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ABSTRACT

Objectives: Gold and silver nanoparticles (AuNPs and AgNPs) are two of the most commonly
used nano materials owing to their remarkable characteristics. However, researchers have not yet
compared their toxicological effects on oral tissues. Thus, this study intended to assess and contrast
the toxicological impacts of AuNPs and AgNPs on alveolar bone of albino rats.

Methods: Eighteen male albino rats were randomly allocated into three equal groups.
Group I: control group, groups I and III (AuNPs and AgNPs groups) received a daily intraperitoneal
injection of 4mg/kg of AuNPs or AgNPs, respectively for five weeks. Rats were then euthanized, and
the mandibular alveolar bone was studied via histological, histochemical, and histomorphometric
analyses and real-time polymerase chain reaction (QRT-PCR) assessment for nuclear factor kappa
beta (NF-xf3).

Results: Histological and histochemical results showed normal bone structure in the control
group. In the gold group, some signs of degeneration were observed which were more aggravated
in the silver group. Histomorphometric analysis of the osteoblastic count and area percentage of
mineralized bone confirmed the histological and histochemical results revealing the lowest values
in the silver group followed by the gold group then the control group. NF-»2f3 mRNA expression
was significantly elevated in the silver group in comparison to the gold group and relative to the
control group.

Conclusion: In conclusion, AgNPs showed more toxic effects than AuNPs, likely due to their
production of higher oxidative stresses.
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INTRODUCTION

Nanotechnology is a multidisciplinary scientific
domain that enabled the development of effective
dental and medical treatments 2. Every field
of dentistry is being transformed extensively by
nanodentistry. This includes supporting aids for
maintaining dental hygiene, as well as therapeutic
and diagnostic instruments, the use of drug release
cargo in nano dental adducts in prosthodontic,
orthodontic, and regeneration treatments .

Nanoparticles (NPs) can penetrate the body
easily without causing cell damage. Among the
most widely produced nanoparticles are gold,
silver, palladium, selenium, zinc, cobalt, cadmium,
aluminum, nickel and iron. The remarkable
biocompatible, visual, catalytic, and antibacterial
qualities of noble metal nanoparticles make them
stand out. Gold and silver NPs usually exhibit
superior stability and adjustable surface chemistry

than other metals or metal oxide NPs 34,

Gold nanoparticles (AuNPs) are tiny clusters
of gold atoms manufactured from the reduction of
gold salts in specific reagents. It is biocompatible,
readily bio conjugable, and promising for use in
biomedical imaging, diagnostics, and therapeutic
applications®. AuNPs are favored owing to their
low toxicity, ease of detection, and simplicity
in manufacturing and functionalization. Growth
factors and DNA are coupled with chitosan-AuNPs
on implant surface to promote osseointegration 1°!.

Silver nanoparticles (AgNPs) are a form of
metal colloidal NPs prepared by reduction of silver
salts in appropriate solutions. They are known for
their unique physicochemical properties . They
are commonly utilized in antimicrobial dressings,
medical devices, and cosmetics. In nanodentistry,
AgNPs were found to improve oral health and
general well-being by decreasing bacterial
populations in different dental composites. AgNPs
are also incorporated in dental prostheses, implants,

and restorative material ®!.
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The in vivo performance and physical stability
of nanoparticles can be dictated by both their diam-
eter and surface properties. The size, concentration,
and surface functionalization of NPs influence their
in vivo bio-distribution and toxicity results®!. It was
stated that smaller NPs have more cytotoxicity than
larger ones. But regardless of the nanoparticle size,
it was shown that dose-dependency, not size, was
what caused the cytotoxicity %!, This makes it dif-
ficult to thoroughly investigate how the biological
system reacts to the administration of NPs, espe-
cially given the diversity and variety of human cells
and tissues ",

Therefore, the present work sought to inspect
and contrast the toxic effects of both AuNPs and
AgNPs, having the same size, taken with the
same dose and duration on alveolar bone of albino
rats via histopathological, histochemical, and
histomorphometric methods and via gene expression

analysis of nuclear factor kappa beta (NF-xf3).

