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ABSTRACT 

Objective: Nanotechnology an advanced tool to synthesis atomic level particles. Increased application of silver nanoparticles results in the 
bioaccumulation of these particles in the environment. The biological effect of the green synthesized silver nanoparticles on the fresh water cat fish 
ws studied in the present study. 

Methods: Asystasia gangetica leaf extract was used to synthesize silver nanoparticles, the particles were characterized by scanning electron 
microscopy. Fifteen days after the introduction of fishes into the medium containing AgNPs, the fishes were sacrificed and the tissues were 
processed for biochemical and histological studies. Na+-K+

Results: The results observed in the present study reveals a marked difference in the level of carbohydrate in the muscle tissue from 48.338±0.320 
to 22.747±1.837 µg/100 mg wet tissue followed by gills and liver with 41.21% and 25.48% decrease. Total protein content was decreased from 
649.094±1.429 to 491.56±0.925 µg/mg wet tissues. The drastic increase in the total lipids was observed in liver tissue of treated fishes from 
0.240±0.004 to 0.408±0.005 mg/gm wet tissue. Na

-ATPase was estimated using LeBel method. Estimation of carbohydrate was done by the 
Phenol-sulphuric acid method. Total protein was estimated using Lowry’s method, Sulpho-Vanilline method was used to estimate the total lipids.  

+-K+

Conclusion: The plant-mediated synthesized AgNPs shows a potential toxic effect on all the tissues studied; changes were observed in the normal 
architecture of tissues as well as in the biochemical parameters. To understand the mechanism of toxicity of these particles further studies at the 
molecular level has to be carried out. 

-ATPase activity of liver tissue increased from 0.153±0.001 to 0.225±0.003 in the liver tissue 
of treated fishes, followed by muscles and gills with 33.61% and 35% of the increase in the activity. Marked changes in the structure of gills with 
degenerated primary gill lamellae, necrosis, hyperplasia and fused primary lamellae were evident in experimental group. Necrosis, vacuolization, 
disintegrated nucleus and blood sinusoids were observed in liver tissues. Disintegration of myofibrils was evident in AgNP treated group of fishes.  
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INTRODUCTION 

Nanotechnology paved way for the synthesis of atomic level 
particles and increased the knowledge of intracellular structure at 
the molecular level. Nanosized nature of these particles enables the 
delivery and biocompatibility of drugs [1]. The high-level mobility of 
the nanoparticles in the environment and living organisms are due 
to their very small size [2]. Nanoparticle toxicity is increased due to 
the adherence of particles to the cell membrane [3]. The increased 
applications of nanosized metallic material leads to the 
accumulation of their particles in the environment [4]. The 
properties of the nanomaterials raise concern on the adverse effect 
of toxicity on biological systems. The nature of nanoparticles and its 
interaction with biotic and abiotic factors were apparent and this 
may lead to the risk of human and environmental health [5]. 

Silver nanoparticles are widely used in the field of medicine due to 
its quantum size and surface area to volume ratio. About 56% of the 
global nanoparticle is dedicated to silver nanoparticles [6]. Silver 
nanoparticles are being used in the field of electronics [7], and 
targeted drug delivery system [8]. In the diagnosis treatment of 
gloma and stroke [9], Stain resistant clothing [10], larvicidal and 
bactericidal [11] on cancer therapeutics [12] and cosmeceuticals 
[13]. As a result of its distinctive physico chemical properties wide 
applications of silver nanoparticles and its effect on the biological 
systems is of great concern. Silver nanoparticles cause cytotoxicity, 
oxidative stress and inflammatory responses in fish and aquatic 
organisms [14]. 

The aquatic medium is at high risk for the exposure of nanoparticles 
and other toxicants as the medium acts as a sink for the particles 

discharged from the industries and various sources. The effect of 
silver nanoparticles on the Japanese medaka [15], Zebrafish [16] and 
Rainbow trouts [17] proves the toxic effect of silver nanoparticles on 
these organisms. AgNPs causes damage to the nuclear material of 
the blood erythrocyte [18]. The fate and behaviour of nanomaterials 
are different in freshwater and marine environments as it depends 
on the hydrophilic and hydrophobic nature of the particles [19]. 
Increased enzyme activity due to lead nanoparticles exposure in 
chloride cells may induce Osmo-ionic regulation of the gills [20]. The 
applications of nanoparticles are increasing in the day to day life, 
however, the impact on the environment and health remains 
unresolved. The paucity of information available on the toxicological 
effects of green synthesized silver nanoparticles in the aquatic as 
well as its effects on ecosystem [21]. It is required to understand the 
interaction of nanoparticles with the living system in cellular and 
genetic level for the long-term clinical and commercial applications 
of the green synthesized silver nanoparticles. 

