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Abstract
Aim: The present study aimed to assess the toxicity of topical administration of two concentrations of silver nanoparticles after 28

days exposure.

Materials and Methods: Sixty males albino rats were randomly divided into the following experimental groups; Group 1 (vehicle
control group): consisted of 20 healthy rats (given 0.5 ml distilled water once daily for 4 weeks topically on rat’s tongue). Group 2:
(nano-silver 50 group): consisted of 20 healthy rats (given 0.5 ml nanosilver solution50 pug/ml once daily for 4 weeks topically on rat’s
tongue in a dose of 10mg/kg). Group 3 (nano-silver 100 group): consisted of 20 healthy rats (given 0.5 ml nanosilver solution100 pg/
ml once daily for 4 weeks topically on rat’s tongue in a dose of 10mg/kg).By the end of study blood was drawn then analyzed for GOT
(glutamic oxaloacetic transaminase), GPT (glutamic pyruvic transminase), CRE (creatinine), and BUN (blood urea nitrogen). Tongue,

kidneys, and liver were removed, weighed, fixed, stained, and examined under light microscopy for histopathological study.

Results: The results showed that there was no significant difference in the organs weight of rats after 4 weeks of exposure, no signifi-
cant changes in all four enzymes tested. Histopathologic examination revealed no pathological abnormalities in all treated animals
compared to untreated healthy animals. (no inflammatory cell infiltration, no hyperplasia, no fatty degeneration ,no edema ,as well

as no necrosis).

Conclusion: silver nanoparticle (size 20 nm) in concentrations of 50,100 pg/ml in dosing volume 10mg/kg body weight are safe

when applied topically in rats for 28 days.
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Introduction

Nanotechnology is rapidly growing by producing nanoproducts
and nanoparticles (NPs) that have novel and size-related physico-
chemical properties differing significantly from larger matter [1].
The novel properties of NPs have been exploited in a wide range of
potential applications in medicine, cosmetics, renewable energies,
and biomedical devices [2-4]. Among them, silver nanoparticles
(Ag-NPs or nanosilver) have attracted increasing interest due
to their unique physical, chemical and biological properties

compared to their macro-scaled counterparts [5].

Nanoparticles have a large surface area to volume ratio which
leads to an alteration in biological activity compared to the parent
bulk materials. In the past two decades, the use of nanoparticles
(NPs) in experimental and clinical settings has risen exponentially
due to their wide range of biomedical applications, for example
in drug delivery, imaging and cell tracking [6-9]. This highlights
the need to consider not only the usefulness of NPs but also the

potentially unpredictable and adverse consequences of human

exposure thereto. In this context, NP toxicity refers to the ability
of the particles to adversely affect normal physiology as well as
to directly interrupt the normal structure of organs and tissues of
humans and animals. It is widely accepted that toxicity depends
on physiochemical parameters such as particle size, shape, surface
charge, chemistry, composition, and subsequent NPs stability. The
exact underlying mechanism is as yet unknown, however, recent
literature suggests cytotoxicity to be related to oxidative stress
and pro-inflammatory gene activation [10-12]. Further to particle-
related factors, the administered dose, route of administration
and extent of tissue distribution seem important parameters
in nano-cytotoxicity. Typically, cell-based toxicity studies use
increasing doses of the NP in order to observe dose-related cellular
or tissular toxicity. Such dose-response correlations are the basis
for determining safe limits of particle concentrations for in vivo

administration [13].

Silver nanoparticles have come up to the market by many

industries with diverse medical applications ranging from silver
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based dressings to silver coated medical devices in band, pad,
gloves, catheter cover, wound dressing etc. [14,15]. As a result of
very few data available on the safety of silver nanoparticles, which
is increasingly used in industry and its direct contact with the
skin, the dermal and systemic toxicity of this nanoparticle should
be carefully determined by in vitro and in vivo models to define its

safety thresholds for regulatory purposes [16,17].

The antibacterial activity exhibited by silver in a number
of studies [18-21] has resulted in the widespread use of silver
nanoparticles in bedding, washing machines, water purification,
toothpaste, shampoo and rinse, nipples and nursing bottles,
fabrics, deodorants, filters, kitchen utensils, toys, and humidifiers
[22,23], where the main body or inner surface of the product is
mixed or coated with germ-resistant nano-silver to prevent the
growth of fungi and bacteria. Despite such widespread use of silver-
nanoparticle-containing products, safety/toxicity data on silver

nanoparticles remain rare.

The increase in applications of manufactured nanoparticles,
which are composed mostly of metal and metal oxides, is raised the
potential for exposure among manufacturers and consumers [24].
The major toxicological concern associated with manufactured
nanomaterials is that some are redox active, and some particles are
transported across cell membranes then interact with subcellular
organelles [16]. Thus, evaluation of their toxicity on acute and
subchronic exposure is essential. Silver nanoparticles have recently
been recognized as antimicrobial agents and are finding diverse
medical applications such as silver-based dressings and, silver-
coated medical devices [25,26]. This nanoparticle can damage
bacterial cell walls and cause cell death [14]. Although nanosilver
magnifies the therapeutic effects of silver, its safety profile has

remained controversial compared with silver compounds.

The nano-mucus membrane pathway is the lining of most
endodermal cells that cover the epithelium and are involved in
absorption and secretion. They line various body cells and cavities
that are exposed to the external environment and internal organs.
It is continuous with the skin, nostrils, lips, ears, genital and anus.
NPs deposited on the various mucus tissues pathway, encounter
mucus or epithelial lining fluid. This may trigger phagocytosis or
contact fibroblasts cells or endothelial cells resulting into the NPs
removal [27,28]. Other report by [29] have shown that NPs can be
translocated through the mucosal lining and epithelial cells of the
intestine and do associate with GALT and blood circulatory system.
According to [30]. NPs deposited on the mucus membranes might
lead to various types of interaction forces between mucoadhesive
nanomaterials and the mucus surface. These forces include weak
Vander Waals forces, strong hydrogen bonding, electrostatic
attraction, mechanical interpenetration, and entanglement.
Furthermore, methods such as fluorescence probe have been

used to evaluate these interactions in vitro and in vivo to measure
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mucoadhesive capacity. Depending upon the specific mucus
membrane application, NPs exposure may translocate and impart

a cytological toxic effect depending on the factors reported earlier.

The aim of this study was for assessment of sub-acute
toxicological profile of two concentrations of topical oromucosal

administration of silver nanoparticles in rats.

Material and Methods
Chemicals used

Synthesized silver nanoparticles aqueous solution were
purchased from Nano-Tech Company (6" October city, Egypt), and

prepared in two different concentrations (50 and 100 pg /ml).

Synthesis of silver nanoparticles

Silver nanoparticles were prepared using chemical reduction
method [31]. Briefly, 1 x 10 M of silver nitrate (AgNO3) was added
in three necked round-bottom flask in the presence of 0.1 g of
polyvinyl-pyrrolidone (PVP). Then 0.6 ml of tri-sodium citrate was
added and stirred very well followed by drop wise addition of 1 x
103 M of sodium borohydride (NaBH4) solution. With the addition
of NaBH4, the mixture turned yellow immediately. Continuing
the process, the solution became opaque (dark brown) gradually

indicating the appearance of silver nanoparticles.

Characterization of silver nanoparticles

The preliminary detection of silver nanoparticles was carried
out by visual observation of the color change of the cell filtrates.
Also, the optical properties of the prepared silver nanoparticles
were investigated by recording the plasmon band for silver
nanoparticles using the UV-Visible absorption spectra. The shape
and size of the prepared silver nanoparticles were recorded by the

transmission electron microscopy (HR-TEM) images.

