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IMPACT OF TOPICAL INSULIN ON ORAL MUCOSAL
WOUND HEALING IN DIABETIC AND NON DIABETIC RATS
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ABSTRACT

Diabetes mellitus is a chronic, lifelong metabolic disorder. Impaired wound healing capabilities
in both cutaneous and oral ulceration was denoted among diabetic patients. Topical treatments
include natural therapeutic products as oxidized regenerated cellulose/collagen, hyaluronic acid
conjugated with glycidyl methacrylate or gelatin dressings and insulin. Different studies have
proved the efficacy of topical insulin on skin ulcers. The aim of the present study was to evaluate the
effectiveness of topical insulin on oral ulcers in diabetic and non-diabetic rats through histological

examinations.

Material and methods: 48 male albino rats were used in this study, rat population was divided
into diabetic and non-diabetic groups. Each group was subdivided into test subgroup treated by
insulin and control subgroup treated by placebo. Histological examination was performed to rats
sacrificed after 2, 7 and 14 days.

Results: Better healing was observed in nondiabetic groups compared to diabetic groups.
Improved healing was noticed in groups treated by insulin manifested by hyperplastic
orthokeratinized epithelium with prominent granular cell layer, while ulceration was still denoted
in the groups treated by plecebo.

Conclusion: From the present study, it was concluded that topical insulin can be considered as
a safe and effective treatment modality for oral ulcers.
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INTRODUCTION Symptoms of marked hyperglycemia include

lyuri lydipsi ight loss, polyphagia,
Diabetes mellitus is a chronic, lifelong metabolic polyura, .p.oy 1p.51a, welg . _.OSS pg b a.gla
blurred vision, high susceptibility to infections

disorder. It is a worldwide health problem caused
by inherited or acquired deficiency in insulin
production by the pancreas or by the ineffectiveness

of the insulin, which result in hyperglycemia.

and impaired wound healing.! Wound healing is an
important biological process influenced by several
agents such as insulin-like growth factor (IGF) and
human acidic fibroblast growth factor (rh-aFGF).>?
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Several studies in both medical and dental litera-
tures reported that the oral cavity is among the af-
fected organ that is extensively affected by diabetes.
Significant changes are observed in oral microflora,
salivary glands and periodontium. High prevalence
of irritation fibromas and persistent oral ulcers were
also reported.*

Impaired wound healing capabilities in both cu-
taneous and oral ulceration among diabetic patients
is the main concern for many researches. They re-
ported that delayed wound healing attributed to
various underlying mechanisms includes decreased
growth factor production, angiogenic response,
macrophage function, collagen accumulation, epi-
dermal barrier function, keratinocyte and fibroblast
migration and proliferation 3¢7. Additionally, Dia-
betic patients are under state of immunosuppression.
Accumulation of advanced glycation end products
(AGE) causes decrease in number of migrated neu-
trophils at the site of inflammation.?

Treatment of chronic skin ulcers in diabetic and
non-diabetic patients was one of the main issues
that concerns researchers throughout the world and
there has been several treatment modalities intro-
duced by the specialists in order to treat these non-
healing wounds.”'° The treatment modalities divid-
ed into systemic or topical treatments. However, for
its fewer side effects the topical treatment is mostly
used. Topical treatments include natural therapeutic
products as well as topical therapeutic methods such
as topical application of growth factors, oxidized re-
generated cellulose/collagen, hyaluronic acid con-
jugated with glycidyl methacrylate or gelatin dress-
ings and insulin. ?

In addition, for treatment of chronic oral ulcers
advanced expertise in different topical medication
were introduced as antiseptics (chlorhexidine)',
anti-inflammatory drugs (amlexanox'?), antibiotics
(tetracyclines)' and corticosteroids (prednisone)'*
and immune-modulators (pentoxifylline)."

The purpose of this study was to introduce
and add to the field of oral ulcers treatment using
topical medications a new innovation, which is
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topical insulin, and to evaluate its effectiveness on
oral ulcers in diabetic and non-diabetic rats through
histological examinations.

