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ABSTRACT

Oxygen free radicals may be implicated in the pathogenesis of ischemia reperfusion damage. As the
antioxidant effects of some species of Pistacia have been reported, the protective effects of Pistacia vera
L. gum extract (0.1-0.5 g/kg) on oxidative damage following cerebral ischemia were studied in rats.
Ischemia was induced using four-vessel occlusion model and evaluated using measurement of
malondialdehyde (MDA) and antioxidant power in hippocampus. MDA and antioxidant power were
assayed with the thiobarbituric acid (TBA) and ferric reducing-antioxidant power (FRAP) tests,
respectively. The extract and saline were administered intraperitoneally 10 min subsequent to
ischemia. Results have shown that the MDA level increased by 47% and antioxidant power decreased
by 117% in control group in comparison with sham-operated animals (P< 0.001). Treatment with P.
vera L. gum extract significantly and in a non-dose-dependent manner reduced brain MDA level by
63% (P<0.001) and increased antioxidant power of brain by 235% (P<0.001) in comparison to the
controls. P. vera L. gum comprised of saponins, tannins, and flavonoids. According to these results, it
is suggested that P. vera gum may exhibit neuroprotective effects against ischemia. Iran. Biomed. J. 9 (4):
181-185, 2005
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INTRODUCTION

ypoxic-ischemia brain damage is one of the
Hmajor causes of death in the world. There

are some plants that have been shown to
modify a cerebral ischemia or hypoxia insults.
Pistacia vera (Anacardiaceae) geographically grows
in the Khorassan, Semnan, and Kerman provinces
(Iran). Investigations about the other genus of this
plant have been shown some pharmacological
effects such as reducing blood pressure [1], anti-
inflammatory [2, 3] and antimicrobial action [4, 5].
Recently, the antioxidant properties of natural
flavonoids and related phenolic compounds
extracted from dietary or herb plants have aroused
much attention [6]. The plants rich in these
compounds are ideal source of natural antioxidants.
It has been shown that gallotannin components
(pistafolin A), isolated from the leaf extract of
Pistacia weinmannifolia, have the free radical (FR)

scavengering and protective effects on oxidative
neural cell damage. In cerebral granule, cells
pretreated with Pistafolin A, peroxinitrite-induced
oxidative neural damage and apoptosis were
prevented markedly [7].

In recent years, it was shown that the extract of P.
vera gum has analgesic, anti-inflammatory [8] and
hepatoprotective effects against CCly-induced liver
toxicity [9]. Recent reports have implied that
oxygen FR is important mediators of tissue injuries
specially brain in an ischemia-reperfusion
sequences. In addition, ischemia causes increased
lipid peroxidation reaction and elevates production
of FR that contribute to secondary damage to
nervous tissue [10, 11]. During ischemia-
reperfusion, the cellular membrane severely
disrupted and the tissue energy and necessary
precursors are failed [12] so that causes disturbance
of ionic homeostasis and enzymatic lipolysis [13,
14].
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In the light of these bases, we investigated the
protective effects of the hydroalcoholic extract of P.
vera L. gum on lipid peroxidation marker and
antioxidant power of hippocampus. Ischemia was
induced using four-vessel occlusion model. Lipid
peroxidation was assessed by the tissue malondi-
aldehyde (MDA) level (assayed by the
thiobarbituric acid [TBA] test) and antioxidant
power of the tissue was assessed by ferric reducing-
antioxidant power (FRAP) test.

MATERIALS AND METHODS

Animals. Male NMRI rats, weighing 200-250 g,
were obtained from a random bred colony
maintained with laboratory pellet chow (Khorassan
Javane Co., Mashhad, Iran) in Animal House of
Mashhad University of Medical Sciences (Iran).
Animals were housed in the colony room with
12:12 light/dark cycle at 21 £+ 2°C and had free
access to water and food.

Plant materials. P. vera L. gum was collected
from the south of Khorassan in August 2003. This
plant was identified in Herbarium Center of
Ferdowsi University (Mashhad, Iran) (012-1622-
05). Extraction was conducted by maceration
method. Briefly, the powdered P. vera gum was
extracted with mixture of ethanol and water (3:1) at
room temperature for 48 h. The extracts were
filtered, the residue was reextracted under the same
condition and the combined filtrates were
evaporated to dryness at 40°C. The fraction was
dissolved in distilled water just prior to
experimentation.

