A detailed study on gills of highly nutritious catfish Clarias batrachus following long-term exposure and withdrawal of disodium arsenate heptahydrate (Na2HAsO4.7H2O): A Histopathological and Histochemical approach.


Abstract

Present study analyses the effect of gills, the main respiratory organs of a highly nutritious catfish Clarias batrachus; local name MANGUR of the region after a long-term exposure and withdrawal of sublethal (1 ppm; 1/10th of LC50 for 96 hours) concentration of disodium arsenate heptahydrate (DSA). Gills of C. batrachus L. are lodged in suprabranchial cavity located on either side of the head region and always remain in direct touch with external aquatic stressors including the arsenic salts. Following exposure to arsenic salt, an extensive congestion and wear and tear in the blood channels of the secondary gill lamellae was seen. The normal ladder like arrangement of vascular component of the gills gets dismantled leading to haemorrhages. Fusion of adjacent primary gill lamellae was often seen at certain places of damaged gills. Density and area occupancy and staining properties of mucous cells (MCs) was altered and showed extensive periodic fluctuations at various periods of exposures. Staining property of the MCs was however more inclined towards the sulphated moieties indicating their requirements for metal binding and removal. Hyperplasia followed by degeneration of chloride cells was frequently noticed. Following withdrawal of disodium arsenate heptahydrate, there was significant but incomplete recovery among the gill filaments. Gills however continued to show epithelial cells hyperplasia. The density and area occupancy and staining properties of the MCs continued to remain altered.
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Introduction

Arsenic, a well-known natural toxicant is present in plenty in the earth crust. It comes into our surroundings through both natural and anthropogenic activities. Arsenic toxicity to humans is much associated with water when human uses water for drinking and/or for another purposes. In surface water bodies like ponds, lakes, rivers etc, arsenic becomes available to non-human animals and the fishes are one of them. In many toxicological research studies, fishes have been utilized as a potential organism to examine the aquatic pollutants (Chandra and Banerjee 2003; Rajan and Banerjee, 1993b; Munshi, 1961; Singh and Banerjee, 2008abc, 2009; Singh et al. 2016; Janyani and Singh, 2017, 2018abc, 2019ab). Fish are long-lived and very sensitive to environmental changes and perhaps due this reason, toxicologists prefer to utilise them for monitoring the pollutants including the chemical pollutants. Gills are the important vital organs in the fishes. Gills are delicate and vascular and have widely been used for testing the contaminated waters. Clarias batrachus, local name “MANGUR” is an indigenous species is of great significance because of its nutritional value. It generally lives in water but whenever requires it creeps on soil surface of the pond and sometimes it also lives into the mud of the pond. Gills of C. batrachus are four pairs and are found lodged in suprabranchial chambers located on either lateral side of the head. Gills in fishes perform for respiration, osmoregulation, acid base balance and nitrogenous waste excretion. Gills in suprabranchial chambers of the fish remain in direct touch with external water hence are considered more suitable organs for the toxicity studies.
Arsenic is a metalloid and is present in plenty in the earth crust in the form pyrites. It is insoluble and is in dormant stage but whenever it comes in contact with the oxygen through the submersibles, it becomes oxidized and soluble. After coming to outside environment on earth surface, it reaches to aquatic reservoirs. In aquatic reservoirs like pond, lake, rivers etc where the oxygen is more, arsenic becomes oxidised into its either trivalent or pentavalent form

depending upon oxygen availability. In surface water, arsenic always exists in its pentavalent form that is arsenates because they are thermodynamically more stable and more soluble in the water. Disodium arsenate heptahydrate (DSA) is one of the pentavalent forms hence selected for present study. This paper aims to analyse the gills after long-term exposure and withdrawal of DSA using histopathological and histochemical tools.


