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ÖZ

Amaç: Bu çalışma, sıçanlarda oluşturulan deneysel yara modelinde Pistacia atlantica yağı ile hazırlanmış jel formülasyonunun, enzimatik 
antioksidanlar üzerindeki etkisini araştırmak amacıyla yapılmıştır. 
Gereç ve Yöntemler: Genel anestezi altına alınan hayvanlarda, aseptik koşullarda, insizyon yapmak suretiyle kare şeklinde yaralar (2x2 cm) 
oluşturulmuştur. Daha sonra, hayvanlar rasgele dört gruba ayrılmıştır (I- tedavi edilmemiş kontrol grubu, II- haricen uygulanan baz jel grubu, III- 
haricen %5 jel uygulanan grup, IV- haricen %10 jel uygulanan grup). 
Bulgular: Sonuçlar, Pistacia atlantica yağı ile hazırlanmış jel formülasyonunun haricen uygulanmasının, kontrol ve baz jel gruplarına kıyasla, 
bütünlüğü bozulmamış stratum bazalisi, olgun granülasyon dokusunu, kıl folikülleri ve ter bezleri ile reepitelizasyonu arttırdığını göstermektedir. 
Yara oluşumundan 21 gün sonra, %10 yağlı jel ile tedavi edilen hayvanların dokularındaki gerilme kuvveti, kopma gerilimi ve bükülme direnci, kontrol 
ve baz jel grubu ile karşılaştırıldığında önemli ölçüde artmıştır. Aynı evredeki kontrol ve baz jel ile muamele edilen gruplara kıyasla, kollajen liflerin 
daha organize bir düzenlenme ve dokunun daha düzgün bir iyileşme gösterdiği belirlenmiştir. 
Sonuç: Pistacia atlantica yağ jelinin haricen uygulanmasının, sıçanlarda oluşturulan deneysel yaralar üzerinde morfolojik, biyokimyasal ve 
biyomekanik yönden düzeltici rol oynadığı ortaya koyulmuştur.
Anahtar kelimeler: Pistacia atlantica, yara iyileşmesi, histopatoloji, biomekanik, deri

Objectives: This study has been undertaken to investigate the antioxidant activity of the gel formulation from Pistacia atlantica oil extraction on 
enzymatic antioxidants in experimental wound created in rats. 
Materials and Methods: Under anesthesia, a square-shaped skin defect (2x2 cm) was created aseptically by surgical incision. Then, animals were 
randomly allocated to four groups (I- untreated controls, II- topically treated with base gel, III- topically treated with 5% gel, IV- topically treated 
with 10% gel). 
Results: The results suggest that topical application of Pistacia atlantica oil gels improved reepithelialization with continuous stratum basalis and 
a mature granulation tissue and adnexa (hair follicles and sweat gland) compared with control and base gel groups. Treatment with 10% oil gel 
significantly enhanced the tensile strength, ultimate stress, yield strength and stiffness in this group compared with the control and base gel groups 
at 21 days post injury. The collagen fibers showed a more organized pattern and the tissue alignment was greater as compared to the control and 
base gel-treated groups at the same stage.
Conclusion: The results suggest that topical application of Pistacia atlantica oil gel improved the morphological, biochemical and biomechanical 
properties of experimentally-induced wound defects in rats.
Key words: Pistacia atlantica, wound healing, histopathology, biomechanic, skin
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INTRODUCTION
Plants have immense potential for the management and 
treatment of wounds. A large number of plants are used by tribal 
and folklore in many countries for the treatment of wounds. 
Several plants have been experimentally used as traditional 
medicines to treat skin disorders and wound injuries.1

Pistacia atlantica (P. atlantica) trees grow in large populations 
in the western, central and eastern parts of Iran. The fruits of 
P. atlantica, which have been used traditionally in treatment of 
peptic ulcers2 are called “Bene” in Iran and have been utilized 
as food.3 Bene hull oil (BHO) comprises of the whole fruit and 
yields up to 30% oil.3,4,5 P. atlantica oil contains saturated fatty 
acids, mono unsaturated fatty acids and the polyunsaturated 
fatty acids (PUFAs).3 

The BHO contains tocopherols and tocotrienols as the main 
constituents in unsaponifiable matter.6 The oil displays 
antioxidant activity which is important for human health.6 

BHO contains tocopherols and phenolic constituents,7 both of 
which are very important natural antioxidants by providing an 
effective protection against oxidative stress.8,9 

