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ABSTRACT 

In the last few days, a vast variety of nanomaterials have been developed and 

nanotechnology has emerged as rewarding key research area in the modern scientific set-up. 

It is the science of nanoparticles that show new and different properties compared to what 

they exhibit on a macroscale, enabling unique applications.  Due to the wide application of 

nanomaterials in industry, agriculture, business, medicine and public health; nanotechnology 

has gained a great deal of public interest. Despite increasing application of silver 

nanoparticles (AgNPs) in industry and consumer products, there is still little known about 

their potential toxicity, particularly to organisms in aquatic environments. Regarding fast 

development of the nanotechnology and its diverse applications, is very important having 

enough data on the probably its side effects on the aquatic body organs. Therefore, present 

investigations were taken on the effects of nanosilver administration on the liver biochemistry 

in Indian Major Carp, Catla catla. Blood was assayed for selected haematological parameters 

and  determined that AgNPs caused a decrease in haemoglobin (Hb), Red blood cell (RBC) , 

Hematocrit (Hct) levels, and increase in white blood cell (WBC)  level.  Biochemical studies 

show that after exposing the fish to silver nanoparticles, total protein levels significantly 

decreased while FAA, glutamine, alkaline phosphatases, acid phosphatases, AlAT, AAT, 

GDH, AMP deaminase and adenosine deaminase were significantly enhanced in the liver 

tissue of Catla catla. The alterations in all the aforementioned biochemical parameters were 

significantly (p < 0.05) time and dose dependent. As such, the negative impact of silver 

nanoparticles was shown on the respiratory, as well as, energy production of the fish. 

 

KEYWORDS: Catla Catla, Enzyme Activity, Silver Nanoparticles, Haematology, Protein 

Metabolism, Protein   Synthesis, Oxidative Deamination,    

 

INTRODUCTION 

The use of silver nanoparticles (Ag-NPs) is rapidly increasing, but there are limited 

data on their effects on the aquatic environment. Nanoparticles are particles that have one 

dimension that is 100 nm or less in size. Nanoparticles are increasingly being used, or being 
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evaluated for use, in many fields. Silver (Ag) is one of the most commonly used 

nanoparticles due to its bactericide effect. Products based on Ag nanoparticles (Ag-NPs), 

such as odor-resistant textiles, food packaging, cosmetics, household appliances and medical 

devices may release Ag particles (nanoparticles or aggregates) or AgPs ions via effluent 

discharge into the aquatic environment. Aside from interests in the potential applications of 

Ag-NPs, little information is available regarding their potential harmful effects on the 

environment and fish. Some studies showed that Ag-NPs can affect the physiology of 

different aquatic organisms such as fish, polychaete and freshwater alga. However, the 

toxicological effects of AgNPs on fish blood remain to be investigated (Handy et al. 2008). 

Silver nanoparticles (AgNPs) are used as antimicrobial adjuvant in various products 

such as clothes and medical devices where the release of nano-Ag could contaminate the 

environment and harm wildlife. Current growth in the nanotechnology industry and the 

increasing numbers of products making use of the unusual properties of engineered 

nanoparticles (NPs) is becoming extremely important in the global economy. Increased 

production and use of nanoproducts will inevitably lead to increased levels of discharge of 

nanomaterials into the environment through their intentional and accidental releases or via 

weathering of products that contain them. The aquatic environment is particularly vulnerable 

as it is likely to act as a sink for many of these particles, as it does for many chemical 

discharges. The fate of NPs in the aquatic environment, their interactions with biotic and 

abiotic components, and their potential to cause harm are all still poorly understood, and 

these uncertainties are driving concerns on the risks they may pose to human and 

environmental health (Borm and Kreyling, 2004).
 

 Due to the wide application of 

nanomaterials in industry, agriculture, business, medicine and public health; nanotechnology 

has gained a great deal of public interest (Hoyt and Mason, 2008).
 [3]

 The purpose of this 

study was to examine the sublethal effects of AgNO3 particles on fresh water edible fish, 

Catla catla. 

