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Abstract: The nanoparticles accumulate in different organs like gill, liver, intestine, kidney and muscle in fish
Cyprinus carpio. The acute, chronic toxicity in the body through absorption by the gills and the glucose and
glycogen content in the liver were affected and imbalance occurs in the hormone levels. Silver nanoparticles
(AgNPs) are used widely in applications. Human exposure to AgNPs has been increased in recent years. AgNPs
are translated into blood streams and accumulated in organs and it is confirmed as organ toxicity and cause
eventually death. Metallic and soluble silver compound when exposed occupationally affects the potential
antimicrobial pathogens and cause numerous changes in the skin colour. For the optimum function of body
immunity, everyone needs nano-silver circulating in their bloodstream. The intensive ingestion and inhalation of
silver compounds create various toxic effects on the living organism in the environment, especially in fishes.
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I.  Introduction

Nano-technology is a valuable science evolved recently in science and technology. Silver to 100 nm
breaks to silver nanoparticles. In early day’s silver were plentiful in its metallic form in ground water. Silver
acts as a natural immune system in human body. Silver is a rarely occurring element in earth’s crust and
associated with other elements deposited at much higher concentrations. Silver has special properties with a
wide variety of applications and is used in high electrical and thermal conductivity. Due to its antibacterial
properties silver and variety of products, including clothes, food packaging, washing machines, children toys
and medical equipments increasingly incorporate silver nanoparticles (Lee and Jeong, 2005, Ben and
Westerhoff, 2008). The metal silver nanoparicles plays an important role in aquatic organisms. Silver
nanoparticles are naturally occurring precious metal. In the aquatic environment silver nanoparticles is estimated
to about 0.01 pgL * enhanced different changes in physically and biochemically (Tiede et al., 2009). Silver
nanoparticles increase in the aquatic environment from leaching, mining and anthropogenic sources in jewellery,
monetary, currency and photography (Chen and Schluesener, 2008) The intensive ingestion and inhalation of
silver compounds create various toxic effects on the living organism in the environment.

For the optimum function of body immunity, everyone needs nano-silver circulating in their
bloodstream. The silver nanoparticles in the aquatic environment are formed due to the release of free Ag” in
water (Navarro et al., 2008). The nanoparticles accumulate in different organs like gill, liver, intestine, kidney
and muscle in fish Cyprinus carpio. The acute, chronic toxicity in the body through absorption by the gills and
the glucose and glycogen content in the liver were affected and imbalance occurs in the hormone levels. Silver
and silver nanoparticles (AgNPs) are used widely in applications. Human exposure to AgNPs has been
increased in recent years. AgNPs are translated into blood streams and accumulated in organs and it is
confirmed as organ toxicity and cause eventually death. Metallic and soluble silver compound when exposed
occupationally affects the potential antimicrobial pathogens and cause numerous changes in the skin colour.
Under case study data from a 59-years old man, who was suffering from skin colour change, it was revealed that
he had ingested colloidal silver two or three times a year whenever he felt ‘cold’. The man believed that
colloidal silver had antibiotic properties. However, it leads to hypertension, hyperlipidemia, diabetes
gastroesophageal reflux disease along with this skin colour change. One of the most toxic metals is silver mainly
effects the disturbance of osmoregulation (Bianchini et al., 2002) cause injuries and reduce survival in
freshwater fish.

The mechanism behind nano silver toxicity demonstrates that nano silver reducement, may likely due
to impaired respiration, which leads to respiratory toxicity in fishes (Handy and Shaw, 2007) and is particularly
vulnerable to nanoparticles. Fish gills are sensitive to nanoparticles in recent studies. In aquatic organisms the
silver nanoparticles accumulate in different organs. At first the toxicant enters through the gills and reaches the
muscles and hepatic cells and affects the cells in the liver and automatically the glycogen level is decreased.
Then the toxicant moves to the stomach and intestine, where the digestive juices are decreased and digestion
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prolongs to slow process. Next the toxicant enters the kidney and the interstitial cells and the renal tubules are
affected. Consumption of food containing the chemicals taken up by either an organism directly from exposure
to a contaminated medium and it can be defined as the net accumulation of a metal in a tissue or a whole
organism. Metal bioaccumulation is influenced by multiple routes of exposure (diet and solution) and
geochemical effects on bioavailability. As metals are not metabolized, bioaccumulation of metals and metalloids
is of particular value as an exposure indicator. Similarly, bioaccumulation is often a good integrative indicator
of the chemical exposures of organisms in polluted ecosystems (Sung et al., 2008).

The acute (short-term test) and chronic (long term test) causing 50% mortality in the fish is calculated
as lethal concentration LC50. Median lethal concentration (LC50) which kills 50 percent of test organisms in a
fixed time according to Sprague (1969). In natural ecosystem acute toxicity is determined after 24 hours or 48
hours of exposure in tests and in some cases after 96 hours depends upon the development, growth and
reproduction (Rand and Petrocelli, 1985) on the basis of regulatory guideline. The researches over toxicological
effect of nanoparticles (NPs) are limited, only a few studies are on the acute toxic effects of NPs in aquatic
animals (Lovern et al., 2007). The mode of toxic action of substance and information on doses with target-organ
toxicity and lethality can be used in setting dose levels for repeated dose studies. Thus, it provides information
for comparison of toxicity and dose-response among members of chemical classes and help in the selection of
organisms and their materials for further work (Hedayati et al., 2010).

