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for a period of 30 days. During the acclimation
period, fish were regularly fed. Water was renewed
after every 24 hour (h) leaving no faecal matter,
unconsumed food or dead fish if any. Prior to the
commencement of the experiment the median.
lethal concentration of chromium for 96 h (96 h LC50
value) was calculated following 24 h renewal
bioassay system and trimmed Spearman Arber
method 6 and it was found to be 100 ppm
(95%confidence limit). For the present study, five
groups of 10 fish each were exposed separately to
20 liters of 10 ppm (10%of 96 h LC50) of chromium
chloride solution prepared in tap water having
dissolved oxygen 5.60 ppm, hardness23.2 mg/1;
pH 7.5 and water temperature27±2°C. Feeding was
allowed in the experimental as well as control
groups for a period of 3 hours prior the renewal of
the media throughout the period of the experiment.
Parallel control groups were also kept along with
the experimental groups. Three fish, each from the
experimental as well as control groups were
sacrificed at the expiry of 5, 10, 20, 30 and 45 days.
Fragments of skin measuring about 5x8mm were
excised from the back of the fish between dorsal fin
and lateral line canal and were fixed in aqueous
Bouins, fluid. Melanophores counting was done
from alien blue (AB) pH 2.5/ periodicacid-schiff
stained9, permanent whole mount preparations of
control as well as experimental tissues 3 . The
density (number) of Melanophores was calculated
following stan-136dard statistical procedures
based on random sampling of five different sites
from three control as well as experimental fish of
each sacrificing interval following 3,4.. One-way
analysis of variance (ANOVA) followed by Duncan’s
multiple range test was performed to determine
whether Melanophores density was significantly
affected by exposure periods.
Measurement methods Individual
melanophores were measured with the help of
ocular-meter and microscope. Melanophores size
index was calculated. The observed values have
been multiplied by unit of micrometer. Thereafter
the mean was calculated and this value was divided
by 100 to obtain a value in a digit with three decimal
points. This was Mean Melanophores Size Index
(MMSI). Statistical analysis of data was conducted.

Result and Discussion
Control Melanophores: In fish the
Melanophores are mostly located in the subepidermal connective tissue of dermis just below

the basement membrane. They appear to be
uniformly distributed as asteroid cells having
tentacle like processes of greatly variable length
radiating from their central body. These cells
(Melanophores) are gorged with pigment (melanin)
granules and the distance between the adjacent
melanophores seems to be more or less equal.
There was no significant alteration in the density of
melanophores. Whole mount preparation of dorsal
skin epidermis of fish showing the normal
distribution pattern of chromatophores and their
stellate structure2 (Alcian blue (AB) among the
various control groups, the numerical average of
all the control groups is taken into account.
Experimental melanophores : Five days after
transferring the fish into chromium solution the
central body and tentacle like processes of
Melanophores became less distinct as compared
to control. However, the accumulation of melanin
granules in the peripheral regions of melanophores
gives a clear interlacing pattern as if they were thickly
packed. Preparations of 10 ppm chromium chloride
exposed dorsal skin epidermis of Catla showing
toxic pathological alterations in the melanophores
at different exposure periods. Interlacing of adjacent
melanophores after 5 days of exposure, without
any intercellular spaces. Consequently, ten days of
exposure,the melanin granules concentrated at the
periphery of the melanophores and drew back
towards the astral arms as well as to the central
body leading tothe disappearance of the interlacing
patterns. As a result, the central body and the
radiating arms became more discernible when
compared withthe previous stage. Similarly, the
intercellular spaces were also increased at this
stage of exposure. Twenty days of exposure was
marked by the disintegration of many of the
melanophores and the subsequent release of
melanin, the size of the melanophores decreased
their density was highest after forty five days. The
distribution pattern of chromatophores is the main
factor that determines the ultimate pigmentation
pattern of a species2. The embryo logically derived
from the neural crest and they migrate to their final
destinations to determine the pattern of
distribution1. However, it appears that even after
occupying their final destinations, the
melanophores retain a high degree of plasticity. In
the present study after 5days of exposure,
eventhough there was no significant increase in
the density of chromatophores they appear to be
thickly packed and interlaced with each other
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leaving no intercellular spaces. The reason for the
interlacing pattern could partly be traced to the
migration of the melanin granules towards the
periphery of the asteroid structures in response to
toxicity, as cations in the media are reported to
cause dispersion of melanin8. However, the general
outstretching of these cells, giving an impression
of them being tightly packed, might be due to the
high plasticity of the cells which they retain even
after the postembryonic development. These
observations are supported by the reports that the
phenotypic expression of melanophores may vary
according to environment 7,12,13 . The statistical
analysis clearly shows that after 5 days of exposure
no new chromatophores were produced. However,
there appeared a marked difference in the
melanization pattern when compared to the other
stages of experimentation. A rapid change in the
appearance of chromatophore without the
production of any new cells may be considered as
a physiological colourchange. On the contrary in all
the subsequent stages the density of
chromatophores in general shows a gradual
increase with a maximum after 45 days of exposure.
This gradual increase in the melanophore density
was also accompanied by an observable darkening
of the skin. While studying the role of epidermal
melanocytes in the adaptive colour changes in
amphibians have also reported increased
melanophore mitosis and melanogenes is leading
to morphological colourchange.;heavy metals like
lead and chromiam interferes with the
osmoregulation and osmotic balance. The
variations in the osmotic and ionic factors play an
important role in the melanization activity. In general,

