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Introduction
Pesticides and/or herbicides are the most dangerous one to human 

and animals as they are present and concentrated in the food chain. 
Use of pesticides and/or herbicides, in one hand, is a beneficial tool 
for crop protection from the attack of pests to increase the agricultural 
productivity, in other hand, is a serious concern due to its toxicity, 
and bioaccumulation and non-biodegradable properties [1]. They are 
released into the environment and ultimately find their way into aquatic 
bodies by variety of means such as agricultural run-off, spray drift and/
or aerial spraying, and by effluent discharge from manufacturing unit. 
This posing threats to the aquatic inhabitants such as shell-fish and fin-
fish, which are of great economic importance to the human society as 
they are considered as sources of protein rich food [2].

Microscopic observations either through light or electron 
microscopy are the inevitable tools to measure the toxicity, and 
contribute to the establishment of measures that aim to monitor 
environmental contamination, lessening the risk not only to 
ecosystems, but also to human health. Cellular responses including 
histopathological observations provides a link to identify changes 
at sub-organismal level before becoming evident at higher levels of 
biological organization [3,4], which ultimately provide a better warning 
signs of potential damage to animal health [5]. Cellular responses are 
vital tools for the early and sensitive detection of chemical exposure in 
ecotoxicological study, due to the assumption that cellular changes can 
ultimately result into ecological change [6,7], although the relationship 
between the different levels of biological organization is neither straight 
forward nor deterministic [6]. In this context, pathological responses 
in different organs of vertebrates and invertebrates have been shown 
to be useful stress markers that are used to detect the toxic effects on 

organisms of various anthropogenic pollutants through microscopic 
observations and finally reflect health status of entire ecosystem [8-10]. 
Histology is widely used as routine biomarker of xenobiotics, due to its 
target organ toxicity [9], while Scanning Electron Microscopy (SEM) 
depicts topological characterization of cell surface and Transmission 
Electron Microscopy (TEM) discloses the organizational orientation.

In aquatic ecosystem, fish are considered as sentinel organisms 
for evaluating toxicosis of xenobiotic substances under aquatic 
environment. Fish occupies the top of the aquatic food chain, are 
highly visible resource and highly exposed to accumulate these 
toxic substances [11]. In addition to this, they are in direct contact 
continuously with these substances in water via their gills and their 
body surface. Ultrastructural or histological study of the gut epithelium 
is very prominent diagnostic tool, due to their specific organ toxicity 
including stomach and intestine as these two organs are responsible for 
digestion and subsequent absorption of these ingested food materials 
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by the intestinal part respectively. The changes in their tissue system 
after xenobiotic exposure are not only structural but also functional 
but changes were more easily identifiable than functional ones [12], 
and serve as better warning signal for animal health status [13,14]. 
Extensive study at sub-cellular level, through histological and micro 
anatomical observations of Indian freshwater teleostean gut epithelium 
were reported by several authors [15-18], but the study on surface 
architecture and ultra-structural  responses of gut epithelium to almix 
exposure was very scanty especially stomach and intestine [19,20] till 
date. Almix is widely used modern fourth generation herbicide in India. 
It works both through contact and systematic pathway to control broad 
leaf weeds selectively in terrestrial and aquatic system. It is a mixture of 
two herbicides namely metsulfuron methyl (10.1%) and chlorimuron 
ethyl (10.1%), and remaining 79.80% adjuvants [21]. Our previous study 
demonstrated that almix herbicide caused biochemical alterations and 
develops oxidative stress in Oreochromis niloticus [22-28]. It can also 
be related that the effects can corroborate histopathological alterations 
due to oxidative stress. Considering this fact, present investigation is 
concerned with evaluation of histological and ultrastructural responses 
especially in stomach and intestine of Oreochromis niloticus (Linnaeus) 
after almix exposure under natural and laboratory conditions.