The Sublethal effect by pollutants is a long term process. Sublethal toxicity causes physiological
disturbances in fish and this toxicity affects in fishes allows us to define and understand the potential danger of
pollutant inputs (Oilva et al., 2009). The toxicity in the aquatic environment using sublethal level may inflict
stress mechanism and changes may occur in physiological, biochemical and behavioural processes, which leads
to imbalance physiological state in vital function. The changes by vital functions viz., nerve and muscle
functions, respiration, circulation, immune defence, osmoregulation and hormonal regulation. In the ecosystem,
toxicity testing is the monitoring or predicting the effects of single compounds, populations, elements or mixture
on the short and long term health of individual organism and this is the ultimate goal of toxicological studies. In
aquatic organism normal growth, development and attainment of reproduction depends upon the potential
hazard of silver nanoparticles and this process is the long term referred as chronic or full interfere with an
aquatic organism, is recognised as an understanding and evaluation in the concentrations produce chronic effects
and chronic toxicity (Zhou et al., 2008).

Changes by impairment of vital functions takes place in the biological systems due to external stimuli
referred as biomarker. Biomarkers are defined as exposure or effects of contaminant in biological system in fish.
Biological systems are contaminated by the contaminants and are highly toxic to fish. This affects the
behavioural process and changes occur in physiology and molecular level where toxic effects of pollutants are
determined (Agrahari and Gopal, 2009). Recently in polluted ecosystems the biomarkers monitors both the
environmental quality and health of organisms such as serum levels of metabolites, ion (Martinez and Souza,
2002), levels of hormones, such as thyroid (Van et al., 2006) and biochemical variables, such as glucose and
glycogen are commonly used as stress indicators (Firat and Kargin, 2010), bioaccumulation (Tilak et al., 2001).
In Cyprinus carpio, the physiology and ecology of an organism provides a perspective linking behaviour in its
environment (Little and Brewer, 2001). Behaviour is a sequence of quantifiable actions, operating through the
central and peripheral nervous system (biochemical and physiologic processes). It is essential to life for feeding,
reproduction and predator avoidance. In order to meet the challenge of surviving in a changing environment,
behaviour allows the fish to adjust to external and internal stimuli. Adaptations to environmental variables are
constantly adapting through direct interaction in the fish Cyprinus carpio. The stability for reproductive success
efficiently exploit resources and define suitable habitats (Little and Brewer, 2001).

The behaviour and physiologic state of plasma and serum reflect in animals because they are the
products of intermediate metabolism (Firat and Kargin, 2010). For metabolic activity energy precursor like
protein, carbohydrates and lipid play a major role in fish practicably and quantitatively. In carbohydrate
metabolism the serum glucose and glycogen utilization are affected by toxicant. This toxicant affects the tissue
release and uptake of carbohydrate level and used as biomarkers under toxicant stress. The stress in fish due to
toxicant appeared to be a sensitive indicator in the uptake of blood glucose and glycogen level in aquatic
environment. Many investigators have reported alternations in blood glucose and tissue glycogen content under
the stressful conditions may be of handling, forced exercise, thermal shock and contact with xenobiotics (Martin
Deva Prasath and Arivoli, 2008). In aquatic toxicology, biomonitoring biochemical parameter is commonly used
as a diagnostic tool for measurement. The exposure of nanoparticles affects the physiological and biochemical
reactions and affects the endocrine tissues. These tissues incur by exposure of chemical stressors and maintain
homeostasis for the growth of organisms. The growth of organisms by the measurement of hormonal
concentrations in the blood may be used to gauge the impact of contaminants on metabolism, growth and
reproduction. The ability of endocrine tissues responds to plasma hormone levels to their appropriate releasing
factor. The hormones, the thyroid hormones such as thyroxine (T4) and triiodothyronine (T3) are most
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extensively studied group of stress-related hormones in fish (Brown et al., 2004). The regulation of endocrine
organs in fish experiencing stress related, mainly with two principle neuron endocrine axes. Chromaffin cell
axes with the catecholamines in the sympathetic hypothalamus, epinephrine and nor epinephrine as end products
and the inter renal axis in pituitary hypothalamus—with hormone is its end product. Hormone influences an array
of physiological parameters including carbohydrate, metabolizing and mobilization of amino acid and fatty
acids from cellular stress, gluconeogenesis and plasma protein production (Van der Ven et al., 2006)

The physiological functions like growth, development and metabolism of vertebrates play an important
role in ion regulation, energy metabolism, growth and reproduction (Bres et al., 2006, Powers et al., 2011).
Silver nano particles affect the level of thyroid hormones and its level are demonstrated to be decreased (Deane
et al., 2001) (Van der Ven et al., 2006). To assess thyroidal hormone status and for growth of fish thyroid
hormones Triiodothyronine (T53) and Thyroxine (T,) in the plasma of fish has been used as suitable biomarkers.
After exposures of silver nanoparticles to freshwater fish gill epithelium disrupts, thus epithelium permeability
increases and hyperosmosis takes place in the surrounding water, and thus lead to a final significant decreased
of ion concentrations, protein and plasma osmolality. In fish Cyprinus carpio exposure of silver nanoparticles
causes significant alterations in plasma hormone concentrations and has been reported (Lavanya et al., 2013).

