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The antioxidative properties of decoction of leaves from
P. atlantica Desf. were determined as the radical scavenging
activity, as the total antioxidant activity, as reducing power,
as chelating abilities on metallic ions, as hydrogen peroxide
scavenging activity. In addition, preliminary phytochemical
screening, total phenolics, anthocyanin, total chlorophyll and
total carotenoid contents were also studied. The results were
compared with natural and synthetic antioxidants, e.g.,
o-tocopherol, trolox, butylated hydroxytoluene (BHT) and
butylated hydroxyanisole (BHA). The decoction prepared
from the leaves of Pistacia atlantica Desf. is good sources of
compounds with antioxidant properties while extract exhib-
ited strong reducing power, free radical scavenging activity
and total antioxidant activity.
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INTRODUCTION

The genus Pistacia belongs to the Anacardiaceae and includes at |east
eleven species. Turkey has a huge germplasm that mainly consist of
P. atlantica Desf., P. vera, P. terebinthus and P. eurycarpaYalt. P. atlantica
Desf. isatreelocated in Marmara, Mediterranean and in Central Anatolia
region, which can reach 25 m in height and grows in arid and semi-arid
areas'. Pistacia species were reported to have various biological activities
such as antiatherogenic?, hypoglycemic®, antiinflammatory*, antipyretic®,
antifungal, antimicrobial, antiviral®’, anti-insecticide® and anticancer
activities’. They are used in eczematreatment, paralysis, diarrohoea, throat
infections, renal stones, jaundice, asthma, stomach-ache, as astringent,
pectoral and stimulant'®*. The mastic obtained from Pistacia species is
also used as urinary and respiratory antiseptic in Turkish folk medicine®.
P. lentiscus was found as effective as trolox, the water soluble analog of
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vitamin E in suppressing iron-induced lipid peroxidation in rat liver
homogenates. Iron-induced lipid peroxidation is a well-validated system
for generating reactive oxygen species®. Previous phytochemical studies
on some Pistacia species including P. weinmannifolia, P. lentiscus,
P. terebinthus and P. vera have yielded gallotannins, phenolics, flavonoids,
triterpenoids, essential oils and resins'**®, These compounds are efficient
antioxidants capable of scavenging free radicals and effectively reducing
the extent of oxidation. The high ability of phyto-antioxidants to neutral-
ize the active oxygen species is strongly associated with their structure,
such asthe conjugated double bonds and the number of hydroxyl groupsin
the aromatic ring mostly attributed flavonoids and phenolics". Therefore,
the widespread use of Pistacia species in traditional medicine can be
attributed to the content of these antioxidant phytochemicals.

Many synthetic anti oxidants such as butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT) and propy! gallate, areused to retard lipid
peroxidation. However, the use of synthetic antioxidants is under strict
regulation due to the potential health hazards caused by such compound®.
Much attention has been focused on the use of natural antioxidants, to
inhibit lipid peroxidation or to protect the human body from the oxidative
damage by free radicals.

Antioxidant activity of P. atlantica Desf. has not been studied so far.
Therefore, in thiswork, the antioxidative properties of decoction of leaves
from P. atlantica Desf. were determined asthe radical scavenging activity,
asthetotal antioxidant activity, asreducing power, as chelating abilitieson
metallic ions, as hydrogen peroxide scavenging activity. In addition,
preliminary phytochemical screening, total phenolics, anthocyanin, total
chlorophyll and total carotenoid contents were also studied.

EXPERIMENTAL

Pistacia atlantica Desf. leaves and prepar ation of decoction

Fresh leaves from P. atlantica Desf. were collected from Istanbul,
Turkey during the spring (May). The identity of the leaf samples was
confirmed by Prof. Dr. Kerim Alpinar (Department of Botany, Faculty of
Pharmacy, Istanbul University, Istanbul, Turkey).

