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ABSTRACT

An attempt is made to evaluate the effect of Imigagd (IMI) and Curzate (CZ) on the histopatholoai
alterations in gills and kidney dd. Mossambicus and L. Rohita. Histological observations envisaged the deleterious
anatomical and morphological alterations inducedgith and kidney by sub-lethal toxicity of the IMand CZ
agrochemicals. Each tissue showed specific stecttahges and revealed the incapability of thesedis to withstand the
toxic effects induced by IMI and CZ. Histologicadrdages in the tissues were found to intensify wittrease in
concentration and duration. The histopathologibalinges observed in the kidney were severe neabgibular epithelial
cells, thickening of the Bowman’s capsule and dtage of the glomeruli along with severe degenesatimd necrotic
changes in the renal tubules with focal areas afastss and hemorrhage, haemolysis. Vacuolar degtoes in the
epithelium of renal tubules. The histological chesigre more prevalent and more pronounced in tiseofiboth the fish
were curling of secondary lamellae followed by digmization, rupture in the secondary lamellae. itehage at
primary lamellae and bulging at the tip of priméitgment were also noticed. As a conclusion, timelifigs of the present
histological investigations demonstrate that thposure of adult fresh water teleost fi€h, Mossambicus andL. Rohita

caused moderate to severe damaging to gills amekid
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INTRODUCTION

Industrial, agricultural and domestic activitiesntiouously contaminate the aquatic environment égasing
their toxic chemicals. Pesticides are one of thgomalasses of toxic substances used for managewfepest in
agricultural lands and control of insect vectorshafan disease (1). The runoff from treated areéer® the river and
aquaculture ponds that are supplied by rivers. $welns and the adjacent aquaculture ponds arby likebe contaminated
by pesticides. Fish is a suitable indicator for ffming such contamination because they concentoxias in their tissues
directly from water and also through their dieteTtblerance of aquatic organisms to toxicants imektic effluents may
vary among species and their integrative effectg lmad to reproductive failure or reduction of fispecies number (2).
The response to chemical stress can be used aariiers of environmental conditions. Biomarkerseady responses or
measurable biological event due to exposure taitaoits after acute or chronic exposure and the Inabogical findings
has been largely considered in biomonitoring std# 4). Histopathological events are consideest &nd efficient for
detection of acute and chronic adverse effectssim; fand may express the health condition of exgppasmtaminants
(5, 6, and 7).

Imidacloprid (IMI) is a systemic insecticide (8)caurzate (CZ) a fungicide which is a mixture ofn@xanil
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and mancozeb, has got systemic action that ertersatget pest via ingestion or direct contacteiew of toxicity data
of IMI and CZ toxicity for terrestrial non-targetganisms such as Mammals, birds, and amphibiangelisas aquatic
organisms such as fish, amphibians and variousrtiglveites suggests that they are mild to moderatexyc
(9,10,11,12 and 13).

Gills are the first organs which come in contacthwenvironmental pollutants. Paradoxically, theg &ighly
vulnerable to toxic chemicals because firstly, ithaige surface area facilitates greater toxicatgraction and absorption
and secondly, their detoxification system is notr@sust as that of liver. Additionally, absorptiof toxic chemicals
through gills is rapid and therefore toxic respoimsgills is also rapid. (14,15). Therefore, lesian gill tissues can be the
start of imbalance of the physiological and metabptocesses, thus any harm in the gills leadsmgairment of vital
functions revealing respiratory distress, impai@smoregulation and retention of toxic wastes. Fih,in higher
vertebrates, the kidney performs an important fonctelated to electrolyte and water balance amdntiaintenance of a
stable internal environment. The kidney excretasogén-containing waste products from the metabolsuch as
ammonia, urea and Creatinine. Kidney of fishesivesemuch the largest proportion of postprandiabdland therefore

renal lesion might be expected to be good indisavdenvironmental pollution (16).

The exposure to chemical contaminants can induwengber of lesions and injuries to different fislyams (17)
but gills and kidney represent important targetaogsuitable for histopathological examinationearshing for damages
to tissues and cells (18). Hence, in the preseamtysan attempt is made to evaluate the effect df dkd CZ on the

histopathological alterations in gills and kidndyGy Mossambicus andL .Rohita.