Histopathology is an important biomarker in fish commonly observed in studies involving Ag NPs,
with high ionic strength particularly when diluted in media (> 10 mM). This histology agglomerates the rate of
degradation or cell uptake, and affects their bioavailability and internalizes the cell variables. The most
important experimental parameters in vivo toxicological studies depend upon the source and type of AgNps in
variation in particle size, shape and surface chemistry impacts on toxicity. It’s necessary to analyze silver and
AgNPs makes significant temporal changes during experimental trial. Kelly and Janz (2009) reported that
histopathological lesions to cells and tissues reflect the concerted effects of multiple different mechanisms of
action rather than only a few, as is typically the case with biochemical endpoints. Silver nanoparticles discharge
in freshwater ecosystem through the routes of synthesis, production, transferring goods. Silver nanoparticles
have been modelled differently along with the routes of silver (Blaser et al., 2011).

Ag NPs have noticeable toxicity against several cell lines as well as a number of aquatic organisms, but
the mechanistic basis of these toxic effects is now an area of active research. To the people of India fish are the
chief source of protein, for the survival of fish, water is an important component. The changes in water quality
depends upon the extensive use of chemicals, organic enrichment of surrounding water by nutrients and solid
wastes, current aquaculture practices, higher stocking densities into the system are the marked problems in water
(Matos et al., 2006). Toxicity of silver nanoparticles in fishery water is the matter of investigation and it is a
proven fact that how much amount can be used in fishery water depends upon the health and quality of cultured
fish, it is worth asking whether the chemicals used in aquaculture practices, as well as the contaminants present
in the surrounding waters, have a negative impact on fish health (Fernandes et al., 2008). Silver particles in
aquatic environment is increased especially for the nonmaterial’s concerned and only little data’s are available
on fish Cyprinus carpio relating silver nanoparticles. In ecotoxicity monitoring, the measurement of the
mortality response after the exposure to nanoparticles could provide useful data for aquatic monitoring as a
bioindicator. In the current study, exposure of silver nanoparticles on fish Cyprinus carpio may provide insights
to the potential toxic effects of AgNPs on aquatic environments and introduce most toxicants material and the
conventional median lethal concentration tests were conducted. The ecotoxicity of nanomaterials in fresh water
ecosystems could be valuable in relation to aquatic nanoecotoxicology of fish Cyprinus carpio.

Il. Materials And Methods
1. Bioaccumulation studies by the method APHA, 1998.
2. Bioassay Static flow methods APHA, 1985.
3.Glucose by O-Toluidine method (Cooper and Mc Danial, 1970).
4. Glycogen by Anthrone method (Samseifter et al., 1949).
5. Thyroid hormone by Thyroxine (T,) Triiodothyronine (T3) - (ELISA of hormones) using kits.
6. Histopathological studies by pears (1968), Roberts (1978) and Humason (1979) were followed for gill, liver
and kidney.
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I11. Results
Fig 1. Represents the accumulation of silver nanoparticles LC50 of silver nanoparticles for 24 hrs
in Cyprinus carpio at 24, 48, 72, 96 hours’ concentration.
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IV. Discussion

In this study in all the parameters the experimental values were decreased when compared to the
control except bioaccumulation studies. The nanoparticles accumulate in different organs like gill, liver,
intestine, kidney and muscle and the changes were observed in fish Cyprinus carpio and this is due to
disturbance of osmoregulation that cause injuries and reduce survival in freshwater fish. The bioassay
determines the static flow methods were the acute, chronic studies are observed, the changes were noted and it is
due to excess mucous all over the surface of the body, rapid opercular movements, floating upside down, and
finally death occurs. In biochemical studies the glucose level decreased due to induction of hypoglycemia in the
fish and glycogen content were evaluated and decreased due to the absence of metabolite named plasmatic
pyruvate in liver and in hormone level the changes in the thyroid hormone such as triiodothyronine and
thyroxine were observed and this is due to suppression of immune response. The histopathological changes in
aquatic organisms especially in fish Cyprinus carpio, the effect of metal silver nanoparticles in the cells of gill,
liver and kidney were observed and this were due to epithelial lifting, hyperplasia and hypertrophy of epithelial
cells in gills, and in liver it might be due to distinctive lesions and the severity of the lesions, changes in
hemopoietic tissues resulting severe necrosis in kidney..

Nanotoxicology is a branch of bionanoscience which deals with the study of nanomaterials and their
impact on living organisms’ threat to the environment and to human beings. Nanoparticles are small sized
particles. In the aquatic environment nanoparticles depends on different types of factor such as organic matter,
pH, composition and ionic strength. These small sized particles leads to a high volume surface ratio metals and
other compounds which in turn leads to a lot of binding sites (Moore 2006). Accumulation of nanoparticles
enters through the membrane and accumulates inside the cell and causes damage to the cell (Choi et al., 2008).
Silver nanoparticles have been reported to have an effect on accumulation, DNA and development,
reproducibility. In this study fresh water fish Cyprinus carpio showed effects on survival, embryonic growth and
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pigmentation at high concentration of AgNP which affects the swim bladder and larval swimming at low
concentration of AgNP. Due to the exposure of silver nanoparticles neuro behavioral changes occur and this is
the end points and those changes are different from Ag* (Powers et al., 2011).

The heavy metal silver nanoparticles accumulate in fishes in different organs. The term
bioaccumulation is defined as the chemicals taken up by an organism either directly from exposure to a
contaminated medium or by consumption of food containing the chemical. Accumulation of metals and
metalloids is of particular value as it acts as an exposure indicator since metals are not metabolized. At some
bioavailability all trace metals are toxic. Bioavailable toxic metal may come under selection for changes in one
or more physiological processes, thus aquatic organisms are exposed to the rate of efflux of detoxification of
accumulated metal into a relatively processing level. Half of the body surface areas comprise fish gills with an
epithelial lifting in the environment. As results of this close association between the water and blood, the gills
are strongly affected by environmental pollutants. Due to accumulation of these metals in gills alterations like
epithelial lifting, hyperplasia and hypertrophy of epithelial cells, oxygen uptake is impaired (Fernandes and
Mazon, 2003). Liver and intestine causes the metabolic problems. Bile is affected and digestion stagnation
occurs in the liver and intestine. The accumulation of pollutants in bile indicates damage to the hepatic
metabolism (Fanta et al., 2003).