Collected leaf samples were washed with deionized water and dried
for 5-7 d in the shade at room temperature. A decoction was prepared,
boiling 20 g of dried leaves at 100 °C for 15 min with about 200 mL of
twice-distilled water. Extract was rapidly filtered through alinen cloth, the
filtrate was evaporated to dryness under vaccum on a rotary evaporator.
The crude extract was stored at 4 °C and dissolved in distilled water. It was
used for the assessment of antioxidant activity.
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Preliminary phytochemical analysis of decoction of Pistacia
atlantica Desf. leaves. The decoction of Pistacia atlantica Desf. leaves
was subjected to preliminary phytochemical testing for the detection of
major chemica groups®. The details of the tests are as follows: (i) For
phenols: Decoction was spotted on a filter paper. A drop of phosphomo-
lybdic acid reagent was added to the spot and was exposed to ammonia
vapours. Blue colouration of the spot indicate the presence of phenols. (ii)
Braemer'stest for tannins: To a2-3 mL of decoction, 10 % (w/v) acoholic
ferric chloride solution was added. (Dark blue or greenish grey colouration
of the solution indicate the presence of tannins in the sample). (iii)
Liebermann-Burchardt test for steroids and terpenoids: To 1 mL of decoc-
tion, 1 mL of chloroform, 2-3 mL of acetic anhydride and 1-2 drops of
concentrated sulfuric acid were added. (Dark green colouration of the
solution indicate the presence of steroids and dark pink or red colouration
of the solution indicate the presence of terpenoids). (iv) Alkaloids: A drop
of sample was spotted on a small piece of precoated TLC plate and the
plate was sprayed with modified Dragendorff'sreagent. (Orange colouration
of the spot indicate the presence of alkaloids). (v) Borntraeger's test for
anthraquinones: About 50 mg of plant sample was heated with 10 % (w/v)
ferric chloride solution and 1 mL of concentrated hydrochloric acid. The
sample was cooled, filtered and the filtrate was shaken with diethyl ether.
The ether extract was further extracted with concentrated ammonia. (Pink
or deep red col oration of agueouslayer indicate the presence of anthraguino-
nes). (vi) Shinoda test for flavonoids: To 2-3 mL of plant sample, a piece
of magnesium ribbon and 1 mL of concentrated hydrochloric acid were
added. (Pink red or red colouration of the solution indicate the presence of
flavonoids).

Determination of total phenolic compounds. Sample was analyzed
spectrophotometrically for total phenolic content with Folin-Ciocalteau
reagent according to the method of Slinkard and Singleton® using pyro-
catechol (20-200 pg/mL) as a standard phenolic compound. Briefly, 1 mL
of the sample solution containing 1000 pg extract was mixed with 45 mL
distilled water. Folin-Ciocalteau reagent (1 mL) was added and the con-
tents were mixed thoroughly. This mixture was allowed to stand for 3 min
before adding 3 mL of 2 % (w/v) NaCOs. The solution was then allowed
to stand for 2 h with occasional shaking before reading at 760 nm in a
spectrophotometer. The total phenol content was expressed as g equiva
lents to the standard used per mg of extract. The equation obtained for the
standard curve was'y = 0.0028x - 0.0164 for pyrocatechol.

Anthocyanin determination: The anthocyanin content of the dried
leaves was determined according to the modified method of Padmavati
et al.?!. The dried leaves (25 mg/mL) was mixed with acidified methanol
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(1% HCl/methanol) for 24 h at 4°C in the dark and then centrifuged at
1000 x g for 15 min. The anthocyanin concentration in the supernatant was
measured spectrophotometrically at 530 and 657 nm and the absorbance
values are indicated as Asx and Aess;. The extinction coefficient of 31.6
M™* cm™ was used to convert the absorbance values into anthocyanin
concentration. The concentration was cal culated using the following equa-
tion: anthocyanin concentration (UMol/g) = [(Ass—0.33 X Ags7)/31.6] % [vol-
ume (mL)/weight (g)]. Results are expressed as the average of triplicates.

