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ABSTRACT 
The present study was undertaken to investigate the toxicological impact of fluoride (F

-
) on 

chromatophores in skin of fresh water fish, Heteropneustes fossilis after chronic exposure. The fish was 

exposed to two sublethal concentrations i.e. 38.60 mg F/L (low concentration) and 77.20 mg F/L (high 
concentration) for three months and the observations were recorded after 45 and 90 days.  Marked change 

in colouration was observed in both the experimental groups as compared to control. There were 

distinguished melanophores in the pigment aggregation state or pigment dispersion state. On the basis of 

structure, melanophores were identified as reticulate, stellate and punctuate type. After chronic exposure 
to F

-
,
 
several alterations were observed in chromatophores in comparison to control such as breaking of 

chromatophores as well as dendritic processes, change in structure and morphology, transformation of 

one type into another, increased distance between adjacent chromatophores, increase or decrease in 
number and finally complete loss of cellular entity. The observations were found to be concentration 

dependent, i.e. the changes were more severe in higher concentration in comparison to lower 

concentration exposed group. 

 
Key Words: Fluoride, Pigmentation, Heteropneustes Fossilis, Chromatophores 

 

INTRODUCTION 
Chromatophores are pigment containing and light reflecting cells present in the skin of various vertebrates 

like fishes, amphibians, reptiles and mammals (Zarnescu, 2007). Among them fish, amphibian and 

reptiles possess rapid colour change with response to the changing environment. The brilliant colouration 
in fishes is generated as a result of absorption of light rays by pigmentary substances contained in 

dendritic melanophores, xanthophores and by scattering and reflection of light by iridophores (Hawkes, 

1974). Lightening and darkening of fish skin occurs due to aggregation and dispersal of pigment. The 

aggregation of pigment granules, melanosomes to the centre of the cell results in skin lightening whereas 
dispersal of pigment throughout the cells results in darkening. 

Colour change in fish performs various functions such as protection from intense illumination, aggressive 

colouration to escape from predators and colour display for courtship, mating and reproduction (Fujii, 
2000). The change in chromatophore pattern is under the control of nervous and endocrine systems (Hoar, 

1987; Nagabhusnam and Sarojini, 1989 and Tripathi et al., 2005). Environmental information is 

processed in the central nervous system and transmitted to the melanophores, where both the hormonal 
and neuronal regulations result in appropriate chromatic reactions (Pradeep et al., 2007). A part from this, 

several environmental factors such as light, water quality, temperature, salinity and chemicals/pollutants 

are also known to affect colour change (Fujii, 1969; Watanabe et al., 1965; Tripathi et al., 2005 and 

Pradeep et al., 2007). 
There are various reports indicating adverse effect of pollutants in fishes but scanty information is present 

regarding their effect on pigmentation. Since fluoride has been reported to affect nervous as well as 

endocrine systems in animals (Guan et al., 1999; Gao et al., 2009; Sharma et al., 2007 and Wang et al., 
2009). it might also be having adverse effects on pigmentation in fishes after chronic exposure. 

Heteropneustes fossilis is a common edible fish in India whose skin is vulnerable to 

contaminated/polluted water due to lack of scales. Integumentary melanophores respond immediately to 



Cibtech Journal of Zoology ISSN: 2319–3883 (Online)  

An Online International Journal Available at http://www.cibtech.org/cjz.htm  

2012 Vol. 1(2) September-December, pp.47-52/Bajpal and Tripathi  

Research Article 

48 

 

pollutants (Singh and Duttamunshi, 1992) due to prolonged and direct contact to the contaminated media. 

Keeping these facts into consideration the study was designed to investigate the effect of sub-lethal 

concentrations of fluoride on pigmentation in fish.  
 

MATERIALS AND METHODS  

Healthy fishes of either sex (16.0±0.5 cm long and weighing 30.0±2.0 gms) were procured from local fish 
market and transported to laboratory in large plastic containers. They were sorted for disease and injury, 

rinsed in 0.1% KMnO4 solution and acclimated to laboratory conditions for 20 days in large steel tanks. 

They were fed with dry prawn pieces, once every morning and the water was renewed on alternate days.  

