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Abstract

The fish as a bioindicator species plays an increasing important role in the monitoring of water
pollution because it responds with great sensitivity to changes in the aquatic environment. The endocrine
response to pesticidal stress in the fish Labeo rohita was investigated in the present study. Exposure of
the fresh water fish, Labeo rohita to sub- lethal concentration (5.6 ppm) of methyl parathion over a period
of six hours has revealed that the pesticide has a profound effect on the cortisol, T3, glucose and glycogen
contents of the liver and muscle of the fish. The level of cortisol increased significantly (p<0.06) after two
hours and after six hours of exposure (increased approximately twice to that of the control) but on the
contrary T3 decreased significantly (p<0.002) till six hours showing an inverse relationship. It was
interesting to note that the glucose content increase was highly significant (p< 0.001) till six hours
(approximately 3.5 times) as compared to control in contrast to liver glycogen suggesting glycolysis
during stress. But the muscle glycogen responded differently because the muscle glycogen increased
significantly (p<0.006) during 4" hour, 5™ (p<0.002) and 6™ (p<0.009) hours. The results suggest that the
methyl parathion extended potent effects on the endocrine system through activating their hypothalamo-
pituitary- internal axis and disturbing the thyroid function. The physiological significance of these
observations is discussed in the present paper.
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Introduction

The response of stress in fish is characterized by the stimulation of the hypothalamus which
results in the activation of the neuro-endocrine system and a subsequent cascade of metabolic and
physiological changes [1, 2]. These changes enhance the tolerance of an organism to face an
environmental variation or an adverse situation while maintaining a homeostasis [3, 4].

Under the condition of stress, the body of the fish immediate responses recognized as primary and
secondary responses. The primary response is the perception of an altered state by the central nervous
system (CNS) and the release of stress hormones, cortisol and catecholamines (adrenalin and nor-
adrenalin) into the blood stream [5]. Secondary responses occur as a consequence of the released stress
hormone [6], causing changes in the blood and tissue chemistry e.g. an increase in plasma glucose [7, 8].
This entire metabolic pathway produces a burst of energy to prepare the fish for an emergency situation

[9].

Some plasma chemicals may be useful tools to evaluate the heath and or stress condition of the fishes [10,
11, 12]. Since stress has been reported to elevate plasma cortisol [13, 14, 15, 16] and glucose levels [17,
18], many researchers consider as a ‘rule of thumb’ that fishes undergoing stressful situation exhibit
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plasmatic increases of cortisol and glucose [19, 20, 21]. The secretion of cortisol is slower than
catecholamines but its effects are more prolonged [22, 23], combining mineral and glucocorticoid actions
to restore homoeostasis [14, 24, 25]. Cortisol activates glycolysis and gluconeogenesis processes in fish
and chromaffin cells that release catecholamines which further increase glycogenolysis and modulate
cardiovascular and respiratory functions [26]. This whole process increases the substrate level (glucose)
to produce enough energy according to the demand of the animal.

Thyroid hormones affect various aspects of metabolism. Thyroid hormones play a role in a stress
related mobilization of glucose in fish. Thyroxin treatment caused hyperglycemic effect in some cases
[27]. However, other studies observed hypoglycemic responses in thyroxin treatment [28]. Closely related
significant elevations of plasma T, and glucose induced by disturbance stress were reported [29]. Thyroid
hormone administration has been reported to accelerate fish growth [30, 31, 32] and support of this
concept, elevated concentrations of T3 were found to in periods of rapid growth [33, 34, 35]. The apparent
inconsistencies in these experiments may partially reflect interaction of the thyroid hormones with the
other hormones such as growth hormones and cortisol. Thyroidal treatment was found to promote the
anabolic effects of growth hormone (lower liver glycogen and high serum cortisol) in rainbow trout [36,
37] on the other hand, growth hormone treatment significantly elevated plasma T3 concentration of
rainbow trout [37, 38] indicating an increased peripheral conversion of T, to Ts. Sub- lethal concentration
of arsenic decreased thyroxin concentration [39].

