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Abstract

Background: Wound healing is a complex and dynamic interplay between various cell types, the extra cellular
matrix (ECM), cytokines, and growth factors. Researches indicate that pomegranate and their extract may serve
as natural alternatives due to their potency against a wide range of bacterial and viral pathogens. Methanol
extract of the fruit especially the peel exhibit the broadest antibacterial activity. Studies on Aloe vera have
proved the antiseptic, anti inflammatory, antiviral and antifungal properties and the use of this plant is proved
beneficial. This plant is proved to be non allergic and very good in building up the immune system. Aim of the
study was to evaluate effect of local application of pomegranate, aloe vera & mixture of both on acceleration of
healing of oral mucosa. Materials and methods: Sixty adult male Wistar rats weighting an average of (250-
300gm) were used in this study. Incisional buccal mucosal wound was induced in each animal and they were be
divided into the following groups control (A) and experimental groups (pomegranate B, aloe vera C,
pomegranate and aloe vera D). Results: Mean values of epithelial and stromal cells count at healing site
increased with time and highly significant difference was recorded among all studied groups in different
durations for epithelium, while for stromal cells highly significant difference was obtained at ten days.
Conclusion: The results of present study indicated that healing of buccal mucosa could be accelerated by
combined topical application of pomegranate and aloe vera gel
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1. Introduction

Wound healing is the process by which body tissues repairs itself after trauma. The undamaged tissues form a
protective barrier against the external environment. When the barrier is broken, an orchestrated cascade of
biochemical events is set into motion to repair the damage (Orgill and Blanco, 2009).

This process is divided into predictable phases: blood clotting (hemostasis), inflammation, tissue
growth (proliferation) and tissue remodeling (maturation). Blood clotting may be considered to be part of the
inflammation stage instead of a separate stage (Stadelmann et al., 1998).

The traditional importance of pomegranate as a medicinal plant is now being reinforced by emerging
scientific data that demonstrate that the fruit contains significant anti-oxidant and anti-inflammatory activities
and may exhibit anti-carcinogenic properties (Syed ez al. ,2013) .

Ethanolic extract of rinds of Punica granatum has the ability to accelerate healing in both normal and
infected wounds because of its antimicrobial and antifungal activity on various types of bacteria and fungi
(Dahham et al. ,2010).

Interest is gathering among researchers regarding the use of this plant. Studies have proved the
antiseptic, anti inflammatory, antiviral and antifungal properties of aloe vera and the use of this plant is proved
beneficial. This plant is proved to be non allergic and very good in building up the immune system. Aloe vera is
gaining popularity in dentistry as it is completely natural and there is no side effects being reported with its use
(Sujatha et al., 2014).

2. Materials and Methods

- Aloe Vera extract

- Methanolic extract of pomegranate peel.

- Ketamin 50mg/ml

- Xylocain (10 %,)

- Zylazine (20mg/ml).

- Formalin 10%, Ethanol alcohol 96%, Xylol, Paraffin wax.
- Hematoxylen and eosin (H&E).

Experimental design

Sixty male Wester rats age from 6-8 months were used in this study, their weights ranged between 250-400
grams , they were divided into control (A)and experimental groups B,C and D (15) rats for each. Incisional
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wound was induced on buccal mucosa of each animal, and left to heal normally in group A , while groups B, C
and D topical application of pomegranate gel ,aloe vera gel and a mixture of both materials was done
respectively .

Preparation of methanolic extract of pomegranate peel

The peel powder (25 grams) was mixed with 100 ml of methanolic alcohol at 30 °C for 1 hour by using a magnetic
stirrer. The extract was filtered through Whatman No. 41 filter paper for removal of peel particles. The residue
was re-extracted with the same solvent (Singh et al; 2002). Aloe vera gel extracted by sequeezing the leaves of the
plant directly.

