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ABSTRACT: Studies were made to evaluate the effect of sublethal concentration of pesticide,
monocrotophos on oxygen consumption and gill histology of Mugil cephalus. L.Cso values for 96
hours was determined for monocrotophos and was found to be 0.40 ppm. The fishes were exposed
to 10% sublethal concentrations of the 96 hours LCso value for 10, 20, and 30 days along with
control. Decrease in O2 consumption rate was observed in Mugil cephalus exposed to 10% sub lethal
concentration of pesticide for a period of 10, 20 and 30 days. In this study, the oxygen consumption
was gradually decreasing with increasing exposure periods. Maximum decline (-36.94%) over
control in the rate of respiration was noticed in 10% sub lethal concentration on 30 days of exposure.
Histopathological lesions in the gill, of estuarine fish, Mugil cephalus were assessed following 10,
20 and 30 days of exposure to the monocrotophos. Gills of experimental animal were collected,
processed and stained with hematoxylin and eosin according to routine histological technique. In
the fish exposed to the monocrotophos, the most common lesions were fusion of gill lamellae,
detachment of gill epithelium, hyperplasia, and hypertrophy of respiratory epithelium in the gills.

The lesions were comparatively most severe in 30 days exposed fish.
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1.INTRODUCTION
Pesticides may be categorized as insecticides, herbicides, defolients, fungicides and rodenticides [9].
Pesticides vary in their chemical formulations as well as toxicity, environmental persistence and
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pathways of action. Among the pesticides, chlorinated hydrocarbons, organophophates and

carbamates are commonly used. The presence of pesticides in the aquatic system can obviously lead
to multi- fold interaction with other forms of pollution. In India, scores of studies have been
undertaken to estimate the acute toxicity level of various pesticides on aquatic fauna [7, 4, 48 & 55].
The rate of oxygen consumption in turn controls the metabolic activities and changes in respiratory
rates have been used as the indicator of the stress in pollutant exposed organisms. The oxygen
consumption was gradually decreasing with increasing exposure periods as observed by [34 & 13]
in Oreochromis mossambicus exposed to sublethal concentrations of Quinolphenols. The rate of
oxygen consumption was gradually decreases in all the exposure periods. Toxicants in the
environment mainly enter into fish by means of their respiratory system [54]. Changes in oxygen
uptake of fishes in response to pesticide exposure are varying in different fishes exposed to a variety
of pesticides [25]. The rate of oxygen consumption is found to be increased initially upto 48hours
then decreased up to end of the experiment when fish exposed lethal concentration of dimethoate
[29]. A review of literature indicates that the effects of pesticides on the proportion of oxygen uptake
from water and air by air breathing fishes were studied by only a few workers [5, 36, 18 & 25],
therefore, the present work has been undertaken in an air breathing fish, Channa gachua to advance
our information in this regard. Fish gills are regarded as a major site of respiration, osmoregulation
and excretion and remain in close contact with the external environment and particularly sensitive
to changes in the quality of water and considered the primary target of the contaminants. Histologic
studies have been considered as the tool for evaluating the toxic effects in target organs of fish in
laboratory experiments and in the field experiments [56, 47 & 14]. Gills are the primary site for
oxygen uptake in fishes and these delicate organs are in contact with chemical toxins that cause
stress exacerbated. Gill lesions as indicators of exposure to toxicants have previously been used in
numerous laboratory and field studies around the world [11, 51, 22, 38, 52 & 35]. Gills of
Oreochromis niloticus exposed to heavy metals showed mild congestion and edema of the primary
lamellae, severe edema, hyperplasia, fusion and focal desquamation of the epithelial lining of the
secondary lamellae, epithelial vacuolation of the secondary lamellae, etc. [24]. Hence the present
study aimed to investigate the impact of monocrotophos on oxygen consumption and histological
structure of gill of Mugil cephalus in order to understand to mode of action, stress response and
organ dysfunction.

