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ABSTRACT

Healthy and active Clarias gariepinus were
exposed to acute and sub-lethal concentrations of
DDT for a period of 96 hours and 30 days,
respectively. The 96 h LCsg was registered as 1.55
mg/l. 1t has been observed that protein concentration
was decreased, and the glucose was elevated in the
plasma of treated fish. Sub-lethal DDT exposure has
decreased significantly (P<0.05) the level of
glycogen in muscle and liver. The DDT has caused
a decrease in the counts of erythrocyte (RBC) and
leucocyte (WBC), haematocrit (Hct) values and
concentration of haemoglobin (Hb). Various
hematological indices such as mean corpuscular
volume (MCV), mean corpuscular haemoglobin
(MCH) and mean corpuscular haemoglobin
concentration (MCHC) were also changed. The
concentration of magnesium (Mg) was unchanged
but calcium (Ca) was reduced in the blood of
exposed fish. The glutamic-oxaloacetic
transaminase  (GOT) and  glutamic-pyruvic
transaminase (GPT) activity was increased in the
DDT treated fish. It has been concluded that these
effects were more pronounced in higher
concentration and in the last period of exposure.
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INTRODUCTION

It is an undeniable fact that use of insecticides
in agriculture and to control the vector of different
diseases contributes to pollution of aquatic
ecosystem.  The DDT most widely applied
chlorinated hydrocarbon poses a more serious
problem due to its stability in the natural
environment and biological magnification. Itis quite
obvious that by way of surface runoff considerable
quantities of DDT enter the aquatic environment.
Hence, it is imperative that effect of this toxicant on
fish should be thoroughly investigated to motivate
the environmental concerns for applying remedial
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measures before the situation gets worst. Recent
years have witnessed the surge of interest in
investigating the physiological, haematological and
pathological disorders caused by DDT [1-4].

Fishes are sensitive to environmental quality.
Behavior is the first sign of their reaction to altered
medium. Besides, there are chemical constituents of
the body which respond to deterioration of water
quality. Some of the chemical changes are directly
caused by the toxicants but other form part of fishes’
physiological adaptive syndrome in situations of
serious stress. Alterations in somatic and organ
conditions are a manifestation of cumulative effect
of the interaction between the external and internal
environment of fish. Earlier works [1, 4, 5-7] amply
emphasized the need to evaluate biochemical
composition of tissues and haematological
parameters in assessing the health and general
condition of fish. Many investigaters have studied
the effect of several organochlorine insecticides on
the fish and possible consequences on human health
[8-12]. Because these are good source of food for
human, it is possible that when DDT or its
metabolites are deposited in different organs of fish,
they will reach to mankind. The high ability of fish
to tolerate the effects of these insecticides and long
persistance build the interest regarding this condition
because both the fish and pollutants remain in the
environment for long time, and humans are,
therefore, accessable to pesticide exposure. In the
present investigation an attempt was made to
evaluate the variations in the blood profile and
chemical composition in the cat fish exposed to
DDT. Previous studies have shown that when the
water quality is affected by toxicants, any
physiological change will be reflected in the values
of one or more of the haematological parameters
[13].  Undoubtedly, blood cell responses are
important indicators of changes in the internal and
lor external environment of animals. In fish,
exposure to chemical pollutants can induce either
increases or decreases in haematological levels.
Presently, for environmental monitoring and
research in toxicology, the different hematological
parameters are investigated to evaluate the
pathological and physiological changes and disease
demonstration of fishery management and
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aquaculture [14]. Moreover,, the studies related to
the detection of aberration in the fish (chemical
composition and haematological profile) could
provide symtoms of exposure to toxicants before any
massive evidence become apparent and therefore are
used as reliable indices of fish health. It is also worth
to mention that changes in chemical composition and
haematological profile are considered to provide
symptoms about the type of toxicants and degree of
pollution in the environment [15]. In the present
investigation the parameters selected include RBC
and WBC counts; levels of haemoglobin and
haematocrit; MCV, MCH and MCHC indices;
plasma glucose, protein, GOT and GPT enzymes, Ca
and Mg, and glycogen and protein contents in liver
and muscle.

