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Therapeutic effect of Aloe vera and
silver nanoparticles on acid-induced
oral ulcer in gamma-irradiated mice

Abstract: Radiation combined injury, a life-threatening condition, has
higher mortality than simple radiation injury. The aim of the present
study was to analyze the efficiency of Aloe vera and silver nanoparticles
in improving the healing of ulcerated oral mucosa after irradiation.
Thirty male Albino mice were divided into five groups: control,
radiation, Aloe vera (AV), silver nanoparticles (NS), and AV+NS. The
mice were exposed to whole body 6Gy gamma-radiation. After one
hour, 20% acetic acid was injected into the submucosal layer of the
lower lip for ulcer induction. The animals received topical treatment
with the assigned substances for 5 days. Lip specimens were subjected
to hematoxylin and eosin and anti alpha-smooth muscle actin
immunohistochemical staining. Results demonstrated occurance of
ulcer three days post irradiation in all groups except in the AV+NS
group where only epithelial detachment was developed. After seven
days, data revealed persistent ulcer in radiation group, and almost
normal epithelium in the AV+NS group. A significant reduction of
epithelial thickness was detected in all groups at the third day as
compared to control. At the seventh day, only the AV+NS group
restored the epithelial thickness. Area percent of alpha-smooth muscle
actin expression was significantly decreased in radiation group at the
third day followed by significant increase at the seventh day. However,
all treatment groups showed significant increase in alpha-smooth
muscle actin at the third day, which decreased to normal level at the
seventh day. Our study demonstrated the efficiency of Aloe vera and
silver nanoparticles in enhancing ulcer healing after irradiation.

Keywords: Aloe; Nanoparticles; Ulcer; Radiation Injuries; Wounds
and Injuries.

Introduction

Sufferers of nuclear and radiological accidents usually present radiation
injury (RI) alone or combined with other types of injury such as physical,
chemical and thermal trauma (radiation combined injury, RCI).! RCI is
considered a life-threatening condition that increases mortality compared
to RI, despite each injury alone might not be fatal.?

Several studies on different animal models have demonstrated that
non-lethal injuries (wound, burn or bacterial infection) induced after
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radiation exposure increase cell death, tissue damage,
organ dysfunction, mortality, DNA damages, and
severe and rapid loss of hematological components
compared to radiation exposure alone.?

The loss of oral mucosa cells is continuously
compensated by proliferation of epithelial cells of the
basal layer.* Irradiation significantly diminishes the
barrier function of the epithelium against different
insults (mechanical, chemical and microbial),
impairing the balance between cell proliferation
and death. These effects can be further aggravated by
additional trauma with subsequent ulcer formation
and complete cellular depletion.>*

Recently, great attention has been directed toward
therapeutic natural products as they results in less
side effects.” Aloe vera (AV), a tropical plant, has
been used for centuries for therapeutic purposes.®
The gel extracted from the leaf parenchyma contains
a wide range of natural components that possess
significant anti-inflammatory, antioxidant, antifungal
and angiogenic activities and has shown ability to
improve the healing of gastric ulcers,’ infected leg
ulcers'® and recurrent aphthous ulcers."

Nowadays, the use of new medicinal preparations
atnnanoscale levels is widespread. Silver nanoparticles
(AgNPs) of 100 nm dimension or less have unique
physical, chemical and biological properties.'?
AgNPs are considered one of the most promising
nanomaterials, with an efficient antimicrobial
effect of a broad spectrum of bacteria, in addition
to anti-inflammatory,”® antifungal,™ and antiviral
effects.”” Many researchers demonstrated effective
use of AgNDPs as treatment for burns, chronic ulcers,
toxic epidermal necrolysis, and pemphigus.’

Although AV gel and AgNPs are effective in the
treatment of various types of ulcers, their efficiency
in radiation combined oral ulceration has not yet
been reported. Therefore, the aim of the current study
was to evaluate the effects of topical application of
these agents on oral ulcer healing in irradiated mice.

Methodology
Animals

Thirty male Albino mice weighing 50-70 g were
used for this study. Animals were housed in specially
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designed cages (6 mice per cage), in a room with
controlled temperature (25 = 3°C), humidity, and
12-h light/dark cycle. All animals were fed with
semi-purified diet and water ad libitum for ten days
before inception of the experiment. The experimental
protocol was accepted by the Department of Animal
care, Cairo University, that follows the European
Communities Council guiding principles for the
care and use of laboratory animals.