The PUFAs, besides their structural function, they can modulate 
cell-cell interactions and intracellular signaling.10 Linoleic 
acid is an essential fatty acid (EFA) of 18 carbons, cannot be 
synthesized by human, which through a desaturation process 
gives rise to arachidonic acid (20 carbons). Arachidonic acid is 
a precursor of prostaglandins, leukotrienes, thromboxanes and 
lipoxins, which in turn act as mediator of platelet function and of 
inflammatory, vascular, motor and sensory processes, among 
others.11,12 Linoleic acid has also been shown to participate 
in cell proliferation and inflammatory process, where in the 
latter it plays a role as a mediator of leukocyte function having 
chemotactic and stimulatory effects on neutrophils.13

Free fatty acids (FFAs) are known to possess anti-Staphylococcus 
aureus (S. aureus) activity14,15,16 and are important components of 
the innate immune system.17 These FFAs, including oleic acid, 
can function as innate bactericides.18 More importantly, it has 
been found that two FFAs (linoleic acid and dehydrocrepenynic 
acid) inhibit the bacterial drug resistance by decreasing the 
transfer frequency of the conjugal DNA.15,19

Skin is a biological interface with the environment, and is 
frequently and directly exposed to prooxidative stimuli, which 
are known to promote the generation of Reactive Oxygen 
Species (ROSs) and lipid peroxides.20,21 Wounding is another 
condition that results in a decrease in antioxidants,22,23 increase 
ROSs24 and elevated lipid peroxide levels.25 Antioxidants have 
been shown to promote wound healing23,24,26,27 Their levels have 
been shown to be depleted in the healing cutaneous wounds 
in normal subjects; however, they partially or completely 
recovered during the remodelling phase of healing.22 

Oxygen free radicals play an important role in delaying ischemic 
wound healing.28 Tocopherols have antioxidant properties29 and 
they are active as vitamin E, which makes them particularly 
important for human health.3 Vitamin E, the term for a group 
of tocopherols and tocotrienols, is the major lipid soluble 

antioxidant in skin that protects the cell membranes from the 
peroxidative damage.30 It has been used to treat almost every 
type of skin lesion, and is frequently used by the general 
population to treat burns, surgical scars31 and enhances healing 
of the irradiated skin in rat and increases the healing rate of the 
patients with chronic post-thrombotic leg ulcers.32,33 Vitamin E 
is an antioxidant that protects the body against the deleterious 
effects of free radicals.32

Antioxidant properties of P. atlantica might be an alternative 
medicine or beneficial herbal drug for the prevention delay 
wound healing and scar formation during skin healing. 
Considering the lack of data regarding its efficacy in treating 
wound healing, the present study was undertaken to fully 
evaluate the effects of topical application of the gel formulation 
of this fruit on cutaneous wound healing in an experimentally 
induced cutaneous wound model in rat.

EXPERIMENTAL

Animals
One hundred twenty adult male Sprague Dawley rats weighing 
200 to 220 g were used in the experimets. The animals were 
housed under standard environmental conditions (23±1°C, with 
55±5% humidity and a 12 h light/dark cycle) and maintained 
with free access to water and ad libitum standard laboratory 
diet (70% carbohydrates, 25% proteins, 5% lipids).

Animal ethics
The study was approved by the local ethics committee of School 
of Veterinary Medicine, Shiraz University in accordance with 
the ethics standards of “Principles of Laboratory Animal Care 
and was also the recommendations of the European Council 
Directive (86/609/EEC) of November 24, 1986.

Oil extraction
The fruit powder was extracted with n-hexane (1:4 wt/vol) by 
mixing in a dark place at ambient temperature for 48 h. The 
solvent was evaporated in vacuo to dryness at 40°C.34

Preparation of the gel
To prepare 5% gel, 1 g carbopol was added to 95 mL distilled 
water, and for 10% gel, 1 g to 90 mL distilled water; after 4-5 
h, all the carbopol powder was dissolved and sodium hydroxide 
was added to make the gel base. In the next step, P. atlantica 
extracts (5%, and 10%) were added to gel base and used for all 
experiments.

Wound creation
The rats were weighed prior to the surgical procedure. The 
animals were anaesthetised by intramuscular injection of 10 
mg/kg xylazine hydrochloride (HCl) (Xylazine 2%; Alfasan) 
as premedication, and 90 mg/kg ketamine HCl (Ketamine 
10%; Alfasan) for anaesthesia. Carprofen was subcutaneously 
injected in all animals (4 mg/kg) just before the operation for pre-
emtive analgesia and then every 24 h for 3 days postoperatively. 
A square-shaped 2x2 cm skin defect was created aseptically 
by surgical incision at the first thoracic vertebrae and 1 cm 
proximal to the first lumbar vertebrae. This method of wound 
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induction has been used previously to investigate cutaneous 
wound healing in rats.35

Experimental design
After wound creation, the animals were assigned into four 
groups of thirty rats and each group was divided into five 
subgroups.

