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Propolis is a kind of reduct collected by bees from various plant sources. Because propolis is a mixture, it has a variety of biological
activities, excellent anti-inflammatory and bactericidal effects. Especially in the treatment of infectious wounds, acute wounds,
burns, and scalds and promoting wound healing, more and more scientists began to apply it to the research field of wound healing.
The standard preparation of propolis combined with other compound components has a safer and less toxic effect in the treatment
of trauma. In order to more effectively use propolis products in wound treatment. This paper reviews the effect and treatment
mechanism of propolis on different types of wound healing, as well as the synergistic effect of propolis and other compounds, in
order to provide ideas for the further exploration of the biological activity and pharmacological function of propolis in the future,
as well as its in-depth development in the field of wound healing. It will also provide a theoretical reference for the further

development and utilization of propolis.

1. Introduction

In a broad sense, trauma refers to body injuries caused by
physical, chemical, and biological factors, including knife in-
juries, crush injuries, and frostbite. Trauma has a high inci-
dence in the population. People have done a lot of research on
drugs for wound repair from the perspectives of anti-in-
flammatory, antibacterial, antioxidant, and antiseptic [1]. Many
drugs for treating local trauma have been developed, but most
drugs have single pharmacological activity and may have
certain side effects on the body [2, 3]. Silver sulfadiazine
(AgSD), a silver compound, is often used to prevent or treat
wound colonization, and also certain antibiotic-resistant bac-
teria. In vitro studies have shown that when acute rat wounds
are used as a model, the topical antibacterial agents silver
sulfadiazine and mafenyl acetate can destroy fibroblasts and
have toxicity. This indicates that silver sulfadiazine and mafenyl

acetate can significantly hinder wound contraction in the body
[4-6]. Some researchers have found that when sulfadiazine is
used to treat burns in experimental mice, it will also produce
greater inflammatory reactions, such as redness and swelling
[7]. Vaseline was used as the control group to treat the wounds
of mice. Compared with the drug treatment in the experi-
mental group, the wounds healed more slowly [8]. In a large
number of studies, propolis, as a natural product that can
promote tissue healing, has various biological activities, such as
anti-inflammatory, antibacterial, and antioxidant. It has ob-
vious advantages in promoting wound repair and has achieved
ideal therapeutic effects. This kind of wound healing refers to
the healing process after the body is broken or damaged by
external forces, skin and other tissues, including the regen-
eration of various tissues and the complex combination of
granulation tissue hyperplasia and scar formation, showing the
synergy of various repair processes.
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Propolis has always been considered as a folk medicine. Its
research can be traced back to ancient times, and it was dis-
covered about 300 years ago. Propolis is usually a sticky
substance, which is formed by the resin collected from trees by
Italian worker bees and the secretion of their maxillary glands.
Propolis is extremely complex and contains a variety of
compounds, such as flavonoids, terpenes, phenolic acids, al-
dehydes, and ketones, as well as a variety of hydrocarbons,
minerals, trace elements, vitamins, and enzymes. Twelve dif-
ferent flavonoids, namely, pinocembrin, acacetin, chrysin,
rutin, luteolin, kaempferol, apigenin, myricetin, catechin,
naringenin, galangin, and quercetin; two phenolic acids, caffeic
acid and cinnamic acid [9] (Figure 1). Propolis is a kind of
mixture, which contains a variety of chemical components, but
its most active chemical substances can also play a role alone.
Phenethyl caffeic acid extracted from bee propolis is a receptor
activator that regulates oxidation state and NF-kB ligand
(RANKL)/osteoprotegerin (OPG) signal, and has potential
protective effect on glucocorticoid induced osteoporosis (GIO)
[10]. It can also promote collagen deposition, re-epithelial-
ization and wound healing in mice 12 days after pressure ulcer.
In addition, it also promoted the inflammatory response,
oxidative stress, and NRF2 expression, and made the skin
wound of pressure ulcer in mice heal [11]. In order to de-
termine the relationship between polyphenol derivatives in
propolis and their antioxidant and antibacterial activities, some
researchers studied the propolis extract from Bihor County,
Romania. Different ethanol concentrations were used to extract
propolis. The total polyphenols measured ranged from 1.5 to
91.2 mg/g. The final results showed that 50% ethanol extract
provided rich polyphenols and ensured good antioxidant ca-
pacity [12]. In addition to caffeic acid phenethyl ester and
polyphenols, there is also an important single-substance fla-
vonoids. chrysin (CR) is a flavone, which exists in propolis and
many plants. Populin was used to treat LPS-induced sepsis in
rats, which could reduce the levels of oxidative stress markers
and cytokines in patients with sepsis [13]. With the deepening
research on propolis by scholars at home and abroad, the
biological and pharmacological activities of propolis have been
further revealed. It plays an important role in antioxidation,
scavenging free radicals, antibacterial and anti-inflammatory,
protecting the liver, improving human immunity, antitumor,
oral health, regulating blood lipids, gastrointestinal diseases,
anti-vascular effects, reducing blood glucose, and so on [14]
(Table 1).

Studies have shown that different forms of propolis have
an effect on wound healing (Table 2). According to these
results, it can be seen that propolis has a significant effect on
various wound treatments. On the basis of previous studies,
this paper summarizes the effect and related mechanism of
propolis on wound healing and the synergistic effect of
propolis and other compounds, which further clarified the
medicinal value of propolis and provided a more powerful
basis for propolis theory.

