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Abstract: The present investigation explore the respiratory response and behavioural changes of the freshwater
crab Barytelphusa cunicularis after exposure to lethal concentration (1.00 ppm) of silver nanoparticles (AgNPs) and
Tributyltin oxide (TBTO) (2.44 ppm). The animals after acclimatization to the laboratory conditions were exposed
for 0, 2, 4, 8, 12 and 24 h to the toxicants. Total oxygen consumption was estimated by Winkler’s method (1960) and
the behaviour changes wereassessed by visually. In the present study, total oxygen consumption showed a gradual
decline from 0 to 24 h in the experimental animals exposed to silver nanoparticles and TBTO.
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Introduction
The effectiveness of Tributyltin oxide (TBTO) is a
result of the fact that it gradually leaches from the
hull killing the

surrounding area.

fouling organisms in the
Organotin compounds are
effective antifouling agents and have saved the
shipping industry billions of dollars by reducing
fuel consumption and reducing dry dock time. In
1980’s it was recognized that TBTO and other
organotin antifouling agnts have relatively long
half-lives in the environment. TBTO is organotin
compound which has been released in large
quantities from industrial, agricultural and urban

activity and thereby discharged into freshwater.
TBTO used as antifouling agent (Ozturk et al,
2008).
system and influence on the growth of aquatic

It causes damage to the reproductive

organisms. The body activity of animals can be
measured in terms of oxygen uptake which
represents growth and development of aquatic
animals. The aquatic organisms have to pass large
quantities of water over their respiratory surface
and are subjected to relatively high risk of
exposure to the toxic substances (Shelke and

Wani, 2005). AgNPs is used in coating and paint
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preparations to avoid bio-deterioration (Zeilecka
et al, 2011). AgNPs developed a more effective
antimicrobial vegetable oil-based paint with
embedded AgNPs but with a higher silver
concentration (34 mg of silver benzoate/4.8 g of
alkyd paint). AgNPs were produced in a single step
at ambient conditions without using external
reagents (Kumar et al., 2008). Holtz et al. (2012)
demonstrated that 1% (m/v) AgNPs supported on
vanadate dispersed in a
commercial water-based paint showed effective
antibacterial activity.

silver nanowires

Respiration is the most significant energetic
process shown by living organisms to obtained
energy in the form of ATP as energy currency to
perform different biological and physiological
likes reproduction, locomotion,
muscular contraction. Metabolic processes are
most sensitive parameters as indicator of stress as
all enzymatic reactions on the substances and
physiological responses are incorporated and
regulated in a unique manner (Dillon et al., 1981).
It is well known that respiration is a vital
phenomenon of life and rate
consumption in turn control the metabolic
activities and act as a measure of the intensity of
metabolism along with change in behaviour
pattern of an organism.The Metabolic response of
an organism to a changing or stressful
environment is an overall outcome of its adaptive
ability. Different species of crustaceans vary in
their ability to reduce metabolism. Therefore any
change in the respiratory activities can be
rightfully used as an indicator of stress in general
and toxicant induced changes in exposed animal in
particular stress behaviour (Fry, 1957). The
present investigation explore the respiratory
response changes of the
freshwater crab Barytelphusa cunicularis after

functions

of oxygen

and behavioural

exposure to lethal concentration (1.00 ppm) of
silver nanoparticles (AgNPs) and Tributyltin oxide
(TBTO) (2.44 ppm).

Materials and Methods

Fresh water crab Barytelphusa cunicularis (40-45
g) were collected from Aurangabad district

(Maharashtra), Kaigaon tok and were brought to
the laboratory. They were acclimatized in the
laboratory for three to four days before they were
used for experiments. Only healthy crabs were
carefully chosen for experimentation to avoid
problems of sex and size. The animals were fed
with earthworms. For each experiment 10 animals
were exposed to 2.44 ppm and 1.00 ppm lethal
concentration of 96 h LCs of tributyltin oxide and
(Finny, 1971). The oxygen
consumption for control group crab and toxicant

silver nanoparticles

exposed crabs was measured for 0, 2, 4, 8, 12 and
24 h. Estimation of oxygen consumption was
carried by Wrinkler’'s method as modified by
Strickland and Parsons.

