
             International Journal of Engineering Research                                                            ISSN:2319-6890)(online),2347-5013(print)               

             Volume No.5, Issue No.4, pp : 269-274                                                                                                                     1 April 2016 
 

IJER@2016                                                              doi : 10.17950/ijer/v5s4/410 Page 269 

 

Evaluation of Silver Retention in Different Organs of Zebrafish (Danio Rerio) 

Fed Diet Supplemented With Silver Nanoparticles  
 

Tahereh Yazdanparast
1
, Issa Sharifpour

2
, Mehdi Soltani

3
, Hamed K. Esfahani

4
 

1- Islamic Azad University of Science and Research Branch, Tehran, Iran. 

2- Iranian Fisheries Research Organization, Tehran, Iran 

3- Faculty of veterinary medicine, University of Tehran, Tehran 

4- College of Science Technology and Engineering, James Cook University, Australia 

Corresponding Email: t.yazdanparast@gmail.com 

 

Abstract— To examine the effect of dietary silver 

nanoparticles (Ag-NPs) on different organs of D. rerio as 

well as evaluating of its retention and toxicity under 

laboratory conditions. Four experimental diets were 

designed with a concentration of 1, 4, 6 and 8 mg.kg-1 (ppm) 

nanoparticles in the diet (named C1, C4, C6 and C8, 

respectively) and control group without any nanoparticles 

(C0). Fish were fed with dry feed for a period of 56 days. At 

the end of feeding trial, the fish were randomly selected for 

determining silver retention in different organs including 

liver, intestine, kidney and gill. Characterization of silver 

nanoparticles was determined by transmission electron 

microscopy (TEM) and UV-Vis spectrophotometer. 

Histological examination of tissues showed evidence of 

lesions or damage to tissues in treatments to silver 

nanoparticles. Examination of different organs revealed 

highest concentration of Ag-NPs in liver, gills and muscle in 

the ranking order. It can be concluded that supplementation 

of fish diet with Ag-NPs particles can induce sever 

histological lesions in Zebrafish tissues. 
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I.   Int roduct ion  

Nanoparticles (NPs) are increasingly being used or being 

evaluated for use, in many fields. Silver is one of the most 

commonly used NPs due to its antimicrobial effect [1, 2]. It 

has been generally accepted that silver nanoparticles are more 

lethal to cell-based in-vitro systems than other metal 

nanoparticles screened [3, 4]. Silver nanoparticles can destroy 

many kinds of bacteria, viruses and fungi and it is 

recommended that it can be used in the treatment of diseases 

[5]. However, this substance, like many other drugs, has side 

effects and pathologic effect on living tissues. Drugs that enter 

the body are metabolized in the liver and often excreted 

through the kidneys, and then they are affected more than 

other tissues. Silver is known to accumulate from water in 

many organisms such as shellfish [6, 7] and fish [8, 9]. 

Despite increasing application of silver nanoparticles (NPs) in 

industry and consumer products, there is still little known 

about their potential toxicity, particularly to organisms in 

aquatic environments. Most research on the toxicity of NPs 

comes from mammalian studies that have focused on 

respiratory exposure or from in vitro assays using mammalian 

cells [10]. Silver is absorbed through the lung and mucous 

membranes [11]. Silver ion is transported in blood and bound 

into globulins. Most accumulation has been reported to occur 

in mammalian liver and skin [12-15]. Orally ingested 

nanosilver particles first affect cells in the gastrointestinal 

tract. If the particles enter the circulation from the intestine, 

the next cells affected are those of the liver.  In fish research, 

most research about the effect of NPs has been performed on 

acute and chronic toxicity studies. In experimental animals, 

juvenile's sturgeon and carp fed iron nanoparticles showed 

signs of erythropoiesis and anemia, although growth rose by 

30% as well as mortality reduced drastically by 80%. 

Evidence suggests that nanometals can cause a range of 

sublethal effects in fish including respiratory toxicity, 

disturbances to trace elements in tissues and oxidative stress. 

Organ pathologies from nanometals can be found in a range 

of organs including the gill, liver, intestine, and brain [16]. 

However, little had been done to incorporate nanoparticles 

into the diet of aquatic organisms. Thus, the present study was 

undertaken to measure the possible silver retention into 

tissues and different organs of D. rerio under laboratory 

conditions.  