MATERIAL AND METHODS

48 Male Albino rats weighing 200-250 gm were
used in this study. The animals were kept at the ani-
mal house of Faculty of Dentistry, Pharos Univer-
sity in polypropylene cages. All rats were fed with
standard laboratory pellets and tap water ad libitum
throughout the study period. The room temperature
was about 22-24°C and the animals were exposed to
12:12 hours light dark cycles. The present research
protocol was approved by the Ethics Review Board
of Faculty of Dentistry, Pharos University.

Diabetes induction:

Diabetes mellitus was induced to 24 rats
by intravenous injection of 42 mg/kg of alloxan
monohydrate (Sigma Chemical Co., St. Louis,
MO, USA) dissolved in physiologic saline after an
overnight fasting period.'® The presence of diabetes
was proved by blood glucose concentrations (>11.2
mmol/l) determined by glucometer (One Touch,
Ultra, Lifescan, America). A blood glucose level
>200mg/dL was indicative of diabetes."’

Ulcer induction:

Oral ulcers were induced in all rat popula-
tion. Rats were fixed on their backs and all ani-
mals were anesthetized with an intra-peritoneal
injection of ketamine (pharmazeutische proparate,
Pfaffen-Schwabenheim, Germany) and xylazine
(Chanazine, Chanelle pharmaceutical manufactur-
ing Ltd., Loughrea, Co. Galway, Ireland.) (90 and
15 mg/kg, respectively), Round filter papers 5.5 mm
in diameter were soaked in 15 ml of 50% acetic acid
was applied over the upper labial gingiva for 60 sec-
onds to create round uniform ulcer.'

Study groups:

The rat population was divided into two main
groups, each group divided into two subgroups (test
and control groups), 12 rats each:
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Diabetic group: 24 rats subdivided into:
- Diabetic rats treated by insulin (test group)

- Diabetic rats treated by placebo (control group):

Non- Diabetic group: 24 rats subdivided into:
- Diabetic rats treated by insulin (test gp):
- Diabetic rats treated by placebo (control gp):

To evaluate the safety of topical Insulin, random
blood glucose levels were noted 15 minutes before
and after insulin application in test groups of
diabetic and non diabetic rats.

Topical insulin preparation:

Melt 30 g white soft paraffin and stir until cold.
Add 3 mL (300 IU) of insulin (Humulin 70/30) with
a portion of the base and gradually incorporate the
remainder of the base. The insulin concentration
in the resultant ointment is 10 IU per gram. This
cream was applied twice daily with a cotton-tipped
applicator for diabetic and nondiabetic test groups.

Topical placebo preparation

Melt 30 g white soft paraffin and stir until
cold. This base was applied with a cotton-tipped
applicator twice daily for diabetic and nondiabetic
control groups.

Topical insulin and placebo were kept in a
refrigerator until used for the purpose of the study.

Animal sacrifice:

Four rats from each group were sacrificed
at day 2,7,14 by an overdose intra-peritoneal
injection of 100 mg/kg Phenobarbital sodium (West
Ward Pharm., USA). Each wound was excised,
maintaining approximately 3 mm of mucosa around
the incision.

Histological Evaluation:

The excised tissues were fixed with 10%
formalin. Specimens of labial mucosa were obtained
and fixed in 10% neutral formalin for 48 hours.
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Then they were dehydrated in ascending grades
of alcohol and embedded in paraffin. Histological
sections of Spum thickness were obtained and stained
with hematoxylin and eosin stain according to the
conventional method. ' Then the specimens were
prepared for histological examination

RESULTS

Blood glucose level was measured in diabetic
and non diabetic rats. The blood glucose level in
diabetic group at baseline was ranging from (230-
250mg/dl) and for the non diabetic was ranging from
(85-95mg/dl). No changes occurred in the detected
levels before or after treatment Topical insulin did
not induce changes in the blood glucose levels of
control or diabetic animals.

