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IMPACT OF HYALURONIC ACID ON HEALING
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ABSTRACT

Introduction: Wound healing is a highly complicated process achieved through definitely
programmed stages. Hyaluronic acid is a natural component present essentially in the skin and

other connective tissues, it has been used in many medical fields for acceleration of wound healing.

Aim: This study aimed to investigate the therapeutic effect of hyaluronic acid on healing of

tongue ulcer in diabetic rat model.

Material & Methods: Thirty male Albino rats were subjected to diabetes induction and after
1 week the animals were classified into 3 groups, Group I: rats were subjected to tongue ulcer and
did not receive any treatment. Group II: rats were subjected to tongue ulcer and the ulcers were
treated with 3 times/ day topical applications of commercially used 0.2% high molecular weight
hyaluronic acid. Group III: rats were received 1-2 IU/ g/day of insulin NPH injected subcutaneous
and then subjected to tongue ulcer after one week from the starting of insulin injection. The animals
were sacrificed at 4 and 10 days after ulcer induction, specimens were prepared for histological
examination and immunohistochemical staining for a-SMA.

Results: Histological examination revealed better enhancement of ulcer healing and re-
epithelization together with reorganization of the epithelium and connective tissue in group II and
IIT samples when compared to group I after 4 and 10 days of ulcer induction.

Conclusion: oral application of hyaluronic acid gel has beneficial effects in accelerating wound
healing and improving all phases of wound repair in tongue ulcers in rats.
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INTRODUCTION

Healing of wounds is a physiological, dynamic
process in which cellular, molecular and biochemical
changes occurs that consequently leads to formation
of new connective tissue and fibrous scar with
restoration of the anatomical features and functional
status of the skin . This process consists of 4
complementary and overlapping stages which are
hemostasis, inflammation, proliferation, and tissue
remodeling @. These stages and their biological
functions have specific criteria that it must occur in
appropriate order, at a definite time and last for a
specific duration at an appropriate environment <.
There are many factors that can interfere with one or
more of stages in this process, thus leads to impaired
tissue repair and negatively affect wound healing.

Oral wound healing primarily achieved without
scar formation and is faster than that of skin. Oral
mesenchyme fibroblasts have a unique phonotypical
character as they express high level of a-SMA (alpha
smooth muscle actin), increased capacity to contract
collagen gel and a more replicative potential than
fibroblasts of the skin, finally producing “scar-free”
healing process. Growth factors which are present
in saliva and crevicular fluid and responsible for
wound healing in the oral cavity are epidermal
growth factor (EGF), vascular endothelial growth
factor (VEGF), basic fibroblast growth factor
(b-FGF), and insulin-like growth factor (IL-GF) @.

Diabetes mellitus is a chronic, lifelong metabolic
disorder. It is a worldwide health problem occur due
to either inherited or acquired decrease in insulin
production from pancreas or the ineffectiveness of
the produced insulin, which leads to hyperglycemia.
Symptoms of marked hyperglycemia are polydipsia,
polyuria, polyphagia, weight loss, blurred vision,
increased prone to infections and impaired wound
healing ®.

Several studies in both medical and dental
literatures reported that the oral cavity is among
the affected organ that is extensively affected by
diabetes. Significant changes are observed in oral
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microflora, salivary glands and periodontium. High
prevalence of irritation fibromas and persistent oral
ulcers were also reported ©.

Impaired wound healing capabilities in both
cutaneous and oral ulceration among diabetic
patients is the main concern for many researches.
They reported that delayed wound healing
attributed to various underlying mechanisms
includes reduced production of growth factors,
little angiogenic response, decreased macrophage
function and collagen accumulation, impaired
epidermal and keratinocyte function,
lastly decrease in fibroblast
proliferation 7®. Additionally, Diabetic patients
are under state of immunosuppression due to

barrier

migration and

accumulation of advanced glycation end products
(AGE) causes decrease in number of migrated
neutrophils at the site of inflammation ©.

