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Abstract:Wound healing is a complex process with many
interdependent pathophysiological and immunological
mediators to restore the cellular integrity of damaged
tissue. Cutaneous wound healing is the repair response
to a multitude of pathologies induced by trauma, surgery,
and burn leading to the restoration and functionality of
the compromised cells. Many different methods have
been employed to treat acute and chronic wounds, such
as antimicrobial therapy, as most wounds are susceptible
to infection from microbes and are difficult to treat.
However, many antimicrobial agents have become ineff-
ective in wound treatment due to the emergence of multi-
ple drug-resistant bacteria, and failures in current wound
treatment methods have been widely reported. For this
reason, alternative therapies have been sought, one of
which is the use of honey as a wound treatment agent.
The use of honey has recently gained clinical popularity
for possible use in wound treatment and regenerative
medicine. With this high demand, a better delivery and
application procedure is required, as well as research
aiming at its bioactivity. Honey is a safe natural substance,
effective in the inhibition of bacterial growth and the treat-
ment of a broad range of wound types, including burns,
scratches, diabetic boils (Skin abscesses associated with
diabetic), malignancies, leprosy, fistulas, leg ulcers, trau-
matic boils, cervical and varicose ulcers, amputation, burst
abdominal wounds, septic and surgical wounds, cracked
nipples, and wounds in the abdominal wall. Honey com-
prises a wide variety of active compounds, including flavo-
noids, phenolic acid, organic acids, enzymes, and vitamins,
that may act to improve the wound healing process. Tissue-
engineered scaffolds have recently attracted a great deal of
attention, and various scaffold fabrication techniques are
being researched. Some incorporate honey to improve their
delivery during wound treatment. Hence, the aim of this
review is to summarize recent studies on the wound healing
properties of honey.
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1 Introduction

A wound is a disturbance in the normal structure and
function of the epidermis. The epidermis is considered
the first line of defense and protection against trauma.
Various mechanisms can cause wounds, such as acute
injury (abrasion, puncture, and/or crushing), surgery,
and physiological conditions that compromise the skin
(e.g., ischemia and pressure). Wound healing is a com-
plex process with many interdependent immunological
and pathophysiological mediators to restore the cellular
integrity of the damaged tissue [1]. Wound healing depends
on the presence of multiple types of cells, the extracellular
matrix (ECM), cytokines, and growth factors, in addition to
restoring the functionality of the compromised cells. Four
distinct and overlapping stages are involved – inflamma-
tion, proliferation/regeneration, and tissue fibroplasia [1].
Recently, there has been a major increase in the burden of
wound healing management due to the presence of mul-
tiple drug-resistant bacteria that can interfere with the
wound repair process. Therefore, alternative natural com-
pounds have been sought. Among those compounds is
honey. The therapeutic potential of honey in the treatment
of wounds and ulcers was initially recognized by the
Sumerians and was known as far back as 2100–2000 BC
[2]. The beneficial properties of honey have been known
since ancient times [3], and its therapeutic use remained
popular until the advent of antibiotics [4]. Published data
show that honey benefits wound healing in the chronic
inflammatory phase via the scavenging of reactive oxygen
species produced by neutrophils [5,6].

With the emergence of drug-resistant bacteria, many
antimicrobial agents have become ineffective in wound
treatment, and many failures in current wound treatment
methods have been reported. For this reason, alternative
therapies have been sought, one of which is the use of
honey as a wound treatment agent [7,8]. The use of honey
has recently gained clinical popularity for possible use in
wound treatment and in regenerative medicine.
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Honey is made from the nectar of flowers collected by
honeybees and is composed mostly of glucose and fruc-
tose. However, it also contains vitamins, minerals, amino
acids, enzymes, organic acids, and other compounds. Its
composition is affected by seasonal variations as well as
the geographic location where the nectar was gathered by
the bees. The moisture content of the deposited nectar
mixture reduces and dries out, becoming more concen-
trated and producing viscous honey [9–12].

