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Abstract

Aim of the research: The aim of the study was to assess the effect of honey gel on the hard palate wound healing process
in rats.

Material and methods: In this interventional study, a total of 60 rats were randomly divided into 4 groups (7 = 15) including
a control group, a honey gel group, a polyethylene glycol base group, and an oral honey group. Oral wounds were created
(4 x 6 mm) on the anterior palatal rugae, and after 24 h the wounds were rinsed with normal saline solution and the stud-
ied groups were treated by topical application of honey gel, polyethylene glycol base, and oral honey. On days 3, 7, and 14,
five rats from each group were euthanized and histological samples were prepared, and the tissue slides were stained with
haematoxylin eosin and observed under a light microscope. The mean number of neutrophils, fibroblasts, macrophage and
blood vessel count, epithelialization, and the density of collagen fibres of each sample were assessed. Data were analysed
using ANOVA and Kruskal-Wallis Test.

Results: The number of blood vessels and the density of collagen fibres on day 14 were significantly higher in the honey
gel group than in the control group (p < 0.05). The number of blood vessels and the rate of epithelialization on day 14 were
significantly increased in honey gel group compared to basal group (p < 0.05). Other data were not statistically significant
among the groups (p > 0.05).

Conclusions: Topical application of honey gel can accelerate the wound healing process of the hard palate.

Streszczenie

Cel pracy: Ocena wplywu zelu zawierajacego miéd na proces gojenia sie ran w obrebie podniebienia twardego u szczuréw.
Materiat i metody: W ramach badania interwencyjnego 60 szczuréw zostalo losowo podzielonych na 4 grupy (n = 15) —
grupe kontrolna i grupy, w ktérych stosowano zel z dodatkiem miodu, baze z glikolu polietylenowego oraz miéd podawany
doustnie. U szczuréw sztucznie wytworzono rany (4 x 6 mm) na przednich faldach podniebiennych. Po 24 godzinach
rany przeptukano roztworem soli fizjologicznej, a w badanych grupach wprowadzono leczenie miejscowe przy uzyciu zelu
z miodem, bazy z glikolu polietylenowego i podawanego doustnie miodu. W dniach 3., 7. i 14. po pie¢ szczuréw z kazdej
grupy poddano eutanazji i opracowano prébki histologiczne. Preparaty tkankowe wybarwiono hematoksyling oraz eozyna
i poddano obserwacji pod mikroskopem $wietlnym. Analizowano $rednia liczbe neutrofiléw, fibroblastéw i makrofagéw,
a takze liczbe naczyn krwionos$nych, proces nabtonkowania (epitelializacji) oraz gestos¢ witdkien kolagenowych w kazdym
preparacie. Dane analizowano za pomoca testu ANOVA i testu Kruskala-Wallisa.

Wyniki: W 14. dniu badania liczba naczyn krwiono$nych i gestos¢ widkien kolagenowych byly istotnie wyzsze w grupie
leczonej zelem zawierajacym miéd niz w grupie kontrolnej (p < 0,05). Ponadto w grupie leczonej zelem z dodatkiem miodu
wieksza byta liczba naczyn krwiono$nych i szybkos¢ procesu nabtonkowania w 14. dniu badania w poréwnaniu z grupa
kontrolng (p < 0,05). Dla pozostatych danych nie uzyskano statystycznie istotnych réznic pomiedzy grupami (p > 0,05).
Whioski: Miejscowe stosowanie zelu zawierajacego miéd moze przyspiesza¢ proces gojenia ran w obrebie podniebienia
twardego.
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Introduction

Autogenous free grafts are still considered as the
gold standard for gingival augmentation procedures
that are used to increase tissue thickness, achieve
complete root coverage, and prevent gingival reces-
sion [1]. In this technique, the palate, as the most com-
mon transplant donor site, is left as an open wound
to be healed by second intention [2]. Various dressing
materials have been used to target oral ulcers, i.e. alle-
viate postoperative pain and prevent infection. These
materials may have deleterious effects on oral tissues
and can cause adversative tissue reaction (e.g. toxicity,
allergic reaction) [3].

Honey has been used as a treatment for wound
healing and other health conditions for thousands
of years. In recent years, honey has been re-focused
on wound care because honey is capable of blocking
bacterial communication, so bacteria are incapable of
developing a resistance to honey [4].

