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Abstract

Background and Objective: Impaired wound healing was seriously associated with diabetes. More complications such as microbial
infections, delay in fibrogenesis is process and collagen deposition were shown to be linked with hyperglycemia. In this study, an aqueous
extract of olive leaf was analyzed for antioxidant activity, wound healing property and then its effect on the activity and expression of tTG
was tested /n vivo by applying onthe wounds of rats with streptozotocin (STZ)-induced diabetes. Methodology: Fifty healthy male wistar
rats were treated intravenously with STZ (55 mg kg™' body weight) to induce diabetes. To evaluate wound healing activity of olive leaf
extracts, animals with diabetic wounds were treated topically twice daily with ointments of olive extracts at doses of 2 and 5% (w/w).
Wound closer, epithelialization, hydroxyproline (HPX), tissue transglutaminase (tTG) and total antioxidant capacity (TAC) were estimated
as parameters of wound healing capacity of olive extracts in diabetic treated and non-treated rats. Also, in vitro phytochemical screening
analyses were performed to estimate active constituents present in OLE. Results: In diabetic group, wound healing time was found to
be (18.8+0.61)and (16.8+1.3) in OLE wound treated rats ata doses of 2 and 5% compared to non-treated (27.91£0.96) and standard drug
(21.5%0.6) respectively. Wound contraction, scar formation and epithelialization processes positively correlated with the increase in the
levels of HPX, tTG as markers of collagen deposition and TAC activity and negatively with diabetes (HbA1c)in treated wound tissues. Due
toantioxidant and anti-diabetic activity of OLE constituents, particularly oleuropein, collagen deposition and accelerated epithelialization
processes were estimated in diabetic wound healing. Conclusion: Finally, the data showed that OLE as ointment in doses of 2 and 5%
efficiently accelerates wound healing process via promoting antioxidant capacity, expression of both HPX and tTG, which are essential
for collagen deposition and re-epithelialization process. These findings suggested that methanolic extract olive leaf enriched with of
oleuropein could be a suitable therapeutic agent for diabetic wound healing.
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INTRODUCTION

Diabetes mellitus is a global health crisis, persistently
affecting the humanity'. Significant rise in number of
populations who affected from diabetes mellitus (DM) was
reported with increasing of its prevalence and complications
with high mortality and morbidity rates during short times?3.

On metabolic level, people with hyperglycemia were
exposed to long-term damage, dysfunction and even failure
of many tissues and organs such as eyes, kidneys, nerves, heart
and blood vessels”.

Failure of wound healing therapeutic strategies was one
of the most serious complications reported in patients with
diabetes. Whereas, more wound healing problems appear
such as microbial infection and gangrenes which leading even
to amputations of diabetic foot were significantly associated
with hyperglycemia®. The increase in blood sugar results in
microvascular complications, neuropathy, microangiopathy
and prevents cell reproduction, collagen generation,
hydroxyproline production and decrease in wound tensile
strength which subsequently leading to a delay in wound
healing”?.

In addition, during tissue injury cells synthesize and
release many molecules at the wound site, transglutaminase
activity was shown to increase during wound healing in
rats®". In addition, a significant increase in both activity and
expressions of Ttg was observed by day 3 post-wounding
process in endothelial cells, macrophages and skeletal muscle
cells of rats'2. Thus, tTG as rapid stabilizing matrix component
released following tissue damage could be a reliable
biomarker for diabetic and non-diabetic wound healing
process'>'4,

For the management of diabetes and its related
complications such as wound healing, herbal treatments are
quite acceptable therapeutic strategies due toits anti-diabetic
and limited adverse effects in comparison with the
conventional anti-diabetic drugs''8. Also, herbal plants were
shown to enhance fibrogenesis, wound closer, by increasing
of wound tensile strength, tissue remodeling and production
of hydroxyproline'®2!.

Oliveis one of the previously recommended herbal plants
as a source used in wound treatment and diabetes?>?. This
may be related to antioxidant, antimicrobial, blood
pressure-lowering, hypocholesterolemic, anti-diabetic and
anti-inflammatory effects of its phenolic components,
particularly oleuropein which constitutes the main phenolic
component in olive leaf followed by hydroxytyrosol,
oleuropein aglycone and tyrosol?'34,

It is hypothesized that olive leaf extracts enriched with
oleuropein as active constituents will be possible to regulate
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the activity and the expression of tissue transglutaminase
(tTG), hydroxyproline and may aid an easily accessible wound
care product for the treatment of diabetic wounds. Thus, in
this study, an aqueous extract of olive leaf was analyzed for
antioxidant activity, wound healing property and then, its
effect on the activity and expression of tTG was tested in vivo
by applying on the wounds of rats with streptozotocin (STZ)-
induced diabetes.