In aquatic environment, many heavy metals are present in water. The toxicity of heavy metal poisoning
is defined as, “functional or morphological change in the body is due to ingested, injected, inhaled or absorbed
drug, chemical, or biological agent”. The toxicity of metal silver is influenced by many factors like solubility,
binding specificity to a biological site. Among metals, silver is considered as an important metal where silver to
100um breaks to silver nanoparticles, used for treatments like argyrosis, curing of oncogenic gene cells. More
than 1.0ppm of this metal is toxic to aquatic organisms especially to fishes. Silver particles in aquatic
environment are based on their potential toxicity. In contrast, the affinity of silver for membrane and neuronal
structures and the deposition of silver in an insoluble compound (Ag,S) leads to the progression of clinical
diseases like generalized argyria. Bluish-black pigmentation is observed in a tissue resulting from the deposition
of an insoluble albuminate of silver is referred as argyrosis. It is a pathologic disease. In bulk form silver cause
cronic toxicity to fish (Gulbranson, et al., 2000).

Bioassay studies are accepted as standard methods for assessing toxicity of chemicals (APHA et al.,
1985). The aim of using bioassay in monitoring of environmental pollution is to establish a relationship between
toxicity and concentration of pollutant being studied in the biotope; the toxic effects can be classified viz.,
effects that occur very quickly after a brief exposure to a chemical agent (acute) and those that appear only after
repetitive exposure to the substances (chronic). Since fish are the chief source of protein to the people of India,
Indian aquaculture plants are used for higher fish production by minimizing the area of cultivation and water
usage. Toxicity of silver nanoparticles to fish is a proven fact but how much amount can be used in fishery water
is the matter of investigation. Regarding the health and quality of cultured fish, it is worth asking whether the
chemicals used in aquaculture practices, as well as the contaminants present in the surrounding waters, have a
negative impact on fish health. In Cyprinus carpio the 24-hour nanosilver LCs, value has been found to be 1
mg/L"" exposed to metal. Accordingly, it is clear that silver nanoparticles of various sizes and with or without
different stabilization agents possess different levels of toxicity in different organisms, under different exposure
times and conditions.

The recent study demonstrates that, nanosilver particles reduces swimming activity in fish, may be due
to impaired respiration. AgNPs cause respiratory toxicity in fishes and are particularly vulnerable to
nanoparticles. Fish internal organs are sensitive to nanoparticles (Sung et al., 2008). In the aquatic environment,
the concentration of silver nanoparticles from consumer products is predicted to be about 0.01 ng L-1 (Tiede et
al., 2009). The expected extensive uses of nano silver undoubtedly increase the discharge of nano silver to the
aquatic environment. Respiratory disturbance is caused by various nanoparticles, Titanium dioxide nanoparticles
in rainbow trout (Oncorhynchus mykiss) (Federici et al., 2007), Single walled carbon nanotubes elevated
ventilation in rainbow trout and surface ventilation is induced by silver nanoparticles exposure in Cyprinus
carpio (own observations). The nanoparticles of copper also act on the gills in Zebra fish (Griffitt et al., 2007).
The high percentage of silver metallic form characterizes nano-silver products. It is noticeable that ionic silver
becomes silver chloride in the stomach or blood stream and the solubility of silver chloride is low. The silver
chloride is less effective when compared to metallic silver. The metallic particles can survive in the body and
the hydrochloric acid of the stomach to remain effective inside the body. On aquatic systems like ocean, lakes,
rivers, ponds silver has adverse toxic effects unexpectedly. In fresh water fish, the acute toxicity of silver
appears to be caused solely by ionic Ag” interacting in the gills, affecting basolateral Na*, K*, -ATP ase activity.
Active Na', and cl” uptake is inhibited by disruption of this enzyme and osmoregulation by the fish. It is
indicated that silver may be adversely affecting the health of the estuarine fish by recent studies with macro
invertebrates.
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Most of the silver is in the form of metallic silver nanoparticles and the remaining silver is in ionic
form. The total surface area of the silver exposed in solution is minimized because of the small size of the
particles, resulting in the highest possible effect per unit of silver (Alt et al., 2004). A very small concentration
of silver in nanosilver provides greater effectiveness inside the body than silver solutions in the colloidal form.
A potential cytotoxic effect can be showed by silver nanoparticles on mammalian germ line stem cells. The
cytotoxic effects of silver nanoparticles on mammalian germ line stem cells were investigated in the
experimental case study of Braydich — Stolle et al. (2005). The effect on cell morphology, mitochondrial
membrane and function leakage was taken into consideration. In this study silver nanoparticles at 10 ng/ml, and
above concentration showed dramatic changes like necrosis and apoptosis of cells. The mitochondrial function
and cell viability was drastically reduced by silver nano particles at 5-10 ng/ml. In the literature of Drake et al.
(2005), it was mentioned that colloidal silver protein had been used for allergy cold medication in eydrops to
alleviate soreness (Loeffler and Lee, 1987) and for the treatment of various ailments. Discoloration in the finger
nails, octuar agyrosis and generalized argyria is caused by the prolonged usage of this silver protein.

