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Diabetes mellitus is a chronic metabolic disorder which is followed by many complications. One of
these problems following diabetes is diabetic ulcers and 2.5% of diabetic patients develop foot ulcer annually.
Natural resources are useful stock for finding traditional treatment. Studies which examined Pistacia atlan-
tica properties showed that it has some beneficial effects including: antimicrobial, antifungal, antioxidant and
wound healing. Yet, Pistacia atlantica resin oil effects on diabetic wound have not been examined. Therefore,
we evaluate Pistacia atlantica resin oil antioxidant and wound healing activity. Sprague-Dawley male rats
were entered to the study and randomly grouped (n = 10) as follows: group 1 — control group — burnt rats
which received neither STZ nor Pistacia atlantica resin oil; group 2 — diabetic burnt rats; group 3 — diabetic
burnt rats which received 250 pl/day Pistacia atlantica resin oil topically as an ointment for two weeks. At the
end of the study antioxidant status, Vascular Endothelial Growth Factor (VEGF) and hydroxyproline contents
were examined in the wound area. Our results showed that Pistacia atlantica resin oil has remarkable antioxi-
dant activity in STZ-induced diabetic rats. Also, it promoted VEGF and hydroxyproline contents in the wound
area which showed that it increases angiogenesis and collagen turnover in the diabetic wound. We concluded
that Pistacia atlantica resin oil can be considered as a new therapeutic agent in diabetic wound healing, and
also it is safe, available and cheap treatment of other wounds and skin injuries.
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iabetes mellitus is a common metabolic
D disorder with high prevalence worldwide.

Adult diabetes estimation in 2014 is about
422 million [1]. It has been predicted that this num-
ber will rise to a number about 592 million in 2035
[2]. Diabetes is followed by kidney failure, blindness
and non-traumatic lower-limb amputations and also
diabetes is a major cause of heart diseases [1]. About

2.5% of diabetic patients develop foot ulcer annu-
ally and on the other hands, the treatment of diabetic
ulcers is complex [3, 4]. Mortality and morbidity
rates of diabetes are associated with impaired wound
healing and foot ulcer [1]. Many available synthetic
drugs for the treatment of wound are expensive and
also can cause allergy or resistance, and then the
finding of an alternative new drug is a necessity.
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Natural resources are useful widespread stock
for finding new treatment and the importance of
natural resources for drug development has been
shown by ethnobotanical and ethnopharmacologi-
cal research which lead to a discovery of therapeutic
properties which provided by plants derived compo-
nents [5]. The genus Pistacia belongs to Anacardia-
ceae family which has fifteen species and three of
them are grown in Iran [5-7]. Pistachio (Pistacia at-
lantica) is a plant that distributed in the area such as
Mediterranean, Algeria and Iran [7]. Pistacia atlan-
tica’s oil, kernel oil and resin oil contains many com-
ponents and the chemical composition have been de-
scribed previously [8-10]. Its resin traditionally used
as chewing gum, mouth freshener and anti-peptic
treatment [9, 10]. There are different studies which
have examined other properties of Pistacia atlantica
oil and they have reported antimicrobial, antifungal,
antiparasite, antioxidant and wound healing activity
of Pistacia atlantica oil [11-18]. Pistacia atlantica
has been used traditionally for the treatment of he-
patic and digestive diseases and also heart and res-
piratory system disorders [6]. Diabetes is a chronic
disease and also there is a remarkable chance of ROS
(Reactive Oxygen Species) production which leads
to reduced antioxidant defense capacity. This can
deteriorate diabetic patient condition and also af-
fect other complications of diabetes such as wound
healing, renal function and vision [16]. Some studies
have reported that Pistacia atlantica oil has antioxi-
dant and free radical scavenging activity and there-
fore it may have wound healing activity [5, 19-21].
But these studies were performed in non-diabetic
condition; hence we evaluated these properties in a
diabetic rat model.

Vascular Endothelial Growth Factor (VEGF)
has an important role in tissue repair and wound
healing. VEGF causes migration of endothelial and
inflammatory cells in a wounded area [22]. Also, it
has been described that extracellular matrix protein,
collagen, has a pivotal role in wound healing [23].