Honey has been recognized for its antibacterial,
anti-inflammatory, anti-allergic, antithrombotic, and
vasodilatory action and wound healing properties.
It also has no harmful effects on tissues due to the
source of antioxidant substances and flavonoids [5].
It has been suggested that honey accelerates wound
healing due to its chemical and anti-inflammatory
debridement function and prevents the invasion of
microorganisms owing to the ability to form a viscous
barrier on the wound surface [6].

Honey contains a variety of components, main-
ly sugars: 2% fructose, 2% glucose, and 2% maltose,
along with other components such as oligosaccha-
rides, minerals, carbohydrates, and enzymes, and
phytochemicals such as flavonoid, ferulic acid, and
caffeic acid. The specific structure of any honey is sub-
ject to the flowers available to the bees [7, 8].

Studies have shown the beneficial effects of honey
on the prevention and reduction of various oral dis-
eases [9]. The antibacterial effect of honey on 60 spe-
cies of oral cavity bacteria has been identified; one of
them is Streptococcus mutans, a bacterium associated
with dental caries, and honey prevents bacterial resist-
ance [10, 11]. Honey has been shown to be effective in
inhibiting and reducing dental plaque formation [12],
gingivitis [13, 14], and halitosis [15]. Various studies
have shown that honey is effective in delaying, pre-
venting, and reducing radiation-induced mucositis
[16, 17] and xerostomia [18] in patients undergoing ra-
diotherapy for head and neck cancer. Recent research
has shown that Tualang honey has a potent antipro-
liferative effect on oral squamous cell carcinoma [19].

Aim of the research

The aim of the present study was the assess the
effect of honey gel on the hard palate wound healing
process in rats.

Medical Studies/Studia Medyczne 2021; 37/1

Material and methods

In the present interventional study, a total of 60
adult female Wistar rats weighing 200 +10 g were
obtained from the Animal Reproduction Centre of
Ahvaz Jundishapur University of Medical Sciences
(AJUMS). The rats were kept in special metal cages
(5 per cage) at appropriate temperature and humidity,
and in 12-hour light-dark conditions. All the rats were
divided into 12 groups of 5 including a normal saline
group (3, 7, and 14 days), a honey gel group (3, 7, and
14 days), a basal group (3, 7, and 14 days), and an oral
honey group (3, 7, and 14 days).

The honey sample used in this study was Lotus
Honey, which is a nectar of the Ziziphus shrub that is
widely distributed in southern and warm regions of
Iran. Chemical experiments required for honey quali-
ty assessment were performed in the Vice-Chancellor
of Food and Drugs Affairs laboratory of AJUMS. The
quality of honey was desirable and in accordance with
national standards of Iran. For more honey retention
on the wound site polyethylene glycol micellar adhe-
sive was used as a gel base, then 20% of polyethyl-
ene glycol and 80% of honey were mixed using a me-
chanical stirrer. The compound was stored for 24 h to
1 week at laboratory temperature for dephasing anal-
ysis. The prepared compound (honey gel) was not de-
phased during this period and was ready for study.

The rats were laid in supine position and general
anaesthesia was performed through injection of keta-
mine (75 mg/kg) and xylazine (5 mg/kg). The animal’s
mouth was fully opened through the insertion of
2 nylon loops in the maxillary and mandibular cen-
tral incisors and immediately on the back of the in-
cisive papilla, 2 palatal rugae were transversely cut
(size = 4 x 6 mm, thickness = 1-2 mm) from the hard
palate surface using #15 scalpel blades and removed
after separation. The bleeding caused by this incision
was controlled by packing a sterile cotton swab on the
base of the wound bed. After 24 h, the wounds were
cleansed with sterile saline. The treatment was start-
ed in the studied groups as follows: group 1 (n = 3):
physiological serum treatment, group 2 (7 = 3): top-
ical honey gel application in the wound site, group 3
(n = 3): basal treatment alone in the operative posi-
tion, and group 4 (n = 3): oral honey treatment.

