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Abstract

The present study examines the deleterious effect of biologically synthesized silver nanoparticles 

in adult zebrafish. Silver nanoparticles (AgNPs) used in the study were synthesized by treating 

AgNO3 with aqueous leaves extract of Malva crispa Linn., a medicinal herb as source of 

reductants. LC50 concentration of AgNPs at 96 h was observed as 142.2 μg/l. In order to explore 

the underlying toxicity mechanisms of AgNPs, half of the LC50 concentration (71.1 μg/l) was 

exposed to adult zebrafish for 14 days. Cytological changes and intrahepatic localization of 

AgNPs were observed in gills and liver tissues respectively, and the results concluded a possible 

sign for oxidative stress. In addition to oxidative stress the genotoxic effect was observed in 

peripheral blood cells like presence of micronuclei, nuclear abnormalities and also loss in cell 

contact with irregular shape was observed in liver parenchyma cells. Hence to confirm the 

oxidative stress and genotoxic effects the mRNA expression of stress related (MTF-1, HSP70) and 

immune response related (TLR4, NFKB, IL1B, CEBP, TRF, TLR22) genes were analyzed in liver 

tissues and the results clearly concluded that the plant extract mediated synthesis of AgNPs leads 

to oxidative stress and immunotoxicity in adult zebrafish.
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1. Introduction

Silver nanoparticles have been focused more in research because of the potential risk which 

they pose to humans and other biological organisms [1–3]. But the wide spread use of 

AgNPs in biomedical applications could be attributed for their potent antimicrobial [4], 

antioxidant [5] and anticancer activities [6]. Indeed, the increasing use of nanoparticles in 

consumer products results in leaching them into the environment and their interaction with 

ecological populations leads to pose a threat [7] to the environment. So the mode of 

interaction of nanoparticles in to the biotic components of ecosystems, their uptake, 

accumulation and impact at various levels is incapable of being avoided. Hence to device 

and act in such a way or implementing proper control measures will possibly avoid nano 

populations turning out to be a serious ecological concern [8]. Evidence to date indicated 

that most of the toxicological studies focused on chemically synthesized AgNPs against 

microbial communities [9] and animal cell lines [10] but only few studies were focused on 

biologically synthesized AgNPs against animal cells in particularly zebrafish [11,12].

The zebrafish (Danio rerio) were widely used in ecotoxicology experiments, particularly for 

the assessment of chemicals and nanoparticles toxicity [13,14]. Moreover, it is easy to 

handle, smaller size, controlled and visible embryological phase, genetics amenability and 

breeding potential, importantly similarity at the molecular and physiological levels with 

humans [15] renders these organisms as the most suited model organism for toxicological 

studies. In a study with zebrafish as model organism, Bilberg et al. [16] had shown the in 
vivo toxicity of chemically synthesized PVP coated AgNPs. On exposure at 48 h median 

lethal concentration (LC50) value of 84 μg/l increased the rate of operculum movement and 

surface respiration, confirming the respiratory toxicity. Very recently, Sarkar et al. [11] had 

shown the toxic evaluation of chemically synthesized and plant extract mediated synthesis of 

AgNPs on zebrafish and reported 96 h LC50 concentration of 100 μg/l for AgNO3, 80 μg/l 

for chemically synthesized AgNPs and 400 μg/l for plant extract mediated synthesis of 

AgNPs and their results concluded that chemically synthesized AgNPs and AgNO3 were 

more toxic to zebrafish compared to biologically synthesized AgNPs.

Malva crispa (Curled Mallow) is one of a phyto-therapeutic candidate belonging to the 

family Malvaceae and it has been used in folk medicine of Brazil and other countries for 

various treatments [17]. In South Korea, the leaves extract of the plant was commonly used 

as soup and ingredients in baby food. The powdered flowers and leaves were reported for 

stimulating the cellular regeneration, acting as cleansing and detoxification agents. In 

addition, an antitumor activity of M. crispa was also reported by Huang et al. [18]. Recently, 

in our previous study we have reported the presence of phyto-chemicals in the aqueous 

leaves extract of M. crispa was responsible for gold nanoparticles synthesis [19]. The present 

study details the AgNPs synthesis using the aqueous plant leaves extract (M. crispa) and 

evaluation of toxicological effects of biosynthesized AgNPs on adult zebrafish, to determine 
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its environmental safety and viability for use in consumer products and in aquaculture. 