Hyaluronic acid (HA), known as hydrogel; is a
natural component present essentially in the skin
and other connective tissues, it’s glycosaminoglycan
in nature and plays an important role in wound
healing due to its inherent absorption properties 19,
HA possess an anti-inflammatory, bacteriostatic,
antioxidant, anti-edematous, biocompatible and
biodegradable properties V. It has been used
in many fields of medicine " and in dentistry
U3 Besides its highly beneficial applications in
treating diabetes wound ulcers as reported by many
systematic reviews and meta-analyses (4.

Accelerated and safe healing of diabetic wounds
with asimple and synergistic strategy was achieved in
vitro through using of electro spun thioether grafted
(HA)(FHHA-S/Fe) that able to produce a nanofiber
fibrous hydrogel, in turns provides intrinsic double
modulation of inflammatory mechanisms, with
antioxidant properties and transformation of the
macrophage phenotype. While in vivo, the average
size of diabetic wound area after treatment with
FHHA-S/Fe was much reduced in size than that
of FHHA/Fe without grafted thioethers, especially
during early stage of healing .
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Tongue ulcer is a common condition, which
persists for days or weeks and causes pain and
discomfort. In the present study we investigated the
effect of hyaluronic acid gel on healing of tongue
ulcer in diabetic rat as an experimental animal
models by using safety of hyaluronic acid gel as a
novel drug and therapeutic approach in the treatment
of tongue ulcer.

MATERIALS AND METHODS

The present study used 30 adult male Albino
rats (150-200 gm), they were housed in separate
cages under appropriate experimental conditions
according to the guidelines of the Animal Ethics
Committee. The animals were fed standard pellet
diet and tap water throughout the study period.
Room temperature (22-24°C) and the animals
were exposed to 12:12 hours light dark cycles.
The present research protocol was approved by the
Ethical committee of Faculty of Dentistry, Mansoura
University, (A 11070819).
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The sample size was estimated with a statistical
power of 90% and a significance level of 0.05.
The sample size of minimal ten samples per group
was calculated based on the primary outcome of a
previous study 9.

After one-week acclimatization period, diabetes
induction was done, after confirmation of diabetes
occurrence through blood samples, table (1) the
animals were classified into 3 groups as follow:
table (2 and 3):

Group I: 10 rats were subjected to tongue ulcer
and did not receive any treatment.

Group II: 10 rats subjected to tongue ulcer
and then the ulcers were treated with 3 times/ day
topical applications of commercially used 0.2%
high molecular weight hyaluronic acid 7.

Group III: 10 rats received 1-2 IU/ g/day of
insulin NPH immediately after confirmation of
diabetes occurrence, injected subcutaneous “'® and
then subjected to tongue ulcer after one week of
starting of insulin injection.

TABLE (1) Showing mean + SD for blood glucose level after induction of diabetes and its statistical analysis

results for the different groups:

Group I Group 11 Group III ANOVA
F P value
One week Mean 37334 354278 189.574 19.07 0.000
SD 30.46 35.06 72.50
Two weeks Mean 441.33* 411.67 167.274 15.8 0.000
SD 44 .57 37.24 160.27
Three weeks Mean 514484 498.82 151.254qb 211.6 0.000
SD 21.31 25.13 64.24
Four weeks Mean 518.384 509.68 139.404Aab¢ 3385 0.000
SD 33.12 18.34 4293

All results are expressed as mean + standard deviation (SD).

Non-significant: at P >0.05. Significant: at P < 0.05.

P value represent significance between Gp. I, Gp. II and Gp. 111 groups in different weeks

A = significance between group I and group II or group III (in all weeks’ groups)

B = significance between group II and group III (in all weeks’ groups)

a= significance between week one and other weeks after it (in all groups Gp. I, Gp. II and Gp. I11)
b= significance between week two and other weeks after it (in all groups Gp. I, Gp. II and Gp. I1I)
c= significance between week three and week four (in all groups Gp. 1, Gp. 11 and Gp. I1])
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TABLE (2) Showing different intervention and
treatments applied in all groups

Groups Intervention Treatment

Group I Diabetes induction + No treatment
tongue ulcer

Group I  Diabetes induction + Hyaluronic acid
tongue ulcer gel 3 times/ day

Group III  Diabetes induction + Insulin injection

tongue ulcer

TABLE (3) Showing all time of experiment after
confirmation of diabetes occurrence.