MATERIALS AND METHODS

Experimental Design

Two freshwater teleost§). Mossambicus andL. Rohita of similar size in length and weight (12 + 2 crg; 21.9
g) and (25 + 3 cm; 110 + 5 g) respectively wereughd from a local pond of Baroda district. Animalere transported to
laboratory in large aerated plastic container amiewacclimatized in glass aquaria containing 5 ldf well aerated
dechlorinated tap water (with physic-chemical cht@mastics: pH 6.5- 7.5, temperature 25+3°C andah®d oxygen
content of 7-8ppm) for ten days. During an acclioraperiod of 10 days, the fish were kept undeuratphotoperiod and
fed two times a day (10:00 and 16:00h) with comna¢elleted diet. The acclimatized healthy fisbé®oth sexes were

selected randomly for the studies.
Sub-lethal Exposure

Based on the result of the 48 hd;C30 tilapia fish were divided in 3 groups, 10 fih each group: Group 1
served as control without any treatment of Agroratoals. Group 2 were treated with low dose of IMHaCZ (LCsq /
10). Group 3 were treated with high dose of IMI &d (LC 5,/ 20) for a period of 21 days. Each concentratias
replicated two times. Constant amount of the tesihdcal and test media were changed every 24 Houmsintain the
toxicant strength and the level of dissolved oxygsnwell as to minimize the level of ammonia duréxgperiment. The
fishes were fed once in a day throughout the dumadf the sub-lethal toxicity tests. At the endlod experiment the fish
were carefully netted to minimize stress, and thle Weighed. After this, Fishes were sacrificedplihing. Then, kidney

and gills tissues were removed, weighed and prededss histological observations.
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Histological Observation

After measuring length and weight fresh tissuesewfered in 4% paraformaldehyde for 24 hrs, dehyattat
embedded in paraffin wax and sectioned at 1@i2then stained with heamatoxylin and eosin and @xaan

microscopically and photographed using digital caen{S&ony).
RESULTS

Figure 1 A-E, 2A-E, 3A-E and 4A-Edepicts the hisggital changes observed in the gills and kidney of
O. Mossmbicus and L. Rohita subjected to IMI and CZ. A dose dependent changge ebserved for IMI as well as CZ
Figure 1A and 2A shows normal histological struetuof the gills ofO. Mossambicus and L. Rohita. The common
histopathological observations in the gills@fMossambicus andL. Rohita includes ploriferation of the epithelium of the
gill filaments and secondary lamellae, resultingfusion of secondary lamellae, degenerative nexrchianges in gill
filaments and secondary lamellae, curling of seaopdamellae and mucus cells proliferations. Edemstchanges,
characterized by epithelial detachment in gill rfilents and secondary lamellae, associated with gatpas of
inflammatory cells in gill filaments. Comparativelthe degree of pathological changes observed dneldosure was
more prominent compared to CZ for Mossambicus (Figure 1B, 1C, 1D and 1E) as well lasRohita (Figure 2B, 2C, 2D,
and 2E). Distinct feature observed was hyperemiaheamorrhages in primary and secondary gill lareeifaCZ exposure

and on IMI exposure ih. Rohita.

Figures 3A and 4A show the normal histological cinee of kidney. Histological alterations in thelkey of both
the fish consist of severe degenerative and necdianges in the renal tubules with focal areasexfrosis and
hemorrhage, haemolysis. Vacuolar degenerationsarepithelium of renal tubules and dilation in tapillary tubes of
renal tubules were observed. Also edema of Bowmeafsule with atrophy in the glomeruli and dilationthe renal
blood vessels were observed. Kidney tissue féariviossambicus (Figure 3B, 3C, 3D and 3E) arid Rohita (Figure 4B,
4C, 4D and 4E) showed mild necrosis and tubulaedegation on CZ exposure whereas on IMI exposigkoived severe

