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Within the last two decades, there has been increasing awareness and concern
among environmentalists regarding the effect of agrochemicals on the status of
aquatic health, particularly living resources like fish. The public health
implications of eating fish contaminated with poisonous chemicals and heavy
metals 1s worrisome, especially after the well-known Minamata Bay mercury
pollution incident (Takeuchi et al. 1962). Several histological, physiological and
biochemical alterations have been reported in fish following exposure to
agrochemicals (Demael et al. 1980; Van Vuren 1986; Omoregie et al. 1990; Allen
1994; Gimeno et al. 1994; Oluah and Amalu 1998; Santhakumar et al. 1999;
Oluah 2001) and drugs (Kreutzmann 1977). Thus, aquatic organisms are
continually at risk because the aquatic ecosystem has remained a major recipient
and reservoir of large amounts of anthropogenic materials. Pollutants of
anthropogenic origin alter the water chemistry and induce stress in the organisms
living therein.

Blood chemistry (McLeay 1973; Demael et al. 1980; Omoregie et al. 1990) and
changes in haematological profiles of fish exposed to various contaminants (Allen
1994; Santhakumar et al. 1999) have remained the most studied physiological
indices of stress response mechanisms in fish. As a result of their
immunocompetency, total white blood cell and differential white blood cell
counts are considered the most susceptible blood parameters as response
indicators of stress (Soivio and Oikari 1976; Flos et al. 1987; Nussey et al. 1995).
As a result of the sensitivity and rapidity of response to water quality changes
(McLeay 1973), as well as their inextricable involvement in disease resistance and
body defence, the total leucocyte and differential leucocyte counts have remained
indispensable indices of assessing subtle perturbations in water quality.

The objective of the study was to determine the effect of sublethal concentrations
of Gammalin 20 (lindane) on total leucocyte and differential leucocyte counts in
Clarias albopunctatus. This knowledge is important in ongoing contaminant
monitoring. The choice of this small silurid catfish was made because it has the
necessary qualities recommended by Johnson et al. (1993) for biomonitoring.
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This catfish, found in most tropical freshwaters (i.e. cosmopolitan), has taxonomic
soundness and is easy to recognise by a non-specialist. The fish is suitable for
laboratory studies, allowing for determination of causality.

MATERIALS AND METHODS

The “small” catfish, Clarias albopunctatus, was obtained from the Anambra River
at Ogurugu, Nigeria using local traps. In the laboratory, the fish were acclimated
for three weeks in well-aerated tap water. During the acclimation period, the fish
were fed at 3% of wet body weight, a 35% crude protein, pelleted feed.
Thereafter, the fish were randomly divided into five groups of 30 fish per group.
Fish in groups 1 — 4 were exposed to 0.25, 0.5, 0.75, 1.0 pg/L Gammalin 20,
respectively in 12-L plastic tanks. Fish in the fifth group were exposed to tap
water only in similar sized tanks as the control. Each treatment group was further
randomized into three replicates of 10 fish per replicate.

During the experimental period, fish were fed with same diet as during the
acclimation period. The fish were subjected to sublethal concentrations of
Gammalin 20 in a static bioassay system. Both the water and Gammalin 20 were
changed every day to maintain the toxicant concentration and at the same time
minimize the accumulation of waste products that may induce stress in the fish.
One fish was removed every 7 days from each replicate tank per group and blood
obtained by either cardiac puncture or severance of the caudal peduncle without
recourse to anti-coagulant. After obtaining the blood, a Giemsa Romanowsky
stained film of blood was prepared by the method described by Nussy et al.
(1995) and the film was examined a using binocular microscope under oil
immersion.

The total leucocyte count was obtained using an improved neubauer counting
chamber. The leucocyte sub-populations were counted as described by Nussey et
al. (1995). Statistical analysis was done using the one-way analysis of variance
(ANOVA) with significance level fixed as P < 0.05 and the least significant
difference (Steel and Torrie 1980), using the statistical package for social sciences
(SPSS) software.

RESULTS AND DISCUSSION

The average white blood cell counts for C. albopunctatus exposed to Gammalin
20 (lindane) are shown in Tables 1 - 3. Four types of leucocytes were found and
these were divided into two main groupings, agranulocytes (lymphocytes,
monocytes) and the granulocytes (neutrophils, eosinophils). Compared with the
control, total white blood cell counts in the treatment groups increased
significantly (P < 0.05), with increasing Gammalin 20 concentration (Table 1).
Both large and small lymphocytes were found in the peripheral blood of C.
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Table 1. Mean differential and total white blood cell (TWBC) counts for Clarias
albopunctatus exposed to Gammalin 20 for 7 days.

