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Abstract

The haematological parameters (HB, PCV, RBC and WBC) of 108 juveniles of Clarias albopunctatus
exposed to sublethal concentration of chromium (0, 1.0 and 3.0 pg/l chromium) in a static renewal
bioassay system for 15 days were studied. The erythrocyte count increased from 1.5940.6 to 2.2510.61
and 2.80 £ 0.15 in the group exposed to 1.0 and 3.0 ug/ICr, respectively on day 15. The leucocyte count
increased from 72.89£2.6 (control) t0120.12 + 1.3 and 205.0£1.76 in the fish exposed to 1.0 and 3.0 ug/iCr
respectively at the end of the study. The haemoglobin concentration also increased from 7.3 £ 0.71to 8.5
+0.61 and 12.5 + 0.44 g/dl in the fish treated with 1.0 and 3.0 ug/l Cr, respectively. When compared with
the control, the haematological parameters increased significantly (P < 0.05) in the fish treated with
chromium. These haemotological parameters also differed (P < 0.05) the treatment groups. Both 1.0 and

3.0 mg/l Cr caused decreased mean corpuscular vo
haemoglobin concentration (MCHC) after 15 days

lume (MCV) and increased mean corpuscular

of exposure to Chromium.

Keywords: Chromium, Clarias, Erythropoiesis, Leucocytosis, Stress.

Introduction

There is a growing awareness of the critical role,
which changes in the blood parameters of fish could
play in the assessment of the pollution status in
aquatic environment. This is predicated on the fact
that blood parameters respond rapidly to changes in
water quality. Voslyliene (1999) noted that changes
in the haematological parameters are useful tools in
the 'assessment of the physiological status of fish.
Therefore, changes in the naematological profiles of
fish have been correlated with changes in the water
quality due to pesticides (Van Vuren, 1986;
Santhakumar et. al., 1999; Mgbenka et al 2003,)
and heavy metals (Himy et al 1980; El-Domiaty
1087: Allen, 1993; 1994;Nussey et al., 1995,
Annuue and Ahuma 1998; Oluah, 2001).

Reports on the effect of chromium on the
haematological characteristics of fish are varied,
depending on the ionic species, dosage, and
exposure time and fish species. Increased
haematological parameters (haemoglobin, packed
cell volume, erythrocyte count) were reported in
rainbow trout chronically exposed to 1.9 and 2.9
ug/l hexavalent chromium (Van der Putte et al.,
1982) and in Barbus conchonius (Gill & Pant, 1987).
According to Scobodova et al (1994) cited by
Voslyliene (1999), the blood cells of carp were
unaffected when exposed to potassium dichromate.

The purpose of this study is to investigate
the effect of chromium (ill) oxide on the
naematological parameters of the catfish Clarias
albopunctatus.

Materials and Methods

One hundred and eight (108) healthy juvenile
Clarias albopunctatus (98.6x88g) were obtained
from Anambra River and transported to our
laboratory where the fish was acclimatized for three
weeks before the commencement of the study.

During the period of acclimatization and the
experiment, the fish was fed ad libitum on 30%
crude protein diet. The fish were randomly divided
into three replicate groups of 36 fish per group.
Each group was further subdivided into three
triplicate groups of 12 fish per triplicate. The fish in
groups 1 and 2 were treated with 1.0 and 3.0 ug/!
chromium, as chromium (ill) oxide, respectively.
The third group was exposed to tap water as the
control experiment. The water and the chromium
salt were changed daily in a static renewal bioassay
system. The alkalinity and free carbon dioxide
values of the tap water used in the study were 27.8
mg/l CaCOs and 3.0 mg/l, respectively. The
hardness and the dissolved oxygen concentrations
of the water were 32.8 mg/ CaCOs; and 6.4 mg/l,
respectively. The pH of the water determined using
pH meter (Kent Industriai Measurements, model
7020 was 7.2. The water was continuously aerated
to maintain the dissolved oxygen level at above 7.2
mg/l throughout the study.

