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Abstract
This study mainly focuses on the effect of a common heavy metal poisoning and how the oxidative stress is managed
in Duttaphrynus melanostictus during Nickel poisoning. The subject, Duttaphrynus melanostictus was exposed to
Nickel in regular frequency with a very small amount by creating moist environment which imitates the presence of
Nickel in soil due to pollution and then the body weight analysis (by ANOVA and Post Hoc analysis (using SPSS
package 16.0)) and skin coloration and pigmentation were checked at 24 hours interval to study the oxidative stress
and its management by the animal's physiological system. The initial change in skin color at early stages of nickel
exposure and then its restoration was observed. Similarly the loss of body weight at initial exposure and then its
stabilization after some days was noted. The analysis and observations revealed that the antioxidant system of
Duttaphrynus melanostictus is well developed to sustain against the oxidative stress due to nickel exposure.
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1.

Introduction

Frogs, toads and other amphibians breathe through their
skin and pollution can build up in their bodies. Some
herpetologists think that toxic metals and pesticides were
building up in the frogs' bodies, causing their second
generation have defects. Antioxidant enzyme activities
were largely insensitive to high urea, which accumulates
during aestivation, but were inhibited by elevated KCl.
Levels of reduced glutathione were also significantly
lower in three organs (heart, kidney, lungs) during
aestivation and all organs, except skeletal muscle,
exhibited a higher oxidized/reduced glutathione ratio
indicating a more oxidized state during aestivation.
Energy and chemical consumption by humans are the
main causes of trace element pollution in the biosphere.
Non- ferrous metal industry, mining, waste disposal,
pesticides, fertilizers or metal- contaminated sludge are
important sources of metal dispersion in terrestrial and
aquatic environment (Lepp, 1981). Soil contamination
with heavy metals has become a worldwide problem,
leading to losses in agricultural yield and hazardous
health effects as they enter the food chain (Schickler and
Caspi, 1999). Several techniques for removing heavy
metal contamination from soil, water and sediment have
been developed. Precipitation, ion exchange and field
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bioremediation using bacteria and fungi are some high
impact technologies used for heavy metal removal; many
factors limit the applicability of existing techniques.
Another promising environmental technology still in its
infancy is phyto-remediation, where living plants are
applied to clean up soils or waterways. This approach
exploits the ability of various plant species to thrive in
high metal environments while accumulating large
amounts of toxic elements; it’s having advantages over
existing remediation methods that include minimal site
destruction and destabilisation, low environmental
impact and favourable aesthetics (Nedelkoska and
Doran, 2000). Nickel is widely used in industry and is
common aquatic pollutant. In natural waters nickel is the
dominant chemical species. It has been shown that
ecological factors including various forms of
anthropogenic pollution affect the physiology of animals
in a given habitat. However, there has not been a lot of
research investigating the changes in the morphological
content of amphibians in relation to a specific pollutant
in the habitat and using the skin pigmentation and
coloration as a tool for bio-monitoring. In aquatic
ecosystems nickel interacts with numerous inorganic and
organic compounds and occurs as soluble salts adsorbed
onto substances of different chemical origin. Nickel
combined with other elements is present in all soils, in
meteorites and is emitted from volcanoes. As for most
metals, the toxicity of nickel is dependent on the route of
exposure and the solubility of the nickel compound.
When we come to free radicals, it is best not to think of
oxygen radicals as "bad". They are generated in a
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number of reactions essential to life. Despite their
beneficial activities, reactive oxygen species clearly can
be toxic to cells. By definition, radicals possess an
unpaired electron, which makes them highly reactive and
thereby able to damage macromolecules, including
lipids, proteins and nucleic acids. One of the best known
toxic effects of oxygen radicals is damage to cellular
membranes (plasma, mitochondrial and endo-membrane
systems), which is initiated by a process known as lipid
peroxidation. A common target for peroxidation is
unsaturated fatty acids present in membrane
phospholipids. A peroxidation reaction involving a fatty
acid is depicted. Pigmentation and colour change in skin
of D. melanostictus is a significant example of this
process which is to be monitored in this experiment.
Members of the Food and Nutrition Board of the
National Research Council in the United States recently
defined a dietary antioxidant as a substance in foods
which significantly decreases the adverse effects of
reactive oxygen species, reactive nitrogen species, or
both on normal physiological function in humans. It is
recognised that this definition is somewhat narrow
because maintenance of membrane stability is also a
feature of antioxidant function (Dormandy. 1983) and an
important antioxidant function of both vitamin A
(Thumham, 1990) and zinc (Shankar and Prasad, 1998).
The restoration of any initial deformities like skin
pigmentation and color change and body weight
alteration can be physiologically checked by functional
antioxidant system of the organism itself.
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3. Results
Toxicity of nickel on morphology of Duttaphrynus
melanostictus: The toxic effect of nickel against D.
melanostictus was recorded at 0 hour, 24 hour 48 hour
and 72 hour (Fig- a, b, c, d). The study revealed that
lower concentration was enough to cause visible changes
in morphology. Small red spots were developed over the
body in 24 hour exposure to nickel. First the body colour
became yellow (#ffeda0) and then more reddish
(#fdae6b) in 24 hour of exposure to nickel. It gradually
changed to normal skin color in 48 hour and 72 hour and
the tympanum became white in 72 hour. The toads
which were retained untreated with nickel and taken as
control were found with no change in color or any
variation of pigments. The behavioural responses of the
toad to toxicants varied with metals which was another
aspect of the study.