2. Effect of Propolis on Wound Healing

The skin is the largest organ of the human body. When it
comes into direct contact with the external environment, it is
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often damaged by a variety of physical, chemical, and bi-
ological factors. Minor trauma is limited to skin surface
injury, while severe trauma may include rupture and fracture
of muscles, tendons, and nerves. As the body’s first-line of
immune defense, it is easily invaded by bacteria after being
destroyed, causing wound infections. Therefore, the skin
should be treated promptly after trauma. Classical wound
healing is divided into inflammatory stage, tissue growth
stage, and tissue remodeling stage [46]. The repair method
and time are determined by the degree of injury, the ability
of tissue regeneration, whether the wound has necrotic tissue
and foreign bodies, whether there is infection and other
factors. Propolis has a unique effect on the healing of trauma
and surgical knife edge. It has many effects, such as pain
relief, antibacterial, promoting skin regeneration on the
wound, promoting granulation growth, limiting scar for-
mation, and so on. It is much superior to the methods in
other stages currently used.

2.1. Effect of Propolis on Acute Trauma. Acute trauma is a
trauma caused by a direct or indirect external force. It is
generally caused by trauma, war injuries, and emergencies,
including burns, lacerations, abrasions, and surgical
wounds. With the rapid development of industry, agricul-
ture, transportation, and sports, the trauma caused by
various accidents is increasing. Trauma not only has a high
incidence, but also varies greatly in degree. The injury can be
serious and complicated, and even endanger the life of the
wounded. Severe trauma can cause systemic reactions, local
manifestations include pain, swelling, tenderness in the
injured area, deformity, and dysfunction in case of fracture
and dislocation. Severe trauma may also have fatal bleeding,
shock, asphyxia, and disturbance of consciousness. There-
fore, it is necessary to use the physiological activity char-
acteristics of propolis to treat acute wounds.

2.1.1. Burn. Generally, burn wounds have to go through
three stages: inflammation, tissue hyperplasia, and scar
formation. The early inflammatory response largely deter-
mines the development of later scars. For the human body,
the largest organ is the skin, and the normally healed wound
after trauma will not affect the function. Only in case of
severe trauma or abnormal inflammatory response, the
tissue is over repaired, resulting in scar tissue, affecting the
beauty and even causing canceration [47, 48]. Some re-
searchers used pigs as experimental subjects and caused 72
contact burns on the left and right sides of pigs. In the
process of collagen extraction, propolis ointment can
stimulate the extraction rate of collagen more than other
preparations. The expression of collagen and its components
was significantly increased. In addition, the increased ac-
cumulation of collagen in the damaged matrix cured with
propolis may stimulate the repair process [3]. Burned rats
were treated with 5% propolis every day, which cured second
degree burns in the neck area of female rats due to metal
scald. Propolis treatment accelerates the process of tissue
repair and leads to the reduction of local inflammation,
which indicates that propolis treatment is successful. The
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production of collagen fibers was stimulated at all evaluation
stages by morphometry. The authors believe that propolis
treatment can restore function faster and finally improve the
quality of life of burn patients [49]. Some researchers have
also explored the applicability of collagen membrane of
water alcohol extract of red propolis and green propolis to
skin burn healing in rodent model. The water and alcohol
extracts of the two were combined with collagen-based
dressing membrane for burn wounds on the back of rats. The
inflammatory response, epithelial formation rate, myofi-
broblast count, and collagen formation were evaluated
histologically at several time points during wound healing.
The results showed that the water and alcohol extracts of the
two propolis could reduce the degree of inflammation. In
addition, propolis showed no toxicity during treatment,
indicating that propolis had a good effect on wound healing
[50]. Some people have studied the dynamic changes of
vitronectin, laminin, and heparan sulfate/heparin during the
healing process of experimental burns. The wounds were
treated with propolis, silver sulfadiazine (AgSD), normal
saline, and propolis carrier. After burns, the content of
adhesion protein increased, and after treatment with

propolis, it showed a significant decrease. Compared with
several other preparations, propolis can stimulate wound
healing faster and reduce inflammation. This also reveals the
potential role of propolis in promoting wound healing [51].

2.1.2. Other Acute Wounds. Common acute wounds can
also appear at any time in life, such as lacerations, abra-
sions, and postoperative wounds. For some small wounds,
the repair ability of the body tissue can heal itself, but for
serious and complex wounds, medication must be used.
Some researchers used a combination of technology to
encapsulate propolis in a self-microemulsification formula
to treat trauma in rats. Release studies have shown that
propolis markers can be released continuously for up to 7
days. This new type of dressing is based on a self-micro-
emulsified drug delivery system that co-encapsulates
propolis and cinnamon essential oil in BC to achieve a
polysaccharide film with high antimicrobial activity to
promote wound healing [43]. In this study, four kinds of
propolis-containing extracts and one kind of nano-metal
particles without propolis were prepared by microwave



