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A new dressing material in diabetic wounds: Wound 
healing activity of oleuropein-rich olive leaf extract in 

diabetic rats
Diyabetik yaralar için yeni bir pansuman malzemesi: Diyabetik olan ve olmayan ratlarda 

oleuropeince zenginleştirilmiş zeytin yaprağı ekstresinin yara iyileştirici aktivitesi
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ABSTRACT

Introduction: The objective of this study was to evaluate a dressing 
material on ischemic wound model in diabetic rats. Study was 
conducted during the months of June 2012-March 2013 at Ege 
University in Izmir, Turkey. 

Materials and Methods: Spraque Dawley rats weighing 200-250 g 
obtained from an experimental animal production center (Saki Yenili-
Ankara,Turkey) were used in this study. Animals were randomly 
assigned to diabetic (n= 20) and nondiabetic (n= 20) groups. After 
diabetes induction and wound creation, animals within each 
group were assigned to two wound dressing groups by a second 
randomization. The study was carried out on these four groups. After 
diabetes induction and wound creation, animals within each group 
(n= 10) were assigned to olive leaf extract (OLE) wound dressing and 
normal saline (sodium chloride, 0.9% NaCl) wound dressing groups 
by a second randomization. 0.9% NaCl and OLE dressing was applied 
to wounds once a day by the researcher. The areas of wounds were 
measured by Walker Formula. OLE wound dressing healed wounds 
faster and earlier than classic wound dressing (p< 0.05). 

Results: In the diabetic group; wounds closure time was found to 
be 24.80 ± 1.48 in OLE wound dressing and 28.00 ± 2.31 days in 
classical wound dressing. 

Conclusion: As a result in terms of success ratios, OLE wound 
dressing for wound healing in diabetic and non-diabetic wounds 
has been determined to be more effective in comparison with classic 
wound dressing method.
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ÖZ

Giriş: Bu çalışmada; iskemik yara modeli geliştirilen diyabetik sı-
çanlarda, bir pansuman materyelinin etkisinin karşılaştırılması 
amaçlanmıştır. Çalışma Ege Üniversitesi Tıp Fakültesi Hastanesi 
Deneysel Cerrahi Hayvan Araştırmaları Laboratuvarı’nda Haziran 
2012-Mart 2013 tarihleri arasında gerçekleştirilmiştir. 

Materyal ve Metod: Çalışmada 200-250 g ağırlığında Spraque Daw-
ley türü sıçanlar kullanılmıştır (Saki Yenili-Ankara, Turkey). Hayvanlar 
randomize olarak diyabetik (n= 20) ve non-diyabetik (n= 20) gruba 
ayrılmıştır. Diyabet ve yara oluşturduktan sonra gruplardaki hayvan-
lar pansuman işlemi için tekrar ikinci bir randomizasyona tabi tutul-
du. Çalışma bu dört grupla devam etti.  Araştırmacı tarafından günde 
bir kez; birinci yaraya %0.9’luk NaCl, ikincisine ise 12.39 mg/100 
mL oleuropein içeren zeytin yaprağı ekstresi (olive leaf extract, OLE) 
yara pansumanı uygulanmıştır. Yara alanı Walker formülü ölçümleri 
ile hesaplandı. Çalışmanın her 2 grubunda da OLE yara pansumanı 
yapılan yaralar klasik yara pansumanı yapılan yaralara göre daha hız-
lı iyileşmiş ve daha erken kapanmıştır (p< 0.05). 

Bulgular: Diyabet grubunda; klasik yara pansumanı yapılan yara-
lar 28.00 ± 2.31 günde kapanırken, OLE yara pansumanı yapılan 
yaralarda yara kapanma zamanı 24.80 ± 1.48 olarak bulunmuştur. 

Sonuç: Yara iyileşmesinde OLE yara pansumanının diyabetik ve 
diyabetik olmayan yaralarda klasik yara pansumanına göre daha 
etkili olduğu bulunmuştur.

Anahtar Kelimeler: Diyabet, zeytin yaprağı ekstresi, diyabetik yara, 
yara pansumanı
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INTRODUCTION

Diabetes is a group of metabolic diseases characterized 
by hyperglycemia which leads to long-term damage, 
dysfunction, and even failure of many tissues and organs 
such as eyes, kidneys, nerves, heart, and blood vessels (1). 

