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Abstract

Objective: Present study was aimed to study the cytopathological effects of almix herbicide in Indian freshwater
teleost, Oreochromis niloticus (Linn.) both under field and laboratory exposure.

Methods: O. niloticus (Linn.) was exposed to almix herbicide at sublethal concentrations of 8 g/acre and 66.67
mg/L under field and laboratory conditions respectively for 30 days. Field experiment was performed in cage,
submerged in the field pond. Cytopathological study both through light and electron microscopic (scanning electron
microscopy and transmission electron microscopy) observations were based on gill, liver and kidney.

Results: Histopathological observations revealed hypertrophy and proliferation in gill epithelium, curling and
fusion of secondary gill lamellae (SGL), distortion in chloride and pillar cells under laboratory experiment. Scanning
electron microscopy displayed severe loss of normal array of concentric microridges, swelling of microridges,
damage in epithelial cells and appearance of vacuoles on the stratified epithelium, while loss of regular pattern of
microridges were observed under field condition. Transmission electron microscopic study of gill showed severe
damages which included degenerative changes in mitochondria, cellular vacuolation, damage in tubule vascular
system, presence of lipid droplets, elongated nucleus, but in case of field experiment dilated mitochondria and
cytoplasmic vacuolation were more prominent. Degenerative hepatopancreas, necrosis in hepatocytes, severe
cytoplasmic vacuolation and disarrangement of hepatic cords in liver of O. niloticus were prominent seen under light
microscopy in the laboratory condition, but in field condition elongated hepatocytes with increased nuclei and
vacuolation in cytoplasm of hepatocytes were prominent, while TEM study showed degeneration in mitochondria,
dilation in rough endoplasmic reticulum, damage in nucleus and appearance of cytoplasmic vacuolation in
hepatocytes under laboratory condition. In kidney, degenerative changes in PCT and DCT, shrinkage of glomerulus,
vacuolation in the haematopoietic tissues and excess fat deposition were notable changes. In TEM study necrosis in
nucleus, severe vacuolation, appearance of endoplasmic reticulum as whorl pattern, degeneration in mitochondria in
kidney were serious after almix exposure.

Conclusion: Present study claimed the more profound responses under laboratory condition compared to field
and different significant marked changes in these two conditions were prominent. Therefore, these responses in gill,
liver and kidney of O. niloticus could be considered as potential biomarkers of exposure of agrochemicals.

Keywords: Almix; Cytopathology; Chronic exposure; Gill; Liver;
Kidney; O. niloticus

Introduction
Integrated paddy-cum-fish-culture system has gained considerable

attention in recent years in many developing countries of Asia, Africa
and America. Paddy-cum fish-culture system is beneficial in increasing
land productivity as well as eliminating weeds, molluscs and pests and
subsequently can improve the economic condition of the rural people
[1]. But in India such integrated paddy-cum-fish-culture system is
almost non-existent because of increasing use of inorganic fertilizers
and pesticides in rice fields which have deleterious effects on fish [2].

Indian economy is based on agricultural productivity and rice
production is its main allied sector [3]. Weeds are the prime reason for
lowering the production of rice and reducing the yield of
approximately 60-70% [1]. Therefore, for increasing the productivity
herbicide alone or in combination with other biological means like use
of fish play an important role by controlling the weeds and a successful
herbicide should not only control the weeds effectively but it also be
safer to the soil flora and fauna as well as aquatic organisms. Almix is
one of them and is used extensively for controlling the broad leaved
weeds and sedges both in the rice fields and aquatic ecosystem. Almix®
20 WP is a selective, contact as well as systematic and both pre-
emergent and post-emergent modern fourth generation herbicide of

Toxicology: Open Access Samanta, et al., Toxicol Open Access 2016, 2:1

Research Article Open Access

Toxicol Open Access
ISSN: TYOA, an open access journal

Volume 2 • Issue 1 • 1000112

DOI: 10.4172/2476-2067.1000112

Toxicol Open Access, an open access journal
ISSN:2476-2067



sulfonylurea group. It is a combination of 10.1% metsulfuron methyl,
10.1% chlorimuron ethyl and 79.80% adjuvants [4].

