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Abstract 

This work examined the therapeuJc potenJal of propolis gel as a natural topical agent to 
enhance wound healing in the hard-palaJne region of local adult male rabbits (Oryctolagus 
cuniculus). Forty-eight rabbits were randomized into eight groups (four controls, C3, C7, C14 
and C21; four treatment groups: T3, T7, T14 and T21). All animals performed a 10x 3 mm 
longitudinal incision in the hard palate at the same distance. Treatment groups received a 
single film of prepared propolis gel once daily for 3, 7, 14, or 21 days, while the control (C) 
group received no topical applicaJon. Bloods were collected in intervals for biochemical anal-
yses. Biochemical assays confirmed the findings, demonstraJng a highly significant decrease 
in NO and MDA (p ≤ 0.01–0.0001) and a highly significant increase in CAT and SOD (p ≤ 0.01–
0.0001), implying lower oxidaJve stress as compared to the control groups. Topical applica-
Jon of propolis gel has beneficial effects that are a]ributed to anJ-inflammatory, anJoxi-
dant, anJmicrobial, and proangiogenic acJviJes, promoJng collagen deposiJon, Jssue re-
pair, and re-epithelializaJon. Propolis may represent a safe, cost-effecJve approach for re-
ducing healing Jme and morbidity associated with oral wounds.  
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Introduc)on 
The oral cavity is composed of several func-
Joning units, such as the hard palate, gingiva, 
tongue, and buccal mucosa, that together per-
form important funcJons like masJcaJon, 
speech producJon, taste sensaJon, and the in-
iJal process of digesJon; the hard palate, as a 
firm separaJon between the oral and nasal 
caviJes, is important for swallowing and arJc-
ulaJon. The result is that the mucosal surface 
of the oral cavity is constantly exposed to me-
chanical force (due to masJcaJon), thermal 
fluctuaJon (as food and beverages enter the 
oral cavity), as well as a variety of bacteria, 
fungi, and viruses [1]. Accordingly, this area is 
highly suscepJble to a variety of types of le-
sions, such as trauma wounds, burns, ulcers, 
and surgical defects. Injury of these Jssues fre-
quently causes a considerable amount of pain, 

disturbance in mandibular funcJon and a high 
incidence of infecJon [2]. 
TradiJonal treatment for injuries of hard pal-
ate and oral mucosa is to remove or eliminate 
the cause, clean up the mouth, and use drop-
wise medicine applicaJon from anJbacterial 
agents to anJsepJc drugs, apply one drop at a 
Jme into injury site. Furthermore, chlorhexi-
dine mouth rinses, corJcosteroids and differ-
ent types of anJbioJcs can be used. Neverthe-
less, Jssue irritaJon, the increasing risk of mi-
crobial resistance to anJbioJcs drugs; unsaJs-
factory conJnuous regeneraJon effects and 
caused potenJal side-effects to	have encour-
aged researchers to invesJgate alternaJve 
treatments that are both safe and biocompaJ-
ble material effecJvely promoJng the regener-
ated Jssue not only for its anJmicrobial pro-
tecJve capability [3]. 

