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Abstract

Aim: The study aimed to investigate whether mixing two different propolis samples can potentiate their biological activity.
This hypothesis was tested by studying the effect of mixed propolis on microbial growth and wound healing and compared
with the effect of each propolis individually.

Materials and Methods: The effect of mixing two different propolis extracts (A and B) collected from different locations
in Iraq on Escherichia coli, Staphylococcus aureus, and Candida albicans was studied by minimum inhibitory concentration
assessment and compared with the effect of each propolis. Wound healing effect of the mixed propolis was studied. Twenty-
four rabbits were used for the experiment, and they were assigned to four groups. Wounds were created on the dorsum of
each rabbit and treated by topical application of 1 mL of either mixed propolis, propolis A, or propolis B extracts or were
kept without treatment as a control. Macroscopic wound evaluation was performed with an assessment of wound size,
wound recovery, redness, edema, discharge, granulation tissue, and epithelialization.

Results: Propolis A was more potent than propolis B extracts to inhibit the growth of E. coli, S. aureus, and C. albicans
(p<0.05). However, mixed propolis showed a higher antimicrobial activity toward all the pathogens than propolis A or
propolis B extract individually (p<0.05). Furthermore, propolis A and propolis B extracts showed favorable effects on wound
healing which was more pronounced with propolis A extract. Interestingly, mixed propolis accelerated wound healing faster
than propolis A or propolis B extracts, and it shortened the time of reepithelialization (p<0.05).

Conclusion: This study demonstrates for the first time that mixing different propolis samples possesses a higher antimicrobial
activity and higher wound healing property than individual propolis. This approach could pave the way for the development
of more effective antimicrobials and wound healing agents.
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Introduction of propolis significantly enhanced the closure of dia-
betic wounds, normalized the levels of interleukin
(IL)-1pB, IL-6, tumor necrosis factor alpha (TNF-a),
and matrix metallopeptidase 9 (MMP9), and signifi-
cantly enhanced the production of collagen through the
transforming growth factor beta 1 (TGF-f1)/Smad2,3
signaling axis in wounded tissues [2]. In a clinical
trial, 24 patients with diabetic foot ulcer were treated
with topical propolis, and the results demonstrated the
effective therapy of propolis for wound healing [10].
It has been reported that propolis has various
chemical compounds that depend mainly on the geo-
graphical areas, the season, harvesting periods, and
other environmental factors [12,13]. This is because
honeybees gather propolis from various resinous parts
of plants and in different phytogeographic regions.
Its color varies from green to brown and reddish,
depending on its botanical source. The main compo-
nents of propolis are resin (including polyphenolic
compounds) 50%, wax 30%, essential oils 10%, pol-

Honeybee produces propolis from buds and
exudates that are modified by wax and bees’ salivary
secretions. Propolis has been used in folk medicine for
a long time. It has various potential biological activities
that include anti-inflammatory, immunomodulatory,
antitumor, antioxidant, radioprotective, antiprolifer-
ation, antidiabetic, antiproteinuric, and antimicrobial
effects [1-9]. We found that propolis collected from the
Arabian Peninsula or Egypt has potent antimicrobial
activity against antibiotic-resistant Staphylococcus
aureus and Escherichia coli and Candida albicans,
and their effects were potentiated by honey [9].

Propolis enhanced wound healing in differ-
ent animal models including diabetic wounds and
burns[10,11]. We have found that the topical application
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len 5%, and various organic and inorganic compounds
5%. Propolis contains volatile oils, terpenes, and bee
wax. More than 300 chemical ingredients have been
identified in propolis [14].
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Propolis collected from tropical regions is rich
in prenylated derivatives of p-coumaric acids, benzo-
phenones, or terpenoids while propolis collected from
temperate climatic zones is mainly rich in flavonoids
and phenolic acids and their esters [14-16]. According
to the chemical profiles and the plant sources, sev-
eral propolis types are known such as Brazilian green
propolis (Baccharis type), poplar-type (European)
propolis, Brazilian red propolis (Dalbergia type), and
Mediterranean propolis [17]. Brazilian propolis is
characterized by the presence of derivatives of pre-
nylated cinnamic acid [16,18].

Studies have shown that the activities of propo-
lis, including its antibacterial activity, are dependent
on the plant species, the harvesting periods, the geo-
graphical and climatic factors, and the type of bee
species [19-22]. Propolis activities are more evident
in tropical regions than in temperate climates [16].
Variations in propolis activities can occur among
propolis samples collected in the same area but by
different Apis mellifera subspecies and by different
seasons [19]. Furthermore, recently, we have found
that the antimicrobial property of propolis varies with
geographical origin [9,23]. Therefore, the propolis
samples collected from different regions have differ-
ent chemical compositions, and the bioactivities are
dependent on the propolis compositions.

We had hypothesized that, since propolis pro-
duced by honeybees from different plant sources, mix-
ing different propolis samples gathered from different
geographical areas or seasons or produced by differ-
ent bee species might yield super propolis with better
bioactivities. To test this hypothesis, the study inves-
tigated the antimicrobial activity and wound healing
property of mixing two different propolis samples
collected from different areas in Iraq; the data were
compared with the effect of each propolis sample on
wound healing and bacterial and fungal growth.

