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Introduction

Pesticides are essential for stable and proficient
agricultural crop production; however, pesticides
used on arable lands can be transported to
waterways. Pesticide which are applied on
agricultural land, upto 90% of this never reach the
intended targets (Sparling et al., 2001) as a result,
many other  non-target organisms sharing the same
environment are in disguise unintentionally
poisoned. Water bodies became illegally the end
point of the discharge of pesticides. Public concern
about the adverse effects of pesticides on aquatic

organisms, and bioaccumulation in fish and other
aquatic invertebrate is increasing; therefore, there
have been many monitoring surveys and research
on pesticides in freshwater system (Iwafune et al.,
2011). One of the non-target biological groups
mostly affected by pesticides is fishes (Velmurugan,
2007; Majumdar and Gupta, 2009). Contamination
of water by pesticides either directly or indirectly
can lead to fish kills, reduced fish productivity or
elevated concentrations of undesirable toxicant in
fresh water edible fish tissue which can affect the
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Abstract
Buildup of agriculture pesticides in the aquatic habitat through natural run-off is a major problem faced by developing
and developed countries. The present study was designed to evaluate the 96 hr LC50 of herbicide, Pyrazosulfuron-Ethyl
which belongs to Sulfonylurea group. Using static bioassay with continuous aeration under laboratory conditions, acute
toxicity of the herbicide was determined for fresh water fish Oreochromis mossambicus. Hematological and
biochemical parameters are used as health indicators to detect the functional status of fish under acute exposure. Hence,
biochemical parameters like plasma glucose, protein, albumin and globulin were also studied to evaluate the toxic
potential of the herbicide. The herbicide led to significant changes in the hematological parameters such as RBC count,
Hb, PCV, MCH, MCHC, MCV and WBC count and biochemical parameters. These alterations can be used as non
specific biomarkers in herbicide contaminated aquatic ecosystem.

Keywords: Pyrazonsulfuron-ethyl (PE), Oreochromis mossambicus, Haemetology, Blood biochemistry.



ISSN : 2348-8069 Int.J.Adv. Res.Biol.Sci.2014; 1(2):79-86

80

health of humans consuming these fishes (Adedeji
et al., 2009.).

Sulfonylurea herbicides are an important class of
herbicides used worldwide for controlling weeds in
all major agronomic crops. Among sulfonylurea
products, PE herbicide is widely used for selective
post-emergence control of annual, perennial grasses
and broad-leaved weeds in cereals, and is currently
recommended for use on some relevant crops in
over 30 countries (Singh et al., 2012; Giovanni et
al., 2011). Due its widespread use, it has become a
potential water pollutant and presents
environmental risk, especially for aquatic
organisms, owing to its fairly high water solubility
which result in its high mobility. It has been
detected in surface and groundwater (Battaglin et
al., 2000). Phytotoxicity of chlorsulfuron,
sulfometuron-methyl and metsulfuron-methyl has
been reported for higher plants (Sabater and
Carrasco, 1997). Toxicity of triasulfuron on aquatic
organisms has been reported earlier (Baghfalaki et
al., 2012). However, the toxic potential of PE on
fresh water teleost O.mossambicus is lacking.

Acute toxicity test usually provide estimates at the
exposure concentration causing 50% mortality
(LC50) to test organisms during a specified period of
the time. The application at LC50 has gained
acceptance among toxicologists and is generally the
most highly rated test for assessing potential
adverse effects of chemical contaminats to aquatic
life. The exposure of fish to chemical agents induce
changes in several hematological variables (Heath,
1995), and are recurrently used to evaluate fish
health (Martinez and Souza, 2002). The study of
blood parameters in fishes has been extensively
used for the detection of physiological alterations in
different conditions of stress (Pathak et al., 2013
and Parikh et al., 2014) Hematological parameters
such as hematocrit, hemoglobin, number of
erythrocytes and white blood cells are indicators of
toxicity with a wide potential for application in
environmental monitoring and toxicity studies in
aquatic animals (Sancho et al., 1997; Adedeji et al.,
2000). Moreover, haematological and biochemical
parameters are used as health indicators to detect
the structural and functional status of fish under

stress condition (Ramesh and Saravanan, 2010). In
recent years, biochemical variables are used more to
determine the effects of external stressors and toxic
substances. Therefore, the biochemical evaluations
are gradually becoming a routine practice for
determining the health status in fish (Padma et al.,
2012). Hence in the present study an attempt is
made to have an insight to the toxicity deviations on
the hematological as well as biochemical alteration
on O.mossambicus on acute exposure of the
herbicide.

Materials and Methods

Experimental design

The freshwater fish, O. mossambiccus of similar
size in length (12 ± 2 cm) and weight (25 ± 1.9 g)
were brought from a local pond of Baroda district
and were acclimatized at laboratory conditions for
10 days in well aerated test aquaria containing de-
chlorinated water. They were fed with commercial
fish pallets. 30% water was renewed every day to
provide freshwater, rich in oxygen. To evaluate the
acute toxicity of the PE herbicide 96-hour LC50

values were determined. The day before and during
the tests the fish were not fed. For each
concentration, 10 fish were tested and the
experiment was repeated thrice. Probit analysis
(Finney, 1971) was followed to calculate the LC50

values.

Experimental Procedure

The experiments were conducted in a series of glass
aquariums filled with 40 liter de-chlorinated tap
water. Healthy fishes O. mossambicus was selected
for the test (n=10) to determine the LC50 value of
each fish. Based on the pilot experiments, the
experiment was conducted to determine the toxicity
in different concentrations. The concentrations used
included 50 mg/l, 100 mg/l, 200 mg/l, 300 mg/l,
400 mg/l, 500 mg/l, 600 mg/l, 700 mg/l, 800 mg/l
and 900 mg/l and 1000 mg/l with three replicates
each. The stock solutions were prepared and the
required quantity of PE was drawn from the stock
solution to find out the LC50 values for 96 h. Group
1 served as control, while Group 2, 3, 4 and 5 were
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treated with PE with concentration 50 mg/l, 100
mg/l, 200 mg/l and 400 mg/l respectively. Ten
acclimatized fishes of uniform size were exposed to
each concentration. The control and the exposed
fish were aerated frequently to prevent hypoxic
condition of the medium. Feeding to fishes was
stopped during the experiment. Mortality of the fish
was recorded from time to time till 96 hours.

Haematological estimation of fish

After the completion of 96 hr acute toxicity Test,
fishes were collected from each aquarium for blood
analysis. About 3 - 4ml of blood was collected from
the caudal peduncle using separate heparinized
disposable syringes. The blood was stored in -4°C
prior to estimation of hematology. Haemoglobin
estimation (HB), Pack Cell Volume (PCV), blood
glucose level and total serum protein were analyzed
by NIHON KOHDEN Automated Hematology
Analyzer (Celtac alpha, Japan). Red blood cell
count (RBC), Mean corpuscular volume (MCV),
Mean corpuscular hemoglobin (MCH), Mean
corpuscular hemoglobin concentration (MCHC)
was determined using the formulas given below.

MCHC = HB/PCV*1000 g/dL

MCV =PCV*1000/ RBCs fL

MCH = HB/RBCs pg

Statistical analysis

LC50 value was determined by Probit analysis using
StatPlus 2009 Professional, 5.8.4.version software.
Statistical analysis was performed using Graph pad
prism 6 software. The data was analyzed using one-
way ANOVA test. Results were presented as mean
± SD. The significance was set as P<0.05, P<0.01
and P<0.001.

Results

Table I shows the relation between concentration of
PE and mortality rate of fish. The LC50 values
according to Probit regression curves was found to
be 501.65 mg/l, however the Lower Confidence
Limit (LCL) value and Upper confidence limit

(ULC) were 407.83 mg/l and 595.47mg/l
respectively (Fig. 1 & 2). While the LC10, LC16,
LC84 and LC90 were found to be 95.68mg/l, 184.91
mg/l, 818.38mg/l and 90-907.62mg/l respectively.
A significant increase (p<0.01) with 50 and
100mg/L dosage in the values of RBC count, HB,
and PCV was obtained in the exposed group
compared to control (Table – 2). On the other hand
MCV showed an insignificant increase while
MCHC showed a significant decrease with
insignificant alteration in MCH. There were no
significant changes in the parameters at higher
doses (Table 2, Fig. 3). WBC count and blood
glucose showed a significant (p<0.05, p<0.01)
increase compared to control groups (Table-2, Fig-3
& 4). Serum protein level showed a dose dependant
significant increase (p<0.05)   in the experimental
groups compared to the control. There was a
significant increase   (p< 0.05) in the globulin and
decrease (p<0.05) in albumin values (Table 2, Fig.
4).