Hence the overall results in the study concluded that the plant mediated synthesis of AgNPs 

leads to deleterious effect on adult zebrafish but the results are not compared with the 

chemically synthesized AgNPs.

2. Materials and methods

Fresh and healthy leaves of M. crispa was purchased from Jeonju local market, South Korea. 

All the chemicals used in the study were reagent grade or higher purchased from Sigma–

Aldrich (Korea).

2.1. Synthesis and characterization of AgNPs

Ten grams of leaves were surface cleaned with tap water, followed by distilled water 

(D.H2O) at several times and were boiled in 100 ml of D.H2O for 5 min in microwave oven, 

the resulting extract was filtered through Whatman filter paper. The reaction mixture 

containing 6 ml of extract and 44 ml of D.H2O was added to 1 mM AgNO3 to a final 

reaction volume of 50 ml and kept in dark at room temperature. A control setup was also 

maintained throughout the experiment with leaves extract alone. Initially, synthesis was 

confirmed by sampling the reaction mixture at regular time intervals and the absorption 

maxima was monitored at the wavelength of 200–800 nm in Shimadzu UV-1800 

spectrophotometer. The reaction mixtures containing suspended AgNPs were concentrated 

by centrifugation at 15,000 rpm for 20 min and the resulting pellet was washed with D.H2O 

several times and subsequently lyophilized as described in our earlier report [19]. Further a 

known quantity of lyophilized powder was dissolved in D.H2O (1 mg/ml) using ultra-

sonicator (SONICS Vibra cell, USA) and an aliquot was used for HR-TEM (JEM-2010) and 

FE-SEM (S-4800, Hitachi, Japan) analyses. EDS and XRD (XPERT-MRD, Phillips, 

Netherland) analysis were performed to ascertain the nature of metallic nanoparticles. Zeta 

potential and particle size distribution of AgNPs were analyzed in Nanoplus zeta/nano 

particle analyzer (ELSZ 1000, Photal Otsuka electronics, Japan). The concentration of silver 

in the reaction mixture was confirmed through ICP-MS spectrometry model 7500a, Agilent 

technologies, USA.

2.2. Zebrafish experimental study

Adult zebrafishes of both sexes with an average weight of 0.3 ± 0.02 g and average length of 

24.57 ± 0.2 mm were selected for the study. Fishes were fed daily with the commercially 

purchased artemia and maintained in aquaria at a temperature of 28 ± 1 °C with a 14 h:10 h 

light-dark cycle for three weeks and later the fishes were removed from recirculating tanks, 

placed in static tanks, and fasted for 24 h prior to experimentation.

2.3. Toxicity tests

For achieving the sub lethal concentrations (LC50), followed the Organization for Economic 

Cooperation and Development (OECD) guidelines for testing chemicals (OECD, 1992). Six 

different concentration of AgNPs suspensions (23.7, 47.4, 142.2, 237, 284.4, 331.8 μg/l) 

were prepared and dispersed prior to use, using ultrasonicator for 10 min at 30 s pulse on 

and 10 s pulse off with 20% Amp (500 watt, 20 KHz) without addition of salts or stabilizing 
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agents. The fishes were randomly assigned to six groups of 7 and in turn exposed to each 

concentration for 96 h in a 2 L tank containing 1 L of test solution. Seventh group of 7 fishes 

were acted as control. Each treatment was run in triplicates under the same conditions with a 

natural light/dark cycle. For maintaining the quality of water the fishes were not fed for 24 h 

prior to experiment and during experiments for reducing the absorption of NPs in food. The 

water temperature and pH were maintained at 28 ± 1 °C and 6.8–7.3 respectively. In addition 

the dissolved oxygen content (DO) of the water at 5.4 mg/l was maintained using DO meter. 

The number of dead fishes was recorded at every 12 h of intervals and they were removed 

from treatment tank immediately to avoid contamination. At the end of experiment the 

remaining survived fishes were anaesthetized, dissected and observed for any changes.

