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Abstract

Background/Aims: Impaired wound healing is considered to be one of the most serious complications associated with diabetes
as it significantly increases the susceptibility of patientsto infection. Propolis is a natural bee product used extensively in foods and
beverages that hassignificant benefits to human health. In particular, propolis has antioxidant, anti-inflammatoryand analgesic
effects that could be useful for improving wound healing. In this study, we investigated the effects of topical application of
propolis on the healing and closure of diabeticwounds in a streptozotocin (STZ)-induced type | diabetic mouse model. Methods:
Sixty malemice were distributed equally into 3 experimental groups: group 1, non-diabetic control mice;group 2, diabetic mice;
and group 3, diabetic mice treated daily with a topical application of propolis. Results: We found that diabetic mice exhibited
delayed wound closure characterizedby a significant decrease in the levels of TGF-$ 1 and a prolonged elevation of the levels of
inflammatory cytokines (IL-1B, IL-6 and TNF-a) and MMP9 in wound tissues compared with control non-diabetic mice.
Moreover, the wound tissues of diabetic mice showed a marked reduction in the phosphorylation of Smad2 and Smad3 as well
as a marked reduction in collagen production. Interestingly, compared with untreated diabetic mice, topical application of
propolis significantly enhanced the closure of diabetic wounds and decreased the levelsof IL-1B, IL-6, TNF-a and MMP9 to
near normal levels. Most importantly, compared with untreated diabetic mice, the treatment of diabetic mice with propolis
significantly enhanced the production of collagen via the TGF-f 1/Smad2,3 signaling axis in wounded tissues. Conclusion:
Our findings reveal the molecular mechanisms underlying the improved healingand closure of diabetic wounds following
topical propolis application.
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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 ondrugs for
wound repair from the perspectives of anti-in- flammatory, antibacterial, antioxidant, and antiseptic [1]. Manydrugs for treating local
trauma have been developed, but mostdrugs 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 woundsare 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 woundsof mice. Compared with the drug treatment in the experi- mental group,
the wounds healed more slowly [8]. In a largenumber 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 achievedideal therapeutic effects. This kind of wound healing refers tothe 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 thesynergy of various repair processes.

Propolis has always been considered as a folk medicine. Itsresearch 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 byltalian 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, caffeicacid 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, someresearchers studied the propolis extract from Bihor County, Romania. Different ethanol concentrations
were used to extractpropolis. 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 inrats, which could reduce the levels of oxidative stress markersand 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 onvarious 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 ofpropolis and other compounds, which
further clarified the medicinal value of propolis and provided a more powerful basis for propolis theory.
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Figure 1: Chemical structural formula of some active ingredients in propolis.
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Tasle 1: Treatment of other diseases with propolis.

Sr.no Propolis type Medical applications Mian result References
1 Green, red, or brown propolis Atherosclerosis Reduce atherosclerotic lesion area regulating inflammatory and angiogenic factors [15]
2. Istanbul, Turkey propolis Diabetes Decrease of blood glucose significant improvement in pancreas, liver and kidney tissue [16]
3. Brazilian extract of propolis (EEP) Oral health Effectively remove dental improve marginal periodontal tissue [17]
4, Propolis Radiation resistance Inducing apoptosis increase the phosphorylation of Akt/mTOR and hinder cell migration [18]
5. Brazilian propolis Anti-ulcer effect Inhibition of diclofenac induced ulcer formation antagonism to histaminergic system [19]
6. Trigona sp. propolis Dental pulp disease Inhibition of IL-6 expression in dental pulp of inflammatory rats [20]
7. Brown propolis from Southern Brazil ~ Anti-angiogenesis Inhibition of tubular structure formation of endothelial cells on matrix gel (tubulogenesis) [21]
8. Ethanol-soluble derivative of propolis  Protect liver activity Elimination of hepatic collagen deposition, inflammatory signals and oxidative stress [23]
9. Propolis extract Vaginal use Reorganization of vaginal mucosa faster organizational recovery decreased inflammatory response [24]
10. Tekirdag-Turkey propolis Antitumor activity Activation of caspase cascade pathway induces apoptosis in C6 glioma cells [25]
1L Ethanolic extradigigione|is Hypoglycemic effect Significantly inhibited the increase of blood glucose and weight loss in diabetes mice [26]

ofChihuahua (EEPCh)
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Tasle 2: Effects of different forms of propolis on wound healing.