Discussion

PE, a new rice herbicide belonging to the sulfonyl
urea group has recently been registered in India for
weed control in rice crops (Singh et al.,
2012).Several studies indicate that these group of
herbicides on leaching enters ground water and tend
to persist (Battaglin et al., 2000). However once it
enters surface waters it may affect other organisms
such as fish as a non-target organism in natural
conditions (Aktar et al., 2009).From the LC50 value
detected in the present study PE can be categorized
into least toxic compound.

Blood is a pathophysiological reflector of the whole
body and therefore, blood parameters are important
in diagnosing altered physiological status of fish
exposed to toxicants (Adhikari et al., 2004). PE
exposure resulted into a significant increase in the
hematological parameters: RBC count, haematocrit
(PCV), and HB compared to control. Maximum
alteration was noticed at 50 mg/l, followed by a
decrease. The initial increase could be due to
increased hypoxia (Rifkind et al., 1980 and wepener
et al., 1992). Liver through activating erythopoiesis
is probably preventing the physiological hypoxic
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Table 1. The relation between concentration of PE and mortality rate of O. mossambicus

Concentration Actualpercent% Log10 conc. Total no. No. dead Probit
Control ----- 10 0 -

50 0.025 1.699 10 0 3.0396
100 0.1 2.0 10 1 3.3183
200 0.2 2.301 10 2 4.1585
300 0.3 2.4771 10 3 4.476
400 0.4 2.6021 10 4 4.7471
500 0.5 2.699 10 5 5.0
600 0.6 2.7782 10 6 5.2529
700 0.7 2.8451 10 7 5.524
800 0.8 2.9031 10 8 5.8415
900 0.9 2.9542 10 9 6.2817

1000 0.975 3.0 10 10 6.9604

Table 2. Haemetological Parameter, Blood Glucose and Total Protein in O.mossambicus affected by acute
exposure of PE

Parameters
Concentration mg/l of PY (Mean ± SD)

Control 50mg/l 100mg/l 200mg/l 400mg/l
RBCs
106/μL 1.04± 0.025 1.90±0.027 1.69 ±0.023 1.40±0.028 1.28±0.022

HB g/dL 5.3±0.154 9.7±0.159 8.6±0.152 6±0.157 5.80±0.162
PCV(Htc)% 14.6±0.555 29.6±0.551 32.6±0.558 23.4±0.557 19±0.554
MCV fL 140.38±3.52 155.79±3.56 192.9± 3.54 144.44±3.57 142.42±3.51
MCHC g/dL 36.3±1.03 32.77±1.03 26.38±1.03 34.62±1.03 31.3±1.03
MCH pg 50.96± 1.66 51.96± 1.68 50.89± 1.64 50± 1.65 53.54± 1.69
TotalWBC103/μL 45,000± 655 151,600±653 109,500±653.64 79,600±657.89 76,800±652.23
Glucose 138±3.162 215±  3.113 322±3.15 133±3.19 222±3.14
Protein 10.3± 0.462 11.9± 0.471 12.7± 0.469 14.3± 0.465 16.5±0.473
Albumin 5.64± 0.48 3.4± 0.49 2.40±0.48 4.80±0.47 5.70±0.48
Globulin 6.3±0.354 6.9±0.355 5.50±0.357 8.00±0.360 10.8±0.359

Figure 1. Plot of adjusted probits and predicted regression line of PE to O.mossambicus
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Figure 2. Plot of adjusted probits and predicted regression line of PE to O.mossambicus in log10base

Figure 3. Changes in Haemetological Parameter of PE treated fish O.mossambicus.

Values are mean ± SD of five individual observations, Values are significant at (*) p<0.05, (**) p<0.01

RBC COUNT
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Figure 4. Changes in Blood Glucose and Total Serum Protein of PE treated fish O.mossambicus

Values are mean ± SD of five individual observations, Values are significant at (*) p<0.05, (**) p<0.01

condition as this mechanism work well for the
short-term variation in oxygen concentration in
blood (Nespolo and Rosenmanm, 2002). Gills are
the first organ to come in contact with the toxicant,
damaging the gills and impairing the oxygen
transport. The increase in PCV is likely to be due to
either gill damage or due to increased metabolic
demand or both (Varadarajan, 2010). It has been
shown that the erythrocyte number and
haemoglobin level may vary with oxygen
requirements (Hubrec et al., 2000; Tavares et al.,
2004). Similar results were found in reports of acute
intoxication by dichlorvos in Clarias batrachus
(Benarji, 1990), by quinalphos in O. mossambicus
(Sampath, 1993). Parallel with an increase in the
RBCs, WBC also showed a significant increase.
Joshi and his co worker (2002) are of the views that
increase in WBC count is suggestive of an increase
in antibody production for survival and recovery of
the fish exposed to pesticides, lindane and
Malathion. Thus, the increased WBC counts
indicate hypersensitivity of immune cell resulting
into immunological reactions to produce antibodies
to cope up with the stress induced by PE (Ramesh
and Saravanan, 2008).

Biochemical analysis provides valuable information
for monitoring the health condition of fishes.
Biochemical variations depend on the fish species,
age, sexual maturity and health condition. Analysis
of glucose concentration in blood is widely used as
indication of stress response. Studies have also

reported blood glucose to be a sensitive indicator of
environmental stress in fish. By and large glucose is
continuously required as an energy source by all
body cells and therefore must be maintained at
adequate levels in the plasma. In the present study
the significant increase in glucose may be the
manifestation of stress induced by herbicide was
seen. The increase of glucose can be interpreted as a
consequence of glycogenolytic activity of
catecholamines and gluconeogenetic effect of
glucocorticoids as in response of an organism to the
stress induced by PE. Our results are agreement
with the earlier work of Ramesh and Sarvanan
(2008).

Proteins are mainly involved in the structural
architecture of the cell. During stress conditions fish
need more energy to detoxify the toxicant to
overcome pesticide trauma. PE exposure resulted
into a dose dependent increase in the proteins.
Stress increases the physiological activity which in
turn will demand mobilization of proteins to meet
the energy required.  To overcome the stress there is
an increase in the protein synthesis (Martinez et al.,
2004;Sweety et al., 2008). Furthermore, serum
protein mainly contains albumin and globulin.
Albumin is thought to have three basic functions in
fish: osmotic regulation of blood volume, source of
protein reserve and is also involved in transport
functions of exogenous chemicals and endogenous
metabolites (Andreeva, 1999; Baker, 2002). Hence
the significant decrease in the albumin is probably
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equipping the fish for the removal of the PE; being
an exogenous chemical. However there is an overall
increase in the proteins which may be due to
concomitant increase in the globulin.

Hence, from the present study the mild toxic nature
of the herbicide PE is apparent by the significant
changes in the hematological and biochemical
changes in the blood, and that the fresh water fish
O. mossambicus are sensitive to herbicide. The
alterations of the parameters may provide the early
sign for the determination of acute toxic level of
herbicide and their effects on aquatic medium. The
findings of present study also provide a better
understanding of toxicological endpoint of aquatic
pollutants and safer level of these herbicides in the
aquatic environment and protection of aquatic
habitats.
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PYRAZOSULFURON-ETHYL INDUCED ALTERATION IN HAEMATOLOGY AND 
BLOOD BIOCHEMISTRY OF OREOCHROMIS MOSSAMBICUS: SUB-ACUTE STUDY 

 
ABSTRACT 
Aquatic ecosystems are the ultimate descend of natural and anthropogenic inputs of contaminants into the environment. Many of the 
environmental pollutant especially pesticides enter into aquatic ecosystem through agricultural run off and ultimately affects the different 
non target aquatic animals like bivalves, crustaceans, molluscs, prawn and fish, which are of great economics important to humans. 
Herbicides are a known class of chemicals used to treat weeds, one of the known chemical Pyrazosulfuron-ethyl (PE) is a group of 
sulfonylurea which is widely used in today’s world. Among the sulfonylurea herbicides, pyrazosulfuron ethyl received the most attention 
because there is limited information available on the fate of pyrazosulfuron ethyl in the environment. Blood hematological and serum 
biochemistry parameters are often used to assess the health status and as stress indicator in fish. The present study was carried out the 
impact of sublethal toxicity of herbicide pyrazosulfuron ethyl on haematological and biochemical parameter on freshwater fish 
Oreochromis mossambicus. The fishes were treated with PE During the sublethal treatment (7d,14d) study estimation of  
hemoglobin(Hb),hematocrit(Hct),erythrocyte count(RBC), mean cellular volume(MCV),mean cellular hemoglobin(MCH), mean cellular 
hemoglobin concentration (MCHC),and total leucocytes count(WBC) Where as the biochemical profile plasma glucose, total serum 
protein, albumin, globulin, urea, creatinine, blood urea nitrogen  measured. In the present study, the herbicide PE caused the alterations 
on haematological as well as biochemical parameter of O.mossambicus and these alterations can be used as non specific biomarkers in 
pesticide contaminated aquatic ecosystem. 
 