Evidence-Based Complementary and Alternative Medicine

1i0]4d uappvqoonjapy Aq SSBISIP doxd
[62] paonpur asuodsax L10jewrurejur-oxd o) payqIyur A[9A13000 uonjeanoe [eudis qu-IN pue YJVIA Hqrqu] [eunsajuIos)Sen) stodoxd teaioy sl
ansst) [erpIesofw FREYiE] doxd .
[82] ur uorssaxdxa z-XOD pue uoneraus3ap [esrdojoyredoisiy ‘SowAzus [RIPILOOA ‘SS2IIS SAIEPIXO 0Npay  dandd)01dorpre) SHOAOIE Ui "UeIRL vl
AyAn)oe Jueprxonue 3dUBYUS [9A3] pirdi[ poorq onpai spidr
[c2] erse[drod£y rewmuroau yiqryur 8_%@8 u_EﬂoBMoﬁowuL&w: M_ﬂ_mﬁﬁoﬁom pniores jo judwaAordwy] pooiq %Eﬁw?wom speorews med siodord adky-snndoq €1
lo7] 90TW $332qeIp UT SSOT JYFIoM pue 250on[3 Poo[q Jo aseaIour Yy payIqryur Apueoyrudig 1092 orweoA[SodAH jo E%MWMNWV MMMMM&MWQEE u
[sz] s[ieo eworS 97 ur sisojdode saonpur Aemyzed apeoses asedses Jo uoneAnOy Ayan)oR JOUWMINUY stjodoid Aoxpng,-Sepinay, 11
¥2] asuodsar Arojeuwrwuepjur pasearddp £1940021 [euonjeziuedio 19)sej esoonw [eurdea jo uoneziuedioNny asn Teurep Jenxe sijodoid 01
(2] ssa1)s aanjeprxo pue speudts Lrojewrwrejur ‘uonisodap uageioo oneday jo uoneurwy Ayranoe 19A1] 109301g  stjodoid Jo SATIRALISP S[qN]OS-ToueY)Y 6
yjeap [[e0 pauwrwreidord
[ee] 0} UOISIdAI sIso1dau djowrord xop jo Aj1anoe 1eouedsnue Yy Jupueyus pue sisoydode Junowoig £ranoe roumipuy (1-dVv) 19enxs sfjodoxd uerensny 8
[12] (stsauagonqny) (98 XIIjewW UO S[[22 [BI[PYIOPUS JO UOTJRWIO} 2INJONI)S Je[nqni JO UONIqIyu] stisouafordue-nuy  [1zeig urdyinog woiy sijodoxd umorg L
[oz] syex Lroyewrwrepyur jo dind [eyusp ur uorssaxdxa 9-] Jo uonIqIYUL aseastp dnd reyuag stijodoad -ds euoSy, 9
[61] wa)sAs ordIourure}sTy 03 wsIuoSejue UOIBULIO] 20N PIONPUI JBUJOIP JO UOHIQIYU] 199p2 190[M-NUY sijodoxd uerpizerg S
[81] uoneIdIur [[20 Iopuly pue JOLW/NV jo uonedroydsoyd a1 aseasour sisoydode Suronpuy 20UB)SISAT UOIjRIpRy sijodoig ¥
(1] ansst) Teyuopotiad [eurdrewr aaoxdwi [eyusp saowar A[PANOIYH yIeay [e1Q (gad) syodoid jo 1oenxe uerizerg <
[91] anssyy Aoupny| pue JoA1 ‘searoued ur juswasordwr juedsyrugdis asoonf3 poojq Jo aseaIddq $319qeI(] sijodoxd Aoymy, ‘queysy 4
[s1] s10)oej oruadordue pue Arojewrwreur SunemsSar esre UOISI JTJOIAISOIAYJE INPAY SISOIS[ISOIYIY stjodoxd umoiq 10 ‘par ‘usain I
SIOUIJNY J[NSaI UBTIA suonjeordde [eotpoy ad4y srjodoxg OM

‘stjodoxd 3tm saseasIp 1910 JO JUIUI)eAI], i ATAV],



Evidence-Based Complementary and Alternative Medicine

saanins ﬂmuww.ﬁ.—m 0]

UOTRUIQqUIOD PBIIY) [eITPaUl

[s7] Tomod Ter1a)oeqrue 2AT)I9JS saA13 wonjeIdjord pue woneidru oo 2j0uwoIg punom papajut Apeaiing QOMMM%MMMMMMMMM%Q ot
[#%] 109J2 12132q PUE W) I2IOYS SPUNOM Pajeururejuod jo Iredar anssiy, (wur 9 ynoqe) punom SUBIQUIITU 3SOTN[[3201q ST
(7] pasearour uononpord uae[jod pue jse[qoiqy pasoidwr Juresy punop BUWINEI) DU pue Yoeq surejuod stjodoid ¥1
(25] pIoe dTHoIN[eAY [eINJRU JO SISAYJUAS worsuL speg sijodosd Surureiuos o1
paseasour uonisodap uade[joo 03 saynquiuod uonerdrjoid ise[qoiqry SUISSOID PUNO
(%] BUWIAPS PUE UONRUIUIR[UI OU PIdNPAI SEM UINg 3} JO BaIR I, punom wing 22139p pIIyy, 19991p punom 4
[0%] uonisodop waSejoo aaordwr Sureay punom 2)eIs[a0y (wrur [T Jnoqe) punopp 1
aredar anssy pue uonerdjrord
[6€] liER Sunns Aq pasneo ofeureq o1
sje[nUITS S[[22 dTj0JTW Jo Toquunu d5re[ e usaBe[od pue s)Se[qQOIqY SUTLIUOD) joenxa stjodoig
1990 [erIa)oeqUE UDYS dA0xdur
[8¢] 3002 A10JIQIUUT 2ARY Sip1uLiapida sn22020jAydvig pue snainy snaosojdydois punom ups 6
(€] juafe Jurddes dnd se A[xop1o axowr paSueire are sanqn) URUA( punom dnd yjoog, 8
anssn uonenuerd
[9¢] Ioydry 9je1 uonenyur 25 Aroyewrweyur ydry Suresy punom dn paadg punom tpis yed L
[s¢] S[90 UDYs JO YImoI13 pue woneanoe ‘uonerdjroid oy sdueyUY TTSL-TID T1PD 9
[¥¢] Si1qvA sN2304d AQ PISNED UOTIOJUI PUNOM OTUOIYD JO JUSWIILI], punom dTuoIyD S
anssn) uinq jo iredax
(€] Y} 2JBIS[2008 0] 2INSO[D PUNOM pue IMoI3 anssn) ‘vorenued 1oy paxmbax wing judunuio srjodoig ¥
90BJINS PUNOM 3} U0 SUedA[SouTIresodA[S Jo uone[NINOOE JY) $9JBINUINS
UNUSP 2ATRI0NSAT d
[ce] Sunemums vonemndod [[25 [IqOIXTWI pUER UOTJEWTIEFUT MO] UTEJUTEA punos d[id €
[1€] Surfesy] punom padouRYUS BITE I[N PIINPIY I90[N 100J dn_qeIq 4
[og] uonjerdjrjoxd oo sahoounersy Sunemnums 3Py uoIsUT unys arenbg I
SAOUDIJOY S)[NSAI UTRJA [opowr [ejyuduuLradxy urioj srjodoxg ON 'S