MATERIALS AND METHODS

Healthy and active individuals of catfish
(length 22-26 cm and weight 55-78 g) were collected
from an artificial pond at Mozahmia, Riyadh. The
fish were kept in large aquaria to acclimatize to
physical and chemical conditions of lab for two
weeks. The fish were fed a commercial fish food
twice daily to satiety during this period. When the
time of acclimation overs, ten fishes were transferred
in each aquarium with different concentrations (1.0,
125, 15, 175 20 and 225 mg/l) of
dichlorodiphenyltrichloroethane (DDT). A known
quantity of DDT was dissolved in known volume of
acetone and this solution was added to aquarium
water to obtain the required concentration. Same
volume of acetone as used in experimental tanks was
also added to control tanks. The experiment was run
for 96 hours in triplicates. To maintain the
concentration of DDT constant the medium of
aquarium renewed on daily basis. The dead fishes
from each concentration were removed and their
number registered. The LCso was calculated from
the graph prepared between probit of kill (percent
mortality is transformed into probit) and logio
concentration of DDT (Concentration of DDT is
transformed into logio) using the method of Finney
[16].

After determining the LCsp, three sub-lethal
doses (0.155, 0.233 and 0.310 mg/l; these
concentrations correspond to 10, 15 and 20 percent
of LCso) of DDT were selected to expose the fish for
30 days. Parallel, a control set was run with water
without DDT. These experiments were run in
triplicates. The medium of aquarium was renewed
on daily basis. The physical and chemical conditions
of aquarium water like temperature (24.8+0.7 °C),
pH (7.6+0.5) and dissolved oxygen (7.3+0.6 mg/l)
were determined weekly.

Three fish from each exposed and unexposed
groups were collected from aquaria, and recorded for
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their total length and body weight. Collection of
blood samples were made by cutting the caudal
region to allow the blood from dorsal aorta to flow
out. This method is easy and increasingly used for
smaller and medium sized fishes. Blood samples
were collected in heparinized vials. The method of
Blaxhall and Daisley [17] was used to determine the
hemoglobin. A micro-hematocrit centrifuge was
used to determine the hematocrit values. The blood
was diluted with Dace's solution and Turk's solution
for the counting of erythrocytes and leucocytes,
respectively, using Neubar haemocytometer. The
MCV, MCH and MCHC were estimated using the
methods outlined by Ghai [18]. The blood was
centrifuged for 10 minutes at 6000 rpm at 4°C and
the plasma was collected and stored at -20 °C for
biochemical analysis. Different kits obtained from
BIOMERIEUX (France) were used for the
estimation of glucose, total protein, Mg, Ca, GOT
and GPT.

The liver was dissected out, placed on
absorbent paper to absorb excess liquid and weighed.
Samples of white muscle were collected from the site
of origin of dorsal fin and above the lateral line. The
method of Ashman and Seed [19] was followed for
the extraction of glycogen and the method described
by Montgomery [20] for its determination. Protein
was estimated in dry samples. The technique of
Webb and Levy [21] was used for the preparation of
dry fat-free samples. The method of Lowry et al.
[22] was followed for the determination of protein in
dry fat-free samples.

A statistical analysis was done to demonstrate
the significance of the differences between the
values of different groups. For this test one way
analysis of variance (ANOVA) was applied. P
values less than 0.05 were considered statistically
significant.

RESULTS AND DISCUSSION

The percent mortality of fish caused by
different concentrations of DDT is given in table 1.
The 96 hours LCsy value of DDT for the fish
enumerated from the graph (Fig. 1) was 1.55 mg/I.
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TABLE 1
Number of dead fish, Clarias gariepinus, and their percentage
mortality (in parentheses) following the treatment of DDT
Exposure Time (hour)

Concentrations of

DDT (mg/l) 24h 48h 72h 96h
Control (0.0) - - - -
1.0 - - 2 (6.66) 4 (13.33)
1.25 - - 4 (13.33) 6 (20.00)
15 - 3(10.00) 7 (23.33) 11 (36.66)
1.75 2 (6.66) 5 (16.66) 10 (33.33) 19(63.33)
2.0 3(10.00) 6 (20.00) 14 (46.66) 23 (76.66)
2.25 6 (20.00) 14 (46.66) 22 (73.26) 28 (93.33)
TABLE 2

Changes in different hematological parameters of Clarias gariepinus induced by DDT.
Values are mean + standard error.