Studies show that the number of individuals affected 
from diabetes mellitus (DM) will rise from 171 million 
in 2000 to 366 million worldwide by 2030 (2). With its 
increasing prevalance day by day and complications with 
high mortality and morbidity rates, diabetes mellitus is an 
expensive disease that brings a burden to the individual, 
his family and the healthcare system all over the world. 
Impaired cutaneous wound healing is one of these 
serious complications in diabetes causing wound healing 
problems and infection leading even to amputations of 
diabetic foot (3,4). This is mainly due to hyperglycemia 
and its-related microvasculer complications, since 
high blood glucose not only leads to neuropathy and 
microangiopathy but also  prevents cell reproduction 
and collagen generation leading to a decrease in wound 
tensile strength and hydroxyproline production (5,6).

In patients with diabetic foot ulcers can be applied 
debridement of necrosis, made antibiotic treatment for 
the infection, drainage and also blood sugar control 
and edema. Wound dressing treatment of diabetic 
foot ulcers should be absorbent, adhesive and non-
occlusive (maceration is not desirable). Film dressings, 
hydrocolloids, hydrogels dressings, foams, hidrofi ber, 
composite and alginate dressings are used to treat ulcers. 
In addition, hyperbaric oxygen therapy, PRP (Platelet Rich 
Plasma), growth factors and tissue engineered products 
are also playing an active role in treatment. Choice of 
the cost / benefi t ratio is important in wound dressing, is 
considering making balanced with appropriate dressing 
change frequency (7-10).

In the treatment of diabetes mellitus, plants began to be 
used from ancient times play an important role worldwide. 
Olive is put forward in many ethnopharmacological 
studies carried around the world as a plant source used in 
wound treatment and diabetes (11-14). It is observed in 
these ethnopharmacological studies that substances such 
as soap made out of the oil, leaf, seed and olive itself are 
used (15-17). Besides their ethnopharmacological usage, 
olive leaf and its extract are of great interest because of 
their antioxidant and antimicrobial activities and, in vivo, 
by their blood pressure-lowering, hypocholesterolemic, 
antidiabetic, and anti-infl ammatory effects (18).  

In this study, olive leaf extract (OLE) enriched in 
oleuropein has been used. Oleuropein is the main phenolic 
compound of olive tree and also is non-toxic (19-21). 
In this study an aqueous extract of olive leaf which was 
prepared from the leaves of the olive plant was analyzed 
for antimicrobial activity by using MIC and then, tested in 

vivo by applying on the wounds of rats with STZ-induced 
diabetes.

It is thought by examining the effect of the oleuropein 
found in olive leaf extract which is known as having a 
healing property on wounds created on diabetic animals, 
it will be possible to develope a cost effective, easily 
accessible and easily applicable wound care product that 
can be used for the treatment of diabetic wounds.

MATERIALS and METHODS

Plant Material

Olive leaves used in this study were collected in 
winter 2011 from Balikesir province in Turkey. They were 
collected and properly prepared for drying process on 
the day of their collection. 

Preparation Aqueous Extract of Oleuropein-Rich 
Olive Leaf

After collecting, the wet leaves were dried under 
vacuum. The dried leaves were soaked in 1/6 ratio to 
78% ethyl alcohol for 48 hours. The heterogeneous 
mixture obtained was fi ltered through thin fi lters. The 
part with the fl uid solution was placed in a spray dry 
machine. The alcohol in the solution was evaporated 
inside this machine that operates at high rpm and olive 
leaf extract in dust form was obtained. The 20 g extract 
was combined with the 100 g apolar part of the olive 
oil to prepare medical dressing material with 24 g 
oleuropein in 120 g solution. 