Groups Timing and related intervention

Group I Tongue ulcer was induced immediately after
confirmation of diabetes occurrence.

Group II  hyaluronic acid gel was applied 3 times/ day
on the next day of ulcer induction.

Group IIT  Insulin injection was done immediately after

confirmation of diabetes occurrence then ulcer
induction was done after one week of starting
of insulin injection.

Diabetes induction

Experimental diabetes was induced to all
animals after overnight starvation (19) by a single
intraperitoneal injection (ip) of streptozotocin (STZ:
45 mg/kg body weight in 0.1 ml citrate buffer, pH
4.5). After 3 days of STZ injection the diagnosis
of diabetes was achieved by making blood glucose
(non-fasting) analysis, it showed hyperglycemia >
300 mg/dl) @, The blood glucose level of the rats
was monitored every week and the results were
listed in table. Statistical analysis for blood glucose
level of all animals was made

HA preparation

A commercially hyaluronic acid gel; Gengigel®
was used in this study, (via Egadi,7 -20144 Milano
IT). The active ingredient in it is a High Molecular
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Weight (HMW) hyaluronic acid in a form of
sodium hyaluronate. The other ingredients are:
Aqua, Xylitol, Celleluse Gum, Alcohol, Peg 40
Hydrogenated Castor Oil, Dichlorobenzyl Alcohol,
Carbomer, Aroma, Citric Acid, Sodium Hydroxide
and Acidic Blue "7,

Ulcer induction

Rats
injection of 0.1 ml of ketamine hydrochloride
(SIGMATEC Company) in combination with 0.05
ml of xylazine hydrochloride (ADWIA Company),

were generally anesthetized by im.

100/ g body weight of the animal. After anesthesia,
the lingual mucosa was antiseptically cleaned with
2% chlorhexidine then a surgical mucosal wound
was made by using biopsy punch (Acu-Punch,
Acuderm Inc., Ft. Lauderdale, FL., USA) to ensure
that all ulcers will have the same size. The ulcer was
circular in shape about 4mm in diameter and 2mm
in depth @V,

The induced ulcers were left to heal either
normally or topically covered with 0.2 % HA gel
(Gengigel®) or through subcutaneous injection
of insulin, subsequently the rats were kept under
observation without any feeding or drinking for 1
hour after topical application of treatments.

Scarification of rats was done by overdose of
sodium thiopental at day 4 and 10 respectively
47 after ulcer induction, tongue was excised
from each animal and quickly immersed in 10%
formalin solution and become ready for histological
examination, and immunohistochemically for alpha

smooth muscle actin (a-SMA).

Slides were digitized using Olympus® digital
camera installed on Olympus® microscope. The
resulted images were analyzed on Intel® Core I3®
based computer using Video Test Morphology®
software (Russia) with a specific built-in routine for

immune-stain quantification.
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The software routine of quantification includes:

Step 1: Image acquiring form the camera using a
u-tech frame grabber.

Step 2: Target area was manually selected and
extracted from the entire field to avoid interference
from the un desired area.

Step 3: Target area was converted to grey scale.

Step 4: Grey scale area was digitally scanned
to obtain a surface plot which digitally represents
the intensity of each pixel in a 3D view. Each
pixel represent an intensity ranged from O to
255, area with high dye retention represent
smaller intensity while areas with faint dye
represent larger intensity. The software calculates
the mean intensity depending on the intensity
distribution within the target area.

