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Abstract

In most tropical developing countries, one of the problems facing aquaculture industry is the pol-
lution of ponds and rivers with pesticides. Chemicals such as diazinon, an organophosphate pesti-
cide, originating from agricultural activity enter the aquatic environment through atmospheric
deposition, surface run-off or leaching. Pollutants enter the food chain through accumulation in
soft bottom sediment and aquatic organisms. However, information on how these pesticides affect
inhabiting organisms is often not available. In a triplicate experimental set-up, seventy-two (72)
apparently healthy catfish comprising adult and juvenile of both sexes were therefore exposed to
a previously determined no effect concentration (0.405 ppm) of diazinon. Another set of fish was
exposed to 0.0625 pug sodium arsenite, a known clastogen, which was used as the positive control,
while another set of catfish exposed to the culture water alone was the negative control. Adults
and juveniles were exposed separately to avoid cannibalism. After 48 hours of exposure, micronu-
clei induction was determined in subsets of experimental groups, while exposure continued for 28
days. Catfish organs were harvested on days 21 and 28 to determine the effect of long-term expo-
sure to diazinon on histology. Water quality was also monitored before and during exposure in the
experimental groups. The result established a significantly high mean micronucleated polychro-
matic erythrocytes (15.00) in catfish exposed to diazinon suggesting genetic damage (normal is
<4). The MPE in sodium arsenite exposed fish was 28, while that of the control group was below 4.
Effect of sex and age on micronuclei induction was not significant. Histological alteration observed
in the ovary and testis was distorted matured cells and extensive testicular degeneration, respec-
tively. The results show that diazinon has clastogenic effect, and may have endocrine disrupting
properties because of the histological changes induced in the ovaries and testis.
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1. Introduction

Catfish have inhabited all continents at one time or another [1]. Catfish are most diverse in tropical South
America, Africa and Asia [2]. Clarias gariepinus is hardy and does not easily succumb to disease; it has a high
capacity to attain massive growth depending on the species being bred. In most developing countries, one of the
problems facing aquaculture industry is the pollution of ponds and rivers with pesticides such organophosphate
chlorinated pesticides [3]. Although they are useful tools in agriculture, forestry and in veterinary medicine,
their contribution to the general degradation of the aquatic ecosystem cannot be ignored [4] and not all their ef-
fects on fish have evaluated. Organophosphate pesticides have fully replaced the persistent chlorinated pesti-
cide in the 1970s and in the beginning of 1980s the main advantage of the organosphosphate pesticide was
their low cumulative ability and short-term persistence in the environment; although the organophosphate pes-
ticides have been replaced by pyrethroid based pesticides, there is still very intensive use of the organophos-
phate [5]. For example, diazinon is used on home gardens and farm to control a wide variety of suckling and
leaf eating insects. It is also used in rice, fruits, tress, sugarcane, corn, tobacco, potatoes, cocoa and horticul-
tural plants. Organophosphate pesticides are used in fish culture in order to suppress some parasitic diseases
nevertheless, the pesticide preparations are considered harmful to fish in most cases [5]. In all parts of the
world, pesticides have been found in the aquatic ecosystem and also enter the food chain. Often, information
on how these pesticides affect inhabiting organisms is not available [6]. This study therefore undertakes to as-
sess the acute effect of diazinon on micronuclei induction and chronic effect on histological changes in the go-
nads of Clarias gariepinus.

2. Methodology

Seventy two (72) apparently healthy adult and juvenile catfish (Clarias gariepinus) of both sexes were set up in
triplicate, adults and juveniles were exposed separately to avoid cannibalism. Five (5) catfish each (adult & Ju-
venile) male and female were exposed to different treatment which includes pre-determined no effect concentra-
tion (0.405 ppm) of diazinon, positive control of environmentally relevant concentration (0.0625 ug/L) of so-
dium arsenite; a known clastogen, while negative control samples were exposed to culture water only. Route of
exposure was Via culture water. For each group, samples were collected on days 21 and 28 for histology which
is the specify days for most chronic effects of fish in aquaculture (organs collected were ovaries and testes). The
slices were stained by Hematoxylin-Eosin (H & E).

Micronucleus Assay

Genotoxic effects were evaluated in peripheral blood using micronuclei test described by [7] with some modifi-
cations. Blood were collected from living fish specimens in experimental group between twenty four (24) and
forty eight (48) hours through the caudal veins using 2G needles and syringes. Immediately after blood collec-
tions, thin, uniform blood smears were prepared on clean microscopic slides and air-dried. The slides were fixed
in methanol and later stained in May-Grunnwald. Slides were mounted in DPX mountant, dried (20°C - 30°C),
cleaned and properly coded. The frequencies of micronuclei (MN) in polychromatic erythrocytes (PCE) were
estimated by scoring 1000 PCE per animal.