One of the most interesJng natural candidates 
is propolis which is a resinous substance pro-
cessed by honeybees from botanical exudates. 
This substance is known for its flavonoids, pol-
yphenolic compounds and aromaJc acids that 
provides anJmicrobial, anJ-inflammatory, an-
Joxidant and wound-healing properJes [4]. In 
an experimental model in laboratory animals 
of excisional palatal wounds, propolis was re-
ported to favor greater contracJon, healing 
and less inflammaJon than chlorhexidine-
treated or nontreated wound [5]. Comparable 
results have been reported with a buccal mu-
cosa wounds model, which was treated with 
propolis that enhanced the proliferaJon of fi-
broblasts and epithelial cells as well as upregu-
lated vimenJn expression, while it significantly 
decreased inflammatory cell penetraJon [6]. 
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Propolis also has been documented in clinical 
studies to have therapeuJc efficacy. In a ran-
domized, double-blind split-mouth study, 
postoperaJve applicaJon of 5% propolis oint-
ment to the palatal donor sites aier FGGA re-
duced pain and advanced healing significantly 
compared with no intervenJon in control sites 
[7]. Equally, in head and neck cancer paJents 
receiving radiotherapy, be]er efficacy was re-
ported when using a propolis formula mouth-
wash along with shorter duraJon of mucosiJs 
healing and improved mucosa repair; almost 
100% recovery was achieved in most treated 
paJents within one week without remarkable 
adverse events [8]. Direct evidence on hard 
palate trauma does need to be determined, 
however a systemaJc review and Meta-analy-
sis of RAS found both topical and systemic 
propolis were effecJve treatments for lessen-
ing pain, erythema and duraJon of healing 
when compared with placebo, but the quality 
of evidence was rated low [4]. 
In addiJon to its acceleraJng effects on the re-
ducJon of damaged Jssue, propolis has proven 
strong anJ-biofilm acJviJes and inhibits 
growth of major oral pathogens Such as: 
Streptococcus mutans, Candida albicans and 
Staphylococcus aureus [3]. Taken together, 
these results highlight the potenJal of propolis 
in acceleraJng wound healing and of its acJv-
ity in re-epithelializaJon, inflammaJon modu-
laJon, and anJmicrobial inhibiJon. Therefore, 
propolis becomes a potenJal candidate for ad-
junct or subsJtute therapy of injuries in the 
oral mucosa and hard palate. 
The objecJve of this study is to invesJgate the 
extent to which local propolis can be used as a 
healing accelerator of oral and hard palate 
wounds. It enumerates the bio-therapeuJc ef-
fects of propolis, that might replace drugs 
used in oral cavity lesions by clinical denJstry 
to reduce side-effects, interacJons, and con-
tra-indicaJons. Having the potenJal to be 
used as a natural and economical remedy for 
oral mucosa lesions, propolis could play a role 
in shortening the healing period and decreas-
ing post-injury complicaJons. 
This aim will be achieved through the following 
objecJves, including examining the effecJve-
ness and safety of propolis to reduce healing 
Jme compared with a placebo, and invesJgat-
ing the anJoxidant capacity of propolis in 
speeding up the process of wound healing.	
	
Materials	and	Methodos	
The extracJon was designed for purificaJon of 
major propolis bioacJves, especially flavo-
noids, phenolic acids and their esters, wax and 
beeswax impuriJes being discarded. To main-
tain stability, the raw propolis was iniJally fro-
zen at −20 °C. Fragments of the frozen mate-
rial were cut, chopped into small pieces, 

defrosted and finally ground with an electric 
pulverizer (NaJonal, Japan). The extracJon 
procedure was derived from previous work 
[9,10]. A flask beaker and the soluJon stored in 
a dark place for 14 days with conJnuous sJr-
ring by a magneJc sJrrer using (100 g of pow-
dered propolis: 1000 mL of 96% ethanol) [11]. 
The mixture was filtered iniJally through ster-
ile gauze to remove the larger parJcles and 
subsequently filtrated at Whatman No. 1 filter 
paper to give the wax-free ethanolic extract. 
The clarified filtrate was transferred into sterile 
glass Petri dishes and lei to evaporate at room 
temperature unJl complete dryness. The re-
sulJng residue was carefully scraped off and 
stored at 4 °C unJl required for experimental 
use. 
It was prepared with carboxy polymethylene 
(Carbopol 934) and propylene glycol [12], in 
which 2 grams of Carbopol 934 were dispersed 
in 50 ml of disJlled water with conJnuous sJr-
ring; then 2 ml of propylene glycol and 25 
grams of propolis extract were added, and the 
volume was made up to 100 ml by adding the 
remaining disJlled water.  
The ingredients were mixed well with sJrring, 
and then triethanolamine was added dropwise 
to the formulaJon to adjust the pH (6.5-6.8), 
obtaining the gel at the required concentra-
Jon. An idenJcal procedure was used to obtain 
a control sample without propolis addiJon [1]. 
 This invesJgaJon was carried out on 48 adult 
male indigenous domesJc rabbits (Oryctolagus 
cuniculus), weighing 1.9-2 kg. The animals 
were divided into two equal groups: T 
(treated) and C (control). For each group, it was 
then divided into four equally sized subgroups 
(n = 6) and kept under specific pathogen-free 
condiJons (12/12 h light/dark cycle at 25 °C 
with a proper humidity), ensuring the availabil-
ity of water and commercial rabbit feed. The 
subgroups were divided as follows: 
C3 group: 10 × 3 mm longitudinal hard palate 
incisions were made on each of the six rabbits, 
which never received any treatment other 
than daily topical applicaJon with propolis-
free gel for 3 days. 
T3 group: 10 × 3 mm longitudinal hard palate 
incisions were made on each of the six rabbits, 
and they were treated with propolis-contain-
ing gel daily for 3 days. 
C7 group: 10 × 3 mm longitudinal hard palate 
incisions were made on each of the six rabbits, 
and they received daily treatment with propo-
lis-free gel for 7 days. 
T7 group: 10 × 3 mm longitudinal hard palate 
incisions were made on each of the six rabbits, 
and they received daily treatment with propo-
lis gel for 7 days. 
 C14 group: 10 × 3 mm longitudinal hard palate 
incisions were made on each of the six rabbits, 