Preparation of Medical Dressing Material with 
Oleuropein

1 liter olive oil and 1 liter 96% ethyl alcohol was 
mixed by stirring for 6 hours and left for phase separation 
in a vertical column. The apolar part separated on the 
top phase while the polar part separated in the bottom 
phase. The apolar part was placed in a glass bell jar. 
Here, 1 liter 10 % apolar material was obtained. The 
apolar substance is the part with thin molecules and the 
absorption of this part by the skin is high. 100 g apolar 
molecule was left behind when the alcohol of the 10% 
apolar substance was evaporated. 20 g. Olive leaf extract 
(with 20% oleuropein) was added. Thus, 120 g solution, 
24 g oleuropein was obtained. The resulting solution was 
applied to the gauze and dressing material was prepared. 
This material was applied to 2 x 2 cm in diameter gauze 
to wound area 2 times by dropped in. Each instillation is 
a drop of 0.05 mL. 2 drops of 0.1 mL.

Analyses of Olive Leaf Extract

Determination of phenolic compounds in olive leaf 
extract: There are various methods in literature regarding 
the determination of oleuropein (22). In our study, 
The HPLC (High-performance liquid chromatography) 
analysis was used for the determination of phenolic 
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compounds and especially for the quantifi cation of 
oleuropein. For this purpose, Schimadzu UFLC (Ultra Fast 
Liquid Chromatograph) device and as detector Diode 
Array Detector (DAD) was used. The HPLC equipment 
used was a Hewlett-Packard Series HP 1100 equipped 
with a diode array detector. C18 column with a diameter 
of 4.6 mm diameter and a length of 250 mm with a 
particle size of 5 μm was used. 

In our study, 5 mM ammonium acetate (pH: 5, 
concentrated acetic acid- Mobile phase A) and methanol 
(mobile phase B) were used as mobile phase. Flow rate was 
1 mL/min and isocritical phase mobile phase A/B (60/40) 
was used. Injection volume was 20 μL. The temperature of 
the automatic sampler was set to 22°C, column temperature 
to 40°C and detector temperature to 40°C. Analyses were 
carried out at 200 nm wavelength. 10 injections were made 
to determine retention time (RT), Limit of Detection (LOD) 
and Limit of Quantifi cation (LOQ). Calibration Curve was 
drawn. The oleuropein amount in the sample was determined 
via an analysis.

Determination of the relative antimicrobial activities of 
olive leaf extracts: MIC (minimum inhibition concentration) 
is the lowest concentration of an antimicrobial that will 
inhibit the visible growth of a microorganism. Minimum 

inhibition concentrations are important for monitoring 
the activity of new antimicrobials (23).

MIC values were determined for bacteria strains 
sensitive to extracts via the microdilution method that 
was developed according to procedures developed by 
the National Committee of Clinical Laboratory Standards 
(24). The strains were obtained from American Type 
Culture Collection (ATCC) and Ege University, Faculty 
of Science, Biology Department. The standard strains 
used in this study were Escherichia coli ATCC 8739, 
Staphylococcus aureus ATCC 6538p, Staphylococcus 
epidermidis ATCC 12228, Enterecoccus faecalis ATCC 
29212, Enterobacter cloacae ATCC 13047, Klebsiealla 
pneumoniae ATCC 13883, Bacillus cereus ATCC 7064 
ve Pseudomonas aeruginosa ATCC 9027. In this study, a 
serial 2-fold micro-broth dilution method was performed 
to determine the MICs of olive leaf extracts (25). 

Animals

Healthy adult male Spraque Dawley rats weighing 
200-250 g obtained from an experimental animal 
production center (Saki Yenili-Ankara, Turkey) were 
used in this study. The rights of animals are conserved 
in accordance with “Guide for the Care and Use of 

Figure 1. Flow chart of the study.
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Laboratory Animals”. Animals were randomly assigned to 
diabetic and nondiabetic groups. After diabetes induction 
and wound creation, as described below, animals within 
each group were assigned to olive leaf extract wound 
dressing and normal saline (sodium chloride, 0.9% 
NaCl) wound dressing groups by a second randomization 
(Figure 1). The study was carried out on these four groups. 
Group 1: nondiabetic animals that received topical olive 
leaf extract as dressing material OLE (Kale Natural, 
Balikesir, Turkey) (C-OLE; n= 10); group 2: nondiabetic 
control animals that received topical 0.9% NaCl (normal 
saline) as dressing material (C-0.9% NaCl; n= 10); group 
3: diabetic animals that received topical olive leaf extract 
as dressing material (DM-OLE; n= 10); and group 4: 
diabetic control animals that received topical 0.9% NaCl 
as dressing material (DM-0.9% NaCl; n= 10).