S. No Propolis form Experimental model Main results References
1 Square skin incision Affect stimulating keratinocytes cell proliferation [30]
2 Diabetic foot ulcer Reduced ulcer area enhanced wound healing [31]
3 Pulp wound Maintain low inflammation and nj1|crob|al. cell population stimulating [32]
restorative dentin
Stimulates the accumulation of glycosaminoglycans on the wound
surface
4 Propolis ointment Burn required for granulation, tissue growth and wound closure to accelerate [33]
therepair of burn tissue
5 Chronic wound Treatment of chronic wound infection caused by Proteus mirabilis [34]
6 Cell CRL-7522 Enhance the proliferation, activation and growth of skin cells [35]
7 Rat skin wound Speed up wound healing h|gh |nﬂammat9ry c.ell infiltration rate [36]
highergranulation tissue
8 Tooth pulp wound Dentin tubules are arranged more orderly as pulp capping agent [37]
9 Skin wound Staphylococcus aureus'and Staph){lococc.us epld'ermldls have inhibitory effects [38]
improve skin antibacterial effect
Propolis extract Contains fibroblasts and collagen a large number of mitotic cells stimulate
cell [39]
10 Damage caused by striking
proliferation and tissue repair
11 Wound (about 11 mm) Accelerate wound healing improve collagen deposition [40]
12 Wound dressing Third degree burn wound The area of the burn was reduced no inflammation and edema [41]
13 containing propolis Fibroblast proliferation contributes to collagen deposition [42]
S increasedsynthesis of natural hyaluronic acid
14 ) Propolis contains Back and neck trauma Wound healing improved fibroblast and collagen production increased [43]
15 biocellulose membrane Wound (about 6 mm) Tissue repair of contaminated wounds shorter time and better effect [44]
Propolis and metal

Surgically infected wound [45]

16 nanoparticles and biology

medical thread combination
Promote cell migration and proliferation gives effective antibacterial

powerto surgical sutures
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1.2. The Possible Mechanism of Propolis onWound Healing

The mechanism of wound healing by propolis mainly includes the following five aspects: antibacterial, anti-in- flammatory,
antioxidant, immune, and mast cell (Figure 2). 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 havefound that propolis can alleviate inflammatory
problems and promote wound healing. The anti-inflammatory biological activity of propolis is mainly related to the fact that
propoliscontains 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 inflammatoryresponse 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 iINOS 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 inhibitsome aspects
of tissue repair.

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, highfever, 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 shownthe antibacterial properties of propolis (Table 4). At present,the research on the
mechanism of antibacterial activity is notclear, 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, polyphenolsand 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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Figure 2: The mechanism of propolis on wound healing. IL-6—interleukin-6, iINOS—inducible nitric oxide synthase, NO—nitric oxide, TGF-8—
transforming growth factor-8, VEGF—vascular endothlial growth factor, Th1—helper T 1, Th2—helper T 2, SOD—superoxide dismutase,
MDA—malondialdehyde.

Tasle 3: Study on anti-inflammatory mechanism of propolis promoting wound healing.

S. Propolis administration
No mode Trauma model Action effect References
1 External application Burn Accelerate the tissue repair process reduced [49]
inflammation
Alkali burns of rabbit
2 Drip cornea Decreased infiltration of inflammatory cells [67]
Six traumas in diabetic Reduce neutrophil infiltration normal macrophages [68]
3 mice inwound tissue
4 Apply Superficial second-degree Reduced inflammation rapid wound healing [69]
burn
5 Skin wounds in diabetic Increase in damage shrinkage reduction of [70]
mice inflammatorysymptoms
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2. METHODOLOGY:- (Method And Analysis)

2.1.Propolis preparation:-

Honey Spring propolis (batch number 4A80) was collected from INDIA by , MKCOPER COLLAGE OF
PHARMACY,DBATU University. Collection of the propolis and determination of its contents were
identifies in our laboratory using high- speed counter current chromatography and off-line
atmospheric pressure chemical ionization mass- spectrometry injection as previously described [32].
Briefly, preparations of propolis extract consisted of three phases including drying, extracting, and
evaporating. The drying process began by washing the sample, cutting it into small pieces, and putting
them in the oven with a temperature of 40-60°C. Before the extraction process, samples were dried
and then crushed by a blender. 200 grams of dry samples wereweighed and putin 1 L Erlenmeyer glass,
soaked with ethanol to the volume of 1 L (20%). Sample in ethanol was stirred for # 30 minutes and
allowed to stand overnight to settle. Then, solution containing the active substance was filtered with
filter paper. Soaking process was repeated three times and the last stage was evaporation. Extraction
solvent was inserted into 1 L evaporation flask. Then, water bath was filled with water up to a full
circuit and then installed according to an equipment protocol and set to a temperature of 90°C.
Ethanol was allowed to drip in the flask (+1.5-2 hours/flask containing + 900 ml). Extraction results
obtained roughly one tenth of dried natural materials (20 grams extract/200 gram’s sample). A final
solution equivalent to 400 mg/ml was prepared by dissolving this extract (20 grams) in 50 ml of 70%
ethanol and this final solution was stored in hermetically-sealed brown-glass bottles at room
temperature. Previous studies have shown that the prepared propolis extract using this method is
stable for 6 months, maintaining its antimicrobial and antioxidant activities over this period [33].
According to numerous data in our laboratory, using different animal models, a daily dose of ethanolic
soluble derivative of propolis (5-20 mg topically applied to wounded area) does not show any toxic
effects and subsequently this doseis categorized safe. We therefore, used an optimal dose of ethanolic
soluble derivative of propolis (25 pl equivalent to 10 mg) daily applied for the treatment of normal and
diabetic mice.

