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ABSTRACT

Background: In natural waters and/or aquaculture facilities, fish are often
exposed to chromium waste and demonstrate cumulative deleterious effects. To
our knowledge, there are no studies concerning the effects of trivalent Cr on C.
carpio hematology. This study presents hematological and some biochemical
parameters of common carp, Cyprinus carpio, affected by sublethal concentration
of trivalent chromium.

Methods: The fish in the experimental aquaria (three replicates each) were
exposed to a sublethal chromium chloride concentration of 2 mg L™, which was
prepared as stock solution and added depending on the volume of the aquaria to
obtain the required concentration. After a period of 28 days, parameters such as
hematocrit (Hct), hemoglobin (Hb), lymphocytes (Lym), neutrophils (Neu), total
protein (TP), albumin, immunoglobulin M (IgM), glucose, red and white blood cells
(RBC and WBC), mean corpuscular volume (MCV), mean corpuscular hemoglobin
(MCH), and mean corpuscular hemoglobin concentration (MCHC) were examined.
Results: Chromium exposure for 28 days significantly (P<0.05) reduced the
amounts of Hct, Hb, RBC, WBC, MCH, and MCHC, whereas albumin and glucose
significantly (P<0.05) increased in the examined fish as opposed to the control.
The levels of Lym, Neu, MCV, IgM, and TP were not significantly different (P>0.05)
between the Cr-exposed fish and the control.

Conclusion: Hematological indices of fish, caused by chromium toxicity to C.
carpio, can be secondary responses to toxicants, including exposure to low
concentrations of heavy metals, which reflect the launch of stress reaction in the
affected fish.
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INTRODUCTION

The contamination of fresh waters
with a wide range of heavy metals released
from domestic, industrial and other man-
made activities has become a matter of
concern over the last few decades (1-6),
which may have devastating effects on the
ecological balance of the recipient
environment and a diversity of aquatic
organisms (7,8). The heavy metal,
chromium, exists primarily in Cr (I1l) and
Cr (VI) oxidation states; the later,

hexavalent species, is considered as more
toxic in the environment due to its higher
solubility and mobility (1,9). Chromium is
a compound of biological interest,
probably having a role in glucose and lipid
metabolism as an essential nutrient (10).
Among the heavy metals, chromium is an
important  pollutant  from  industrial
effluents and induces deleterious effects on
non-target aquatic organisms resulting in
imbalance of an ecosystem (11). The toxic
effects of hexavalent chromium have been
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demonstrated on survival and physiology
of fishes (12-16), gill of roach (17),
inhibition of various metabolic processes
(18), osmoregulatory  ability  and
respiration in fish (19), and various
physiological processes of mudskipper B.
detanus (20). In addition, biochemical
profiles in fish and other aquatic organisms
under heavy metal stress serve as
important bio-indicators for monitoring of
aquatic environment (21-24).
Hematological indices are very important
parameters for the evaluation of fish
physiological status, the changes of which
depend on fish species, age, cycle of sexual
maturity of spawners, and diseases (25-27).
Previous research on the resultant carp
hematology following chromium exposure
have either examined the consequences of
mixed Cr with other heavy metals (28) or
hexavalent Cr (29). Hence, studies
concerning the effects of trivalent Cr alone
on C. carpio hematology are absent.

In natural waters and/or aquaculture
facilities, fish are often exposed to Cr
waste and demonstrate  cumulative
deleterious effects as a function of time. In
addition, both lethal and sublethal
concentrations of the metal determine the
sensitivity of individual organisms across
species (30). Thus, fish serve as an
excellent model to understand the
mechanistic aspects of metal toxicity (31).
Accordingly, the objective of this study
was to investigate the effects of sublethal
concentrations of chromium on
hematological and serum biochemical
parameters as sensitive indices for the
evaluation of fish physiology under
metallic stress in the economically
important common carp, Cyprinus carpio,
following 28 days of Cr (1) exposure.

