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ABSTRACT

Regarding fast development of the nanotechnologlyitndiverse applications, is very important hayvienough
data on the probably its side effects on the aguiadidy organs. Therefore, these studies investitte=ffects of
nanosilver administration on histology of gill ak@tiney biochemical parameters in rainbow trout. Fbis study,
the silver nanoparticles were synthesized in a steg-reduction process in an aqueous solution. 6fykiss were
obtained from a local commercial hatchery. Fish evdivided randomly into four groups. Control growas kept
in dechlorinated tap water without any add-on matiemwhile experimental groups were exposed to eatration
of 3, 300 and 1000 mg/L of nanosilver solution pesdively for eight weeks. At the end of experimenibod
samples were collected and biochemical analysesed were performed. Tissue samples were also taken
histological alterations of the gill and kidney weexamined. In the gill tissues of the exposedtéismanosilver;
aneurism in the secondary lamellae of gills, hyjesia of epithelium of gills as well as the adhesaf the gill
lamellae were seen, as compared with control arsmid addition, treating with silver nanosilver ddunduce
hyaline cast formation, signisicant decreasingtie glomerular diameter and also formation of intngoplasmic
vacuoles in the various urinary tubules. The setewels of total protein was decreased significaifty0.05) by
increasing nanosilver concentration. Other parametsuch as ALP, LDH, AST and ALT levels in sera of
nanosilver treated fish showed a significant in@eaompare to the control group (P<0.05). It is cloded that
nanosilver induces gill and kidney damages and gbarin serum biochemical parameters of O. mykigsniles in
different concentrations.
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INTRODUCTION

Recently, a vast variety of hanomaterials have lsesmloped and nanotechnology has emerged as liegdaely
research area in the modern scientific set-us. thié science of nanoparticles that show new difetelnt properties
compared to what they exhibit on a macroscale, lentalinique applications [1]. Due to the wide apation of
nanomaterials in industry, agriculture, businessdigine and public health; nanotechnology has gaingreat deal
of public interest [2].

Silver found in the body of mammals (including humsahas no known biological purpose and is susfemftbeing
a contaminant [3]. Silver, as ionic Ag+, is onetloeé most toxic metals known to aquatic organismkloratory
testing, although large industrial losses to theasiq environment are probably infrequent becadsts @conomic
value as a recoverable resource [4]. Silver, howegeof concern in various aquatic ecosystems umeaf the
severity of silver contamination in the water cohyreediments, and biota.
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Long-term industrial or medical exposure to silgad its compounds may increase blood concentratibsiéver to
levels which can have toxic effects, such as indnobf sarcomas, anemia, and enlargement of the figalt has
been reported the toxicity of silver nanopartidlegebrafish models. Their results suggest thaesihanoparticles
induce a dose-dependent toxicity in embryos, whidders normal development [6]. In fish and amjaritioxicity
tests with 22 metals and metalloids, silver wasniost toxic tested element as judged by acute v@hges [7].

Regarding fast development of the nanotechnology iendiverse applications, is very important hgvenough
data on the probably its side effects on the aquaddy organs. Therefore, these studies investifpateffects of
nanosilver administration on histology of gill akidney biochemical parameters in rainbow trout.

MATERIALS AND METHODS

The silver nanoparticles (Ag-NPs) were synthesiimed one-step reduction process in an aqueousi@oluh a
typical preparation, a 400k aliquot of a 0.1-M AgNO3 aqueous solution was ediéghto 100 mL of an aqueous
solution containing 0.10 wt. % of the soluble staand vigorously stirred for 1 h. The pH of theuléag solution
was adjusted to 8.0 by adding 0.1 M NaOH solutidmder this experimental condition, the initial réae mixture
was colorless, and the growth of the AgNPs was tooed at different intervals using UV-vis absorptio
spectroscopy. After about 1 h, the solution turhglt yellow, which indicated the initial formatioof the AgNPs.
The mixture was maintained at 50°C for 24 h, amddblor of the reaction solution became yellow.

60 O. mykiss(weight=130+6.9 g; Total length=11.52+2.5 cm) wefgtained from a local commercial hatchery
(llam, Iran). Fish were transported in well aerateddition to the laboratory of freshwater fishaash station in
llam University. They were kept for a week in 200afjuariums to acclimatize to the laboratory enwvinent.
During this period, they were fed five times a daty08.00, 11.00, 13.00, 15.00 and 18.00 h) by cernial pellets
(33% protein). After acclimatization, they were idied randomly into four groups. Control group waptkin
dechlorinated tap water without any add-on matewdile experimental groups were exposed to comatoh of 3,
300 and 1000 mg/L of nanosilver solution, respetyifor eight weeks. Each treatment was done inreplicates.
The water was renewed every 12 h as 30% of namos#vost by volatilization (Hori et al., 2006)t the end of the
experiment, the fish were weighted, sacrificed blawbd samples were collected by cardiac puncturerdler to
study morphological aspects, first the total lerggid body weight were recorded, and then the gdl kkidney was
removed from body to be weighed and measured. @ondactor (CF) for each fish were calculated adawg to
following standard formula:

CF= body weight (g)/fork lengfifcm) x100

For histological evaluation, gill and kidney sangpleere taken and washed with saline. The sampkes fin
buffered formalin (10%), processed for sectioniBeg6(um) and stained with H&E. The sections were examined
with an Olympus BX60 microscope and visualized tigto the Color-View Camera (Olympus, Tokyo, Japan).