necrosis, vacuolation and tubular degeneration.
DISCUSSIONS

Results of the study revealed th@t Mossambicus and L. Rohita on exposure of IMI and CZ manifest
histopathological changes in gills and kidneyslpbssible that the pathological alterations intiksues of both studied
fish with both IMI and CZ could be a direct resoitthe pesticides induced stress. Gill tissue f@nviossambicus on low
dose exposure of CZ (Figure 1B) showed depictirgliferation of the epithelium of the primary lansdl, curling of
secondary lamellae and enlargement of primary la®eHowever, at high dose of CZ (Figure 1C) expasthere were
loss of epithelial lining and degeneration of prignEamellae. At low dose of IMI (Figure 1D) exposuhere were loss of
secondary lamellae and degeneration of primary llamalong with the distortion of epithelial linirgf primary lamellae.
At high dose (Figure 1E) of IMI exposure led to esv curling and clubbing of secondary lamellae agmamied by
proliferation of epithelial cells. Whereas the difisue fromL. Rohita on low dose exposure of CZ (Figure 2B) exposure
showed loss of epithelial lining as well as distortof primary lamellae and curling of secondamnddlae. At high dose
(Figure 2C) of CZ exposure showed branchial filameith hyperplasia and fusion of secondary lamel\&ile, At low

dose of IMI (Figure 2D) exposure gill showed ujiff epithelial lining and degeneration of secondiypellae and
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brachial hemorrhage and at high dose (Figure 2HEylbExposure led to complete severe distortios@tondary lamellae
and enlargement of primary lamellae. These patlwdbghanges may be a reaction to toxicant intakeroadaptive
response to prevent the entry of the toxicant thinothe gill surface. Besides, alterations like ifecdtion of epithelial
cells, partial and total fusion of secondary laaeelas well as lifting of epithelium are defense ma@isms as this would
result in the increase of the distance betweerexternal environment and the blood thereby seras@ barrier to the
entrance of the pesticides (16, 19). The cellutanage observed in the gills in terms of epithgdialiferation, separation
of epithelial layer from supported tissue and nsicrecan adversely affect the gas exchange and iegidation (20, 21).
The observed edematous changes in the gill filasnant secondary lamellae are probably due to iseteaapillary
permeability. More prevalent and more pronounceghgbs in the gills of both the fish on IMI exposurere curling of
secondary lamellae followed by disorganization tutg in the secondary lamellae. Hemorrhage at pyirfeamellae and
bulging at the tip of primary filament were alsotined. Our results are parallel with earlier fingénon the

histopathological changes in the gills of teledst £xposed to different pesticides (22, 23, and 24

Morphologically, the nephron of the control fishneists of intact structures of glomerulus, tubaled collecting
ducts. The glomeruli, a cluster of capillaries sunded by the Bowman'’s capsule were very cleagys&he structure of
the proximal and distal convoluted tubules was umalged. The teleostean kidney is one of the firgas to be affected
by contaminants of the water (25). The kidney igital organ of body and proper kidney function @gsrhaintain the
homeostasis. It is not only involved in removalvwdstes from blood but it is also responsible fdecé/e reabsorption
which helps in maintaining volume and pH of bloadidody fluids as well as erythropoesis (26). Kidtissue fromO.
mossambicus on low dose exposure of CZ (Figure 3B) showed médrosis and shrunken glomeruli, at high dosesnbf
(Figure 3C), the changes were more severe anddimah histoarchitecture of the kidney was lost.léw dose of IMI
(Figure 3D) exposure led to complete degeneratfdoland vessels in the glomeruli. The intersticéshe tubules were
seen to be enriched with hematopoietic tissue.igtt dose of IMI (Figure 3E) there was complete awgation of tubular
epithelial cells and complete disorganized Bowmaafssules. Kidney tissue frolm Rohita on low dose exposure of CZ
(Figure 4B) showed mild swollen proximal tubulariteglial cells with dilated nuclei and at high do@egure 4C) it
showed severe swelling of tubules with necrosidotdose of IMI (Figure 4D) kidney showed expamsad space inside
the Bowman's capsule and glomerular atrophy amightdose of IMI (Figure 4E), severe degeneratibtubules, cloudy
swelling and severe necrosis in nephritic tissue wlaserved. The degenerative necrosis of the tahales affects the
metabolic activities and may promote metabolic abnadities in the fish (28). The present results iaragreement with
those observed €. Mrigala exposed to lambda-cyhalothrn and fenvalerate (2OY). Niloticus exposed to alchlor
(Peebuaet al., 2008)(30) and irD. Mossambicus exposed to Dimethoate (23). It is believed thainky tissues are a
sensitive indicator of environmental pollution d®y act as primary osmoregulatory organs and foncim cellular
immunity (31). As an important organ of the immuynitesponse) the observed mild to severe changethen
histoachitecture of the kidney may induce defengstesn changes damaging the animal’'s homeostasishaatih.
Adaptive immune system of several teleost has leegiored by immunotoxicological analysis by varicgmentists
(32-35). However, in the present study the mairugowas to have an insight in to the histologicpleass. Hence, at this
juncture it is difficult to propose the immunotoxdfect of the agro-chemicals and these aspectaadsnmore detailed
analysis for understanding the immunotoxicologieiects and mechanisms as well as risks that mag ba human