Preliminary  phytochemicals  tests.  Phyto-
chemicals screening of the extract was performed
using the following reagents and chemicals.
Alkaloids with dragendorff’s reagent, flavonoids
with the use of Mg and HCI; tannins with 1%
gelatin and 10% NaCl solutions, and saponins with
ability to produce suds [15].

Surgery. Ischemia was induced in rat using a
four-vessel occlusion model [16]. Briefly, first day,
rats were intraperitoneally anesthetized with a
mixture of ketamine (60 mg/kg) and xylazine (6
mg/kg) and both vertebral arteries were electro-
cauterized permanently after exposure to the alar
foraminae. The rats were allowed to recover from
surgery overnight, and during that time they had

free access to water and food. On the next day,
following light anesthesia induced by ketamine/
xylazine (30/3 mg/kg, i.p.), a cerebral ischemia was
produced by exposure to the carotid arteries and
occluding them with microvascular clips for 10 min
in all experimental groups [17]. Sham-operated
animals underwent both surgical procedures without
arterial clamping. Subsequently, both clamps were
removed and both arteries inspected for immediate
reperfusion. Rats were divided in five groups (six in
each group): group A including sham-operated
animals and group B served as ischemic control and
normal saline (10 ml/kg, i.p.) was injected. The
extract of P. vera gum (0.1, 0.25, 0.5 g/kg, i.p.)
were administered to the remaining three groups.
All agents were administered immediately at the
onset of reperfusion and every 24 h for 2
consecutive days. After 72 h, the animals were
decapacitated and their hippocampuses were
removed for the biochemical tests.

MDA assay. The tissue MDA level was
determined based on its reaction with TBA. At the
end of the treatment, the brain was removed by fast
craniotomy and the hippocampus portion was
homogenized with cold 1.5% KCI to make a 10%
homogenate. To a 10-ml centrifuge tube, 0.5 ml of
10% homogenate, 3 ml of 1% phosphoric acid and 1
ml of 6% TBA solution were added. The mixture
was heated in a boiling water bath for 45 min. After
cooling, 4 ml of n-butanol was added and mixed
vigorously [18]. After centrifugation, absorption of
the supernatant was measured at 532 nm. 1, 1, 3, 3-
tetramethoxypropane was used as a standard of
MDA. MDA was expressed as nmol per g of the
wet tissue.

Antioxidant power assay. Antioxidant power of
hippocampus was determined by measuring its
ability to reduce Fe'" to Fe’" established as the
FRAP test [19, 20]. The reagents included 300 mM
acetate buffer solution (pH 3.6) with 16 ml acetic
acid per 1 liter of buffer solution, 10 ml TPTZ
(trypyridyl-s-triazine) in 40 mM HCI and 20 mM
FeCl;. Working FRAP reagent was prepared as
required by mixing 25 ml acetate buffer, 2.5 ml
TPTZ solution and 2.5 ml FeCls. Fifty pl of 10%
homogenate was added to 1.5 ml of freshly
prepared reagent warmed at 37°C. After 10 min, the
complex between Fe’* and TPTZ gives a blue color
with absorbance at 593 nm. FeSO, was used as a
standard of FRAP assay and data was expressed as
UM per g of wet tissue.
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Statistical analysis. Data are expressed as mean +
S.D. Statistical analysis was performed with one-
way ANOVA followed by Tukey-Kramer post-hoc
test for multiple comparisons. The dose of the
extract to produce an effect in 50% of tests (ED50)
and its associated 95% confidence limits was
calculated by Litchfield and Wilcoxon methods
(PHARM/PCS Version 4). P<0.05 was considered
statistically significant.

RESULTS

Preliminary phytochemical test indicated that the
extract of P. vera gum contains flavonoids, tannins,
and saponins.

Effects of the extract on lipid peroxidation. The
MDA level was significantly elevated in brain
tissue from subjects in the control group in
comparison with those of sham-operated one (47%,
P<0.001). The extract of P. vera gum at doses of
0.1, 0.25, and 0.5 g/kg decreased brain MDA level
by 53% (P<0.001), 58% (P<0.001), and 63%
(P<0.001) of control, respectively. Control level of
the tissue was 253.67 + 8.4 nmol/g (Fig. 1). In this
test, EDs value of the extract was 0.064 g/kg (%95
CL: 0.023, 0.176).