MATERIALS AND METHODS

Gold and Silver nanoparticles

Gold and silver nanoparticles were acquired
from Nano Gate lab. Both nanoparticles were pre-
pared by chemical reduction method "> '*1. To ex-
amine the produced nanoparticles, a transmission
electron microscope (TEM; JEOL JEM-2100) was
utilized at an increasing voltage of 200 kV.

Sample size calculation

Regarding the primary outcome (osteoblasts
count at end point 5 weeks), it was found that 5
rats will be appropriate sample size for each group,
with an entire sample size of 15 rats. The o error
probability =0.05, power =80% and the effect
size =0.92. The number increased to 18 rats to
compensate for the dropout of 15%. The magnitude
of the effect to be identified was approximated as
percentage of the variable of interest attained from
the previous work by Shawky et al. " PS software
was used to investigate the sample size.
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Animals

In the current study, 18 male adult albino rats (4-6
months age and 200-250 g) were employed. Rats
were obtained from Cairo University’s Faculty of
Medicine’s animal house. The rats were preserved
in a controlled setting with 12-hour cycles of dark
and light and a temperature of 25+2°C. The rats
were given their basic diet of ordinary rat chow and
water adlibitum.

Animal grouping

Animals were allocated randomly into 3 groups,
6 rats each as follows:

Group I (Control group): rats were injected
daily with saline intraperitoneally for 5 weeks.

Group II (AuNPs group): rats obtained a daily
intraperitoneal injection of 4 mg/kg of AuNPs
(50nm) for 5 weeks !> 161,

Group III (AgNPs group): rats obtained a
daily intraperitoneal injection of 4 mg/kg of AgNPs
(50nm) for 5 weeks !7-18)

At the end of five-week duration, every rat was
euthanized by a mixture of ketamine and xylazine
overdose "I The mandibles were obtained and
subjected to:

Light microscopic examination

The right and left mandibular jaws were
separated after being dissected. The right halves
were fixed for 24 hours in 10% formaldehyde,
then they were decalcified for 28 days at 4°C in
15% EDTA. Following decalcification, jaws were
washed with buffer, dehydrated in ethyl alcohol,
cleaned in xylol, and then embedded in wax. From

TABLE (1). Primer sequence of examined genes.
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a rotary micrometer, 4-6 ym sagittal sections were
taken, positioned on glass slides, and stained using
hematoxylin and eosin (H&E) or Masson trichrome
stains 2%,

Histomorphometric analysis

Leica QWin 500 image processing and analy-
sis software (Leica Microsystems GmbH, Wetzlar,
Germany) was used to assess the H&E and Mas-
son trichrome-stained sections to calculate the os-
teoblast count and to determine the area percent of
mineralized bone *!1.

Quantitative real-time polymerase chain reaction
(qRT-PCR)

A high-capacity cDNA reverse transcriptase kit
was utilized to reverse-transcribe 1000 ng of the
total RNA from every sample to form cDNA 22,
Then, using a Step One device (Applied Biosys-
tems), cDNA was amplified on a 48-well plate us-
ing a Syber Green I PCR Master Kit (Fermentas,
Waltham, USA) as follows: The amplification stage
involved 40 cycles of 15 seconds at 95°C, 20 sec-
onds at 55°C, and 30 seconds at 72°C following 10
minutes at 95°C to activate the enzyme **!. Beta ac-
tin (3-actin) was used as a housekeeping gene.

Statistical analysis

SPSS version 22 was the statistical software
utilized to code and record data. The mean and
standard deviation were used to summarize the
data. Applying the Kolmogrov-Smirnov test,
the data were studied for normality. Analysis of
variance (ANOVA) was applied to compare various
outcomes for normally distributed data, and the
post hoc test was utilized for pairwise comparisons.

Gene Forward Reverse Accession number
NF- «f 5'-CGCGGGGACTATGACTTGAA-3' 5'-AGTTCCGGTTTACTCGGCAG-3' NM_199267.2
B-actin 5'-CTATGTTGCCCTAGACTTCG-3' 5'-AGGTCTTTACGGATGTCAAC-3’ NM_031144.3
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Pearson’s correlation was used to perform the
correlations. P values below 0.05 were regarded as
statistically significant.

