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ABSTRACT

The application of nanoparticles (NPs) has increased recently because of the important antimicrobial activities of these
nanomaterial’s, allowing their use in several industrial sectors. Due to these applications. There is an increasing concern related
to the biological impacts of the use of silver nanoparticles on a large scale and the possible risk to the environment and health.
Nowadays, some recent studies have been published based on the investigation of potential inflammatory effects, diverse cellular
impacts of silver nanoparticles and other important issue related to nanoparticle toxicity. These nanoparticles damage the genetic
material, by crossing the cell membranes. Therefore, there is an increasing interest in the analysis of potential nanoparticle
toxicity. With the increasing application of NPs in medical contexts, it is becoming necessary for a better understanding of the
mechanisms of silver NPs biological interactions and their potential toxicity. Some unique properties of silver NPs, such as
antibacterial, antifungal, antiviral, anti-inflammatory activity and toxicity to invertebrates and vertebrates are discussed in this
article. Finally, Potential toxicology considerations of Ag NPs, both in vitro and in vivo, are also addressed.
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1. INTRODUCTION

Silver is a naturally occurring precious metal, mostly as a mineral ore in association with other elements. It has been positioned as
the 47" element in the periodic table, having an atomic weight of 107.8 and two naturale isotopes 106.90 Ag and 108.90 Ag with
abundance 52 and 48%. It has been used in a wide variety of applications as it has some special properties like high electrical and
thermal conductivity (1). Ancient civilizations used this precious metal in medicine, eating utensils, plates, cups, food containers,
jewelry, money, clothes, building materials, and as a disinfectant for water and human infection.

Whenever silver metals and silver dressings are used in reasonable amounts has no negative effects on the human body and it has a
natural antimicrobial activity (2) towards many pathogens such as bacteria (3) Viruses, fungi, yeast etc. Silver salts have been used
for the treatment of mental illness, nicotine addiction, gastroenteritis and infectious diseases like syphilis and gonorrhoea (4). Use
of new silver coated catheters which are because they stop the infections that were common with the old ones (5). To protect us
from food poisoning, silver particles are now being put on cutting boards, table tops, surface disinfectants, and refrigerators. Silver
is woven and impregnated into fabrics to kill bacteria that cause body odour.

Even in its bulk form, silver is extremely toxic to fish (6), algae, some plants, fungi (7) crustaceans and bacteria like nitrogen fixing
heterophic and soil forming chemolithotrophic bacteria (8).

In the environment or in living organisms silver can be present in different forms. The most common is metallic silver, silver salts
(ionic silver), silver complexes and colloidal silver. Metallic silver dissolves in acids and salts like e.qg. silver nitrate contain silver
in the form of hydrated silver cations.

Silver cations can be complexed with various organic ligands and even if silver cations are still present in the molecule, the overall
charge of the complex can be known which are not dissociated at all in the solution or biological liquids. Colloidal silver is a
colloidal state of silver-containing particles in water with 1nm to 1 micron silver or silver-containing particles. The Thomas Graham
(in 1800) who was later on called as in the form of super-fine metallic form or in the form of insoluble silver compounds, finally
dispersed in a solution which shows small or high turbidity. Nano silver means usually nano-sized particles of nanometre size and
the term is connected to colloidal silver or identical. There are now many commercial nano-silver refers to the nanoparticulate size
of the active surface area with better porosity than commercial silver (8).
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Nanotechnology has been rapidly growing in recently years and has impact on diverse areas like as the economy and the
environment. In this context, the number of commercial products comprising nanomaterial is now increasing. Out of all
commercially available nano-sized materials, Silver nanoparticles are most used nano compounds (9) owing to its potent
antimicrobial property (10). The novel properties of silver nano properties have been used in medicine, cosmetics, household and
medical products as well as in textile and food products (11, 12). Silver nano particles have attracted increasing interest due to their
unique physical, Chemical and biological properties including high electrical and thermal conductivity, Surface-enhanced Roman
scattering chemical stability, Catalytic activity and nonlinear optical behavior (13, 14).

There is also growing evidence that is being toxic to bacteria, silver nanoparticles are also highly toxic to mammalian cells (15).
Silver nano particles have been shown to damage brain cells (16), Liver cells (17). Even with prolonged exposure to colloidal silver
or silver salt deposits of metallic silver under the skin cause skin diseases like argyria or argyrosis (18).