KEYWORDS 
Pyrazosulfuron ethyl, Haemetology, Blood Biochemistry, Sub acute 
 
INTRODUCTION  
Injudicious and indiscriminate use of agrochemicals such as fertilizers, pesticides, insecticides and fungicides to boost crop production 
with the sole aim of getting more yield, water bodies like ponds, lakes, river and low lying water areas are continuously getting polluted 
[1]. Normally these pesticides reach the aquatic environment through surface runoff, sediment transport from treated soil and direct 
application as a spray to water bodies to control the inhabiting pests [2]. Thus, Aquatic ecosystems are the ultimate descend of natural 
and anthropogenic inputs of contaminants into the environment. The agrochemicals used in agriculture are posing a great threat to aquatic 
fauna especially to fishes, which constitute one of the major sources of protein rich food for mankind.  
Herbicides are the most commonly used pesticides, and are the most often detected in surface waters [3]. Numerous commercial 
formulations containing different herbicides (glyphosate, paraquat, sulfonolurea etc) have become popular around the world due to their 
effective action and low toxicity to mammals [4, 5, 6]. however; they have proved to be harmful to the environment. Sulfonylurea 
herbicides are an important class of herbicides used worldwide for controlling weeds in all major agronomic crops. Among sulfonylurea 
products, pyrazosulfuron-ethyl herbicide is widely used for selective post-emergence control of annual and perennial grasses and broad-
leaved weeds in cereals. PE is widely used in rice crops in India [7]. There is limited information available on the fate of PE in the 
environment.  
 
Blood is a liquid vital fluid and important index for health, environmental effect and growth and reproduction cycle. Haematological 
analyses has been routinely used in determining the physiological state of animals and known to be affected by different environmental 
factors, it is used as a guide in the diagnosis of many diseases and in evaluating the responses to therapy in both animals and human [8]. 
Hematology is used as an index of fish health status in a number of fish species to detect physiological changes following different stress 
conditions like exposure to pollutants, diseases, metals, hypoxia etc. [9, 10] Hence it use is growing and becoming very important for 
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toxicological research. Shah and Altindag (2004) noted that studies on fish blood gives the possibility of knowing physiological 
conditions within the fish long before there is an outward manifestation of pathological/disease condition because under stressful 
condition as well as environmental imbalances some parameters in the fish blood changes in response to reflect the change, the present 
study therefore examine changes in hematological parameters on sub acute exposure of PE after 7th and 14th day. Nutritional value of fish 
depends on their biochemical composition, which is affected by the agrochemicals [12]. Alterations in biochemical components as 
response to environmental stress are authenticated by many authors. Biochemical analysis can provide the valuable information for 
monitoring the health conditions of fishes. There is vast amount of scientific information available on different herbicides’ toxicity on 
different fish’s global level for paraquat [13]on Benny fish Mesopotamichthy and by [14]on the haematological parameters of the African 
catfish, Clarias gariepinus. Effect of Glyphosate herbicide has been also been reported on the serum growth hormone (GH) levels and 
muscle proteins in Nile Tilapia (Oreochromis Niloticus) by [15] Behavioral alteration of the common carp (cyprinus carpio) has been 
documented by [16]. However the effects of PE on fresh water Tilapia fish O. mossambicus are not well understood. There is a paucity of 
information about the effects of PE on the hematological and biochemical parameters of O. mossambicus. The objective of the present 
study was to determine the sub-acute toxicity of PE and its effects on haematogical and biochemical parameters of O. mossambicus in 
order to enrich the present knowledge on herbicide toxicity and to show the toxic effects of the herbicide. 
 
MATERIALS AND METHODS 
Experimental design: 
The specimens of freshwater fish, O. mossambicus of similar size in length (12 ± 2 cm) and weight (25 ± 1.9 g) were brought to the 
laboratory from a local pond of Baroda district and were stocked in well aerated tanks containing chlorine free water for 10 days. 
Temperature, pH, and dissolved oxygen of the water were maintained at 27 ± 2° C, 7.1 ± 0.5, and 3.9 ± 0.02 mg/L, respectively. If in any 
batch, mortality exceeded 5% during acclimatization, that entire batch of fish was discarded.  They were fed with commercial fish pallets. 
30% Water was renewed every day to provide freshwater, rich in oxygen.  Ten well-acclimatized fish were transferred from the stock to 
each experimental tank containing 40 L of water exposed to different concentrations of PE. A control group was also maintained in the 
same condition for the basic test. The LC50 values in the respective time intervals were calculated using software by transforming 
mortalities (percentage values) into a probit scale [17]. 
 
Experimental Procedure 
On basis of LC50 value sub acute study dose LC50/10 was chosen for hematological and biochemical studies. The experimental regime 
was maintained in the laboratory for14 days. A control group was also maintained. The experiment was performed semi statically with a 
group of 10 fish in two experimental aquaria, one control aquaria. Hematological and biochemical examinations of the experimental as 
well as the control fish were carried out at 7th and 14th days of exposure. All the groups were kept under continuous observation during 
the experimental period. Commercially food pallets were given to fish’s once in day during the experiment Ad libitum. Behavior of the 
test fishes was observed during the experiment period. After the completion of the exposure fish were caught very gently using a small 
dip net, one at a time with least disturbance. They were slowly released in the tough containing 1% clove oil to make it immobile, and 
then after each fish was held and wrapped with a clean, dry towel and the posterior half of its body were blotted with a clean coarse filter 
paper. The total body weight was noted. 
Haematological and biochemical estimation of fish: The caudal peduncle of the fish was severed with a single stroke from a heavy, 
sharp seizure. After discarding the first drop of blood, the freely oozing blood was collected using separate heparinized disposable 
syringe. The blood was then transferred to the ependrof containg anticoagulant, thoroughly mixed using a thin, blunt glass rod, during the 
process of collection itself. The blood was stored in -4°C prior to hematological and biochemical estimations. An alteration in the 
hematology and biochemical profile was performed using NIHON KOHDEN Automated Hematology Analyzer (Celtics α, Japan). The 
difference between the control and the PE exposed fishes was determined by Multivariate Test (MANOVA). If there was significant 
difference, Tukey's Post Hoc was employed to recognize difference in the alteration. The significant level of the tests was set at 5% 
(p<0.05). 
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RESULTS AND  DISCUSSION  
The alterations in the hematology and biochemical parameters are presented in Table 1 and in Fig 1 and 2. The results of this 
investigation are as presented in table 1 indicating wilk’s lambda test. Levene’s test of Equality of error variances and dunnett’s test 
respectively. The positive value in the post hoc tests indicates increases in the activity of the parameter studied and vice versa. The 
exposure of fish to PE caused clear significant decrease (p<0.05) in hematocrit and hemoglobin levels (Fig 1) after 7th and 14th days of 
exposure periods, respectively, in comparison with control. The results also revealed that after PE exposure, other hematological indices 
including MCV, MCH experienced considerable decrease (Fig 1). Blood forms a unique compartment between external and internal 
environments and any agent including toxic substances that causes stress and can alter blood composition either directly or indirectly by 
altering osmotic and ion regulation. Blood parameters are considered good physiological indicators of the whole body conditions and 
therefore can be used in diagnosing the structural and functional status of fish exposed to toxicants [18, 19]. The exposure of 
O.mossambicus to sub acute concentrations of PE resulted into a significant and progressive decrease in the PCV with time i.e on day 7th 
and 14th respectively compared to the control. A decrease in the erythrocyte count or in the percent of haematocrit indicates the 
worsening of an organism state and developing anaemia. In the light of the present study, PE exposure led to anemia, as indicated by the 
significant decrease in Hb and PCV values leading to anemia and as a response might have led to a fall in the red blood cell count, 
hemoglobin concentration and haematocrit volume. Hypoxia, anemia, and hyperthermia are related stresses causing an osmotic 
imbalance and decreased capacity of the RBC to carry sufficient oxygen unless otherwise compensated by erythropoiesis or suitable 
physiological adjustments. The anemic condition in fish results from an unusually low number of red blood cells or too little hemoglobin 
in the red blood cells. According to [20]the pesticide induced anemia in fish may be due to the inhibitory effect of the toxic substance on 
the enzyme system responsible for the synthesis of haemoglobin. It may also be due to impaired intestinal absorption of iron, as 
suggested by [1] Furthermore, this is an indication of disruptive effects of PE on erythropoietic tissues as well as cells viability [21]. 
Moreover, there are reports that dilution of blood in an organism is an indication of suppressed osmoregulation [22, 23, 24] Similar kind 
of actions has previously considered by other researchers for herbicides Paraquat [13] Roundup [25. 26], for Atrazine [27] and some of 
the pesticides such as Imidachloprid. The MCV, MCH and MCHC also decreased considerably compared to the control. This is in 
agreement with the work of [28] following a short-term exposure of tench (Tinca tinca) to agrochemical metal. These alterations were 
attributed to direct responses of structural damage to RBC membranes resulting in haemolysis and impairment in haemoglobin synthesis, 
stress related release of RBCs from the spleen and hypoxia, induced by exposure to agrochemical [28]. 
 