Histological preparation

Scarification of animals was done at 3, 7 and 10 days healing periods, all tissue specimens were fixed in 10%
neutral formalin and processed following routine procedure. Each formalin-fixed paraffin-embedded specimen
was cut into serial sections of Spum thickness for staining with Haematoxylin and Eosin staining (H&E), and
were examined by light microscope. Mean values of epithelial and connective tissue cell counting at wound site
were statistically analyzed using SPSS (statistical package of social science) software version, the following
statistics were used: Descriptive statistics means, standard deviations, minimum and maximum values, frequency
(No.), percentages, and statistical tables and figures.

Inferential statistics including: One-way ANOVA test, LSD test.

3. Results

Histological findings

Three days duration

A-Control group

Microphotograph view at wound site of control group of three days healing period shows the cut edge of the
wound, granulation tissue, scarce inflammatory cells adjacent a blood vessels (Figures1,2).

Experimental groups

B- Pomegranate gel group

Microphotograph view at wound site of three days duration shows granulation tissue near the cut edge of the
wound, migrating epithelial cells, collagen fibers, fibroblasts (figures3, 4).

C- Aloe vera gel group

Histological findings of wound site of aloe vera group after three days, shows stromal granulation tissue, blood
islets, collagen fibers and fibroblasts (Figures 5, 6).

D- Pomegranate and aloe vera group

Microphotograph of wound site of three days duration shows congested blood vessels, surrounded by
inflammatory cells, granulation tissue, fibroblasts (Figure 7).

Seven days duration

A-Control group

Histological findings of control group 7days postoperatively shows new epithelium, organizing collagen fibers
and fibroblasts in dermis (FiguresS).

Experimental groups

B-Pomegranate gel group

After seven days of pomegranate gel application a microphotograph view shows wound surface is sealed by the
newly formed epithelium, loose fibrous connective tissue, numerous blood vessels, detected in the dermis
(Figures 9).

C-Aloe vera gel group

Histological section of aloe vera gel group of 7 days duration shows granulation tissue filling base of wound site
and migrating epithelial cells are noticed at its edge ,and stromal blood vessels, collagen fibers associated with
fibroblasts are illustrated (Figure10).

D- Pomegranate and aloe vera group

Section at wound site of seven days duration after application of both pomegranate and aloe vera ,shows
complete closure of the wound by new epithelium , stromal collagen fibers and formative fibroblasts (Figures11).
Ten days duration

A-Control group

Histological findings ten days postoperatively revealed complete healing of wound area and it seems that newly
formed epithelium is thickened, connective tissue fibers appear organized associated with fibroblasts (Figures12).
Experimental groups

B-Pomegranate gel

Microphotograph view after ten days shows cell layers of the new epithelium, progenitor cells, fibroblasts and
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collagen fibers in dermis (Figurel3).

C-Aloe vera gel group

After ten days duration histological section at wound site shows new epithelium and stromal connective tissues
shows numerous blood vessels, organized collagen fibers (Figures14).

D- Pomegranate and aloe vera group

Histological findings of ten days duration for combination of pomegranate gel and aloe vera gel shows complete
healing of wound site, well organized connective tissue fibers fibroblasts and blood vessels (figures15).
Assessment of epithelium and stromal connective tissue cell count among the studied groups :

Epithelium

Table (1) shows descriptive statistics of epithelial cell count/mm? of control (A) and experimental groups (B, C
and D) at different healing periods (3,7 and 10 days) at wound site. It is noticed that the mean values of cell
count of control groups increased with time, and highest values were recorded with D group at ten days.
Regarding experimental groups (B, C, D) the mean values of cell count increased with time and the highest
values were noticed with group D for all healing intervals. High significant difference was detected between all
studied groups during each healing period.

As illustrated in (figure16) mean values were higher in experimental than in control groups, highest values were
detected with group D at ten days duration.

Stromal connective tissue cells

As illustrated in table 2 the least mean values of stromal cells /mm 2 at wound site were detected in control
groups and they increased with time (7. 24, 8. 14, 9. 98 respectively). Regarding experimental groups mean
values were nearly the same among groups for each healing period.

High significant difference in the recorded values among the groups was seen at ten days, whereas significant
and non-significant differences were noticed at three and seven days durations respectively. These findings are
shown in (figurel7).