RESULTS
Histological analysis

Hematoxylin and Eosin stain

After 4 days of ulcer induction group I showed
slight proliferation of the covering epithelium
and formation of granulation tissues with heavy
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inflammatory cell infiltrations, group II showed
starting of the healing process via proliferation of
the epithelium which shows mitotic figures. Group
IIT showed the migration of the epithelium under
the granulation tissue and the granulation tissue
appeared the same as group II. (Fig 1)

After 10 days of ulcer induction group I showing
the healing process, the covering stratified squamous
epithelium proliferate to close the wound margin
but the ulcer is still open and the inflammatory cell
infiltration still heavy, group II showing complete
re-epithelialization of the ulcerative area with
the starting of epithelium and connective tissue
reorganization, group III showing complete re-
epithelialization, covered with the underlying
connective tissue stroma which presented increased
number of fibroblasts, collagen bundles, and newly
formed blood vessels. (Fig 2)

Immunohistochemical analysis, table (4):

After 4 days of ulcer induction group I showing
very weak staining of
a-SMA that was presented only in the blood vessels
walls, group II the a-SMA was detected in the blood
vessel walls and in the granulation tissue fibroblasts,
group III was detected in the blood vessels and was
begun to be expressed in the fibroblasts. (Fig 3)

immunohistochemical
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Fig. (1): Photomicrograph showed the ulcer area at 4" day, A showing group I with slight proliferation of the covering epithelium

(arrow) and formation of granulation tissues with heavy inflammatory cell infiltrations (arrow heads), B showing group II

with proliferation of the epithelium(arrow) which shows mitotic figures (arrow head), C showing group III with migration

of the epithelium under the granulation tissue (arrow) and mitotic figures in the epithelium (arrow heads), (H&E x 100). D

showing higher magnification of the previous one (C) showing epithelial proliferation (black arrow) and cell mitosis (white

arrow). (H&E x 400)
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After 10 days of ulcer induction group I showing
the a-SMA began to be detected in the blood vessels
and fibroblasts in the granulation tissue, group II
and III showing increasing in the expression of
alpha smooth muscle actin in the fibroblasts and the
newly formed blood vessels, group III showing the

reaction was strong as in group II. (Fig 4)
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TABLE (4) Showing high immunoreactivity in
hyaluronic group compared to control and

diabetic group

Group I Group II Group III
Area %- 4 days  0.53x0.28 1.32+0.044™" 1.54+0.68""
Area %- 10 days  0.84+0.73  1.86+0.056™" 1.89+0.74™"

Data expressed as mean + SD, P: Probability: significance
<0.05 Test used: One-way ANOVA followed by post-hoc

tukey *P <0.05; *#*P<0.01; **%P<0.001 vs. Control group.

Fig. (2): Photomicrograph showed the ulcer area at 10th day, A showing group I with the covering stratified squamous epithelium
proliferate to close the wound margin but the ulcer is still open and the inflammatory cell infiltration still heavy (arrow
heads), B showing group II showing complete re-epithelialization of the ulcerative area with the beginning of reorganization
of the epithelium and connective tissue, C showing group III complete re-epithelialization and covering of the underlying
connective tissue stroma which formed from large number of fibroblasts, collagen bundles, and newly formed blood vessels

(H&E x 40).
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Fig. (3): Photomicrograph showed the ulcer area at 4th day, A showing group I with very weak immunohistochemical staining of
a-SMA only in the blood vessels walls, B showing group II with moderate reaction of the a-SMA in the blood vessel walls
and in the fibroblasts in the granulation tissue, C showing group III with expression of a-SMA in the blood vessels and was
begun to be expressed in the fibroblasts, (IHC staining, alpha SMA, x100).
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Fig. (4): Photomicrograph showed the ulcer area at 10th day, A showing group I with mild expression of a-SMA in the fibroblasts

and the newly formed blood vessels, B showing group II with strong expression of a-SMA that detected in the blood

vessels, fibroblasts and inflammatory cells (arrow)in the granulation tissue, C showing group III with moderate expression
of a-SMA in the fibroblasts and the newly formed blood vessels, (IHC staining, alpha SMA, x100).

DISCUSSION

Wound healing process is very important to
restore the damaged tissue and to inhibit its invasion
by pathogens, it involves the following sequences:
inflammation, angiogenesis, fibroplasia, wound
contraction, and epithelization of the wound defect.
These sequences starts immediately after occurrence
of injury and continue for variable periods of time
depending on the degree of wounding 2.