During experimentation, the fishes were divided into three groups having 12 fish in each. Group one 
served as control (without any treatment) whereas remaining two groups were exposed to 38.60 mgF/L 

and 77.20 mgF/L (1/10
th
 and 1/5

th
 of 96 hour LC50 value) as lower and higher concentration of fluoride 

respectively for a period of 90 days. The observations were recorded after 45 and 90 days. Physico-
chemical properties of test water during experimentation were maintained as per APHA et al. (2005) 

methods such as:  temperature 27±1.5°C, pH 7.1±0.02, dissolved oxygen 8.5±1.6 mg/L, alkalinity 90-102 

mg/L and hardness as CaCO3 120-155 mg/L. The source of fluoride was sodium fluoride (NR grade) 
manufactured by Qualigens Fine Chemicals, Mumbai, India. A stock solution was prepared by dissolving 

weighed amount of toxicant into 500 ml of double distilled water containing 10 mgF/ml, which was 

further diluted with chlorine free tap water to get desired concentrations.  

For chromatophore number and structure, fish from each group were taken out, anaesthetized with 
tricaine methanesulphonate (MS-222). Samples of skin (4x8 mm) were carefully removed from the dorsal 

and lateral side of the fish and immediately immersed in 0.7% sodium chloride solution (fish saline). The 

skin pieces were fixed in alcoholic Bouin’s fluid for 24 hours. After washing it with 70% alcohol to 
remove excess fixative, they were dehydrated in graded series of alcohol, cleared in xylene and mounted 

in Canada balsam. The number of chromatophores were counted from the slide, under simple compound 

microscope and photographed and the data obtained was subjected to student’s t-test. 

 

RESULTS 

The skin of fish is composed of two main layers. The outer layer is epidermis, which is ectodermal, non-

keratinised consist of stratified squamous epithelium and inner dermis, differentiated into two layers: 
stratum laxum (build of loose connective tissues interspersed by blood vessels, nerves and sense organs) 

and stratum compactum (composed of dense connective tissue having bundles of proteinaceous collagen 

fibres and mesenchymal cells). 
In Heteropneustes fossilis skin, the most abundant chromatophores were melanophores. Melanophores 

had cytoplasmic projections, which stick out from the centre of the cell and interwined with the collagen 

fiber of the connective tissue (Fig-1). These cells were detected in various physiological stages i.e. in state 

of pigment granule dispersion and in phase of pigment aggregation. The translocation of the pigment 
within the melanophore influenced morphological shape of the cell. During dispersion phase, the pigment 

granules were spread within the cytoplasm giving rise to many dendritic processes. While during 

aggregation state, all the pigment granules were concentrated in the centre of the cell giving melanophore 
an oval or round shape. On the basis of dispersion and aggregation of pigment in melanophores, 

reticulate, stellate and punctuate shapes have been observed in this study. 

Chronic exposure of Heteropneustes fossilis to sodium fluoride altered chromatophores structure, shape, 
size and melanin dispersion remarkably. After 45 days of exposure, in low concentration group, 

chromatophores number was found increased while their size was found reduced. Shape of 

chromatophores changed to stellate in comparison to reticulate chromatophore of controls (Table-1; 

Figure 1, B).  
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Figure 1: Photomicrographs showing effect of 

fluoride on chromatophores of Heteropneustes 

fossilis after 45 days exposure. 
A: Showing normal chromatophore structure in 

control group. 

B: Lower concentration fluoride exposed group 
showing reduced dendritic processes and increase 

in number of chromatophores. 

C: Higher concentration fluoride exposed group 

showing decrease in chromatophore number, 
reduced dendritic processes, aggregation of 

melanin towards centre and breaking of 

chromatophore as well as dendritic processes. 

Figure 2: Photomicrographs showing effect of 

fluoride on chromatophores of Heteropneustes 

fossilis after 90 days exposure. 
A: Showing normal chromatophore structure in 

control group. 

B: Lower concentration fluoride exposed group 
showing slight increase in number of 

chromatophores and broken dendritic processes. 

C: Higher concentration fluoride exposed group 

showing decrease in number of dendritic processes 
as well as chromatophores showing 4-5 bifid and 

trifid branches and marked distance between 

adjacent chromatophores. 

CH= Chromatophore; DP= Dendritic processes 
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In high concentration group after same duration the number of chromatophores was found decrease. 

Dendritic processes were found to be reduced in comparison to controls in most of the cells and melanin 

was found aggregated in centre, leaving almost transparent dendritic processes. Breaking of 
chromatophores as well as dendritic processes was also noticed at some places (Figure 1 C). 