Every five days, blood from 2 fishes from
each triplicate experiment was obtained by the
severance of the caudal peduncle. The bloods from
the triplicate experiments were pooled before
analyses. The haematological parameters were
determined by the method of Blaxhall and Daisley
(1973). The erythrocyte and white blood cell counts
were determined using the microscopic neubauer
haemocytometer. The morphological ‘indices were
calculated based on the method Tort and Torries
(1988). :
The result was analyzed statistically using -
the student’s t-test (Fisher, 1989) and the test of
significance was at 0.5% level.

Results and Discussion
The effect of chromium on the haemoglobin

concentration of Clarias albopunctatus is shown in
Fig 1.
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Fig. 1: The effect of sublethal
concentrations of chromium on
the haemoglobin content of C.
albopunctatus (values = mean =
sd of 3 determinations)
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Fig. 2: Changes in the
haematocrit -~ values of C.
albopunctatus  exposed to
sublethal chromium (values
=mean * sd of 3 determinations)

The  haemoglobin  concentration increased
significantly (P < 0.05) from the pre-treatment value
of 7.3+ 0.71 g/di t0 8.0 £ 0.16 and 12.5 + 44 g/dl on
the 15" day in the groups exposed to 1.0 and 3.0
ng/l chromium, respectively.  The haemolgobin
concentration in the control group did not vary
throughout the duration of the study. There was
significant (P<0.05) difference in the haemoglobin
concentration of the fish exposed to the both
concentrations ‘of chromium. The haemoglobin
concentrations in the treated groups increased with
increasing  chromium  concentration and _ with
duration of exposure. )

Fig. 2 shows the effect of chromium on the
packed cell volume (PCV) of C. albopunctatus. The
PCV increased from the pre — treatment value of
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Fig. 3: The effect of sublethal
concentration of chromium on
the erythrocyte counts in C.
albopunctatus (values =mean =
sd of 3 determinations)
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Fig. 4: The effect of sublethal
concentration of chromium on
the leucocyte counts in C.
albopunctatus (values =mean =
sd of 3 determinations)

21.0 to 23 and 26 in the groups exposed to 1.0 and
3.0 pg/ Cr, respectively. The PCV differed
significantly in the treatment groups. The PCV
values increased with concentration and duration of
exposure. '

The effect of chromium on the erythrocyte
count of C. albopunctatus is shown in Fig. 3. The
erythrocyte increased from the pre-treatment value

© 0f 1.5940.60 to 2.2510.61 and 2.85+0.15 on the 15"

day in the groups exposed to 1.0 and 3.0 ug/l Cr,
respectively. The erythrocyte count increased
progressively throughout the duration of the study
and with concentration of the chromium.

Fig. 4 show the effect of chromium on the total
leucocyte count in C. albopunctatus. The leucocyte
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count increased from 72.89 + 2.06 before the
treatment t0120.12 +1.30 and 205.0 +1.76 on the
15" day in the groups exposed to 1.0 and 3.0 pg/
Cr, respectively. Similarly, the leucocyte count in
the treatment groups differed (P < 0.05). The
leucocyte count increased  with  increasing
chromium concentrations and with duration of the
exposure. Generally, the haemoglobin
concentrations and PCV in the treated groups were
significantly higher (P<0.05) than the control. Also,
the erythrocyte and leucocyte counts in the fish
exposed to sub-lethal concentrations of chromium
were significantly different (P <0.05) and higher
than the control (P < 0.05). The mean corpuscular
volume {MCV) decreased from 144.65 (control) to
95.04 + 1.16 and 90.91 £ 1.04 in the fish exposed to
1.0 and 3.0 pg/iCr

