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ABSTRACT
Chromium (Cr) deposits naturally in the earth’s crust and can be detected predominately in all
environmental media, however enormous amounts of chromium releases from combustion of coal, metal
industries, oil, cement works and waste incineration. The present study aimed to determine the detrimental
effects of chromium on blood biochemical parameters of aqua biota with reference to Cyprinus Carpio. After 30
days of chromium administration, significant increased the levels of glucose, neutrophils, and albumin
concentrations were observed respectively when compared with their respective controls. Immunoglobin M
(IgM) also significantly elevated approximately 25.833 % in Cr-treated fish with large inter-individual variations
when compared with the control. The findings of the present study will play a vital role in risk assessment and
to monitor the health of aqua biota during exposure to fluctuating levels of environmental pollutants in farm
and natural environments.
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INTRODUCTION
Over the last few decades, the smudging of invigorating fresh water with heavy metals has become a
matter of concern, due to their dissemination mainly through fabricated activities of human beings, industrial,
and domestic activities [1,2,3,4,5,6], which leads overwhelmed alterations on the ecological balance of
surrounding environment and aquatic diversity [7,8]. Chromium, the heavy metal, primarily exists in oxidative
states of Cr (III) and Cr (VI), hexavalent state is considered as more toxic in the environment due to its higher
solubility and mobility [1, 9].
Chromium is a biologically important essential nutrient, due its important role in metabolic pathways
of lipid and glucose [10]. Among the heavy metals, chromium is a deleterious pollutant from industrial effluents
and induces an aquatic ecosystem imbalance [11]. Hexavalent chromium has demonstrative alterations on
physiology and survival of aquatic animals with special reference to fishes [12, 13, 14, 15, 16], gill of roach [17],
obstructs the metabolic pathways [18], preventive osmoregulatory ability and suffocation in fish [19], and
enormous physiological processes of mudskipper B. detanus [20].