“urreay punom uo sfjodoid jo surio] JuaIoyIp Jo $199PH g A1V,



method, and their wound healing activity in the experi-
mental model of rat wound resection was evaluated. It
proves the possibility of this new material dressing con-
taining propolis for wound care. Compared with other
nanoparticles, it has a significant effect [52]. Someone also
studied silk threads coated with propolis and bio-silver
nanoparticles, and conducted characterization studies. This
antibacterial suture material with enhanced wound healing
function can protect the surgical site from infection [31].
Nigerian propolis was used as a wound healing agent to
treat full-thickness skin wounds in healthy adult male al-
bino rats. According to the wound healing index, Nigerian
propolis extract can accelerate wound healing, similar to
silver sulfadiazine (AgSD), which can be used for medical
treatment [53]. In addition, an external preparation
(apavash ointment) containing Brazilian micro-propolis
extract and Peucedanum leaf extract was used to treat the
wounds caused by surgical perforation in rats. After two
weeks of experiment, the experiment was divided into four
groups: gauze group, polyethylene glycol basic ointment
group, apavash ointment group, and polysporomycin
group. The final result was that the apavash ointment group
and the polysporomycin group showed some additional
benefits, using myeloperoxidase and histological counts, as
well as fibrosis and hydroxyproline production. The results
showed that both of the two treatments could promote
wound healing and form better skin quality [54].

The resected wounds of experimental rats were treated
with Indian propolis ointment to evaluate its healing po-
tential. Compared with the control group, the wound
contraction was significantly improved. The levels of
hydroxyproline, hexosamine, uronic acid, DNA, RNA, and
protein in wound matrix increased significantly. Therefore,
the authors concluded that the ethanol extract of Indian
propolis has significant healing promoting activity by ac-
celerating the healing process at different stages of tissue
repair [8]. In addition, two square skin incisions were made
in the neck of the rats and treated daily with a preparation
containing propolis ointment. Compared with the control
group, the propolis ointment affected the healing process of
stimulating the proliferation of keratinocytes. It shows the
promoting effect of propolis ointment on wound healing
[30]. In addition, the effects of oral propolis alone or
combined with nano-silver on wound healing in male rats
were also studied. The control group was not treated, and the
experimental group was divided into three groups. Propolis
alone and propolis combined with two different concen-
trations of nano silver ions were taken orally. The healing
rate was determined by the reduction of wound surface area
on postoperative days 4, 6, 8, and 10. The results showed that
the wound healing of the control group and the experimental
group was significantly different, especially, the fibroblast
count of propolis + 30 ppm SNPs group was the highest, and
the difference of collagen fiber density was also significant.
Finally, the authors concluded that oral propolis alone in
combination with 30 ppm SNPs can provide anti-inflam-
matory effects and increase fibroblast proliferation and
collagen deposition in experimental wounds, which may
explain the observed healing differences [55].
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2.2. Effect of Propolis on Chronic Trauma. Chronic trauma
generally refers to the trauma accumulated by small trauma
due to repeated attacks caused by improper treatment after
acute injury, or constant strain during exercise. The
symptoms of chronic wounds are slow, the course of disease
is prolonged, and skin and soft tissue defects cannot be
repaired in time. It includes oral ulcer, diabetic foot ulcers,
and venous ulcers of the lower extremities. Propolis also
plays an important role in the treatment of chronic wounds.

2.2.1. Oral Ulcers. Oral ulcers are a common oral mucosal
problem. The patient suffers severe pain during the onset. In
severe cases, it affects eating and speaking, causing great
inconvenience to life. What effect does propolis have on oral
ulcers? In a diabetic rat model, Indonesian scientists con-
cluded that the application of propolis extract gel to oral
mucosal traumatic ulcers can reduce the expression of
MMP-9, increase the expression of vascular endothelial
growth factor (VEGF), and accelerate the healing process
[56]. In the experiment of using propolis to study oral ulcers,
propolis was not only applied to animals, but also was used
to treat human oral ulcers. Israeli researchers have launched
a clinical trial using propolis to apply propolis to the affected
area of a girl with a serious oral ulcer problem and ineffective
long-term treatment. The test found that after applying
propolis for 10 days, the area of the ulcer was significantly
smaller and narrower. After applying propolis for 3 weeks,
the oral ulcer was completely healed, and the oral ulcer did
not recur in her subsequent life [57]. Recurrent aphthous
stomatitis is also a common, painful, ulcerative oral disease.
Patients take 500 mg of propolis a day. After six months of
experimentation, the quality of life of patients taking
propolis has improved significantly. The final results show
that propolis can effectively reduce the recurrence of re-
current oral ulcers and improve the quality of life of the
patients [58]. The Brazilian green gum gel is used to treat
patients with denture stomatitis, and the drug is continu-
ously administered four times a day for one week. Brazilian
propolis gel has mucosal adhesion properties and can
promote the healing of the affected parts of all patients. None
of the patients showed any signs or symptoms of allergies or
allergies [59].

