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Wound healing is a complex phenomenon particularly owing to the rise in antimicrobial
resistance. This has attracted the attention of the scientific community to search for
new alternative solutions. Among these, silver being antimicrobial has been used since
ancient times. Considering this fact, the main goal of our study was to evaluate the
wound-healing ability of mycofabricated silver nanoparticles (AgNPs). We have focused
on the formulation of silver nanogel for the management of wounds in albino Wistar rats.
Mycosynthesized AgNPs from Fusarium oxysporum were used for the development of
novel wound-healing antimicrobial silver nanogel with different concentrations of AQNPs,
i.e., 0.1, 0.5, and 1mg g~'. The formulated silver nanogel demonstrated excellent
wound-healing activity in the incision, excision, and burn wound-healing model. In the
incision wound-healing model, silver nanogel at a concentration of 0.5mg g~ exhibited
superior wound-healing effect, whereas in the case of excision and burn wound-healing
model, silver nanogel at the concentrations of 0.1 and 1mg g~' showed enhanced
wound-healing effect, respectively. Moreover, silver nanogel competently arrests the
bacterial growth on the wound surface and offers an improved local environment for
scald wound healing. Histological studies of healed tissues and organs of the rat stated
that AgNPs at less concentration (1mg g~') do not show any toxic or adverse effect
on the body and promote wound healing of animal tissue. Based on these studies, we
concluded that the silver nanogel prepared from mycosynthesized AgNPs can be used
as a promising antimicrobial wound dressing.
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INTRODUCTION

The skin is the main structure of the body that acts as a barrier against foreign agents. Loss of
skin tissue integrity results in wounds or infections that could be fatal. The wound interrupts
physiological functions by interfering with the cellular and anatomic stability of tissues. Various
agents, such as physical, chemical, or microbial, may be responsible for wound formations,
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FIGURE 7 | Gross necropsy of albino Wistar rat, organs of experimental (Group C) animal [(A) Brain, (B) Heart, (C) Lung, (D) Liver, (E) Kidney].

Sundaramoorthi et al. (2009) also found that in the
burn wound healing, the re-epithelialization started within
14 days in AgNPs-treated animals; however, the control
group took 18 days for re-epithelialization. In our study
also, pus formation was observed in the control group,
which was not found in the experimental group, as AgNPs
are strongly antimicrobial, and also serve as an anti-
inflammatory agent in the wound-healing process. The
results also corroborate with the findings of Ip et al. (2006)
who concluded that silver-coated/impregnated dressings
possess strong antimicrobial activity against some burn wound
pathogens. Sundaramoorthi et al. (2011) also reported the
wound contraction property of the AgNP ointment in different
concentrations. Animals treated with 20% AgNPs ointment
exhibited a significant wound healing from the fourth day

onward, as compared to that sulphadiazine ointment-treated
group of animals.

For the production of collagen and other organic components
of the intracellular matrix of tissues, ascorbic acid plays an
important role. Deficiency of it results in abnormal collagen
fibers and changes in the intracellular matrix that expresses
as cutaneous lesions, poor adhesion of endothelium cells,
and decreased tensile strength of fibrous tissue (Xue and
Jackson, 2015; Tracy et al., 2016). In our study, AgNPs showed
a remarkable wound-healing activity by increasing cellular
proliferation and collagen synthesis at the burn wound site.
For many years, silver sulfadiazine has been used for the
treatment of burns; however, the benefits of pure silver might
be less. Recent developments in nanobiotechnology succeeded to
fabricate pure silver in the form of NPs. Therefore, we used pure
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FIGURE 8 | Histological micrograph of organ’s tissue after wound-healing study (Group F- Control). (A) Section of brain tissue showing normal parenchyma; (B)
Section of heart tissue showing severe congestion in myocardia; (C) Section of lung tissue showing emphysema, round cell infiltration, and imperial bronchiolar
congestion; (D) Section of liver tissue showing mild congestion and periportal round cell infiltration; (E) Section of kidney tissue showing congestion, infiltration, and
vacuolar changes in proximal tubule (at a resolution of 40x).
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FIGURE 9 | Histological micrograph of organ’s tissue after wound-healing study of AQNPs at a concentration of 1 mg g~ (Group C). (A) Section of brain tissue
showing normal parenchyma; (B) Section of heart tissue showing myocardial hemorrhage; (C) Section of lung tissue showing bronchiolar round side infiltration and
mild congestion; (D) Section of liver tissue showing granular and vacuolar changes; (E) Section of kidney tissue showing congestion, hemorrhage, and vacuolar
changes (at a resolution of 40x).
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AgNPs formulation to improve burn wound healing as well as
effective antimicrobials.

Hendi (2011) found the fast healing and enhanced cosmetic
appearance within 15 days in an animal model. In addition,
they claimed that AgNPs showed positive effects due to their
antimicrobial activity, reduction in wound inflammation, and
modulation in some of the liver and kidney functions during skin
wound healing. Kelestemur et al. (2012) also reported that topical
application of AgNPs-oligonucleotide increases wound-healing
activity by promoting increased collagen synthesis and tissue re-
modeling without any side effects on the organs of the mouse.
Our results showed a close resemblance with the observation
reported by Maneewattanapinyo et al. (2011), who studied the
acute toxicity of AgNPs, including eye irritation, corrosion, and
dermal toxicity with effect on animal organs. They concluded that
there was neither any gross lesion nor histopathological change
observed in various organs of AgNPs-treated animals.

In our study, distinct changes were not observed in the organs
of the experimental animal as compared to control. However, to
evaluate whether the AgNPs have any side effects or not on the
animal body, there is a need for further studies including, but
not limited to, biochemical tests of organs and other parts of
the animals.

CONCLUSION

It is evident from this study that silver nanogel with different
concentrations, i.e., 0.1, 0.5, and 1 mg g~ ! of AgNPs synthesized
from F. oxysporum was successfully formulated using Carbopol.
The formulated gel was stable and AgNPs were evenly
distributed. Silver nanogel exhibited a remarkable antibacterial
activity against E. coli and S. aureus. The in vivo study of
formulation exhibited an excellent wound-healing activity in
incision, excision, and burn wound-healing model. Gel with
AgNP at a concentration of 0.5mg ml~! showed a superior
wound-healing effect, whereas in the study of excision wound-
healing model, gel with AgNP at a concentration of 0.1 mg g~}
revealed a remarkable wound-healing activity. In the study of
burn wound healing, 1 mg g~! showed a better healing effect.
In addition, nanogel effectively arrests the bacterial growth on
the wound surface and offers an improved local environment for
scald wound healing.

Histological studies of healed tissue specify that gel with
AgNPs at less concentration does not show any toxic
or adverse effect and promotes the wound healing of
animal tissue with regenerating hair follicles. On the basis
of gross necropsy and histology of rat organs, it can be
concluded that there are no distinct changes observed in
the organs of the experimental animals as compared to
the control.

Finally, in vitro and in vivo results revealed that the
silver nanogel is promising for antimicrobial wound
dressing with good biocompatibility for all kinds of
wound healing.
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