Molecules 2013, 18, 14397-14413; doi:10.3390/molecules 181114397

molecules

ISSN 1420-3049
www.mdpi.com/journal/molecules

Article

Biological Activity of Propolis-Honey Balm in the Treatment of
Experimentally-Evoked Burn Wounds

Zaneta Jastrzebska-Stojko !, Rafal Stojko 2+ Anna Rzepecka-Stojko 3, Agata Kabala-Dzik !
and Jerzy Stojko °

' Department of Anesthesiology and Intensive Care School of Medicine, Medical University of

Silesia in Katowice, Medykow 14, 40-752 Katowice, Poland; E-Mail: zak@czkstojko.pl
Department of Women Health, School of Health Sciences, Medical University of Silesia in Katowice,
Medykow 12, 40-752 Katowice, Poland

Department of Pharmaceutical Chemistry, School of Pharmacy and Laboratory Medicine,
Medical University of Silesia in Katowice, Jagiellonska 4, 41-200 Sosnowiec, Poland,;

E-Mail: annastojko@sum.edu.pl

Deparment of Pathology School of Pharmacy and Laboratory Medicine, Medical University of
Silesia in Katowice, Ostrogorska 3, 41-200 Sosnowiec, Poland; E-Mail: adzik@sum.edu.pl
Department of Hygiene, Bioanalysis and Environmental Studies School of Pharmacy and
Laboratory Medicine, Medical University of Silesia in Katowice, Kasztanowa 3A,

41-200 Sosnowiec, Poland; E-Mail: jstojko@sum.edu.pl

* Author to whom correspondence should be addressed; E-Mail: rstojko@sum.edu.pl;
Tel.: +48-32-357-6272, Fax: +48-60-255-6093.

Received: 23 September 2013, in revised form: 11 November 2013 / Accepted: 12 November 2013 /
Published: 21 November 2013

Abstract: Medicines of biogenic origin with micro-organic, regenerative and analgesic
properties are becoming more and more significant in the treatment of burn wounds.
These properties are found in apitherapeutics such as propolis and honey—products
collected and processed by a honey bee. Their effect on the course of the healing processes
is multidirectional. The aim of the study was a histopathological and biochemical analysis
of the processes of scar formation in experimentally evoked burn wounds in white pigs
treated with the 1% and 3% Sepropol balms containing standardized extracts of propolis
and honey. The results were compared with the therapeutic effects obtained with dermazin
cream (1% silver sulfadiazine). The level of collagen was determined in the wounds treated
with 1% and 3% Sepropol and compared with the collagen level in healthy skin and
wounds treated with dermazin. Granulation and regenerated epithelium formation times
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were compared, with the 3% Sepropol being by far the most effective. The 3% Sepropol
also increased the collagen level to 116% with the control sub-groups scoring between
80% and 98%. The results show the healing process of burn wounds in pigs treated with
the Sepropol balm starts earlier and has a faster course than the standard dermazin therapy.
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1. Introduction

The treatment of burn wounds is a significant problem of clinical medicine. Back in the early 20th
century the local treatment of burn wounds was limited to the application of antiseptics and their
anti-bacterial properties. Microorganisms find extremely favorable conditions for intensive
development in a burn wound and the damage to the skin, which is a natural protective barrier, leads to
protein denaturation, necrosis and exudate, with an ischemic zone surrounded by edema. As a
consequence, the defensive mechanisms, both humoral and cellular, are impaired. Proper assessment
of the burn depth determines the decision regarding the local treatment—either conservative
or surgical [1].

In the light of the latest scientific reports, medicines of biogenic origin with their anti-microorganic,
regenerative and analgesic properties are becoming more and more significant in the treatment of burn
wounds [2]. These properties are found in apitherapeutics such as propolis and honey products
collected and processed by a honey bee. Standardized extracts obtained from bee products constitute
the base for various apipharmaceutics and the standardized propolis extract is becoming more widely
used in burn wounds treatments [3—5].

Propolis is one of the most significant bee products. It contains substances with high biotic
activities which are especially valuable in the stimulation of reconstructive processes of damaged
tissues. The activity of the standardized propolis extracts refers both to the repair and regeneration
processes. Propolis stimulates the vascular endothelial growth factor and significantly intensifies
cellular proliferation confirmed by the growth of H3 histone [6].

Propolis is a resinous substance collected by bees from various tree species and enriched with the
secretion of their fauces glands. It consists of approximately 300 synergistic compounds, with the most
important roles being played by phenolic compounds and their anti-oxidizing, anti-rheumatic and
disinfectant properties; flavonoids and their anti-inflammatory, anti-microorganism, and anti-neoplastic
properties; terpenes with their antibiotic and immune-stimulating properties; and lipid-wax substances
which decrease the LDL fraction of cholesterol in blood. Other important elements present in propolis
include calcium, manganese, magnesium, zinc, copper, silicon and iron. Propolis is also rich in
pro-vitamin A (B-carotene), vitamin A (retinol), vitamins B1, B2, B5, B6, C, E, D and also proteins
and carbohydrates. Numerous scientific studies have proven various and multidirectional biotic
properties of both propolis and also other bee products [7] such as antibacterial, anti-mycotic, antiviral,
anti-protozoan, anti-oxidizing, anti-inflammatory, anesthetizing, hypotensive, anti-aggregation,
regenerative, cholepoietic, anti-neoplastic and immune-modulating [8—10]. Some authors refer to
propolis as to the antibiotic of the 21st century because of its synergic activity with other antibiotics
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such as oxytetracyclines, gentamycins and bacitracins. The antibacterial activity of propolis results
from the fact that it contains flavonoids and phenolic acid esters [11,12]. Propolis successfully fights
Staphylococcus aureus which is resistant to methicillin, streptococci, Moraxella catarrhalis and some
strains of tuberculosis mycobacteria. It counteracts the development of Candida, Sporothrix and
Paracoccidoides fungi and suppresses the multiplication of influenza and herpes viruses which are the
most frequent viral etiological factors in oral and nasal cavity, lungs or cerebrospinal meninges
inflammations, and also destroys protozoon causing trichomoniasis, toxoplasmosis and lambliasis [13,14].