Materials and Methods

Ethical approval

All the experiments were conducted in accor-
dance with the internationally accepted principles for
laboratory animal use and care. All animal experi-
ments were carried out under protocols approved by
the Ethics Committee, Medical Clinic, Baghdad, Iraq
(process 1/003).

Propolis samples and extracts

Two types of propolis collected from different
geographical areas in Iraq (multiplant forests) were
studied; propolis A was collected during spring from
Hillah, Babil Province, south of Baghdad, where date
tree and crops are common, and propolis B was col-
lected during summer form Dhiala where orange and
grapes trees are common. Alcohol extraction of both
propolis samples was performed. The propolis was
crushed to make a powder, and then, 100 g of propolis
A or propolis B was added to 1 L of 70% ethyl alco-
hol and kept in a beaker covered with aluminum foil

for 7 days at room temperature with frequent shaking.
The alcohol was evaporated, and the extract of prop-
olis A and propolis B was weighed. Mixed propolis
was prepared by mixing equal amount of propolis A
and propolis B extracts. The extract was weighted and
dissolved in nutrient broth to make a concentration of
5% (weight/volume), and various concentrations were
made after dilution with nutrient agar (0.1-2.0%).
Ethyl alcohol was evaporated before dilution in the
nutrient broth to obtain a pure propolis/nutrient broth
mixture.

Effect of mixed propolis on microorganisms

Fresh cultures of human pathogens, isolated from
chronic wounds, were used. The pathogens including
S. aureus, E. coli, and C. albicans were obtained from
the Microbiology Private Laboratory, Baghdad, Iraq,
and the isolates were identified by the standard bacteri-
ological techniques. Using a standard loop, a colony of
each isolate was picked from the plate and was trans-
ferred into 10 ml nutrient broth. The broth culture was
used after 24 h incubation at 37°C.

To study the antimicrobial activity of the propolis
A, propolis B, and mixed propolis on the pathogenic
isolates, specimen of each pathogen was taken from
the pure culture grown in 10 ml nutrient broth and
then was cultured in broth containing different con-
centrations of propolis A extract, propolis B extract,
or mixed propolis to measure minimum inhibitory
concentration (MIC). The different concentrations
of propolis in the liquid broth (wt/volume) included
0.05%, 0.1%, 0.15%, 0.20%, 0.25%, 0.30%, 0.35%,
0.40%, 0.45%, and 0.50%.

After incubation at 37°C for 24 h, a loopful of
the culture of each of the specimen microorganisms
(control) and the cultures of each of the specimen
microorganisms in broth containing various concen-
trations of each propolis sample were streaked onto
agar plates, which were incubated aerobically at 37°C,
and inspected after 24 h for microbial growth. Solid
media including mannitol salt agar for S. aureus,
MacConkey agar media for E. coli, and Sabouraud
media for C. albicans were used.

Bacterial growth was assessed visually on nutri-
ent agar plates (Oxoid, U.K.) as follows: 0 colonies =
no growth, 1-5 colonies = little growth, 6-20 colonies
= mild growth, 21-50 colonies = moderate growth,
and >50 and uncounted colonies = heavy growth.
The cultural media and materials were ready made
and supplied by the Private Microbiology Laboratory,
Baghdad, Iraq.

Effect of mixed propolis on wound healing

Twenty-four adult male, white New Zealand
rabbits weighing 1.8-2.2 kg were used for the exper-
iment. Each animal was restrained in the clean and
well-ventilated box. The animals were given access to
water and were fed ad libitum.

The paravertebral region of each rabbit was
shaved and cleaned. After anesthesia with intravenous
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thiopentone sodium (40mg/kg b.wt) using rabbit’s ear
vein, the skin was cleaned with antiseptic 2% chlor-
hexidine, and a circular full-thickness wound was
made with a 3-cm diameter on the dorsum of each
rabbit aseptically. The wounds were made with the
use of blades, forceps, and scissors. The wounds were
left open to heal by secondary intention. Each propolis
extract (1 mL) was administered topically to cover the
entire wound area with the use of a sterile spatula.
The animals were divided randomly into four
groups each, containing six rabbits; Group 1: No treat-
ment, Group 2 was treated by topical application of
propolis A, Group 3 was treated by topical applica-
tion of propolis B, and Group 4 was treated by topical
application of mixed propolis (Figure-1). Each prop-
olis sample extract (1 mL) was applied to the wounds
directly 2 times a day, 12 h apart. The wounds were
washed with normal saline before application of prop-
olis extract to remove residues and crusts.
Macroscopic assessment of the wound was
made by examination for redness, edema, discharge,
granulation, and epithelization. These wound healing
parameters were ranked as follows: 0 (none), + 1 (mild
or small), + 2 (moderate), and + 3 (severe or large).
Mild and severe were used for grading redness, dis-
charge, and edema, while small and large were used
for grading granulation and epithelialization. Wounds
sizes were evaluated planimetrically by a transparent
sheet, and the area was measured by a graph paper
(mm?). The percentage reduction in the wound size
(wound recovery) was calculated using the following
equation; percentage reduction = wound size on the
1’ day — wound size on the day* x 100 divided by

[ 24 rabbits were enrolled ]

|

Wound created on
dorsum of each rabbit

|

Randomized 1;1;1;1

//\\

Mixed
propolls (6
rabbits)

Control

(6 rabblts)

Propolls A
(6 rabblts)

Propolis B
(6 rabblts)

Wound assessment on days 3, 5, 10, 15, 20
and 25 after the skin injury

Figure-1: Clinical trial flow diagram.

wound size on the 1* day; *day of wound size mea-
surement. The wounds were examined for the param-
eters evaluation at 3, 5, 10, 15, 20, and 25 days after
the skin injury.