2.2.2. Venous Leg Ulcers. Chronic venous ulcers of the lower
extremities are serious and intractable manifestations of
chronic venous insufficiency of the lower extremities, and
the prevalence in the population is as high as 1.1-1.8%. There
are many factors that cause venous ulcers. It is believed that
the most important pathogenesis is venous hypertension
caused by abnormal venous blood flow. The pathophysio-
logical basis of venous ulcers is venous hypertension of the
lower extremities. Either venous return obstruction or ve-
nous backflow can lead to venous hypertension. Venous
ulcer of lower limbs, commonly known as “old rotten leg”, is
mainly a chronic skin ulcer in the middle and lower leg.
Some researchers used propolis ointment to locally ad-
minister lower extremity venous ulcer, and evaluated its
curative effect. Fifty-six patients were divided into two
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groups. One group was treated with topical propolis oint-
ment application and short stretch bandage compression,
and the other group was treated with Unna’s boot leg
compression surgery without topical propolis treatment. The
two groups healed completely in the sixth week and the
sixteenth week, respectively. It is obvious that the use of
propolis to treat wound healing time significantly speeds up,
an auxiliary propolis ointment treatment increases the ef-
ficacy of short stretch bandage compression stockings, this
combination treatment is more effective than using Unna’s
boot compression stockings alone [60].

2.2.3. Diabetic Foot Ulcer. Diabetic foot ulcer is an ischemic,
neurological, and neuroischemic pathology of the foot
caused by diabetes. It can cause different degrees of infec-
tion, ulcers, and gangrene in the foot, and increase the risk of
amputation. It is one of the common complications of di-
abetes. In diabetic patients, there is a 15-20% chance of
suffering from diabetic foot [61]. Some researchers have
studied topical propolis to promote wound healing in pa-
tients with diabetic foot ulcers. Finally, within 4 weeks after
topical application of 5% propolis ointment, the area of the
ulcer was reduced and the wound healing process was en-
hanced [31]. There are also patients who used propolis to
treat diabetic foot ulcers. The propolis group and the
treatment group were completely healed in the third and
seventh weeks, respectively, and the active MMP-9 of the
propolis group was significantly reduced after debridement
[62]. Another research team revealed the molecular
mechanism of improved diabetic wound healing after
propolis treatment. The results showed that after treating the
wound with propolis, it significantly promoted the healing of
the wound in diabetic mice. Propolis promotes tumor
growth factor f (TGF-f) signal transduction, significantly
reduces the levels of matrix metalloproteinases and pro-
inflammatory cytokines in the wounds of diabetic mice, and
enhances the deposition of type I collagen [63]. In addition,
some researchers have evaluated the role of propolis as an
adjuvant in the healing of human diabetic foot ulcers.
Dynamic healing of diabetic foot wounds with propolis
spray. At the same time, the macroscopic and microscopic
aspects of the wound healing process were analyzed.
Compared with the control group, propolis promoted an
average reduction of 4 cm” in wound area, which was related
to the increase in connective tissue deposition. In addition,
propolis increased the ratio of glutathione and glutathione/
glutathione disulfide, and decreased TNF-« and increased
IL-10 [64].

3. The Possible Mechanism of Propolis on
Wound Healing

The mechanism of wound healing by propolis mainly in-
cludes the following five aspects: antibacterial, anti-in-
flammatory, antioxidant, immune, and mast cell (Figure 2).

3.1. Anti-inflammatory Effect. Inflammation is a kind of
defense response of the body to stimulation, which is

characterized by redness, heat, pain, and dysfunction. It can
be infectious inflammation caused by infection or non-in-
fectious inflammation caused by infection. After experi-
encing burns and trauma, severe symptoms are manifested
by a large number of degenerated and necrotic tissues,
bacterial invasion, massive production of free radicals, and
inflammation caused by stress response [65]. Scientists have
found that propolis can alleviate inflammatory problems and
promote wound healing. The anti-inflammatory biological
activity of propolis is mainly related to the fact that propolis
contains a large number of flavonoid anti-inflammatory
substances, such as carnitine and galangin, as well as phe-
nolic anti-inflammatory substances, such as caffeic acid,
ferulic acid, phenethyl caffeic acid, and so on [66]. A large
number of in vivo experiments on the repair activity of
propolis have observed that propolis promotes wound re-
pair, accompanied by inhibition of local inflammatory re-
sponse of wound (Table 3).

