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ABSTRACT

Wound healing is a complex process driven by a series of stages that require a suitable wound
closure environment, attributable to many factors. However, several factors contribute to delay
in healing processes, including infection and the presence of certain diseases. Under unfortunate
circumstances, an inadequate wound healing process could lead to amputation. Gauze is the
traditional dressing to cover up wounds but tends to dry the wound bed. Therefore, a moist
dressing may prove helpful in providing a suitable environment, preventing skin dryness, and
enhancing angiogenesis of the wound area. The application of topical cream could expedite
wound healing better than a moist dressing, as the former facilitates the repair process by
maintaining the hydration levels of the affected skin. The issues mentioned above are discussed
in detail in this review paper, focusing on recent advances, advantages and drawbacks of topical
creams for wound treatment. In addition, the article includes suggestions to improve topical
cream formulations for effective delivery of the needed therapeutic agents to assist in wound
repair. Crucially, topical creams could play a key role in personal wound care and facilitate
regenerative medicine. Novel strategies for speedy wound healing are in demand to alleviate
the healthcare financial burden.
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Introduction that complicate wound repair include hypotension,
hypovolemia, edema, anemia, altered hormonal
responses, nutritional deficiencies and poor hydration.
Microbial infections would also delay the wound repair
process and ultimately lead to chronic wound infection
alongside recurrence issues [2, 3]. Bacterial growth,
which leads to wound bed colonization, could trigger

a non-noticeable immune response that extends the

Wound healing is a dynamic and complex mechanism
influenced by a series of cascades and factors that
mutually lead to wound closure [1]. Skin recovery suc-
cess depends on the sequence of events involved in
cellular, biochemical and molecular responses. For this
reason, the wound healing process of the extracellular

matrix goes through three overlapping processes: the
inflammatory phase, proliferative phase and remodel-
ing phase [2]. These interdependent stages occur in a
well-ordered fashion, overlapping each other in a
well-connected cascade. Promoting these stages hinges
on the wound type, its related pathological conditions,
and the condition and type of dressing material. An
unusual delay in the wound healing stages may have
profound consequences on patients, especially those
with diabetes, venous, arterial diseases. Other diseases

inflammatory phase [4]. A high bacterial population
indicates critical colonization or infection, which would
further hinder the healing processes. Most often,
improper handling of chronic wounds could lead to
amputation or death [5]. Therefore, developing better
strategies and therapeutic agents is necessary to expe-
dite wound healing, especially that of chronic wounds.

The traditional bandaging of wounds using gauze
is ineffective to accelerate the healing process as the
technique desiccates the wound base [3]. Dry gauze

CONTACT Siti Pauliena Mohd Bohari @ pauliena@utm.n&@ Department of Bioscience, Faculty of Science, Universiti Teknologi Malaysia, 81310 UTM

Johor Bahru, Johor, Malaysia; Roswanira Abdul Wahab
Teknologi Malaysia, 81310 UTM Johor Bahru, Johor, Malaysia.

roswanira@kimia.fs.utm.my @ Department of Chemistry, Faculty of Science, Universiti

@ Supplemental data for this article is available online at https://doi.org/10.1080/13102818.2022.2053340.

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0002-9982-6587
mailto:pauliena@utm.my
mailto:roswanira@kimia.fs.utm.my
https://doi.org/10.1080/13102818.2022.2053340
https://doi.org/10.1080/13102818.2022.2053340
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1080/13102818.2022.2053340&domain=pdf&date_stamp=2022-3-31
http://www.tandfonline.com

82 ‘ . D. GWARZO ET AL.

dressing usually sticks to the wound’s surface, which
becomes a painful affair for the patient upon removal
[6, 7]. This undesirable outcome is inevitable as the
gauze dressing compresses the wound to initiate the
treatment. However, the dressing must be regularly
changed to prevent maceration and other health issues
[8]. Besides gauze, film dressing is another option of
a multifunctional and adhesive dressing. The thin layer
and semi-permeable membrane over the wound pro-
vides good oxygen and water vapor exchange while
preventing microbial colonization [7]. Similarly, a trans-
parent film structure facilitates wound inspection with-
out dressing removal.