Instrumentation

The UV absorbance was measured on a PERKIN-ELEMER
LAMBDA 4B spectrophotometer using 1-cm matched quartz
cells and scanning the spectra between 250 and 800 nm. The
transmission electron microscopy (HR-TEM) images were carried
out on JOEL JEM-2100 operating at 200 kV equipped with Gatan
digital camera Erlangshen ES500.

Animals

Sixty male specific-pathogen free albino rats, obtained from the
Center of Experimental Animals, Ministry of Health, Helwan, Cairo,
with age of 10-12 weeks, weighting about 200-220g, were used in
the current study. Animals were acclimated for two weeks before
starting the experiment. During the acclimation and experimental
periods, rats were housed in polycarbonate large cages (maximum
5 rats per cage). The rats were given food and water ad libitum at a

normal dark/light cycle. All efforts were made to minimize animal
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suffering and to reduce the number of animals used.
Administration of synthesized nanoparticles to albino rats
Rats were randomly divided into the following experimental
groups; Group 1 (control group): consisted of 20 healthy rats
(given 0.5 ml distilled water once daily for 4 weeks topically on rat’s
tongue). Group 2: (nano-silver 50 group): consisted of 20 healthy
rats (given 0.5 ml nanosilver solution100 pg/ml once daily for 4
weeks topically on rat’s tongue), in dosing volume 10mg/kg body
weight. Group 3 (nano-silver 100 group): consisted of 20 healthy
rats (given 0.5 ml nanosilver solution100 pg/ml once daily for 4

weeks topically on rat’s tongue).

Clinical signs and measurement of body weight

Observations were made before and 3 hours after dosing and
they were recorded as per the guidelines provided by Organization
for Economic Co-operation and Development (OECD, 2002) [32].
They included any change in appearance behavior, hair, feces and
mortality. Changes in weight, an important toxicity index for rats,

were measured before grouping and dosing.

Sample collection

On the last day of the study, the overnight fasted animals were
anesthetized with CO2 gas and blood samples for sera preparations
were collected from the tail vein of each rat into sterile plain tubes.
Serum samples were separated from the clot by centrifugation at
3000 rpm for 15 min using a bench top centrifuge (MSE Minor,
England). Serum samples were separated into sterile plain tubes

and stored in the refrigerator at -20 °C until analysis.

Biochemical tests

The sub-acute toxicity assay involved, levels of GOT (glutamic
oxaloacetic transaminase), GPT (glutamic pyruvic transminase),
CRE (creatinine), and BUN (blood urea nitrogen), were analyzed
using standard diagnostic test (Point of care, Roche: Refrotron test
strips) kits on Automated Clinical Biochemistry analyser using a
UV-visible spectrophotometer (UV-1601PC, Schimadzu, Japan).

Gross pathology and histopathology
Tissues harvesting

Signs of hemorrhages, ecchymosis and petechial appearances
were assessed after 28 days of drug administration. Tissue specimen
from the liver, kidneys and tongue were collected and preserved in
10% buffered formalin. Thereafter, The specimens were processed
to be stained using H and E stains to detect histological changes,
following the method as described by Ingelheim (2003) [33].

Statistical analysis

Data were collected, tabulated and expressed as mean * SD.
Statistical significance between groups was analyzed at each
time point using one-way analysis of variance (ANOVA) followed
by Bonferroni’s post-hoc test. The statistical package for social
sciences (SPSS, version 13.5, Chicago, IL, USA) was employed.

Values of P < 0.05 were considered statistically significant.
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Ethical approval

Approval for animal experiments was granted by the Faculty
of Dentistry, Suez Canal University. The care and handling of
the animals were in accordance with the Animal Care and Use
Committee at the Suez Canal University and the National Institutes
of Health guide for the care and use of laboratory animals
(Maryland, USA). (n.2013/91).

Results
Characterization of silver nanoparticles

The synthesized silver nanoparticles showed a characteristic
surface plasmon peak, at 425 nm (Figure 1-A). The nanoparticles
were spherical and the size range of 15-40 nm as revealed by high
resolution transmission electron microscopy (HRTEM). The data
on particle size distribution revealed the presence of particles with
an average size 20 nm. (Figure 1-B) The nanoparticles were found

to be stable for over twelve months.
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Figure 1: A: UV-Visible absorption spectra of the silver nanoparti-
cles at 425 nm. B: Transmission electron micrograph of the silver
nanoparticles used in this work showing spherical in shape with

average size of 20 nm.

Clinical observations and body weight measurement for 28
days
Clinical

The administration of dose up to 10 mg/kg of nano-formulation
did not lead to mortality. No clinical signs of toxicity were
recorded during the 28 days experimental period of all doses of
silver nano formulation. The skin, fur, water intake, food intake,
mucous membrane, and urination of rats were found to be normal
after treatment. Additionally, diarrhea, fast breathing, lethargy,
inactivity, liquid secretions from eyes or excessive salivation were

not observed.
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Body weight

The body weight of control non-treated group varied between
200 to 220 g at the beginning and end of the treatment period,
respectively. Following treatment, no significant variations (p >
0.05) of body weight was observed between the control groups and

the nano formulation treatment groups.

Biochemical tests
Clinically, no mortality or signs of intoxication or any adverse
oral mucosal reactions were observed in all rats at the begging of

experiment and during the experimental period up to 28 days.

Kidneys and liver are considered to be the most susceptible
organs in case of exposure and absorption of silver. The toxicity in
kidneys can be evaluated by urea and creatinine measurements.
The damaging effect of hepatotoxic substances on the liver is
manifested by an increase of aspartate aminotranferase (AST) and
alanine aminotransferase (ALT). For assessment of toxic effects for
the nanosilver solutions, liver enzymes, blood urea and creatinine

were determined. There were no statistically significant differences

ALT AST [(Creatinine BUN
Groups (Unit/1) | (Unit/1) | (mg/dl) | (mg/dl)
(M+SD)| (M+SD)| (Mz%SD) | (M+SD)
Control 20.5+2.8/72.5+13.5/ 1.4+ 0.65 |6.7 £ 1.08

Silver nanoparticles
(50 pg/ml)

Silver nanoparticles
(100 pg/ml)

21.7+2.7 73+£10 [1.2+£0.016|7.1£2.2

188+23| 7612 [1.2+0.011] 6.8+2.1

Table 1: Effect of silver nanoparticles solution (50 or 100 pg/ml),
on serum ALT, AST, creatinine and urea after topical application in
rats. (mean * S.D.).

ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase;
BUN (mg/dl): Blood Urea Nitrogen. Rats were treated with agents
for 4 weeks. Results are expressed as mean * SEM and analyzed

using one-way ANOVA. " Significant difference vs. control, p < 0.05

between all groups of the study (p > 0.05) (Table 1).

Mean weights G3
Organs 61 G2 (M £ SD)
(M £ SD) (M £ SD)
Liver 2.91+0.15 2.8+0.14 29%0.15
Right Kidney | 0.27+0.01 | 0.28+0.02 | 0.29+0.03
Left Kidney 0.28+0.02 | 0.29%0.03 | 0.28+0.02
Tongue 0.83+0.12 0.79+0.11 | 0.82+0.12

Table 2: Relative organs weights (g) for male rats after 28-days

topical administration of silver nanoparticles (mean + S.D).