Parameters Time Control DDT concentrations (mg/l)
(Days)  (0.0) 0.155 0.233 0.310 P<0.05
Erythrocytes 10 1.89 £0.25 1.65+0.08 1.64 +0.09 1.65 +0.06
(Cellx10%/mm®) 20 1.78 +0.08 1.63+0.05 1.68 +0.08 1.43 +0.08 *
30 1.78 £0.09 1.64+0.06 1.63 £0.07 1.42 +0.07 *
Leucocytes 10 39.55+0.62 36.54+0.68 35.65 +0.75 36.38 +1.95
(Cellx103/mm3) 20 38.98 £+0.84 36.87+0.98 34.79 +0.58 32.12 £1.50
30 39.45+0.85 35.42+0.86 33.01 +£0.52 32.12+1.78
Hematocrit 10 35.85+0.94 35.23+1.12 34.68 +0.59 34.14 £1.15
(%) 20 36.25+0.83 35.25+1.06 34.13 +1.13 32.46 +1.21 *
30 36.49+091 34.21+1.12 33.45+1.06" 30.42+1.20 *
Hemoglobin 10 6.75+0.19 5.12+0.12 5.62 £0.13 5.25+0.15 *
(g/dl) 20 7.34 +0.15 5.68+0.15 4.88 +0.11 4.86 +0.17
30 6.97 +£0.15 5.42+0.14 4.69 +0.18 4.42 +0.14 *
MCV 10 189.69+3.85 213.52+4.12 211.06+4.85  206.90+4.58
(fl/cell) 20 203.65+4.45 216.25+3.45 203.74+3.96  226.99+541 *
30 205.00+4.63 208.60+3.54 205.17+4.55  214.22+5.65
MCH 10 35.84+1.85  31.03+1.32 34.26+2.65 31.85+2.18
(Pg/cell) 20 41.23+2.33  34.84+1.25 29.06+2.15 33.87+2.25 *
30 39.154#2.35  33.05+1.56  28.77+2.45 31.12+2.25 *
MCHC 10 18.82+1.45 14.53+1.24 16.29+1.66 15.79+1.35
(%) 20 20.24+1.25 16.11+1.12 14.34+1.26 14.47+1.85 *
30 19.10+1.35 16.60+1.36  14.07+1.46 14.29+1.45 *

The LCso value of DDT for Moina macrocopa
was documented by Liu et al. [23] as 324 microg/L.
In a report of UNEP [9] the LCso of DDT for shrimp
was as 0.4 pg/L and 42 pg/L for rainbow trout. Little
higher value (2.95 ppm) of 96 h LCs is presented by
Mustafa and Murad [5] for cat fish, Heteropneustes
fossilis. A survey of literature [24-25] revealed that
the LCso values of DDT for other teleost were less
than the value registered in the present study. This
may be ascribed to the lesser susceptibility of air
breathing fish to DDT when compared to fishes
which are exclusively aquatic breathing. The LCso
value of DDT for Carassius auratus was reported as
0.648 mg/kg by Yong et al. [4]. A higher LCs value
(2.94 mg/l) of fenvalerate dissolved in acetone was
reported for C. gariepinus [26]. In another report,
Pimentel [8] has summarized the LCsq values of
DDT for different fish species varying from 0.002-
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0.08 ppm. These differences in the toxic level of
DDT may be attributed to the differences in
tolerance and susceptibility among the fish and on its
accumulation, bio-transformation and excretion. The
different fish species may have dissimilarity in
metabolic pathways which develop varied patterns
of bio-transformation, leading to the formation of
varied toxic metabolites [27]. The level of toxic
effects of pesticides may also be attributed to the
length and weight, corporal surface/body weight
ratio and rate of breathing [28]. Oh et al. [29] have
reported three causative factors such as varied
inhibition of acetylcholinesterase, detoxification and
absorption for the selective toxicity of pesticides for
various fish species. In general the toxicity varied
with respect to the duration of exposure, species and
size of fish [29-30].

