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ABSTRACT

Background: There are many treatment protocols for relieving pain and accelerating oral ulcer
healing. The purpose was to evaluate the anti-inflammatory and antimicrobial effect of silver
nanoparticle (AgNP) gel on oral ulcers compared with the traditional treatment in animal model.
Materials and Methods: In this experimental study, 72 adult male rats were randomly allocated
into four groups, after ulcer induction: control (receive no treatment), placebo (placebo gel was
applied on ulcers once daily), triamcinolone (ulcers were treated with triamcinolone paste once
daily), and AgNPs (ulcers were treated with AgNP gel once daily). The animals were sacrificed at
three successive periods of 3, 7, and 14 days after ulcer induction. Histopathological scores of
re-epithelialization and degree of inflammation were assessed. The wound size was measured
clinically. For parametric data, the analysis of variance, and for ordinal histopathological data, the
Kruskal-Wallis test using SPSS was done.A P < 0.05 was considered statically significant.
Results: Control and placebo groups had no case of complete healing. Improvement of
wound size by triamcinolone paste was not significant in different days but showed significant
differences in degree of inflammation (P < 0.001) and re-epithelialization (P = 0.012).Reduction
of wound size by AgNPs gel had significant difference at 14™ day (P < 0.001); further, by this
gel, significant differences in degree of inflammation and re-epithelialization were seen in
long-term medication.

Conclusion: AgNP gel could be effective in oral ulcer healing clinically and histopathologically.
Although this gel showed delayed effect, it had better healing effect according to the cases with
complete healing. Hence, the application of AgNP oral gel can be considered as an alternative
approach for oral ulcers.
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INTRODUCTION

In recent years, nanotechnology has been emerging as
a rapidly growing field with various applications in
science and technology for the purpose of new material
production; it is defined as the utilization of structures
with at least 1 nm size dimension in the construction
of materials, devices, or systems with improved
properties.'! Since the 1980s, nanotechnology has
been attending much attention and has been adapted
into many engineering fields, such as electronics
and mechanics, as well as significant progress in
the biomedical fields.”’ Nanomedicine is referred
to the application of nanotechnology for achieving
breakthrough in healthcare and improving physical,
chemical, and biological properties of materials at
the nanometer scale.”! Silver nanoparticles (AgNPs)
are useful prophylactic and therapeutic agents for
the prevention of wound colonization by organisms
that impede the healing.’!' The main rationale for
using AgNPs on open wounds is the prevention and
treatment of infection to increase the healing rate.l
An ulcer is a breakdown in the continuity of the skin
or mucous membrane, disintegration, and necrosis
of the epithelial tissue. Oral ulcers usually are
accompanied by pain and discomfort during eating,
drinking, or talking.®®! There are many treatment
protocols for relieving pain and accelerating oral
ulcer healing; however, the most usual treatment is
triamcinolone acetonide paste.l”” This medication is a
medium-strength corticosteroid and is used to relieve
symptoms of mouth sores and to reduce the swelling
and pain of the ulcers.’”? Thus, this study was
designed to evaluate the therapeutic effect of AgNPs
gel on oral ulcers in comparison with triamcinolone
as the traditional treatment of these cases.

MATERIALS AND METHODS

Animals

Seventy-two adult male Sprague—Dawley rats
(weighing 250 + 50 g) were used in this experimental
study. The rats maintained under standard
condition (22°C =+ 3°C temperature, 50% + 5%
relative humidity, and 12/12 h light-dark cycles) and
had free access to standard diet of soft food stuff and
water.

Silver nanoparticle gel preparation
AgNPs embedded topical gel were prepared in
Pharmacy Faculty of SUMS by the polyol process.

Briefly, ethylene glycol was heated in an oil bath to
100°C. After 1 h, a solution of silver nitrate (3 ml,
2.5 mM) and a solution of polyvinyl pyrrolidone in
ethylene glycol (3 ml, 25 mM) were added gradually
under vigorous stirring. The mixture was precipitated
by adding acetone. The final silver concentration in the
dispersion was determined by ICP-AES (Inductively
coupled plasma-atomic emission spectrometry). The
average particle size and zeta potential were studied
by dynamic light scattering. For gel preparation, 200
mg of Carbopol® 934 was dissolved in 20 ml of AgNP
dispersion in distilled water (200 ppm). Then, 200 ul
of triethylamine was added gradually while stirring
to reach the neutral point. Gel containing AgNPs was
stored in a sealed container.