A complete wound healing was considered mac-
roscopically when the wound whole surface area was
covered with epithelium. Any wound that developed
signs of infection would be recused with antibiotics,
and wound culture would be performed.

Statistical analysis

The results were expressed as a mean
valueststandard deviation. Statistical analysis of the
data was performed with ANOVA followed by Tukey’s
test. Significant differences were indicated by p<0.05.

Results

All the rabbits used in the experiments sur-
vived the initiation of the wounds, and no mortality
was encountered during the study period. The prop-
olis A and propolis B extracts inhibited the growth of
S. aureus, E. coli, and C. albicans. Their MIC toward
all the pathogens tested was significantly different
(Table-1). Propolis A extract was significantly more
potent than propolis B against all the three microor-
ganisms (p=0.0117). However, mixed propolis (50%
propolis A and 50% propolis B. wt/wt) inhibited all
the pathogens, and its MIC toward all the three isolates
was significantly lower than propolis A (p=0.0002) or
propolis B (p=0.0000) individually. This indicated
that mixed propolis is more potent than either propolis
A or propolis B.

There was a significant reduction in the wound
surface area in the propolis A group and propolis B
group on days 10 and 15 compared to those in the con-
trol group (p<0.05) (Table-2). However, in the mixed
propolis group, the reduction in the wound surface
area was significantly higher on days 3, 5, 10, and 15
than that observed in the control group and signifi-
cantly higher on days 5, 10, and 15 than that observed
in the propolis A and B groups (p<0.05). Interestingly,
the wound surface area in the Group A was signifi-
cantly smaller on days 10 and 15 than that obtained in
the propolis B group (p<0.05).

Table-3 showed the percentage of wound recov-
ery. Mixed propolis] caused significantly higher
(p<0.05) percentage of wound recovery than the con-
trol group from the day after the surgery, while prop-
olis A and B groups caused a higher percentage of
wound recovery started on day 10 after the surgery.
Furthermore, mixed propolis caused a significantly
higher wound recovery than propolis A and B groups
at days 5, 10, and 15 (p<0.05). The wound recovery
was significantly higher in the group treated by prop-
olis A than that in the group treated by propolis B.
This indicated that propolis A was more potent than
propolis B.

The wound reepithelialization was larger in the
propolis group A or the propolis group B on days
5, 10, 15, and 20 compared to that observed in the
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Table-1: Antimicrobial effects of single propolis or mixed propolis in human pathogens.

Type of propolis Microorganism Control Propolis concentration % wt/v MIC
0.10 0.15 0.20 0.25 0.30 0.35
Propolis A E. coli 4+ 3+ 3+ 0 0 0 0 0.20
S. aureus 4+ 3+ 3+ 1+ 0 0 0 0.25
C. albicans 4+ 4+ 3+ 3+ 2+ 0 0 0.30
Mean+SD 0.25+0.05
Propolis B E. coli 4+ 3+ 2+ 1+ 1+ 0 0 0.30
S. aureus 4+ 3+ 3+ 2+ 1+ 0 0 0.30
C. albicans 4+ 4+ 3+ 3+ 1+ 1+ 0 0.35
Mean+SD 0.31+£0.02*
Mixed propolis A+B  E. coli 4+ 2+ 0 0 0 0 0 0.15
S. aureus 4+ 1+ 0 0 0 0 0 0.15
C. albicans 4+ 2+ 0 0 0 0 0 0.15
Mean+SD 0.15+0*#

MIC=Minimum inhibitory concentration. F value is 40.552 and p value is 0.00. *p<0.05 as compared to propolis A.
#p<0.05 as compared to propolis B. E. coli=Escherichia coli, S. aureus=Staphylococcus aureus, C. albicans=Candida

albicans, SD=Standard deviation

Table-2: Effect of propolis A, propolis B, and mixed propolis on wound size.

Time (days) Wound size (cm?) F/p values
Control Propolis A Propolis B Mixed propolis

3 6.8+0.2 6.33+0.9 6.3+0.7 5.5+0.9% 3.22/0.044
5 6.3+1.2 5.3+0.8 5.8+0.8 3.8+0.5#*+ 9.23/0.0004
10 5.4+0.9 2.1+£0.4% 3.0+0.1#* 1.24+0.3#%+ 73.17/0.000
15 2.3£0.3 0.5+0.3* 1.4+0.4#* 0.00 61.32/0.000
20 0.78+0.14 0.00 0.00 0.00 186.24/0.0000
25 0.00 0.00 0.00 0.00

*p<0.05 as compared to the control. #p<0.05 as compared to the propolis A. *p<0.05 as compared to the propolis B.
0.00=Complete wound healing and the whole wound covered by epithelium

Table-3: Percentage of wound recovery (mean+SD).

