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ABSTRACT

Clarius a widely distributed fish in India highly esteemed as food and can be easily
procured from the market. These fishes come in contact of pesticides, as non-target organisms
by–(1) Many of these fishes live in the puddles created   in the fields. (2) As washed to the
water bodies where the organisms living there are affected, of which fish is the commonest.

Clarius batrachus is said to be a very hardy fish so it was selected for the study. The
study of digestive system and the liver of any animal gives a clear picture of affect of its
food in the organism. If pesticide is being ingested then its harmful effects can be drawn
clearly by the study of these organs viz. stomach, intestine and liver.

Key Words :  Formathion, Clarius batrachus, Liver, Histopathological changes, Sub-lethal,
Lethal.

INTRODUCTION
Fishes, an important aquatic crop and

secondary consumer in ecosystem are
frequently exposed to pesticides as they are
washed out along with the water from fields
ultimately comes in the rivers, resulting in
disease or mortality.

Formathion is a vastly used pesticide
used on variety of crops as apples, beans,
grapes, cherries, carrots, peaches, strawberries
etc. It is a member of organ phosphorous group
of insecticides. This group of systemic
insecticides include vast array of aliphatic and
aromatic compounds containing phosphorous
system. All have general formula where G1
and G2 groups are attached strongly and stably

but X group is easily removed by hydrolysis.

These are, therefore chemically less
stable than the organic chlorides and tend to
be degraded within hours of application. This
group can cause acute toxicity and death at
the time of application, but they do not lead to
accumulation of potentially harmful residues in
environment. They are therefore more ideal
insecticides applied carefully and safely. Water
solubility of organ phosphorous varies according
to the nature of G1,G2.
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Chemical name of Formathion is –
(S-(N-Formyl-N Methyl Carbamyl), O-

Dimethyl Phosphorodithiote
Formathion inhibits acetyl

cholinesterase. Nervous transmission is a
suitable target for pesticides.

FISH: Clarius batrachus, a member
of order Cyprinformes and family claridae is a
common catfish of our ponds and paddy fields.
It has two pairs of extra breathing organs, under
each gill cover and lying opposite to the gills.
Only one species, Clarius batrachus occurs in
fresh water and brackish waters throughout
India. Body is elongated, head depressed with
top and sides covered with osseous plates,
barbles four pairs, pectoral fins with spines,
Dorsal without spine, caudal fin rounded, colour
uniform brown to greenish black, length about
45 cms, esteemed as food. This fish was used
because it the commonest and handy fish, so
will come in maximum contact with the
insecticides, and any effect of pesticide in this
fish will surely affect the human population as
it has food value.

MATERIAL AND METHODS
The Pesticides selected was Formathion

because it is a commonly used, though on
ground crops, it pollutes the water body through
drainage, spills or aerial drifts. Thus fishes living
in these water bodies do ingest these toxins
while 1. Respiration and 2. Ingestion of food.
Thus it affects the digestive system of fishes
through stomach and intestine, ultimately
reaching the liver.

The fishes used for studies were
procured from local fresh water resources.

The fishes selected were healthy. After
disinfecting them, they were maintained under
laboratory conditions to acclimatize for 10 days,
they were treated with Pesticides at different
concentration for different hours at lethal and
sub lethal levels. At the required intervals, fishes
were autopsied and stomach, intestine and liver
were procured. Controls were also run and

autopsied. The experimental organs were
preserved in Bouin’s solution, embedded in wax
and sections were cut at 6-8 u and studied at
various magnification of low and high power
of microscope.

In liver studies were limited to the
structure and changes in glycogen and general
protein contents. For glycogen PAS procedures
of Perse (1968) was adapted. Best carmine’s
test method (1903) was used for further
confirmation. Proteins were demonstrated with
the use of Mercury bromothenol test.

OBSERVATION
(A) (Sub-lethal) Concentration of

Formathion for 20 hours :
1. Polyhedral nature of liver was lost.