After the conclusion of LC50 concentration of 142.2 μg/l, half of the LC50 concentration of 

71.1 μg/l was fixed and exposed once in every day to 10 fresh zebrafishes in a 2 L semi-

static test solution tank for 14 days. In order to maintain the constant concentration the fresh 

water was changed at 24 h intervals, fed artemia and accurate concentration of NPs was 

exposed.

2.4. Intracellular localization of AgNPs

After 14 days of AgNPs treatment, the fish was anaesthetized and subsequently the gills and 

liver tissues were dissected (control and treated zebrafish). Tissues were fixed in modified 

Karnovsky's fixative (2% paraformaldehyde and 2% glutaraldehyde in 0.05 M sodium 

carcodylate buffer pH 7.2), washed thrice in carcodylate buffer at 4°C for 10min and post 

fixed in 1% osmium tetroxide at 4°C for 90min. Then the tissues were washed twice at room 

temperature using D.H2O and enbloc staining was done using 0.5% uranyl acetate and left 

overnight. Further the tissues were dehydrated using graded ethanol series 30, 40, 50, 60, 70, 

80, 90 % and three changes of 100% ethanol for 10 min each and embedded in propylene 

oxide: Embed 812 resin mixture and allowed for polymerization at 60 °C for 48 h, sectioned 

using ultramicrotome (Leica Mikrosysteme GmbH, Austria), collected on copper grid and 

stained with 2% uranyl acetate for 7 min followed by Reynolds lead citrate for 7 min and 

examined under Bio-TEM (Hitachi H7650, Japan) [20].

2.5. Liver enzyme marker assay

Alanine aminotransferase (ALT or SGPT) and aspartate aminotransferase (AST or SGOT) 

levels from liver tissues of both control and treated zebrafishes were assayed using standard 

colorimetric kit manufacturers protocol (Biovision, Mountain View, CA) [21].

2.6. Micronuclei (MN) and nuclear abnormality (NA) test usingperiodic acid Schiffs (PAS) 
staining

Due to smaller size of fishes, the peripheral blood samples of 3 μl were obtained by caudal 

vein puncture using 0.2% EDTA as anticoagulant in syringe and pooled together (n = 3). 

Blood was immediately smeared on clean grease free microscope slides, air dried and fixed 

in methanol for 5 min and gently rinsed the slides in running tap water for 1 min followed by 

immersing in periodic acid solution for 5 min at room temperature. Then the slides were 

rinsed using D.H2O and immersed in Schiff's reagent for 15 min at room temperature and 

gently washed using running tap water for 5 min. Finally the counter staining was done 
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using Hematoxyline solution for 90 s and rinsed in running tap water for 30 s. Then the 

slides were allowed to air dry and examined under light microscope using mineral oil (100×) 

[22,23].

2.7. Histopathology of gills and liver tissues

Gills and liver tissues of both control and treated zebrafishes were dissected and placed into 

vials containing Carnoy's fixative (3:1 methanol: acetic acid). The gills tissues were 

transferred into vials containing 20% acetic acid for 15 min and the liver tissues were 

transferred to 45% acetic acid solution for 30 min. After the tissues maceration, they were 

gently minced and filtered to obtain a cell suspension [24]. Then the cells were smeared on a 

clean grease free microscope slide and allowed to air dry followed by PAS staining as per 

previously described protocol.

2.8. RNA extraction and cDNA synthesis

Liver tissues of both control and treated zebrafishes were dissected and homogenized in 

TRIzol reagent and the total RNA was extracted using RNAse minikit (Qiagen) following 

manufacturers protocol. Total RNA extracted was eluted in 20 μl of nuclease-free water and 

the final concentration was determined by NanoDrop (Epoch Microplate 

spectrophotometer). RNA integrity was checked by ethidium bromide staining of 28S and 

18S ribosomal RNA bands on 1% agarose gel and the RNA sample was stored at –80 °C 

until use. One hundred (100 ng) of total RNA was used for cDNA synthesis for all the 

primers using Topscript™ One-step RT-PCR kit manufacturer's protocol (Enzynomics) and 

the reaction mixture was applied in RT-PCR (Corbett research, Korea). Finally the product 

was run in agarose gel electrophoresis to know the expression pattern.