Time (days) Wound recovery F/p values
Control Propolis A Propolis B Mixed propolis

3 2.3+3.6 9.4+10.5 9.4+10.1 18.2+12% 3.10/0.049

5 9.4+12.1 19.4+14 17.4+£13.2 47£14%#+ 10.29/0.0003
10 24.1+12 70+6.6* 56.6+2.5%# 83+4.0*#+ 69.9/0.0000
15 67.1+5.4 91+4.6* 78.6+3.6%* 100+0.00*#+ 76.36/0.0000
20 88+2.2 100+0.00* 100+0.00* 100+0.00* 178.51/0.000
25 100+0.00 100+0.00 100+0.00 100+0.00

*p<0.05 as compared to the control. #p<0.05 as compared to the propolis A. *p<0.05 as compared to the propolis B.

SD=Standard deviation

control group (p<0.05) (Table-4). However, the differ-
ences were significant on days 10 and 15 with the use
of propolis A. With the use of the mixed propolis, the
wound reepithelialization was significantly larger on
days 3, 5, 10, and 15 than those observed in the control
group and larger than those observed in the propolis A
or propolis B groups; the difference was significant on
day 10 as compared to the propolis B group (p<0.05).
No significant differences were noticed between prop-
olis A group and propolis B group though the wound
reepithelialization was larger in the propolis group A
at 10 and 15 days after surgery.

The amount of granulation tissue was larger in
the propolis A group and propolis B group on days
5 and 10 as compared to the control though the dif-
ferences were not significant. However, in the mixed
propolis, the granulation tissue was larger on day 3

than all other groups, but the amount of granulation
was lesser on days 5, 10, 15, and 20 than the control
group and on days 10 and 15 than that observed in the
propolis A group or propolis B group (p<0.05).

Regarding the other parameters, propolis A,
propolis B, or mixed propolis caused less redness,
discharge, and edema compared to the control group
and mixed propolis caused less redness, discharge,
and edema compared to the propolis A or propolis B
(Table-4). The discharge observed in all the groups
was serosanguineous.

The time needed for the complete reepitheliali-
zation and wound healing in the mixed propolis group
was 15 days which was shorter than that needed for
the complete reepithelialization and wound healing
in the propolis A group (20 days), propolis B group
(20 days), and the control group (25 days).
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Table-4: Effect of propolis A, propolis B or mixed propolis on wound redness, discharge, edema, granulation, and

epithelialization.

Variables Time (days) Intervention F/p values
Control Propolis A Propolis B Mixed propolis

Redness 3 0.66+0.5 0.5+0.54 0.66+0.85 0.16+0.4 0.936/0.442
5 1.66+0.51 0.66+0.51* 0.66£0.51* 0.0%* 14.80/0.000
10 0.5+0.51 0.0 0.0 0.0 2.95/0.057
15 0.0 0.0 0.0 0.0
20 0.0 0.0 0.0 0.0
25 0.0 0.0 0.0 0.0

Discharge 3 0.66+0.51 0.66+0.81 0.5+0.54 0.5+0.51 0.14/0.935
5 1.66+0.51 0.5+0.54%* 0.66+0.5* 0.0* 14.5/0.000
10 0.83+0.75 0.166+0.4 0.5+0.54 0.0* 3.17/0.046
15 0.16+0.4 0.0 0.0 0.0 1.033/0.399
20 0.0 0.0 0.0 0.0
25 0.0 0.0 0.0 0.0

Edema 3 0.83+0.4 0.66+0.51 0.66+0.51 0.5+0.51 0.45/0.718
5 1.5+£0.54 0.83+0.4 0.83+0.75 0.0*#+ 8.925/0.001
10 0.83+0.4 0.166%£0.4* 0.5+0.54 0.0%* 5.323/0.007
15 0.166+0.4 0.0 0.0 0.0 1.03+/0.399
20 0.0 0.0 0.0 0.0
25 0.0 0.0 0.0 0.0

Granulation 3 0.0 0.0 0.0 0.0
5 0.0 1.83+0.75* 1.66+1% 2.16+0.4% 12.95/0.000
10 1.5+0.54 2.3+£0.81 2.3+51 1.66+1.0 1.934/0.157
15 2.16+0.75 1.5+0.51 1.83+0.75 0.0*#+ 15.725/0.00
20 0.33+0.51 0.0 0.0 0.0 2.512/0.88
25 0.0 0.0 0.0 0.0

Epithelialization 3 0.0 0.0 0.0 0.5+0.54%*#+ 5.144/0.008
5 0.66+0.4 1.0+£0.63 1.0£0.36 1.6+£0.54* 3.752/0.027
10 1.33+0.51 2.33+0.51*% 1.83+0.4 2.6+0.51*+ 8.44/0.0008
15 2.16+0.5 2.8+0.4%* 2.6x0.5 3.0+0.0%* 4.69/0.012
20 2.8+£0.4 3.0+0.0 3.0+0.0 3.0+0.0 1.5/0.245
25 3.0+0.0 3.0+0.0 3.0+0.0 3.0+0.0

*p<0.05 as compared to the control, *p<0.05 as compared to propolis B. #p<0.05 as compared to propolis A

In the control groups, the wounds showed signs
of infections with pus formation in two rabbits on days
6 and 8 and were treated with antibiotics. No wound
treated with propolis A, propolis B, or mixed propolis
showed sign of infection, pus formation, or required
treatment with antibiotics.