consumers as consequence of the bioaccumulation.
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CONCLUSIONS

As a conclusion, the findings of the present hagi@al investigations demonstrate that the expostit®l and

CZ on adult fresh water teleost fisB, Mossambicus and L. Rohita caused moderate to severe damaging to gills and
kidney.
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Photomicrograph | A, 20030

x

Photomicrograph 1 A shows & nomm al structure of gill tissue of O mossambicuswith well defined prim ary and secondary lamellae,
1B depicting proliferation of the epithelium of the prm ary lam ellae (yellow amow) curling of secondary lam ellae (black amow)
and enlargem ent of pnmary lamellae (1ed star). 1C shows de generation of pnmary lamellae (red star), loss of epithelial bning (blue
ammow) and curling of secondary lamellae. 1D shows loss of secondary lamellae (black amrow) and primary lam ellae (red star),
degeneration of pnmary lamellae (yellow star) along with distortion of epithelial lining of pnmary. 1E showing curling (black
amrow) and clubbing (yellow stas) of secondary lamellae along with prolifesation of epithelial cells (blue amrow) at high doss of IMI
exposure. IMI-Imidaclopnd, CZ2- Curzate, HD- High Dose, LD- Low dose

Figure 1



Photomicrogaph 2D, 2003 FPhotomicrograph 2E, 200

Photomicrograph 24 shows a nomnal seacture of gll of L rofita 2B shows distortion of promary lamellae (stad), cudding of
secondary lam ellas (black amrow) and loss of epitheial lirung of prm ary lam ellae (blus amrow’). 2C shows branchialfilam ent wath
hyperplasia C(cirele) and fusion of secondary lamellae (yellow stad), hemorthage (blue amow) and hypesplasa at the tip of
secondary lam ellae. 20 shows severs degeneration of secondary lamellas (hlack amow) and branchiathem omha gedyellow stat),
uplifting epithelal lining of secondary lamellas (blue amow) and degenemtion as well as fusion of sscondary lamellae (black
arrow). 2E complete severe distortion of secondary lamellae (red star) and enlargem ent of prim ary lam ellas (yellow stag). TMI-
Imidacloprid, C2- Curzate, HD- High Dose, LD- Low dose

Figure 2




SRR

i - N F e
. P id

Photomicrograph 20, 200 Photomicrograph 2E, 2003

Fhotomicrograph 24 shows a nommal structizre of gll of L rokife 2B shows distortion of primoary lam ellas (star), cutling of
gecondary lam ellae (black arrow) and loss of epitheial lmung of pamary lamellae (blie amow). 2C shows branchiaifilam ent with
hyperplasia Ceircle) and fusion of sscondarny lam ellae (yellow star), hemomhage (ohue amow) and hyperplasia at the tip of
secondary lamellae. 20 shows sewvere degeneration of secondary lam ellae (black armow) and branchislhem orrha gedyellow star),
uphfiing epithehal limng of secondaty lamesllae (blue amow) and degenemtbion as well as fuson of secondary lamellae (black
amow). 2E complete severe distortion of secondany lam ellas (red ftaf) and enlargem ent of prm ary lamellae (yellow stagy. TMI-
Imidaclopnd, CZ- Cuwrzate, HD- High Dose, LD- Low dose

Figure 3
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Photomicrograph 3E, 200X