Nanosilver can be used in a liquid from such as a colloidal (Coating & Spray) or in Shampoo (liquid) & can also appear embedded
in a solid polymer master batch or be suspended in a bar of soap (Solid). Nanosilver used in the textile industry, AgNPs create a
long-term protective barrier against bacterial, fungal pathogens (19-21), According to the project on Emerging Nanotechnologies
(22) over 1300 manufacturer identified, out of these around products utilizing Nanosilver. So nanosilver is the largest and fastest
growing class of nanoparticles in consumer product applications.

The development of nanotechnology has resulted in a growing public debate on the toxicity and environmental impact of direct and
indirect exposure to nanoparticles (23, 24). Actually, Nanoparticles may have higher toxicity than bulk materials (25). Nanoparticles
toxicity on human health and environment is not explored (26). Concerning human health, The toxicity evaluation of AgNPs has
been carried out in different cellular models such as human lung fibroblast (27). Indeed, Oxidative stress and severe lipid
peroxidation have been observed in fish brain tissue when exposed to NPs (28). This review concludes that there are some
publications focussing on silver nano particles toxicities. It has been observed that AgNPs lead to an increase in ROS associated
with DNA damage, apoptosis, and necrosis (29, 30).

In this context, our aim of this review is to present and discuss the new publications of silver nanoparticles toxicity and highlight
their importance.

2. NANO SILVER PARTICLE SYNTHESIS (NSP)

Different synthetic NSP routes lead to variable sizes, shapes, morphology, and even stability. Generally, these methods can be
classified into three broad categories: physical, chemical, and biological (or green) synthesis.

Physical Synthesis

Evaporation/condensation and laser ablation are the main physical techniques for deriving nano silver from metal samples. The
evaporation/condensation technique uses a furnace tube under atmospheric pressure to produce NSPs; however, conventional
furnace tubes have several drawbacks, such as high energy consumption, and require a long time to achieve thermal stability. Jung
et al used a small ceramic heater with a local heating area, thus the evaporated vapour could cool at a suitable rate and a high
concentration of nano silver could be obtained (31). Laser synthesis employs the laser ablation of metals in solution without chemical
reagents, which leads to pure nano silver colloids (32).

Recently, Tien et al reported a novel arc-discharge method of producing silver suspension in pure water without any surfactants or
stabilizers (33).

Chemical Synthesis

Chemical reduction is the method which is mostly used the method of nanosilver synthesis and uses silver salt, reducts, and a
stabilizer or capping agent as three main components to control NSP growth. Among these, silver nitrate is a silver salt that is often
used for NSPs, due to its low cost and chemical stability compared to the other available silver salts.

(33).The reductants include borohydride (34), citrate (35), ascorbate (36) and hydrogen gas (37).

Borohydride is a strong reducing agent that can result in small particles with a faster reduction rate because borohydride can also
act as an NSP stabilizer and avoid aggregation of NSPs during its decomposition (37).

3. POTENTIAL APPLICATIONS OF SILVER NANOPARTICLES
Antibacterial Property of Silver nanoparticles

NSPs have a broad antibacterial effect on a range of Gram-negative and Gram-positive bacteria and antibiotic-resistant bacteria
strains (38) Antimicrobial efficacy of NSPs depends on their size and concentration. Normally, a high concentration leads to a more
effective antimicrobial activity, while particles of small sizes can kill bacteria at a lower concentration. Not only the from size and
concentration but also shape influences the antimicrobial efficiency of NSPs. Sadeghi et al investigated the antimicrobial activity
of different nanosilver shapes, which included silver nanoplates, silver nanorods, and silver nanoparticles, on Staphylococcus aureus
and E. coli. They found that silver nanoplates had the best antimicrobial activity (39). It has also been reported that NSPs combined
with various antibiotics have better antimicrobial effects than NSPs or antibiotics alone. Li et al, for example, found a greater
antibacterial effect on E. coli when amoxicillin and silver nanoparticles were combined than when they were applied separately (40)
although the antimicrobial effect of nanosilver has been widely studied, the exact mechanism of NSPs is still elusive.
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Antiviral Properties