Film dressing has the following advantages, namely,
easy handling of the wounds, providing a barrier from
external contamination, and reducing pain. However,
the disadvantages of the technique include being trau-
matic upon removal and possible excessive exudate
pooling [9]. For traditional practitioners, natural rem-
edies such as honey may prove promising to enhance
the healing of different wound types such as surgical-
and infected surgical wounds and burns [10]. Recent
studies have shown that wounds treated with honey
generally heal faster than untreated wounds [8, 10].
Modernization has also inspired advancements in
wound-healing strategies, for instance, the use of med-
icated topical creams [11-13]

Topical applications such as creams formulated with
therapeutic ingredients can substitute wound dressing
to accelerate the healing process, mitigate inflamma-
tory reactions [14], and reduce bacterial infections
commonly associated with severe wound injury [15].
Hence, there is a need to find a clear formulation
containing active ingredients to promote optimal con-
ditions for an effective regeneration process.
Furthermore, a topical cream formulation is suited for
delivering therapeutic ingredients on the skin, an outer
layer of the body. Creams are semi-solid emulsions
with an opaque appearance similar to translucent oint-
ments. However, ointments have a higher oil content
than creams, whereas creams have an equal amount
of water and oil [13]. Creams are better absorbed into
the skin than ointment [13]. In cream production, the
type of formulation is either water-in-oil or oil-in-water
to effectively deliver the active ingredients to affected
sites such as skin, muscles and bones [14]. Studies
have shown that the ideal formulation for creams used
in wound treatment is that from natural sources.
However, further investigations are necessary to sub-
stantiate this claim [16-18].

Herein, this review highlights the development of
different topical cream formulations as part of
wound-healing strategies in regenerative medicine. The

paper also summarizes the advantages and the draw-
backs of novel topical cream formulations to enhance
healing and skin regeneration. Topical formulations of
creams for chronic wound healing are also discussed.

Wound

A wound is a disorder that occurs from the environ-
mental interruption of the typical anatomic structure
of the skin, which affects normal tissue functions [19].
Wounds could occur incidentally, such as an animal
bite, accident fall, or deliberately such as gunshots or
surgical interventions [4, 20]. The damaged skin
encourages organisms and other foreign entities to
invade the tissues or internal organs and lead to
unwanted infections [21]. Untreated or poorly healing
wounds can profoundly influence the health system
[22, 23]. Notably, wounds are classified based on the
nature of the healing process, the number of skin
layers, and the locality of infected skin. According to
the natural healing process, wounds can be classified
into acute and chronic wounds [24], discussed in detail
in the section below.

Classification of wounds
Acute wound

An acute wound is a superficial mechanical injury from
burns or trauma, and clean penetrating wounds from
knife cuts or surgical incisions. Tissue injury from such
a would usually heals completely, with minimal scar-
ring within a short duration [24]. Wound repair is rel-
atively quick if the proper treatment, such as dressing
and medication, is given [25]. Care must be taken to
avoid pathogens that could exacerbate the wound into
a chronic one [26]. Characteristics of an acute wound
include normal bleeding, redness, swelling and pus
production at the wound site [27]. However, symptoms
of an acute wound may also vary from one patient to
another [4]. For example, a diabetic patient has an
impaired wound healing mechanism triggered by
hyperglycemia, chronic inflammation, micro-,
macro-circulatory dysfunction, hypoxia, autonomic and
sensory neuropathy [28]. In contrast, wounds on
patients with venous or arterial disease take substan-
tially longer to heal. Reoccurrence due to venous valve
incompetence and calf muscle pump insufficiency is
highly possible. Both complications could lead to
venous stasis and hypertension, and eventually tissue
ischemia [29].

Understanding the wound features is essential to
aid in the speedy repair of an acute wound. Figure
1 illustrates the structure of acute wounds,
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Figure 1. Schematic of an acute wound.

including the neutrophil, macrophages, monocytes,
fibroblast, distinct stroma cells and some patho-
genic bacteria. The structure of acute wounds
includes the high concentration of matrix metallo-
proteinase (MMPs), contributing to wound healing
[30]. Acute wounds also have unusually high num-
bers of neutrophils and macrophages, which play
a key role in digesting the invading microbe to
avoid colonization [30].

Chronic wound

A chronic wound is a type of wound that fails to heal
through the normal healing process due to overlap-
ping inflammatory, proliferative phase and remodeling
phases [26]. Statistics have shown that 30% of chronic
wounds require one month to heal because of the
wounds' location or complications of diseases or infec-
tion [26]. In contrast to acute wounds, the structure
of chronic wounds (Figure 2) has higher bacterial col-
onies leading to different types of infection compared
to an acute wound [31]. In addition, the inflammatory
stage is prolonged in chronic wounds without any
progressive healing. Factors contributing to this include
poor circulation and neuropathy, which causes loss of
protective sensation, risk of infection, unresolved
inflammation, etc [32].. At this stage, the inflammatory
and physiological reactions continue to decrease with
a profound impact on membrane basement degener-
ation and collagen production [4]. Among others,
chronic wounds undergo uncontrolled protease activity
with epithelial layer disruptions, which promotes bac-
terial colonization [33]. As a matter of fact, bacterial

colonization is the hallmark of a chronic wound and
poses a major problem in wound repair [34].