All treatments were repeated 3 times daily. In the
treatment process, the rats were exposed to topical
application of 0.1 ml of honey gel and 0.1 ml of ba-
sal using a swap. In the oral honey group, 0.1 ml of
oral honey was poured into the mouth of the target
group using a syringe. In the normal saline group,
the wound was irrigated with 0.1 ml of normal saline
solution. Up to 2 h after treatment, the rats were not al-
lowed to access to food and water. The euthanasia was
carried out (3-day groups on day 3, 7-day groups on
day 7, and 14-day groups on day 14) through over-in-
jection of ketamine hydrochloride and cervical dislo-
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cation. The specimens were prepared for histopatho-
logical examination and fixed in 10% formalin. The
prepared blocks were then washed and dehydrated
in alcohol and then immersed in paraffin. From each
sample, 5 to 6 sections (5-6 pm thick) were prepared
and stained with haematoxylin eosin.

For histological examination, high-quality tissue
slides were prepared from each specimen section.
The slides were observed under a light microscope
by a trained pathologist blinded to the specimens
(4 fields were randomly selected on 400x magnifica-
tion). Then, neutrophil, macrophage, blood vessels,
and fibroblast cells were counted in these 4 fields, and
the mean of each was recorded separately for each
group on different days. The ratio of epithelialization
compared to the total volume of the cells of the epi-
thelium cells lost in wound surface was documented.
Also, to determine the amount of collagen fibre ac-
crued in the wound area, the density of strands was
documented visually in 3 degrees: (0 = no collagen
fibres), one (1 = low density), (2 = medium density),
and (3 = high density).

Statistical analysis

Data were analysed using ANOVA, Kruskal-Wallis
tests, and SPSS version 18.

Table 1. Mean and standard deviation of variables

Results

The results of the mean and standard deviation of
neutrophil, macrophage, fibroblast, blood vessels, col-
lagen fibre density, and ratio of epithelialization are
described in detail:

1) The number of neutrophil cells was high in all
groups on day 3 and gradually decreased on day 7.
The reduction of neutrophils on the 7** day com-
pared to the 3 day was statistically significant in
the control group (p = 0.001), the honey gel group
(p = 0.04), and the oral honey group (p = 0.04). The
decrease in the neutrophil cell counts was contin-
ued from day 7 to day 14, but reduction in the ba-
sal group was significant (p = 0.03). No significant
difference was found between group 3 (p = 0.39),
group 7 (p = 0.07), and group 14 (p = 0) (Table 1).

2) Macrophage cells had the highest number on
day 3 and gradually decreased from day 3 to day 7;
the reduction was significant only in the oral honey
group (p = 0.02). The decrease in the macrophage
cell number was continued from day 7 to day 14,
and this decrease was significant only in the con-
trol group (p = 0.02). Nevertheless, no significant
difference was found among groups on the 3¢ day
(p = 0.4), 7" day (p = 0.82), and 14** day (p = 0.58)
(Table 1).

Variable Groups Mean * SD
Third day Seventh day Fourteenth day
Fibre density Control 0.4 +0.5 0.8 +0.83 *2 +0*
Collagen Honey gel 0.6 +0.548 1.80 +1.09 *3 +0*
Edible honey 0.2 +0.44 1.80 +1.09 2.6 +0.54*
Base 0.4 +0.54 *1.40 £0.89 2.60 £0.54
Neutrophil Control 8 £5.70 0.10 +1.30* 1.0 +0.22
Honey gel 3 +40 0.10 £1.30* 1.0 £0.15
Edible honey 22 £32.71 0.40 +0.89* 0.30 +0.44
Base 12 £10.36 10.80 +13.46 1.3 £22.51*
Macrophage Control 7.60+12.70 7 £3.16 1.40 +1.51*
Honey gel 5.60 +3.78 3.8+2.38 1+1.23
Edible honey 14 +17.46 5.6 +2.6* 1+1.02
Base 7 £4.47 4.80 +3.27 2.20 £2.86
Fibroblasts Control 5.20 +5.40 *18 +34.90 *58 +24.90
Honey gel 11.80 +6.34 *56 +23.02 74 £26.07
Edible honey 11 £7.41 *30 +£18.37 *58 +24.90
Base 11.80 £10.45 *43.60 £25.39 74 £16.73
Blood vessels Control 3.6 +4.03 4.80 £1.7 *4.48 £54
Honey gel 4 +6.24 7.50 +5.29* *9.2 £3.12
Edible honey 2.9 +£3.97 5.6 +3.78 6.60 £3.2
Base 2+l 7.50 £5.29* *4.8 +1.09
Epithelialization Control 0 30 +4.47* *84 +16.15
Honey gel 4.47 +2 50 +4.18* *100 +00*
Edible honey 0 23.40 +42.98* *92 £10.95
Base 0 38.20 +38.09* *58 +£39.62
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3) The number of blood vessels in all groups increased
from day 3 to day 7, and this increase was signifi-
cant in the honey gel (p = 0.01) and basal (p = 0.02)
groups. The number of blood vessels was decreased
in the control and basal groups from the 7 to the
14" day, but this decrease was not statistically sig-
nificant (p > 0.05). However, the number of blood
vessels in the honey gel and oral honey groups in-
creased from day 7 to day 14, but this increase was
not statistically significant (p > 0.05). The number
of blood vessels on the 3 (p = 0.88) and 7" (p =
0.87) days was not statistically significant among
the groups. On the 14" day, there was a statistically
significant difference among the groups (p = 0.01):
in the honey gel group, the number of blood ves-
sels was significantly higher than the basal group
(p = 0.03), and blood vessels in the honey gel group
showed a statistically significant increase (p = 0.02)
compared to the control group (Table 1).