Biochemical analysis can provide valuable information for monitoring the health conditions of fishes. Biochemical changes depend on 
the fish species age, the cycle of sexual maturity and health condition. Moreover, analyses of serum biochemical constituents’ levels have 
shown useful information in detection and diagnosis of metabolic disturbances and diseases in fishes (  [29]. Determination of 
glucose concentration in blood serum is widely used as an indication of stress response. Generally, glucose is continuously required as an 
energy source by all body cells and must be maintained at adequate levels in the plasma. In many fish species, the blood glucose level has 
the tendency to increase due to experimental stress. In the present study the significant time dependent increase in glucose may be 
considered to be manifestation of stress induced by PE herbicide. Blood glucose is caused by disorders in carbohydrate metabolism 
appearing in the condition of physical and chemical stresses. A variety of stressors stimulate the adrenal tissue resulting in increased level 
of circulating glucocorticoids and catecholamines. Both of these groups of hormones produce hyperglycemia. It is generally thought that, 
under conditions of stress, hyperglycemia may provide additional energy during times of high metabolic need such as “fight and flight” 
response [10]. 
 
Concerning the results of total protein, albumin, globulin and A/G ratio proteins are the most important and abundant macromolecules in 
living beings, which play a vital role in architecture and physiology of the cell and in cellular metabolism. Also proteins play an 
important role in the metabolism and regulation of water balance [30]. Proteins play a vital role in physiology of living organisms. All 
biological activities are regulated by enzymes and hormones, which are also proteins. Assessment of protein content can be considered as 
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a diagnostic tool to determine the physiological phases of the cells [31]. Results revealed total hypoproteinaemia, hypoglobulinaemia, 
hypoalbuminaemia and increased A/G ratio in exposed fish during sub acute exposures .The survival ability of animals exposed to stress 
mainly depends on their protein synthesis potential. The decrease in protein content was probably due to reduced/perturbation of 
microsomal protein synthesis suggested as suggested by many workers. The degradation of protein suggests the increase in proteolytic 
activity and possible utilization on their products for metabolic purpose and cause damage. The depletion of protein fraction in serum in 
present study may have been due to their degradation and possible utilization of degraded products for metabolic purposes [32] The 
quantity of protein is dependent on the rate of protein synthesis or on rate of its degradation.  Decreased protein level may be attributed to 
stress mediated immobilization of these compounds to fulfil an increased element for energy by the toxicant.(Seth and Saxena 2003). 
Serum albumin measures as considerable diagnostic value in laboratory animals because it relates general nutritional status, the integrity 
of the vascular system and liver function. Albumins in fish organism participate in plastic metabolism and perform transport functions of 
substances necessary for life activities. In our study Protein, albumin and globulin were decreased significantly. [24] also observed same 
results in Sevin exposed to Clarias battrachus.  
 
Stress results in an increase in cortisol levels in fish stimulating both glycogenesis and gluconeogenesis, as well as an increase in protein 
catabolism and ammonia production. Ammonia is toxic to all vertebrates. It can be converted to the less toxic urea, but this is a 
metabolically expensive process which is found only in terrestrial vertebrates. Teleost fishes are primarily amminotelic but their blood 
contains significant amount of urea and indeed in some teleosts it may account for 20 % or more of the total nitrogen excreted. 
Occurrence of uremia was reported by many workers [33, 34] Hence, freshwater fish  excrete ammonia along with a small quantity of 
urea as they use urea as an osmotic filter. [35] Furthermore, renal disorders also are known to elevate serum urea values, which are 
parallel with an significant increase in the BUN, suggesting renal disturbances. The Lake Magadi tilapia excretes all nitrogenous waste as 
urea produced via the ornithine urea cycle .Many fish embryos have an active ornithine urea cycle and convert ammonia to urea to avoid 
ammonia toxicity during the early stages of development .Thus urea formation is used by several fish species during development or 
under certain environmental conditions, such as air exposure or alkaline water pH, to avoid problems of ammonia accumulation and 
toxicity [36]. 
 
Creatinine is derived mainly from the catabolism of creatine found in muscle tissue and its catabolism to creatinine occurs at a steady 
rate. Severe kidney damage will lead to increased creatinine levels. In the present study serum Creatinine showed insignificant decrease 
in experimental group in comparison to control animal suggesting that there occurs an alteration in  glomeruli filtration rate. Excretion 
occurs through a combination of glomerular filtration (70 to 80%) and tubular secretion [37, 38]. The alteration in the levels of serum 
creatinine may, therefore, be due to a combination of these two factors. [39, 40]. Our results are in agreement with the results of [41] who 
reported that the level was significantly unaffected in O. niloticus exposed to sublethal concentration of atrazine. However, they, disagree 
with that of [42, 43] This difference in results may be due to the difference in fish species and the nature of the pesticide used.  
 
BUN levels should be viewed by clinicians as a potential indicator of disrupted nitrogen excretion. Elevated blood urea nitrogen level in 
teleost may serve as a clinical indication of respiratory and excretory compromise due to respiratory epithelial cell hypertrophy and 
hyperplasia [44]. Thus the elevated blood urea in the present study can be expalined as a protection of fish against oxyhaemoglobin 
oxidation in the blood [45].Furthermore, as there is no significan change in the Creatinine level it is possible that the increased level of 
blood urea nitrogen is trying to overcome the  respiratory stress induced by the herbicide. 
To conclude, the PE exposure of O.Mossambicus at sub-acute concentration caused alterations to hematological and biochemical indices, 
all of which resulted in stress to the organism. The herbicide therefore can be classified as toxic for fish. It also points to the fact that the 
haematological parameters are the most sensitive parameters in monitoring the toxicity. 
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Table 1: Haemetological and blood biochemical Parameter in O.mossambicus affected by sub acute exposure of PE: 
 

Variables 
Control vs Treated   (7 d) Control vs Treated (14 d) 

MD± SE MD± SE 
Haematological parameter 

Hb -0.413 ± 0.197 -0.866±0.197*** 
RBC -0.056±0.022 -0.106±0.022** 
PCV -1.166±0.224** -2.133±0.224*** 
MCV -5.266±1.614* -8.733±1.614** 
MCH -3.166±1.298 -8.350±1.298** 
WBC -6090±5.140*** -9070.0±5.140*** 

Biochemical parameter 
Glucose -73.666±1.981** -53.333±1.981*** 
Protein -5.833±0.538** -4.600±0.538*** 
albumin -3.833±0.243** -3.366±0.243*** 
globulin -3.366±0.372** -3.200±0.372*** 

Urea 12.766±0.787** 28.800±0.787*** 
BUN 6.000±0.41096** 13.000±0.410*** 

Creatinine -0.6000±0.176 -0.300±0.176 
Ratio 18.566±0.568** 18.833±.568*** 

 
 

MD± SE  Mean difference ± Standard error 
The mean difference in significant at 0.05 level 

*indicates mean difference is significant at 0.05 level. 
**indicates mean difference is significant at 0.001 level. 

*** indicates mean difference is significant at 0.0001 level. 
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Fig 1: Changes in Haemetological Parameter of PE treated fish O.mossambicus. values are mean ± SE of five individual 
observation 
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Fig.2 Changes in Blood Urea, Creatinine, BUN, and Total Serum Protein of PE treated fish O.mossambicus 
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ABSTRACT 

An attempt is made to evaluate the effect of Imidacloprid (IMI) and Curzate (CZ) on the histopathological 

alterations in gills and kidney of O. Mossambicus and L. Rohita. Histological observations envisaged the deleterious 

anatomical and morphological alterations induced in gill and kidney by sub-lethal toxicity of the IMI and CZ 

agrochemicals. Each tissue showed specific sterical changes and revealed the incapability of these tissues to withstand the 

toxic effects induced by IMI and CZ. Histological damages in the tissues were found to intensify with increase in 

concentration and duration. The histopathological changes observed in the kidney were severe necrosis of tubular epithelial 

cells, thickening of the Bowman’s capsule and shrinkage of the glomeruli along with severe degenerative and necrotic 

changes in the renal tubules with focal areas of necrosis and hemorrhage, haemolysis. Vacuolar degenerations in the 

epithelium of renal tubules. The histological changes are more prevalent and more pronounced in the gills of both the fish 

were curling of secondary lamellae followed by disorganization, rupture in the secondary lamellae. Haemorrhage at 

primary lamellae and bulging at the tip of primary filament were also noticed. As a conclusion, the findings of the present 

histological investigations demonstrate that the exposure of adult fresh water teleost fish, O. Mossambicus and L. Rohita 

caused moderate to severe damaging to gills and kidney.  

