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a b s t r a c t

The purpose of this study was to evaluate the antioxidative activities of water and 70% ethanolic extracts
from the Thymus quinquecostatus Celak (TQC) for natural antioxidant source. The antioxidant activities
were compared with other natural and synthetic antioxidants. The levels of total polyphenols and flavo-
noids were also determined. The extracts were found to have different levels of antioxidant properties in
a few kind of assay. The results showed that higher radical scavenging activity, reducing power and anti-
oxidant capacity in FRAP than those of BHT as a positive control. In addition, the extracts from the TQC
leaf and stem showed stronger antioxidant activity than that of vitamin C, a-tocopherol in ferric thiocy-
anate (FTC) and thiobarbituric acid (TBA) methods. Cytoprotective and anti-apoptotic effect of water
extracts from TQC was also prevented t-BHP-induced toxicity in Chang liver cells. Therefore, these results
indicate that TQC extracts have antioxidant properties through its ability to enhance the cell viability,
reduction of production of ROS, inhibition of oxidative damage, mitochondria dysfunction and ultimately
inhibition of cell apoptosis. Based on the results described above, it is suggested that TQC has the poten-
tial to protect liver on t-BHP-induced cell damage and should be considered as a prospective functional
food.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Free radicals and reactive oxygen species (ROS) are mainly pro-
duced by mitochondrial oxidative metabolism and cytochrome
P450 systems in hepatocytes. However, when the ROS production
is greater than the detoxification capacity of the cell, excessive
ROS causes extensive damage to DNA, proteins, and lipids, and acts
as a mediator of pro-inflammatory, abnormal proliferative, and car-
cinogenic events (Simonian and Coyle, 1996; Mehendale et al.,
1994). Antioxidants protect other molecules from oxidation when
they are exposed to free radicals and reactive oxygen species, which
have been implicated in the of many diseases and in food deteriora-
tion and spoilage (Koleva et al., 2000). Synthetic antioxidants such
as butylated hydroxyl toluene (BHT) and butylated hydroxyl ani-
sole (BHA) have been widely used as antioxidants in the food indus-
try. However the safety of these synthetic antioxidants has been
questioned. Therefore, there is an increasing interest in natural

antioxidants, which might help prevent oxidative damage (Silva
et al., 2005). The antioxidant phytochemicals from plants, particu-
larly flavonoids and polyphenols, have been reported to inhibit
the propagation of free radical reactions, protecting the human
body from various diseases (Kinsella et al., 1993). Thymus quinqu-
ecostatus Celak (TQC) is a kind of aromatic herbs that belong to
the Lamiaceae family. Two varieties of T. quinquecostatus (T. quinqu-
ecostatus var. japonica and T. quinquecostatus Celak) are found in
Korea. These plants have been used as food additive, flavoring prop-
erty cause of unique fragrance (Baik et al., 2009) and diaphoretics,
antiflatulents, antitussives and perfumes in folk medicine. How-
ever, recent studies are nothing presence of antioxidant activity
in the TQC. There are just reported to have anti-tumor effect (Sun
et al., 2005), immunological effects in vivo (Sun et al., 2003) in
TQC. tert-butyl hydroperoxide (t-BHP) is an organic lipid hydroper-
oxide analog, which is commonly used as a pro-oxidant for evaluat-
ing mechanisms involving oxidative stress in cells and tissues (Rush
et al., 1985; Khadidja et al., 2008). Therefore, this study was mainly
focused on the antioxidant effects of TQC through the contents of
total polyphenols, flavonoid and the antioxidant properties in sev-
eral kinds of assays, protective effect of TQC extracts against the
ROS/oxidative stress in t-BHP induced cell damage. Thus, it could
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be a potential application of TQC as natural antioxidant supplemen-
tary foods in the food industry.

2. Materials and methods

2.1. Materials

tert-Butyl hydroperoxide (t-BHP), 5,5-dimethyl-1-pyrroline N-oxide (DMPO),
20 ,7-dichlorodihydrofluorescin diacetate (DCFH-DA), 2,4,6-tripyridyl-s-triazine
(TPTZ), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
2,2-azobis(2-amidinopropane) hydrochloride (AAPH), 2,20-azino-bis(3-ethylbenzo-
thiazoline-6-sulfonic acid) as diammonium salt (ABTS), 2,2-diphenyl-1-pic-
rylhydrazyl (DPPH) and (4-pyridyl-1-oxide)-N-tert-butylnitrone (4-POBN), linoleic
acid, ammonium thiocyanate, 2,6-di-tert-butyl-4-methylphenol (BHT), 3-(2-pyri-
dyl)-5,6-bis(4-phenyl-sulfonic acid)-1,2,4-triazine (ferrozine) and catechin, Potas-
sium ferricyanide, trichloroacetic acid (TCA), thiobarbituric acid (TBA), ferrous
and ferric chloride were purchased from Sigma Chemical Co. (St. Louis, MO, USA).
In addition, the TQC was obtained at Jayang Farm (Chungju, Korea). All other re-
agents were of the highest grade available commercially.