Silver found in the body of mammals (including humans) has no known biological 

purpose and is suspected of being a contaminant (Owen and Handy, 2007).
 
Silver, as ionic 

Ag+, is one of the most toxic metals known to aquatic organisms in laboratory testing, 

although large industrial losses to the aquatic environment are probably infrequent because of 

its economic value as a recoverable resource (Griffitt et al. 2008; Bilberg et al. 2010). Silver, 

however, is of concern in various aquatic ecosystems because of the severity of silver 

contamination in the water column, sediments, and biota. 
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MATERIALS AND METHODS 

The silver nanoparticles (AgNPs) were synthesized in a one-step reduction process in 

an aqueous solution. In a typical preparation, a 400-µL aliquot of a 0.1-M AgNO3 aqueous 

solution was added into 100 mL of an aqueous solution containing 0.10 wt. % of the soluble 

starch and vigorously stirred for 1 h. The pH of the resulting solution was adjusted to 8.0 by 

adding 0.1 M NaOH solution. Under this experimental condition, the initial reaction mixture 

was colorless, and the growth of the AgNPs was monitored at different intervals using UV-

vis absorption spectroscopy. After about 1 h, the solution turned light yellow, which indicated 

the initial formation of the AgNPs. The mixture was maintained at 50°C for 24 h, and the 

color of the reaction solution became yellow. 

Live specimens of the Catla catla (weight=115±3.5 g; Total length=12.52 ± 2.5 cm) 

were obtained from a local Fish hatchery and were transported in well aerated condition to 

the animal house of freshwater fish in our University. They were kept for a week in 200 L 

aquariums to acclimatize to the laboratory environment. During this period, they were fed 

five times a day like 06.00 am, 9.00am, 12.00 Noon, 15.00pm and 18.00pm hours, by 

commercial formulated pelletized feed (containing35% protein). After acclimatization, they 

were divided randomly into four groups. Control group was kept in dechlorinated tap water 

without any add-on material, while experimental groups were exposed to concentration of 3, 

300 and 1000 mg/L of nanosilver solution, respectively for eight weeks. Each treatment was 

done in two replicates. The water was renewed at every 24 h as 30% of nanosilver is lost by 

volatilization.  

 

Acute toxicity test:  

Only healthy fish, as indicated by their activity and external appearance, were 

maintained alive on board in a fiberglass tank. Fish were transferred to a 500-L aerated tank 

equipped with aeration with 200 L of test solution. Groups of 25 fish were exposed  0.01, 0.1, 

0.5, 1, 2.5 and 5 mg/L Nanoparticles for 96 h. Values of mortalities were measured at 24, 48, 

72 and 96 h, and dead fish were immediately removed by dip net to avoid possible 

deterioration of the water quality. The LC50 values were calculated for 24, 48, 72 and 96 h. 

The LC50 of values were evaluated according to Finney (1971). The formula was used to 

assess the mortality of the fish and this was recommended by the WHO and FAO. 
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Just before experiment, eight randomly selected fish from acclimation tanks were 

used for hematological and biochemical analysis in control fish (0 days). For sub acute 

toxicity assay, 120 carp fish were randomly distributed in nine 500-L fiberglass tanks. Every 

tank containing 12 fish were exposed to test solutions with the following concentrations of 

AgNPs: 0.0 (control), 1.00, 1.50, 2.00 and 2.50 mg/L, respectively. The test water in the 

fiberglass tanks was renewed daily and freshly prepared solution was added to maintain the 

concentration of Ag-NPs at a constant level. After 7 days of exposure to sub acute dose of 

Ag- NPs, eight fish from control and treatment groups were taken from one tank for 

hematological and biochemical study. Fish were anesthetized with clove oil at 300 mg/L and 

blood samples were taken from caudal vein, using non-heparinized syringes. Four fish 

remaining in each group after these procedures were moved in to clean water and removed 

from study. Similar methodology was followed for 15 and 30 days. 

