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ABSTRACT

Present study concerned with exposure of herbicide, almix in stomach and intestine of Heteropneustes fossilis at a
dose of 8 g/acre and 66.67 mg/l for 30 days under field and laboratory conditions respectively on histopathol ogical
and ultrastructural levels. Somach showed vacuolation in gastric glands, thinning of mucosal folds and
disappearance of the brush border under laboratory condition, but secretion of mucus from damaged columnar
epithelial cells (CEC) were prominent in field. In stomach, scanning electron microscopy (SEM) showed
fragmentation of CEC and damage in microridges, while transmission electron microscopy (TEM) displayed
deformed mitochondria, vacuolation and damage in tubular network under laboratory condition but in field
condition alterations in shape of CEC and mucin droplets under SEM, and cellular vacuolation under TEM study
were prominent. In intestine, disruption and vacuolation of connective tissue of lamina propria and severe damage
in CEC were seen under laboratory condition but in field condition liver showed almost normal appearance. Under
SEM observation intestinal epithelium showed shrinkage in mucosal folds, empty mucus pit and secondary cellular
growth in laboratory condition but debris of fragmented secondary mucosal folds were prominent under field
condition. On the other hand, TEM study showed dilated mitochondria and swelled endoplasmic reticulum under
laboratory condition but intestinal epithelial cells remain unaltered under field condition. Therefore, present study
revealed that the responses were more profound in laboratory condition than field condition. Finally, these
responses could be considered as biomarker of herbicide toxicity in aquatic ecosystem for monitoring the state of
the entire ecosystem.

Keywords: Almix, Histopathological, Ultrastructurateteropneustes fossilis

INTRODUCTION

Almix® 20 WP is one of the most widely used herbicide gricalture particularly in rice paddy field to cook
broad leaf weeds and sedges both through contdcsysmtematic pathway such @gperus iria, Cyperus defformis,
Frimbristylis sp, Eclipta alba, Ludwigia parviflora, Cyanotis axillaris, Monochoria vaginalis, Marsilea
guadrifoliata etc., as well as in aquatic bodidsis a fourth generation herbicide belonging te slulfonylurea group
of herbicide. It is a selective, pre-emergent amdt{gmergent herbicide and acts both through cordad
systematic pathway. It is composed of 10.1% maisoif methyl (GsH1sNs06S) [methyl 2-(4-methoxy-6-methyl-1,
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3, 5-triazin-2-yl-carbamoyl-sulfamoyl) benzoate]).1% chlorimuron ethyl (EH15CIN4OgS) [ethyl 2-(4-chloro-6-
methoxy-pyrimidin-2yl-carbamoyl-sulfamoyl) benzoatend 79.80% adjuvants [1]. Almix did not show any
volatilization property, therefore do not harm adjat crops such as mustards, cotton, vegetabléscfops, castor
etc., unless they are sprayed onto them [1]. Due to wglead use in the rice fields, almix ultimatelpate to the
nearby aquatic bodies which are in close proximiith agricultural fields as agricultural run-off directly due to
careless application in agricultural sectors. highly soluble in water and is stable at normaigerature, although
bioaccumulation property of almix herbicide has et been reported by any other authors. Its higttemv
solubility, extensive usage in the agriculturald&and continuous exposure to non-target organismsr aquatic
environment might pose potential hazards to thgsatéc organisms as well as health of the entipufadion.

In modern agricultural practices, the acknowledgn@fnnew technology in crop production and prottthas
increased use of herbicides. But, indiscriminatafsherbicides, careless handling, accidentalagg| or discharge
of untreated effluents into natural waterways cama&minate fish population and other animals onfslinducing a
kind of effects including secondary effects somesndue to indirect contamination [2,3]. The appi@a of
environmental toxicology studies on non-mammaliantebrates is rapidly expanding in recent times] for
aquatic systems, fish have become indicators ®metfaluation of the effects of these noxious compsuThe use
of fish as bio-indicators is being more and moredus last few decades since fishes are very sems$it changes
and play a significant role in assessing potenigi arising due to contamination in aquatic enwingnt. In aquatic
toxicological study, laboratory experiments aref@ened to estimate the potential hazard of chemieald to
establish “safe” levels of pollutants [4]Heteropneustes fossilis as an ecotoxicological aliquot has several
characteristics of choice, such as wide distributiofreshwater environment, ease availability tigloout the year,
easy acclimatization to laboratory conditions aochmercial importance.