Comparison between epithelial and stromal cells count in different durations

As illustrated in table 3, the highest mean values of epithelial cells (14. 50) was seen in group D at 10 days and
(11. 88) at 3 days for stromal connective tissue cells. Highly significant difference between epithelium and
stromal connective tissue cells was detected in groups C and D at ten days healing period, whereas significant
difference was noticed in group A at 3days, B at 7 and 10 days . Those findings are shown in figure 18.

4. Discussion

Herbal ingredients of the mixture (pomegranate and aloe vera) were completely new; since no similar paper has
been published up to now after screening web site for similar study for last few years. Therefore, to compare it
with previous studies, it seems reasonable to consider each ingredients separately.

From the microscopic point of view, the mucosa that covers the mouth is represented by an external
layer of epithelial cells that is supported by connective tissue of variable constitution. This mucosa is a protective
barrier for the organism because it does not allow for penetration of any external agent that can be harmful to
health (Neville ez al. 2009).

However, the exact mechanism of the healing process of wound is not clearly understood there are a
number of parameters which are involved in the healing of wound including histological results (re-
epithelialization, granulation tissue, collagen accumulation, inflammatory, reaction, angiogenesis, ulcer
formation (Kandemiri et al. ,2013).

At three days duration: Within 24 hours, neutrophils enter the wound site and scavenge cellular debris,
foreign bodies and bacteria. After 2-3 days, the inflammatory cell population begins to shift to macrophages and
fibroblasts appear in the wound site. After 3-5 days, the fibroblasts become activated and begin synthesizing
collagen (Norton et al, 2003). Deyhimi et al. , in 2016 who evaluated the histological influences of
photodynamic therapy (PDT)on healing process of surgically made wounds on buccal mucosa of rat model and
reported that at day 4 of follow-up, no difference was seen in healing stage among the groups which had almost
the same histological grade at this time of experiment; and proliferation of marginal epithelium was initiated
which was nearly similar to the findings of the present study during examination of the histological section at
wound site of the studied groups, no obvious extreme differences was noticed.

Light micrograph of group A showed disruption in the epithelial continuity. Re-epithelialization
process was noticed by the presence of a few proliferative epithelial cells at both edges of the wound not
completely bridging the incision confined by findings of Mahmoud ef a/., 2015 who investigated the acceleration
of the healing process of vestibular/ gingival extension surgical procedure by modulating the cellular metabolism,
accelerating tissue re-epithelialization.

The results of present study have shown that mean values of cell count of both epithelium and stromal
CT of the studied groups increased with time ,and in general they were higher in experimental as compared to
control groups, and highest values were recorded with D group indicating the progression of healing process as
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recruitment and proliferation of cells was accelerated after application of pomegranate and aloe vera separately
(B and C groups) and in combination (D group),with the enhancement of epithelialization sealing wound edges
and besides granulation tissue deposition was noticed on histological findings with the differentiation and
proliferation of fibroblasts that initiated collagen matrix

in agreement with findings of a study conducted in 2011, in which a traumatic ulcer in rat cheek
mucosa was induced and approximately 3 days after the histological profile of the ulcer starts to present
alterations, it is in this phase that the proliferation of blood vessels and fibroblast occurs, signaling the beginning
of the repair (Cavalcante et al. ,2011).

At Seven days duration: Healing was observed at the incision area with re-epithelialization. The
underlying connective tissue revealed dense, well organized collagen fibers and nearly devoid of inflammatory
cell infiltration in agreement with Mahmoud et al. 2015. Generaly during the histological analysis of wound site
in the experimental groups (B,C,D) it was possible to observe the complete remodeling of the epidermis
indicating the regression of lesion compared with the group A ,which obviously appeared more prominent as
time of healing progressed and that after day 7, re-epithelialization (the time for epithelial reconstruction) was
observed and this period showed a typical histological picture of proliferative phase with detected fibroblast and
new vessels in agreement with Alfars ,2009 who studied the early changes of wound healing in rabbits.

The increased rate of cell count with time could be due to the pomegranate extract that significantly
enhanced the wound closure rate, which is confined by

clinical and biochemical survey with histological results obtained by Kandemiri et al. ,2013 who
showed that oral administrations of pomegranate seed extract (PSE) exhibits potent healing properties on
excision wounds, in rabbits model.

