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Studies on effects of chronic exposure of endosulfan to Labeo rohita
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Abstract: The major carp, Labeo rohita (Hamilton) upon chronic exposure to endosulfan showed hyperglycemia (60.11 to 117.71 mg
100 mi") and hypercholestemia (51.78 to 76.87 mg 100 mi") of blood when compared to the control. As a result of the insecticidal stress,
the tissue metabolites and enzymes like AST and ALT revealed significant alterations. The hormones T3 (0.53 to 1.35 uml I) and TSH
(0.4810 0.32 umi ) were also affected by the endosulfan even in sub lethal concentration. Signficant histopathological alterations were
observed in liver and gill of treated fishes. The reason for the significant alterations in tissue sugars, aminoacids, cholesterol, protein,
enzymes and homones and the histopathological changes is discussed.
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Introduction

Any alteration in the chemical composition of natural aquatic
environment usually induces changes in the biochemical aspects of
the inhabitants particularly fishes (Edward, 1973). These alterations
in body metabolism due to organochlorine intoxication have been
extensively studied (Leonard et al., 2000; Ramaneswari and Rao,
2008). These studies indicate that all organochlorine pesticides are
highly toxic to fish when compared to organophosphate, carbamate
and pyrethroid under same environmental conditions. The degree
of toxicity produced by the poisonous substance is does independent
upon environmental conditions such as temperature, pH, oxygen
content and presence of residue molecules (Capkin et al., 2006;
Singh and Mishra, 2009; Gulfer et al., 2009). It is well known that
protein, carbohydrates and lipid play a major role as energy
precursors in fish under stress conditions. Enzymes play significant
role in food utilization and metabolism. The proteolytic enzymes
participate in the break down of protein molecules into aminoacids
and these aminoacids are inturn oxidized to give energy for body
function (Saravanan et al., 2000). Pollutants can produce metabolic
changes at cellular levels by a way of influencing enzyme systems.
Many authors have reported the changes in acid and alkaline
proteases in the fish exposed to sublethal levels of pesticides.
Baskaran et al. (1991) have studied the acid and alkaline protease
activity in the fish Oreocromis mossambicus under organophosphate
stress. Malla Reddy and Bashamohideen (1988) have observed the
changes in protease activity when Cyprinus carpio exposed to
fenvelerate, a pyrethroid insecticide.

Ramaswamy (1987) has studied the effects of sevin on the
lipid content levels of liver and muscle of Sarotherodon mossambicus
and noted lipids are accumulated. There are reports that the lipid
levels are much altered when fish was exposed to toxicants
(Saravanan et al., 2000,2003). In the fish blood there are several
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Thyroxin (TH) binding proteins, including transthyretin (TTR) which
has been recently identified in fish (Power et al., 2000) It is known
that some protein bind to human TTR, inhibiting TH binding and
transport (Lans et al., 1994). Coimbra et al. (2002) have reported
decrease in plasma cortisol and low level of T, in plasma of treated
fish, Oreochromis niloticus. A careful perusal of the literature reveal
not much of work has been done on the chronic effects of endosulfan
as an endocrine disrupting chemical on the major carp Labeo
rohita. Further, endosulfan has been widely used in the fields of
Trichy district because of its powerful insecticidal effect (Saravanan
et al., 2000). So an attempt has been made to study the influence
of sublethal concentration of endosulfan on certain tissue
metabolites, enzymes (AST and ALT) and hormones T, and TSH
and histopathological changes of gill and liver of the fish, Labeo
rohita (Hamilton).

Materials and Methods

The major Carp, Labeo rohita were obtained from a local
market at Thiruchirappalli, Tamil Nadu, India. The standard length
and weight of fishes were in the range of 10.0to 15.2cm and 60 to
76.5 gm, respectively. They were acclimatized in the laboratory
condition for more than two weeks. During this period they were fed
with pelleted food (ricebran and groundnut oil cake) on alternate
days and the water was renewed daily. The temperature, pH, salinity
and dissolved oxygen of the water were found to be 27 + 1°C, 7.55
+0.1,0.76 + 0.09%0 and 7.20 + 0.12 ml "' respectively. After the
acclimatization, two groups of five fishes each were introduced into
control and experiment tanks with 40 litters of water in each tank.
Endosulfan, technical grade (99%) obtained from the Scientific
Insecticide Company, Guntur, Thiruchirappalli district. To obtain the
sublethal concentration of 0.01 ppm of endosulfan, a stock solution
was prepared by dissolving 50 mg of endoslufan in 50 ml of acetone.
When 0.4 ml of this stock solution was mixed with 40 liters of water to
yield 0.01 mg of pesticide (0.01ppm).
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During the chronic study, the fishes were fed with pellets on
altemate days and the water was also renewed an hour after providing
the food. Soon after the change of water, 0.4 ml of acetone and 0.4 ml
of endosulfan stock solution were added to the control and experimental
tanks, respectively. At the end of 50" day, the fishes were caught
individually and used for the analysis. The blood was collected
individually using micropipette by cutting the fish at the caudal peduncle.
Then the fishes were sacrificed for collecting tissues like gill and liver.
The biochemical analysis of total free sugars, free aminoacids,
cholesterol and protein were estimated in the tissues following the
procedure Roe (1955), Yem and Cocking (1955), Zarrow (1964)
and Gornall et al. (1949) respectively. ALT and AST enzymes of
blood and liver were analysed following the procedure of Wooten
(1964). The histopathological studies on liver and gill were done after
fixing the tissues in bouins fluid by standard procedure. Then the
tissue was embedded in paraffin, sections were cut at 8 and stained
in hematoxilin and counter stained with esosin. The permanent slides
were photomicrographed using canon T-70 Model camera. The
serum level of T, and TSH of serum were determined using
chemiluminescence immunoAssay Kit. The statistical analysis include
standard deviation and mean difference t test using Statsoft (1997).