The water from the respiratory jar was
carefully siphoned out in the stopper bottle and
oxygen content was determined according to
Golterman and Clymo (1969). The crab was then
taken out from the jar and carefully blotted to
remove excess of water, then weighed to obtain
weight of animal. The oxygen consumed by the
animal is expressed as mg of 0:/h/l /g body
weight. Simultaneously control group was also
maintained in tap water with experimental animal
group. The wet body weight of the individuals
used in each set of experimental animals. Each
experiment was repeated thrice and mean was
taken for calculations. The data are expressed as
mean+SE and statistically analysed for Student ‘t’
test (Mungikar, 1997).

Results and Discussion

There was normal feeding and all the crabs looked
healthy. Crawling movements were normal and
showed no signs of stress and eye movements and
body posture were normal at 0 h in control and
toxicant treated (AgNPs and TBTO) crabs.

The animals looked quite restless at 2 h in
response to exposure to AgNPs and TBTO.
Movements increased initially then became dull
gradually with normal eye movements at 4 to 8 h.
Most of the animals showed aggressive behaviour
at 12 and 24 h in AgNPs concentration compared
with the TBTO. Rapid movement of chelate legs

2



were observed with crawling upon each other and
trying to attack each other. Amount of fecal matter
was determined after exposure of crabs to TBTO
and AgNPs and control crabs for 24 h. It was found
that the amount of fecal matter is more and sticky
in toxicants exposed crabs than control crab.

The freshwater crab Barytelphusa cunicularis
are exposed to 2.44 ppm of TBTO and 1 ppm of
AgNPs concentrations at 0, 2, 4, 8, 12 and 24 h. The
first sets of observations were made using from the
stock aquarium containing tap water. This served
as control. Table 1 illustrates the changes in oxygen
consumption of crabs exposed to TBTO and AgNPs.
It is
consumption slightly changed at 0 - 2 h which was
0.77 and 0.79 with concentrations of 2.44 ppm
TBTO and 1 ppm AgNPs, respectively and
gradually decreased at 8 to 24 h in TBTO and
AgNPs treated crabs (Fig. 1).

evident from the result that oxygen

The use of measures of animal behaviour as
indicators and provide sensitive information about
a stress condition exposed to population. For
example, toxicologists are currently using
behavioural measures e.g. activity, feeding, and
anti-predator behaviour as bio indicators
(Clotfelter et al., 2004). It has been reported that
increased concentration of chloride, nitrate and
phosphate can be used as bio-indicator of pollution
as the plankton population was found to be
increased (Trivedi and Goel, 1986). Under stress
conditions the ability to locate food can also be
affected (Breithaupt et al., 1999). To overcome the
stress induced by TBTO and AgNPs concentration,
experimental animals showed increase in body
activity with aggressive behavioural changes due to
increased rate of metabolic reactions. It was
reported for brachyuran that
individuals reach adulthood at smaller sizes

some crabs
compared to the time before populations were
affected by intense fishing pressure (Abbe, 2002).
Rapid tail flipping and escape behaviour was
recorded in lobsters (Butterworth et al, 2004).
Respiration and heartbeat rates are two important
physiological
organisms, such as crabs, bivalves etc. For this

parameters in ectothermic

reason RR and HBR have been used to predict
physical and chemical stress effects for a long time.
Several have reported a dose-
dependent decrease of HBR for the chronic effects
of heavy metal exposure, such as copper (Curtis et
al, 2000). Few researchers have also reported
depletion in protein content in the different tissue