Several organs of Cyprinus carpio fish which was exposed to nanosilver did not reveal nanosilver
desposits in the dark field of micoscopy, In the aquatic environment the concentration of nanosilver used in the
present study was higher than the estimated concentrations of silver. Due to disruption of membrane transport
processes the toxicity of silver is hypothesized, which disturb Osmoregulation, finally lead to cell death. The
mechanism of action of silver to adult Cyprinus carpio was investigated. This action leads to increase of
salinity, cl’, in water occurred to increase the toxicity. Ag”™ binds to the gill surface and interferes with Na*/cl
uptake, might leads to decrease in plasma Na* and cl” concentrations and fluid balance. Silver can be taken up
through different ion channels, cell surface and ligands. (Ratte, 1999). Bioaccumulation and uptake rate of silver
ions, Ag” have been reported to have high bioconcentration factors, (<10.5pg/mL). Low concentration of free
Ag" ions in water is due to sulphide complexes. In aquatic organisms’ up take of silver nanoparticles through
gills, epithelia, membrane and surface. At cellular level, intake of nanoparticles occurs via endocytosis. For
several aquatic organism’s silver ions was found to be more toxic. (Navarro et al., 2008.).

Silver ions of the nanoparticle suspension where nanoparticles inherent toxicity. Fish exposed to silver
nanoparticles shows extra variations of blood. Increased mucus secretion has been noticed in Cyprinus carpio.
Through gill the mucus production is increased to trap and transport this toxicant away from the gills. This
study proves that silver nanoparticles reduce the ability of fish to take oxygen from the water during progressive
oxygen depletion, which leads to increased vulnerability to hypoxia. In the context of biosensing and biological
imaging strong optical properties of AgNps can be found useful. This offers good opportunities to study
nanoparticles uptake and biodistribution, in vitro as well as in vivo studies (Seok-Jeong oh et al., 2014). AgNPs
can support a variety of bio analytical sensing and imaging modalities and localized surface plasmons that leads
to resonant light scattering and other optical properties (Yi Zhang et al., 2014). Recent application of AgNps
include the detection of biomarkers in Alzheimer’s disease (Chao-Hung et al., 2014), the targeted imaging of
cancer cells (Liya Guo et al., 2013).

The Plasmon-enchanced optical activities of AgNps enable for evaluating their eventual degradation.
Cell death through oxidative stress-related mechanisms significantly increases by AgNPs which results in DNA
damage in animal cells. In fish embryos, larvae and on adult fishes harmful effects and cytoxicity is showed by
AgNps. The toxicity of silver nanoparticles in fish Cyprinus carpio species at early-life stages were
investigated. The results suggested that AgQNPs may have toxic potential toward Cyprinus carpio and AgNPs-
induced mortality might provoke higher-level consequences, which could comprise a contribution to the
knowledge on the aquatic toxicity of AgNPs on aquatic ecosystems. However, further research on the
mechanism behind AgNPs-induced damage and mortality based on the ecotoxicity of AgNPs in Cyprinus
carpio. Based on the obtained results of this study, it is suggested that small-sized nanosilvers are more active to
exert toxicological or biological responses and they induce mortality responses by repeated water exposure.

Analysis of blood chemistry by fish physiologists can provide important information about the function
of organs in fishes specifically to detect and assess the metabolic disturbances in aquatic environment and
aquatic ecosystems. Plasma and serum reflects the physiologic state of animals because they are the products of
intermediate metabolism (Firat and Kargin, 2010). Fish physiologists make use of blood chemistry normal value
indices for evaluation of fish stress responses, nutritional condition, reproductive state, tissue damage due to
handling procedures and health status (Congleton and Wagner, 2006). In blood, hormones are measurable target
tissues where silver nanoparticles act on and effects on osmoregulation, ion regulation or water change across
gills, kidney intestine and skin in fish and its secretion may be subjected to complex feedback. In fish Cyprinus
carpio, alterations of plasma thyroid level were observed to environmental nanoparticles (Power et al., 2011).
Silver nanoparticles disrupts thyroid axis and may seriously compromise normal development, differentiation,
growth and reproduction in many fishes. In response to developmental state and age, natural variation in thyroid
status and the effect of silver nanoparticles have been demonstrated (Suchiang et al., 2001).
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They regulate many metabolic processes and are paramount in early development, thyroid hormones
play role in growth and reproduction. THS (Thyroid hormone) play crucial role in metabolic process and are
essential for normal growth, differentiation and development of vertebrates (Morgado et al., 2007). In
reproduction and development, TSH implicate in fish. During metamorphosis on larval transition increased
levels are reported and high concentrations are present in fish eggs. In homeostasis of plasma THS, THS are
lipophylic and can rapidly diffuse into tissue and for this reason binding to transport proteins play an important
role. Increased in circulating T5 were correlated in the T; — supplemented fish with a decline in plasma T,. A
decrease of the thyroid gland activity is indicated by this diminution, which might account for a decline in TSH
secretion. Moreover, regulation of TSH secretion by the TH has been demonstrated in the Colo Salmon. Due to
the change in equilibrium between T and T, level is elevated and maintained by peripheral monodeiodination
processes, causing a backing up of plasma T, levels. Another possible explanation is that the very high T3 levels
in elevated measured T, filters as a result of interference of Ts in the T, assay. A hyperactivity of the thyroid
follicles is induced by silver nanoparticles, which results in a decrease of the T, concentrations, the T;
concentration, which is regulated by the deiodination in peripheral tissues, is not affected in Cyprinus carpio
(Schitzler et al., 2008).