Experimental groups

The mice were randomly classified into five
groups (n = 6 in each group). One group received
no treatment and was used as the control group (C).
Another group (R) was submitted to radiation and oral
ulcer induction and received no treatment. Groups
AV, NS and AV+NS were submitted to radiation and
oral ulcer induction and were treated topically with
AV gel (0.25 ml/kg), aqueous solution of AgNPs
(2 mg/kg)"” and the combination of both treatments
for five days, respectively.

Irradiation

Whole body irradiation of animals was performed
at The National Center for Radiation Research and
Technology (NCRRT), Cairo, Egypt, using Gamma
cell 40 (Cs 137). Mice were exposed to a single dose
of 6 Gy (dose rate of 0.43Gy/min).

Ulcer induction

The animals were fasted with access to water 12 h
before the experiment. One hour after irradiation, the
animals were anesthetized, then 20% acetic acid (0.01 mL)
was injected into the submucosal layer of the lower lip.

Aloe vera preparation

AV gel was prepared according to Banu et al.® The
outer layer of spotted Aloe barbadensis was peeled, the
inner gel was obtained using a sterile spatula and then
the gel was filtered and sterilized. The gel was stored ina
sterile container at room temperature for immediate use.

Silver nanoparticles synthesis and
characterization

AgNO; and polyvinylpyrrolidone (PVP) solutions
were used for the synthesis of AgNPs. The modified



method was applied as follows: 10 mL of 0.3% PVP
solution was mixed with 90 mL of 2.0 mM AgNO,
solution and 0.2% isopropanol as the free radical
scavenger. The mixtures were exposed to gamma
radiation at 25 kGy doses at room temperature at the
NCRRT. The facility used the 60Co-Gamma chamber
4000-A-India. Irradiation was administered at a
2.9 kGy/hr dose rate at the time of the experiment.’®

Characterization of AgNPs was performed through
transmission electron microscopy (TEM model
JEOL electron microscopy JEM-100 CX). In the TEM
micrographs of PVP-AgNPs, the particles appeared
spherical and remained fairly dispersed ranging from
10.4 nm to 17.6 nm with mean diameter of 14.91 nm
as presented in Figure 1.

Histological and immunohistochemical
analysis

Three mice from each group were sacrificed
by cervical dislocation three and seven days after
irradiation. The lower lip was dissected, fixed in
10% formalin and embedded in paraffin. Sections
were cut at a thickness of 5 pm and stained with
hematoxylin and eosin (H&E) for histopathological
evaluation under the light microscope with x400
magnification by pathologists. Other sections of
5 pm were placed on poly-L-Lysine coated slides
and stained using mouse monoclonal antibodies
to evaluate alpha-smooth muscle actin (a-SMA)

expression (Santa Cruz Biotechnology, USA). Both

Figure 1. Transmission electron microscopy image of
polyvinylpyrrolidone (PVP) silver nanoparticles (AgNPs).
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epithelial thickness (um) and area percent of cells
expressing a-SMA were measured in 5 histological
fields (x400) randomly captured in each slide with a
digitized image analysis system using the software
Leica Qwin 500.

Statistical analysis

Data are reported as mean * standard deviation
(SD). One-way analysis of variance was performed to
compare group differences. Multiple range test was
used when differences among groups were significant.
Statistical analysis was done by using Statgraphics
Centurion XVI software, Statpoint Technologies,
Inc., 560 Broadview Ave. Warrenton, Virginia 20182.
P<0.01 was considered highly significant.

Results
H&E staining

Three days post-ulceration:

The normal (group C) lower lip consisted of thin
stratified squamous epithelium with a thin keratin
layer. The underlying connective tissue contained
normal blood vessels and muscles (Figure 2A). The
lower lip of group R revealed extensive loss of surface
epithelium continuity (ulcerated), homogeneous
connective tissue with massive inflammatory infiltrate

Table. Thickness of lower lip epithelium (um, mean=SD) after
oral ulcer induction throughout the experimental period and in
the different groups: C, control; R, irradiated; AV, Aloe vera;
NS, silver nanoparticles.

Group el
g 7

C 39.19 + 3.54 40.86 = 3.11

0.96 = 0.32 ac 1.32 = 0.32 ac
AV 1.93 £ 0.53 ac 51.21 + 3.31 ac,ar,ad
NS 2.73 = 0.77 ac 69.05 + 6.23 ac,ar,ad
AV+NS 10.01 = 1.27 ac,ar 43.09 = 2.80 ar,ad
p(l) value < 0.0001 < 0.0001w