 

Table 1: Effect of fluoride on chromatophores after exposure to two sublethal concentrations for 

different durations  

 

Chromatophore 

Type 

Exposure 

Duration  

          (Days) 

Control 

 

Low Concentration  

(38.60 mgF/L) 

High Concentration  

(77.20 mgF/L) 

Reticulate 45 34.83±1.51 18.52±1.94** 9.80±1.54** 

 90 39.33±1.62 28.16±1.86* 13.65±1.89** 

Stellate 45 16.15±1.01 43.83±1.90** 31.16±1.60** 

 90 10.18±1.34 40.66±1.61** 23.80±1.15** 

Punctate 45 2.50±0.42 5.16±0.60* 10.58±1.38** 

  90 5.34±1.36 12.36±1.18* 20.52±1.34** 

Values are Mean±S.E.M; N= 6 (Number of observations per value); *p<0.01; **p<0.001 (Compared to 
control) 

 

After 90 days of exposure, in low concentration group there was a slight increase in chromatophore 

number and considerable decrease in chromatophore size. The dendritic process was found reduced and 
broken at some places (Figure 2 B). In high concentration exposed group after 90 days, heavy breaking of 

dendritic processes as well as chromatophores was noticed. The dendritic processes were found highly 

reduced leaving 4-5 smaller bifid and trifid branches in most of the chromatophores. Some punctate type 
chromatophores were also seen in comparison of reticulate type of controls. Dark coloured small granules 

were found released in matrix after breaking of dendritic processes. Most of the chromatophores were 

with loss of their cellular entity. Maximum distance was recorded between two adjacent chromatophores 

during this stage (Figure 2 C).   
 

DISCUSSION 

In the present study, marked changes in chromatophores of fish were noticed after chronic exposure to 
fluoride. The alterations included decrease in chromatophore size, increase in number and change of 

reticulate shape into stellate type or punctate, retracted and reduced dendritic processes, centrally 

aggregated melanin pigments with transparent extremities of chromatophores, broken chromatophore and 
increased distance between two adjacent chromatophores. The chromatophores showed alteration in the 

shape, density and dimension after fluoride exposure which indicates that fluoride has a definite 

accelerative effect on dispersion of the melanin pigments and its effect was duration and dose dependent. 

The results of the study are in accordance with the findings of Tripathi et al., (2005) who have reported 
similar alterations in chromatophores of fresh water fish Channa punctatus after fluoride exposure, 

Kesherwani (2006) after cadmium exposure in fresh water catfish Heteropneustes fossilis and Pradeep et 

al., (2007) after methyl parathion exposure in Oreochromis mossambica. Decrease in the chromatophore 
size and number indicates the impairment of pigment cells (Singh and Duttamunshi, 1992). 

Chromatophores especially melanophores have been shown to differentiate and to die by aptoptosis under 

the influence of factors that regulate motile responses. These factors are likely to utilize common 
intracellular signaling pathways used in part to regulate both types of changes (Sugimato, 2002). 

The size of chromatophore decreased with the density due to gradual cell death and apoptosis. The 

process of cell death includes loss of cell activity, cell fragmentation and phagocytosis of the fragments 

(Sugimato et al., 2000). The fusion of dendritic processes and further deterioration in the shape of 
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melanophores with increasing period of toxicant exposure is consistent to the findings of Pandey et al., 

(1981). 

Heteropneustes fossilis is a catfish, whose skin is vulnerable to polluted water due to lack of scales. 
Integumentary melanophores respond immediately to pollutants (Singh and Dutta Munshi, 1992). Several 

workers have described the physiological colour change, nervous and endocrine control on colour change 

and neurohormones on controlling chromathophore patterns (Fujii, 1969; Pouchet, 1872, 1876; Bagnara 
and Hadley, 1973; Hoar, 1987 and Nagabhusnam and Sarojini, 1989).  Fluoride has been reported to 

affect endocrine system in animals. The colour change and alterations in chromatophores observed in the 

present study after fluoride exposure may be due to the endocrine mediated effects or due to direct 

cytotoxic effects. 
 

ACKNOWLEDGEMENT 

The authors are greatful to Prof. A.K. Sharma, Head Department of Zoology, University of Lucknow, 
India for providing necessary laboratory facilities during this study. 