Some researchers knocked out the smad3 gene in mice,
which abnormally showed accelerated skin wound healing
compared with wild-type mice. The results showed that the
local mononuclear cell infiltration of the mouse wound was
significantly reduced, and the re-epithelialization speed
increased, reflecting the inhibitory effect of the inflammatory
response on the re-epithelialization [71]. Dietary propolis
has an effect on the metabolism of arachidonic acid in vitro
and in vivo. It significantly inhibits the lipoxygenase path-
way of arachidonic acid metabolism in the process of in-
flammation in the body [72]. Propolis ethanol extract may
exert its anti-inflammatory effect by inhibiting the expres-
sion of iNOS gene, by acting on the iNOS promoter at the
NF-kB site and directly inhibiting the catalytic activity of
iNOS [73]. There is another possibility that the anti-in-
flammatory effect of propolis may be caused by the carbon
monoxide mechanism [74].

In general, inflammatory response can play a positive
role in wound repair through anti-infection, tissue de-
bridement and release some cytokines, but it will also inhibit
some aspects of tissue repair.

3.2. Antibacterial Effect. Bacterial infection is an acute
systemic infection caused by pathogenic bacteria or con-
ditional pathogenic bacteria invading the blood circulation,
growing and reproducing, producing toxins and other
metabolites. Clinically, it is characterized by shivering, high
fever, rash, joint pain, and hepatosplenomegaly, some pa-
tients may have septic shock and transitional lesions.
Since ancient times, humans have used the antibacterial
properties of propolis, including as a wound healing pro-
moter [75]. A large number of experiments have also shown
the antibacterial properties of propolis (Table 4). At present,
the research on the mechanism of antibacterial activity is not
clear, and it may be combined with some other biological
materials to play a role. Some researchers also pointed out
the antibacterial activity of propolis ingredients, polyphenols
and flavonoids against Escherichia coli and Staphylococcus
aureus [80]. Studies have also shown that propolis extract
drug-loaded preparations can inhibit Staphylococcus aureus
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TaBLE 3: Study on anti-inflammatory mechanism of propolis promoting wound healing.

S. Propolis administration

Trauma model Action effect References
No mode
1 External application Burn Accelerate the tissue repair process reduced local [49]
inflammation
2 Drip Alkali burns of rabbit Decreased infiltration of inflammatory cells [67]
cornea
3 Six traumas in diabetic Reduce neutrophil infiltration normal macrophages in (68]
mice wound tissue
4 Apply Superﬁc1albs::rcrcl)nd-degree Reduced inflammation rapid wound healing [69]
5 Skin wounds in diabetic  Increase in damage shrinkage reduction of inflammatory (70]
mice symptoms

and Staphylococcus epidermidis [38]. In addition, propolis
also has a good antibacterial effect on negative bacteria such
as Escherichia coli and Pseudomonas aeruginosa [81]. The
amino acids, vitamins, and carbohydrates contained in
propolis, can provide local nutrition for wounded tissues
and improve the microenvironment of local tissues [82].
This may be one of the reasons why it promotes tissue repair.
Propolis has a good antibacterial activity, no side eftects of
general antibiotics, and does not produce drug resistance.
The effect of propolis on Gram-positive bacteria is stronger
than that on Gram-negative bacteria, especially for Staph-
ylococcus aureus. Some researchers have studied the

characteristics of silk thread coated with propolis and bio-
logical silver nanoparticles, which is based on the wound
healing of surgical site infection. Bioactive propolis coated
suture showed effective antibacterial activity against path-
ogenic Gram-negative and Gram-positive bacteria, Escher-
ichia coli and Staphylococcus aureus [45].

3.3. Antioxidation Effect. Oxygen is an indispensable ele-
ment for human life activities. However, while oxygen reacts
in the human body to provide heat energy for the human
body, some oxygen will produce hydrogen peroxide,
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TaBLE 4: Study on antibacterial mechanism of propolis in promoting wound healing.
S. Propolis administration Trauma Action effect References
No mode model
. Antibacterial activity against Streptococcus mutans reduced the

! Apply Oral cavity proliferation of biofilms (76l

2 External application jzla;gf Staphylococcus aureus has inhibitory effect (77]

3 Rat wound The antibacterial activity of Escherichia coli and Staphylococcus aureus was (78]

enhanced
4 Drip All three propolis had inhibitory effects on Streptococcus albicans [79]

superoxide anion, and free radical hydroxyl. These excess
free radicals will act on the cell membrane and lipid sub-
stances in blood to form lipid peroxides. They will deposit on
the cell membrane, resulting in the loss of membrane
function and the decline of cell vitality, resulting in human
aging. Propolis is recognized as a natural antioxidant be-
cause it is rich in flavonoids, unsaturated fatty acids, VE, VC,
and trace elements such as zinc and selenium.

After severe burns, mediators including reactive oxygen
and reactive nitrogen increase in the affected tissues [83]. The
rich flavonoids, phenolic acids, and mushroom alkenes in
propolis make it have a good antioxidant effect. Therefore,
this is probably one of the important reasons for propolis to
promote wound healing. There are also experiments to prove
the antioxidant activity of propolis (Table 5). These antiox-
idant active substances can directly scavenge free radicals or
increase the activity of some antioxidant enzymes in the cell,
and even exert their antioxidant activity by affecting the signal
transduction process of oxidative-stress-related transcrip-
tional regulators [87]. Researchers studied the effects of
propolis on free radicals in burn tissues and detected the
concentration of free radicals in burn tissues in the propolis
treatment group by electron paramagnetic resonance spec-
troscopy. The results showed that propolis can make the
concentration of free radicals in burn tissues relatively low
[88]. Some researchers made propolis into local liposomes for
wound treatment and tested its antioxidant capacity. The
results showed that the antioxidant activity was not related to
the concentration of propolis in ethanol solution, which may
be the result of the stability of antioxidants and even oxidants
in propolis. In addition, F3 liposome formulation showed
higher antioxidant activity than S3 solution. The results
showed that the empty liposome preparation may also have
significant antioxidant activity [89]. The antioxidant activity
of some propolis samples collected from Palestine and Mo-
rocco was determined. The measured propolis samples
showed stronger DPPH radical scavenging activity, with
EC50 between 0.14 +0.0land 0.02 +0.01 mg/ml. Moreover,
the content of total phenols and flavonoids/flavonols in the
sample was high, so it has strong antioxidant and antibacterial
properties [90]. When Tigzirt propolis was tested for anti-
inflammatory and antioxidant effects, it was found that
propolis extract helped to reduce PGE2 and TNF-a, Mye-
loperoxidase and malondialdehyde levels, and increase the
total antioxidant level in plasma [91].