 

II. Material and Methodology 

The experiment was conducted at Aquaculture Research 

Centre of Tehran University, during autumn 2012. Live 

specimens of the Zebra fish juveniles (Length 10.2 +1.4) were 

purchased from the fish supplier (Tehran,Iran). Fish were 

transferred to Laboratory and were kept in 500 L fiber plastic 

tank for two weeks acclimatization before transferring to 

experimental tanks fitted with flow through fresh water 

exchange but Fish were fasted for 24 h before the start of the 

experiments. After acclimatization, fish were randomly 

stocked to 15 glass aquariums /measuring 80*40*40 cm 

(L*W*H) with a total volume of  15 L, and aerated with 10 

cm airstones, each of which had 50 juveniles per aquarium. 

Three replicates were maintained for each feeding regime 

with 12-hour light : 12-hour dark photoperiod. Every day, 

each tank was partially cleaned with 50% water exchange . 

Moreover, water quality parameters were monitored weekly 

(using portable pH.temp-1 meter, oxygen meter, photometer 

7100, Wagtech, UK) during the experimental period with no 

substantial changes recorded throughout acclimation and 

experimental period. The dissolved oxygen concentration in 

the aquariums was maintained above 6.0 mg l-1 by an air 

stone diffusers and the temperature ranged from 24–26oC.  
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Nanocid, a water-soluble form of colloidal, brown, Ag-NPs 

called Nanocid-L2000, was used. Silver nanoparticle powder 

was purchased from Nano Nasb Pars Company (Tehran, Iran). 

Its concentration was 4000 mg/L (stock solution). Particle size 

and morphology were assessed using transmission electron 

microscope (TEM) (H-7100FA, Hitachi, Japan) working at 

125 keV. A series of images (n=700) was selected to manually 

establish size distributions by tracing single particle contours 

using the Axio Vision digital image processing software 

(Release 4.8.2.0, Carl Zeiss Micro Imaging GmbH, Germany). 

The silver nanoparticles observed by TEM were spherical in 

shape, with average diameter of 16.6 nm (Fig 1). EDX 

analyses were performed using an EX200 Energy-dispersive 

x-ray analyzer (Horiba, Japan) and confirmed that only 

elemental silver was present in the Ag-NPs suspension (Fig 2). 

Absorption spectral measurements of the diluted Ag-NPs 

suspension (400 mg/L) were conducted using a Spectra-MAX-

PLUS 384 UV–visible spectrophotometer (Molecular Devices, 

USA) within a range of 190-1000 nm. A strong surface 

plasmon resonance was centered at approximately 410 nm, 

(Fig 3).  

The nanoparticle was suspended in ultrapure water and its 

concentration was adjusted to 1,4,6 and 8 mg/kg in three 

volumes of 10 ml. An artificial fishmeal based diet ( 45% 

crude protein and 24% crude lipid)was produced from 

fishmeal supplier. These fishmeal was mixed carefully with 

different concentration of silver nanoparticles. Moist diet were 

made to 0/8 mm diameter pellet size and diet was dried at 40 

oC in a fan assisted drying cabinet. This diet was treated as 

control (C0) as three experimental sets were formulated by 

adding 10 ml of silver nanoparticle in four different 

proportions of 1 ppm (C1), 4 ppm (C4), 6 ppm (C6) and 8 

ppm (C8), respectively. Daily feeding rate was about 1% of 

total body weight (g) and properly regulated according to 

actual intake of zebrafish. Every day the remaining diet of 

each tank was collected by siphoning before the second daily 

feeding. The fish were cultured for 56 days after which the 

experiment was terminated and the fish were processed. 

At the end of the exposure period (56 days), fish were 

euthanized with clove powder. From ten fish in each tank, 

tissues of liver, gill, kidney and intestine were taken and fixed 

in 10% neutral buffered formalin for 6 h before being 

transferred to 70% industrial methylated spirits. The tissue 

samples were dehydrated and embedded in paraffin wax. The 

samples were sectioned on a rotary microtome (Leica). Five 

microscope slides, with five to six sections per slide, were 

prepared for each tissue sample, and the slides were stained 

with hematoxylin. Tissues were examined and assessed for 

any signs of histopathological changes using a light 

microscopy coupled with a DIXI 3000 digital microscope 

camera at 40 magnifications. Gill arches and muscle were 

removed and weighed, frozen in 50-ml falcon tubes, and 

stored at 20oC before preparation for measurement of silver 

content using inductively coupled plasma optical emission 

spectroscopy (ICP-OES). The liver was dissected out from 

fish and weighed, frozen, and stored at -20oC prior to 

preparation and analysis for silver content by ICP-OES. 