MATERIALS AND METHODS

This study was conducted within four months from
August, 2016 to November, 2016 at research labs, Zoology
Department, college of science, King Saud University, Riyadh,
Saudi Arabia. Animals were obtained from the authorized
experimental animal care center, college of science, King Saud
University, Riyadh, Saudi Arabia. The experiment and the
procedures were approved according to Ethics Committee of
the Experimental Animal Care Society at King Saud University
(Permit Number: PT 1204).

Materials: Olive leaves were purchased from the local spice
shop (Othaim Markets) in Riyadh, Saudi Arabia. STZ and all
reagents used for the determination of oxidative indices were
purchased from Sigma chemicals (St Louis, Mo, USA). Other
reagents of analytical grade were purchased from normal
commercial sources.

Extract preparation: A total of 100 gram of olive leaves was
ground with a mortar and pestle under liquid nitrogen and
then 10 mL of 80% methanol (80% MeOH) solvent were added
as previously reported®. The mixture was allowed to stand in
the dark for 24 h. The extract was centrifuged at 5000 g for
10 min, at room temperature and the supernatants were then
filtered using afilter paper and further squeezed to discharge
the remaining solutes. Then, the extract was concentrated by
a rotary evaporator, dried and mixed with pure Vaseline
(100 g) to make a Vaseline-based 2% (5/100 g Vaseline) and
0.5% (10/100 g Vaseline) ointment®3. All extraction
procedures run under dim light to avoid effect of light on olive
active constituents. For comparing the wound healing
potential of olive leaf extract, povidone iodine ointment
(5%; w/w) used as a standard wound healing drug?.

Phytochemical screening of olive leaf extract: Various
phytochemical screening tests were estimated by using
standard procedures for the identification of the phyto
constituents present in methanolic extract of olive leaves
(OLE)3.
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Assessment of both total polyphenolic and flavonoid
contents: UV-spectrophotometric analysis using diluted
Folin-Ciocalteu (0.5/3 mL DW) and aluminum chloride (AICl;;
0.5 mL/2% ETOH ethanol) as reagents were recommended to
determine both total polyphenols (TPC) and flavonoid
contents (TFC) respectively in olive leaf methanolic extract3940,
The absorbance of the reaction mixtures produced was
measured at 650 nm for polyphenols and 420 nm for
flavonoids respectively. All measurements were carried out in
triplicate; standard calibrated curves of gallic acid and
quercetin were used to estimate poly phenolic and flavonoids
compounds in olive leaf samples. According to the linear
equation calculated from calibration curve of the standard
gallic acid (determination coefficient; 2 = 0.9971) and
quercetin (determination coefficient 2 = 0.9964) graphs, total
poly phenolic contents were expressed as gallic acid
Equivalents/100 mg and flavonoid content as quercetin mg of
quercetin equivalents (QE)/g of dry olive leaf extract (OLE).
Oleuropein as the main active constituent was estimated in
olive leaves extract by using HPLC method. Oleuropein
content was estimated in 25% (w/w) of the OLE product and
was kept in the dark at -20°C until studied?™!,

Animals and study design: Fifty healthy male wistar rats,
weighing between 150 and 200 g were included in this study.
They housed in polyethylene cages in groups of 10 rats per
cage and kept at a constant temperature (22 +2°C), humidity
(55%) and 12 h light-dark conditions. The animals were
provided with diet and free access to drinking water. Animals
with no history of surgery, infection and other medical
interventions, randomly assigned to five groups of 10 each.

Acute toxicity test: Toxicity studies were conducted as per
internationally accepted protocol drawn under OECD
guidelines in Wistar albino rats at a dose level of extracts up to
2000 mg kg~' b.wt. In this study, the toxic effect of the
methanolic extracts of olive leaves studied at a dose levels up
of 2and 5% mg kg~ b.wt., in 10 rats. During the period of the
experiment, animals examined for any signs of intoxication,
lethargy, behavioral modification and morbidity*>43.