The toxicity of almix herbicide tél. fossilis has been reported recently [5-10]. Low concemtnatiof almix, such
as those used in rice fields, might cause change®tabolic and enzymatic parameters of catfisHossilis [5—10]
along with other two fish species nam@élyabas testudineus andOreochromis niloticus [5—-10] such as reduction of
protein level and glutathione-S-transferase (GST different tissues and enhancement of acetylcbsiarase
(AChE), lipid peroxidation (LPO) and catalase (CAfm different tissues of. testudineus andO. niloticus [5-10].
The metabolic and physiological activities of thegamism alone do not satisfy the complete undedgtgnof
pathological conditions of tissues under toxic sgrel' herefore, to know the extent of severity s§ue damage it is
very much essential to go the insight the histaalganalysis, although the severity of damage d#gpen the toxic
potentiality of the particular toxic compound asyhact as biological markers to assess the toxidigon [11-14].
The major advantages of using histopathologicaimiiders in environmental monitoring are that itoads
examination in the specific target organs includstgmach and intestine, which are responsible ifat functions,
such as digestion of food stuff, and absorptiotheée food materials in the fish [15,16]. A largemer of studies
were reported by several authors to understanditt@hemical physiological and metabolic alteratieasised by
chronic exposure of different pesticides and/oblogles on animals and fishes [17-20], but rel&yievery few
studies regarding the histopathology and ultratiirat effects of almix herbicide on different fishsues and other
aquatic invertebrates are scanty and still neeldetstudied to establish the model to compare widmmalian
tissues [21]. Nevertheless, field studies usingppathology and ultramicroscopic observations sifi fas biomarker
of aquatic contamination by almix herbicide have yet been reported. Therefore, the present stualy dresigned
to investigate the histopathological and ultragtrital responses of almix herbicide in stomach amtestine of the
air-breathing freshwater teleostean fisleteropneustes fossilis under both laboratory and field conditions.

MATERIALSAND METHODS

Chemicals

Commercial formulation of the almix herbicide (Ak@ 20 WP, DuPont India Pvt. Ltd., Gurgaon, Haryalnalja)
was used in both the experiments. Delafield’s hderydin stain, eosin yellow, xylene, DPX, amyl| aatet, acetone,
glutaraldehyde solution, sodium hydroxide, tricaimethanesulphonate, uranyl acetate (EM grade),netha
disodium hydrogen phosphate, dihydrogen sodium gtette, lead citrate (EM grade), epoxy resin (EMdgja
paraformaldehyde (EM grade) and araldite CY212 (gfdde) of analytical grade were purchased from Klerc
Specialities Private Limited. Osmium tetraoxide ypaschased from Spectrochem Pvt. Ltd., Mumbai,dndi

Fish

Freshwater teleostean carnivorous fideteropneustes fossilis (Bloch) of both sexes with an average weight of
37.91+5.43 g and total length of 18.58+0.959 cmpeesively were procured from local market and were
acclimatized under congenial laboratory conditifors15 days separately in aquaria of 250 L capaéityh were
kept in continuously aerated water with a statistesyn and experiment was conducted with a naturaiopleriod
(12-h light/12-h dark) and at an ambient water terajure. During the acclimatization period, therage value of
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laboratory water parameters were measured: temperat8.61+0.80€; pH, 7.23+0.082; electrical conductivity,
413.67+0.90 uS/cm; total dissolved solids, 295.11&Img/l; dissolved oxygen, 6.46+0.215 mg/l; taaidalinity,
260.00+16.90 mg/l as CaGQOotal hardness, 177.33+5.50 mg/l as CaCsddium, 19.20+0.36 mg/l; potassium,
2.45x0.22 mg/l; orthophosphate, 0.02+0.002 mg/l;mmmiacal-nitrogen, 2.31+0.43 mg/l and nitrate-rgen,
0.30+0.058 mg/l. After acclimatization, fish werivided into two groups: one set of fish was trangfe to field
ponds situated at Crop Research Farm premises eofUthiversity of Burdwan and other was transferred t
laboratory aquarium. The fish were fed once a dily @ommercial fish pellets (32% crude protein, Yokduring
both acclimation and exposure periods. Therefdre, study was carried out under two different experital
conditions: field pond and laboratory for duratmf30 days.