MATERIALS AND METHODS

Procurement of Animals and Experimental Design

Live specimens of C. batrachus (length: 15 ± 1 cm and weight: 45 ± 5 g) were collected from a fish seller of a local fish market located in Chaukaghat of district Varanasi, India. Fish were brought to the laboratory in a plastic bucket with appropriate amount of water and covered with mosquito net. Fish were washed with very concentration of potassium paramagnet solution and kept for acclimation in the laboratory condition for 30 days in plain tap water (dissolved O2 6.3 mg/l, pH 7.2, hardness 23.2 mg/l and room temperature 28 ± 30 C). During the acclimation and experimental period, fish were fed with minced goat liver and water was renewed after every 24h. Fish were regularly monitored for disease/infection if any. After 15 days of acclimation period, fish were divided into ten groups each with total 10 fish and kept separately into plastic tubs. All ten groups of fish were exposed to ten litre (10 L) of sublethal concentration (1 ppm) (10 % of LC50 value for 96h) of disodium arsenate heptahydrate (DSA) (s. d. fine-chem. Ltd. Mumbai, India) prepared in tap water for 90 days. Parallelly, control fish were exposed to plain tap water. For withdrawal experiment, the 90d DSA-exposed fish were returned to plain tap water. Total three fish (N=3) each from experimental (both, arsenic exposed and withdrawal) as well as untreated control groups were cold anaesthetized and then sacrificed after different intervals. Entire gills from both sides of C. batrachus were dissected out, washed in normal saline to remove blood clots present if any and fixed in 10% neutral formalin (Lillie and	Comment by SHANTOSH MAYANGLAMBAM: permanganate	Comment by SHANTOSH MAYANGLAMBAM: no need to put this detail

Fullmer 1976), aqueous Bouin’s fluid (Bancroft and Stevens 1996), 70% alcohol and Helly’s fluid (Pearse 1985) for histopathological and histochemical study.

Histopathology and Histochemistry study

For histopathology and histochemistry study, fixed gill tissues were dehydrated, infiltrated and finally embedded in the paraffin wax in a hot air oven at temperature of 60 0C. 6 μm thick sections were cut using Lieca semi-motorized rotary microtome (Lieca RM 2145, Lieca Microscopy and Scientific Instruments Group, Switzerland). Serial sections were stained using Ehrlich’s haematoxylin and eosin (H/E) (Ehrlich, 1886) for routine histopathology study, periodic acid- Schiff (PAS) (Mc Manus, 1948), alcian blue (AB) pH 1.0 (Lev and Spicer, 1964) and pH 2.5 (Mowry, 1956), aldehyde fuchsin (AF) (Pearse, 1985), Bismarck brown (BB) (Gurr, 1958) and combined AB 2.5/PAS (Mowry, 1956) for histochemistry study of various carbohydrate moieties. Stained slides were observed under light microscope attached with an imaging system (Lieca DM 2000, Lieca Microscopy and Scientific Instruments Group Germany) and results were recorded. The density and area occupancy of the MCs were calculated using image analysing software, Motic Images 2000, v. 1.3.
Statistical analysis
Data collected were analysed by SPSS software and One way ANOVA followed by the Dunnett’s t test was done to check significance level (p < 0.05 and p < 0.01).
RESULTS

(a) Control gills

Like other teleost, C. batrachus has four pairs of gills in its gill chambers. Each gill filament called primary gill lamellae bears a series of alternately arranged secondary gill lamellae on its either side. Secondary gill lamellae are respiratory in nature and are made up of alternately arranged blood channels and supporting pillar cells, which give them a ladder like appearance (Figure 2a). A thin barrier layer of respiratory epithelium covers the vascular (blood channels

components of the secondary lamellae. Respiratory epithelium remains composed with epithelial cells which are the main cells for all kind of metabolic activities. Blood channels usually allow one or two RBCs to pass at a time (Figure 2a). The mucus secreting mucous cells are mostly present in the primary gill lamellae (Figures 3a and 3d). The periphery of these mucous cells stained moderately with periodic acid Schiff and moderately to strongly with alcian blue pH 2.5 and alcian blue pH 1.0 taking bluish violet colouration with alcian blue pH 2.5/periodic acid Schiff. The thin mucus layer if present on the primary and secondary gill lamellae stains weakly to moderately with alcian blue pH 2.5 and alcian blue pH 2.5/periodic acid Schiff and negatively with alcian blue pH 1.0 and periodic acid Schiff.
(b) Experimental gills

(i) Exposed

After 03h of exposure of disodium arsenate heptahydrate, the blood channels of secondary lamellae showed extensive congestion with blood cells. Increased amount of these RBCs caused stretching out of the respiratory epithelium which resulted in wear and tear often leading to haemorrhage and oozing out of blood cells on the surface. Congestion of the blood channels with blood cells that resulted into the compression of pillar cells that got vertically compressed. After 06h of DSA exposure, haemorrhage from the secondary gill lamellae ceased.
Primary and secondary gill lamellae became compact due to extensive hyperplasia of the epithelial cells and at certain places the individual entity of the secondary lamellae was also lost. The ladder like arrangement of the blood channels and pillar cells started losing their shape after 06h of exposure. From 12h of exposure and onwards the space with blood channels decreased. This is followed by partial regaining of the ladder like appearance of the secondary lamellae even though the volume of blood channels remained distinctly shrunken and the pillar cells came very closer to each other. The respiratory epithelium of the damaged secondary lamellae showed lifting from the vascular components causing haemorrhage (e.g. after 12h and