Surgical procedure

After an adaptation period of 10 days, oral
traumatic ulcers were induced according to Alsadat
Hashemipour et al.’s procedure.!'” All the 72 animals
were anesthetized by intraperitoneal (IP) injection
of a mixture of xylazine (5 mg/kg) and ketamine
hydrochloride (40 mg/kg); then, a buckle-shaped
clamp was fastened on the upper and lower incisor
teeth to keep the mouth open [Figure 1a and b]. Punch
biopsy tools of 4 mm in diameter were used to create
a standard size circular wound, outlined posterior to
second transverse palatine fold of mucoperiosteum
of the hard palate midline [Figure 1c]. Soft tissues
were removed by sharp dissection to expose the
underlying bone. Hemostasis was done by pressure

Figure 1: (a) Handmade buckle shape clamp made by stainless
steel wire. (b) Keeping rat mouth open during surgery by
buckle clamp. (c) Surgical procedure and hard plate punching
posterior to second transverse palatine fold of mucoperiosteum.
(d) Medicine application by rotational movement of sterile swap
at days after ulcer induction.
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of sterile cotton gauze on the wound. Analgesia was
provided by the administration of a single dose of
flunixin meglumine (1 mg/kg, intramuscular (IM))
postoperatively. The dead rats were replaced by new
rats.

Medications

The day after the surgery was considered as the

I** day of medications. The rats were randomly

categorized by block randomization into four

groups as bellow (N = 18/group); categorization and

medications were blinded:

1. Control group: Rats received no treatment

2. Placebo gel group: Rats received placebo gel
without AgNPs, once a day for 14 days

3. Triamcinolone oral paste group: Rats received
triamcinolone acetonide oral paste, once a day for
14 days (Trident, Raha®; Isfahan, Iran)

4. AgNPs gel group: Rats received AgNP gel, once a
day for 14 days.

To application of medications, a volume of 1 cc of
the ointment paste and gels were rubbed on the
oral ulcers by rotational movement of clean sterile
swabs [Figure 1d]. Rats were not allowed to eat or
drink for 1 h after the medication, to make sure that
the coverage was not swallowed.

The rats of each group were also divided randomly

into three subgroups of six, based on the duration of

follow-ups as bellow:

1. Three days after the start of medication, the rats
were euthanized for further studies

2. Seven days after the start of medication, the rats
were euthanized for further studies

3. Fourteen days after the start of medications, the
rats were euthanized for further studies.

Clinical evaluation

The wounds contraction was evaluated
macroscopically for the measurements of diameter
of the injured area (mm) by a caliper (INSIZE®,
Germany). The measurements were done at the end
of follow-up in each subgroup. Gross wound healing
was considered as the reduction of wound size (mm)
resulted by re-epithelialization.

Histopathological study

After euthanasia, each wound was removed by a
periosteal elevator and a scalpel blade, consisting of
adjacent muscles and the healthy peripheral tissues.
The samples were kept in 10% buffered formalin
solution and sent to the Pathology Laboratory of
School of Dentistry; then, they were embedded in

paraffin, sectioned, and stained by hematoxylin and

eosin. The sections were studied by Olympus

microscope BX41 in a single-blind manner by a

pathologist, and the details of bellow have been

surveyed. The degree of re-epithelialization was

scored as follows:!!?!

1. Grade 1: Re-epithelialization at the edge of the
wound

2. Grade 2: Re-epithelialization covering less than
half of the wound

3. Grade 3: Re-epithelialization covering more than
half of the wound

4. Grade 4: Re-epithelialization covering the entire
wound, irregular thickness

5. Grade 5: Re-epithelialization covering the entire
wound/normal epithelialization.

The degree of inflammation was also graded as

follows:[1?]

1. Grade 0: No acute inflammation

2. Grade 1: Perivascular-scattered acute inflammatory
cells

3. Grade 2: Perivascular and submucosal-scattered
acute inflammatory cells

4. Grade 3: Submucosal band-like inflammatory
infiltrate, less than %4 of one power field

5. Grade 4: Submucosal band-like inflammatory
infiltrate, between '4 and '2 of one power field
without tissue necrosis

6. Grade 5: Submucosal band-like inflammatory
infiltrate, more than 2 of one power field with
tissue necrosis.

Statistical analysis

For parametric data of wound size, the analysis
of wvariance (followed by Duncan’s multiple
range as post hoc test) was performed. For
ordinal histopathological data, the Kruskal-Wallis
test (followed by Mann—Whitney as post hoc test)
was done. The analyses were performed using
SPSS package (Version 24, SPSS Inc., Chicago,
IL, USA). A P < 0.05 was considered statistically
significant.