These studies suggest that propolis and its active com-
ponents may increase or restore the activity of some

antioxidant enzymes in traumatic tissue, and promote the
increase of its content and the direct scavenging effect on
free radicals, protect cells from oxidative damage, so as to
promote tissue repair. In addition, some researchers have
found that H,O, released outside the cell can pass through
the plasma membrane through specific aquaporins (AQP3)
that regulate intracellular reactions. AQP3-promoted water
transport plays a key role in cell migration and accelerates
skin wound healing. Their results showed that reactive
oxygen species (ROS) produced by propolis exposure could
diffuse to the plasma membrane through AQP3 [92].

3.4. Immune Function. Wound healing is a complex process.
In addition to the aforementioned antioxidant, antibacterial,
and anti-inflammatory properties, immunity also plays a very
important role. A variety of important immune cells and
immune molecules are involved, and the in-depth study of
their mechanisms can guide clinical targeted therapy to
promote wound repair. The immunomodulatory effect of
propolis is mainly manifested in three aspects, namely, its
effect on macrophages, lymphocyte-level antibody produc-
tion, and antitumor activity [93]. In immune cells, antigen
presentation, phagocytosis, cytokine production, and in-
flammation are closely related to macrophages, and they play
an important role in the immune system. Some researchers
used wax-free and fully water-soluble derivative (WSD) to
conduct bacterial experiments first, and then to detect TNF
activity. After using WSD, it can change the hemolysis in the
serum. It can stimulate the macrophages in the abdominal
cavity to produce other mediators, which is also consistent
with the decrease in NBT and the increase in total protein
secretion [94]. Studies have shown that the six compounds
separated and identified from Brazilian propolis can improve
the fluidity and dispersion of macrophages [95]. The effects of
propolis extract and several other substances on human basic
immune cells were studied, and the DNA synthesis and
production of different types of cytokines by mitogen-acti-
vated peripheral blood mononuclear cells (PBMC) and pu-
rified T lymphocytes were tested impact. The results show that
monocytes/macrophages (IL-1f, IL-12) and Thl-type (IL-2)
and Th2-type (IL-4) lymphocytes produce cytokines which
are inhibited, while T regulatory cells produce TGF-$1 in a
rising state. The above experimental results prove that
propolis has a direct regulatory effect on the basic functional
characteristics of immune cells, which may be mediated by
the Erk2 MAP kinase signaling pathway. Therefore, bee



10 Evidence-Based Complementary and Alternative Medicine
TaBLE 5: Study on antioxidant mechanism of propolis in promoting wound healing.

S.NO Propolis administration Trauma model Action effect References
mode

1 Gastric ulcer Increased mucin prodl.lctlon prc.)hfe.ratlon of mucosal cells (84]
Oral reconstruction of oxidation balance

) Esophageal burn in  Reduced lipid peroxidation promotes the recovery of antioxidant [85]

mice enzyme activity
3 Apply Deep burns Increase the content of SOD in serum [86]

propolis can be regarded as a powerful natural inflammatory
drug, which may affect different types of immune responses
through immune regulatory T cells [96].

3.5. The Role of Mast Cells in Wound Healing. Mast cells are
involved in three phases of wound healing: inflammatory
phase, proliferative phase, and remodeling phase [97-99].
When the body is traumatized, one of the first cell types to
respond is mast cells, which are a large number of in-
flammatory cells present in the body [100]. It mainly in-
cludes histamine, VEGF, interleukin IL -6, and IL-8, which
help to increase endothelial permeability and vasodilation,
and to promote the migration of monocytes and neutrophils
to the wound site [101]. During inflammation, mast cells first
aggregate to the wound injury site, where they mediate
monocytes, followed by neutrophils, releasing all mediators.
During the proliferative phase, mast cells interact with
keratinocytes to elevate keratinocytes from the basement
membrane and migrate into the wound. Then interact with
fibroblasts, and fibroblasts will release some growth factors
to promote wound healing. Finally, the effect on angio-
genesis, mainly a regulatory effect, is that mast-cell-derived
mediators contribute to neovascularization, fibrinogeno-
genesis or re-epithelialization during repair. In the
remodeling phase, it is primarily the role played by other
cells recruited by mast cells, such as macrophages, which
play a role in re-epithelialization, fibroblast proliferation,
and remodeling through the release of FGF and TGF-f
[102]. Caffeic acid phenethyl ester (CAPE), the active in-
gredient in propolis, can reduce the release of histamine and
the production of inflammatory factors in wound healing, as
well as the release of locally induced vasoactive substances
[103, 104]. Chrysin and kaempferol are previously reported
flavonoid compounds that inhibit mast cell release of
chemical mediators and cytokines, such as IL-4, IL-13
[105-107]. The ethanolic extract of Chinese propolis is the
strongest inhibitor of mast cell degranulation, and chrysin
and kaempferol are also the active ingredients in propolis
ethanol extract. Chrysin also inhibits cytokine production by
mast cells after antigenic stimulation [108] and reduces
histamine release from mast cells [109]. Treatment of oral
surgical wounds with propolis and dexamethasone to
compare their effects on mast cells around the wound.
Compared with dexamethasone, the number of mast cells in
the wound treated with propolis was reduced, and the
wound treatment showed a good anti-inflammatory effect
[110]. Zinc and mast cells induce inflammatory cells (such as
skin fibroblasts) to produce IL-6, which plays a key role in

