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Abstract
AIM: This study aims to prove the superior outcome of collagen nanosilver in increasing macrophage and collagen 
on deep dermal burn wound healing.

METHODS: This study was a randomized control trial design. All animals used were male Sprague Dawley rats aged 
12–14 weeks old and weighed about 200–250 g. Each rat gets four site injuries and is given treatments. The treatment 
group includes: I (negative control using NaCl 0.9%), II (positive control using silver sulfadiazine cream), III (treatment 
with nanosilver collagen cream 1%), and IV (treatment with collagen nanosilver cream 2%). Macrophages counts were 
assessed using IHC F40/80 and collagen density was assessed using Masson’s trichrome staining.

RESULTS: Macrophage on day 6 showed a significant difference as seen in group III and group IV. A significant 
difference was also obtained between macrophage on day 3 and day 6 from group IV, likewise between collagen 
between day 3 and day 6 from group III and IV. Collagen nanosilver acts as an antimicrobial and anti-inflammatory 
agent by increasing the mechanism of activation and migration of macrophages to the site of injury. Moreover, 
this formula modulated the collagen deposition, which forms the tissue fibers which ultimately provide a conducive 
environment for wound healing.

CONCLUSION: Collagen nanosilver has a superior outcome in the increasing macrophage cell count and collagen 
density of deep dermal burn wound healing.
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Introduction

Burn injury is a form of destructive trauma, 
which often results in significant morbidity and mortality 
rates, causes an emotional disturbance, and demoted 
quality of life [1], [2]. According to the data from the 
World Health Organization [3], over 300.000  patients 
worldwide die each year from fire-related burn injury. 
Burn trauma has a contribution of 0.7% or almost 
18 million population in the world. In 2015, the Ministry 
of Health in Indonesia recorded that burn trauma 
ranked 6th  for accidental injuries [4]. The high medical 
costs of acute burn injury followed by the high costs of 
rehabilitation and loss of income [1].

The main principles for the management of 
deep dermal burn injury are assessment of the burn 
depth, wound care, and prevention of infection, provide 
a conducive environment to facilitate the process 
of tissues growth [5]. Silver sulfadiazine is the gold 
standard in topical burn treatment, since the findings 
of these adverse effects, involving the inability to 

penetrate the eschar, leucopenia, and toxicity effect 
on infant and pregnant women [6]. The recent findings 
develop to accelerate the wound healing processes. 
Recently, the use of silver nanoparticles gained 
interest as an antiseptic and anti-inflammatory agent in 
dressings [7]. Collagen applications have been widely 
used as an effective and safe debridement agent in 
reducing wound healing time and reducing pain without 
increasing the risk of infection [8]. The formulations 
of nanoparticle silver and collagen were fabricated to 
provide an optimal wound healing environment of deep 
dermal burn injury using the advantages of nanosilver 
particle and collagen dressings. The nanosilver 
technology has been recommended for second degree 
burn wound [9].

To address the issue, this study aims to prove 
the effectiveness of the collagen nanosilver cream 
compared to silver sulfadiazine as standard therapy 
in a topical treatment to accelerate the healing of 
deep dermal burn injury on Sprague Dawley rats 
through the biomedical parameters of macrophage 
and collagen.
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Methods

Experimental burn wound

All animals used were male Sprague Dawley 
rats aged 12–14  weeks old and weighed about 
200–250  g. Sprague Dawley rats were obtained 
from Animal House, Faculty of Medicine, Universitas 
Diponegoro (Semarang, Central Java, Indonesia). 
All procedures were reviewed and conducted in 
accordance with the Declaration of Helsinki 1975. This 
study has received approval from Ethics Committee 
of the Faculty of Medicine, Universitas Diponegoro 
(No. 121/KE/UNDIP/2021).