Mystus gulio [22] is an omnivorous bagrid fish, which is distributed 
all along the shores of many Asian countries, especially in estuarine 
and tidal waters [23]. Due to euryhaline and hardy nature of this 
species, it can be cultured in fresh, brackish and seawater [24]. It is 
very delicious and it is of high consumer preference and market 
demand in many Asian countries including India [25]. As the 
application of nanoparticles in one way or other become more 
evident, it is necessary to analyze the nature of the plant-mediated 
synthesized silver nanoparticles on freshwater fishes. Hence, in the 
present study, a preliminary attempt has been made to study the 
role of plant-mediated synthesized silver nanoparticles impact on 
the fingerlings of Mystus gulio. 
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MATERIALS AND METHODS 

Chemicals and reagents 

Silver nitrate, sulphuric acid, trichloroacetic acid, Phenol, bovine 
serum albumin (BSA) vanillin, amino napthol sulfonic acid (ANSA), 
and adenosine triphosphate were obtained from HiMedia (HiMedia 
Laboratories Pvt Ltd. Mumbai). All the other chemicals of analytical 
grade were procured from Merck Limited (Mumbai, India). 

Synthesis of silver nanoparticles 

Silver nanoparticles were synthesized using Asystasia gangetica 
leaves as reducing agents. Freshly prepared leaf extract was mixed 
with a different concentration of silver nitrate solution. The reaction 
mixture was stirred continuously at room temperature and the color 
change was noted and lambda max was observed using UV-
Spectroscopy. 

Characterization of silver nanoparticles 

The UV-Visible spectroscopy was used to characterize the silver 
nanoparticles. The reducing of Ag-NPs in the reaction mixture was 
continuously monitored by measuring the lambda max of the 
reaction mixture. The reaction of silver was continuously monitored 
by measuring the surface resonance of SNPs in the wavelength 
ranges from 300 nm to 1100 nm. The size and shape of the green 
synthesized nanoparticles were analyzed using scanning electron 
microscopy. 

Experimental design 

Mystus gulio fishes were collected from local fish ponds and were 
acclimatized in laboratory condition for 15 d and the fishes were fed 
ad libitum. Acute toxicity of silver nanoparticles was carried out in 
Mystus gulio and the lethal concentration was calculated with 2, 4, 6, 
8 10 ppm and the mortality was observed for a period of 96h to 
calculate the LC50

Biochemical studies 

 value. The acute toxicity test was carried out with 
sublethal dose of 0.4 mg/l. The silver nanoparticles were dissolved 
in the aqua medium before dilution and the solution mixture was 
sonicated for 20 min. The fishes were fed ad libitum during 

experimental period and they were maintained for a period of 15 d. 
After 15 d the fishes were sacrificed. Tissues namely muscles, gills 
and liver were dissected out and rinsed with ice-cold saline and 
stored at 20 °C till further analyses. A portion of the tissues was 
fixed with 10% formalin for light microscopic studies. 

Biochemical parameters were studied in gills, liver and muscle of the 
freshwater fish Mystus gulio. The total protein content was 
determined using Lowry's method [26] with Folin-phenol reagent. 
Total carbohydrates present in the Trichloro Acetic Acid (TCA) 
soluble tissue extracts were estimated by Oligo and polysaccharide 
sensitive Phenol-sulphuric acid method [27]. Total lipid content was 
estimated using sulfo-vanillin method [28]. Na+-K+

Light microscopy 

-ATPase activity 
was estimated by µg pi liberated/minute [29]. 

The formalin-fixed tissues were cleared using Tetrahydrofuran as 
dehydration and clearing agent. The cleared tissues were paraffin 
(Melting point, 56 °C-60 °C-BDH) embedded and cut serially into 5 
µm sections for histological studies. The sections were 
deparaffinized in xylene, hydrated through alcohol series and 
stained in aqueous Delafield hematoxylin for 2-5 min. The stained 
sections were water washed dehydrated and counterstained with 
0.1 % Eosin in 95 % alcohol for 15-20 seconds. On further 
dehydration and clearing in xylene, they were mounted in DPX [30]. 