Group I, untreated controls,

Group II, topically treated base gel,

Group III, topically treated 5% gel,

Group IV, topically treated 10% gel.

The animals of each subgroup (n=5) were sacrificed on the 3th, 
7th, 10th, 14th and 21st day after wound creation and the entire 
wound with adjoining tissue was cut out. 

Digital images of the ulcers were taken, in vivo, in a standardized 
manner, immediately after the surgical procedure (day zero) 
and on 3, 6, 9, 12, 18, and 21 postoperative days.

Samples from all these groups were collected for 
histopathological studies and biochemical analysis. On 
day 21, samples from all these groups were collected for 
histopathological studies, biochemical analysis and samples 
from the five remaining animals in each group were assessed 
for biomechanical investigation. Similar skin sample from the 
intact skin of a comparable area far from the site of the initial 
excision of the same animal was excised as intact control skin.

Sample collection
The injured area and a rim of the surrounding normal skin, 
including dermis, epidermis and subcutaneous, were carefully 
dissected for histopathological and biochemical evaluations. The 
harvested skin samples were then longitudinally bisected. The 
first half consisted of normal peripheral tissue and injured area 
(5x5 mm) was used for histopathologic and histomorphometric 
studies and the second half from the center of the lesion, was 
used for biochemical analysis (approximately 5x5 mm). On 
day 21, five rats in each group were used for biomechanical 
sampling. A 1.5x10 cm2 rectangular skin sample with the injured 
area in the middle was harvested for biomechanical testing. 

Histopathological evaluation
Skin samples from both the wound and comparable 
contralateral normal skin were fixed in 10% neutral-buffered 
formalin, dehydrated in graded ethanol, and cleared in xylol. 
The specimens were then embedded in paraffin, and sections 
of 5 mm in thickness were stained, using hematoxylin and eosin 
(H&E) and Masson green trichrome, and studied by a routine 
light microscope (Olympus, Tokyo, Japan). Histopathological 
examinations were performed in double-blind fashion. The 
criteria that were studied in histopathological sections 
consisted of hemorrhage, fibrin deposition, polymorphonuclear 
cell and mononuclear cell infiltration, reepithelialization, 
cornification of epithelium, fibroblast content, collagen content, 
revascularization, necrosis, presence of fibrocytes, maturation 
and organization of collagen, fibroblasts and blood vessels. 
Collagen content was measured on the basis of the connective 
tissue density measurement in the histopathological sections 
stained with Masson green trichrome. 

The microphotographs were then recorded by a digital camera 
(Olympus, Tokyo, Japan) and transferred to the computer 
software (Photoshop CS-5; Adobe) for digital analysis. Five 
photomicrographs, equivalent to five microscopic fields 
from each tissue sample, were used for histopathologic and 
histomorphometric analysis.36,37 

Biomechanical testing
The method used has been described previously.37,38,39 The 
skin samples were harvested immediately after euthanasia 
and placed between sterile sponges soaked with 0.9% saline, 
to preserve the normal tissue hydration after harvesting. They 
were then placed in occlusive bags and stored at -70°C prior 
to testing. Biomechanical testing was performed 2 days after 
tissue sampling. Before tensile testing, the samples were 
thawed at room temperature (15-20°C). The samples were 
mounted between two cryoclamps. The cross-sectional area 
of the samples was calculated by approximating the area as 
a rectangle, multiplying the thickness and width of the skin 
samples, which were measured using a digital micrometer 
(Microtech; Samsung). Biomechanical testing was performed 
by testing to failure, using a tensile testing machine (Instron 
Tensile Testing Machine, Instron).

Each sample was loaded by elongating it at a displacement 
rate of 20 mms-1. Load and crosshead displacement data 
were recorded at 1500 Hz, and a load-deformation curve was 
generated for each specimen, using Test Works 4 software 
(SUME Systems Corporation). The ultimate tensile strength, 
yield strength, stress and stiffness were measured. The stress 
value (N mm-2) was calculated by dividing the ultimate strength 
(N) by the cross-sectional area (mm-2). Stiffness (Nmm-1) 
was calculated by fitting a linear regression line to the load-
deformation data from 30% to 90% of the ultimate tensile 
strength on the deformation curve.