Induction of diabetes: Following overnight fast diabetes
induced in each rat as previously reported*. Rats injected
intravenously with a diluted streptozotocin (STZ) (55 mg kg™
body weight) in 0.05 M citrate buffer. Three days following
injection, rats presented HbA1c (>6.5) and blood glucose level
more than 250 mg dL™' (13.9 mmol L") were considered as
diabetic.
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Induction of wound experimentally: Fifty rats were
anaesthetized with a combination of ketamine hydrochloride
(50 mg kg™') and xylazine hydrochloride (10 mg kg™') of body
weight as previously reported®. After controlling anesthetic
depth with chin and skeletal muscle tone, their dorsum
shaved and was disinfected with povidone-iodine. Then, a full
thickness excision wounds with a circular area of 314 mm?
were created along the marking on shaved dorsal region
according to previously described method*.

Post wounding treatments: Post wounding, the rats were
randomly classified into five groups of 10 animals and
subjected to treatment with both olive leaf extract and
standard wound healing agent as follows; group |
(diabetic untreated), group Il (Vaseline treated), group IlI
(5% betadine-povidone iodine cream), groups IV and V which
were treated with 2 and 5% (w/w) ointments of olive leaf
extract, respectively. All the treatments were applied topically
twice daily from the day of the operation until the complete
healing. Following wound formation, open wounds were
measured regularly for contraction and epithelialization
processes by caliper every 3 days. At the end of the study
periods, tissue samples were collected and stored until reused
for biochemical and wound healing analysis.

Wound area assessment: The rate of wound contraction rate
and complete epithelialization time were estimated as main
parameters of wound-healing rate in treated and non-treated
rats. Wound closer was measured on days 0, 3rd, 7th, 10th,
15th and 21st by caliper for all groups. The percentage of
wound contraction was calculated according to by the
following Eq.%:

Total wound area on xth day <100

Contraction (xth day %) = 100-
Total wound area on day 0

Epithelialization period was calculated as the number of
days required for falling off the dead tissue remnants of the
wound without any residual raw wound*=,

Assessment of total antioxidant capacity (TAC) in tissue
wounds: Spectrophotometer analysis with the aid of
colorimetric assay kit (BioVision Incorporated, CA, USA) was
used to estimate the concentrations of total antioxidant
capacity (TAQ) in tissues from excised wounds. The results
were determined at 570 nm and calculated as a function of
Trolox concentration as follows:
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nmol
HL or mM trolox equivalent

=
Sv

Where:

Sa =Sample amount (in nmol) which has been read from the
standard curve

Sv =Undiluted sample volume added to the wells

Assessment of hydroxyproline (HPX) and transglutaminases
(tTG) in tissue wounds: Hydroxyproline content was
estimated in tissues from excised wounds of all rats. Following
draying to constant weight in a hot air oven at 60°C, tissues
were hydrolyzed in 6 N HCl for 4 h at 130°C. The hydrolysate
produced was subjected to Chloramine-T oxidation at pH 7.0
for 20 min and then after 5 min, 0.4 M perchloric acid was
added to block the reaction. In each sample, the developed
color due to reaction with Ehrlich reagent at 60°C was
analyzed at 557 nm in ultraviolet (Systronics-2203)
spectrophotometer. A standard curve of the pure
L-hydroxyproline was used to calculate the hydroxyproline
content in the tissue samples®'. Transglutaminases (tTG)
content was determined in excised tissues according to
colorimetric assay kit (Catalog # K571-100, biovision Co,
Milpitas Blvd., Milpitas, CA 95035, USA). A total of 150-300 uL
cold homogenization buffer containing protease inhibitors
cocktail were used to homogenize tissues on ice. The tissue
homogenate centrifuged at 16,000 X g for 20 min at 4°C and
the clarified supernatant was transferred to a fresh pre-chilled
tube and keep on ice until reused. By adding stop solution, a
colored hydroxamate product was estimated colorimetrically
at 525 nm as measure of tTG activity in tissues of excised
wounds. Activity of tTG was calculated from standard curve
generated for the resulted hydroxamate product as shown
from the following Eq:

Bx1.5/T _ nmol/T
mg mg

Sampl€'s transglutaminase activity =

Where:

B = Hydroxamate amount from Standard Curve (nmol)

1.5 = Nmoles of hydroxamate product generated in 150 pL
reaction volume

T = Incubation time in min

Mg = Amount of protein/reaction in mg

Statistical analysis: The data were statistically analyzed using
statistical software, GraphPad, InStat 3. The results are
expressed as Mean=standard deviation. One-way analysis of
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variance (ANOVA) followed by Tukey-Kramer Multiple
Comparisons were used to study the significance of studied
variables. The data were considered significant at p<0.05
levels.