No side effects were recorded after application
of propolis extracts on the wound surface during the
whole period of the study. All the rabbits survived
until the end of the study with no signs of infection.

The center of the treated wounds became a scar
after 10-12 weeks of the wound initiation. The scar
size in all propolis-treated groups was smaller than
scar size in the control group, and it was the smallest
in the mixed propolis group.

Discussion

The two different propolis samples exhibited
antimicrobial activity against Gram-positive and
Gram-negative bacteria isolated from chronic wounds,
as well as C. albicans, but with different potency. The
two samples were collected from different areas and
seasons. These two areas were different in predomi-
nate plants. Both samples have potent antimicrobial
activity, but propolis A has higher activity than prop-
olis B. Mixing the two samples provided new propo-
lis with a higher antimicrobial potency compared to

each propolis. This is an important finding because it
is possible to get new propolis with higher biological
activities by mixing two or more than two different
individual propolis samples collected from various
geographical regions or different seasons or mix-
ing samples gathered by different bee species. This
method will overcome future microbial resistant to
certain types of propolis by mixing it with another
type of propolis to yield highly effective propolis.
This approach is supported by the fact that propo-
lis samples are different in their actions and their
chemical compositions. There was no previous study
investigated the synergism or additive antimicrobial
activity of mixing different propolis samples.

Various propolis samples have different poten-
cies to inhibit microbial growth. It was found that
German propolis inhibits S. aureus and E. coli and
Austrian propolis inhibits C. albicans [24]. Another
study revealed that propolis from the Netherlands
and China possessed the strongest cytotoxic activ-
ity as compared to propolis from Brazil or Peru
[25]. Furthermore, propolis collected from Arabian
Peninsula was more potent than that collected from
Egypt toward E. coli and C. albicans [9]. In the pres-
ent study, it was found that mixing two different prop-
olis potentiated the antimicrobial activity. The mech-
anism is not known. It might be related to synergistic
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effects of various compounds existed in the two dif-
ferent propolis samples.

It was found that the antimicrobial activity of
propolis was due to bacterial cell membrane dam-
age and cell lysis [26]. Furthermore, it has ability to
inhibit bacterial motility, cell division, and protein
synthesis by affecting RNA-polymerase [27]. Other
studies demonstrated that propolis antimicrobial
activities are mainly due to phenolic compounds, ter-
penes, caffeic, ferulic and coumaric acids, esters, and
flavonoids [28,29].

The current study showed that the wound healing
was faster in propolis A, propolis B, or mixed prop-
olis-treated group than in the control group during
the 25 days of the study. Interestingly, mixed prop-
olis was more potent than propolis A or propolis B.
Furthermore, the wound healing was faster with the
use of propolis A compared to propolis B. This indi-
cated that different samples of propolis have different
wound healing properties.

The wound healing property of propolis is most
likely due to well-known anti-inflammatory and anti-
oxidants activities. It was found that propolis or its
active ingredient, caffeic acid phenethyl ester (CAPE),
inhibits the protein concentration of pro-inflammatory
proteinase, cyclooxygenase (COX) activity, and pros-
taglandins, which results in stimulation of immune
cells and phagocytes since prostaglandin is immu-
nosuppressive [30-32]. Propolis inhibits eicosanoids
and nitric oxide production, and it exhibits angiogen-
esis and anti-leukocyte activity, which explained its
anti-inflammatory property [33]. Furthermore, prop-
olis contains flavonoids and phenolic compounds,
which have anti-inflammatory action [34]. They
inhibited prostaglandin E2 production, COX-2, and
mPGES-1 [35]. We have found that topical applica-
tion of propolis normalizes the levels of IL-1p, IL-6,
TNF-0, and MMP9 and significantly enhanced the
production of collagen through the TGF-B1/Smad2,3
signaling axis in diabetic wound [2]. Recently, it was
shown that propolis decreases neutrophils and macro-
phages in wound tissue, causes downregulation of the
inflammatory transcription factor, nuclear factor kap-
pa-light-chain-enhancer of activated B cells (pNF-«B)
protein expression, and reduces production of TGF-J3,
TNF-a, and IL-6 [36]. Keratinocyte migration causes
reepithelialization of the skin. It was found that prop-
olis can accelerate the proliferation of skin keratino-
cytes [37].

Various parameters were used to assess the
wound healing. Epithelialization and wound recovery
are important parameters. Assessment of edema and
redness, which are part of the cardinal sign of inflam-
mation, also was conducted. All propolis samples
reduced edema and redness, and the reduction was
higher by mixed propolis. This effect is most likely
due to anti-inflammatory property of propolis. Early
reepithelialization results in faster wound closure
that restores the integrity of the skin. This makes the

wound less vulnerable to infection. The time required
for complete epithelialization is important to assess the
wound healing process and the efficacy of any inter-
vention. Propolis A, propolis B, and mixed propolis
enhanced epithelialization by increasing the amount
of epithelial tissue covering the wounds, and they
shorten the time for complete epithelialization. These
observations were more obvious with the mixed prop-
olis as compared to each propolis individually. This
effect might be potentiated by mixing different prop-
olis samples.