Honey and standardized propolis extract balm have been found most effective in the treatment of
burn wounds since when used together, these two substances show all the necessary burn wound
treatment functions: antibacterial, reparative and anesthetic [15]. They not only accelerate the granulation
creation but also facilitate scar formation.

Honey consists of water, sugars, organic acids, nitrogen compounds, bio-elements, flavonoids,
carotenoids, ethereal oils, phospholipids, vitamins and microelements. Its carbohydrates include mainly
monosaccharides (glucose, fructose and slight amounts of polysaccharides: sucrose and maltose) while
its protein compounds are mainly enzymes, simple proteins—albumins and globulins and free amino
acids originating from bee fauces glands. They condition the pharmacological activity [16].

The only variety of honey used in the treatment of burn wounds is the one produced from the nectar of
entomophilous plants [17-20]. The best known pharmacological property of honey is its antibacterial
activity [21,22] which results from its rich chemical composition, low pH, high concentration of
carbohydrates and release of hydrogen peroxide—a by-product of glucose oxidation under the
influence of glucose oxidase—the enzyme synthesized in bee fauces glands. Other anti-microorganic
compounds of honey include lysozyme, apidicine, terpenes, flavonoids, organic acids and substances
from oil plants nectar and honeydew of coniferous trees — eucalyptol, thymol, menthol, camphene and
other [23]. Honey has a synergistic effect by intensifying the antibacterial activity of known antibiotics
against multi-resistant microorganisms [24]. It reveals a significantly stronger bactericidal activity
against G+ bacteria, it produces an effect on Staphylococcus aureus [25], streptococci: Streptococcus
pyvogenes and Strep. Pneumonia, but has a weaker effect on G- bacteria of the Enterobacteriacae
family: E.coli, Klebsiella pneumoniae, Proteus vulgaris, Salmonella, Shigella or non-fermenting rods
of Pseudomonas family [26,27]. Additionally, honey is a valuable energetic product [28,29] with its
properties such as anti-oxidation [30], detoxication, immune-modulating, anti-allergic, regenerating
and tranquilizing [31,32]. 1% honey concentration stimulates monocytes to release cytokines IL-1 and
IL-6 and TNF-a which activate the immunological response [33]. The above-listed honey properties
allow for its wide application in various fields of medicine, e.g., in dentistry, gynecology, urology,
dermatology, internal diseases [32—-36], in the treatment of difficult to heal wounds, burns, bedsores,
trophic crural ulcerations, ulceration of stomach mucosa, inflammations of upper airways, oral cavity
and parodontium diseases, and especially in treating dry socket [37—43].

While the literature does list therapeutic activities of the standardized honey extract and propolis,
there have been no publications on the effects of their simultaneous use as a mixture. It would seem
that such a preparation should condition the synergistic activity and, consequently, shorten the healing
time and also improve the esthetics of the emerging scar.

The main aim of the study was the histopathological and biochemical analysis of the scar formation
processes in experimentally-evoked burn wounds in white pigs, treated with standardized honey
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extract and propolis balm, 1% and 3% Sepropol, and their comparison to the effects obtained with
conventional therapeutic means—dermazin. Additionally, the collagen levels, which have an impact
on the acceleration of the healing process and the quality of the emerging scar were also determined
and compared.

2. Results and Discussion
2.1. Clinical Assessment

The clinical assessment of burn wounds covered their size and appearance as well as the condition
of the skin around the wound. The animals were put in general anesthesia on days 1, 3, 7, 14 and 21 of
the experiment and the wounds were then measured with a measuring rule to the accuracy of 1 mm.
The initial wound size was considered to be 15 x 30 mm, i.e., the size of the burning pad. All other
parameters of the wound and its surroundings were assessed with a standard physical examination.
The granulation formation process was assessed as well as the course of scar organization taking place
on the wound surface.

The wounds in the D1 (1% Sepropol) and D2 (3% Sepropol) sub-groups were clearly smaller than
in the K1 and K2 sub-groups as soon as day 3, with the edema and reddening around the wound also
being smaller.

On day 7, the skin around the wounds was red, cracked and swollen in the control K sub-groups,
while in the Sepropol sub-groups no edema or reddening were observed (yet the serous exudate was
still present).

On day 14, the wounds were tightly covered with crust; in control sub-groups the exudate remained,
while in the studied sub-groups red epithelium emerged at the wound edges, where crust was falling
off from the wound surface.