RESULTS

Phytochemical screening of olive leaf extract (OLE): The
methanolic OLE showed 12.8% w/w of yield. Based on
phytochemical screening analysis, flavonoids, glycosides,
triterpenoids, carbohydrates, steroids, saponins, polyphenols
and proteins were estimated in OLE (Table 1). Considerable
amounts of phenolic contents {252.6+13.5 mg of gallic acid
equivalents (GAE)/g} and flavonoid {529+256 mg of
quercetin equivalents (QE)/g} contents were estimated in
methnolic OLE extract. Oleuropein as a major phenolic active
constituent comprises 25% w/w (112.5+2.8) of the total OLE
(Table 1).

Effect of OLE on wound contraction, scar formation and
epithelialization period: A preliminary treatment effect was
observed during treatment with OLE extract from day 3 up to
day 21 as shown in Fig. 1. The enhancement reported on day
21 of OLE extract at doses of 2 and 5% favor the potential
curative effect of tested olive extract (Table 2). In diabetic rats
tested with extract at doses of 2 and 5%, showed a maximum
significant effect by increasing in the rate of wound closer,
scar formation without any raw wound residues compared to
non-treated diabetic control (p<0.001), ointment base treated
(p<0.001) and standard groups (p<0.01) that proportionally

Table 1: Phytoconstituents screening, percentage yield and quantitative
phytochemical contents of olive leaf extract (OLE mg/100 mg)
OLE mg/100 mg
12.80

Item

yield (%)

Phytochemical screening (+/-)

Alkaloids

Flavonoids

Tannins

Glycosides

Triterpenoids

Carbohydrates

Steroids

Saponins

Polyphenols

Proteins

Phytochemical constituents (Mean+SD)
Total polyphenolic content 1

Total flavonoid content 2 529.0+25.6
Oleuropein % (pmol g~') 25% (112.5%2.8)
(+/-) presence or absence of phytoconstituents, phytochemical constituents
represent as Mean=£SD (n = 5). 'Expressed as mg of gallic acid equivalents
(GAE)/g of the dry extract. 2Expressed as mg of quercetin equivalents (QE)/g of
the dry extract

T T T T SR

252.6£13.5
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Day 10

Fig. 1: Photographs represent the percentage of wound closer rates on different post excision days (3rd-21st)
Group |: Diabetic untreated rats, group II; diabetic rats treated with vaseline, Group Ill: Standard control rats treated with betadine 5% w/w povidone iodine
cream, Group IV: Diabetic rats treated with vaseline plus 2% OLE and Group V: Diabetic rats treated with vaseline plus 5% OLE

Table 2: Effect of olive leaf extract (OLE) on % wound contraction and epithelialization period of wounds in excision wound model

Wound contraction (%) Epithelialization

period

Group 3rd day 7th day 10th day 15th day 21stday Scar area (mm?) (days)

| 1252%1.2 122.4%0.8 (22%) 85.1%£1.3 (41%) 55.3%0.9 (62.5%) 38.9£1.5(71%) 922%26 27.9%+0.96

Il 154.1£0.67° 148.042.12 (22.6%) 115.041.82 (45.2%) 57.3%£1.3(69.1%)" 32.6£1.2 (74%)° 96.8+3.2 26.3%0.35°

Il 158.9%0.45 142.2+1.2(38.9%)* 98.1£1.5(59%)° 78.2£0.6 (73.5%)° 29.1£0.6 (87%)° 99.1£1.3¢ 21.5+0.6°

v 165.3%3.1 112.0%1.1 (40.9%) 76.1£0.75 (72%)° 48.3%0.6 (84.2%)° 26.3£0.3 (90%)° 99.6+2.8¢ 18.8+0.61¢

v 1722%1.2 98.0%1.7(56.7%) 59.4%2.1 (81.5%)° 29.3%£1.2(91.2%)° 20.7£0.9 (97.8%)° 99.8+£2.9 16.8+1.3¢