Experimentally Induced Diabetes

After a 12 h fast, rats randomized to the diabetic group 
were injected with a single dose of intraperitoneal (ip.) 
streptozotocin (STZ, Sigma) 60 mg⁄ kg body weight. STZ 
freshly dissolved in 0.1 M sodium citrate buffer (pH 4.5) 
was used to induce diabetes. The solutions were prepared 
freshly and kept on ice protected from light and injected 
to rats without any delay. The rats were fed a standard 
diet and maintained in the controlled environment of the 
animal centre at 25 ± 1°C under a 12 h light-dark cycle. 
Symptoms are controlled. A blood glucose measurement 
was done 48 h after STZ injection. Blood was collected 
from the tail vein and decided the glucose level using a 
glucometer (Accu-Chek; Roche Diagnostics, Mannheim, 
Germany). Rats with blood glucose levels > 250 mg⁄dL 
(13.9 mmol/L) were considered as diabetic (26-29).  
Rats in the nondiabetic group were injected i.p. with a 
single dose of 0.1 M sodium citrate buffer (pH 4.5). The 
procedures in this experimental study were performed in 
accordance with the National Guidelines for the Use and 
Care of Laboratory Animals and approved by the Animal 
Ethics Committee of Ege University.

Experimentally Induced Wound 

All groups were randomly constituted of 10 rats each. 
The rats were anaesthetized via i.p. injections of 60 mg/kg 
ketamine hydrochloride (Ketalar, Parke-Davis-Eczacibasi, 
Istanbul, Turkey) and 8 mg/kg xylazine (Rompun, Bayer). 
After anesthetic depth was controlled via chin and 
skeletal muscle tone, the operation sites were shaved 
and disinfected with povidone-iodine. Under sterile 
conditions, two 15 mm full-thickness circular skin wounds 
were positioned 1 cm off the midline, with two wounds 
in the back. Tissue was removed down to the level of the 
panniculus muscle using an Acupunch (Acuderm Inc., Fort 
Lauderdale, FL) (Figure 2). All surgeries were conducted 
between 08:00 and 09:00 h in order to alleviate diurnal 
rhythm effects. Following surgery, the wound sites were 
treated with an antiseptic (polyvinyl pyrrolidone iodine/
batticon sol. 1000 mL Adeka) but left uncovered. Wound 
cleaning was done with only 0.9% NaCl in groups 2 and 
4. The wounds were not cleaned with 0.9% NaCl in the 
OLE group (group 1 and 3) since only OLE was applied 
on wounds daily as a dressing material. All wounds were 
followed up daily for 21 days and no complications 
developed during this period. 

Determination of Wound Area

Wound-healing rate was calculated by wound 
contraction rate and complete epithelialization time. 
Wound contraction was monitored by measuring wound 
area planimetrically. Open wounds were measured on the 
3rd, 7th, 10th, 15th and 21st days by calipper. The percentage 
of contraction was calculated by the following formula:

Percentage of contraction (xth day)= 100 - [(Total 
wound area on xth day/Total wound area on day 0) × 100].

The planimetric measurements were performed on 
both wounds of each animal, thus a total of 20 wounds 
were studied for each group. Since the fi nal wound 
closure time was the 30th day, the rats were kept alive 
until wounds were healed and then sacrifi ced with high-

Figure 2. Create wounds on rats. Under sterile conditions, two 15 mm full-thickness circular skin wounds were positioned 1 cm off  the midline, with two 
wounds in the back. Tissue was removed down to the level of the panniculus muscle using an Acupunch (Acuderm Inc., Fort Lauderdale, FL). (A) preoperative 
preparation (B) marking process (C) appearence of the wound area.
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dose ketamine hydrochloride at postoperative 21-30th 
days.

Statistical Analysis

The data obtained in this study were evaluated 
using SPSS 20.0 package software. Whereas differences 
between groups were examined via normality test, 
Mann-Whitney U test was applied on variables with 
abnormal distribution in double groups. Wilcoxon Sign 
test was used to examine the difference between the 
measurement times of variables. p< 0.05 was considered 
as statistically signifi cant.