2.2.Chemicals:-

Streptozotocin (STZ) was obtained from Sigma Chemicals Co. (St. Louis, MO, USA). STZ was dissolved in
cold 0.01 M citrate buffer (pH 4.50), which was freshly prepared (within 5 min) as needed.

2.3. Animals and diabetes induction:-

A total of 60 sexually mature 12-week-old male BALB/c mice weighing 25-30 g each were obtained from the
Central Animal House of the Faculty of Pharmacy at King Saud University. All animal procedures were conducted
in accordance with the standards set forth in the Guidelines for the Care and Use of Experimental Animals by the
Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) and the National
Institutes of Health (NIH). The Animal Ethics Committee of the Zoology Department, College of Science, King
Saud University approved the protocol used in this study according tothe Helsinki Principles. All animals were
acclimated to metal cages in a well-ventilated room for 2 weeks prior to experimentation. The animals were
maintained under standard laboratory conditions (23°C, 60- 70% relative humidity and a 12-h light/dark cycle), fed
a standard diet of commercial pellets and given water ad libitum. All mice were fasted for 20 h prior to diabetes
induction. The mice (n = 40) were rendered diabetic by intraperitoneal (i.p.) injection of STZ (60 mg/kg body
weight in 0.01 M citrate buffer pH 4.5) daily for 5 consecutive days [34, 35]; mice in the control group (n = 20)
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were injected with vehicle alone (0.01 M citrate buffer, pH 4.5). Mice were considered diabetic if glycemia was
higher than 220 mg/dl. The animals were housed for 2 weeks prior to wound formation and propolis treatment.

2.4. Excisional wound preparation and macroscopic examination:-

Two weeks post-diabetes induction, the mice were wounded as previously described [34]. Briefly, the mice
were anesthetized with a single i.p. injection of ketamine (80 mg/kg body weight) and xylazine (10 mg/kg body
weight). The hair on the back of each mouse was shaved, and the back was cleaned with 70% ethanol. Two wounds
(8 mm in diameter, 3-4 mm apart) were made on the back of each mouse by excising the skin and underlying
panniculus carnosus. The animals were then divided into three experimental groups: group 1, control non-diabetic
mice topically treated with 25 ul 70% ethanol (vehicle)/wounded area/day for 15 days (n=20); group 2, diabetic
mice topically treated with 25 pl vehicle/wounded area/day for 15 days (n=20); and group 3, diabetic mice topically
treated with 25 ul of ethanolic soluble derivative of propolis (25 pl equivalent to 10 mg) /wounded area/day for 15
days (n=20). The optimal dose of propolis was determined in our laboratory on the basis of the LDs, value and
several previously established parameters. Propolis was painted onto the entire wound surface with a sterile cotton
bud. Skin biopsy specimens wereobtained from the animals at 3, 6, 9, 12, and 15 days post-wounding. For each
time point, a skin sample

— which included the scab, the complete epithelial and dermal compartments of the wound margins, the granulation
tissue, and portions of the adjacent muscle and subcutaneous fat tissue — was excised from each individual wound.
As a control, a similar sample of skin was collected from the backs of non-wounded wild-type mice. Each wound
site was digitally photographed at the indicated time intervals to document the wound area. Changes in the wound
area are expressed as a percentage of the initial wound area. At the indicated time intervals, the tissue of two
wounds from ten animals (n = 20 wounds) was collected for RNA, western blot and ELISA analyses.

2.5. Measurement of hydroxyproline content in the wound sites:-

At the indicated time intervals after the injury, skin wound sites were removed using a sterile disposable biopsy
punch and were dried for 24 h at 120°C, the levels of hydroxyproline, a major constituent of collagenin skin wound
sites, was measured to quantify collagen accumulation at the wound site, as previously described [36].
Hydroxyproline content was calculated by comparison to standards and-is expressed as the amount (ug) per
wounded tissue weight.

