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ABSTRACT

Introduction: Ulcers are one of the most frequent diseases affecting the oral cavity. The aim of

this study was to assess the impact of omega-3 on healing of buccal traumatic ulcer in rat.

Materials and methods: In this study adult male rats in 2 groups (n = 15 per group) were used.
A wound circular in shape (4 mm diameter and 2 mm depth) was punched into the buccal mucosa
of each rat using biopsy punch. The control group was not treated, the study group was treated with
93mg/kg body weight omega-3 that was guided to the stomach by gastric gavage. Histological
samples were harvested on post-injury days 3,7 and 14.

Results: The study group had high reepithelialization and connective tissue healing score on day

7 and 14. The control group had high inflammation score on day 3 and 7, and low reepithelializtion

score on day 3,7 and 14.

Conclusion: Omega-3 compound increases fibroblast counts and decreases inflammatory cell

counts, and also causes an increase in reepithelialization and epithelial thickness.

INTRODUCTION

The mucous membrane that lines the oral cavity
consists of two layers: an outer layer of stratified
squamous epithelium and an underlying layer of
dense connective tissue (lamina propria). In those
regions where there is looser connective tissue,
beneath the lamina propria a submucosa exists
containing blood vessels, fat and glands (eg, cheek,
soft palate). The oral mucosa has both epithelial
and connective tissue structural modifications in
the different regions of the oral cavity .

Ulcer can be the final common manifestation,
often clinically indistinguishable, of a wide and
complex spectrum of conditions including traumatic
lesions, infectious, vesiculo-bullous, neoplastic
and gastrointestinal diseases®. Their formation
represents the final outcome of a complex and
orchestrated phenomenon involving both epithelial
lining and connective tissue, reduction of blood
flow, cytokines production, cell death, wound
repair, all participate to the dynamic process which

was defined as ulcer ®.
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Ulcer healing is an active process of filling the
mucosal defects with proliferating and migrating
epithelial and connective tissue cells. At the ulcer
margin, epithelial cells proliferate and migrate on the
granulation tissue to reepithelialze the ulcer and also
invade granulation tissue to reconstruct glandular
structures within the ulcer. The reepithelialization
and reconstruction is controlled by several growth
factors @,

The goal of treatment of oral ulcers is to relieve
symptoms; therefore, finding suitable drugs with
fewer side effects is the goal of many researchers,
because of the side effects of chemically synthesized
drugs, there is a trend toward the use of more natural
treatments ©.

N-3 fatty acids, popularly referred to as W-3
fatty acids or omega-3 fatty acids, are types of a
series of essential unsaturated fatty acids that cannot
be synthesized by the human body but are vital for
normal metabolism, Omega-3 acids were found
in almost all cases to be very effective in rapidly
clearing infection and promoting healing ©.

Omega-3 fatty acids in fish oil may have a
beneficial effect on early wound epithelialization,
but may inhibit later collagen deposition, possibly
minimizing scar formation ?.

The consumption of dietary fish oil result in
altered lymphocytes and suppress the production
of proinflammatory cytokines by macrophage, also
supplementation of the diet with omega-3 results
in decreased monocytes, neutrophils and decreased
the production of proinflammatory cytokines and
interleukin-2 ®,

Vascular endothelial growth factor (VEGF),
also known as vascular permeability factor (VPF)
is considered to be the most endothelial specific
and most relevant of the known angiogenic growth
factor . VEGF is the most significant mediator of
wound angiogenesis, and its production stimulates
capillary growth to provide adequate nutrients,
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oxygen, and inflammatory cells. During wound,
healing, capillary density reaches more than twice
of uninjuried normal tissue "%,

MATERIALS AND METHODS

Thirty adult male albino rats approximately
120-200 gm in weight were used in this study. The
animals were housed in individual cage and received
standard diet for rodent and tap water.

Animals were divided into 2 groups:

Group I:

Consisted of 15 rats, which received corn oil
(vehicle of the drug), 2ml each orally by gastric
gavage in equal divided dose /12h after ulcer
induction.