RESULTS 

Analyses of Oleuropein in Olive Leaf Extract

The chromatographic conditions were developed 
and optimized using both oleuropein standards and real 
olive leaf samples. The chromatogram of the standard 
oleuropein solution is shown in Figure 3. The Oleuropein 
amount in the olive leaf extract used as a medical dressing 
material is 12.39 mg/100 mL.

Antimicrobial Analyses

The antimicrobial activity of OLE was confi rmed by 
the microdilution method (MICs). The results of MIC 
show that, Olive Leaf Extract has widely inhibitory 
activity to 6 kinds of ATCC standard bacterial strains. 
Its minimum inhibitory concentration is changing from 
1.0 μg/mL to 16.0 μg/mL to clinically isolated bacterial 
strains (Table 1). 

Percentage Change in Body Weight, Water and Food 
Consumption, Urine Level

All rats that were randomly selected into the 
‘diabetes’ group and that were injected with 60 mg/kg ip. 
single dose STZ were observed for polydipsia, polyuria, 
polyphagia and weight loss. We measured body weight of 
rats twice a week by a sensitive balance (Tarımsan Marka 
TTS Model 1000g). And also we used metabolic cages 
(Techniplast USA no. 3700M071) for measure urine and 
faeces excretion. 

There was signifi cant decrease in body weight in 
diabetic group when compared with non-diabetic group 
(p< 0.001).There was signifi cant increases in water and 
food consumption and urine levels in diabetic group 
when compared with non-diabetic group (p< 0.001) 
(Figure 4).

Blood Glucose Levels

According to the blood glucose level measurement 
carried out on the 48th hour of the STZ injection the rats 
with blood glucose levels ≥ 250 mg/dL were considered 
as diabetic and comprised the diabetes group. Mean 
preoperative glucose levels were determined as 414.12 

mg/dL in the diabetic group while it was 165.9 mg/dL in 
the non-diabetic experimental group. 

Assessment of Wound Healing 

Wound healing occured in both the diabetes and 
the control groups (p< 0.05). But there was a signifi cant 

Figure 3. Determination of standard oleuropein in the aqueous extract, 
mAU, milli-absorbance units.

Figure 4. Comparison of metabolic status. DM BG: Blood glucose in dia-
betics, C BG: Blod glucose in contols, DM BW: Body weight in diabetics, C 
BW: Body weight in controls, DM Water: Water consumption in diabetics, 
C Water: Water consumption in controls, DM Food: Food consumption in 
diabetics; C Food: Food consumption in controls, DM Urine: Urine output 
in diabetics, C Urine: Urine output in controls.

Table 1. Minimum inhibitory concentration (MIC) results of 
olive leaf extracts

Microorganisms 
MIC 

(μg/mL)

Standard Antibiotics

Gentamicin Ampicilin

E. coli ATCC 8739 16 1 8

S. aureus ATCC 6538/P 2 1 1

S. epidermidis ATCC 12228 1 1 2

E. faecalis ATCC 29212 1 16 2

E. cloacae ATCC 13047 1 2 4

K. pneumoniae ATCC 13883 2 4 8

B. cereus ATCC 7064 8 4 8

P. aeroginosa ATCC 9027 8 2 16
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difference in the size of wound area in diabetic group 
when compared with control group (p< 0.001). Healing 
of the wounds was faster in both the diabetes and the 
control groups for wounds on which OLE wound dressing 
was applied in comparison with the normal saline wound 
dressing applications (p> 0.05) (Figure 5).

Assessment of Wound Closure 

Wounds dressed with OLE as a wound dressing material 
closed earlier in both the diabetes and the control groups 
in comparison to the wounds of the normal saline wound 
dressing groups (respectively u= 13, p< 0.05; u= 22.5, p< 
0.05). While wounds with normal saline wound dressing in 
the diabetes group closed in 28.00 ± 2.31 days, the wound 
closure time for wounds of diabetic wounds on which OLE 
wound dressing was applied was determined as 24.80 ± 
1.48 days. Whereas wound closure time on which normal 
saline wound dressing was applied in the control was 22.50 
± 0.53 days, the wound closure time for wounds on which 
OLE wound dressing was applied was determined as 21.60 ± 
0.97 days in the control group (Table 2).