NSPs are also an antiviral agent against HIV-1, (41) hepatitis B virus, (42) respiratory syncytial virus, (43) herpes simplex virus
type 1, (44) and monkey pox virus (45). It has been observed that NSPs have higher antiviral activity than silver ions, due to species
difference as they dissolve to release Ag0 (atomic) and Ag+ (ionic) clusters, whereas silver salts release Ag+ only (46) Lara found
that the anti-HIV mechanism of nanosilver is based on the inhibition of the initial stages of the HIV-1 cycle (47). NSPs can bind to
glycoprotein (gps) 120, thus inhibit cluster of differentiation (CD) 4-dependent binding, fusion, and infectivity. They act as an
effective virucidal agent to block HIV-1 cell-free and cell-associated infection. Furthermore, NSPs inhibit post-entry stages of the
HIV-1 life cycle (47). Although the mechanism underlying their viral-inhibitory activity is not yet fully understood, NSPs could be
considered to be a broad-spectrum agent against a variety of viral strains and are not prone to developing resistance.

Anti-inflammatory Properties

NSPs show anti-inflammatory properties in both animal models and in the clinic. In the swine model with contact dermatitis induced
by topically applying 1, 2 dinitrochloro- benzene, nanosilver altered the expression of pro-inflammatory cytokines transforming
growth factor-b and tumour necrosis factor-a (48). Shin and Ye found that NSPs attenuated nasal symptoms in allergic rhinitis mice
and inhibited OVA-specific immunoglobulin E, IL-4, and interleukin-1, and that inflammatory cell infiltration and goblet cell
hyperplasia was inhibited by nanosilver (49). In a human clinical study, wound dressing containing NSPs promoted the healing of
chronic leg ulcers by not only reducing bacteria numbers in the wound bed but by decreasing inflammatory response as well. NSPs
ability to reduce cytokine release and matrix metalloproteinase, (50) decrease lymphocyte and mast cell infiltration (51) and induce
apoptosis in inflammatory cells (52) may explain their anti-inflammatory mechanisms.

Medical NSP Applications for Wound Dressings

Robert Burrell developed the world’s first commercially available nanosilver product (Acticoat™; Smith and Nephew, London,
UK) to treat various wounds and wound healing activity, including burns, chronic ulcers, toxic epidermal necrosis, and pemphigus
(53). Huang et al observed that NSP-loaded wound dressings significantly reduced the healing time by an average of 3-35 days and
increased bacterial clearance from infected wounds compared to silver sulfadiazine, with no adverse effects (54). However, scientists
showed that nanosilver-loaded wound dressings could enhance healing in superficial burn wounds but made no difference in deep
burn wounds, compared with 1% silver sulfadiazine (55). This result suggests NSPs accelerate re-epithelialization but not
angiogenesis.

Recently, new dressings are being fabricated with the aim of increasing antibacterial efficacy and promotion of wound healing. Lu
et al developed a wound dressing composed of NSPs and chitosan, and found that it significantly increased wound healing during
treatment of deep partial-thickness wounds and inhibited infection, as well as diminished the risk of silver absorption, compared
with 1% silver sulfadiazine dressings (56).

Cardiovascular Implants

The first cardiovascular medical device containing silver in the clinic was a prosthetic silicone heart valve coated with the silver
element, which was designed to prevent bacterial infection on the silicone valve and to reduce inflammation response (57). However,
metal silver may cause hypersensitivity, inhibits normal fibroblast function, and leads to paravalvular leakage in patients (58). NSPs
are safe and nontoxic in medical devices, unlike metal silver. Therefore, Andara et al synthesized a new nanocomposite with NSPs
and diamond-like carbon as a surface coating for heart valves and stents, and found that the surface of the nanocomposite showed
antithrombogenic and antibacterial properties (59). In addition, they constructed antibacterial multilayer films containing NSPs, and
investigated their antibacterial, mechanical, and hemodynamic properties in vitro for use in cardiovascular implant coating.