Furthermore, metal induced alterations in biochemical profiles in aquatic organisms specially in fresh
water fish serve as important bio-indicators to determine and monitor the aquatic ecosystem [21,22,23,24].
Haematological indices influence significantly on age, sexual maturity process, diseases in fresh water fish [25,
26, 27]. Few reports have been published on vulnerability of chromium and with consequences of mixed
chromium with other heavy metals on haematological parameters [28] and hexavalent Cr [29].
Despite of all the above research, still there is a lacuna on haematological alterations of trivalent and
hexa valent chromium alone on C. carpio. Fresh water fish habitually exposed to heavy metals specially with
chromium. This phenomenal lethal and sub lethal exposure leads to deleterious alterations determine the
susceptibility of aquatic organisms [30]. Consequently, to comprehend the possible pathways of detrimental
alterations of heavy metals [31]
Appropriately, this study was aimed to investigate the deleterious alterations of chromium on
haematological parameters and to determine the serum biochemical parameters as vulnerable indices in
common carp under Cr (VI) exposure over a period of 30 days.
MATERIALS AND METHODS
Procurement and Maintenance of Fish
Cyprinus carpio was brought from fisheries department Ongkharak, Nakhon Nayok, Thailand. Similarly,
fingerlings are immediately transported in big l0 liters fish containers to the laboratory, each with ten fish. Then
they were released in large cement tanks with sufficient dechlorinated tap water. A clear time of one week was
allowed for the fish to acclimatize themselves to the laboratory conditions before they were used for the present
study. The fish was fed with rice bran and ground nut oil cake in 1:1 ratio according to standard measurement.
The temperature was maintained at27oc + 2oc and fishes were exposed to natural photoperiod. The fishes were
starved for one day before being for experiment. Then the fish were separated into the batch of having the size
6 + l gm weight 7cm length. They were maintained in static water without any flow. Water was renewed every
day to provide fresh water rich in oxygen. During experimentation water was aerated once a day to prevent
hypoxic conditions, if any.
As the level of toxicity is reported to vary with the interference of various extrinsic and intrinsic factors
like temperature, salinity, pH, hardness of water, exposure period, density of the animals, size, sex. Precautions
were taken throughout this investigation to control all these factors as for as possible. As a part of it water from
the same source has been used for maintenance of the fish. The water has pH 7.0 + 0.1 and total hardness 100
+ 5 mg/l CaCo3. Chlorinity and dissolved oxygen were maintained within the range 0.08 + 0.003% and 5.8 + 0.4
mg/l respectively. The size of animals selected also maintained strictly throughout the investigation
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Exposure to Chromium
Fish were divided into two groups, with the first group serving as control and the other as experimental
group each with three replicates located at glass aquaria (average volume 100 L). The fish in the experimental
aquaria were exposed to a sub lethal Cr concentration of 1/7th of LC50, which was prepared as stock solution and
added depending on the volume of each aquarium to obtain the required concentration, for a period of 30 days.
Collection of blood samples
31st day of experiment, blood samples were collected from the caudal vein [32] of randomly selected
control and experimental fish. Blood samples immersed in 0.5 mg/L MS 222 (3-aminobenzoic acid ethyl ester;
Sigma) for 1-2 minutes. Then approximately 4 mL of blood was collected by using sterile syringe from each
common carp. About 2 mL of the blood was decanted gently with the help of syringe into a prepared test tube
containing dipotassium salt of ethylene diamine tetra acetic acid (EDTA; Sigma). The final concentration makeup
to 1.0 to 2.0 mg EDTA/mL of blood, followed by gentle mixing to ensure the complete mixing of blood and EDTA.
Finally, blood samples were centrifuged at 3500 rpm for 20 minutes to obtain the plasma to determine the
biochemical analysis.
ANALYSIS OF BIOCHEMICAL AND HAEMATOLOGICAL PARAMETERS
Haematological and biochemical parameters were analysed by using commercially available kits.
Measured variables included red blood cell (RBC) count, white blood cell (WBC) count, haemoglobin (Hb) and
packed cell volume (PCV) by [33]. Mean corpuscular volume (MCV) was measured by [32]. Glucose by [34], total
proteins by [35].
The experimental data was tabulated and statistically evaluated by ANOVA with the help of SPSS version
22.0 package.
RESULTS
The findings were tabulated of the present study tabulated in table 1. It represents haematological and
biochemical parameters of C. carpio after administration to chromium for 28 days. Significantly increased levels
of Thiobarbituric Acid Reactive Substances (TBARS) were found in chromium treated groups. The levels of
Haematocrit (Hct), Red Blood Cells (RBC), Haemoglobin (Hb), White Blood Cells (WBC), the Mean Corpuscular
Haemoglobin (MCH), and the Mean Corpuscular Haemoglobin Concentration (MCHC) were significantly declined
(P<0.0001) as a result of chronic chromium administration, whereas blood albumin (Alb) and glucose (Glu) levels
increased statistically significant (P< 0.0001) when compared with the control group. The levels of Lymphocytes
were not significantly altered in the experimental groups, but the levels altered in accountable ranges (P> 0.660).
Neutrophils (Neu) counts were elevated significantly. The femtoliter levels of Mean Corpuscular Volume (MCV)
in Cr-treated fishes were found significantly declined. The declined levels of Immuno Globulin M (IgM), and Total
Protein (TP) were found in experimental fishes.