Photomicrograph 3 A shows a nom al stracture of kidney of O mossambicus. 3B showing intracellular vacuolzation (red star) and
vacuclardegeneration of tubular spithelial cells (black amow), 3C shows intra cytoplasmic wacuoles i epithelial cells of renal
tubules with hyperirophied cells and lumen uibules diminished (red star), renal tubule degeneration (yellow amow], haem orrhage
(eirele} and saeling i the epithelial cells of renal tubules (black arrow). 3D shows shrnkage of gdom enili and expanzion of space
inside the Bowman's capade (black amow), degeneration of epithelial cells of remal tubules (yellow amrow) and increase intra
cellular space (red star). 3E showing increase intracellular space (red star), haemorrhage and dilation of renal blood wvessels
(eircle), severe degenerative end necrotic changes in renal tubules and glom eruli with focal area of necross (yellow arrow],
wvascular degeneration of tubular epithelisl cells (black amow) and severe necrosis in the epithelium of renal tubules (blue amow),
IMI-Tmidaclopnd, CZ- Curzate, HD- High Dose, LD- Low doss

Figure 4
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Fhotomicrograph 4C, 2003

Fhetemicrograph4E, 200

Photomicrograph 42 shows a normal structure of kidney of L rofite 4B showing inter-tubular degeneration (blak arrow),
vacuolar degeneration of tubular epithelial cells {yellow arrow), intra cytoplasmatic vacuoles in epithelial calls of renal tubules
with hypertrophizd cells and lumen tubules diminished (green star), 4C shows mild haemorrhags (circle), vascular degensration
of tubular spithelial cells ivallaw arrowd. intercellular dagensration {black arrew) and hypertraphied renal tubular cells and
lumen tubules diminished (star). 40 shows vascular degeneration of tubular epithelial cells {vellow arrow), shrinkage of
glomeruhiand expansion space inside the Bowman's capsule (black arrowy) and severe intra-cytoplasmic vacuoles in epithelial calls
of renal tubules with hypertrophied cells and lumen tubules diminished {green star). 4E showing severe intratubular
degeneration {black arrow), increase inthe intrace llular space {red star) and necrosis and distortion of tubular e pithelium {yellow
arrowh. IMI-Imidaclopnd, C2Z- Curzate, HD- High Doss, LD- Low doss

Figure 5



| 158 Bhavika Patel, Ankur Upadhyay & Pragna Parikh |

REFERENCES
1. Nicholsan, G.M. 2007. Fighting the global pest peolr Preface to the special Toxicon issue on inseet
toxins and their potential for insect pest contiolxicon 49(4): 413-422.

2. Minier, C., Abarnou, A., Jaouen-Madoulet, A. and Geellec, A.M., 2006, A pollution-monitoring pilatudy
involving contaminant and biomarker measurementihénSeine Estuary, France, using zebra musSeéséena

polymorpha). Toxicol. Environ. Chem., 25: 112-119.

3. Oliveira Ribeiro, C. A., Vollaire, Y., Sanchez-CHarA. and Roche, H., 2005, Bioaccumulation andefiects of
organochlorine pesticides, PAH and heavy metatherEel Anguilla anguilla) at the Camargue Nature Reserve,
France Aquatic Toxicol.,74 (1): 53-69.

4. Miranda, A.L., Roche, H., Randi, M.A.F., Menezes| Mand Oliveira Ribeiro, C.A., 2008, Bioaccumudetiof
chlorinated pesticides and PCBs in the tropicalstfreater fish Hopliasmalabaricus: Histopathological,

physiological, and immunological findingsnviron. Int., 34(7): 939-949.

5. Myers, M.S. and Fournie, J.W., 2002, Histopathalabibiomarkers as integrators of anthropogenic and

environmental stressors. In; Biological indicatofsquatic ecosystem streden. Fish. Soc., 24: 221-287.

6. Ayas, Z., Ekmekci, G., Ozmen, M. and Yerli, S. 007, Histopathological changes in the livers aiathéys of
fish in Sariyar Reservoir, Turkefnviron. Toxicol. Pharmacol., 23 (2): 242-249.

7. Liebel, S., Tomotake, M.E.M., and Oliveira Ribeif®, A. 2013. Fish histopathology as biomarker taleate

water quality Ecotoxicol. Environ. Contam, 8(2): 09-15.