2. 6. Blood analysis:-

Blood glucose levels were determined using an AccuTrend sensor (Roche Biochemicals; Mannheim,
Germany). Luminex (Biotrend; Dusseldorf, Germany) was used to analyze serum insulin levels, according to the
manufacturer’s instructions.

2.7. Biochemical analysis of wounded tissues:-

Measuring cytokine levels. A 2.0-mm punch biopsy taken from the wound site was harvested and frozen in
liquid nitrogen. Specimens were homogenized in cytoplasmic lysis buffer containing protease inhibitors (Roche
Diagnostics), disrupted using Fast Prep (Q-Biogene; Solon, OH, USA), and centrifuged at 5000 [ g for 10 min.
The protein concentration in each lysate was determined using the bicinchoninic acid (BCA) protein assay kit
(Pierce; Rockford, IL, USA). The supernatants were then assayed to determine IL-1pB, IL-6, TNF-a, TGF-B1,
MMP2 and MMP9 levels using a commercial ELISA kit (R&D Systems; France), according to the manufacturer’s
instructions. The results are expressed as target molecule (picograms) per total protein(milligrams) for each sample.
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2.8. Western blot analysis:-

The skin and wound tissue biopsies were homogenized in lysis buffer (1% Triton X-100, 137 mM NaCl, 10%
glycerol, 1 mM dithiothreitol, 10 mM NaF, 2 mM NazVaOs, 5 mM ethylenediaminetetra-acetic acid, 1 mM
phenylmethylsulfonylfluoride, 5 ng/ml aprotinin, 5 ng/ml leupeptin and 20 mM Tris/HCI, pH 8.0), and the lysates
were prepared as previously described [37]. Fifty micrograms of total protein from the skin lysates was analyzed
using SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and western blot analysis. Antibodies (Abs) directed
against anti-collagen type 1 antibody (1:5000) phospho-Smad2 (pSmad2) (1:1000), pSmad3 (1:1000), total Smad2
(1:2000), total Smad3 (1:2000) and B-actin (1:4000) (all from Abcam, Paris, France) were used in combination
with horseradish peroxidase-conjugated secondary Abs, and the proteins were visualized using an enhanced
chemiluminescence (ECL, Supersignal Westpico chemiluminescent substrate; Perbio, Bezons, France) detection
system. The ECL signal was detected on Hyperfilm ECL. To quantify the band intensities, the films were
scanned, saved as TIFF files, and then analyzed using the NIH Image J software program.

2.9. Statistical analysis:-

The data were tested for normality (using an Anderson-Darling test) and variance homogeneityprior to
further statistical analysis. The data were normally distributed and are expressed as the mean + SEM (standard
error of the mean). Significant differences between groups were analyzed using one-way analysis of variance (for
more than two groups) followed by Tukey’s post-test using SPSS software version

17. Data are expressed as the mean + SEM. Differences were considered statistically significant at *P < 0.05

for diabetic vs. control; *P < 0.05 for diabetic + propolis vs. control; or #P < 0.05 for diabetic + propolis vs.
diabetic.
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3. Modeling and Analsis

-

Chemical composition

Plant resins waxes Essential OilPollens Other Orga. Substances

U ¥

¥ N

Fig. 1 Chemical composition (%) of raw propolis

. J

IJCRT23A5335 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1165


http://www.ijcrt.org/

www.ijcrt.org © 2023 IJCRT | Volume 11, Issue 5 May 2023 |
ISSN: 2320-2882

4. Results And Discussion

4.1. Results

4.1.1. Propolis enhances wound closure in diabetic mice

We evaluated macroscopic changes at the skin-excision wound sites in control mice, diabetic mice and
diabetic mice treated topically with the ethanolic soluble derivative of propolis. Pictures were taken on day O,
immediately following injury. The wound sites exhibited a similar morphology in all 3 experimental groups on day
3 post-injury. The wounds in the control and diabetic mice treated with propolis showed nearly similar degree of
closure at 15 days post-injury. By contrast, the diabetic mice exhibited delayed wound closure. A representative
result is shown (Fig. 1A). The accumulated data showing the change in the percentage of wound closure at each
time point (relative to the original woundarea) from 10 mice per group are shown (Fig. 1B). These results showed
that wound closure and healing were accelerated in diabetic mice treated topically with the ethanolic soluble
derivative of propolis compared with diabetic mice treated with vehicle alone. We also measured the blood glucose
and insulin levels in the 3 groups of mice before and throughout the indicated time points post-wounding.
Accumulated data from 10 animals from each group revealed that the diabetic mice exhibited significant elevation in
the glucose levels andsignificant decrease in the insulin levels compared to the control non diabetic mice (Table 1).
However, when the diabetic mice were treated with the ethanolic soluble derivative of propolis the blood glucose
levels were not significantly decreased and the insulin levels were not significantly increased compared to the
diabetic mice treated with vehicle (Table 1).