Chronic chromium induced contamination significantly increased the levels of glucose, neutrophils, and
albumin concentrations respectively when compared with their respective controls. Immunoglobin M (IgM) also
significantly elevated approximately 25.833 % in Cr-treated fish with large inter-individual variations when
compared with the control. Other blood factors, such as eosinophils, monocytes, and myelocytes, were not
detected in the examined blood samples of control and experimental groups respectively.
DISCUSSION
The present investigation corroborated that the chromium induced deleterious alterations on
haematological indices of common carp, Cyprinus carpio and a significant hyper glycaemia condition was
elevated in accordance with the previous reports on the blood parameters of common carp underneath to a
mixture of heavy metals including chromium (1.2 mg L−1) for 32 days [28]. Some homogenous significant
deleterious alterations in Hct, Hb, RBC, WBC, MCH, and MCHC, were observed respectively, whereas glucose
and albumin significantly (P<0.05) inflation in experimental fish when compared with their respective controls.
The altitudes of Neu, Lym, IgM, MCV, and TP were not altered significantly [36].
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Similarly, Velma reported the increased altitudes of serum glucose in C. carpio [29] and in rats treated with
cadmium [37, 38]. Additionally, in cat fishes Saccobranchus fossilis Heteropneustes fossilis significant
hyperglycaemic conditions were reported after exposed to chromium [39, 40], Labeo rohita and Clarias
gariepinus subjected to copper [41, 42], and tilapia, Oreochromis mossambicus, exposed to lead [43].
Elevated levels of blood glucose content due to heavy metals has been attributed to intensive
glycogenolysis and the synthesis of glucose from extra hepatic tissue proteins and amino acids [44], Cr influences
the glucose metabolism as an insulin co-factor [39]. Sub lethal (60 mg L−1) exposure of Cr (hexavalent) glycogen
levels in the freshwater fish, Colisa fasciatus, due to hyperglycaemia. Glycogen levels were depleted liver
compared with their respective control groups [45]. Early 1980’s investigations have been reported on uptake
of glucose by intestinal epithelial cells in trout and reported that the depletion in rate of glucose absorption.
Clichéd that heavy metals and chromium can alter the transportation rate of glucose in intestinal epithelial cells
[46].
On contrary, no significant alterations of blood glucose and muscular glycogen deposition have been
reported in Channa punctatus but hypoglycaemia was reported after 120 days of Cr exposure [47]. Therefore, it
appears that when explicating the consequences of metals the duration of heavy metal exposure also need be
taken into account. In the present investigation, a significant depletion of haemoglobin in common carp.
Similarly, twenty-eight days of chronic chromium exposures of Tilapia sparrmanii and S. fossilis, led to significant
depletion in concentration of haemoglobin [40]. Similarly, blood haemoglobin depletion reported in the Indian
carps, L. rohita and Catla, exposed to chromium for 25 days [1, 48].
Vutukuru extrapolated that Hb depletion reflects the anaemic state of the fish which can be due to iron
deficiency and leads to Hb decreased utilization for Hb synthesis [1]. haematological alterations after exposure
to chromium deleterious repercation might result in impairment of energy in metabolic vital processes, to
determine the health status of the fish population [29].
In the current study found that haematocrit depletion in common carp in accordance with those found
in S. fossilis, T. sparrmanii and the catfish, chronically determined by Cr (VI) [40, 49]. Findings of the current
study also coincide with the fact that depletion in haematocrit levels on chromium long-term exposure of fish
to various concentrations [50]. The fluctuations in blood parameters are attribute differences in milieu and
species, or defense reaction against toxicity through the stimulation of erythropoiesis. This indicates the
deleterious alterations of Cr on both haemopoietic activities and metabolic and of C. carpio [49,42]. On the
contrary, the thirty-day’s exposure to sub lethal concentrations of hexa chromium enhanced the erythrocyte
count, haemoglobin concentration, and haematocrit percentage in the blood of barbus (Barbus conchonius Ham:
49) and rainbow trout (Salmo gairdneri: 50).
Findings of this study are similar in fresh water fish exposed to chromium long-term at sub lethal
concentrations leads depletion in Haemoglobin and Haematocrit levels respectively [3]. The Chromium induced
common carp in current study had depletion in RBC and WBC counts, while discernible augmentation of RBC
and WBC counts were determined in the Indian carp Catla and carp administered to mixture of Cd and Cr,
respectively, [8, 28]. This is similar to 24 hours Cd-induced detrimental effects in C. carpio, Tinca during 96 h
(NRCC, 1976), and S. fossilis (3.2 mg of Cr) after 28 days [40], reported that depletion in WBC counts.
Commensurate to the current study on RBC counts are similar to that of the Indian carp, L. rohita, administered
to hexavalent Cr (39.4 mg L−1) which revealed a significant depletion in erythrocyte count at the end of both 24
h and 96 h [1].
Interestingly, the tilapia, T. sparrmanii, showed insignificant changes in RBC count after chronically
exposed to 0.098 mg L−1 of Cr (Remyla SR, 2008). Depleted counts of erythrocytes or haematocrit indicates the
exacerbate the state of organism and leads to anaemia [50]. Elevated levels of these indices have been reported
in the blood of fresh water fish species after fifteen and twenty-one days of administration to 10 and 2 mg L−1
of hexavalent chromium [49]. In accordance with above cited literature, the elevated or depleted levels of blood
