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ABSTRACT

Background: Bum injuries remain the third cause of death in the world. The treatment, management of deep dermal
burns is by applying topical medications like nanosilver collagen cream. Collagen is widely used for wound healing, cell
development, angiogenesis, and platelets’ activation. This study observed the effectiveness of the drug administration of
nanosilver collagen cream compared to the silver sulfadiazine cream against the healing of deep dermal burns reviewed
based on neutrophils counts and angiogenesis.

Methods: This study represents an experimental study of a laboratory with a randomized post-test with a control group
design. The study used the Sprague Dawley mice to be divided equally into four randomly generated groups. Data were
analyzed using SPSS version 20 for Windows.

Results: The Post-HocMann Whitney test shows there isa significant difference in the angiogenesis between the 3% and 6th-
day groupssuch as group | (p = 0.034), Il {(P=0.009), lll (P=0.009), and IV (P= 0.009). Kruskal-Wallis test also obtained that
neutrophil counts decrease but not significant (p=0.159) on day 3®and (p = 0.315) dan day 6" administration of nanosilver
collagen.

Conclusion: The administration of nanosilver collagen creams cannot decrease neutrophils counts signifiantly and
administration of nanosilver collagen 2% increase angiogenesis compared to the silver sulfadiazine cream against the healing
of deep dermal burns reviewed from the Sprague Dawley mice.
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INTRODUCTION

Injuries remain the third cause of death
in the world.' One of the causes of injury
is burns-the WHO records over 265,000
cases of death by burns worldwide
each year. Burns are a primary cause of
morbidity and mortality in developing
countries.' The provision of health care to
treat burns varied. It is based on the depth,
breadth, and classification of burns.”* The
degree of burns is divided into; 1** degree
(epidermal burns), 2™ degree (superficial
dermal, mid dermal and deep dermal) and
3' degree (full-thickness injuries). The
2" degree of burn case remains the most
frequent case in society.”"

The wound healing process occurs
slowly. There are three phases in healing

burns. The first phase is the inflammatory
phase, the second phase is the proliferation
phase, and the third phase is the
remodeling phase.” In the inflammatory
phase, neutrophils become one of the
important cells. Neutrophils migrate to
the wound area to phagocyte the foreign
substance and the existing microbes so
that the inflammatory phase occurs and
then into the phase of proliferation.® The
proliferation phase is the formation of
granulation tissue, re-epithelization, and
angiogenesis. Angiogenesis plays a vital
role in the proliferation phase because
the new blood vessels formed will provide
the necessary supply of oxygen and
nutrients as a metabolic material to form
granulation tissues.”

The treatment, management of deep

dermal burns is by applying topical
medications. The commonly used topical
medication is silver sulfadiazine cream.
The use of silver sulfadiazine cream in
a long time can provide side effects like
kidney toxicity, leukopenia, antibiotic
resistance, allergic reactions, and delayed
wound healing, so topical cream is not
advised to use for a long-time.*

Another topical drug is nanosilver
which has been widely used in the medical
field as a coating of surgical equipmentand
wound dressing. Nanosilver can control
bacterial activity on surfaces that are in
contact with the silver nanoparticles.”
Collagen is a protein that composes about
30% of the total protein in the human
body and plays an important role in skin
regeneration in wound repair.”
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Another study also proved that
collagen nanosilver contains the potential
to improve wound healing through
antimicrobialactivityand regulate Mitogen
Inducible Gen (MIG) fibroblasts and
macrophage activations.'"” This research
aimed at assessing the effectiveness of
the collagen nanosilver cream in specific
dosages, especially against the neutrophils
and angiogenesis counts in the healing
phase of deep dermal burns in Sprague
Dawley mice, to prove that the collagen
nanosilver Developed by the Laboratory of
MIPA Universitas Diponegoro Semarang
can remain topical drug alternative to
deep dermal burns that are effective and
contain minimal side effects.

METHODS

This is an experimental research design
using a randomized post-test with a
control group from October-December
2019. The study used the Sprague
Dawley mice to be divided equally into
four randomly generated groups. Each
group contained 5 mice and got heated
for 20 seconds with 150°C Notch heater
to induce a deep dermal burn wound.
The first group is a negative control
group (C) treated with 0.9% NaCl gauze,
the second group is a positive control
group, which will be treated with silver
sulfadiazine cream (SSD). Groups 3 and
4 will be treated with nanosilver collagen
ointment at a dose of 1% (NS1) and 2%
(NS2). Histopathological examination,
counting the number of neutrophils and
angiogenesis, will be carried out in each
group on the 3% (D3) and 6™ (D6) day after
treatment.

According to WHO, the large samples
for each group are at least five animals,
with a spare sample of 10% (one mouse).
In this research, the samples utilized were
Sprague Dawley mice with male gender,
12 weeks, and a weight of 250 gram. About
15 mice were divided into three groups, as
many as five mice.