Effects of the extract on antioxidant power. Total
antioxidant power of hippocampus was significantly
decreased from subjects in control group when
compared with that of sham-operated animals
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Fig. 1. Effects of Pistacia vera gum extract on brain
malondialdehyde (MDA) levels in rats subjected to transient
cerebral  ischemia. The extract was administered
intraperitoneally in different doses of 0.1, 0.25, and 0.5 g/kg.
Values are expressed as mean £ S.D. of six animals in each
group. *** P<0.001. Compared to control, Tukey-Kramer
test.
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Fig. 2. Effects of Pistacia vera extract on brain antioxidant
power in rats subjected to transient cerebral ischemia. The
extract was administered intraperitoneally in different doses of
0.1, 0.25, and 0.5 g/kg. Values are expressed as mean + S.D. of
six animals in each group. *** P<0.001. Compared to control,
Tukey-Kramer test.

(117%, P<0.001). The extract of P. vera gum at
doses of 0.25, 0.5 g/kg increased antioxidant power
by 173% (P<0.001), 253% (P<0.001) of control,
respectively. At dose of 0.1 g/kg, the extract did not
significantly modify the antioxidant power of the
brain. Control level of the tissue was 1.69 + 0.24
pmol/g (Fig. 2). The EDs, was not measurable.

DISCUSSION

The present data indicate that transient cerebral
ischemia induces lipid peroxidation and decrease
antioxidant power of hippocampus and are agreed
with other studies [23, 24]. Results also indicated
that administration of P. vera L. gum extract
protects hippocampus from ischemia-reperfusion.

Compelling evidence implicates FR as major
contributors to ischemic and excitotoxic tissue
injury in the CNS. However, the biochemical
mechanisms leading to FR production during
ischemic brain injury remain partially unclear due
to the methodological difficulties in detecting the
short-lived FR in the in vivo experiments, as well
as lack of the neuronal circuitry required for FR
generation in the in vitro model systems [28].
Organotypic hippocampal slices, which preserve
neuronal circuitry and are easily accessible for
experimental manipulations, show that FR over-
production in hippocampal pyramidal neurons
during ischemia/reoxygenation depends on gluta-
mate receptors activation, and is associated with
elevations of intracellular calcium [29]. The
mechanisms of calcium-dependent FR generation
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caused by ischemia reoxygenation injury might
include xanthine/xanthine oxidase reaction, active-
tion of NO, or phospholipids A2. Nevertheless,
mitochondria are thought to be the principal
source of glutamate-mediated, calcium-dependent
FR production in cultured cortical neurons [21].
Specifically, n-methyl-d-aspartate receptor-medi-
ated FR generation has been blocked by inhibitors
of the mitochondrial electron transport, and
mimicked by electron transport uncouplers,
suggesting that the glutamate receptor-mediated;
(and) calcium-dependent uncoupling of the mito-
chondrial electron transport could be a major
mechanism of FR formation during excitotoxic
injury [22].

Results obtained from others species of Pistacia
indicate that mechanisms including decrease in
blood pressure [1], anti-inflammatory [2, 3],
antimicrobial action [4, 5], and antioxidant or FR
scavengering activity [7] were introduced. In
addition, we reported the analgesic, anti-
inflammatory [9], and hepatoprotective effect of
gum extract of P. vera against CCly-induced liver
injury [8]. Our phytochemicals studies revealed that
the gum extract of P. vera have flavonoids, tannins,
and saponins. Recently, the antioxidant properties
of various flavonoids and related phenolic
compounds have been studied extensively, and in
addition, antihypoxic and anti-ischemic activities
have been reported for some of these components
[25-27]. The MDA levels increased significantly
following cerebral ischemia-reperfusion injury. The
extract reversed the increase of MDA levels to a
considerable extent, thereby confirming its
antioxidant role in the ischemia. We evaluate the
antioxidant or reducing potential of hippocampus
homogenate  samples  following  ischemia-
reperfusion injury, using FRAP assay. As expected
following the reperfusion, the extract increased the
antioxidant power of homogenate samples of
hippocampus.

In this regard, the results of present study
suggested that the neuroprotective effects of the
gum extract of P. vera may be due to increasing
antioxidant defense and suppression FR production
in brain.
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