Results and Discussion

The mean blood total free sugar level in control group was
60.17+8.84 mg 100 ml" whereas in experimental group the mean
level increased to 117.71+10.14 mg 100 ml" (Table 1). The
increasing trend is also observed in blood cholesterol level in that
mean level of blood cholesterol increased from 51.78+5.61 mg 100
ml to 76.17 + 7.70 mg 100 ml" in experimental group. The mean
blood for amino acids level increased from 18.54 +3.72 mg 100 ml-* to
24.55 +1.08 mg 100 ml" in exposed fish. Itis of interest to note that
during this period the mean protein level decreased from 47.50 +
9.49 to 35.04+7.75 mg 100 ml". The mean levels of Aspartate
transaminase (AST) and Alanine transaminase (ALT) were also
increased significantly from 278.23+ 31.02to 715.71 + 26.08 IU L™
and from 33.92 + 5.23 to 55.16 + 10.03 IU L. respectively. The
mean level of serum T, increased from 0.53 +0.07 in control to
1.35+ 0.11U L' to treated group whereas the TSH level decreased
from 0.48 + 0.3210 0.08 + 0.13 pumol I'in treated group. (Taple 1)
The mean liver total free sugar level increased from 15.34+1.13 to
15.53 + 2.96 mg g wet. wt. The mean level of cholesterol in liver
was 49.08+7.42 mg g wet.wt in control group and 28.92+4.08
mg g wet.wt in treated group. The average liver aminoacids level
increased from 94.14+ 4,71 to 154.44 +5.53 where as the mean
liver protein level decreased from 167.74 + 10.32t0 70.78 +5.89
mg g wet.wt. respectively. In liver both AST and ALT levels
increased in that the mean ALT level significantly increased from
86.04 +7.48t0 115.86 + 7.31IU L' g wet.wt in treated fishes. In
the present study the following histopathological changes were
observed in the gills of treated fishes, the tip of the primary lamellae
were shapeless and seemed to be eroded; the secondary lamellae
varied in shape widely. Debris of inter lamellar epithelium, damaged
secondary lamellae and red blood cells were often observed
between secondary lamellae and primary lamellae. Haematomas
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and aneuryama were also observed in some seconday lamellae
(Fig. 1,2). The liver of control fish appeared to be normal in that the
liver showed a continuous mass of hepatic cells, which are
hexagonal in shape with more or less centrally placed nucleus.
Enlargement of liver cells with vacuolation, histolysis and necrosis
were observed after 50 days of exposure (Fig. 3,4).

The major carp Labeo rohita on exposure to sublethal
concentration of endosulfan for a chronic period of 50 days showed
the following changes like hyperglycemia of blood in the treated fish,
which is in agreement with earlier reports of Grant and Mehrle
(1973) in Salmo gairdneri; Mukhopodhya and Dehadrai (1980) in
Clarias batrachus; Sastri and Siddique (1982) in Channa punctatus;
Simon et al. (1983) in Cyprinus carpio and Saravanan et al. (2000)
in Oreochromis mossambicus. The liver total free sugar decreased
significantly which is in agreement with the report of Tilak et al.
(2005) in major carps. The reason for the significant decrease in
tissue sugar may be due toiits utilization to meet the insecticidal
stress (Umminger, 1970). Due to the endosulfan induced stress, the
blood cholesterol levelincreased significantly which is in agreement
with the earlier reports of Kaur and Kaur (2006) in Channa Panctatus
and Kumar et al. (2005) in Cirrhinus mrigala. On the other hand the
liver cholesterol level decreased as a result of the insecticidal stress.
Wasserman et al. (1970), Gill and Pant (1983) and Nirmala and
Eliza (2005) have reported enhanced catabolism of cholesterol
with resultant hypercholestemia as the result of toxicity to insecticides
and heavy metals. In normal animals cholesterol synthesis in liver
is to made to operate at a level below maximum due to continuous
absorption of cholesterol from the digestive track and to negative
feedback effect (Sabine, 1977). But, when any xenobiotics entering
the liver will be interfering with this feedback mechanism.