Kidneys and intestine were dissected out, weighed, frozen, and 

stored at -20oC for analysis of silver content via ICP-OES. 

Tissue samples were defrosted and digested at room 

temperature with a combination of 4 ml concentrated nitric 

acid (HNO3) and 1 ml hydrogen peroxide for 24 h before 

being heated for 24 h on a digester at 100
o
C. The temperature 

was then increased to 190oC to evaporate the nitric acid, and 

the samples were subsequently redissolved in 10 ml of 10% 

HNO3. The samples were then analyzed on a Vista-MPX 

CCD Simultaneous ICP-OES. 

All data were checked for conformity with the assumptions of 

normality (normality of error and homogeneity of variance). 

Data are expressed as mean values ± SE of the mean (SE). 

Significance of the differences between means was tested 

using Kruskal-Wallis test (P < 0.05). All assays were carried 

out in triplicates and data are shown as mean values ± SE of 

the mean (SE) for each dietary group. 

 

III. Results and Discussion 

Data showed that different levels of Ag-NPs in diet had 

significantly affected silver deposit in different tissues in 

comparison to treatment. As seen in figure 4, the highest 

concentration of silver was observed in the liver of fish 

compared with other tissues. The highest silver content in 

liver and gill was observed when fish fed C6 dry feed. But, 

there was no significant alteration silver concentration of 

muscle among dietary treatments. Microscopic examination 

of tissues revealed histopathological changes including 

inflammation membrane of secondary lamellae and filament 

hyperplasia in the gill (Fig 5). Congestion of blood vessels 

and sinusoids, as well as vacuolation and degeneration of 

hepatocyte, were observed in liver (Fig 6). In kidney 

degeneration of kidney cells, increase in space between 

glomerulus and Bowman's capsule and necrosis of 

hematopoietic tubules were seen (Fig 7). Also, necrosis and 

detaching of the mucoid columnar epithelium and congestion 

of sub-mucosa layer were detected in the intestine tissue (Fig. 

8). 

There was clearly a substantial difference between the 

manufacturer’s information on material properties and those 

seen by our own investigations. This discrepancy has been 

observed by many workers and leads us to the strong 

recommendation that, as a minimum, commercially obtained 

Ag-NPs need to be fully characterized before any toxicology 

or other experiments are performed. To our knowledge, there 

is very little information on the sub-lethal effects of dietary 

exposure to nanometals in fish and this paper presents the first 

assessment of the Ag-NPs in the zebrafish model. Similarly, 

there is little in the literature regarding the uptake and 

biodistribution of Ag-NPs into internal organs of fish. The 

main aims of this study were, therefore, to identify the target 

organs for silver particles as a result of in vitro feeding from 

the dietary fish, using zebrafish as a study species. Reference 

[17] reviews the possible mechanisms of absorption, 

distribution, metabolism, and excretion for nanoparticles in 

fish. There is no information on dietary uptake efficiency for 

nanometals in fish, but the data of [18] demonstrates that the 

uptake of TiO2 NPs will be a few % of the total dose and with 

similar target organs to other dietary metals. Absorption 
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efficiencies for essential metals ranges from around 30 to 70% 

in the diet of fish  [19], although values for non-essential toxic 

metals can be only a few percent or less of the total oral dose 

(e.g., Cd, [20]). It has been generally accepted that dietary 

metal exposure is the main mode of chronic exposure of fish 

species to metals and that whilst dietary metals are not acutely 

toxic, there can be long-term sub-lethal effects [19]. These 

sub-lethal effects could influence on growth although fish has 

a mechanism that preserves growth at the expense of other 

aspects of metabolism [21]. The Ag-NPs could translocate to 

various cellular organelles from the site of entry. The 

nanoparticle could act as a foreign body, restricting the normal 

activity of the cell or organ where it is deposited. Results of 

the present study showed that silver of deposit were found 

follow the descending order: liver, gills and muscle. Asharani 

et al. 2008 exposed zebrafish embryos to Ag-NPs and found 

the NPs distributed in the brain, heart, yolk and blood of 

embryos which confirmed long-term deposition of Ag-NPs 

into internal organs. Fish can also show subtle pathological 

changes in the liver (e.g., fatty change, foci of necrosis) [22] 