GI = Normal; G2= Nano 50; G3= Nano100 . *Significant difference

vs. control, p < 0.05.
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Organs weights and histopathology
Pathological studies were performed on H and E-stained slides
at baseline, and day 28 of study. Results of light microscopic
examination of normal and treated tongues G1, G2, G3, showed
normal bristle-like tongue papillae. The normal surface epithelium
composed of four layers with well-arranged rete ridges. The
lamina properia composed of dense collagen bundles overlying

well defined muscular tissue. No inflammatory cell infiltration was

Figure 2: A: (G1) (Normal group) Showing tissue section of normal
tongue of a rat at end of the study, ( H and E x10). B: (G1) showing
normal bristle-like tongue papillae (arrows A). The normal surface
epithelium composed of four layers with well arranged rete ridges
(arrows. B) The lamina properia composed of dense collagen bun-
dles No inflammatory infiltrate is seen in the lamina properia (ar-
rows C).( H and E x10). C: (G3) showing normal bristle-like tongue
papillae (arrows A). The normal surface epithelium composed of
four layers with well arranged rete ridges (arrows B). No inflam-
matory infiltrate is seen in the lamina properia (score 0) (arrows
C).(Hand E x 10).

seen in the lamina properia figure 2.

No pathological lesion was detected in tested organs including
liver, and kidneys of animals during the treatment period. After
histopathological assessment of rats organs,no pathological
abnormalities were seen in all treated animals compared to
untreated healthy animals (no inflammatory cell infiltration,
no hyperplasia, no fatty degeneration ,no edema,as well as no

necrosis), figures 3-5.

Discussion

A number of factors can influence the toxicity of SNPs. Basic
experimental design, including exposure route and conditions, test
concentrations, endpoints evaluated, and species or cell type used
can affect outcomes of SNPs toxicity tests. Additional parameters
such as size and surface area are recognized as important

determinants for toxicity [34].

Citation: Abdulrazzaq Ahmed Salem AL-Maweri and Essam Ahmed Al-Moraissi. “Subacute Toxicological Profile Assessment of Silver-Nanoparticles
After Topical Mucosal Application in Albino Rats". Acta Scientific Dental Sciences 8.5 (2024): 82-91.



Subacute Toxicological Profile Assessment of Silver-Nanoparticles After Topical Mucosal Application in Albino Rats

A B
) RS L B ARG
§5a28 ?—%ﬁw’{ , ir«ﬁé{% QY
i b1 :;'_ ) LT R MR

R A

,g.‘ D R
P ¢ 7‘2‘.?-& !.l g

\._}-. v %‘ l\ L :C"
“ - o AT ¥ & S
ud“-‘ ,"- '_}1 ‘v. 8
SR R €

¥ o .g" HE

:
»
.

e ,
\%
pRGY) it
A SEtE

j o

fri Py
NSRS
0, o

0y
e
e

Figure 3: (A). Liver of a normal rat (G1). It is composed of hexago-
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nadal or pentagonadal lobules with central veins and peripheral
hepatic triads embedded in connective tissue. Hepatocytes are ar-
ranged in trabecules running radiantly from the central vein and
are separated by sinusoids containing Kupffer cells. They are regu-
lar and contain a large spheroidal nucleus with a distinctly marked
nucleolus and peripheral chromatin distribution. Some cells have
two nuclei each. (H and E x20). (B). Liver of control rat at the end of
experiment. It is composed of hexagonadal or pentagonadal lobules
with central veins and peripheral hepatic triads embedded in con-

nective tissue. (H and E x10).

Figure 4: C, D: Histology of rats liver tissues of nano silver G2 at
the end of experiment show normal agriculture, central vein with
well-preserved hepatocytes. no inflammatory cell infiltration, no
hyperplasia, no fatty degeneration, no edema, no necrosis C:H and
E(20X), D: H and E (40X).
E, F: Histopathological findings in liver tissues of G3 at the end of
experiment: show normal articuture with no inflammation no hy-
perplasia, no fatty degeneration E:H and E(40X), F: H and E (20X).
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Figure 5: (A): Photomicrograph of left kidney sections of a rat at

end of the study from normal group (G1) showing normal histologi-

cal structure of the glomerulus and tubules in the cortical part. (H

and E x20) (B): Photomicrograph of kidney section of a rat from

normal group showing normal histological structure of the tubules

in the medullary part (H and E x20). (C): G2: cortical part (H and E
x20). (D): G3: medullary part (H and E x 40).

The present toxicity results of nanosilver provoked no toxicity
in rats, when a single daily dose of 0.5 ml of drugs topically applied
on tongues for 28 days (10 mg/kg). This is confirmed by results
of liver and kidney tissues as well as their enzymes before and
after treatment. There were no significant difference between
all groups regarding the main values of liver enzymes (ALT, AST)
and blood urea and creatinine. Also the histopathological analysis
of rat’s liver and kidneys showed that no singns of inflammation
or pathological changes up to 10 mg/kg. The doses used in this
study were far less than the toxic doses demonstrated by previous
studies dealing with toxicological effect of nanosilver in different
concentrations in rats. This difference may be due to many factors
related to route of administration, size, shape, concentration, dose

and chemicals used for nanosilver synthesis [35-41].

Study tested the oral toxicity of silver nanoparticles (60 nm)
over a period of 28 days in Sprague-Dawley rats divided into equal
four groups: vehicle control, low-dose group (30 mg/kg), middle-
dose group (300 mg/kg), and high-dose group (1000 mg/kg). After
28 days of exposure, the blood biochemistry and hematology were
investigated, along with a histopathological examination as well as
level of silver distribution. The male and female rats did not show
any significant changes in body weight relative to the doses of silver
nanoparticles during the 28-days experiment [35]. They found

that exposure to more than 300 mg of silver nanoparticles may
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result in slight liver damage. There was no statistically significant
differences in the micronucleated polychromatic erythrocytes or
ratio of polychromatic erythrocytes among the total erythrocytes

after silver nanoparticle exposure.

Acute dermal toxicity studies on SNPs gel formulation (S-gel)
size 7-20nm in Sprague-Dawley rats showed complete safety for
topical application. The acute dermal LD50 value of S-gel was
found to be greater than 2000 mg/kg body weight. No mortality,
signs of intoxication or any adverse skin reactions were observed
in the treated rats during the observation period of 14 days
following application. At termination of the study, no pathological
abnormalities were seen in any organ of sacrificed animals,
indicating safety at the highest concentration tested. The authors
clearly indicated that silver nanoparticles could provide a safer

alternative to conventional topical antimicrobial agents [36].

In 2011, for toxicological assessments, male Guinea pigs were
exposed to two different concentrations of nanosilver (1000 and
10,000 pg/mL) in an acute study and three concentrations of
nanosilver (100, 1000, and 10,000 pg/mL) in a sub-acute(14days)
or chronic study (13 weeks). Toxic responses were assessed by
clinical and histopathologic parameters. In all experimental animals
the sites of exposure were scored for any type of dermal toxicity
compared with negative control and positive control groups. In
autopsy studies during the acute test, no significant changes in
organ weight or major macroscopic changes were detected, but
dose-dependent histopathologic abnormalities were seen in skin,
liver, and spleen of all test groups. In addition, experimental animals
subjected to subchronic tests showed greater tissue abnormalities
than those subjected to the acute tests. It seems that colloidal
nanosilver has the potential to provide target organ toxicities in
a dose- and time-dependent manner. The results suggested that
it is necessary to determine the association between the period
of exposure and histopathologic changes with lower doses over

different time periods [37].

