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Abstract: The skin is the main barrier of defense against infections. After the skin is damaged by
an external agent, a complex process with a goal of repairing the damaged area is started. To
achieve a faster and more favorable healing of skin lesions, different biomaterials have been
created, among these, are sponges, hydrogels and electro spun membranes. Different polymers
have been used for the preparation of these biomaterials, among which, is Hyaluronic Acid, an
extracellular matrix compound with anti-aging effects and hydrating properties, making it an
extremely efficient molecule for biomedical usage. Our goal is to provide is a short overview of the
different HA-based wound dressings that are being tested in vivo.

Keywords: Hyaluronic Acid, Nanoparticles, Dressing, Wound, Skin

Introduction

The skin is the main barrier of defense against infections, made up of three layers, the epidermis,

the dermis, and the hypodermis. As it interacts with the environment, the skin acts as a protective
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barrier against diseases, dehydration, UV damage, physical lesions while also helping the
homeostasis of temperature. (1) After the skin is damaged by an external agent, a complex process
is started, with a goal of repairing the damaged area. Dehydration of the site, excessive
inflammation, and infections are often associated with the formation of chronic wounds and ulcers
by delaying or even inhibiting the healing process.

To achieve a faster and more favorable healing of skin lesions, different biomaterials have been
created, among these are sponges, hydrogels and electro spun membranes. The goal is a perfect
dressing, capable of maintaining a correct hydration of the lesion site, promoting angiogenesis and
connective tissue regeneration, impeding bacterial growth with an anti-bacterial effect, while being
permeable to gas and nutrient exchanges, being biodegradable and having no cytotoxicity. To
achieve this goal, different polymers have been used for the preparation of dressings, among which
is Hyaluronic Acid (HA). (2)

HA is a negatively charged, linear hydrophilic polysaccharide. HA is also a macromolecule with
anti-aging effects and hydrating properties. It can be used in a variety of pathologies, like
osteoarthritis, embryo implantation, and skin lesions. It can also be used in cosmetic and
dermatologic compounds, to increase the skin elasticity and hydration status, but its particle size
limits its penetration through the stratum corneum, limiting its effects to more shallow ones.

As an extracellular matrix compound, it can function as a sponge and helping fixate water, offering
elasticity, but because of its particle size limits its penetration through the stratum corneum, limiting
its effects to more shallow ones. HA benefits are limited as it cannot penetrate the skin as easily.
3)

On the other hand, HA can be hydrolyzed to be of a lower weight, increasing its permeability
capabilities. Some studies have suggested that hyaluronic acid nanoparticles (HANP), using HA
as an anionic component have increased the permeability of hyaluronic acid through passive
diffusion. HANP are expected to facilitate a deeper penetration through the skin, while offering the
benefits of hyaluronic acid like increased elasticity and hydration to the skin. Because of this,

applications of biopolymers of Hyaluronic Acid have been gathering more interest.
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The main difficulty in the delivery of the drugs through the skin is the stratum corneum, the main
obstacle to the transdermic penetration of most compounds. Usually, active drugs and compounds
of higher molecular weight cannot pass through this barrier through passive diffusion, while
lipophilic molecules with a weight lower than 500 Da can penetrate the stratum corneum. Many
studies have been made to help understand how to increase transdermic penetration of drugs and
composites with low percutaneous permeability.

The two main types of skin permeability enhancers are chemical or mechanical. The chemical
methods are applied to low molecular weight compounds. Some examples are ethanol and {-
menthol, considered enhancers of transdermic absorption. Other ways of increasing this ability are
techniques using ionic liquids, adhesive plasters, and gauze plasters. These approaches alter the
structure of the stratum corneum, reducing its function as a protective barrier and ultimately
increasing the absorption of the associated compounds. The main physical methods can be applied
to higher molecular weight molecules and typically include micro needles, iontophoresis, and
electroporation. The downside of these methods is damage to the skin and the need of specialized
equipment and personnel to apply these methods. (4)

Our goal is to better understand in what ways nanoparticles, nanofibers, and other composites of
HA are being used to treat skin lesions, and our focus is on the dressings that are being tested in

vivo.

Material and methods

The research was performed on PubMed database by combining the following terms: “Hyaluronic
Acid” AND “nanoparticles” AND (“wound” OR “ulcer” OR “skin lesion”) AND “dressing”. We limited
our literature review to articles written in English, published from January 2017 to February 2022.
We excluded all studies that were not done in vivo or focused on skin lesions, and wound
treatment with hyaluronic acid based composites and studies that were categorized as reviews.
From the original 23 articles found using the query cited above, 12 were excluded after abstract

analysis. From the remaining 11 articles, 2 were removed after full text analysis.
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Results

Silver nanoparticles

Silver nanoparticles have antioxidant activity and act as scavengers of superoxide radicals,
decreasing the amount of free radicals created by the inflammatory stage of wound healing,
contributing to a faster wound healing, with less scarring and maximum function recovery. They
also have antibacterial and antifungal properties, making them a good candidate for application on
wound dressings. Because of this, several compounds involving silver nanoparticles are being
studied in vivo. In Table 1, there is a short review of the compounds being tested in vivo involving
silver and hyaluronic acid nanoparticles.

These articles studied the created compounds for their cytotoxicity, their antibacterial effects, and
healing capabilities in vivo. M.R. El-Aassar, et al. was the only one who did not test the cytotoxicity
of the materials. All the articles added histological analysis of the wounds to confirm the degree of
skin regeneration.

In the cytotoxicity studies, all the compounds tested had good cytotoxicity results, but a common
theme was shown, in W. Li et al. and Xushan Chen et al. that showed some degree of cytotoxicity
with the increase in concentration of the silver nanoparticles, while the blank compounds, without
any silver, showed good cytocompatibility.

In the antibacterial studies, all the compounds tested had good results in vitro against both gram-
positive and gram-negative bacteria, except in Junior, D.M. et al., where the all the compounds
created were ineffective at creating a halo of inhibition of bacterial growth. On the other hand, both
ODex/HA-ADH/HACC from Xushan Chen et al. and DES-DASH from W. Li et al. had better
antibacterial effects than the control samples, which is thought to be caused by the cationic group
of quaternized chitosan (HACC) in the ODex/HA-ADH/HACC hydrogel causing damage to the
bacterial membrane and leading to bacterial lysis and death, while the eutectic solvent (DES) in
DES-DASH hydrogel had quaternary ammonium salt component of choline chloride. These effects
were then amplified by the addition of Silver (Ag) which gave all the compounds a good antibacterial

effect, making all of them a potentially viable wound dressing.
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The results of cytotoxicity and antibacterial effects showed that while the silver particles can be
cytotoxic in high concentrations, they add antibacterial effects to the dressings, and some balance
needs to be maintained to achieve a concentration of silver low enough to keep the compounds
low on cytotoxicity while reaching levels high enough to reach the desired antibacterial effects.