Many teleost fish rely primarily on protein and lipid sources for energy and they are considered to
possess enzyme system for the utilization of the carbohydrates [40, 41]. In these species, amino acids
such as arginine and lysine have been to be more effective than glucose in simulating insulin release [42,
43]. However, carbohydrate metabolism increases in high energy demand such as stress. In stress blood
glucose is elevated as a result of both glycogenolysis and gluconeogenesis [14]. Stress has been described
as an energy drain of energy that might be utilized in growth diverted to catabolic utilization [44, 4, 45].
Moabilization of readily available energy in the form of glucose is suggested to enhance the survival of
fish [46, 47]. It is perhaps, not surprising, therefore, that elevation of plasma glucose has been recognized
as a part of generalized stress response in fish [3, 48, 49, 50] and fish exposed to pollutant [51, 52, 53,
54].

It is apparent from the literature cited above that there are apparent inconsistencies in these
experiments which may partially reflect the interaction of thyroid hormones with other hormones and
cortisol. As such, in the present study, this effect of acute toxicity of methyl parathion on the endocrine
responses to the pesticidal stress in the fish Labeo rohita has been studied.

Materials & Methods

Labeo rohita, a common carp were obtained from the local hatchery. Fishes were acclimated to
the laboratory conditions for about 5 days. They were kept in aquarium tank (250L) and the water was
constantly aerated by static system. During the acclimation period, they were given artificial
(commercial) feed and grounded shrimps available in the local market to avoid the possible effects of
starvation on any parameters under study. The feeding and maintenance of the fishes and physico-
chemical characteristics of the aquarium were measured. Short term test of acute toxicity over a period of
6hrs were performed on these fishes following the renewal bioassay. Fishes were exposed
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intraceolomatically with 1/3™ of 16.8 ppm of methyl parathion (LCs) for 6 hours to evaluate in vitro
concentration of serum cortisol and T3 by Chemiluminescence Immuno Assay Reader Neo- Lumax,
model-4901 because it has measuring ranges over many other immunoassay methods and excellent for
detection and quantification. Serum glucose was determined spectrophotometrically by GOD- POD
method, serum SGPT and SGOT were determined by Reitman and Frankel method [55]. Glycogen was
estimated by Kemp and Andrinne method [56] as modified by Kanungo and Sinha [57].

Blood Collection:

The fishes were taken out of the aquarium individually through fish net with a minimum possible
disturbance. After preliminary investigations, the blood samples were collected from caudal fin as
described by many authors. In the present study, the blood collection from caudal fin had to be abandoned
because there was an unusual increase in the enzymatic activities were recorded, which might have leaked
from the surrounding muscle tissues. Thus, cardiac sampling was the only suitable method available as an
alternative to obtain blood under the present study. After the blood sampling the liver and muscle tissues
were taken for different assays.

Liver and Muscle:

Liver and muscle were taken out and soaked with filter paper and subsequently analyzed for
glycogen. Prior to the assay, the tissues were properly homogenized in an electrical homogenizer and
centrifuged at 4°C in a cooling centrifuge (Remi, Model: C-30).

Results & Discussion

Fig. 1 & Table 1 show that there is a significant increase in cortisol when the fish, Labeo rohita,
is exposed to sub- lethal concentration of methyl parathion till 5 hours and during 6™ hour of exposure the
concentration of cortisol remain the same as that of 5" hour. Similarly, there is a parallel significant
increase in serum glucose (p< 0.001) after 1 hour of exposure till 6 hours in contrast to the liver glycogen
wherein the decrease is significant (p<0.003) during 2™ hour and thereafter till 6 hours (p< 0.001). The
results also reveal that T5 concentration decreases significantly during 3, 4™ 5™ and 6" hours of
exposure (Fig. 1 & 2), whereas muscle glycogen increases significantly during 4", 5™ and 6" hours of
exposure.

Cortisol has been widely used to assess the state of health of the fish exposed to stress [58, 59].
Changes in the concentration of plasma cortisol however, depend upon the nature of stress stimuli and the
duration of the stress as well as also the magnitude and severity of stress [60, 61, 51] and species under
investigation [62]. In the present study, since there is a significant increase in the cortisol concentration
immediately after exposure and continuous increase till 6™ hour (Tab. 1, Fig. 1 & 2), it could be
concluded that fishes exposed to the sub- lethal concentration of methyl parathion undergo an immediate
stress and continue to be under stress till 6™ hour with a parallel increase of glucose concentration in
contrast to liver glycogen (Tab. 1), suggesting thereby glycolysis.