MATERIALS AND METHODS

The common carp, Cyprinus carpio,
(11.68 +1.92 cm and 25.92+6.3 g) were
sampled from Nasr Fish Culture Pond
(Sari, Iran). Prior to toxicity testing, the
fish were acclimatized for one week under
laboratory conditions (25+1° C, 12 hours

light/12 hours dark). Water quality
parameters (TDS= 600 ppm, pH= 6.75,
EC= 1ds/m) were measured during the
experiment. During acclimation and
toxicity test, the fish were not fed. The
heavy metal chromium in the form of
chromium chloride (CrCl3.6H,0,
APLICAM) was used in the present study.

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
sublethal Cr concentration of 2 mg L
which was prepared as stock solution and
added depending on the volume of each
aquarium to obtain the required
concentration, for a period of 28 days. This
concentration was taken from our earlier
determination of Cr LCs,-96 h value for
this species (31). After the exposure period,
blood samples (1 ml) were immediately
taken from the caudal vein of 10 fish at
each aquarium using both heparinized and
non-heparinized syringes (for
hematological and biochemical analyses,
respectively) and then poured into
heparinized plastic tubes for determination
of blood factors. Red and white blood cells
(RBC and WBC) were counted by Neubar
hemocytometer using a special kit (Pars
Azmoon Co., Iran) by diluting fluid (3 g
sodium citrate, 99 ml distilled water and 1
ml formalin), counting the four corners and
the center fields. Hemoglobin (Hb) was
determined spectrophotometrically at 540
nm  absorbance  (cyanmethemoglobin
method) by the use of Pars Azmoon Kit.
Hematocrit (Hct) was determined by
standard microhematocrit method and
expressed in percentages. Erythrocyte
indices [mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin
concentration (MCHC) and mean
corpuscular ~ volume  (MCV)]  were
calculated according to the method applied
by (33). Differential leukocyte counting
was performed with blood smears stained
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with May-Grunwald/Giemsa solution. The
smears (two slides per fish) were examined
by light microscopy under oil immersion at
100 X magpnification.

In order to separate serum, the blood
samples (1 ml) simultaneously collected
from the caudal vein by a non-heparinized,
2-ml syringe were placed in 1-ml vials
treated with heparin to prevent clotting.
The samples were left to coagulate for 15—
20 min at 4 °C prior to centrifugation
(3000 rpm, 20 minutes). The fresh serum
was then subjected to biochemical
analysis. Serum biochemical analysis [total
glucose and protein (TP), albumin, and
Imunoglbin M 1gM] were determined by
the use of Pars-Azmoon Kit with a EURO
LYSER plus auto-analyzer. Comparison of
the control and experimental groups was
statistically analyzed by Student’s t-test,
and the results were taken as significant
when P < 0.05.

RESULTS

Table 1 presents hematological and
biochemical parameters in the blood of C.

carpio exposed to sub-acute concentrations
of chromium for 28 days. The amounts of
Hct, Hb, RBC, WBC, MCH, and MCHC
significantly decreased (P<0.05) (Figures 1
and 2) as a result of chronic chromium
exposure, whereas blood albumin and
glucose significantly (P< 0.05, Figures.
2&3) increased in the examined fish as
opposed to the control. No significant
differences (P> 0.05) were found between
the Cr-exposed fish and the control in the
levels of Lym, Neu, MCV, IgM, and TP
(Figures 1-3). Other blood factors, such as
monocytes, eosinophils, and myelocytes,
were not observed in the examined blood
samples.

Chronic chromium contamination
increased  glucose,  neutrophils, and
albumin concentrations over 1.56, 1.52,
and 4.4 times the control levels.
Imunoglbin M (IgM) also insignificantly
elevated approx. 2.3 times in the Cr-treated
fish with large inter-individual variations
compared to the control (Figure 3).

Table 1. Hematological and biochemical parameters in the blood of C. carpio exposed to sub-
acute concentrations of trivalent chromium for 28 days.