attributes can be either mixture of heavy metals or chromium as [29], or trivalent versus hexavalent chromium.
Mammalians are more vulnerable to expose chromium toxicity when compared with other animals due to its
oxidizing potentiality, higher solubility and ease of perforation in biological membranes [51].
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Moreover, hexavalent Chromium alters functions of lymphocytes, it reflects declined resistance to
pathogens observed in fishes [30]. This study, however, found insignificant alteration in densities of lymphocyte,
probably due to the less toxicity of chromium or owing to poor noncorrosivity and membrane permeability [51].
Nonetheless, the administration of trivalent and hexavalent chromium induced reduction in blood lymphocytes
in O. mossambicus [11].
Further, accumulation of chromium and its toxicity minimal at low and high pH or its alkalinity as well
as hardness of water [52]. Alkalinity and pH of water will have an enormous impact on determining the metal
bioavailability in fish and its associated toxic effects [30]. The discrepancies observed in related literature and
this study can be attributed to the contrasting water acidity or alkalinity. Declined, but insignificant levels of
serum total protein (hypoproteinaemia) was observed in common carp after 28-days of chromium
administration. However, significant decline in protein levels were recorded in C. carpio after the 38 days of
hexavalent Cr administration (1.01 mg dm−3) [53], Catla catla treated with subacute Cd density for 25 days [48]
and C. carpio intoxicated by hexavalent Cr (0.1 of LC50-96 h) over period of 32 days [29], all of which indicates
the impact of chromium depends on levels of dosage, duration of administration, and form of metals.
Destruction of synthesis of protein and inhibition of hepatic leads to depletion in serum total protein
(hypoproteinaemia) [54], similarly, architectural damage of kidney leads loss of protein [55]. A significant decline
level of serum albumin found in C. carpio after administration of chromium. Albumin is an abundant protein
exists in plasma comprises enormous metal binding sites. Hence, prior to take place any potential metabolism
albumin would be exposed to the metals [56]. Due to this phenomenal characteristic of albumin became an
important quantitative antioxidant in extracellular fluids as well as blood [57]. Under chronic exposure to heavy
metals plasma proteins has been shown to be the major targets due to the oxidative stress [58].
Beyond, the witnessed alterations in blood parameters demonstrated that the sub lethal effects
imposed by the chromium in C. carpio. The results of the current investigation corroborate with the findings of
Mekkawy, who reported the sub lethal impacts of chromium intoxication including alterations in haematology,
such as haematocrit, blood glucose levels and albumin [59]. In the present study, MCH and MCHC significantly
depleted due to chromium intoxication in C. carpio where as MCV remained statistically unaffected.
Similarly, Koprucu found significant depletions in MCH and MCHC values of Oreochromis niloticus after
cadmium administration over a period of 15 and 45 days [60]. Similar findings were reported on heavy metals
and pesticide stress in various fish species [61, 62, 63]. Alterations in MCV, MCH, and MCHC indicates that the
direct or feedback response leads to structural damage to membranes of RBC. These alterations impose
haemolysis and impairment in synthesis of haemoglobin, hypoxia and oxidative stress to RBCs from the spleen
[64, 65].
In present study, the immunoglobulin M (IgM) concentration in the serum of C. carpio not significantly
altered when compared with the control groups, however, the experimental fish exposed to chromium showed
declined levels of IgM. When an organism exposed to an endocrine disruptor, IgM responds immediately and
produces the antibody against to that antigen further it memorises the antigen [66]. Considerable variation in
serum IgM of fishes demonstrated the deleterious effects of heavy metals depends on age and size of the fish
[67, 68, 69], similarly, environmental conditions [70, 71], or somehow the disease status [72].
Overall, deleterious effects of chromium to aquatic biota is eloquently influenced by abiotic variables,
such as hardness of water, pH, metal form, and as well as biological factors such as species, life stage, and
potential differences in susceptibilities of local populations. Findings of the current study mostly in accordance
with the mechanism of toxic action differs for trivalent chromium versus hexavalent [51]. Besides, chromium
susceptibility varies widely, even closely amid species. Moreover, in ambient chromium concentrations
freshwater fish can regulate the chromium intoxication, which means relatively tolerant to chromium.
Adverse effects trivalent chromium has been documented in fish and considered as sensitive species.
Chromium induced toxicity on haematological parameters can be due to secondary immune response of fish
towards the toxicants [36].
Environmental pollutants and water born metals may alter the biochemical and physiological
parameters in fish. The response and survival of aquatic biota depends biological status of aquatic biota, type of
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toxicant, duration of exposure, nature of toxicity of the toxicant. Chromium toxicity emanated due to secondary
response towards endocrine disruptors and irritants. Heavy metals induced fluctuations on blood parameters
reflecting the oxidative stress in experimental fish. The findings of the present study will play a vital role in risk
assessment and to monitor the health of aqua biota during exposure to fluctuating levels of environmental
pollutants in farm and natural environments.
Table: 1. Effect of chromium on activity levels of Blood biochemical parameters in fish
Parameter
TBARS

