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ABSTRACT

The impact of long-term exposure to waterborne Chlorpyrifos-ethyl on Clarias gariepinus was evaluated through changes
of selected biochemical parameters. Fish was exposed to 0.045mg/l, 0.096mg/l and 0.192mg/l and control with no toxicant for §
weeks. The parameters measured were serum glucose, protein, cholesterol, triglyceride, glutamic pyruvic acid transaminase
(GPT), glutamic oxaloacetic acid transaminase (GOT) and alkaline phosphatase (ALP), There was significant (P<0.05) alterations

between the control values and the exposed groups and among groups exposed to different concentrations on all parameters. The
alterations in all parameters was significantly (P<0.05) dose and time dependent. ,
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INTRODUCTION

Chlorpyrifos is an' organophosphate insecticide (Cox,
1994). It is very highly toxic to freshwater fish, estuarine and
marine organisms (Caroline, 1995). Typically exposures of
about 3 ppm are lethal to fish (EPA, 1984). Chiorpyrifos is
directly toxic to the nervous system and is also transformed
inside animals to chlorpyrifos-oxon and 3, 5, 6-trichloro-2-
pyridinol (TCP) both of which are many times more toxic to the
nervous system than chlorpyrifos itself (Chambers et al, 1989).
Aquatic pollution by pesticides results mainly from their
widespread use in agriculture and in vector control campaigns.
In Nigeria especially in the northern part of the country, there is
an upsurge in the application of pesticides in agriculture. A
major reason for the increased use of pesticide in the north is
the development of dry-season irngated farming (Mbagwu and
Ita, 1994). These poisons are washed into water bodies
through surface run-off during the rainy seasons.

The mode of action of chlorpyrifos and their metabolites
is inhibition of enzyme acetyl cholinesterase (AchE), and the
inhibition of AchE activity caused by chlorpyrifos is more
‘persistent than that caused by other organophosphates and it
is believed that this is because chlorpyrifos is lipophilic
(Chamber and Carr, 1993). They also inhibit other enzymes
e.g ATPase, an enzyme important in cellular respiration (Sarki,
1990). Fish have an important role in the food chain; therefore,
investigation of the effects of pesticides on fish has a
diagnostic significance in evaluation of adverse effect of
pesticides to human health (Begun and Vijayaraghavan,
1996). Clanas gariepinus is a fresh water fish and an important
food suppiy for humans :

Biochemical characteristics of blood are among the
important indices of the status of the internal environment of
the fish organism (Edsall, 1999). Glutamate oxaloacetate
(GOT) and glutamate pyruvate (GPT) transaminases are
enzymes frequently used in the diagnosis of damage caused
by poliutants in various tissues, such as liver, muscle and gills
(De la Torre et al, 1999). Also alterations in the metabolism of
protein and carbohydrate are used for similar purpose. Much
work has not been done on the biochemical parameters of C.
gariepinus in Nigeria. Therefore the aim of this study was to
investigate the serum activities of GOT, GPT, ALP, protein and
carbohydrate metabolisms after exposure of Clarias gariepinus
iuveniles to nominal sub-lethal concentrations of chlorpyrifos-
ethyl {a commonly used insecticide with a view to accessing
the possible mechanism of its toxicity.

MATERIALS AND METHODS

Juveniles of Clarias gariepinus was purchased from
Maigana fish farm in Zaria, Kaduna State Nigeria. The Clanas
species averaging 14.33+0.50cm standard length and average
body weight of 20.38+1.25g were used for the study. The fish
were conveyed to fisheries laboratory in a portable well-
aerated white polythene bag containing water from the Dam.
They were held in large water baths of 160L capacity at 24.5-
25.5°C and acclimatized for two weeks in dechlorinated
municipal water. During this period, the fishes were fed with'
palletized diet containing 35% crude protein twice per day at
3% body weight. Also, the water in the glass aquaria was
changed once every two days. The fishes were accepted a5
well as adapted to laboratory conditions when less than 5%
death was recorded for the 14 days period and feeding was
discontinued 24 hours before the start of the experimental run
(Reish and Oshida. 1987).