Histological examination showed the ability of Pomegranate gel (PG) to increase fibroblast infiltration,
collagen regeneration, vascularization, and epithelialization in the wound area of diabetic rats.
Neovascularization during wound repair serves a dual function by providing essential nutrients and oxygen to the
wound site and promoting granulation tissue formation (Yan et al., 2013), which agreed with this study
concerning the effect of PG in accelerating cell proliferation as compared to control group .

Accelerated wound healing was observed in the group treated with Aloe vera (AV) as compared to
control (Mendonga et al., 2009) in agreement with the findings of the present study. Histologically wounds
treated with aloe vera showed increase in macrophages, fibroblast migration, collagen regeneration and
epithelialization compared with the control group (Jawad, 2014).

At Ten days duration: The histopathological findings of a study conducted in 2012, revealed formation
of fibrovascular tissue (granulation tissue) which consisted of blood capillaries mixed with fibrous tissue, with
re—epithelialization of the epidermal cell layer (Hassan et a/, 2012), which seems to agree with the examined
histological section of this study at same healing period with thickened newly restored epithelium. In statistical
analysis of epithelial cells count, highest mean values were detected with group D (application of combined P
and AV gel) at ten days duration in agreement with (Bazafkan et al. ,2014) who found that a significant
difference (in wound healing rate and epithelial cell count) was observed between the control and experimental
groups in which the mean value were higher in experimental than in control groups and highest values were
detected in the group of ointement application in his study.

The mean values of stromal CT cell count decreased with time which could be explained according to
the fact that fibrous CT cell population and activity seems to be greatest at early phases of healing process since
the stimulation of polymorphonuclear leukocytes (PMNS) aggregation may promote fibrinogenesis and
concurrent fibroblast proliferation by increasing the release of connective tissue activating proteins (AL -Douri
and Al-Kazaz ,2010) .

According to web search for about last ten years, no investigation was found that has evaluated the
effect of PG as combined with AV in an experimental model of buccal mucosal wound healing. The present
study has explored the wound healing property of P, AV and has compared it with effect of both using buccal
mucosa incisional wound healing. Wound closure appeared to occur earlier when mixture P, AV gel was applied
to the wound. issue activating proteins (AL -Douri and Al-Kazaz ,2010).
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Table 1: Descriptive statistics and groups’ difference in each duration for epithelial cells.

_ - Groups’ difference
Duration | Groups Descriptive statistics d £ =19

N | Mean | S.D. | Min. | Max. | F-test | p-value
A |5] 49|08 ]37]509

B 50880 |[2.04] 6.2 | 11.3 0. 002

3 days C 51744 (L7257 10 | 82| @
D |5 934 |1.44] 7.7 | 10.9
A |5]812]050] 7.5 89

B 5(11.06[0.93| 9.9 | 11.8 0. 000

7 days C 1511070046104 115 2% @
D |5]|11.58]1.53] 9.4 | 13.2
A | 51024228 7.8 | 12.6

B 5[012.20(0.8510.7 ] 12.8 0. 000

10 days C sT1n2210.57 1107122 18| (@)
D |5]|14.50]0.5313.7]15.2

Table 2: Descriptive statistics and groups' difference in each duration for stromal CT cells.

