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ABSTRACT
This study reports the protective effect of ascorbic acid on cadmium
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induced to pathological Change in gills of the freshwater catfish,
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Heteropnuestes fossilis. Exposure of the fish to 16.14 mg/l sub lethal
concentration of cadmium for 30 days induced fusion of secondary
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lamellae, congestion, increased number of mucous cells, autolysis of
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epithelial lining and disorganization and disintegration of pillar cell
system, extensive curling of lamella and loss of normal gills
architecture induced by cadmium in gill of H. fossilis. However

16.14mg/l cadmium +1.25mg/l ascorbic acid exposed fish groups revealed signs of recovery
of architecture and structure of primary lamella, secondary lamella and pillar cell restoration
of normal number of mucous cells after ascorbic acid supplementation. Our study concludes
that ascorbic acid have protective influence on cadmium toxicity.
KEYWORD: Heteropnuestes fossilis, Cadmium, Gills, Histopathology, Ascorbic acid.
INTRODUCTION
Shortage of pure fresh water is great problem at present and coming future for living
organism’s existence. Pure fresh water become polluted by various activities of human
organism by raw or partially treated sewage of millions of people, different toxic chemicals
are used in agriculture industrial effluents mining etc. Drain of heavy metals in freshwater by
various activities. Among heavy metals cadmium is considered as one of the most toxic
pollutants (Arno et al, 2002; Sastry and Shukla, 1994; Reddy, 2012). Cadmium naturally
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released into the environment from volcanic sources, along with rain water, different water
bodies. On the basis of several studies indicate that heavy metals load including Cadmium in
fishes and other consumable fauna (Rani et al., 2015; Jayakumar et al., 2016; Reddy et al.,
2011) and their biomagnifications potential via food web pose serious health risk to fish
consumers (Chavan and Muley, 2014). Reports denoting protective influence of some metals,
vitamins chelating agents and protein diets on metal toxicity in altering various physiobiochemical and behavioural aspects in fish have also been documented (Rathore and Naik,
1994; Sastry and Shukla, 1994; Girish kumar et al., 2014). In consideration of these facts, the
present study was undertaken which reports protective influence of ascorbic acid on cadmium
toxicity with reference to gill histopathology in the fresh water cat fish, Heteropnuestes
fossilis (Bloch).
MATERIALS AND METHODS
The fish, H. fossilis of an average length 16.5 (

2.0) cm and weight 40 (

1.45) g were

procured from a local unpolluted fish pond through fishermen to whom the pond was leased
out. Their transportation to the laboratory, maintenance, acclimation and feeding procedures
are described by Choudhary and Jha, 2014. The water was changed every day during
acclimation and chronic experimentation immediately after feeding. Static acute bioassays
(APHA, 1998) were performed to determine LC50 values of cadmium to the fish H. fossilis ,
which were 69.50; 63.50; 56.50 and 44.0 mg/l for 24,48,72 and 96 hours respectively. The
dose for ascorbic acid for ascertaining their curative effects on chronic toxicity of cadmium
where selected as 1.25mg/l which are 1/4th of the doses at which no mortality of fish took
place over a period of 96h. Running tap water (temperature 21

c; pH 7.6; dissolved

oxygen 7.8 mg/l ; free CO2 1.2mg/l; alkalinity 97.40mg/l as CaCo3 and hardness 158.60mg/l)
was used during both static acute bioassays and chronic exposure.
For chronic exposure studies, three rectangular glass aquaria (A-C) of 30-litre capacity, each
filled with 10 litres of water and 10 number of well acclimatized fishes were taken. Fish of
aquarium A were exposed to 16.14mg/l of cadmium whereas those of aquarium B were
exposed to 16.14 mg/l cadmium + 1.25mg/l of ascorbic acid. Fishes of aquarium C served as
control. The experiment was run for 30 days during which test media were renewed every
day immediately after feeding the fishes of each group with chopped goat liver.
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At the end of exposure period (days 30) fish of each group were dissected and gills excised
out and fixed in aqueous Bouin’s and 10% buffered neutral formalin for 24 hrs. After
fixation, fixed pieces of gills were decalcified in 5% nitric acid in 70% alcohol after
decalcification, gills were washed repeatedly in 70% alcohol and then dehydrated in graded
alcoholic series in ascending order and cleared in xylene /benzene followed by their
rewashing in methyl benzoate for another 24 hrs. There after the tissues were processed for
routine paraffin embedding in paraffin wax. Embedded tissues were sectioned at 6

