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ABSTRACT Pesticides are often used indiscriminately, in large amount causing environmental pollution. Pesticides 
cause adverse effects on different body systems, including endocrine system. Many authors have report-

ed the ability of organophosphate pesticides to disturb thyroid function. The aim of this work was to investigate the 
effect of sub-acute toxicity on TSH, T4 and T3 in the fish Labeo rohita. The acute toxicity L50 96 h was 16.8 ppm for me-
thyl parathion and the fish was exposed to 1/3rd of LC50 h. (5.6 ppm). TSH decreased by 42.6% in 24 h but increased 
by 303.9% and 76.5% during 48 & 72 h and then decreased during 96 h by 11.8%. T3 decreased by 82.2, 56.8, 19.2 
and 61.7% in 24, 48,72 hand 96 h respectively than the control. T4 decreased by 7.2, 13.4 during 24 and 48 h respec-
tively, but increased by 41.6% to that of 48 h in 72 h. The sub-lethal toxicity which cause decrease in serum T3 & T4 
and TSH may be due to the reduction in fish metabolic rate, indirectly reducing the toxic impact of the pesticides. 
During pesticidal exposure, for regaining safe homeostasis fish perform many physiological processes and the two im-
portant physiological processes which are modulated when fishes are exposed to stress are the hormonal status and 
immune functions. Suppressed level of thyroid hormones found in Labeo rohita depicts physiological stress
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Introduction:
Pesticides have brought tremendous benefits to mankind 
by increasing production and controlling the vector of man 
and animal diseases. At the same time use of these pol-
lutants has posed potential health hazards to life of fishes. 
Pesticides are major cause of concern for aquatic environ-
ment because of their toxicity, persistency, and tendency 
to accumulate in the organisms (Joseph and Rai, 2010). 
The impact of these pesticides on aquatic organisms is 
due to the movement of pesticide from various diffuse or 
point sources. These pesticides are posing a great threat 
to aquatic fauna especially to fishes, which constitute one 
of the major sources of protein rich food for mankind. 

Blood is highly susceptible to internal and external envi-
ronment fluctuations because it is the vehicle for the trans-
port of such pollutants (Blaxtall, 1972). The fish serves as 
a bioindicator of water quality and the impact of the pes-
ticide can be well understood by analyzing either blood 
or serum of the fish, because blood is a pathophysiologi-
cal reflector of the whole body (Sharma and Singh, 2004, 
2006; Ray & Sinha, 2015). The toxic effects of pesticides 
to the blood of the fishes have been studied by many re-
searchers (Kumari et al, 2010; Kumari et al 2011; Kumari 
et al, 2011; Ray and Sinha, 2015). The response of stress 
in fish is charaterised by the stimulation of hypothalamus 
which results in the activation of the neuro- endocrine sys-
tem and a subsequent cascade of metabolic and physi-
ological changes. These changes enhance the tolerance 
of an organism to face an environmental variation or an 
adverse situation while maintaining a homeostasis (Ray 
and Sinha, 2015). Under the condition of stress, the body 
of the fish immediate response recognised as primary and 
secondary responses. The primary response is the percep-
tion of an altered state by the central nervous system and 
the release of stress hormone, cortisol and catecholamines 
into the blood stream (Randall and Perry, 1992) causing 
change in the blood and tissue chemistry e. g. an increase 
in plasma glucose. The entire metabolic pathway produc-

es a burst of energy to prepare the fish for an emergency 
situation (Rottman et al, 1992; Ray and Sinha, 2015). Many 
researchers considered as a “rule of thumb” that fishes un-
dergoing stressful situation, exhibit plasmatic increases of 
cortisol and glucose (Hatting, 1977, Barcellos et al, 1999; 
Ray and Sinha, 2015). Cortisol activates glycolysis and glu-
coneogenesis processes in fish. The whole process increas-
es the substrate level (glucose) to produce enough energy 
according to the demand of the animal.