The inclusion criteria are Sprague
Dawley mice, ages 12 - 14 weeks,
weight 200 - 250 gram after 1 week
of acclimatization in the individual
enclosure, and no apparent abnormalities;
meanwhile, the exclusion criteria are
no maximum thickness of burns on
induction. The samples appear sore or die
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Figure 1. Characteristic of Angiogenesis.
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Figure 2. Characteristic of Neutrophil.

during induction or treatment.

The independent wvariable in this
research is nanosilver collagen cream,
while the dependent variable in this
research is neutrophils count and
overview of histopathology angiogenesis.
The wound healing process is assessed
macroscopically by looking at the wound
boundary process with surrounding
tissues and histologically with the
HE and the degrading van Gieson by
measuring the number of neutrophils and
angiogenesis on the wound surface. When
collected data is done, it will be cleansed,
coded, and tabulated.

The morphometric method was used
as measurement using software ImageJ in
millimeter (mm) units. The data obtained
are a comparison of wounds before and
after the treatment on the 3 day and 6"
day, which are presented in three graphs
of the form with the statistical test, such
as Wilcoxon signed-rank test depending
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on the normality of data. A network
processing method is done by routine
paraffin embedding.

The One-Way ANOVA hypothesis test
is used if the data distribution is normal.
Data analysis will be continued with
Post-Hoc Test to identify the differences
of every group. A nonparametric test of
Kruskal-Wallis will be performed when
the data is not as normally distributed. The
test is then continued with Mann Whitney
Test to test the Mean difference between
one group or another. Data analysis is
done with computer programs. The limit
of the degree of infertility is when p <0.05
with a confidence interval of 95%. Data
were analyzed using SPSS version 20 for
Windows.

RESULTS

The  preparation  examination  is
carried out by the veterinarian of the
Histologist against the control group and
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Table 1. The comparison of neutrophil counts and angiogenesis between
treatment group
Variable Group Mean + SD P

Neutrophil D3C 540 +1.14 0.159
D3SSD 7.00 +1.41
D3NS1 6.80 + 2.86
D3NS2 6.60 +1.14

De&C 6.20 + 3.27 0.315
D6SSD 8.20 + 0.84
D6NS1 8.40 + 2.30
D6NS2 6.80 + 1.10

Angiogenesis D3C 220 +0.28 0.001*
D3SSD 2.68 +0.73
D3NS1 2.64 +0.52
D3NS2 2.76 +0.38

De&C 4.76 £0.92 0.001*
D6SSD 7.68 + 2.46
D6NS1 6.92 + 1.21
D6NS2 5.80 + 2,52

Kruskal-Wallis Test; *Statistically significant if p-value less than 0.05; D=Day; C=Control;
SSD=Silver Sulfadiazine; NS=Nanosilver; D3/6C=Day 3/6 Control; D3/6SSD=Day 3/6 Silver
Sulfadiazine; D3/6NS1=Day 3/6 Nanosilver Group 1; D3/6NS2=Day 3/6 Nanosilver Group 2.

Table 2. Analysis of the difference of 3 Day angiogenesis with 6™ Day
angiogenesis between two treatment groups.
Variable 02 03 04 05 06 07 08
01 0389 0129  0.034* 0.008* 0.008*  0.008* 0.008*
02 - 0.916 0.916 0.009* 0.009*  0.009* 0.009*
03 - 0.599 0.009* 0.009*  0.009* 0.009*
04 - 0.009* 0.009*  0.009* 0.009*
05 - 0.059 0.015* 0.752
06 - 0.465 0.402
07 0.117

Post-Hoc Mann-Whitney Test; *Statistically significant if p-value less than 0.05

treatment. Neutrophils are measured
using HE staining from five viewpoints
implementing binocular microscopy of
400 times magnification. Data shows an
average of angiogenesis branches on burn
cases (Figure 1). The highest 3rd-day
angiogenesis was obtained in group IV,
followed by group II, III, and the lowest
group I. Data shows a fork of angiogenesis
in burns. In addition, the highest-6" day
angiogenesis was obtained in group II,
followed by group III, IV, and the lowest in
group I (Figure 1).

The data shows the average number of
neutrophils in burn cases (Figure 2). The
highest neutrophil count on the 3**day was
obtained in group II, then group IIL, IV and
the lowest group L The highest neutrophil
count on the 6" day was obtained in group

I11, then group IL, IV and the lowest group
I (Figure 2).

The Kruskal-Wallis test found a
significant  difference in  evaluating
angiogenesis on the 3*“and 6" day of burns
(p=0.001) between the control and the
treatment group (Table 1). Table 1 shows
the highest angiogenesis figures in Group
IT (06), group III1 (O7), group IV (O8) and
the lowest in group I (O5), ie., negative
control.

However, the Kruskal Wallis test
obtained no  significant  difference
(p=0.159) in the number of neutrophil
counts in all groups on the 3 day. The
One-Way ANOVA test also found no
significant difference (p=0.315) in the
number of neutrophil counts in all groups
on the 6™ day (Table 1).