2. Materials and methods
Duttaphrynus melanostictus (70 g to 120 g) were
collected during night and early morning time locally in
Baripada from August 2017 to November 2017. The
initial mean weight of the toads was 94.6 gm. The skin
color of the collected toads was normal i.e. brownish
yellow (#d8b365 - in colorbrewer2 chart), as
characterized in this species. They were acclimatized in
normal lab condition for seven days prior to the
experiment. The animals were kept in large plastic lid
jars with small perforations and divided into two groups,
i.e., control and experiment. The stock solution was
prepared by dissolving 1gm of nickel chloride (provided
from the shelf stock of North Orissa University,
Takatpur, Baripada) in 1000ml of distilled water. The
solution was used to wet the absorbent cottons to be used
as the bed for the toads imitating the damp soil
environment with nickel contamination. The lids of the
jars were kept open for 30 minutes time to time at 12
hours interval just to enter the fresh oxygen and
whenever needed, the solution is reintroduced to keep
the cotton moistened. 15 numbers of toads are reared in
this condition except 3 control toads which were kept
without the nickel solution. The animals were then
monitored at 24 hours, 48 hours and 72 hours; body
weight (milligram scale) and change in skin coloration
and pigmentation (using diverging and then sequential
colour scales, from Colorbrewer2.org) was noticed.
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Comparison of body weight in Duttaphrynus
melanostictus treated with nickel at different time
intervals: Body weight of Duttaphynus melanostictus
exposed to nickel were 94.6 ± 17.11641 before exposure
(BE) and then reduced to 92.46 ± 18.7344 after exposure
(AE) in 24 hour, 89.93 ± 18.8014 after exposure in 48
hour and 87.8 ± 18.6593 after exposure in 72 hour. In
other words body weight of Duttaphrynus melanostictus
after exposure decreased maximum in 72 hour. Whereas
the organisms retained as controls were found with no
such significant change in body weight (averaging 0.34
gm reduction after 72 hours), which seemed to be normal
in lab captive condition, hence not taken for further
statistical analysis or observation. Only nickel exposed
test subjects were taken for statistical data (Table-1).

Arya Alok et al.

Int. J. Fund. Appl. Sci. Vol. 8, No. 1(2019) 02-06

Table- 1: Comparison of body weight in Duttaphrynus melanostictus treated with nickel at
different time intervals. Value is expressed in mean± SD
Serial no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Mean ± SD