The rats were divided into four groups (Table 1); 
group  I (negative control), group  II (positive control), 
group III (treatment with 1% collagen nanosilver cream), 
and group  IV (treatment treated with 2% collagen 
nanosilver cream). The induction of deep dermal burn 
injury was carried out by prior anesthesia in rats using 
a combination intraperitoneal injection of ketamine 
(50  mg/kg) (Dexamedica, Palembang, Indonesia) 
and xylazine (5  mg/kg) (Dexamedica, Palembang, 
Indonesia). The rats were induced deep dermal burn 
injury using a notch heater with 1 cm diameter and 150° 
temperature for 20 s. The variables examined in this 
study included the macrophage cell count and collagen 
density. The results of the study were assessed on day 
3 and day 6 of the treatment.

Table 1: Experimental group treatment
Group Treatment
Group I  
(negative control)

The rats were burn wound induced and given 0.9% NaCl 
topical

Group II 
 (positive control)

The rats were burn wound induced and treated with topical 
silver sulfadiazine cream

Group III The rats were burn wound induced and treated with topical 
1% collagen nanosilver cream

Group IV The rats were burn wound induced and treated with topical 
2% collagen nanosilver cream

Collagen nanosilver cream

The manufactured of collagen nanosilver is 
carried out at the Integrated Laboratory of Universitas 
Diponegoro (Semarang, Indonesia). The concentration 
of collagen nanosilver is made into two stage doses, 
involved 1% and 2% concentration.

Histopathological examination

Skin tissue that was fixed with 4% 
paraformaldehyde buffer was dehydrated using 
graded alcohol and xylene, then paraffinized and 
cut to a 5 um thickness using a spinning microtome 
(Leica, Weitzar, Germany). The result of the cuts was 
then placed on a glass object and dyed with Masson’s 
trichrome. Histopathological changes in skin tissue 
were interpreted under a microscope (Olympus, 
Tokyo, Japan).

Immunohistochemistry examination

After the rats were sacrificed by intraperitoneal 
injection of 10% chloral hydrate, then the skin was 
evacuated, fixed in 4% paraformaldehyde buffer for 
immunohistochemistry tests of skin tissue. The tissue 
that has been inserted into the next fixation fluid is 
dehydrated using graded alcohol and xylene, then 
paraffinized and cut to a thickness of 5 um using a 
rotary microtome (Leica, Illinois, USA). The following 
step, placed on a coated-object glass. Then, the 
tissues were rehydrated using xylene and alcohol with 
a gradient of 96%, 90%, 80%, and 70% concentrations 
and rinsed with tap water. The next step was carried out 
with the retrieval antigen using the HIER (Heat Induced 
Epitope Retrieval) method, where the slides were put in 
a citrate buffer solution, then heated at 95oC for 60 min. 
Then, IHC F4/80 1: 700 (Cloud Clone, Hangzhou, PRC) 
antibody was stained, followed by overnight incubation 
at 4oC. The next step was staining with a secondary 
antibody, Biotinylated-HRP (Horseradish Peroxidase), 
incubation for 1 h, at room temperature. Furthermore, 
chromogen was administered. Next, the dehydration 
process was again carried out using a concentration of 
alcohol and xylene.

Statistical analysis

All data were presented as mean ± standard 
deviation, and statistical analysis was performed with 
the SPSS 25 (IBM, Armonk, USA) program. One-way 
ANOVA accompanied by a post hoc analysis was 
carried out to assess the difference in mean expression 
levels of collagen density and macrophage count. 
p < 0.05 was determined as an indication that there was 
a significant difference in mean levels.

Results

The tissue samples were examined by 
a histologist. Macrophage cells counted per 100 
inflammatory cells in the inflamed area through a 
microscope, then confirmed by immunohistochemical 
examination using IHC F4/80. Collagen density counted 
per 5 visual areas through a microscope.