Materials and Methods
Fish

For the present study, freshwater fish Oreochromis niloticus 
(average weight, 38.6 ± 2.47 g and average length, 13.6 ± 0.496 cm) 
were purchased from local fish farm and brought to the laboratory for 
acclimatization. Fish were acclimatized for 15 days in big plastic tank 
(250 L). During acclimatization, fish were provided continuous aerated 
water under static water system and experiments were performed 
at natural photoperiod (12 h light/12 h dark). Experiments were 
carried out according to the guidelines of the Animal Care and Use 
Committee of the University of Burdwan and were approved by the 
Ethical Committee. Water parameters were assessed as per APHA [29]. 
Average water parameters during the acclimatization were as follows: 
temperature, 26.5 ± 0.127°C; pH, 7.94 ± 0.041; Electrical Conductivity 
(EC), 391 ± 0.624 µS/cm; total dissolved solids (TDS), 278 ± 0.693 mg/l; 
Dissolved Oxygen (DO), 6.44 ± 0.052 mg/l; total alkalinity, 205 ± 7.31 
mg/l as CaCO3; total hardness, 179 ± 3.75 mg/l as CaCO3; sodium, 24.5 ± 
0.563 mg/l; potassium, 5.33 ± 1.02 mg/l; orthophosphate, 0.032 ± 0.001 
mg/l; ammonical-nitrogen, 1.66 ± 0.212 mg/l; and nitrate-nitrogen, 
0.212 ± 0.030 mg/l. Fish, after 15 days of acclimatization, were divided 
into two equal sets: one set of fish was transferred to the ponds situated 
at the Crop Research and Seed Multiplication Farm (CRSMP) premises 
of the University of Burdwan, and another set of fish was brought to 
the glass aquarium. Commercial fish pellets (32% crude protein, Tokyu) 
were given to the fish as food during both acclimation and exposure 
periods.

Field experiment

Field set of fish were again segregated into two equal parts and 
transferred to the cages (triplicate) installed at control and treatment 
ponds. Each cage contains 10 fish species. Almix herbicide (dose 8 
g/acre) was dissolved in water at field recommended dose for rice 
cultivation and was sprayed on first day in treated pond [24,25,28]. 
Duration of the experiment was 30 days. For culturing the fish species, 
special type of cage was prepared and was installed at the middle of 
the respective ponds based on Chattopadhyay et al. [30] with some 
modifications. Cages were rectangular in shape. The area of each cage 
was approximately 2.5 m × 1.22 m (length and width) and height of 

approximately 1.83 m (submerged height in pond water, 0.83 m). Cages 
were structured by strong bamboo. Four-sided wall, cage floor and 
top of the cage cover were prepared by two polyvinyl chloride (PVC) 
nets: the inner and outer net bearing the mesh size of 1.0 × 1.0 mm2 
and 3.0 × 3.0 mm2, respectively. During field experimentation period, 
water parameters showed the following average values: temperature, 
24.1 ± 0.203°C; pH, 6.56 ± 0.086; Electrical Conductivity (EC), 348 ± 
1.16 µS/cm; Total Dissolved Solids (TDS), 248 ± 1.46 mg/l; Dissolved 
Oxygen (DO), 6.99 ± 0.158 mg/l; total alkalinity, 222 ± 3.54 mg/l as 
CaCO3; total hardness, 142 ± 2.32 mg/l as CaCO3; sodium, 63.4 ± 2.68 
mg/l; potassium, 15.9 ± 2.11 mg/l; orthophosphate, 0.243 ± 0.025 mg/l; 
ammonical-nitrogen, 0.741 ± 0.111 mg/l; and nitrate-nitrogen, 1.66 ± 
0.035 mg/l.