Silver nanoparticles (AgNPs) are commonly used for solar energy absorption, spectrally selective
coatings and acts as chemical catalysts especially for antimicrobial sterilization made them one of nonmaterial’s
in many applications (Pal, et al., 2007). Open access literature regarding the toxicity of nanoparticles (Nps) is
still emerging and gaps still exist in our knowledge of this area. Biosystem may have serious ecological
consequences and affect human and animal health due to the presence of Nps (Handy et al., 2012). Chronic
inhalation and consumption of Nps are the most dangerous implications (Moore, 2006). This implication of
nanoparticles leads to the histopathological changes and aggregation in the aquatic environment. The
concentration of various nanoparticles for fish ranged from 100 g L™' to 1 mg L™ , while the lethal
concentration of nanoparticles reaches the milligrams per liter range. The concentrations of Nps in surface water
range from nanograms per liter to low micrograms per liter which affects the organs like the gill, liver, kidney
(Handy et al. 2012). Up take of silver ions ruptures the permeability of membrane and destroy cell wall which
could cause cell lyses and silver ions also inhibit different important cycles (S, N and P).

Fish exposed to AgNPs showed similar pathological changes: irregular structure and pyknotic nuclei of
epidermis, aplasia and/or fusion of lamellae, telangiectasis, epithelial necrosis and lifting of the gills, dilation of
sinusoidal space, overfilled blood vessels, and pyknotic nuclei of the liver. The tissues and organs of fish are
affected by silver iron exposure leads to a slight increase in mortality. As mortality is the most obvious sign of
progression of serious pollutant at the organism level, the impairment role of survival due to AgNPs exposure
may be considered a consequence of a serious progression of population mortality. It has been confirmed that
AgNPs are translated into blood circulation and accumulated in organs like gill, liver and kidney and causes
organotoxicity, and histopathological test were examined and finally death occurs. It was concluded that silver
nanoparticles at 10 pg /ml, and above concentration showed dramatic changes like necrosis and apoptosis of
cells. The concentrations of nanosilver used in the present study in Cyprinus carpio are higher than the
estimated concentrations of nanosilver in the aquatic environment. Prolonged usage of this silver protein as a
medication caused discoloration in the fingernails, occurs agyrosis and damages the cells.

Reference
[1]. Lee HJ, Jeong SH. Bacteriostasis and skin innoxiousness of nanosize silver colloids on textile fabrics.Text. Res. J. 2005; 75:551-
556.
[2]. Benn TM, Westerhoff P. Nanoparticle silver released into water from commercially available sock fabrics. Environ Sc

Technol.2008;42(11):4133-4139. CrossRefGoogle Scholar.

[3]. Tiede K, Hassellov M, Breitbarth E, Chaudhry Q, Boxall ABA. Considerations for environmental fate and ecotoxicity testing to
support environmental risk assessments for engineered nanoparticles. J.Chromatogr. A 2009;1216: 503-509.

[4]. Chen X, Schluesener HJ. Nanosilver,A nanoproduct in medical application.Toxicol.Lett.2008;176:1-12.

[5]- Navarro E, Piccapietra F, Wagner B, Marconi F, Kaegi R, Odzak N. Toxicity of silver nanoparticles to Chlamydomonas
reinhardtii. Environ. Sci & Technology, 2008;42:8959-8964.

[6]. Bianchini A, Grosell M, Gregory SM, Wood CM. Acute silver toxicity in aquatic animals is a function of sodium uptake rate.
Environ. Sci. Techno. 2002; 36:1763-1766.

[7]. Handy RD, Shaw BJ. “Ecotoxicity of na nomaterials to fish: challenges for ecotoxicity testing, Integ Environ Assess and Manag,
2007;3:458- 460.

[8]. Sung JH, Ji J, Yoon H. Lung function changes in Sprauge-Dawley rats after prolonged inhalation exposure to silver nanoparticles.
Inhalation Toxicol. 2008; 20: 567-574.

[9]. Lovern SB, Strickler JR, Klaper R. Behavioral and physiological changes in Daphniamagna when exposed to nanoparticle
suspensions 2007; (titanium dioxide, nano-C-60 and C(60)HXC (70)HXx).

[10]. Hedayati A, Safahieh A, Savar J, Marammazi G. Detection of mercury chloride acute toxicity in Yellowfin sea bream. World J.Fish
and Marine Science, 2010; 2(1): 86-92.

[11]. Oliva M, Garrido MC, Marques DS, Gonzalez de Canals ML. Sublethal and lethal toxicity range-finding test exp. Toxic.Pathol.
2009. 6;1:113-121.

DOI: 10.9790/2402-1407032836 www.iosrjournals.org 34 | Page



Review of Silver nanoparticles in Freshwater fish “Cyprinus carpio”

[12].
[13].
[14].
[15].
[16].
[71.

[18].

[19].
[20].
[21].
[22].
[23].
[24].
[25].
[26].
[271.
[28].

[29].
[30].

[31].
[32].
[33].

[34].
[35].

[36].
[37].
[38].
[39].
[40].
[41].
[42].
[43).
[44].
[45].
[46].
[47].

[48].

[49].

Zhou X, Li M, Abbas K, Wang W. Comparision of haematology and serum biochemistry of cultured and wild Dojo Loach
Misgurnus anguillicaudatus fish physical. Biochem. 2008;35:435-441.

Agrahari S, Gopal k. Fluctuations of certain biochemical constituents and markers enzymes as a consequence of monocrotophos
toxicity in the edible freahwater finh, Channa punctatus.pest Biochem Physiol. 2009;94:5-9.