Group II:

Consisted of 15 rats, which received omega-3
fatty acid of 93mg/kg body weight per day dissolved
in corn oil orally by gastric gavage in equal divided
dose12/ h after ulcer induction V.

Methods:

General anesthesia:

General anaethesia was performed by intra-
venous injection of sodium thiopental 15mg/kgm
body weight, anesthesia was maintained with ether-
ane (Counta 7) 15mg/ml.

Ulcer induction:

The left buccal mucosa of animals were cleaned
with chlorhexidine digluconate 1% in water. The
field was dried; the traumatic ulcer was made
opposite to the first molar, midway between
mandible and maxilla. The buccal mucosa was
bunched out using biopsy bunch to ensure that all
ulcers having the same size, the ulcer was circular
in shape about 4mm in diameter and 2mm in depth.
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Biopsy collection:

5 rats from each group were scarified at the days
3,7 and 14 respectively. Rats were anesthetized then
killed with over dosage of halothane by putting fully
saturated cotton with halothane with the animal in a
closed box. Then longitudinal specimen containing
the traumatic ulcer was dissected out from each rat,
each specimen was obtained and immediately fixed
in 10% formalin solution.

Histological analysis:

The specimens were fixed in a fixative solution
for 24 hours and processed to paraffin blocks.
Routine sections was prepared at 4um and stained
with:

1. Heamatoxyline and eosin stain.

2. Immunohistochemical staining for vascular
endothelial growth factor (VEGF Ab-1).
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HISTOLOGICAL FINDINGS
1- Haematoxylin and Eosin Stain:

Group I (induced traumatic ulcer without re-
ceiving treatment):

Group I at 3 days:

At 3 days; the sections showed slight proliferation
of the covering epithelium and formation of the
granulation tissue with dilated blood vessels,
fibroblasts, collagen fibers and dense inflammatory
cells infiltration (Fig 1).

Group I at 7 days:

At 7 days, the partial healing process appeared
through the proliferation of the covering epithelium,
the involving cellular connective tissue stoma
appeared with large number of fibroblasts, collagen
fibers, newly formed blood vessels and inflammatory
cell infiltrations (Fig 2).

Fig. (1) Photomicrograph of the ex-

Fig. (2) Photomicrograph of the ex- Fig. (3) Photomicrograph of the experimental

perimental group (I) at 3 days
showing granulation tissue
formation with heavy inflam-
matory cells infiltration, fibro-
blasts and collagen fibers (H &

E stain, x400).

perimental group () at 7 days
showing fibroblasts, initial
organization of the collagen
fibers and newly formed blood
vessels (arrow) (H & E stain,

x400).

group (I) at 14 days showing reorga-
nization of epithelium and connective
tissue appear with fibroblasts, collagen
fibers and blood vessels (arrow) (H &
E stain, x400).
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Fig (4): Photomicrograph of the ex-

perimental group (II) at 3 days
showing beginning of heal-
ing of the epithelium and the
granulation tissue appear with
fibroblasts, collagen fibers and
blood vessels (arrow) (H & E
stain, x400).
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Fig (5): Photomicrograph of the ex-

perimental group (II) at 7 days
showing the connective tissue
stroma with higher expression
of fibroblasts, collagen bun-
dles, few inflammatory cells
and wellformed blood vessels
(H & E stain, x400).

Fig (6): Photomicrograph of the experimental
group (II) at 14 days showing
adequate epithelial stratification and

high cellular connective tissue stroma
with fibroblasts, collagen bundles,
wellformed blood vessels (arrow) and
few inflammatory cells (H & E stain,
x400).

Group I at 14 days:

At 14 days; the sections showed marked
epithelialization with obvious good architecture of
connective tissue with blood vessels and decreased
inflammatory cells infiltrations (Fig 3).

Group II (induced traumatic ulcer recieving
treatment)

Group 11 at 3 days:

The sections showed the beginning of the
healing process via proliferation of the epithelium.
The granulation tissue appeared with fibroblasts,
collagen fibers, inflammatory cells infiltrations and
newly formed blood vessels. (Fig 4).