Type of white

Concentration of Gammalin 20 (png/L)*

blood cell Control (0) 0.25 0.50 0.75 1.0
Agranulocytes

(%)
Lymphocytes  63.6 + 1.0°  80.0 £+ 2.7° 66.4+1.9* 684+ 18 740+ 1.6°
Monocytes 125+ 0:6° 57+04° 131+08 82:04° 55:07
Granulocytes

(%)
Neutrophils 21.9:08 11.4+05° 200:07° 14.8+0.6° 185+0.3°
Eosinophils 18+02° 29:05 56+08 82+02° 91108
TWBC 47+1.9° 115+ 1.1% 1485:2.1° 20026 31.1+2.6

*Means + standard error of mean in a row with the same superscript are not
significantly different (P > 0.05).

Table 2. Mean differential and total white blood cell (TWBC) counts for
Clarias albopunctatus exposed to Gammalin 20 for 14 days.

Type of white

Concentration (pg/L)*

blood cell Control (0) 0.25 0.5 0.75 1.0
Agranulocytes

(%)
Lymphocytes  66.7 = 1.6° 765+ 1.8° 90.1:1.9° 64.5+13 957+ 1.7
Monocytes 11.1+0.6°  59:02° 48:06 19408 21:1.0°
Granulocytes

(%)
Neutrophils 22204 176+ 0.9° 6.7:0.1° 6.5+01° 2.1=:04°
Eosinophils 1.6 + 0.1° 23:0.6° 33+02° - -
TWBC 74+ 1.0 196+12° 244:13°  397:1.6° 44.1+15°

*Means + standard error of mean in a row with the same superscript are not
significantly different at (P > 0.05).
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Table 3. Mean differential and total white blood cell (TWBC) counts for Clarias
albopunctatus exposed to Gammalin 20 for 21 days.

Concentration (pg/L)*

Type of white
blood cell Control (0)  0.25 0.50 0.75 1.0

Agranulocytes
(%)
Lymphocytes  57.1 + 1.6* 684+ 1.6° 853 +1.6° 854:1.0° 86.7=x1.6°

Monocytes 11.9+0.1°  21.1+1.0° 88+09 - -

Granulocytes
(%)
Neutrophils 238 +1.1*  7.9:03 591 0.1° 2.1+06% 331009

Eosinophils % 1.5+ 0.1> 26+00° 68:0.7 10.0+08% 12.0+04°

TWBC 122:1.0° 172:+12° 296+1.8 409=16 394+ 16"

*Means + standard error of mean in a row with the same superscript are not
significantly different (P > 0.05).

albopunctatus. Both were counted as lymphocytes in the blood of C.
albopunctatus. Compared with the control, the monocytes were significantly
lower (P < 0.05) in the Gammalin 20-exposed fish. The monocytes were absent
in the blood of the fish exposed to 0.75 and 1.0 pug/l Gammalin 20 on day 21
(Table 3).

The neutrophils were the most numerous granulocytes in the fish and second to
the lymphocytes. By day 7, except for the group exposed to 0.5ug/L, the
neutrophils were significantly reduced in the Gammalin 20-exposed treatment
groups (P < 0.05) compared with the control. The neutrophils decreased with
increasing Gammalin 20 concentration and duration up to day 14. Thereafter, the
neutrophils increased significantly (P < 0.05) in the treatment groups but were
still lower than the control (P < 0.05).

Leucocytosis observed in the study was consistent with earlier results from some
other workers. Leucocytosis was reported in fish exposed to toxicants (Van
Vuren 1986), endosulphan (Matthiessen 1981), monocrotophos (Santhakumar et
al. 1999) and danitho (Figar et al. 1995). In contrast, McLeay (1975) reported a
significant reduction in the leucocyte number in coho salmon exposed to kraft
pulp mill effluent.

The lymphocytosis observed in this study was similar to the report of Kreutzmann
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(1977) that chloramphenicol and oxytetracycline increased in lymphocytes in
peripheral blood of the European eel (Anguilla anguilla). Also, Nussey et al.
(1995) reported that fish exposed to heavy metals had a significant increase in
lymphocytes.  Similarly, Johanssen-Sjobeek and Larsson (1978) reported
lymphocytosis in flounder, Pleuronectes platesa, exposed to cadmium. The
results from this study further showed that lymphocytes were the most dominant
leucocyte sub-population in the peripheral blood of C. albopunctatus. The
enhanced production of lymphocytes in the treatment groups may be due to the
presence of large amounts of cationic proteins in the blood following Gammalin
20 mtoxication (Stossel 1983). Since lymphocytes are immunocompetent cells
(Ellis 1977), lymphocytosis in the blood of Gammalin 20-exposed fish could
result from stimulation of the immune system by the toxicant.

The eosinophils were as abundant as the neutrophils. In the groups where they
were identified, the cosinophils increased with Gammalin 20 concentration.

The results of this study further revealed that the fish treated with Gammalin 20
generally suffered monocytopenia. In contrast, Kreutzmann (1977) reported that
chloramphenicol and oxytetracycline caused monocytophilia in the catadromous
eel, 4. anguilla. The observation in this study were considered adaptive response
mechanisms to protect the fish against the effect of Gammalin 20 intoxication and
the associated infections.
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