For the biochemical tests, the blood was placed in tubes and allowed to clot at room 

temperature (22°C), for 30 min. Serum was removed from the clotted sample after 

centrifugation at 3500 g for 5 min and frozen at  -80°C until analysis. For the hematology 

tests, the blood samples were placed into tubes containing 1% ethylene diaminetetraacetic 

acid (EDTA) as the anticoagulant. The erythrocyte and leukocyte counts were determined by 

an improved Neubaeur hemocytometer, with Hayem and Turck diluting fluids, and 

hemoglobin (Hb) measurement was determined by the cianometahemoglobin method 
[1]

 

(Blaxhall PC and Daisley KW). Capillary tubes containing blood were centrifuged for 3 min 

at 1000g and the hematocrit (Hct) was determined as percentage of packed cell volume. 

Protein levels were estimated according to Lowry et al.
 
(1951) using bovine serum albumin as 

a standard. Homogenates (2 ml w/v) cold distilled water was prepared in 30% TCA and the 

values have been expressed as mg/100 mg wet. wt of tissue. Free amino acids were estimated 

using the method of Moor and Stein (1954). Homogenates (5% w/v) were prepared in 10% 

(w/v) TCA and centrifuged at 300 rpm, whereas supernatant was used for amino acid 

estimation. FAA has been expressed as mg/100 mg wet.wt of the tissue. Glutamine was 

estimated using the method of acid hydrolysis described by Colowick and Kaplan (1967).
 [1]

 

Homogenates (10% w/v) cold distilled water were prepared in 10% H2 SO4, and so, their 

values were expressed as moles of glutamine/g wet.wt of the tissue. 

 AAT and AlAT were estimated using the method of Reitman and Frankel (1957). 
 

Homogenates (10% w/v) tissue were prepared in cold 0.25 M sucrose solution and 

centrifuged at 3000 rpm for 15 min to obtain a clear supernatant which was used as enzyme 
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source. Values were expressed in micro moles of pyruvate formed/mg protein /h. Glutamate 

dehydrogenase (GDH) activity levels were estimated following the method of Lee and Lardy 

(1965). Homogenates (10% w/v) were prepared in 0.25 M sucrose solution and centrifuged at 

3000 rpm, while supernatant was used for the enzyme source. As such, values were expressed 

as micro moles of formazan formed / mg protein / hr of tissue. AMP deaminase was 

estimated using the method of WeilMalherbe and Green
 
(1955) modified by Wagelin et al. 

(1978).
 
 Homogenates (10% w/v) were prepared in cold distilled water and centrifuged at 

3000 rpm, while supernatant was used for enzyme source. AMP deaminase was expressed as 

micro moles of ammonia formed / mg protein / h. For assaying adenosine deaminase activity, 

the method of Agarwal and Parks (1978) was used. Homogenates tissue (10% w/v) were 

prepared in ice cold distilled water and centrifuged at 3000 rpm for 15 min to obtain a clear 

supernatant which was used as enzyme source. Alkaline and acid phosphatases were 

estimated using the method developed by Kind and King (1954).
 
The enzyme assays were 

made after preliminary standardization regarding linearity with respect to time of incubation 

of enzyme concentration.  

All data are presented as mean ± SD. Data were analyzed by one-way ANOVA 

followed by Duncan’s multiple comparisons test. Multiple comparisons tests were only 

applied when a significant difference was determined in the ANOVA analysis, P < 0.05. The 

SPSS 13.0 (Chicago, USA) was used for analyzing the results. 

 

RESULTS AND DISCUSSION 

It is evident from the results the LC50 of Silver Nanoparticles for 96 hours is 

identified as   0.357 mg/L with confidential limits of 0.248 to 0.495mg/L. (Table-1). Despite 

increasing application of silver nanoparticles in industry and consumer products, there is still 

little known about their potential toxicity, particularly to organisms in aquatic environments. 