784

Blood parameter Chromium Control P-value
Hct (%) 24.89+1.36 32.8+2.16 P <0.05
Hb (g/dl) 5.96+.57 8.76+0.68 P <0.05
RBC (10° mm?®) 1.10+0.08 1.42+0.05 P<0.05
WBC (10°. pI) 4955.56+1542 6700+1063 P <0.05
Lym (%) 08.78+1.48 99.20+0.83 P>0.05
Neu (%) 1.22+1.48 0.80+0.83 P>0.05
MCV (fl) 198.457+15.39 230.860+8.77 P>0.05
MCH (pg) 54.34+4.74 61.7+4.63 P <0.05
MCHC (g/dl) 23.933+1.38 26.780+2.33 P <0.05
IgM (mg/dl) 151.43+55.69 66.3+2.82 P>0.05
Alb (g/dl) 1.140.0.26 0.25+0.07 P <0.05
TP (g/dl) 1.66+0.7 2.0 P>0.05
Glu (mg/dl) 188.2+10.69 120.5+16.54 P <0.05
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Hct: hematocrit; MCHC: mean cells; Hb: hemoglobin ; MCV: mean
corpuscular hemoglobin  concentration; corpuscular volume; IgM: immunoglubin
MCH: mean corpuscular haemoglobin; M; Glu: glucose; MCV: mean corpuscular
Lym: lymphocyte; Neu: neutrophyles; Alb: volume; IgM: immunoglubin M; Glu:
albumin; TP: total protein; RBC: red blood glucose; White blood cell.
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Figure 1. Blood factors of C. carpio exposed to sub-acute concentration of trivalent
chromium for 28 days. Hct: hematocrit (%); MCHC: mean corpuscular hemoglobin
concentration (%); MCH: mean corpuscular haemoglobin (pg); Lym: lymphocyte (%).
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Figure 2. Hematology and blood biochemistry of C. carpio exposed to sub-acute
concentration of trivalent chromium for 28 days. Neu: neutrophyles (%); Alb: aloumin (g/dl);
TP: total protein (g/dl); RBC: red blood cells (10° mm®); Hb: hemoglobin (g/dl).
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Figure 3. Hematology and blood biochemistry of C. carpio exposed to sub-acute
concentration of trivalent chromium for 28 days. MCV: mean corpuscular volume (fl); IgM:
immunoglubin M (mg/dl); Glu: glucose (mg/dl).
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Figure 4. White blood cell (WBC) of C. carpio exposed to sub-acute concentration of
trivalent chromium for 28 days.

DISCUSSION

The present study demonstrated that
common carp, Cyprinus carpio, exposed to
sublethal  concentration of trivalent
chromium for 28 days displayed a
significant elevation in the level of blood
glucose (i.e. hyperglycemia). Such an
observation was also reported previously in
the blood of common carp exposed to a
mixture of heavy metals including
chromium (1.2 mg L") for 32 days (28).
Similarly,Velma et al., by using hexavalent
Cr, showed increased level of serum
glucose in C. carpio following 8, 16, 24,
and 32 days (29). Hyperglycemic events
were also reported in fish and rats treated
with cadmium (34-36). Additionally,
significant hyperglycemia were detected in
catfishes, Heteropneustes fossilis and
Saccobranchus fossilis, exposed to nickel
and chromium (18, 37), Labeo rohita and
Clarias gariepinus subjected to copper (38,
39), and tilapia, Oreochromis
mossambicus, exposed to lead (40).
Increased blood glucose content as a result
of heavy metals has been attributed to
intensive glycogenolysis and the synthesis
of glucose from extra hepatic tissue
proteins and amino acids (41) as well as
the involvement of Cr in glucose
metabolism as an insulin co-factor (42).
Sublethal (60 mg L) administration of
hexavalent Cr in the freshwater fish, Colisa
fasciatus, caused hyperglycemic conditions
in blood and depleted glycogen levels in

liver compared with control groups (43).
One of the earliest studies on glucose
uptake by epithelial cells in the intestine of
rainbow trout showed a reduced rate of
glucose absorption leading to the
conclusion that chromium can alter the
glucose transport rate in epithelial cells of
the intestine (44). On the other hand, the
teleost Channa punctatus exposed to 2.6
mg L' of Cr (as in this study) for 60 days
exhibited no significant alterations in blood
glucose or muscle glycogen content but
showed hypoglycemia after 120 days of Cr
toxicity (45). It, therefore, appears that the
duration of heavy metal exposure should
also be taken into account when
extrapolating the respected consequences
observed in organisms.

