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ABSTRACT

The antioxidative activities of subfractions; methanol (CE), chloroform (CHE) and ethyl acetate (EAE) of Teucrium
polium extracts (TPE) were investigated. HPLC analysis of the plant revealed the existence of procyanidins B; and B,,
gallic acid, catechin and epicatechin. All the extracts showed inhibitory properties on xanthine oxidase, with ICsorang-
ing from 0.80 + 0.07 to 11.76 + 0.50 uM/quercetin equivalent. In the cellular system, all the extracts showed a protec-
tive effect greater than those of quercetin, rutin and gallic acid against t-BHP induced oxidative damages in human
erythrocytes. These results were clearly confirmed by a modified thiobarbituric acid-reactive species (TBARS), and
[-carotene/linoleic acid assay which demonstrated that CHE possess an inhibition ratio of the linoleic acid oxidation
(83.11%) close to that of BHT (96.77%). In addition, the results showed that the extracts possess a potent DPPH radical
scavenging activity and gave a reduction power greater than rutin, quercetin, gallic acid and ascorbic acid in FRAP as-
say. These results show that Teucrium polium extracts have strong antioxidant effects and may have some clinical bene-

fits.

Keywords: Xanthine Oxidase; Antioxidant; Superoxide Scavenger; Teucrium polium

1. Introduction

Oxidative stress is defined in general as excess formation
and/or incomplete removal of highly reactive molecules
such as reactive oxygen species (ROS). In vivo, some of
these ROS play a positive role such as energy production,
phagocytosis, regulation of cell growth and intracellular
signaling [1]. On the other hand, ROS are also capable of
damaging a wide range of essential biomolecules includ-
ing proteins, DNA and lipids [2], eventually leading to
many chronic diseases, such as atherosclerosis, cancer,
diabetes, aging, and other degenerative diseases in hu-
mans [3]. One of the very important enzyme that has
been reported to increase during oxidative stress is xan-
thine oxidase (XO), which is conventionally seen as a
late enzyme of purine catabolism, catalysing the oxida-
tion of hypoxanthine to xanthine and of xanthine to uric
acid [4]. In the context of the inflammatory response, XO
is believed to combat infection by generating ROS and
can be seen as an agent of innate immunity [5]. Hyperu-
ricemia leads to the accumulation of uric acid in joints
and kidneys causing acute arthritis and uric acid nephro-
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lithiasis. One therapeutic approach for gout is the use of
XO inhibitors such as allopurinol [6], however, allopuri-
nol use can result in a number of adverse side effects [7],
ranging from mild skin allergy to a concerted allopurinol
hypersensitivity syndrome [8]. Thus, there is a need to
develop compounds with XO inhibitory activities but
devoid of the undesirable effects of allopurinol. There is
a growing interest in natural phenolic antioxidants, pres-
ent in medicinal plants that might help attenuate oxidat-
ive damage [9]. Epidemiological studies have shown that
many of these antioxidant compounds possess anti-in-
flammatory, antiatherosclerotic, antitumor, antimutagen-
ic, anticarcinogenic, antibacterial, or antiviral activities to
a greater or lesser extent [3], and it was found that their
antioxidant activity surpasses the effect of known anti-
oxidants, such as the vitamins A and E [9]. The tradit-
ional medicinal plant Teucrium polium L. (Labiatae) is a
perennial shrub widely distributed in the hills and deserts
of Mediterranean countries [10]. This plant is used to
prepare herbal tea, which is used as an appetizer espe-
cially in children and also as a spice. An infusion of the
leaves and flowers of the plant is consumed as a refresh-
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ing beverage [11]. Teucrium polium and related species
(Teucrium oliverianum and Teucrium mascatense) are
commonly used in folk medicine for various types of
pathological conditions. Previous studies have demons-
trated some of the pharmacological effects of Teucrium
polium such as anti-bacterial [12], anti-inflammatory [13,
14], anti-ulcerogenic [15], anti-nociceptive [14,16], anti-
diabetes [17], antihypertensive [18], hypo-lipidemic [19]
and calcium antagonist [20]. The goal of this study was
to investigate the antioxidant and radical scavenging ef-
fects of the T poluim and its active fractions by applying
various established in vitro assays.