Similarly, there is little in the literature regarding the uptake and bio distribution of AgNPs 

into internal organs or the potential toxicity of AgNPs in intact free-swimming fish 
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Table -1: Median lethal concentrations (LC50) of Silver Nanoparticles (mg/L)                                

at 24, 48, 72 and 96 h in Catla catla. 
 

 

 

 

 

 

 

 

 

 

 

It is apparent from the outcome that the Nanoparticle concentration has a direct effect 

on the LC50 values of the respective fish. LC50 acquired in the recent study correspond to 

assess that have been published in the literature for other species of fish. The distinction in 

acute toxicity may be due to alters in water quality and trial species. The impressionability of 

fish species to a particular heavy metal is a very main factor for LC50 stages. Fish that are 

very sensitive to the toxicity of one material may be less or even not sensitive to the toxicity 

of another metal at the many level of that metal in the ecosystem. 

 

Behavioural Pathological Observations 

Exposure of AgNPs caused significant behavioral changes in the fish Catla catla. On 

the introduction of AgNPs, all the fish immediately settled down at the bottom of the tub. 

Within 10 to 15 min, the fish felt suffocation and they came to the water surface to gasp for 

air. As exposure period increased, the surfacing phenomenon of fish also increased. Also, the 

rates of operculum movement, mucous secretion from skin and respiration through gill also 

increased. After some time, the opercula movement of fish slowed down, although they tried 

to stay at the upper water surface, but the loss of body equilibrium was pronounced. Finally, 

all the body activity decreased and they settled down at the base of the aquaria and died. 

Moreover, control animals were free from such behavioral changes. 

 

Haematological Indices 

Results of haematological indices such as RBC, WBC, Hb and Hct of the test and 

control Catla catla fish exposed to sub lethal concentration of Silver Nanoparticles of LC50 

Time of  

exposures 

(hours) 

 

 

 

LC50 

(mg/L) 

 

Confidence intervals 

 

Lower 

limit 

 

Upper  

limit 

 

24 0.924 0.727 1.235 

 

48 0.748 0.574 0.936 

 

72 0.459 0.326 0.645 

 

96 0.357 0.248 

 

0.495 
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are shown in Table 2. In the present investigation decreases in the various parameters of 

blood were observed due to the treatment of Catla catla to different sublethal doses of 

AgNP3 for longer durations. The total numbers of RBCs, the haemoglobin content, and 

haematocrit value registered significant decreases (P < 0.05). Such a decline in blood cells 

and haemoglobin content indicates the haemotoxicity of  AgNPs to fish (Table-2).  

The results indicate that the RBC, Hb and Hct are showed a gradual and significant (P 

< 0.05) decrease with increasing the exposure periods from 7 days to 30 days. Such a decline 

in blood cells and haemoglobin content indicates the haemotoxicity of AgNO3 to fish.  

Significant decrease was observed in Hb levels after exposure to a sub lethal dose, which may 

impair oxygen supply to various tissues, thus resulting in a slow metabolic rate and low 

energy production (Nwani et al. 2010). The significant decrease in the Hb concentration may 

also be due to either an increase in the rate at which the Hb is destroyed or to a decrease in 

the rate of Hb synthesis.  The decreased RBC count may be due to inhibited RBC production 

and or due to hemoglobin synthesis, Ambient- AgNO3 particles might have caused 

disintegration of RBC cells, which in turn have caused reduction of hemoglobin and 

haematocrit count.  

Table-2: Variations in Haematological Indices of Control and Nanoparticles    treated 

fish, Catla catla 

 

 Asterisks (*) indicate a significant difference (p < 0.05) between the experimental and    

control animals 

 

Lower haemoglobin level might decrease the ability of the fish to enhance its activity 

in order to meet occasional demands like seeking food and escape. The decreases in total 

erythrocyte count and haemoglobin concentration are often accompanied by decreases in 

haematocrit. This demonstrates the physiological dysfunction of the haemopoietic system.  