Total chlorophyll and carotenoid content assay: Tota chlorophyll
and total carotenoid content were determined according to the method of
Kocacaliskan and Kadioglu®. 10 mg of decoction sample of leaves was
dissolved with 10 mL distilled water. The absorbance of sample was
measured at 450, 645 and 663 nm in the UV-Vis light spectrophotometer.
The total chlorophyll and total carotenoid content were calculated using
the equations as followed:

Chlorophyll a= 12.7Asss — 2.69A6s5

Chlorophyll b= 229A645 — 4.68A663

Total chl OrOphy” = 20.2A6s5 + 8.02A 653

Total carotenoid = 4.07A 450 —[(0.0435 x Chlorophyll @) + (0.367 x
Chlorophyll b)]

Reducing power : The reducing power of the decoction was measured
according to the method of Oyaizu®. Various concentrations of decoctions
(20-100 pg) in 1 mL of distilled water were mixed with 2.5 mL of
phosphate buffer (0.2 M, pH 6.6) and 2.5 mL potassium ferricyanide
[K3Fe(CN)e] (1 %, wiv) and then the mixture was incubated at 50 °C for
0.5 h. Afterwards, 2.5 mL of trichloroacetic acid (10 %, w/v) was added to
the mixture, which was then centrifuged at 3000 rpm for 10 min. Finaly,
2.5 mL of upper-layer solution was mixed with 2.5 mL distilled water and
0.5 mL FeCl; (0.1 %, w/v) and the absorbance was measured at 700 nm.
o-Tocopherol, BHA and BHT were used as standard antioxidants. Higher
absorbance of the reaction mixture indicated greater reducing power.

Chelating activity on Fe**: The chelating activity of the decoction on
ferrous ions (Fe**) was measured according to the method of Decker and
Welch®. Aliquots of 1 mL of different concentrations (0.25, 0.50, 0.75 and
1.0 mg/mL) of the samples were mixed with 3.7 mL of deionized water.
The mixture wasincubated with FeCl, (2 mM, 0.1 mL) for 5, 10, 30 and 60
min. After incubation the reaction was initiated by addition of ferrozine (5
mM and 0.2 mL) for 10 min at room temperature and then the absorbance
was measured at 562 nm in a spectrophotometer. A lower absorbance
indicates a higher chelating power. The chelating activity of the decoction
on Fe** was compared withthat of EDTA at alevel of 0.037 mg/mL. Chelat-
ing activity was calculated using the following formula:
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Chelating activity (%) = [1—-(Absorbance of sample/Absorbance of
control) ] x 100
Control test was performed without addition of the sample.

Freeradical-scavenging activity: Thefreeradical scavenging activ-
ity of the decoction was measured with 1,1-diphenyl-2-picryl-hydrazil
(DPPH-) using the slightly modified methods of Brand-Williams et al.”.
Briefly, 20 mg/L DPPH- solution in methanol was prepared and 1.5 mL of
this solution was added to 0.75 mL of the sample, BHA, BHT and ascorbic
acid solution (5-25 pg/mL). The mixture was shaken vigorously and the
decrease in absorbance at 517 nm was measured at 5, 10, 30 and 60 min.
Water (0.75 mL) in place of the plant extract was used as control. The per
cent inhibition activity was cal culated using the following equation:

Inhibition activity (%) = [(Aoc—A1)/A, x 100]
where A, isthe absorbance of the control reaction and A, isthe absorbance
in the presence of the extract sample.

Total antioxidant activity determination: The antioxidant activity
was determined according to the thiocyanate method with slight modifica-
tions®. For the stock solution, 10 mg of extract was dissolved in 10 mL
water. Then the solution containing different amounts of stock solution or
standards samples (20, 40, 60, 80, 100 pg) in 2.5 mL of potassium
phosphate buffer (0.04 M, pH 7.0) was added to 2.5 mL of linoleic acid
emulsion. 50 mL linoleic acid emulsion contains Tween-20 (175 pg),
linoleic acid (155 L) and potassium phosphate buffer (0.04 M, pH 7.0).
On the other hand, 5.0 mL of control contains 2.5 mL of linoleic acid
emulsion and 2.5 mL of potassium phosphate buffer (0.04 M, pH 7.0).
Each solution was then incubated at 37 °C in aglass flask in the dark. At
24 h intervals during incubation, 0.1 mL of this incubation solution was
added to 4.7 mL of 75 % (v/v) ethanol and 0.1 mL of 30 % (w/v) ammo-
nium thiocyanate. Precisely 3 min after addition of 0.1 mL of 0.02 M FeCl,
in 3.5 % (w/v) HCI to the reaction mixture, the absorbance of thered colour
was measured at 500 nm in a spectrophotometer. The solutions without
added extract or standards were used as control. The inhibition of lipid
peroxidation in percentage was calcul ated by the following equation:

Inhibition % = [(Ao — A1)/Ao x 100]
where A, isthe absorbance of the control reaction and A isthe absorbance
in the presence of the extract sample or standards.