and they received daily treatment with propo-
lis-free gel for 14 days. 
T14 group: 10 × 3 mm longitudinal hard palate 
incisions were made on each of the six rabbits, 
and they received daily treatment with propo-
lis gel for 14 days. 
C21 group: 10 × 3 mm longitudinal hard palate 
incisions were made on each of the six rabbits, 
and they received daily treatment with propo-
lis-free gel for 21 days. 
T21 group: 10 × 3-mm hard palate linear inci-
sions were made on each of the six rabbits, fol-
lowed by daily applicaJon of propolis gel for a 
period of 21 days. 
On day 0 and under asepJc condiJons, sterile 
surgical wounds measuring 3 × 10 mm were 
longitudinally made in the oral hard palate of 
all animals using established rabbit oral wound 
protocols with minor modificaJons [13-15]. 
Anesthesia was administered intramuscularly 
with a mixture of 35 mg/kg ketamine and 5 
mg/kg xylazine prior to surgery, which is the 
normal anestheJc protocol for short surgical 
duraJon in rabbits [16]. Aier wound creaJon, 
treated subgroups received daily topical appli-
caJons of a thin film of propolis-containing gel 
for their respecJve duraJons, whereas control 
subgroups received propolis-free gel similarly. 
Aier each treatment period, 10 mL of blood 
was collected into tubes without anJcoagulant 
for biochemical assays [17]. 
Serum samples were stored at −20°C and 
thawed on ice immediately before analysis to 
preserve the integrity of the biomarkers, and 
indirect measurements of nitric oxide were 
made by assaying for its metabolite, nitrite. 
The mixture of serum and Griess reagent (sul-
fanilamide in H3PO4, N-(1-naphthyl) ethylene-
diamine dihydrochloride (NEED), 26.7 mol/L 
HCl) was incubated at room temperature for 10 
min followed by measuring the absorbance at 
540 nm to determine nitrite concentraJon us-
ing a standard curve prepared with NaNO2 
[18]. 
The acJvity of catalase was determined in a 
spectrophotometer by measuring the decom-
posiJon of hydrogen peroxide. The 1 ml assay 
mixture consisted of phosphate buffer (pH = 
7.0), hydrogen peroxide with a serum sample, 
reducJon in absorbance at 240 nm was rec-
orded for a minute at room temperature, and 
catalase acJvity was measured as units/mg 
protein, one unit being the amount of enzyme 
to decompose 1 µmol of H2O2/minute) [19]. 
SOD acJvity was measured by the SOD, which 
inhibited NBT reducJon in a xanthine-xan-
thine oxidase system. The reacJon mixture 
consisted of phosphate buffer (pH 7.8), NBT, 
xanthine, x anthinex oxidase and serum sam-
ple. SoluJon absorbance was read at 560 nm 
every 5 min at room temperature. 1 Unit of 
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SOD was defined as the amount that caused 
50% inhibiJon in NBT reducJon [20]. 
Levels of MDA, an index of lipid peroxidaJon, 
were esJmated by the thiobarbituric acid reac-
Jve substances (TBARS) test. Serum was mixed 
with thiobarbituric acid and aceJc acid	 and 
heated in a boiling water bath for 1h. The sam-
ples were then cooled and centrifuged. The 
absorbance of the supernatant was deter-
mined at 532 nm. The contents of MDA were 
determined based on 1,1,3,3- tetramethoxy-
propane standard curve [21]. 
StaJsJcal analysis was carried out using IBM 
SPSS StaJsJcs version 27.0 program. Group dif-
ferences were analyzed using one way 
ANOVA followed by Tukey’s post hoc compari-
sons. A P-value of <0.05 was considered staJs-
Jcally significant [22-24]. 
 