8. Kagabu S. 2003. Molecular design of neonicotinojeisst, present and future. In Chemistry of Croptditin,

Progress and Prospects in Science and Regulatlo ¥oss, G Ramos, 193-212.

9. Li-tao, Q., Shao-long, F. and Yang, Y. 2006. Tayicf a Novel Pesticide, Imidacloprid, on Tadpodesl Frogs
of Rana Nigronaculata Hallowellpurnal of Nanhua University, 34(2): 181-184.

10. Siddiqui, A., Choudhary, M., Goriya, H.V., Bhavs&K. and Thaker, A.M. 2007. Evaluation of immundto
effect of short-term administration of quinalphaslamidacloprid in white leghorn cockerelBoxicol Int., 14:
15-19.

11. Das, T., Pal, A.K., Chakraborty, S.K., Manush, S.Balvi, R.S., Apte, S.K., Sahu, N.P. and Baruah2809.
Biochemical and stress responsed_ alfeo rohita (Hamilton) andCirrhinus mrigala (Hamilton) in relation to
acclimation temperaturedournal of Fish Biology, 74(7): 1487-1498.

12. Desai, B. and Parikh, P. 2014. Behavioural respotsecute exposure of Imidacloprid and Curzate aveo
rohita(Hamilton, 1822)International Journal of Open Scientific Research, 2(1): 1 — 12.

13. Desai, B. and Parikh, P. 2013. Biochemical Altemasi on Exposure of Imidacloprid and Curzate onlFi&ster
Fish Oreochromis Mossambicus andLabeo Rohita. Indian Journal of Forensic Medicine & Toxicology, 7(2): 53-
59.

14. Athikesavan, S., Vincent, S., Ambrose, T. and Velmgan, B. 2006. Nickel induced histopathologicedmfes in

| Index Copernicus Value: 3.0 - Articles can be senb editor@impactjournals.us |




| Histological Changes in the Tissues @reochromis Mossambicus and Labeo Rohita on Exposure to Imidacloprid and Curzate 159 |

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

the different tissues of freshwater fidthypophthal michthys molitrix (Valenciennes)J. Environ. Biol., 27: 391-
395.

Fernandes, C., Fontainhas-Fernandes, A., MontgiM, and Salgado, M.A. 2007. Histopathological gitanges
in wild leaping grey mulletl(iza saliens) from the Esmoriz-Paramos coastal lagoon. Portigadron. Toxicol.,
22: 443-448.

Ortiz, J.B., Gonzalez de Canales, M.L., and SartequC. 2003. Histopathological changes inducedirtmiane
(?-HCH) in various organs of fisheXientia Marina, 67(1): 53-61.

Oliveria-Ribeiro, C.A., Belger, L., Pelletier, Ench Rouleau, C. 2002. Histopathological evidencénofganic
mercury and methyl mercury toxicity in the arctitaer Salvelinu salpinus). Environmental Research, 90(2): 17-
225.

Rabitto, I.S., Alves Costa, J.R.M., Silva de AskI., Pelletier, E., Akaishi, F.M., Anjos, A., REinM.A.F. and
Ribeiro, O. 2005. Effects of dietary Pb(ll) andbtriylin an neotroptical fishHoplias malabarius:
Histopathological and biochemical findingsotoxicol. Environ. Saf., 60: 147-156.

Mohamed, F.A.S. 2009. Histopathological StudiesTdapia zllii and Solea vulgaris from Lake Qarun, Egypt.
World Journal of Fish and Marine Sciences, 1(1): 29-39.

Dobreva, V., Tsekov, A. and Velcheva, |. 2008. $toflthe effect of zinc on gill functions of theucian carp

Carassius gibelio Bloch. Bulgarian Journal of Agricultural Science, 14(2): 182-185.

Arnaudova D., Tomova, E., Velcheva, I. and ArnaydAy 2008. A study on the lead, zinc and cadmium in
various organs in fishes from Cyprinidae and Paeithmilies in “Studenkladenes” and “Kardzali” d#akes.
(eds: I.LA. Velcheva and Tsekov) Anniversary sciamtionference of ecology. 1 November 2008, Plov@®7-
336.

Parikh, P.H., Rangrez, A., Adhikari-Bagchi, R. abksai, B.N. 2010. Effect of dimethoate on some

histoarchitecture of freshwater fi€hreocromis mossambicus (Peters, 1852)The Bioscan, 5(1): 55-58.

