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Abstract

Background: Silver sulfadiazine cream is used extensively for burns, nonetheless, several adverse reactions and side effects are
presented in multiple cases. The aim of this study was to compare the healing effect of nano silver-aloe vera composition and silver
sulfadiazine on burns in experimental rat models.
Objectives: The experimental study was performed on 15 male Sprague-Dawley rats to compare the burn treatment with nano silver-
aloe vera combination and silver sulfadiazine in the animal laboratory.
Methods: Two deep second degree burns on both sides of the abdomen were created. One side was covered by cream and the other
by 1% silver sulfadiazine. Response to treatment was assessed by digital photography on day 28. Histological parameters, such as
angiogenesis, fibrosis, epithelialization, and inflammatory reactions, were evaluated.
Results: The average burn size in the nano silver aloe vera group was significantly lower compared to the average burn size of the
silver sulfadiazine group (P < 0.05). Upon pathologic assessment, the re-epithelialization of the epidermis on the fourteenth day
in the nano silver group was significantly higher. In addition, this difference in terms of fibrosis and angiogenesis was observed on
the fourteenth day and it was higher in the nano silver group (P < 0.05).
Conclusions: The use of nano silver compounds in combination with aloe vera compared to silver sulfadiazine cream can expedite
re-epithelialization and wound healing in rats.
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1. Background

Burn is considered among the major worldwide pub-
lic health problems, particularly in developing countries
(1). Infection is the leading cause of death in these patients
(2-4). Topical antibacterial agent use and rapid removal
of necrotic tissue, has significantly reduced invasive infec-
tions (2). Among these drugs 1% to 3% silver sulfadiazine
(SSD) cream is used worldwide to prevent and treat infec-
tion of burn wounds. Despite their significance in treat-
ment strategies, several adverse reactions and side effects
have been reported during clinical presentations, such as
renal toxicity, leukopenia, antibiotic resistance, allergic re-
actions, and delayed wound healing (5-7). Thus, it is nor-

mally advised that such topical creams should not be used
for long periods.

In the recent times, adaptations to topical creams have
been produced to accommodate for current issues arising,
such as the commercial pad used for absorbent wound
dressing containing nano-crystaline silver particles (Acti-
coat). This dressing is comprised of two layers of silver-
coated high density polyethylene (HDPE) bonded on ei-
ther side of an absorbent rayon/polyester core (8). Al-
though studies have been conducted on antimicrobial
effect in unburned cases of wound healing, there have
been no comprehensive study conducted on the effects
on burn wounds, particularly in combination with herbal
medicines. This is despite previous studies addressing the
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therapeutic effect of aloe vera in the treatment of burn
wounds.

2. Objectives

The aim of the current study was to investigate the
therapeutic effects of nano silver-aloe vera (NSA) composi-
tion in burn wounds and compare its results with conven-
tional therapies (silver sulfadiazine) (9, 10).

3. Methods

3.1. Preparation and Formulation of Cream

All stages were undertaken in the preparation of this
cream was carried out by pharmaceutical experts of Kia
Health Pharmaceutical Company. The safety of this prod-
uct has been approved by Pharmaceutical Sciences Re-
search Centre of Tehran University of Medical Sciences.

The preparation trend was carried out in two phases as
follows: In the first phase, the composition of acid stearic
3 g, paraffin 5 g, cetyl alcohol 1 g, isopropyl myristate 2
g, olive oil 3 g, glyceryl stearate and peg 100 stearate 3 g,
Tween 80 3 g, and propylparaben 0.15 g were poured in the
steel tank followed by an incremental increase in the tem-
perature until 70°C. In the second phase, the composition
of nano silver (7 cc), propylene glycol (4 g), glycerin (2 g),
triethanolamine (0.2 g), aloe vera (0.2 g), methylparaben
(0.02 g), and deionized water (up to 100 cc) was poured in
steel tanks and the temperature was gradually increased to
75°C. The content of the first tank (first phase) was added
to the second tank (second phase) and mixed. At that time,
the temperature was gradually reduced and brought to a
temperature of 50°C. The combination was then homog-
enized for 15 minutes upon the temperature reaching ap-
proximately 30°C. The contents were unloaded and kept in
storage tanks. The entire process was carried out in sterile
conditions and the resultant cream was filled in the tube
(the source of silver was from silver bullion with 99.99%
purity percentage).