The endosulfan even at sublethal concentration affected
the levels of free amino acids of blood and liver,in that in both the
tissue the level increased significantly. Toxicant induced alteration
in the quantity of free amino acids has been reported by Shaffer
(1976) in Leucipus cephalus and Mehrle et al. (1971) in Salmo
giardneri. In fact during this period the protein level decreased in
both the tissues strongly suggesting the insecticide induced
proteolysis to meet the increased energy demand as opined by the
earlier authors like (Ramalingam and Ramalingam (1982), Jayantha
Rao et al. (1984), Saravanan et al. (2000) and Kumar et al. (2005).

The present study also reveals the significant increase in
aspartate amino transferase (AST) and Alanine amino transferase
(ALT) in blood and liver. Such an insecticide induced increase in
AST and ALT has been reported by earlier authors. Tilak et al.
(2005) have reported an increase in enzyme levels in the three
major carps to the organophosphate insecticide, chlorpyrifos. They
have also suggested that the increase in tissue AST and ALT was
the indication of incorporation of amino acids by way of amino
transferase activities of these enzymes into Kreb’s cycle to over
come the acute stress posed by the endosulfan. This may be reason
for theincreased in the enzymes levels in tissues of exposed fishes
as observed in the present study. As a result of chronic exposure
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Table - 1: Changes in the levels of organic constituents of blood and liver of Labeo rohita (Hamilton) on exposure to Endosulfan for 50 days
Name of TFS CHO FAA Protein AST ALT T, TSH
tissue (mg 100 mI) (([VAR)] (m mol I)
c E (o E (o E (o E c E c E c E c E
Blood 60.17 117.71* 5178 7617 1854 2455* 475  3504* 27823 71571* 3392 5516* 053 1.35* 048 0.3
+884 +10.14 +561 +7.70 +372 +1.08 +949 +775 +31.02 +2608 +523 +10.03 +0.07 +0.1 +0.08 +0.13
mg g wet wt. (uL'g?)
Liver 1134 1553* 4908 28.92* 9414 154.44* 16774 70.78* 4923 50.02* 8604 115.86* - - - -
+1.13 +296 +742 +408 +471 +553 +10.32 +589 +645 +9.93 4748 +7.31 - - - -

Mean + Standard deviation, C = Control, E = Experiment, TFS = Total free sugar, FAA = Free amino acid, AST =Aspartate transaminase, ALT =Alanine
Significantat*0.05and **0.01, NS = Non significant, CHO = Cholesterol

amino transferase, TSH = Thyroid stimulating hormone, T, = Triodothyronine, S =

Fig.1: T.S. of control gill of Labeo rohita, showing normal gill filament (GF)
with primary and secondary gill lamellae (SGL and PGL). X 100
]
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cells(HC) X 100

(50 days), the serum T, (Triodothyronine) level increased but
TSH level decreased in treated fish. The TSH is synthesized and
secreted by the anterior pituitary in response to a negative feedback
mechanism involving concentration of free plasma T,. Such
pesticide induced changes in circulatory thyroid hormones has
been observed by earlier author, Sinha et al. (2005) in Clarias
batrachus. Further the authors have recognized the endosulfan
being an endocrine disrupting chemical (EDC). Chakravarthy et al.
(2005) have reported the effect of endosulfan on vitellogenesis
and its modulation by different hormones in the vitellogenic cat
fishes, Clarias batrachus.

Fig.2: T.S. of treated gill of Labeo rohita showing shrinkage(SC)
disintegrated cells(DC) vacuolation (VC). X 100

Fig.4: T.S. of treated liver of Labeo rohita showing clowdy swelling and
vacuolation (VC) of hepatic cells, destruction and separation of Islets of
Langerhans (IL) X 100

The gills, being delicate structure, get affected easily if the
surrounding media is contaminated (Roy and Munshi, 1991).
This is well reflected in the present study in that the gill of treated
fish showed detachment of epithelial layer with reduction of
interlamellar space and fusion of secondary lamellae. Such
changes have also been reported by Dhanapakiam et al. (1998)
in Channa punctatus exposed to industrial effluents. Further, the
treated fish liver showed shrinkage (SC), disintegration (DC) and
vacuolation (VC) ultimately resulting in necrosis when compared
with normal hexagonal cells found in the control liver. Thisis in
agreement with earlier reports of Saravanan et al. (2003) in
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Oreochromis mossambicus and Nagarajan and Arunadevi
(2006) in Labeo rohita.
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