There are some studies about Pistacia atlantica
oil wound healing activity [5, 17, 18], but there was
no study about Pistacia atlantica resin oil wound
healing activity in diabetic models as we designed.
Then we conduct this study to evaluate Pistacia at-
lantica resin oil effects on wound healing and con-
traction, antioxidant, VEGF and hydroxyproline
levels in experimentally wounded and STZ-induced
diabetic rat.

Materials and Methods

Animals. Thirty Male Sprague-Dawley rats
weighing 210+10 g were obtained from the animal
care center of Kerman Neuroscience Research Cen-
ter. The animals were kept in controlled condition at
25+1°C and 12 h light-dark cycle, 7 days for acclima-
tization. Our study was approved by the ethics com-
mittee of Kerman University of Medical Sciences,
Kerman, Iran.

Plant oil. The Pistacia atlantica resin oil which
we have used in our study was prepared by Hakim-
Tehrani Co. Kerman, Iran. Full compositions of
Pistacia atlantica resin oil have been reported pre-
viously then we referred to these studies which re-
ported its constituents [9, 10].

Diabetes induction and Burn injury. Diabetes
was induced by single intraperitoneal injection of
50 mg/kg STZ (Sigma, St. Luis, MO, USA). Three
days after STZ injection, the animals were fasted
12 h overnight and then the blood glucose was
measured and rats with blood glucose higher than
250 mg/dl were entered to the study [24]. Three
weeks after diabetes induction, the animals were
anesthetized with i.p. injection of ketamine and xy-
lazine (50 & 5 mg/kg, respectively). The dorsal side
of the animals was shaved and cleaned by ethanol
70% and then induction of burn damage was con-
ducted by an aluminum plague (3x2.5 cm) heated to
100 °C on the skin of rats for 10-12 sec to create a
deep dermal burn wound [12, 14].

Study procedure. Duration of study was 14
days, and animals were divided into three groups
(n =10) randomly as follow: group 1 — control group
which just burnt and received neither STZ nor Pista-
cia atlantica resin oil, group 2 — diabetic burnt rats,
group 3 — diabetic burnt rats which received 250 pl/
day Pistacia atlantica resin oil topically [14, 25].

At the end of the study, animals were deeply
anesthetized by ether and sacrificed, then the wound
area of the skin (1x1 cm) was excised and then the
skin samples were homogenized in order to assay
Superoxide dismutase (SOD), Glutathione Peroxi-
dase (GPX), Malondialdehyde (MDA), VEGF and
Hydroxyproline in the supernatant.

Wound size estimation. Wound size was measu-
red by paper ruler at the end of the study.

Assessments of VEGF, Hydroxyproline, SOD,
GPX & MDA. Evaluation of these parameters except
MDA were conducted by specific kits (Hydroxypro-
line ELISA assay kit EO511Ra, Crystal Day Biotech
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inc.; VEGF ELISA assay kit EO659Ra, Crystal Day
Biotech inc.; SOD & GPX assay kits from RAN-
DOX inc.). MDA level was measured at 532 nm by
thiobarbituric acid (TBA) method.

Results and Discussion

Our results showed that Pistacia atlantica
resin oil has remarkable wound healing activity. It
significantly reduced wound size compared to con-
trol and diabetic control group, P < 0.001 (Table).
As demonstrated in Fig. 1, Pistacia atlantica resin
oil significantly reduced MDA levels compared to
diabetic control group and MDA levels reached to
about control levels. Also, Pistacia atlantica resin
oil significantly increased antioxidant defense com-
pared to diabetic control (Fig. 2 and 3) and increased
VEGF and hydroxyproline indicating its beneficial
effects in diabetic wound healing (Fig. 4 and 5).

Statistical analysis. The data were reported as
Mean+SEM. Data analysis was performed by One-
Way ANOVA, and in order to a pairwise comparison
between groups, we used Tukey’s Test.