SUB-LETHAL BIOASSAY

Based on the result of 96-h LCso which was
estimated to be 0.92mg/! (Auta and Ogueji, 2006) juveniles
were exposed to nominal concentrations of Chlorpyrifos-ethyl
for 8weeks. The concentrations used for chronic study of
chlorpyrifos-ethyl were 0.045 mg/l, 0.096 mg/l, and 0.192 mg/l.
Each treatment was in triplicate and there was a control in
each case. With the exception of the control tanks, appropriate
volumes of the toxicant were added into each tank. The fishes
were randomly assigned to give a loading of 10 fish per tank.
Fishes were fed to satiation twice daily. The toxicant and test
water were renewed at two days intervals to maintain the
toxicants strength and the level of dissolved oxygen as well as
minimizing the level of ammonia during the experiment. Four
fishes were sampled at the beginning of the experiment, and
after every two weeks.

BIOCHEMICAL MEASUREMENTS

For biochemical investigations, The caudal peduncle
of fish was cut, blood was collected in non-heparinized tubes.
The blood was immediately centrifuged at 1500 rpm for 10min.
Serum was then removed and stored at 4°C prior to immediate
determination of biochemical parameters, glucose, cholesterol,
triglycerides, total protein, glutamic pyruvic acid trasaminase
(GPT), glutamic oxaloacetic acid trasaminase (GOT) and
alkaline phosphatase (ALP). Blood serum glucose was
estimated using the method of Trinder (1969). Serum
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cholesterol was measured according to the procedure of
Pearson et al (1953). Blood serum triglyceride was determined
using the method of Rice (1970). The method of Lowry et af
(1951) was carried out to determine the value of total protein.
The - activities of blood GPT and. GOT were estimated
according to the methods of Reitman and Frankel (1957). To
determine the activity of blood ALP, Bessey et al (1946)
method was used.

STATISTICAL ANALYSIS

For the various biochemical parameters, the GenStat
statistical analysis software (GenStat, 2006) was used to run
analysis of variance (ANOVA) and Duncan multiple range test
{DMRT) was used to test for differences between different
levels of treatment and to separate means respectively, where
applicable (Duncan, 1955). Test of significance was at the 5%
level of significance.

RESULTS

The results of the study, shown in Tables 1-2, showed
that chlorpyrifos-ethyl had adverse effects on some
biochemical parameters of C.gariepinus during the exposure

period. Analysis of variance (ANOVA) results of sub-lethal
exposure to chlorpyrifos-ethyl indicated a significant (p<0.05)
dose dependent elevations in glucose and GPT (Table1). On
the other hand there was a significant (p<0.05). dose
dependent inhibitions in protein, cholesterol, triglyceride, GPT
and ALP (Table 1). Also the cholesterol, triglyceride, GPT and
ALP values of exposed fish were significantly inhibited
(p<0.05) in 0.096mg/! and 0.192mg/l concentrations (Table 1).
The control value of GPT was also significantly higher (p<0.05)
when compared with exposed fish in all sub-lethal
concentrations. The serum glucose control value was
significantly lower (P<0.05) than in all exposed fish (Table1).
The control values of protein, cholesterol and triglyceride were
significantly lower (P<0.05) than in 0.045 mg/l exposed fish
(Table 1). There were time dependent significant elevations
(p<0.05) in the serum values of glucose, protein, triglyceride,
GOT and ALP (Table 2). On the other hand, there was time
dependent significant (P<0.05) inhibitions in the values of
cholesterol and GPT (Table 2).

Table 1: the effect of sub-lethal doses of chlorpyrifos-ethyl on some biochemical parameters of c.gariepinus.