24h of exposure). However, due to subsequent hyperplasia, the secondary lamellae got completely embedded into the primary lamellae which appeared solid. After 24h of DSA exposure mucous cells also showed hyperplasia followed by hypertrophy after 03 day when a layer of mucus covered the respiratory surface. After 07d of DSA exposure the primary lamellae and also the secondary lamellae however continued to show the congestion of blood capillaries with blood cells and lifting of respiratory epithelia lining upto 30d (Figure 3c), the secondary lamellae almost returned to their normal configuration. Periodic hyperplasia of the epithelial cells followed by wear and tear (e.g. after 14 and 21 days) and subsequent regeneration (e.g. 30d, 45d, 60d and 90d) of the primary lamellae and secondary lamellae continued several times during the entire exposure period. The excessive hyperplasia of the epithelial cells sometimes caused fusion of neighbouring primary lamellae during later stages (Figure 2c).
Although the chloride cells continued to exhibit periodic hyperplasia, they frequently got degenerated. The density and area occupancy, secretory activity and staining properties of the MCs fluctuated independently of one another at several stages of exposure. Their density increased greatly after 24h (Figures 1a and 3b).
(ii) Withdrawal
Even after withdrawal of DSA stress, fusion of adjacent primary lamellae continued till 24h of recovery. The disturbed histomorphology of the primary lamellae along with disintegrated vascular (blood channels and pillar cells) components of the secondary lamellae also persisted at several places. Red blood cells were invariably present within the scattered blood channels. After 07d of DSA exposure, significant repair of the gill filaments was observed. The ladder like vascular component of the SL re-established with greatly decreased thickness of the epithelial lining. The regeneration of the gills continued during the subsequent stages (14d and 30d) also when the vascular components of the secondary gill lamellae got re-oriented with

subsequent decreased thickness of the epithelial lining of the primary gill lamellae. After 45d the epithelial cells at the gill surface formed a double layer and appeared compactly arranged. However, at the inner layers these epithelial cells appear loosely woven (Figure 2e). At certain later stages the small sized mucous cells were present mostly in the outer lining of the epithelial layer, showing more affinities for alcian blue staining (Figure 3e). Some of the unidentified cell mass/cells or degenerated mucous cells staining strongly with aldehyde fuchsin were also noticed in the deeper layer of the primary lamellae.

DISCUSSION


Following exposure to disodium arsenate heptahydrate stress, the gills of Clarias batrachus shows extensive congestion of blood channels with the RBCs and because of this blood channels become stretched onto the respiratory surface leading to reduction in thickness of the respiratory epithelium, a barrier between the external environment and internal milieu. These changes in gill histomorphology at least at initial stages of exposures compensates the oxygen deficiency caused due to the disturbed branchial respiration following gills damage. In research studies, it is evident that arsenic binds with sulfhydryl group of the proteins such as GSH and cysteine (Scott et. al. 1993; Delnomdedieu et. al. 1994) also causes cellular toxicity. This may perhaps be due to oxidative stress caused due to intracellular oxidation- reduction reactions of arsenic and its various metabolites.
Prolonged exposure of disodium arsenate heptahydrate leads to wear and tear and hence loss of lamellar structure of the gills at several places. This results in extensive loss of the lamellar structure and the number of RBCs decreased significantly. The damaged gill lamellae however show regeneration especially in the initial stages of exposure. Continued arsenic exposure although causes more damages, uncontrolled regeneration of the gills is frequently noticed. This resulted in hyperplasia of the epithelial cells of the epithelial linings of the

primary and secondary gill lamellae leading to fusion of the adjacent secondary lamellae of the same or neighbouring primary lamellae. The ladder like configuration of the vascular components of the secondary lamellae also gets very often dismantled. The extensive hyperplasia of the epithelial cells and fusion of the adjacent gill lamellae in arsenic exposed fish perhaps prevents the entry of disodium arsenate heptahydrate into the underlying vital tissues/cells components of the gills thus reducing the chances of its (disodium arsenate heptahydrate) accumulation in the cells at least for the initial periods of exposure. In the gills of disodium arsenate heptahydrate exposed C. batrachus, the chloride cell hyperplasia is a compensatory attempt to maintain the internal homoeostasis via regulating the uptake of the toxic ions (Laurent, 1985; Laurent and Perry, 1990) including the arsenic ones.
The other and perhaps the most remarkable toxic impact of the disodium arsenate heptahydrate on the gills of C. batrachus is periodic fluctuation in density, area occupancy and staining properties of the mucous cells. Massive secretion of sulphated glycoproteins by the mucous cells perhaps helps to bind the arsenic salt in an attempt to reduce its toxic impact at least partially. In several research studies it is known that sulphated glycoproteins are the good chelating agents and helps in removal of toxic materials (Singh, 2022). A survey of the Figure 1a indicates that after an initial increase, the density and area occupancy of the mucous cells of the gills decreased significantly after 6h. Mucous cells density however remained above the normal level up to 30d, even though it shows periodic fluctuations. Then after it becomes subnormal till the end of the disodium arsenate heptahydrate exposure. However, area occupancy of the mucous cells remains below the normal level (control) at most of the stages beyond 07d. This indicates regeneration of large number of small sized mucous cells. After 30d of exposure, the regeneration of mucous cells perhaps slows down causing their decreased density and area occupancy. Later on, both density and area occupancy of the mucous cells fluctuate at different stages of exposure and remain subnormal especially at later stages of