wound healing and promotes wound healing by activating
gpr39/IL-6 signal axis [102].

4. Synergism between Propolis and Other Drugs

Many scholars have made propolis into different forms of
wound dressings, such as foam, polyurethane, nano-propolis
fibers, hydrogels, and so on. Antibacterial activity is one of the
main physiological activities of propolis, and it plays an
important role in promoting wound healing. The combina-
tion of propolis and antibiotics is used frequently. For ex-
ample, Brazilian red propolis (BZP-BRP) and fluconazole are
used to evaluate the ability to show resistance to Candida
glabrata . In order to analyze the development of drug re-
sistance, these fungal drug-sensitive strains were cultured in
fluconazole and Brazilian red propolis (BZP-BRP). The lab-
oratory results showed that Candida was resistant to various
antifungal drugs. Brazilian red propolis (BZP-BRP) is not
only active against resistant strains, but also does not induce
resistance. In addition, the synergy between the two was
studied by the chessboard method, and the results showed
that for most isolates, Brazilian red propolis and fluconazole
have a synergistic effect [88]. Propolis (collected from Brazil
and Bulgaria) and antibiotics (chloramphenicol, tetracycline,
and neomycin acting on ribosomes) may have a synergistic
effect on Salmonella typhi in vitro. The synergy is studied by
using the sum of the minimum inhibitory concentrations of
propolis and these antimicrobial agents, and the number of
living cells is evaluated according to the culture time. Brazilian
propolis has antibacterial effect on Salmonella typhi, while
Bulgarian propolis has bactericidal activity and has synergistic
effects with three antibiotics [111].

The antibacterial properties of ethanol extracts of 13
propolis samples from different regions of Serbia on 39
microorganisms were studied, and the synergistic effect of
propolis and antibacterial drugs was measured on agar
containing sub-inhibitory concentration of propolis by the
disc diffusion method. Propolis ethanol extract exhibits
synergistic effects with selected antibiotics and shows the
ability to enhance antifungal activity. This indicates that the
antibacterial potential of propolis alone or in combination
with certain antibiotics and antifungal drugs has potential
medical value [112]. Experimental studies have shown that
the ethanol extract of propolis with strong antibacterial
activity has significant synergistic effect on the antibacterial
activities of streptomycin and cloxacillin and has moderate
synergistic effect on other antibacterial activities except
ampicillin [113]. In addition, the combined use of propolis
and drugs also has a certain therapeutic effect on cancer cells.
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Some researchers have focused on the effects of photody-
namic therapy mediated by propolis and radachlorin on
human head and neck cancer cells AMC-HN-4. After ad-
ministration of propolis and radachlorin, laser irradiation
was performed, and the viability of AMC-HN-4 cells was
analyzed by MTT method. The final results show that
compared with photodynamic therapy or propolis alone, the
combined use of propolis can significantly enhance cell
apoptosis and anti-proliferation effects [114].

The above experimental data and results all show that the
combination of propolis and other compounds has a syn-
ergic effect on the treatment, and antibacterial activity of
cancer cells, and better promotes the effect of the drug.

5. Conclusions

When people realize the benefits of propolis to human
beings, scientists at home and abroad have done a lot of
research on propolis. The chemical components of propolis
are very complex, and different chemical components play
different roles. At present, propolis has been widely used in
food, health products, cosmetics, and beauty products and
has a broad market and application value.

Propolis is rich in flavonoids, polyphenols, terpenoids,
aromatic acids, and other pharmacological active ingredi-
ents. Flavonoids can promote the synthesis of collagen, and
flavonoids and other ingredients also have antibacterial and
anti-inflammatory functions. In skin wound healing,
propolis can reduce scar formation, shorten healing time,
increase wound contraction, accelerate tissue repair, and
ultimately improve the quality of life of patients. It can be
seen that the importance of propolis to the human body is
extreme. In order for my country’s propolis products to win
more shares in the international market, it is necessary to
conduct more in-depth discussions on some issues in the
research, development and application of propolis. For
example, first, there is little research on the combination of
propolis and other substances. In this regard, it can be
increased to use propolis with low toxicity with other drugs
to play a greater medicinal value. Second, propolis can be
made into different dosage forms for clinical use. At present,
there is little research on intelligent materials and nano-
materials using propolis, which will be a very important
research direction in the future research. Third, propolis can
be further purified and optimized, and the role of each
effective substance can be brought into full play.

At present, some of the mechanism of propolis is not
perfect, and there are many directions worthy of research
and discussion. This article only reviews the effects and
mechanisms of propolis on wound healing and the effects of
propolis and other compounds in order to provide more
effective and comprehensive information and provide some
ideas for the development and utilization of propolis in the
future.
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