2. Some cells show precipitation of both
cytoplasmic and nuclear material.

3. Some cells were having distinct cell
membranes, the others were found with
indistinct membranes or boundaries.

4. Enlargement in the liver cells and
vacuolation in the cytoplasm was also
noticed.

5. Infiltration of lymphocytes could also be
seen.

6. Intracellular spaces were found
sufficiently widened due to damage of
connecting cells.

These observations in general show
potential degeneration and vacuolation in liver
cells at the sub lethal concentration.

In control fishes, granular glycogen
deposits were seen in the cytoplasm and
in the nuclei of the hepatic cells. The
concentration of glycogen in the
cytoplasm was more than that in the
hepatic nucleus as was indicated by
strong PAS reaction. Glycogen in the
hepatic cells was confirmed by PAS
after malt diastase digestion and also by
the Best’s carmine test, while mercury
bromophenol gave moderately strong
reaction, indication poor distribution of
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general proteins in liver. Proteins were
found disturbed as ink blue droplets in
liver.

7. PAS reaction was found much intense,
indication, increase in the deposit of
glycogen, as compared to that in the
normal fishes indicating increase in
glycogen contents.

8. General proteins were indicated
moderately positive throughout the tissue,
with the mercury bromophenol test.

(B) Lethal Concentration  (50 ppm) of
Formathion for 50 hours;

Degeneration at this stage and
concentration of pesticide were found at much
different than observed above.
1. Rupture, hypertrophy and vaccuolation

of hepatic cells.
2. One side of tissues showed complete

rupture of the hepatic cells with extrusion
of nuclei.

3. Total degeneration, vacuolation and
necrosis were also noticed and the cells
were found scattered clustered
throughout the tissue.

4. Every hepatic cell was found to contain
glycogen, as red or purple patches in
cytoplasm, towards the periphery.

5. In many cases glycogen was found to
ooze out of the cells due to cellular
damage.

6. General proteins were found moderately
distributed throughout the liver
parenchyma and hepatic cells.

RESULTS AND DISCUSSION
The effect of pesticide shows a variety

of changes in fishes. Along with Biochemical
and physiological Changes in different organs,
It Induces Toxic effects even on the Spawning,
Hatching and and the growth of commercial
and sport fishes. The increase in pesticide
concentration changed the behavioral pattern;
similarly increase in the quantity of time in
pesticide polluted water also showed more

aggressive behavior. When two or more males
were put together in one aquarium they fought
most of the times but increase in the pesticide
concentration increased their fighting behavior.
This increase in fighting may be attributed to
the fact that pesticide increases the stress they
are facing. The continuous increase resulted
in lethargy after some time.

The route of toxicant in any fish is same
from buccal cavity to stomach through
oesophagus, then to intestine, following all the
processes of digestion, then after being
absorbed in the blood is distributed to liver and
other organs. The destructions done by the
toxicants will also follow the same route.

First visible destruction will be seen in
stomach, as the pesticide coming with food
stays there for a while. In this fish we have
seen that the destruction done at the Sub lethal
concentration of Formathion for 20 hours
showed the initiation of destruction in columnar
epithelium. Shorter gastric folds were seen,
enhanced mucous secretion was seen. Food is
conveyed from the pharynx to the stomach
though oesophagus. In a very strict sense actual
digestion starts in the stomach. The medium in
the stomach of fishes is acidic. The production
of acid in gastric secretion is well established
in teleost fishes. In the fishes studied here the
pH ranges from 5.2 to 6.1 in normal feeding
conditions, where the Ph changes after feeding,
becoming more acidic. In the present study, the
pH of different parts of alimentary canal varies
between 5.5 to 7.6 whereas the liver with
diffused pancreatic juices was found to be
alkaline.