Statistical analysis 

Data analysis and “t” test were performed using [31] and a value of 
p<0.05 was considered significant. 

RESULTS 

Formation of silver nanoparticles was confirmed by the appearance 
of the intense yellow-brown colour of the solution. The formation of 
silver nanoparticles can be correlated with respective UV-Vis 
spectra (fig. 1). The spectra exhibit the formation of colloidal silver 
with a strong absorbance of 409-424 nm. 

 

 
Fig. 1A: UV-VIS absorption spectra of silver nanoparticles synthesized from Asystasia gangetica leaves at 1 mmol silver nitrate 

 

The carbohydrate content of various tissues such as liver, gills, 
and muscles of Mystus gulio were studied in control as well as 
green synthesized silver nanoparticles exposed fishes and the 
results were presented in table 1. The data reveals a drastic 
decrease in the level of carbohydrate in all the tissues studied. A 
maximum of 52.94% decrease was observed in muscles followed 
by 41.21% and 25.48% in gills and liver respectively, the total 
protein content of control and silver nanoparticles treated fishes 
were estimated and the results were presented in table 1. A 
significant reduction in the level of protein was observed in liver 

tissue of AgNP’s treated group when compared to control 
animals. In gills and muscles, a marginal decrease in the level of 
protein was observed and the decrease amounts to 24.26%, 
10.17% and 5.83% in liver, muscle, and gills, respectively. Table 
1 reveals that the results of the total lipid content in the liver, 
muscle, and gills of control and green synthesized silver 
nanoparticles treated freshwater fish Mystus gulio. Observation 
of results reveals a drastic increase in the level of total lipid 
content in liver and gill tissues. A maximum increase was 
observed in the liver tissue of treated fishes. 
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Fig. 1B: Scanning electron microscopic image of silver nanoparticles synthesized using crude leaf extracts Asystasia gangetica 
 

Table 1: Total carbohydrate (µg/100 mg wet tissue), protein and lipid (mg/gm wet tissue) present in various tissues (liver, gill and 
muscles) of control and plant-mediated synthesized silver nanoparticles treated freshwater fish Mystus gulio 

 Tissues Control AgNP Treated group Percentage of change 
 
Carbohydrate 

Gill 36.814±2.091 21.647±0.585* 41.21  
Liver 356.47±2.072 265.62±1.868* 25.48  
Muscle 48.338±0.320 22.747±1.837* 52.94  

 
Protein 

Gill 229.454±0.535 216.054±0.462 5.83  
Liver 649.094±1.429 491.564±0.925* 24.26  
Muscle 608.864±1.383 546.914±1.365 10.17  

 
Lipid 

Gill 0.219.±0.004 0.362±0.010* 65.21 
Liver 0.240±0.004 0.408±0.005* 70  
Muscle 0.227±0.003 0.239±0.004 5.28 

Values expressed are mean±SEM of six fishes in each group, *Significance at p<0.05, Observation of results in table 2 reveals that the activity of Na+-
K+

 

-ATPase was increased marginally in green synthesized silver nanoparticles exposed group, where the decrease amounts to 47.05%, 35%, 
33.61% with reference to liver, gill and muscle tissues of the treated fishes. 

Table 2: Na+-K+

Tissues 

-ATPase activity (µg pi liberated/mg proteins/min) of the control and silver nanoparticles treated fresh water fish Mystus gulio 

Control AgNP treated group Percentage of change 
Gill 0.120±0.002 0.167±0.0002* 35 
Liver 0.153±0.001 0.225±0.003* 47.05  
Muscles 0.119±0.003 0.159±0.001* 33.61  

Values expressed are mean±SEM of six fishes in each group, *Significance at p<0.05 
 

Light microscopic observations in the tissues of Mystus gulio fishes 
treated with SNP are presented in fig. 2-4. Primary and secondary 
lamellae of gills with pillar cells and also the presence of chloride 
cells were evident in control animals. Fishes exposed to green 
synthesized silver nanoparticles shows necrosis in the gill arch 
(GA) and fusion of primary and secondary lamellae. Observation 
reveals hyperplasia and aneurism. The liver was covered with 
serous membrane and some connective tissues were extended in 

the parenchyma. In the control tissue presence of polygonal 
hepatic cells with a clear spherical nucleus was evident. The 
presence of glycogen granules was also observed and necrosis of 
hepatocytes was evident in the treated groups. The shape of the 
cells with irregular vacuolization was also observed in AgNP's 
treated liver tissue of freshwater fish Mystus gulio. The muscle 
tissue of control fishes shows the bundle of myofibrils with well-
defined striation. 