Pistacia atlantica oil properties have been stu-
died previously and are including; antiparasite, an-
timicrobial, antifungal, antipeptic, wound healing
and antioxidant activity [5-7, 12-15, 18]. There is no
mechanistic and worthy proof about wound healing
activity of Pistacia atlantica resin oil which tra-
ditionally is used in southeastern parts of Iran for
wound healing [18]. Hamidi and colleagues have
shown that Pistacia atlantica oil wound healing ac-
tivity was remarkable from day 10 until end of their
study (day 21). They have shown that Pistacia at-
lantica increased antioxidant capacity in the serum
of treated animals [12]. Their serum data are along
with our data which obtained from the wounded
skin of diabetic rats and both studies are emphasi-
zing on an antioxidant activity of Pistacia atlantica
oil. Compared to Hamadi and colleagues study we

also targeted diabetic wound treatment and also as-
sessed VEGF and hydroxyproline contents in wound
area to have a better judgment about mechanism of
the Pistacia atlantica resin oil effect. Farahpour et
al, have also studied Pistacia atlantica’s oil wound
healing properties in a rat model and their results
supported our findings on Pistacia atlantica resin oil
beneficial effects on wound healing in diabetic rats
[11]. Previous studies revealed the chemical compo-
sition of Pistacia atlantica resin oil which includes
a-pinene, camphene, f-myrcene and limonene as
main components [8-10, 13]. a-Pinene was reported
as major constituents of Pistacia atlantica resin oil
and has very low toxicity [10]. Rezaie and coworkers
have demonstrated that Pistacia atlantica hull oil has
free radical scavenging activity which was compara-
ble to a-tocopherol in vitro, and this confirmed that
Pistacia atlantica acts against oxidative stress [26].
Finally, consistent with these studies we showed that
Pistacia atlantica resin oil has potent antioxidant ac-
tivity and also we showed that antioxidant capacity
of Pistacia atlantica resin oil in diabetic model is
still present which was not reported before. These
findings also indicate that Pistacia atlantica resin
oil is very strong antioxidant ointment which fights
against oxidative states that present in diabetes con-
dition.

In another study which described Pistacia at-
lantica oil effect on diabetes, they found that it has
anti-diabetic action [27]. Also Hashemnia M. et al.
(2015) showed that Pistacia atlantica oil alcoholic
extract reduced blood glucose in STZ-induced dia-
betic rats, however, they did not clarify the mecha-
nism of anti-diabetic action of Pistacia atlantica oil,
but based on other studies they assumed that this ef-
fect may contribute to plants potential action through
many ways such as reduced hepatic glucose produc-
tion, elevation of glucose utilization and increase or
facilitate the insulin actions in target tissues [24].

Glucose level and wound contraction size in Control, Diabetic and diabetic P. atlantica oil treated groups.
Glucose levels were measured at day 14 after 12 h fasting overnight. All data are presented in Mean £ SEM
(n=10)

Groups Glucose, mg/dl Wound size, mm?
Control 108.00 + 2.07 2.38 £ 0.089
Diabetic control 361.74 + 9.93 5.26 + 0.078
Diabetic + P. atlantica oil 371.61 +11.86 0.910 + 0.048°

aSignificant compared to control group. *Significant compared to diabetic control group. P < 0.05 was considered as
statistically significant
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Fig. 1. Effect of STZ-induced diabetes and Pistacia
atlantica resin oil on the MDA level in male rats
(n = 10). Control group did not received any
treatment, Diabetic control group received single
STZ ip injection (50 mg/kg), and Diabetic +
P. atlantica resin oil received single STZ i.p injection
plus P. atlantica resin oil topically. Data were
expressed as mean = SEM. *** P < (0.001 vs control
group; *#* P < 0.001 vs diabetic control group

But these anti-diabetic actions of Pistacia atlantica
are not concrete and needs more evaluations to de-
fine its probable mechanism in diabetes.