Laboratory experiment

Laboratory fishes were again segregated into two sets; one set for 
control and another set for treatment. Both sets comprise of three 
aquariums (40 L) and each aquarium contains 10 fish species. Experiment 
was performed at Ecotoxicology Lab, Department of Environmental 
Science, the University of Burdwan. Fish were intoxicated at sublethal 
dose of almix (i.e., 66.67 mg/l) and duration of the experiment was 30 
days [22,23,26,27]. Dose was applied every alternate day. Average water 
parameters during the experimentation period showed the following 
values: temperature, 26.6 ± 0.120°C; pH, 7.93 ± 0.076; Electrical 
Conductivity (EC), 425 ± 5.94 µS/cm; Total Dissolved Solids (TDS), 303 
± 4.68 mg/l; Dissolved Oxygen (DO), 5.06 ± 0.432 mg/l; total alkalinity, 
210 ± 10.5 mg/l as CaCO3; total hardness, 164 ± 3.05 mg/l as CaCO3; 
sodium, 37.8 ± 1.03 mg/l; potassium, 7.26 ± 1.12 mg/l; orthophosphate, 
0.041 ± 0.002 mg/l; ammonical-nitrogen, 7.09 ± 2.15 mg/l; and nitrate-
nitrogen; 1.78 ± 0.263 mg/l.

Histopathological analysis

After completion of the experiment i.e., 30 days, fish were collected 
both from lab aquarium and field ponds, and were anesthetized by 
using tricaine methanesulphonate (MS 222). After anesthetization, 
desired organs (stomach and intestine) were taken after dissection and 
washed with 0.75% saline solution, fixed with specific fixatives, and 
finally proceeded accordingly.

For histological observation, stomach and intestine were fixed in 
aqueous Bouin’s solution. After fixation excess Bouin’s were removed 
with 70% alcohol, then dehydrated through different graded ethanol 
solution, and tissues were infiltrated and embedded in paraffin and 
paraffin blocks were prepared. Then, Leica RM2125 microtome was 
used to cut paraffin sections at 3-4 micron and sections were placed 
on slide. Finally, paraffin sections were stained with haematoxylin-eosin 
(H&E) staining procedure and pathological lesions were examined 
under light microscope (Leica DM2000) and photographs were taken.

Ultramicroscopic analysis

For Scanning Electron Microscopic (SEM) observations, tissues 
were first fixed in 2.5% glutaraldehyde solution (prepared in 0.2 M of 
pH 7.4 phosphate buffer) at 4°C for 24 h. After 24 h, tissues were again 
post-fixed with 1% osmium tetraoxide at 4°C for 2 h. Then, tissues were 
dehydrated through different graded acetone solution, followed by amyl 
acetate solution and finally, tissues were subjected to drying at Critical 
Point Dryer (CPD) using liquid carbon dioxide. After drying, tissues 
were cut into small pieces and mounted on metal stubs by using tape 
and finally coated with gold (thickness approx. 20 nm). Tissues were 
then scanned under scanning electron microscope (Hitachi S-530) to 
identify the alterations at University Science Instrumentation Centre, 
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the University of Burdwan, West Bengal, India and photographs were 
taken.

In case of TEM study, tissues were fixed in Karnovsky fixative 
solution at 4°C for 12 h. After this fixation, tissues were again post-fixed 
with 1% osmium tetraoxide for 2 h at 4°C. Then tissues were washed with 
phosphate buffer solution (0.2 M and pH 7.4) and dehydrated through 
different graded acetone solution, then infiltrated and embedded in 
epoxy resin (araldite CY212). Ultrathin sections (thickness approx. 70 
nm) were then cut on "Ultracut E Reichart – Jung" machine. Glass knife 
was used for cutting the ultrathin sections. Sections were collected 
on naked copper-meshed grids, and finally contrasted with uranyl 
acetate followed by lead citrate. Finally, stained sections were observed 
under transmission electron microscope (TECHNAI G2) at Electron 
Microscope Facility, Department of Anatomy, AIIMS, New Delhi, 
India and photographs were taken.