 

 

PARAMETERS 

 

CONTROL 

 

DAYS OF EXPOSURE PERIODS 

7DAYS 

 

15DAYS 30DAYS 

RBC (X10
6
cells/mL) 

 

  2.43 + 0.19   

 

2.05 + 0.25 

 

1.93 + 0.82* 1.64 + 0.69*  

WBC  (X10
3
 cells/mL) 

 

6.43 + 0.25 6.53 + 0.23 6.73 + 0.77* 8.20 + 0.71* 

Hb (g/dL) 

 

7.66 + 0.58 6.94 + 0.40 6.47 + 1.05* 6.36 + 0.61* 

Hct  (%) 

 

28.29 + 2.32 

 

26.52 + 1.22 24.63 + 2.55* 15.96 + 2.81* 
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However, WBC count was significantly (P<0.05) increased in fish in all groups of 

fish exposed to AgNPs at 7, 15 and 30 days. WBC count increase, reflecting the occurrence 

of leukocytosis (WBC increase). This was perhaps, a typical defensive response of the fish 

against a toxic invasion and second most common probability may be leukemia or blood 

cancer during which the number of WBC increase. Lohner et al.(2001) and reported 

leucopenia (reduced WBC counts) in sunfish inhabiting selenium laden coal ash effluents and 

associated it with increasing liver metal concentrations and also Sampath et al. (1993) 

reported in Nile tilapia O. niloticus exposed to sub lethal concentrations of  Ekalus. 

Biochemical Indices 

Liver function tests are helpful screening tools to detect hepatic dysfunction and are 

further used to categorize hepatic dysfunctions, to estimate the severity of hepatic disease, 

and for the follow-up of liver diseases. Since liver performs a variety of functions, no single 

test is sufficient alone to provide complete estimate of function of liver (Kim, 2008). The 

liver is the first organ to encounter ingested nutrients, drugs and environmental toxicants that 

enter the hepatic portal vein from the digestive system. 

Table-3: Variations in Biochemical Indices in Liver of Catla catla treated with Silver  

Nanoparticles. 

 

PARAMETERS 

 

CONTROL 

DAYS OF EXPOSURE PERIODS 

7DAYS 15DAYS 30DAYS 

Total proteins(g/dl) 164.6 ± 2.11 155.16 ± 1.34 

 

148.83 ± 2.79 135.81 ± 3.61 

Free amino acids 

 

745 ± 42.14 798 ± 30.29 896± 81.62 977 ± 94.36 

Albumin(g/dl) 

 

4.83 ± 0.16 

  

4.58 ± 0.09 4.15 ± 0.14 3.52 ± 0.13 

Total cholesterol (mg/dl) 117.65 ± 5.34 114.36 ± 4.63 109.45 ± 5.45 104.54 ± 4.18 

Glutamine 

 

89.29 ± 5.22 94 ± 6.45 99.30 ± 4.85 115.38 ± 9.85 

Lactate Dehydrogenase 

(U/L) 

185.54 ±13.83  248.81 ± 3.85 268.0 ± 7.86 289.8 ± 4.74 

Alkaline phosphatases  

(U/L) 

10.36 ± 0.76 13.63 ± 0.54 22.64 ± 0.94 25.55 ± 2.61 

 

Acid phosphatases 9.25 ± 0.11 13.18 ± 0.85 15.28 ± 0.28 17.65 ± 0.85 

 

Alanine Aminotransferase 29.43 ± 1.62 34.33 ± 2.13 37.20 ± 1.85 45.16 ± 1.46 

 

Aspartate 

Aminotransferase (U/L) 

21.78 ± 1.18 26.36 ± 1.36 32.46 ± 4.65 36.84 ± 1.71 

 