as we found in our investigation. The fish liver plays an 

important role to excrete trace metal ions and considered as 

the central compartment in metal metabolism [23]. The gills 

may also be able to excrete metal ions from the systemic 

circulation by active efflux on branchial ion transport 

pathways, but this would not apply to nanometals. Liver acts 

as the most likely route of excretion for nanometals [17]. Fish 

are known to deposit metal granules in the liver [24], and it 

would seem logical that nanometals could also form hepatic 

deposits. The osmoregulatory effects of dietary metal 

exposure are much less severe than via the aqueous route, 

although disturbances to tissue electrolytes and Na+/K+-

ATPase are sometimes reported [25]. It is possible to identify 

target organs on the basis of biological effects, but there has 

been concerned that some oxidizing nanometals could be 

potent surface acting toxicants, and therefore, injury to an 

internal organ does not necessarily confirm the presence of the 

nanometal in that organ. Other internal organs might be 

damaged by dietary supplementation of Ag-NPs in the diet. In 

line with our observations in the present study, reference [26] 

found that nano-Cu caused some pathology in the kidney, 

spleen and liver, some of which were classified as being 

severe or ‘deadly severe’. These data support the meaning that 

nanometals could produce similar subtle toxic effects on metal 

salts in the diet. The drinking water contained nanometal of 

TiO2 can result in a severe lesion of the gut epithelium in trout 

[27]. This effect was not observed with dietary exposure via 

the food [18], suggesting the presence of food or organic 

matter in the gut lumen might have protective effects on the 

oral toxicity of some NPs in fish.   

 

IV. Conclusion 

This study examined the effect of dietary Ag-NPs on different 

organs of D. rerio as well as evaluating of its retention and 

toxicity under laboratory conditions. Although Ag-NPs able to 

destroy many kinds of bacteria, viruses, and fungi, it has side 

effects and pathologic effects on living tissues, especially liver 

and kidneys. To address investigation Ag-NPs effects on 

D.rerio vital organs, different amount of Ag-NPs 

concentrations in D. rerio diet were used for a specific period 

of time. In order to determine silver retention in different 

organs including liver, intestine, kidney and gill, the 

randomly selected fishes were used. The results of 

histological tests of tissues demonstrated lesions or damage to 

tissues as well as high concentration of Ag-NPs in liver, gills 

and muscle.  

In conclusion, zebrafish diet including Ag-NPs able to induce 

severe histological lesions in tissues. The pathological events 

following long-term deposition of nanoparticles in the 

nervous system and other organs remain unclear. The precise 

mechanism whereby silver nanoparticles exert their toxicity 

to fish is to our knowledge unknown and needs to be studied 

in the future. 
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Figure 1: Transmission Electron Microscope (TEM) 

morphology of silver nanoparticles 

 
Figure 2: Energy Dispersive X-ray (EDX) spectrometer pattern 

(Ni signals in EDX spectrometer are from TEM grid). 

 

 
Figure 3: UV–VIS absorption spectra of AgNP colloid 

 

 
Figure 4: Comparison of concentrations of silver in liver, gills 

and muscle of zebrafish after supplementation with diets 

containing different levels of silver nanoparticles.  
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Figure 5: Gill morphology as visualized by light microscopy in 

zebrafish after 56-day feeding by silver nanoparticles. (C) 

Congestion of secondary lamella, inflammation membrane of 

secondary lamellae (Arrow indicate damage to secondary 

lamellae), (H) hyperplasia around filament and (S) reduction of 

size in gill filament. 

 

 

 

 

 

 

 

Figure 6: Liver morphology as visualized by light microscopy 

in zebrafish after 56-day feeding by silver nanoparticles. 

Congestion of blood vessels and sinusoids (Arrow indicates 

damages), vacuolation and degeneration of hepatocyte  
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Figure 7: Kidney morphology as visualized by light microscopy 

in zebrafish after 56-day feeding by silver nanoparticles. (D) 

Degeneration of kidney cells and necrosis of hematopoietic 

tubules, (I) Increase in interstitial cells and (E) increase in space 

between glomerulus and Bowman's capsule  

 

Figure 8: Intestine morphology as visualized by light 

microscopy in zebrafish after 56-day feeding by silver 

nanoparticles. (I) congestion of sub-mucosa layer, (L) necrosis 

and detaching of the mucoid columnar and epithelium (F) 

fusion of mucosal layer. 
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