m and

stained with haematoxylin and eosin for histological examination under microscope. The
selected slides were micro photographed.
RESULT
The gills of control H. fossilis revealed normal histology, the primary gill lamellae are flat
leaf like structures arranged in double rows, projecting on the lateral sides of which are series
of alternately arranged. Secondary lamellae are lined by squamous epithelium supported by
pillar cells and chloride cells. They are shown in (fig-1).
In the Section of 30 days cadmium toxicity revealed necrotic lesions of secondary gill
lamellae, vascular gills congestion, which leads to clubbing of the lamellar tips, besides
hypertrophy of secondary lamellae, there was severe damage to chloride cells, pillar cell
system became disorganized, secondary lamellae showed severe congestion, number of
mucous cells considerably increased further extensive curling of secondary lamellae and
lifting of epithelium were the unique lesions observed in almost all sections of gills.(fig-2 and
fig-3).
Section of the gills of H. fossilis exposed by co-treatment of cadmium (16.14mg/L) +
ascorbic acid(1.25mg/L) showing curling and fusion of secondary lamellae and small degree
of edema still persisted but normalcy in architecture of primary and secondary lamellae
cartilaginous skeletal structure mucous cells, basement membrane either restored or were in
highly improved stage.(fig-4).
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Figure 1: Section passing through gill of Control fish, H. fossils.

Figure 2: Section passing through gills of H.fossils exposed to Cadmium for 30 days.
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Figure 3: Section passing through gills of H. fossilis exposed to Cadmium for 30 days
revealed Hypertrophied secondary lamellae.

Figure 4: Co-treatment of cadmium+ ascorbic acid in H. fossilis revealed signs of
recovery.
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Abbreviations: PL= Primary gill lamellae; SL= Secondary gill lamellae; C=Cartilaginous
core; PC=Pillar cells; MC=Mucous cells; (F)=aneurysm; (HYT),congestion(→)increased
number of mucous cells (MC) recovery of architecture.
DISCUSSION
Gills of fishes are almost always exposed to aquatic pollutants due to their large surface area
and external location, gills are very sensitive and respond extremely fast to water pollution
(Mishra and Mohanty, 2008) in the present investigation it was observed that cadmium
exposure induced fusion of secondary lamellae, vascular congestion leading to clubbing of
the lamellar tips hypertrophy and curling of the secondary gill lamellae along with
disorganization of pillar cell system, increase in the population of mucus cells epithelial
lifting, disintegration and/or autolysis of the epithelial lining of the secondary lamellae as
well as sub epithelial oedema the above findings are in close agreement with some earlier
studies (Usha Rani 1999; Prabhakar et al., 2012; Mekkawy et al., 2013; Selvanathan et al.,
2013).the observed histopathological changes most likely hindered the respiratory function of
the gill (Bais and Lokhande, 2012). The observed hyperplasia, hypertrophy and fusion of
adjacent lamellae appear to be a protective response to cadmium toxicity giving less load of
the heavy metal to the blood as opined by Hughes et al.,(2009) and Singhdach et al.,(2009)
reported that lamellar damaging and clubbing could be for the protection. It reduces the
amount of entry of heavy metal pesticides. Further, It has been found that secondary lamellae
has capillary congestion and aneurism similar findings are reported by Mekkawy et al.,
(2013) in Oreochromis niloticus exposed to cadmium. This may be attributed to observed the
most of the pillar cell are collapsed, damaged vascular integrity with bleeding in lamellar
epithelium, Garcia-Santos et al.,(2006). The epithelial lifting noticed in this study appears as
an initial reaction of gill activity as a protective measure by increasing the cadmium – blood
diffusion distance and such responses have been advocated as typical inflammatory response
(Schwaiger et al., 2004). As regards oedematous change observed in the present study, the
possible explanation given by Thophon et al.,(2003) seem to be very logical that edema is a
consequence of lifting of the secondary lamellae from pillar cell system leading to increased
distance from water to blood. The observed increase in the number of mucous cells may be
attributed to defensive mechanism against cadmium toxicity.
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CONCLUSION
Gill lesions induced by cadmium toxicity, reduced the oxygen diffusing capacity of the gills
which may ultimately cause death of fish primarily from insufficient oxygen uptake. Again
some of the observed gill lesions (e.g. epithelial lifting, hyperplasia, hypertrophy, lamellar
fusion & curling etc.) may be categorized as adaptive ones, since these protect the fish by
slowing the rate of entry of heavy metal, cadmium. Whereas others (e.g. aneurysm, collapse
of pillar cell system etc.) may be considered deleterious.
REFERENCE
1. Arno, K., Romheld, V. and Chen, y.(2002). Cadmium binding by fractions of dissolved
organic matter and humic substance from municipal solid waste compost. J. Env. Qual.,
31: 1885-1892.
2. APHA AWWA and WPCF. (1998). Standard methods for the examination of water and
waste water. American Public Health Association, 20th edition. Washington. D. C.
3. Bais, U. E. and Lokhande M. V.(2012). Effect of cadmium chloride on the biochemical
content in different tissues of the freshwater fish Ophiocephalus striatus. I. Res. J.
Biological Sci., 1: 55-57.
4. Chavan, V. R. and Muley, D. V. (2014). Effect of heavy metals on liver and gill of fish
Cirrhinus mrigala. Int. J. Curr. Microbial. App. Sci., 3: 277-288.
5. Choudhary,G. and Jha, B.S. 2014. Histopathological changes induced in liver of the fish,
Channa punctatus (Bloch). Following chronic sub lethal exposure of two household
detergents. Proc Zool. Soc. India. 13: 89-93.
6. Girish Kumar, B., BijoyNandan, S., Archana kumari,T. and sanjeevan, K.2014. curative
effect of Vitamin C on the variation in biochemical and histopathological parameters
induced by copper exposure in the teleost fish, anabas testudineus (Bloch.1792). Journal
of Environmental Science,Toxicology and Food Technology. 8: 28-35.
7. Gracia Santos, S.A., Fontainhas- Fernandes, A. and Wilson, J. M. (2006). Cadmium
tolerance in the Nile tilapia (Orechromis niloticus) following acute exposure. Assessment
of some ionoregulatory parameters. Environ. Toxicol., 21: 33-46.
8. Hughes, G. M., Perry, S. F. and Brown, V. M. (1979). A morphometric study of the
effects of nickel, chromium and cadmium on the secondary lamellae of rainbow trout
gills, Water Res., 13: 665-679.
9. Jayakumar, N., francis, T., Jawahar, P., Rajagopalsamy, C. B. T., Santhakumar, R. and
Subburaj, A. (2016). Acute cadmium toxicity induced impairments in the liver and kidney