3p<0.05,°p<0.01,p<0.001. All values are represented as Mean = SD, n = 10 animals in each group. Data were analyzed by one-way ANOVA, followed by Tukey-Kramer
Multiple Comparisons Test. Group |: Un treated diabetic rats, Group II: Diabetic rats treated with vaseline, Group IlI: Standard diabetic rats treated with betadine 5%
w/w povidone iodine cream, Group IV: Diabetic rats treated with vaseline plus 2% olive leaf extract and Group V: Diabetic rats treated with vaseline plus 5% olive leaf
extract

confer healing process. In addition, OLE extract showed a treatment in doses of 2 and 5% compared to control diabetic
relation with wound epithelialization. At doses of 2 and 5%,  non-treated rats and standard control treated diabetic
there was a contribution role in accelerating epithelialization wounds. Both HPX and tTG significantly increased in OLE
rate with complete epithelialization process in short periodof ~ treated group animals in regular dependent manner in
time (p<0.01) as compared with control and the ointment comparison with to controland ointmentbase treated group
base treated group (Table 2, Fig. 2). (Table 3). Regarding to collagen stability or wound strength,
diabetic wounds treated with standard 5% povidone iodine
Effect of OLEon HPX, tTGand TACcontentintissuewounds:  OLE extract 2 and 5% showed higher collagen stability or
Tissue samples from diabetic wound treated with 2 and 5% wound strength compared to those of ointment base treated
doses of OLE and betadine 5% w/w povidone iodinecreamas ~ and non-treated diabetic control respectively (Table 2).
standard drug showed significant increase (p<0.01) in the  Correlation analysis showed that in excised wound healing,
levels of HPX and tTG as biomarkers related to the formation ~ wound closer, scar formation and epithelialization of wound
of collagenfibrils around the wound area. Inaddition, TACwas  tissues correlated positively (p=0.001) with HPX, tTG, TACand
shown to be elevated in wound tissues following OLE negatively (p = 0.001) with diabetes (HbA1c) (Table 4).
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Table 3: Effect of olive leaf extract (OLE) on dry granulation tissue, protein, hydroxyproline and tissue transglutaminase (tTG) in excision wound model
Fibrogenesis markers

Group Dry weight of tissues (mg) Protein (mg/g dry tissue) Hydroxyproline (ug/100 mg tissues) tTG (nmol/mg) TAC (nmol)
| 265.6+11.5 462123 1451114 51123 8.9%3.1

Il 281.5+13.7¢ 49.2£4.1¢ 148.2£2.1¢ 51.4£2.4¢ 9.5+£2.8¢
Il 436.61+18.6° 529+2.6° 1986+ 14.2¢ 78.6+4.7¢ 16.4£3.8°
v 518.21£10.4° 69.5+ 2.8° 2150%19.1¢ 96.11+8.1¢ 18.9+% 5.2¢
\% 396.3+9.4 78.8+3.7¢ 258.6+7.3¢ 118.1£6.3¢ 26916.1¢

Values are Mean=SEM of 10 rats in each group. p<0.05, °p<0.01 and “p<0.001 compared to respective diabetic and standard groups. Statistical analysis was done
by one-way analysis of variance followed by Tukey-Kramer Multiple Comparisons Test. Group I: Un treated diabetic rats, Group II: Diabetic rats treated with vaseline,
Group lll: Standard diabetic rats treated with betadine 5% w/w povidone iodine cream, Group IV: Diabetic rats treated with vaseline plus 2% olive leaf extract and
Group V: Diabetic rats treated with vaseline plus 5% olive leaf extract

Table 4: Correlation between the rates of wound closer, scar formation, epithelialization period, hydroxyproline and tissue transglutaminase (tTG) in diabetic and
non-diabetic rats treated with olive leaf extract (OLE)

Item Wound closer (% contraction) Scar formation (mm?) Epithelialization period (days)
Hydroxyproline (ug g=' of tissues) 0.215° 0.425° 0.135°

tTG (nmol/T/mg) 0.68° 0.85° 0.890

TAC (nmol) 0.412° 0.360° 0.235°

Diabetes (HbA1c) -0.36° -041° -0.51°

Data presented as coefficient (R), ?Significance at <0.01, *Significance at <0.001

120 97—~ Untreated polyphenols constituents that contribute in modulation of
—/\— Betadine-povidone iodine cream biological ially /i . idative bal
10p /X~ Vasline 5% 0LE many biological process especially /n vivo oxidative balances,

—{} Vadinetreated

¢~ Vasline-29% OLE inflammatory as well as damage of cells and tissues®*=3.