0 hours
100
115
75
98
95
118
102
98
77
82
70
120
75
130
83
94.6 ± 17.11641

24 hours
98
113
73
96
93
114
99
95
74
79
65
115
70
125
78
92.46 ± 18.7344

Discussion:
As experimented with 15 toads in a specified environment
of nickel poisoning the results revealed some significant
results to be documented. The initial mean weight of toads
was 94.6 g. After days of exposure to nickel treated environment it was found that the body weight of Duttaphrynus melanostictus significantly decreased than that
of controls. At 24 hour, 48 hour and 72 hour interval of
nickel exposure time the mean weight fall were recorded
as 92.46 ± 18.7344, 89.93 ± 18.8014 and 87.8 ± 18.6593
respectively. Further the continued exposure for the period
of 30 days was done to observe prolonged effect of nickel
on the body weight of Duttaphrynus melanostictus. In 9
toads the body weight got stabilized after 13-14 days of
exposure and they got a constant weight; and in other larger toads it took up to 24 days to get weight stabilization.
This gave a clear indication that the Nickel contamination
surely affected on the physiology that was reflected on the
body weight; but after some days they got stabilized with
no more weight loss. The change in animals’ body colour
was another visible parameter which was measured by
comparing the skin color with the color pellet chart (from
Colorbrewer2.org) by using diverging and then sequential
colour scales. Initially, the skin color changed to reddish
at 24 hours, then slightly reddish at 48 hours and finally
back to normal color of the skin. This signified the active
antioxidant activity of the toad that could bring back the
skin color to normal by dealing with the nickel poisoning.
The symptoms could not persist for more than 40 days
with this concentration of exposure to contaminant; perhaps the toads acclimatized themselves to the controlled
test environment.

48 hours
95
111
73
94
90
112
97
93
70
75
61
113
68
121
76
89.93 ± 18.8014

72 hours
93
109
70
91
88
110
96
90
69
73
60
110
66
119
73
87.8 ± 18.6593

Conclusion:
Amphibian populations are facing with array environmental problems, including inter-specific competition,
climate change and over-harvesting for the pet and food
trades. Unless we act quickly, amphibian species will continue to disappear, resulting in irreversible consequences
to the planet's ecosystems and to humans. Metals are biologically important. If the threshold concentration of the
metal increases in the environment, they may interfere
with the metabolic activity of organisms. In the presenting
study, an attempt was made to investigate the effect of
nickel on body weight and change in skin pigmentation
and colouration. It was examined that this concentration
(1gm/Litre) of nickel exposure, that to be by creating
moist environment to breathe through the skin and nostrils
do minimal yet significant damage to the toad which got
managed by the toad’s antioxidant system, but above this
concentration what will happen that is the question to be
asked. Another aspect is that, if the nickel poisoning happens through oral intake of contaminated food sources of
Duttaphynus melanostictus than how it will deal with the
toxic systems by the help of its own body antioxidant system; this can only be supervised by oral dose supervision
and experimentation on internal organs and SOD, CATactivity in the physiology of the toad.

Acknowledgement:
Part of this work had been done in Department of Zoology, North Orissa University under the supervision of Dr.
Pushpanjali Parida, hence we pay our gratitude to her for
the valuable effort, direction and suggestion.

4

Arya Alok et al.