In a study done on 72 healthy adult male and female albino
rabbits with 10nm, 20nm, and 30nm SNPs after 2 weeks of topical
skin application, the concentration of nanosilver in the suspension
was 8000 mg/L. Solutions containing nanosilver particles were
stirred on vortex agitator for 15 min and before each dermal
exposure with single dose of 0.5 mL/animal. Authors concluded
that dermal exposure to lesser sizes of silver nanoparticles is more
disastrous than greater ones, as lesser sizes are more penetrable
through skin [38].

Some Authors assessed the toxic effects of SNPs at 70 nm in
rat’s tissues, with different doses (0.25, 0.5, 1 and 2 mg/kg body
weight) on kidney, liver and spleen tissues via oral gavage for 30
days. Adverse impacts on liver, spleen and kidney were observed in
a high dose-treated groups (1 and 2 mg/kg), when determined by

histopathological analysis. Pathological examination showed tissue
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changes, cell necrosis and apoptosis from all rats in high dose

groups compared to control group [39].

In another study, the repeated-dose toxicity of SNPs (42 nm) was
also investigated in male and female mice by oral administration
for 28 days. By the administration of SNPs (0.25 mg/kg, 0.50 mg/
kg, 1.00 mg/kg), adverse effects on liver and kidney were observed
in the high dose-treated group (1.00 mg/kg), as determined by
blood chemistry and histopathological analysis. In other groups,
histopathological evidence was not observed in liver. BUN and
creatinine were not increased. It seemed that the inflammatory
responses are too weak in kidney to impair the filtration capacity
of kidney [40].

In the present investigation, no significant difference between
all groups regarding the main values of liver enzymes (ALT, AST),
blood urea and creatinine. The data obtained were lower than
those demonstrated by previous studies in rats or mice after using

nanosilver solution with systemic routes [40,41].

The oral route is the most popular drug delivery method among
patients because it is less expensive, easier to use, and does not
require specialized medical assistance. The main drawback is the
reduced bioavailability of the drug due to its quick breakdown in
the gastrointestinal tract and first-pass liver metabolism. For these
reasons, alternative transmucosal administration methods, such as
those through the vaginal, ocular, nasal, buccal, and oral mucosae,
have received increased attention in recent studies[42-45].
Specifically, the oral mucosa is distinguished by superior drug
accessibility, quick absorption due to relatively high blood flow,
a robust epithelium, bypass of first-pass metabolism, and less

exposure of medicines to the gastrointestinal environment [46,47].

Silver nanoparticles (AgNPs) are diffusely used in food
packaging, containers, toothpaste and teeth brushes, nipples and
nursing bottles, water purification devices etc [48,49]. These
particles are therefore able to come in contact with oral mucosa,
whose penetration properties are not completely known. Silver is
used for its good antimicrobial properties and its safe profile [50].
Since the spread of nanotechnologies has taken place in many
fields of everyday life, there are many available products containing
AgNPs but the knowledge on NPs permeation properties through

mucosal membranes is still lacking [51].

Our study employed a chemical reduction method to synthesize
silver nanoparticles (AgNPs), resulting in spherical nanoparticles
with a size range of 15-40 nm. This method is consistent with
previous studies [52-54] which also reported the synthesis of
AgNPs using similar techniques. The stability of AgNPs over twelve
months, as observed in our study, aligns with findings from (Patil.,
et al, 2012, T. Garcia,, et al. 2016 and Zaki., et al. 2020) [52-55]
suggesting long-term stability of AgNPs synthesized via chemical

reduction.
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In the present study, we evaluated the sub-acute toxicity of
topically applied AgNPs in albino rats. Contrary to our expectations,
we did not observe significant alterations in liver enzyme activities
(ALT, AST), serum creatinine, or blood urea nitrogen (BUN) levels
across experimental groups. This contrasts with findings from [56]
who reported elevated liver enzymes following AgNP exposure
in rats but their study was Chronic toxicity was determined in a
dosages of 30 mg/kg body weight for 180 days. As well as Notably,
our study utilized topical mucosal application, while previous
studies often employed oral routes of administration, potentially

influencing the biodistribution and toxicokinetics of AgNPs.

On the other hand our findings were similar to findings in
study of [57] that was aimed to investigate the effect of subacute
intravenous administration AgNP (silver nanoparticles, 10 nm) and
AuNP (gold nanoparticles, 12.8 nm) and AgNP/AuNP mixture to
blood biochemistry, hematology, and platelet coagulation, subacute
toxicity study for 4 weeks was conducted. There were no significant
dose-related changes in the hematology and blood biochemical
values for the rats. Authors concluded that the subacute injection
of AuNP and AgNP or their mixture did not induce any noticeable

systemic toxicity.

Moreover, study made by Hendrickson., et al. 2016 [58] describes
the biodistribution and biological action of 12nm non-coated silver
nanoparticles intragastrically administered to male rats after
acute (single exposure) and sub-acute (multiple exposures over
30 days) toxicity experiments. The daily doses were 2000 and
250mg/kg of body weight for single and multiple administrations,
respectively. Hematological indices and biochemical parameters
of the treated rats did not differ from those of the vehicle control
animals. Overall, it can be concluded that nanosilver is able to be
absorbed from the gastrointestinal tract into the bloodstream and
accumulate in the secondary organs of rats. It showed no distinct

toxicity under the experimental conditions.

Consistent with our results, Nghilokwa., et al. [56] also found
no significant changes in organ weights or histopathological
alterations in the liver and kidneys of rats exposed to AgNPs of the
same dosage of our study. However, discrepancies exist regarding
the route of exposure and duration of the study, highlighting the
importance of considering these factors in the interpretation of
toxicological outcomes. Another related study by T. Garcia., et
al. 2016 [53] found no significant changes in histopathological
alterations in the liver and kidneys of rats exposed to AgNPs of the
similar dosage of our study at doses of 50, 100 and 200 mg/kg/day

after oral exposure for 90 days.

Ingestion is a relevant route of exposure for AgNPs, whether
occurring unintentionally via Ag dissolution from consumer
products, or intentionally from dietary supplements. Study done by
Wilding, et al. [59] evaluated murine gut microbial communities
following 28 days of repeated oral dosing of well characterized
AgNPs of two different sizes (20 and 110 nm) and coatings (PVP

and Citrate). Irrespective of size or coating, oral administration of
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AgNPs at 10 mg/kg body weight/day did not alter the membership,
structure, or diversity of the murine gut microbiome which is
support our results.

Remarkably, our study did not observe any signs of oral mucosal
reactions or intoxication in rats following topical application of
AgNPs. This contrasts with findings from Zaki., et al. 2020 [55]
who reported mucosal irritation and inflammation in rats exposed
to AgNPs via intra-peritoneal systemic route. The absence of
adverse oral effects in our study suggests that topical mucosal
application may pose minimal risk to oral tissues, although further

investigation is warranted to confirm these findings.

Generally, After 28 days of treatment, animals did not show
significant reductions in organ weights and in the number of
deaths. Likewise, no effects on body weight gain were found.
Probably, either the route of administration, the dose used in this
study, or both, was not appropriate to induce body weight gain
alterations. These results are in agreement with those of a recent
study with oral administration for acute 14 days exposure with
very high concentration of citrate-AgNPs [60] was given. Similar

results were also reported by [61].

The results of study by [53] showed that oral subchronic
exposure for 90 days of adult Sprague Dawley rats to PVP-AgNPs
caused accumulation of Ag in different tissues at doses of 50, 100
and 200 mg/kg/day. However, Ag accumulation was not sufficient
(at any dose) to alter hematological parameters or to induce
harmful effects in kidney, spleen, or ileum of treated rats. The
ileum of treated rats was the tissue with the highest Ag levels. In
liver, the AgNPs were located inside mitochondria and cytoplasm.
Again, this accumulation was not sufficient to alter biochemical
markers for hepatic status, or general tissue morphology. with
no significant effects at cellular level. All these findings were with

agreement with the current results.