The result of the study showed that
chromium caused changes in the blood parameters
of fish C. albopunctatus. Allen (1994) observed
increased haemoglobin, erythrocyte count and
packed cell volume in O. aureus treated with 0.5
ppm mercury for 12 and 24h and increased
erythrocyte count in O. aureus exposed to 0.1 ppm
for 1 week. Nussey et al (1995) reported that 0.16
mg/t copper induced increase in haemoglobin,
erythrocyte and  leucocytes counts in  O.
mossambicus after 96h and 4 weeks - exposure.
Increased haemoglobin concentration was reported
in Indian catfish Heteropneustes fossilis exposed to
copper (Singh and Reddy, 1990) and in
Oreochromis mossambicus (Cyriac et al 1989).
Oluah (2001) reported increased values of these
parameters in Clarias gariepinus  chronically
exposed to 0.2 and 0.4 mg/l cadmium. Earlier, Gill
and Pant (1987) observed increased haemoglobin,
erythrocyte count and haemetocrit values in the fish
Barbus conchonius during chronic exposure to 1.9
and 2.9 mg/l chromium. )

However, Mishra and Srivastava (1979)
observed significant decreases in erythrocyte
counts and haemetocrit values in the fish Colisa
fasciatus exposed to zinc. Also, Annune and
Ahuma (1998) reported significant decreases in
these blood parameters in Clarias gariepinus
exposed to copper and lead. Similar decreases in
these blood indices were reported in Clarias lazera
treated with copper (EL-Domiaty, 1987) and in
Aphanus dispar treated with mercury (Hilmy et al.,
1980). Allen (1993) reported that 10ppm cadmium
and fead induced decreased haemoglobin,
erythrocyte count and haematocrit values in
Oreochromis aureus.

The mean corpuscular volume (MCV)
obtained for C. albopunctatus in this study is an
indication of reduction in erythrocyte size. This,
according 1o Nussey ef. al, (1995) was due 1o the
release of large number of immature erythrocyte
into the general circulation. The observed decrease
in the erythrocyte size in C. albopunctatus exposed
to chromium agreed with the result of Allen (1994)
on Qreochromis aureus exposed to mercury and
cadmium. Similar decrease in erythrocyte size was
reported in Labeo umbratus, stripped bass and A.
testudineus exposed to agrochemicals and
pesticides (Van Vuren, 1986; Santhakumar et. al.,
1999). However, Nussey et. al., (1995) and Allen

i

(1993) reported increased mean corpuscular
volume in Oreochromis exposed to copper and
lead.

The increased mean  corpuscular
haemoglobin concentration (MCHC) found in this
study agreed with the report of the effect of mercury
in O. aureus and stripped bass {Dawson, 1982;
Alien, 1994) as well as the effect of hypoxia on
channel catfish {Scott and Rogers, 1981). Thus,
the increased MCHC and haemoglobin
concentration is a physiological adaptation to
increase oxygen carrying capacity of each
erythrocyte in the fish treated with chromium.
Similarly, the increased erythrocyte  count
(erythrocytosis) observed in this study represent
part of the overall physiological mechanism to
compensate for low oxygen intake in the fish
(Wepener et al, 1992; Smith and Pipper, 1972) due
to possible damage to the gill epithelium. Nilsson
and Grove (1974) had earlier observed that
erythrocytosis was due {o adrenergic stimulation of
the erythropoietic tissues to release stored
erythrocytes to cope with the challenge of
inadequate oxygen level and increasing oxygen
debt.

Leucocytosis has been reported as a
normal reaction of fish to materials that affect the
fish physiology (Nussey et al, 1995). The observed
leucocytosis in this study represented an attempt to
protect the fish physiologically and seemed to be
concentration — dependent.  Similar leucocytosis
was found in fish exposed to heavy metals (Flos et
al, 1987; Allen, 1994; Van Vuren, 1986; Oluah,
2001) and pesticides (Srivastava and Narain, 1982,
Santhakumar et al, 1999; Mgbenka et al, 2003) and
Brewery effluent (Oluah and Nwosu, 2003). In
conclusion, our results showed that chromium (iit)
oxide had significant effect on the haematological
profile of the catfish C. albopunctatus.
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