8. REFERENCE:
1. Amacher DE, Pailler SC. (1980) Induction of
trifluorothynidine resistant mutants by metal ions in
L5178YTKt- cells. Mualt Res, 78: 279-88
2. American Biogenics Corporation, (1988) Ninety day
gavages study in albino rats using nickel. Final report
submitted to U.S. Environmental Protcetion Agency,
Office of Solid Waste. Study 410-2520. Submitted by
Research Triangle Institue and American Biogenics
Corporation.
3. Ames, B. N. (1983) Dietary carcinogens and
anticarcinogens, oxygen radicals and degencrative
diseases. Science, 221: 1256-1264
4. Amer. J. Ghoti, H., Rachmilewitz, E., Koren, A.,
Levin, C. and Fibach, E., (2006) Red blood cells,
platelets and polymorphic nuclear neutrophils of
patients with sickle cell disease exhibit oxidative stress
that can be ameliorated by antioxidants. British
Journal of Haematology, 132(1): 108-113
5. Ambrose AM, Larson PS, Borzelleca JR, Hennigar
GR, (1976) Long term toxicologic assessment of
nickel in rats and dogs. J Food Sci Technol, 13: 181-7
6. Andersen I. Svenes KB, (1989) Determination of
nickel in lung specimens of thirty-nine autopsied
nickel workers. Int Arch Occup Environ Health, 61:
289.95.
7. Biggart NW, Gallick GE, Murphy EC Jr (1987) Nickel
-induced heritable table alterations in retroviral
transforming gene expression. J Virol. 61: 2378-8
8. Boskovic, M., Vovk, T., Kores Plesnicar, B. and
Grabnar, L., (2011) Oxidative Stress in Schizophrenia.
Current Neuropharmacology, 9(2): 301-312.
9. Blaustein Dlasitin, A. R. and Jolimson., P. T. .J. (003),
The compleviy of dostomed of amphibians. Frontiers
in Ecology and the Environment, 1, 87-94
10. Blaustein, A. R., Romansic, J. M., Kiesecker, J. M and
Hatch. A. C Ultraviolet radiation, toxic chemicals, and
amphibian population Diversity and Distribution, 9,
123-140
11. Chau. Y. K., and O. T. R. Kulikovsky-Cordeiro,
(1995). Occurrence of nickel in the Canadian
environment. Environmental Reviews 3:95-120
12. Conway K. Costa M, (1989) Nonrandom
chromosomal alterations in nickel- transformed
Chinese hamster embryo cells. Cancer Res. 49:6
13. Conwit RA, (December 2006). "Preventing familial
ALS: a clinical trial may be . 251 (1-2): 1-2. feasible
but is an efficacy trial warranted?". J Neuroi. Sci
doi:10.1016/jjns.2006.07.009. PMID 17070848.
14. Conway K, Costa M., (1989) Toxicity and
carcinogenicity of oogan TP, Latta DM, Snow nickel
compounds, In: McClellan RO, editor. Critical review
vol.19. Boca Raton, FL: CRC Press. p. 341-84
15. Haley PJ, Shopp GM, Benson JMM. Cheng YS, Bice
DE, Luster MIl. et al.(1990) The immunotoxicity of
three nickel compounds following 13-week inhalation
exposure in the mouse. Fundam Appl Toxicol, 15:47687
5

Int. J. Fund. Appl. Sci. Vol. 8, No. 1(2019) 02-06

16. Halliwell, B. and Gutteridge. J. M. C. 1989) Free
Radicals in Biology and Medicine. second edition.
Oxford, Clarendon Press.
17. Hansen K. Stern RM, (1984). Toxicity and
transformation potency of nickel compounds in BHK
cells in vitro. In: Sunderman FW Jr, Aitio A, Berlin A
editors. Nickel in the human environment. IARC
scientific publication no. 53 .Lyon, France:
International Agency for Research on Cancer. p. 193200.
18. Hartwig A. Kruger I, Beyersmann D, (1994).
Mechanisms in nickel genotoxicity: The significance
of interactions with DNA repair. Toxicol Letr; 72:3538
19. Karadede, H. & Unlu, E., (2000) Concentration of
some heavy metals in water. sediment and fish species
from the Ataturk Dam Lake (Euphrates) T
Chemosphere, 4l: 1371-1376.
20. Khan, M. Z.. (2000) Determination of induced effect
in Agama against permethrin and neem fractions and
their effect on proteinic and enzymatic pattern. Ph.D
Thesis, University of Karachi, 142 pp.
21. Kiesecker, J. M.. (2002) Synergism between trematode
infections and parasite exposure: a link to amphibian
deformities in nature? Proceedings of National
Academy of Science USA, 99: 9900-9904.
22. Lelli Lcmon, S. V., Martin, S. J. and Cotter, T. G.
(1991) Dose- dependent induction of apoptosis in
human tumour cell lines by widely diverging stimuli
cell Proliferation, 24(2): 203-214
23. Lepp, N.W. (ed), 1981, Effect of heavy metal
pollution on plants, Vol2. Applied Science Publishers,
London.
24. Li. W. Mo, W. Shen, D., Sun, L., Wang, J., Lu, S.,
Gitschier, J. M. and Zhou, B. (2005) Yeast model
uncovers dual roles of mitochondria in action of
artemisinin. PLoS Genet. 1(3): e36.
25. Mahapatra B. B., M. Das, S. K. Dutta and P. K.
Mahapatra, (2010). Hematology of Indian tree frog
Polypedates maculates Gray, 1833 (Anura:
Rhacophoridae). - Comparative Clinical Pathology,
21: 453-460
26. Department of Health and Human Services, Public
Health Service, National Institutes of Health. NTP
TRS No. 451 National Toxicology Programme (1996).
NTP technical report on the foxicology and
carcinogenesis studies of nickel subsulphide (CAS No.
12035-72-2) in F344/N
27. National Academy of Sciences (NAS) (1975). Medical
and biological effects of environmental pollutants.
Nickel National Research Council, National Academy
of Sciences, Washington, D.C 277 pp. 164. 282 рр..
158 pp.
28. NRCC, (1980). Effect of form of iron on the
interaction between nickel and iron in rats: Growth
and blood parameters, J Nuar: If Nielsen FH 0:965-73
29. Nedelkoska.
T.V..
Doran,
P.M.
.(2000),
Characteristics of heavy metal uptake by plant species
with potential for phytoremediation and phytomining,
Minerals Engineering, 13, 549-561