We also measured VEGF and hydroxyproline.
Nissen and colleagues have suggested that VEGF
plays an important role in angiogenesis [22]. Ga-
liano R. D. et al. [28] have shown that topical VEGF
has beneficial effects on wound healing through
many actions including mobilizing cells derived
from bone marrow to wound area in order to facili-
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Fig. 3. Effect of STZ-induced diabetes and Pista-
cia atlantica resin oil on the GPX level in male rats
(n = 10). Control group did not received any treat-
ment, Diabetic control group received single STZ
i.p injection (50 mg/kg), and Diabetic + P. atlan-
tica resin oil received single STZ i.p injection plus
P. atlantica resin oil topically. Data were expressed
as mean £ SEM. *** P < 0.001 vs control group;
## P < 0.001 vs diabetic control group
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Fig. 2. Effect of STZ-induced diabetes and Pistacia
atlantica resin oil on the SOD level in male rats
(n = 10). Control group did not received any
treatment, Diabetic control group received single
STZ ip injection (50 mg/kg), and Diabetic +
P. atlantica resin oil received single STZ i.p injection
plus P. atlantica resin oil topically. Data were
expressed as mean = SEM. *** P < (0.001 vs control
group; *#* P < 0.001 vs diabetic control group

tate wound repair. They conclude that VEGF can be
considered as a therapeutic agent for treatment of
diabetic ulcers. Therefore, VEGF and hydroxypro-
line can be considered as angiogenesis and wound
healing rate marker respectively in damaged areas
[22]. Farahpour M. R. et al. (2015) have shown that
different doses of Pistacia atlantica increase hy-
droxyproline content in the wound which leads to
neovascularization [11]. Haghdoost and colleagues
showed that there is a dose-dependent correlation
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Fig. 4. Effect of STZ-induced diabetes and Pistacia
atlantica resin oil on the VEGF level in male rats
(n = 10). Control group did not received any treat-
ment, Diabetic control group received single STZ
i.p injection (50 mg/kg), and Diabetic + P. atlan-
tica resin oil received single STZ i.p injection plus
P. atlantica resin oil topically. Data were expressed
as mean £ SEM. *** P < 0.001 vs control group;
## P < 0.001 vs diabetic control group
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Fig. 5. Effect of STZ-induced diabetes and Pistacia
atlantica resin oil on the HyPro level in male rats
(n = 10). Control group did not received any treat-
ment, Diabetic control group received single STZ
i.p injection (50 mg/kg), and Diabetic + P. atlan-
tica resin oil received single STZ i.p injection plus
P. atlantica resin oil topically. Data were expressed
as mean £ SEM. *** P < 0.001 vs control group;
## P < 0.001 vs diabetic control group

between Pistacia atlantica and VEGF levels [14]. We
also showed that Pistacia atlantica resin oil promo-
ted VEGF levels which can result in angiogenesis
and play a pivotal role in wound healing.
Hydroxyproline is one of the main components
of collagen which is an extracellular matrix protein.
Hydroxyproline levels are a good marker of collagen
turnover and content [23]. Ilango K. and Chitra V.
(2010) [29] showed that Limonia Acidissima Linn
fruit extract increased hydroxyproline levels and
collagen which was confirmed by their pathology
reports. Here we showed that Pistacia atlantica resin
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oil also increased collagen contents in wound tissue
samples and is useful for wound repair and healing.