2. Material and Methods
2.1. Materials

Teucrium polium was harvested from natural resources
from Setif, Algeria in 2008 during the spring (May-June)
mainly at flowering stage. Plant parts were dried for 10 -
15 days in shadow at room temperature then powdered
and stocked in darkness until use. The authenticated was
confirmed by Pr Hocine LAOUAR. A specimen was
deposited at the Laboratory of Botany, Faculty of natural
and life sciences, University Ferhat Abbas Setif, Algeria.
Bovine milk and eggs were obtained from a local farm
(Setif). Blood samples were obtained from healthy do-
nors at University Hospital of Setif. All the other re-
agents were purchased from Sigma chemicals (Germany)
and Fluka. Xanthine oxidase is prepared in our laboratory
as described by Baghiani et al. (2002).

2.2. Methods

2.2.1. Phenolic Compounds Extraction

The extractions were carried out using various polar and
non polar solvents, according to the method of Markham
[21]. 100 g of dried Teucrium polium (TP) shoots were
ground in warring blender. They were mixed with a 10 - 20
volume of 85% aqueous methanol (MeOH). The slurry was
placed on shaker for 24 hours. The extracts were filtered
through a Buchner funnel and the MeOH was removed on
rotary evaporator to give crude extract (fraction labelled
CE). The aqueous solution was extracted with hexane sev-
eral times to eliminate lipids, and then it was partitioned
against chloroform to give chloroform extract (fraction la-
belled CHE). The remaining aqueous phase was exhaust-
tively extracted with ethyl acetate (EtOAc) until the final
EtOAc extract was colorless (fraction labelled EAE), the
remaining aqueous extract was labelled AE. All the sol-
vents were removed by evaporation under reduced pressure
and the extracts were stored at —20°C until use.

2.2.2. Determination of Total Polyphénols and

Flavonoids
Total polyphenols were measured using Prussian blue as-
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say according to Graham [22]. Phenolics were expressed
as gallic acid equivalents (Gal A Eq). Briefly 0.1 mL of
TPE are dissolved in methanol, 3 mL distilled water were
added and mixed, then 1 mL of K;Fe(CN)s(0.016 M) was
added to each sample, followed by the addition of 1 mL of
FeCl; (0.02 M dissolved in 0.1 M HCI). It was immedi-
ately mixed using a vortex, after adding the reagents to the
sample, 5 mL stabilizer (30 mL gum arabic (1%), 30 mL
H;PO, (85%) and 90 mL of distilled water) were added to
the sample. The absorbance was measured at 700 nm. The
amount of total polyphenols in different extracts was de-
termined from a standard curve of gallic acid.

Flavonoids were quantified using aluminium chloride
reagent AlICl; [23]. Flavonoids were measured as que-
rcetin equivalents (Quer-Eq). 1 mL of Tp samples are dis-
solved in methanol, then 1 ml of AICl; (2% in MeOH)
was added, after incubation for 10 min, the absorbance
was measured at 430 nm.

2.2.3. Determination of Proanthocyanidins
Proanthocyanidins (Flavan-3-olunits) were measured using
HCl-acidifieddimethylamino-cinnamaldehyde (DMACA)
[24]. Two gram of DMACA was dissolved in 100 ml of
50% methanol in HCI (6N). To 9 ml of this solution, 16 ml
of methanol were added and the resulting solution was used
in the assay. Catechin (1 - 25 ug/ml) was used to elaborate
the standard curve. This assay was carried out using a mul-
tiparameter analyser Hitachi at 660 nm and 37°C. Diluted
sample (20 pul) was added to the reaction tubes followed by
280 ul of distilled water and 300 ul of DMACA solution.
After 5 minutes the absorbance of this solution was meas-
ured. Results were expressed as mg equivalent catechin per
gram dry weight of extract. After the identification of some
catechins, their concentrations in TPE were calculated. The
concentration of procyanidin By, procyanidin B,, catechin
and epicatechin in were estimated by HPLC-DAD analysis
using the internal standard method. Procyanidin B, pro-
cyanidin B,, catechin and epicatechin were injected onto
the HPLC system at the same time with sample. The sur-
face under the peak was used to estimate each compound
compared with the peak of the standard. The results were
expressed as mg/g dry weight.

2.2.4. HPLC Analysis of Phenolic Compounds in
Teucrium polium Extract

Plant extract was subjected to HPLC analysis using a Var-
ian 5500 Chromatograph connected to a Waters 990 Diode
Array detector. The column was a Merck Superspher 100
RP 18 - 4 um (250 mm, ID 4 mm) protected with a pre-
column of the same material. The flow rate was 0.8 ml/
min the pressure was 108 atmospheres and the oven tem-
perature was set to 23°C. The elution of the column was
performed under gradient conditions. The mobile phase
consisted of A: 1% acetic acid; B: 6% acetic acid and C:
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(5% acetic acid +30% acetonitrile).