Group I1 at 7 days:

After 7 days, the healing process was evident
as the covering stratified epithelium proliferated to
close the ulcer margins and covered the underlying
connective tissue stroma which formed from large

number of fibroblasts, collagen bundles, newly
formed blood vessels and decreased inflammatory
cells infiltrations (Fig 5).

Group I1 at 14 days:

The advanced healing process appeared by
prominent proliferation of the covering epithelium
as well as the well-formed connective tissue stroma
with fibroblasts, collagen bundles, wellformed
blood vessels and few inflammatory cells (Fig 6).

2. Immunohistochemical Results:

VEGEF (Lab Vision Ab-1) was used in this study
to detect the presence of VEGF in the tissues, which
has cellular localization in the cytoplasm, cell
surface and connective tissue stroma.

VEGEF expression was confirmed by the presence
of positive brown-stained cytoplasm in the epithelial
cells in the specimens. Staining of endothelial cells,
fibroblasts and some infiltrating inflammatory cells
was also observed 2,
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Group I (induced traumatic ulcer without re-
ceiving treatment):

Group I at 3 days:

There was increase expression of VEGF than
previous group. The positive immune reaction
appeared in the epithelium, endothelial cells,
fibroblasts and inflammatory cells (Fig 7).

Group I at 7 days:

In this group, there was obvious expression
of VEGF at the
infiltrating inflammatory cells, muscle fibers and

epithelium, in the fibroblasts,

vascular endothelial cells of blood vessels (Fig 8).

Group I at 14 days:

After 14 days, the epithelium and connective
tissue showed decrease expression of VEGF than
the previous group with obvious reepithelialization
and advanced healing (Fig 9).
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Group II (induced traumatic ulcer receiving
treatment):

Group 11 at 3 days:

There was increase expression of VEGF at
epithelium, fibroblasts, infiltrating inflammatory
cells and vascular endothelial cells of blood vessels
at the granulation tissues (10).

Group I1 at 7 days:

There was obvious expression of VEGF at the
epithelium, in the fibroblasts, some infiltrating
inflammatory cells in the connective tissue and in
the endothelial cells around blood vessels (Fig 11).

Group II at 14 days:

After 14 days of injury, the section showed
obvious reepithelialization and advanced healing
with decrease immunohistochemical reaction for
VEGF at the epithelium and connective tissue than
the previous group and parallel group (II) (Fig 12).

Fig. (7): Photomicrograph of the ex-

Fig. (8): Photomicrograph of the ex-

iy
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Fig (9): Photomicrograph of the experimental

perimental group (I) at 3rd
days showing increase expres-
sion of VEGF in endothelial
cells, some fibroblasts and in-
filtrating inflammatory cells
(arrow) (IHC staining, DAB
chromogen x 400)

perimental group (I) at 7th
days showing obvious expres-
sion of VEGF in epithelial
cells, infiltrating inflammatory
cells, fibroblasts and muscle
fibers (arrows) (IHC staining,
DAB chromogen x 400).

group (I) at 14 days showing decrease
expression of VEGF at the epithelium
and connective tissue stroma than previ-
ous group. The positive staining appear
in endothelial cells of blood vessels
(white arrow), fibroblasts and residual
inflammatory cells (black arrow) (IHC
staining, DAB chromogen x 400).
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Fig (10): Photomicrograph of the
experimental group (II) at
3 days

immune

Fig (11): Photomicrograph of the ex- Fig(12): Photomicrograph of the experimental

perimental group (II) at 7 days, group (II) at 14 days showing decrease

showing increase showing obvious staining of immune reaction of VEGF. The
VEGEF in epithelial cells, fi-
broblasts, inflammatory cells
(arrow)and endothelial cells
of blood vessels (IHC stain-

ing, DAB chromogen x400).

reaction at the positive staining appear in fibroblasts,
fibroblasts, inflammatory cells
and endothelial cells of blood
vessels (arrow) (IHC staining,

DAB chromogen x400)

inflammatory cells, endothelial cells
of blood vessels ( white arrow) and
muscle fibers (black arrow) (IHC
staining, DAB chromogen x400).