Fish are most sensitive to the aquatic pollutants during their early
life stages [5]. Therefore, any type of aquatic pollution either by
agricultural runoff or by discharge of untreated effluents etc., from
manufacturing industries into natural waterways might endanger the
fish population and other forms of aquatic life, and may contribute
long term effects in the environment by changing the water quality.
Tilapia, Oreochromis niloticus is freshwater surface feeding omnivore
fish belong to the family Cichlidae. They grow fast, mature quickly, and
breed easily without inducement [6]. A number of studies on toxic
effect of different other agrotoxicants on different fish species
including tilapia were reported by various authors [5,7-11] under
laboratory condition, but limited information on almix toxicity is
available on histopathological and ultrastructural responses in this fish
species. Therefore, the present study is concerned with
histopathological and ultrastructural examination of toxic effects of
almix herbicide to Oreochromis niloticus in particular sensitive organs
like gill, liver and kidney and compared the lesions as markers under
laboratory and field condition to prepare baseline information for
monitoring the application of this agrochemical in the aquatic
environment.

Materials and Methods

Chemicals
Almix herbicide was purchased from local market (DuPont India

Pvt. Ltd., Gurgaon, Haryana, India). All other reagents of analytical
grade were purchased from Merck Specialities Private Limited.
Osmium tetraoxide was procured from Spectrochem Pvt. Ltd.,
Mumbai, India.

Fish
Indian freshwater teleost, Oreochromis niloticus (Linnaeus) was

procured from local fish farm and were acclimatized for 15 days under
laboratory condition. The average weight and total length of concerned
fish were 38.57 ± 2.47 g and 13.59 ± 0.496 cm respectively. Fish were
reared at aerated water and with natural photoperiod set at 12-h
light/12-h dark. Average value of water parameters during the
acclimatization period, were as follows: temperature 26.49 ± 0.127°C,
pH 7.94 ± 0.040, electrical conductivity 392.22 ± 0.62 µS/cm, total
dissolved solids 279.33 ± 0.69 mg/L, dissolved oxygen 6.44 ± 0.05
mg/L, total alkalinity 204.00 ± 7.30 mg/L as CaCO3, total hardness
180.44 ± 3.74 mg/L as CaCO3, sodium 24.45 ± 0.56 mg/L, potassium
5.33 ± 1.02 mg/L, orthophosphate 0.03 ± 0.001 mg/L, ammoniacal-
nitrogen 1.66 ± 0.21 mg/L, nitrate-nitrogen 0.21 ± 0.030 mg/L. After
acclimatization, fish were divided into two groups: one group was
transferred to field ponds situated at University Crop Research Seed
Multiplication Farm (CRSMF) premises and other group was
transferred to laboratory aquarium. Fish were fed once a day with
Tokyu fish pellets (32% crude protein) during acclimatization and
exposure.

Field experimental design
Fish, after acclimatization in field pond for two weeks were allocated

in two groups as follows: control groups, 10 fish species distributed in
three separate cages, and exposure group with 10 fish species in
separate cages (triplicate) for 30 days. Recommended dose (8 g/acre)

for rice cultivation was dissolved in water and was sprayed on the first
day on the surface of almix-treated plots [12-15]. Special type of cage
was prepared for field experiments and was installed separately at pond
of university CRSMF based on Chattopadhyay et al. [16] with some
modifications. Cages were rectangular in shape (2.5 m × 1.22 m × 1.83
m) and the submerged height in water was 0.83 m. Cages were
prepared by using strong bamboo. Cage was fabricated with nylon net
and was embraced by two types of PVC nets: the inner one (mesh sizes
of 1.0 × 1.0 mm2) and outer one with mesh sizes of 3.0 ×x 3.0 mm2.
Average limnological values of pond water during the exposure period
were as follows: temperature 24.23 ± 0.213°C, pH 7.16 ± 0.187,
electrical conductivity 342.00 ± 3.13 µS/cm, total dissolved solids
245.67 ± 2.25 mg/L, dissolved oxygen 7.00 ± 0.157 mg/L, total
alkalinity 221.33 ± 3.53 mg/L as CaCO3, total hardness 140.00 ± 2.31
mg/L as CaCO3, sodium 63.40 ± 2.67 mg/L, potassium 15.96 ± 2.10
mg/L, orthophosphate 0.24 ± 0.026 mg/L, ammoniacal-nitrogen 0.74 ±
0.111 mg/L, nitrate-nitrogen 1.66 ± 0.035 mg/L.