The gradient program was as described bellow [25].
The identification of phenolic compounds in the extract
was made by comparison of the retention time and the
spectral characteristics of the resulting peaks with stan-
dards processed under the same conditions.

2.2.5. Effects of Teucrium polium Extracts on the
Generation of O; Radicals

Anti-radical activity was determined spectrophotometri-
cally according to Robak and Gryglewski [26], by monit-
oring the effect of TPE on superoxide anion radicals
(O ) produced by xanthine/xanthine oxidase system.
These radicals are able to reduce cytochrome c. The reac-
tion mixture contained xanthine (100 puM), horse heart
cytochrome ¢ (25 uM), in air-saturated sodium phosphate
buffer (50 mM, pH 7.4), supplemented with 0.1 mM
EDTA and various concentrations of TPE. The reactions
were started by addition of XO. Within 2 min, reduced
cytochrome ¢ was spectrometrically determined at 550
nm against enzyme-free mixture using. The cytochrome
¢ activity was calculated using an absorption coefficient
of 21.100 M "-cm ', and the sensibility of the reaction
was determined by using bovine erythrocytes superoxide.

2.2.6. Effects of Teucrium polium Extracts on
Xanthine Oxidase Activity

The effect of TPE on the xanthine oxidation was exam-
ined spectrophotometrically at 295 nm following the pro-
duction of uric acid using an absorption coefficient of
9600 M -cm™'. Assays were performed at room temp-
erature, in presence of final concentration of 100 uM of
xanthine, in air saturated sodium phosphate buffer (50
mM, pH 7.4) with various amounts of TPE dissolved in
MeOH. Control experiments revealed that solvent didn’t
influence the activity of XO at this concentration. The
reaction was started by the addition of XO (1176 nmol of
urate/min/mg protein) for Enzyme activity of the control
sample was set to 100% activity. The percent inhibition
was calculated by using the following formula.

Inhibition % = 100(Control OD — Sample OD)/Control OD

2.2.7. Measurement of Superoxide Anion Scavenging
Activity

The superoxide scavenging ability of the TPE was asse-
ssed by a modified method [27]. Superoxide anions were
generated in samples that contained 100 pl each of 1 mM
NBT, 3 mM NADH and 0.3 mM PMS and the final vol-
ume was adjusted to 1 ml with 0.1 M phosphate buffer
(pH 7.8). The reaction mixture (NBT and NADH) was
incubated with or without extracts at ambient temperature
for 2 min and the reaction was started by adding PMS.
The absorbance at 560 nm was measured. Decrease in
absorbance in the presence of various plants extracts in-

Copyright © 2012 SciRes.

dicated O, scavenging activity. The percent scavenging
activity was calculated by using the following formula.
S.S.A. (%) = 100(Control OD — Sample OD)/Control OD
where S.S.A. = Superoxide scavenging activity.

2.2.8. Evaluation of Red Blood Cells Haemolysis

Blood (10 - 20 ml) was obtained from healthy volunteers.
Human erythrocytes from blood were isolated by cent-
rifugation at 3000 g for 10 min and washed four times
with rotect e buffer, and then re-suspended using the same
buffer to the desired hematocrit level. Cells stored at 4°C
were used within 6 h of sample preparation. In order to
induce free-radical chain oxidation in erythrocytes, Hu-
man red blood cells (RBC) suspensions (2% hematocrit)
were treated with fert-butyl hydroperoxide (¢-BHP) (500
uM final concentration) [28]. At the end of 2 h of incuba-
tion, the extents of hemolysis were evaluated as described
below. To assay the antioxidant rotecttive effect of TPE
on RBC from oxidative injury, the cells were pre-treated
for 15 min, in the absence or presence of 2 mg/ml of TPE
or antioxidant, before the induction of oxidative stress.
After the oxidative treatment, samples were centrifuged at
1500 g for 10 min, and the absorption (4) of the super-
natant (S1) at 540 nm was measured. The precipitates
(packed RBC) were then haemolysed with 40 volumes of
ice-cold distilled water and centrifuged at 1500 g for 10
min. The supernatant (S2) was then added to S1 and the
absorption (B) of the combined supernatants (S1 + S2)
was measured at 540 nm; the percentage of haemolysis
was calculated from the ratio of the readings: (4/B) x 100.