Natural honey is composed of around 82% of water,
carbohydrates, proteins, phytochemicals, antioxidants,
and minerals. It has been proven that few of the ingredi-
ents that determine the biological and medical potential
of this substance are likely to vary among the various
types of honey [13]. The sugars in honey include, in des-
cending order, the following: “fructose (38.2%), glucose
(31.2%), disaccharides and some other tri-saccharides
and higher saccharides (9%) and sucrose (0.7–1%)” [14].
Honey containing a wide range of active compounds,
including flavonoids, organic acids, phenolic acid, vita-
mins, and enzymes, may improve wound healing [14].
The deposition of fibroblasts and collagen formation may
also be promoted by the large amount of amino acids
found in honey [15].

The natural properties of honey as well as its active
compounds are crucial for the wound healing process
(Figure 1). Natural honey is a viscous fluid; its jelly con-
sistency creates a surface layer over the wound that inhi-
bits the entrance of bacteria and protects the wound from
dehydration [2]. Its high sugar content creates a higher
osmotic gradient that pulls fluid up through the subdermal
tissue and offers an additional glucose source for flouri-
shing cellular components in the wounded area [2,16]. The
water activity of honey is less than 0.91 aw, which prevents
and controls the growth of bacteria on the wound surface
[17,18] and causes fluid flow that flushes slough, debris,
and necrotic tissue as well as microorganisms out of the
wound. Apart from this, the low water activity of honey
helps transport oxygen and nutrients from the deep tissue
into the wound area. In addition, the low pH of honey
increases tissue oxygenation, while free radicals, which
lead to tissue damage, are removed by flavonoids and
aromatic acids [19,20].

Another property that triggers antimicrobial activity
in honey is the production of hydrogen peroxide on
the glucose [5]. Certain types of honey do not rely on
hydrogen peroxide for their antimicrobial activity but
probably rely more on pH change and osmolarity for their
bactericidal capability [5]. The unique Manuka factor (UMF)
in Manuka honey (MH) is the methylglyoxal (MGO) level
which is responsible for its antibacterial effect [21]. However,

hydrogen peroxide-dependent honey stimulates the produc-
tion of vascular endothelial growth factor (VEGF) and steri-
lizes the wound site [3,22]. In addition to glucose oxidase,
the invertase produced by bees strengthens the osmotic
potential of honey, dividing sucrose into fructose and glu-
cose [3,22].

Two principal types of honey that have been researched
are non-peroxidase MH and peroxidase based honey, both
known for their efficacy in woundmanagement [15]. Hence,
the aim of this review is to summarize recent studies on the
wound healing properties of honey.

2 The cascade of wound healing

The natural wound healing process includes a chain of
events involving proteins, proteases, blood cells, growth
factors, and ECM. The process comprises four successive
and overlapping phases – hemostasis (blood vessels con-
strict to restrict blood flow), inflammation (controls bleeding
and prevents infection), proliferation (rebuilding new tissue
made up of ECM and collagen), and re-modeling (matura-
tion) [23]. An imbalance in any one of these phases can
result in over-induction of wound healing or attenuation
of the healing process. In diseases, such as peripheral
vascular diseases or type 2 diabetes, excessive inflamma-
tion can lead to a reduction or delay in the wound healing
process [24]. On the other hand, over-induction of the
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Figure 1: Some physicochemical properties of honey.
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healing process can be caused by excessive proliferation,
resulting in scar or keloid formation.

3 Properties of honey

The therapeutic potency of honey is complex due to the
presence of many compounds as well as variations in the
composition of different types of honey [12,25]. It has
specific physicochemical properties (Figure 1) that favor
its use as a therapeutic agent to combat several microbial
infections. These properties of honey are also associated
with its wound healing effect, anti-inflammatory potency,
antioxidant, and free radical scavenging ability. It is
an immunomodulator with the power to enhance the
immune system. It can be applied in the treatment of
gastric ulcers, recurrent canine dermatitis, arthritis, diar-
rhea, tumors, and ulcers in diabetic patients; it can also
be used for skin disinfection and wound healing [26,27].
In addition to its anti-inflammatory and antibacterial prop-
erties, honey enhances the wound healing process [7].