Regarding the nondiabetic rat ulcers treated with
insulin, atrophic epithelium with mild inflammatory
cell reaction in the lamina propria after 2 days was
noticed. After 7 days hyperplastic parakeratinized
epithelium with long rete ridges was found.
Finally after 14 days hyperplastic orthokeratinized
epithelium with prominent granular cell layer and
bulbous rete ridges were observed (Fig. 1). On the
other hand, the nondiabetic rats treated with placebo
showed single layer of basal epithelial cells after 2
days, while ulcerative non-keratinized epithelium
was denoted after 7 days. After 14 days atrophic
non-keratinized epithelium with short rete ridges
was detected (Fig. 2).

Concerning, the diabetic group treated with

insulin, ulcerative  atrophic  non-keratinized
epithelium was seen after 2 and 7 days. While, after
14 days hyperplastic parakeratinized epithelium
with long rete ridges was seen (Fig. 3). However,
the diabetic group treated with placebo ulcerative
surface epithelium with massive inflammatory cell
reaction and increased vascularity was denoted after
2 days, these ulcerative non-keratinized surface

epithelium was still present after 7 and 14 days.
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Fig. (1) A photomicrograph of sequential histological changes of healing process in group 1 (ulcers in non-diabetic rates treated
with topical insulin). a: after 2 days showing atrophic epithelium with mild inflammatory cell reaction in the lamina propria,
b: after 7 days showing hyperplastic parakeratinized epithelium with long rete ridges, ¢ and d: after 14 days showing
hyperplastic orthokeratinized epithelium with prominent granular cell layer (black arrow) and bulbous rete ridges. (a-d:
H&E, a-c¢ x200, d x400)

Fig. (2) A photomicrograph of sequential histological
changes of healing process in group 2 (ulcers
in non-diabetic rates treated with placebo).
a: after 2 days showing single layer of basal
epithelial cells, b: after 7 days showing
ulcerative non-keratinized epithelium, ¢: after
14 days showing atrophic non-keratinized
epithelium with short rete ridges. (a-c: H&E,
x200)
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Fig. (3) A photomicrograph of sequential histological
changes of healing process in group 3 (ulcers in
diabetic rates treated with insulin). a: after 2 days
showing ulcerative atrophic non-keratinized
epithelium b: after 7 days showing ulcerative
parakeratinized epithelium, c: after 14 days
showing hyperplastic parakeratinized epithelium
with long rete ridges. (a-c: H&E, x200)

% '} Fig. (4) A photomicrograph of sequential histological

< changes of healing process in group 4 (ulcers
in diabetic rates treated with placebo). a: after
2 days showing ulcerative surface epithelium
with massive inflammatory cell reaction and
increased vascularity, b: after 7 days showing
discontinuous single layer of basal epithelial
cells, ¢: after 14 days showing ulcerative non-
keratinized surface epithelium with short rete
ridges. (a-c: H&E, x200)
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DISCUSSION

Insulin is a poly peptide hormone which was
widely investigated for its numerous uses and
benefits including stimulating collagen synthesis
in skin fibroblasts and activate myofibroblasts
production.” Moreover, insulin reduces the bacterial
survival environment, enhances the ability of local
inflammation and thus promotes local wound
healing.?! Correspondingly, the effect of topical
insulin on oral ulcers in diabetic and nondiabetic
albino rats was investigated. In the present study
we confirmed that topical insulin has no effect on
blood glucose level. This is in accordance with
Geonka et al. > who reported that topical Insulin is
not absorbed systemically and didn’t cause decrease
in blood glucose level.

Several clinical and experimental studies over
many decades 20?23 have evaluated the effect of
topical insulin in healing of skin ulcers and they
concluded that topical insulin application accelerate
cutaneous wound healing.

In the present study, there was an obvious

histological improvement for insulin group
compared to control group, this mean that the

healing is better among insulin group than control
group.