4) The number of fibroblast cells increased from day
3 to day 7, and this increase was significant in all
groups. The number of fibroblast cells was increased
from day 7 to day 14 in all groups, and this increase
was significant in the control group (p < 0.004), the
oral honey group (p < 0.03), and the basal group
(p < 0.02). The number of fibroblast cells gradual-
ly increased during the 3, 7", and 14" days. There
was no significant difference in the number of fi-
broblast cells between the 3 day (p < 0.47), 7" day
(p <0.09), and 14" day (p < 0.58) (Table 1, Figure 1).

5) The rate of epithelialization increased from day
3 to day 7 in all groups, and this increase was sta-
tistically significant in all groups. The rate of epi-
thelialization increased from day 7 to day 14 and
was significant in the control (p < 0.02), honey gel
(p < 0.01), and oral honey (p < 0.04) groups, but
this increase was not significant in the basal group
(p < 0.2). There was no significant difference in
the percentage of epithelialization between the
3 (p < 0.41) and 7™ (p < 0.20) day groups. Howev-

er, on the 14" day, the amount of epithelialization
in the honey gel group was significantly higher
than in the basal group (p < 0.03), and there was no
significant difference among other groups on the
14" day (Table 1).

6) The rate of collagen fibres increased gradually from
the 3¢ day to the 7" day in all groups, and this in-
crease was only statistically significant in the honey
gel (p < 0.04) and oral honey (p < 0.01) groups (Fig-
ure 2). The extent of collagen fibres increased sig-
nificantly from the 7'* to the 14" day in all groups.
There was no statistically significant difference
between the 3 and 7" day groups (p > 0.05). On
the 14'" day, the increase in collagen fibre content
in the honey gel group compared to basal group
was statistically significant (p < 0.04). There was
no significant difference between the other groups
(p > 0.05) (Table 1).

Discussion

The topical application of honey for wound heal-
ing dates back to ancient civilizations [20]. The wound
healing properties of honey cause wound contraction,
granulation tissue formation, and improvement of
epithelialization. Also, it affects stimulation of tissue
growth and collagen production, stimulation of new
blood vessel formation in the wound bed, and reduc-
tion of oedema inflammation and pain [21, 22].

Oral ulcers in the free gingival graft (FGG) donor
site can be painful and interfere with oral function.
The treatment and management of oral ulcers in the
donor site are very important; however, many medi-
cal and palliative treatments such as the use of peri-
odontal dressings and acrylic stents can target these
ulcers [2]. Nevertheless, newer, affordable, easier, and
more accessible treatments are required [5].