3.2. Test Animals

The experimental study was performed on 15 male
Sprague-Dawley rats (weighing 290 to 350 g). The protocol
was approved by the Research Committee of Mazandaran
University of Medical Sciences prior to commencement of
this study and the study was approved by the Ethical Com-
mittee Research and Technology Deputy of Mazandaran
University of Medical Sciences (IR.MAZUMS.REC.94.1213).
Sedation was established at first with intramuscular injec-
tions of 70 mg/kg of ketamine hydrochloride and 5mg/kg

of lidocaine. The skin on the dorsum was shaved with
an electrical clipper. This was soon followed by the stan-
dard metal probe, originally placed in 100°C boiling water,
and positioned for 30 seconds on the back of rats. Conse-
quently, two uniform deep second degree burns on both
sides of the dorsum were generated. In this experiment,
approximately 10% Total Body Surface (TBSA) was burned
(Figure 1).

Figure 1. How to create a standard uniform burn on the back of rats

The animals were resuscitated with an intra-peritoneal
injection of 5 mL of normal saline solution. One side of
the wounds were covered by corresponding cream and no
dressings was applied. One percent silver sulfadiazine (Be-
hvarzan Pharmaceutical Company, Rasht, Iran) was soaked
on the other side (as the control group) without any dress-
ing. The creams were applied on a daily basis. Additionally,
animals were kept in separate cages, at standard temper-
ature and conditions. Food, water, and enough light was
available for all animals.

Pathological assessments were performed by an expe-
rienced pathologist on biopsies from wounded edges. His-
tological parameters, such as angiogenesis, fibrosis (colla-
gen bundles), epithelialization, and inflammation of the
tissues were evaluated. Due to the healing of burn wounds,
re-epithelialization was evaluated after 25 days and the last
day of the treatment period. For this purpose, skin tissue
samples were taken for histological studies with a small
excision containing a part of the wound area. In addi-
tion, for assessment of wound healing, digital photogra-
phy was taken during periods mentioned above. These
photographs were taken on days three, seven, 14, 21, and
28. The photographs were then assessed by the Image J soft-
ware and the percentage of healing was determined.
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In order to comply with blindness, right and left
wounds were treated randomly and the pathologist re-
viewing the samples and statistical analyzer was not in-
formed of the treatment group. The results of all 30 burn
samples in during the mentioned time periods were col-
lected in the form of data recording.

3.3. Statistical Analysis

The data obtained was analyzed using SPSS version 16.
Statistical analysis using paired t-test, independent sample
t-test, and Mann Whitney U statistical tests were used. The
differences were considered significant, when p value was
< 0.05.

4. Results

The average weight and age of the animals, were 320
g and 3 months, respectively. No infection or wound-
related complication was observed. In evaluating the ex-
tent of burn wounds in both groups, the average size of
the wound in the nano silver group on days 28, 21, and
14 was significantly lower compared to the silver sulfadi-
azine treatment group. Statistical analysis revealed that
there were significant differences in mean burn surface
area (cm2) between the two groups on days 14 (P value =
0.03), 21 (P value = 0.04), and 28 (P value = 0.04). No signifi-
cant differences were recorded between the two groups on
days three (P value = 0.21) and seven (P value = 0.29) (Figure
2).

A pathologic assessment of the number of inflamma-
tory cells, such as macrophages, mononuclear cells, and
Polymorphonuclear cells, found no significant differences
between the two groups. However, the re-epithelialization
of the epidermis on day 14 in the nano silver group was
found to be significantly higher. In addition, this differ-
ence in terms of fibrosis and angiogenesis was observed on
day 14, and it was higher in the nano silver group (P < 0.05)
(Figure 3).

Although the rate of wound healing was higher in the
group of nano silver compared to silver sulfadiazine, his-
tological examination revealed that on day 28, all wounds
were completely healed. The trajectory course of recov-
ery before the second week in both groups were found to
be nearly identical until nano silver was demonstrated to
have an impact following the two weeks.