2.2.9. Thiobarbituric Acid-Reactive Substances Assay

A modified thiobarbituric acid-reactive species (TBARS)
assay [29] was used to measure the lipid peroxide formed,
using egg yolk homogenates as lipid rich media. Mal-
ondialdehyde (MDA reacts with two molecules of thio-
barbituric acid (TBA) yielding a pinkish red chromogen
with an absorbance maximum at 532 nm. Egg homoge-
nate (0.5 ml of 10% v/v) and 0.1 ml of various concen-
tration TPE were added to a test tube and made up to 1

ml with distilled water, 0.05 ml of FeSO4 (0.07 M) was
added to induce lipid peroxidation and incubated for 30
min, then 1.5 ml of 20% acetic acid (pH adjusted to 3.5
with NaOH) and 1.5 ml of 0.8% (w/v) TBA in 1.1% so-
dium dodecyl sulphate and 0.05 ml 20% trichloroacetic
acid (TCA) were added then heated at 95°C for 60 min.
To eliminate this non-MDA interference, another set of
samples was treated in the same way, incubating without
TBA, to subtract the absorbance. After cooling, 5.0 ml of
butan-1-ol were added to each tube and centrifuged at
3000 rpm for 10 min. The absorbance of the organic up-
per layer was measured and the inhibition of lipid per-
oxidation (%) by the extract was calculated according to:

Inhibition of lipid peroxidation (%) = 100(1 — E)/C,
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C: is the absorbance value of the fully oxidised control, E:
is (AbSS32+TBA — AbSS32:|'BA)].

2.2.10. g-Caroten-Linoleic Acid Assay

In this assay, antioxidant capacity is determined by meas-

uring the inhibition of the volatile organic compounds and

the conjugated diene hydroperoxides arising from linoleic

acid oxidation [30]. A stock solution of S-carotene-lino-

leic acid mixture was prepared as follows: 0.5 mg f-carot-

ene was dissolved in 1 ml of chloroform (HPLC grade)

and 25 pl linoleic acid and 200 mg Tween 40 were added.

Chloroform was completely evaporated. Then, 100 ml

distilled water saturated with oxygen (30 min, 100 ml/min)
were added with vigorous shaking. 2500 pL of this reac-

tion mixture were dispensed into test tubes and 350 pl of
the TPE, prepared at 2 g/l concentrations, were added and

the emulsion system was incubated for 48 h at room tem-

perature. The same procedure was repeated with synthetic

antioxidant, BHT, as positive control, and a blank. After

this incubation period, absorbances of the mixtures were

measured at 490 nm. Antioxidative capacities of the ext-

racts were compared with those of BHT and blank.

2.2.11. DPPH Assay

The hydrogen atom or electron donation abilities of TPE
and some pure compounds were measured from the ble-
aching of the purple-coloured methanol solution of 2,20-
diphenylpicrylhydrazyl (DPPH). This spectrophotometric
assay uses the stable radical DPPH as a reagent [31]. 50 ul
of various concentrations of the extracts in methanol
were added to 5 ml of a 0.004% methanol solution of
DPPH. After a 30 min incubation period at room tem-
perature, the absorbance was read against a blank at 517
nm. Inhibition of free radical DPPH in percent (1%) was
calculated in following way:

I% = 1OO(AAblank - Asample)/Ablank

where A .. 1S the absorbance of the control reaction
(containing all reagents except the test compound), and
Agmple 1 the absorbance of the test compound. Extract
concentration providing 50% inhibition (ICsy) was cal-
culated form the plot of inhibition percentage against
extract concentration. Tests were carried out in triplicate.

2.2.12. Ferrous Ion Chelating Activity

Ferrous ion chelating activity was measured by inhibition
of the formation of iron (II)-ferrozine complex after tre-
atment of various concentration of TPE with Fe*', fol-
lowing the method of Decker and Welch [32]. The reac-
tion mixture (1.50 ml) contained 500 pl test material or
EDTA, 100 pl FeCl, (0.6 mM in water) and 900 ul
MeOH. The control contained all the reaction reagents
except the extract and EDTA. The mixture was shaken
well and allowed to react at room temperature for 5 min;
100 pL of ferrozine (5 mM in methanol) was then added.
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The absorbance of the Fe’"-ferrozine complex was mea-
sured at 562 nm. The chelating effect was calculated as a
percentage, using the equation below, an ICsy value de-
fined as the effective concentration of test material which
produces 50% of maximal scavenging effect.
Chelating effect (%) = 100(1 — Agampie/ Acontrol)

2.2.13. Ferric Reducing Ability of Plasma Assay
(FRAP)

The antioxidant capacity of each sample was estimated
according to Pulido et al. [33]. Briefly, 900 pL. of FRAP
reagent, prepared freshly and warmed at 37°C, was mixed
with 90 pL of distilled water and 30 uL of test sample.
Readings at the absorption maximum (593 nm were taken
every 15 s, the reaction monitored for up to 30 min. Me-
thanolic solutions of known Fe(II) concentrations in the
range of 100 - 2000 umol/L (FeSO,7H,0) were used for
calibration.