Microscopic imaging examination shows 
macrophages cell count and collagen density between 
the 4 groups during treatment days 3 and 6. The highest 
macrophage cell count was obtained in group IV then 
followed by group  III. The microscopic imaging of 
collagen between the 4 groups during treatment days 
3 and 6 showed that the highest collagen density was 
yield in group IV.

Figure  1 showed the characteristic of 
macrophage cell count on day 3 and day 6. The highest 
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macrophage on day 3 was obtained in group  III and 
group  IV. The highest macrophage on day 6 was 
seen in group  IV and group  III. Figure  2 showed the 
characteristic of collagen density on day 3 and day 6. 
The highest collagen on day 3 was obtained in group IV. 
The highest collagen on day 6 was seen in group IV.
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Figure 2: Characteristic of collagen on day 3 and day 6

Table 2 showed the significant result obtained 
in macrophage on day 6 from group  III-I (p = 0,004), 
IV-I (p = 0,000), and IV-II (p = 0,013). From posthoc 
Games Howell test in Table 3, a significant difference 
was obtained between macrophages on day 3 and 
day 6 from group IV (p = 0,001). Significant difference 
also seen on between collagen on day 3 and day 6 from 
group III (p = 0,000) and IV (p = 0,000).

Discussion

This research proves that the collagen 
nanosilver scaffold is better than silver sulfadiazine 
in increasing macrophage cell count on deep 
dermal burn wound healing. Wound healing occurs 
in three phases, involving the inflammatory phase, 
the proliferation phase, and the remodeling phase. 
Macrophages are the main immune cells with their 
important roles in phagocytes and clearing the site of 
injury from necrotic tissue, pathogenic microorganism, 
Table 3: The difference of collagen and macrophage between 
treatment day
Variable Group D6 group I D6 group II D6 group III D6 group IV
Collagen D3 group I 0.007** 0.005** 0.000** 0.000**
 D3 group II 0.008** 0.005** 0.000** 0.001**
 D3 group III 0.009** 0.006** 0.000** 0.001**
 D3 group IV 0.007** 0.004** 0.000** 0.000**
Macrophage D3 group I 1.000 0.090 0.003* 0.000*
 D3 group II 1.000 0.156 0.005* 0.000*
 D3 group III 1.000 1.000 0.327 0.003*
 D3 group IV 1.000 1.000 0.156 0.001*
D3: Third day of treatment; D6: Sixth day of treatment; *:Post-hoc Bonferroni test, p<0.05; **: Post-hoc 
Games Howell, p<0.05.

and extracellular debris. Monocytes as a subset of 
white blood cells, which are rapidly recruited from 
the circulatory system to the site of injury. Monocytes 
may transiently persist as monocytes secreting pro-
inflammatory and angiogenic factors, or differentiate into 
macrophages to support tissue typical macrophages at 
the wound site to begin extracellular debridement [10], 
[11]. Macrophages migrate into the wound site of injury 
within 48–96 h after injury to help neutrophils complete 
debridement in order to terminate the inflammatory 
response [12]. The action mechanism of nanosilver 
collagen is more reactive than the bulk silver form 
caused by their nanometer-sized particles. The high 
surface to volume ratio of the nanoparticles is another 
advantage as it allows the particles to remain effective 
even at a very low concentration [13], [14].

Macrophages secrete various cytokines and 
chemokines to stimulate cell proliferation and collagen 
deposition, promoting vascularization and granulation. 
There are two various activation mechanisms of 
macrophages, including classical macrophage 
activation (M1) as immune and inflammatory cells in 
the earlier phase of wound healing, and alternative 
macrophage activation (M2) as the major repairing 
cells and dominate at the later stage of wound 
healing. Nanoparticle silver as an anti-bacterial and 
anti-inflammatory agent regulates the macrophage 
activation on-site injury and promoted the inflammation 
phase to accelerate wound healing [10]. Collagen 
provides a template for the infiltration of fibroblasts, 
macrophages, and lymphocytes and attracts additional 
monocytes to the wound, thus increasing the debris 
removed and increasing neovascularization [15].