Results
Stomach

Most prominent alterations in stomach of O. niloticus in the 
laboratory condition after almix exposure were damage in columnar 

epithelial cells (CEC) and mucosal folds, top plate thinning, fused 
mucosal folds and also damage in submucosa (Figure 1.2) compared 
with control one (Figure 1.1), but in field condition there was slight 
mucus secretion from mucosa layers, and the structure mostly appeared 
to be normal like control condition (Figure 1.3).

Scanning electron microscopic observation showed ultra-structural 
lesions such as alteration of epithelial cells contour, loss and damage of 
micro ridge structures and appearance of mucin mass over epithelial 
surface under both the conditions, but the degree of responses was 
more severe under laboratory observation (Figures 1.4-1.6).

Transmission electron microscopic observation of stomach of O. 
niloticus showed severe deformed nucleus and mitochondria, cellular 
necrosis and severe vacuolation under laboratory condition (Figure 
1.8) in comparison to control findings (Figure 1.7), while in field 
condition dilated mitochondria and vacuolations were prominent but 
alterations were less than laboratory condition (Figure 1.9).

Intestine

The major histopathological changes associated with intestinal 
epithelium of O. niloticus under laboratory study after almix 

 

Figure 1: Pathological micrograph of stomach of O. niloticus at control (C), laboratory condition (AL) and field condition (AF). 1.1 Showing normal columnar epithelial 
cell (CEC), lamina propria (LP), gastric gland (GG) and sub-mucosa (SM) under light microscopy (Cx1000); 1.2 showing fused mucosal folds (square), damaged 
lamina propria (oval) and CEC (arrow) (ALx400); 1.3 showing normal and compact arrangement of CEC with distinct nucleus under normal microscopy (AFx400); 1.4 
showing normal and regular mucosal folds (MF) surrounded by oval or rounded CEC with stubby microvilli (MV) and gastric pits (GP) under SEM study (Cx3000); 
1.5 showing severe mucus secretion on CEC (arrow) and irregular shape of CEC under SEM (ALx4000); 1.6 showing normal muscosal folds and CEC under SEM 
(AFx4000); 1.7 showing normal and regular GG and nucleus (N) with distinct mitochondria (M) under TEM (Cx9900); 1.8 showing deformation in nucleus (arrow) 
and mitochondria (bold arrow), and vacuolation in cytoplasm (broken arrow) under TEM study (ALx2550); and 1.9 showing dilation in mitochondria (bold arrow) and 
vacuolation (broken arrow) under TEM observation (AFx9900).
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intoxication was distortion in columnar epithelial cells and rupture 
in intestinal villi (Figure 2.2). On the other hand, connective tissues 
of the lamina propria showed distortion and rupture in the tip of the 
intestinal villi under field condition (Figure 2.3).

In our study, SEM observation displayed severe degenerative 
changes in CEC and excess mucus secretion in laboratory study (Figure 
2.5) compared with control findings (Figure 2.4), while appearance of 
mucin mass over CEC and damaged mucosal folds in some part were 
the prominent changes under field condition after almix intoxication 
(Figure 2.6).

TEM observation of intestine displayed distorted nucleus, deformed 
mitochondria, severe vacuolations, and appearance of double layered 
cell structures as well as zig-zag pattern tight junction under laboratory 
condition after almix exposure (Figure 2.8) compared with control 
(Figure 2.7), while in field condition the intestinal epithelium showed 
almost normal appearance along with normal structure of glycocalyx 
and vast amount of mitochondria (Figure 2.9).

Discussion
Present investigation first time reporting the toxicity of commercial 

herbicide, almix with regard to histological and ultramicroscopical 

observations in Indian freshwater teleost, O. niloticus both under 
field and laboratory study. Although Senapati et al. [19,20] postulated 
pathological lesions in oesophagus, buccopharynx, and some part 
of gastrointestinal tract (GIT) namely stomach and intestine of A. 
testudineus after almix intoxication under laboratory observation. In 
addition, Samanta et al. [22-28] demonstrated toxicity on biochemical 
parameters in different Indian cat fish species including O. niloticus 
under laboratory and field observations.