 

REFERENCES 
APHA, AWWA and WEF, (2005). Standard methods for the examination of water and waste water, 21

st
 

Edition. American Public Health Association Washington DC. 

Bagnara JT and Hadley ME (1973). Chromatophores and colour change Prentice- Hall Englewood 

Cliffs 202. 
Fujii R (1969). Chromatophore and pigments In: Fish physiology (Edition WS Hoar and DJ Randall) 

Academic Press 3 307. 

Fujii R (2000). The regulation of motile activity in fish chromatophores. Pigment Cell Research 13 300-
319. 

Gao Q, Liu YG and Guan ZZ (2009). Decreased learning and memory ability in rats with fluorosis: 

increased oxidative stress and reduced cholinesterase activity in the brain. Fluoride 42(4) 277-285.  

Guan SDM, Verma RJ and Singh JP (1999). Embryotoxic effects of fluoride on developing rats. Indian 
Journal of Environment and Toxicology 9(1) 27-29. 

Hawkes JW (1974). The structure of fish skin II The chromatophore unit. Cell Tissue Research 149 159-

172. 
Hoar WS (1987). Electrical discharge, light production and colour change. In general and comparative 

physiology (3
rd

 edition) Prentice-Hall of India, New Delhi 365-387. 

Kesherwani D (2006). Studies on freshwater fish with special reference to effects of heavy metals PhD 
Dissertation University of Lucknow, Lucknow, India. 

Nagabhushanam R and Sarojini R (1989). Pollution and prawn fishery In: Water pollution 

(conservation Management) by AK Sinha, Ramblooj PNV by BL Consul for Gyanoday Prakashan. 

Pandey AK, Shukla B, Fujii R and Miyashita Y (1981). Effects of sublethal melanophores of a cichlid 
Sarotherodon mossambicus. Journal of Liberal Arts and Sciences Sapporo Medical 22 77-80. 

Pouchet G (1872). Surles rapides chagements de coloration proroques experimentalement chez les 

crustaces etsur les coloration blues des poisons. J. Anat. Paris.8 401-407. 
Pradeep K, Sheikh IA, Aherwar M and Ovais M (2007). Methyl parathion induced effects on the 

Oreochromis mossambica (Peters) Melanophores in vitro. Journal of Herbal Medicine and Toxicology 

1(2) 49-54. 
Sharma JD, Solanki M and Solanki D (2007). Sodium fluoride toxicity on reproductive organ of female 

albino rats. Asian Journal of Experimental Sciences 21(2) 359-364. 

Singh A and Duttamunsi JS (1992). Effect of sublethal mercuric chloride exposure on melanophores of 

a catfish, Heteropneustes fossilis (Bloch). Journal of Environmental Biology 13(4) 303-304. 
Sugimato M (2002). Morphology colour changes in fish; regulation of pigment cell density and 

morphology. Microscopy Research and Technique 58 496-503. 



Cibtech Journal of Zoology ISSN: 2319–3883 (Online)  

An Online International Journal Available at http://www.cibtech.org/cjz.htm  

2012 Vol. 1(2) September-December, pp.47-52/Bajpal and Tripathi  

Research Article 

52 

 

Sugimato M, Uchida N and Hatayama M (2000). Apoptosis in skin pigment cells of the medaka, 

Oryzias latipes (Teleostei) during long-term chromatic adaptation; the role of sympathetic innervation. 

Cell Tissue Research 301(2) 205-216. 
Tripathi M, Tripathi A and Gopal K (2005). Impact of fluoride on pigmentation of a fresh water fish, 

Channa punctatus. Journal of Applied Bioscience 31(1) 35-38. 

Wang J, Zhang Y, Zhang H, Ke Zhang, Zhang Z and Li J (2009). Toxic effects of fluoride on 
reproductive ability in male rats, sperm motility, oxidative stress, cell cycle and testicular apoptosis. 

Fluoride 42(3) 174-178. 

Watanabe M, Naitoh T and Tsuchiya K (1965). Reversal of action of electrolytes to the melanophore 

of crucian carp. Biology Okayama University 11 19-30. 
Zarnescu O (2007). Ultrastructure of the skin melanophores and iridophores in paddlefish, Polyodon 

spathula. Micron 38 81-84. 