4.1.2. Topical application of propolis to diabetic wounds restores the levels of wound-tissue pro-
inflammatory cytokines, TGF-¢ 1 and MMP9

ELISAs were used to measure the levels of pro-inflammatory cytokines, TGF-p 1 and MMP9, which play important
roles in wound healing, in the excisional wound tissues collected from the 3 groups of mice on days 3,6, 9, 12 and
15 post-wounding. Day 0 samples were collected one hour prior to wound formation (non-wounded skin tissue).
The accumulated data from 10 individual mice from each group revealed elevated levels of pro-inflammatory
cytokines (IL-1B, IL-6, and TNF-a) and MMP9 in diabetic mice compared with controls, as shown in Fig. 2. In
particular, the diabetic mice exhibited elevated levels of the pro- inflammatory cytokines IL-1B. (Fig. 2A), IL-6 (Fig.
2B) and TNF-a (Fig. 2C), as well as MMP9 (Fig. 2D), compared with control non-diabetic animals. Interestingly, the
diabetic mice that were treated topically with the ethanolic soluble derivative of propolis showed a partial but
significant restoration of wild-type expression for IL-1B (Fig. 2A), IL-6 (Fig. 2B), TNF-a (Fig. 2C), and MMP9 (Fig. 2D)
compared with vehicle-treated diabetic animals. Nevertheless, in contrast to the levels of pro-inflammatory
cytokines and MMP9, diabetic mice exhibited a marked and significant reduction in the levels of TGF-f 1
compared with control non-diabetic mice (Fig.2E). Most importantly, the diabetic mice that were treated topically
with the ethanolic soluble derivative of propolis showed a partial but significant restoration of TGF-B 1 levels
compared with vehicle-treated diabetic animals.

4.1.3. Propolis-treated diabetic mice exhibit clear changes in TGF-¢ 1-mediated phosphorylation of
Smad2 and Smad3 in the wound tissue.

TGF-B 1 mediates activation of the transcription factors Smad2 and Smad3, leading to the production of
collagen, which in turn acts asa regulator of the wound healing processes. Therefore, the expression and
activation of Smad2 and Smad3 were investigated in the excisional wound tissues from the threegroups of mice
at 6, 9 and 12 dayspost-wounding. A representative immunoblot showing one of the five experiments is
shown (Fig. 3A & B). In particular, immunoblots of phosphorylated Smad2, total Smad2 and total B-actin
(loading control) (Fig. 3A), phosphorylated Smad3, total Smad3 and total B-actin (loading control) (Fig. 3B)
are shownin control non-diabetic mouse (CM), vehicle-treated diabetic mouse (DM) and diabeticmouse
treated with propolis (DM+P) in wounded tissues at 6, 9 and 12 days post-wounding. We found that the
phosphorylation of Smad2 and Smad3 were markedly reduced in vehicle-
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treated diabetic mice, as the immunoblots showed very low intensity bands over the entire wound healing
process compared with control non-diabetic mice. By contrast, the propolis-treated diabetic mice displayed
enhanced phosphorylation of Smad2 and Smad3, which peaked at 9 and 12 days post-injury, similar to the levels
observed in the control non-diabetic mice. Nevertheless, treatment of diabetic mice with propolis had no effect on
the expression of Smad2 and Smad3. Accumulated data from five individual mice per groupare shown for the
normalized phosphorylation of Smad2 to the total relevant Smad2 (Fig. 3C) and normalized phosphorylation of
Smad3 to the total relevant Smad3 (Fig. 3D). We found that vehicle-treated diabetic mice (closed black bars)
exhibited a significant reduction in the normalized Smad2 and Smad3 phosphorylation from days 6 to 12 post-
wounding compared with control (open bars) and propolis-treated diabetic mice (gray dotted bars).