Honey is effective in curing a wide range of wound
types, including trauma, burns, malignancy, leprosy,
diabetic ulcers, boils, cervical varicose ulcers, scratches,
leg ulcers, gastric ulcers, fistulas, amputation, burst abdom-
inal wounds, septic and surgical wounds, cracked nipples,
and wounds in the abdominal wall [28].

Many flavonoids, including pinobanksin, chrysin,
and pinocembrin, as well as certain other compounds in
lower levels, such as luteolin, quercetin, 8-methoxykaemp-
ferol, isorhamnetin, kaempferol, and galangin, are found in
MH. Flavonoids provide honey with antioxidants and anti-
inflammatory efficacy. Catechins, which are members of the
flavone group of polyphenols, are often present in honey.
Catechins have the potential to scavenge both superoxide
and hydroxyl radicals [29] as well as the 1,1-diphenyl 1,3-
picrylhydrazyl radical [30], proxy radicals [31], nitric oxide
[32], carbon-centered free radicals, singlet oxygen and lipid
free radicals [29], and also peroxynitrite by preventing the
nitration of tyrosine [33].

4 Antimicrobial activities

According to the international guidelines on the proper
use of antimicrobials in medicine, honey and other alterna-
tive therapeutics were used for the treatment of skin lesions
in both humans and animals [34]. The antibacterial effect
of honey has been reported in numerous studies [35–37].
Honey exerts bacteriostatic and bactericidal actions [26,37,38].

Many enzymes are present in an internal pouch of the bee
called the crop and are transferred to the honey.

The antibacterial activity of non-peroxide honey is
related to the presence of glyoxal, 3-deoxyglucosulose,
and MGO. The concentration of MGO in honey is depen-
dent on the geographic location and the kind of honey.
However, it is well-known that MH has the highest con-
centrations of MGO compared to other types of honey.
MGO is present in all kinds of honey, with levels ranging
from 3 to 800 µg/gram, depending on the type of MH. The
antibacterial efficacy of honey is dependent on the MGO
content; honey will have a weaker or stronger effect on a
narrower or wider spectrum of bacteria, particularly on
the methicillin-resistant Staphylococcus aureus strains,
vancomycin-resistant enterococci, and Pseudomonas
aeruginosa. Nevertheless, studies have shown that a high
MGO concentration is not required to exert antibacterial
efficacy. For instance, in a study by Girma et al. (2019)
[39], MH of lower UMF grade demonstrated significantly
increased antimicrobial activity compared to higher UMF
grade honey against tested S. aureus and E. coli. An MGO
of 10+ UMF values were sufficient to provide antibacterial
efficacy. It has been reported that high MGO may cause
damage at the cellular level either through blood leading
to its glycation or via other external pathways leading to
malignant young cell degeneration [40].

The antimicrobial effects of honey have also been
studied in various in vivo experiments, suggesting that
this property of honey is crucial in reducing secondary
bacterial contamination of the wound area and hastening
the healing process [41].

Fluids in the wound are drawn out of the damaged
tissues, leading to drying of cellular tissues and bacterial
death [3]. In addition, phenolic compounds, organic
acids, vitamins, and flavonoids exert antioxidant action
and boost the antibacterial effect of honey. Flavonoids
neutralize free radicals produced by hydrogen peroxide
[3,22]. However, despite the increase in studies on the use
of honey for wound healing, whether traumatic or surgical
in origin, only a few studies on its use on infected wounds
have been published. Some authors analyzed honey’s poten-
tial on the growth of selected intestinal bacteria [42] and in
combatting pathogenic bacteria frequently isolated from skin
wounds of mammals, including humans [35]. In a rat model,
the topical application of honey on a dorsal wound resulted
in an increase in both salt- and acid-soluble collagens by 107
and 117%, respectively. Further, it potentiated the levels of
insoluble collagen to achieve a 109% increase after seven
days of treatment compared to the untreated control [22].