2.9. Real-time polymerase chain reaction (RT-qPCR)

RT-qPCR was performed with SYBR Green in C1000 Touch™ thermal cycler (CFX 96, 

BioRad). Reaction was set on 96 well plates by mixing 1 μl of TOPreal™ One-step RT 

qPCR enzyme mixture and 10 μl of 2 × TOPreal™ One-step RT qPCR reaction mixtures, 1 

μl of total RNA(100 ng), 1 μl of forward primers, 1 μl of reverse primers, 6 μl of D.H2O and 

all the reactions were assembled on ice. Beta-actin (ACTB/ACTB) was used as 

housekeeping gene and suitable negative controls were maintained for all the primers 

(absence of RNA template) (Table 1). Immediately after assembling the reaction mixture it 

was placed on RT-qPCR and the cycle was initially set at 50 °C for 30min in a hold 

condition and the initial denaturation was done at 95 °C for 10min followed by denaturation 

at 95 °C for 5 s, annealing and elongation was done at 60 °C for 30 s each and repeated the 

cycle for 40 times. At the end of the 40 cycles melting curve analysis was fixed.

3. Results and discussion

The present study demonstrated a simple synthesis and characterization of AgNPs from 

medicinally important aqueous plant leaves extract of M. crispa Linn., a medicinal herb as 

source of reducing agents. In addition, in vivo toxicity of synthesized nanoparticles was 

examined in adult zebrafish and based on the results it was concluded that the plant extract 
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mediated synthesis of AgNPs leads to oxidative stress and immunotoxicity in adult 

zebrafish.

3.1. AgNPs synthesis

A visible color change of the leaves extract from pale yellow to reddish brown on addition of 

AgNO3 observed within 2 h indicated the formation of AgNPs and the characteristic 

absorption peak for AgNPs was observed around 430 nm (Fig. 1a).

3.2. Electron microscopy and XRD analysis

In HR-TEM and FE-SEM analyses, poly dispersed nanoparticles, spherical in shape and size 

ranging from 5 to 50 nm was observed (Fig. 1b). In addition, presence of silver in the 

reaction mixture was confirmed by EDS analysis (Fig. 2a). The XRD pattern of face-

centered cubic nature of AgNPs illustrates well defined characteristic diffraction peaks 

indexed at 2θ = 38.16° (111), 44.11° (2 0 0), 64.1° (2 2 0) and 77.21° (3 1 1) of fcc Ag 

matched with the JCPDS file no. 04-0783, suggest the crystalline nature of AgNPs (Fig. 2b). 

Particle size distribution data showed the average size of AgNPs to range 24.1 nm and a 

charge of –16.10 mv suggested they were stable (Fig. 2c). Further the concentration of Ag in 

the reaction mixture was analyzed in ICP-MS and it was observed around 474 μg/mg of 

powder.

3.3. Toxicity tests

Biologically synthesized AgNPs were acutely toxic to zebrafish with a static 96 h exposure 

at LC50 conc. of 142.2 μg/l (Fig. 3a). At the two lower concentrations (23.7 μg/l and 47.4 

μg/l) tested, there were no fish mortality incidences and the fishes looked healthy over the 

entire treatment regime. Exposure to 331.8 μg/l of AgNPs (the maximum tested 

concentration) resulted in 100% mortality at 48 h, while the second highest concentration 

(284.4 μg/l) resulted in 100% mortality at 96 h. Aggressive behavior was observed within 6 

h of treatment resulted in sign of toxicity stress emerged, starting with zebrafish lying on the 

bottom of the tank with increased respiratory rate. So the surface respiration took place and 

ultimately the fishes stood still in the middle of the water column where they lost 

equilibrium and sank on the bottom of the tank. Eventually the fishes started to show jerky 

movements few hours before the death. Extravasation of the blood was observed in the 

anterior ventral surface of the body just behind the head of the dead fish. But in case of 

lower concentrations no such sign of behavioral changes and extravasation of the blood were 

observed and pigment color was normal in all the fish, but only the jerky movement was 

observed few hours before the death. (Fig. 3b). Results obtained in the present study are 

consistent with [16], where in PVP stabilized AgNPs exhibited similar behavioral changes at 

a 48 h median lethal concentration value of 84 μg/l and the increased rate of operculum 

movement and surface respiration after nano silver exposure, suggested respiratory toxicity. 