Regarding healing of the two nondiabetic groups,
the group treated with insulin showed apparently
normal epithelium manifested by heperplastic
parakeratinized epithelium with long rete ridges
after 7 days while the group treated by placebo
still showed ulcerative non keratinized epithelium.
Moreover, after 14 days the group treated by insulin
showed complete healing manifested by hyperplastic
orthokeratinized epithelium with prominent granular
cell layer and bulbous rete ridges while, the group
treated by placebo showed incomplete healing
manifested by atrophic non-keratinized epithelium
with short rete ridges. This result goes in line with
El-said et al, ** they concluded that using topical
insulin was effective and safe method to accelerate
healing in nondiabetic cases.
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In the current study, nondiabetic group showed
outstanding results regarding the factor of time. In
which the time taken for complete epithelialization
was the least. In support for these results,
Apikoglu et al.* also stated in his experiments
that, administration of topical insulin enhanced
wound healing by shortening the time needed for
complete epithelialization in the nondiabetic group.
Furthermore, he also added that the histological
result showed an increased number of collagen
fibers in the topical insulin-treated rats. Similarly,
Azevedo’ et al * results also suggested that topical
insulin had beneficial effect on tissue formation in
second-degree burns and is attributable to enhanced
proliferation of fibroblasts, causing an increase in
the deposition and organization of collagen fibers.
For further elaboration, he added that some of these
fibroblasts differentiate into myofibroblasts, which
are involved in wound contraction.

Concerning the diabetic group healing in both
sub groups was retarded compared to the nondiabet-
ic group. This was attributed to the effect of diabetes
on healing. Paraveen et al * reported that there are
several factors that have the potential to contribute
to a delay in wound healing in diabetic patients, in-
cluding poorly controlled blood glucose levels, poor
tissue oxygenation and impaired immune response
to injury. In the present study, after 7 days ulcer-
ative non parakeratinized epithelium was denoted in
the group treated with insulin while discontinuous
single layer of basal epithelial cells was noticed in
the placebo group. Comparing insulin and placebo
diabetic groups after 14 days, better healing was re-
alized in the insulin group manifested by hyperplas-
tic parakeratinized epithelium with long rete ridges
while in the placebo group still ulcerative non-ke-
ratinized surface epithelium with short rete ridges.

authors in recent clinical and
experimental studies has been attempted to explain
the mechanisms of action of topical insulin in wound
healing. Shanley et al.?® concluded that the insulin
is a peptide closely related to insulin-like growth
factor (IGF) that is able to stimulate haptotactic

migration of human epidermal keratinocytes and

Several
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is implicated in wound repair. In 2017, Seng Fai *
experiments reassured and supported the previously
mentioned results of IGF on accelerating the wound
healing of the corneal epithelium.

Liu, et al. 3 showed that insulin interacts with its
receptor and affects multiple aspects of keratinocyte
behavior, including stimulation of cell motility,
increased expression of the cell surface adhesion
molecule integrin a3 and enhanced secretion of
the extracellular matrix (ECM) molecule laminin
332 (LN332) resulting in an integrated effect in the
epithelium and the underlying granulation tissue.
Furthermore, it was shown that human keratinocytes
are dependent on insulin for their growth.*

Another mechanism was explained by Chin
et al. ¥ the authors concluded that topical insulin
application decreased neutrophil infiltration by
inhibiting macrophage inflammatory protein
2 (MIP-2) expression and advanced neutrophil
resolution. A study was made in favor of insulin
and its powerful effect on regulating the wound
inflammatory response. It showed that the insulin
specifically elevates the quantity of macrophages
infiltration by regulating wound Monocyte
chemoattractant protein-1 (MCP-1) expression.
Thus increasing the functions of macrophages
including chemotaxis, Pinocytosis/phagocytosis
and secretion of inflammatory mediators regulating
wound inflammatory response. Hence, these results
explain how insulin is a potent healing accelerant.*

Consequently, topical insulin can be considered
as an effective accelerator in oral ulcer healing. It is
found to be safe and effective without any systemic
side effects.??-43-36

CONCLUSION

Topical insulin has no effect on blood glucose
level and thus, can be used with nondiabetic cases.
The present study demonstrated that topical insulin
promotes the healing of ulcers in both diabetic
and non-diabetic rats. Accordingly, the author
recommends the utilization of topical insulin due to
its availability, safety and advantageous effects.
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