Medical-grade honey (MGH) is seen as promising wound
therapy because it has a wide spectrum of antimicrobial
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efficacy with no known resistant strains. It has been effec-
tive against clinical isolates of Pseudomonas aeruginosa
and their associated biofilm formation [43].

Studies have shown that the supplements in the MGH
formulation such as vitamins (C and E) enhanced the
antimicrobial activity of pure honey. Supplementation
of honey with other additives may, therefore, be a pro-
mising approach to further improve the antimicrobial
activity of honey [44–46].

Another study evaluated the antibacterial efficacy of
57 Slovak blossom honeys against Pseudomonas aerugi-
nosa and Staphylococcus aureus. Their data showed that
different types of honey had different antibacterial poten-
tials. Between acacia, wildflower and rapeseed honeys, the
wildflower honey samples showed the greatest antibac-
terial activity, while rapeseed honeys had the highest level
of minimal inhibitory concentration. There was a statisti-
cally significant association between the antibacterial
activity of the honeys and their H2O2 and turgor pressure
content. However, there was no correlation between glu-
cose oxidase (GOX) and H2O2 content [47].

The results of another in vitro investigation revealed
that lower supplemented honey at a lower percentage
(40%) is more effective than 80% of MH against a wide
range of commonly present cutaneous pathogens, including
Methicillin-resistant Staphylococci and Pseudomonas spe-
cies. Yet again, the supplements may have resulted in the
improvement of the antimicrobial activity of honey [48].

5 MGH and its wound healing
effects

Several types of honey, including MGH, have recently
been re-introduced into modern medicine. There is no
clear definition of MGH, but according to Hermann et al.
(2020) [49], MGH must fulfill the following criteria:
• Purity and being organic.
• Free from toxic substances and contaminants.
• Sterilized by gamma radiation under standardized pro-
cedures and having no pathogenic microorganisms.

• Suitable for use in medical therapies.
• Adheres to standardized production and storage methods,
and all legal and safety regulations;

• Satisfies physicochemical criteria necessary for use in
wound treatment.

MH reduces inflammation and stimulates fibroblast
migration and collagen deposition that support regeneration

and hasten healing of the injured area [6]. Clinical studies
have proven definitively that multiple varieties of honey,
including MH, have the potential to close various types of
infected non-healing ulcers [14,50–52]. In a study by Ran-
zato et al. (2012) [9], a 180% rate increase in keratinocyte
closure and 150–240% fibroblast migration were recorded
using 0.1% MH. Likewise, Efem [53] stated that application
of honey on wounds caused rapid tissue debridement, sti-
mulated quick epithelialization, and decreased the develop-
ment of edema, causing quicker healing.

Bucekova et al. (2017) [54] reported that Def-1 peptide
found in honey had a positive impact on cutaneous
wound closure and exerted its effect by potentiating
Keratinocyte migration and MMP-9 secretion.

MGH has attracted a great deal of interest recently;
the term is used by healthcare professionals to refer to
honey used in wound treatment [55]. In recent years,
there has been a resurgence of interest in the use of
MGH in the management of wounds. MGH possesses anti-
bacterial efficacy and wound healing potential, including
for mucositis in pediatric patients [26]. Some advantages
of using MGH are that it is safe, easy to apply, and cost-
effective for the treatment of severe wounds, burns,
ulcers, oral mucositis in young pediatric patients, and
in those suffering from cancer [56,57]. Honey’s anti-
inflammatory effect and ability to treat local infections,
promote autolytic debridement, disinfect wounds, and
promote granulation tissue, which have been confirmed
in previous literature [58]. A study evaluated the efficacy
of honey in the treatment of wounds of lower leg and
diabetic ulcers. The results showed a reduction in healing
time, a much higher percentage of completely healed
wounds, and better success in wound infections [50].
The therapeutic and wound healing effects of honey
have been reported by others [59,60].