 

 

Fig. 2A: Morphology of gills of control fresh water catfish Mystus gulio. SGL-secondary gill lamellae, GA-Gill arch, AT-Adipose tissue, PGL-
primary gill lamellae, SKM-skeletal muscle fibre 
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Fig. 2B: Gill morphology of green synthesized silver nanoparticles treated fresh water cat fish Mystus gulio. DPGL-Degenerated primary 
gill lamellae, N-Necrosis, Hp-Hyperplasia, FPL-Fused primary lamella 

 

 

Fig. 3A: Photomicrograph of control liver tissue of freshwater catfish Mystus gulio HC-Hepatic cell, CV-central vein 

 

 

Fig. 3B: Morphology of liver tissue of silver nanoparticle-treated fresh water cat fish Mystus gulio NHC-necrotic hepatic cells, VC-
vacuolization, DN-disintegrated nucleus BS-blood sinusoids 
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Fig. 4A: Muscle fibers of control fresh water fish Mystus gulio, MF-Myofibrils, S-septum 

 

 

Fig. 4B: Muscle tissue after 15 d exposure to green synthesized silver nanoparticles the muscle tissue NM-Necrotic Myofibrils, DM-
disintegration of myofibrils, PN-pyknotic nucleus 

 

The connective tissue fibre was distinctly discernible. It is evident 
from the present investigation that disintegration of myofibrils in 
addition to the pyknotic nucleus was observed in the muscle tissue 
of green synthesized AgNP’s treated group.  

DISCUSSION 

The application of silver nanoparticles has become widespread due to 
their potential antimicrobial properties and used as a preservative in 
hygienic products. Ultrafine structure of these nanoparticles enables 
them to penetrate deep into the tissues and disturbs the normal 
metabolic activity. Green synthesized gold and silver nanoparticles 
were more effective against HT29 cancer cells [32]. To analyze the 
toxic nature of these particles Asystasia gangetica mediated 
synthesized silver nanoparticles were produced. The nanoparticles 
were characterized by the strong resonance at a particular 
wavelength. The dipole response of silver nanoparticles, a strong 
response centred at 430 nm was observed in the present study. The 
reduction of metal ions was possibly due to the presence of reducing 
sugar or terpenoids in the plant extract [33]. The synthesized 
nanoparticles were stabilized with capping agents [34]. Spherical 
shape nanoparticle in the size range of 40-60 nm were synthesized. 

The biochemical changes were analyzed in control and experimental 
fishes and the analysis of results shows the reduction in the level of 
total carbohydrates in the experimental group of animals. 
Carbohydrates are the primary as well as an immediate energy 
source [35]. A decline in the carbohydrate levels of gill, muscle, and 
liver of Oreochromis mossambicus treated with zinc oxide 
nanoparticles was observed [36], the decrease in the level of 
carbohydrates may be due to more of utilization towards the energy 

requirement during stress condition [37]. Reduction in the level of 
glucose is due to high energy utilization of silver nanoparticle-
treated goodeid fish Chapalichthys pardalis was observed [38]. The 
present results are in agreement with previous reports, the 
administration of green synthesized silver nanoparticles drastically 
reduced the level of carbohydrates in gills, muscle and liver tissues, 
the reduction may be due to more utilization of glucose. 

The decrease in the level of protein in the liver tissue may be due to 
overutilization of protein on environmental stress. The increase in 
energy demand, as well as the altered enzyme activities, will result 
in the decrease of protein content [39]. In order to manage the stress 
condition, more of amino acids were utilized for various catabolic 
activities results in the reduction of total protein [40]. A significant 
decrease in the level of protein and cholesterol was observed in 
mercury-exposed fishes [41]. Nanosilver exposure to Brycon 
cephalus increases the energy demand [42]. It is evident from the 
previous studies that the decrease in the level of protein in various 
tissues may be due to the overutilization to overcome the energy 
crises. The present observation is in line with the previous findings 
as the total protein content decreased in liver, muscle and gill tissues 
of the experimental animals further suggest that the administered 
green synthesized nanoparticles increase the energy demand.  