The present investigation indicated that sub-
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lethal exposure of DDT has altered the level of
different blood parameters of Clarias gariepinus.
Reduction in the red blood cell count, haematocrit
values and haemoglobin levels was evident in the
fish exposed to different concentrations of DDT
(Table 2).

“Fall in the leucocyte count was also occurred
in the insecticide (DDT) exposed fish. The reduction
was more pronouced in the fishes exposed to higher
dose. Change in the values of hematological indices
(MCV, MCH and MCHC) was evident in DDT
treated fish” [7]. Generally, insecticide exposure to
fishes adversely affects and results alterations in
different blood parameters. “Complying to the view
presented above a fall in the RBC count, hemoglobin
level and haematocrit values in fish treated with
insecticides was reported by Banaee et al. [31-32]
and Ahmad [33-34] and the reduction in these
parameters was ascribed to loss of cells and/or
reduction in size of cells due to detrimental effects
induced by pesticide” [7]. Concordant views have
been suggested by Zaki et al. [35]. Decreased level
of haemoglobin, RBC count and haematorit values
in metal (lead nitrate) exposed H. fossilis was
reported by Adeyemo [36]. It is believed that
toxicants would exert detrimental effects on the
haematopoietic system of the fish, thus suppressing
the production or consequential fast eradication of
different constituents of blood.  The results
registered in this investigation are similar to those
mentioned above and can be related to afore-said
factors.

The results obtained in this study showed a
decreased leukocyte count (Table 2) which would be
attributed to impairments of the haematopoietic
system resulted by DDT exposure. The reduction in
the leucocyte count may be related to lower supply
of these cells to the blood circulation due to less
formation or alternatively an increased rate of
elimination from circulation and subsequent faster
destruction of cells. Same reason was presented by
Al-Kahem et al. [37] for the reduction in the
leucocyte count. Significant reduction in the
number of thrombocytes and lymphocytes may be
the main factor for the reduction of leucocyte count
in the fish treated with chromium [38]. Reduction in
the leucocyte count was demonstrated by the fish
exposed to diazinon- based pesticide [39].

Different blood cell indices such as mean
corpuscular hemoglobin concentration (MCHC),
mean corpuscular hemoglobin (MCH) and mean
corpuscular volume (MCV) seem to be sensitive
changes in the fish treated with pesticides.
“Fluctuations in the values of MCV, MCH and
MCHC are related with the RBC count, hemoglobin
concentration and haematocrit values” [7]. Rao [15]
reported variations in these indices after the
exposure of pesticide to common carp. Similar
results were also presented by Ahmad [40] in the
catfish, H. fossilis exposed to Uranyl acetate.
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Reduction in the concentration of Ca and magnesium
ions were registered in the fish exposed to DDT
especially in the last period of exposure. The
pesticide certainly pose detrimental effect on the fish
and transform the activity of essential organs like
liver and kidneys, interrupting the homeostatic
situation of the fish. Similar observations were
reported by Al-Akel et al. [41] and Ahmad [33] in
the different species of fish after the exposure of
various toxicants.

The content of glucose in insecticide exposed
fish was significantly (P<0.05) elevated (Table 4)
which may be caused by the conversion of glycogen
into glucose to cope with the augmented demand for
energy. Stimuli of stress elicit rapid secretion of
hormones like glucocorticoids and catechol amines
from adrenal gland of the fish [42] and these are
known to produce hyperglycemia in animals. Other
reason for such elevation may also be the increased
gluconeogenesis response of exposed fish in their
attempt to meet their elevated energy demands [43].
The hyperglycemic condition registered in this
investigation can also be ascribed to enhanced
secretion of these hormones which may cause
glycolysis in the DDT exposed fish. The result
obtained in the present study agrees with the findings
of Abalaka et al. [44]; Ahmad [33-34]; Alkahem-Al-
Balawi et al. [37] and Al-Ghanim [45]. The
insecticide might changes the activities of kidney
and liver causing disruption in the homeostatic
situation of the body which might change the levels
of metals. Similar to present observations Al-Akel et
al. [41] have reported alterations of metal
concentrations in the carp, Cyprinus carpio, after
feeding copper added feed and lend a considerable
support to present study.