Field experimental design

Fish of field set were grouped as follows: threatmul groups, each comprises of ten (10) fish ie¢hcages, and
similarly three exposure groups with 10 fish spgdie separate cages for 30 days. The desired do8egfacre
corresponds to concentration recommended for useanculture was dissolved in water and appliedeont was
sprayed on first day of the experiment on the sarfaf each cage of almix-treated plots. During expentation
almix-treated and control groups were subjectedaime environmental conditions. For field experimespecial
type of cage was prepared and installed separatelyond of Burdwan University Crop Research Farme, t
University of Burdwan. The cages were prepared tfor culture of the experimental fish species as per
Chattopadhyat al. [22] with some modifications. All the cages wergpiare in shape having an area of 2.5 m x
1.22 m and a total height of 1.83 m (submergedhteigs 0.83 m). The cages were framed by lighthgttmamboo.
The four-sided wall, floor of the cage and topla# tage cover was fabricated with nylon net andewalsraced by
two PVC nets: the inner and outer bearing mestsizd.0 x 1.0 mfand 3.0 x 3.0 mfrespectively. During the
experimentation period (30 days) in the field, esluof average limnological parameters were: tentpera
15.67+0.148C; pH, 7.89+0.033; electrical conductivity, 390.23#9 puS/cm; total dissolved solids, 276.33+1.45
mg/l; dissolved oxygen, 7.47+0.088 mg/l; total ditkity, 101.33+0.67 mg/l as CaGxotal hardness, 152.00+2.31
mg/l as CaCq sodium, 20.56+0.294 mg/l; potassium, 2.89+0.11d/I/morthophosphate, 0.12+0.007 mg/l;
ammoniacal-nitrogen, 6.06+£0.875 mg/l and nitratesgien, 0.58+0.016 mg/I.

Laboratory experimental design

Under laboratory condition fish were maintaineditwo groups of 40 L capacity of six aquaria 3dontrol and 3
for almix-treated, containing 10 fish in each aquarin the Ecotoxicology Lab, Department of Envinental
Science, the University of Burdwan. The fish wexpased to sub-lethal dose of almibe., 66.67 mg/l for a period
of 30 days [5-10]. Dose was applied for every alitz day. During experimentation almix-treated ematrol were
subjected to same environmental conditions. Dugrgerimentation period, the average water parasatere
recorded as follows: temperature, 19.67+0°29%H, 7.48+0.052; electrical conductivity, 478.8320 uS/cm; total
dissolved solids, 341.44+6.56 mg/l; dissolved oxygB.82+0.394 mg/l; total alkalinity, 317.30+15.80y/l as
CaCQ; total hardness, 188.89+8.58 mg/l as CgCe€bdium, 21.36+0.76 mg/l; potassium, 2.80+0.29 Img/
orthophosphate, 0.02+0.001 mg/l; ammoniacal-nimg@63+1.15 mg/l and nitrate-nitrogen, 0.46+0.b@y|.

Sampling

During experimentation period the quality of thetevawas assessed as per APHA [23]. After completibthe
experimeni.e., 30 days the fish were collected from both the sétquarium and pond conditions of controls and
almix-treated and were anesthetized with tricairethanesulphonate (MS 222) and stomach and integtime
taken immediately after dissection and proceededpiecific ways for histological, scanning and traission
electron microscopic study.

Histopathological analysis

Fish tissues namely stomach and intestine fromrabahd treatment were collected and fixed in agseBouin’s
fluid solution, dehydrated through graded seriestbfinol and finally embedded in paraffin. Paras@ttions were
cut at 3-4 micron using Leica RM2125 microtome. Jéhesections were then stained with haematoxylimeos
(H&E) and observed under Leica DM2000 light miciazse.

Ultrastructural analysis

For scanning electron microscopic study, tissue® iged in 2.5% glutaraldehyde in phosphate buffe?2 M, pH
7.4) for 24 h at & and then post-fixed with 1% osmium tetraoxidelosphate buffer (0.2 M, pH 7.4) for 2 h at
4°C, dehydrated through graded acetone, subsequiatityved by amyl acetate and subjected to critigaint
drying with liquid carbon dioxide. The tissues wénen mounted on metal stubs and sputter-coatddgeid with
thickness of approximately 20 nm. The tissues vesmmined with a scanning electron microscope (Hit&530)