Many authors have reported that cortisol increases glycolysis resulting in the rise of blood
glucose whereas some authors have reported that it is the catecholamines which is known as ‘fight and
flight” hormone which increases the blood glucose initially and thereafter the cortisol further increases the


http://www.ijiset.com/

ﬁﬁ%\\ IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 1 Issue 8, October 2014.
j www.ijiset.com

blood glucose. As such, it was considered of interest to investigate whether the rise of glucose in stressed
condition was due to glycogenolysis or gluconeogenesis? To prove this hypothesis, SGPT and SGOT
activities were also assayed. It was found that SGPT & SGOT activities increased after 2 hours and
continued to increase till 6™ hour of exposure suggesting that gluconeogenesis took place after 2 hours
and as such the initial rise of blood glucose was due to the catecholamines and not due to the cortisol
(Tab. 1) as reported by Martinez- Porchas et al [63].

ISSN 2348 — 7968

In gluconeogenesis, free amino acids are precursors of glucose synthesis and regulation of the
process in the liver is suggested to be mediated by cortisol. The gluconeogenesis effect of cortisol has also
been reported by Vijayan et al [64]. The hyperglycemic effect of cortisol is due to the inhibitory effect of
the hormone on glucose oxidation and utilization in peripheral tissues. This is corroborated by our result
of T3 which decreased significantly during 6™ hour of exposure. The decreased liver glycogen in response
to elevated cortisol has also been reported [65, 66, 67, 36]. Therefore, the present study shows that
cortisol action is inversely related to T3 action (Fig. 3).

Conclusion

1. The secretion of cortisol is slower than the catecholamines but its effects are more prolonged and
its action is to restore homeostasis.

2. An adverse role of cortisol is suggested to be linked to mobilization of energy reserves through
catabolic functions. After stress, the cortisol level returns to basal level to avoid tissue damage
because it is known that high level of cortisol cause death in fishes by tissue degeneration and
damage of homeostatic mechanism.

3. Thus, cortisol and glucose are good indicators for acute stress. As such, cortisol and glucose
could be regarded as reliable biomarkers of stress.
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Table: 1

Parameter | Control Time Duration of Treatment
(Serum)

1% Hour 2" Hour 39 Hour | 4™ Hour 5" Hour 6™ Hour
Cortisol 13.5+4.2 16.8+2.3 18.7+2.1 19.8+2.9 21.2+2.9 23.5+2.3 23.7+4.9
(no/dl) (p<0.003) (p<0.066) (p<0.026) (p<0.002) (p<0.006) (p<0.016)
T 1.2+0.4 1.2+0.17 0.9+0.04 0.6+0.1 0.4+0.09 0.4+0.1 0.3+0.1
(ng/ml) (p<0.709) (p<0.120) (p<0.021) (p<0.012) (p<0.006) (p<0.002)
Glucose 51.6+4.9 54.5+8.04 80.3+9.3 124.2+14.4 | 139.0+41.3 | 172.446.0 171.8+18.7
(mg/dl) (p<0.467) (p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001)
SGOT 7.6+0.7 6.7+0.2 6.8+1.1 7.0+0.2 7.0+0.2 7.242.2 8.8+0.7
(runy (p<0.2) (p<0.7) (p<0.6) (p<0.5) (p<0.9) (p<0.2)
SGPT 5.1+1.0 8.3+0.6 8.6+1.4 9.0+0.6 7.5+0.8 8.1+0.9 8.6+0.9
(runy (p<0.06) (p<0.09) (p<0.07) (p<0.05) (p<0.08) (p<0.06)
Parameter (Tissue)
Liver 10.4+0.5 10.1+1.0 7.1+1.2 7.0+0.6 5.6+0.6 5.240.5 5.0+0.9
Glycogen (p<0.444) (p<0.003) (p<0.001) (p<0.001) (p<0.001) (p<0.001)
(mg/g Of
tissue)
Muscle 1.74£0.2 1.4+0.1 1.2+0.2 1.92+40.3 2.4+0.3 2.4+0.4 2.240.3
Glycogen (p<0.07) (p<0.022) (p<0.1) (p<0.011) (p<0.033) (p<0.032)
(mg/g Of
tissue)
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Fig: 1 Effect of Methyl parathion stress on the level of Cortisol, Thyroxin (T3), Serum Glucose, Liver Glycogen,
Muscle Glycogen, SGPT and SGOT
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Fig 2: Systematic Representation of the Dynamics of Cortisol and Catecholamines in the Production of Glucose
during the Pesticidal Stress
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Fig. 3: Showing Antagonistic Relationship between Cortisol and Thyroid Hormone T3 as a Function
of Methyl Parathion
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