It is also been reported that 24 h LC50 concentration of chemically synthesized AgNPs was 

250 mg/l and approximately one half of the determined LC50 was used as the highest 

exposure concentration in the treatment of zebrafish [25]. Also, number of recent studies had 

shown the presence of Ag+ ion in NPs exhibit higher toxicity than the corresponding AgNPs 

in various toxicity models [26–28]. These statements are true in case of biologically 

synthesized AgNPs especially in plant extract mediated synthesis in which Sarkar et al. [11] 
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had reported the 96 h LD50 value of 400 μg/l but in our study the values obtained for the 96 

h LC50 was 142.2 μg/l. This striking variation may depend on the type of plant components 

used for synthesis in which phytochemicals (biological molecule) carried on the surface of 

NPs may also be possible to play a key role on toxicity [29]. However, several studies had 

reported the higher toxic effect of chemically synthesized AgNPs than the biologically 

synthesized AgNPs [30,31].

Following the LC50 determination, 14 days acute toxic exposure study was carried out to 

understand the possible penetration of nanoparticles in various organs of the tissues, 

histological alterations and eventually assessed the sign for oxidative stress as well as 

immune response related genes. Approximately when half of the determined LC50 conc 

(71.1 μg/l) was used as the highest concentration, no fish mortality was observed during 

treatment and no visible differences in behavior between control and treated group was 

observed.

3.4. Intracellular localization of AgNPs

Cytological changes in the gills tissue of both control and treated zebrafishes were observed 

under Bio-TEM. As shown in Fig. 4a gills cells of fish in the control group possessed 

normal cell structure with intact cell membranes, nuclei and cell organelles, normal 

appearance of the cytoplasm. However, gills cells exposed to AgNPs showed a number of 

morphological changes (Fig. 4b) including cell membrane damage, irregular cell outlines, 

pyknotic nuclei and complete disruption of gills cells. The trend of changing the 

morphology in AgNPs exposed zebrafish may be a sign for oxidative stress caused by ROS. 

Oxidative stress or stress on an organism due to increase in ROS such as hydroxyl radicals 

and peroxyl radicals could be caused by environmental toxicants [32]. Moreover, oxidative 

stress is considered to be an important toxic mechanism for AgNPs induced stress [25,32]. 

For supporting all the above statement, a recent study reported similar kind of morphological 

changes in gills of TiO2 and ZnO nanoparticles exposed to zebrafish and they also concluded 

the changes was due to generation of ROS such as .OH [33].

In addition, intracellular localization of AgNPs in the liver tissues of both control and treated 

zebrafishes were observed under Bio-TEM (Figs. 5a and b). As shown in Fig. 5a presence of 

nanoparticle was observed in various parts of the cytoplasm in particular between nucleus 

and plasma membrane and these results were in good agreement with the previously 

published research work done by Choi et al. [25] in which they had also reported the 

localization of AgNPs in liver tissues of adult zebrafish with the aim of studying the role of 

oxidative damage and apoptosis. In order to confirm the liver toxicity induced by AgNPs, 

SGOT and SGPT assays were performed in liver tissues in which an elevated level of both 

the enzymes observed in treated liver tissues compared to control, resulted in liver toxicity 

(Fig. 6).

3.5. MN and NA tests

In addition to oxidative stress, a sign of genotoxic activity was also observed in various parts 

of AgNPs exposed zebrafish. To step up the genotoxic activity, MN test was conducted in 

peripheral blood cells in which the presence of MN and NA like blebbed nuclei, lobed 
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nuclei, and notched nuclei were observed in peripheral blood erythrocytes of AgNPs treated 

zebrafish (Fig. 7a). MN test is used to measure the subcellular process of chromosomal 

breaks (clastogenesis) or cell spindle malfunction (aneugenesis) [34] and the formation of 

micronucleus in fish cells, as an indicator of chromosomal damage [24]. Moreover, 

micronuclei is a cytoplasmic chromatin masses with the appearance of small nuclei that arise 

from chromosome fragments and generally this technique is performed in enucleated 

peripheral blood erythrocytes and reported as sensitive biomarker for genotoxicity [34,35]. It 

is also been reported by several studies that engineered nanomaterial induced chromosomal 

damage which was assayed in vitro MN test [36,37] and recently suggested as an 

appropriate method for screening of nanoparticles for potential genotoxicity [38]. In the 

present study also presence of MN and NA were observed in peripheral blood erythrocyte 

which clearly shows the genotoxicity of AgNPs exposed zebrafish.