B. Lu et al. tested the compounds in vivo on rabbits while the others tested their compounds on
mice. All the in vivo testing was done in the same way, by surgically creating a full-thickness wound
in the back of the animals, applying the wound dressing as a treatment, and comparing with control
groups of either negative controls, or positive controls. Images and tissue excisions for histological
purposes were taken on fixed days and analyzed. The rate of healing was then calculated by the
percentage of the wound that was closed on those days.

In vivo testing of wound repair was done by all the articles, with M.R. El-Aassar et al. testing the
(Ag-PGA/HA)-PVA and (PGA/HA)-PVA particles against two controls, a negative control of saline
and a positive control of Garamycin, an antibiotic for dermatologic uses. The (Ag-PGA/HA)-PVA
group showed 96% average wound contraction on day 10 and 99% on day 14, while the group with
(PGA/HA)-PVA showed 88% and 97% contraction. On the other hand, the positive control group,
with Garamycin showed 83% and 92% contraction, while the saline group showed 68% and 83%
wound contraption on the same days. Histologically, the results were similar with the nanofiber
groups showing no ulcers and almost normal skin on day 10 and 14, with well-formed epidermis
and dermis and basic structures like blood vessels and hair follicles. While the positive control
group showed inflammatory cells on day 10, with the ulcer disappearing only on day 14, with the
formation of normal looking skin on the same day. On the other side of the results, the saline group
showed a greater ulcer width along with marked inflammation, granulation tissues and absence of
both sebaceous glands and intact hair follicles at both day 10 and 14. (5)

B. Lu et al. selected the CH-L-GA/HA (without silver), CH-L-GA/HA/Ag-1 (3mg AgNO3), and CH-
L-GA/HA/Ag-2 (6mg AgNO3) to be tested in the wound healing experiments against a control group
that was not treated. The control group became infected on day 3 and had edema and ulceration
with little to none wound contraction (3%). On the other hand, the wounds treated with the

composites showed signs of wound healing on day 3 and contraction percentages of 47-69% with
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better results on the highest concentration of silver and lowest results on the group with no silver.
On day 11, the wounds treated with the composites containing silver had a crust, while the one
without silver and the control group did not. Wound healing was about 8 days faster with Ag-1 and
Ag-2 when compared to the gauze alone, with 22 average healing days in the gauze group, 16,3
days in the CG group, 14,7 days in the CG/Ag-1 and 14,2 in the CG/Ag-2 group. Histologically, on
day 3 all groups had acute necrosis and edema. On day 7, the length of neoepithelium on the
CG/Ag-1 and Ag-2 groups was larger than on the CG and gauze group, with the latter showing
large numbers of inflammatory cells and granulation tissue. On day 11, all the groups with the
composite showed almost complete reparation while the control group showed calluses and limited
reparation with little to no wound area covered with epithelium. (6)

Abdel-Mohsen AM et al. tested both HA/Ag-NPs-1mg HA/Ag-NPs-2mg against a group treated with
only Hyaluronic Acid and a control group of untreated mice, on both nondiabetic and diabetic mice.
On the 5th day after surgery, the wounds of the control groups showed 33% closure for nondiabetic
and 22% closure on diabetic mice, while the groups treated with plain HA was 55% and 45%
respectively. The groups treated with HA/Ag-NPs-1mg showed a wound closure percentage of 67%
on nondiabetic mice and 57% on diabetic mice. After 15 days of surgery, the differences were even
greater, with the treated groups reaching between 95% and 85% wound closure while the plain HA
group had between 85 and 75% and the control groups only achieved 65% on nondiabetic mice
and 50% wound closure on diabetic mice. The histology of the wounds was analyzed and at day 5,
the results showed small differences between the diabetic and nondiabetic groups. Meanwhile, on
day 15, the diabetic groups showed some necrotic tissue, indicating a slower healing process, while
in the HA/Ag-NPs-2 mg groups, a complete wound regeneration was achieved, with some hair
follicles and sebaceous glands beginning to form. (7)

X. Chen et al. created an infected burn wound model on rats. The compounds were then tested as
ODex/HA-ADH, ODex/HA-ADH/HACC, and Ag@ODex/HA-ADH/HACC and compared against
Aquacel® Ag, a commercial silver ion antibacterial dressing. On the 3rd day after surgery, almost
all the wounds were enlarged compared to the surgery day, due to the ulceration of wound caused

by the infection. This enlargement was not seen in the Ag@ODex/HAADH/HACC group, possibly
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caused by the antibacterial effect of the silver particles. On the 7th day, the groups treated with
both Ag@ODex/HA-ADH/HACC and ODex/HA-ADH/HACC had wound closures of about 60%
while the other groups had more than 60% wound still visible. On the 14th day of treatment, the
groups treated with Ag@ODex/HA-ADH/HACC and ODex/HA-ADH/HACC were almost completely
healed, while the other groups still had more than 20% of the original wound remaining. After 21
days of treatment, all the groups were fully healed, with the Ag@ODex/HA-ADH/HACC group
achieving the smallest scars when compared to the original wounds. Histological analysis also
showed that the Ag@ODex/HA-ADH/HACC group was the fastest in healing and was beginning to
form hair follicles and dermal papilla. On the 21st day the results were similar with the
Ag@ODex/HA-ADH/HACC group showing a skin comparable to the skin tissue of healthy mice. (8)
W.Li et al. testing was done by creating 4 groups, the control group, the DES-SH (Sodium
Hyaluronate) group, the DES-DASH (Dopamine conjugated Sodium Hyaluronate) group and the
DES-DASH@Ag (Dopamine Conjugated-Sodium Hyaluronate loaded with silver nanoparticles)
group. On the 3rd day, the all the treated groups had started to close, with only 13% of the wound
left on the DES-DASH@Ag group, while the DES-DASH and DES-SH@Ag showed 24% and 34%
wound left, and the control group around 40% wound left. On day 12, the wounds of DES-
DASH@Ag group were almost completely cured with the wound area approaching 0% while the
other groups still had more than 10% of the wound remaining. The regenerated dermis and
epidermis were analyzed in histology and the results showed a thicker wound tissue in the DES-
DASH@Ag group, when compared to the other groups, confirming the faster healing process
related to this treatment. (9)