Wound healing is a complex process involving
various cell types, cytokines, and intermingle stages.
Hemostasis and inflammation are part of an inflam-
matory phase of wound healing, while granulation,
contraction, and epithelialization are part of a prolif-
erative phase of wound healing. Remodeling phase
determines the wound appearance and strength.

The process of wound healing can be compro-
mised by infection, inadequate oxygen supply, mal-
nutrition, and oxidative process. In spite of major
advances in our knowledge regarding the pathophysi-
ology of the wound and wound healing, no treatment
is available yet that can enhance or expedite wound
healing process. Propolis can help wound healing
most likely by its anti-inflammatory, antimicrobial,
and antioxidative properties, which are essential for
wound healing process. Damaged tissues provide an
excellent media for microorganisms to grow and infect
wound. In the current experiment, none of the wound
treated by propolis showed any sign of infection.

Acceleration of the wound healing rate by mixed
propolis might be due to the synergistic activity of
active ingredients presented in the individual propolis
samples when mixed. The antioxidant, anti-inflamma-
tory, and antimicrobial activities of propolis make it a
potential intervention in wound healing. Mixed prop-
olis provides wound with more active ingredients,
which result in a suitable environment for promot-
ing healing process. Additive or synergistic activity
provided by mixed propolis shortened the healing
time and accelerated reepithelialization and wound
recovery.

The results showed that not all propolis has the
same potency to help wound healing and eradication
of infection and mixing two different propolis sam-
ples resulted in a better antimicrobial and wound
healing activity. Therefore, mixing different propolis
samples collected from different regions, during dif-
ferent seasons, or from different bee species might
produce propolis with higher biological activity. More
studies are required to explore the potentiality of this
approach, not limited to, in the management of micro-
bial infection and wounds.

Mixing of different propolis samples might result
in propolis with better antioxidant and anti-inflamma-
tory activity. The two propolis samples were collected
from different areas which are very much different
in their predominant plants. Therefore, although the
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chemical composition of these two propolis samples
was not done, basically their compositions should
be different because of different plants predominant.
However, it is important to analyze mixed propolis
before and after being extracted. Furthermore, it is
important to do the chemical analysis of the propo-
lis before and after mixing, in particular, phenols,
flavonoids, and CAPE ingredients. Studying the anti-
oxidant and anti-inflammatory properties before and
after mixing propolis samples is essential to explore
whether mixing propolis can potentiate individual
propolis anti-inflammatory and anti-oxidant capacity.
Furthermore, a histological study of the wounds with
and without propolis treatment will help to explain the
mechanism of action. MIC, the lowest concentration
of intervention that inhibits visible microbial growth,
was used to evaluate the antimicrobial activity. It is
regarded as a first step in the screening of activity
against microorganisms in preclinical evaluation [38].
The macrobroth dilution assay was used where a dilu-
tion series of the propolis samples in broth was made
in test tubes, and the microorganisms were added to
each tube. The MIC can be performed using 96-well
microdilution. However, using other methods is
important such as minimum bactericidal concentra-
tion and Kirby—Bauer disk diffusion test. These inves-
tigations are currently in progress in our laboratory.
Mixed propolis invention was submitted for a US pat-
ent in July 2017.

Conclusion

The study showed for the first time that mixing
different propolis samples collected from different
geographical areas potentiates the wound healing prop-
erties and antimicrobial activity of propolis. A signif-
icant higher acceleration of wound reepithelialization
and closure was obtained with the mixed propolis as
compared with the individual propolis. This discovery
is a breakthrough, and if it is confirmed by subsequent
studies, it will have a favorable clinical and financial
outcome.

Authors’ Contributions

NA generated the idea, conducted the work in
Iraq, wrote the paper, and submitted for publication.

Acknowledgments

The study has not been supported by any fund
or grant.

Competing Interests

The author declares that he has no competing
interests.

References

1. Kouidhi, B., Zmantar, T. and Bakhrouf, A. (2010) Anti-
cariogenic and anti-biofilm activity of Tunisian propolis
extract and its potential protective effect against cancer cells
proliferation. Anaerobe, 16(6): 566-571.

2. Hozzein, W.N., Badr, G., Al Ghamdi, A.A., Sayed, A.,

10.

I1.

12.

13.

14.

15.

16.

17.

18.

Al-Waili, N.S., Garraud, O. (2015) Topical application of
propolis enhance cutaneous wound healing by promoting
TGF-beta/Smad-mediated collagen production in a strep-
tozotocin-induced Type I diabetic mouse model. Cell.
Physiol. Biochem., 37(3): 940-954.

Batista, C.M., Alves, A.V., Queiroz, L.A., Lima, B.S.,
Filho, R. and Araujo, A. (2018) The photoprotective and
anti-inflammatory activity of red propolis extract in rats. J.
Photochem. Photobiol. B, 180(3): 198-207.