The results of the present study were correspondence with
recent study done by [56] concern about the toxicity of orally
administered Azadirachta indica AgNPs was assessed in albino
rats. Sub-acute toxicity was determined in daily dosages from
0.3-30 mg/kg body weight for 28 days. Chronic toxicity was
determined in two dosages 30 and 10 mg/kg body weight for
180 days. The nanoparticles synthesized were 45 nm average
sizes. There were no significant differences observed between
the packed cell volume animals body weight of the control
and treatment groups in sub-acute and chronic toxicity. Portal
hepatitis in the liver at dosage of 30mg/kg was noted. Hence,
histopathology examinations confirmed the liver damage noted in
clinical biochemistry. Kidneys histological organization appeared
normal generally with glomeruli and tubules visible. There results
demonstrate that silver nanoformulation may be safe at daily

dosage of up-to 10 mg/kg.

Arecentstudy by the FDA reported that repeated administration
(once/week for 8 weeks) of silica (5 mg.kg-1), gold (10 mg.kg-1)
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and silver (5 mg.kg-1) nanoparticles to mice did not saturate the
mononuclear phagocytic system [62]. Toxicity was not observed
with gold and silver nanoparticles during the entire duration of the
study, which took two months [62]. Even though gold nanoparticles
are generally reported as biocompatible, a variety of opinions exist
regarding their potential harm, especially after long-term exposure,
due to their non-biodegradable nature [63]. Particularly, a recent
FDA position paper raised a concern that traditional preclinical
safety models may overlook secondary effects which may occur due
to the durable nature of gold and other similar nanomaterials that
retain their particulate state during administration, distribution

and accumulation in the body [63].

Conclusion

Silver nanoparticle (size 20 nm) in concentrations of 50,100 pg/
ml in dosing volume 10mg/kg body weight are safe when applied
topically in rats for 28 days.

Conflict of Interest

None.

Source of Funding

None.

Bibliography

1. Ju-Nam Y and Lead ]. “Manufactured nanoparticles: an over-
view of their chemistry, interactions and potential environ-
mental implications”. Science of the Total Environment 400.1
(2008): 396-414]

2. De MV, et al. “Applications of nanoparticles in biology”. Ad-
vanced Materials 20.22 (2008): 4225-4241)

3. Lu AH, et al. “Magnetic nanoparticles: synthesis, protection,
functionalization, and application”. Angewandte Chemie Inter-
national Edition 46.8 (2007): 1222-1244.

4. Ghosh Chaudhuri R and Paria S. “Core/shell nanoparticles:
classes, properties, synthesis mechanisms, characterization,
and applications”. Chemical Reviews 112.4 (2011): 2373-2433]

5. Sharma V, et al. “Silver nanoparticles: green synthesis and
their antimicrobial activities”. Advances in Colloid and Interface
Science 145.1 (2009): 83-96)

6. Cheng R, et al. “Glutathione-responsive nano-vehicles as a
promising platform for targeted intracellular drug and gene
delivery”. Journal of Controlled Release 152.1 (2011): 2-12]

7. Huang C,, et al. “Surface functionalization of super paramag-
netic nanoparticles for the development of highly efficient
magnetic resonance probe for macrophages”. Contrast Media
and Molecular Imaging 6.4 (2011): 298-307]

8. Pan], et al. “PEGylated liposome coated QDs/mesoporous sil-
ica core-shell nanoparticles for molecular imaging”. Chemical
Communications 47.12 (2011): 3442-3444]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

89

Thanh N and Raton B. “Magnetic Nanoparticles: From Fabri-
cation to Clinical Applications”. CRC Press/Taylor and Francis
(2011).

Hussain S., et al. “In vitro toxicity of nanoparticles in BRL 3A
rat liver cells”. Toxicology in Vitro 19.7 (2005): 975-983]

Kang S., et al. “Titanium dioxide nanoparticles trigger p53-
mediated damage response in peripheral blood lymphocytes”.
Environmental and Molecular Mutagenesis 49.8 (2008): 399-
405]

Xia T, et al. “Comparison of the abilities of ambient and manu-
factured nanoparticles to induce cellular toxicity according to
an oxidative stress paradigm”. Nano letters 6.8 (2006): 1794-
1807]

LaraY, et al. “Review. Toxicological considerations of clinical-
ly applicable Nanoparticles”. Nano Today 6 (2011): 585-607.

Sondi I and Salopek-Bondi B. “Silver nanoparticles as antimi-
crobial agent: a case study on E. coli as a model for Gram-neg-
ative bacteria”. Journal of Colloid and Interface Science 275.1
(2004): 1770-1782.

Crosera M., et al. “Nanoparticle dermal absorption and toxic-
ity: a review of the literature”. International Archives of Occu-
pational and Environmental Health 82.9 (2009): 1043-1055.

TeodoroJS., et al. “Assessment of the toxicity of silver nanopar-
ticles in vitro: A mitochondrial perspective”. Toxicology In Vi-
tro 25.3 (2011): 664-705.

Monteiro DR, et al. “The growing importance of materials that
prevent microbial adhesion: antimicrobial effect of medical
devices containing silver”. International Journal of Antimicro-
bial Agents 34.2 (2009): 103-110.

Cho KH,, et al. “The study of antimicrobial activity and preser-
vative effects of nanosilver ingredient”. Electrochimica Acta 51
(2005): 956-960.

Li P, et al. “Synergistic antibacterial effects of b-lactam antibi-
otic combined with silver nanoparticles”. Nanotechnology 16
(2005): 1912-1917.

Morones JR., et al. “The bactericidal effect of silver nanopar-
ticles”. Nanotechnology 16 (2005): 2346-2353.

JiJH,, et al. “Evaluation of a silver nanoparticle generator using
a small ceramic heater for inactivation of S. epidermidis bio-
aerosols”. Aerosol and Technology 41 (2007): 786-793.

Maynard AD. “Nanotechnology: A Research Strategy for Ad-
dressing Risk”. Washington DC: WoodrowWilson Internation-
al Center for Scholars (2006).

KISTI (Korea Institute of Science and Technology Informa-
tion): The present status of Korean nanotechnology industri-
alization”. Nano Weekly 210 Seoul, Korea: KISTI (2006).

Citation: Abdulrazzaq Ahmed Salem AL-Maweri and Essam Ahmed Al-Moraissi. “Subacute Toxicological Profile Assessment of Silver-Nanoparticles
After Topical Mucosal Application in Albino Rats". Acta Scientific Dental Sciences 8.5 (2024): 82-91.