As the concentration of pesticide was
increased to lethal level, and the time increased
the level of destruction was also increased. The
columnar mucosa was ruptured at many points.
Gastric glands were found to be hypertrophied.
Mucous secretion was much more pronounced,
forming a thick layer. The distribution of
general protein was moderate but the
difference with control fishes was quite evident.
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Similarly in intestine also the destruction
is quite evident at sub lethal level. Marked
swelling in the intestinal epithelium was seen.
Hypertrophy, necrosis, vacuolation and
liquidification could be seen in mucosa.

The epithelium was sloughed from
basement membrane at number of points and
lumen was found to contain cellular debris and
mucous.

Bending and fusion of intestine villi was
very prominent. Detachment of lamina porpria
was evident as appearance of vacant area.
Mucous cells showed rich Deposition of acid
muco substances.

General proteins were also found to be
distributed in abundance in mucosa villi. The
changes in blood was studied by many other
scientists like

Sahai and Thakur4 Found that
Neutrophils showed a marked increase in
number which indicates increased leucopoetic
activity ready for the bodys defense in these
fishes. Basophil counts show a significant
decrease. The study of Singh, Srivatava and
Srivastava on alderin effect on Heteropneustus
showed hypoglycemic responses. Blood
glucose level decreased significantly after 7
days exposure to Alderin.Total serumprotien
content in the pesticide treated fish decreased
significantly after 7 days than in control3 of
Necrosis and enlargement hepatic cells were
recorded on exposure to sub lethal and lethal
concentrations. Though the degree of
destruction increases with increase in
Formathion percentage. The degeneration
process in this investigation was found to be
quite fast.

Liver is a vital organ helping not only in
digestion, But also in Detoxification of
pollutants entering in organisms though
environmental contamination. The liver in
control fishes had polygonal Hepatocytes; each
containing an oval nucleus mostly placed
eccentrally. The Nucleus has a large central
Nucleuolus.The study of liver by Sharma

(2006)5 in methyl red exposed fish, liver lost its
polygonal shape in first week and finally formed
homogenous mass in 4th week. Fissure radiating
throughout the tissue were also prominent.
Similar changes were reported in the liver of
Heteropneustus fossils exposed to sunset
yellow and brilliant blue for two months.6 Liver
is concerned with the detoxification on
endogenous waste .the toxic component being
a surface active agent is absorbed by the blood,
both when it is dissolved in the water or mixed
with the food and is thus carried to liver. There
it disturbs the proper functioning in the liver to
regulate the inner and intra cellular traffic of
materials. This is evident by the quick series of
changes observed viz. Hydropic degeneration,
hemorrhage, leucocytosis and lymphocytic
infiltration.

The increase in the general protein
contents was seen by other workers also, might
be due to increased metabolic activity of fishes
under the effect of formathion. But the effects
of Avaunt by Kumar and Saradhamani Shows
the decrease in protein level in general tissues
of liver, muscles and kidney of Cirrhinus
mrigala.2

Changes in liver glycogen indicate that
carbohydrate metabolism in fishes might be
impaired under the effect of these pesticides.

The depletion in glycogen content might
be due to destruction of glucose-6- phosphates,
located in the membrane of endoplasmic
reticulum as a consequence of hepatoxin-
administration. This is in accordance with the
study of Narendra Singh et al

3
, Where they

found decreased glucose level in the Blood of
fishes.

Thus the present observation of
enhanced activity of glycogen and general
proteins in liver are simultaneous with rate of
mortality, due to psychological imbalance
brought about by the toxic action of formathion.
The accumulation of metals were found by
some workers in the liver, kidney, gills and
intestine of fishes.5 No such accumulation was
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seen here, But only the destructions because
of the pesticide was observed.

The cumulative effect of this disturbed
phenomenon must be one of the factors in
bringing about the death of these fishes.

As the concentration of toxins increase
in the water behavior and activity of fishes
change. First they become restless, aggressive,
swims in circles, but after some time and with
increase in toxin concentration they become
dull, dislikes food and ultimately results to death.
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