Significant difference between groups: (ac) versus control group,
(ar) versus irradiated group. Significant difference between same
group: (ad) at 3rd day. P(l): significant difference between different
experimental groups within the same interval. P value < 0.01 was
considered highly significant.
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and areas of hemorrhage (Figure 2B). Specimens from
group AV revealed similar changes to the R group
but with less inflammatory reaction (Figure 2C).
The epithelium of NS group was detached from the
underlying connective tissue that contained few
inflammatory cells and dilated blood vessels. On the
periphery of the ulcer, the basal layer of the epithelium
was still attached to the connective tissue (Figure 2D).
In AV+NS group, almost intact mucosa with a thin
keratin layer was detected, and only a few areas of
separation within the epithelium. Vacuolization of
different epithelial cells were found (Figure 2E).
Histomorphometric analysis showed that 3 days
post-ulceration the epithelial thickness (ET) of all
groups significantly decreased compared to control
group (p > 0.05), however, the smallest thickness was
detected in group R while the highest thickness was
found in group AV+NS (Table).

Seven days post-ulceration:

At the 7th day post-ulceration, the changes in
the lower lip of group R were still microscopically
visible (Figure 3A). Group AV exhibited hyperplastic
epithelium with cellular vacuolization and restoration
of the keratin layer. Proliferating fibroblasts and
some degenerated muscle were detected (Figure
3B). The epithelium of group NS was hyperplastic
with excessive keratinization. A high number of
proliferating fibroblasts were observed (Figure
3C). The group AV+NS showed normal epithelium
with a thin keratin layer. The connective tissue
was nearly normal and contained normal blood
vessels (Figure 3D).

The ET varied between groups. In group R, the ET
was slightly increased but still significantly reduced
compared to the control group. The epithelium of
groups AV and NS showed significant increase in
thickness compared to control group or the 3rd day
value. The ET of group AV+NS significantly increased
compared to the 3rd day being somewhat similar to
the control group (Table).

Alpha-smooth muscle actin immunostaining

Area percent of cells expressing a-SMA, a
marker of activated fibroblasts and endothelial
cells, was calculated at 3 and 7 days post-ulceration.
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Compared to the control, there was significant
reduction of the area occupied by activated
fibroblasts and mature vascular endothelial cells
in the ulcer area of group R at the 3rd day post-
ulceration. Groups AV, NS and AV+NS showed
significantly higher area percent of activated
fibroblasts and mature vascular endothelial cells
in the ulcer area (Figure 4A).

At the 7th day post-ulceration, group R had
significantly higher area percent of activated
fibroblasts and mature vascular endothelial cells in
the ulcer area. On the other hand, the other groups
showed decreased area percent of a-SMA positive
cells with no significant difference compared to the
control (Figure 4B).

Discussion

Most international guidelines are directed toward
early management of exposure to whole-body
irradiation alone, however, victims of radiation
accidents often suffer from other insults. Because
of the insufficiency of human data or clinical cases
of RCI, animal models are perfect to evaluate the
efficiency of possible countermeasures.”. Mice are the
1st choice when oral mucosa is under investigation
because of the structural similarity between the oral
mucosa of mice and humans. Moreover, mice are
inexpensive, and easily manipulated and maintained
under controlled condition.?

Wound healing is a highly ordered multicellular
process. Optimum healing depends mainly on
organized cellular interactions that control different
overlapping healing phases.”? Wound contraction
is mainly regulated by modulated fibroblasts
known as myofibroblasts,?> which express many
contractile proteins, among them a-SMA.# It is
well known that fibroblasts expressing elevated
a-SMA show more contractile activity compared
to those expressing low a-SMA. The contactile
activity of fibroblasts expressing low a-SMA can
be enhanced by treatment with many substances
that increase a-SMA level . *

Radiation affects the process of wound closure
by decreasing the regenerative competence of oral
epithelium,* and subsequent injury to an irradiated
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Figure 2. Photomicrograph of the lower lip at the 3rd day post-ulceration of (A) group C, (B) group R, (C) group AV, (D) group NS,
and (E) group AV+NS, showing normal epithelium with thin keratin layer (n), ulcerated oral epithelium (u), chronic inflammatory
cells (black arrow), retained epithelium (e), almost intact epithelium with cellular vacuolization (m) and area of epithelial separation

(s). H&E x400.

site can trigger a sever uncontrolled reaction.® In this
study, oral ulcer was induced in gamma-irradiated mice
as a model of RCL. The demonstrated inflammatory
changes, homogeneous connective tissue and reduced
ET of the ulcer area in the irradiated group were
in accordance with findings obtained by Li et al.
Radiation can directly damage DNA of cells with

subsequent cell apoptosis or necrosis. This can explain
the reduced renewal capacity of the epithelium and
persistence of the ulcer.?