Catheters

The lot of research has been conducted to investigate NSPs as antibacterial materials for coating catheters, including central venous
catheters and neurosurgical catheters. Silver line (60) and ON-Q Silver Soaker™ (61) are two commercially available medical
catheters containing NSPs to prevent catheter-associated infections (62) Medical catheters are prone to bacterial infection, which
can rapidly spread to the wound and its surrounding, and lead to serious complications. Because of their superior antibacterial
properties and lack of observed toxicity, NSPs can decrease the incidence of bacterial infection and complications after surgery,
thus they have been widely accepted for use in medical catheters.

Bone Cement

Alt et al evaluated antibacterial activity of plain poly (methyl methacrylate) bone cement loaded with different NSP concentrations
in vitro, and found that bone cement-loaded 1% nanosilver completely inhibited the proliferation of Staphylococcus epidermidis,
methicillin-resistant S. epidermidis, and Methicillin-resistant S. aureus, with no significant difference between the nanosilver bone
cement and the nontoxic control group in quantitative and qualitative cytotoxicity tests (63). NSPs were also added to ultra-high-
molecular-weight polyethylene for fabricating inserts for total joint replacement components, and it was found that NSPs drastically
reduced the wear and tear of the polymer (64).

Dental Materials

NSPs also have applications in dental instruments and bandages. Yoshida et al showed that a resin composite incorporated with
NSP-containing materials had a long-term inhibitory effect against Streptococcus mutans (65). Yamamoto et al also showed that a
resin composite containing silver ion-implanted fillers released silver ions with antibacterial effects on oral streptococci. (66) In
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addition, Magalhaes et al showed that incorporating NSPs in endodontic filling materials provided a significantly enhanced anti-
bactericidal effect against Streptococcus milleri, S. aureus, and Enterococcus faecalis (67) NSPs in dental adhesives are also very
effective against streptococci without affecting the adhesive mechanical properties, thus enabling their use in orthodontic treatments
(68).

Biodiagnosis

NSPs can be used for bio-diagnosis, where plasmonic properties of NSPs strongly depend on size, shape, and dielectric medium
that surrounds it (69) Zhou et al developed a silver nanoparticle array biosensor for clinical detection serum p53 in head and neck
squamous cell carcinoma (70). NSPs are also employed to produce dual-imaging/therapy-immunotargeted nano shells to locate
cancer cells and can absorb light and selectively destroy targeted cancer cells through photo thermal therapy (71).

Toxicity to Animals

e Silver Nanoparticle toxicity on Daphnia magna

Silver nanoparticles size 35 nm effects on Daphnia magna were studied and the results showed that 100% mortality occurred for
1ug/ml during 96h and 43.33% for 0.1ug/ml treatment. In chronic exposure, Daphnia magna was exposed to lower concentration
of silver nanoparticles showed significant toxicity at 0.001 pg/ml (72). Genotoxicity and ecotoxicity assessment of AgNPs (50nm)
were studied on the fresh water crustacean Daphnia magna. Acute toxicity up to 2ug/ml concentration showed 100%
mortality(244;LD50~1.2ug/ml) DNA stand breaks increased after exposure to AgNPs to approximately 4&8 time higher levels than
the negative control at the concentrations of 1& 1.5pg/ml respectively, Increased mortality was parallelly observed with DNA
damage in the silver nanoparticles. Which suggest that AgNPs induced DNA damage in the silver nanoparticles, which suggest that
AgNPs induced DNA damage high provoke higher level consequences. The results of comparative study suggest that the former
were slightly more toxic (73).

o  AgNPs toxicity on zebra fish-

The response of zebra fish, Daphnia and Pseudokirchneriella subcapitata to 20-30 nm commercial silver nanoparticles was studied.
AgNPs induced toxicity after 48hrs with an LD50 of 7.0-7.2 pg/ml in zebra fish and 0.040- 0.067 pg/ml in Daphnia. In P.Sulcapitata
the LD50 was 0.19ug/ml. No effects on survival up to 5ug/ml were observed for soluble metal treatment, zebra fish presented on
LD50 of 0.022pug/ml and for Daphnia the LD50 was found to be 0.008ug/ml. This result shows a greater toxicity of silver soluble
metal compared with AgNPs (74). Effect of 5-20nm AgNPs on zebra fish was studied by Asha Rani et al (2005). The LD50 between
25 and 50 pg/ml causes alteration to cell nucleus and breaking of DNA.

e  AgNPs toxicity to Rat / mice

Short term and high doses of AgNPs on rats /mice causes hepatotoxicity and oxidative stress (75). There are evidences that AgNPs
administration to wistar rats/mice altered some biochemical parameters. Repeated use of AgNPs orally for testing may cause a mild
to moderate toxicity. A dose dependent toxic responses in liver tissues are observed. Silver nanoparticles proves to be highly toxic
through repeated oral gavage exposure. AgNPs cause inflammation mediator expression in liver histology. Large size particle not
able to penetrate the cell membrane effectively but pressurizes the area where it abnormally accumulates (76). Small sized AgNPs
are more active to exert toxicological response and they induce organ toxicity and inflammatory responses by repeated oral
administration (77).