KEYWORDS:  IMI, CZ, O. Mossambicus, L. Rohita, Kidney & Gills 

INTRODUCTION 

Industrial, agricultural and domestic activities continuously contaminate the aquatic environment by releasing 

their toxic chemicals. Pesticides are one of the major classes of toxic substances used for management of pest in 

agricultural lands and control of insect vectors of human disease (1). The runoff from treated areas enters the river and 

aquaculture ponds that are supplied by rivers. Such rivers and the adjacent aquaculture ponds are likely to be contaminated 

by pesticides. Fish is a suitable indicator for monitoring such contamination because they concentrate toxins in their tissues 

directly from water and also through their diet. The tolerance of aquatic organisms to toxicants in domestic effluents may 

vary among species and their integrative effects may lead to reproductive failure or reduction of fish species number (2). 

The response to chemical stress can be used as biomarkers of environmental conditions. Biomarkers are early responses or 

measurable biological event due to exposure to pollutants after acute or chronic exposure and the morphological findings 

has been largely considered in biomonitoring studies (3, 4). Histopathological events are considered fast and efficient for 

detection of acute and chronic adverse effects in fish; and may express the health condition of exposed contaminants         

(5, 6, and 7). 

Imidacloprid (IMI) is a systemic insecticide (8) and Curzate (CZ) a fungicide which is a mixture of Cymoxanil 
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and mancozeb, has got systemic action that enters the target pest via ingestion or direct contact. A review of toxicity data 

of IMI and CZ toxicity for terrestrial non-target organisms such as Mammals, birds, and amphibians as well as aquatic 

organisms such as fish, amphibians and various invertebrates suggests that they are mild to moderately toxic                 

(9,10,11,12 and 13). 

Gills are the first organs which come in contact with environmental pollutants. Paradoxically, they are highly 

vulnerable to toxic chemicals because firstly, their large surface area facilitates greater toxicant interaction and absorption 

and secondly, their detoxification system is not as robust as that of liver. Additionally, absorption of toxic chemicals 

through gills is rapid and therefore toxic response in gills is also rapid. (14,15). Therefore, lesions in gill tissues can be the 

start of imbalance of the physiological and metabolic processes, thus any harm in the gills leads to impairment of vital 

functions revealing respiratory distress, impaired osmoregulation and retention of toxic wastes. Fish, as in higher 

vertebrates, the kidney performs an important function related to electrolyte and water balance and the maintenance of a 

stable internal environment. The kidney excretes nitrogen-containing waste products from the metabolism such as 

ammonia, urea and Creatinine. Kidney of fishes receives much the largest proportion of postprandial blood and therefore 

renal lesion might be expected to be good indicators of environmental pollution (16). 

The exposure to chemical contaminants can induce a number of lesions and injuries to different fish organs (17) 

but gills and kidney represent important target organs suitable for histopathological examination in searching for damages 

to tissues and cells (18). Hence, in the present study an attempt is made to evaluate the effect of IMI and CZ on the 

histopathological alterations in gills and kidney of O. Mossambicus and L .Rohita. 

MATERIALS AND METHODS 

Experimental Design 

Two freshwater teleosts, O. Mossambicus and L. Rohita of similar size in length and weight (12 ± 2 cm; 25 ± 1.9 

g) and (25 ± 3 cm; 110 ± 5 g) respectively were brought from a local pond of Baroda district. Animals were transported to 

laboratory in large aerated plastic container and were acclimatized in glass aquaria containing 50 liter of well aerated 

dechlorinated tap water (with physic-chemical characteristics: pH 6.5- 7.5, temperature 25±3ºC and dissolved oxygen 

content of 7-8ppm) for ten days. During an acclimation period of 10 days, the fish were kept under natural photoperiod and 

fed two times a day (10:00 and 16:00h) with commercial pelleted diet. The acclimatized healthy fishes of both sexes were 

selected randomly for the studies. 

Sub-lethal Exposure 

Based on the result of the 48 h LC50, 30 tilapia fish were divided in 3 groups, 10 fish for each group: Group 1 

served as control without any treatment of Agro-chemicals. Group 2 were treated with low dose of IMI and CZ (LC 50 / 

10). Group 3 were treated with high dose of IMI and CZ (LC 50 / 20) for a period of 21 days. Each concentration was 

replicated two times. Constant amount of the test chemical and test media were changed every 24 hours to maintain the 

toxicant strength and the level of dissolved oxygen as well as to minimize the level of ammonia during experiment. The 

fishes were fed once in a day throughout the duration of the sub-lethal toxicity tests. At the end of the experiment the fish 

were carefully netted to minimize stress, and the fish weighed. After this, Fishes were sacrificed by pithing. Then, kidney 

and gills tissues were removed, weighed and processed for histological observations. 
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Histological Observation 

After measuring length and weight fresh tissues were fixed in 4% paraformaldehyde for 24 hrs, dehydrated, 

embedded in paraffin wax and sectioned at 10-12µm then stained with heamatoxylin and eosin and examined 

microscopically and photographed using digital camera (Sony). 

RESULTS 

Figure 1 A-E, 2A-E, 3A-E and 4A-Edepicts the histological changes observed in the gills and kidney of               

O. Mossmbicus and L. Rohita subjected to IMI and CZ. A dose dependent change was observed for IMI as well as CZ 

Figure 1A and 2A shows normal histological structures of the gills of O. Mossambicus and L. Rohita. The common 

histopathological observations in the gills of O. Mossambicus and L. Rohita includes ploriferation of the epithelium of the 

gill filaments and secondary lamellae, resulting in fusion of secondary lamellae, degenerative necrotic changes in gill 

filaments and secondary lamellae, curling of secondary lamellae and mucus cells proliferations. Edematous changes, 

characterized by epithelial detachment in gill filaments and secondary lamellae, associated with aggregations of 

inflammatory cells in gill filaments. Comparatively, the degree of pathological changes observed on IMI exposure was 

more prominent compared to CZ for O. Mossambicus (Figure 1B, 1C, 1D and 1E) as well as L. Rohita (Figure 2B, 2C, 2D, 

and 2E). Distinct feature observed was hyperemia and hemorrhages in primary and secondary gill lamellaeon CZ exposure 

and on IMI exposure in L. Rohita.  

Figures 3A and 4A show the normal histological structure of kidney. Histological alterations in the kidney of both 

the fish consist of severe degenerative and necrotic changes in the renal tubules with focal areas of necrosis and 

hemorrhage, haemolysis. Vacuolar degenerations in the epithelium of renal tubules and dilation in the capillary tubes of 

renal tubules were observed. Also edema of Bowman’s capsule with atrophy in the glomeruli and dilation in the renal 

blood vessels were observed. Kidney tissue from O. Mossambicus (Figure 3B, 3C, 3D and 3E) and L. Rohita (Figure 4B, 

4C, 4D and 4E) showed mild necrosis and tubular degeneration on CZ exposure whereas on IMI exposure it showed severe 

necrosis, vacuolation and tubular degeneration. 

DISCUSSIONS 

Results of the study revealed that O. Mossambicus and L. Rohita on exposure of IMI and CZ manifest 

histopathological changes in gills and kidney. It is possible that the pathological alterations in the tissues of both studied 

fish with both IMI and CZ could be a direct result of the pesticides induced stress. Gill tissue from O. Mossambicus on low 

dose exposure of CZ (Figure 1B) showed depicting proliferation of the epithelium of the primary lamellae, curling of 

secondary lamellae and enlargement of primary lamellae. However, at high dose of CZ (Figure 1C) exposure, there were 

loss of epithelial lining and degeneration of primary lamellae. At low dose of IMI (Figure 1D) exposure there were loss of 

secondary lamellae and degeneration of primary lamellae along with the distortion of epithelial lining of primary lamellae. 

At high dose (Figure 1E) of IMI exposure led to severe curling and clubbing of secondary lamellae accompanied by 

proliferation of epithelial cells. Whereas the gill tissue from L. Rohita on low dose exposure of CZ (Figure 2B) exposure 

showed loss of epithelial lining as well as distortion of primary lamellae and curling of secondary lamellae. At high dose 

(Figure 2C) of CZ exposure showed branchial filament with hyperplasia and fusion of secondary lamellae. While, At low 

dose of IMI (Figure 2D) exposure gill showed uplifting epithelial lining and degeneration of secondary lamellae and 
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brachial hemorrhage and at high dose (Figure 2E) of IMI exposure led to complete severe distortion of secondary lamellae 

and enlargement of primary lamellae. These pathological changes may be a reaction to toxicant intake or an adaptive 

response to prevent the entry of the toxicant through the gill surface. Besides, alterations like proliferation of epithelial 

cells, partial and total fusion of secondary lamellae as well as lifting of epithelium are defense mechanisms as this would 

result in the increase of the distance between the external environment and the blood thereby serving as a barrier to the 

entrance of the pesticides (16, 19). The cellular damage observed in the gills in terms of epithelial proliferation, separation 

of epithelial layer from supported tissue and necrosis can adversely affect the gas exchange and ionic regulation (20, 21). 