https://www.sciencedirect.com/science/article/abs/pii/S0048969708006943
https://www.sciencedirect.com/science/article/abs/pii/S0048969708006943
https://www.sciencedirect.com/science/article/abs/pii/S0048969708006943
https://www.sciencedirect.com/science/article/abs/pii/S0048969708006943
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/1477-3155-2-3
https://jnanobiotechnology.biomedcentral.com/articles/10.1186/1477-3155-2-3
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.200602866
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.200602866
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.200602866
https://pubs.acs.org/doi/10.1021/cr100449n
https://pubs.acs.org/doi/10.1021/cr100449n
https://pubs.acs.org/doi/10.1021/cr100449n
https://www.sciencedirect.com/science/article/abs/pii/S0001868608001449
https://www.sciencedirect.com/science/article/abs/pii/S0001868608001449
https://www.sciencedirect.com/science/article/abs/pii/S0001868608001449
https://pubmed.ncbi.nlm.nih.gov/21295087/
https://pubmed.ncbi.nlm.nih.gov/21295087/
https://pubmed.ncbi.nlm.nih.gov/21295087/
https://pubmed.ncbi.nlm.nih.gov/21287679/
https://pubmed.ncbi.nlm.nih.gov/21287679/
https://pubmed.ncbi.nlm.nih.gov/21287679/
https://pubmed.ncbi.nlm.nih.gov/21287679/
https://pubs.rsc.org/en/content/articlelanding/2011/cc/c0cc05520d
https://pubs.rsc.org/en/content/articlelanding/2011/cc/c0cc05520d
https://pubs.rsc.org/en/content/articlelanding/2011/cc/c0cc05520d
https://www.routledge.com/Magnetic-Nanoparticles-From-Fabrication-to-Clinical-Applications/Thanh/p/book/9780367507923
https://www.routledge.com/Magnetic-Nanoparticles-From-Fabrication-to-Clinical-Applications/Thanh/p/book/9780367507923
https://www.routledge.com/Magnetic-Nanoparticles-From-Fabrication-to-Clinical-Applications/Thanh/p/book/9780367507923
https://pubmed.ncbi.nlm.nih.gov/16125895/
https://pubmed.ncbi.nlm.nih.gov/16125895/
https://pubmed.ncbi.nlm.nih.gov/18418868/
https://pubmed.ncbi.nlm.nih.gov/18418868/
https://pubmed.ncbi.nlm.nih.gov/18418868/
https://pubmed.ncbi.nlm.nih.gov/18418868/
https://www.ucl.ac.uk/~ucaptt0/toxicology-nanoparticles%202011.pdf
https://www.ucl.ac.uk/~ucaptt0/toxicology-nanoparticles%202011.pdf
https://pubmed.ncbi.nlm.nih.gov/15158396/
https://pubmed.ncbi.nlm.nih.gov/15158396/
https://pubmed.ncbi.nlm.nih.gov/15158396/
https://pubmed.ncbi.nlm.nih.gov/15158396/
https://pubmed.ncbi.nlm.nih.gov/19705142/
https://pubmed.ncbi.nlm.nih.gov/19705142/
https://pubmed.ncbi.nlm.nih.gov/19705142/
https://www.sciencedirect.com/science/article/abs/pii/S0887233311000063
https://www.sciencedirect.com/science/article/abs/pii/S0887233311000063
https://www.sciencedirect.com/science/article/abs/pii/S0887233311000063
https://www.sciencedirect.com/science/article/abs/pii/S0924857909000648
https://www.sciencedirect.com/science/article/abs/pii/S0924857909000648
https://www.sciencedirect.com/science/article/abs/pii/S0924857909000648
https://www.sciencedirect.com/science/article/abs/pii/S0924857909000648
https://www.sciencedirect.com/science/article/abs/pii/S0013468605006948
https://www.sciencedirect.com/science/article/abs/pii/S0013468605006948
https://www.sciencedirect.com/science/article/abs/pii/S0013468605006948
https://pubmed.ncbi.nlm.nih.gov/20818017/
https://pubmed.ncbi.nlm.nih.gov/20818017/
https://www.tandfonline.com/doi/full/10.1080/02786820701459932
https://www.tandfonline.com/doi/full/10.1080/02786820701459932
https://www.tandfonline.com/doi/full/10.1080/02786820701459932
https://www.pewtrusts.org/en/research-and-analysis/reports/2006/07/19/nanotechnology-a-research-strategy-for-addressing-risk
https://www.pewtrusts.org/en/research-and-analysis/reports/2006/07/19/nanotechnology-a-research-strategy-for-addressing-risk
https://www.pewtrusts.org/en/research-and-analysis/reports/2006/07/19/nanotechnology-a-research-strategy-for-addressing-risk
https://www.nst.re.kr/eng/contents.do?key=159
https://www.nst.re.kr/eng/contents.do?key=159
https://www.nst.re.kr/eng/contents.do?key=159

Subacute Toxicological Profile Assessment of Silver-Nanoparticles After Topical Mucosal Application in Albino Rats

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Stebounova LV, et al. “Nanosilver induces minimal lung toxic-
ity or inflammation in a subacute murine inhalation model”.
Particle and Fibre Toxicology 8.1 (2011): 5.

Park SH,, et al. “Absorption kinetics of Au and Ag nanoparticles
on functionalized glass surfaces”. Microchemical Journal 63
(1999): 71-91.

MTR Uses Nano Technology to Enhance Hygiene Levels (2006).

Brayden D. “Oral vaccination in man using antigens in parti-
cles: Current status”. European Journal of Pharmaceutical Sci-
ences 14 (2001): 183-189.

Oberdorster G., et al. “Nanotoxicology: An emerging discipline
evolving from studies of ultrafine particles”. Environmental
Health Perspectives 113.7 (2005): 823-839.

Moghimi SM,, et al. “Long circulating and target specific NPs:
theory to practice”. Pharmacological Reviews 53 (2001): 283-
318.

Umamaheshwari R, et al. “Anti-helicobacter pylori effect of
mucoadhesive NPS bearing amoxicillin in experimental ger-
bil’s model”. AAPS PharmSciTech 5.2 (2004): 32.

Lee PC and Meisel D. “Adsorption and surface- enhanced ra-
man of dyes on silver and gold sols”. The Journal of Physical
Chemistry A 86 (1982): 3391-3395.

OECD: Acute Oral Toxicity-Acute Toxic Class Method”. OECD
Guideline for Testing of Chemicals 12 (2002): 1-14.

Ingelheim Boehringer: Revised Guides for Organ Sampling and
Trimming in Rats and Mice - Part (1) (2003): 91-106.

De Lima R, et al. “Silver nanoparticles: a brief review of cy-
totoxicity and genotoxicity of chemically and biogenically syn-
thesized nanoparticles”. Journal of Applied Toxicology 32.11
(2012): 867-879.

Kim Y, et al. “Twenty-eight-day oral toxicity, genotoxicity, and
gender related tissue distribution of silver nanoparticles in
Sprague- Dawley rats”. Inhalation Toxicology 20.6 (2008): 575-
583.

Jain |, et al. “Silver nanoparticles in therapeutics:development
of an antimicrobial gel formulation for topical use”. Molecular
Pharmaceutics 6.5 (2009): 1388-1401.

Korani S., et al. “Acute and subchronic dermal toxicity of
nanosilver in guinea pig”. International Journal of Nanomedi-
cine 6 (2011): 855-862.

Mohammad K, et al. “Assessment of dermal exposure and his-
topatholoic changes of different sized nano-silver in healthy
adult rabbits. International Conference on Safe Production and
Use of Nanomaterials”. Journal of Physics: Conference Series 304
(2011): 1-9.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

90

Sardari R, et al. “Toxicological effects of silver nanoparticles
in rats”. African Journal of Microbiology Research 6.27 (2012):
5587-5593.

Park E., et al. “Repeated-dose toxicity and inflammatory re-
sponses in mice by oral administration of silver nanopar-
ticles”. Environmental Toxicology and Pharmacology 30.2
(2010): 162-168]

Javad C,, et al. “In vivo effect of silver nanoparticles on serum
ALT, AST and ALP activity in male and female mice”. Australian
Journal of Basic and Applied Sciences 7.1 (2013): 171-177.

Abdelaziz H., et al. “Inhalable particulate drug delivery sys-
tems for lung cancer therapy: Nanoparticles, microparticles,
nanocomposites and nanoaggregates”. Journal of Controlled
Release 269 (2018): 374-392.