Hyaluronic acid (HA) is mainly present in the
extracellular matrix (ECM) of human tissues,
including oral tissues ®¥. It has anti-inflammatory
effects, moisture preservation and can provide
angiogenesis ¥, It was proved clinically that HA
enhances oral wound healing e.g. previous study
on free gingival grafts stated that HA accelerated
re-epithelialization of the donor sites ®®. In other
researches, HA was also effective in wound closure
after labial frenectomy ?°, improving the extraction
socket healing in patients with uncontrolled type II
diabetes 7.

In the present study the histological finding of
group I stained with H&E after 4 days of ulcer
induction showed minimal proliferation of the
covering epithelium and formation of granulation
tissues with heavy inflammatory cell infiltrations,
and these findings come in agreements with Rosique

RG et al 2015 who stated that oral ulcers in cases
of diabetes mellitus prolonged the inflammatory
phase period leading to continuous infiltration
of neutrophils that released cytotoxic enzymes,
free radicals and inflammatory mediators which
consequently produces extensive collateral damage
to the surrounding tissue %.

The histological finding of group II and III
stained with H&E after 4 days of ulcer induction
showed starting of the healing process in the form
of proliferation of the epithelium which showed mi-
totic figures especially in group II, on the other hand
after 10 days of ulcer induction group I showed signs
of healing process in which the covering stratified
squamous epithelium proliferate to close the wound
margin but the ulcer is still open and the inflamma-
tory cell infiltration still heavy, group II showed
complete re-epithelialization of the ulcerative area
with the beginning of reorganization of the epithe-
lium and connective tissue , group III showed com-
plete re-epithelialization, the underlying connective
tissue stroma presented large number of fibroblasts,
collagen bundles, and newly formed blood ves-
sels, these findings are in agreements with Jeong
et al 2022 @ who investigated the application of
Oro-dispersible hyaluronic acid film for oral wound
healing in rats and proved that HA groups provides
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a clearly better quality of re-epithelialization on day
7. Re-organization of the tissue with new epithelium
and resurfacing starts nearly after 1.5 - 2 days from
wounding and continue until the third phase of heal-
ing ®”. This is mainly occur due to sufficient migra-
tion of keratinocytes ¢V,

These findings assured the obvious histological
improvement of HA group in comparison to con-
trol group, this mean that the healing is accelerated
among HA group than control group, the improve-
ment in hyaluronic acid group may be attributed to
many causes, firstly the enhanced water retention,
that provides a suitable environment for collagen
and elastin fibers formation thus permitting the cells
to proliferate and differentiate and finally accelerat-
ing the healing process. Secondly, HA can help flow
of nutritional materials and aids the wound to get rid
of unwanted yields from cell metabolism. Thirdly,
HA is truly controlling keratinocyte proliferation
and migration to the wounded area ©?.

In the current study the obvious histological
improvement for group III compared to group
I at day 10 after ulcer induction, means that the
healing is better among group III than group I, and
this finding was in compliance with Soha, 2018
who searched the effect of topical insulin on oral
mucosal wound healing and found that hyperplastic
Para keratinized epithelium with long rete ridges
was present after 7 days in diabetic group while
the group treated by placebo 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 placebo group
showed incomplete healing manifested by atrophic
non-keratinized epithelium with short rete ridges ©*.

Seng Fai, 2017 explained the mechanisms of
action of topical insulin in wound healing as insulin
is a peptide closely related to insulin-like growth
factor (IGF) which is able to stimulate hypotactic
migration of human epidermal keratinocytes and
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is responsible for wound repair of the corneal
epithelium ©¥.