Laboratory experimental design
After acclimatization, fish were divided into two groups (control

and almix-treated) and maintained in aquaria, ten fish in each
aquarium: three aquaria for control and another three for treatment
(40 L capacity). Sublethal dose of 66.67 mg/L prepared and applied to
the aquarium for a period of 30 days [17-19]. On every alternate day
water was replaced and dose was applied. During experimentation
almix-treated and control were subjected to same environmental
conditions. During experimentation period, the average water
parameters were as follows: temperature 26.63 ± 0.120°C, pH 7.93 ±
0.075, electrical conductivity 426.00 ± 5.93 µS/cm, total dissolved
solids 302.89 ± 4.69 mg/L, dissolved oxygen 5.06 ± 0.43 mg/L, total
alkalinity 209.80 ± 10.50 mg/L as CaCO3, total hardness 163.11 ± 3.04
mg/L as CaCO3, sodium 37.76 ± 1.02 mg/L, potassium 7.26 ± 1.12
mg/L, orthophosphate 0.04 ± 0.002 mg/L, ammoniacal-nitrogen 7.09 ±
2.15 mg/L, nitrate-nitrogen 1.78 ± 0.263 mg/L.

Sampling
Water quality during experimentation was measured as per APHA

[20]. At the end of the experiment (i.e., 30 days), fish were collected
and rapidly anesthetized with tricaine methanesulphonate (MS 222)
and the desired organs namely gill, liver and kidney were dissected and
immediately proceeded for histological, scanning and transmission
electron microscopic study.

Histological study
After dissection of fish, gill, liver and kidney were fixed in aqueous

Bouin’s fluid solution for overnight. After fixation, tissues were
dehydrated through a graded series of ethanol, cleared in xylene, and
embedded in paraffin. Sections were cut at 3-4 μ using Leica RM2125
microtome and stained with haematoxylin-eosin (H&E). Stained
sections were observed under Leica DM2000 light microscope and
images were captured.

Ultrastructural study
For scanning electron microscopic (SEM) study, tissues were fixed

in 2.5% glutaraldehyde prepared in phosphate buffer (0.2 M, pH 7.4)
for 24 h at 4°C followed by post-fixation in 1% osmium tetraoxide for 2
h at 4°C. After fixation, tissues were then dehydrated through a graded
series of acetone followed by amyl acetate and finally subjected to
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critical point drying (CPD) with liquid carbon dioxide for drying the
tissue. Then, tissues were mounted on metal stubs and sputter-coated
by gold (thickness 20 nm) and finally examined under scanning
electron microscope (Hitachi S-530) at University Science
Instrumentation Centre of the University of Burdwan and images were
captured.

In case of transmission electron microscopic (TEM) study, tissues
were first fixed in Karnovsky fixative (mixture of 2% paraformaldehyde
and 2.5% glutaraldehyde prepared in 0.1 M phosphate buffer) for 12 h
at 4°C followed by post-fixation in 1% osmium tetraoxidefor 2 h at
4°C. After fixation, tissues were dehydrated through a graded series of
acetone followed by infiltration, and finally embedded in resin (araldite
CY212). Then, ultrathin sections (0.5-1 μm) were cut using a glass
knife (Ultracut E Reichart – Jung), collected on naked copper-meshed
grids, and stained with uranyl acetate and lead citrate. Stained sections
were then examined under TECHNAI G2 high resolution transmission
electron microscope at Electron Microscope Facility, Department of
Anatomy, AIIMS, New Delhi and images were captured.

Ethical statement
Fish care, handling, and the experiment was performed following

the guideline of the Institutional Animal Care and Use Committee of
the University of Burdwan and approved by the ethical committee of
this University.

Results

Gill
Histologically, gill of control fish is composed of primary and

secondary gill lamellae. The free edges of the lamellae are extremely
thin, covered with stratified epithelium and contain a vast network of
capillaries supported by pilaster cells. The primary lamellar epithelium
is provided with many chloride cells at the base of the secondary gill
lamella and secondary lamellae are present on gill filaments (Figure
1a).