Determination of the collagen content
After thawing, the samples’ pieces were dried in a hot-air 
oven at 60-70°C until a constant weight was achieved. They 
were then hydrolysed with 6N HCl for 2 hours at 120°C. The 
hydrolysed samples were adjusted to pH 7 and subjected to 
chloramine-T oxidation. The absorbance of the colored adduct 
formed with the aldehyde perchloric acid reagent at 60°C was 
recorded at 550 nm, after cooling for 5 min. The data were then 
multiplied by 7.46 to convert them from hydroxyproline content 
to collagen content.35,40

Glycosaminoglycans content
Content of Glucosamine (GLA) and galactosamine (GAA), as 
indices of tissue glycosaminoglycans (GAGs), were analysed 
according to the methods of Ohkuma et al.41 Briefly, 10 mg 
of the freeze-dried tissue sample was diluted in 2 mL of 1N 
HCl and incubated at 120°C, to produce hydrolysed and dried 
tissue. Phosphate buffer saline (0.5 mL; pH 7) and 1 mL 4N NaCl 
were added to the hydrolysed sample. The hydrolysed samples 
were then converted from acetylated forms of hexoseamines 
to pyrrole derivatives, using 0.1 mL of the 6.3% acetylacetone 
solution. 0.8 mL Potassium tetraburate 0.7 M was added and the 
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final solution was boiled for 3 min. 10 g Dimethyl banzaldehyde 
was blended with 100 mL acetic acid, containing 12.5% 10N 
HCl, and 5 mL of this solution was added to the boiled sample. 
The final solution was incubated in a 37°C water bath and its 
absorbance rate was read and analysed at two wavelengths, 
550 nm and 590 nm. The absorbance rate of 590 nm is related 
to GLA and that of the 550 nm belongs to the concentration of 
GAA in tissue. The concentrations of hydroxyproline, GLA and 
GAA in each sample were measured using the regression curve 
from the GLA and GAA standards (0.0, 0.5, 1.0, 2.0, 4.0 and 8.0 
mg) and were reported as gr/100 g of tissue.

Statistical analysis
After testing to see if the data were normally distributed, 
quantitative data were compared, using one-way analysis 
of variance. The post-hoc Tukey test was used to determine 
differences between the groups. All statistical analyses were 
performed using SPSS software (v17.0; SPSS Inc.). Differences 
of p<0.05 were considered significant.

RESULTS

Observations during daily wound care
The surface area of wounds was calculated and expressed in 
cm2 as shown in Table 1. There were no significant differences 
in wound closure between the Bene treated, control and base 
gel groups. The lesions in the Bene oil gel treated groups 
showed improved cosmetic results compared with the control 
and base gel groups (Figure 1).

Histopathological finding
The data from the histopathological analysis are shown in 
Table 2. Three days after injury, Bene 5% and 10% oil gels 
resulted in reduction of neutrophils and lymphocyte and 
increase in fibroblasts but the differences were not significant 
(Table 2). Seven days after injury, the total fibroblast count 
was significantly greater in the treated with 5% Bene oil gel, 
compared with the control and base gel groups. Treatment 
with 10% Bene oil gel increased fibroblast and fibrocytes 
counts compared with the control and base gel group but these 
differences were not significant. The neutrophils counts were 
significantly lower in the lesions treated with Bene compared 
with the base gel groups (Table 2). 

Ten days after injury, treatment with Bene oil gels decreased 
total lymphocytes compared with the control and base gel 

groups but this reduction was only significant compared with 
the control group. Treatment with Bene oil gels also significantly 
decreased total neutrophils counts compared with the base gel 
groups ten days after injury (Table 2).

Fourteen days after injury, the total lymphocyte and neutrophils 
counts decreased and the total fibrocytes count was higher in 
the Bene oil gel treated groups compared with the control and 
base gel groups but this these differences were not significant 
(Table 2).

Compared with control and base gel groups, there was a 
reduction in the total lymphocyte count in both 5% and 10% Bene 
gel groups at twenty-one days after injury but this reduction 
was only significant in 10% Bene gel groups. Total fibrocytes 
count was significantly higher in the 10% Bene treated group 
compared with the 5% Bene, control and base gel groups (Table 
2).

There was a significant increase in the number of blood vessels 
in the lesions treated with 10% Bene and these differences 
were significant with the base gel group on day 14 and with the 
control group on day 21.

As shown in Table 2, compared to those of the control and base 
gel treated lesions, fewer lymphocytes and neutrophils were 
infiltrated in the lesions of the treated animals on day 21 post 
injury.