2.2.14. Statical Analysis

All determinations were conducted in triplicate or more
and all results were calculated as mean =+ standard devia-
tion (SD). In this study, Statistical analysis was perfo-
rmed using Student’s f-test for significance and analysis
of variance (ANOVA) followed by Dunnet’s test were
done for the multiple effects comparison of the different
extracts. The p values less than 0.05 were considered st-
atistically significant.

3. Results and Discussion

3.1. Extraction and Determination of Total
Polyphenol Contents

Plants extracts preparations of Teucrium polium were ca-
rried out using various polar and non polar solvents [21].
The estimate of yields in relation to the total powder
weight (100 g) of plant shows that the CE has the high
yield 20.077% =+ 1.034% followed by AE with 10.04% =+
0.495% while the other extracts displayed the lower yi-
elds (Table 1).

Total phenolicand flavonoids contents were expressed
as mg gallic acid equivalents per gram dry weight (mg
GA-Eq/g) and mg quercetin equivalents per gram dry
weight (mg Q-Eq/g) (Table 1: A,B), respectively. There
was a wide range of phenol concentration in different
extracts. The highest level of polyphenols was recorded
in EAE followed by CHE (Table 1: A).

Flavonoids were quantified using AICl; method desc-
ribed by Bahorun et al. [23]. Quercetin (Quer) and Ru-
tin (Rut) are used as standards. Results showed that EAE
gave the greatest level (Table 1: B). In this study, an att-
empt was made to quantify and identify polyphenols in
Teucruim polium. This plant contains polyphenols and
flavonoids mainley procyanidins as determined by HPLC
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Table 1. The yield, total phenolic* and flavonoid content®in
Teucrium polium L extracts.

Extracts (W/W) yield (%) A B
Crud 20.07 +1.03 2691 +1.94 9.68 + 1.38
Chloroforme 0.78+0.11 56.27+1.91 498 +0.41
Ethyl acetat 1.47+0.12 105.11+0.40  51.03+3.80

Each value represents the mean + SD (n = 3). “Total phenolic content was
expressed as mg gallic acid equivalents/g dried extract. “Total flavonoid
content was expressed as mg quercetin equivalents/g dried extract.

techniques (Figure 1). Procyanidins were quantified in
the crude extract showing 12 mg/g dry weight of total pr-
ocyanidins containing procyanidin B1 (0.4 mg/g), pro-
cyanidin B2 (0.005 mg/g), Catechin (0.003 mg/g) and
epicatechin (0.92 mg/g).

3.2. Effects of TPE on the Generation of O} by
the Xanthine/Xanthine Oxidase System

Cytochrome ¢** has been extensively used for the O}
detection produced in biological systems due to its fast
superoxide-mediated reduction to cytochrome ¢* [34].
The effect of TPE at different concentrations were stud-
ied for their ability to scavenge O, generated by the
xanthine/xanthine oxidase system. The XOR activity was
specrophotometrically determined by measuring the pro-
duction of uric acid from xanthine (100 uM, final con-
centration) at 295 nm using an absorption coefficient of
9600 M ecm™' [35]. Assays were performed at room
temperature in air-saturated 50 mM phosphate buffer, pH
7.4, supplemented with 0.1 mM EDTA. The amount of
O] generated was determined by measuring the reduc-
tion of cytochrome c. Under our experimental conditions,
the activity of cytochrome c in the absence of extracts
was (213591 nmols/min/mg protein) reduced by O
generated from XO. The reduction of cytochrome ¢’
was almost totally inhibited by SOD (330 U/mL). Results
showed that all the extracts were able to inhibit cyto-
chrome ¢**. The superoxide scavenging effect was found
to increase with increasing concentration of TPE. The
CHE was the most potent scavenger of O with ICs
(uM/quercetin equivalent) of 0.756 + 0.0514 followed by
EAE then CE (Figure 1).

3.3. Effects of TPE on XO Activity

To study the possibility that the extracts suppressed the
rate of xanthine conversion to uric acid to account for
this O) scavenging ability, the effect of TPE on the XO
activity were checked. At the identical concentrations of
TPE we observed significant inhibition of XO activity in
dose dependent manner. The inhibitory effects of TPE
were compared with allopurinol, clinically used as a spe-
cific inhibitor for XO. The results demonstrated that
CHE possessed high XO inhibitory activity with 1Cs,
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Figure 1. HPLC profile of phenolic compounds in the crude
extract of Teucrium polium. 3: Gallic acid; 4, 12, 2: Flavones;
8: Procyanidin B;; 11: Catechin; 13: Procyanidin B,; 16:
Epicatechin; 24, 26, 29, 33, 37, 40: Flavonols; 14, 18, 27, 31:
Flavanones.