RESULTS

TEM examination of the prepared nanoparticles

TEM examination of the prepared AuNPs and
AgNPs showed spherical shaped particles. The av-
erage particle size appeared to be 50 = 5 nm (Fig. 1).

Histopathological results

In the control group, the alveolar bone appeared
with normal
composed of lamellar bone and enclosing narrow
marrow spaces. Haversian and Volkmann’s canals
were noticed. The trabeculae contained regularly
spaced lacunae, each containing an intact osteocyte
denoting viable bone tissue. Osteoclasts were
noticed at the periphery of periodontal ligaments
indicative of normal bone remodeling activity
(Fig. 2a, d). In the gold group, bone trabeculae
were irregular and normal bone architecture was
disrupted. However, most lacunae of osteocytes
were intact but with few empty lacunae. The bone
marrow spaces were of normal size but infiltrated
with few inflammatory cells and extravasated red
blood cells. The bone marrow lining was devoid
of cells. Reversal lines were apparent denoting
active bone resorption (Fig. 2b, e). In the silver
group, the bone trabeculae and overall architecture
were more severely disrupted compared to the gold

interconnected bone trabeculae
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group. The marrow spaces were increased in size
and were highly infiltrated with inflammatory cells.
The lining of the marrow cavity was completely
devoid of cellular component. Most lacunae of
osteocytes were empty denoting degeneration of
osteocytes. More numerous reversal lines were
observed suggestive of increased bone remodeling
and resorptive activity (Fig. 2c, f).

Histochemical results

Masson trichrome staining results revealed
normal mineralized bone in the control group
which appeared as pink colour (Fig. 3a). The gold
group showed pink staining in approximately all
the tissue denoting viable mineralized bone tissue
but to a lesser degree than the normal group (Fig.
3b). The silver group showed few areas with pink
colour while the rest of the tissue appeared blue
indicative of unmineralized bone tissue confirming
the disturbance of bone mineralization (Fig. 3c).

Histomorphometric results

Statistical analysis of the osteoblastic count and
the area percentage of mineralized bone revealed
a substantial variation among all groups utilizing
ANOVA (p <0.001). There was a significant
decrease in osteoblastic count and bone area
percentage in silver and gold groups in contrast to
the control group. Furthermore, a significant decline
in osteoblastic count and bone area percentage was
reported in the silver group in comparison to the
gold group (p <0.001) (Fig. 3d).

k. B)

100 nm

Fig. (1) A photomicrograph showing the TEM images of (a) AuNPs, (b) AgNPs.
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Fig. (2) A photomicrograph showing the alveolar bone of (a, d) Control group, (b, ¢) AuNPs group, (c, f) AgNPs group revealing
periodontal ligaments (PDL), osteoclasts (dotted circles), osteocytes (dotted arrows), haversian canals (dotted red arrows),
Volkmann'’s canal (red arrow head), bone marrow cavities (BM), lining of bone marrow cavity (red arrows), empty lacunae

(black arrows), reversal lines (black arrow heads), inflammatory cells infiltrate (ICs), extravasated red blood cells (asterisks)
(H&E, Orig. Mag. a-c x100, d-f x400).

area percentin bone

Control Gold Silver

\_ = Mineralized bone area % = Osteoblast count Yy,

Fig. (3) A photomicrograph showing bone mineralization. (a) Control group, (b) AuNPs group, (c) AgNPs group (Masson
Trichrome, Orig. Mag. x400). (d) A bar chart showing area percentage of mineralized bone and osteoblastic count. Bars
with different letters are significantly different. Small letters for area percentage and capital letters for osteoblastic count.
(e) Correlation between osteoblastic count and area percentage of mineralized bone.
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Correlation between osteoblast count and area
percentage of bone

A statistically significant positive association
was witnessed between osteoblastic count and area
percentage of mineralized bone (P value <0.001, r=
0.908) (Fig. 3e).

qRT-PCR results

NF-zf gene expression examination using
ANOVA exhibited a significant variation across all
groups (p <0.001). There was a significant increase
in NF-%[3 gene expression in silver and gold groups
in contrast to the control group. Furthermore, there
was a substantial increase in NF-%[3 gene expression
in the silver group compared to gold group (p<0.001)
(Fig. 4).

e - N
NF-kB gene expression
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Fig. (4) A bar chart showing NF-z[} gene expression. Bars with
different letters are significantly different.