The Post-Hoc Mann  Whitney
Test gained the result that there was a
significant difference in the angiogenesis
between the 3 and 6th-day groups, ie.,
the group I and IV (p=0.034), group I on
Day 3 and group I, II, III, and IV on day
6 (p = 0.008), and the group I to IIT on
Day 6 (p=0.015) (Table 2). The Post Hoc
Mann-Whitney test was not performed
on neutrophils due to the test results of
Kruskal-Wallis  insignificant neutrophil
count, which means there is no influence
on administering nanosilver collagen
creams against wound healing.

DISCUSSION

Hypotheses on this study were notaccepted
because the administration of nanosilver
collagen cream was not more effective
compared to silver sulfadiazine against
the healing of deep dermal burns reviewed
from neutrophils and angiogenesis counts
in Sprague Dawley mice. Nanosilver
contains the potential to be used as a
wound therapy, including Burns, due to
its potent anti-bacterial properties that
can reduce recovery time and relieve
inflammation.!" Nanosilver can affect
and suppress inflammation in the wound
and facilitate the initial phases of wound
healing. This effect relates to the ability of
nanosilver in reducing the local matrix of
metalloproteinase in wounds, reducing
the impact of pro-inflammatory cytokines,
as well as fixing cellular apoptosis.”*

The research is in line with several
previous studies. The collagen sponge of
marine fish can regulate the growth of
fibroblasts and keratinocytes, proliferation
and potential wound healing in mice
models. Previous research stated that
the collagen dressing of neurotensin
significantly reduces inflammation and
increases fibroblast migration. In addition,
the collagen nanofibers of tilapia can
significantly increase the proliferation of
keratinocytes, stimulating the epidermis
differentiation and facilitating  skin
regeneration in the skin of the rat who is
experiencing burns.”"* These studies have
explained that collagen is an excellent
biomaterial for use in wound healing."* "

Some studies conducted in correlation
with the use of Nanosilver in Burns showed
that nanosilver could provide better results
when compared to standard therapies such
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as silver sulfadiazine cream.' Previous
research showed that nanosilver particles
heal 2" degree deep dermal burns better
than the silver sulfadiazine cream, where
on 2 deep dermal degree burns with
an area of 20-40% healing in the group
of nanosilver achieved 10 days earlier
compared to the silver Sulfadiazine cream
group.'”® In addition, in deep Dermal 2
degree burns with an area of more than
40-60%, healing on the Nanosilver group
was reached 13 days earlier compared to
the cream group Silver Sulfadiazine. After
4 weeks of therapy, patients can experience
perfect healing in the Nanosilver cream
group, while there are even no patients
experiencing perfect healing in the Silver
Sulfadiazine cream Group.'* Prior research
equally found that patients with superficial
2-degree burns who received silver
nanoparticle therapy had better healing
time than similar burns that received
silver sulfadiazine therapy and the control
group who Vaseline gauze therapies, while
patients with 2-degree burns who received
silver nanoparticle therapy suffer a shorter
healing time compared to similar burns
that barely get vaseline gauze therapy in
the control group.”

The administration of the 1%
nanosilver collagen cream against deep
dermal burns in Sprague Dawley mice
cannot improve angiogenesis better than
the administration of silver sulfadiazine
cream on the 3*and 6™ day of treatment. It
cannot decrease the number of neutrophils
on the day of the 6" treatment. Similarly,
the administration of nanosilver collagen
cream of 2% against deep dermal burns
in Sprague Dawley mice cannot improve
angiogenesis better than the introduction
of silver sulfadiazine cream on the day of
the 6" treatment. This is because silver
sulfadiazine has been shown to produce
inhibitory activity on various microbial
species. Silver sulfadiazine does not
obstruct the formation of epithelization,
although it inhibits the contraction of
fibroblasts. Silver sulfadiazine is painless
when applied to wounds so that itinducesa
satisfactory response from the community.
Silver sulfadiazine is widely used and has
been regarded as a topical “gold standard”

collagen creams on deep dermal burns
and the length of application that
affects its effectiveness. The variation of
results emerging from each individual
mice experiment was used because the
hygienical differences of each mouse were
challenging to control, and it can affect
the research results. This can be one of
the limitations of this study, which can be
suggested for subsequent research.

CONCLUSION

The administration of nanosilver collagen
cream cannot decrease the number of
neutrophils significantly compared to
the silver sulfadiazine cream against
the healing of deep dermal burns in the
Sprague Dawlcy mice. However, nanosilver
collagen cream 2% administration can
significantly improve angiogenesis for
the healing of deep dermal burns in
the Sprague of Dawley mice on the 3rd
day of treatment compared to the silver
sulfadiazine cream. The administration of
nanosilver collagen creams of 1% and 2%
also decreased the number of neutrophils
and increases angiogenesis compared
to the silver sulfadiazine cream against
the healing of deep dermal burns in the
Sprague Dawley mice.
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