Histopathological evaluation of each treatment group was 
blindly performed by a pathologist according to a modified 

Table 1. Mean ± standard error of the mean of wound surface area (cm2) in Bene oil gels treated, control and base gel groups on different 
days

Groups Day 3 Day 6 Day 9 Day 12 Day 18 Day 21 

Controla 2.23±0.11c 1.5±0.22 0.79±0.09 0.34±0.09 0.15± 0.04 0.13±0.03

Base gelb 2.00±0.04 1.38±0.11 0.71±0.07 0.28±0.02 0.11±0.03 0.00±0.00

5% Benec 1.64±0.20a 1.24±0.04 0.52±0.11 0.1±0.05 0.00±0.00 0.00±0.00

10% Bened 1.81±0.23 1.33±0.07 0.52±0.17 0.21±0.063 0.00±0.00 0.00±0.00

Characters (a=control, b=base gel, c=5% Bene oil gel, d=10% Bene oil gel) represent significant differences for that variable between the associated groups, at that time point

Figure 1. Cosmetic result [control (a), basal gel (b), 5% Bene oil gel (c) and 
10% Bene oil gel (d)] on day 21 post injury
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scoring system for surgical wound healing (Table 3).42 This 
scoring system was used to determine grade of healing in 
the lesion of each treatment group. This scoring system was 
based on the following repair indices: epithelialization, collagen 
deposition, inflammation, ulceration, and necrosis.

As has been shown in Figure 2, the mean score of the 5% and 
10% Bene treated groups were respectively higher than those 
of the control and base gel groups. Tissue regeneration in 
the 5% and 10% Bene treated wounds got a better score than 
the control and base gel groups but the differences were not 

Table 2. Mean ± standard error of the mean of Histopathologic and histomorphometric analysis of Bene oil gels compare with control and 
base gel treated group on different days post injury