The current study showed that silver nanoparticles were predominantly localized in the liver in both sexes of mice/rats and this
accumulation of nanoparticles in livers caused remarkable hepatic toxicity (78). Nanosilver particles enter into the body, especially
in the gastrointestinal tract, is in colloidal form (79).

As liver organ is able to actively remove compounds from the blood and transform them into chemical forms that can be easily be
excreted (80). So, silver nanoparticles might have an impact on the liver as a major organ of detoxification. Increasing serum AST
and ALT levels indicated that liver tissues were damaged. These were confirmed by histological microscopy and by some other
studies for instance in histological microscopy and by some other studies for instance in the histological analysis (81).

Nanosilver elevates the hepatic enzyme. So, that AST level in serum elevates. Silver nanoparticle accumulates mainly in the liver
because it contains high level of thiol rich proteins such as glutathione (82, 83). Arora S, in 2009 reported AgNPs (7- 20nm) with
final concentration of 10-200 pg/ml (10-200ppm) can cause oxidative stress, apoptosis and decreased cell viability in fibroblasts
and liver cells which is isolated from swiss albino mice or rats & AgNPs proves to be highly toxic to primary hepatocytes (84,85).
Histopathological examination of the liver revealed that various alterations denoting the hepatotoxic effects of AgNPs including
hepatocellular degeneration, necrosis, and individual apoptosis, several studies confirmed that liver is the largest organ for the effect
of silver nanoparticles (36-89). The AgNPs were highly toxic in rats/mice liver cell (90).

Lung and liver were the major largest tissues for prolonged AgNPs exposure and no observable adverse effect level (NOAEL) of
AgNPs was determined as 100pug/ml (91). Another exposure route of AgNPs, Oral rout may be important in many consumer products
such as tooth paste, reusable bottles, nursing nipples, kitchen utensils and toys (92, 93). When mice were treated with AgNPs small
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sized AgNPs were accumulated in brain, lung, liver, kidney, and tests. While, when rats/mice were treated with AgNPs by injection,
AgNPs trans located to the blood circulation and distributed throughout the main organs especially in the kidney, liver, spleen, brain,
and lungs in the form of particles (94).

Effects of Silver Nanoparticles
i) Effects of Silver on Body Weight

The growth rates were retarded in rats administered a 0.25% silver nitrate solution in the drinking water for 8% months (this dose
corresponds to 81 mg/kg of bw/day)(95). When silver was withdrawn, the body weight became normalised over the course of 10
weeks. Body weight gain decreased following the oral administration of silver acetate (9 mg of silver/kg of bw/day) (96). Regarding
nano particulates silver, Shahare and Yashpal observed that oral exposure in mice for 21 days to 5 mg/kg of bw/day of 5-20 nm
silver nanoparticles decreased body weight (97). In a 13 week study of the oral administration of 500 mg of 60 nm silver
nanoparticles/kg of bw/day in rats, decreased body weight was observed for males only (98). It should be noted that in a range of
oral investigations, no effects on body weight were reported (99-106).

ii) Effects on the Gastrointestinal Tract

High silver deposition has been demonstrated in the gastrointestinal tract in oral toxicity experiments (107,108). Three investigations
reported pathological findings. Silver nanoparticles (5-20 nm) damaged the epithelial cell microvilli and intestinal glands after
administration for 21 days to mice at doses of 20 mg/kg of bw (109). Moreover, Jeong et al. (2010) found increased numbers of
goblet cells in the intestine that had released their mucu granules following the oral administration of 30 mg/kg of bw/day of 60 nm
nanoparticles for 28 days. In a 13 week investigation in rats, Kim et al. (2010) reported abnormal pigmentation of the ileum
following the administration of 125 and 500 mg/kg of bw/day of 56 nm silver nanoparticles.