Martinez CBR, Souza MM.. Acute effect of nitrite on ion regulation in two neotropical fish species. Comp. Biochem.Physiol. A
2002;133:151-160.

Van LTM, Van den Brandhof EJ, Vos JH, Power D. Effects of the antithyroid agent propykthiouracil in a partial life cycle assay
with Zebrafish Envirom. Sci. Technol. 2006;40: 64-81.

Firat O, Kargin F. Individual and combined effect of heavy metals on serum biochemistry of nile tilapia Oreochromis
niloticus.Arch. Environ. Contam.Toxicol., 2010; 58: 151-157.

Tilak KS, Veeraiah K, Yacobu K. Studies on histopathological changes in the gill liver kidney of Ctenopharyngodon idellus
(Valenciennes) exposed to technical fenvalerate. Pollut.Res. 2001;.20:387-393.

Little EE, Brewer SK. Neurobehavioural toxicity in fish. In: D. Schlenk and W.H. Benson (Ed), Target Organ Toxicity in Marine
and Freshwater Teleost New Perspectives: Toxicology and the Environment, Taylor and Francis, London and New York, 2001;.2:
139-174.

Martin Deva Prasath P, Arivoli S. Biochemical study of freshwater ~ fish Catla catla with reference to mercury chloride.lranian J.
Env.Health Sci. 2008. 5;2:109-116.

Brown SB, Adams BA, Cyr DG, Eales JG. Contaminant effects on the teleost fish thyroid. Environ. Toxicol. Chem. 2004 ;23:1680-
1701

Van der ven LTM, Van den Brandhof EJ, Vos JH, Power DM. Effects of the antithyroid agent propykthiouracil in a partial life
cycle assay with Zebrafish Envirom. Sci. Technol. 2006;40: 64-81.

Bres O, Plohman JC, Eales JG. A Cdna for a putative type |1l deiodinases in the trout (Oncorhynchus mykiss) influence of holding
conditions and thyroid hormone treatment on its expression.Gen. Comp. Endocrinol. 2006;145: 92-100.

Deane EE, Woo NY. Impact of nitrine exposure on endocrine, osmoregulatory and cytoproductive functions in the marine teleost
Sparus sarba.Aqugt.Toxicol. 2007; 82:85-93.

Kellya JM, Janz DM. Assessment of oxidative stress and histopathology in juvenline northern pike (Esoxlucius) in habiting lakes
downstream of a uranium mill. Aquat.Toxicol. 2009;92:240-249.

Blaser RE, Penalosa YM. Stimuli affecting zebrafish (Danio rerio) behavior in the light/dark preference test. Physiology &
Behavior, 2011;.104: 831-837.

Powers CM, Slotkin TA, Seidler FJ, Badireddy AR, Padilla S. Silver nanoparticles alter zebrafish development and larval behavior:
distinct roles for particle size, coating and composition Neurotoxicol.Teratol. 2011;1-7.

Matos J, Costa S, Rodrigues A, Pereira R, Pinto IS. Experimental integrated aquaculture of fish and red seaweeds in Northern
Portugal. Aquqgculture 2006;252: 31-45.

Fernande C, Fountainshas-Fernandes A, Rocha E, Salgado MA. Monitoring pollution in esmeriz in Lisa salines.Envion. Assess.
2008;45:315-322.

APHA. (American Public Healtn Association).Standard Methods for the Examination of Water and Waste Water 1998; (20" Eds.).
APHA, AWWA, WPCF. In: Standard Methods for the Examination of Water and Waste Water (16™ Eds.). American Public Healtn
Association, Washington, USA. 1985.

Cooper GR, MCDaniel V. Standard methods of clinical chemistry (Sd) Slinger, Academic press. 1970;159.

Samseifter DS, Novic B, Muntwyler E. The estimation of glycogen with anthrone reagent.Federation Proceedings. 1949; 8: 249.
Roberts RJ. The pathophysiology and systematic pathology of teleosts, and laboratory methods. In: Fish pathology. (I Ed),
Bailliere Tindall, London. 1978;67: 235-246.

Humason GL. Animal Tissue Techniques, (4th Ed.), W.H. Freeman and Company, San Francisco, California, 1979; 661.

Moore MN. Do nanoparticles present ecotoxicological risks for the health of the aquatic environment. Environ. Interl, 2006;32:
967-976.

Choi K, Kim Y, Jung JY, Kim M, Kim C, Kim N, Park J. Occurrences and ecological risk of roxithromycin, trimethoprim, and
chloramphenicol in the Han River, Korea.Environ.Toxicol. Chem. 2008; 27(3):711-719.

Fernandes MN, Mazon AF, Val AL, Kapoor BG. Environmental pollution and fish gill morphology. In: (Eds.), Fish Adaptation.
Science Publishers, Enfield. 200; 203-231.

Fanta E, Rios FS, Romao S, Vianna ACC, Freiberger S. Histopathology of the Corydoras paleatus contaminated with sublethal
levels of organophophorus in water and food .Ecotoxocology andEnvironmental Safety 2003;.54:199-130.

Gulbranson SH, Hud JA, Hansen RC. Argyria following the use of dietary supplements containing colloidal silver protein. Cutis.
2000; 66:373-376.

Federeci G, Shaw BJ, Handy RD. Toxicity of titanium dioxide nanoparticles to rainbow trout (Onchorhychus mykiss): gill injury,
oxidative stress, and other physiological effects. Aquat.Toxicol. 2007;84:415-430.