exposure. In figure 1a it is evident that disodium arsenate heptahydrate exposure has permanently altered the mucogenic activity of mucous cells of the gills. Although excessive secretion of mucus on the respiratory surfaces of the gills might cause disturbances in several important physiological and metabolic processes like gas exchange, nitrogen excretion, salt balance and circulation of blood (Laurent and Dunel, 1978), it also prevents the entry of ambient disodium arsenate heptahydrate at least temporally. Sorenson et. al. 1979, in a toxicological research study, has revealed that the enormous secretion of the mucus by the mucous cells and its deposition on raspatory surface in acutely arsenic exposed fishes causes suffocation and ultimately death. In another literature on arsenic toxicity, it has been revealed that arsenic exposed fish show suffocation and difficult breathing because of clogging of gills by coagulated mucus film, vascular collapse and anoxia due to the direct damaging effect of arsenic ions on blood vessels (Irwin, 1997). However, in present study, no fish death was observed due to prolonged exposure of Clarias batrachus to sub-lethal concentration of disodium arsenate heptahydrate even though all the respiratory organs including the skin (Singh and Banerjee, 2008) and dendritic organs (Singh, 2023) showed extensive mucous secretion. Similar mucus secretion by the various respiratory organs of different fishes following exposure to several other heavy metal salts have frequently been also noticed (Rajan and Banerjee, 1991, 1992, 1993b, 1994b; Hemalatha and Banerjee, 1993, 1997a, 1997b, 1997c; Parashar and Banerjee, 1999a, b, c; Banerjee and Chandra, 2005). These authors also did not observe any death of the fish due to mucus coagulation. Hence death of the fishes observed by Sorenson et. al. (1979) and others might perhaps be due to damages caused by the arsenic salt on various cellular components of the vital organs including gills of the fishes. In another toxicology report by NRCC (1978), fish exposed to 1 to 2 μg of arsenic/ litre for 2 – 3 days show haemorrhagic spheres on gills, necrosis of heart, liver and ovarian tissues.

After withdrawal of disodium arsenate heptahydrate, gills show slow but significant recovery in their cellular building and regain most of their normal histomorphology. The structure of regenerated gills however continues to differ from that of untreated control. The increased thickness of the epithelial layer of gills although persisted at many stages, the reestablishment of normal ladder like arrangement of blood channels and pillar cells of the secondary lamellae continues up to 90d. The decreased density and area occupancy of the mucous cells also continued and persisted during all the periods of withdrawal (Figure 1b). Regenerated mucous cells remained in group mainly in the inner layer of the epithelial lining of the primary lamellae and stained strongly for sulphated glycoproteins.


CONCLUSION

In present study it is evident that arsenic, a natural toxicant causes sever toxicity in Clarias batrachus and alters the function of gills, the important vital organs in used in fishes for aquatic respiration through changing the histomorphological configuration especially the dismantling of ladder like arrangement of blood channels and pillar cells, wear and tear and sloughing of epithelial lining, oozing of blood on gill surface and fluctuation in density and area occupancy of mucous cells. This overall disturbs the gaseous exchange, acid-salt balance and ion exchange across the gill membrane ultimately leafing to suffocation and respiratory failure. The staining property of mucous cells was also altered. Following withdrawal of arsenic stress after 90 days, significant recovery in these histomorphological architecture take place but it was not complete. Density and area occupancy and staining properties of mucous cells remain altered.
REFERENCES

1. T. K. Banerjee and S. Chandra, Estimation of zinc chloride contamination by histopathological analysis of the respiratory organs of the air-breathing “Murrel”

Channa striata (Bloch. 1797), (Channiformes, Pscies). VeterinarskyArhiv 75, 253-263
(2005).
2. S. Chandra and T. K. Banerjee, Histopathological analysis of the respiratory organs of the air-breathing catfish Clarias batrachus (Linn.) exposed to the air. Acta Zoologica Taiwanica 14, 45-64 (2003).
3. M. Delnomdedieu, M. M. Basti, J. D. Otvos and D. J. Thomas, Reduction and binding of arsenate and dimethylarsinate by glutathione: a magnetic resonance study. Chemico- Biological Interactions 90, 139-155 (1994).