In this study, phytochemical screening of methanolic OLE
showed the presence of flavonoids, glycosides, triterpenoids,
carbohydrates, steroids, saponins, polyphenols and proteins
were estimated in OLE. These metabolites originally used by
plants for protection against herbivores. In addition, it may
provide with some pharmacological activity when tested on
animals. Supporting to currently obtained results, the health

3 5 7 10 15 21 promoting compounds extracted from olive (Oleaeuropaea L.)

Time (days) leaves were applied previously as potential anti-cancer®,

anti-inflammatory®>, anti-microbal®®, antioxidants®’8,

Fig. 2: Rate of wound closure on each day in treated and non anti-diabetic¥” or wound healing agents for centuries to
treated diabetic rats following olive leaf extract (OLE; 2, prevent and treat many diseases®. In addition, Oleuropein as

80 1

Wound contraction (%)
[o2]
=]
1

5%) compared to standards and vaseline treated rats a main active product constitutes up to 25% of OLE total
product followed by hydroxytyrosol, oleuropein aglycone and
DISCUSSION tyrosol as measured by HPLC analysis*2#3. These products were

previously reported to occur in olive leaf®®' and were
This study showed that ointments of olive leaf extractsat ~ responsible for many biological activities of OLE?.

doses of 2 and 5% significantly improve wound healing In this current study, in incisional diabetic wounds, topical
process in rats with diabetes. Wound closer, epithelialization application of OLE extract at doses of 2 and 5% showed
process and expression of HPX and tTG as biomarkers of  significant improvement in wound healing parameters
collagen deposition were significantly increased in rats treated particularly; wound closure, scar formation and
with OLE at doses of 2 and 5%, respectively. These results may ~ epithelialization process. The data showed that OLE ointment
be related to antioxidant, anti-diabetic and fibrogentic =~ produceswound closure, scar formation without residual and
expression activity of flavonoids and other polyphenols  complete epithelialization of wounded tissues in relatively
constituents of OLE. Previous research reports showed thatthe ~ short times compared to standard control povidone iodine
activity of herbal plants as non-drug remedy depend mainly ~ and Vaseline treated diabetic groups. Due to previously
up on the biological activities of flavonoids and other  mentioned biological activities of olive plant?3°, topical
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application of OLE treats microvascular complications
produced because of hyperglycemia. The release of blood
glucose leads to many complications such as neuropathy,
microangiopathy, prevents hydroxyproline production and
subsequently a reduction in collagen reproduction by cells
which finally leads to a decrease in wound tensile strength
and healing process’?, these all complications were restored
upon application of OLE in wound healing. Olive leaves was
shown to have many beneficial effects on human health3626
and that OLE has been reported to possess wound-healing
properties in diabetic patients3.

Impaired wound healing was shown to be most serious
problem linked with diabetes mellitus and microbial infection
which finally leads even to amputations of diabetic foot>S. In
many studies, Olive in different plant forms was shown to be
as an important source for many active constituents used in
treating diabetes and wound healing+3°,

It is of significance that treating of diabetic wounds with
OLE accelerates the healing process in short periods. In this
study, diabetic wounds treated with OLE at doses of 2 and 5%
applied topically recovered faster starting from the 3rd day on
wards in comparison with diabetic wounds treated with
vaseline and povidone iodine as standard control. In previous
studies, speed up of wound healing process starting from
12th day* onwards when 5% embelin was topically applied
and also in excised diabetic wounds , wound contraction and
healing starts in 4th and 7th days onwards*', when a plant
based formula was used. Similarly, it was reported that
diabetic wounds could be treated faster when aloe vera leaves
extracted was applied to diabetic wounds compared to
diabetic controls*2. Consistent to these currently obtained
results, data from other study showed that diabetic wound
healing starts at 3rd day on wards when OLE was
applied as addressing material containing 24 g of oleuropein®.
In addition, it concluded that treating of diabetic and
non-diabetic wounds by OLE has been determined to be
more effective in comparison with classic wound healing
treatments.