Hydrogen peroxide scavenging activity: The extract (20-100 pg/
mL) was dissolved in 3.4 mL of 0.1 M phosphate buffer (pH 7.4) and
mixed with 0.6 mL of 43 mM hydrogen peroxide solution. The absorbance
value (at 230 nm) of the reaction mixture was recorded after 40 min. For
each concentration, a separate blank sample was used for background
subtraction?. o-Tocopherol, BHA and BHT (20-100 pg/mL) were used as
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standard antioxidants. The solutions without added extract or standards
were used as control. The percentage of scavenged hydrogen peroxide of
sampl e and standard compounds was cal culated using the following equa-
tion:

Scavenged H202 %= [(Ao - Al)/Ao X 100]
where A, is the absorbance of the control and A; is the absorbance in the
presence of the extract sample and standards.

RESULTSAND DISCUSSION

Preliminary phytochemical analysis of decoction of Pistacia
atlantica Desf. leaves: Decoction of P. atlantica leaves were subjected to
preliminary phytochemical screening for the presence of different chemi-
cal groups (Table-1). Phenals, tannins, flavonoids and antragquinones were
found to be major groups in the extract. Phenols and flavonoids are
common constituents of foods of plant origin and major antioxidants of
human being diet. Thetotal dietary intake isabout 1 g/d. It is much higher
than that of all other known dietary antioxidants, about 10 times higher
than that of vitamin C and 100 times higher than those of vitamin E and
carotenoids®®. As antioxidants, they protect cell constituents against oxida-
tive damage and therefore, limit the risk of various degenerative diseases
associated to oxidative stress.

TABLE-1
PRELIMINARY PHYTOCHEMICAL SCREENING OF DECOCTION OF
Pistacia atlantica Desf. LEAVES

Tested for Presence/Absence Test performed
Phenols +++ Phosphomolybdic acid test
Tannins +++ Braemer’ stest

Terpens and steroids - Liebermann-Burchardt test
Alkaoids - Dragendorff’ stest
Flavonoids +++ Borntraeger test
Antraguinones +++ Shinoda stest

—Absent; +++Abundant

Determination of total phenolic compounds. The amount of total
phenolics in P. atlantica extract determined using the Folin-Ciocalteau
method. Values are expressed as g pyrocatechol per mg of extract. It was
determined that there was 237.15 + 8.02 pg pyrocatechol equivalent of
phenolic compoundsin the 1 mg of the extract of P. atlantica (Table-2). It
may be attributed, in a significant part, to the antioxidant activities of the
P. atlantica. Phenols are very important plant constituents because of their
scavenging ability due to their hydroxyl groups. Antioxidant properties of
phenolic compoundslargely depend ontheir chemical and physico-chemical
environment. Several hundreds of different phenolic compounds have
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TABLE-2
TOTAL PHENOLIC AND ANTHOCYANIN CONTENTS OF THE
DECOCTION OF Pistacia atlantica Desf. LEAVES

Sample Tota phenolic content Anthocyanin content
P (ug pyrocatechol/mg of extract)* (umol/g of extract)*
Extract 237.15+8.02 0.063 + 0.005

*Vaues are means + SD.

been identified in plant. The two main types of phenolics are flavonoids
and phenalic acids. Flavonoids are themselves distributed among several
classes. One of the most common classis anthocyanins. Numerous studies
on animal models have shown that, when added to the diet, they limit the
development of cancers, cardiovascular diseases, neurodegenerative
diseases, diabetes and osteoporosis®.