Control Base gel 5% Bene gel 10% Bene gel 

Day 3

Lymphocyte 43.2±6.76 27.1±1.82 21.2±5.72 19.2±0.66

Fibroblast 5.8±0.86 8.6±0.68 7.6±1.5 13±3.56

Fibrocyte 0 0 0 0

Neutrophil 41.4±15.45 37.2±0.86 20±6.78 8.4±3.26

Macrophage 6.6±0.98b 15.2±0.86ac 6±1.67b 9.4±3.04

Number of vessels 2.3±0.92 0.6±0.25 2.4±0.4 1.4±0.25

Day 7

Lymphocytes 20.4±2.86 18.4±3.96 26.6±4.12 20.2±4.32

Fibroblasts 9.8±1.07c 8.8±2.35c 20.8±5.18ab 12.4±1.99

Fibrocytes 0 0 0 0

Neutrophils 29±1.51 72.4±1.2cd 13±4.06b 15.2±0.97b

Macrophage 5.6±1.36 11.6±1.2 7±1.67 8±1.22

Number of vessels 2.6±0.4 1.8±0.58 1.8±0.37 2±0.63

Day 10

Lymphocytes 89.8±18.5cd 60±7.36 36.4±5.21a 19.8±1.93a

Fibroblasts 18±1.3bd 5±0.32ac 15.8±3.43bd 4.2±0.49ac

Fibrocytes 9.6±1.72 5.8±0.37 8.2±1.39 19.4±2.46

Neutrophils 43.8±1.44 84.8±1.92cd 15±3.4b 7.8±0.97b

Macrophage 8.6±1.44 14±1.92 11.4±2.71 7±1.38

Number of vessels 2.8±0.37 2.8±0.66 3.6±0.6 3.2±0.58

Day 14

Lymphocytes 19.4±2.77 30±5.4 12±2.57 5.4±0.75

Fibroblasts 5.6±1.08 6.4±2.04 3.2±0.8 1.8±0.66

Fibrocytes 7.4±1.67 4.6±0.87 14.6±1.12 18.2±1.56

Neutrophils 9.4±0.81 21.6±0.8 3.2±0.37 3.8±1.11

Macrophage 5.6±0.81 5.8±0.8 5.2±0.86 3.2±1.11

Number of vessels 2.6±0.68 2.4±0.25d 4.4±0.51 5.2±0.49b

Day 21

Lymphocytes 21.4±1.03 51.8±28.42d 12±2.28 7.4±1.29b

Fibroblasts 14.6±1.69d 11.2±0.86 7.2±2.56 3.2±0.37a

Fibrocytes 2.4±0.75d 9.2±0.58d 17.6±0.4d 38.4±16.03abc

Neutrophils 8.4±1.28 12±2.11 5.8±2.18 2.4±0.4

Macrophage 5.2±1.28 9.4±2.11 5.8±1.56 3.8±1.11

Number of vessels 1.6±0.4a 2.4±0.4 4±0.45 4.8±0.66d

Different letters (a=control, b= base gel, c=5% Bene oil gel, d=10% Bene oil gel) represent significant differences for that variable between the associated groups, at different days
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significant. Figure 3 shows representative photomicrograph of 
skin sections stained with hematoxylin and eosin and Masson 
green trichrome which have been properly repaired in the 
treated group. On day 14, the 5% and 10% Bene treated groups 
revealed more developed reepithelialization and continuous 
stratum basalis with a mature granulation tissue, while the 
lesions in the control group showed necrosis, and immature 
granulation tissue (Figure 3m, 3n, 3o, 3p).

On day 21, the 5% and 10% Bene treated groups revealed full 
collagen deposition and full reepithelialization with a mature 
granulation tissue and properly developed adnexa (hair follicles 
and sweat gland) compared with control and base gel groups 
(Figure 3q, 3r, 3s, 3t). The collagen fibers showed a more 
organized pattern and the tissue alignment was greater as 
compared to the control and base gel treated groups at the 
same stage (Figure 3u, 3v, 3w, 3x). 

There was no evidence of pus accumulation, fibrin deposition 
or edema in the lesions of treated animals during the 21 day 
treatment period with Bene oil gels.

Biomechanical findings
The biomechanical findings are presented in Table 4. Treatment 
with 10% Bene oil gel significantly increased the tensile strength, 
maximum stress, yield strength and stiffness of this group 
compared with the control and base gel groups after 21 days post 
injury (p<0.001). Treatment with 5% Bene oil gel increased the 
tensile strength, ultimate stress, yield strength and stiffness of 
this group compared with the control and base gel group but the 
differences were not significant at this period. The lesions of all 
groups showed significantly lower tensile strength, ultimate stress, 

yield strength and stiffness than the intact skin at this stage. 

Biochemical findings
The biochemical findings are presented in Figure 4. There 
was no significant difference in the GLA content of the injured 
samples on day 21 after injury with the Bene oil treated gels and 
the control and base gel groups. 10% Bene oil gel significantly 
increased the galactoseamin content of the injured samples 
three days after treatment compared with the 5% Bene 
(p=0.036), control (p=0.048) and base gel (p=0.039) groups 
during the period of this experiment. 

Treatment with 10% Bene oil gel significantly increased the 
Hydroxyproline content of the injured samples on day 10 post 
injury (p=0.007) compared with the control group, and the base 
gel on day 14 post injury (p=0.032).

Seven days after injury, treatment with 10% Bene oil gel 
significantly increased the collagen content of the injured 
samples compared with the control group (p=0.013).

Figure 2. The mean score of the 5% and 10% Bene oil gel treated groups 
compared with the control and base gel treated groups

Table 3. Histopathological scoring of the cutaneous wound healing, This scoring system was used to determine grade of healing in the lesion 
of each treatment group

Score Epithelialization Collagen deposition Inflammation Neovascularization Necrosis Granulation tissue Adenexa (hair follicle)

1 None None Moderate None Focal Immature Distraction

2 None Partial Mild <3 None Immature Distraction

3 None Partial Mild <3 None Mild mature Distraction

4 Partial Partial Mild <5 None Mod mature Distraction

5 Complete, mature Complete, regular None >5 None Fully mature Distraction

6 Complete, mature Complete, regular None >5 None Fully mature Repair

Table 4. Mean ± standard error of the mean of biomechanical performance of Bene oil gels compare with control and base gel on different 
days post injury

Control Base gel 5% Bene 10% Bene Intact skin 

Maximum stress (kg/mm2) 0.78±0.05de 0.72±0.09de 1.21±0.2e 1.87±0.18abe 4.72±0.21abcd

Tensile strength (kg) 15.64±0.88de 14.48±1.73de 26.28±3.99e 37.48±2.6abe 94.4±4.3abcd

Yield strength (kg) 10.43±0.58de 9.65±1.16de 17.52±2.66e 24.99±2.4abe 62.93±2.87abcd

Stiffness (kg/mm) 9.29±0.48de 8.69±1.04de 15.77±2.4e 22.49±2.16abe 56.6±2.61abcd

Different letters (a=control, b= base gel, c=5% Bene oil gel, d=10% Bene oil gel and e= Intact skin) represent significant differences for that variable between the associated groups, 
at different days
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DISCUSSION
These results suggest that topical application of Bene oil gels 
(especially 10% Bene) resulted in improved reepithelialization 

with continuous stratum basalis and a mature granulation 
tissue and adnexa (hair follicles and sweat gland) compared 
with control and base gel groups. Treatment with 10% Bene 
oil gel significantly enhanced the tensile strength, ultimate 
stress, yield strength and stiffness of this group compared 
with the control and base gel group at 21 days post injury. The 
collagen fibers showed a more organized pattern and the tissue 
alignment was greater as compared to the control and base gel 
treated groups at the same stage.