Arya Alok et al.

Int. J. Fund. Appl. Sci. Vol. 8, No. 1(2019) 02-06

30. Norseth, T., Nickel. Pages 462-481 in L. Fribere
GNorerg, and V. B Vouk. editors. Handbook on the
toxicology of metals. Second edition. Volume specific
metals Elsevier, Amsterdam h I. Piscator M. Nickel.
In: L. Friberg. GF. Nordberg. VB. Vouk (Eds.), (1979)
31. Handbook on the Toxicology of Metals, Amsterdam,
Elsevier/North- Holland Biomedical Press. pp. 541553
32. Nozik-Grayck, E.. Suliman, H. and Piantadosi, C.
(2005) "Extracellular superoxide dismutase". Int. J.
Biochem. Cell. Biol, 37(12): 2466-2471
33. Obone E. Chakrabarty SK, Bai C, Malick MA.
Lamantagne L, Subramanian KS. (1999). Toxicity and
biaoaccumulation of nickel sulphate in SpragueDawley rats following 13 weeks of subchronic
exposure. J Toxicol Environ Health, 57 379-401
34. Pagano, G.. (2002) Redox-modulated xenobiotic
action and ROS formation: A mirror or a window?
Hum. Exp. Toxico. 21(2): 77-81
35. Peskova T. Yu. (2001). Influence of anthropogenically
polluted environment of amphibians. Volgograd,
Volgograd State Pedagogical Institute publishing. 156
p. (In Russian).
36. Phillips, K. (1994) Tracking the vanishing frogs an
ecological mystery. New York: St Martin's 244pp
37. Sunderman FW Jr, Coulston F, Eichhorn GL, (1975).
Nickel. Washington DC: National Academy of
Science, p. 97- 143.
38. Sunderman FW Jr, Hopfer SM, Sweeney KR, Marcus
AH, Most BM. Creason J, (1989). Nickel absorption
and kinetics in human volunteers. Proc Soc Exp Biol
Med. 191:5-11
39. Wall LM, Calnan CD, (1980). Occupational nickel
dermatitis in the electroforming Wa industry. Contact
Dermatitis, 6:414-20.
40. Waksvik H. Boysen M. (1982). Cytogenic analysis of
lymphocytes from workers in a nickel refinery. Mutal
Res, 103: 185-90.
41. Warner JS, (1979). Nickel carbonyl. Prenatal
exposure. Science, 203 1194-5.
42. Weber CW, Reid BL, (1969). Nickel toxicity in young
growing mice. J Anim Sei, 28: 620-3.
43. Weischer CH, Kordel W. Hochrainer D, (1980).
Effects of Nicl2 and NiO in Wistar rats after oral
uptake and inhalation exposure, respectively. Zentral
Bakteriol Mikrobiol tHyg (B), 171 336-51
44. Werner, D., Reglitzky, A., Schütze, A. and Reders, K.,
(2007) Automotive Fuels. In: Ullmann's Encyclopedia
of Industrial Chemistry, Wiley-VCH, Weinheim.
Inusrial Chemistry, Wiley-VCH, Weinheinm
45. Whanger PD, (1973). Effects of dietary nickel on
enzyme activities and mineral content in rats. Toxicol
Appl Pharmacol, 25: 323-31.
46. World Health Organization (WHO) (1991). Nickel.
Environmental Health Criteria 108. 383 pp.

6