S. Pérez-Rafael et al. Used the 1.5% 0.2 HA-SH/Ag@Lig NPs because of its greater performance
in the antibacterial testing, when compared to the other 8 hydrogels created. The hydrogel was
then tested against a positive control group of Dermazin cream, an antibacterial cream for topical
use made of silver sulphadiazine. Dermazin was applied to nondiabetic rats (group 1) while the
HA-SH/Ag@Lig NPs hydrogel was applied to both nondiabetic (group 2) and diabetic rats (group
3). The groups treated with HA-SH/Ag@Lig NPs hydrogel showed rapid healing of the wound with

a fast contraction at the end of the experiment, showing a complete retraction of the wound after
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15 days, with no scar formation visible to the naked eye. The histological analysis showed that
complete regeneration was achieved in both group 1 and group 2, with group 3 showing less
regeneration of skin structures like hair follicles and sebaceous glands. The results showed that
HA-SH/Ag@Lig NPs hydrogel led to a rapid and efficient wound healing, even when compared to
commercially available products. (10)

All the studies showed good results of their compounds, with all of them achieving a satisfactory
cytocompatibility while maintaining good antibacterial effects created by the silver particles, against
both gram-positive and gram-negative bacteria and reducing the wound area when compared to

the control groups. These results show great potential in new dressings to treat skin lesions.

Other compounds

As hydrogels receive more and more attention as a wound dressing due to their potential to offer
an ideal environment for the wound healing process, and their intrinsic features. Their capacity to
act as a drug delivery system have made them the focus for a transportation system for various
kinds of composites and drugs. In Table 2, there is a short review of the compounds being tested

in vivo.

Cefepime loaded hydrogel

Cefepime is a fourth-generation cephalosporin, an antibiotic effective against gram-positive as well
as gram-negative bacteria. It is water-insoluble and thus there is a need to develop a controlled
delivery of cefepime that does not involve puncturing the skin, reducing its dosing frequency, and
safely releasing the drug in a sustained manner. Nanomaterials are a good candidate for the
delivery of topic cefepime, increasing stability and increasing shelf life. Incidentally, reducing the
need for a higher dosing frequency and increasing the bioavailability of the drug by incorporating
cefepime into a nanoparticle matrix, the drug can be released in a more controlled manner. Maryam
Shafique et al. created chitosan nanoparticles loaded with cefepime, that would then be loaded into
a hydrogel membrane created from HA, pullulan, PVA and glycerol. Different concentrations of the

first 3 components were used to create 9 different formulations of hydrogel membranes (F1-F9).
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The hydrogel membranes were then characterized and tested by their thickness, water vapor
transmission rate, percentage of gel fraction, oxygen permeability, swelling behavior, drug release,
antibacterial effect, and degradation.

F1-F3 demonstrated that increasing the concentration of HA resulted in an increase in the thickness
of the membrane. Likewise, the increasing the concentration of the Pullulan polymer in F4-F6
formulations also caused an increase in the thickness of the produced membranes. In the same
way, increasing PVA quantity in F7-F9 also increased the thickness.

A higher water transmission rate causes faster drying of the wound and if the rate is lower, moisture
accumulates in the wound bed and leads to the delay of the healing process. The presence of
higher hyaluronic acid increased the water transmission rate, while the increase in pullulan
decreased the transmission rate. The presence of PVA also increased the transmission rate. The
drug release rate was also increased by the concentration HA. The same result was shown in the
increase of pullulan concentrations.

The antibacterial effect of the cefepime loaded hydrogel was strong, as expected following the drug
release rates and the antibacterial properties of the antibiotic. No cytotoxicity was shown in the
testing of the hydrogel membrane samples.

The in vivo testing of the wound repair capabilities showed that the drug-loaded hydrogel achieved
a wound closure of 80% on the 7th day, compared to the 70% in the blank hydrogel membrane,
60% in the positive control group containing cefepime cream and 40% in the negative control
treated with saline. On the 14th day, the loaded membrane showed a full recovery of the wound,
while the blank hydrogel achieved 90% wound closure and the 80% and 60% of the positive and
negative control, respectively.

Based on the results of this study, we can conclude that the nanoparticle loaded hydrogel was
capable of an efficient, sustained-release profile of the antibiotic, as well as increasing the rate of

healing in the in vivo studies. (11)
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Cellulose based nanocrystalline composites

Hyaluronic acid biopolymers for wound dressings also have downsides, like the poor mechanical
properties, which can limit their clinical applications. To combat this problem, HA wound dressings
can be combined with other polymers to reinforce and improve the mechanical properties of the
HA dressing.

The unique characteristics of Nanocrystalline cellulose, such as its mechanical properties, as well
as being a safe hydrophilic polymer, have created more and more attention surrounding this
compound. Nanocrystalline cellulose can be added to natural polymer based biocomposites in an
effort to increase their mechanical strength. One of these composites is Hyaluronic acid dressings.
Because of this, the main goal of Karimi Dehkordi, N., et al. was to prepare an effective HA wound
dressing. The resulting composite was a CNC-HA composite loaded with granulocyte-macrophage
colony stimulating factor (GM-CSF) containing chitosan nanoparticles, to increase the wound
healing rate of a simple HA composite.

The composites were created with different concentrations of both the CNC/HA and GM-CSF-Chi-
NP dispersion. GM-CSF containing chitosan nanoparticles were added to the CNC-HA composite
creating CNC-HA/ GM-CSF-Chi-NPs composite to achieve a faster wound recovery rate with higher
re-epithelialization and granulation tissue formation than empty CNC-HA composite. Different
concentrations of each component were created to increase the chances of a better final
composite.

The composites were then tested for swelling and mechanical characterization, where it was
perceived that increasing the amount of CNCs in the structure of the composites increases the
swelling ratio and decrease the flexibility of the composite. At the same time, while varying the
amount of HA did not have an effect on the tensile strength of the composites, its increase can
increase the flexibility of the compounds. The optimal composite was chosen, with the highest
swelling ratio and tensile strength. The optimal composite was then tested on an in vitro release
study, where it showed a release profile of 22.8+2.45 % in the first 4h, followed by a sustained
release achieving around 100% released GM-CSF at 48h. The wound healing properties of CNC-

HA/ GM-CSF-Chi-NPs composite were evaluated on full-thickness 1,5cm excisional wounds in rats.

10
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The composites tested were CNC-HA/ Chi-NP, a CNC-HA/ GM-CSF-Chi-NP, and a control group
with saline. The groups treated with the composites CNC-HA/ GM-CSF-Chi-NPs composite and
CNC-HA/ Chi-NPs showed significantly greater wound closure compared to the control group. The
CNC-HA/ GM-CSF-Chi-NPs composite was also significantly better than the CNC-HA/ Chi-NPs
composite. At day 13, the wound closure of the full composite showed almost 100% wound closure,
while the CNC-HA/ Chi-NPs composite achieved closer to 94% closure. The faster wound closure
is thought to be related to the effects of GM-CSF.