The observed edematous changes in the gill filaments and secondary lamellae are probably due to increased capillary 

permeability. More prevalent and more pronounced changes in the gills of both the fish on IMI exposure were curling of 

secondary lamellae followed by disorganization, rupture in the secondary lamellae. Hemorrhage at primary lamellae and 

bulging at the tip of primary filament were also noticed. Our results are parallel with earlier findings on the 

histopathological changes in the gills of teleost fish exposed to different pesticides (22, 23, and 24).  

Morphologically, the nephron of the control fish consists of intact structures of glomerulus, tubules and collecting 

ducts. The glomeruli, a cluster of capillaries surrounded by the Bowman’s capsule were very clearly seen. The structure of 

the proximal and distal convoluted tubules was undamaged. The teleostean kidney is one of the first organs to be affected 

by contaminants of the water (25). The kidney is a vital organ of body and proper kidney function is to maintain the 

homeostasis. It is not only involved in removal of wastes from blood but it is also responsible for selective reabsorption 

which helps in maintaining volume and pH of blood and body fluids as well as erythropoesis (26). Kidney tissue from O. 

mossambicus on low dose exposure of CZ (Figure 3B) showed mild necrosis and shrunken glomeruli, at high doses of CZ 

(Figure 3C), the changes were more severe and the normal histoarchitecture of the kidney was lost. At low dose of IMI 

(Figure 3D) exposure led to complete degeneration of blood vessels in the glomeruli. The interstices of the tubules were 

seen to be enriched with hematopoietic tissue. At high dose of IMI (Figure 3E) there was complete degeneration of tubular 

epithelial cells and complete disorganized Bowman's capsules. Kidney tissue from L. Rohita on low dose exposure of CZ 

(Figure 4B) showed mild swollen proximal tubular epithelial cells with dilated nuclei and at high dose (Figure 4C) it 

showed severe swelling of tubules with necrosis. At low dose of IMI (Figure 4D) kidney showed expansion of space inside 

the Bowman's capsule and glomerular atrophy and at high dose of IMI (Figure 4E), severe degeneration of tubules, cloudy 

swelling and severe necrosis in nephritic tissue was observed. The degenerative necrosis of the renal tubules affects the 

metabolic activities and may promote metabolic abnormalities in the fish (28). The present results are in agreement with 

those observed in C. Mrigala exposed to lambda-cyhalothrn and fenvalerate (29); in O. Niloticus exposed to alchlor 

(Peebua et al., 2008)(30) and in O. Mossambicus exposed to Dimethoate (23). It is believed that kidney tissues are a 

sensitive indicator of environmental pollution as they act as primary osmoregulatory organs and function in cellular 

immunity (31). As an important organ of the immunity response) the observed mild to severe changes in the 

histoachitecture of the kidney may induce defense system changes damaging the animal’s homeostasis and health. 

Adaptive immune system of several teleost has been explored by immunotoxicological analysis by various scientists      

(32-35). However, in the present study the main focus was to have an insight in to the histological aspects. Hence, at this 

juncture it is difficult to propose the immunotoxic effect of the agro-chemicals and these aspects demands more detailed 

analysis for understanding the immunotoxicological effects and mechanisms as well as risks that may have on human 

consumers as consequence of the bioaccumulation. 
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CONCLUSIONS 

As a conclusion, the findings of the present histological investigations demonstrate that the exposure of IMI and 

CZ on adult fresh water teleost fish, O. Mossambicus and L. Rohita caused moderate to severe damaging to gills and 

kidney. 

 

 

 

Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Evaluating the toxicological effects of agrochemicals on glucocorticoid receptor and serum cortisol level in 
Mozambique tilapia. 

Abstract: 

The agricultural sector is considered to be the backbone of a countries economy. To increase the crop yield there is 
an extensive use of agrochemicals in the form of insecticides, herbicides, nutrient mixture, fungicides, etc. This is 
necessarily involved in controlling the unwanted organisms; however, it leads to toxicity in a nearby ecosystem. 
Aquatic habitats being a complexed ecosystem are distressed with the increasing concentration of agrochemicals 
which leads to an alteration in non-target species at various trophic levels. Fishes are considered to be the dynamic 
players of this ecosystem and are the first one to be acquainted with any contaminants present in it. In this context, 
the present study was aimed to find the sub-lethal effects (1/10th of the LC50 value) of four different agrochemicals 
(Imidacloprid-Insecticide, Pyrazosulfuron Ethyl-herbicide, Curzate-fungicide and micronutrient mixture) on the 
stress physiology of Oreochromis mossambicus. The hormonal titer of cortisol and gene expression of its receptor 
was carried out to understand the toxicity of diverse agrochemicals. The results suggested that there was a 
significant decrease in hormonal titer of cortisol upon the exposure of curzate and imidacloprid, with a significant 
down-regulation of glucocorticoid receptor under the exposure of imidacloprid. Thus, the novel findings suggest that 
fishes were found to be devoid of stress response which may be due to hypothalamus pituitary inter-renal 
exhaustion.    

Keywords: Cortisol, Glucocorticoid receptor, sub-lethal, Agrochemicals, Aquatic ecosystem. 

 

 

 

 

 

 

 

 

 

 

 



 

1. Introduction: 

Agrochemicals (insecticide, Fungicide, and Herbicide etc) 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 

agrochemicals has affected the health of aquatic organisms as it has posed potential health hazards to the life of 

fishes (Osman et al., 2011). Agrochemicals are the major cause of concern for the aquatic environment because of 

their toxicity, persistence, and tendency to accumulate in the organisms (Joseph and Raj, 2010). The impacts of 

these, on aquatic organisms is due to their movement from various diffuse or point sources and are posing a great 

threat to aquatic fauna especially to fishes, which constitute one of the major sources of protein-rich food for 

mankind (Ray et al., 2015). Agrochemicals in the form of synthetic compounds are commonly referred as EDCs 

(Kojima et al., 2004) have hormone-like activity. Of the agrochemicals proved to have endocrine disrupting 

property, 46% are insecticides, 21% herbicides and 31% fungicides (Mnif et al., 2011). The endocrine effects of 

these agrochemicals are believed to be due to their ability to: mimic the effect of endogenous hormones, antagonize 

the effect of endogenous hormones, disrupt the synthesis and metabolism of endogenous hormones as well as of 

hormone receptors (Raun et al., 2002; Blair et al., 2002; Tabb, and Blumberg, 2006). They may also bind to these 

receptors without activating them, these antagonistic accomplishment blocks the receptors and inhibits their action. 

Finally, they may also interfere with the synthesis, transport, metabolism, and elimination of hormones, thereby 

decreasing the concentration of natural hormones (Cocco, 2002).  

The intricate relationship between the brain (hypothalamus and pituitary) and endocrine action allows adaptability of 

an organism to the environment while maintaining homeostasis. In vertebrates, the hypothalamus represents a 

master regulator of homeostasis and is the critical nexus between the nervous and endocrine systems. The 

hypothalamus mediates responses to homeostatic imbalance mainly through regulation of the pituitary gland, which, 

in turn, produces hormones that are able to affect systemic change, for example within the Inter-renal gland. The 

central role of the hypothalamic-pituitary axis makes it particularly susceptible and sensitive to perturbation by a 

variety of environmental contaminants. The response to stress in fish is characterized by the stimulation of the 

hypothalamus, which results in the activation of the neuroendocrine system and a subsequent cascade of metabolic 

and physiological changes (Lowe & Davison 2005; Martínez-Porchas et al. 2009). These changes enhance the 



tolerance of an organism to face an environmental variation or an adverse situation while maintaining a homeostasis 

status (Martínez-Porchas et al. 2009). Under conditions of stress, the body of the fish emits 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 the stress hormones, cortisol and catecholamines into the 

bloodstream by the endocrine system (Martínez-Porchas et al. 2009). Secondary responses occur as a consequence 

of the released stress hormones (Martínez-Porchas et al. 2009), causing changes in the blood and tissue chemistry, 

e.g. an increase of plasma glucose (Begg & Pankhurst 2004; Martínez-Porchas et al. 2009). Cortisol is a hormone 

secreted from the internal gland and is used in many studies as the stress indicator (Flik et al., 2006; Gagnon et al., 

2006; Sepici-Dinçel et al., 2009). The effects of prolonged exposures to agrochemicals on cortisol production have 

been examined in both the laboratory and in wild populations. Many studies have indicated HPI axis exhaustion as a 

common phenomenon.  Prolonged cortisol elevation eventually creates negative feedback on the HPI axis, down-

regulating receptors and causing atrophy of cells e.g., pituitary corticotrophs (Basu et al. 2002; Laflamme et al. 