GDH 0.84 ± 0.01 1.09 ± 0.02 1.16 ± 0.12 1.55 ± 0.23 

 

AMP deaminase 0.45 ± 0.01 0.68 ± 0.01 0.74 ± 0.03 0.89 ± 0.042 

 

Adenosine deaminase 0.146 ± 0.016 0.195 ± 0.023 0.205 ± 0.001 0.285 ± 0.002 

 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 2.417, ISSN: 2320-5083, Volume 4, Issue 1, February 2016 

 

148 

www.jiarm.com 

All the values are Mean ± SD of Six individual values. Mean values are significant at P < 

0.05 

And liver function can be detrimentally altered by injury resulting from acute or chronic 

exposure to toxicants (Al-Attar, 2011a). 

In addition, the serum levels of total protein was decreased significantly (P<0.05) by 

elevation in the nanosilver expoure periods. On the other hands Free Amino acids, Total 

Cholesterol, Glutamine content, LDH, ALP, ACP, ALT, AST, GDH, AMP Deaminase, 

Adenosine Deaminase levels in hepatic tissue showed a significant increase in the nanosilver 

treated fish (P<0.05) when compared to control group (Table-3). 

The decreased levels of total protein in fish exposed to nanosilver suggest that the 

protein might be used as an alternative source of energy, due to high energy demand that 

induced by nanosilver intoxication as it shown in Brycon cephalus (Hori et al. 2006). The 

protein content decreased in the liver tissue during nanosilver treatment (Table 3). According 

to Nelson and Cox (2005) and Sathyanarayana (2005), the physiological status of animal is 

usually indicated by the metabolic status of proteins. Jrueger et al. (1968) reported that the 

fish can get the energy through the catabolism of proteins. Proteins are mainly involved in the 

architecture of the cell, which is the chief source of nitrogenous metabolism. Thus, the 

depletion of protein fraction in liver tissue might have been due to their degradation and 

possible utilization for metabolic purposes. 

It is evident from the results that the increase of free amino acid levels was observed 

indicating the result of breakdown of protein for energy and impaired incorporation of amino 

acids in protein synthesis (Singh et al., 1996). The toxicants may have effect on hormonal 

balance, which could directly or indirectly affect the tissue protein levels (Murthy and 

Priyamvada, 1982; Khilare and Wagh, 1988). Increases in free amino acid levels were the 

result of breakdown of protein for energy and impaired incorporation of amino acids in 

protein synthesis (Singh et al., 1996). It is also attributed to lesser use of amino acids and 

their involvement in the maintenance of an acid-base balance (Moorthy et al., 1984). The 

elevated levels of glutamine in liver tissue reveal an enhancement of the biosynthesis of 

glutamine (Table-3). The elevated glutamine may be utilized in the formation of amino acids 

in protein synthesis. 

The significant elevated LDH activity levels in the fish exposed to nanosilver particles 

might be reflect the increased rate of conversion of lactate to pyruvate and then to glucose 

and the similar results are also reported in Brycon cephalus (Hori et al.2010), Oreochromis 
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aureus (Abdel-Hameid, 2007). and in O. mykiss (Ali Louei Monfared et al. 2015).  

Otherwise, the elevated ALP activity in the present study could be due to nanosilver 

cytotoxicity. In the present study nanosilver caused a significant increase in the activities of 

plasma AST and ALT compared to control. The present results are also similar with findings 

of Nemcsok and Benedeczky in rainbow trout (Nemcsok and Benedeczky, 1990)       and Ali 

Louei Monfared et al. (2015) in common carp. It is well known that the AST and ALT are 

non-functional enzymes which are normally localized within the cells of many organs 

including liver. AST and ALT are also considered as important indicators in assessing the 

status and tissue injury or organ dysfunction (Verma et al.1981; Salah El-Deen M, Rogeps, 

1993; Wood et al.1994). The increase in ALP, AST, and ALT after nanosilver exposure 

might be in accordance with histopathological findings of tissues. Therefore, the increase of 

these enzymes is an indicator of liver damage and thus otherwise alterations in the hepatic 

function. 