Erkmen B., Caliskan M. and Yerli S.V. 2000. Histtpdogical effects of cyphenothrin on the gills thie
Lepistes reticulates. Vet Hum Toxicol., 42: 71-78.

Susithra, N., Jothivel, N., Jayakumar, P., Paul, 1V.Sen, M., Dastidar, M. G. and Ranade, P. 2007.
Toxicopathological impact of cadmium chloride om thccessory respiratory organ of the air-breatltfjsh

Heteropneustes fossilis. Iranian Journal of Environmental Health Science & Engineering, 4(1): 1-8.

Thophon, S., Kruatrachue, M., Upatham, E.S., Pdtkgtok, P., Sahaphong, S., and Jaritkhuan, S. 2003
Histopathological alterations of white sea bdsates calcarifer, in acute and sub chronic cadmium exposure.
Environmental Pollution, 121(3): 307-320.

Igbal, F., Qureshi, I.Z. and Ali, M., 2004. Histdpalogical changes on the Kidney of common C&yprinus

carpio following nitrate exposurelournal of Research in Science, 15: 411-418.

Camargo, M.M.P. and Martinez, C.B.R. 2007. Histbphigy of gills, kidney and liver of a Neotropictih

Impact Factor(JCC): 1.8207- This article can be dowloaded from www.impactjournals.us |




[ 160

Bhavika Patel, Ankur Upadhyay & Pragna Parikh |

28.

29.

30.

31.

32.

33.

34.

caged in an urban streaMeotrop. ichthyol., 5(3): 327-336.

Velmurugan, B., Selvanayagam, M., Cengiz, E.l., &mu, E. 2007. The effects of fenvalerate on dédfe
tissues of freshwater fis@irrhinus mrigala. Journal of Environmental Science and Health Part B, 42(2), 157-
163.

De Bravo, M.l., Medina, L., Marcano, S., Finol, Hahd Boada-Sucre, A. 2005. Effects of herbicidetlmn
kidneys of two Venezuelan cultured fisbaquetaia kraussii and Colossoma macropomum (Pisces: Ciclidae and
Characeae)Revista de Biologia Tropical, 53(1): 55-60.

Peebua, P., Kruatrachue, M., Pokethitiyook, P., @imfjhakaew, S. 2008. Histopathological alteratiohslile
tilapia, Oreochromis niloticus in acute and subchronic alachlor exposu@irnal of Environmental Biology,
29(3) 325-331.

Zapata, A.G. and Cooper, E.L. 1990. Cells of thenime system. (eds: A.G. Zapata and Cooper, G.Le) Th
immune system: comparative histophysiology, Wildgw York, 15-30..

Duffy, J.E. and Zelikoff, J.T. 2006. The relatioistbetween noncoplanar PCB-induced immunotoxicitg a
hepatic CYP1A induction in a fish moddburnal of immunotoxicology, 3(1): 39-47.

Reynaud, S. and Deschaux, P. (2006). The effeqielgtyclic aromatic hydrocarbons on the immunedesysof
fish: a reviewAquatic Toxicology, Vol.77, No.2, pp. 229-238, ISSN 0166-445X.

Costa, P.M., Caeiro, S., Diniz, M.S., Lobo, J., e, M., Ferreira, A.M., Caetano, M., Vale, C.,\2als, T,A.
and Costa, M.H. 2009. Biochemical endpoints on fjileeSol easene galensis exposed to estuarine sediments: the

effect of contaminant mixtures on metallothionemd £YP 1A inductionEcotoxicology, 18(8) 988-1000.

35. Bravo, C.F., Curtis, L.R., Myers, M.S., Meador,.JJhnson, L.L., Buzitis, J., Collier, T.K., Mowo
J.D., Laetz, C.A., Loge, F.J. and Arkoosh, M.R. 2ORiomarker responses and disease susceptibiliyvienile
rainbow troutOncorhynchus mykiss fed a high molecular weight PAH mixturEBnvironmental Toxicology &
Chemistry, 30(3): 704-714.

Index Copernicus Value: 3.0 - Articles can be senb editor@impactjournals.us