The evident of alterations as observed under light microscopy after
almix intoxication under laboratory condition were hypertrophy and
proliferation in gill epithelium and secondary lamellae, curling and
fusion of secondary lamellae, distortion in chloride and pillar cells in
O. niloticus (Figure 1b), while under field condition gill epithelium
showed almost normal appearance without any marked alterations
(Figure 1c).

Scanning electron microscopic study also confirmed the damages as
seen under light microscopy such as severe loss of normal array of
stratified epithelial cells with concentric micro ridges, (Figure 1d)
swelling of micro ridges, damage in epithelial cells and appearance of
vacuoles in between the stratified epithelial sheet in gill of O. niloticus
(Figure 1e); there were also loss of regular pattern of microridges
under field condition (Figure 1f).

Transmission electron microscopic observation showed severe
damages in gill like degenerative changes in mitochondria, severe
vacuolation, damage in tubule vascular system, presence of lipid
droplets and elongated nucleus in laboratory condition (Figure 1h).
But in case of field experiment there was less damage such as dilation
in mitochondria and vacuolation after almix exposition in field
condition (Figure 1i).

Figure 1: Histopathological photomicrographs of gill of O. niloticus
under control condition (C), akmix treated laboratory condition
(AL), almix treated field condition (AF). (A) Showing normal
structure of primary gill lamellae (PGL) and secondary (SGL)
lamella under light microscopy (C × 400). (B) Showing fusion of
SGL (white arrow), curling (square), distortion of chloride (oval)
and pillar cells (broken arrow) (AL × 400). (C) Showing hyperplasia
in interlamellar space between SGL (arrow) under light microscopy
(AF × 400). (D) Scanning electron microscopy showing normal
arrangement of gill rackers (GR) with primary gill lamellae (PGL)
and stratified epithelial cells (SEC) on the PGL (C × 200). (E) Gill
epithelium showing loss of MR over SEC (arrow), mucin droplets
(M) and vacuolation (bold arrow) under scanning electron
microscopy (AL × 6000). (F) Showing loss of regular pattern of
microridges (arrow) under SEM (AF × 3000). (G) Gill epithelial cell
under transmission electron microscopy showing normal chloride
cell (CC), pavement cells (PC) with prominent mitochondria (M)
with apical pore (square) (C × 8000). (H) Showing degenerative
mitochondria (bold arrow), severe vacuolation (broken arrow)
under TEM (AL × 7000). (I)Showing dilated mitochondria (bold
arrow) and vacuolation (broken arrow) under transmission electron
microscopy (AF × 7000).

Liver
Histologically, the hepatic cells are arranged in cords surrounding a

central vein. Each hepatic cell provided with deeply stained centrally
placed nucleus and granular cytoplasm. Connective tissue matrix
occurs in between the space of the hepatic cords and normal
arrangement of blood cells in the blood vessel (Figure 2a).

The notable changes under laboratory condition were severe
degeneration in hepatopancreas, necrosis in hepatocytes, severe
cytoplasmic vacuolation and disarrangement of hepatic cord (Figure
2b), but under field condition elongated hepatocytes with increased
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nuclear volume and vacuolation in cytoplasm of hepatocytes were the
notable changes (Figure 2c).

Ultrastructural alterations showed degenerated mitochondria,
dilation in rough endoplasmic reticulum, damage in nucleus and
appearance of cytoplasmic vacuolation in hepatocytes of O. niloticus
after almix exposure in laboratory condition as seen under TEM
observation (Figure 2e) as compared to control (Figure 2d). On the
other hand, hepatocytes of O. niloticus showed almost normal
appearance under field condition after exposure to almix (Figure 2f).

Figure 2: Histopathological photomicrographs of liver of O.
niloticus under control condition (C), almix treated laboratory
condition (AL), almix treated field condition (GF). (A) Showing
normal appearance of hepatocytes (HC) and compact arrangement
around central vein (CV) with distinct nucleus (N) under light
microscopy (C × 1000). (B) Showing degenerative hepatopancreas
(arrow), severe vacuolation in cytoplasm of hepatocytes (broken
arrow) under light microscopy (AL × 400). (C) Light microscopy
showing vacuolation in cytoplasm of hepatocytes (broken arrow)
and hypertrophied nuclei (white arrow) (AF × 1000). (D) Showing
normal appearance of hepatocytes with large number of
mitochondria (M), rough endoplasmic reticulum (RER) and
glycogen droplets (GY) under transmission electron microscopy (C
× 2550). (E) Hepatocytes showing degenerated mitochondria (bold
arrow), dilated RER (square), cytoplasmic vacuolation (broken
arrow) and damage in nucleus under transmission electron
microscopy (AL × 7000). (F) Under transmission electron
microscopy hepatocytes showing almost normal appearance of
nucleus (N) and RER (AF × 2550).