researchers

exposed to acute and chronic concentrations of
different pollutants. The in protein
content was reported in freshwater prawn
Macrobrachium kistnensis exposed to pesticides
(Nagbhushnam et al., 1972). It should be pointed
out that, in the present study,
continuously available in a nonreactive form, that
is, the elemental state. Preliminary data obtained by
experiment suggest a sudden precipitation of
AgNPs in seawater and a relatively low dissolution
rate of silver to Ag*. Dominguez-Wong et al. (2014)
prepared acrylic paints with TiO; de-corated with
AgNPs (15%v/v of a water dispersion of the
particles) and evaluated their antibacterial biofilm
activity at different humidity conditions, finding
that at lower relative humidity the antibacterial
activity dropped significantly. Main classes of
emerging contaminant in water industry, urban
runoff, Mining, agricultural and port activities can
release heavy trace metals such as cadmium (Cd),
aluminium (Al), cobalt (Co), chromium (Cr),
gallium (Ga), lead (Pb), copper (Cu), iron (Fe),
manganese (Mn), mercury (Hg), molybdenum
(Mo), nickel (Ni), tin (Sn), silver (Ag), vanadium
(V) and zinc (Zn) and metalloids like arsenic (As),
antimony (Sb) and selenium (Se) of environmental
concern to coastal waters (Angel BM, 2010). Some
of these are termed lithophile A-type metals like Sn,
Mn, Co, V, Cr and Ni (Schlenk, 1999). Whereas
atmophile B-type metal As, Hg, Se, Pb and Sn are
those with greater atmospheric mass transport
than that in streams/rivers (Abraham and Susan,
2017). Atmophile can be methylated and released
into the atmosphere as vapours. As, Hg and
probably Se can also be free as inorganic vapour
from burning of coal (Ayandiran et al., 2014).

decrease

silver was

It is wellknown that the increased level of
dissolved oxygen can provide a higher possibility of

existence of life in aquatic habitat. The dissolved
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Table 1: Oxygen Consumption of crabs after TBTO and AgNPs exposure

Hours Control TBTO (2.44 ppm) AgNPs (1.00 ppm)
0 0.73+0.016 0.77+0.015** 0.79+0.021*
2 0.69+0.032 0.73+0.028* 0.76+0.018**
4 0.57+0.028 0.68+0.012** 0.68+0.012**
8 0.53+0.017 0.59+0.017* 0.61+0.032*
12 0.49+0.029 0.47+0.020* 0.49+0.016**
24 0.43+0.028 0.39+0.016** 0.40+0.027*

Values are mean#SE (n=3) for oxygen consumption, * and ** indicate significance value P<0.05 and P<0.01,

respectively

Oxygen consumption

Oxygen consumption rate
(O, consumed by crab/gm wt/h

Exposure periods (hours)

H Control

—  HMletaldoseTBTO

AgNPs

Fig. 1: Oxygen Consumption of crabs after TBTO and AgNPs exposure.

oxygen is highly beneficial for the survival of all
aquatic organisms, not only for fish but also for
invertebrates crabs, clams, and
zooplankton. Moreover, it was observed that the
pollutant such as heavy metals, in the rivers were
lower than those from STPs. It was established that
a high pollutant concentration can cause an excess
algal growth in the rivers and progress as
eutrophication. Temporal variability in AgNPs

such as

concentrations can be principally explained by
temporal variability in the water discharge. It has
been reported that a higher water discharge from
the sewage effluent causes a higher AgNPs dilution
(Dumont et al., 2015).

Acknowledgements

The authors wish to thank authorities at
Chhatrapati Shahu Maharaj Research, Training
and Human Development Institute, Pune and Head
Department of Zoology, Dr. Babasaheb Ambedkar
Marathwada University, Aurangabad.

References

Abbe GR. (2002) Decline in size of male blue crabs
(Callinectes sapidus) from 1968 to 2000 near Calvert
Cliffs, Maryland. Estuaries 25: 105-114.

Abraham MR and Susan TB. (2017) Water
contamination with heavy metals and trace elements
from Kilembe copper mine and filing sites in



Western Uganda; implications for domestic water
quality. Chemosphere 169: 281-287.

Ayandiran TA, Ayandele AA, Dahunsi SO and Ajala 0O.
(2014) Microbial assessment and prevalence of
antibiotic resistance in polluted Oluwa River, Nigeria.
Egyptian ] Aquat Res. 40: 291-299.

