal mercury,
chromium and lead. Turk. J. Vet. Anim. Sci., 29: 1163-1168.

Shah, SL. (2006). Hematological parameters in Tincatincaafter
short term exposure to lead. J. Appl. Toxicol., 26: 223-266.

Snieszko, S.F. (1960). Microhaematocrit as a tool in fishery
research and management. U. S. Wildl. Serv. Sci. Rep. Fish.,
314: 15- 23.

Sudagar, M. and Hajibeglou, A. (2010). Effect of plant extract
supplemented diets on immunity and resistance to
Aeromonashydrophilain common carp (Cyprinuscarpio). Agri.
J. 5(2): 119-127.

Suvetha, L., Ramesh, M. and Saravana, M. (2010) Influence of
cypermethrin toxicity on ionic regulation and gill Na+/K+ -
ATPase activity of a freshwater teleost fish Cyprinus carpio.
Environ. Toxicol. Pharmacol., 29:44-49,

Tierney, K.B., Farrell, APP. and Kennedy, C.J. (2004). The
differential leucocyte landscape of four teleosts: Juvenile
Oncorhynchus Kisutch,Clupea pallasi, culaea inconstans and
Pimephales promelas. J. Fish Biol., 65: 906-919.

Tulasi, S.J., Yasmeen, R. and Ramana Rao, J.V. (1990). lonic
balance in the hemolymph of the freshwater carp;
Barytelphusaguerini exposed to sublethal concentrations of
lead acetate and lead nitrate. J. Environ. Biol., 11: 163-168.

Velisek, J., Svobodova, Z. and Piackova, V. (2009). Effects of
sub lethal concentrations exposure to bifenthrin on some
hematological, biochemical and histopathological parameters
of rainbow trout (Oncorhynchusmykiss). Vet. Medi., 54 (3):
131-137.

Verburg, B.M., Van Kemenade, B., Nowak, M., Engelsma, T.
and Wyets, F.A. (1999). Differential effects of cortisol on
apoptosis and proliferation of carp B lymphocytes from head
kidney, spleen and blood. Fish and Shellfish Immunol., 3: 405-
415,

Vijayan, M.M., Mommsen, T. P., Glémet, H. C. and MOON, T.
W. (1996). Metabolic effects of cortisol treatment in a marine
teleost, the sea raven. J. Exp. Biol., 199: 1509-1514.

Vinodhini, R. and Muthuswamy, N. (2008). Effect of heavy
metals induced toxicity on metabolic biomarkers in common
carp, Cyprinus carpio. Maejo. Int. J. Sci. Technol., 2: 192-200.

Zar, J.H. (2006). Biostatistical Analysis. 3" Edition. Englewood
Cliffs. New Jersey, Prentice Hall.

K.A. (2004). The effects of
complex fish behaviour:
indicators of

372 | International Journal of Current Engineering and Technology, Vol.4, No.1 (Feb 2014)


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&sqi=2&ved=0CDUQFjAA&url=http%3A%2F%2Fwww.springer.com%2Fenvironment%2Fenvironmental%2Btoxicology%2Fjournal%2F244&ei=I9tbUbHjIKeb1AXumYGIBQ&usg=AFQjCNHAlLRaPQK5REv2sIFhmwSTUrjogA&sig2=4cRCkBfWpFwqfr4_4g7WmA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&sqi=2&ved=0CDUQFjAA&url=http%3A%2F%2Fwww.springer.com%2Fenvironment%2Fenvironmental%2Btoxicology%2Fjournal%2F244&ei=I9tbUbHjIKeb1AXumYGIBQ&usg=AFQjCNHAlLRaPQK5REv2sIFhmwSTUrjogA&sig2=4cRCkBfWpFwqfr4_4g7WmA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&ved=0CDsQFjAB&url=http%3A%2F%2Fjournalseek.net%2Fcgi-bin%2Fjournalseek%2Fjournalsearch.cgi%3Ffield%3Dissn%26query%3D0175-8659&ei=F9lbUf6nI-Wc0AWL6ICYDQ&usg=AFQjCNGBISJPwfdeJlatvS7NkbIYRPuCRw&sig2=w9jkl3yGG2hsFWTy1LL1TA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&ved=0CDsQFjAB&url=http%3A%2F%2Fjournalseek.net%2Fcgi-bin%2Fjournalseek%2Fjournalsearch.cgi%3Ffield%3Dissn%26query%3D0175-8659&ei=F9lbUf6nI-Wc0AWL6ICYDQ&usg=AFQjCNGBISJPwfdeJlatvS7NkbIYRPuCRw&sig2=w9jkl3yGG2hsFWTy1LL1TA