2. MATERIALS AND METHODS

Mugil cephalus of the weight (10£19g) and length (8+0.5 cm) were collected from Agniar estuary,
southeast coast of Tamilnadu. The fish were exposed to different concentrations of monocrotophos
and mortality was observed for 96 hr. A static renewable bioassay method was adopted for the
determination of 96hr median lethal concentration [50]. Probit analysis was followed for the
calculations of 96h LCso [16]. Fish showing an abnormal behavior was removed as soon as possible.

© 2019 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2019 May — June RJLBPCS 5(3) Page No.291


http://www.rjlbpcs.com/

Sathick et al RILBPCS 2019 www.rjlbpcs.com Life Science Informatics Publications
In the present study tap water free from chlorine was used which had the following physico —

chemical characteristics [3]; temperature 28+0.13 pH 8.4+0.04, salinity 14.5+£0.13 ppt, and
D.0.4.6+0.2 mg/l. Oxygen consumption was estimated Winkler’s method [2]. For histological
studies, the gill was removed from the fish and transferred to fresh Bouin’s fluid and left in it for 24
hours and processed by adopting the usual micro technique procedure [21].

3. RESULTS AND DISCUSSION

In the present study 96h LCso value of the monocrotophos during acute exposure to Mugil cephalus
was found to be 0.40 ppm. Oxygen consumption of fish, Mugil cephalus exposed to sublethal
concentration of monocrotophos. Decrease in O> consumption rate was observed in Mugil cephalus
exposed to 10% sub lethal concentration of monocrotophos for a period of 10, 20 and 30 days. The
rate of oxygen consumption in control Mugil cephalus were 0.579, 0.584 and 0.582 ml/O»/g/hr at
10,20 and 30 days, respectively. The fish exposed to sub lethal concentrations of monocrotophos
shown the oxygen consumption at the rate of 0.518, 0.439 and 0.367ml/O2/g/hr at 10% sub lethal
concentrations of 10, 20 and 30 days respectively (Fig.1). In this study, the oxygen consumption
was gradually decreasing with increasing exposure periods. Maximum decline (-36.94%) over
control in the rate of respiration was noticed in 10% sublethal concentration on 30 days of exposure
(Fig.1). Oxygen consumption of pesticide treated fish showed an initial increase with lower
concentration of monocrotophos and decreased with the increasing concentrations. The reduced
oxygen consumption could be attributed to gill damage or to hypochronic microcytic anemia as
suggested by [40]. Similar decrease in oxygen consumption was observed by [28] in Perca fluviatilis
and [45] in Rogor treated Mystus gulio. The decreases in oxygen consumption appear to be a
protective measure to ensure that there is a low intake of the toxic substance. Reduced oxygen
consumption at higher concentrations of pesticide could also arise as a result of respiratory
inhibitory factors that come into play as suggested [41] in Mystus gulio under heavy metal pollutions.
Oxygen consumption of the fish was concentration dependent. The initial increase of oxygen uptake
1s probably to meet energy demand during early periods of exposure, which was followed by gradual
decrease in oxygen up taking during the later period of exposure, which may be due to onset of
toxicity as suggested by [17]. Oxygen consumption of pesticide treated fish showed decreased with
increasing concentrations. The reduced oxygen consumption could be attributed to gill damage or
to hypochromic mirocytic anemia as suggested by [8]. Similar decrease in oxygen consumption
was observed by [28] in Perca fluviatilis. The decrease in oxygen consumption appears to be a
protective measure to ensure that there is a low intake of the toxic substance. Reduced oxygen
consumption at higher concentrations of pesticides could also arise as a result of respiratory
inhibitory factors that come into play as suggested by [41] in Mystus gulio under heavy metal
pollution. The pesticide monocrotophos dissolved in water brings about extensive changes in the
physical parameters of water such as salinity, alkalinity and severe depletion in the dissolved oxygen
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content. So the aquatic systems are drastically altered due to this new stress in the environmental

medium that brings out such physiological changes and to cope up with the situations.
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Figure 1. Changes in the oxygen uptake of Mugil cephalus at sublethal concentration of

monocrotophos (O2ml/g/hr)

PLATE -1

Plate - 1: Histopathological lesions in the gill of Mugil cephalus exposed to 10% sublethal

concentration of monocrotophos at different durations

a. Control
PGL - Primary Gill Lamellae
SGL - Secondary Gill Lamellae
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b. 10 days treated