Alpha-smooth muscle actin (alpha-SMA) is the
actin isoform that present the main component of
vascular smooth-muscle cells, having an important
role in fibrogenesis “?. During healing process,
fibroblasts contractile properties i.e.
formation of microfilament bundles, and begin
to express (a-SMA). These activated cells, called
“myofibroblasts” ©¢® Myofibroblasts secreting large

acquire

amounts of (ECM) proteins thus sharing in the
reparative response ©” and also attributed to wound
contraction during healing process ©“®. Repair of
injured tissues is principally depends on the time
of activation and suppression of myofibroblasts i.e.
prolonged or excessive myofibroblast activation
leads to fibrosis and organ dysfunction ¢,

In the current study the reaction of a-SMA in 4
days after ulcer induction in group I was very weak
and only in the blood vessels walls while in group
II the a-SMA was detected in the blood vessel walls
and in the granulation tissue fibroblasts, and in group
III the reaction was detected in the blood vessels and
was begun to be expressed in the fibroblasts. and
these results come in accordance with Ahmed and
Salwa, 2018 who investigate the protective effect
of Aloe vera and silver nanoparticles on oral ulcer
induced by acids in irradiated mice and reported
the prominent decrease in the number of activated
fibroblasts and mature vascular endothelial cells in
the ulcer area of the control group at the 3rd day post
ulceration while in the groups of Aloe Vera, silver
nanoparticles and Aloe Vera + silver nanoparticles,
prominent increase in the number of activated
fibroblasts and mature vascular endothelial cells in
the ulcer area “?.

After 10 days of ulcer induction o-SMA reaction
in group I began to be detected in the blood vessels
and in the granulation tissue fibroblasts, group II
and III showed increased expression of a-SMA in
the fibroblasts and the newly formed blood vessels,
and our findings come in compliance with Zaher et
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al 2014, who searched for the effect of curcumin
on tongue ulcer healing in albino rats and stated
that at the 3rd day post ulceration, a-SMA stain
presented an improved results due to the presence
of myofibroblasts within the granulation tissue of
curcumin group sections only and Starting from day
6th post ulceration the myofibroblasts increased in
number in curcumin group While sections of control
group showed delayed infiltration of myofibroblasts
and decreased number of these cells “V.

CONCLUSION

In summary, our study approved that oral
application of hyaluronic acid gel has beneficial
effects in accelerating wound healing and improving
all phases of wound repair in cases of diabetic rats
with tongue ulcer, including re-epithelialization,
reorganization of the epithelium and connective
tissue, collagen and blood vessels synthesis leading
to wound closure. Hyaluronic acid gel may therefore
be a favorable alternative or an adjuvant approach
to standard existing drugs used for treatment of oral
ulcers.

Competing interests: Authors declared that
there is no competing of interests.

Funding: Not applicable

Authors’ Contributions: “Sally H. Abo Baker
completed the practical part of the research and
Amira A. R. Moawad collected the data and was
a major contributor in writing the manuscript. All
authors read and approved the final manuscript.”

REFERENCES

1. Bowler PG. Wound pathophysiology, infection and
therapeutic options. Ann Med. 2002;34(6):419-27.

2. DiPietro AG and LA. “Aging and Wound Healing,.” World
J Surg. 2004;28(3):321-326.

3. D.Mathieu, J. C. Linke and FW. Non-healing wounds, in
Handbook on Hyperbaric Medicine,. 2006.

4. Lygoe KA, Wall I, Stephens P, Lewis MP. Role of

vitronectin and fibronectin receptors in oral mucosal

10.

11.

12.

13.

14.

15.

(2417)

and dermal myofibroblast differentiation. Biol Cell.
2007;99(11):601-14.

Vasconcelos BCDE, Novaes M, Sandrini FAL, Maranhao
Filho AWDA, Coimbra LS. Prevalence of oral mucosa
lesions in diabetic patients: A preliminary study. Braz J
Otorhinolaryngol. 2008;74(3):423-8.

Sanjeeta N. Oral changes in Diabetes — a review. IOSR J
Dent Med Sci. 2014;13(1):36-9.

GalkowskaH,WojewodzkaU,Olszewski WL.Chemokines,
cytokines, and growth factors in keratinocytes and dermal
endothelial cells in the margin of chronic diabetic foot
ulcers. Wound Repair Regen. 2006;14(5):558-65.

Maruyama K, Asai J, i M, Thorne T, Losordo DW,
D’Amore PA. Decreased macrophage number and
activation lead to reduced lymphatic vessel formation
and contribute to impaired diabetic wound healing. Am J
Pathol. 2007;170(4):1178-91.