The research data also establish that the 
collagen nanosilver scaffold is better than silver 
sulfadiazine in increasing collagen density on deep 

Table 2: The difference of collagen and macrophage between 
treatment group
Variable Group D3 group I D3 group II D3 group III D3 group IV
Collagen D3 group I ‑ 1.000 1.000 1.000
 D3 group II 1.000 ‑ 1.000 0.174
 D3 group III 1.000 1.000 ‑ 1.000
 D3 group IV 1.000 0.174 1.000 ‑
Macrophage D3 group I ‑ 1.000 0.820 1.000
 D3 group II 1.000 ‑ 1.000 1.000
 D3 group III 0.820 1.000 ‑ 1.000
 D3 group IV 1.000 1.000 1.000 ‑
Variable Group D6 group I D6 group II D6 group III D6 group IV
Collagen D6 group I ‑ 1.000 1.000 0.553
 D6 group II 1.000 ‑ 1.000 1.000
 D6 group III 1.000 1.000 ‑ 1.000
 D6 group IV 0.553 1.000 1.000 ‑
Macrophage D6 group I ‑ 0.089 0.004* 0.000*
 D6 group II 0.089 ‑ 0.894 0.013*
 D6 group III 0.004* 0.894 ‑ 0.298
 D6 group IV 0.000* 0.013* 0.298 ‑
D3: Third day of treatment; D6: Sixth day of treatment; *:post hoc Bonferroni test, p<0.05.
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Figure 1: Characteristic of macrophage on day 3 and day 
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dermal burn wound healing. Nanoparticle silver 
enhanced the differentiation of fibroblasts into 
myofibroblasts, resulting in faster wound contraction 
during the healing process. Collagen density in the 
treatment group using collagen nanosilver cream 
resulting the highest pattern compared to the control 
group. This finding conceived that this scaffold 
increasing the tensile on skin tissues and assembled 
the alignment of fibril which generated the wound 
healing tissue similar to normal skin. The collagen 
pattern according to a previous study which found 
collagen fibers formed by nanosilver are spaghetti and 
lentil, where the fiber deposition is neatly arranged. 
The characteristics of collagen fibers in the nanosilver 
collagen treatment group are equal to normal skin. 
This was concrete evidence that collagen nanosilver 
modulate collagen deposition in wound healing, and this 
also explained why the treatment group demonstrated 
prior wound healing rather than forming scars [16].

Collagen is a biomaterial that promotes wound 
healing through the deposition and organization of 
freshly formed fibers and granulation tissue in the 
wound bed, thus creating a conducive environment 
for wound healing. Collagen encourages fibroblast 
migration which subsequently produces reparative 
connective tissue. The final phase of the healing process 
involves the production, maturation, and degradation of 
collagen, the fibrils of which bridge the space between 
the edges of the injured tissue to form a scar of sizeable 
tensile and breaking strength. The force and functional 
adequacy of a scar depend on the native intensity and 
timing of collagen metabolism [15], [17].

The prior research support this study, which 
incorporates nanoparticle silver into collagen scaffold 
will preserve the mechanical properties and bio-
compatibility in skin fibroblast and keratinocyte structure. 
This action will promote skin regeneration [18].

Conclusion

Collagen nanosilver has a superior outcome in 
increasing macrophage cell count and collagen density 
of deep dermal burn wound healing on Sprague Dawley. 
Collagen nanosilver plays an important role in regulating 
macrophage activation, helps migrate macrophages, 
and improves the mechanism of phagocytosis in 
healing deep dermal burn wounds healing. This scaffold 
contributes in promoting the differentiation of fibroblasts 
to myofibroblasts, resulting in the acceleration of wound 
contractions. This material will encourage the wound 
healing progress through the deposition process, tissue 
fiber formation, and granulation tissue at the wound 
base, thereby producing a conducive environment to 
wound healing
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