The aim of the present study was histological eval-
uation of the effect of honey gel on the hard palate
wound healing process in rats. In this study, histo-

Figure 1. Microscopic view of the honey gel group on the
seventh day shows high levels of collagen and fibroblast
cells
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Figure 2. Microscopic view of the honey gel group on the
fourteenth day shows abundant fibroblast cells (white ar-
rows) and dense collagen filament
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pathological evaluation of the effect of honey gel on
oral ulcer healing due to removal of soft tissue of the
palate for free gingival graft was assessed. The results
of this study showed that the number of blood vessels
and the density of collagen fibres on day 14 were sig-
nificantly higher in the honey gel group than in the
control group (p < 0.05). The number of blood vessels
and the rate of epithelialization on day 14 were signif-
icantly increased in the honey gel group compared to
the basal group (p < 0.05). Other data were not statis-
tically significant among the studied groups.

Many studies have reported the anti-inflammato-
ry activity of honey [23]. In this study, the number
of neutrophils in different groups on days 3, 7, and
14 was not statistically significant; however, on the
3 day the number of neutrophils in the honey gel
group was lower than in the other groups. The num-
ber of macrophage cells in different groups was not
statistically significant, but the number of macrophag-
es on days 3 and 7 was lower in the honey gel group
than in the other groups.

Neutrophil is one of the first-responders of inflam-
matory cells migrating towards the site of inflamma-
tion by engulfing and killing bacteria [24]. Neutro-
phils have high phagocytic properties and are critical
for wound healing, although neutrophils are not nor-
mally observed in normal skin [25]. Honey, due to its
antimicrobial properties, can reduce the microbial
load of the wound and reduce the neutrophil num-
bers on the site of the wound [26].

Macrophages react to neutrophils and can induce
apoptosis in neutrophils [27]. In the present study, the
number of neutrophils in the honey gel group was
lower than in the other groups. The reason could be
the appearance of low levels of macrophages and neu-
trophils in the tissue. In the healing stage, the number
of macrophages progressively decreased.

In the Chamani et al. study, the inflammation
mean rank was statistically lower in the honey group
[5]. Also, the result of Nazeri et al.’s study showed that
honey-based alginate hydrogel on the 21* day had the
lowest inflammation, which was consistent with the
result of the present study [8].

Nakajima et al., 2013, in a study showed that the
number of neutrophils in the treatment honey group
on days 3 and 7 was similar to the control group,
which was inconsistent with the results of the present
study [28], as well as the results of the Haryanto et al.
study, suggesting that the topical use of Indonesian
honey on the site of cutaneous wounds increased the
number of neutrophils on days 3 and 7 in the wound
area [29]. These differences could be explained by the
different properties of honey from different sources as
well as the location of the wound.

Macrophages are able to promote wound re-epi-
thelialization by fibroblast growth factor (FGF-2) and
endothelial vascular growth factor (EGF-2), and stim-

ulate collagen synthesis in human fibroblasts [30].
Honey can stimulate the production of TNF-a from
macrophage (stimulates TNF-a secretion from mac-
rophage) [31].

In the present study, although the number of mac-
rophages in the honey gel group on the third day was
lower than the other groups, the number of fibroblasts
and collagen fibres in the honey gel group on days 3,
7, and 14 were higher than the other groups. However,
only the ratio of collagen fibres on day 14 was signif-
icantly different between the honey gel and control
groups.

The lower number of macrophages in the honey
gel group and the higher number of fibroblasts and
the ratio of collagen fibres can be related to the higher
activity of the honey gel macrophages which produce
the cytokines necessary for fibroblast maturation and
promote collagen production by fibroblasts. Collagen
synthesis requires energy, which is provided by the
sugar present in honey. The glycolysis pathway is
a pathway for producing energy required for fibro-
blasts to produce and synthesize collagen [29].

Nisbet et al., 2010, in their study showed that the
number of macrophages in the wound area was statis-
tically higher than in the control group only on day
7, and the number of fibroblasts and collagen fibres
were higher in the honey groups than in the control
group [32].

In the study of Nakajima et al., the number of
macrophage cells on days 3 and 7 in all 3 Japanese
honey species was similar to the control group. The
number of myofibroblast cells on day 7 and the ratio
of collagen fibres on day 7 were lower in the honey
groups than in the control group. The reason for the
decrease in myofibroblast cells and collagen fibres was
explained by the lower number of macrophages that
produced less inflammatory cytokines for myofibro-
blast activation [28].