Plants resources are very good and availab-
le stock for finding new therapeutic agents. Inte-
restingly, we found that Pistacia atlantica resin
oil has remarkable antioxidant activity and also in-
creased VEGF which helps wound healing rate by
angiogenesis. Also, Pistacia atlantica resin oil ac-
tive ingredient is a-pinene, which as reported, has
low toxicity and considered as an active component
which is responsible for some observed effects.
Therefore, Pistacia atlantica resin oil can be evalua-
ted as a new agent in diabetic wound healing and
also can be used for other wounds and injuries treat-
ment. Finally, the question remains, whether these
beneficial observations are the result of the effects of
Pistacia atlantica resin oil on biochemical parame-
ters in wound healing, or whether these differences
in biochemical parameters appeared secondary to
better healing. It seems that this oil positively af-
fects biochemical parameter and gradually heals the
wound area in the diabetic model. Our findings sup-
port the hypothesis that Pistacia atlantica resin oil
improves blood flow and vascularization by eleva-
tion of VEGF levels and reduces harmful effects of
diabetic oxidative status, as well as burn damage in
the wound area.
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LlykpoBuil aiabeT HANEKUThb OO XPOHIYHHX
MeTabONIYHUX 3aXBOPIOBAaHb, SAKi CYHNPOBOIXKY-
IOTBbCSl YUCIICHHUMH YyCKIAAHEHHsMH. OmHHM i3
TaKUX YCKJAJHEHb € Jia0eTHYHA BHpa3Ka CTOIIH,
sKa pO3BUBAETHCA y 2,5% mMamieHTiB i3 JiadeToOM.
[puponHi pecypcu — KOPUCHE JKEPEIIO IS MOIIY-
Ky e(eKTUBHUX 3ac00iB TPajAMLIHHOrO JiKyBaHHS
niadety. JlociiJKeHHsT 3 BUBYCHHSI BJIACTUBOCTEH
Pistacia atlantica mokasanu, 10 st pOCIWHA Ma€
MPOTHUMIKPOOHY, MPOTUTPUOKOBY, aHTHOKCHJIAHT-
HY 1 paHO3arormBajibHy Hif0. B po0OoTi BHBYaiIN
AQHTHOKCHJIAHTHY 1 PaHO3arolOBaJIbHy aKTHBHICTb
Macna 3 Pistacia atlantica na niabeTuuHy paHy
mrypiB. CamiiiB mrypiB JiHii Sprague-Dawley Oyio
BUIIQJKOBUM UYWHOM pPO3JIJICHO Ha TPH TPYyIH:
rpyna 1 (KOHTpPOJIb) — TBAPUHH 3 OINIKOM HE OTPH-
MYBJIH Hi CTPENTO30TOLHMH, Hi Macio 3i CMOJH
Pistacia atlantica; rpyna 2 — TBapuHHU 3 OIMIKOM i
CTPENTO30TOLNHIHIYKOBaHUM JliabeToMm; rpyna 3 —
TBapHHHU 3 OMIKOM 1 CTPENTO30TOIMHIHIYKOBAHHM
niaberoM, siki orpumyBaiu 250 MKI/IEHB Ol
3i cmonm Pistacia atlantica y surmsami  masi,
MICIIEBO, TIPOTATOM JIBOX THIKHIB. JlociimxyBaau
AHTHUOKCHJAHTHUI  cTaryc, piBeHb CyIWHHO-

ro enjoremansHoro ¢akropa pocty (VEGF) i
TiPOKCHUIIPOJIiHY B oOsacTi panu. Pesynwsratu mo-
Kas3alu, o macio 3i cmoinu Pistacia atlantica mano
BHUCOKY AHTHOKCHJIAHTHY aKTHUBHICTh y IIypiB 3i
CTPENTO30TOLMHIHAYKOBaHUM  jiabeToM. Kpim
Toro, cnocrepiranu 30ubmeHHs Bmicty VEGF i
TIJPOKCHUIIPOJIIHY B 00NacTi paHu, IO BKa3yBalo
Ha aKTHUBI3allil0 aHTIOTeHe3y 1 CHHTE3 KOJIareHy B
niabeTnuHiil paHi. 3po0JieHO BHUCHOBOK, IO Mac-
7o 3i cmonm Pistacia atlantica moxna posrimsga-
TU SIK HOBUM TEpareBTUUYHUN areHT JJisl 3arO€HHS
NiaOeTUYHOT paHH, a TAKOXK AK O€3MeYHUH, T0CTYII-
HUH 1 aeeBui 3aci0 3a JIiKyBaHHS Pi3HUX PaH 1 1o-
HIKOJIPKEHb HIKIPH.