Histological and immunohistochemical studies were also done to the wounds, where a significantly
lower level of inflammation was shown in the treated groups compared to the control groups. There
were also differences between the groups with CNC-HA/GM-CSF-Chi-NPs showing lesser
inflammation than the CNC-HA/Chi-NPs group. This shows that the CNC-HA/GM-CSF-Chi-NPs
composite has the potential to be used as an effective wound dressing, being easy to create, apply
and having good mechanical properties, while also having a good, controlled release of the GM-
CSF.

The results of the study done by Karimi Dehkordi, N., et al. showed that the created composites
had good swelling properties that can help moisturize the wound environment to help wound repair.
To add to that, CNC-HA/ GM-CSF-Chi-NPs showed greater wound repair capabilities than the non-
loaded compound and normal saline. With all this in mind, this compound (CNC-HA/ GM-CSF-Chi-

NPs) is capable of being thoroughly tested for use in the wound dressing field. (12)

Graphene/copper oxide

Graphene oxide nanosheets have been drawing attention for their acceptable cytotoxicity and
antibacterial properties. Combined with copper, a cost-effective agent with antibacterial effects due
to its metallic surface, and beneficial effects on wound healing by promoting VEGF, vascular
endothelial growth factor. GO and Cu have the ability to be used as treatment of infected wounds.
With this in mind, Yang, Y., et al. aimed to create a new wound dressing by combining graphene
oxide/copper nanocomposites (GO/Cu) with chitosan/hyaluronic acid, that can provide a new

alternative for therapeutic intervention of infected wounds.
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The composites were created by preparing nano composites of graphene oxide/copper
nanocomposites that were then incorporated on a dressing of chitosan/hyaluronic acid. The
dressing was then characterized by their morphology and chemical characteristics using electron
microscopy, spectrophotometer, and a thermogravimetric analyzer.

The nanocomposites were tested for antibacterial activity in vitro, against S.Aureus and
S.epidermidis, on which they tested a control group with only Mueller-Hinton Broth, and 3 groups
containing  Chitosan/Hyaluronic  Acid, Chitosan/Hyaluronic Acid/Graphene Oxide and
Chitosan/Hyaluronic Acid/Graphene Oxide/Copper dressings. The results of the antibacterial tests
showed considerably lower numbers in the Chitosan/Hyaluronic Acid/Graphene Oxide/Copper
group than those of the other groups, which confirmed the theory that the C/H/GO/Cu dressing
would be a good candidate for the treatment of infected wounds.

The composites also went through a cytotoxicity in vitro test, on which the previous composites
were tested on mouse fibroblasts, and although the number of apoptotic cells was higher than the
control group, the C/H/GO/Cu group showed no obvious cytotoxicity to the tested cell lines. When
considering the results of the antibacterial tests, its cytocompatibility was deemed appropriate by
the investigators. Having said that, the dressings could also be improved by reducing the
concentration of its cytotoxic components to the optimal balance between antibacterial effect and
cytotoxic behavior

The dressings were then applied on a full thickness cutaneous defect infection model to evaluate
the wound healing capabilities of the C/H/GO/Cu dressings. In these tests, the wounds treated with
C/HIGOI/Cu displayed the best results with lower wound size and abscesses at day 10 and 14.
Meanwhile, the C/H/GO also showed better results than the group with C/H and the control group.
On the sacrifice day, minimal wounds with no complications were found in the C/H/GO/Cu group
while all the other groups had nonhealing areas and mild abscesses. The C/H/GO/Cu group
showed a 60% decrease in wound size at day 10, while the C/H/GO group showed 30% decrease
and the C/H and control group showed no difference to the original wound size. On day 14,

C/H/GO/Cu showed a 90% wound decrease and C/H/GO showed 60% wound decrease. This
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difference was attributed to the GO/Cu antibacterial effect, creating a better controlled infection on
the wound site, and allowing its regeneration.

After day 14, the mice were sacrificed and the wounds were analyzed on Histopathology and
Immunofluorescence, as well as the internal organs of the animals to test systemic toxicity.

The same results were found on the histological examination of the wounds, with the better results
of re-epithelialization and organized granulation tissues being found in wounds treated with
C/H/GO/Cu dressings at day 14. On the other hand, signs of infection around the wound like
development of inflammatory cell infiltration, local abscesses, fibrosis, and hyperplasia were
observed mainly in the CTRL, C/H groups, while the C/H/GO group had some signs of inflammation
but not as marked as the other ones and appeared closer to the C/H/GO/Cu group.

The organ toxicity was evaluated by analysis of the heart, liver, and kidneys. The slices of these
organs showed no evident changes that would lead the investigators to believe there were any

systemic toxicity. (13).

Discussion

Hyaluronic Acid is a main component of the extracellular matrix of the skin, having a central role in
inflammation and regeneration of the skin after a lesion. Furthermore, it promotes the proliferation
of fibroblasts/keratinocytes as well as the differentiation of fibroblasts into myofibroblasts. Aside
from these biological effects, HA is distinguished by its hydrophilicity, biocompatibility, and capacity
to be chemically changed, allowing it to be used in a variety of applications. This can widen its
possibilities of being used in many applications, having shown to be helpful in many
pharmacological activities, of which we decided to focus on the creation of wound dressings. In this
approach, several HA-based wound dressings, such as sponges, hydrogels, nanofibers, and other
biopolymers have been developed, with various tactics used to overcome HA's low water stability
and mechanical qualities, as well as to improve its biological performance.

Overall, the inclusion of HA in these dressings improved their oxygen and nutrient exchanging
capabilities by increasing their porosity and swelling properties, facilitating exudate absorption, and

enhancing cell migration and proliferation. These properties helped the granulation and re-
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epithelization processes, while also favoring angiogenesis, which might explain the overwhelmingly

positive results in wound healing rates in all the compounds tested. (14)

Silver nanoparticles

In the Silver nanoparticle compounds, the antibacterial effect of the silver nanoparticles associated
with hyaluronic acid in not well understood, but it is thought to be caused by the electrostatic
interaction between the negatively charged microorganism cell membrane and positively charged
nanoparticles.(15) Silver's antibacterial effect works by affecting the protein synthesis within the
cell, as well as the metabolic pathway and nucleic acid production.(16) This combination of effects
is possibly synergetic, with the damage to the membrane caused by the electrostatic interactions
helping the silver nanoparticles enter the cells and affect all the different processes vital to a cell.
While almost all composites created had at least acceptable cytotoxicity results, Bitao Lu et al.(6)
found that increasing the concentration of AgQNO3 present in the composite created increasing
cytotoxicity effects. This cytotoxicity is probably due to the same mechanisms that are associated
with the antibacterial effects of the silver particles.