Conc Glucose - Protein Cholesterol Triglyceride GOT GPT ALP
(mg/) {mg/dl) (g/dl) {mg/dl) {mg/d!) (i) {iufl) {iuf)
0.000(cont.) | 55.50+1.29° | 3.10+0.08° | 127.25+1.70° | 143.50+1.29° | 50.25+1.70° | 58.50+1.20% | 17.50+1.29"
0.045 57.00+9.83° | 3.98+0.61° | 136.50+5.91° | 149.50+8.42° [ 44.00+7.25° | 33.00+2.94" | 18.00+2.94"
0.096 63.50+3.80° | 3.45+0.23° | 85.00+9.30° | 117.00+31.7° | 41.00+7.52° | 42.50+6.95° | 15.50+2.38"
0.192 77.00+5.22° [ 3.18+0.20° | 77.50+13.32 " | 101.50+34.68" | 35.25+6.137 [ 51.00+7.23" | 12.75+2.0°

Means with the same superscript along columns are not significantly different (p< 0.05)

(Mean values +SD) n=12

Table 2: the time course effect of sub-lethal doses of chiorpyrifos-ethyl on some biochemical parameters of c.gariepinus.

Time Glucose Protein Cholesterol Triglyceride: | GOT GPT ALP

(Weeks) | (mg/dl) | (g/dl) (mg/dI) mg/dl) (iu/l) iu/l) (iu/)

2 58.50+9.5 | 3.39+0.48 | 113.00+24.08° | 112.00+ 37.75+ 7.55° | 50.25+ 10.13a | 14.25+
9° 2 34.40° 4.25°

8 68.00+9.4 | 3.81+0.88 | 100.12+ 30.97° | 143.75+ 4750+ 4.62° | 42.25+ 10.81° | 17.62%
5° 2 9.55° .38¢*

Means with the same superscript along columns are not significantly different (p< 0.05)

(Mean values +SD) n=8

DISCUSSION

Biochemical parameters are a sensitive index to
changes due to pesticide toxicity and can constitute an
important diagnostic tool in toxicological studies (Rahman and
Siddiqui, 2004). The aim of this study was to evaluate some
biochemical alterations in C. gariepinus after sub chronic
administration of chlorpyrifos-ethyl. The study showed that
there was significant (p<0.05) increase in glucose which was
dose and time dependent. This may be considered to be
manifestation of stress induced by Chlorpyrifos-ethyl. Glucose
increase is a general response of fish to acute and sub-lethal
pollutant effects (Verma et al, 1983; Ghazaly, 1994; Ceron et
al, 1997, Luskova et a/ 2002). Wedemeyer and Mcleay (1981)
stated that high levels of blood glucose are caused by
disorders in carbohydrate metabolism appearing in the
condition of physical and chemical stresses. A variety of
stressors stimulate the adrenal tissue, resuiting in increased
level of circulating glucocorticoids (Hontela, et a/, 1996) and
catecholamines (Nakano and Tomlinson, 1967). Both of these
groups of hormones produce hyperglycaemia. The observed
elevation of blood glucose in this study could be a response to
the increased rate of glycogenolysis or gluconeogenesis.
These findings and explanation are similar to those considered
by Atef (2005) on fish exposed to cadmum.

) The increase in serum protein was not significantly
time dependent (Table 2). And the observed hyperproteinamia

may possibly be due to (1) water loss in the serum, and (2) the
relative changes in the mobilization of blocd protein. Qur -
findings are consistent with that of Oruc and Uner (1999). The
authors reported increase in liver protein following exposure of
Cyprinus carpio to 2, 4 -Diamin for 30 days. Salib et a/ (1984)
observed that the protein content in all tissues of malathion
exposed Tilapia mossambica is slightly higher. They
suggested that the fish exposed to pesticides may compensate
any possible protein loss by increasing its protein synthesis.
Gill et al (1991) found an increase in liver proteins
following Endosulphan intoxication and noted that protein
levels in the liver of Barbus conchonious could be due to
increased protein turnover. They also concluded that
compensatory production of enzymes lost as a result of tissue
necrosis or to meet increased demand to detoxify the
pesticides might have necessitated enhanced synthesis of
enzyme proteins (Gill et al, 1990). The quantity of protein is
dependent on the rate of protein synthesis, or on rate of its
degradation. It may also be affected due to impaired
incorporation of amino acids into polypeptide chains (Ram ef
al, 2003). In this investigation there was a significant (p<0.05)
serum cholesterol inhibition which was time and dose
dependent. The liver is the key organ in the synthesis and
excretion of cholesterol, therefore any type of obstruction in
the liver either intra or extra hepatic, will cause an increase jn
total cholesterol levels on the serum. However in chronic
conditions such as cirrhosis, that invoives considerable
destruction of liver cells, the cholesterol levels eventually falls
|
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below normal level since decreased synthesis is taking place
(Kamath, 1972). .