In fish, hormones are critical towards maintaining proper 
physiological function and amongst the many hormones 
found in fish, the thyroid hormones (T4) and (T3) are 
known to play an important role in fish growth (Hoggs 
et al, 1982; Miwa and Inui, 1985) and early development  
(Brown, 1997). When the fishes are exposed to  stressors, 
the level of thyroid hormones have been demonstrated 
to be decreasing (Pickering, 1993; Deane et al, 2001) and 
the chemical pollutants have been reported to detrimen-
tally affecting thyroid hormonal status in a number of fish 
species (Xu et al, 2002; Brown et al, 2004; Scott and Slo-
man, 2004; Vandar Ven et al, 2006). Thyroid hormones 
affect various aspects of metabolism and also play a role 
in a stress related mobilisation of glucose in fish. Thyrox-
in treatment caused hyperglycemic effect in some cases 
(Chan and Woo, 1978). However, other studies observed 
hypoglycemic responses in thyroxin treatment (Murat and 
Serfaty, 1970). Thyroidal treatment was found to promote 
the anabolic effects of growth hormone (lower liver glyco-
gen and high serum cortisol) in rainbow trout (Farlund et 
al. 1980); on the other hand growth hormone treatment 
significantly elevated plasma T3 concentration of rainbow 
trout (Farbridge and Leatherland, 1988).

It is apparent from the literature cited above that there are 
apparent inconsistencies in these experiments which may 
potentially reflect the interaction of thyroid hormones with 
other hormones. The aim of the present paper is to see 
the effect of acute toxicity of the methyl parathion on the 
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thyroid hormones (TSH, T4 and T3) due to pesticidal stress 
in the fish, Labeo rohita. 

Materials and methods:
Labeo rohita, a common carp were obtained from the lo-
cal hatchery. Fishes were acclimated to laboratory condi-
tions for about 5 days. They were kept in aquarium tank 
(250 L) and the water was constantly aerated by static sys-
tem. During the acclimation period, they were given arti-
ficial (commercial) feed and grounded shrimp available in 
the local market to avoid the possible effects of starvation 
on any other parameters under study. The feeding and 
maintenance of the fishes and physico-chemical character-
istics of the aquarium were measured. Short term test of 
the acute toxicity over a period of 96 h were performed 
on these fishes following the renewal assay. Fishes were 
exposed intracoelomatically with 1/3rd  of 16.8 ppm of 
methyl parathion (LC50) for 96 h to evaluate in vitro con-
centration of serum TSH, T4 and T3 by Chemiluminescence 
Immuno Assay Reader Neo-Lumax, Model-4901 because 
it has measuring ranges over many other common assay 
methods and excellent for detection and quantification of 
analytes. Serum concentration of T3 and T4 and TSH were 
expressed by ng/ml, ng/ml and µg/dl. The data collected 
from control and treated groups were represented as mean 
± S.D. for (standard deviation) each group.

Blood collection:
The fishes were taken out of aquarium individually through 
fish net with a minimum possible disturbance. After pre-
liminary investigations, the blood samples were collected 
from the caudal fin as described by many authors. In the 
present study, the blood collection from the caudal fin 
had to be abandoned because there was an unusual in-
crease in the various enzymatic activities, which might have 
leaked from the surrounding muscle tissues into the blood. 
Thus, cardiac sampling was the only suitable method avail-
able as an alternative to obtain blood under study.

Results and Discussion:
The acute toxicity of methyl parathion (LC50 96 h) was 16.8 
ppm and the fishes were exposed to 1/3rd of LC50 96 h (5.6 
ppm) and the serum T3, T4 and TSH activities of Labeo ro-
hita were measured with respect to control fish during 96 
h. Thyroid hormones are known to play a crucial role in 
many metabolic and physiologic processes and are essen-
tial for normal growth. Thyroid hormones are implicated 
in reproduction and appear to be important in the regu-
lation of development. Disruption of the thyroid axis may 
seriously compromise normal development, differentiation, 
growth and reproduction in many vertebrate like fishes 
(Brown et al, 2004).

Chemical pollutants have been reported to affect thyroid 
hormone status in many fishes (Scot and Sloman, 2004). 
In the present study, it was found that T3 decreased by 
82.2%, 56.8%, 19.2% and 61.7% in 24, 48, 72 and 96 h 
respectively, as compared to the control whereas T4 de-
creased by 7.2%, 13.4% during 24 and 48 h respectively, 
but increased by 41.2% during 72 h. Decreased serum T3 
was also observed by Brucker (1998) in the fish, Clarias 
batrachus when exposed to cadmium. The reduction in 
T3 level when exposed to methyl parathion may be due 
to reduced metabolic activity, thus indirectly reducing the 
toxic impact of the pesticide. Thyroid hormones play a 
role in stress related mobilisation of glucose in fish, Labeo 
rohita (Ray and Sinha, 2015). Mobilisation of readily avail-
able energy in the form of glucose enhances the survival 
of fish (Barton and Iwama, 1991; Pickering, 1993). Wu et 