On day 21, the wounds size remained unchanged in the control group, with the crust falling off
from the surface and a dark pink scar being visible under the crust. In the studied sub-group DI
(1% Sepropol), the wounds were fully covered with light pink epithelium, while in the sub-group D2
(3% Sepropol) the wounds were healed and covered with an organized scar.

The wound healing process was significantly different among the various sub-groups. In K1, the
wounds were dry and cracked and they continued to crack and bleed even after crust formation. In K2,
the wounds were dry and cracked and there was edema and a zone of hyperemia around them. The
healing process started on day 14 but the wound size did not decrease. On day 21, the crust started to
fall off from wound surfaces and a scar started to form underneath. In both Sepropol sub-groups the
wounds were wet and the reddening around the wound was less extensive. On day 14 the wounds got
visibly smaller and the crust was falling off at the edges, which was especially clearly visible for the
3% Sepropol D2 sub-group. On day 21, the 1% Sepropol sub-group’s wounds got smaller and their
surface was covered with a delicate epithelium. However, in the sub-group D2 (3% Sepropol) the
wounds were covered with an organized scar and could be considered healed.
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2.2. Histopathological Test Results

We analyzed the wound cleansing, ground substance creation, proliferation of blood vessels and
collagen fibers formation. All these elements appear in the successive stages of granulation and
scar formation. On day 3, the histopathological picture in all sub-groups was similar, fibrous exudate
could be observed on the wound surfaces, as well as stratified squamous epithelium defect and deep
necrotic lesions reaching fatty tissue. An inflammatory infiltration could be observed around blood
vessels. On day 7 the histopathological picture changed significantly especially in the 3% Sepropol
sub-group. Figures 1-8 show some of these effects.

Figure 1. Day 7, K1-0.9% NaCl, fibrinous exudate, stratified squamous epithelium defect,

visible necrotic lesions, coagulative necrosis and inflammatory infiltration (enlargement
150%, HE).
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Figure 2. Day 7, K2-dermazin an extensive, deep coagulative necrosis, wound covered

with fibrin masses and extensive inflammatory infiltration, fibrin presence (enlargement
150%, HE).
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Figure 3. Day 7, DI1-1% Sepropol-epithelium defect with necrosis, inflammatory
infiltration with granulocytes (enlargement 150%, HE).
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Figure 4. Day 7, D2-3% Sepropol, inflammatory exudate with great amount of
granulocytes, on the bottom of the wound and at its edges granulation process marked
(enlargement 150%, HE).

On day 14 the histopathological picture in each sub-group was significantly different. In the control
sub-groups the epithelium defect could still be observed, also present were the coagulative necrosis
and inflammatory infiltration and the first forms of granulation tissue appeared as well. In the studied
sub-groups the healing process was much more visible and the epithelium defect started to fill in with
fresh granulation tissue. On day 21 the improvement was even more significantly visible in the
Sepropol sub-groups vs. the K sub-groups.
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Figure 5. Day 21, K1-0.9% NacCl, defect visibly filled in with granulation tissue and crust
covering the wound, inflammatory infiltration reach granulocytes within the skin damage
borders (enlargement 150%, HE).

Figure 6. Day 21, K2-dermazin, crust visible at wound edges visible, fresh granulation
tissue underneath, inflammatory infiltration, visible unobstructed blood vessels
(enlargement 150, HE).

Figure 7. Day 21, D1-1% Sepropol, the entire defect covered with regenerated epidermis,

defect filled with granulation with predominant collagen fibers (enlargement 150x, HE).
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Figure 8. Day 21, D2-3% Sepropol, healed burn wound, granulation tissue with
predominant collagen fibers building up connective tissue scar (enlargement 150%, HE).

Histopathological test results show considerable discrepancies in the healing process of burn
wounds depending on the applied preparation in favor of experimental sub-groups D1 and D2. The
pathological process in each group was identical, however, the repair processes started at different
times. In wounds washed out with isotonic salt solution, stratified squamous epithelium defects as well
as masses of coagulative necrosis were observed throughout the whole experiment. On the last days of
the experiment, the defects were filled with granulation, however, an inflammatory exudate and tissue
debris were observed on the wound surface.

In the dermazin group, on the 3rd and 7th day of the experiment, the wounds picture was similar to
the group dressed with isotonic salt solution. On the 14th day, the first signs of granulation were
observed, however, necrotic masses with epithelium defects and inflammatory infiltration were still
present. On the 21st day, the granulation process was visible, yet the epithelium defects and
inflammatory process remained.

In the 1% Sepropol sub-group, the differences were significant on day 14. The epithelium defects
were filled with granulation, while on day 21 the granulation was covered with regenerated epithelium.
In the 3% Sepropol sub-group, the first signs of granulation, both on the wound surface and on its
bottom, were visible on day 7. Inflammatory infiltration with a considerable amount of granulocytes
was observed in the preparation, which proves the wound was being cleaned and prepared for
epithelium regeneration. On day 14, the regenerating epithelium could be observed, with mature
granulation underneath. On day 21, the defects were filled with granulation with a considerable
amount of collagen fibers building up the connective-tissue scar. The experiments thus proved that the
best effect was obtained with the application of 3% Sepropol.