DISCUSSION

Many researchers have conducted studies with the 
aim of accelerating wound healing in diabetes. OLE has 
been reported to possess wound-healing properties (18). 
However, the enhancing effects of OLE on wound 
healing in diabetic patients have been not studied. There 
are many studies supporting the potentially benefi cial 
effects of olive leaves on human health (21,30-32). 

In this study, we demonstrated that wound closure 
was signifi cantly shortened when the wounds of diabetic 
rats and non diabetic rats were treated with OLE wound 
dressing. 

According to the minimum inhibitor concentration 
results obtained in our study, OLE at various concentrations 
was determined to be more effective against various 

microorganisms in comparison with the positive control 
group. Oleuropein is a natural antimicrobial and it has 
been shown in various studies that it delays and inhibits 
the growth rate of microorganisms (33-36). 

Delay in wound healing is a signifi cant clinical 
problem in diabetes mellitus. Problems of wound healing 
in diabetes can be summarized as the increase of infectious 
complications due to the decrease of cellular infi ltration, 
angiogenesis, granulation tissue, collagen amount and 
organization (6,37). This is tried to be explained by the 
increase of free radicals due to the auto-oxidation of 
glucose and glycosylated proteins in the existence of 
hyperglycemia that persists in diabetes along with the 
decrease of defense mechanisms (38). 

It is of signifi cance that no other study investigating 
the effects of olive leaf extract on the diabetic wounds 
has been observed indicates the necessity of such a 
research. In this study, we demonstrated that wound 
closure was signifi cantly shortened when the wounds 
of diabetic rats and non diabetic rats were treated 
with OLE wound dressing in comparison with saline 
wound dressing application. In the studies reported 
by Deshmukh and Gupta (2013), the effect of embelin 
from Myrssinaceae family on wound healing process 
of diabetic wound was evaluated, and Deshmukh and 
Gupta (2013) had determined that topically applied 
5% embelin increased wound contraction and speeded 
up the process of wound healing starting from the 12th 
day onwards (39). In another study, Honório-França et 
al. (2008) had determined no difference in the healing 
process of the wounds of the plant extract obtained from 
the Loganiaceae family applied group in comparison to 
the control group (40). In their studies, Gupta et al. (2008) 
used a plant based formula and put forth that there was 
a statistically signifi cant increase in wound contraction 
on the 4th and 7th days of the surgical wounds in diabetic 
group in comparison with the control wounds (41). It 
has been stated by Inpanya et al. (2012) that diabetic 
wounds which can be treated using an extract obtained 
from aloevera leaves recovers faster in comparison with 

Figure 5. Comparison of wound healing. It shows the percent of wound 
closure for the four groups on each day. Complete wound closure was 21th 
day on 3 groups. 

Table 2. Comparison of wound closure

Variables 

DM
Mean ± SS  
(Min-max)

Non-DM
Mean ± SS 
(Min-max) U p

OLE 24.80 ± 1.48 21.60 ± 0.97 4.500 0.000

23.00 - 27.00 21.00 - 23.00
Normal saline 28.00 ± 2.31 22.50 ± 0.53 2.500 0.000

23.00 - 30.00 22.00 - 23.00
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diabetic wounds that cannot be treated using this extract 
(42). In our study, diabetic wounds on which olive leaf 
extract wound dressing was applied recovered faster 
starting from the 3rd day on wards in comparison with the 
wounds on which only 0.9% NaCl wound dressing was 
applied.

In their study examining the effect of embelin on 
diabetic wounds, Deshmukh and Gupta (2013) have 
stated that 5% embelin applied topically decreases 
wound closing time from 25.84 days to 21.45 days while 
Teoh et al. (2009) have stated that diabetic wounds that 
were treated with  Momordica charantia extract closed 
earlier in comparison with diabetic wounds that were not 
treated (39,43). In our study, wounds of both the diabetes 
and control groups on which OLE wound dressing was 
applied closed earlier in comparison with the wounds on 
which normal saline wound dressing was applied.

Impaired wound healing is a well-known and major 
complication of diabetes. In conclusion, results of this 
study indicate that an OLE wound dressing can be a 
suitable option for diabetic wounds. These fi ndings 
suggest for the fi rst time the possibility of the novel 
application of aqueous extract of oleuropein-rich olive 
leaf as a therapeutic agent for wound healing.
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