The concentration of hemoglobin
decreased considerably in the blood of
common carp exposed to chromium in the
present study. Similarly, chronic exposures
of Tilapia sparrmanii and the catfish, S.
fossilis, (after 28 days) to 0.098 and 3.2 mg
L' of hexavalent Cr, respectively, led to
significant  decreases in  hemoglobin
concentrations (37, 46). Likewise, blood
hemoglobin decreased in the Indian carps,
L. rohita and Catla catla, treated by sub-
acute Cr and Cd exposures, respectively,
within 96 h and for 25 days (1, 47).
Vutukuru concluded that Hb decline
reflects the anemic state of the fish which
can be due to iron deficiency and its
consequent decreased utilization for Hb
synthesis  (1). Furthermore,  such
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hematological changes under the effect of
chromium toxicity might result in
impairment of energy requiring vital
processes, and, hence, give an idea about
the health status of the fish population
(29). The decreased hematocrit of common
carp in the current study is in line with
those found in T. sparrmanii and the
catfish, S. fossilis, chronically examined by
hexavalent Cr (37, 46). Our findings also
agree with the fact that long-term exposure
of fish to sublethal concentrations of heavy
metals usually decreases the above-
mentioned indices (48).

The reported fluctuations in these
blood indices, in addition to differences in
species and milieu, may also be attributed
to a defense reaction against toxicity
through the stimulation of erythropoiesis,
and are also indicative of the toxic effects
of Cr on both metabolic and hemopoietic
activities of C. carpio (28). On the other
hand, long-term exposure (30 days) to low
concentrations of chromium (1.9 and 2.9
mg L) increased the erythrocyte count,
hemoglobin concentration, and hematocrit
percentage in the blood of freshwater
barbus (Barbus conchonius Ham: 49) and
rainbow trout (Salmo gairdneri: 50).

The reported fluctuations in these
blood indices, in addition to differences in
species and milieu, may also be attributed
to a defense reaction against toxicity
through the stimulation of erythropoiesis,
and are also indicative of the toxic effects
of Cr on both metabolic and hemopoietic
activities of C. carpio (31). Our findings
agree with the fact that long-term exposure
of fish to sublethal concentrations of heavy
metals usually decreases such indices as
Hb and Hct (3).

The Cr-treated common carp in this
study had reduced numbers of RBC and
WBC, while discernible augmentation of
WBC and RBC numbers were observed in
the Indian carp Catla catla and common
carp subjected to Cd and Cr, respectively,
(47, 28). This is similar to Cd-contaminated
(0.5 mg dm®) C. carpio for 24 h (51),
Tinca tinca (4.5 mg of Cd dm™) during 96

h (52), and S. fossilis (3.2 mg of Cr) after
28 days (37) that displayed lowered WBC
counts. Comparable to our RBC result is
that of the Indian carp, L. rohita, exposed
to hexavalent Cr (39.4 mg L) which
revealed a significant decrease in total
erythrocyte count at the end of both 24 h
and 96 h (1). Interestingly, the tilapia, T.
sparrmanii, chronically exposed to 0.098
mg L' of Cr showed no significant
changes in RBC count (46). A decrease in
the erythrocyte count or in the percentage
of hematocrit indicates the worsening of an
organism state and its developing anaemia
(48). Increases in these indices have been
reported in the blood of various fish
species after 15 and 21 days of exposure to
10 and 2 mg L' of hexavalent chromium
(53). Possible explanation for the rise
and/or fall of blood attributes in the above
investigations and this study can be either
because of using mixed heavy metals (as in
28), or hexavalent wversus trivalent
chromium in the majority of cited
literature; the former being more toxic to
the animal due to its higher solubility and
oxidizing potential as well as easy
penetration in biological membranes (9,
54). Moreover, hexavalent Cr alters
lymphocyte functions reflecting decreased
resistance to pathogens observed in fishes
under chronic Cr challenge (30). This
study, however, found no alteration in
lymphocyte densities probably due to the
use of trivalent Cr, which has low toxicity
owing to poor membrane permeability and
noncorrosivity (54). Nonetheless, reduction
in the percentage of blood lymphocytes
was observed in O. mossambicus following
the administration of both forms of
chromium (11). Further, chromium toxicity
and accumulation in fish has been proven
to be minimal at low and high
pH/alkalinity as well as water hardness
(55), with pH/alkalinity having a
tremendous influence on determining the
bioavailability of the metal to the fish and
its associated toxic effects (30).
Accordingly, the discrepancies observed in
related literature and this study can be
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attributed to the contrasting water
acidity/alkalinity as well.