4. S. Hemalatha and T. K. Banerjee, Acute toxicity of the heavy metal - zinc (a trace element) on the mucous cells of the air sac (a modified gill structure) of the air breathing catfish Heteropneustes fossilis (Bloch). J. Freshwater Biology. 5,233-240 (1993).

5. S. Hemalatha and T. K. Banerjee, Histopathological analysis of sublethal toxicity of zinc chloride to the respiratory organs of the air-breathing catfish (Heteropneustes fossilis, Bloch). Biological Research30, 11-21(1997a).
6. S. Hemalatha and T. K. Banerjee, Histopathological analysis of acute toxicity of zinc chloride to the respiratory organs of the air-breathing catfish (Heteropneustes fossilis, Bloch). Veterinarsky Arhiv 67, 1-24 (1997b).

7. S. Hemalatha and T. K. Banerjee, Estimation of sublethal toxicity of zinc chloride by histopathological analysis of fish (Heteropneustes fossilis, Bloch), Current Science73, 614-621 (1997c).
8. R. J. Irwin, Environmental Contaminations Encyclopedia. Arsenic Entry, National Park Service. July 1 (1997). Website: http/www.nature.nps.gov/hazardssafety/toxic/a rsenic/pdf

9. P. Laurent and L. S. Dunel, Relations anatomiques des ionocytes (Cellules a chlorure) avec le compartimentveineuxbranchial: Definition dedeux types d’ epithelium de la branchie des poisons. C. R. Hebd. SeancesAcademy of Sciences, Ser. D. 286, 1447- 1450 (1978).

10. P. Laurent, Gill internal morphology X gills, Part A. In: Anatomy, gas transfer and acid regulation. W. S. Hoar and D. J. randell (Eds). Academic Press, New York and London,
pp. 73 – 183 (1985).

11. Laurent, P. and Perry, S. F. (1990). Effects of cortisol on gill chloride cell morphology and ionic uptake in the freshwater trout, Salmogaidneri. Cell Tissue Research 259, 429- 442.

12. J. S. D. Munshi, The accessory respiratory organs of Clarias batrachus (Linn.) J. Morphology 109, 115-139 (1961).

13. NRCC (National Research Council of Canada). Effects of arsenic in the Canadian environment. Ottawa, NRCC (1978).

14. R. S. Parashar and T. K. Banerjee, Effect of dehydration stress on the accessory respiratory organs of the air-breathing catfish Heteropneustes fossilis (Bloch.). In Biology of tropical fishes A. L. Val and V. M. F. Almeida-Val, eds. INPA, Manus, Brazil, 413-425(1999a).

15. R. S. Parashar and T. K. Banerjee, Response of the aerial respiratory organs of the airbreathing catfish Heteropneustes fossilis (Bloch.) to extreme stress of desiccation. Veterinarsky Arhiv 69, 63-68 (1999b)
16. R. S. Parashar and T. K. Banerjee, Response of the gills of the air-breathing catfish, Heteropneustes fossilis (Bloch) to acute stress of desiccation. J. Experimental Zoology India2, 169-174 (1999c).

17. M. T. Rajan and T. K. Banerjee, Histopathological changes induced by acute toxicity of mercuric chloride on the epidermis of a freshwater catfish Heteropneustes fossilis (Bloch). Ecotoxicology and Environmental Safety. 22, 139-152 (1991).
18. M. T. Rajan and T. K. Banerjee, Acute toxic effects of mercuric chloride on the mucocytes of the epithelial lining of the accessory respiratory organ and skin of the air breathing catfish Heteropneustes fossilis (Bloch). Biomedical and Environmental Sciences. 5,325-335 (1992).

19. M. T. Rajan and T. K. Banerjee, Histopathological changes in the respiratory epithelium of the air-breathing organ (branchial diverticulum) of the live fish Heteropneustes fossilis (Bloch) exposed to sublethal concentration of mercuric chloride. J. Freshwater Biology. 5,269-275 (1993).