The observed significant (p<0.05) time dependent
triglyceride elevation may be due to impairments n the cell
membrane organization and higher energy demands of C.
gariepinus to get the positive survival value under the imposed
sub-lethal concentration stress. Also since decreased thyroid
secretion (hypothyroidism) greatly increases triglycerides level
in the blood, the hypertriglyceridaemia may also be due to
hypothyroidism induced by chlorpyrifos-ethyl and /or liver
dysfunction since liver is the principal center of lipid
metabolism (Gopal et al, 1997). This observation and
explanation was similar to that of Krishna et al. (1994) who
reported increased levels of phospholipids and cholesterol
contents in the tissues of Tilapia mossambica subjected to
acclimation in sub lethal acidic water (PH 4.0). There was aiso
significant (p<0.05) inhibition as sub-lethal concentration
increased, suggesting that more energy was needed at higher
sub-lethal concentrations to achieve the positive survival
value Transaminases are intracellular enzymes which exist in

~only a-small amount of the serum. Therefore, damage to the
liver cell may result in leakage of the enzymes into the plasma
due to large concentration gradient (Wabroblewski and La
Due, 1955). The observed significant (p<0.05) dose dependent
inhibition and significant (p<0.05) time dependent elevation in
serum GOT activities may be due to liver dysfunction. Asztalos
et al. (1988) had- earlier reported elevations in serum GOT
activity of Cyprinus carpio due to hepatic celiular damage
caused by malathion + paraquat. And conversely, Sadhu et al.
(1985) had decreased GOT activities in the serum of Channa
striatus following exposure to 0.1 ppm malathion for 10 days.
ALP is mainly localized at the cell membrane. Any damage in
hepatic cells may result in alteration in ALP activity. The dose
and time-dependent inhibition observed in this investigation
may also be due to liver dysfunction. This observation is in
agreement with the report of many other workers. Sastry and
Sharma (1980) reported ALP inhibition after 96h exposure to
diazinon, however the normal control values resumed after
96h but later increased due to prolonged exposure time
(Sastry and Sharma, 1980). Goel et al (1982), reported serum
alkaline and acid phosphatase inhibition by 15% in
Heteropneutes fossilis resulting from the effect of malathion.
Similarly, Das and Mukherjee (2003). reported depletion of
ALP due to sub-lethal exposure of Labeo rohita fingerlings to
cypermethrin. For GPT. there was significant (p<0.05) dose
and time dependent inhibition, between controi and exposed
groups of fishes. This may be due to generalized organ/system
failure as the fish approached death due to the effect of
chlorpyrifos-ethyl. This finding is in agreement with sadhu et a/
(1985); Oruc and Uner (1999).

CONCLUSION

Organophosphorus insecticides to which chlorpyrifos-
ethyl belongs are widely used in agriculture in Nigeria. They
are increasingly being used in veterinary applications on farm
and pet animals, for the protection of stored foodstuffs. for the
control of endemics and parasites in public health programmes
as well as for househoid apphcations mn kitchens and
bedrooms. Chronic exposures of aquatic biota and individuals
may result through run- off and adsorption of chiorpyrifos to
small dust particles and various other surfaces respectively.
Environmental monitoring of pesticides can be for the purpose
of generating baseline information, assessing the effects of
pesticides to the environment and or continuous measurement
of environmental load to ensure that regulatory requirements
and standards are being met (EIA Training Manual 2002)

The results of our study suggest that sub lethal
exposure of C. garipinus to chlorpyrifos-ethyl could lead to
alterations in carbohydrate and lipid metabolism and possible
organ damage. In the light of the above observations, it is
recommended that chlorpynfos-ethy! should be used with

caution and in a sustainable manner, as it could be hazardous
to aquatic biota, domestic animals and human beings as well.
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