Control
10.11± 0.97

Experimental
14.41**±0.19

PCV (%)

42.70±0.28

30.62**±1.71

RBC (103 x mm3)

1.32±0.15

1.11**± 0.10

WBC
106/ µl
Neutrophil count %

7279.75±556.17

5199.875**±276.03

0.8075±0.013

1.51**±0.0318

Lymphocyte count %

102.037±4.402

103.237ns±3.064

Hb
g/dl
HCT
%
MCV
Fl
MCH
Pg
MCHC
g/dl
TP
g/dl
IgM
mg/dl
Alb
g/dl
Glu
mg/dl

9.05±1.287

6.272**±0.10

34.085±0.815

21.6125±0.679

242.125±0.991

196.875±2.031

64.375±1.061

53.25±1.282

28.625±2.060

21.875±1.356

1.97±0239

1.66±0.025

66.75±1.282

155.05±3.295

0.2826±0.021

1.109±0.066

111.75±11.055

194.375±2.134

Anova T-test
T= 17.441
P < 0.0001
T= 25.210
P< 0.0001
T= 32.032
P< 0.0001
T= 9.105
P< 0.0001
T=41.040
P< 0.0001
T=0.448
P=0.660
T=6.378
P<0.0001
T=57.071
P< 0.0001
T=52.879
P<0.0001
T=18.914
P<0.0001
T=7.726
P<0.0001
T=3.875
P<0.0001
T=67.8
P<0.0001
T=13.46
P<0.0001
T=20.003
P<0.0001

Values are mean ± S.D. of 14 animals.
Values in the parentheses are percent increase from control. Values are significantly different from control at *
p<0.05; ** p<0.0001.
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