Kidney
Histologically, kidney is made up of a large number of nephrons,

each consisting of a renal corpuscle or the Malpighian body and the
renal tubules. Renal capsules are numerous in number, spherical or
oval in shape and contain vascularised glomerulus. Renal tubules are
consisted of columnar epithelial cells and are differentiated into
proximal convoluted tubule (PCT), distal convoluted tubule (DCT)
and collecting ducts (Figure 3a). The nephropathic effects due to almix
toxicosis under the laboratory condition included severe degenerative
changes in PCT and DCT, severe shrinkage of glomerulus, vacuolation
in haematopoietic tissues and excess fat deposition (Figure 3b), while

in field condition, lesions in PCT and DCT, and vacuolation in
haematopoietic tissues were noticed (Figure 3c).

Transmission electron micrograph of normal kidney showed
electron dense mitochondria and nucleus and abundant vesicular
structures in the capillary epithelial cell cytoplasm. Mitochondria were
surrounded by few interdigitations of plasma membrane in some
places and nucleus was next to a few interdigitations. Myelin-like
structures was prominent in the capillary endothelial cell cytoplasm
(Figure 3d). After almix intoxication under the laboratory condition,
TEM study confirmed the pathological lesions such as necrosis in
nucleus, severe vacuolation, appearance of endoplasmic reticulum as
whorl pattern, degeneration in mitochondria in kidney of O. niloticus
(Figure 3e), while only dilated and vesiculated endoplasmic reticulum
were noticed after almix exposure in field condition (Figure 3f).

Figure 3: Histopathological photomicrographs of kidney of O.
niloticus under control condition (C), almix treated laboratory
condition (AL), almix treated field condition (AF). (a) Showing
normal proximal convoluted tubule (PCT), distal convoluted tubule
(DCT), Bowman’s capsule and glomerulus under light microscopy
(C × 1000). (b) Degenerated PCT and DCT (arrow), shrinkage of
glomerulus (arrow head), vacuolation in the haematopoietic tissues
(broken arrow) under light microscopy (AL × 400). (c) Light
microscopy showing degenerative PCT and DCT (arrow) and
vacuolation in the haematopoietic tissues (broken arrow) (AF ×
1000). (d) Normal appearance of kidney with electron dense
mitochondria (M) and nucleus (N) under transmission electron
microscopy (C × 2550). (E) Showing necrosis in nucleus (arrow),
severe vacuolation (broken arrow) and appearance of ER as whorl
pattern (arrow head) and degenerative mitochondria (bold arrow)
under transmission electron microscopy (AL × 4000). (f) Showing
dilated and vesiculated endoplasmic reticulum (square) under
transmission electron microscopy (AF × 9900).

Discussion
In the present study, histopathological and ultrastructural effects in

gill, liver and kidney of freshwater omnivorous fish, O. niloticus were
investigated and compared between natural and laboratory conditions
after almix intoxication. The study aimed at assessing the suitability of
histological and ultrastructural responses as biomarkers of
environmental contamination in aquatic ecosystem. Cellular
biomarkers including histological and ultrastructural alterations
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represent an intermediate level of biological organization between
lower-level biochemical effects and higher-level population effects
[21,22], which mainly occur earlier than reproductive changes and are
more sensitive for evaluation of organism health than a single
biochemical response [23,24].

In this context, histopathological study through light microscopy is
a rapid investigation method to detect the toxic effects of different
xenobiotics, especially chronic ones, in various tissues and organs. On
the other hand, ultramorphological analysis depicts topological
characterization of cell surface under scanning electron microscope
(SEM), while transmission electron microscope (TEM) allows the
observation of alterations in the cellular and subcellular levels. Three
organs namely gills, liver and kidney investigated under present study
are major sites of respiration, accumulation and biotransformation,
and excretion of xenobiotic substances in fish. All these three organs
showed significant differences in the cytopathological response to the
almix exposure under different conditions. Generally, the responses
were more pronounced in the laboratory condition than field
condition and this may be due to prevalence of natural condition
under field treatment.