2.1.1. Preparation of extracts from the TQC
The TQC was extracted with water and 70% ethanol. The 70% ethanolic extracts

were prepared by two times with 70% ethanol under reflux for 1 day and filtered
two times with whatman No. 41 and No. 5 at room temperature (R.T.). The filtrate
was evaporated by an evaporator (EYELA, Tokyo, Japan) at 40 �C and then lyophi-
lized in a freeze-dryer (Samwon, Busan, Korea) to obtain freeze-dried extract. The
water extracts were decocted for approximately 2 h one time, filtered and then
lyophilized as ethanol extracts. The dried extract was weighed, and the extract yield
was then calculated and expressed as the percentage of the weight of the crude ex-
tract to the raw material (10 g).

2.1.2. Identification of the main compound
The comparative HPLC analysis of the crude extracts, authentic 2-isopropyl-5-

methyl phenol (thymol) and 5-isopropyl-2 methyl phenol (carvacrol) confirmed
that the chromatogram of the active peak matches that of thymol, carvacrol. In or-
der to determine their contents, HPLC analysis was carried out according to the fol-
lowing conditions. HPLC (Shimadzu, Kyoto, Japan) and Alltima HP C18 column
(250 � 4.6 mm) were used with methanol: water: acetic acid (60:40:2) as a mobile
phase. The flow rate was 1.0 mL/min and compounds were detected at 280 nm. The
retention times for thymol and carvacrol were 32.2 min and 33.9 min, respectively.

2.2. Determination of total polypenol contents

Total phenolic contents of TQC extracts were determined using Folin–Ciocalteu
assay (Aline et al., 2005). Briefly, 10 mg of TQC extracts were individually dissolved
in 10 mL of D.W. Then, 0.1 mL of these solutions was mixed with 50 lL of 50% Fo-
lin–Ciocalteau reagent, and 150 lL of 20% sodium carbonate (Na2CO3). After incuba-
tion at R.T. for 30 min, the absorbance of the reaction mixtures were measured at
760 nm by a spectrophotometer (SECOMAM, Ales, France). Gallic acid was used
as a standard, and the total polyphenol contents of TQC extracts were expressed
in milligram gallic acid equivalents (mg GAE/g extract).

2.3. Determination of total flavonoid contents

Total flavonoid contents were determined by the aluminum colorimetric meth-
od (Quettier-Deleu et al., 2000), using catechin as a standard. Briefly, the test sam-
ples were individually dissolved in D.W. Then, the sample solution (150 lL) was
mixed with 150 lL of 2% AlCl3. After 10 min of incubation at ambient temperature,
the absorbance of the supernatant was measured at 510 nm by using a spectropho-
tometer. The total flavonoid content was expressed as catechin equivalents in mil-
ligram per gram extract (mg CE/g extract).

2.4. Radical scavenging activity by ESR measurement

2.4.1. DPPH radical scavenging activity
The DPPH radical scavenging activity was measured using an ESR spectrometer

(JES-FA machine; JOEL, Tokyo, Japan) according to the technique described by Kim
et al. (2008). Sixty microlitres of each sample (or ethanol itself as control) was
added to 60 lL of DPPH (60 lM) in ethanol. After 10 s of vigorous mixing, the solu-
tions were transferred to Teflon capillary tubes and fitted into the cavity of the ESR
spectrometer. The spin adducts were determined by the ESR spectrometer exactly
2 min later under the measurement conditions.

2.4.2. Alkyl radical scavenging activity
Alkyl radicals were generated by AAPH. The PBS (pH 7.4) reaction mixtures con-

taining 40 mM AAPH, 40 mM 4-POBN and indicated concentrations of tested sam-
ples were incubated at 37 �C in a water bath for 30 min and then transferred to
100 lL Teflon capillary tube and measured the spin adduct.

2.4.3. Hydroxyl radical scavenging activity
Hydroxyl radicals were generated via the Fenton reaction, and reacted rapidly

with nitrone spin trap DMPO. The resultant DMPO-OH adducts were detected using
an ESR spectrometer. Reaction mixtures containing 100 lL of 0.3 M DMPO, 100 lL
of 10 mM FeSO4, and 100 lL of 10 mM H2O2 were mixed with the test samples, and
then transferred to a Teflon capillary tube and determined the spin adduct.