3.6. Histopathology of gills and liver tissues

Histopathological changes of the gill tissues in response to biologically synthesized AgNPs 

were carried out using PAS staining (Fig. 7b). Exposure of AgNPs caused damage to gill 

lamella resulted in edema of the gill filaments. In addition, the qualitative histological 

examination of liver tissues stained with PAS staining had revealed that hepatic parenchyma 

cells appeared to be less homogeneous, loose in cell contact and the cells were dissociated 

with irregular in shape while control liver was filled with well-delineated polygonal cells 

(Fig. 7b). Similar to our findings, other research group has also reported the histological 

alterations in liver section of AgNPs exposed zebrafish including disruption of hepatic cell 

cords and apoptotic changes such as chromatin condensation and pyknosis while stained 

with counter staining of hematoxylin and eosin (H&E) [25] and they concluded the possible 

histological alteration was due to oxidative stress and apoptosis induced by AgNPs in liver 

of adult zebrafish. In addition, recently Wu et al. [39] reported on AgNPs cause oxidative 

damage and histological changes in medaka (Oryzias latipes) after 14 days exposure in 

which they also observed the adverse histological changes in liver tissues of treated fish like 

hemocyte overfilling in blood vessels, hepatocyte enlargement, global basophilia, ballooning 

degeneration, and loosened liver parenchyma. From the results of acute toxicity, 

micronuclei, nuclear abnormalities and histological alterations in liver sections confirmed 

the possible oxidative stress and genotoxic effect of AgNPs induced in zebrafish.

3.7. Expression of oxidative stress and Immune response related genes

The mRNA expression of oxidative stress and immune response related genes of MTF-1, 

HSP70, TLR4, NFKB, IL1B, CEBP, TRF, TLR22 were analyzed in liver tissues of both 

control and AgNPs treated zebrafish and ACTB was used as housekeeping gene for 

normalization. Expression levels of all the genes were surveyed in which stress related gene 

of MTF-1 and immune response related genes of TLR4, IL1B, CEBP, TRF and TLR22 were 

down regulated (fold increase 0.68,0.44,0.78,0.25,0.18,0.34) respectively. The other genes 

like HSP70 (1.12) and NFKB (1.38) were up regulated in AgNPs treated zebrafish (Fig. 8a). 

Metal response element-binding transcription factor-1 (MTF-1) regulates the transcription of 

genes in response to a wide variety of stimuli, including hypoxia and oxidative stress leading 

to increase in labile cellular zinc, nuclear translocation, DNA binding and transcriptional 

activation of metallothionein genes (MT genes) by MTF-1 [40–42]. MTF-1 is also essential 
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for the development and differentiation of embryonic hepatocytes [43]. Expression level of 

this gene in response to AgNPs exposed zebrafish liver tissue was down regulated with 0.68 

fold and this shows the sign for oxidative stress. In addition, the biological processes 

affected by exposure to AgNP, reported across a variety of organs, including induction of 

oxidative damage, alterations to the regulation of enzymes responsible for free radical 

scavenging, altered regulation of gene expression pathways involved in apoptosis, and 

disrupted regulation of the cellular machinery involved in storing, detoxification and 

metabolism of metals (such as metallothionein 2) [44–46].The expression of heatshock 

proteins associated with a general shock response, which is universally conserved 

throughout the animal kingdom. Measurement of heat-shock protein induction, in particular 

hsp70, has been proposed as a useful technique in toxicological screening and environmental 

monitoring by for a variety of stressors including heavy metals, teratogens, anoxia [47,48]. 

