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Abstract: The paper deals with the deleterious changes at ultrastructural level of the epithelial cells of gills of Cyprinus carpio communis Linn. upon exposure

to 1/10 th of LC
50
 of monocrotophos which is considered to be insignificant concentration from toxicological point of view. The gills of the fish are the primary

corridor for molecular exchange between the internal milieu of a fish and its environment. Gills perform numerous functions such as oxygen uptake and CO
2

excretion, osmoregulation, acid-basic balance, excretion of nitrogenous compounds and taste. Hazardous chemicals present in water may alter the

morphology of the epithelial cells of gills of the fish, which may affect the process of diffusion of gases and ultimately the overall health of the fish. To prove

this fact Cyprinus carpio communis Linn. was kept in water for 30 days having low concentration of 0.038 ppm (1\10th of LC
50
) of monocrotophos and an

attempt was made to study the different types of degenerations produced in the epithelial cells of gills as compared  to the normal epithelial cells of gills of

this culturable fish using Scanning Electron Microscope (SEM) technique. The ultrastructural changes due to the toxic exposure at finer scale were thinning

of microridges, upliftment of epithelial cells, development of hyperplasia, decrease in the density of mucous cells which are considered to be the first line of

defence and total dystrophy of epithelial tissue. Thus, it is opined that a low concentration of monocrotophos has the potential to bring different type of

degenerations at finer scale hence affecting the fish’s health drastically and altering the fitness of the fish in water even having insignificant amount of this

toxicant in the ambient water.
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Introduction

With intensive, extensive agricultural and integrated aqua-
agriculture practices, the use of various pesticides especially the
organophosphate to combat the attack of various pests is in vogue in
India. These new innovations have side effects too. During the
south-west monsoon, just after the sowing the rice crop, these
pesticides enter the fish ponds as run off and they persist at a very
low concentration in pond water (Tilak et al., 2005a, b). Sometime
their presence is not detectable or is considered to be within the safe-
limits. It is generally considered that when these pesticides are present
in very low concentrations in pond water, they are harmless to the
fishes which are being cultured. The out come of the present studies
relating to the impact of low concentration of  organophosphate,
monocrotophos on the gills, the organs of  respiration and
osmoregulation of a commonly cultured carp i.e. Cyprinus carpio
communis Linn. showed the opposite results.

To ascertain whether these pesticides when present at very
low concentration in the ambient water have deleterious effects on
the gills (Agrahari et al., 2006). The present investigations have
been carried out by exposing the Cyprinus carpio communis

Linn. to a very low concentration of monocrotophos i.e. 0.038
ppm (1/10th LC

50
) for 30  days. The out come of the  present studies

may form basis for the demonstration of the ill effects of the presence
of very low concentration of pesticides in ambient water on fish life to
the planners, environmentalists and policy makers to formulate the
future strategies for the abatement of water pollution and will be

useful in the management of water quality for mono and poly
aquaculture practices.

Materials and Methods

For the present investigations, a commonly culturable fish
Cyprinus carpio communis Linn., collected from Neelambar Fish
Farm, Nanoke near Nabha (Punjab) has been subjected to the
toxicological studies. The choice of this fish as an experimental
model is based on its ability to adapt in experimental aquarium,
acceptance to artificial feed, omnivorous feeding habit and good
growth rate under normal conditions. The length and weight of the
selected fish for the present investigations varied from 8.60 to 14.9
cm (11.77 ± 1.92) and 13 to 21 g (18.11 ± 2.47) respectively.
Before the start of the experiment the fish were acclimatized to the
laboratory conditions for 15 days in dechlorinated tap water. All the
experimental fish were starved for 24 hr prior to the toxicity test.
Toxicity tests were conducted in accordance with standard methods
(APHA, 1998) in white coloured plastic tanks having the capacity
of 25 liter water. Probit analysis was carried to calculate the LC

50

following the method suggested by Finney (1980) and it has been
found to be 0.38 ml/l. For toxicological investigations six fish were
exposed to 1/10th concentration of LC

50 
(0.038 ml/l) for 30 days.

For the calculation of dose, both the monocrotophos and the solvent,
the cyclohexane, have been considered for the preparation of the
concentration, which is marketed under the trade name ‘Monocil’
by De-Nocil Crop Protection Pvt. Ltd. To remove the fish metabolites
and to maintain the pest icide concentrat ion the
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water was changed daily. During the exposure period, the fish
were fed with 4-5 feed balls per fish/day (Tokyu Feed Pellet).
Fixed in 3% gluteraldehyde prepared in phosphate buffer (0.2M,
pH 7.2-7.4) for one hour, washed in phosphate buffer for one hour
and then fixed in second fixative i.e. 1% osmium tetraoxide. The
fixed material was given several washings in the phosphate buffer
till all the traces of the fixative osmium tetraoxide were removed
and dehydrated in ascending series of acetone. Following
dehydration, the tissues were critically point dried (CPD), mounted
on aluminum specimen holders and coated with gold (100Å) in ion
sputter unit. This tissue was examined under Scanning Electron
Microscope (JEOL JSM-6100) at lower acceleration voltage of 20
kV and the results were recorded on the photographic films at
different magnifications.