KnwoyoBi cnoBa: wmacmo 31 cMomu
Pistacia atlantica, niabetnuna pana, CyauH-
HUll eHporemiansHuil  akrop pocty (VEGF),
TiIPOKCHUIIPOIIiH, aHTUOKCHJAHTH.
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VEGF, THIPOKCHUIIPOJINHA,
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CTPENTO30TOLIMHUH]YIIHU-
POBAHHBIM INUABETOM
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CaxapHbIii Ma0ET OTHOCHUTCS K XPOHHYE-
CKMM METa0OJUYECKUM 3a00JICBaHUSM, KOTOPBIC
COIPOBOXJIAKOTCS MHOIOYUCIICHHBIMU  OCIIOXKHE-
HUussMH. OJIHUM M3 TaKUX OCIIOKHEHUU SIBIISICTCS
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nuabeTuveckas si3Ba CTOIBI, KOTOpas Pa3BUBACTCS
y 2,5% mnanuentoB ¢ nuaberoM. [IpupomHbie pe-
CYpCBHI — IOJIE3HBIH UCTOUHUK ISl TIOMCKA S dek-
TUBHBIX CPEACTB TPAAUIIMOHHOTO JICUeHUs auade-
ta. MccrmenoBanust mo u3ydeHuio cBoicTr Pistacia
atlantica mokaszamnu, 4yTo pacTenue o6aamaET MPO-
TUBOMHUKPOOHBIM, TPOTHBOI'PUOKOBBIM, AHTHOK-
CHUJIaHTHBIM M PaHO3XKUBJISAIOIIUM JeiicTBUEM. B
paboTe U3ydanu aHTHOKCHAAHTHYIO U PaHO3aKHUB-
JSIOUIYI0 aKTUBHOCTH Macna u3 Pistacia atlantica
Ha AMa0eTHYECKYI0 paHy Kpbic. CaMIlbl KpbIC JH-
Hun Sprague-Dawley Oblnu crmydaliHbIM 00pazom
paszesneHsl Ha Tpu IpyMnbl: rpynna 1 (KOoHTpob) —
YKUBOTHBIE C 0’KOI'OM HE MOJTYYali HU CTPENTO30TO-
IIMH, HU MacJto u3 cMostel Pistacia atlantica; rpymnma
2 — HMBOTHBIE C 0KOTOM U CTPENTO30TOLUHUH/IY-
LUPOBAHHBIM JUA0ETOM; IpyIina 3 — >KUBOTHBIE C
0YKOT'OM U CTPENTO30TOUMHUHAYIUPOBAHHBIM JHa-
O0eToM, mosyyagiiue 250 MKJI/IeHb Macyia U3 CMOJIbI
Pistacia atlantica B Bune ma3u, MECTHO, B TEUEHHE
IBYX Henenb. MccnemoBanu aHTHOKCHIAHTHBIN
CTaTyc, YpPOBEHb COCYAHMCTOrO 3HJIOTEIHAIBEHOTO
¢akropa pocra (VEGF) u ruapokcunponuna B 00-
JacTH paHbl. Pe3ynbraThl OKa3ajid, 4TO Macllo U3
cmodbl Pistacia atlantica o6ianano Beicokoii aHTH-
OKCHJIAHTHOW aKTUBHOCTBIO Yy KPBIC CO CTPEINTO30-
TOILMHUH/YIIUPOBaHHBIM JnabeToM. Kpome Toro,
HaOonamu yseiandenue couepxkanus VEGF u ru-
JPOKCHIIPOJIMHA B OOJIACTH PaHBI, YTO YKa3bIBAJIO
Ha aKTUBU3ALMIO aHTHOreHe3a U CHHTE3 KoJUlareHa
B nuabetnueckoil pane. CrenaH BBIBOJ, YTO Macio
u3 cMostbl Pistacia atlantica moxxHo paccmarpuBath
KaK HOBBIM TEpaneBTUYECKUW areHT JJIsl 3a)KUBJIe-
HUs 1uabeTHYecKOl paHbl, a Takke Kak Oe3omac-
HOE, IOCTYITHOE U JCUIEBOE CPEICTBO MPH JICUCHUH
Pa3JIMYHBIX PaH U MOBPEKICHUI KOXKHU.

KnrmoueBble cloBa: Macio M3 CMOJBI
Pistacia atlantica, nuabeTtuueckas paHa, cocyau-
CTHIN PHAOTENHAIBHBIA pakTop pocta (VEGF), ru-
JPOKCHUIIPOJIUH, aHTHOKCHIAHTHI.
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