Expression level of this gene in response to AgNPs exposed zebrafish liver tissue was up 

regulated with 1.12 fold. In addition, six key genes directly related to innate immune 

cascade were investigated in AgNPs exposed liver tissues of zebrafish. Interestingly, the 

gene NFKB involved in cellular responses to stimuli such as stress, cytokines, free radicals, 

ultraviolet irradiation, oxidized LDL and bacterial or viral antigens showed up regulation 

with 1.38 fold by which may be due to the generation of stress. But in case of all other genes 

a sign of down regulations were observed including IL1B a marker of inflammation in 

zebrafish [49] resulted in response to stress. These changes in up and down regulation in 

response to AgNPs exposed liver tissues resulted in various kinds of stressors. Further to 

confirm the gene expression pattern, the cDNA was synthesized using RT-PCR for all the 

primers and the product was applied in agarose gel in which clear expressions were observed 

for all the tested genes in treated liver tissues compared to control (Fig. 8b).

4. Conclusion

The present study revealed the in vivo toxicity of biologically synthesized AgNPs in adult 

Zebrafish (D. rerio). From the results it can be concluded that: (1) AgNPs in any form of 

synthesis either chemical or biological mediated could pose threat to zebrafish but based on 

the acute toxicity study plant mediated synthesis shows least toxic effect than the chemically 

synthesized (2) Gills is the primary organs directly in contact with the aquatic contaminants 

and hence in order to confirm the effect of AgNPs on gills, Bio-TEM analysis was carried in 

which a clear morphological changes like cell membrane damage, irregular cell outlines, 

pyknotic nuclei and complete disruption of cells were observed resulting from oxidative 

stress (3) Similarly localization of nanoparticle was observed in liver tissues in various parts 

of the cytoplasm in particular between the nucleus and plasma membrane (4) In addition to 

oxidative stress, a sign of genotoxic effect also observed in peripheral blood cells in which a 

presence of micronuclei and nuclear abnormalities like blebbed nuclei, lobed nuclei, and 

notched nuclei were observed (5) Qualitative histological examination of liver tissues stained 

with PAS staining had revealed that the hepatic parenchyma cells appeared to be less 

homogeneous, loose in cell contact and the cells dissociated with irregular in shape while 

control liver is filled with well-delineated polygonal cells and these changes were possibly 

due to related stress (6) In order to document the possible chances of oxidative stress and 

immunotoxicity induced by AgNPs in zebrafish, a gene expression study was carried out in 
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liver tissues in which MTF-1, TLR4, IL1B, CEBP, TRF, TLR22 genes were down regulated, 

HSP70 and NFKB genes were up regulated and all these data were clearly confirmed the 

plant extract mediated synthesis of AgNPs leads to oxidative stress and immunotoxicity in 

adult zebrafish.
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Highlights

• Synthesis of AgNPs achieved using Malva crispa Linn., leaves extract.

• 96 h LC50 concentration of AgNPs was observed at 142.2 μg/l in adult 

zebrafish.

• Cytological changes and intrahepatic localization of AgNPs were 

demonstrated in tissues.

• Presence of micronuclei and nuclear abnormalities were observed.

• The mRNA expression of stress and immune response related genes were 

analyzed.
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Fig. 1a. 
UV-vis spectra of biosynthesized AgNPs observed at 430 nm. Digital photographs showing 

the (A) leaves extract alone (B) reddish brown color formation of AgNPs after the addition 

of 1 mM AgNO3 into aqueous leaves extract.
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Fig. 1b. 
Formation of poly dispersed nanoparticles observed with the addition of 1 mM AgNO3 into 

aqueous leaves extract (A) HR-TEM analysis (B) FE-SEM analysis.
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Fig. 2a. 
Energy-dispersive X-ray spectroscopy profile of biosynthesized AgNPs.
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Fig. 2b. 
XRD spectrum of AgNPs indexed at (111), (20 0), (2 20) and (311) exhibits the facets of 

crystalline silver.
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Fig. 2c. 
DLS analysis (A) and zeta potential (B) measurements of biosynthesized AgNPs.
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Fig. 3a. 
Zebrafish mortality during acute exposure to biogenic AgNPs. The fishes were exposed to 