Present results exhibited severe histopathological lesions in gill of O.
niloticus including hypertrophy and proliferation in gill epithelium
and secondary lamellae, curling and fusion of secondary lamellae
along with distortion in chloride and pillar cells. Similar results were
also reported by Hued et al. [25] as lifting of secondary lamellar
epithelium, oedema formation, hypertrophy of epithelial cells, severe
lamellar aneurysm and lamellar fusion in gill of Jenynsia multidentata
after Roundup exposure. Jiraungkoorskul et al. [26] have shown fusion
of secondary lamellae, hyperplasia and oedema. Hypertrophy as seen
in this study represents adaptation by the organism to protect
underlying tissues from any toxicant [27]. Epithelial lifting is another
most important pathological sign also observed by Cardoso et al. [28]
in Pacama, Lophiosilurus alexandri. Damage in chloride and pillar
cells can result in increased blood flow inside the lamellae which
ultimately causing dilation of the marginal channel, blood congestion
or even an aneurysm [29,30]. Damage in pillar cells indirectly indicates
development of aneurysm [31,32] due to direct effects of contaminants
on these cells. Scanning electron microscopic study showed loss of
normal array of concentric microridges, swelling of microridges,
damage in epithelial cells and appearance of vacuoles on the stratified
epithelium. Similar results of loss of microridge and swelling of
microridges were also reported by Johal et al. [33] in gill of Cyprinus
carpio communis (Linn.) exposed to monocrotophos. Loss of
microridges of the gills of test fish species was also observed by Wong
and Wong [34], Mazon et al. [35] and Biagini et al. [36]. Mallatt [37] in
their study reported that microridges are related with the retention of
mucous on the gill epithelium as a way to protect them against
environmental contaminants. Transmission electron micrograph
showed degenerative changes in mitochondria, severe vacuolation,
damage in tubular vascular system, presence of lipid droplets and
nuclear deformity after almix exposure under both conditions but
lesions were less in case of field experiment. Vacuolation as observed
under present study impede gas exchange capacity as well as indicate
swelling of mitochondria and rough endoplasmic reticulum was also
reported by Ultsch et al. [38] and Pawert et al. [39]. Mitochondrial
damage is responsible for impairment of ionic transport was also
described by Perry and Laurent [40] and Goss et al. [41] in gill of fish
species after intoxication of toxicant. Damage in tubular vascular
network is another notable change after almix exposition under
laboratory condition. Therefore, these changes in gill may interfere

with the fundamental process such as maintenance of osmoregulation
and antioxidant defence of gills as well as be considered as fast and
most valid method to mark the damages caused by pollutants in
aquatic ecosystem.