2000; Levesque et al. 2003; Gravel et al. 2005; Marentette et al., 2012). Hence, the present study is focused on the 

alterations in the cortisol hormonal profile and its receptor as an adaptive change of the freshwater teleost, 

Oreochromis mossambicus exposed to the sub-lethal concentration of four different agrochemicals (Imidacloprid-

IMI, Pyrazosulfuron Ethyl-PE, Curzate-CZ, and Micronutrient mixture-MN). The rationale behind selecting these 

agrochemicals was their widespread used in the country and its residues found in nearby aquatic ecosystem in our 

study (unpublished data) and their unexplored effect on inter-renal axis. Similarly, O.mossambicus was selected as a 

model due to its wide availability in aquatic ecosystem and its use as a edible fish. 

2. Materials and Method: 

2.1 Animal Maintenance:  

Mature Tilapia O.mossambicus  (12 ± 2 cm, 25 ± 1.9 g) of similar size in length and weight were obtained from the 

pure brooders of the Vadodara district and transferred to the laboratory. The acclimation period was for 15 days at 

27 ± 40C, pH 7.4 ± 0.5, dissolved oxygen 8 ± 0.3 mg/L, total hardness 188 mg/L CaCO3 with a 12:12 light:dark 

photoperiod. Fish were supplied daily with commercial fish food during acclimation. Animal maintenance and 

experimental procedures were in accordance with the guideline of A.P.H.A., A.W.W.A., and W.P.C.F. (1998). 



2.2 Experimental protocol:  

On basis of the LC50 value (Patel et al., 2016; Sadekarpawar et al., 2016; Upadhyay et al., 2015.) of each 

agrochemical sub-lethal study dose LC50/10 (IMI-0.74 mg/L, PE-500 mg/L, CZ-49.61 mg/L, MN-5000 mg/L) was 

chosen (on the basis of their effective concentration found in pond ecosystem) to find its mechanistic action on HPI 

axis for which, hormonal assay and gene expression studies were conducted. The experimental regime was 

maintained in the laboratory for 14 days with a control group having three replicates in each group. The experiment 

was performed semi statically with a group of 10 fishes (5 male and 5 females) in experimental aquaria. Hormonal 

assays of the experimental, as well as the control fish, were carried out at 15th day of exposure. All the groups were 

kept under continuous observation during the experimental period. After the completion of the exposure, fish were 

caught very gently using a small dip net, one at a time with least disturbance. They were slowly released in the tough 

containing 1% clove oil to make it immobile, blotted dry and blood was collected by tail ablation.  

2.3 Hormonal assays:  

The blood was collected and serum was separated and kept in cold storage for hormonal assays. The hormonal titer 

of cortisol (Cyaman Cat # 500360) was performed. Each sample was assayed in triplicates where 100 µL of ELISA 

buffer was added to all the wells, followed by addition of 50 µL of cortisol standard to each well. Cortisol standard 

was made using serial dilution from the stock solution (400ng/mL) in 8 tubes.50µL of the sample were added to 

each triplicate trailed by 50µL AChE tracer in each well except for blank and TA (total activity). Finally, 50µl of 

cortisol antiserum were added to each well except for the well of TA and NSB (Non-Specific binding). The plate 

was incubated at room temperature on an orbital shaker for 1 hr and was developed using Ellman’s reagent. The 

standard curve and sample concentration were determined using the following formula:   

logit(B/B0) = ln [B/B0/(1 - B/B0)] 

2.4 Total RNA isolation and PCR Amplification: 

On 15th-day fishes were removed and washed with fresh water. Control, as well as treated groups, were euthanized 

by decapitation and blood was allowed to drain and organs (Hypothalamus, Liver, Gills, Kidney, Thyroid, Ovary) 

were dissected out and gene expression pattern of the glucocorticoid receptor (GR) was analyzed. Testis was not 

taken into account as, upon dissection it was found to be ruptured in 7 fishes of two groups (CZ & IMI). Total RNA 



was isolated by Trizol Invitrogen according to the method of Peterson and Freeman (2009) and concentration was 

measured spectroscopically by Perkin Elmer. cDNA was reverse transcribed from 50ng total isolated RNA using 

Thermo Verso cDNA synthesis kit (AB-1453/B) and PCR for GR was performed with its specific primers (FP-5'-

TTTCGGTAATTGGTTGCTGATGAT-3', RP-5'- AGTGCTCCTGGCTGTTTCTAAGT-3')   and with standardized 

condition i.e. denaturation was performed at 950C for 1 min, annealing was carried out for 30 sec at 590C and 

extension was carried out at 720C for 7 mins with 18srRNA (FP:5′-TATTGTGCCGCTAGAGGTGAA3′, RP:5′-

CCTCCGACTTTCGTTCTTGA-3′)  as the reference gene. A total of 35 cycles were carried out for all the genes 

(described in materials and method) and finally the amplicon obtained were checked on 2% agarose gel and images 

were taken using ABI gel documentation system. Relative quantification analysis of the PCR products was done 

using Image J software. 

2.5 Statistical Analysis: 

The difference between the mean of control and the exposed fishes was determined by One-way ANOVA using 

Graph Pad Prism software version 6. If there was any significant difference, post hoc test was carried out where 

Dunnett’s multiple comparison test were employed to recognize difference in the alterations found in between the 

control and the exposed groups. The significant level of the tests was set at 5% (p<0.05). 

2.6 Pathway representation:  

The amplification of target gene resulted in multiple action site of the agrochemicals. Thus, bioinformatic tools were 

used for representation of the pathways and to investigate which pathways were being affected by the tested 

agrochemicals. Candidate gene (GR) network maps were generated using Pathway Common and wiki pathways and 

were visualized in the open-source software platform Cytoscape. 

3. Results: 

Hormonal Assay: 

Sublethal exposure of agrochemicals resulted in a overall decrease in cortisol concentration ranging from 2.2 ± 0.15 

ng/mL to 5.9 ± 0.6 ng/mL in response to agrochemical exposure. At individual level, however, the significance 

(*p<0.05) was found only with exposure to CZ (-61%), a fungicide and IMI (-58%) an insecticide in comparison to 



the control group. While there was no significance reported in case of PE and MN exposed fishes (Fig 1). There 

were little alterations found in sex-specific cortisol titers of male and female, however, it was non-significant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Serum Cortisol level in female and male O.mossambicus. Significance is reported at *p<0.05. 

Gene Expression studies: 

The candidate gene studied for the HPI axis was GR in vital tissues (liver, brain, kidney, gills, thyroid and ovary). 

Of all the agrochemicals, only IMI exposure resulted in a significant (*p<0.05) down-regulation of GR in all the 

tissues along with a significant (*p<0.05) down-regulation in testis and ovaries of fish exposed to CZ (Fig 2,3). 

There was an alteration in the expression in other tissues also but it was non-significant on exposure of PE and MN. 

Data of the testes has not been presented as in 7 fishes it was found to be ruptured in CZ and IMI exposed group, 

thus we postulate, that the fishes had initiated the process of undergoing sex reversal (Pandya and Parikh 2016). 



Fig 2: 2% Agarose Gene expression images of GR-Glucocorticoid receptor in kidney, thyroid, ovary gills, brain and 
liver. C-Control, CZ-Curzate, IMI-Imidacloprid, MN-Micronutrient Mixture, PE-Pyzosulphuron ethyl 
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Fig 3: Graph showing relative expression pattern of the Glucocorticoid receptor (GR) in four different 

groups of O.mossambicus exposed to agrochemicals.(*) denotes the significance of *p<0.05. 
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Pathway Analysis: 

To know the multiple actions of the chosen agrochemicals, the bioinformatic approach was used, where 32 genes 

(fig 4) were found to interacting with GR and were mostly the downstream signaling molecules. Further, the 

analysis also conveyed the fact, that it had its association with the xenobiotic metabolism enzyme cyp 450 

oxygenases and can be thought to be regulated by these canonical genes.  

 

 

 

 

 

 

 

 

 

Fig 4. Illustrates the interaction of various genes with glucocorticoid receptor (NR3C1) using pathway commons and 

cytoscape software. 

 

4. Discussion: 

The chemical coordination by endocrine system in organisms is known to regulate a number of hormone-dependent 

physiological functions which are essential for the survival of the organism both in normal as well as in an altered 

environmental condition. This endocrine system is a potential target of xenobiotics, and its vulnerability resides in 

part in the finely tuned mechanisms through which the endocrine control system operates in animals (Hontela, 



1997). The xenobiotics that enter into the body can have either direct adverse effects on the endocrine gland and 

tissues or indirect through alterations of homeostasis and damaging activities of nonendocrine organs 

(Harvey,1996). 