www.wjpr.net

Vol 7, Issue 5, 2018.

1977

Ahirrao et al.

World Journal of Pharmaceutical Research

of freshwater catfish, Heteropnuestes fossilis(Bloch). Indian journal of science and
technology. 9: 1-6.
10. Mekkawy, I. A. A., Mahmoud, U. M., Wasif, E. T. and Naguib, M, (2013): Effects of
cadmium on some histopathological and histochemical characteristics of the kidney gill
tissues of Oreochromis niloticus (Linnaeus) dietary supplemented with tomato paste and
vitamin E. J. fish. Aquat. SCI., 8: 553-580.
11. Mishra, A. K. and Mohanty, B. (2008). Acute toxicity impacts of hexavalent chromium
on behavior and histopathology of gill, kidney and liver of the freshwater fish, Channa
punctatus(B). Envinn. Toxicol. and Pharmacol., 26: 136-141.
12. Prabhakar, C., Saleshrani, K., Tharmaraj, and Vellaiyan, M. (2012). Effect of cadmium
compounds on the histological changes of various vital organs of the freshwater fish,
Cirrhinus mrigala. Int. J. Pharm. Biol. Arch., 3: 84-88.
13. Rathore,H.S. and Naik, B.K.(1994). Protection of fish liver with liv.52 against cadmium
intoxication.AHistological study. Biologia (Lahore)., 10: 1-4.
14. Reddy, J. S., Reddy, T. K. and Reddy, D. C. (2011). Influence of heavy metals on
biochemical and metabolic biomarkers of Indian major carp, Labio rohita. The Bioscan.,
6: 167-173.
15. Reddy, S. J. (2012). Cadmium effect on histo-biomarkers and melano macrophage centers
in liver and kidney of Cyprinus carpio. World J. of Fish and Marine Sci., 4: 179-184.
16. Rani,S., Gupta,R.K. and Rani,M.(2015). Heavy metal induced toxicity in fish with special
reference to zinc and cadmium .International Journal of Fisheries and Aquatic Studies., 3:
118-123.
17. Sastry, K. V. and Shukla, V. (1994). Influence of protective agents in the toxicity of
cadmium to freshwater fish Channa punctatus. Bull Environ, Contam. Toxical., 53:
pp711-717.
18. Schwaiger, J., Ferling, H .,Mallow,U ., Wintermayr, H. and Nagele,R.D. (2004). Toxic
effects of in rainbow trout. Aquat.toxicol., 68: 141-150.
19. Selvanathan, J., Vincent, S. and Nirmala, A. (2013). Histopathology changes in
freshwater fish Clarias batrachus(L) exposed to mercury and cadmium. Int. J. Life Sci.
Pharma Research 3: 11-21.
20. Singhadach, P., JiraungKoorsku,W.,Transatit,T.,kosa., P. and Ariyasrijit,C.(2009).
Calcium pre- exposure reducing histopathathological alteration in Nile Tilapia
(Oreochromis niloticus) after lead exposure. J. Fish.Aquat. Sci., 4: 228-237.

www.wjpr.net

Vol 7, Issue 5, 2018.

1978

Ahirrao et al.

World Journal of Pharmaceutical Research

21. Thophon, S., Kruatrachue, M., Upatham, E. S., Pokethitiyook, P., Sahaphong, S. and
Jaritkhuan, S. (2003). Histopathjological alteration of white seabass, Lates calcarifer, in
acute and subchronic cadmium exposure. Environ. Poll., 121: 307-320.
22. Usha Rani, A. (1999). Pathological observation in gills of the freshwater teleost,
Oreochromis mossambicus due to cadmium toxicity. Indian J. Comp. Anim. Physiol., 17:
18-22.

www.wjpr.net

Vol 7, Issue 5, 2018.

1979