Anthocyanin determination: The anthocyanin content was found to
be 0.063 + 0.005 umol/g for P. atlantica (Table-2). Anthocyanins are anti-
oxidant flavonoids that protect many body systems. They also have anti-
inflammatory properties. They support healthy brain function, the periph-
eral nervous system, the skin and collagen®*. Anthocyanins also provide
nutritional support for diabetics. They are hypoglycemic agentswhich lower
blood sugar levelsand protect both large blood vesselsand capilleriesfrom
oxidative damage. They prevent oxidative damage in the capilleries of the
eye and extremities, the two most common complications of diabetes®*.

Total chlorophyll and carotenoid content assay: Tota chlorophyll
and carotenoid contents of extract from P. atlantica are shown in Table-3.
The major group of the pigment, chlorophyll aand b, and carotenoids are
the non-polyphenolic compounds of P. atlantica leaves. It has been
reported that all these pigments exhibit significant antioxidant activities®.
Combined intake of phenolic compounds and non-polyphenolic compounds
as antioxidative pigments of P. atlantica may be more efficient to prevent
chronic diseases.

TABLE-3
TOTAL CHLOROPHYLL AND TOTAL CAROTENOID CONTENT OF
THE DECOCTION OF Pistacia atlantica Desf. LEAVES

Totd Totd
chlorophyll carotenoid
mL mL
(hg/mlL) (hg/mlL) (Lg/mL) (Lg/mL)

Extract 037+004 060+0.10 093+0.16 0.013%0.003
*Concentration of extract: 10 mg/mL.

Sample* Chlorophyll a Chlorophyll b
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Reducing power: Thismethod isbased on the principle of increasein
the absorbance of the reaction mixture. Increase in the absorbance
indicates increase in the antioxidant activity. In this method antioxidant
compound formsacol oured complex with potassium ferricyanide, trichloro
acetic acid and ferric chloride, which is measured at 700 nm. Increase in
absorbance of the reaction mixture indicates the reducing power of the
samples. Fig. 1 shows the reducing power of extract from P. atlantica. It
was found that the reducing power of the extract increased with the
increase of its concentration. From a comparison of the absorbance at 700
nm, the reducing power of P. atlantica was found to be significantly higher
than those of a-tocopherol and BHT and nearly similar to BHA. These
resultsreveal ed that the extract of P. atlantica was electron donors and a so
could react with free radical's, converting them to more stable products and
terminating the radical chain reaction.

0.9
0.8 A —— BHA
—O—BHT
0.7 —&— Tocopherol
—&— Extract
0.6 T
0.5 T
0.4
0.3 T
0.2 7
0.1 A
0

Absorbance (700 nm)

0 20 40 60 80 100

Concentration (ug/mL)
Fig. 1. Reducing power of extract from Pistacia atlantica Desf. leaves

Chelating activity on Fe**: The chelating of ferrous ions by the
extract was the estimated by the method of Decker and Welch?. Ferrozine
can quantitatively form complexeswith Fe**. Inthe presence of other chelat-
ing agents, the complex formation is disrupted with the result that the red
colour of the complexes decreases. Measurement of the rate of colour
reduction therefore allows estimation of the chelating activity of the coex-
isting chelator®. In this assay, different concentrations of the sample,
interfered with the formation of ferrous and ferrrozine complex, suggest-
ing that it has chelating activity and captures ferrous ion before ferrozine.
Theabsorbance of Fe**-ferrozine complex was decreased dose dependently;
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otherwise the activity wasincreased on increasing concentration. The Fe**
ion chelating effect of P. atlantica extract is presented in Fig. 2. The
extract at 1.0 mg/mL concentration showed more than 16 % chelating
effect on Fe** ions at an incubation time of 1 h. The chelating activity of
samples increased with increasing incubation times with FeCl,. However,
the chelating activity of P. atlantica extract of 1.0 mg/mL was nearly four
fold lessthan EDTA at 0.037 mg/mL (62 %) for an incubation time of 1 h.
The data obtained from present study, reveals that P. atlantica extract has
dlightly effective capacity for iron binding, suggesting that its action as an
antioxidant may be related to itsiron binding capacity.