In a comparative study on topical application of MH
and acacia honey in diabetic and normal rats, it was
reported that MH achieved up to 80% wound contraction
after nine days of treatment. In the MH-treated group,
complete epithelialization was evident two days earlier
than usual epithelialization [61].

The combined effect of topical honey with silver
nanoparticles was assessed in an experimental wound
healing process in rats, and the data showed that multi-
flora honey with silver nanoparticles enhanced the effi-
cacy of wound contraction compared to honey alone [62].

The efficacy of topical application of mad honey, a
rhododendron honey, was evaluated in wound healing in
diabetic rats. The data showed that mad honey enhanced
the healing process in diabetic rats and caused a signifi-
cant decline in the levels of TNF-α, malondialdehyde,
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and MMP-9 expression. This was accompanied by an
increase in the activities of the antioxidant enzyme and
IL-10 expression in comparison to the untreated con-
trols [63].

In addition, honey reduced excessive scar formation,
thus improving the outcome of wound healing [64].
Based on that, the use of honey, which is a natural pro-
duct, can be cost effective, safe, and efficient in the treat-
ment of large and complicated wounds [65].

The mixture of bees’ honey and N. sativa is a rela-
tively cheap and safe natural preparation used tradition-
ally to cure human diseases since ancient times [66]. The
combination enhanced the wound healing process by
inhibiting the toxic effect of N. sativa, especially when
the seed extract is used, in chronic and large surface
area application [67].

Another study reported that the localized application
of a mixture of honey and black seed oil in experimen-
tally induced wounds on the ears of rabbits showed
enhanced wound healing and a significant reduction in
the wound area by the end of the fourth week. This
finding suggests that the mixture of black seed oil and
honey enhances wound healing without producing toxi-
city to the cells [68]. In a study on the synergistic effect of
honey and N. sativa on wound healing was assessed in a
rat model, and the results indicated that the mixture of
honey and N. sativa seed oil significantly reduced the
wound surface area compared to the control group [69].

The use of MGH as a therapeutic agent decreased
malodor in a few days and stopped the infection within
2–3 weeks. MGH promoted wound healing by enhancing
granulation tissue formation, angiogenesis, and re-epithe-
lialization by reducing oxidative stress and providing
nutrients.

Yilmaz and Aygin (2020) [70] conducted a systematic
review in a randomized controlled study to evaluate
the efficacy of honey in the wound treatment process.
Their data showed that honey resulted in rapid epithelia-
lization and wound contraction in wound healing, and
reduced pain, inflammation, and debridement, ensuring
control of infection and reducing the time of wound
healing, and was cost-effective. The authors advanced the
idea that MGH improved wound healing and patient’s
quality of life. MGH is safe and cost-effective, especially
when dealing with complicated diabetic wounds (anti-
biotic-resistant) with infections and the risk of amputation.

In their study, Smaropoulos and Cremers (2020) [57]
reported the safety, efficacy, and usefulness of MGH in
the treatment of abdominal wounds in pediatric patients.
All treated wounds rapidly revealed granulation tissue for-
mation and underwent re-epithelialization. There was a Ta
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noticeable reduction in peripheral edema and inflammation
upon initial application. An effective debriding of necrotic
tissue was observed, and the same applied to sloughs,
which were easily removed when detected with no sign of
infection, regardless of initial wound presentation. There
was minimal scarring with full preservation of movement
in all cases.

In a systematic review carried out by Jull et al. (2015)
[71] on the efficacy of honey in comparison with alterna-
tive wound dressings and topical treatment of acute
burns, lacerations, and/or chronic wounds (e.g., venous
ulcers), results suggested that honey healed partial thick-
ness burns more quickly than conventional treatments
(e.g., polyurethane film, paraffin gauze, soframycin-impreg-
nated gauze, sterile linen, and leaving the burn exposed),
and infection resulting from post-operative wounds healed
faster than with antiseptics and gauze.