The wound healing capabilities were tested by all the studies, with all of them achieving a good
result when compared to either positive control groups with commercially available products or
saline negative control groups. These overwhelmingly positive results in the wound healing rates
can be associated with multiple factors, including the antibacterial effect of the silver nanoparticles,
the facilitated transportation of oxygen and nutrients provided by the hyaluronic acid hydrogel, the
good cytocompatibility profile that all the particles tested in vivo showed, and the effects of
hyaluronic acid on the skin, inflammation and cell proliferation and differentiation. All these factors
help reduce inflammation caused by the infection of the tissue, a common cause of slower wound

healing rates and chronicity of wounds. (17)
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B. Other compounds

Cefepime loaded hydrogel

Being a clinically used antibiotic, cefepime was expected to create a zone of inhibition showing
antibacterial effects on the in vitro testing, as long as the loaded hydrogel was capable of
incorporating and releasing the drug in high enough concentrations to be capable of having its
expected effect. With the confirmed results of both the in vitro drug release testing and in vitro
antibacterial testing showing good results, as well as the cytotoxicity testing showing good
biocompatibility, the wound healing effects of the in vivo testing were also expected to be positive,
in essence, applying an antibiotic topically to a skin lesion with the added benefits of the Hyaluronic
Acid hydrogel. In fact, the cefepime loaded hydrogel exceeded the results of the commercially
available cefepime cream, which had lower results compared to the blank membrane, with no
demonstration of antibacterial effects on the in vitro testing. This result shows that, in a clean
wound, the unique features of hyaluronic acid and chitosan’s antibacterial action, low toxicity and
ability to provide a moist environment to the injury site (18) can be more favorable to the wound

repair than a stronger antibiotic like cefepime.

Cellulose based nanocrystalline composites

Nanocrystalline cellulose is a safe hydrophilic polymer with good mechanical properties, making it
a good choice of polymer to provide an increase in mechanical strength of a wound dressing of
hyaluronic acid, which are still rapidly biodegraded and have low mechanical stability. Providing
HA based hydrogels with better mechanical properties and a better biodegradation profile is still a
challenge, without a reproductible process and with the necessity of using toxic agents in their
production. Karimi Dehkordi N et al. created a composite that has the potential of being in the
future of wound healing, with a controlled release of GM-CSF, that showed superior wound
healing effects, such as rapid wound closure, inflammation status and granulation tissue creation,

when compared to either CNC-HA/ Chi-NPs, without the GM-CSF, and saline. (12)
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Graphene/copper oxide

Yang Y, et al created a new wound dressing with the goal of providing an alternative for therapeutic
intervention of infected wounds. This was done by loading a chitosan/hyaluronic acid dressing with
Graphene Oxide, a derivative of graphene, with good cytotoxicity and antibacterial properties, and
copper which has good antibacterial activity as well as wound reparation promoting effects. The
results of the study done on the composite are very promising, with good results of antibacterial
testing, no obvious cytotoxicity to the tested cells and with in vivo results of wound healing rates
surpassing the other groups, confirming the theory that the C/H/GO/Cu dressing would be a good
candidate for the treatment of infected wounds and can be a promising dressing to be applied in

the future in clinical practice.

Conclusion

Hyaluronic acid based dressings show promising results in healing rates of infected or non-infected
wounds, but the manufacturing process of these composites is still an expensive and non-
reproductible method. The results of the in vivo testing of the various types of wound dressings
based on hyaluronic acid show that the attention to these dressings is merited, but in the next
years, the problem of in vivo degradation of HA based dressings and the usage of cytotoxic
materials like Silver in complex reactions with no possibility of systematic reproducibility need to be
addressed in order to create the ultimate HA based dressing, with no cytotoxicity, and easier and

cheaper development.
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477  Table 1 Silver nanoparticle infused hyaluronic acid composites being tested in vivo.
Article Compound Preparation process Main Findings
M.R. EI- (Ag-PGA/HA)-  -Dissolution of PGA in distilled water followed by the Particles with an average diameter
Aassar(b) PVA addition of AgNO3 under magnetic stirring. of 326nm.
nanofibers -Addition of HA solution to the Ag-PGA that was then AgNP demonstrated antibacterial
freeze dried into a powder. activity against both gram-positive
-A solution was prepared by dissolving PVA 8%, and and gram-negative bacteria.
then 1% of Ag-PGA/HA dry powder. -The solution was  Maximum wound reparation
then electrospun to create dry nanofibers. compared to a positive control.
Bitao Lu CH-L- -Dissolution of 2g L-GA in 100 mL acetic acid, followed Increasing concentrations of
(6) GA/HA/Ag by 3g chitosan and stirred for 30 min, followed by 10- AgNO3 achieve stiffer hydrogels,
sponges mL volume of HA (2mg/mL) stirred for 60min, and with larger pore size and irregular

10mL of AgNO3 solution containing either 3, 6 or 10
mg, forming CG/Ag-1, CG/Ag-2, and CG/Ag-3,
respectively.

-The mixture was then freeze dried for 24h to obtain

CG/Ag composites.

19

pore structures.

Bonds between Chitosan and
Hyaluronic acid create a more
stable final structure.

AgNP demonstrated antibacterial
activity against both gram-positive
and gram-negative bacteria.
Increasing concentrations of AQNP
increase the cytotoxicity of the

hydrogel.



A.M.
Abdel-

Mohsen (7)

Xushan

Chen (8)

HA/Ag-NPs

fibers

Ag@ODex/HA-
ADH/HACC

hydogel

-Dissolution of 40mg of sodium hyaluronate in distilled
water. Silver nitrate solutions were then added
independently dropwise into the solution.

-After confirming the formation of AgNP, the solution
was then put in a coagulation bath to obtain HA
nanofibers that were then washed and dried.

-The fibers were then used to create a dressing sheet.

-Formation of ODex by oxidizing dextran.

-Dissolution of Hyaluronic acid in deionized water.
-Adipic dihydrazid (ADH) was added to the Hyaluronic
acid solution.

-The ODex/HA-ADH hydrogel was formed using the
ODex solution and HA-ADH solution.

-Quaternized chitosan (HACC) was then added to the
solution before the hydrogel formed to create
ODex/HA-ADH/HACC hydrogel. Finally, the hydrogel
was soaked in a silver nitrate solution to reduce the
silver ions into Ag-NPs and creating Ag@ODex/HA-

ADH/HACC Hydrogel.