DISCUSSION

Ulcer may be ultimately considered as a wound,
and its persistence in oral cavity depends on the
equilibrium between pathologic noxae (chronic as
well as temporary) and host tissue ability to put into
effect the reparative process. Indeed, wound healing
is a complex process involving collaborative efforts
of multiple types of epithelial, dermal, immunity
cells and cytokines such as soluble growth factors
and interleukins ¥,

Vascular endothelial growth factor is considered
the most endothelial specific and the most relevant
of the known angiogenic growth factor ©. But VEGF
is unique for its effects on multiple components of
the wound healing cascade, including angiogenesis
and recently shown epithelialization and collagen
deposition ¥,

There are many trials to improve healing of
oral ulcers, but no specific treatment for ulceration
was definitely documented. The primary goals
of therapy for ulcers are relief of pain, reduction
of ulcer duration, and restoration of normal oral

function. Secondary goals include reduction in
the frequency and severity of recurrences and
maintenance of remission. Topical medications,
such as antimicrobial mouth washes and topical
corticosteroids, systemic medications can be tried if
topical therapy is ineffective 9.

Although several medical

therapies are available, because of the importance

and palliative

and prevalence of oral ulcers, application of a new
therapy that is less expensive, easy to use, and
readily available would be helpful ©.

A number of investigations have demonstrated
that a diet supplemented with fish oil enriched
in omega-3 fatty acids has profound beneficial
health effects against various conditions, including
cardiovascular  diseases, respiratory diseases,
diabetes, depression, cancers, inflammatory disease,
and immunological renal disorders. Dietary omega-3
fatty acids have shown a significant protective effect
against gastric ulcerations by inhibition of offensive
mucosal factors and augmentation of defensive

mucosal factors (9.
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After 3 days, the ulcerative area of experimental
group (I),revealed slight proliferation of the covering
epithelium and the granulation tissue appeared with
dilated blood vessels, fibroblasts, collagen fibers
and dense inflammatory cells infiltration, while in
the treated group (II), There was more granulation
tissue formation with marked dilated blood vessels.

In agreement with our result, Arterburn etal.,
2006 stated that Dietary supplements of w-3 poly-
unsaturated fatty acids (PUFA) eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA), ob-
tained primarily from fish oil could affect local cel-
lular and molecular activity, such as the gene ex-
pression of proinflammatory cytokines, during the
inflammatory stage of healing and thus, subsequent
stages (7,

After 7 days, in group (I), the partial healing
process appeared through the slight proliferation of
the covering epithelium, the involving cellular con-
nective stroma appeared with large number of fibro-
blasts, collagen fibers, newly formed blood vessels
and inflammatory cells infiltration. Meanwhile the
group (II), showed marked reepithelialization with
complete healing of connective tissue defect with
few inflammatory cells.

In accordance to our results, Mariam et al.,
2012 © showed that reepithelialization occurred
more quickly in the Local and Systemic treated
groups with omega -3 than in the other groups.
Moreover, the greatest value of epithelial thickness
was observed in the L and S groups on days 6 and
8, which was significantly different from the other
groups

In Hematoxylin and Eosin results after 14 days,
there was complete healing of the ulcerative area
and the underlying connective tissue in group (II) as
compared to group (I) which showed progression
in the healing process.

In agreement with our results, Calder, 2002®
showed that the rapid healing observed with an
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omega-3 dressing is noted. Wounds treated with
omega-3 show less edema, less granular and
mononuclear cell (MNC) infiltration, less necrosis,
and better wound contractions. Omega-3 acids play
arole in the prevention of inflammation.