However, to our knowledge, this is the first time that this 
reagent has been used on experimentally induced cutaneous 
wound defects in rats and except for the antioxidants potential 
of this reagent, its other beneficial effects, such as production of 
collagen and increased stiffness, its influence on mesenchymal 
cells and tissue maturity, are novel and suggest this reagent as 
a potent initiator of wound healing.

Consist with our finding Tanideh et al.43 showed that a high dose 
of P. atlantica fruit oil extract, administered orally and rectally 
can improve colitis physiologically and pathologically in a rat 
model, and may be efficient for ulcerative colitis.

The balance between free radicals and antioxidants may be 
disrupted in many diseases.44 Wounding is condition that 
results in reduction of the antioxidants.22,23 Hamidi et al.23 
showed that excision of the wound leads to oxidative stress and 
decrease significantly level of superoxide dismutase, plasma 
glutathione peroxidase and catalase, and also increase level of 
malondialdehyde during wound closure in control groups and 
topical administration of P. atlantica gels causes remarkable 
changes in antioxidant parameter during wound closure 

Figure 3. Tissue sections of the control (a, e, ı, m, q), basal gel (b, f, j, n, r), 5% 
Bene oil gel (c, g, k, o, s) and 10% Bene oil gel groups (d, h, l, p, t), on days 3, 
7, 10, 14 and 21 post injury and Masson green thricrome of this groups on day 
21 post injury (u, v, w, x)

 Figure 4. Pattern of changes in biochemical parameters in the lesions of the of the control (l), base gel (n), 5% Bene (s) and 10% Bene (t) rats at different time 
points (day), values are expressed as mean ± standard error of the mean a, b and c show significant differences (p<0.05) between groups at different days post 
injury are indicated
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(especially gel 10%) via pro-oxidative and antioxidant activity 
which can improve oxidative stress.

Guo and DiPietro45 suggested that vitamin E, an anti-oxidant, 
maintains and stabilizes cellular membrane integrity by 
providing protection against destruction by oxidation. We 
showed Bene oil gel has anti-inflammatory properties and 
has been suggested to have a role in decreasing excess scar 
formation in wounds. Consistent with our finding, Burgess46 
and Arnold and Barbul47 showed that vitamin E also has anti-
inflammatory properties and has been suggested to have a role 
in decreasing excess scar formation in chronic wounds. 

Another study showed in acute rodent wounds, the levels of 
vitamin E, ascorbate and glutathione decreased by 60-70% 
as compared to normal skin and only the levels of glutathione 
recovered completely within 14 days after wounding.22 In 
another study it has been shown that strong reduction levels 
of glutathione, Vitamin E and ascorbate were observed in 
wounded skin of immunosuppressed rats as compared to the 
immunocompetent animals.48 In addition, it has been found 
that palm vitamin E extract, which contains a mixture of 60% 
tocotrienol and 40% tocopherol, enhances wound healing in 
diabetic rats and increases the activity of the GPx enzyme.49 
Consistent with our finding Arnold and Barbul47 and Burgess46 
indicated that vitamin E supplementation is beneficial to wound 
healing,50 and topical vitamin E has been widely promoted as 
an anti-scarring agent and Zampieri et al.51 also showed that 
topical application of vitamin E could improve the cosmetic 
results of surgical incisions. Topical formulations of vitamin 
E have been promoted to help wound healing, presumably 
because they inhibit collagen synthesis and reduce both 
fibroblast proliferation and inflammation.31,52 

Erhan et al.53 suggest that both vitamin E and selenium promote 
wound healing activity by increasing the blood flow in the 
wound region. New evidences from the studies on diabetic 
mouse models point to an involvement of oxidative stress in 
diabetic wound healing and significantly improved wound 
healing by topical vitamin E.54,55 Another finding showed vitamin 
E or α-tocopherol supplementation reduced the levels of lipid 
peroxides in the wound tissue of diabetic rats, and the wound 
healing process was enhanced, in particular in the Vitamin E 
treated animals.56 Tsoureli-Nikita et al.57 performed a clinical 
single, blind, placebo controlled study in which 96 atopic 
dermatitis patients were treated with either placebo or oral 
vitamin E (400 IE/day) for 8 months. 