Results	
The current anJoxidant biomarkers studied are 
Nitric Oxide (NO), Catalase (CAT), Superoxide 
Dismutase (SOD), and Malondialdehyde 
(MDA). 
Nitric oxide (NO) is a vasoacJve mediator used 
to analyze and promote the relaxaJon of blood 
vessels during wound healing. It is linked with 
inflammaJon to differenJate between wors-
ening wounds and progressing healing; there-
fore, the current results showed that there is a 
significant (p≤0.01) decrease in levels of NO in 
the T3 group (9.17±0.56) when compared to 
the C3 group (11.05±0.56), as in Figure 1. Be-
sides, the results of NO showed highly signifi-
cant (p≤0.0001) decreases in the T7 group 
(9.63±0.56), T14 group (8.84±0.56), and T21 
group (8.01±0.56) when compared to the C7 
group (13.66±0.56), C14 group (14.22±0.56), 
and C21 group (16.26±0.56), respecJvely. 
Catalase (CAT) is an effecJve inhibitor of reac-
Jve oxygen species (ROS) that mediates to pro-
long the process of wound healing, therefore, 
the current results on catalase (CAT) showed a 
non-significant (p≥0.01) differences between 
the T3 group (5.33±0.42) and T7 group 
(5.87±0.426) when compared to C3 group 
(4.81±0.42) and C7 group (4.63±0.426), respec-
Jvely (Figure 2). Moreover, the results of cata-
lase (CAT) showed highly significant (p≤0.001) 
and (p≤0.0001) increases in its levels in the T14 
group (6.24±0.42) and T21 group (6.76±0.426) 
when compared to its levels in the C14 group 
(4.01±0.42) and C21 group (3.97±0.426), re-
specJvely. 
Superoxide dismutase (SOD) is the crucial oxi-
daJve stress biomarker that can idenJfy the 
disorders that occurs in the wound healing 
steps; therefore, the current results of SOD 
showed a non-significant (p≥0.01) differences 
between the T3 group (609.9±28.9) and T7 
group (642.2±28.91) when compared to C3 

group (522.2±28.9) and C7 group 
(502.9±28.91), respecJvely (Figure 3). 
On the other hand, the results of SOD showed 
highly significant (p≤0.0001) increases in its 
levels in the T14 (642.2±28.91) group and T21 
group (649.5±28.9) when compared to its lev-
els in the C14 group (470.2±28.91) and C21 
group (454.5±28.9), respecJvely. 
Malondialdehyde (MDA) is used as a biomarker 
to assess oxidaJve stress in the wound healing 
phases; therefore, the current results of MDA 
showed a significant (p≤0.01) decrease in the 
T3 group (44.01±4.33) and T7 group 
(50.28±4.338) when compared to C3 group 
(57.92±4.33) and C7 group (65.56±4.338), re-
specJvely; besides, a highly significant 
(p≤0.0001) decrease in T14 group 
(46.43±4.33), and T21 group (39.76±4.33) 
when compared to its level in the C14 group 
(72.57±4.33) and C21 group (75.51±4.33), re-
specJvely (Figure 4).   
 