at University Science Instrumentation Centre ofliméversity of Burdwan, Burdwan, West Bengal, India
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For transmission electron microscopic study, tissweere fixed in Karnovsky fixative (mixture of 2%
paraformaldehyde and 2.5% glutaraldehyde in 0.1hsphate buffer) for 12 h at@ and then post-fixed with 1%
osmium tetraoxide in phosphate buffer (0.2 M, p#) Tor 2 h at 4C, dehydrated through graded acetone, infiltrated
and embedded in epoxy resin, araldite CY212. Witnasections (0.5 - im) were then cut by using a glass knife
on an "Ultracut E Reichart — Jung" with the thicksmieof 70 nm, collected on naked copper-meshed ,gaicd
contrasted with uranyl acetate and lead citratee issues were examined under TECHNAI G2 high tefol
transmission electron microscope at Electron Micope Facility, Department of Anatomy, AIIMS, New |bie

India.

Ethical statement
The experiment was carried out in accordance wighgiidelines of the University of Burdwan and amed by the

Ethical Committee of the University.
RESULTS

Stomach
The most evident pathological alterations in stdmat Heteropneustes fossilis due to almix intoxication under

laboratory condition were thinning of mucosal foldsappearance of the brush border, severe dejergechanges
and vacuolation in gastric glands (Fig. 1.2) as pared to control one (Fig. 1.1), while secretiommafcus from
damaged columnar epithelial cells were more proniiivethe field condition (Fig. 1.3).

Fig. 1. Histopathological photomicrographs of stomach of H. fossilisunder control condition (C), almix treated laboratory condition
(AL), almix treated field condition (AF). 1.1 Showing regular arrangement of columnar epithelial cell (CEC), lamina propria (LP) and
gastric gland (GG) with prominent nucleus under light microscopy (Cx1000). 1.2 M ucosal folds showing degener ation (white arrow),
vacuolation (broken arrow) and thinning (arrow head) (AL x400). 1.3 Showing damage in gastric gland (white arrow) light microscopy
(AFx1000). 1.4 Scanning electron microscopy showing normal arrangement of mucosal folds (MF) supported by oval or rounded CEC
with stubby microvilli (MV) (Cx8000). 1.5 Showing fragmentation of MF in CEC (bold arrow) and severe mucus secretion (M) on CEC
under SEM (AL x5000). 1.6 Showing almost normal structur e of mucosal foldsand CEC under SEM (AFx4000). 1.7 Normal appearance
of gastric glands and nucleus (N) with prominent mitochondria (M) and rough endoplasmic reticulum (RER) (Cx2500). 1.8 Showing
deformed mitochondria (bold arrow), vacuolation (broken arrow) and appear ance of vast amount of endoplasmic reticulum (oval) under
TEM study (ALx7000). 1.9 Showing vacuolation (broken arrow) under transmission electron microscopy (AFx7000)
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Under scanning electron microscopic study stomdctest fish species showed severe degenerativegekaof
columnar epithelial cells such as fragmentationfqund mucus secretion over the epithelial surtam damage in
microridges (Fig. 1.5), but under field conditionly the shape of the epithelial cells was changed ®@ucin
droplets were seen over the epithelial cells (Eig).

On the other hand, transmission electron microsatymyved deformed mitochondria, appearance of yastat of
endoplasmic reticulum, vacuolation and damage liwlar network under laboratory condition (Fig. 1c8mpared
to control condition (Fig. 1.7), but only severecwalation was noticed in stomach Idf fossilis and the damages
were comparatively less in field condition (Figo)L.

Intestine

The most conspicuous histopathological alterataftesr almix exposure in intestine bff fossilis seen under light
microscopy were disruption and vacuolation of cative tissue of lamina propria and columnar epitieaells;
severe damage in columnar epithelial cells and ¢simplisappearance of brush border (Fig. 2.2),evhilder the
field condition, cellular structure of stomachtbffossilis showed almost normal appearance but secretioruofisn
from epithelial region was noticed in some pladég.(2.3).
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Fig. 2. Histopathological photomicrographs of intestine of H. fossilisunder control condition (C), almix treated laboratory condition
(AL), almix treated field condition (AF). 2.1 Showing normal appearance of lamina propria (L P), columnar epithelial cells (CEC) with
prominent nucleus under light microscopy (Cx1000). 2.2 Showing disruption of lamina propria (oval), vacuolation in lamina propria
(broken arrow), disappear ance of brush border (arrow head) and damagein CEC (white arrow) under light microscopy (AL x1000). 2.3
Light microscopy showing almost normal structure of CEC with prominent nucleus (AFx1000). 2.4 Showing normal mucosal folds
packed with oval or rounded CEC under SEM observation (Cx200). 2.5 Showing degener ative changesin CEC (bold arrow) (AL x200).
2.6 SEM obser vation showing mucus droplet in between MF (broken arrow) (AFx600). 2.7 Showing normal appear ance of CEC with
prominent nucleus (N) under transmission electron microscopy (Cx6300). 2.8 RER showing swelling (arrow head) and dilated
mitochondria (bold arrow) under TEM (AL x7000). 2.9 Intestine showing normal appear ance of epithelial cellsand glycocalyx (G) under
transmission electron microscopy (AFx5000)