Liver showed diversity of pathological lesions including severe
degenerative changes in zymogen granules of acinar cells of
hepatopancreas, necrosis in hepatocytes, and severe vacuolation in
cytoplasm along with disarrangement of hepatic cord under both
conditions. Necrosis represented the most evident hepatic lesion found
in this study and have been considered as common lesion. Presence of
this lesion indicates that effect of almix herbicide is very impactful;
therefore caused functional and structural impairments [42]. Rahman
et al. [43] also observed severe necrosis, appearance of large number of
vacuoles in cytoplasm and pyknotic nuclei in liver of C. punctatus and
A. testudineus after intoxication of Diazinon 60 EC. Vacuolation,
infiltration of leukocytes and pyknotic nuclei were also reported by
Jiraungkoorskul et al. [5] in liver of Oreochromis niloticus after
Roundup exposure. Vacuolization as observed in hepatocytes of test
fish species indicate imbalance between the rate of synthesis of
substances in the parenchymal cells and the rate of their release into
the systemic circulation within the body [44]. Nuclear hypertrophy,
cellular atrophy, irregular contour of cells and nucleus, cytoplasmic
vacuolation, cytoplasmic and nuclear degeneration, cellular rupture,
pyknotic nucleus, necrosis and melanomacrophages aggregations in
the liver of Cyprinus carpio were also reported after chlorpyrifos
exposure by Pal et al. [45]. In our study, transmission electron
micrograph of liver showed degenerative changes in mitochondria,
dilation in rough endoplasmic reticulum, damage in nucleus and
appearance of cytoplasmic vacuolation under laboratory condition.
These alterations in hepatocytes indicate development of toxic stress
condition. The mitochondrial degeneration seen under present study
may account for the impaired oxidative capability of hepatocytes by
inhibiting normal function of respiratory chain of enzymes which
oxidises the formation of ATP molecule during phospholipid
metabolism and fatty acid synthesis. Marked ultrastructural changes
including the presence of swollen mitochondria with loss of functional
cristae have already been reported in the liver tissue of catfish exposed
to methyl parathion by Tripathi and Shukla [46]. Alterations of the
rough ER, including dilation and vesiculation, are the common
response to the herbicide exposure. Braunbeck and Völkl [47] and Au
et al. [48] correlated these alterations of the rough ER with a higher
biotransformation capacity of hepatocytes, and Ghadially [49]
interpreted the dilation of ER cisternae as enhanced storage of proteins
due to a reduced secretory activity. Along with this, altered RER
indicate induction of mixed-function oxidases (MFO) which can also
well be interpreted as the morphological counterpart of
ethoxycoumarin-O-deethylase (ECOD) and ethoxyresorufin-O-
deethylase (EROD) induction [50]. Similar findings were reported in
rainbow trout after exposure to endosulfan and disulfoton [51], and in
the demersal fish following intraperitoneal injection of benzo(a)
pyrene [48]. Cytoplasmic vacuolation in hepatocytes of test fish species
was also reported by Li et al. [52] indicating imbalance in the synthesis
of substances in parenchymal cells. In general, the cytopathological
changes were more pronounced in fish exposed under laboratory
condition as compared to field and this may be assumed that in case of
field experiments existence of fish in natural environment along with
dilution effects of herbicidal action may induct general metabolic
adaptation under this natural environment.

In kidney, almix intoxication caused severe pathological alterations
both under laboratory and field condition, although the pathological
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responses were more severe under laboratory condition. Degenerative
changes in PCT and DCT, shrinkage of glomerulus, severe vacuolation
in the haematopoietic tissues and excess fat deposition were evident.
Similar results were also reported by Oulmi et al. [53] who showed
small cytoplasmic vacuoles, nuclear deformation in the epithelium of
the first and second segments of the proximal tubule. Vacuolization of
tubular epithelium, enlargement of nuclei and degeneration of the
kidney as observed in the present study also reported by several
authors after exposure of different contaminants [54–56]. Butchiram et
al. [57] in their study also noticed degenerative changes in
haemopoietic tissue which include severe necrosis, cloudy swelling in
renal tubules, cellular hypertrophy and granular cytoplasm in kidney
of Channa punctatus after alachlor exposure. Cytopathological
alterations such as necrosis in nucleus, severe vacuolation, appearance
of endoplasmic reticulum as whorl pattern and degeneration in
mitochondria were prominent under transmission electron
microscopy in laboratory condition. Cytoplasmic vacuolation is the
most prominent alterations seen under present study after herbicide
exposure have also been reported in kidney of gold fish exposed to
hexachlorobutadiene by Reimschüssel et al. [58] and by Segnini de
Bravo et al. [59] in two Venezuelan cultured fish, Caquetaia kraussii
and Colossoma macropomum after triazine exposure. Fischer-Scherl et
al. [60] in their study also reported degeneration and vacuolation in
epithelial cells, and fragmentation in RER in kidney of rainbow trout
exposed to atrazine. These lesions also resembled with the symptoms
of the present study in the laboratory condition in concerned test fish.
Chaudhuri et al. [61] in their study reported presence of hyaline
droplets in renal tubules. In the field condition dilation of endoplasmic
reticulum in some places was prominent and this different response in
two conditions may be attributed to different feeding habits and the
habitat.

In conclusion, the present study revealed that almix herbicide is
toxic to fish and causes histopathological and ultrastructural changes
in gill, liver and kidney under laboratory condition. The results
presented herein demonstrated that almix at rice-paddy field
concentrations caused lesions in the respective fish organs were
comparatively less than laboratory condition. Therefore, these
responses could be considered as potential biomarkers for risk
assessment of these drain-off agrochemicals in aquatic ecosystem.
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