Wound infection

Wound infection happens when pathogenic bacteria
grow within the damaged skin [4], in which the
chronic wound stimulates their colonization at the
wound bed [4]. Dowd etal., (2008) [35] and Mihai et al.
(2018) [1] reported that most pathogenic bacteria
found in chronic wounds are gram-positive bacteria,
for example, Staphylococcus aureus, S. epidermidis,
Pseudomonas aeruginosa, Stenotrophomonas malto-
philia, Finegoldia magna and Enterococcus faecalis [1,
35]. Wong etal. (2015) [36] also reported that the
population of each bacterial species tends to vary in
acute or chronic wounds. Chronic wounds have a
higher concentration of pathogenic bacteria because
of existing diseases in the patient. The diseases effec-
tively reduce the neutrophil population in the body
and other crucial substances that aid in wound heal-
ing. Nonetheless, the exact contribution of bacteria
in delaying wound healing remains controversial
because of the different organisms inhabiting the
wound [36].

Similarly, differences in the gram-positive and
gram-negative bacterial cell membrane pose additional
challenges in selecting the correct antibiotic or med-
ication to cure wounds. This is because the thicker
but chemically simpler peptidoglycan architecture in
gram-positive bacteria is distinct from the more chem-
ically complex gram-negative bacterial cell wall [1].
Likewise, the ability of pathogenic organisms to form
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Figure 3. Schematic of the wound healing process.

biofilm further increases the likelihood of chronic
wounds [1]. Hence, regular cleaning and debriding of
the wound surface is highly recommended in chronic
wounds. Such conditions could deteriorate critically
and eventually lead to amputation.
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Mechanism of wound healing

The wound healing mechanism kick starts when the
skin surface is broken and a wound is formed. The
healing process occurs in three successive phases



(Figure 3) involving inflammation, proliferation and
remodeling [37]. The healing process begins with
homeostasis and monitoring blood loss to prevent
microbes from entering the wounded area [37]. The
above changes are immediately followed by hemosta-
sis, an inflammatory phase characterized by an
increased number of pro-inflammatory cells, neutro-
phils and is regulated by macrophages [37]. The mac-
rophages’ role is to remove debris and pathogens to
aid growth factors such as fibroblast growth factor
and cytokine [24]. The proliferative phase immediately
overlaps with the inflammatory phase. New tissue and
new blood vessels develop in this phase, and the body
matrix fills the wounded site [24]. The next phase is
the remodeling phase, in which tissue is produced to
increase the tensile strength and reduce blood supply
to the wounded area [24]. Optimally healed wounds
show minimal tissue damage with adequate tissue
perfusion. Basically, the structure and function of the
affected area are fully restored [22, 38].

Topical application

A topical application describes medicated admission on
the body surface such as skin or mucous membrane
to treat certain ailments using certain substances, for
instance, creams, foams, gels, ointment and others [39].
Previously, several topical applications were used in
conventional wound healing, including topical liquid,
semi-solid formulations, and traditional dry dressings
such as silver and povidone-iodine [40]. Though the
solutions are not widely used now, some such as
povidone-iodine have clinical importance in reducing
the microbial load in wound management. This chem-
ical base solution has been improved by changing the
concentrations of certain components and incorporating
gelling substances such as paraffin wax. The additives
are useful to extend the adherence duration of the
dressing on the wound. Certain bioactive or therapeutic
components are also added in the cream formulation
to facilitate the process of wound repair [41, 42].

Conventional carrier systems have been employed
to transport numerous chemicals to the skin topically.
Due to the complex structure of the skin, these devices
are ineffective for skin administration of large molec-
ular structures and highly lipophilic substances. To
circumvent these drawbacks, researchers have devel-
oped novel carrier systems such as vesicular systems,
microemulsions and nanoparticles [43]. For example,
microemulsions are being investigated extensively to
improve ceramides penetration through the stratum
corneum [44].
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Moreover, ceramic particles that can be used as
nanocarriers in macromolecular therapies are develop-
ing as a new area of research in nanotechnology
because of their ultra-small size (less than 50nm),
porous nature, and lack of swelling or changes in
porosity with pH. These nanoparticles can encapsulate
biomacromolecules and protect them against dena-
turation caused by external pH and temperature fluc-
tuations. Silica and other inert elements are commonly
used for obtaining nanoparticles and are highly com-
patible with biological systems [45]. There are various
examples where ceramic nanoparticles based on silica
and their derivatives, such as hydroxyapatite and cal-
cium salts, can be used to treat wounds. Collagen-ca
nanoparticles were created, and they can manage the
pH of the environment as well as calcium homeostasis,
allowing for faster wound healing [46].