Discussion	
Biochemical analysis is instrumental in deter-
mining any deterioraJon at the level of cellular 
and organic injuries; thus, the current study an-
alyzed the main anJoxidant biomarkers to give 
an idea of how regeneraJon is processed. 
Flavonoids, polyphenols, and phenolic acids—
of which their esters are thought to be the pri-
mary contributors—are the primary sources of 
propolis's anJoxidant qualiJes [25]. Due to 
their capacity to scavenge oxidaJve agents and 
lessen the producJon of ROS, flavonoids have 
been studied for their anJoxidant acJvity [26]. 
Nitric oxide (NO) levels significantly decreased 
in the propolis-treated group when compared 
to the control group. This is because NO dis-
rupts the regeneraJon process, which in turn 
causes oxidaJve stress, which damages DNA 
and disrupts cellular energy metabolism by re-
ducing the funcJon of cellular mitochondria 
and calcium homeostasis, which co-occurred 
to varying degrees [27,28]. Increased NO pro-
ducJon occurs in every aberrant physiological 
state because it disrupts the metabolic path-
ways in the mitochondria. In comparison, glu-
tathione cellular depleJon can result from ele-
vated NO levels. 
In addiJon, the propolis has an anJoxidaJve 
acJvity against elevated NO levels since it ex-
hibited a significant decrease in NO levels in 
propolis-treated animals [29]. The anJoxidant 
profile of propolis was also done by Marzouk et 
al., (2007), who invesJgated the anJ-inflam-
matory effect of propolis, in which the propolis 
plays an important role in the inhibiJon of NO 
producJon [30]. 
Catalase is a very common, helpful enzyme 
that is present in all organisms that are ex-
posed to oxygen. The enzyme catalyzes the dis-
integraJon of harmful cellular H2O2 into water 

and oxygen; Catalase is an extremely efficient 
enzyme with the ability to break down millions 
of H2O2 molecules into water and oxygen per 
second [31]. The current study showed that the 
catalase was highly significantly increased in 
the late stages of healing at T14 and T21 when 
compared to C14 and C21 because the catalase 
enzyme in propolis-treated groups was con-
centrated at a high level to reduce the oxida-
Jon of ROS in the hard palate wound since the 
catalase is one contributor of propolis and bee 
honey, also known as increased oxidaJve 
stress lead to loss of anJoxidants such as SOD, 
catalase in the non-propolis group [32]. 
Previous work [33] consistent with our study 
showed that propolis has a potenJal protec-
Jon role in pulmonary oxidaJve stress by in-
creasing the catalase acJvity to protect the 
lungs from hyperoxia; because propolis has 
strong anJoxidant and scavenging abiliJes, 
therefore naJve propolis might be used as a 
strong plant-based anJoxidant effecJve not 
only in physiological condiJons but also in 
cases that require prolonged high concentra-
Jon of oxygen. 
The current study on the role of superoxide dis-
mutase enzyme SOD was analyzed to compare 
its role among the propolis-treated group and 
control in which it showed a highly significant 
increase in the propolis-treated group in the 
late stages of wound healing compared to the 
control, this because the propolis has anJoxi-
dant acJvity via its contents like flavonoids, 
polyphenol group, and anJoxidant vitamins, 
minerals, caffeic acid, phenethyl ester, terpe-
noid, steroid, that have a significant role in 
healing acceleraJon and elevate the SOD acJv-
ity to reduce ROS; since the SOD accelerate the 
dismutaJon of the toxic superoxide radicals 
that produced during oxidaJve stress into H2O2 
and oxygen; and then the catalase hydrolyzing 
H2O2 into water. 
Another research done on the role of propolis 
as an anJoxidant supplement in animals [34] 
agreed with our results on propolis when aug-
menJng the natural cellular anJoxidants like 
catalase and SOD which showed that the prop-
olis used as an anJoxidant in broilers exposed 
to lead showed similar anJoxidant effects as 
vitamin C in the case of oxidaJve stress. Also, it 
showed that the acJviJes of SOD and CAT in-
creased depending on the cellular defense 
mechanisms under oxidaJve stress by the in-
creased MDA level; moreover, it reported an 
increase in SOD and CAT acJvity in the state of 
lipid peroxidaJon [15,35,36]. 
The current study on the MDA level showed a 
sharp increase in control wounding compared 
to the propolis-treated group at all regenera-
Jon intervals since the ROS produced by the 
damaged cells as well as the invaded inflamma-
tory cells that defend the infecJon of the 
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wounded Jssues to clear the lyJc cells in non-
propolis treated group; while the MDA showed 
significantly decreased in all stages of wound 
healing in the propolis treated group because 
the propolis has an acJve ingredient acts as an-
Joxidant agents like flavonoids and other con-
sJtuJon which lead to diminishing the ROS and 
other oxidaJve stress factors, therefore, the 
MDA is being dropped since it is formed as the 
byproduct of oxidaJve stress reacJon which 
reflects the oxidaJve status of the individuals. 
Delayed duraJon of the process of wound 
healing produces a higher number of damaged 
cells accompanied by inflammaJon and ROS 
generaJon, produced by damaged cells and 
immune cells; these reflected the increased 
level of plasma MDA [37]. It was menJoned 
that the level of MDA increased over Jme post-
wound injury in the laboratory animals that 
didn’t use the propolis supplement [15,38].  
El-Guendouz, et al., (2019) reported that the 
propolis exhibits anJradical acJvity since it re-
duces the plasma and Jssue MDA levels and 
erythrocyte and Jssue SOD and CAT acJviJes 
[39]. Besides, it was documented that the ad-
ministraJon of propolis significantly decreased 
MDA in rat liver Jssue, in which the propolis 
phenolic components and their anJoxidant ac-
Jvity may be responsible for this effect 
[23,24,40]. Also shown propolis administraJon 
to rats led to restoring the inflammatory mark-
ers, which showed a significant reducJon in ox-
idaJve damage caused by oxidaJve stress, it is 
considered a very important protecJve effect 
against hepatotoxicity [23,24,41]. 
	