For biochemical assaying, the blood samples wentrifteged (5 min at 50009, Hettich D7200) immediatat
room temperature and plasma were separated aret sabr-20C until analysis. Total protein and albumin were
assayed by biuret and Bromocresol green bindindiodetseparately (ZiestChemie, Iran). Glucose wasraéned
through the glucose oxidase method (ZiestChemin)IrSerum value of Total cholesterol was assaygd b
enzymatic-colorimetric method (ZiestChemie, Irahpctate dehydrogenase (LDH), Alanine aminotranskera
(ALT), aspartate aminotransferase (AST) and alkaphosphatase (ALP) were measured by kinetic enagssays
(ZiestChemie, Iran). All data are presented as me&D. Data were analyzed by one-way ANOVA followey
Duncan’s multiple comparisons test. Multiple conipams tests were only applied when a significafiedince was
determined in the ANOVA analysiP, < 0.05. The SPSS 13.0 (Chicago, USA) was usedrfalyzing the results.

RESULTS

No mortality was recorded during the period of gtudexperimental and control groups. Fish expadsedifferent
concentration of nanosilver for 8 weeks showed i@ant reduction (P<0.05) in the renal weight a@8 ratio
compared to control group (Tablel).

In the nanosilver exposed fish kidney weight arngbaCF ratio has been showed a significant decrgashren
compared to control fish (Table 1). Furthermord,agid kidney's tissues findings from nanosilvepesed fish are
illustrated in Figures 1 to 6. In the control groupe gill and kidney exhibited a normal architeetiand
pathological abnormalities were not seen. In tHetgisues of the exposed fish to nanosilver; aiseurin the
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secondary lamellae of gills, hyperplasia of epitival of gills as well as the adhesion of the githkllae were seen,
as compared with control animals (Figures 1 tdr8gaddition, treating with silver nanosilver coltiuce hyaline
cast formation, signisicant decreasing in the glahae diameter and also formation of intra cytoplasvacuoles in
the various urinary tubules (Figures 4 to 6) (Tat)le

Fig. 1) Transverse sections through the gill of th8 mg/L of silver nanosilver treated fish. The figue shows the aneurism in the secondary
lamellae of gills (arrow). (Haematoxylin and Eosinestain) (x 400).

Fig. 2) Transverse sections through the gill of th800 mg/L silver nanosilver treated fish. The figue shows the hyperplasia of epithelium
of gills (arrow). (Haematoxylin and Eosine stain) X 400).

»

Fig. 3) Transverse sections through the gill of th&000 mg/L silver nanosilver treated fish. The figte shows adhesion of the gill's
secondary lamellae (arrow). (Haematoxylin and Eosmstain) (x 400).

Fig. 4) Transverse sections through the renal tisguof the 3 mg/L silver nanosilver treated fish. Théigure shows hyaline cast formation
(arrow) in the lumen of the proximal convoluted tulules of kidney. (Haematoxylin and Eosine stain) (400).

Fig. 5) Transverse sections through the renal tisguof the 3 mg/L silver nanosilver treated fish. Théigure shows a significant decreasing
in the glomerular diameter (arrow) in the kidney of nanosilver administrated fish. (Haematoxylin and Bsine stain) (x 400).

The serum levels of total protein was decreasauifgigntly (P<0.05) by increasing nanosilver cortcation. Other
parameters such as ALP, LDH, AST and ALT levelsena of nanosilver treated fish showed a significarrease
compare to the control group (P<0.05) (Table 3)ddse dependency was recorded in measured pararasters
increase in nanosilver concentration caused afgignt change in all assayed parameters (P<0.05).
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Fig. 6) Transverse sections through the renal tisguof the 3 mg/L silver nanosilver treated fish. Théigure shows the formation of intra
cytoplasmic vacuoles in the various urinary tubulegarrow) of the kidney. (Haematoxylin and Eosine stin) (x 400).

TABLEI: Some morphometric measurments (means + SEj control and treated rainbow trout (O. mykiss) with different concentrations
of nanosilver particles

3 mg/L of nanosilver 300 mg/L of nanosilver 1000 mg/L of nanosilver
Parameters/Groups Control particles particles particles
Renal weight(g) 1.47 £0.18 0.97+0.12 1.03+£0.16 0.98 £ 0.09
Condition Factor 1.74+0.03 0.90 +0.08 1.15 +0.05 0.96 + 0.29

(CF)

* Means in the same row with different letters agmiéicantly different (ANOVA, P<0.05).