20. M. T. Rajan and T. K. Banerjee, Effect of mercuric chloride on the mucocytes of the air sac and skin of the air-breathing catfish Heteropneustes fossilis. J. Freshwater Biology. 6, 253-258 (1994).
21. N. Scott, K. M. Hatlelid, N. E. Mackenzie, et al., Reactions of arsenic (III) and arsenic
(V) species with glutathione. Chemical Research in Toxicology l 6, 102-106(1993).


22. A. K. Singh and T. K. Banerjee, Toxic impact of sodium arsenate (Na2HAsO4. 7H2O) on skin epidermis of the air-breathing catfish Clarias batrachus (Linn.)” VeterinarskiArhiv78: 73-88 (2008a).

23. A. K. Singh and T. K. Banerjee, Recovery of damages in the skin of arsenic exposed Clarias batrachus (Linn.) following withdrawal of the stress. Iran J. Sci. Health Eng. 5: 217- 224 (2008b).

24. A. K. Singh and T. K. Banerjee, Arsenic induced biochemical alterations in the respiratory organs (gills, ABOs and skin) of the walking catfish Clarias batrachus Linnaeus. Biological Research 41: 341-350 (2008c).

25. A. K. Singh and T. K. Banerjee, A study on carbohydrate moieties of the gills and airbreathing organs of the walking catfish Clarias batrachus (Linn.) following exposure to arsenic. Toxicological and Environmental Chemistry. 91: 43-52 (2009).

26. A. K. Singh, A response study on dendritic organs of a bottom dwelling freshwater edible catfish Clarias batrachus (linn.) Following long – term exposure and withdrawal of sodium arsenate heptahydrate (Na2HAsO4.7H2O) stress. European Journal of Biomedical and Pharmaceutical Sciences. Vol 9, Issue 12, 216-222, 2022

27. E. M. B. Sorenson, R. E. Henry and R. Ramirez-Mitchell, Arsenic accumulation, tissue distribution and cytotoxicity in teleosts following indirect aqueous exposures. Bulletin of Environmental Contamination and Toxicology 21, 162-169 (1979).


Table 1: Table 1 shows histochemical alterations in carbohydrates moieties of the gills of Clarias batrachus after different period of exposure and withdrawal to disodium arsenate heptahydrate experimentation.

	Histo- chemical techniques
	Cells
/Slime
	Intensity of reaction after various intervals of exposure

	
	
	Ctrl/0h
	03h Exp
	06h Exp
	12h Exp
	24h
	03d Exp
	07d
	14d
	21d Exp
	30d
	45d
	60d Exp
	90d

	
	
	
	
	
	
	Exp
	With
	
	Exp
	With
	Exp
	With
	
	Exp
	With
	Exp
	With
	
	Exp
	With

	Periodic acid Schiff (PAS)
	ECs
	± ~ 1+
	1+
	±
	±
	± ~ 1+
	± ~1+
	±
	±
	1 ~ 2+
	1+
	2+
	1+
	1+
	2+
	0
	1 ~ 2+
	± ~ 1+
	±
	± ~ 1+

	
	MCs
	2 ~ 3+p
	2 ~ 3+
	2 ~ 3+
	2 ~ 3+
	2 ~ 3+
	2+
	3 ~
4+p
	2 ~ 3+
	2 ~ 3+
	1 ~ 2+
	3+
	1 ~ 2+
	2+
	3+
	± ~1+
	2 ~ 3+
	1 ~ 2+
	1 ~ 2+
	2 ~ 3+

	
	Slime
	± ~ 1+
	±
	± ~ 1+
	1 ~ 2+
	1 ~ 2+
	1 ~ 2+
	± ~ 1+
	± ~ 1+
	2+
	± ~ 1+
	1 ~ 2+
	± ~1+
	± ~ 1+
	1 ~ 2+
	±
	1 ~ 2+
	± ~ 1+
	0
	1+

	Alcian Blue 2.5/PAS
	ECs
	±
	1 ~ 2+
	± ~ 1+
	± ~ 1+
	±
	1+
	± ~ 1+
	1+
	1 ~ 2+
	± ~ 1+
	1 ~ 2+
	± ~1+
	1~ 2+
	1 ~ 2+m
	±
	1 ~ 2+m
	± ~ 1+
	±
	± ~ 1+

	
	MCs
	2 ~ 3+
	2 ~
3+b
	1 ~ 2+b
	2 ~
3+b
	2 ~ 3+
	2 ~
3+v
	2 ~
3+b
	1 ~ 2+
	3 ~
4+v
	1 ~
2+b
	2 ~
3+v
	1 ~
2+b
	2 ~ 3+
	2 ~ 3+v
	1~ 2+
	3 ~ 4+mb
	2 ~ 3+
	2 ~ 3+
	2 ~ 3+mb