4.1.4. Propolis enhances the production of collagen and accelerates diabetic wound healing

Increased collagen content in the extracellular matrix is a characteristic change observedduring the proliferative
phase of the wound healing process. As hydroxyproline is found almost exclusively in collagen, we used
hydroxyproline content as an indicator of collagen type I levels at the wound sites. The accumulated data from 10
individual mice per group demonstrated that hydroxyproline content was significantly decreased in diabetic mice
withdecreased wound closure compared with control mice (Fig. 4A). Compared with control mice, there was less
collagen accumulation at wound sites in diabetic mice, consistent with the delays in wound healing. However,
diabetic mice that were treated topically with the ethanolic soluble derivative of propolis exhibited a significant
restoration of hydroxyprolinecontent compared with vehicle-treated diabetic mice. To confirm the alteration in the
expression of collagen type I in the diabetic animals when treated topically with the ethanolic soluble derivative of
propolis, Western blot analysis was assessed to monitor the expression of collagen type I at its protein level and one
representative immunoblot showingone of the five experiments is shown (Fig. 4B) in control non-diabetic mouse
(CM), vehicletreated diabetic mouse (DM) and diabetic mouse treated with propolis (DM+P) in woundedtissues at
6, 9 and 12 days post-wounding. Our data demonstrated that the expression of collagen type | was markedly
reduced in vehicle-treated diabetic mice, as the immunoblots showed very low intensity bands compared with
control non-diabetic mice. By contrast, the propolis-treated diabetic mice displayed an obvious increase in the
expression of collagen type I at 9 and 12 days post-injury, similar to the levels observed in the control non-diabetic
mice. Accumulated data from five individual mice per group are shown (Fig. 4C)for the normalized values of
collagen type I expression to the relative intensities of f-actin values. Our data revealed that wvehicle-treated
diabetic mice (closed black bars) exhibiteda significant reduction in the collagen type | expression (from days 6 to
12 post-wounding compared with control (open bars) and propolis-treated diabetic mice (gray. dotted bars).
Interestingly, when diabetic mice were treated topically with the ethanolic soluble derivative of propolis, they
exhibited a significant restoration of collagen type | expression.
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Fig.4.A. Macroscopic changes in skin excisional wounds during wound closure. (A) The wound sites were photographed at the indicated
intervals. The pictures at day O were taken immediately after injury. (B) Re- presentative data from 10 individual mice per group indicating
changes in the percentage of wound closure. The data are presented as mean + SEM values. "P < 0.05, diabetic vs. control; *P < 0.05, diabetic +
propolis vs. control; #P < 0.05, diabetic + propolis vs. diabetic.

Table 4.B. Blood glucose and insulin ley

Onset of diabetic induction

Two weeks post-diabetes induction
0 day post-wounding

3 days post-wounding

6 days post-wounding

9 days post-wounding

12 days post-wounding

15 days post-wounding

Onset of diabetic induction

Two weeks post-diabetes induction
0 day post-wounding

3 days post-wounding

6 days post-wounding

9 days post-wounding

12 days post-wounding

15 days post-wounding

“P<0.05 Diabetic vs control.

+P<0.05 Diabetic + propolis vs control.

Control mice

120+11
127+12
101+10
90+9.8
131£13.8
128+11.6
162+12.4
139+14.4

Control mice

5.6+0.5
5.7+0.36
4.9+0.32
5.1+04
5.2+04
4.9+0.33
5.4+0.45
4.98+0.35

Blood glucose level (mg/dL) the experiments

Diabetic mice Diabetic + propolis
260+158 * 244+164 +
344+182* 315+18.4 +
360+16 * 311+17.2 +
368+19 * 339+18 +
370+22* 353+21 +
345+21* 326+19 +
392216 * 362+20.8 +
386+19.4 * 359421 +

Blood insulin level (ng/ml)

Diabetic mice Diabetic + propolis
3.1£0.29* 3.7+0.28 +
2.2¢0.22* 2.6+0.26 +
1.6+0.18* 1.740.21 +
1.8+0.19* 1.9+0.18 +
1.9+0.22 * 1.95+0.19 +
2.1202% 23202 +
2.1+0.16 * 2.2+0.25 +

2.05+0.18 * 2.4+0.16 +
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Fig. 4.D. Topical application of propolis affects the phosphorylation of Smad2 and Smad3 in wounded tissues. Immunoblots showing one
representative experiment is shown for phosphorylated Smad2 and total Smad2(A), phosphorylated Smad3 and total Smad3 (B) in control non-
diabetic mouse (CM), diabetic mouse (DM)and diabetic mouse treated topically with propolis (DM+P). Accumulated data from five independent
expe-riments are shown for normalized Smad2 (C) and Smad3 (D) phosphorylation in control non-diabetic (openbars), diabetic (closed black bars)
and diabetic animals treated topically with propolis (gray dotted bars) in wounded skin samples (at 6, 9 and 12 days post-wounding). Values
represent the mean + SEM. "P < 0.05, diabetic vs. control; *P < 0.05, diabetic+ WP vs. control; #P < 0.05, diabetic + WP vs. diabetic (ANOVA with
Tukey’s post-test).
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Fig. 4.E. Propolis enhances collagenproduction in diabetic wounds.