al (2003) reported the levels of plasma T3 reduced in Cy-
prinus carpio in hypoxic condition where carbohydrate re-
serves (glycogen) is depleted to meet the energy demand 
by pesticidal induced hypoxia. Liver glycogen reserves first 
get depleted during hypoxia (Kumari et al, 2011). Nowa-
days, most of the research work focused on effects of 
Environmental Disrupting Chemicals (EDC) on reproduc-
tion, sex steroids (Tyler et al, 1998) and thyroid hormones 
(Eales and Brown, 2005). Suppression of the level of thy-
roid hormones found in Salmonid fishes depicts physi-
ological stress responses (Pickering, 1993; Mc Donald and 
Millegan, 1999; Pankhurst and Van der Krak, 1999; Shreek 
et al, 1997). Fishes are known to respond to environmen-
tal pollutants by altering serum hormones levels especially 
T3. Significant reduction of Serum T3 level was found in S. 
mossambicus after Dimecron exposure (Thangavel et al, 
2005). Various studies have established that the environ-
mental contaminants affect thyroid hormone levels and 
cause thyroid dysfunction in fish (Warning et al, 1997). 
Both T3 & T4 regulate growth, development and metabo-
lism of fish and also involved in many biological functions 
(Griffin, 2000). T4 is the  predominantly circulating hor-
mone, through T3 is metabolically more active and changes 
according to metabolism. Presence of T3 in lesser amount 
may indicate the rapid turnover from T4 to T3 usage (Star-
ling et al, 1973). A study on Mexican pesticide applicators 
exposed to ethylenbis (dithiocarbamate) revealed an in-
crease in TSH (Steenland et al, 1997).

The other reason for the reduction of T3 may be due to 
the indirect action of the pesticide through the interfer-
ence of cortisol. On the contrary, the decrease in the lev-
el of T4 was much less as compared to T3 in the present 
study (Tab.1). The reduction of T3 due to methyl parathion 
exposure may be indicative of re-directing of metabolic 
energy from anabolic processes and towards more vital 
catabolic processes which are necessary in order to sus-
tain life. Methyl parathion also suppresses the aerobic oxi-
dation of carbohydrate leading to energy crisis in the fish 
(Ray and Sinha, 2015). The increase of TSH during 48 h 
in the present study (Tab.1) may be due to the negative 
feedback and low amount of circulating T3 &T4 at the pe-
ripheral level of hypothalamus- pituitary- thyroid (HPT) axis. 
Nutritional status has a strong influence on the thyroid 
function in fish. It has been observed during the present 
study that the fishes during pesticidal stress do not con-
sume any food. The reduction in food intake decreases 
the sensitivity of the thyroid tissue to TSH and decreased 
hepatic activity. These two phenomena induce a decrease 
in circulating T3 and T4. The thyroid hormones influence in-
termediary metabolism. Leatherland (1994) suggested that 
T3 could act as a permissive factor which would facilitate 
the direct action of the other anabolic hormones involved 
in intake control.

Behavioural changes:
In the present study control fishes behaved normally, fish 
aggregated in the bottom of the aquarium. Irregular, errat-
ic and darting swimming movements, loss of balance and 
thereafter drowning were quite apparent in the fishes with 
the increase in exposure period. Fishes secreted copious 
amount of mucus all over the body as a preventive meas-
ure for toxicity effect. Similar reports have been made by 
Pandey et al, 2009; Singh et al, 2009; Saxena et al, 1997)

Conclusion:
Methyl parathion had a profound impact on the behav-
iour and thyroid hormone level of Labeo rohita, when they 
were exposed to sub-lethal concentration and also had ad-



556  X INDIAN JOURNAL OF APPLIED RESEARCH

Volume : 5 | Issue : 3  | March 2015 | ISSN - 2249-555XReseaRch PaPeR

verse effects on their physiology. An altered behaviour and 
thyroid hormone level of exposed fishes was probably due 
to impaired metabolism and pesticide induced stress.

Tab. 1: Showing the variation in TSH, T3 and T4 hor-
mones

Here; wrt = with respect to, C = Control

Fig.1: Changes in TSH, T3 and T4 hormone levels as a 
function of 24 h interval from 24 h till 96 h.

Fig.2:  Changes in TSH, hormone level as a function of 
24 h interval from 24 h till 96 h.

Fig.3:  Changes in T3 hormone level as a function of 24 
h interval from 24 h till 96 h.

Fig.4:  Changes in T4 hormone level as a function of 24 
h interval from 24 h till 72 h.

Fig.5: Changes in T3 and T4 hormone levels as a func-
tion of 24 h interval from 24 h till 96 h.

Fig.6: Changes in T3 and TSH hormone levels as a func-
tion of 24 h interval from 24 h till 96 h.
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