Jumelle C., et al. “Advances and limitations of drug delivery
systems formulated as eye drops”. Journal of Controlled Re-
lease 321 (2020): 1-22.

SudhakarY.,, et al. “Buccal bioadhesive drug delivery a promis-
ing option for orally less efficient drugs”. Journal of Controlled
Release 114 (2006): 15-40.

Patel VF, et al. “Advances in oral transmucosal drug delivery”.
Journal of Controlled Release 153 (2011): 106-116.

Jacobsen ]., et al. “TR146 cells as a model for human buccal
epithelium. II Optimisation and use of a cellular sensitivity
MTS/PMS assay”. International Journal of Pharmaceutics 141
(1996): 217-225.

Hua S. “Advances in Nanoparticulate Drug Delivery Approach-
es for Sublingual and Buccal Administration”. Frontiers in
Pharmacology 10 (2019): 1328.

Hadrup N., et al. “Subacute oral toxicity investigation of
nanoparticulate and ionic silver in rats”. Archives of Toxicology
86.4 (2012): 543-551.

Collart D,, et al. “Efficacy of oligodynamic metals in the control
of bacteria growth in humidifier water tanksand mist drop-
lets”. Journal of Water and Health 4.2 (2006): 149-156.

Bouwmeester H., et al. “Review of health safety aspects of
nanotechnologies in food production”. Regulatory Toxicology
and Pharmacology 53.1 (2009): 52-62.

Roblegg E., et al. “Evaluation of a physiological in vitro system
to study the transport of nanoparticles through the buccal
mucosa”. Nanotoxicology 6.4 (2012): 399-413.

Patil RS, et al. “One-pot synthesis of PVA-capped silver
nanoparticles their characterization and biomedical applica-
tion”. Advances in Natural Sciences: Nanoscience and Nano-
technology 3.1 (2012): 015013]

Citation: Abdulrazzaq Ahmed Salem AL-Maweri and Essam Ahmed Al-Moraissi. “Subacute Toxicological Profile Assessment of Silver-Nanoparticles
After Topical Mucosal Application in Albino Rats". Acta Scientific Dental Sciences 8.5 (2024): 82-91.


https://www.sciencedirect.com/science/article/abs/pii/S0026265X99917691
https://www.sciencedirect.com/science/article/abs/pii/S0026265X99917691
https://www.sciencedirect.com/science/article/abs/pii/S0026265X99917691
https://pubmed.ncbi.nlm.nih.gov/11576821/
https://pubmed.ncbi.nlm.nih.gov/11576821/
https://pubmed.ncbi.nlm.nih.gov/11576821/
https://pubmed.ncbi.nlm.nih.gov/16002369/
https://pubmed.ncbi.nlm.nih.gov/16002369/
https://pubmed.ncbi.nlm.nih.gov/16002369/
https://pubmed.ncbi.nlm.nih.gov/11356986/
https://pubmed.ncbi.nlm.nih.gov/11356986/
https://pubmed.ncbi.nlm.nih.gov/11356986/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2750467/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2750467/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2750467/
https://pubs.acs.org/doi/10.1021/j100214a025
https://pubs.acs.org/doi/10.1021/j100214a025
https://pubs.acs.org/doi/10.1021/j100214a025
https://ntp.niehs.nih.gov/sites/default/files/iccvam/suppdocs/feddocs/oecd/oecd_gl423.pdf
https://ntp.niehs.nih.gov/sites/default/files/iccvam/suppdocs/feddocs/oecd/oecd_gl423.pdf
https://www.niehs.nih.gov/sites/default/files/research/atniehs/labs/assets/docs/q_z/revised_guides_for_organ_sampling_and_trimming_in_rats_and_mice_508.pdf
https://www.niehs.nih.gov/sites/default/files/research/atniehs/labs/assets/docs/q_z/revised_guides_for_organ_sampling_and_trimming_in_rats_and_mice_508.pdf
https://pubmed.ncbi.nlm.nih.gov/22696476/
https://pubmed.ncbi.nlm.nih.gov/22696476/
https://pubmed.ncbi.nlm.nih.gov/22696476/
https://pubmed.ncbi.nlm.nih.gov/22696476/
https://pubmed.ncbi.nlm.nih.gov/18444010/
https://pubmed.ncbi.nlm.nih.gov/18444010/
https://pubmed.ncbi.nlm.nih.gov/18444010/
https://pubmed.ncbi.nlm.nih.gov/18444010/
https://pubs.acs.org/doi/10.1021/mp900056g
https://pubs.acs.org/doi/10.1021/mp900056g
https://pubs.acs.org/doi/10.1021/mp900056g
https://pubmed.ncbi.nlm.nih.gov/21720498/
https://pubmed.ncbi.nlm.nih.gov/21720498/
https://pubmed.ncbi.nlm.nih.gov/21720498/
https://www.researchgate.net/publication/284179614_Assessment_of_dermal_exposure_and_histopathologic_changes_of_different_sized_nano-silver_in_healthy_adult_rabbits
https://www.researchgate.net/publication/284179614_Assessment_of_dermal_exposure_and_histopathologic_changes_of_different_sized_nano-silver_in_healthy_adult_rabbits
https://www.researchgate.net/publication/284179614_Assessment_of_dermal_exposure_and_histopathologic_changes_of_different_sized_nano-silver_in_healthy_adult_rabbits
https://www.researchgate.net/publication/284179614_Assessment_of_dermal_exposure_and_histopathologic_changes_of_different_sized_nano-silver_in_healthy_adult_rabbits
https://www.researchgate.net/publication/284179614_Assessment_of_dermal_exposure_and_histopathologic_changes_of_different_sized_nano-silver_in_healthy_adult_rabbits
https://academicjournals.org/article/article1380883343_Sardari%20et%20al.pdf
https://academicjournals.org/article/article1380883343_Sardari%20et%20al.pdf
https://academicjournals.org/article/article1380883343_Sardari%20et%20al.pdf
https://pubmed.ncbi.nlm.nih.gov/21787647/
https://pubmed.ncbi.nlm.nih.gov/21787647/
https://pubmed.ncbi.nlm.nih.gov/21787647/
https://pubmed.ncbi.nlm.nih.gov/21787647/
https://www.researchgate.net/publication/253342230_In_vivo_effect_of_Silver_Nanoparticles_on_serum_ALT_AST_and_ALP_activity_in_male_and_female_mice
https://www.researchgate.net/publication/253342230_In_vivo_effect_of_Silver_Nanoparticles_on_serum_ALT_AST_and_ALP_activity_in_male_and_female_mice
https://www.researchgate.net/publication/253342230_In_vivo_effect_of_Silver_Nanoparticles_on_serum_ALT_AST_and_ALP_activity_in_male_and_female_mice
https://pubmed.ncbi.nlm.nih.gov/29180168/
https://pubmed.ncbi.nlm.nih.gov/29180168/
https://pubmed.ncbi.nlm.nih.gov/29180168/
https://pubmed.ncbi.nlm.nih.gov/29180168/
https://pubmed.ncbi.nlm.nih.gov/32027938/
https://pubmed.ncbi.nlm.nih.gov/32027938/
https://pubmed.ncbi.nlm.nih.gov/32027938/
https://pubmed.ncbi.nlm.nih.gov/16828915/
https://pubmed.ncbi.nlm.nih.gov/16828915/
https://pubmed.ncbi.nlm.nih.gov/16828915/
https://pubmed.ncbi.nlm.nih.gov/21300115/
https://pubmed.ncbi.nlm.nih.gov/21300115/
https://www.sciencedirect.com/science/article/abs/pii/0378517396046406
https://www.sciencedirect.com/science/article/abs/pii/0378517396046406
https://www.sciencedirect.com/science/article/abs/pii/0378517396046406
https://www.sciencedirect.com/science/article/abs/pii/0378517396046406
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6848967/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6848967/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6848967/
https://pubmed.ncbi.nlm.nih.gov/21969074/
https://pubmed.ncbi.nlm.nih.gov/21969074/
https://pubmed.ncbi.nlm.nih.gov/21969074/
https://pubmed.ncbi.nlm.nih.gov/19027049/
https://pubmed.ncbi.nlm.nih.gov/19027049/
https://pubmed.ncbi.nlm.nih.gov/19027049/
https://pubmed.ncbi.nlm.nih.gov/21591874/
https://pubmed.ncbi.nlm.nih.gov/21591874/
https://pubmed.ncbi.nlm.nih.gov/21591874/
https://iopscience.iop.org/article/10.1088/2043-6262/3/1/015013
https://iopscience.iop.org/article/10.1088/2043-6262/3/1/015013
https://iopscience.iop.org/article/10.1088/2043-6262/3/1/015013
https://iopscience.iop.org/article/10.1088/2043-6262/3/1/015013