Many researchers have shown that honey stimu-
lates new blood vessel formation in the wound bed
[33-37]. Hydrogen peroxide is a topical antiseptic
substance that in low concentrations stimulates an-
giogenesis and fibroblast growth. Honey stimulates
slow-release of low H,O, concentration [8]. In the pres-
ent study, the number of blood vessels in all groups
increased gradually from day 3 to day 7, but this in-
crease was not statistically significant. However, the
highest rate of angiogenesis was observed in the hon-
ey gel group. In the honey gel group, the angiogenesis
trend was continued, and on the 14" day a statistically
significant difference was found between the honey
gel group and the polyethylene glycol base group, i.e.
the number of blood vessels in the honey gel group
was significantly higher than in the base group.

Platelets release inflammatory cells and most-
ly macrophages and fibroblasts reside in angiogenic
factors such as vascular endothelial growth factor
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(VEGF), which plays a crucial role in the stimulation
of angiogenesis (during tissue maturation the number
of blood vessel cells decreases due to decreased or no
angiogenic stimulation) [38]. In the present study, in
the honey gel group, the number of blood vessels in-
creased until day 14. This indicates that the process of
blood vessel depletion was delayed in the honey gel
group compared to the other groups. This could be ex-
plained by the presence of more angiogenic cytokines
in the wound site, which decreased the process of re-
ducing the number of blood vessels in the wound site.

Nazeri et al., 2015 showed that angiogenesis on
day 7 and fibroblasts on day 14 were higher in hon-
ey-based alginate hydrogel than in other groups,
which was in line with the results of the present study
[7, 8]. The result of the study by Nisbet et al. showed
that angiogenesis and fibroplasia were higher in the
honey-treated groups on day 7, and in the rhododen-
dron honey group on day 14 they were higher than in
other groups [32].

Epithelialization is one of the major factors
in wound healing [29]. In the present study, the rate
of re-epithelialization on days 3 and 7 among the
groups was not statistically significant. However, the
rate of epithelialization in the honey gel group was
higher than in other groups on days 3, 7, and 14 and
reached 100% (complete epithelialization) on day 14.
On day 14, the re-epithelialization was significantly
higher in the honey group than in the basal group.
This suggests that the increase in the rate of re-epi-
thelialization in the honey gel group was only related
to the positive effect of honey on the epithelialization
process, not the polyethylene glycol base.

The result of the study by Gill et al. showed that
complete epithelization was managed 2 days earlier
than the normal epithelization time in the manuka
group, and histopathological analysis showed well-
formed keratinized squamous epithelium [22]. Cham-
ani et al., 2017, in a study concluded that re-epitheli-
alization on days 4, 6, and 8 was significantly higher
in the honey group than in the control group, i.e.
fast re-epithelialization occurred in the honey group.
Also, the granulation tissue formation mean rank on
days 4 and 8 in the honey group was higher than in
the control group, which was consistent with the re-
sults of the present study [5].

Nakajima et al., 2013, suggested that the ratio of
wound re-epithelialization in Japanese honey (Yama-
da Bee Farm, Okayama, Japan) was reduced compared
to hydrocolloid dressing. This property of Japanese
honey was different from honeys studied in other
countries. This was attributed to different chemical
compositions of honey, and it was recommended that
Japanese honey be used only in the inflammatory
phase that accelerates healing [28].

To achieve proper wound healing, honey must be
present at the wound surface at all times, to induce
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anti-inflammatory, antibacterial, and immune-stimu-
lating activity. Data have clearly indicated that hon-
ey had no local or systemic adverse effects (allergy or
toxicity) [21].

Honey types are not the same. Each honey has its
own unique characteristics that include antimicrobi-
al, antioxidant, anti-inflammatory, and wound heal-
ing properties [20].

The honey used in this study was Lotus honey,
which is a nectar of the Ziziphus shrub (Ziziphus spp.)
commonly grown in southern and warm regions of
Iran. The results of this study showed that the natural
honey of this area expedited the wound healing process.

The most significant limitation is testing the tis-
sues of animals of one sex and one species, which may
have an impact on the results obtained in other re-
search material (e.g. in other mammals).

Because the present study was conducted on ani-
mals, it is recommended to use honey gel as a material
to accelerate wound healing in gingival free graft in
future human studies.

Conclusions

Topical application of honey gel can accelerate the
wound healing process of the hard palate.
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