The results of a comparative study using topical
applications of Acemannan gel (AG), hyaluronic acid,
and MH on bilateral wounds introduced on the backs
of six sheep indicated that treatment with AG resulted
in wound dehydration and stimulated late granulation

tissue and cell proliferation. Moreover, the AG-treated
wounds had a mild late pro-inflammatory and neovascu-
larization effect and a positive influence on moist wounds
with abundant granulation tissue and exudate [72]. In
contrast, the MH-treated wounds were slightly dry. The
main effect of MH was to promote cell proliferation
and neovascularization, with an overall pro-inflamma-
tory effect. Results suggest that MH treatment enhanced
the healing process [72].

Table 1 summarizes the effects of different types of
honey, including Manuka honey, in acute, chronic, and
mixed types of malignant wounds.

6 Underlying mechanisms of honey
in wound healing

The antibacterial activity of honey has been well docu-
mented [35–37,80]. Honey activity can be either bacterio-
static or bactericidal, depending on the kind of honey [37].

Figure 2: Antibacterial and wound healing effects of honey (ECM, extracellular matrix; H2O2, hydrogen peroxide; VEGF, vascular endothelial
growth factor; O2, oxygen).
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The internal pouch of the honeybee known as the crop is
considered the reservoir for many enzymes that are added
to honey.

One of these enzymes is glucose oxidase, which cata-
lyzes glucose oxidation to form gluconic acid and hydrogen
peroxide. The production of gluconic acid results in lowering
the pH, and hydrogen peroxide enhances its bactericidal
efficacy [3,22]. Therefore, to lower the pH levels between
3.5–4, a series of events essential for the process of tissue
repair takes place: reduction in protease activity in the
wound site, increase in the oxygen release from hemo-
globin, and stimulation of fibroblast and macrophage
activity. Furthermore, the production of hydrogen peroxide
stimulates VEGF and sterilizes the wound (Figure 2) [3,22].
Another important enzyme produced by the honeybee is
invertase, which provides the honey with stronger osmotic
potential by hydrolyzing sucrose into fructose and glucose
[3,22]. Fluids in the wound are oozed out of damaged tis-
sues, leading to drying of cellular tissues and bacterial
death [3].

Notably, phenolic compounds, organic acids, vita-
mins, and flavonoids exert antioxidant activities and
boost the antimicrobial effect of honey. Flavonoids neu-
tralize free radicals produced by the hydrogen peroxide
[3,22]. In addition, the immunomodulatory effects of
honey enhance wound healing, and various ingredients
in honey contribute to its anti-inflammatory and antiox-
idant properties [81]. Moreover, the high concentration of
nutrients promotes epithelialization and angiogenesis
[2]. An important source of nutrients for the tissues is
derived from the presence of carbohydrates, especially
glucose and fructose, with maltose, sucrose, and isomal-
tose in smaller quantities. Carbohydrates represent about
80% of honey’s components [22,82–84]. Certain types of
honey exert their bactericidal efficacy primarily by bee
defensin-1 and the glucose oxidase enzyme. The latter
enzyme changes honey sugar into gluconic acid and 3%
of hydrogen peroxide, tolerated by tissues and effective
against bacteria [85].

7 Future directions with tissue-
engineered honey-impregnated
scaffolds

Despite the increase in studies on the use of honey for
wound healing, whether of traumatic or surgical origin,
only a few studies on its use on infected wounds have
been done. Some authors have analyzed honey’s potential Ta

bl
e
2:

C
ur
re
nt
ly

re
se

ar
ch

ed
ty
pe

s
of

ho
ne

y-
in
fu
se

d
sc
aff

ol
ds

N
o.