20

Maximum wound reparation was
achieved with and CG/Ag-1,
CG/Ag-2, when compared to the
other groups.

Achieved formation of uniform Ag
nanoparticles of 20-25 nm.

The addition of Ag-NPs to the plain
HA granted better mechanical
properties.

Antibacterial effect against gram-
negative bacteria and good
cytocompatibility.

Maximum wound reparation was
achieved with HA/Ag-NPs fabrics
when compared to the other
groups.

Good rates of degradation, and
swelling properties, essential
characteristics for its use in a
clinical setting.

Antibacterial activity against both
gram-positive and gram-negative
bacteria.
Ag@ODex/HA-ADH/HACC
hydrogel treated wound were
repaired faster than the other

compounds tested.



Wen Li (9) | DES-
DASH@Ag
hydrogel

Silvia HA-

Pérez- SH/Ag@Lig

Rafael (10) | NPs hydrogel

478

-Synthesis of dopamine-conjugated Sodium
hyaluronate by adding SH in a MES buffer, followed by
EDC and NHS.

DASH created with the addition of dopamine
-Lyophilization of DASH in DES to create a hydrogel.
-Silver nanoparticles were then added by submerging
the hydrogel in a silver nitrate solution, creating DES-
DASH@Ag.

-DES-SH and DES-DASH were created by the same

process.

-Preparation of HA-ADH and HA-SH, the HA and ADH
were dissolved in MilliQ water, then the solution was
pH adjusted with HCI to form a solution of 4.8 pH
which was then thiolated, with the HA-SH being the
byproduct of the thiolation of AH-ADH. The preparation
of Ag@Lig NPs was done using lignin and silver ions
centrifugated and resuspended on an ultrasound bath.
-The hydrogels were then prepared by mixing HA-SH

and Ag@Lig NPs.

21

Good physical properties.

No cytotoxicity while achieving
good antibacterial effect against
both gram-positive and gram-
negative bacteria.

Maximum wound healing was
achieved by the DES-DASH@Ag
hydrogel when compared to the

other groups.

Lignin was essential for the
structure of the biopolymer while
having a functional role with
antibacterial and antioxidant
effects.

The created hydrogels were
capable of inhibiting MPO, MPPs
and ROS production, factors of
wound chronicity.

Good antibacterial effects and
biocompatibility.

Complete wound recovery of both
diabetic and non-diabetic mice in
15 days of treatment, with faster
recovery than commercially

available products.



479  Table 2 Other Hyaluronic Acid based composites being tested in vivo

Article Compound  Preparation process Main Findings

Maryam Cefepime- -Dilution of Chitosan in acetic acid. Good stability with good

Shafique(1l) | loaded -Incorporation of Cefepime in the chitosan solution. biodegradation and swelling

hydrogel -Dissolution of HA in distilled water. capabilities.
-Addition of Pullulan in the HA solution Safe and sustained release of
-Addition of PVA in the HA-pullulan solution cefepime from the hydrogel
-Addition of glycerol to the PVA-HA-pullulan solution. Antibacterial activity against gram-
-Lyophilization of the chitosan nanoparticles. positive and gram-negative bacteria
-Incorporation of the lyophilized chitosan to the Maximum wound reparation when
hyaluronic acid formulation during the hydrogel compared to a hon-loaded hydrogel,
formation. and both positive and negative
controls

Nakisa CNC-HA/ -Dissolution of Chitosan in acetic acid. The size of the GM-CSF-Chi-NPs

Karimi GM-CSF- -Addition dropwise of TPP into the Chitosan solution. was 366.91£9.15 nm with a zeta

Dehkordi(12) | Chi-NPs -GM-CSF was added to the TPP-Chitosan solution, potential of +43.52+2.39 mV

composite creating GM-CSF-Chi-NPs. CNC had a size of 93.2+21.1 and a

-Addition of MCC to a sulfuric acid solution and the zeta potential of -43.16+5.31
solution hydrolyzed. Increasing the amount of CNCs in
Collection of the supernatant (CNC), which was then the structure of the composites,
dispersed in deionized water. The suspension was then increases the swelling ratio and
Freeze-dried. decrease the flexibility of the
-Addition of CNC to deionized water. composite

22



Ying

Yang(13)

480

C/H/GO/Cu

dressing

-Addition of HA to the suspension, creating CNC.HA
blend.
-Addition of the GM-CSF-Chi-NPs to the CNC-HA blend

creating CNC-HA/ GM-CSF-Chi-NPs.

-Preparation of GO by the Hummer method, then
created a GO suspension with an ultrasonic bath.
-Addition of cupric sulfate pentahydrate and ethylene
diamine tetraacetic acid disodium

salt dihydrate to the GO suspension.

Addition of a solution containing sodium hydroxide and
sodium borohydride to the mixture.

Centrifuging of the mixture and drying to obtain GO/Cu
nanocomposite.

-Preparation of Chitosan and HA solutions.
-Preparation of a GO/Cu solution dispersed in deionized
water.

-Crosslinking of the solutions using STMP.

-Pouring of the solutions into a PTFE mold, creating

C/H/GO/Cu.

23

The release rate of GM-CSF was
22.8+2.45 % in the first 4h with
about 100% over the first 48h.
CNC-HA/ GM-CSF-Chi-NPs have
better healing results in vivo than
the control and the CNC-HA/Chi-

NPs.

Greatly improved antibacterial
activity of the C/H/GO/Cu.
Significantly improved antimicrobial
performance and angiogenesis
capacity

Good biocompatibility

Better wound healing capabilities.
When compared to the C/H/GO,

C/H, and control treatments.



Baethge et al. Research Integrity and Peer Review (2019) 45 Page 2 of 7

[ Scale for the Assessment of Narrative Review Articles — SANRA

Please rate the quality of the nasrative review asmicle n question, using categories 0-2 on the following scale, For each aspect of
Quality, plesse choose the option which best fits your evaluation, using categones 0 und 2 freely to imply general low and high quality.
These are not intended to imply the worst or best imaginable quality.

Nota: Para a UC de Dissertagdo/Projecto, todos os seis items devem ser cumpridos em nivel 2.