2.3. Biochemical Test Results

Biochemical tests supplemented the histopathological assessment. The collagen level in burn
wound scars was determined and compared with healthy skin parameters. This was done with the
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indirect method by determining level of hydroxyproline—the collagen-specific amino acid, which,
practically speaking, does not exist in other organic proteins. The quantitative determination of
hydroxyproline is used for the assessment of the stage of repair processes. Assuming that the collagen
level in healthy skin is a constant, the results (Table 1 and Figure 9) show a clearly advantageous effect of
1% and 3% Sepropol on the full reconstruction of collagen structure in a newly-emerged scar. The
similar cannot be said of dermazin—in this case the collagen level was under the standard level for
healthy skin.

Table 1. Hydroxyproline and collagen levels in pg/mg of dry mass in burn wounds scars
on the 28th day of the experiment as compared to healthy skin.

Healthy skin Burn wounds
0.9% NaCl Dermazin 1% Sepropol 3% Sepropol
hydroxyproline 58.2[+0.73]  45.5[+0.67] 57.5[+0.81] 64.2 [+0.47] 68.4 [+0.63]
[g/mg dry mass £+ SD]
collagen 464 360 456 512 544
[g/mg dry mass]

Figure 9. Proportional level of collagen in burn wounds scars on the 28th day of the
experiment as compared to healthy skin. Collagen level in healthy skin is assumed to
equal 100%.

o 8 88 8 BB

09 NaCl Dermazin 1% Sepropol 3% Sepropol  Healthy skin
2.4. Statistical Analysis

In order to verify the hypothesis regarding the effect of burn wound treatment method on the
average hydroxyproline level expressed in pg/mg of dry mass in burn wound scars on day 28, a one-way
analysis of variance for independent samples was carried out (Table 2).

A statistically significant effect of burn wound treatment method was obtained: NaCl, dermazin,
1% Sepropol or 3% Sepropol F (4.32) = 101.6757, p < 0.000001. Analysis results confirm all the
predictions regarding mean values. The hypothesis regarding the equality of mean values at the level
of p <0.000001 was rejected.
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Table 2. One-way analysis of variance for independent samples.

Variance analysis (Determined effects are significant with p < 0.0500)

Variable
SSeffect  dfeffect MSeffect SSerror dferror MS error F p

Hydroxyproline level 2745.234 4 686.311 216.000 32 6.750 101.676  0.0000

SS effect—sums of squares among groups; df effect—number of degrees of freedom among groups; MS effect—mean
square among groups; SS error—sums of squares inside groups (remainders); df error—number of degrees of freedom

inside groups (remainders); MS erro—mean square inside groups; F—Fisher test value; p—probability level p.

In order to confirm which burn wound treatment methods stand out of the control group values the
most and which differ among themselves most significantly, the test of differences among mean values
from each group was carried out. Post-hoc comparisons with the LSD test showed that only the
dermazin therapy does not differ statistically significantly from the results obtained for healthy skin.
For the studied preparation, regardless of the active substance concentration, statistically significant
differences were shown (Table 3).

Table 3. p values showing significance levels for subsequent mean pairs.

LSD test; Variable (Determined differences are significant with p < 0.05000)

Method
{1} M =45 {2} M =57 {3} M =64 {4} M =068 {5} M =58
NaCl 0.9% {1} 0.000000 0.000000 0.000000 0.000041
Dermazin {2} 0.000000 0.000002 0.000000 0.717403
Sepropol 1% {3} 0.000000 0.000002 0,002603 0.035857
Sepropol 3% {4} 0.000000 0.000000 0.002603 0.000922
Healthy skin {5} 0.000041 0.717403 0.035857 0.000922

Medicines containing standardized, pharmacologically active compounds of biogenic origin, e.g.,
apitherapeutics, are becoming more and more popular burn wounds therapies as they have a positive
effect on the wound healing process by stimulating the cellular cycle and synthesis of extracellular
matrix components. The scientific interest in and meticulous studies of apitherapeutics revealed their
therapeutic effectiveness in various medical disorders. However, there is always the question of how to
select the optimal concentration of the therapeutic substance in order to fully expose its therapeutic
effects and simultaneously minimize side-effects.

Various authors have confirmed the effectiveness of apitherapeutics and their advantages over other
commonly applied pharmaceutics. In 2002, Gregory et al. carried out a prospective study comparing
the course, efficacy and outcome of the treatment of 2nd grade burn wounds dressed with propolis skin
cream and silver sulfadiazine [44]. The study covered middle-aged patients with bilateral burns which
did not exceed 20% of the body. One part of the wounds was dressed with the propolis skin cream and
the second part with silver sulfadiazine salt. The assessment of the course of treatment, the
inflammatory infiltration intensification, the granulation rate and the quality of the emerging scar
showed that propolis was the substance of considerably better therapeutic outcome as compared to the
silver sulfadiazine salt. Our own study revealed comparable therapeutic outcomes, with the 3%
Sepropol balm being most effective.

Similar results were obtained by Pessolato ef al. in 2011 [45]. The study was carried out on rats and
it compared the outcomes of 2nd grade burns treatment with 5% propolis ointment and autologous
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amnion. Macro- and microscopic assessment of epidermis and dermis was performed, as well as
morphometric assessment of the stimulation degree of collagen fibers formation. Efficacy of both
applied treatment methods was comparable. Both the propolis ointment and the amnion reduced the
local inflammatory infiltration. The macroscopic assessment was more favorable for propolis on the
7th day. On the following days, a comparable efficacy of both studied substances was observed in the
scope of accelerating the regeneration process of damaged tissue and stimulation of collagen fibers
production. As in the case of our own studies, the applied treatment methods allowed for reduction of
the emerging scar, a faster come-back to normal functioning and improvement of burned patients’ lives
quality. The Pessolato et al. study confirmed the histopathological tests results obtained in our own
material. Emerging fibers of connective tissue on the 14th day of the experiment together with a
simultaneous retreat of micro-capillary tubes are the evidence of a considerable acceleration of healing
processes observed at the cellular level.