(uM/quercetin equivalent) of 0.79 = 0.07 followed by CE
(10.59 £ 0.58) then EAE (11.75 + 0.49), respectively,
meanwhile, the specific inhibitor of XO, Allopurinol
gave a [Cso of 57.114 + 1.093 uM higher than the TPE (P
<0.01) which indicat the potent inhibitory eftects of TPE
on XO. Several data has been reported that phenolic
compounds are considered as antioxidants not only be-
cause they act as free radical scavengers, but also be-
cause of their ability to inhibit XO [36,37].

3.4. Measurement of O Scavenging Activity

The inhibition of cytochrome ¢ reduction is due to dual
effect of extracts as demonstrated above. Firstly, these co-
mpounds inhibit the XO activity and secondly, some of
them scavenge O, approximately at the same concen-
trations. To give a clear cut that TPE have O) scav-
enging activity or not the PMS-NADH-NBT system was
used as a nonenzymatic method to measure O scav-
enging activity. O) derived from the dissolved oxygen
by PMS/ NADH coupling reaction reduces NBT. The de-
crease in the absorbance at 560 nm with antioxidants in-
dicates the consumption of the generated superoxide an-
ion in the reaction mixture. The results demonstrated that
TPE had a concentration-dependent scavenging activity
by neutralizing superoxide radicals in the same order as
shown in the results obtained by using enzymatic method
(Cyt c). The most potent scavenger of O observed was
CHE with ICs, of 6. 209 £ 0.0174 (uM/quercetin equiva-
lent), which was found better than quercetin (IC5o = 1.3 x
10°£ 0.053 uM) (P < 0.01) followed by the EAE (27.441
+ 0.618) then CE (25.175 £ 0.496). TPE scavenging ef-
fects were found to be higher than gallic acid, which have
an antioxidant capacity, determined by both ABTS and
DPPH assays, more than that of vitamin C and other phe-
nolic constituents such as quercetin, epicatechin, catechin,
rutin and chlorogenic acid [38]. The results clearly indi-
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cated that TPE are potent scavengers of O, This can
prevent the formation of ROS.

3.5. Evaluation of RBC Haemolysis

Oxidative damage of erythrocyte membrane (lipid/protein)
may be implicated in haemolysis [39]. Therefore this cel-
lular system could be very useful to study oxidative stress.
The antioxidant activity of the TPE was confirmed in
Human erythrocytes (RBC) exposed to 500 uM ¢-BHP,
by measuring the erythrocyte membrane resistance to free
radical-induced hemolysis. When control RBC were in-
cubated with extracts (at final concentration; 2 pg/ml), no
significant hemolysis was observed within 2 h, thus to
exclude any membrane-perturbing effect of TPE. In RBC
exposed to t-BHP hemolysis started after 60 min incuba-
tion and plateaued between 90 and 120 min (27% hemo-
lysis was considered as 100%). At 120 min hemolysis
was inhibited by CE, CHE, and EAE with 84.66%,
74.62% and 65.14%, respectively (p < 0.01). Although
EAE was less effective than the other extracts, this extract
has exhibited the same effect as Quercetin (65.46%) and it
was more potent than rutin (59.62%) and gallic acid with
47.73% (p < 0.05).