Fatty acids have important roles in immune and inflammatory 
responses. They are important components of the cell 
membrane.58,59 In this experiment no evidence of pus 
accumulation at Bene treated group was seen. Chen et al.18 
showed that oleic acid (C18:1) exerts excellent antimicrobial 
activity against various S. aureus strains, including a hospital-
acquired methicillin-resistant S. aureus strain (MRSA252) and 
a community associated-MRSA strain (USA300). It was also 
shown that oleic acid may have broad-spectrum antimicrobial 
activity against S. aureus bacteria and can suppress growth of 
gram-positive bacteria including Staphylococcus epidermidis, 
Listeria monocytogenes and Bacillus anthracis.

EFA, such as linoleic acid, have been employed for the 
prevention60 and treatment of pressure ulcers.61 The deficiency 
of EFA has impaired cutaneous wound healing in mice, rats62,63 
and infants.64 Fatty acids have been shown to control the 
functions of neutrophils. These cells play a key role in the 
healing process by releasing various cytokines at first stage of 
healing. Therefore, the effect of fatty acids on neutrophils may 
play an important role in the healing process, in particular, on 
the control of angiogenesis and cell proliferation. Simpson and 
Ross65 indicated that neutrophils are not essential for proper 
wound healing in the skin during wound healing. Studies using 
antibody-based methods to reduce neutrophils in mice suggest 
that neutrophils can deter healing, as depletion of neutrophils 
led to significantly faster reepithelialization rates compared to 
the control wounds.66,67 We showed that treatment with Bene 
resulted in remarkable reduction in the number of neutrophils 
during the period of healing.

Pereira et al.68 showed that oleic and linoleic acids cause 
marked changes in the wound during the inflammation period 
of the healing process. These fatty acids showed a pro-
inflammatory effect on cutaneous wound healing. Cardosoa 
et al.69 showed that linoleic and oleic acids can modulate the 
closure of surgically induced skin wounds. 

Linoleic acid can be used for the biosynthesis of arachidonic 
and Prostaglandins in the epidermis.68 Arachidonic acid and 
its metabolites are mediators of several events during wound 
healing, such as cell growth, angiogenesis and synthesis of 
extracellular matrix. Prostaglandins are involved in tissue repair, 
cell spreading and migration and epidermal cell proliferation.70

The nutritional deficiency of EFA has also been associated with 
deficient cutaneous wound healing as reported in mice, rats62,63 
and infants.64 Fatty acid mixtures containing oleic and linoleic 
acids have been used for prevention and treatment of pressure 
ulcers.60,71 Topical application of fatty acids also improves 
hydration, elasticity and prevents skin breakdown in patients 
under poor nutritional conditions.10,61,62 

Although the role of vitamin E in the treatment and prevention of 
skin disorders seems to be effective72,73 there are controversial 
data about the use of topical vitamin E to prevent and treat 
hypertrophic scars. Some authors have shown that topical 
applications of vitamin E do not have significant effects in the 
enhancement of the cosmetic results of surgical incisions. 
It seems that current evidence from the literature does not 
support the conclusion that the topical use of vitamin E cream 
can reduce scar formation. In fact, studies report some adverse 
effects related to its use.74 Some reports indicate that vitamin E 
may impair collagen synthesis and wound healing in animals52,75 
whereas other authors report enhanced healing in irradiated rat 
skin and patients with post thrombotic leg ulcers.76

CONCLUSION
The results suggest that, there was a reduction in the total 
lymphocyte count in both 5% and 10% Bene gel groups at 
twenty one days compared with control and base gel groups 
after injury but this reduction was only significant in 10% 
Bene gel groups. Total fibrocyte count was significantly higher 



73HAMIDI et al. Wound Healing after Topical Application of Pistacia atlantica in Rats

in the 10% Bene treated group compared with the 5% Bene, 
control and base gel groups. topical application of Bene oil gels 
(especially Bene 10%) resulted in improved reepithelialization 
with continuous stratum basalis and a mature granulation 
tissue and adnexa (hair follicles and sweat gland) compared 
with control and base gel groups. The lesions in the Bene oil gel 
treated groups showed improved cosmetic results compared 
with the control and base gel groups during wound repair. 
Treatment with 10% Bene oil gel significantly enhanced the 
tensile strength, ultimate stress, yield strength and stiffness of 
this group compared with the control and base gel group at 21 
days post injury. The collagen fibers showed a more organized 
pattern and the tissue alignment was greater as compared to 
the control and base gel treated groups at the same stage.
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