FSL - Fusion of secondary lamellae
DE - Degeneration of epithelium

C. 20 days treated
FSL - Fusion of secondary lamellae
DE - Degeneration of epithelium
N - Necrosis

d. 30 days treated
FSL - Fusion of secondary lamellae
ESL - Erosion of secondary lamellae

The structure of gill in Mugil cephalus consist of highly vascular plate like process called primary
and secondary lamellae. The secondary lamellae of the gill appeared as finger- like structure and are
covered with thin layer of epithelial cells. They are very thin, slender and attached on either side of
the primary lamellae (Plate. I-Fig.a). In sublethal exposure of monocrotophos, the gill of Mugil
cephalus showed marked histological changes. Appreciable changes were noticed in the histology
of gill after 10 days treatment including fusion of secondary lamellae, degeneration of epithelium
and vaculation (Plate. I - Fig.b). The damage was more severe and progressive after 20 days of
exposure. The primary and secondary gill lamellae were damaged to a great extent. Hypertrophy,
hyperplasia, necrosis and lamellar fusion were observed (Plate. I -Fig.c). However such changes
were drastic to the extent that disintegration of lamellar epithelium fusion of secondary lamellae and
degenerated secondary lamellae were found in the 30 days treated fish (Plate. I -Fig.d). The
histopathological changes observed in the gills of Mugil cephalus in the present study are in good
agreement of the reports of [44] and [23]. They observed the bulging of secondary lamellae at the
terminal ends, lesions and erosions at the base of lamellae on 12" day of exposure of O.
mossambicus to chlorpyrifos. A thick coat of mucus on the gill filaments was persisting on 18" day
of exposure. [23], reported that 96-hour fenthion exposure induced gill lesions, including
hyperplasia and desquamation of the epithelium and thrombosis in the secondary gill lamellae.
Photographs gives histological details of the gills from control fish under high power. The gill
consists of a thin epithelium two sets of four holobranchus, forming the sides of pharynx. Each
holobranch consist of two hemibranchus and it consists of a row of long thin filaments the primary
lamellae and the secondary lamellae. An epithelial tissue covers the gill arch. But at the original of
the primary lamellae, the epidermis is much thicker and below this epidermis there is usually an
array of lymphoid tissue comprising [53]. A mucoid epidermis covers the primary lamellae. The
secondary lamellae consist of an envelope of epithelial cells, supported and separated by pillar cells
which are arranged in rows. After exposure to pesticide monocrotophos the secondary lamellar
epithelium of the gills was thicker than the control. In the different concentration monocrotophos
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treated fish the epithelium of the secondary lamellae swelled considerably the lamellae were curved

and their blood spaces were constructed the same was observed by [19] and [42]. At the higher
concentration the epithelium of the lamellaec was swollen and partly detached from the underlying
blood space. In some regions the epithelium was partly destroyed. The same results were observed
by [49] when the fish rainbow trout treated to pulp and paper mill effluents. After the treatment of
96 hrs pesticide treated fish specific responded were noticed these response include production of
copious quantities of mucus on the body surface and especially the gills the results were observed
by [12] and further prolonged conditions increased opercular ventilation and coughing rates and gill
damage including hyperplasis, necrosis and sloughing of epithelial tissues. [32], analyzed 130
publications in which morphological changes of the respiratory epithelium due to the action of
chemicals were registered. Lesions observed less than 10 times were not considered in his statistical
analysis, and the wrinkling of the respiratory epithelium is among these lesions. In the present study
the pathological effects on gills include the following degenerative changes and these changes that
were observed. The pathological changes for pesticide exposure include degeneration of epithelial
cells and necrosis in inter lamellar epithelial cells. During prolonged exposure curling of the
secondary lamellae, edematous epithelium of secondary lamellae and hypertrophy of both primary
and secondary epithelium was observed. [32], reported the most common branchial change that
occurred in freshwater fishes rather than in seawater fish. This could be due to the fact that the first
ones were hyperosmotic in relation to the environment, facilitating the influx of water through the
epithelium lesion, increasing the volume in the oedema, and consequently the detachment. [1],
repeated this process as being a decrease of the superficial area of the gills what was necessary to
maintain the internal osmotic surrounding regarding the functional loss of the epithelial cells. [37],
found that the respiratory epithelium detachment resulted in the increase of the diffusion distance,
affecting the gaseous exchanges. This phenomenon has also been described in another type of
environmental contamination such as in acid waters [26], heavy metals [39] and salinity [30 & 15].
[31], repeated that these cells stemed from the epithelium of the filament in the interlamellar space
and could act as a barrier impeding the diffusion of harmful substances to the blood of the fish. [27],
studied the histopathological effects of raw oil on fishes, found that hyperplasia, together with the
mucus secretion, protected the gills against future damages caused by intoxicants. This alteration
was extremely intense after contamination with heavy metals [39]. The secondary gill lamella is
covered by thin sheets of epithelial cells (EC). They are separated by mucous cells (MC) and
erythrocytes. They are also separated by a series of peculiar cells called pillar (Pilaster) cells (PC)
and supported by a basement membrane. Blood vessels can be seen extended into each secondary
gill lamellae. The blood cell has single nucleus, which is flattened in appearance. In the secondary
gill lamellae, blood circulates through spaces formed between the individual pillar cells. The
epithelium forms a barrier between the fish blood and the surrounding water. The gaseous exchange
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needed to sustain life takes place through this barrier. The region between two adjacent respiratory