Te
ch

ni
qu

es
Ch

ar
ac
te
ri
st
ic
s

D
ra
w
ba

ck
s

R
ef
er
en

ce
s

1
El
ec
tr
os

pi
nn

in
g

M
an

uf
ac
tu
re
d
by

im
pr
eg

na
ti
ng

ho
ne

y
in
to

el
ec
tr
os

pu
n
na

no
fi
be

rs
.
H
ig
h

su
rf
ac
e
ar
ea

-to
-v
ol
um

e
ra
ti
o
en

ab
le
s
bi
o-
re
so

rp
ti
on

an
d
a
pe

rm
ea

bl
e

st
ru
ct
ur
e.

C
on

si
de

re
d
ea

si
es

t
to

ap
pl
y,

m
os

t
effi

ci
en

t,
an

d
co

st
‐e
ff
ec
ti
ve

Fi
be

r
m
or
ph

ol
og

y
ca
n
be

aff
ec
te
d
by

th
e
ad

di
ti
on

of
ho

ne
y

[7
]

2
H
yd

ro
ge

ls
A
so

lid
ge

l-l
ik
e
st
ru
ct
ur
e
m
ad

e
fr
om

a
po

ly
m
er

so
lu
ti
on

cr
os

s-
lin

ke
d
at

am
bi
en

t
te
m
pe

ra
tu
re

M
an

y
ty
pe

s
of

ho
ne

y
an

d
po

ly
m
er
s
ar
e
us

ed
to

pr
od

uc
e
th
es

e
hy

dr
og

el
s

[7
]

3
C
ry
og

el
s

Pr
od

uc
ed

by
fr
ee

zi
ng

a
po

ly
m
er

so
lu
ti
on

im
m
ed

ia
te
ly

af
te
r
cr
os

s-
lin

ki
ng

,
ca
us

in
g
ic
e
cr
ys
ta
ls

to
fo
rm

su
rr
ou

nd
ed

by
th
e
fo
rm

at
io
n
of

ge
l-l
ik
e
m
at
ri
ce
s

S
uc

h
sc
aff

ol
ds

ha
ve

a
w
id
e
ra
ng

e
of

ac
ti
ve

in
gr
ed

ie
nt
s,

m
ak

in
g
it

di
ffi
cu

lt
to

ev
al
ua

te
th
e
effi

ca
cy

of
in
di
vi
du

al
ho

ne
y
ty
pe

s
[8
8
]

Honey in wound healing  1097



on the growth of selected intestinal bacteria [42] and
against pathologic bacteria frequently isolated from the
skin wounds of mammals, including humans [35].

Nanotechnology is an emerging field that has found
its way into many applications, including medicine, drug
delivery, and cosmetics, and its application in medicine
is growing very rapidly [86]. In the past decade, tissue
has been widely investigated. Honey initially used in
wound healing was an 80–100% MH and a gelling agent;
however, due to its high osmolarity, it tended to leak out
of the bed of the wound. To resolve this issue, scaffolds
were implemented to provide slow and controllable
release of honey to maintain the absorption of wound
exudate (Table 2). Currently, tissue-engineered honey-
infused scaffolds include mostly electrospun fibers, cryo-
gels, and hydrogels. Such scaffolds may provide a better
honey delivery system [7,87]. In addition, several pre-
sented clinical cases illustrated that honey formulation
comprising natural wound care products such as L-Mesi-
tran Ointment, L-Mesitran Soft, and the associated ingre-
dients (vitamins, polyethylene glycol, etc.) enhance the
healing properties of honey [43].

8 Conclusion

MGH is a promising wound healing agent because it has a
broad spectrum of antimicrobial efficacy with no known
resistant pathogens. It has been shown to be effective
against clinical bacterial and fungal isolates and their
associated biofilm formation in a dose-dependent manner.
It is safe and cost-effective, especially in the treatment
of different types of wounds. MGH should be considered
a potential alternative to antibiotics or complementary
therapy for treating locally infected wounds. An improved
delivery system and a structure to support wound healing
could tremendously enhance the treatment process and
result in better outcomes.
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