5. Discussion

The application of nano silver particles was observed
around the world in various sciences, particularly in

medicine (11, 12). One of these applications is in treatment
of skin ulcers and burns. Previous studies by Wright et
al. have demonstrated the anti-fungal properties of nano
crystalline silver during in vitro studies (13). Yin et al.
also showed that these particles have antibacterial effects.
Specifically, previous studies have identified ACTICOAT (a
silver-coated wound dressing) as an antimicrobial barrier
with better antimicrobial effects than either of the exist-
ing silver-based products, such as silver nitrate, silver sul-
fadiazine, and mafenide acetate (14). In two separate stud-
ies by Furno et al. (15) and Li et al. (16) it has also been
reported that silver nanoparticles are effective in wound
healing. Additionally, studies by Seyyedmir et al. have also
demonstrated nano silver dressing as having a significant
impact on wound healing in rats. In the study by Seyyed-
mir et al. the mean wound area in nano silver dressing after
12 days was significantly lower than in the control group
(17). Furthermore, a study by Wright et al. has also demon-
strated nano silver as effective in reducing Matrix metal-
loproteinase activity with more extensive apoptosis and
reduction in inflammation to facilitate wound healing in
the early phases. The study showed that wounds treated
with nano-crystalline silver has less redness and edema
and forms granulation tissue in less time compared to con-
trol group (18). Suggested reasons for explaining this were
that the silver treated wounds showed a marked reduc-
tion in the level of bacterial contamination and a reduc-
tion in the extent of bacterial micro-colonies found within
the wound tissue. Secondly, silver-treated wounds also ap-
peared, histologically, to be less inflamed (18).

Nano silver is known to perform antimicrobial activ-
ity through two mechanisms. One of these methods is an
ionic mechanism. Over time, nano silver particles emit Ag+
ions. These ions during a substitution reaction, convert -
HS bands on the walls of microorganisms to -AgS bands.
The results of this reaction are weed and waste of microor-
ganisms. Another way of the effect of this drug is catalytic
mechanism. With catalytic mechanism the cross-sectional
destruction of contact bacteria is achievable (9). It is also
worth mentioning that for many years, the effect of herbal
medicine on burn wound has been extensively considered
in previous studies. One of these herbal products is aloe
vera. However, the actual mechanism of aloe vera in im-
proved healing is still unclear. The most probable mecha-
nism of action for aloe vera could constitute providing the
necessary materials for healing, increasing blood flow to
burn area, decreasing inflammatory response and hence
the rate of infection (16).

Our study was a preliminary attempt at examining
the efficacy of herbal and chemical compound creams
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Figure 2. Comparison of the burn size in two groups of nano silver-aloe vera and silver sulfadiazine

Figure 3. Macroscopic view of skin wound on the fourteen day of treated with nano silver-aloe vera combination. The pathologic slide is healing skin composed of regenerated
epithelium and edematous tissue with congested vessels.

in the treatment of burns. This study attempted to em-
ploy a different approach toward the new chemical and
herbal products in compound form. The results from this
study suggest that nano silver and aloe vera combination
speed up the healing rate compared to current treatments
with SSD cream. This improvement can be demonstrated
both macroscopically and histologically. Although recov-

ery speed in the first week was similar in both groups,
higher amounts of angiogenesis, fibrosis, and epithelial-
ization were observed on the fourteenth day in the nano
silver group. The practical advantage of this would be
that the hospital stay would be shortened. Additionally,
the combination compound was found to present with
lower allergic reaction in patients compared to silver sul-
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fadiazine, although more studies are needed to clarify this.
However, it may also be worth noting that the extent to
which nano silver exhibits adverse side effects has still not
been fully evaluated. There is reasonable suspicion from
previous studies that suggest injected nano silver particles
in mice can induce changes in white blood cells and liver
enzymes (11). Further studies will also be required in or-
der to study counter-mechanisms in alleviating treatment
strategies from procuring the aforementioned adverse re-
actions.

The use of nano silver compounds in combination with
aloe vera compared to standard methods of using silver
sulfadiazine cream can speed up the re-epithelialization
and wound healing in rats. The applicability of these find-
ings through further investigation using human samples
can further enhance the efficacy of these findings.
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