28
Scholars Research Library



Apurba Ratan Ghosh et al Annals of Biological Research, 2016, 7 (2):24-32

Ultrastructural alterations as viewed under SEMidgtshowed severe damage in mucosal folds with kshge,
empty mucus pit and secondary cellular growth @mthelial cell surface after almix exposure (R2gh). In the
field condition, mucosal folds and columnar epithletells were not seriously affected but debrishaf fragmented
secondary mucosal folds was noted in the concavitibetween the primary mucosal foldddnfossilis (Fig. 2.6).

On the other hand, transmission electron microscepidy of intestine showed appearance of largeuainof
dilated mitochondria and swelled endoplasmic régicubut glycocalyx remain unalterated after almitokication
(Fig. 2.8), but in the field condition, intestinapithelial cells showed almost normal structurenglavith normal
glycocalyx (Fig. 2.9).

DISCUSSION

Present study is an attempt to report the toxigftthe sulfonylurea-based commercial herbicide,balvith regard

to histopathological and ultrastructural observaithrough scanning and transmission electron micn@ic study
in freshwater teleostean fishi. fossilis both under field and laboratory study, althougmeatiet al. [21,24]
reported some histopathological alterations in pkeagus, buccopharynx, stomach and intestinA. déstudineus
after almix exposure in the laboratory conditiord é8amantaet al. [5-10] in their study reported on responsive
changes in several biochemical parameters suchetgleholinesterase, lipid peroxidation, catalagatathione-S-
transferase, alkaline phosphatise, alanine andrtagpaaminotransferase in different fish speciedunting H.
fossilis under laboratory condition.

Fishes are considered as sentinel organism fooxicotogical studies and are continuously exposeditie variety
of environmental contaminants and play a significgate in evaluating the potential risk in aquaosystem [25].
Therefore, use of fish as indicator species agak#stobiotic compounds is of great importance [2B,27
Simultaneously, cellular biomarkers revealed thiougstopathological and ultrastructural study ofllygant-
induced organisms represent the intermediate lefdissue organization between lower-level biocloameffects
and higher-level population effects [28,29]. Thisnoately provides a better evaluation of organisealth than a
single biochemical response [30] and is widely uase@fficient biomarker of water quality, celluktate and mode
of action of the xenobiotic contaminants under mscopic study as well as reflecting the overalltheaf the entire
population in the ecosystem [31,32].