	
	Slime
	1 ~ 2+
	2+
	2+
	1 ~ 2+
	1 ~ 2+
	1 ~
2+v
	1 ~ 2
	1 ~ 2+
	2 ~ 3+
	1 ~ 2+
	1 ~ 2+
	2 ~ 3+
	1 ~ 2+
	2 ~ 3+m
	1+
	2 ~ 3+m
	1 ~ 2+
	± ~ 1+
	1 ~ 2+m

	Alcian Blue 1.0
	ECs
	±
	±
	±
	1+
	0
	±
	0
	± ~ 1+
	± ~ 1+
	±
	± ~ 1+
	1+
	± ~ 1+
	±
	0
	± ~1+
	± ~1+
	±
	± ~ 1+

	
	MCs
	1 ~ 2+
	2 ~ 3+
	2+
	1+
	1 ~ 2+
	1+
	2 ~ 3+
	2 ~ 3
	1 ~ 2+
	1 ~ 2+
	2 ~ 3+
	2+
	1 ~ 2+
	1+
	± ~1+
	1 ~ 2+
	1 ~ 2+
	2 ~ 3+
	±

	
	Slime
	1+
	± ~ 1+
	± ~ 1+
	1 ~ 2+
	±
	1 ~ 2+
	±
	± ~ 1+
	± ~ 1+
	1 ~ 2+
	1+
	1 ~ 2+
	1 ~ 2+
	± ~ 1+
	±
	1 ~ 2+
	±
	1 ~ 2+
	± ~ 1+

	Alcian Blue 2.5
	ECs
	±
	± ~ 1+
	±
	± ~ 1+
	±
	± ~ 1+
	±
	± ~ 1+
	1+
	±
	1 ~ 2+
	± ~ 1+
	1 ~ 2+
	± ~ 1+
	± ~1+
	1 ~ 2+
	± ~1+
	±
	1 ~ 2+

	
	MCs
	2 ~ 3+
	2 ~ 3+
	1 ~ 2+
	2 ~ 3+
	3 ~ 4+
	1 ~ 2+
	2 ~ 3+
	2 ~ 3+
	1 ~ 2+
	2 ~ 3+
	2 ~ 3+
	2 ~ 3+
	1 ~ 2+
	1 ~ 2+
	1 ~ 2+
	1 ~ 2+
	2 ~ 3+
	2 ~ 3+
	1 ~ 2+

	
	Slime
	1 ~ 2+
	1 ~ 2+
	2 ~ 3+
	1 ~ 2+
	2 ~ 3+
	1 ~ 2+
	1 ~ 2+
	1 ~ 2+
	1 ~ 2+
	± ~ 1+
	1 ~ 2+
	1 ~ 2+
	2 ~ 3+
	1+
	2+
	2 ~ 3+
	1 ~ 2+
	± ~ 1+
	2 ~ 3+

	Aldehyde Fuchsin (AF)
	ECs
	±
	±
	± ~ 1+
	±
	1+
	±
	±
	0
	0
	±
	0
	± ~ 1+
	±
	±
	±
	0
	0
	0
	0

	
	MCs
	± ~ 1+
	1 ~ 2+
	1 ~ 2+p
	± ~ 1+
	1+
	1 ~ 2+
	1 ~
2+p
	± ~
1+p
	2+
	± ~ 1+
	1 ~ 2+
	1+
	± ~ 1+
	2 ~ 3+
	1+
	1 ~ 2+
	± ~ 1+
	1+
	1+

	
	Slime
	±
	2+ph
	±
	1+
	0
	± ~ 1+
	0
	±
	0
	0
	0
	1+
	±
	1 ~ 2+
	±
	1+
	0
	±
	0

	Bismarck Brown (BB)
	ECs
	1 ~ 2+
	2 ~ 3+
	1 ~ 2+
	2+
	1+
	1 ~ 2+
	1 ~ 2+
	± ~ 1+
	1 ~ 2+
	1 ~ 2+
	1+
	± ~ 1+
	2+
	1 ~ 2+
	1 ~ 2+
	± ~ 1+
	2+
	± ~ 1+
	±

	
	MCs
	1+
	2+
	2 ~ 3+p
	3+p
	2 ~ 3+
	2 ~ 3+
	2 ~
3+p
	2 ~
3+p
	2+
	2+p
	± ~ 1+
	1 ~ 2+
	2+
	2+
	1 ~ 2+
	2+
	2 ~ 3+
	2 ~ 3+
	1 ~ 2+