A similar trend has been observed in paper mill effluent treated A. 
testudienus, was a significant rise in the cholesterol level was 
observed [43]. A rise in the level of cholesterol in Oreochromis 
niloticus exposed to metals [44]. Improper utilization of lipids by the 
target tissues such as liver may be the reason for the increase [45]. It 
is suggested that the increase in the total lipid content of liver and 
gills proves that the administration of nanoparticles induced 
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damages in the structural organization of these tissue as evident 
from the light microscopic observations. To evaluate the impact of 
silver nanoparticles on the ionic regulation, Na+-K+-ATPase activity 
was observed in liver, muscle and gill tissues of control and silver 
nanoparticle-treated fresh water fishes. ATPase plays a major role in 
transporting ions across cell thus maintaining osmotic balance in 
fish. ATPase was considered as a biomarker to assess the membrane 
fragility of the gills [46]. In heavy metal treated fishes inhibition or 
stimulation of ATP-ase activity was observed in gills [47]. A 
significant increase in Na+-K+-ATPase activity in the gill tissue of 
SiO2 treated freshwater fish Labeo rohita [48]. A significant increase 
of Na+-K+-ATPase activity in the gut lumen of carbon nanotube 
exposed fishes [49]. Na+-K+-ATPase a conserved membrane enzyme 
in epithelial cells of gills is found to be involved in the ionic 
regulation [50]. Na+-K+ATPase was important for hydralize. ATP 
molecules which provide the required amount of energy for cations 
transfer [51]. The increase in ATPase activity might be due to 
restoring the electrolyte losses. The increase of the activity of Na+-
K+-ATPase is an adaptive mechanism to balance the increased 
uptake of Na+ uptake in the fresh water medium [52]. The intake of 
water is increased to several folds during stress conditions in 
freshwater fishes especially in polluted water [53]. Disruption of 
ATPase enzyme inhibits the uptake of Na+ and Cl- 

Gills are responsible for regulating the exchange of salt and water 
even a slight structural damage can render a fish very vulnerable to 
osmoregulatory as well as respiratory difficulties. AgNPs treated 
fishes show lamellae fusion and aneurism formation in gills and 
enlargement of liposomes leading to vascular degeneration of liver 
[55]. Necrosis was observed in the secondary lamellae of the 
rainbow trout treated with AgNPs [56]. In the present observation, 
the vacuolization of the respiration lamellae was disrupted along 
with the damages evident in the epithelial cells covering the 
lamellae. Hypotrophy of both primary and secondary lamellae along 
with disorganization of gill rakers was also evident. Structural 
organization changes in the histological structure of gill treated fish 
may be well associated with circulatory disturbance along with the 
regressive changes [57]. The gills are used to assess the effect of 
pollutant and the aquatic medium. The results observed in the 
present study indicated several damages caused by the 
administration of silver nanoparticles in the aquatic medium. 
Aphanius dispar the freshwater fish treated with deltamethrin shows 
vacuolization lifting lamellar epithelium and fusion of secondary 
lamellae [58]. Irregular polygonal shape hepatocytes of liver cells of 
Heteropneustes fossilis exposed to Cypermethrin [59]. Dose-
dependent toxicity of liver and kidney tissues was observed in the 
intratracheal installation of carbon nanomaterials in rats [60]. 
Vacuoles, Pyknosis, and Necrosis were evident in the experimental 
groups. Exposure to polluted water results in changes of enzymatic 
as well as metabolic activities which leads to pathological lesions in 
liver [61]. In the present investigation with severe necrosis was 
observed in AgNP's exposed groups of fishes compared to control. 
Treatment with nanoparticle shows disruption, deterioration of 
muscle fiber characterized by fissures and breaks in the muscle 
fibers. Inflammation in the fibre was observed in AgNP's treated 
Labeo rohita [55], the disintegration of myofibrils along with 
pyknotic nuclei was evident in the treated group suggesting the toxic 
effect of green synthesized silver nanoparticles. 

ions and thereby 
disturbs the ionic regulation between the cells [54].  

CONCLUSION 

Many studies proved that synthesis of NPs are toxic to the living 
organism. Synthesis of silver nanoparticles using green plants was 
implemented to induce the toxicity of colloidal silver. Hence, the 
present study proves the potential toxic effect of green synthesized 
nanoparticles. Further analysis are required to study the mechanism 
and level of toxicity caused by the nanoparticles at the molecular level.  
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