The present study showed that almix exposition @dymathological alterations in the alimentary cgraticularly
in stomach and intestine ¢f. fossilis both under the laboratory and field conditions #mel toxicosis was more
pronounced in case of laboratory condition. Stomadalonsidered as the first organ of the fish atitagy canal and
more vulnerable to the changes in aquatic envirairbecause maximum digestion of food-borne contanim
takes place in presence of HCI secreted by camstmmach. Detailed description of each histopathoddgsigns
observed through light and electron microscopytamsch ofH. fossilis in the present study helps to evaluate the
degree of damage and the potential consequencehdoiish. Severe degenerative changes and vamrolat
gastric glands, thinning of mucosal folds and diggvance of the brush border were the most eviaénations
caused due to almix intoxication. Haqgeteal. [33] in their study also reported severe degenerathanges and
vacuolation in gastric glands Ghanna puntatus after sodium fluoride exposition. Similar resuiisre also reported
by several other authors in stomach of differesh fspecies after exposure of different contaminamtkiding
glyphosate [24, 34-36]. Thinning of mucosal foldsl @isappearance of the brush border as obsentbe joresent
investigation were also similar with the findingé ®hosh [37]. Disappearance of brush border from ghstric
epithelium impairs the anchoring of food materiaéswell as in the absorption of digestible foodeariats. Severe
secretion of mucus was more prominent in the faelddition which indicated the stress condition andurrence of
damage in the columnar epithelial cells when figddtto compensate this stress by releasing muearetson. This
may be due to formation of organochloride acidstomach having corrosive property resulted fronuation of
secretion of HCI from cardiac stomach that trigges production of this acid. So, digestibility fofbod materials
and their absorption by the intestinal region imgéi Scanning electron microscopic study showeghfientation of
columnar epithelial cells, profound mucus secretwer the epithelial surface and damage in micgasddunder
laboratory condition. These results can be comedlatith the findings observed under light microscap strands of
secreted mucus cell over the columnar epithelils.cBamage in columnar epithelial cells as obserire the
present study was also reported by Senagali. [21] and this may be due to herbicidal stress isaploon gastric
epithelium which ultimately reduces the protectatility of gastric epithelium from xenobiotic expws. Along
with this, excess secretion of mucus indicates dlratx exposure induces the activity of the aforgsalls. Similar
results were also reported by Ghosh [37] and B88¢ ih their study in different fish species aftexravy metal
exposure. Haquet al. [33] in their study also reported similar findinigsstomach ofC. puntatus exposed to sodium
fluoride as observed under present study. In thlel ftondition, the shape of the epithelial cellarged and the
presence of mucin droplets over the epithelialscelere seen and this may be as protection as walefensive
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mechanism by the fish species against the herlbhiekiaosure. In the present study, at the ultrasirat level
transmission electron micrograph showed deformetbanondria, appearance of vast amount of endoptasmi
reticulum, vacuolation and damage in tubular nekworder laboratory condition. The results of thegent findings
were also in agreement with the findings of Reludland Vial [39]. On the other hand, Carrasadai. [40] in their
study reported abundant smooth endoplasmic reticulmitochondria, rough endoplasmic reticulum, tebul
vascular network and heterochromatinic nucleus tomach of Dentex dentex. But present study depicted
differences both in the laboratory and field coiodis where the cytopathological responses were maneounced

in the laboratory condition than field and the m@sges disclosed by the stomach could lead to fumati
abnormality, like impairment in digestion process absorption potentiality.

In intestine, light microscopic observation showdistuption and vacuolation in connective tissuéaafina propria,
and columnar epithelial cells, severe damage imroohr epithelial cells and complete disappeararicerush
border under laboratory condition but the histopkithical responses were less in the field condigoept marked
secretion of mucus. These results also resembéefirttiings of Mandal and Kulshrestha [41] who oledrsimilar
lesions in the intestinal villi o€Clarias batracus after sumithion exposure and with the findingsQ#ngiz and
U'nlu” [42] who reported necrosis and infiltratioh lymphocytes in the intestine @ambusia affinis exposed to
deltamethrin. Sharmat al. [43] in their study also showed similar type o&tbpathological alterations in the
intestine ofCirrhinus mrigala due to pesticidal exposure. Although, RavanaiahMarasimha Murthy [44] in their
study reported on vacuolization, damage of villd aserosa layer, necrosed mucous epithelium, cosgjddbod
capillaries and hyperactivity of mucous cells ishfiTilapia mossambica after exposure of industrial pollutants.
Damage of the mucosal layer and particularly thermoar epithelial cells in the intestine Basbora daniconius
was also reported by Ghanbahadur and Ghanbaha@lud(ji@ to endosulfan toxicity. Here, the alterasi@uch as
disruption of connective tissue of lamina propdaad columnar epithelial cells in the intestinetbffossilis might
deteriorate the secretion of different digestiveyeme activity into the lumen of the alimentary danahich
ultimately impair the food digestion. In the presstudy, damage in brush border on the luminalaserfof the
intestinal villi seen under light microscopy redsidbe ability of absorption of various macromolesufrom the
intestinal lumen to tissue interior [37]. Damagamncosal folds with shrinkage and secondary celigtawth over
epithelial cell surface as observed under SEM stagyesent investigation was also reported by teatjal. [33].
Empty mucus pit is another most important findingserved in the present study. Similar results aése reported
by Ghosh [37] and Bose [38] in their study aftertah@xposure. Senapad al. [21] in their study also observed
damage in mucosal folds, severe mucus secretionlaasd of microridge structures on the apical pdrthe
columnar epithelial cells in intestine Bf testudineus after almix exposure. Debris of the fragmentedordary
mucosal folds as observed in the concavities betwlee primary mucosal folds id. fossilis under field condition
was also reported by Haqee al. [33] in their study after sodium fluoride expostuneintestine ofC. punctatus.
Damage in mucosal folds and severe mucus secrasiobserved in the present study might hamperdiage and
digestive capacity of the concerned fish speciesthis may be due to the entering of the aforebaithicide into
the alimentary tract of fish. At the ultrastructulevel seen under transmission electron microscapiservation
intestine showed appearance of large amount ofedilmitochondria and swelling of endoplasmic rdtiouunder
laboratory condition which indicated impairment different metabolic enzyme activity. In the fieldrdition,
intestinal epithelium showed almost normal appesgaand this may be due to self-perpetuating capabil the
natural environment imparts to the organisms.

