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Summary

The water and MeOH extracts of the stems of Quercus
coccifera L. are screened for their radical scavenging activity
against 2,2-diphenyl-1-picryl hydrazyl (DPPH), superoxide
(SO) and nitric oxide (NO) radicals spectroscopically. Dose
dependent radical scavenging activity was observed and
the results were found to be comparable to that of known
antioxidant compounds BHA (3-t-butyl-4-hydroxyanisole),
ascorbic acid and quercetin. In addition, gallic acid equivalent
total phenolic contents of the plants were also determined
using Folin-Ciocalteau reagent.
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Quercus coccifera L.'nin Toplam Fenolik Igerigi ve
Antioksidan Aktivitesi

Ozet

Quercus coccifera L. govdelerinin su ve metanol ekstrelerinin
radikal siipiiriicii aktiviteleri 2,2-difenil-1-pikril hidrazil
(DPPH), siiperoksit (SO) ve nitrik oksit (NO) radikallerine
karst  spektroskopik olarak taranmigtir. Doza bagiml
radikal siipiiriicii aktivite gozlenmis ve sonuglarim BHA
(3-t-biitil-4-hidroksianisol), askorbik asit ve kersetin gibi
bilinen antioksidan bilesiklerle karsilastirilabiliv  oldugu
bulunmugtur. Ayrica bitkilerin gallik asite esdeger total fenol
icerikleri de Folin-Ciocalteau reaktifi ile tanmimlanmgtir.

Anahtar Kelimeler: Quercus, Fagaceae, Radikal siipiiriicii
etki, DPPH, Nitrik oksit, Siiperoksit, Total fenolik icerik
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INTRODUCTION

The genus Quercus (Fagaceae) is represented by 23
taxa in the flora of Turkey, 4 of them are endemic (1).
Quercus species have been used as antiseptic, antidi-
arrheal, hemostatic, wound healing, stomachic agent
and against for poisoning, from such as alkaloids,
copper, lead and heavy metal salts (2-4). In scientific
studies, antimicrobial, antiinflammatory, gastropro-
tective, antioxidant, cytotoxic and antitumoral prop-
erties were found in some species of Quercus (4-6). Q.
coccifera L. is native to the Mediterranean region of
Anatolia and called as “kermes oak and pinar”. It is
used for the treatment of diabetes and diarrhea (2,
6-9). Furthermore, the decoction of this plants used
for burns and wound healing (3, 10).

Previous chemical studies on the genus Quercus
led to the identification of flavonoids, tannins and
triterpenes (4). We have also reported the isolation
and structure elucidation of phytochemicals such as
ionon, phenols, lignans and catechin derivative from
the methanolic extract of the stems with barks of Q.
coccifera (11).

The imbalance between oxidants and antioxidants in
the body, leads to oxidative stress that is being sug-
gested as the root cause of aging and various human
diseases like atherosclerosis, stroke, diabetes, cancer
and neurodegenerative diseases such as Alzheimer’s
disease and Parkinsonism (12). Many diseases can
be attributed to the oxidation of molecules such as
DNA, carbohydrates, proteins or lipids, which are
necessary for proper life function (13). Natural and
synthetic antioxidants has been advised for use in the
treatment of various human diseases. Some synthetic
antioxidant compounds like butylated hydroxytolu-
ene, butylated hydroxyanisole commonly used in
processed foods. However, synthetic antioxidants
have shown potential health risks such as child hy-
peractivity, damage to the lungs, liver, and kidneys,
and toxicity, most notably possible carcinogenicity
(14-16). Therefore, to find new sources of safe and in-
expensive antioxidants of natural origin in order to
use them in foods and pharmaceutical preparations
to replace synthetic antioxidants is mandatory (17-
18). In recent years, the importance of studies on an-
tioxidants originated plants has increased.
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The aim of the present study is to characterize the
antioxidant capacity of Q. coccifera stems extracts by
determining their gallic acid equivalent total pheno-
lic content and their radical scavenging activity using
different radicals: DPPH, NO and SO.