Subacute Toxicological Profile Assessment of Silver-Nanoparticles After Topical Mucosal Application in Albino Rats

53. Garcia T, et al. “Oral subchronic exposure to silver nanopar-
ticles in rats”. Food and chemical toxicology: an international
journal published for the British Industrial Biological Research
Association 92 (2016): 177-187.

54. Padole N and Avari ]. “Synthesis of silver nanoparticles for
antibacterial activity against Staphylococcus aureus and Esch-
erichia coli”. Asian Journal of Pharmaceutical Research and De-
velopment 9.5 (2021): 67-73.

55. Nada Tarek Zaki., et al. “The Possible Protective Role of Vitamin
E on the Induced Silver Nanoparticles Toxicity on Filiform and
Circumvallate Tongue Papillae of Albino Rats Histological and
Immunohistochemical Study”. Journal of Chemical Health Risks
11.1 (2021): 63-74.

56. Nghilokwa E., et al. “Sub-acute and chronic toxicity of silver
nanoparticles synthesized by Azadirachta indica extract”] Afri-
can Journal of Biotechnology 19.6 (2020): 320-331.

57. Ji Hyun,, et al. “Blood Biochemical and Hematological Study
after Subacute Intravenous Injection of Gold and Silver
Nanoparticles and Coadministered Gold and Silver Nanopar-
ticles of Similar Sizes”. BioMed Research International (2018):
8460910-8460910.

58. Hendrickson OD,, et al. “Toxicity of nanosilver in intragastric
studies: Biodistribution and metabolic effects”. Toxicology let-
ters 241 (2016): 184-192.

59. Wilding LA, et al. “Repeated dose (28-day) administration of
silver nanoparticles of varied size and coating does not signifi-
cantly alter the indigenous murine gut microbiome”. Nanotoxi-
cology 10.5 (2016): 513-520.

60. Yun]JW., etal. “Comparative toxicity o silicon dioxide, silver and
iron oxide nanoparticles after repeated oral administration to
rats”. Journal of Applied Toxicology 35 (2015): 681e693.

61. Hadrup N and Lam HR. “Oral toxicity of silver ions, silver
nanoparticles and colloidal silver- a review”. Regulatory Toxi-
cology and Pharmacology68 (2014): 1e7.

62. Weaver JL., et al. “Evaluating the potential of gold, silver, and
silica nanoparticles to saturate mononuclear phagocytic sys-
tem tissues under repeat dosing conditions”. Particle and Fibre
Toxicology 14 (2017): 25.

63. Tyner KM, et al. “How has CDER prepared for the nano revo-
lution? A Review of risk assessment, regulatory research, and
guidance activities”. AAPS Journal 19 (2017): 1071-1083.

Citation: Abdulrazzaq Ahmed Salem AL-Maweri and Essam Ahmed Al-Moraissi. “Subacute Toxicological Profile Assessment of Silver-Nanoparticles
After Topical Mucosal Application in Albino Rats". Acta Scientific Dental Sciences 8.5 (2024): 82-91.


https://www.sciencedirect.com/science/article/abs/pii/S0278691516301168
https://www.sciencedirect.com/science/article/abs/pii/S0278691516301168
https://www.sciencedirect.com/science/article/abs/pii/S0278691516301168
https://www.sciencedirect.com/science/article/abs/pii/S0278691516301168
https://ajprd.com/index.php/journal/article/view/1029
https://ajprd.com/index.php/journal/article/view/1029
https://ajprd.com/index.php/journal/article/view/1029
https://ajprd.com/index.php/journal/article/view/1029
https://www.jchr.org/index.php/JCHR/article/view/108/107
https://www.jchr.org/index.php/JCHR/article/view/108/107
https://www.jchr.org/index.php/JCHR/article/view/108/107
https://www.jchr.org/index.php/JCHR/article/view/108/107
https://www.jchr.org/index.php/JCHR/article/view/108/107
https://www.researchgate.net/publication/342565256_Sub-acute_and_chronic_toxicity_of_silver_nanoparticles_synthesized_by_Azadirachta_indica_extract
https://www.researchgate.net/publication/342565256_Sub-acute_and_chronic_toxicity_of_silver_nanoparticles_synthesized_by_Azadirachta_indica_extract
https://www.researchgate.net/publication/342565256_Sub-acute_and_chronic_toxicity_of_silver_nanoparticles_synthesized_by_Azadirachta_indica_extract
https://www.hindawi.com/journals/bmri/2018/8460910/
https://www.hindawi.com/journals/bmri/2018/8460910/
https://www.hindawi.com/journals/bmri/2018/8460910/
https://www.hindawi.com/journals/bmri/2018/8460910/
https://www.hindawi.com/journals/bmri/2018/8460910/
https://linkinghub.elsevier.com/retrieve/pii/S0378427415301132
https://linkinghub.elsevier.com/retrieve/pii/S0378427415301132
https://linkinghub.elsevier.com/retrieve/pii/S0378427415301132
https://pubmed.ncbi.nlm.nih.gov/26525505/
https://pubmed.ncbi.nlm.nih.gov/26525505/
https://pubmed.ncbi.nlm.nih.gov/26525505/
https://pubmed.ncbi.nlm.nih.gov/26525505/
https://pubmed.ncbi.nlm.nih.gov/25752675/
https://pubmed.ncbi.nlm.nih.gov/25752675/
https://pubmed.ncbi.nlm.nih.gov/25752675/
https://www.sciencedirect.com/science/article/abs/pii/S0273230013001864
https://www.sciencedirect.com/science/article/abs/pii/S0273230013001864
https://www.sciencedirect.com/science/article/abs/pii/S0273230013001864
https://particleandfibretoxicology.biomedcentral.com/articles/10.1186/s12989-017-0206-4
https://particleandfibretoxicology.biomedcentral.com/articles/10.1186/s12989-017-0206-4
https://particleandfibretoxicology.biomedcentral.com/articles/10.1186/s12989-017-0206-4
https://particleandfibretoxicology.biomedcentral.com/articles/10.1186/s12989-017-0206-4
https://pubmed.ncbi.nlm.nih.gov/28421428/
https://pubmed.ncbi.nlm.nih.gov/28421428/
https://pubmed.ncbi.nlm.nih.gov/28421428/