RESULTS

Wound size

Although the effect of different medications on
wound size varies in each group, the wound size
alterations in all groups had nearly a same trend
of reduction [Figure 2]. No significant differences
were detected between the groups at different
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days (P > 0.05); except the AgNPs group at 14"
day, which had significantly the smallest wound
size than other groups and days. In control group at
14" day, the wound size was significantly smaller
than the other days (P = 0.002); however, this size
reduction was not significant between 3™ and 7" days.
In placebo group, the wound size was significantly
smaller at 7% day than 3™ day (P = 0.004); however,
the reduction was not significant between 7" and
14" days. In triamcinolone group, the trend of
wound size reduction was not significant at different
days (P > 0.05). Moreover, in AgNPs group, the
wound size was significantly smaller at 14" day than
the other days (P < 0.001); however, the difference
between 3™ and 7" days was not significant.

Inflammation

Degree of inflammation showed a reductive trend
by time in all groups [Figure 3]. No significant
differences were detected between the groups at
different days (P > 0.05); except the triamcinolone
group at 7" day (P < 0.001). In details, all groups
revealed high degree of inflammation at 3™ day; The
degree of inflammation remained unchanged, except
the triamcinolone group with a significant reduction
at this day than the other groups. The AgNPs group
showed a slight nonsignificant increase at 7" day. At
14" day, inflammation has been reduced significantly
in all groups than the other days (P < 0.05) but with
no significant differences between groups (P > 0.05);
whereas triamcinolone and AgNPs groups showed
lower inflammation than control and placebo groups.

Re-epithelialization

Degree of re-epithelialization demonstrated an
ascending trend by time in all groups, except the
AgNPs group with a slight nonsignificant fall at
7% day than the 3™ day [Figure 4]. No significant
differences were detected between the groups at
different days (P > 0.05), except the triamcinolone and
control groups at 7% day, which showed a significant
increase than other groups (P = 0.004 and P = 0.022,
respectively). In control, placebo, and AgNPs groups,
the degree of re-epithelialization at 14™ day was
significantly higher than the other days (P < 0.05);
however, this increase was not significant between 3™
and 7% days (P > 0.05). In triamcinolone group, the
difference between 3™ and 14™ days was statistically
significant (P = 0.012); however, the 7" day had no
significant difference with other days (P > 0.05). The
highest degree of re-epithelialization was observed in
AgNPs group at 14" day.
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Figure 2: The bar chart showing the mean + standard deviation
of wound size (mm) of different groups at different days.
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Figure 3: The bar chart showing the mean + standard deviation
of degree of inflammation of different groups at different days.
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Figure 4: The bar chart showing the mean + standard deviation
of degree of re-epithelialization of different groups at different
days.

Complete healing rate was 50% in AgNPs group,
while it was 30% in triamcinolone group and
zero (0%) in control and placebo groups.

DISCUSSION

Healing of ulcers and surgical wounds is the most
desirable procedure in all types of surgeries. During the
healing phase, several factors are needed to inhibit the
infections and suppress inflammation to induce cellular
proliferation.!'*'] The use of antimicrobial agents at these
sites may benefit the healing process as they prevent
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microorganisms to be colonized.'"! The antibacterial and
antifungal activities of AgNPs have been reported in
the literature.'*"! This study was designed to evaluate
the therapeutic effect of AgNPs gel on oral ulcers
and wounds in comparison with triamcinolone as the
traditional treatment of these situations.

The finding of this study may indicate that although
AgNPs had delayed effect, they showed a better
healing rate according to the number of cases with
complete healing. Indeed, daily application of AgNPs
gel could be more effective than triamcinolone
paste on healing of oral ulcers. Furthermore, their
therapeutic effects were almost the same and AgNPs
have the option of microbiocidal activity. Both agents
had no side effects, too.