DISCUSSION

The toxicological effects of AuNPs and AgNPs
compared to each other on the alveolar bone have
not been investigated. Hence, this research intended
to investigate and compare the toxicological effects
of AuNPs and AgNPs, having the same size, taken
with the same dose and duration on the alveolar
bone of albino rats via histological, histochemical,
histomorphometric, and molecular examination.

Inthis study,rats were given 4 mg/kg body weight/
day of AuNPs 516 or AgNPs ['"-8lintraperitoneally
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for five weeks (particle size 50 nm). The choice
of particle dose and size was in accordance with
previous studies since these parameters are critical
determinants of nanoparticle toxicity.

Numerous studies investigating the nanotoxicity
of AuNPs and AgNPs have used size range of 10-
100 nm in their research. Nanoparticles within this
range are small enough to interact effectively with
biological systems, yet large enough to avoid rapid
renal clearance . Zhang et al.®! highlighted the
influence of nanoparticle dimension on cellular
uptake, emphasizing that nanoparticles around 50
nm exhibit optimal endocytosis and accumulations
in organs such as spleen and liver. They also
documented that smaller nanoparticles (<10 nm)
exhibit higher toxicity due to their enhanced
competence to penetrate cell membranes and nuclei,
while larger nanoparticles (>100 nm) show reduced
cellular uptake and lower toxicity.

In the present work, the histological evaluation
of the AuNPs group revealed nearly normal
histology with mild degenerative signs compared to
the control group and, conversely, better histology
compared to the AgNPs group, which showed more
degenerative histopathological changes. Consistent
with our findings, Zhang et al. 1! stated that no
morphological alterations were seen after AuNPs
administration. However, AuNPs were absorbed
by osteoblasts and gathered in vescular structures
and the perinuclear compartment. Moreover, Gao et
al. *Thighlighted that AuNPs promoted osteogenic
differentiation and inhibited osteoclast formation,
making them promising candidates for osteoporosis
treatment. The study emphasized that AuNPs
exhibited optimal osteogenic effects, aligning with
our observations of mild histological impacts of
AuNPs on alveolar bone.

On the contrary, Youssef and Saied " reported
tissue atrophy and NF-«B activation in rat palatal
tissues after administration of AuNPs. Similarly,
El-Drieny et al. ™ found neuronal deposition of
AuNPs and astrogliosis in rat brains after prolonged
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exposure. These findings indicate that the biocom-
patibility of AuNPs depends on dose and context
with higher concentrations or longer exposure times
leading to adverse effects.

The
observed in the AgNPs group were consistent with

degenerative histopathological findings

previous work where significant tissue degeneration
and inflammation following treatment with AgNPs
were observed in the pulp and spleen of albino rats,
respectively -3 The cytotoxic effects of AgNPs
are likely mediated through mechanisms such as
the release of reactive oxygen species (ROS), silver
ions, mitochondrial membrane damage, and the
initiation of apoptosis *'". Hou et al.®? concluded
that AgNPs damaged the breast tissue in clinical
applications through increasing cellular oxidative
stress, causing mitochondrial alteration.

However, contrary to our findings, Frankova et
al. B3 described a noteworthy reduction in number
of inflammatory cells upon AgNPs administration,
with reduced levels of pro-inflammatory markers
such interleukin-12 (IL-12), vascular endothelial
growth factor (VEGF) and tumor necrosis factor
(TNF).