A frequent complication of the burn wound healing process is a bacterial infection as it
considerably prolongs the therapy and often requires a modification of the treatment. In 2012, Berretta
et al. carried out a study whose aim was to determine the most optimal standard concentration of
propolis extract (EPP- AF) which gives the best outcomes in managing local skin damages in rats [46].
In the process of multiple dilutions, specific concentrations of the studied EPP-AF agent were
obtained, which were later tested in vitro and in vivo against the micro-organisms most frequently
present in wounds, such as: Pseudomonas aeruginosa, Klepsiella pneumoniae, E. coli, Staphylococcus
aureus and Staphylococcus epidermidis. The best antibacterial properties and at the same time the best
therapeutic outcome was obtained with the samples containing 3.6% propolis.

Propolis also reveals an advantageous effect in sun burns as was shown by Cole et al. in a study on
hairless mice [47]. They showed that the ethanol propolis extract is a very effective UV-radiation blocker,
completely eliminating the possibility of burn wounds on hairless skin. The authors demonstrated the
inhibition of lipid peroxidation process with a subsequent decrease of interleukin 10 over-expression
and drop of interleukin 12 level, brilliantly explaining the photo-protective activity of propolis.
Interestingly, the active substance concentrations ranged between 0.0001% and 0.01% of the total
solution mass.

The literature provides various study results of the second active component of Sepropol, i.e., the
standardized honey extract. Al-Waili et al. studied female patients with infectious complications in
post-operative Caesarian section wounds [48]. Group A consisted of female patients treated with
honey for 12 hours. Group B consisted of patients treated with 70% ethanol and iodine. Antibiotics
were administered to both groups. Bacteria elimination in group A took place after 6 days (antibiotics
were administered for 6.8 days) and in group B after 14.8 days (antibiotics were administered for 15 days).
Full recovery in group A was after 10.7 days and in group B after 22 days. Scar size in group A was
3.6 mm and in group B 8 mm. The observed faster bacteria elimination and, in turn, acceleration of the
healing process considerably reduces the hospitalization period and improves the cosmetic effect of the
obtained scar.

Moreover, in a study by Subrahmanyam er al. [49] patients in the 1st group received the
standardized honey extract and in the 2nd group—dermazin. In the first group 91% of wounds were
aseptic after 7 days. In the second group, the same effect was observed in less than 7%. The
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granulation could be observed much earlier in patients treated with honey—7.4 days vs. 13.4 days for
dermazin patients.

Based on the above results and our own findings, it is recommended that due to low costs, high
effectiveness and easy application, honey should be considered as a valid alternative in burns
treatment. While the contemporary medicine moves at a logarithmic speed, with the development of
molecular biology, gene therapy, studies on stem cells, efc. sometimes it may be a good idea to go
back to the good old therapeutic methods because we can easily confirm their effectiveness even at the
molecular level.

3. Experimental
3.1. Reagents

Xylene, hematoxylin, eosin aqueous solution (1%), anhydrous ethyl alcohol (99.8%), acetone,
NaOH, chloramine T 3-hydrate and perchloric acid (70%) from POCh (Gliwice, Poland). DPX
mounting medium DPX and hydroxyproline from Fluka (Dresden, Germany). Tris-HCl (0.05 M),
4-(dimethylamino)benzaldehyde (98%) from Sigma-Aldrich (Munich, Germany).

3.2. Therapeutic Agents

The subjects of the study were Sepropol 1% and 3% balms consisting of the standardized propolis
extract and the nectar polyfloral honey at a 1:1 ratio in a white petrolatum base. Authorized for
consumption by Panstwowy Zaktad Higieny (National Institute of Hygiene) under certificate
11 153/94. The technological process of the apitherapeutic agent was developed in the Polish
Foundation for Apitherapy in Katowice, Poland and dermazin (silver sulfadiazine) 1% cream, from Lek
Pharmaceuticals (Ljubljana, Slovenia).

3.3. Tissue Materials

Approval for the study was obtained from the Regional Ethical Committee of the Medical
University of Silesia in Katowice, Poland (resolution no. 25/2010 on 5 October 2010). The subject of
the histopathological and biochemical tests were segments collected in the course of the experimental
therapy of burn wounds. The experimental wound model was developed in accordance with the
Hoekstra standard [50]. The white pig is often used as the biological experimental model for the study
of the healing processes of various wounds because of the complete similarity of pig skin to the human
skin, the only difference between the two being in the depth of particular histological layers. The
experiment duration of 21 days was based on the Hoekstra procedure. The last day of the experiment is
based on the complete healing of the wound in one of the sub-groups in our case, this was day 21 and
the 3% Sepropol sub-group. Also, the biochemical and histopathological data collected on that day
from the assessment of the remaining sub-groups revealed significant differences in the healing
process when compared to the 3% Sepropol sub-group. Based on the fact that the data revealed the end
of the healing process in the wound area in one of the sub-groups, this was the last day of the
observations, and as a result, of the study. Observations were carried out on two white pigs, aged 15-16
weeks and with the weight of approximately 40 kg. In each of them and in deep general anesthesia
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with ketamine hydrochloride and sodium thiopental—18 burn wounds were produced on the surface of
the back—nine on each side. The surface of each wound was 15 x 30 mm. The total area of burns did
not exceed 10% of total skin surface. Out of 36 burns (n = 36), 18 wounds were in the control group K
(n = 18) and the remaining 18 the experimental group D (n = 18). Within the control group K 2 sub-groups
were created: K1 (n = 9) with wounds washed with the 0.9% solution of NaCl and K2 (n = 9) with
wounds managed with silver sulfadiazine (dermazin). Within the experimental group D two
sub-groups were also created: D1 (n = 9) with wounds treated with Sepropol 1% cream and D2 (n = 9)
with wounds treated with Sepropol 3% cream. Each wound was dressed with an aseptic dressing which
was changed once a day and contained a comparable amount of therapeutic agent.