2.5. ABTS radical scavenging activity

The total antioxidant activities of the water and 70% ethanolic extracts from
TQC were measured by the ABTS� radical cation decolorization assay involving the
preformed ABTS� radical cation (Re et al., 1999; Erkan et al., 2008). ABTS radical cat-
ion (ABTS�) was produced by the 7 mM ABTS stock solution with 2.45 mM potas-
sium persulfate (K2S2O8) and allowing the mixture to stand in the dark at R.T. for
14 h before use. To determine the scavenging activity, 0.9 mL of ABTS reagent
was mixed with 0.1 mL of extracts and the absorbance was measured at 734 nm
after 6 min of reaction at R.T. The antioxidant activities of TQC extracts were ex-
pressed by trolox equivalents antioxidant capacity (TEAC), as mM trolox equiva-
lents/mg extract.

2.6. FRAP (ferric reducing antioxidant power) assay

For obtaining the antioxidant capacity, the FRAP (ferric reducing antioxidant
power) method was conducted according to Benzie and Strain (1996). To conduct
the assay, a 3 mL aliquot of a FRAP reagent, a mixture of 0.3 M acetate buffer,
10 mM TPTZ in 40 mM HCl, and 20 mM ferric chloride (10:1:1 v/v/v), were com-
bined with 1 mL of TQC extract. To determine the antioxidant capacity of the sam-
ples, the absorbance values were compared with those obtained from the standard
curves of FeSO4 (0–10 mM). The antioxidant capacity values were expressed as mM
FeSO4 equivalent in mg extract (mM FeSO4 eq./mg extract).

2.7. Reducing power

The reducing power of the TQC extracts was determined according to the meth-
od described by Chung et al. (2005). A 0.25 mL aliquot of each extracts (0.1–1.0 mg/
mL), BHT (0.1–1.0 mg/mL) were mixed with an equal volume of 0.2 M phosphate
buffer (pH 6.6) and 1% potassium ferricyanide, and then incubated at 50 �C for
20 min. 0.25 mL of 10% trichloroacetic acid was added to the mixture to stop the
reaction, and then the mixture was centrifuged at 13,000g for 5 min. The superna-
tant (0.5 mL) was mixed with 0.5 mL distilled water and 0.1% FeCl3 (0.1 mL), and
then the absorbance was measured at 700 nm against blank sample. BHT was used
as a positive control. A higher absorbance of the reaction mixture indicated greater
reducing power.

2.8. Lipid peroxidation inhibition assay in linoleic acid system

2.8.1. Ferric thiocyanate (FTC) method
The FTC method was used to determine the amount of peroxide at the initial

stage of lipid peroxidation. The method was followed of Chang et al. (2002). A reac-
tion solution, containing extracts (4 mL, 1.0 mg/mL), 2.51% linoleic acid emulsion
(4 mL), phosphate buffer (8 mL, 0.05 M, pH 7.0) and D.W (3.9 mL) was placed in a
glass vial with a screw cap and mixed with a vortex mixer. The reaction mixture
was incubated at 40 �C in the dark and the degree of oxidation was measured
according to the thiocyanate method. The peroxide value was determined by
recording the absorbance at 500 nm every 2 days until the absorbance of the con-
trol reached a maximum.

2.8.2. Thiobarbituric acid (TBA) method
The samples prepared for FTC method were used for this assay. To 1 mL of the

sample solution in a 10 mL tube, was added 2 mL of 20% aqueous trichloroacetic
acid and 2 mL of 0.67% aqueous thiobarbituric acid by kikuzaki and Nakatani
(1993). The mixture was placed in a boiling water bath for 10 min. After cooling,
it was centrifuged at 3000 rpm for 20 min. Absorbance of the supernatant was mea-
sured at 532 nm. Antioxidant activity was based on the absorbance of the final day
of TBA assay.

2.9. Cell viability

The cell viability was estimated by MTT assay, which is a test of normal meta-
bolic status of cells based on the assessment of mitochondrial activities (Je et al.,
2009). Chang liver cells were seeded in 96-well plate at a concentration of
4.0 � 105 cells/mL. After 20 h, the cells were treated with different concentrations
of various ethanol extracts from TQC, and incubated in a humidified incubator at
37 �C for 1 h. Then, 80 lM t-BHP was added as final concentration, and incubated
for 24 h. Thereafter, a 100 lL of MTT stock solution (0.5 mg/mL) was added and
incubated for 4 h. Then, the supernatants were aspirated and the formazan crystals
in each well were dissolved in 150 lL of DMSO. Absorbance was measured by spec-
troflurometer (SpectraMax M2/M2e, CA, USA) at a wavelength of 540 nm. The opti-
cal density of the formazan formed in the control cells was taken as 100%.
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