Our study found that AV or AgNDPs alone did
not affect actual ulcer formation but improved ulcer
healing with restoration of epithelium integrity,
areas of hyperplasia, and almost normal underlying

Braz. Oral Res. 2018;32:e004 5
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Figure 3. photomicrograph of the lower lip at the 7th day post-ulceration of (A) group R, (B) group AV, (C) group NS, and (D)
group AV+NS showing ulcerated epithelium (u), retained epithelium (e), normal epithelium with thin keratin layer (n), hyperplastic
epithelium (h), and hyperkeratosis (k). H&E x400.

a- SMA
4 -
ac.ar
ac, ar
ac. ar
3 4
xR
B 2
<
ac
) I
O m
C R AV NS AV + NS
34 day

Area %

a- SMA
ac, ad
ar, ad
G'Im| | ar, ad
R AV NS AV + NS
74 day

*Significant difference between groups: (ac) versus control group, (ar) versus irradiated group. Significant difference between same group (ad) at

3 day.

Figure 4. Area percent of activated fibroblasts and mature vascular endothelial cells expressing a.-SMA in ulcer area is shown at

(A) 3 day and (B) 7" day post-ulceration.
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connective tissue free from inflammatory infiltrate.
Their combined use prevented ulcer formation,
presenting only epithelial detachment from underlying
connective tissue and after 7 days was similar to
intact tissue with normal thickness.

Many researchers reported the effectiveness
of AV as a promoter of burn wound healing® and
gastric ulcer healing’® in addition to its ability to
reduce tissue loss and improve healing in frost bite
injury.?® Others found that AgNPs significantly
promoted wound healing of infected wounds,” and
deep partial-thickness wounds.*

Significant epithelial loss was detected in all
groups at day 3. The loss was of 98% in group R,
95% and 93% in AV and NS groups and 74% in
AV+NS group. At the 7th day, group R revealed
significant epithelial loss (97%), while group AV and
NS showed significant hyperplasia at 25 and 70%
ratio, respectively. On other hand, group AV+NS
revealed normal epithelial thickness.

The decreased epithelial loss and improved ulcer
healing can be attributed to the anti-inflammatory
effect of AV through the elevation of IL-10 level,
which inhibits cytokine synthesis by macrophages
and suppresses TNF-a production.®’ In addition,
AV stimulates PGE2, TGF-3-1 and bFGF production
and induces angiogenesis, which play important
roles in the maintenance of mucosal integrity
and wound healing.’® Moreover, AV enhances
production of kGF-1 and VEGF by gingival
fibroblasts®* and maintaines the wound moisturized,
promotes epithelial cell migration, and enhances
collagen maturation.*

AgNPs exerts its healing effect by decreasing
bacterial and fungal count at wound site. The
mechanisms are through disruption of the cell
membrane causing cell death and the ability to block
respiratory enzyme pathways, alter microbial DNA and
inhibit the normal fungal budding process.***(Melayie,
2005 #32;Nasrollahi, 2011 #14). Moreover, AgNPs
enhances the process of reepithelialization®, which
can be attributed to the ability of down-regulating
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inflammatory response, decreasing cytokine and
matrix metalloproteinases level and inducing
apoptosis of inflammatory cells, leading to earlier
wound healing.®

The reduced number of activated fibroblasts and
mature vascular endothelial cells at the 3rd day,
which increased by the 7th day, was also detected
in irradiated salivary glands and attributed to
cell cycle arrest due to delay of the S phase.®> AV
and AgNPs alone or in combination increased
the number of activated fibroblasts and mature
vascular endothelial cells at the 3rd day. This result
is in agreement with Liu et al.,* who reported
that AgNPs enhanced fibroblast transformation
into myofibroblast. Similarly, Liu et al.,*” found
that AV increased fibroblast proliferation and
collagen synthesis, and elevated hyaluronic acid
and hydroxyproline level, which suggest a possible
role in the extracellular matrix remodeling during
wound healing. Another study attributed the effect
of AV to the binding of mannose-6-phosphate, an
essential component of AV, to fibroblast receptors,
activating their proliferation,® thus stimulating
collagen synthesis and increasing the healing
area.” The decrease in the number of activated
fibroblasts and mature vascular endothelial cells at
the 7th day might be related to the almost complete
healing process.

The limitation faced in this study was the inability
to measure ulcer length, width or size due to lack of
measurement devices. We suggest further studies
to evaluate the clinical outcome of ulcer healing by
AV and AgNDPs.

Conclusion

In conclusion, AV and AgNPs could be effective
treatments to promote ulcer healing of radiation
combined injury through their anti-inflammatory,
enhanced re-epithelialization and fibroblast
activation effects.

Braz. Oral Res. 2018;32:e004 7
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