Decrease in serum total protein level
(hypoproteinemia) of common carp
detected in this 28-day investigation was
insignificant. However, significant protein
drops were recorded in C. carpio treated
with hexavalent Cr (1.01 mg dm™) for 38
days (56), Catla catla treated with sub-
acute Cd density for 25 days (47) and C.
carpio intoxicated by hexavalent Cr (0.1 of
LCs0-96 h) during 32 days (29), all of
which reflect differences in dosage,
duration, and metal species and form.
Decreases in  serum total protein
(hypoproteinemia) may be due to
destruction of protein-synthesizing
subcellular structures inhibition of hepatic
synthesis of blood protein (57), and loss of
protein from the damaged kidney (58).

The level of serum albumin in C.
carpio rose significantly as a result of Cr
contamination. Albumin is one of the most
abundant proteins present in plasma
samples containing a number of metal
binding sites so that albumin would be
exposed to the metals prior to any potential
metabolism that could take place (59). This
makes it a quantitatively important
antioxidant in blood and extracellular
fluids (60); this plasma molecule has been
shown to be the major plasma protein
target of oxidative stress under chronic
conditions (61).

After all, the observed fluctuations in
the blood factors, excluding serum protein
levels, of C. carpio imposed by sublethal
effects of Cr (lll) in the present study
corroborate the findings of Mekkawy et
al., who pointed out that sublethal effects
of chromium intoxication include altered
blood parameters such as hematocrit, and
blood glucose and albumin (62). In the
present study, MCH and MCHC
significantly decreased due to chromium
toxicity to C. carpio while MCV remained
statistically unaffected. Similarly, Kopricu
found significant decreases in MCH and
MCHC values of Oreochromis niloticus
after exposure to cadmium for 15 and 45

days (63). Similar findings were recorded
under the influence of heavy metals and
pesticide stress in different fish species
(64-66). These chemical-derived
alterations in MCV, MCH, and MCHC
have been attributed to direct or feedback
responses of structural damage to RBC
membranes resulting in hemolysis and
impairment in  hemoglobin  synthesis,
stress-related release of RBCs from the
spleen, and hypoxia (67, 68).The
concentration of immunoglobulin M (IgM)
in the serum of C. carpio in this study was
not statistically different between the Cr-
treated and control groups, however, the
fish exposed to chromium displayed large
variations in IgM levels. IgM is the first
antibody to appear in response to initial
exposure to antigen that reappears after
further exposure (69). Several fish species
were surveyed for IgM and some also
demonstrated  considerable individual
variations in serum IgM levels amongst
fish. This may be related to size/age (70-
72), the environmental conditions (73, 74),
or the disease status (75).

Overall, chromium toxicity to
aquatic biota is significantly influenced by
abiotic variables, such as water hardness,
pH, and metal form, and biological factors
such as species, life stage, and potential
differences in sensitivities of local
populations. Our findings mostly agree
with the general report that the toxic
mechanism of action differs for hexavalent
versus trivalent chromium (54). Besides,
sensitivity to chromium varies widely,
even among closely related species.
Moreover, freshwater fish can regulate
chromium over a wide range of ambient
concentrations. It has even been stated that
freshwater fish seem to be relatively
tolerant of chromium. Adverse effects of
chromium on sensitive species have been
documented at 30.0 ug L™ of trivalent Cr
in freshwater (76).

CONCLUSION

Water born metals may alter the
physiological and biochemical parameters
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in fish blood and tissues. The reaction and
survival of aquatic animals depend not
only on the biological state of the animals
but also on the toxicity, type, and time of
exposure to the toxicant  (77).
Hematological indices of fish, as emanated
from chromium toxicity to C. carpio, can
be secondary responses to irritants,
including exposure to low concentrations
of heavy metals that mostly induce
fluctuations in these parameters reflecting
the launch of stress reaction in the affected
fish. These findings can play an important
role in monitoring fish health and risk
assessment during periods of fluctuating
levels of pollutants in both natural and
farm environments.
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