Bioactive plant components with antibacterial and
wound-healing capabilities have also been delivered
via nanotechnology. Curcumin, one of turmeric’s most
well-known active ingredients, has antimicrobial,
anti-inflammatory and antioxidant properties [47].
Gaseous molecules, natural products, bioactive plant
chemicals and growth factors can all be delivered
directly to the necessary location using nanotechnol-
ogy. Topical cream treatment could significantly reduce
infection and microbial burden, and reduce the time
for wound healing [271].

The self-adapting hydrogel may alter shape to bet-
ter match the structure of containers or irregular sur-
faces than typical hydrogel due to its unusual mobility.
As a result, when used as a drug carrier, a self-adapting
hydrogel can change shape in response to the con-
stantly changing environment of living tissues, allow-
ing it to seamlessly adhere to irregular tissue surfaces,
potentially leading to significantly improved drug
delivery and therapeutic outcomes compared to tra-
ditional treatments [48]. In an early in vitro test, the
hydrogel was employed as a wound dressing model.
L929 cells were grown on a Petri dish, then scratched
with a 200L pipette tip to generate an artificial wound.
The experimental wounds were coated with hydrogel
and the wound recovered, implying that the hydrogel
might be used as a wound dressing [49].

Additionally, chitosan hydrogel was used for topical
application in wound healing [49]. Because of their
biodegradable, biocompatible, non-toxic, antibacterial,
biologically adhesive, biologically active and hemo-
static characteristics, chitosan-based hydrogels are
regarded as ideal materials for improving wound heal-
ing. Chitosan-based hydrogels have been shown to
stimulate wound healing at various phases of healing,
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as well as to reduce wound-healing variables (such as
excessive inflammatory and chronic wound infection)
[49]. A the unique biological features of the
chitosan-based hydrogel allow it to be used as a
wound dressing as well as a drug delivery system
(DDS) to carry antibacterial agents, growth factors,
stem cells and other therapeutic agents, potentially
speeding up wound healing. By altering or combining
with other polymers and carrying various types of
active ingredients, chitosan-based hydrogels can
improve the effectiveness of wound healing for a vari-
ety of wounds [49].

Current wound dressing strategies

Current wound dressing strategies include the use of
anti-microbial agents, absorbents, occlusive, adherence
material and debridement dressings which are graded
based on clinical results [50]. A dressing material can
be made physically from different sources such as ani-
mal, herbal or synthetic. Traditionally, dressing wounds
includes bandage dressing that comprises cotton, nat-
ural or synthetic fibers bandage [40, 51]. This is fol-
lowed by gauze dressing, which slightly differs from
the formulation of bandage dressing. However, all the
above strategies fail to provide a moist environment
to the wound and increase soreness during removal
[40]. Nowadays, therapeutic agents such as antibiotics,
alongside moisturizers, are incorporated into bandage
dressing to maintain the hydration levels of the
affected skin area, boost the wound healing process
and avert microbial infection [50]. Among others,
hydrocolloids, hydrogels, alginates and polyurethane
films/foams are commonplace materials for delivering
therapeutic agents.

Traditional topical formulation

Traditionally, a topical formulation for wound treat-
ment contains povidone-iodine prepared in liquid and/
or semi-solid formulation or bandage dressing [40, 52].
Povidone-iodine solutions play an essential part in
reducing the bacterial load in the wound [40].
Literature has shown that other bioactive compounds
such as aloe vera extract are combined with
povidone-iodine or sliver and then incorporated into
the dressing. This combination has been effective in
preventing infections and enhancing the healing pro-
cess [40, 42]. Likewise, a saline solution is used to
clean wounds and remove dead tissues [52]. However,
the major problem with the liquid dosage form is the
ability of the therapeutic ingredient to remain on the

wound site for an extended duration to impart its
beneficial effects on the damaged skin fully.

On the other hand, the semi-liquid formulations
include silver sulfadiazine cream and silver nitrate oint-
ment [53] and are used for treating bacterial infections.
The cream and ointment can remain on the wound
surfaces for a more extended duration than liquid
formulations [53]. However, semi-solid such creams are
ineffective on highly exuding wounds because the
wound will absorb the fluid and cream. This causes
the semi-solid cream to lose its rheological character-
istics [40, 54]. Natural resources in the form of topical
formulations have been introduced as therapeutic
agents for treating wounds. For example, Aloe vera is
a popular natural substance in wound treatment
because it contains anti-microbial, anti-inflammatory
substances and immune stimulants [42].