Griffitt RJ, Weil R, Hyndman KA, Denslow ND, Powers K, Taylor D, Barber DS. Exposure to copper nanoparticles causes gill
injury and acute lethality in zebrafish (Danio rerio). Environ Sci Technol. 2007;41(23):8178-86.

Alt V, Bechert T, Steinrucke P, Wagener M, Seidel P, Dingeldein E, Domann E, Schnettler R. An invitro assessment of the
antibacterial properties and cytotoxicity of nanoparticulate silver bone cement.Biomaterials. 2004;25: 4383-4391.

Braydich SL, Hussain S, Schlager JJ, Hofmann MC.. In vitro cytotoxicity of nanoparticles in mammalian germline stem
cells. Toxicol. Sci. 2005;88:412-419.

Drake P L, Hazelwood KJ. Exposure-related health effects of silver and silvercompounds. Ann. Occup. Hyg. 2005;49:575-585.
Ratte HT.. Bioaccumulation and toxicity of silver comp ounds: A Review Environ.Toxicol and Chem.1999;18:89-108.

Seok-Jeong O, Kim H, Liu Y, HanH, Kwon K, Chang KH, Park K, Kim Y, Shim K, Seong SA, Lee MY. Incompatibility of silver
nanoparticles with lactate dehydrogenase leakage assay for cellular viability test is attributed to protein binding and reactive oxygen
species generation. Toxicology .2014; 422-432.

Yi Zhang, Xingjie Gao, Lei Zhi, Xin Liu, Wei Jiang, Yanhua Sun, Jie Yang. The synergetic antibacterial activity of Ag islands on
ZnO (Ag/Zn0O) heterostructure nanoparticles and its mode of action. J. Inorg. Biochem, 2014; 130: 74-83.

Chao-Hung Kuo, Chien-Yu Lu, Yuan-Chieh Yang, Chieh Chin, Bi-Chuang Weng, Chung-Jung Liu, Yen-Hsu Chen,Lin-Li Chang,
Fu-Chen Kuo, Deng-Chyang Wu, Hong-Lin Su. Does Long-Term Use of Silver Nanoparticles Have Persistent Inhibitory Effect on
pH. pylori Based on Mongolian Gerbil’s Model BioMed Research International 1-7. Chem. 2014;25: 1132-1137.

Liya Guo, Weiyong Yuan, Zhisong Lu, Chang Ming Li. Polymer/nanosilver composite coatings for antibacterial applications.
Colloids and Surfaces A: Physicochemical and Engineering Aspects. 2013; 439: 69-83.

DOI: 10.9790/2402-1407032836 www.iosrjournals.org 35 | Page


https://www.ncbi.nlm.nih.gov/pubmed/?term=Griffitt%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=18186356
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weil%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18186356
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hyndman%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=18186356
https://www.ncbi.nlm.nih.gov/pubmed/?term=Denslow%20ND%5BAuthor%5D&cauthor=true&cauthor_uid=18186356
https://www.ncbi.nlm.nih.gov/pubmed/?term=Powers%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18186356
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18186356
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barber%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=18186356
https://www.ncbi.nlm.nih.gov/pubmed/18186356

Review of Silver nanoparticles in Freshwater fish “Cyprinus carpio”

[50].
[51].
[52].
[53].

[54].

[55].
[56].

[57].

Firat O, Kargin F. Individual and combined effect of heavy metals on serum biochemistry of Nile tilapia Oreochromis
niloticus.Arch. Environ. Contam.Toxicol., 2010;58:151-157.

Congleton JL, Wagner T. Blood-chemistry indicators of nutritional status and food intake in juvenile salmonids. J.Fish Biol., 2006;
69:473- 490.

Suchiang P.. Variations in the Plasma Levels of Thyroid Hormones and Testicular Activity in the Male Air-breathing Catfish
(Clarias gariepinus) over the Annual Cycle. 2011.

Morgado I, Santos CR, Jacinto R, Power DM. Regulation of transthretin thyroid hormones in fish. Gen. Comp. Endocrinol.
2007b;152:189-197.

Schitzler JG, Koutrakis E, Siebert U, Thome JP, Das K. Effects of persistent organic pollutants on the thyroid function of the
European sea bass (Dicentrarchus labrax) from the Aegean Sea, it is an endocrine disruption of thyroid stimulating hormone. Mar
Poll Bull. 2008;56 (10): 1755-1764.

Pal S, Tak YK, Song JM. Does the antibacterial activity of silver nanoparticles depend on the shape of the nanoparticle? A study of
the gram-negative bacterium Escherichia coli.Appl. Environ. Microbiol. 2007; 73: 1712- 1720.

Handy RD, Henry TB, Scown TM, Johnston BD, Tyler CR..Manufactured nanoparticles, their uptake and effects on fish-
mechanistic analysis Ecotoxicology . 2008;17: 396-409.

Handy RD, Cornelis G, Fernandes T, Tsyusko O, Decho A, Sabo-Attwood T, Metcalfe C, Steevens JA, Klaine SJ, Koelmans AA,
Horne N. Ecotoxicity test methods for engineered nanomaterials: practical experiences and recommendations from the bench.
Environ. Toxicol. Chem. 2012;31:15-31.

Thangam Y, et. al. “Review of Silver nanoparticles in Freshwater fish “Cyprinus carpio”." IOSR

(2020): pp 28-36.

1 1
| |
. Journal of Environmental Science, Toxicology and Food Technology (IOSR-JESTFT), 14(7), i
1

| |
1 1

DOI: 10.9790/2402-1407032836 www.iosrjournals.org 36 | Page