Singh VP, Bali A, Singh N, Jaggi AS. Advanced glycation
end products and diabetic complications. Korean J Physiol
Pharmacol. 2014;18(1):1-14.

Croce MA, Dyne K, Boraldi F, Quaglino D, Cetta G,
Tiozzo R, et al. Hyaluronan affects protein and collagen
synthesis by in vitro human skin fibroblasts. Tissue Cell.
2001;33(4):326-31.

Campo GM, Avenoso A, D’Ascola A, Prestipino V,
Scuruchi M, Nastasi G, et al. Inhibition of hyaluronan
synthesis reduced inflammatory response in mouse
synovial fibroblasts subjected to collagen-induced arthritis.
Arch Biochem Biophys. 2012;518(1):42-52.

Robert L. Hyaluronan, a truly “youthful” polysaccharide.
Its medical applications. Pathol Biol. 2015;63(1):32—4.

Bertl K, Bruckmann C, Isberg PE, Klinge B, Gotfredsen
K, Stavropoulos A. Hyaluronan in non-surgical and
surgical periodontal therapy: A systematic review. J Clin
Periodontol. 2015;42(3):236-46.

Voigt J, Driver VR. Hyaluronic acid derivatives and their
healing effect on burns, epithelial surgical wounds, and
chronic wounds: A systematic review and meta-analysis
of randomized controlled trials. Wound Repair Regen.
2012;20(3):317-31.

LiuS,Zhang Q,YuJ,Shao N,LuH,GuoJ, et al. Absorbable
Thioether Acid  Nanofibrous
Hydrogel for Synergistic Modulation of Inflammation

Grafted Hyaluronic

Microenvironment to Accelerate Chronic Diabetic Wound
Healing. Adv Healthc Mater. 2020;9(11).



(2418)

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

E.D.J. Vol. 68, No. 3

Cho JR, Lee MH, Oh HK, Kim H, Kweon DK, Kang
SM, et al. Efficacy of hyaluronic acid film on perianal
wound healing in a rat model. Ann Surg Treat Res.
2021;101(4):206-13.

Elgamal A, Amin L. Evaluation of Topical Application of
Platelets Rich Plasma and Hyaluronic Acid on the Healing
of Experimentally Induced Tongue Ulcer. Egypt Dent J.
2022;68(1):355-69.

Cheng HF, Wang CJ, Moeckel GW, Zhang MZ, McKanna
JA, Harris inhibitor blocks
expression of mediators of renal injury in a model of
diabetes and hypertension. Kidney Int. 2002;62(3):929-39.

RC. Cyclooxygenase-2

. Belkacemi L, Selselet-Attou G, Hupkens E, Nguidjoe E,

Louchami K, Sener A, et al. Intermittent fasting modulation
of the diabetic syndrome in streptozotocin-injected rats. Int
J Endocrinol. 2012;2012.

Hie M, Shimono M, Fujii K, Tsukamoto I. Increased
cathepsin K and tartrate-resistant acid phosphatase
expression in bone of streptozotocin-induced diabetic rats.
Bone. 2007;41(6):1045-50.

Amin. L, Adel. M. Biological Impact of Melatonin on
the Healing of Albino Rats’ Tongue Ulcer. Int J Adv Res.
2017;5(1):2191-9.

Panchatcharam M, Miriyala S, Gayathri VS, Suguna
L. Curcumin improves wound healing by modulating
collagen and decreasing reactive oxygen species. Mol Cell
Biochem. 2006;290(1-2):87-96.

Casale M, Moffa A, Vella P, Sabatino L, Capuano F,
Salvinelli B, et al. Hyaluronic acid: Perspectives in
dentistry. A systematic review. Int J Immunopathol
Pharmacol. 2016;29(4):572-82.

Litwiniuk M, Krejner A, Grzela T. Hyaluronic Acid
in Inflammation and Tissue Regeneration. Wounds.
2016;28(3):78-88.