3.4. Histopathological Test

The histopathological assessment of healing process was carried out on 3rd, 7th, 14th and 21st day
of the experiment. The studied material was collected from three wounds in each sub-group: K1, K2,
D1 and D2. Prior to material collection, the animals underwent general anesthesia. Segments included
the middle part of wound, the edge of the lesion and the skin around the wound. The collected material
was fixed in a 10% formalin solution for minimum 24 hours. After fixing, the tissues were treated with
the aqueous solution of ethyl alcohol in the concentrations of 70% v/v, 80% v/v, 96% v/v respectively.
The material was subsequently poured with acetone and xylene respectively. After that, tissues were
placed in a xylene and paraffin mixture at a 1:1 ratio and then in liquid paraffin. After solidification,
the paraffin was cut into 3—5 micron thick bands. Paraffin bands were treated with xylene, an ethyl
alcohol/xylene mixture at a 1:1 ratio and aqueous solution of ethyl alcohol in the concentrations of
99.8% v/v, 96% v/v, 90% v/v, 80% v/v, 70% v/v respectively and then rinsed in distilled water.

The material prepared in this way was stained with the standard HE method, hematoxylin-eosin,
which included staining with alkaline solution of hematoxylin, rinsing in distilled water, staining with
acid solution of eosin and rinsing in distilled water. Later, preparations were treated with aqueous
solution of ethyl alcohol in the concentrations of 70% v/v, 80% v/v, 90% v/v, 96% v/v, 99.8%,
respectively, ethanol/xylene mixture at 1:1 ratio and rinsed in xylene in order to finally dehydrate and
radiate the tissue. Slides were closed with cover glass by means of DPX-medium.

3.5. Biochemical Test

The biochemical test covered the determination of collagen level in scars of burn wounds managed
with 0.9% NacCl, dermazin and 1% and 3% Sepropol and compared with healthy skin parameters. The
determination of collagen amount was performed with the indirect method by the determination of
hydroxyproline level. Quantitative hydroxyproline determinations in micrograms per milligrams of dry
mass were performed in accordance with the Prockop and Underfriend method [51] on the 18th day of
the experiment. In order to do so, material samples collected from burn wounds and the area around
them were treated with 0.9% NaCl, dermazin and 1% and 3% Sepropol respectively containing
100 mg of degreased tissue each underwent homogenization and then ultrasound disintegration in
0.05 M of Tris-HCI. The hydroxyproline level was determined with the spectrophotometric method.
The homogenate underwent the hydrolysis in HCIl in the nitrogen atmosphere. Hydrolysate was
neutralized with NaOH and oxidized with the chloramine T solution and perchloric acid. The product
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of hydroxyproline oxidation underwent a specific reaction with p-dimethylaminobenzaldehyde and the
absorbency of the solution was measured with the wave-length of A = 557 nm with the SP-830 Plus
Metertech spectrometer. The hydroxyproline amount was calculated with the standard curve prepared
for a standard hydroxyproline solution (5-20 mg/L; y = 0.0109x + 0.025; R* = 0.989). The calculated
hydroxyproline value was multiplied by a constant calculation coefficient equaling 8, because
hydroxyproline constitutes approximately 1/8 of collagen mass. Obtained results were compared with
the collagen level in undamaged healthy skin of animals taking part in the experiment.

4. Conclusions

The healing process of burn wounds treated with Sepropol is faster as compared to the standard
dermazin therapy. Histopathological tests show that the process of scar formation in wounds treated
with Sepropol starts considerably earlier as compared to the control group. The hydroxyproline level,
and, in turn, the collagen level, increase in a statistically significant way in wounds dressed with
Sepropol as compared to the control group. The reparatory activity of Sepropol is in a statistically
significant way dependent on the active substance concentration (1% vs. 3%).

Acknowledgments

This work was supported by Grant from Medical University of Silesia, Poland (KNW-1-144/P/2/0).
Conflicts of Interest

The authors declare no conflict of interest.
References

1. Heimbach, D.; Engrav, L.; Grube, B.; Marvin, J. Burn depth: A review. World J. Surg. 1992, 16,
10-15.

2. Moore, O.A.; Smith, L.A.; Campbell, F.; Seers K.; Moore R.A. Systematic review of the use of
honey as a wound dressing. BMC Complement. Altern. Med. 2001, 1, 2—8.