CONCLUSION

In conclusion, the cytopathological responses oleskin these tissue structures displayed strongérofogical

alterations in laboratory condition than field expeent. Therefore, these histopathological andasttucural

alterations in stomach and intestinetbffossilis caused significant disturbance and impairmenhédrganisations
including the processes of digestion and metabolaamd absorption of food materials. This contaniimats also

capable of destroying the balance of aquatic etesys-inally, the prominent histopathological atiglastructural

evidences could be considered as biomarkers ofdi@ab pollution which have also been able to elisabsome

indicators to monitor the entire health statuscpfatic ecosystem.

Acknowledgements

The authors like to thank the Department of Sciefic€echnology, Govt. of India for the financial &gance
through DST INSPIRE Fellowship Program. We alse li& thank the Head, Department of Environmentarge,
The University of Burdwan, Burdwan, West Bengaflitnfor providing the laboratory facilities androy facilities
during the course of research.

30
Scholars Research Library



Apurba Ratan Ghosh et al Annals of Biological Research, 2016, 7 (2):24-32

REFERENCES

[1] DuPont Safety Data Sheet, 7 JW@12 (Ref. 130000029001).

[2] R. Sarikaya, M. YilmazChemosphere, 2003, 52, 195-201.

[3] M. B. Fonseca, L. Glusczak, B. S. Moraes, C. C. &es, A. Pretto, M. A. Tierno, R. Zanella, F. FnGalves,
V. L. Loro, Ecotoxicol. Environ. Saf., 2008, 69(3), 416—420.

[4] F. A. Anto'n, E. Laborda, M. De Ari;hemosphere, 1994, 28, 745-753.

[5] P. Samanta, S. Pal, A. K. Mukherjee, T. SenapatkR AGhoshProc. Zool. Soc., 2013, doi 10.1007/s12595-013-
0086-z.

[6] P. Samanta, S. Pal, A. K. Mukherjee, T. SenapatR AGhosh|nt. J. Sci. Res. Environ. ci., 2014a, 2(5), 156—
163.

[7]1P. Samanta, S. Pal, A. K. Mukherjee, T. Senapatk. GhoshProc. Zool. Soc., 2014d, doi: 10.1007/s12595-
014-0122-7..

[8] P. Samanta, S. Pal, A. K. Mukherjee, T. SenapatikK@®e, A. R. GhoshGlobal J. Environ. <ci. Res., 2014e,
1(1), 1-9.

[9] P. Samanta, S. Pal, A. K. Mukherjee, T. Senapatikdde, A. R. GhoshToxicol. Rep., 2014f, 1, 379-384.
[10]P. Samanta, S. Pal, A. K. Mukherjee, A. R. Ghosh,HydroMedit - 2014, 1st International Congress of
Applied Ichthyology & Aquatic Environment, 13-15 Wamber,2014, Volos, Greece, 168-174.

[11]K. Jayantha Rao, Ch. Madhu, K. Rama MuriPsqc. Bull. Environ. Sci., 1985, 3, 20-23.

[12]K. S. Tilak, K. Veeraiah, K. Yacob®ollut. Res., 2001, 20, 387-393.

[13]E. Fanta, F. S. Rios, S. Roméo, A. C. C. Viann&r&bergerEcotoxicol. Environ. Saf., 2003, 54, 119-130.
[14]R. K. Srivastava, K. K. Yadav, S. P. TrivediEnviron. Bial., 2008, 29, 187-191.

[15]M. Gernhofer, M. Pawert, M. Schramm, E. Miiller, Riebskorn,J. Aquat. Ecosyst. Stress Recovery, 2001, 8,
241-260.