1) Justification of the article’s importance for the readership

The importance is not justified. 0
The importance is alluded to, but nat explicitly Justified. 1 Z
The importance is explicilly justified 2

2) Statement of concrete aims or formulation of questions

No aims or questions are formulated 0
Aims are formulated generally but not concretely or in terms of clear questions, 1 ?
One or more concrele aims of g are fi lated 2

3) Description of the literature search
The search Y 1S DOt g d
The literature scarch is desenbed bricfly,
The literature search is described in detail, including scarch terms and inclusion critena,

N

4) Referencing
Key statements are not supported by references - 0
The referencing of key statciments is inconsi 1 Z
Key statements are supported by references, 2

§) Scientific reasoning
(e.g.. incorporation of appropriate evidence, such as RCIS in clinical medicine)
The article’s point is not based on appropriate "

Appropriate evidence is introduced selectively.
Appropriate evidence is gencrally prosent.

o - D

6) Appropriate presentation of data
fe g, absolute vs relative risk: effect sizes withour confidence intervals)
Data are presented inadequately. 0
Data are often not presented in the most approprate way, | Z—
Relevant outcome data are gencrally presented appropnately. 2

5 RA -
| Fig. 1 SANRA - Scale |

Nota 1: O ponto 5 diz respeito 3 contextualizacio da evidéncia cientifica em relagdo ao tipo de estudols) que a produziu (e, idealmente, 3 qualidade do(s)
mesmo(s)). O ponto 6 diz respeito a sustentar as afirmagdes com os dados quantitativos mals apropriado. A titulo de exemplo, para cumprir o ponto 5 e o ponto 6,
ao invés de afirmar "j4 foi evidenciado que os testes de alergia as penicilinas apresentam alta especificidade e moderada sensibilidade", dever-se-4 indicar "uma
revisdo sistematica com meta-anilise de acuidade diagndstica evidenciou que os testes de alergia as penicilinas apresentam alta especificidade (valor meta-
analitico: 97%; 1C95%=94-98%) e moderada sensibilidade {valor meta-analitico: 31%; IC95%= 19-46%).




Regras de formatacao da revista.

From: https://www.dovepress.com/author-guidelines/manuscript-structure

Title page

First name/given name(s) and last name/family name of authors (see Authorship section
below)

Author affiliations: department, institution, city, state, country
ORCID number(s) for all authors whenever available
Abstract

There are two types of abstracts - structured and unstructured. Original research papers
require a structured abstract. Both types of abstracts should be no more than 300 words.

Plain Language Summary (optional)

It is useful for researchers to write plain language summaries of their articles to make them
accessible to a wider audience but also to make research accessible to professionals in nearby
disciplines. Crucially, plain language summaries are beneficial to improve public engagement
with science and medical research. By helping the public to understand biomedical research,
researchers can contribute to raising awareness of its value and attracting further public
support and involvement.

As an author, promoting your work in an engaging way to a wider audience can help you:
- Attract more readers

- Potentially increase the number of citations to your articles

- Get noticed

- Build a strong reputation

- Connect with patients, carers, politicians, policy-makers and other decision-makers

- Attract more funding opportunities

- Expand your professional network

The plain language summary has no minimum word length, but should be no more than 250
words, be written in plain English, and be placed after the Abstract and before the



Introduction. The plain language summary should be distinct from the abstract and should be
written in an accessible, interesting way without spinning or exaggerating the story.

- The plain language summary should not be a “dumbed down” version of your work. You must
not treat your audience as stupid or patronise the reader.

- Provide answers to the questions: Why was the study done, What did the researchers do and
find, What do these results mean?

- Communicate the facts in an interesting way and put them in the appropriate context.

- Use short, clear sentences broken up into paragraphs for readability. You may use bullet
points.

- Use the active voice rather than the passive voice (for example, “Dr Smith’s team report
several improvements” rather than “Several improvements were reported by Dr Smith’s
team”).

- Avoid jargon, complex grammatical structures or abbreviations. You should use everyday
English words rather than complex words. If you need to use a technical term or abbreviation,
please explain it the first time you use it.

- Phrase sentences in a positive manner rather than negatively.
- Use person-centred language rather than focussing on the condition/illness or disability.

- Ask someone, who doesn’t have any knowledge of the subject, to read your plain language
summary and provide feedback. They should find it interesting and they should be able to
understand what your study was, what the conclusions are and what the impact of the
research may be.

For further information on how to write about biomedical and health research in plain English,
please read the INVOLVE Plain English Summaries resource from the National Institute for
Health Research.

Keywords

3-6 keywords

Corresponding author

Name, physical address, phone, fax, email
Introduction

Material and Methods

Results

Discussion

Conclusions

Abbreviations (if any)



Ethics approval and informed consent

All research studies on humans (individuals, samples or data) or animals must include a
statement on ethics approval and, when human research is involved, consent. A statement
confirming the name of the Institutional Review Board (IRB) or other appropriate ethics
committee that approved the study must be included within the manuscript. The relevant
reference/permit numbers should also be included. Please see our editorial policies for more
information.

Consent for publication

Consent to publish statements must confirm that the details of any images, videos, recordings,
etc can be published, and that the person(s) providing consent have been shown the article
contents to be published. Authors must be prepared to provide copies of signed consent forms
to the journal editorial office if requested. Please see our editorial policies for more
information.

Data availability (where applicable)

Please include a statement about where data supporting the results reported in the
manuscript can be found and about data sharing including, where applicable, links to the
publicly archived datasets. The statement of data availability should explain which additional
unpublished data from the study, if any, are available, to whom, and how these can be
obtained. In cases where authors do not wish to share their data or are unable to do so, they
should state that data will not be shared and the reasons why. Please refer to our editorial
policies for further information.

Funding

Please declare all the sources of funding including financial support. Please describe the role of
the sponsor(s), if any, in any of the stages from study design to submission of the paper for
publication. Please state if the sponsor(s) had no such involvement.

Please ensure that this information is accurate and in accordance with your funder’s
requirement.

Competing interests

Your relationship with other people or organisations may influence the way you interpret data
or present the information in your study. This is known as a competing interest and all authors
of a paper submitted to any Dove Medical Press journal are required to complete a declaration
of competing interests. This includes all financial or non-financial competing interests which
can include employment with the study sponsor, stock holdings or options, patents, royalties,



personal fees, holding a board position, or any political, religious, or academic interest relevant
to the published content. All competing interests will be listed in the declarations at the end of
the article.

Please consider the following when completing your competing interest declaration:

Financial competing interests

In the past three years have you received any funding from an organization that may have a
financial interest in the manuscript? If so, please specify.

Do you hold any stock holdings or options in an organization that may have financial interest in
the publication of this manuscript? If so, please specify.

Does the content of the manuscript relate to any patents you hold or are you currently
applying for? If so, please specify.

Have you received any funding or salary from an organization that holds or has applied for
patents relating to the content of the manuscript? If so, please specify.

Do you have any other financial competing interests? If so, please specify.