Current formulations

Traditional applications for wound healing have been
replaced or improved to meet the desired application.
Table 1 enlists the natural substances used to expedite
wound healing, namely extracts of Spathodea campan-
ulata (stem bark), Daucus carota Linn aloe vera, Hibiscus
sabdariffa, Eupatorium glandulosum (Asteraceae), Cissus
quadrangularis (Vitaceae), Pistacia atlantica, Lantana
camara leaves extract, Withania, Allium sativum (garlic)
and Curcuma longa (Tumeric).

Ofori-Kwakye etal. (2011) [51] formulated a cream
containing a concentrated Spathodea campanulata
extract, which accelerated the wound closure because
of the high flavonoid content. The formulated cream
successfully healed the wounds with ~95% and total
closure after 20 and 24 days of application, respectively
(Table 1). The enhanced healing activities were due to
reduced peroxidation by the flavonoids and prevented
cell necrosis [51]. Another study by Patil etal. (2012)
[55] prepared a cream comprising flavonoids extracted
from the Daucus carota Linn. plant. The formulated
cream showed promising application for wound heal-
ing given the absence of skin irritation and substan-
tially contributed to wound repair compared to the
control [55] (Table 1).

Similarly, Builders etal. (2013) [56] formulate a
cream from Hibiscus sabdariffa Linn mixed with the
antibiotic gentamicin. They described that the wound
was completely closed in less than 20days of appli-
cation [56], presumably from the synergistic action of
gentamicin and flavonoids that averted wound infec-
tion, aside from accelerating the wound repair process
[56]. M. Sellappan and T. Praveen [57] prepared a
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Table 1. Different formulation and delivery methods of various topical creams from some plant sources for wound healing.

Source Formulation Delivery method Remarks References

Spathodea campanulata 10%/20% of Spathodea Applied twice daily on the The 20% cream enhanced the wound [44]
(stem bark) campanulata wound surface healing activities

Daucus carota Linn. 4% ethanolic extract Applied on the wound surface The wound healing may be attributed [48]

10% Hibiscus sabdariffa
and 10% gentamicin
10% of the sources

Hibiscus sabdariffa extract
and Gentamicin
Eupatorium glandulosum
(Asteraceae) and Cissus
quadrangularis (Vitaceae)
Eucalyptus oil 16.66% oil, 66.68% water
and 16.66% surfactant
The powder was dissolved
in 0.9% saline solution

Aloe vera

Pistacia atlantica 10% of the source

Apply the cream directly to
the wound
Applied on the wound surface Shows significance contraction to [50]

Apply on the wound surface

Applied on the surface of the

to potential, but other physiological
properties are needed

Shows progressive closure of the [49]
wound within the shortest time

wound healing

Significant increase in wound healing [55]
activity compared to control drug

The Aloe vera gel was applied Improved the biochemical and [51]
to the wound surface

morphological characteristics of a
cutaneous wound in the rat; this
practice may be valuable in a
clinical trial
There is much improvement in the [52]

wound re-epithelization, which led to
enhance wound healing
Lantana camara leaves 10% of the extract Applied on the wound surface The cream has maximum wound [18]
extract healing activity
Withania, garlic, and curcuma 1% of the source Each cream was applied to Each of the sources shows a clear [53]
the surface of the wound wound healing activity
Honey and Aloe vera 70% honey, 20% aloe vera Applied on the wound site Significant enhancement of wound [54]
and 10% peppermint during dressing healing and protection against
infection
Coconut oil and simvastatin 22.5% oil, 55% water and  Applied in the burn surface Enhanced the healing of normal and [56]

22.5% surfactant

chronic burns

topical cream containing extracts of Eupatorium glan-
dulosum (Asteraceae) and Cissus quadrangularis
(Vitaceae) as active ingredients. They discovered that
a 10% cream composition of the Eupatorium glandu-
losum led to a significant contraction in the wound
area on the 8™"-day post-application. The healing rate
was comparable to the standard drug used for the
experiment, as tests showed that a high concentration
of the mixed active ingredients showed appreciable
anti-microbial activity. The wounds healed and con-
tracted more rapidly than formulations containing
lower concentrations of mixed plant extract [57].
Moreover, according to Pazyar etal. (2014) and Artem
etal. (2018), rosemary is one of the most often utilised
herbs in cutaneous wound healing. They examined
the aqueous extract and essential oil efficacy in
alloxan-induced diabetic BALB/c mice [58]. Different
aspects of the diabetic wound healing process, such
as a reduction in inflammation and an enhancement
in wound contraction, re-epithelialization, regeneration
of granulation tissue, angiogenesis, and collagen depo-
sition, were observed in the treated wounds, with
significant differences (p.01) between the treated and
control groups [59].