iii) Effects on the Liver and Bile Ducts

Effects on several enzymes that are indicative of liver and bile duct function have been reported. Following the oral administration
of ionic silver in the form of silver acetate (9 mg of silver/kg of bw/day), increased plasma alkaline phosphatase and decreased
plasma urea were observed. Following the oral administration of ionic silver in the form of silver acetate (9 mg of silver/kg of
bw/day) or nanoparticulate silver (9 mg of 14 nm particles/kg of bw/day) the urinary excretion of uric acid and its metabolite
allantoin were increased (99). In a 28 day investigation of the oral administration of 60 nm silver nanoparticles, Kim et al. detected
increased plasma alkaline phosphatase at doses of 300 mg/kg of bw/day in males and 1000 mg/kg of bw/day (both sexes), and
cholesterol at a dose (1000 mg/kg of bw/day, only in female rats). Bile duct hyperplasia, with eosinophil infiltration of the hepatic
lobules and portal tract, were also reported (108). In a 13 week investigation of the oral administration of 56 nm silver nanoparticles,
rat alkaline phosphatase levels were increased at doses of 500 mg/kg of bw/day. Additionally, increase in serum cholesterol were
recorded at the 125 mg/kg of bw/day dose for males sand above were recorded for females following the oral administration of 500
mg/kg of bw/day. In addition, bile duct hyperplasia was reported (99). Van der Zande et al. (2012) investigated the hepatotoxicity
of 90 mg/kg of bw of silver nanoparticles or 9 mg/kg of bw/day of ionic silver for 28 days.

iv) Effects on Haematology and Kidney

Hadrup et al. (2012b) found increased haematocrit following the oral administration of 14 nm nanoparticulate silver at a dose of 9
mg/kg of bw/day for 28 days in rats. Espinosa-Cristobal et al. (2013) observed increased haematocrit, haemoglobin and blood urea
nitrogen in female rat administered 14 and 36 nm silver nanoparticles at a concentration of 535 mg/L in the drinking water for 25
days (corresponding to a dose of 65 mg/kg of bw/day). Increases in these blood parameters suggest a higher need for oxygen
transport in these animals, or alternatively, that silver affects the mechanisms underlying blood cell physiology. Sardari et al. (2012)
reported histopathological findings in the spleens (decreased red pulp and increased white pulp) and kidneys (necrosis) in rats that
were orally administered 1 or 2 mg/kg of bw/day of 70 nm silver nanoparticles for 30 days. Decreased red pulp potentially affects
red blood cell clearance; whereas necrosis of glomerular cells, the Bowman’s capsule and proximal tubular cells in the kidney
potentially affect body fluid homeostasis. Hadrup et al. (2012b) investigated the heart and kidneys, but found no histological changes
following the oral administration of 9 mg/kg of bw of ionic or 14 nm nanoparticulate silver. In addition, Kim et al. (2008, 2010)
found no histopathological changes in the heart after up to 13 weeks of treatment with 56-60 nm silver nanoparticles at doses up to
1000 mg/kg of bw/day.

v) Effects on the Reproductive System

Changes in ovarian nuclear and cytoplasmic cell morphology, such as the disappearance of the endoplasmic reticulum and
transformed mitochondrial morphology, were found in mice administered 0.03% silver nitrate in the drinking water for 1 month
(corresponding to 23 mg of silver/kg of bw/day) (97). Shavlovski et al. (1995) investigated embryo toxicity in female rats that had
been orally administered 50 mg of silver chloride/animal (corresponding to 190 mg of silver/kg of bw/day) during days 1-20 of the
term. Post-implantation lethality was found to be increased, and the incidence of visceral damage in the offspring was considerably
higher compared to the control group. Moreover, all of the new borns died within 24 h of birth.