Non-financial competing interests

Have you received any drugs or equipment from an entity that might benefit or be at an
advantage financially or reputationally from the published findings? If so, please specify.

Have you held a position on an industry board or private company that might benefit or be at
an advantage financially or reputationally from the published findings? If so, please specify.

Do you have any personal, political, religious, ideological, academic and intellectual competing
interests which are perceived to be relevant to the published content? If so, please specify.

If you are unsure whether you, or one your co-authors, has a competing interest please discuss
this with the editor.



Dove Medical Press subscribes to the general intent of the principles adopted by the
International Committee of Medical Journal Editors (ICMJE) on the control of data in
publications arising from sponsored research. The author submitting a manuscript for a paper
for any study funded by an organization with a proprietary or financial interest in the outcome
shall have access to all the data in that study, and to have complete responsibility for the
integrity and accuracy of the data, and the decision to publish. Please see our editorial policies
for more information.

Authors' contributions

Dove ascribes to the IMCJE authorship guidelines and recommends authorship credit should
be based on the following criteria:

Made a significant contribution to the work reported, whether that is in the conception, study
design, execution, acquisition of data, analysis and interpretation, or in all these areas.

Have drafted or written, or substantially revised or critically reviewed the article.
Have agreed on the journal to which the article will be submitted.

Reviewed and agreed on all versions of the article before submission, during revision, the final
version accepted for publication, and any significant changes introduced at the proofing stage.

Agree to take responsibility and be accountable for the contents of the article.

All authors must meet conditions 1, 2, 3, 4 and 5 and appropriate credit for each author’s
contribution should be given.

Acquisition of funding, data collection, or general team supervision alone does not constitute
authorship.

Increasingly, authorship of multicentre trials is attributed to a group. All members of the group
who are named as authors should fully meet the above criteria for authorship/contributorship.

The group should jointly make decisions about contributors/authors before submitting the
manuscript for publication. The contact person should be prepared to explain the presence
and order of these individuals. It is not the role of editors to make authorship/contributorship
decisions or to arbitrate conflicts related to authorship.

Acknowledgments

All contributors who do not meet the criteria for authorship should be listed in the
Acknowledgments section. Examples of who might be acknowledged include those who
provided only technical help, writing assistance, or a department chairperson who provided



only general support. Authors should declare whether they had assistance with the study
design, data collection, data analysis, or manuscript preparation. If such assistance was
provided, the authors should disclose the identity of the individuals who provided this
assistance, with their permission, in the published article. Financial and material support
should also be acknowledged.

Groups of persons who contributed materially to the paper but whose contributions do not
justify authorship may be listed under such headings as “clinical investigators” or “participating
investigators,” and their function or contribution should be described—for example, “served
as scientific advisors”, “critically reviewed the study proposal”, “collected data”, or “provided
and cared for study patients”. Because readers may infer their endorsement of the data and

conclusions, these persons must give written permission to be acknowledged.

For individual members of a collaboration group to be searchable through PubMed (for those
journals listed on PubMed), please ensure that the title of the collaboration group is included
on the title page and in the submission system and also include collaborating author names as
the last paragraph of the “Acknowledgments” section. Please add authors in the format First
Name, Middle initial(s) (optional), Last Name.

As it takes PubMed additional time to code these groups these may not be present when an
article is initially included on PubMed.

Please note: the Authorship and “Contributors Listed in Acknowledgments” sections are
reprinted from the ICMJE Uniform Requirements for Manuscripts Submitted to Biomedical
Journals. Dove Medical Press prepared this reprint. The ICMJE has not endorsed nor approved
the contents of this reprint. The official version of the Uniform Requirements for Manuscripts
Submitted to Biomedical Journals is located at http://www.icmje.org/. Users should cite this
official version when citing the document.

Authors' information (optional)

Information about the author(s) that may be relevant to the interpretation of the article may
be listed here. This may include the authors’ affiliations, qualifications or other relevant
background information. This section does not list any competing interests.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

[This is a document template that you can use to ensure that your paper can be read and typeset

with ease:

Heading levels and text layout have been prepared for you.

e The red text explains each element.

e You will need to delete the red text and/or replace the text with required details prior to
submitting your paper.

o Fortypesetting it is preferable if you prepare your manuscript using Styles, eg. Heading

1, Normal, etc.]

REVIEW ORIGINAL RESEARCH CASE REPORT CASE SERIES RAPID
COMMUNICATION METHODOLOGY PERSPECTIVES EXPERT OPINION SHORT
REPORT COMMENTARY HYPOTHESIS MINI-REVIEW [These are paper types. Please
choose one and delete the rest.]

[First author] et al

Manuscript title in sentence case

Author name [Please list all authors here and do not include abbreviated qualifications]*

Author name?

1Author affiliations [list all author affiliations in the form of department, institution, city, state,

country]; 2Author affiliations

Correspondence: [Full name of corresponding author.]
[Include full postal address here.]

Tel [Full international phone number, eg, +1 404 234 5433]
Fax [Full international fax number.]

Email



28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Abstract: [There are two types of abstract. One is structured and the other is not. Both should be
no more than 300 words. Unstructured abstracts should be given in one paragraph and outline
the purpose of the paper, results obtained, and conclusions. Review articles commonly have
unstructured abstracts. Original research articles commonly have a structure as follows in the
below example.

Purpose:

Patients and methods:

Results:

Conclusion:

Keywords: [Choose four to six keywords. They should not repeat words given in the title.]

Introduction

[This is an example of text formatting. Please note that citations are in superscript numerals
following the punctuation. Abbreviations are defined in full at their first instance.]

Subdermal contraceptive implants have been studied and used in humans for over twenty
years.12 Contraceptive implants provide long-acting, highly effective reversible contraception. The
most recently introduced subdermal implant, Implanon® (N.V. Organon, Oss, the Netherlands),
also referred to as the etonogestrel (ENG) implant, is a single rod implant that offers three years
of contraceptive efficacy.3-6 The ENG implant has been used in more than 30 countries, including
Australia, Indonesia, and the Netherlands, and was approved by the United States Food and
Drug Administration (FDA) in 2006. The ENG implant is an excellent option for women with
contraindications to estrogen in addition to any woman who desires long-acting reversible
contraception.

The ENG implant is a single rod implant measuring 40 mm long and 2 mm in diameter
with a solid core of ethylene vinyl acetate (EVA) impregnated with 68 mg of etonogestrel, the
biologically active metabolite of desogestrel.”¢ The EVA copolymer allows controlled release of
hormone over three years of use.® Each implant is provided in a disposable sterile inserter for

subdermal application.
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