3. Najafi, M.F.; Vahedy, F.; Seyyedin, M.; Jomehzadeh, H.R.; Bozary, K. Effect of the water extract
of propolis on stimulation and inhibition of different cells. Cytotechnology 2007, 214, 129—134.

4. Stojko, A. Treatments Based on Bee Products (Apitheraphy). In Medycyna Naturalna; Janicki, K.,
Rewerski, W., Eds.; PZWL: Warszawa, Poland, 2001; pp. 105-113.

5. Stojko, J.; Stojko, R.; Szostak, R.; Stojko, A.; Wroblewska-Adamek, I.; Szaflarska-Stojko, E.;
Kabata-Dzik, A. Observations on the possibile uses of the ApiPanten preparation In the therapy of
burn wounds. Ann. Acad. Med. Siles. 2004, 58, 117-120.

6. Pytel, A.; Strzatka, B.; Fila, A.; Stojko, A.; Mazurek, U.; Wilczok, T. Zmiany Dynamiki Ekspresji
Histonu H3 W Gojacej Sie Ranie Oparzeniowej Pod Wplywem Preparatu Propol-O;
37 Zjazd Polskiego Towarzystwa Biochemicznego: Torun, Poland, 2001.

7. Kedzia, B. Chemical composition of Polish propolis. Part 2. New study. Post. Fitoter. 2009, 2,
122-128.



Molecules 2013, 18 14411

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

Scazzocchio. F.; D'Auria, F.D.; Alessandrini, D.; Pantanella, F. Multifactorial aspects of
antimicrobial activity of propolis. Microbiol. Res. 2006, 161, 327-333.

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

Uzel, A.; Sorkun, K.; Oncag, O.; Coculu, D.; Gensay, O.; Salih, B. Chemical composition and
antimicrobial activities of four different Anatolin propolis samples. Microbiol. Res. 2005, 160,
189-195.

El-Bassuony, A.; AbouZid, S. A new prenylated flavonoid with antibacterial activity from
propolis collected in Egypt. Nat. Prod. Commun. 2010, 5, 43—45.

Lu, L.C.; Chen, Y.W.; Chou, C.C. Antibacterial activity of propolis against Staphylococcus
aureus. Int. J. Food Microbiol. 2005, 102, 213-220.

Cardoso, R.L.; Maboni, F.; Machado, G.; Alves, S.H.; De Vargas, A.C. Antimicrobial activity of
propolis extract against Staphylococcus coagulase positive and Malassezia pachydermatis of
canine otitis. Vet. Microbiol. 2010, 142, 432-434.

Salomao, K.; Pereira, P.R.S.; Campos, L.C.; Borba, C.M.; Caballo, P.H.; Marcucci, M.C.;
de Castro, S.L. Brazilian propolis: Correlation between chemical composition and antimicrobial
activity. Evid. Based Compl. Alt. 2008, 5, 317-324.

Viuda-Martos, M.; Ruiz-Navajas, Y.; Fernandez-Lopez, J.; Perez-Alvarez, J.A. Functional
properties of honey, propolis and royal jelly. J. Food Sci. 2008, 73, 117-124.

Tomoi, S.; Go, M. The Nutraceutical Benefit, Part I1I: Honey. Nutrition 2000, 16, 468—469.
Ahmed, A.K.; Hoekstra, M.J.; Hage, J.J.; Karim, R.B; Honey-medicated dressing: transformation
of an ancient remedy into modern therapy. Ann. Plast Surg. 2003, 50, 143—-148.

Mashhood, A.A.; Khan, T.A.; Sami, A.N. Honey compared with 1% silver sulfadiazine cream in
the treatment of superficial and partial thickness burns. J. Pak. Assoc. Dermatol. 2006, 16, 14—19.
Bangroo, A.K.; Khatri, R.; Chauhan, S. Honey dressing in pediatric burns. J. Indian Assoc.
Pediatr. Surg. 2005, 10, 172-175.

Dunford, C.; Cooper, R.; Molan, P.; White, R. The use of honey in wound management.
Nurs. Stand. 2000, 15, 63—68.

Anand, A.; Shanmugam, J. Antistaphylococcal properties of natural honey. Biomedicine 1998, 18,
15-18.

Subrahmanyam, M.; Hemmady, A.R.; Pawar, S.G. Antibacterial activity of honey on bacteria
1solated from wounds. Ann. Burns Fire Disasters 2001, 14, 22-24.

Wahdan, H.A. Causes of the antimicrobial activity of honey. Infection 1998, 26, 26-31.

Karayil, S.; Deshpande, S.D.; Koppikar, G.V. Effect of honey on multidrug resistant organisms
and its synergistic action with three common antibiotics. J. Postgrad. Med. 1998, 44, 93-97.

Irish, J.; Carter, D.; Blair, S. Honey Prevents Biofilm Formation in Staphylococcus aureus.
8th Asian Apicultural Association Conference, Perth, Australia, 20-24 March 2006.

Okhiria, O.; Henriques, A.; Burton, N.; Peters, A.; Cooper, R.A. The Potential of Manuka Honey
for the Disruption of Biofilms Produced by Strains of Pseudomonas aeruginosa Isolated From
Wounds. In Proceedings of the 155th Meeting of the Society for General Microbiology, Dublin,
Ireland, 6-9 September 2004.



Molecules 2013, 18 14412

27.

28.