Results and Discussion

To elucidate the ultrastructural morphological deleterious

changes on the epithelial surface of fourth gill of Cyprinus carpio
communis Linn. upon exposure to very low concentration of
monocrotophos (0.038 ppm, 1/10th of LC

50
) for 30 days, the gill

filament was subjected to Scanning Electron Microscopic (SEM)
investigations. The surface of gill filament or primary lamellae are
lined by stratified squamous epithelium and has pentagonal/
hexagonal cells with concentric microridges (Fig. 1a-b), whereas
the lamellar epithelial surface has short and stubby microridges
commonly termed as microvilli (Fig. 1c-d). The filamental epithelium
consists of three cell types namely pavement cells arranged in a
coddlestone fashion, the mucous and the chloride cells (Fig. 1a). Out
of these three types, the pavement cells are more abundant. The
pavement cells have conspicuous microvilli or microridges and largely
infolded protrusions having thin coat of mucoidal material (Fig. 1d).
As in the past, the epithelial layer of fish’s gill has been investigated
for respiratory gas diffusion, ion regulation and waste excretion
(Hossler et al., 1976; Dunel-Erb and Laurent, 1980; Rao and Rao,

Fig. 1: Scanning electron micrograph of the normal fish gill of Cyprinus carpio communis Linn. showing: (a) filamentous epithelial surface having
pentagonal/hexagonal pavement cells with concentric microridges (MR.) differentiated chloride cells (OC) and mucous cell opening (MO), (b) tip
of primary filament along with gill lamellae (GL) having pavement cells arranged in the coddlestone fashion, (c) lamellar epithelial surface having

short and stubby microvilli (MV), (d) pavement cells coated with filamentous mucoid material (MM) entrapped within the microridges
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1981; Evans, 1987; Laurent and Perry, 1991; Sawhney and  Johal,
2000; Machado, 2003), therefore,in the present studies this layer
has been subjected to toxicological investigations.

I t  h a s  b e e n  o b s e r v e d  t h a t  w h e n  Cyprinus carpio communis

Linn. was exposed to very low concentration of monocrotophos
(0.038 ppm, 1/10th of LC

50
) for 30 days  the epithelial cells of gill

filament have shrunken resulting in the thinning  and degeneration of
microridges   and protrude from the centre of the cell surface, leading
to lifting up or detachment of the epithelial layer thus causing
inflammation in the centre of the pavement cells, thickening of the
boundary walls and the reduction in the number of mucous and
chloride cells (Fig. 2a -b). The extreme form of degeneration of cell
surface appears as bulbous distortion of membrane at the tip of the
gill filament (Fig. 2c). As the tip of the gill filament is in direct contact
with the flow of polluted water, therefore, it developed a globular type
structure, which may be a defensive response. Similar type of
alterations on the gill surface has been reported earlier due to various
types of stress conditions such as heavy metals (Oliveira Ribeiro et
al., 1994; Athikesavan et al., 2006), salinity (Fanta et al., 1995),

pesticides (Davis and Wedmeyer, 1971; Kozlovskaya and Mayer,
1984; Mallatt, 1985; Sawhney and Johal, 2000; Machado, 2003).
Nowak (1992), was of the view that respiratory epithelium detachment
results in the increase in the diffusion distance, thus, impairing the
gaseous exchange.

The extreme deleterious effect is the hyperplasial condition
found to be subsequent to the process of epithelial detachment
characterized by the cellular proliferation in the interlamellar region
(Fig. 3a-d). The junction between lamellae and primary gill filament
also exhibited the apparent changes as far as the pavement cell
morphology is concerned (Fig. 3a-c). In the present investigations,
the last deleterious change is the complete dystrophy of the lamellar
structure of the gill (Fig. 3d).

The present studies have revealed that if the ambient water
has very minute quantity of pesticide, it can lead to the total collapse
of respiratory system of the fish as this much very low concentration
of pesticide reduced the density of mucous cells, thus effecting the
first line of defence of fish’s immunity, hence, the fishes living under

Fig. 2: Scanning electron micrograph of the fish gill of Cyprinus carpio communis Linn. upon exposure (0.038 ppm/l, 1/10th of LC
50
) for 30 days showing:

(a) thinning of microridges (MR) and thickening of boundary wall (BW), (b) degeneration and protrusions of microridges (PMR) from the center of the
cell surfaces, (c) Tip of gill filament (GF) showing shrinked cell surface, (d) globular type (GT) structure on the tip of the gill filament
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Fig. 3: Scanning electron micrograph of the fish gill of Cyprinus carpio communis Linn. upon exposure (0.038 ppm/l, 1/10th of LC
50
) for 30 days showing:

(a-c) different stages of hyperplasia, (H) on the lamellar structures of the gills, (d) complete dystrophy of the lamellar structure
of the gills and the cells have changed showing globular structures (GS) without microridges

these conditions are more prone to bacterial infection and
acute condition of hyperplasia. The earlier observations of Khan
and Kiceniuk (1984) and Oliveira Rebeiro et al.(1994), have
reported the occurrence of acute condition of hyperplasia when the
fishes were exposed to high concentrations of raw oils and heavy
metals respectively.

In the northern part of India during the fish seed production
process, the farmers add very low quantity of monocrotophos to
the water tanks to check the growth of bacteria and aquatic fungi so
that fish mortality can be avoided. They are of the opinion that if the
pesticides are used in very low concentrations, they have no
harmful effects, but the present investigations have proved
otherwise. Invariably, in this region there are reports of heavy
mortalities of fish fry of fish seed and some times the entire operation
have collapsed resulting in the heavy financial losses even when
other water parameters were normal.

The present studies suggest that the gills of fish are susceptible
to high degree of damage even to the very low amount of toxicant
present in the ambient water. As the low concentrations of toxicants in
the water may not be detectable by ordinary water analysis techniques
and may be considered as within the safe limits, but in actual practice
the vital organs especially the gills are adversely affected.

The present investigations can be eye opener to those fish
farmers dealing with the fish seed production using very low
concentrations of the pesticides in the water tanks to check the
growth of bacteria and aquatic fungi. They must keep in mind that
this unethical practice may results in the total collapse of the entire
crop and shall adversely affect the quality of the fish seed too.
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