Present study revealed that O. niloticus was exposed to almix 
herbicide for 30 days and showed varied cytopathological alterations 
in different parts of GIT namely stomach and intestine under field 
and laboratory observations. Fish stomach is primarily responsible 
for the digestion of ingested food materials and is vital organ, which is 
affected by different xenobiotic compounds. In our findings, stomach 
showed degenerative changes like distorted mucosal folds, damage in 
CEC and submucosa, top plate thinning and merged mucosal folds 
in the laboratory study. Similar observations reported in our study 
was also supported by the findings of Haque et al. [31] in stomach of 
Channa punctatus exposed to sodium fluoride and this might be due to 
organochloride acid formation in stomach from the cardiac stomach 
and this acid caused the abovementioned abnormalities by destroying 
mucus secreting cells present in the gastric epithelium. Haloi et al. [32] 

 

Figure 2: Pathological micrographs of intestine of O. niloticus at control condition (C), laboratory condition (AL) and field condition (AF). 2.1 showing normal lamina 
propria (LP), and CEC with distinct nucleus under light microscopy (Cx1000); 2.2 showing damaged CEC (white arrow) and distortion of villi (black arrow) (ALx400); 
2.3 showing only distortion in lamina propria (oval) in normal microscopy (AFx400); 2.4 showing normal and regular mucosal folds supported by oval or rounded CEC 
under SEM study (Cx80); 2.5 showing degeneration of CEC)(bold arrow) (ALx4000); 2.6 showing damage only in MV (arrow) under SEM (AFx200); 2.7 showing 
normal and regularly arranged CEC with distinct mitochondria (M) and nucleus (N) under TEM (Cx8000); 2.8 showing deformative changes in nucleus (arrow) and 
mitochondria (bold arrow), vacuolated cytoplasm (broken arrow) and presence of double-layered cell structures (square) under TEM (ALx2550); and 2.9 showing 
normal epithelial cells and glycocalyx (G) with abundant mitochondria (M) under TEM observation (AFx5000).
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in their study observed fusion of stomach microvilli, pigmentation 
in different parts of the microvilli, appearance of vacuolation, cell 
swelling, aggregation of blood cells and haemorrhage after endosulfan 
exposure in stomach of C. punctatus. Degenerative changes in CEC, 
vacuolations in gastric epithelium and distortion in gastric glands was 
also demonstrated by Senapati et al. [20] after almix exposure but in 
stomach of Anabas testudineus. Therefore, the pathological alterations 
observed under present study may be associated with the response of 
stomach to the herbicidal contamination resulting into alterations of 
different biochemical pathways. Presence of mucin mass over gastric 
epithelium seen under field observation indicates the compensatory 
response displayed by fish against stress condition. Scanning electron 
microscopy of gastric mucosa showed damage in epithelial cells, loss of 
microridge structures and appearance of large amount of mucin mass 
over gastric epithelium, resulting in reduction of protective ability of 
the gastric epithelium toward such injury caused by herbicide exposure 
under both the conditions but the degree of pathogenicity was much 
more severe in laboratory condition. Disruptions of microridge 
structures seen under present study can reduce the retention ability of 
mucus film, which ultimately impair ingestion of food materials and 
subsequent transfer to the next region and ultimately deteriorate fish 
health. Furthermore, excessive mucus secretion to almix intoxication 
indicates enhanced activity of abovementioned cells. Similar findings 
was also noticed by Senapati et al. [19] in A. testudineus after almix 
herbicide exposure and with the findings of Haque et al. [31] who 
observed similar symptoms in C. punctatus to sodium fluoride exposure. 
Vacuolations in gastric epithelium seen under TEM observation 
indicated inhibition of protein synthesis and energy depletion [33]. 
Deformed nucleus and mitochondria, and cellular necrosis are also 
prominent, which indicates toxic stress development. Degenerative 
changes in mitochondria observed under present investigation might 
impair the oxidative capability by regulating the functions of normal 
respiratory enzymes during metabolism of metabolism and synthesis 
of fatty acid. On contrary, Carrassón et al. [34] demonstrated presence 
of large number of both smooth and rough Endoplasmic Reticulum 
(ER), mitochondria, tubule-vascular network and heterochromatinic 
nucleus in Dentex dentex. Therefore, the pathological responses 
observed in the present study were more severe in laboratory study 
and comparatively less pathological lesions under field fish might be 
due to self-regulating capacity of natural aquatic environment and 
diluted action of herbicide by natural condition as well as by metabolic 
adaptation in the natural environment.