Bhargava, P., Grover, A., Nigam, N., Kaul, A., Doi, M.,
Ishida, Y., Kakuta, H. and Kaul, S.C. (2018) Anticancer
activity of the supercritical extract of Brazilian green prop-
olis and its active component, artepillin C: Bioinformatics
and experimental analyses of its mechanisms of action. /nt.
J. Oncol., 52(3): 925-932.

Rivera-Yafiez, N., Rodriguez-Canales, M., Nieto-Yaiiez, O.,
Jimenez-Estrada, M., Ibarra-Barajas, M., Canales-
Martinez, M.M. and Rodriguez-Monroy, M.A. (2018)
Hypoglycaemic and antioxidant effects of propolis of
Chihuahua in a model of experimental diabetes. Evid.
Based. Complement. Alternat. Med., 11: 4360356.

Saito, Y., Tsuruma, K., Ichihara, K., Shimazawa, M. and
Hara, H. (2015) Brazilian green propolis water extract
up-regulates the early expression level of HO-1 and acceler-
ates Nrf2 after UVA irradiation. BMC Complement. Altern.
Med., 15(1): 421.

El Menyiy, N., Al Waili, N., Bakour, M., Al-Waili, H. and
Lyoussi, B. (2016) Protective effect of propolis in protein-
uria, crystalluria, nephrotoxicity and hepatotoxicity induced
by ethylene glycol ingestion. Arch. Med. Res., 47(7):
526-534.

Chen, Y.W.,, Ye, S.R., Ting, C. and Yu, Y.H. (2018)
Antibacterial activity of propolis from Taiwanese green
propolis. J. Food. Drug. Anal., 26(2): 761-768.

Al-Waili, N., Al-Ghamdi, A., Ansari, M., Al-Attal, Y. and
Salom, K. (2012) Synergistic effects of honey and prop-
olis toward drug multi-resistant Staphylococcus aureus,
Escherichia coli and Candida albicans isolates in single
and polymicrobial cultures. Int. J. Med. Sci., 9(9): 793-780.
Henshaw, F.R., Bolton, T., Nube, V., Hood, A., Veldhoen, D.,
Pfrunder, L., McKew, G.L., Macleod, C., McLennan, S.V.
and Twigg, S.M. (2014) Topical application of the beehive
protectant propolis is well tolerated and improves human
diabetic foot ulcer healing in a prospective feasibility study.
J. Diabetes Complications, 28(6): 850-857.

Olczyk, P., Komosinska-Vassev, K., Wisowski, G.,
Mencner, L., Stojko, J. and Kozma, E.M. (2014) Propolis
modulates fibronectin expression in the matrix of thermal
injury. Biomed. Res. Int., 2014: 748101.

Machado, C.S., Mokochinski, J.B., de Lira, T.O., de
Oliveira Fde, C., Cardoso, M.V. and Ferreira, R.G. (2016)
Comparative study of chemical composition and biological
activity of yellow, green, brown, and red Brazilian propolis.
Evid. Based Complement. Alternat. Med., 2016: 6057650.
Moreira, L., Dias, L.G. and Pereira, J.A. (2008) Antioxidant
properties, total phenols and pollen analysis of propo-
lis samples from Portugal. Food Chem. Toxicol., 46(11):
3482-3485.

Huang, S., Zhang, C., Wang, K., Li, G. and Hu, F. (2014)
Recent advances in the chemical composition of Propolis.
Molecules, 19: 19610-19632.

Kumazawa, S., Hamasaka, T. and Nakayama, T. (2004)
Antioxidant activity of propolis of various geographic ori-
gins. Food. Chem., 84(3): 329-339.

Bankova, V. (2005) Chemical diversity of propolis and the
problem of standardization. J. Ethnopharmacol., 100(1-2):
114-117.

Sforcin, J.M., Bankova, V. (2011) Propolis: Is there a poten-
tial for the development of new drugs? J. Ethnopharmacol.,
133(3): 253-260.

Oldoni, T., Oliveira, S., Andolfatto, S., Karling, M.,
Calegari, M. and Sado, R. (2015) Chemical characterization

Veterinary World, EISSN: 2231-0916

1194



Available at www.veterinaryworld.org/Vol.11/August-2018/26.pdf

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

and optimization of the extraction process of bioactive com-
pounds from propolis produced by selected bees Apis mel-
lifera. J. Braz. Chem. Soc., 26(11): 2054-2062.

Silici, S., Kutluca, S. (2005) Chemical composition and
antibacterial activity of propolis collected by three different
races of honeybees in the same region. J. Ethnopharmacol.,
99(1): 69-73.

Seidel, V., Peyfoon, E., Watson, D. and Fearnley, J. (2008)
Comparative study of the antibacterial activity of propolis
from different geographical and climatic zones. Phytother.

29.

30.

Veiga, R.S., De Mendonga, S., Mendes, P.B., Paulino, N.,
Mimica, M.J. and Netto, A.A.L. (2017) Artepillin C and
phenolic compounds responsible for antimicrobial and anti-
oxidant activity of green propolis and Baccharis dracuncu-
lifolia DC. J. Appl. Microbiol., 122(4): 911-920.