TABLEIl: Some histometric indices (means * SE) in ontrol and treated rainbow trout (O. mykiss) with different concentrations of
nanosilver particles

3 mg/L of nanosilver 300 mg/L of 1000 mg/L of
Parameters/Groups Control - . ) . -
particles nanosilver particles nanosilver particles
Diameters of renal corpuscle(um) 689.9+11.5 455.2 +7.85 345.3 +4.67 231.1 #11.%c*
Diameters of lumen of proximal 4.96:0.07 7.140.09 7.340.09 7.7 40.09
convoluted tubules (um)
The height of epithelium of proximal 29.9£0.03 17.4 +0.08 18.3 £0.08 17.6 +0.08

convoluted tubules (um)

*Means in the same row with different letters agm#icantly different (ANOVA, P<0.05).

TABLEIIl: Some serum biochemical parameters (mean& SE) in control and treated rainbow trout (O. mykiss) with different
concentrations of nanosilver particles

Parameters/Groups Control 3 mg/L of phenol 300 mg/lof phenol 1000 mg/L of phenol
Total protein(g/dl) 4.66 +0.47 2.58 +0.2F 2.14+0.34 3.03+0.67
Albumin(g/dI) 3.8 0.08 3.67 £ 0.09 3.78 +0.03 3.25+0.03
Total cholesterol (mg/dl)  100.6 + 7.6 100.6 +5.9 101.0+7.6 108.1+6.3
Glucose(mg/dl) 723+3.4 71.9+6.3 724 +3.F 72.3+39
ALP (U/L) 67.73 £2.36 83.45+6.9 953+4.3 89.6 + 3.9
LDH(U/L) 165.6 + 13.8 279.9+3.8 278.0+7.8 239.8+4.7
AST (U/L) 25.6 £4.6° 395+5.8@ 495+6.3 53.6+7.8
ALT(U/L) 9.9+1.7 146+7.F 17.8 +2.08 17.2+7.8

*Means in the same row with different letters agmsicantly different (ANOVA, P<0.05).
DISCUSSION

In the present study, significant alterations ia Kidney weight, body condition ratio and also g¢fieand kidney
structures as well as blood biochemistry were ofegskfollowing the exposure to nanosilver adminiitra Body
condition ratio is an indicator of the overall fisbndition; it reflects fish shape and energy reserand has been
used to evaluate fish stress [8]. Several studa® ldemonstrated that morphological indices, CFpatential
indicator of toxicant effects, providing informati@n the ability of individual to tolerate chemigatllution or other
kind of environmental stress [9, 10]. Some repbeage demonstrated that CF has been declined irefiphsed to
environmental pollutants [11]. In this study sigrdint reduction in CF was observed in the nanositveated
groups, which supports previous findings about sdver effects orDreochromis aureupiveniles [12].

There are several studies which have shown siiginlogical changes in the gill and kidney of fisésulting from
exposure to different toxic chemicals [12-16].

The findings of the present work showed aneurisithénsecondary lamellae of gills, hyperplasia dfrggium of
gills, the adhesion of the gill lamellae as welllagline cast formation, signisicant decreasinghim glomerular
diameter and also formation of intra cytoplasmicuaes in the various urinary tubules in the experital fish
when compared with control animals. These altematicould be driven from the fish excessive activiby
respiration and also get rid of the toxicant frasibhody during the process of detoxification [1&iochemical
results of the present work showed a significante@se in the serum levels of total protein antherease in the
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values of ALP, LDH, AST and ALT in the nanosilvexposed fish. The decreased levels of total prateifish
exposed to nanosilver suggest that the protein mighused as an alternative source of energy, abéh energy
demand that induced by nanosilver intoxicationt afdwn inBrycon cephalu§l7].

The significant enhanced LDH activity levels in tfigh exposed to nanosilver may be reflect thedased rate of
conversion of lactate to pyruvate and then to gacas reported in other species [12,17]. Othenwigeglevated
serum ALP activity in the present study could be thunanosilver cytotoxicity. In this study expasto nanosilver
resulted in a significant increase in the actigitef plasma AST and ALT compared to control grolipis is in
accordance with finding of Nemcsok and Benedeczkycammon carp [18]. AST and ALT are plasma non-
functional enzymes which are normally localizedhivitthe cells of many organs including kidney. Tleeg also
considered as an important indicator in assessomek status [19, 20] and tissue injury or orgasfdgction [21].
The increase in ALP, AST, and ALT after nanosilegposure was in accordance with histopathologicalirfigs.
Therefore, the increase of these enzymes is anatatiof gill and kidney damage and thus othenaigerations in
the gill and kidney function.

Although there are not a obsulute mechanism obadtr nanosilver gill and kidney toxic histologicdterations;
but previous study hypothezed that silver nanoglagican disrupts the NaCl and H exchanges at the gills,
which initiates a complex chain of events culmingtin cardiovascular collapse [22].

This study showed that nanosilver induces gill kidthey damage and changes in serum biochemicainedeas of
O. mykisguveniles in different concentrations.
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