23.7, 47.4,142.2, 237, 284.4, 331.8 μg/l biogenic AgNPs for up to 96 h.
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Fig. 3b. 
Pictographic representation of the behavioral and morphological changes of zebrafishes 

treated with AgNPs. (i) Normal zebrafish (ii) extravasation of the blood observed in the 

anterior ventral surface of the body just behind the head of the dead fish (iii) aggressive 

behavior(iv) bottom rest (v) jerky movement.
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Fig. 4a. 
Ultrastructural images of control zebrafish gills tissues in Bio-TEM showing the intact cell 

membranes, nuclei and cell organelles, normal appearance of the cytoplasm PM-plasma 

membrane; CY-cytoplasm; NU-nucleus.
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Fig. 4b. 
Ultrastructural images of AgNPs exposed zebrafish gills tissues in Bio-TEM showing 

morphological variations like cell membrane damage, irregular cell outlines, pyknotic nuclei 

and complete disruption of gills cells.
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Fig. 5a. 
Ultrastructural images of control zebrafish liver tissues in Bio-TEM.
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Fig. 5b. 
Ultrastructural images of AgNPs exposed zebrafish liver tissues in Bio-TEM showing 

localization of AgNPs
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Fig. 6. 
SGOT(A) and SGPT(B) analysis of control and treated zebrafish showing elevated level of 

both the enzymes in AgNPs exposed zebrafish.
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Fig. 7a. 
(A) Photomicrographs of erythrocytes with normal nucleus in peripheral blood cells of 

control zebrafish (B) Photographs of peripheral blood erythrocytes in zebrafish exposed with 

AgNPs. Micronuclei indicated by nuclear abnormalities like blebbed nuclei indicated by (*); 

lobed nuclei marked by notched nuclei marked by
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Fig. 7b. 
Photomicrographs of normal gills (i) and liver (iii) tissues stained with PAS staining. 

Photomicrographs of AgNPs exposed gills (ii) and liver tissues (iv). CC-chloride cells; PC-

pavement cells; BC-blood channel; SL-secondary lamella.
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Fig. 8a. 
Expression of oxidative stress and immunotoxicity related genes in AgNPs exposed liver 

cells using RT-qPCR. Normalized fold expression of mRNA from treated zebrafish.
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Fig. 8b. 
Gene expression pattern using RT-PCR in agarose gel electrophoresis (M) Marker (1) 

control-MTF1 (1a) treated-MTF1 (2) control-HSP70 (2a) treated-HSP70 (3) control-TLR4 

(3a) treated-TLR4 (4) control-NFKB (4a) treated NFKB (5) control-IL1B (5a) treated-IL1B 

(6) control-CEBP (6a) treated-CEBP (7) control-TRF (7a) treated-TRF (8) control-TLR22 

(8a) treated-TLR22 (9) control-ACTB (9a) treated-ACTB.
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Table 1

Primer sequences of this study.

Gene Short Forward primer (5′-3′) Reverse primer (5′-3′) References

Metal transcription factor 1 MTF-1 GATTGAGCTTCTCCGTCAGG TCCTCGTCTTCCTCTTCTCG [50]

Heat shock protein70 HSP70 GGAAAAGAGGGAAGCTTTGG ACGTTCCATGTTTCCAGACC [50]

Toll like receptor4 TLR4 GGGAAGTCAATCGCCTCCA ACGGCTGCCCATTATTCCT [51]

Nuclear factor kβ NFKB AGAGAGCGCTTGCGTCCTT TTGCCTTTGGTTTTTCGGTAA [49]

Interleukin 1β IL1B CATTTGCAGGCCGTCACA GGACATGCTGAAGCGCACTT [49]

CCAAT/enhancer binding protein (C/EBP) 
β

CEBP GCGACGCGAGAGGAACA TGCGCATTTTGGCTTTGTC [51]

Transferrin TRF TGGACGGCAGCAGGAAAA GCAGGCTCTCTGGCGAAGT [49]

Toll like receptor22 TLR22 CCAGCTCTCGCCGTACCA TTGGGCCAGCGGATGT [49]

β-Actin ACTB TGCTGTTTTCCCCTCCATTG TTCTGTCCCATGCCAACCA [49]
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