The hypothalamic–pituitary interrenal (HPI) axis is responsible for releasing corticosteroids and catecholamines in 

response to a stressor. Cortisol is the major corticosteroid in teleost and most mammals (Miller, 2006). When a fish 

perceives a stimulus as a stressor, the hypothalamus releases corticotropin-releasing hormone (CRH) that stimulates 

the pituitary gland to release adrenocorticotropic hormone (ACTH), which in turn enters the bloodstream and 

stimulates the steroidogenic interrenal cells in the anterior head kidney to synthesize cortisol (Hontela 2005). ACTH 

binds to its receptor in the cell membrane, and cyclic adenosine monophosphate (cAMP) activates protein kinase A. 

Protein kinase A activates cholesterol ester hydrolase releasing free cholesterol from cholesterol esters within the 

cellular matrix (Stocco 2000). At the outer mitochondrial membrane, steroidogenic acute regulatory (StAR) protein 

regulates the passage of cholesterol to the inner membrane where cytochrome P450 side-chain cleavage (cP450scc) 

mediates the transformation of cholesterol to pregnenolone (Stocco 2000). This is a rate-limiting step in cortisol 

synthesis and can be disrupted by contaminants (Walsh et al. 2000). Pregnenolone moves to the cytoplasm where 

cytochromes P45017α and P450C21 create 11- deoxycortisol, that is shunted back to the mitochondria to be 

transformed into cortisol by cytochrome P45011ß (Hontela 2005). Cortisol regulates its own production through a 

negative feedback loop by altering ATCH secretion at the pituitary and hypothalamus (Hontela, 2006). Cortisol 

affects a variety of systems that regulate homeostasis (Dorval et al., 2003). High serum cortisol levels indicate the 

animal is under acute or sub-chronic stress, while low levels indicate no stress, interrenal exhaustion or impairment 

of the HPI axis (Martinez-porchas et al., 2009; Miller and Hontela, 2011). Corticosteroids can also be influenced by 

factors other than stressors. 

Some fish are more sensitive to stress during molting and may decrease their cortisol production as they age (Barton 

2002; Jasmin Christal et al., 2003). Several studies have corroborated the impairment in cortisol synthesis and 

secretion due to the action of agrochemicals (Aluru et al., 2004-06; Hontela, 2006; Gravel and Vijayan, 2006). The 

impairment is either at the level of CRH, ACTH or at the level of StAR protein and N6, 2'-dibutyl adenosine 3': 5'-

cyclic monophosphate (dbc-AMP) (Leblond et al., 2001) which is the common target of many environmental 

pollutants ranging from pesticides to pharmaceuticals (Hontela, 2006; Martinez-porchas et al., 2009). Therefore 



many pollutants halt cortisol secretion and even if the fish is under stress this will probably not be reflected in the 

cortisol response. In the present study cortisol level in O. mossambicus was found to be lower than that of control 

level on exposure to IMI and CZ, suggesting an impairment of the interrenal exhaustion or impairment of the HPI 

axis (Miller, 2006; Martinez-porchas et al., 2009). Similar results were reported in Fundulus heteroclittus where,  a 

decreased level of serum cortisol under toxic conditions on exposure to naphthalene as a result of severe necrosis of 

interrenal tissues (Swarnalatha, 2015).  

Hontela and her co-workers (2006), while investigating the impact of toxicants on fish interrenal tissues, based on 

the in vitro studies, also reported inhibiting effects of pollutants on interrenal function and cortisol secretion. 

Oreochromis mossambicus, under sub-lethal thiodon exposure, registered significant reductions in serum cortisol 

levels following 1, 6 and 12 hours of exposures (Parvatham et al., 2004). Similar reductions in serum cortisol level 

were also reported in O.mossambicus exposed to sub-lethal concentration of dimecron (Karthikeyan et al., 2004), in 

Channa striatus exposed to lethal and sub-lethal concentrations of sevin (Sumathiral, 2006), in Labeo rohita 

fingerlings exposed to endosulfan and dietary pyridoxine (Akhtar et al., 2010), in Clarias gariepinus exposed to 

varying concentrations of endosulfan (Ezemonye and Ikpesu, 2010) and in Sarotherodon mossambicus under 

endosulfan toxicity (Thangavel et al., 2010). Wedemeyer and Yasutake (1997) stated that too low levels of cortisol 

are indicative of interrenal exhaustion from severe stress, whereas, too high levels indicated the fish to be under 

chronic or acute stress. Similar reductions in cortisol level as a function of interregnal exhaustion were also reported 

in fish exposed to various pesticides (Parvatham et al., 2004; Karthikeyan et al., 2004; Sumathiral, 2006 and 

Thangavel et al., 2010; Swarnalatha, 2015) and during in vitro exposure of head kidney tissues of fish to pesticides 

(Leblond et al., 2001) and to heavy metals (Brodeur et al., 1997). The reduced cortisol level in the present study, 

together with similar reports of interrenal exhaustion and reduction in cortisol level in other fish under different 

types of toxic conditions could be considered as an adaptive response by the fish by way of maintaining low 

metabolic rate under pesticide.  

Genome duplication event occurs in teleost fish (Jaillon et al., 2004), leading to two distinct GR genes (Bury et al., 

2003; Greenwood et al. 2003; Bury & Sturm 2007; Stolte et al., 2008; Alsop et al.,2008). In the present work, the 

focus was mainly on the GR, as it has high affinity to bind its steroid cortisol (Basu et al. 2003; Cruz et al.,2013). 

Indeed, several studies have shown that the xenobiotics disrupt cortisol and its receptor response to stress by 



targeting multiple sites along the HPI axis, including impaired steroidogenesis and brain glucocorticoid signaling 

(Aluru et al., 2004; Hontela, 2005; Vijayan et al., 2005; Aluru and Vijayan, 2006).In the present study, tissue-

specific receptor expression was studied under the exposure of agrochemicals, among which, significant damage 

was encountered by IMI, which down-regulated the mRNA of GR in all the organs followed by CZ in the ovary and 

testis only. The exposure of IMI and CZ resulted in sensitization of cortisol receptor and maybe its steroid (cortisol), 

substantiating the receptor downregulation probably due to its self-regulation (Sathiyaa and Vijayan 2003). Thus, 

the mechanism that may be operative is the increase in the cortisol, which binds to its receptor leading to activation 

of other growth regulated transcriptional factors and thus maintaining the physiological stress caused by the 

agrochemicals (Gravel and Vijayan 2006).  

To analyze interactions between the specific and non-specific genes involved at the transcriptional level an attempt 

was made to interconnect with the help of Cytoscape software, pathway common and wiki pathways were used 

which helped in understanding the possible role of the association of genes with the target genes. GR signaling 

governs many metabolic pathways through more than 100 genes. The data of the present work was applied to 

Cytoscape and pathway common, which resulted in the interaction of various genes. A total of 32 genes was found 

to be interacting with the glucocorticoid receptor among which major transcription factors like jun, CREBP, Smad's 

may be the downstream activators which initiate the physiological response upon pesticide exposure. Moreover, 

CYP2C8 (cytochrome-p450) may be activated due to the toxic exposure of IMI and CZ which may lead to 

degradation of this xenobiotics and maintaining the adaptive response (Fig 4). Further, the androgen receptor (AR) 

was also found to be interacting with it, which suggests that it also aids in combating the agrochemical stress and 

maintains its reproductive potency in its proper state. 

5. Conclusion: 

So from the present work, it can be concluded, agrochemicals exposure invoked alterations in the expression of 

genes associated HPI axis. The observed reductions in the serum cortisol level in IMI and CZ group is an indication 

of interrenal exhaustion and also an adaptive stress response of the fish by way of maintaining low basal metabolic 

rate (BMR) under agrochemical toxicity (Fig 5). A strong link is thus determined between the measured 

upregulation/down regulation of GR and indicates the potential of using gene expression in toxicological studies as 

markers. However, immunohistochemistry, microarray and cloning of the upstream (ACTH, StA, 17-β hydroxylase) 



and downstream genes (signaling molecules) will provide insights into a better understanding of the mechanisms 

governing the effect of agrochemicals on the canonical pathways of this axis at each level.  

Fig 5. Conclusion- Schematic representation of Hypothalamus-pituitary interenal Axis (HPI) under the exposure of 

Agrochemicals (PE-Pyzosulphuroethyl, IMI-Imidacloprid, MN-Micronutrient Mixture and CZ-Curzate). CRH-

Cortocotropin Releasing Hormone, ACTH-Adrenocorticotropic Hormone, GR-Glucocorticoid Receptor, C-cortical 

region, M-medullary region. 

 

Abbreviations: 

HPI-hypothalamic–pituitary interrenal axis 

GR-Glucocorticoid Receptor 
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