Breithaupt T, Lindstrom DP and Atema ]. (1999) Urine
release in freely moving catheterized lobsters
(Homarus americanus) with reference to feeding and
social activities. ] Exp Biol. 202: 837-844.

Butterworth KG, Grieshaber MK and Taylor AC. (2004)
Behavioral and physiological responses of the
Norway lobster, Nephrops norvegicus (Crustacea:
Decapoda), to sulphide exposure. Mar Biol 144:
1087-1095.

Clotfelter ED, Bell AM and Levering KR. (2004) The
role of animal behavior in the study of endocrine-
disrupting chemicals. Animal Behav. 68: 665-676.

Curtis TM, Willlamson R and Depledge MH. (2000)
Simultaneous, long-term monitoring of valve and
cardiac activity in the blue mussel Mpytilus
edulis exposed to copper. Mar Biol 136(5): 837-846.

Dillon DM and Lynch MP (1981) Physiological
responses of stress in marine and estuarine
organisms, (eds.) Gary W.B. and Rutger R., John Wiley
and Sons Ltd.

Dominguez-Wong, C, Loredo-Becerra GM, Quintero-
Gonzdlez CC, Noriega-Trevino ME, Compedn-Jasso
ME, Nino-Martinez N, Dealba-Montero I and Ruiz F.
(2014) Evaluation of the antibacterial activity of an
indoor waterborne architectural coating containing
Ag/TiOzunder different relative humidity
environments. Mater Lett. 134: 103-106.

Dumont E, Johnson AC, Keller VD] and Williams R].
(2015) Nano silver and nano zinc-oxide in surface
waters - Exposure estimation for Europe at high
spatial and temporal resolution. Environ Poll. 196:
341-349.

Finney DJ. (1971) Probit analysis, 3" ed, Cambridge
University Press, Cambridge.

Fry FEJ. (1957) The aquatic respiration of fish. In:
Physiology of Fish, (ed.) Brown M.E., Academic Press,
New York, pp.163.

Golterman HL and Clymo RS. (1969) Methods for the
chemical analysis of freshwater. Blackwell Scientific
Publications, pp.172.

Grace AL and Gainey Jr LE (1987) The effects of copper
on the heart rate and filtration rate of Mytilus edulis.
Mar Poll Bull. 18(2): 87-91.

Holtz RD, Lima BA, Filho, AGS, Brocchi M and Alves OL.
(2012) Nanostructured silver vanadate as a
promising antibacterial additive to water-based
paints. Nanomed 8, 935-940.

Kumar A, Vemula PK, Ajayan PM and John G. (2008)
Silver-nanoparticle-embedded antimicrobial paints
based on vegetable oil Nat Mater. 7: 236-241.

Mungikar AM. (1997) An introduction to Biomertry.
Sarawati Printing Press, Aurangabad.

Nagbhushnam R, Deshpande ] and Sarojini R. (1972)
Effect of some pesticides on the biochemical
constituents of freshwater prawn, Macrobrachium
kistnensis. Proc Nat Symp Ecotoxicol. 73-84.

Ozturk M, Ozozen G, Minareci O and Minareci E. (2008)
Determination of heavy metals in fishes, water and
sediment from the Demirkoprill Dam lake (Turkey). ]
Agricult Biol Sci. 2(3): 99-104.

Schlenk D. (1999) Necessity of defining biomarkers for
use in ecological risk assessments. Mar Pollut Bull
39:48-53.

Shelke AD and Wani GP. (2005) Effect of mercuric and
cadmium chloride on oxygen consumption of
freshwater crab, Barytelphusa cunicularis. ] Aqua
Biol. 25(1): 167-169.

Trivedi RK and Goel PK. (1986) Chemical and biological
methods for water pollution studies. Environmental
Publications, India, pp. 167-171.

Zielecka M, Bujnowska E, Kepska B, Wenda M and
Piotrowska, M. (2011) Antimicrobial additives for
architectural paints and impregnates. Prog Org
Coating 72: 193-201.