In our study, immunohistochemical study of
VEGF in normal epithelium was observed as
positive brown stain in cytoplasm of epithelial cells
and connective tissue stroma. Turley et al., (1998)
U stated that in normal tissues, expression of VEGF
appeared in connective tissue stroma of all tissue,
variable proportion of the plasma cells, fibroblasts
and lymphocytes. Also Banks et al., (1998) "9 &
Maruyama et al., (2007) @ indicated that VEGF
is produced by many cell types that participate
in wound healing: endothelial cells, fibroblasts,
smooth muscle cells, platelets, neutophils, and
macrophages.

After 3 days, there was increased expression of
VEGF in experimental group(l), these results was
supported by Nissen et al., (1998)?" who observed
that, keratinocytes at the wound edge expressed
elevation in VEGEF as early as 1 day after injury
and eventually in epidermal cells, which migrate to
cover the defect. The expression for VEGF m RNA
reaches a peak after 2-3 days, coincident with a peak
in vascular permeability, and levels remain elevated
until epidermal coverage is complete.

In-group (II), after 3 days, there was increase
expression of VEGF at epithelium, fibroblasts, infil-
trating inflammatory cells and vascular endothelial
cells of blood vessels at the granulation tissues.

Our results were supported by Mariam et al.,
2012® which observed that Omega-3 increased the
MNC and fibroblast counts and decreased the PMN
cell count. Moreover, this compound increased
reepithelialization and epithelium thickness. The
findings of the present study indicate omega-3
increases the formation of granulation tissue,
epithelialization, and fibroblast action, and reduces
the residual wound area and clinical wound size.
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Also Goldberg et al., 2007 @
that Omega-3, in addition to its antibacterial activity,
may clear infection by stimulating the activity of

reported

leukocytes. Cell culture studies have shown that
omega-3 stimulates proliferation of lymphocytes
and monocytes to release cytokines, which are
activators of the immune response to infection 2.

At 7 days, there was obvious reaction of VEGF
at both groups at the epithelium, fibroblasts,
inflammatory cells and vascular endothelial cells.
The above results in accordance with Chu et al.,
(2008) @ in fracture healing, at 1 week, a great
goal of positive expression of VEGF mRNA and
VEGF was noted in inflammatory cells, fibroblasts,
and vascular endothelial cells. This results was also
supported by Howard et al., (1997) ? that maximal
VEGF m RNA was found between 3 and 7 days
after wounding, during the period of granulation
tissue formation.

The time course of VEGF expression provides
insightinto the progression of wound healing. During
the proliferative phase of repair which occurring
approximately 3 to 7 days post-wounding, capillary
growth and differentiation are at maximum. During
this period, VEGF is up-regulated to promote the
early stages of angiogenesis (vascular dilation,
permeability, migration, and proliferation) 4.

Our results supported the role of omega-3 in
accelerating ulcer healing and increased release
of VEGF from many cells during early stages of
wound healing, these results were in accordance
with Kazuki Nagai.et al., 2014 ® who observed that
-3 polyunsaturated fatty acids docosahexaenoic
acid (DHA) has an effect of softening the cell
membrane of the vessel wall and promoting blood
circulation, These omega-3-acid ethyl esters
suppress inflammatory cytokines and leucocyte
chemotactic factors, thus suggesting that wound
healing could have been promoted as a result.

In the present work, after 14 days, group (II)
showed decrease expression of VEGF in the
epithelium and connective tissue stroma than the
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parallel group (I), after evidenced reepithelialization
and complete connective tissue healing.

In agreement to our results, Takada et al.,
2004 ®9 have shown omega-3 fatty acids play a role
in reepithelialization of experimental skin, and in
intestinal and stomach wounds in rat, rabbit, and
dog models, also Mariam et al., 2012 © reported
that omega-3 increases the formation of granulation
tissue, epithelialization, and fibroblast action, and
reduces the residual wound area and clinical wound
size.

So, in accordance to our results, all the previous
works demonstrated the direct and indirect role
of VEGF as a significant factor in wound healing
immediately after injury. Also our results revealed
that systemic treatment with omega-3 has evidenced
effect in accelerate ulcer healing in oral mucosa and
may be a clinical candidate for treating oral mucosal
lesions.
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