(A) Hydroxyproline content, an index of collagen accumulation at wound sites, was determined. Values represent the mean + SEM. (B)
Western blot analysis was performed to measure the expression of collagen type | as a protein and B-actin in woundedskin samples (at 6, 9 and
12 days post-wounding). (C) Accumulated data from five independent expe- riments are shown for normali-zed collagen type | expression in
control non-diabetic (open bars), diabetic (closed black bars) anddiabetic animals treated topically with propolis (gray dotted bars) in wounded
skin samples (at 6,

9 and 12 days post-wounding).

Values represent the mean + SEM.

‘P < 0.05, diabetic vs. control;

*P < 0.05, diabetic + WP vs. con- trol; #P < 0.05, diabetic + WP vs. diabetic (ANOVA with Tukey’s post-test).
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4.2. Discussion

Natural antioxidants play central roles in enhancing the immune system through mechanisms dependent on the oxidative
stress which, in turn, seems to play significant roles in many human diseases. In this context, we previously demonstrated the
beneficial effects of thymoquinone in the treatment of multiple myeloma and improving the diabetic complications by restoring the
T cell immune response in diabetic offspring [37-40]. Most interesting, we shown that natural antioxidants isolated from ants
venoms were able to enhance the normal lymphocyte functions and exerts antitumor effects on the breast cancer cells [41].
Moreover, we provide clear evidences for the effects of camel whey protein for accelerating the healing process of diabetic wounds
in experimental animal models [34, 42,43]. Propolis is a natural antioxidant product found in plant materials and is processed by
worker bees.

The present study showed that the topical application of propolis to diabetic wounds in mice accelerated wound closure to a
rate that was similar to that in non-diabetic control mice and significantly faster than that in untreated diabetic mice. These
improvements wereevident during the earliest stages post-incision and continued over the entire two-week study period, indicating
that propolis application impacts all stages of the healing process. Our data are consistent with previous studies in humans and
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animals, as well as with older reports describing the use of propolis to treat ulcers [28-30]. Topical application of propolishad no
effect on the glucose levels as shown in Table 1 suggesting that treatment of diabetic wounds with propolis accelerates the healing
process by reversing the diabetic complicationrather than lowering the glucose level.

The wound repair-enhancing effects of propolis are partly due to its anti-inflammatory properties. It is thought that prolonged
inflammation impairs the healing process in diabetic patients, and it is recognized that elevated IL-1B, IL-6, and TNF-a levels are
found in diabeticwounds [34, 44]. Therefore, it has been suggested that targeting inflammatory mediators could be an effective
strategy for improving healing dynamics in diabetes. In the present study, we show that propolis application abrogated the
inflammatory process associated with diabetic wounds and restored the expression of IL-1 B, IL-6 and TNF-a to near wild- type
levels. A direct inhibitory effect of propolis on cytokine production by immune cells has been documented [45], supporting the
anti-inflammatory profile shown in the current study. Restoration of the proper expression levels of these cytokines is likely
associated withinhibition of the inflammation feedback loop 45], as well as with decreased degradationof the ECM through the
inhibition of MMP expression [46, 47]. Indeed, MMP9 levels were correlated with pro-inflammatory cytokine levels in this study,
consistent with the hypothesisthat propolis reduces proteolytic activity during cutaneous inflammation. It was previously reported
that propolis and its extracts reduce MMP9 expression in diabetic wounds, particularly TNF-induced MMP9 [30]. In particular, fir
honeydew flavonoids inhibited TNF-a-induced MMP9 expression in keratinocytes at both the gene and protein levels [48].

Propolis increased the levels of both collagen type 1 and its major constituent hydroxylproline in the wounds of diabetic
mice. This finding was consistent with the accelerated healing observed in the treatment group compared with the diabetic PBS-
treated group, which showed reduced expression of collagen type | and hydroxyproline. Similar healing profiles in the ECM (i.e.,
increased levels of collagen and its degradation products) were reported in rat excisional [28] and burn wounds [49] following
propolis application. Additionally, enhanced healing and early stage replacement of collagen type 111 with collagentype | in burn
wounds have been reported using propolis extract-coated collagen dressings[50]. Diminished collagen deposition is a mechanism of
delayed wound healing, and propolis can restore the composition and quality of the ECM. These improvements may be due to
reduced MMP9 lewels, as described above, and indeed, the restoration of proper MMP9 levels using laser therapy improved ECM
quality in diabetic mice [50]. However, in our study,increased collagen type | was observed at the level of gene expression, as well
as at the protein level, as demonstrated by higher hydroxylproline values.