the increased melanization observed in the
present study may be an attempt by the fish to
protect itself from heavy metal toxicity. This
assumption is again supported by the fact that
melanin has the capacity to bind with aromatic
compounds and cations3,10. It is worth noting that
the regenerated cells after 45 days of exposure were
smaller in size and had lesser number of branched
radiating astral arms. However, their density was
the highest among the various experimental
groups, leading to the overall darkening of the
epidermis. may be concluded that a gradual
melanization activity by the fish is to protect itself
from metal toxicity.

Conclusion
Present study shows that water pollution is
due to toxic pollutants. Pollution due to toxic metal
like chromium and lead may change hydro
chemical parameters of water and cause damage
to aquatic ecosystem e.g. increase in pH,
temperature, acidity and BOD.
Behavioural
changes were also recorded in fins movements,
swimming performance.. Fish skin is unique for its
dynamic pattering speed of change due to
aggregation and dispersion of chromatophores.
Chromatophores are pigmentary organs that act
simply as selective colour filter. Change in colour
of aquatic organisms is a warning of toxicity.
Change in functioning of chromatophores changes
the colour of fishes. With this early observation we
can detect presence of pollutants in water. The
present study suggests that melanophores can be
used successfully as bio marker of water pollutions
mainly for heavy metals like Lead and chromium.

References
1.

BAGNARA, J.T. (1987) The neutral crest as a source of stem cells, In : Dev. and Evol. asp. neur.
Crest, p. 57-87, P.F.A. Maderson (Ed), John Wiley and Sons, New York.

2.

BAGNARA, J.T. AND HARDLEY, M.E. (1973) Chromotophores and Color Changes, Englewook
Cliffs. New Jersey, Prentice Hall.

3.

BANERJEE, T.K. AND MUKHERJEE, D. (1994) Melanophore indexing: a quick bio-assay technique
for detection of heavy metal toxicity, Curr. Sci., 6 : 172-182.

4.

BRUNING, J.P. AND KINTZ, B.L. (1968) Computational Hand Book of Statistics. 308 pp. Foresman
and Company, Dallas, U.A.

5.

DE, A.K. (1996) Environment Chemistry. New Age International Publishers (P0 Ltd. New Delhi 364
pp. Fernandez, P.J. and J.T. Bagnara 1993. Observations on the development of unusual melanisation
of leopard frog ventral skil J. Morph., 216 : 9-15.

24

366

BHARTI DWIVEDI, SUCHITRA BANERJEE AND RASHMI VYAS

6.

HAMILTON, M.A., RUSSO, R.C. AND THURSTON, R.V. (1977) Trimmed Spearman Karber method
for estimating median lethal concentration in toxicity bio-assays, Environ. Sci. Tech., 11 : 714-719.

7.

MATSUMOTO, ISHIKAWA, J., MASAHITO, P., OIKAWA, A. AND JAYAKAMA, S. (1981) Multiplicity in
phenotypic expression of fish erythrophoremaa and ridiomelanophorema cell in vitro. In : Phyletic
Approaches to Cancer, p. 253-266. C.J. Dawe, J.C. Harshbarger, S. Kando, J. Sugimura and S.
Jayakama (Eds.), Science Society Press, Tokyo, Japan.

8.

NOVALES, R.R. AND NOVALES, B.L. (1966) Factors influencing the response of isolated dogfish
skin melanophores to melanocyte stimulating hormone. Biol. Bull., 131 : 470-478.

9.

PEARSE, A.G.E. (1985) Histochemistry : Theoretical and Applied. II p. 441-1055. Churchill Livingstone
Inc., New York.

10.

RAJAN, M.T. (1992) Histopathological Analysis of the toxicity induced by the heavy metal salt mercuric
chloride on the skin and accessory respiratory organ of the freshwater catfish, Heteropneustes
fossilis (Bloch.). PhD Thesis, Banaras Hindu University, Varanasi, India.

11.

RANJAN, M.T. AND BANERJEE, T.K. (1991) Histopathological changes induced by acute toxicity of
mercuric chloride on the epidermis of freshwater catfish Heteropneustes fossilis (Bloch.). Ecotoxicol,
Environ. Safe., 22 : 139-152.

12.

WAKAMATSU, Y., OIKAWA, A., OBIKA, M., HIROBE, T. AND OZATO, K. (1984) Fish hereditary melanoma
cell lines of different degrees of cell differentiation. Dev. Growth. Biff. 26 : 503-513

13.

ZYLBERBERG AND MEUNIER, F.J. (1996) Ultrastructural data on the melanophores associated
with the cellular elasmoid scales in Leporinusfriderici (Teleostei: Ostariophysi, Anastomidae) :
Their putative participation in scale matrix formation. J. Morph., 228 : 155-164.