Al-Waili, N.S., Saloom, K.Y., Al-Waili, T., Al-Waili, A.
and Al-Waili, H. (2007) Modulation of prostaglandin activ-
ity, Part 1: Prostaglandin inhibition in the management of
nonrheumatologic diseases: Immunologic and hematologic
aspects. Adv. Ther., 24(1): 189-222.

Res., 22(9): 1256'12631' o 31. Larki-Harchegani, A., Hemmati, A.A., Arzi, A., Ghafurian-
B‘onvehi, J.S. and GuFlerrez, A.L. .(201‘2) The antimicro- Boroojerdnia, M., Shabib, S., Zadkarami, M.R. and
bial effects of propolis collected in different regions 1n Esmaeilzadeh, S. (2013) Evaluation of the effects of caffeic
th'e Basque Count.ry (Northern Spain). World J. Microbiol. acid phenethyl ester on prostaglandin E2 and two key cyto-
Biotechnol., 28(4): 1351-1358. . kines involved in bleomycin-induced pulmonary fibrosis.
Dias, L.Q., Pereira, AP and Estevinho, L.M. (2012) Iran. J. Basic Med. Sci., 16(7): 850-857.
C(')mpara'gv'e study Of, dlfferenF Portugqese sarpples.ofpr.op- 32. Rossi, A., Longo, R., Russo, A., Borrelli, F. and Sautebin, L.
olis: Poll'lmcl, sensorial, physwqchemu;a}, microbiological (2002) The role of the phenethyl ester of caffeic acid
;lgigizgerlszoa(tgr)l. 21212 6 ziiglslgacterlal activity. Food. Chem. (CAPE) in the inhibition of rat lung cyclooxygenase activ-
Touzani, S., Al-Waili, N., El Menyiy, N., Filipic, B., Pereyra, A. 33 ;};EZ %Olg;iﬁiztegzp IIZ’()BOSl?pIEI ;ngg)l;zza N. (2007)
and EL Arabi, 1. (2018) Chemical analysis and antioxidant ’ Antii i ﬂ.’mm t f,f t" £t ical’l é lied pro ’Olis‘ extract
content of various propolis samples collected from different Antuntiamma o.ryde e(ci: 0 Ep d y pg P P;; n R
regions and their impact on antimicrobial activities including 12nl .chSr;_g:Segan-ln uced rat hind paw edema. hytoth. Res.,
?ﬁ;ﬁi AAsz?rX;zcé/l T{éﬁy]’v{gi’arllé(aﬁs6;?i’ F. (2000) 34, Funakoshi-Tago,M.,Ohsawa,K.,Ishika_wa, T.,Nakamura, F.,
Chemical composition and antimicrobial activity of Ugda, F. and Narukawa, Y. (2016) Inh¥b1t0ry effects (?fﬂayo-
European propolis. Z. Naturforsch., 55(1): 70-75. noids extracted from Nepalese propolis on the LPS signaling
Banskota, H., Tezuka, Y., Adnyana, K., Midorikawa, K., pathway Int. Immur?op}_lar macol., 40: 55_0'560'
Matsushige, K. and Message, D. (2000) Cytotoxic, hepa- 35.  Hémadléinen., M, N1em1nen, R., Asmawi, M.Z., Vuorela,‘P.,
toprotective and free radical scavenging effects of prop- Vapaatalo, H. and Moilanen, E. (2011) Effects of flavonoids
olis from Brazil, Peru, the Netherlands and China. J. on prostaglandin E2 production and COX-2 and mPGES-1
Ethnopharmacol., 72(1-2): 239-246. expressions in activated macrophages. Planta. Med.,
Bryan, J., Redden, P. and Traba, C. (2016) The mechanism 77(13): 1504-1511.
of action of Russian propolis ethanol extracts against two 36.  Corréa, F., Schanuel, F.S., Moura-Nunes, N, Monte-Altq-
antibiotic-resistant biofilm-forming bacteria. Lett. Appl. Costa, A. and Daleprane, J,B. (2017) Brazilian red propolis
Microbiol., 62(2): 192-198. improves cutaneous wound healing suppressing inflam-
Mirzoeva, O., Grishanin, R. and Colder, P. (1997) mation-associated transcription factor NFkB. Biomed.
Antimicrobial action of propolis and some of its compo- Pharmacother., 86: 162-171.
nents: The effect on growth, membrane potential and motil- ~ 37. Miyata, S., Oda, Y., Matsuo, C., Kumura, H. and
ity of bacteria. Microbiol. Res., 152(3): 239-246. Kobayashi, K. (2014) Stimulatory effect of Brazilian prop-
Inui, S., Hatano, A., Yoshino, M., Hosoya, T., Shimamura, Y. olis on hair growth through proliferation of keratinocytes in
and Masuda, S. (2014) Identification of the phenolic com- mice. J. Agric. Food Chem., 62(49): 11854-11861.
pounds contributing to antibacterial activity in ethanol 38.  O’Neill, A.J. and Chopra, I. (2004) Preclinical evaluation of
extracts of Brazilian red propolis. Nat. Prod. Res., 28(16): novel antibacterial agents by microbiological and molecular
1293-1296. techniques. Expert. Opin. Inves. Drugs, 13(8): 1045-1063.
soskoskoskskoskoskok

Veterinary World, EISSN: 2231-0916

1195