[16]M. M. P. Camargo, C. B. R. Martineldgotrop. Ichthyol., 2007, 5, 327-336.

[17]N. Geetha, R. Manavalaramanujam, M. Ramesh, A. lihezAd. Bios., 1999, 18(11), 1-6.

[18]K. R. S. Sambasiva Rao; Pesticide Impact on FistaMgism, Discovery Publishing House, New Dell8i99,
232.

[19]A. Khare, S. Sing, K. Shrivastauh,Ecotoxicol. Environ. Monit., 2000, 10(1), 11-14.

[20]I. R. Sornaraj, A. J. Ranjitsingh, A. Pushparaj,Ramathilagamindian. J. Environ. Ecoplan., 2005, 10, 803—
806.

[21]T. Senapati, A. K. Mukherjee, A. R. Ghosht. J. Food, Agricult. Vet. ., 2012, 2(1), 32—-39.

[22]D. N. Chattopadhyay, B. C. Mohapatra, S. AdhikBriC. Pani, J. K. Jena, A. E. Eknatiguacult. Int., 2013,
21, 19-29.

[23]APHA, AWWA, WPCF; Standard Methods for the Examioatof Water and Wastewater, Washington, DC,
2005.

[24]T. Senapati, P. Samanta, S. Mandal, A. R. Ghiash]. Food, Agricult. Vet. i., 2013, 3(2), 100-111.

[25]W. S. Lakra, N. S. Nagpurindian J. Anim. <ci., 2009, 79(1), 93-98.

[26]J. Lopez-Barealoxicol. Lett. 1996, 88, 77—79.

[27]1R. van der Oost, J. Beyer, N. P. E. Vermeulgnwjron. Toxicol. Pharmacol., 2003, 13, 57-149.

[28]S. M. Adams, K. L. Shepard, M. S. Greeley, B. bneliez, M. G. Ryon, L. R. Shugart, J. F. McCaritigy.
Environ. Res., 1989, 28, 459-464.

[29]S. M. Adams, J. P. Giesy, L. A. Tremblay, C. T. &g8iomarkers, 2001, 6, 1-6.

[30]R. Triebskorn, H. R. Kéhler, W. Honnen, M. Schran®n,M. Adams, E. F. Miller]. Aquat. Ecosyst. Sress
Recovery, 1997, 6,57-73.

[31]J. Schwaiger, R. Wanke, S. Adam, M. Pawert, W. HonifR. Triebskorn). Aquat. Ecosyst. Sress Recovery,
1997, 6, 75-86.

[32]J. E. Kammenga, R. Dallinger, M. H. Donker, H. Rahier, V. Simonsen, R. Triebskorn, J. M. WedRey.
Environ. Contam. Toxicol., 2000, 164, 93-147.

[33]S. Haque, S. Pal, A. K. Mukherjee, A. R. Ghdsluoride, 2012, 43(3Pt2), 263-273.

[34]C. K. Amminikutty, M. S. Regdndian J. Exp. Biol., 1977, 15, 197-200.

[35]K. V. Sastry, P. K. Gupt&nviron. Res., 1978, 17, 472—-479.

[36]A. Ghanbahadur, G. GhanbahaddAV Intl. J. Sci., 2012, 1(2), 126-127.

[37]A. R. Ghosh, PhD thesis, The University of Burdwdrest Bengal, Indial991).

[38]R. Bose, PhD thesis, The University of Burdwan (YWBengal, India2005).

[39]1. M. Rebolledo, J. D. VialAnat. Rec., 1979, 193, 805-822.

[40]M. Carrasson, A. Grau, L. R. Dopazo, S. Cresfistol. Histopathol., 2006, 21, 579-593.

[41]P. K. Mandal, H. Kulshresthéndian J. Exp. Biol., 1980, 18, 547-552.

[42]E. . Cengiz, E. U'nlu’). Environ. ci. Health B, 2003, 38, 581-589.

[43]R. R. Sharma, A. K. Pandey, G. R. Shuldgyaculture, 2001, 2(1), 31-43.

31
Scholars Research Library



Apurba Ratan Ghosh et al Annals of Biological Research, 2016, 7 (2):24-32

[44]G. Ravanaiah, C. V. Narasimha Murthgdian J. Comp. Animal. Phsiol., 2010, 7(2), 108-114.

32
Scholars Research Library