vi) Effect on Central Nervous System

Whether silver crosses the blood brain barrier remains controversial, but even in absence of silver in the brain extracellular fluid,
silver-induced neurotoxic effects may occur via secondary molecules that are released from the periphery. Rung by et al. found that
0.015% silver nitrate in the drinking water for 125 days (14 mg/kg of bw/day) induced hypoactivity in mice after a 10 day silver
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withdrawal period (109). In another investigation, it was reported that an increase in liveliness was observed in rats given silver
nitrate in the drinking water at 0.01% for 4 months (110).Scientist investigated the effects of the oral administration of ionic and 14
nm nanoparticulate silver for 28 days on neurotransmitters in rats (111). At doses of 2.25 mg/kg of bw/day of nanoparticulate silver
and 9 mg/kg of bw/day of ionic silver (the lowest ionic silver dose investigated), alterations in noradrenaline, dopamine and 5-HT
concentrations were found in the brain. Regarding human case studies (112). A case of convulsive seizures in a woman has been
described following the ingestion of 200 silver containing antismoking pills per day for 40 years. In addition, Mirsattari observed
myoclonic status epileptic us in man following the oral ingestion of excessive amounts of colloidal silver (113).

viii) Effect of Silver Nanoparticles Administrated In vitro
Culture Cells

No genotoxicity effects were observed for different human culture cells owing to incubation with up to 10 mg/ml of capped silver
nanoparticles (diameters of 6-80 nm; (114-118).However, some cases described in the literature, e.g. culture of human mesenchymal
stem cells incubated with 0.1 mg/ml of albumin-capped silver nanoparticles (average size 46 nm (106) or of normal human lung
fibroblast cells, or human glioblastoma cells starch incubated with capped silver nanoparticles (sizes 6-20nm (15), showed
genotoxicity up to nanoparticle doses of 50 mg/ml. Albumin-capped silver nanoparticles were reported to be more genotoxic than
polysaccharide-capped ones. Indeed, silver nanoparticles capped with albumin (size 70 nm) were found to be more genotoxics on a
mouse peritoneal macrophage cell line (genotoxicity at around 2 mg/ml(119) compared with silver nanoparticles capped with
polysaccharides(size 25 nm) on mouse embryonic stem and fibroblasts, which exhibited genotoxicity at 50 mg/ml (120). In addition,
from the reviewed literature, there is a tendency for human culture cells treated with capped silver nanoparticles to be less sensitive
than mouse culture cells, independent of the kind of capped silver nanoparticles, with some exceptions. This tendency should be
investigated in further studies.

Table- Toxicity of Ag-NPs on Various Organisms

Cell lines/ Particle Surface Dose Exposure Major outcomes Ref.
Organisms Size Stability time
In vitro Mouse 15nm None EC50: 48h Concentration  dependant  toxicity | 121
8.75ug/ml Reduced  mitochondrial ~ function
drastically and increased membrane
leakage
Rat  liver-derived | 15 and | None 5-50pg/ml 24h Depletion of reduced glutathione | 122
cell line (BRL 3A) | 100nm (GSH) level. Reduced mitochondrial
potential and increase in ROS levels.
Rat alveolar | 15,30 None 10-75ug/ml | 24h A Size dependant toxicity mechanism | 123
macrophages and 55 of toxicity was found to be largely
nm mediated through oxidative stress.
Mouse fibroblasts | 7-10nm | None >1mg/l 24h Cell proliferation and chemotaxis were | 124
and liver cells decreased while IL-8 release was
increased.
Rat liver | 40-80nm | None 2 and | 25min. Cause impairment of mitochondrial | 125
mitochondria Spg/mg function uncoupling effect on the
protein oxidative phosphorylation..

4. CONCLUSION

Silver nanoparticles are one of the most attractive nanomaterials for commercialization application. They have been widely used as
antibacterial, antiviral, anti-inflammatory and biomedical products. In this review, we have given a comprehensive data of AgNPs
toxicity. We first gave an overview of NSPs synthesis, then reviewed applications and possible toxicity to Daphnia magna, Zebra
fish, Rat, and mice. It has been reported that ingestion of colloidal silver has also been linked with effect on gastrointestinal tract,
liver and bile duct, cardiovascular system, reproductive and nervous system etc. Having a surface area larger and smaller size of
nanoparticles can make potential interactions with membrane surfaces and they can easily translocate and become distributed
throughout the human body. Taking into account their physicochemical and biological properties. It is likely that nanoparticles will
introduce new pathologies. Finally silver has the problem of argyria and argyrosis in human and in the environment.
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