Hypoproteinaemia in the plasma of DDT
exposed fish was registered, especially at higher
concentration and in the last period of exposure.
Results presented in table (3) clearly indicate the
depletion in the concentration of protein in different
tissues of the exposed fish. The DDT treatment to
catfish influenced the metabolic performance and
modified the tissue accumulation of protein and
glycogen (Table-3).

“Probably, DDT interrupts in the protein
biosynthesis pathway, especially by preventing the
functions of polymerases, inhibiting the epigenetic
origin of these macromolecules, or else it can
increase the break down of preformed molecules of
protein” [7]. The investigations made by Mazeaud
et al. [46] and Strange et al. [47] have established
that toxicants exert stresses on the animal’s body,
which enhance the secretion of adrenocorticotrophic
hormone (ACTH) from pituitary gland. The adrenal
gland is stimulated by this hormone to secrete
increased amount of corticosteroids which results in
higher level of glucose by amplifying the enzymatic
transformation of glycogen, protein and fat.
Significant hypoproteinaemia was reported by
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TABLE 3
Concentrations of protein and glycogen in the liver and white muscle of Clarias gariepinus exposed to
DDT. Values are mean + standard error.

Parameter ~ Concentrations Exposure Time (Days)
s (mg/l) Liver Muscle
10 20 30 10 20 30
Protein Control 69.23 67.69 68.37 58.37 56.91 56.51
(mg/100 (0.0 +3.81 +2.79 +2.88 +2.15 +2.12 +1.99
mg) 0.155 62.31 55.45 54.39 54.33 44.93 43.15
+2.11 +2.01 +2.36 +2.03 +1.99 +3.05
0.233 61.56 56.34 55.12 56.16 43.86 44.12
+3.59 +3.75 +2.04 +3.11 +1.99 +2.13
0.310 59.23 54.62 51.98 55.55 42.21 42.23
+3.23 +2.99 +3.11 +3.23 +2.21 +2.14
P<005 * * * *
Glycogen  Control 10.52 10.32 10.60 3.92 3.85 3.68
(mg/qg) +0.16 +0.25 +0.27 +0.09 +0.07 +0.08
0.155 8.25 7.25 7.32 2.95 2.18 2.38
+0.16 +0.19 +0.17 +0.06 +0.07 +0.06
0.233 8.16 6.25 6.35 2.75 2.15 2.35
+0.15 +0.16 +0.15 +0.05 +0.04 +0.08
0.310 7.85 5.21 4.88 2.52 2.11 1.95
+0.65 +0.68 +0.45 +0.11 0.09 +0.11
P<005 * * * *
TABLE 4

Changes in plasma biochemical composition of Clarias gariepinus exposed to sub-lethal concentrations of
DDT. Values are mean + standard error.