lamellae is termed as inter lamellar. [37], did not detect any significant difference in the diameter of
the blood spaces surrounded by the pillar cells in fish exposed to the endosulfan organochloride.
However, some studies report damages in the pillar cells caused by pollutants [46 & 10]. Such
cellular damages are often associated to high doses in which the animals are close to death [32].
[33], reported that in the M. roosevelti a different result was obtained after contamination with OP.
At the first hour of exposition to the sublethal concentration, the whole structure of the respiratory
lamella of M. roosevelti, including the shape of pillar cells, was altered. This collapse of the pillar
cells - progressive along the 96 hours of the experiment - was followed by a loss of shape of the
erytrocytes, what can indicate osmotic and ionic alterations. The action of methyl parathion causes
enzymatic inhibition, blocking the acetylcholinesterasis and other enzymes. It is not the methyl
parathion that acts but the methyl paraoxon, which results from enzymatic oxidation mainly in the
hepatocytes. The cholinesterase inactivation by methyl paraoxon is taken, chemically, as a
phosphorilation, leaving the endogenous acetylcholine free [6]. [10], suggest that the contraction of
pillar cells is facilitated by the acetylcholine in the blood. Morphologic alterations of the pillar cells
can have several secondary consequences. These cells control the blood pressure of the fish, and
changes in the blood pressure and flow can affect the number of irrigated lamellae, the distribution
of the blood within the lamellae, the permeability of the branchial epithelium and, as a consequence,
the osmorregulatory and gaseous exchange mechanisms [43], causing several physiological
disorders. [20], elucidated the effect of organophosphorus pesticide Dimecron on the gill and liver
of the fish Etroplus. Dimecron induced branchial congestion in the gill filaments. Edematous fluid
lifted the respiratory epithelium in a few secondary lamellae, which were found thickened. The cells
between the secondary lamellae were thickened to such an extent that the inter-lamellar spaces
occluded, which gave the filament a compact appearance. In the present study the histopathological
changes of gills were examined. Gills of the control fish had normal morphological structure. But
the gills of fish exposed to 10% sublethal monocrotophous concentration, epithelial hyperplasia and
subepithelial edema were found. Similar changes were remained in different exposure time at 10%
sublethal concentration of monocrotophos. More pronounced and followed with leukocyte
infiltration, slight hypertrophy of chloride cells, as well as lifting and rupture of the respiratory
epithelium on some secondary lamellae were observed during prolonged exposure.

4. CONCLUSION

In the present study, it can be stated that monocrotophos exposure during sublethal treatment
produces severe toxic effects on the respiratory organ of the estuarine fish Mugil cephalus. The
finding of the present study indicate that gill structural changes observer serve as “biomarkers” for

assessing pesticide toxicity in aquatic environment.
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