	
	Slime
	± ~ 1+
	1+
	1 ~ 2+
	1 ~ 2+
	1 ~ 2+
	0
	2+
	1+
	± ~ 1+
	± ~ 1+
	2+
	2+
	1 ~ 2+
	1 ~ 2+
	±
	2 ~ 3+
	1 ~ 2+
	2 ~ 3+
	1 ~ 2+


Symbols and abbreviations: MCs, mucous cells; ECs: epithelial cells, hour (s); d, days; 0, negative reaction; ±, faint/doubtful reaction; 1+, weak reaction; 2+, moderate reaction; 3+, strong reaction; 4+, very strong reaction; es, epithelial surface; m, magenta; sb, small MCs with blue colour; sv, small MCs with violet colour; v, violet; Exp, exposed; With, withdrawal









Table 2: Table 2 shows density and percentage of area occupancies of the MCs in Ist gill of C. batrachus after different periods of exposure of disodium arsenate heptahydrate. 


	Physical parameters
	0h/
Control
	03h
	06h
	12h
	24h
	03d
	07d
	14d
	21d
	30d
	45d
	60d
	90d
	F
Values

	Density 
(MCs/mm2)
	77.18
±
7.01
	123.26
± 
7.24
	79.34
±
18.95
	94.12
±
8.43
	191.89
±
15.33**
	154.85
±
7.48**
	84.63
±
20.53
	80.82
±
5.95
	156.88
±
2174**
	86.76
±
2.63
	30.28
±
7.78
	53.06
±
12.45
	56.68
±
3.66
	14.092

	% area occupancy
of MCs
	7.96
±
0.75
	9.89
±
1.05
	3.33
±
0.71
	5.22
±
0.61
	18.39
±
2.49**
	18.67
±
1.35**
	9.45
±
0.80
	3.60
±
0.37
	8.93
±
1.12
	2.35
±
0.09**
	0.94
±
0.34**
	1.35
±
0.13**
	0.99
±
0.20**
	37.304



Values are given as mean ± SE; * p < 0.05; ** p < 0.01



ONE WAY ANOVA analysis 

	Physical parameters
	Variance
	Sum of the square
	df
	Mean square
	F value
	Sig.
	P value

	Density (MCs/mm2)
	Between Groups
Within groups
Total
	77579.670
1192.9.608
89509.278
	12
26
38
	6464.972
458.831
-
	14.092
-
-
	.000
	< 0.01

	% of area occupancy of MCs
	Between Groups
Within groups
Total
	1318.463
76.579
13.95.041
	12
26
38
	109.872
2.945
-
	37.304
-
-
	.000
	< 0.01





[bookmark: OLE_LINK1]Table 3: Table 3 shows density and percentage of area occupancies of the MCs in the Ist gill of C. batrachus after certain periods of withdrawal of disodium arsenate heptahydrate. 


	Physical parameters
	0h/ctrl
	24h
	07d
	14d
	30d
	45d
	90d
	F values

	Density
 (No. of MCs/mm2)
	77.18
±
7.01
	78.49
±
5.59
	78.64
±
10.16
	35.24
±
18.32*
	17.57
 ±
3.20**
	65.85 ±
4.37
	29.42 ±
9.14
	7.688

	% Area (Area of MCs/mm2)
	7.96
 ±
0.75
	1.08
 ±
0.03**
	2.03
 ±
0.17**
	0.88
±
0.39**
	0.47
±
0.06**
	2.63
±
0.17**
	0.61
±
0.03**
	62.191



Values are given as mean ± SE; * p < 0.05; ** p < 0.01



ONE WAY ANOVA analysis

	Physical parameters
	Variance 
	Sum of the square
	df
	Mean square
	F value
	P value

	Density (MCs/mm2)
	Between Groups
Within groups
Total
	12495.415

3792.350

16287.765
	6

14

20
	2082.569

270.882
	7.688
	< 0.01

	% of area occupancy of MCs 
	Between Groups
Within groups
Total
	125.511

4.709

130.220
	6

14

20
	20.918

.366
	62.191
	< 0.01
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Fig. 1a: Alternations in percentage values of density and area of the mucous cells in Ist
gill of Clarias batrachus after exposure of sodium arsenate. Values are expressed as mean
+ SE. *, p <0.05; **, p < 0.01. (Control value taken as 100%)
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Fig. 1b: Alternations in percentage values of density and area of the mucous cells in Ist
gill of C larias batrachus after returning of priory exposed fish to clean water Values are
expressed as mean + SE. * p <0.05; **, p < 0.01. (Control value taken as 100%)
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