Yildirim S, O"zener HO, Do_ gan B KB. Effect of topically
applied hyaluronic acid on pain and palatal epithelial
wound healing: an examiner-masked, randomized,
controlled clinical trial. J Periodontol. 2018;89:36-45.

Cankaya ZT, Gurbuz S, Bakirarar B, Onsal B, Kurtif B.
Evaluation of the effect of the application of hyaluronic
acid following laser-assisted frenectomy: An examiner-
blind, randomized, controlled clinical study. Quintessence
Int (Berl). 2020;51(3):188-201.

Marin S, Popovi¢-Pejici¢ S, RadoSevié-Cari¢ B, Trti¢ N,
Tati¢ Z, Selakovi¢ S. Hyaluronic acid treatment outcome
on the post-extraction wound healing in patients with
poorly controlled type 2 diabetes: A randomized controlled

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

Amira A. R. Moawad and Sally H. Abo Baker

split-mouth study. Med Oral Patol Oral y Cir Bucal. 2020;
25(2):e154-60.

Rosique RG, Rosique MJ, Farina Junior JA. Curbing
inflammation in skin wound healing: A review. Int J
Inflam. 2015;2015:1-10.

Jeong Hyun Lee ay, Ko Eun Lee by OHN, Yong Kwon
Chae, Myoung-Han Lee D-KK, Mi Sun Kim, Hyo-Seol
Lee SCC. Orodispersible hyaluronic acid film delivery for
oral wound healing in rats. J Dent Sci. 2022;1-9.

Rousselle P, Braye F, Dayan G. Re-epithelialization of
adult skin wounds: Cellular mechanisms and therapeutic
strategies. Adv Drug Deliv Rev. 2019;146:344-65.

El Ghalbzouri A, Hensbergen P, Gibbs S, Kempenaar J,
Van Der Schors R, Ponec M. Fibroblasts facilitate re-
epithelialization in wounded human skin equivalents. Lab
Investig. 2004;84(1):102—12.

Bourguignon LYW, Ramez M, Gilad E, Singleton PA, Man
MQ, Crumrine DA, et al. Hyaluronan-CD44 interaction
stimulates keratinocyte differentiation, lamellar body
formation/secretion, and permeability barrier homeostasis.
J Invest Dermatol. 2006;126(6):1356-65.

Basha S. Impact of Topical Insulin on Oral Mucosal
Wound Healing in Diabetic and Non Diabetic Rats. Egypt
Dent J. 2018;64(1):319-27.

Fai S, Ahem A, Mustapha M, Mohd Noh UK, Catherine
Bastion ML. Randomized controlled trial of topical
insulin for healing corneal epithelial defects induced
during vitreoretinal surgery in diabetics. Asia-Pacific J
Ophthalmol. 2017;6(5):418-24.

Kawasaki Y, Imaizumi T, Matsuura H, Ohara S, Takano
K, Suyama K, et al. Renal expression of alpha-smooth
muscle actin and c-Met in children with Henoch-Schonlein
purpura nephritis. Pediatr Nephrol. 2008;23(6):913-9.

B. H. Myofibroblasts. Exp Eye Res. 2016;142:56-70.

Darby IA, Zakuan N, Billet F, Desmouliere A. The
myofibroblast, a key cell in normal and pathological tissue
repair. Cell Mol Life Sci. 2016;73(6):1145-57.

F. G. Fibroblasts, myofibroblasts, and wound contraction. J
Cell Biol. 1994;124:401-404.

Travers JG, Kamal FA, Robbins J, Yutzey KE, Blaxall BC.
The Fibroblast Awakens. Circ Res. 2016;118:1021-40.

El-Batal Al, Ahmed SF. Therapeutic effect of Aloe vera
and silver nanoparticles on acid-induced oral ulcer in
gamma-irradiated mice. Braz Oral Res. 2018;32.

Zaher AR, Elsabaa HM, Elkhier MTMA, Elhindawy MM.
Impact of Curcumin on Tongue Ulcer Healing in Albino
Rats. Mansoura J Dent. 2014;1(3):85-9.