MATERIALS AND METHODS

Plant Material

Quercus coccifera L. (Fagaceae) was collected from
Sertavul-Akgesme between Mut and Konya (Middle-
South Anatolia, Turkey), near roadway, 1600 m in
August 2008. It was identified by Prof. Zeki Aytag
(Department of Biology, Faculty of Sciences, Gazi
University). A voucher specimen has been depos-
ited in the Herbarium of the Faculty of Pharmacy,
Hacettepe University, Ankara, Turkey (HUEF 10003).

Extraction

Aqueous extract: The air-dried, powdered stems of Q.
coccifera (50 g) were extracted with distilled water
(2x500 mL) at 100 °C during 3 hours. The combined
aqueous extracts were dried in vacuo and lyophi-
lized to give water extract (4 g, 8%).

Methanolic extract: The air-dried, powdered stems Q.
coccifera (297 g) were extracted with MeOH (4 x 2 L)
at 45 °C during 3 hours. The combined MeOH ex-
tracts were evaporated under vacuum and lyophi-
lized to give MeOH extract (21.5 g, 7.2%).

General

DPPH, nitro blue tetrazolium (NBT), sodium ni-
troprusside, Folin—Ciocalteu reagent, gallic acid,
ascorbic acid were obtained from Sigma-Aldrich
Chem Co (St. Louis, MO). 3-t-butyl-4-hydroxyani-
sole (BHA) was purchased from Nacalai Tesque Co.
(Kyoto,Japan). Sulfanilamide and napthylethylene-
diamine dihydrochloride were obtained from Merck
Co. (Darmstadt, Germany).

DPPH radical scavenging effect

The DPPH radical scavenging effect was assessed
by the discoloration of methanol solution of 2,2-di-
phenyl-1-picrylhydrazyl (DPPH) spectroscopically;
butylhydroxyanisole (BHA) and ascorbic acid (AA)
were used as standard compounds (19-20). DPPH
(50 uL, 1 mM) solution was added to MeOH solution
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(200 pL) of the extract or standard compounds at
various concentrations. The reaction mixture was
shaken vigorously and the absorbance of remain-
ing DPPH was measured at 520 nm after 30 min.
The radical scavenging activity was determined by
comparing the absorbance with that of blank (100%)
containing only DPPH and solvent. All the analyzes
were done in triplicate. Radical scavenging activity
was expressed as the inhibition percentage and was
calculated using the following formula:

% Radical scavenging activity = [(Control absorbance—
Sample absorbance) / Control absorbance] x 100

SO radical scavenging activity by alkaline
DMSO method

The method of Elizabeth and Rao was used for the
detection of superoxide radical scavenging activity
of samples with slight modification. Briefly, a su-
peroxide radical was generated in a non-enzymatic
system. The reaction mixture containing 10 uL of
NBT (1 mg/mL solution in DMSO) and 30 uL of the
samples were dissolved in DMSO. 100 pl of alkaline
DMSO (1 mL DMSO containing, 5 mM NaOH in 0.1
mL water) was added to give a final volume 140 uL
and the absorbance was measured at 560 nm using
microplate reader (21, 22).

NO scavenging activity

In order to determine NO radical scavenging activity
of the extracts and references, 60 uL of serial diluted
sample was added into a 96-well flat-bottomed plate.
Following this, 60 uL of 10 mM sodium nitroprus-
side, dissolved in phosphate buffered saline (PBS),

were added to each well and the plate was incubated
under light at room temperature for 150 min. Finally,
an equal volume of Griess reagent (1% sulfanilamide,
0.1% napthylethylenediamine dihydrochloride, 2.5%
H,PO,) was added into each well in order to measure
the nitrite content. After chromofore was formed at
room temperature in 10 min, absorbance at 577 nm

was measured in a microplate reader (23, 24).