18

—A—0.25 mg/mL
—&—0.50 mg/mL
14 1| —3—0.75 mg/mL
12 { | —®—1.00 mg/mL

16 A

10

Chelating activity (%)

5 10 30 60
Time (min)

Fig. 2. Chelating effects of extract on Fe** ions at different
incubation times with FeCl,

Freeradical-scavenging activity: DPPH radical scavenging activity
isthe most widely reported method for screening of antioxidant activity of
many plant. DPPH assay method is based on the reduction of methanolic
solution of coloured free radical DPPH by freeradical scavenger. DPPH is
usually used as a substrate to evaluate antioxidative activity of antioxi-
dants®. The procedure involves measurement of decrease in absorbance of
DPPH at its absorption maxima of 517 nm, which is proportional to
concentration of free radical scavenger added to DPPH reagent solution.
The extract was able to reduce the stable radical DPPH to the yellow
coloured diphenylpicrylhydrazine. The DPPH radical scavenging effects
of P. atlantica extract are presented in Fig. 3. The extract showed antiradi-
cal activity by inhibiting DPPH radical with 85 % inhibition rate of 15 pg/
mL concentration. It appears that the P. atlantica possesses hydrogen
donating capabilities and acts as an antioxidant. Scavenging activity of
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Fig. 3. Scavenging activities of extract against 1,1-diphenyl-2-picryl-
hydrazil (DPPH-) radical

ascorbic acid and BHA, known antioxidants, were nearly similar when
compared P. atlantica extract. However, scavenging activity of BHT was
relatively lower than that of P. atlantica extract.

Total antioxidant activity determination: There are many different
antioxidant componentsin plantsandisrelatively difficult to measure each
antioxidant component separately. Therefore severa different methods have
been developed to evaluate the antioxidant activity of plant sample®.
Total antioxidant activity of P. atlantica extract was determined by the
thiocyanate method in linoleic acid emulsion. The amount of peroxide in
theinitial stages of lipid oxidation was measured every 24 h, over aperiod
of 6 d. The effect of P. atlantica extract (100 mg/L) on peroxidation of
linoleic acid emulsion is shown in Fig. 4. The antioxidative activity of
P. atlantica extract was compared with commercial antioxidants such as
o-tocopherol (Toc), BHT, BHA and trolox. P. atlantica extract showed
higher antioxidant activity than that of a-tocopherol. The antioxidant
activity of P. atlantica extract was found to be similar when compared
BHA, BHT and trolox.

Hydrogen peroxide scavenging activity: Hydrogen peroxide, a
reactive nonradical, is very important as it can penetrate biological mem-
branes. Although H,O; itself is not very reactive, it may convert into more
reactive species such as singlet oxygen and hydroxy! radicals®. Hydrogen
peroxide scavenging activity of P. atlantica extract isshownin Fig. 5. The
result is compared with BHA, BHT and a-tocopherol as standards.
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Fig. 4. Total antioxidant activities of extract, trolox, BHA, BHT and
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Fig. 5. Hydrogen peroxide scavenging activity of extract, BHA, BHT and

o-tocopherol at 100 pg/mL concentration.
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P. atlantica extract was capable of scavenging activity in a concentration-
dependent manner. At 100 pg/mL, the extract exhibited 25.49 % scaveng-
ing activity. On the other hand, BHA, BHT and a-tocopherol exhibited
47.53, 62.17 and 75.54 %, respectively of H,O, scavenging activity at
the same concentration. These results showed that P. atlantica extract had
weak H,0, scavenging activity. At 100 pg/mL concentration, H,O, scav-
enging activity of extract and both standards decreased in the order of
o-tocopherol > BHT > BHA > P. atlantica extract.

Conclusion

The decoction prepared from the leaves of Pistacia atlantica Desf.
is good sources of compounds with antioxidant properties while extract
exhibited strong reducing power, free radical scavenging activity and total
antioxidant activity. This study suggests that P. atlantica leaves are potent
antioxidant sources. According to theresults, phenalics, flavonoids, tannins
and antraquinones were found the main compounds of decoction from
P. atlantica leaves (Table-1). These fact might explain the stronger scav-
enging activity and antioxidant activity of P. atlantica. More work should
be done to characterize individual phenolic compounds and flavonoids of
the extract of P. atlantica in order to assign particul ar antioxidant effectsto
the individual compounds of the extract.
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