Conclusion	
Topical applicaJon of propolis gel has benefi-
cial effects that are a]ributed to anJ-inflam-
matory, anJoxidant, anJmicrobial, and proan-
giogenic acJviJes, promoJng collagen deposi-
Jon, Jssue repair, and re-epithelializaJon. 
Propolis may represent a safe, cost-effecJve 
approach for reducing healing Jme and mor-
bidity associated with oral wounds. 
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Figure 1. The biochemical level of nitric oxide (NO) biomarker among treated groups (T3, T7, T14, and T21) and control groups (C3, C7, C14, and C21). 
The symbol (****) refers to a highly significant difference between treated groups and control groups at level (P≤0.0001); whereas the symbol (*) 
refers to a significant difference between treated groups and control groups at level (P≤0.01); the measurement unit is ng\ml. 
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Figure 2. The biochemical level of catalase (CAT) biomarker among treated groups (T3, T7, T14, and T21) and control groups (C3, C7, C14, and C21). 
The symbol (***) and (****) refers to a highly significant difference between treated groups and control groups at levels (P≤0.001) and (P≤0.0001); 
while the symbol (ns) refers to a non-significant difference between treated groups and control groups at level (P≥0.01); the measurement unit is 
ng\ml. 
 

 
Figure 3. The biochemical level of superoxide dismutase (SOD) biomarker among treated groups (T3, T7, T14, and T21) and control groups (C3, C7, 
C14, and C21). The symbol (****) refers to a highly significant difference between treated groups and control groups at level (P≤0.0001); while the 
symbol (ns) refers to a non-significant difference between treated groups and control groups at level (P≥0.01); the measurement unit is ng\ml. 
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Figure 4. The biochemical level of Malondialdehyde (MDA) biomarker among treated groups (T3, T7, T14, and T21) and control groups (C3, C7, C14, 
and C21). The symbol (****) refers to a highly significant difference between treated groups and control groups at level (P≤0.0001); whereas the 
symbol (*) refers to a significant difference between treated groups and control groups at level (P≤0.01); the measurement unit is ng\ml. 
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