An aloe vera cream formulated by Oryan et al. (2016)
[60] improved its efficacy to expedite the would repair
process following the addition of saline solution.
Compared to the controls, treatment with high dos-
ages of A. vera and saline increased the rate and

quality of inflammation and fibroplasia, resulting in
more granulation tissue developing and filling the
wound area in the short-term (day 10) test [60]. Hamidi
etal. (2017) [61] used a Pistacia atlantica extract in
their formulation based on the well-reported antioxi-
dant properties of the plant. The optimized cream
formulation was seen to profoundly shorten the heal-
ing process [61]. Vijayalakshmi etal. (2018) [18] also
developed a 10% Lantana camara leaf extract cream.
The formulation was exceptional and resulted in a 98%
total closure of the wound surface on the 12t day
and total wound healing on the 15th day. In another
study by Alawdi (2019) [62], the combined extract of
Withania, garlic and Curcuma substantially accelerated
the healing rate of surgically induced wounds on rab-
bits, at a healing rate of 97% on the 12" day with
total closure on the 14t day [62]. Afterward, Abbasi
etal. (2020) [63] experimented with integrated Aloe
vera, honey and peppermint as bioactive ingredients
in their prepared formulation. They reported that the
synergistic effect of the components yielded quicker
and better wound repair than formulations with the
individual components (Table 1) [63].

Baidoo et al. (2020) performed an experiment with
the leaf and stem bark of Entada africana. When com-
pared to the negative control group, leaf and stem
bark extracts dramatically increased wound contrac-
tion, re-epithelialization and granulation tissue devel-
opment, all of which indicate a significant treatment
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response. Exudate and unpleasant odors were not
produced in any of the treated groups, indicating that
infection was not present [64]. The ternary active
ingredient cream also significantly healed wounds
faster, prevented infection and scarring, and relieved
pain [63].

Water-in-oil or oil-in-water nanoemulsions prepared
by high-energy or low-energy homogenization have
been used to formulate topical creams containing
extracts of medicinal plants to ameliorate the wound
healing process. The high-energy homogenization
method (ultra-sonication) was employed to prepare an
oil-in-water nanoemulsion with eucalyptus oil which
exhibits anti-inflammatory and anti-microbial bioactiv-
ity (Table 1) [65]. The nanoemulsion resulted in total
wound closure in Wistar rats in less than 20days [65].
Another study that prepared an oil-in-water nanoemul-
sion from coconut oil and simvastatin as the bioactive
compound (Table 1) demonstrated remarkable
wound-healing qualities. The outcome has to do with
coconut oil’s anti-inflammatory and antibacterial qual-
ities, while simvastatin promotes the synthesis of vas-
cular endothelial growth factors at the injury site [66].
Moreover, another study explored cream formulations
using sea cucumber extract and different types of oil
phases, such as olive oil, tea tree oil, and lemongrass
oil, to see how the oil affected the physicochemical
qualities and wound healing efficacy of the creams
[67]. Even when the creams were maintained at severe
temperatures, the created creams showed good phys-
icochemical parameters such as homogeneity, spread-
ability, theology and pH, and no evidence of phase
separation. Using Franz diffusion cells, the ex vivo
release profile of sea cucumber extract from the pre-
pared creams was determined.

In comparison to the control group, topical treat-
ment of the prepared creams on the excision wound
in rats revealed a considerable wound healing efficacy.
The ability of the oils to promote skin penetration for
the release of sea cucumber extract had no bearing
on the wound healing efficiency of the prepared
creams. Lemongrass oil was a good skin penetration
enhancer for the release of sea cucumber extract,
while olive oil worked more synergistically with sea
cucumber extract to promote wound healing in this
investigation [67]. The rosmarinic acid (RA) group
showed a significant reduction in wound size accord-
ing to [68]. On day 3, there was a statistically signifi-
cant difference in the wound area decrease between
the control group and the rosmarinic acid group. This
disparity is most likely due to RA’s anti-inflammatory
properties [68]. Aramwit and Sangcakul [69] used

rosmarinic acid with sericin lotion and saw a 90%
improvement on day 11, with full recovery on day 15.
Another research with rosmarinic acid with topical
recombinant human epidermal growth factor treat-
ment showed 90% improvement on day 10 and full
closure on day 14 [70]. Based on the considerable
statistical findings (about 90% on day 14; > 95%
improvement on day 21), the clinical benefit of ros-
marinic acid would be apparent after day 7 and RA
should be used for at least 3weeks for best effect.