The increased levels of glutamine content in liver tissue of fish treated with AgNps 

indicates an enhancement of the biosynthesis of glutamine (Table-3). The elevated glutamine 

may be utilized in the formation of amino acids in protein synthesis. The organochlorine 

pesticides may initiate the synthesis of glutamine during toxic conditions (Abdul Naveed et 

al.2010).  The present results suggesting that the fish has inherent tissue specific resistance on 

the potentiality to withstand ambient AgNPs toxicity by suitably modulating its metabolic 

profiles. 

The AgNPs cause increased in GDH activity in the tissues during initial periods of 

exposure. The important function of GDH is that the amino group of most amino acids is 

transferred to α-ketoglutarate to produce glutamate. The increased GDH activity may indicate 

increased rapid utilization of amino acids (Nelson and Cox, 2005; Sathyanarayana, 2005). 

The oxidation of glutamate in the Kreb’s cycle leads to increased energy though small 

(Narasimha and Ramana, 1985). 

In the present study increase in GDH activity in the organs of the fish exposed to 

chromium increased production of glutamate in order to eliminate ammonia. 

The results of glutamate dehydrogenase (GDH) activity in the control and AgNPs 

treated fish are given in Table-3. The experimental fish exposed to AgNPs showed 

statistically significant (p<0.05) increase of glutamate dehydrogenase activity in liver. 

Glutamate dehydrogenase catalyses the reversible oxidative deamination of L-glutamate to α- 

ketoglutarate and ammonia and plays an important role in catabolism and biosynthesis of 
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amino acids (Murray et al. 2007). This reaction serves as link between protein and 

carbohydrate metabolism through TCA cycle. The increase in GDH activity indicates either 

increased, mitochondrial permeability or the lysosomal damage or the induced synthesis of 

enzymes (Lehninger, 1978). GDH plays a key role in oxidative metabolism to form glutamate 

to ammonia (Harper, 1999). The elevation observed in the GDH activity indicates its 

contribution to enhance ammonia levels and glutamate oxidation during ammonia toxicity. 

Increased free amino acid levels and their subsequent transamination results in greater 

production of glutamate thus increasing the intracellular availability of substrate, glutamate 

for consequent oxidative deamination reaction through GDH.  

The increase in AMP deaminsae and adenosine deaminase activities could contribute 

ammonia to the tissue through the purine nucleotide metabolism. According to Nelson and 

Cox (2005), these deaminases contribute little amount of nucleotides in the different tissues 

through purine nucleotide metabolism. Enhanced activity of deaminases may be due to tissue 

damage under xenobiotic action. 

The known toxicity of silver ions has led to the proposal in a number of studies that 

release of silver ions (Ag+) from silver NPs could be in part responsible for toxic responses 

seen in exposures to silver NPs (Wells et al.1986; Salah and Rogeps, 1993). Although there 

are not a obsolete mechanism of action for toxic histological changes after nanosilver 

treatment; but previous study hypotheses that silver nanoparticles can disrupts the Na+, Cl
־
 

and H+ exchanges at the gills, which initiates a complex chain of events culminating in 

cardiovascular collapse (Wells et al.1986). Other researchers proposed that exposure to nano-

Ag involved genes in inflammation and dissolved Ag involved oxidative stress and protein 

stability   (Maynard et al.2004).  It is reported that the silver nanoparticles cause severe 

histological alterations, so thus it disrupts the  Na+, Cl
-
 and H+ exchanges at tissue level, 

which initiates a complex chain of events culminating in cardiovascular collapse thereby 

insufficiency of oxygen supplying to the various tissues in acting normal physiological and 

biochemical functions (Wood et al.1994). 
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