The histomorphometric analysis of the osteo-
blastic count supported the histological findings
where an elevated count was recorded in the AuNPs
group compared to the AgNPs group. This could
be attributed to the osteogenic properties of AuNPs
where AuNPs were proved to promote osteoblasts
proliferation, enhance alkaline phosphatase, and in-
crease calcium content and number of bone nodules
in vitro !, AuNPs were also shown to significantly
promote osteogenic differentiation by upregulating
the major osteogenic markers such as osteocalcin
and RUNX2, while also enhancing mineralization
in mesenchymal stem cells (MSCs) B4,

The significant decrease in osteoblastic count
in the AgNPs group aligned with Youssef et al.l*’!
who reported that AgNPs induced degeneration
and inflammation in dental pulp tissues, leading
to reduced cellular activity and tissue damage. In
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the same line, Ghosh et al.**! demonstrated that
AgNPs promoted oxidative stress and cytotoxicity
in bone marrow cells, resulting in apoptosis and
reduced cellular proliferation of osteoblasts. This
mechanism likely explains the reduced osteoblastic
count observed in the AgNPs group.

Masson’s trichrome staining was employed to
assess the degree of bone mineralization across the
experimental groups. The histochemical analysis
revealed distinct patterns of bone mineralization,
reflecting the differential impact of AuNPs and
AgNPs on bone tissue. In AuNPs group, the bone
sections displayed less mineralization in contrast to
the control group, suggesting a moderate decline in
the degree of mineralization. This finding aligned
with the known osteogenic properties of AuNPs,
which promoted bone formation but may not
fully replicate the mineralization levels observed
in healthy bone tissue. On the contrary, Zhang et
al. ™! conveyed that AuNPs fully restored bone
mineralization to levels comparable to healthy
controls. The authors reported no significant
differences in mineralization between AuNPs-
treated and untreated bone tissue.

As for the AgNPs group, it revealed the pres-
ence of poorly mineralized bone matrix, suggesting
a substantial reduction in bone mineralization. This
pattern reflects a significant impairment in the bone
mineralization process, likely due to the cytotoxic
effects of AgNPs, which disrupt cellular activity
and bone development. This was in accordance with
Damle et al. who verified that AgNPs interfered
with collagen deposition and mineralization, result-
ing in poorly mineralized bone matrix. Similarly,
Akter et al. ®"'reported that AgNPs induced cyto-
toxicity in bone tissue, leading to reduced mineral-
ization and impaired bone formation.

The molecular analysis in the current study
exhibited a substantial elevation in NF-x[3 gene
expression in silver and gold groups in comparison
to the control group. Furthermore, there was
considerable upregulation in NF-»[} gene expression
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in the silver group compared to the gold group.
These findings were in line with previous research
where AuNPs were found to activate the canonical
NF-#B pathway in a murine B-lymphocyte cell
line *8, Conversely, other studies have reported
inhibitory effects of AuNPs on the activity of NF-
#B where AuNPs significantly reduced NF-zB
binding effect in HepG2 cells, an effect attributed
to the anti-inflammatory properties of gold .
Similarly, AuNPs stimulated NF-»xB activation and
oxidative stress in human astrocytes, but without
causing cytotoxicity. The study proposed that
AuNPs triggered an adaptive response involving
redox-sensitive  NF-uB activation, which may
promote cell survival under stress conditions .
These findings underscore the dual role of AuNPs
in either activating or inhibiting NF-xB, depending
on the cellular context and nanoparticle properties.

The increased expression of NF-#B in the silver
group indicated elevated levels of inflammation
and oxidative stress. These discoveries remained
compatible with Hou et al. *? who verified that
AgNPs induced ROS production in bone cells,
leading to oxidative stress and activation of
inflammatory pathways. Their study highlighted
that AgNPs disrupted mitochondrial function,
resulting in increased ROS levels and subsequent
cellular damage.

CONCLUSION

The toxicological impacts of AuNPs and AgNPs
on alveolar bone are thoroughly compared in
this work. While AuNPs demonstrated favorable
biocompatibility and osteogenic potential with mild
degenerative changes, AgNPs induced significant
histological damage, impaired mineralization, and
elevated inflammatory responses. These results
demonstrate the significance of choosing the right
nanoparticles for biomedical applications, with
AuNPs showing promise as a better option for
treatments pertaining to bone. However, further
research is needed to optimize dosing strategies,
functionalization approaches, and long-term safety
profiles of these nanoparticles.
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