Percolation was used to extract apigenin-rich cham-
omile flower extract (CFE). Liposomes were made using
1:2 mixtures of Ratermann phospholipid and apigenin
and then integrated into oil in water cream with sev-
eral topical excipients. Compared to a non-liposomal
cream containing plain CFE apigenin, an in vitro dis-
solution investigation revealed enhanced release. The
in vivo trial with apigenin cream demonstrated con-
siderable anti-inflammatory effect in 19 human volun-
teers between 24 and 65years [71]. Apigenin liposomal
cream worked well, was well tolerated and had fewer
side effects than corticosteroids [71]. Moreover, natural
polymers (e.g. collagen, chitosan and hyaluronic acid)
hydrogels can induce anti-inflammatory responses in
chronic wounds, promoting healing [72]. According to
several studies, cellulose promotes wound healing by
releasing and maintaining therapeutic levels of a vari-
ety of growth factors (e.g. PDGF, EGF and FGF) at the
wound site, as well as increasing dermal fibroblast
migration and proliferation and suppressing bacterial
proliferation in wounds [73-75]. Table 1 summarizes
the above-described formulated creams to assist in
the process of wound repair.

Future formulations

The reviewed studies indicated that most wound-healing
enhancing formulations were made from natural
resources containing flavonoids, alkaloids and sapo-
nins. These phytochemicals have good reputations for
exhibiting good anti-microbial, anti-inflammatory, anti-
oxidative properties. Hence, their synergistic effects
could facilitate the process of wound repair and skin
regenerative properties. All reviewed literature indi-
cated that increasing the concentration of the bio-
chemical substances enhances the healing activities
in each formulation. Therefore, concerted efforts of
the scientific community are needed to isolate differ-
ent kinds of flavonoids, alkaloids and saponins. In this
way, more structures of the beneficial phytochemicals
could be elucidated for further synthesis by chemists,
possibly in large quantities to facilitate scale-up



production. Sourcing bioactive ingredients purely from
plant extracts may not be adequate or sustainable for
the large commercial market. On another note, for-
mulators should consider using higher concentrations
of penetration enhancers to boost the delivery of the
therapeutic agents into the wound.

Delivery method

Drug delivery systems have been developed to ensure
that the incorporated drugs in the formulation are
absorbed into the body and delivered to targeted
locations [76]. Skin being the largest organ and the
outermost layer of the human body is very much
suited to targeted delivery of therapeutic agents
through topical delivery [76]. This is because the
human skin suffers from common diseases such as
acne, wound, and other skin disorders [77]. The correct
combination of active ingredients and base compo-
nents would allow for a wide range of topical prepa-
rations suitable for delivering the active ingredients
[76]. The methods to prepare the topical formulations
are classified based on physical properties such as
suspension or composition such as cream or ointments
and their intended uses, such as liniment. Table 2
summarizes the various types of topical applications
to deliver bioactive ingredients through the skin. Most
important, topical delivery of these ingredients aids
in enhancing skin tolerability and the drug’s
anti-inflammatory activity in the body [78].

Limitation of topical cream

There are many challenges to address when developing
topical drugs for wound healing, as shown in Table 3.
Hence, such treatment (cream) must withstand the
proteolytic wound environment to accelerate the
wound healing activity. This factor is crucial to ensure
the active substances reach the targeted sites in the
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skin [79]. Meanwhile, the ineffectiveness of the cream
on exuding wounds has to do with the dilution of the
cream in the exudes, which altered the physicochemical
properties of the cream [40]. However, the topical
application of creams in the wound-treatment regime
may not always work for all diseases. This approach
tends to be time-consuming, and the regime becomes
complicated when several formulations must be pre-
scribed [80, 81]. There are issues of the lower perme-
ability of certain topical creams and their tendency to
irritate the skin, associated with diverse compositions
of anti-inflammatory agents used in the cream [81].
Care must be taken to choose the right combination
of active ingredients in a formulation, as certain com-
ponents can invalidate the therapeutic action of
another component and vice versa.

Competitors to topical creams

The technology in developing topical creams has been
around for over three decades. Such cream offers a
good alternative to bandaging dressing. These creams,
if formulated correctly, can simultaneously provide a
moist environment for the wound while accelerating
the healing rate. There are over 100 patents of topical
creams globally for diseases related to the skin [82].
The technology that developed topical creams has con-
siderably advanced, with numerous versatile formula-
tion strategies to meet the demands of a highly
competitive dermatological and nutraceutical market
[82]. The following substances, active agents, propel-
lants, surface-active agents, solvents, co-solvents and
viscosity-modifying agents, are needed to achieve an
optimum formulation for efficacious delivery of the
wound healing active ingredients through the skin.
While corticosteroids are used in most commercial top-
ical foams, the active ingredients may also include anti-
bacterial, antifungal, antiviral agents, anti-inflammatory
agents, local anesthetic agents, skin emollients, and

Table 2. Different delivery methods for topical application of wound healing treatments.