At the 3 day after induction of the ulcer, clinical and
histological examination of the specimens of AgNPs
group revealed the highest healing rate among other
groups. Although it was nonsignificant, AgNPs group
had higher degree of re-epithelialization compared
to triamcinolone group at 3™ day, despite the equal
degree of inflammation. In addition, it was better than
control and placebo groups in all the criteria. In this
group, histopathology showed submucosal band-like
inflammatory infiltrate (approximately 2 of power
field) and re-epithelialization more than edges of the
wound and less than half of it. However, in control
group, histopathology revealed submucosal band-like
inflammatory infiltrate (more than 2 of one power
field) with tissue necrosis and re-epithelialization
at the edges of the wound. These findings were in
agreement with Aziza et al., who reported the healing
response in nanosilver group,™ which was enhanced
by rapid proliferation and migration of the epithelial
basal cells over the ulcerated area and decreased
number of inflammatory cells in the connective tissue
beneath the ulcer. In control group, they observed
infiltration of many inflammatory cells to subepithelial
connective tissues, and thinner appearance and loose
arrangement of collagen fibers 3 Moreover, Sibbald
et al. stated that 3 days after ulcer induction and
treatment with nanocrystalline silver, it had lessened
the number of inflammatory cells, in return reduced
the wound inflammation, and enhanced the healing
process of chronic venous leg ulcer patients.?”

At the 7" day in this study, triamcinolone group
showed a superior healing effect than all the other
groups. In this group, the degree of re-epithelialization
and inflammation increased with a steady slope

that was not significant. Further, it had a significant
difference in wound size compared with the 3 day.
It seems that triamcinolone causes constant trend in
healing process. However, at 7" day, AgNPs had the
lowest healing rate among the other groups. At this
day, clinical study of AgNPs specimens showed only
a little decrease in wound size and histopathology
demonstrated a deterioration in ulcer condition as mild
increase in degree of inflammation and low reduction
in re-epithelialization, although these changes was
not statistically significant. In addition, at 7" day, the
control and placebo groups had mild nonsignificant
improvement in clinical and histopathological scores
compared with AgNPs group. These results were
in contrast with the result of Aziza ef al. in 2015
that reported significant decrease in inflammation
and re-epithelialization on 7" day.’! This variation
might be related to the type of wound (chemical
burn), deepness of ulcer, medication type (nanosilver
solution), or methods of evaluation in their study.?!

At the 14" day, this study demonstrated that AgNPs
group had the most cases of complete healing and also
showed the highest improvement of inflammation,
re-epithelialization, and wound size compared with
other groups although it was not significant. AgNPs
caused healing by a more sloping than triamcinolone.
This steady slope trend of improvement was seen
especially in re-epithelialization of triamcinolone
group that was not significant between 3™ and 7
days and between 7™ and 14" days. These findings
were in agreement with previous studies that stated
nanosilver is an effective treatment.*'*! The main
rationale for applying AgNPs on open wounds is the
prevention and treatment of infection and increasing
the healing rate.'>?!' The accelerated healing rate
also recorded in the AgNPs group of the present
study; this could be related to the extremely large
surface area of nanosilver crystals that led to increase
contact with bacteria and inhibit their replication.!'”
Khorshidi et al. reported that proper concentration of
nanosilver increases the contact with large number
of bacteria in inflamed wound, leading to adverse
effects on cell metabolism and transport of substances
through the microbial cell membrane, which inhibits
multiplication and growth of bacteria.l'”? Other studies
also evaluated the toxicity of similar product but not
in topical form. They had shown dose-dependent
accumulation of silver content in all the tissues.**

Overall, AgNPs gel had a good healing effect on oral
ulcers, similar to previous studies in all the body
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skin wounds.’! Tt also reported by similar study in
rats that their results on the excision wounds using
nanoparticles which could be a novel therapeutic way
of improving wound healing in clinical practice.* It
seems that AgNPs have delayed effect on oral ulcer
healing. It might be due to its antibacterial effect or
its slow absorption to the tissue.

Here, the gel was produced in mucoadhesive
form, hence evaluating the effect of other type of
AgNPs (such as mucoadhesive pill and oil-based
gel), in addition to more advanced methods of
immunohistochemistry, and also, clinical trials on
humans are suggested.

CONCLUSION

The results showed that AgNP oral gel was
effective on wound healing both clinically and
histopathologically. Although it had delayed effect, it
showed a better healing rate. Hence, daily application
of AgNP oral gel on mouth sores may be more
effective than triamcinolone acetonide paste and can
be an alternative treatment in these cases.
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