Intestine is the next important part of GI tract after stomach. It 
plays an important role in digestion process and subsequent absorption 
of food stuffs. In addition, serves as potent organ for evaluating toxicity 
of contaminants as they enter into the fish body directly via gill surface 
and intake of contaminated foods or indirectly via skin or blood [35,36]. 
Present study revealed that O. niloticus exposed to almix herbicide 
showed severe histopathological changes such as damage in CEC, 
lamina propria and rupture in intestinal villi under both conditions, 
but the severity of pathological lesions was more prominent under 
laboratory study. Present findings were supported by Soufy et al. [37] 
and these may be due to absorption of contaminated food materials by 
intestinal epithelium. Koaud et al. [38] observed atrophy in muscularis 
and submucosa, degenerative and necrotic changes in intestinal 
mucosa and submucosa, and oedema in intestine of O. niloticus after 
cadmium exposure. Similar findings were also observed by Muley 
et al. [39] who demonstrated degeneration and rupture in intestinal 
villi, distortion in mucosal folds, and degenerative submucosa in C. 
punctatus after carbofuran intoxication. In our SEM study, excessive 

secretion of mucin mass was more notable observation under both 
the conditions which indicates enhanced protection ability against 
the ingestion of herbicide molecules through food, and may alter 
luminal pH as well as affects the enzymatic breakdown of the polymer 
substances in intestine and subsequently impair the physiology of 
digestion [19,40]. Degeneration in CEC were also prominent in 
the laboratory study and results were also supported by Begum and 
Sengupta [41] who reported fragmented, degenerated epithelium, 
lesions in columnar epithelial cells and disarrangement of mucosal 
folds in the intestine of C. punctatus after mercury exposure. Senapati 
et al. [19] also noticed similar observations in intestine of A. testudineus 
exposed to almix herbicide. SEM study also confirmed that alterations 
were also pronounced in the laboratory observation in comparison to 
field study and might impair the digestive physiology of the fish species 
which ultimately lead to impaired fish growth. Under TEM study, 
deformed nucleus and mitochondria, vacuolations and appearance of 
double layered cell structures as well as zig-zag pattern of tight junction 
were the prominent responses to almix exposure under laboratory 
observation, but no prominent alterations were observed in field study. 
Begum and Sengupta [41] also noticed similar findings in intestine of 
C. punctatus after mercury exposure. Appearance of vacuolations in 
the intestinal epithelium indicates impairment in several biochemical 
processes including digestive physiology and may lead to damage to the 
surrounding tissues [42] due to entry of the herbicide into the GI tract, 
and subsequent alterations in the luminal environment.

Conclusion
In conclusion, it can be inferred that almix exposure caused 

pathological alterations in the gastrointestinal tract namely in stomach 
and intestine, and is toxic to fish. The responses displayed by the 
concerned fish organs were comparatively less in field study than 
laboratory study and these responses could be used as biomarkers for 
evaluating the toxicosis of these agrochemicals and its use in aquatic 
environment and agricultural fields should be handled very carefully.
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