Forms Description

Cream The cream is the semi-solid emulsion formulation for skin or wound application, which is less greasy and has good spreadability.
Gel The gel is a transparent semi-solid preparation for one or more active ingredients suitable for hydrophilic or hydrophobic bases.
Ointment It is also a greasy semi-solid preparation of the dissolved drug.

Paste It is a stiff preparation containing a high proportion of fine powder; this is less greasy than cream and ointment.

Table 3. Advantages and disadvantages of topical creams for wound healing.

Advantages of topical creams

Disadvantages of topical creams

The simplest way to deliver a drug

The drug can be delivered simply.

The application can be terminated when needed
Avoid gastro-intestinal incompatibility.
Non-invasive

Very slow in absorption

Slow absorption rate.

Due to the drug excipient, skin irritation may occur.

Can only be used for a specific medication

Some have high molecular weight; therefore, these cannot penetrate through the skin
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protectants; depending on the skin conditions being
treated [81]. A pressurized dosage makes a topical
cream unique, which is also self-generating.

The occurrence of nanofibers will also compete with
the topical cream in the treatment of wounds.
All-natural and man-made polymers have been used.
Nanofiber technology can substantially improve the
development of novel wound-healing solutions.
Nanofiber scaffolds have mechanical integrity, good
adhesion to an injury, and the ability to maintain tem-
perature homeostasis, allow gas exchange and absorb
exudates without becoming occlusive [83].

Furthermore, the current trending knowledge of
molecular biology, such as microRNAs, will also com-
pete with topical applications for wound healing activ-
ities [84]. MicroRNAs (miRs) are non-coding RNAs with
approximately 22 nucleotides that bind to the
3-untranslated regions (3-UTR) of target messenger
RNA (mRNA) and regulate gene expression
post-transcriptionally [85]. Reportedly they regulate a
wide range of cellular and physiological functions in
health and disease. Several pieces of evidence suggest
that miRs control signaling during wound healing.
MiR-146a and miR-155 control macrophages during
the inflammatory phase, promoting the production of
cytokines and growth factors required for monocyte
differentiation into macrophages [84,86].

Wound-healing activity has been discovered in syn-
thetic antimicrobial peptides (s-AMPs), developed to
enhance structural stability and high antibacterial
activity under physiological conditions [87]. This shows
that it will compete with topical application for wound
healing activity in the future. Some AMPs are regarded
as prospective wound care agents because, in addition
to their inherent anti-microbial action, they can alter
several wound-healing systems such as inflammation,
epithelialization, tissue granulation and remodeling.
Even though some wound-healing peptides lack
anti-microbial characteristics, some have significant
therapeutic potential in treating persistently infected
wounds, such as diabetic foot ulcers [88].

Moreover, the development of Toll-like receptors
provides an avenue to compete with topical applica-
tion [84]. Toll-like receptors (TLRs) are a family of
highly conserved pattern recognition receptors (PRRs)
that signal the presence of various pathogen-associated
molecular patterns (PAMPs) to immune cellular system
elements. TLRs trigger immunological responses via
NF-kB-dependent and interferon regulatory factor (IRF-)
dependent processes after attaching to distinct bio-
chemical components of protozoa, bacteria and viruses
[84, 89]. TLRs are also activated by endogenous ligands
known as damage-associated molecular patterns

(DAMPs), which are unavailable to the immune system
under normal settings or change in response to injury,
allowing PRRs to recognize them. Following tissue
damage, these patterns are unmasked or released from
damaged cells, thus triggering inflammation by TLRs
and other PRRs. As a result, TLRs are thought to be
master protectors of tissue structural integrity, acti-
vated by molecular indications of infection or injury
and play a critical role in wound healing [89].

Conclusions

It is apparent that the rate- and mechanism of wound
healing are interlinked; thus, not all wounds can be
treated in the same. In this regard, nature is a good
source of phytochemicals that could positively and
profoundly impact the wound healing process. There
is much evidence that naturally derived bioactive
chemicals have healing characteristics, which has
sparked great interest among researchers in their pos-
sible application in wound healing. Scientists have
proven that incorporating plant-based bioactive mol-
ecules in the formula of topical creams would sub-
stantially improve the bioavailability and biological
properties of the plant ingredients, guaranteeing a
better healing process. Also, with more complex
natural-based and advanced cream formulations being
developed for wound treatment, these products can
be used effectively to expedite skin regeneration with
minimal scarring. Hence, the advancement of wound
healing techniques paves new opportunities for
designing newer, better, and cost-effective treatment
options.
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