Estimation of total phenolic content

Antioxidant compounds generally contain phenolic
group (s) and the amount of phenolic compounds in
the extract was estimated by Folin-Ciocalteu reagent.
Briefly, 10 pL sample or standard (50-500 mg/L gallic
acid) plus 150 pL diluted Folin-Ciocalteu reagent (1:4
reagent:water) was placed in each well of a 96-well
plate, and incubated at room temperature for 3 min.
Following the addition of 50 pL sodium carbonate
(2:3 saturated sodium carbonate: water) and a further
incubation of 2 h at room temperature, absorbance
was read at 725 nm. Quantification was done based
on the standard curve of gallic acid. The total pheno-
lic content was expressed as gallic acid equivalents
(GAE) in milligrams per gram extract. All tests were
conducted in triplicate (25).

RESULTS AND DISCUSSION

Radical scavenging activity results against 2,2-diphe-
nyl-1-picryl hydrazyl (DPPH), superoxide (SO) and
nitric oxide (NO) radicals of the H)O and MeOH ex-
tracts of the stems of Q. coccifera and controls were
shown on Table 1 in addition to their gallic acid
equivalent total phenolic contents.

Table 1. Radical scavenging capacity and Total phenolic content of plant extracts with references

DPPH NO SO Tota] Phenolic
IC,, (ng/mL) IC,, (ng/mL) IC,, (ng/mL) (mg/g dry extract)
Quercus MeOH extract 43.25 128.8 12.15 136.42
Quercus H,0O extract 67.84 313.75 394.7 89.16
BHA 16.20 500.2 824.8 -
AA 13.78 513.6 68.08 -
Quercetin 12.81 92.6 11.60 -
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Figure 1. DPPH radical scavenging activity of Q. coccifera extracts

Both extracts showed dose dependent DPPH radi-
cal scavenging ability (Fig. 1). While they show good
radical scavenging activity against DPPH radical,
their activities are not stronger than those of stan-
dard compounds BHA, ascorbic acid and quercetin.
Their IC,, values were found as: 67.84 ug/mL for
aqueous extract and 43.25 ng/mL for MeOH extract.
This activity for methanol extract of Q. coccifera was
found very close to that of reference compounds
BHA, ascorbic acid and quercetin at 100 ng/mL con-
centration (Fig. 1).

SO scavenging activity of the extracts were tested in
the concentration range of 10-400 ug/mL and while
methanol extract was found more active than the
aqueous extract, ascorbic acid was the most active

compound in all tested concentrations. Both extracts
showed dose dependent SO scavenging activity

(Fig. 2).

Our data showed significant dose dependent NO
scavenging activity for both extracts then the reference
compounds BHA and ascorbic acid in all tested con-
centration (Fig.3). Especially, methanol extract showed
stronger radical scavenging activity than quercetin up
to 100 ug/mL concentration and its activity was com-
parable to that of quercetin at higher concentrations.

And the levels of gallic acid equivalent total phe-
nolic contents of MeOH extract of Q. coccifera were
found very good and higher than that of H,O extract
(Table 1).
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Figure 2. SO radical scavenging activity of Q. coccifera extracts
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Figure 3. NO radical scavenging activity of Q. coccifera extracts

Different types of oxygen species such as superoxide
anion, singlet oxygen and hydroxyl radicals along
with peroxides and transition metals have degen-
erative effects to living cells and DNA in human
body. The role of free radicals and reactive oxygen
species are becoming increasingly important in the
pathogenesis of diabetes, arteriosclerosis, cardiovas-
cular diseases, cancer and several neurodegenerative
disorders. Resent investigations have indicated that
effective antioxidants are getting increasingly impor-
tant in disease prevention and therapy (13, 26-27). So
that the research for active antioxidants from natural
sources is necessary and very important for the new
drug development. In summary, these results of the
present study showed that the especially methanol
extract of Q. coccifera is a very important source for
natural antioxidant agent(s). Our phytochemical and
biological researches on this material are still con-
tinuing and further research is needed to clarify the
active compoundy(s).
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