29.
30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Venkatachala, M.; Thangam, M. Bactericidal activity of different types of honey against clinical
and environmental isolates of Pseudomonas aeruginosa. J. Alter. Complem. Med. 2007, 13, 439-441.
Khan, F.R.; Abadin, Z.U.; Rauf, N. Honey: Nutritional and medicinal value. Int. J. Clin. Pract.
2007, 61, 1705-1707.

Subrahmanyam, M. Honey, a nutritious food and valuable medicine. Sci. Ind. 2006, 2, 6-8.
Frankel, S.; Robinson, G.E.; Berenbaum, M.R. Antioxidant capacity and correlated characteristics
of 14 unifloral honeys. J. Apic. Res. 1998, 37, 27-31.

Tonks, A.; Cooper, R.A.; Price, A.J.; Molan, P.C.; Jones, K.P. Stimulation of TNF -alpha release
in monocytes of honey. Cytokine 2001, 14, 240-242.

Subrahmanyam, M.; Sahapure, A.G.; Nagane, N.S.; Bhagvat, V.R.; Ganu, J.V. Free radical
control—The main mechanism of the action of honey in burns. Ann. Burns Fire Disasters 2003,
16, 135-138.

Tonks, A.J.; Cooper, R.A.; Jones, K.P.; Blair, S.; Parton, J.; Tonks, A. Honey stimulates
inflammatory cytokine production from monocytes. Cytokine 2003, 21, 242-247.

Lineen, E.; Namias, N. Biologic dressing in burns. J. Craniomaxillofac. Surg. 2008, 19, 923-928.
Molan, P.C. Potential of honey in the treatment of wounds and burns. Am. J. Clin. Dermatol.
2001, 2, 13-19.

Molan, P.C. Re-introducing honey in the managment of wounds and ulcers—Theory and practice.
Ostomy Wound Manage. 2002, 48, 28—40.

Ingle, R.; Levin, L.; Polinder, K. Wound healing with honey—A randomized control trial. S. Afr.
Med. J. 2006, 96, 831-835.

Jull, A.B.; Rodgers, A.; Walker, N. Honey as a topical treatment for wounds. Cochrane Database
Syst. Rev. 2008, 8, CD005083.

Miri, M.R.; Hemmati, H.; Shahraki, S. Comparison of efficacy of honey versus silver
sulphadiazine and acetate mafenid in the treatment of contaminated burn wounds in piggies. Pak.
J. Med. Sci. 2005, 21, 168-173.

Molan, P.C. The evidence supporting the use of honey as a wound dressing. Int. J. Low. Extrem.
Wounds 2006, 5, 40-54.

Wijesinghe, M.; Weatherall, M.; Perrin, K.; Beasley, R. Honey in the treatment of burns: A
systematic review and meta-analysis of its efficacy. N. Z. Med. J. 2009, 22, 47-60.
Subrahmanyam, M. Honey-impregnated gauze versus amniotic membrane in the treatment of
burns. Burns 1994, 20, 331-333.

Subrahmanyam, M. Storage of skin grafts in honey. Lancet 1993, 341, 63—-64.

Gregory, S.R.; Piccolo, N.; Piccolo, M.T.; Piccolo, M.S.; Heggers, J.P. Comparison of propolis skin
cream to silver sulfadiazine: A naturopathic alternative to antibiotics in treatment of minor burns.
J. Altern. Complem. Med. 2002, 8, 77-83.

Pessolato, A.G.; Martins Ddos, S.; Ambrésio, C.E.; Mancganares, C.A.; de Carvalho, A.F. Propolis
and amnion reepithelialise second-degree burns in rats. Burns 2011, 37, 1192—-1201.

Berretta, A.A.; Nascimento, A.P.; Bueno, P.C.; Vaz, M.M.; Marchetti, J.M. Propolis standardized
extract (EPP-AF®), an innovative chemically and biologically reproducible pharmaceutical
compound for treating wounds. Int. J. Biol. Sci. 2012, 8, 512-521.



Molecules 2013, 18 14413

47.

48.

49.

50.

51.

Cole, N.; Sou, P.W.; Ngo, A.; Tsang, K.H.; Severino, J.A.; Arun, S.J.; Duke, C.C.; Reeve, V.E.
Topical Sydney propolis protects against UV-radiation-Induced inflammation, lipid peroxidation
and immune suppression in mouse skin. Int. Arch. Allergy Immunol. 2010, 152, 87-97.

Al-Waili, N.S.; Saloom, K.Y. Effects of topical honey on post-operative wound infections due to
Gram-positive and Gram-negative bacteria following Caesarean sections and hysterectomies.
Eur. J. Med. Res. 1999, 4, 126—130.

Subrahmanyam, M. A prospective randomized clinical and histological study of superficial burn
wound healing with honey and silver sulfadiazine. Burns 1998, 24, 157-161.

Hoekstra, M.J.; Hupkens, P.; Dutrieux, R.P.; Bosch, M.M.C.; Brans, T.A.; Kreis, R.W.
A comparative burn wound model in the New Yorkshire pig for the histopathological evaluation
of local therapeutic regimens: silver sulfadiazine cream as a standard. Br. J. Plast. Surg. 1993, 46,
585-589.

Prockop, D.J.; Underfriend, S. A specific method for the analysis of hydroxyproline in tissues and
urine. Anal. Biochem. 1960, 1, 228-239.

Sample Availability: Samples of the compounds are available from the authors.

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