The protective effects of TPE may be due to: 1) their
kind of phenolic content, because there is no significatif
correlation between antihymolitic effect of extracts and
their phenolic compound content, 2) and /or the difference
in the degree of the flavonoid molecules penetrations in
intact erythrocytes. It was demonstrate that binding of the
flavonoids to the RBC membranes significantly inhibits
lipid peroxidation, and at the same time enhances their
integrity against lysis [40] confirmed this hypothesis; al-
though phenolic contents in CHE are lower than EAE, the
CHE (which contain apolar compound so more soluble in
RBC membran) exhibits an anti hemolytic action stronger
than that of EAE (less apoler than CHE), however the crud
extract (more polar) was more efficiency than chloroform
extract, this may due to the synergetic effect of different
compounds present in [41]. The results of present study
have shown that TPE can effectively protect erythrocytes
against haemolytic injury induced t-BHP, TPE is a pow-
erful scavenger as previously shown; it could have pro-
vided a defence against haemolytic injury by suppressing
t-BHP related fall in reduce glutathione. Studies involving
plasma have indicated that flavonoids have the ability to
delay the consumption of some endogenously present an-
tioxidants in the human body [42]. It has been reported
that a methanolic extract of T. polium protected red blood
cells (RBCs) against lipid peroxidation induced by 10 mM
hydrogen peroxide [43]. It was showed that the aqueous
extracts prepared from the foliage of T. polium suppressed
iron (Fe2)-induced lipid peroxidation in rat liver homo-
genates to the same extent as Trolox [44]. Additionally, it
showed that the extract was not cytotoxic because it did
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not adversely affect cell membrane integrity or suppress
mitochondrial respiration of cultured Hep G2 and PC12
cells following 24 h exposure [44]. Total antioxidant ac-
tivities of the plant extracts can not be evaluated by any
single method, due to the complex nature of phytochemi-
cals [45,46]. In this regard and/or to confirm previous re-
sults two supplementary essays were performed, lipid Per-
oxidation by using MDA as a marker of lipid peroxidation
and f-carotene/linoleic acid essays with linoleic acid as a
model of lipid peroxidation and as a radicals source.

3.6. Thiobarbituric Acid-Reactive Substances
Assay

To confirm the effects of TPE against lipid peroxidation
as a direct antioxidant, Thiobarbituric acid-reactive sub-
stance (TBARS) assay was used. The extent of lipid per-
oxidation was estimated by the levels of MDA measured
using the thiobarbituric acid. FeSO, was added to egg
yolk homogenates, as lipid rich media, to induce lipid
peroxidation. MDA a secondary end product of polyun-
saturated fatty acids oxidation, reacts with two molecules
of thiobarbituric acid (TBA) yielding a pinkish red chro-
mogen with an absorbance maximum at 532 nm. The
result showed that the phospholipid peroxidation induced
by FeSO4 was significantly counteracted by TPE in dose
dependent manner.The CHE extract exhibited the highest
inhibitory potency with ICso (uM/quercetin equivalent) of
2.659 £ 0.19 fellowed by CE then EAE with 2.2 and 3.7
folds respectively. In general all the extracts showed a
remarkable effect in suppressing lipo-peroxidation, which
were more active than reference substances; quercetin,
rutin, gallic acid and ascorbic acid (p <0.01) (Figure 2).
The results showed a feeble correlation between anti-
oxidant potent and TPE phenolic content (r* = 0.149, p >
0.5) (Table 1), similar to the results of Agbor et al. [47]
working on some herbs/spices from Cameroon and the
results of Demiray et al. [48] working on Turkish med-
icinal plants: Tilia argentea, Crataegi folium leaves and
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Figure 2. Antilipoperoxidative effects of the TPE and stan-
dards at ICsy concentration against FeSOy4 (0.07 M) induced
lipid peroxidation in egg yolk homogenates. After incubating
the yolk homogenates with FeSO, (0.07 M) and/or extracts/
standards the lipid peroxidation measured by TBARS assay.
Values are mean = SD, n =3.
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Polygonum bistorta roots, therefore the potent effect of
CHE may due to other products and/or the type of phe-
nolic compound. Hall and Cuppett [49] showed that plant
tissues contain a wide variety of compounds with anti-
oxidant activity, such as phenolic compounds, nitrogen
compounds, carotenoids, lignans and terpenes.

3.7. p-Carotene/Linoleic Acid Assay

According to several authors, the test of linoleic acid oxi-
dation inhibition coupled with f-carotene, appears very
useful as a mimetic model of lipid peroxidation in bio-
logical membranes [50]. f-carotene/linoleic acid assay
determines the inhibition ratios of linoleic acid oxidation
as further methods to confirm the antilipoperoxidation
effects of TPE. Lower absorbance indicates a higher level
of antioxidant activity. The changes in the percentage of
the inhibition ratios of linoleic acid oxidation under the
influence of TPE (2 mg/ml), was compared with BHT at
the same concentration (2 mg/ml) as positive control dur-
ing 24 h. The inhibition extent of lipid oxidation by TPE
when compared to BHT showed a marked activity effects
(p < 0.01) (Figure 3). The highest inhibition ratios of
linoleic acid oxidation were showed for CHE (83.11% =+
0.816%), not far from that of BHT (95.77%) followed by
that of EAE (78.15% =+ 0.772%) (p < 0.01), then CE
(75.426% + 0.594%).