To further define the role of TGF-B in enhancing wound healing following propolis application, we characterized TGF-f1
gene expression at mMRNA and protein levels, as well as phosphorylation of the downstream Smad transcription factors.
Downregulation of the Smad2/3 signaling pathway is correlated with decreased collagen type 1 transcription in fibroblast cell lines
[51]. Additionally, multiple studies using a variety of pharmacological and physical agents have demonstrated the induction of
collagen expression and synthesis in dermal fibroblasts in a TGF-B/Smad-dependent manner [52-54]. Therefore, a means to
positively target the TGF-B pathway would certainly be useful for the treatment of diabetic wounds. Strikingly, propolis
application to diabetic wounds resulted in the upregulation of TGF-f gene expression and enhanced Smad2/3 phosphorylation
compared with Vehicle- treated diabetic wounds, and these effects were observed from the earliest stages, peaking around day 9 of
the study. In addition to the transcriptional activation of collagen expression,the downregulation of both TNF-a and MMP9 in the
cutaneous wounds of diabetic miceis consistent with increased TGF-f/Smad signaling, given that the upregulation of TGF-f3/
Smad is accompanied by the downregulation of TNF-a and MMP9 as well as decreased inflammation. Indeed, the promoters of
both factors harbor TGF-f/Smad response elements,and TGF-$ has been shown to downregulate TNF-a-induced MMP9 expression
in monocytes [55]. Other potential mechanisms through which propolis application could promote wound healing via TGF-f/Smad
upregulation are the stimulation of keratinocyte migration and increased integrin expression [56], which will require further
investigation.

It has been shown that HoxD3, a homeobox transcription factor that promotes angiogenesis and collagen synthesis, is up-
regulated during normal wound repair whereas its expression is diminished in impaired healing wounds of the genetically diabetic
(db/db)mouse as compared to wild-type mice with normal healing wounds [57]. In this context,it was concluded that decreased
expression of HoxD3 was due to marked reduction in the expression of cytokines and growth factors including TGF-f3, which are all
reduced in diabetic models. [57]. Therefore, it is possible that treatment of diabetic wounds with propolis restored TGF-f
expression and signaling-mediating HoxD3 and Smad and subsequently collagen expression.

It has been established that TGF- induced proliferation of keratinocytes and fibroblasts,led to new formation of capillaries in
the granulation tissue and modulated extracellular matrix deposition and reconstitution of the injured area. Additionally, topical
application ofgrowth factors was successful to accelerate healing of full thickness wound in normal mice and normalizes a delayed
healing response of diabetic rats. Miyzono and Heldin reported. that TGF-f is a family of multifunctional 25KDa protein (TGF -
beta 1, 2, 3) which stimulates collagen and fibronectin formation in variety of fibroblast cell lines [58]. Moreover, TGF-beta is
known to regulate the differentiation of cells, induce chemotaxis of inflammatory cells and induce the accumulation of extra
cellular matrix protein [59]. Spom et al. stated that TGF- is a human DNA-derived polypeptide growth factor that induces normal
soft tissue repair mechanism and reverses deficient repair rates. This growth factor is released by platelets,
monocytes/macrophages, endothelial cells and fibroblasts, cells that are essential to the repair process [60]. In this work by Spom
et al. they found that TGF-p played a central role in wound healing. It influenced the inflammatory response, angiogenesis,
granulation tissue formation, reepithelization, extracellular matrix deposition and remodeling. Therefore, it is possible the effects
of propolis in accelerating healing process of diabetic wounds was due to its direct effect on the expression of TGF-p and it
downstream signaling. The present study indicates that the topical application of propolis enhances the wound repair process in the
context of diabetes by promoting TGF-p/Smad signaling, leading to increased expression and deposition of collagen type I,
reduced MMP expression, and decreased inflammation.
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5.Abbreviations

Diabetes mellitus (DM); Extracellular matrix (ECM); Interleukin (IL); Matrix metalloproteinase (MMP); Streptozotocin
(STZ2); Transforming growth factor-beta (TGF-f); Tumor necrosis factor-alpha (TNF-a).

6. 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 infood, 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, andflavonoids 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 winmore 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 drugsto 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 canbe further purified and optimized, and the role of eacheffective 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 ofpropolis 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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