3. Results
Micronucleus Induction

The mean micronucleated polychromatic erythrocyte in catfish exposed to diazinon was 15 + 0.00), sodium ar-
senite was 28 + 0.00) while that of the negative control group (cultured water only was 10 + 0.00) as shown in
Table 1. Data were subjected to analysis of variance of SAS 2004 [8] at significantly different (p < 0.05).
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4. Histopathology

The group exposed to the no effect concentration (0.405 ppm) of diazinon had distorted mature ovarian cells as
shown in Figure 2 when compared with Figure 3 the normal ovary and the testes had locally extensive testicu-
lar degeneration as shown Figure 4 when compared with Figure 5 the normal testis.

5. Discussion

At present, more than 1000 chemicals have been classified as pesticides and studies using different models have
indicated that some of them have genotoxic properties [9].
Fish and aquatic invertebrates have been considered to be efficient and cost effective model system for study-

Figure 1. Photomicrograph of an adult female catfish blood exposed to diaz-
inon with an arrow showing a micronucleated polychromatic erythrocytes
cells (May-Grunnwald x400).
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Figure 2. Photomicrograph of the ovary with arrow showing distorted ma-
tured cells (H & E) M: x400 (At 28 days of exposure).



0. E. Ola-Davies et al.

Figure 3. Photomicrograph of a normal ovary (H & E) M: x400.

Figure 4. Photomicrograph of the testis with arrow showing extensive testicular degenera-
tion (H & E) M: x400 (At 28 days of exposure).

Table 1. The frequency of micronucleated PCE/1000 PCE in catfish blood cells following administration of test substances.

Diazinon exposed Sodium-arsenite exposed (positive control) Control (exposed to cultured water)
Adult Adult Juvenile Juvenile Adult Adult Juvenile Juvenile Adult Adult Juvenile Juvenile
male female Male female male female male female male female male female

14.67 £ 0.00 15.00 £ 0.00 15.67 +1.15 16.53 + 1.15 28.00 + 0.00 28.00 + 0.00 28.00 + 0.00 28.67 +0.00 10.00 + 0.00 9.33 + 0.00 8.67 £0.00 9.33 + 0.00

Sex and age of catfish did not have significant effect on micronuclei induction.
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Figure 5. Photomicrograph of a normal testis (H & E) M: x400.

ing the toxic, mutagenic, and carcinogenic potential of pollutants [10]-[13] due to their ability to metabolise,
concentrate, and store water-borne pollutants [14].

The clastogenic effects of chemical agents on fish cells compared with that of a known clastogen sodium ar-
senite was demonstrated with emphasis on the induction of micronuclei in polychromatin erythrocytes. The re-
sult obtained in this experiment indicated that sodium arsenite had the highest number of micronucleated poly-
chromatic erythrocyte (PCE)/1000 PCE (28.00 + 0.00) which is the positive control (Table 1). This is confirm-
ing that sodium arsenite is highly clastogenic which is in line with the report of [15]-[17]. While that of the of
the tested group diazinon (15.00 + 0.00) as compared with the sodium arsenite group, suggesting genetic dam-
age. Effect of sex and age on micronuclei induction is not significant; however more immature erythrocytes
were seen in Juvenile groups than in the adult groups.

The exposure of fish to chemical contaminants is likely to induce a number of lesions in different organs [18].
Histology is an important tool to investigate changes at cellular level like the endocrine disrupting effects of di-
azinon on fish. It is believed that diazinon is one of the most harmful organophosphate that could be as Endo-
crine Disrupting Chemicals (EDCs) and suppress reproductive activities with endogenous hormonal disruption
[19]-[21]. It also could have direct effects on gonads, disrupting sexual behaviours, gemates quality and spawn-
ing process.

6. Conclusions

The clastogenic effects of chemical agents on fish cells compared with that of a known clastogen (sodium ar-
senite) were demonstrated with emphasis on the induction in micronuclei in polychromatic erythrocytes (PCE).
The result obtained in this experiment indicated that sodium arsenite had the highest PCE (28), affirming that
sodium arsenite is highly clastogenic (positive control) and those exposed to test group diazinon (15) suggestive
of genetic damage when the normal is supposed to be <4.

This study showed histopathological changes in ovary and testis of catfish exposed to low level of diazinon,
indicative of diazinon having a detrimental effect on the cellular integrity of the reproductive organs. Therefore,
in culturing, these could lead to poor performance, reduced productivity, compromised immune status and may
eventually lead to death of the fish.

A stringent control of the use of diazinon is hereby recommended to forestall adverse impact on feral and
cultured fish.
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