Time DDT concentrations (mg/l)
Parameters (Days)  Control 0.155 0.233 0.310 (P<0.05)
Total Protein 10 30.55+2.52 28.65+1.98 27.55+1.87 26.69+2.02 *
(g/dl) 20 29.98+1.67 28.25+1.57 24.98+1.32 24.55+1.45 *
30 30.85+18.88 28.21+1.23 24.82+1.65 224.12+1.86 *
Glucose 10 55.65+6.21 65.25+6.25 71.35+7.76 77.24+7.96 *
(mg/dl) 20 58.32+7.23 66.25+6.58 76.6248.15 88.64+7.75 *
30 57.52+7.84 64.55+5.89 78.25+7.64 98.23+9.25 *
Ca 10 175.65+15.3 168.21+12.23  155.25+11.2 150.65+13.2 *
(mg/dl) 20 185.21+13.2 170.12+10.23  156.45+11.1 148.35+11.6 *
30 198.65+112.1  165.21+13.2 151.32+09.4 144.63+07.9 *
Mg 10 38.22+3.15 37.65+2.35 37.03+2.45 36.82+4.15
(mg/dl) 20 37.24+5.01 36.85+2.56 36.75+5.41 35.45+4.23
30 36.83+4.51 35.78+2.35 35.52+4.45 34.95+3.44
PGOT 10 85.26+12.2 94.25+10.23 99.82+10.5 110.26+11.4 *
(uny 20 86.28+14.2 97.25+9.56 118.75+13.3 119.95+9.5 *
30 88.35+11.2 99.65+12.45 125.25+14.2 128.31+12.2 *
PGPT 10 68.18+4.62 78.25+7.22 88.25+8.55 102.32+6.24 *
(uny 20 70.21+12.3 81.26+9.65 88.28+10.53 99.23+12.25 *
30 67.65+10.2 80.25+9.88 98.56+11.1 108.25+9.13 *

Omoniyi et al. [48] and Shalaby [49] in the fish
treated with different pollutants.This fall in the
protein level in the toxicant exposed fish was
ascribed to the destruction of cell or necrosis, along
with the disruption in protein synthesis pathways
[50] or loss of proteins through kidney due to
pathological impairments caused by toxicant [51].
In contrast to present observations,
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hyperprotenaemia was reported by Al-Attar [52];
Omitoyin [53]; Abalaka et al. [44] in animals
exposed to toxicants.

The Insecticide exposure significantly (P<0.05)
elevated the activity of GOT and GPT enzymes in
the fish treated with DDT (Table 4). These enzymes
(GOT and GPT) are used as distinguish diagnostic
means to determine the toxic effects of different
pollutants [54]. Metals exposures at various
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concentrations enhance the activity of these enzymes
[55]. Exposure of ammonia to fish has elevated the
level of these (GOT, GPT) enzymes in the serum
[56]. The perception of these authors was that GPT
is highly responsive to any environmental alteration.
Zaki et al. [35] have reported an enhanced level of
ALT activity in malathion exposed fish whereas
Abalaka et al. [44] documented that the fish treated
with extract of Porkia biglosa pods exhibited
elevated activity of ALT. These authors believe that
the enhanced activity of this enzyme in the toxicant
treated fish is due to impairment caused to liver and
make their way into blood [57] and /or enhanced
synthesis of enzyme in liver. Similar to present
investigation, significantly higher activity level of
glutamic—oxaloacetic acid transminase (GOT) were
recorded [58] in the fish fed diet without
docosahexaenoic acid but the activity of SGPT
remain unchanged. They found that hepatic
parenchyma develop into generalized massive
steatosis, showing necrosis centers with diet free of
docosahexaenoic acid. “An increased activity level
of SGOT and SGPT in C. punctatus after the
exposure of mercuric chloride and monocrotophos
was reported” [59].  “Previous reports have
suggested that liver is rich in GOT and GPT, and any
damage caused by pollutants to it could result in
liberation of large quantities of these enzymes into
the blood” [60-61]. Therefore, any increase in the
activity level of these enzymes (PGOT and PGPT) is
a distinguish indicator of devastation at cellular level
[33, 37, 61-62]. However, significant (P<0.05)
enhancement in the activity of the enzymes
registered in this study may be attributed to
destruction of liver caused by DDT.

CONCLUSION

The present study revealed that DDT is highly
toxic to fish Clarias gariepinus. It has high toxic
potential to change the chemical composition and
haematological profile of fish even at very low
doses. Destruction of blood cells and alterations in
chemical constituents of tissues and plasma was
quite obvious in the fish treated with sub-acute level
of pesticide (DDT). The erythrocyte and leucocyte
counts and hemoglobin level uniformly showed
decreasing trend with the increase in concentration
and exposure period. Itis hypothesized that the DDT
either suppress the activity of haemopoitic organs
and/or destroy the existing quantity of the blood
constituents. It indicated that enough precaution and
care must be taken to prevent discharge of effluent
containing even low amount of DDT into water
bodies.
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