To explore more mechanisms of OLE in wound healing
process, hydroxyproline (HPX) and tissue transglutaminase
(tTG) as markers of collagen deposition and total antioxidant
capacity (TAC) as measure of OLE antioxidant property were
estimated in tissues from excised diabetic wounds following
treating with OLE. In this study, there was significant increase
in the levels of HPX, tTG and TAC was reported in diabetic
wounds treated with OLE in doses of 2 and 5% respectively in
comparison with diabetic wounds treated with Vaseline
based and standard controls. The potential antidiabetic
activity of OLE especially oleuropein significantly increases
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the production of hydroxyproline as well as formation of
collagen fibrils which finally enhance wound closure, tensile
strength and healing process in a shorter times compared to
non-treated diabetic wounds’2. In addition, tTG appears to
play a significant role in several physiological processes such
as wound healing. It was proposed as a means of stabilizing
collagen extracellular matrix (ECM) scaffolds for tissue
engineering applications in vascular diseases via increment
in spreading, contractile response as indicated by elevated
F-actin polymerization and myosin light chain
phosphorylation. Also, it was suggested that tTG increases
matrix mechanical stiffness, which apparently alters the
contractile and proliferative response during wound healing
and increase tensile strength and healing process®. In
addition, a significantincrease in both activity and expressions
of tTGwas observed by day 3 post-wounding process in
endothelial cells, macrophages and skeletal muscle cells in all
stages of dermal wound healing of rats'2

In this study, consistent to other studies, administration
of Olive oil was shown to improve cutaneous wound healing
of pressure ulcers in mice through the acceleration of the ROS
and NO synthesis which significantly reduces oxidative
damage via free radical scavenging activity of olive phenolic
compounds and consequently leading to a reduction in
inflammation status and promotes both dermal reconstruction
and wound closure of treated wounds®’. In addition, /n vivo
and /n vitro experimental studies showed that uses of olive oil
for wound treatments significantly improves wound
contraction, re-epithelialization, hydroxyproline levels and
blood vessel density and over all cutaneous wound healing in
chronically stressed mice®°,

It was concluded also that /n vivo administration of olive
oil provides antioxidant activity against free radical of lipid
peroxidation, which produces oxidative cell damage and
increase fibroblast migration and collagen deposition around
wounds®,

The data of this study was confirmed with others who
reported that, Oleuropein was shown to increase deposition
of collagen fiber, reduced cell infiltration in the wound site
and provides more advanced re-epithelialization (p<0.05) in
the experimental group as compared to the control group on
days 3 and 7 post incision”.

Finally, in diabetic wounds treated with OLE at doses of 2
and 5%, wound closure, scarformation and epithelialization of
wound tissues correlated positively (p =0.001) with increased
levels of HPX, tTG, TAC and negatively (p = 0.001) with
diabetes (HbA1¢).

Although oleuropein was reported as skin wound healing
agent in previous rat models®'7, this study confirmed that
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besides antioxidant capacity of olive leaf extract enriched with
oleuropein, the data showed that OLE has fibro genetic
expression activity of both HPX and tTG which could be a
suitable therapeutic agent for diabetic wound healing. The
significance of this study is that treating of diabetic and
non-diabetic wounds by OLE has been determined to be more
effective in comparison with classic wound healing treatments
and expression of tTG during healing process which signifies
the importance of OLE in promoting healing process via
fibrogenesis and apoptotic process.

CONCLUSION

The data showed that OLE as ointment in doses of 2
and 5% efficiently accelerates wound healing process via
promoting antioxidant capacity, expression of both HPX
and tTG which essentials for collagen deposition and
re-epithelialization process. These findings suggest for thefirst
that methanolic extract of oleuropein-rich olive leaf could be
a suitable option as a therapeutic agent for diabetic wound
healing. In addition, this study signifies the importance of OLE
in promoting healing process via fibrogenesis and apoptotic
process.

SIGNIFICANT STATEMENT

Although oleuropein was reported as skin wound
healing agent in previous rat models, this study confirmed
that besides antioxidant capacity of olive leaf extract
enriched with oleuropein, our data showed that OLE has
fibro genetic expression activity of both HPX and tTG which
could be a suitable therapeutic agent for diabetic wound
healing. In addition, it concluded that treating of diabetic and
non-diabetic wounds by OLE has been determined to be
more effective in comparison with classic wound healing
treatments.
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