Duration | Groups Descriptive statistics Groug.s ffh:flfegrence
N | Mean | S.D. | Min. | Max. | F-test | p-value
A 51 7.24 |1.62| 5.8 10
B 5110.06|2.08] 7.3 | 13.8 0. 045
3 days C I[s[iLo0]216] 79 [141] >3 (S)
D 5|11.88]2.02] 7.8 | 16.3
A 51814 ]10.8] 7.3 ] 9.4
B 519.16 | 1.37] 6.9 | 10.4 0. 755
7 days C Islomn2 239057 1L4a] %3 (s
D 519.06 | 1.88] 7.5 | 12.2
A 519.98 10.63]| 9.3 11
B 519.74 | 1.53] 8.4 | 12.1 0. 005
10 days C [sl6a 187147 ]386]%% | @y
D 519.62 | 1.77] 6.9 | 11.4
Table 3: Descriptive statistics and tissues' difference in each duration and group
Descriptive statistics Comparison
Groups | Durations Epi. C.T. d. f. =8
Mean | S.D. | Mean | S.D. | t-test p-value
3 days 4.92 1 0.81 | 7.24 | 1.62 | -2.864 | 0.021(S)
A 7 days 8.12 | 0.50 | 8.14 | 0.88 | -0. 044 0. 966
10days | 10.24 | 2.28 | 9.98 | 0.63 | 0.246 0.812
3 days 8.80 [2.04 | 10.06 | 2.08 | -0. 835 0.428
B 7 days 11.06 | 0.93 | 9.16 | 1.37 | 2.559 | 0.034(S)
10days | 12.20 | 0.85 | 9.74 | 1.53 | 3.138 | 0.014(S)
3 days 7.44 | 1.72 | 11.00 | 2.16 | -2. 800 | 0.023 (S)
C 7 days 10.70 | 0.46 | 9.12 | 2.39 | 1.451 0. 185
10days | 11.22 | 0.57 | 6.42 | 1.87 | 5.482 | 0. 001 (HS)
3 days 9.34 | 1.44 | 11.88 | 2.02 | -1. 698 0.128
D 7 days 11.58 | 1.53 | 9.06 | 1.88 | 2.321 | 0. 049 (NS)
10days | 14.50 | 0.53 | 9.62 | 1.77 | 5.890 | 0. 000 (HS)

46



Journal of Natural Sciences Research www.iiste.org

ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) J!I—.iil
Vol.6, No.14, 2016 “s E

Figurel: View of 3days duration in control group shows cut edge of wound (arrow),inflammatory cells (IC).
H&EX20.

L e S

x4
’ .

Figure2: View of 3days duration in control group shows accumulation of inflammatory cell near blood vessels
(BV). H&EXA40.
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Figure 3: Microphotograph of wound site shows granulation tissue at cut edge of wound, migrating epithelial
cells (arrow) . H&EX10.

Figure 4: Microphotograph after 3days of pomegranate gel application shows migrating epithelial cells (arrow)
at wound edge. H&EX10.
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FigureS: Microphotograph of wound site of 3days duration shows remodeling collagen fibers (CF), blood islets
(arrow) . H&EX20.

Figure6: Microphotograph after 3days of pomegranate group shows connective tissue with blood vessels
(arrows),collagen fibers and fibroblasts (FB). H&EX20.
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Figure7: Microphotograph of group D after 3days shows granulation tissues (GT),collagen fibers and fibroblasts.
H&EX10.

Figure 8: Microphotograph of 7daysduration of control group shows new epithelium, organizing collagen fibers
(CF) and fibroblasts (FB). H&EX20.
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H&EX10.

Figure10: View of aloe vera gel application group shows new epithelium (NE), fibrous connective tissue (CT).
H&EX20 .
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Figurel 1: Higher magnification of previous figure 3-15 shows new epithelium, fibrous connective tissue and
fibroblasts (FB) . H&E x40.

Figure12: View of wound site after 10 days of control group shows new epithelium, fibroblasts collagen fibers,
blood vessels (BV). H&E x20
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Figure13:View of 10 days duration of pomegranate group shows ,epithelial cell layers progenitor cells (PG)and
fibroblasts (FB). H&E x40

Figurel4': View after ten days of pomegranate gel application shows new epithelium (NE) , collagen fibers
(CF) ,fibroblasts . H&E x40.
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Figurel5: View, shows epithelium, collagen fibers, fibroblasts . H&E x40.
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Figurel6: Comparison of the mean values of epithelial cell count among studied groups in different healing
intervals.
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Duration
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D Aloe-Vera + Pomegranate (Combination)
Figurel7: Comparison of the mean values of stromal CT cell t among studied groups in different healing
intervals.

Mean values

Groups

Figurel8: Comparison of mean values of epithelial and stromal cell /mm? among studied groups in different
healing intervals
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