In conclusion the activity of tested extracts in terms of
polarity activity the apolar extracts (CHE) are more active
than the polar extract EAE. Frankel and Meyer [51] have
suggested that antioxidants which exhibit apolar proper-
ties are most important because they are concentrated in
the lipid-water interface, thereby preventing the formation
of lipid radicals and f-carotene oxidation. It was reported
that sample that inhibits or retards the bleaching f-carot-
ene can be described as a scavenger of free radicals and as
a primary antioxidant [52]. Our study are in agreement
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Figure 3. The changes in the percentage of the linoleic acid
oxidation inhibition ratios under the influence of Teucrium
poluim extracts (2 mg/ml), compared to BHT as a positive
control during 24 h. For all values statistically different (p <
0.01).
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with the work of Kadifkova-Panovska et al. [53] demon-
strating that extracts of TPE prepared using different or-
ganic solvents were effective inhibitors of f-carotene oxi-
dation. In order to correlate and understand the mech-
anism of the observed antioxidant activity of TPE, we
have applied DPPH, Ferrous ion chelating, and FRAP
assays for testing scavenging (hydrogen donating ability),
chelating and reducing proprieties respectively.

3.8. DPPH Assay

The DPPH radical is a stable organic free radical with an
absorption maximum band around 515 - 528 nm and thus,
it is a useful reagent for evaluation of antioxidant activity
of compounds [54]. In the DPPH test, the antioxidants
reduce the DPPH radical to a yellow-colored compound,
diphenylpicrylhydrazine, and the extent of the reaction
will depend on the hydrogen donating ability of the anti-
oxidants [55]. The TPE demonstrated a concentration-
dependent scavenging activity by quenching DPPH radi-
cals. Extracts are a good free radical scavenger and con-
tributes significantly to the antioxidant capacity of TPE
with 1Csy of; 2.012% = 0.190%, 2.371% = 0.284%,
3.713% £ 0.302% for CHE, CE, EAE, respectively,
which were more effective than used standards (p < 0.01);
quercetin gallic acid and rutin, with ICsy of 12.787% =
0.3659%, 12.785% =+ 0.294%, 14.431% =+ 0.4154% re-
spectively. The results revealed a feeble correlation be-
tween antiradical potent and phenolic content. In general
the most effective extracts were CHE (aglycone flavon-
oids), in agreement with the results described Rice-Evans
et al. [56] reporting that the phenolic acids and flavon-
oids especially aglycone flavonoids, are effective hydro-
gen donors, which make them good antioxidant.

3.9. Ferrous Ion Chelating Activity

In this study, both TPE and EDTA showed chelating ac-
tivity as demonstrated by their effectiveness in inhibiting
the formation of Fe*"-ferrozine complex, the absorbance
of this complex was dose dependently decreased. The re-
sults showed that the iron chelating ability of TPE was not
far from that of EDTA. The CE showed an excellent che-
lating with ICsy of 8.438 + 0.953 pM/quercetin equivalent,
approximately 15 folds lower than that of EDTA, fol-
lowed by that of CHE (ICso = 17.79 + 2.11 uM/ quercetin
equivalent), while the EAE (ICso = 168.673 + 3.11 puM/
quercetin equivalent do not showed a remarkable chelat-
ing effect. It was showed that the aqueous extracts pre-
pared from the foliage of T. polium suppressed iron (Fe,)-
induced lipid peroxidation in rat liver homogenates to the
same extent as Trolox [44].

3.10. Ferric Reducing Ability of Plasma Assay
(FRAP)

The FRAP values calculated using the respective Fe(Il)
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calibration curves. Gallic acid, Quercetin, Rutin and Asc-
orbic acid were used for comparison of ferric reducing
ability of extracts used in the present study. Conditions
for the determination of the ferric reducing ability of an-
tioxidants in the original method established at 4 min
interval as suitable for such measurements, since the ab-
sorbance of the reduced ferrous-TPTZ complex was sta-
ble at this time [57]. When these conditions were used in
the present study, we observed that the reduction of the
ferric-TPTZ complex was not established after 4 min re-
action time and most of the compound shows a steady
increase in the absorbance with time, therefore we pro-
longed the reaction time for several hours and the con-
tinuous increment of absorbance at 595 nm was deter-
mined in interval time. However 30 min was maintained
as one of the best time showing the antioxidant efficiency
of the studied samples, this was in agreement with Pulido
et al. [33] studding the anti oxidant effect of many pure
polyphenols. The 4 min absorbance recording established
in the original method was also kept [57].

As showed in Figure 4, some antioxidants even dou-
bled their initial absorbance after 30 min of reaction, as
was the case with the most standards and samples, never-
theless, these increments in the absorbance readings were
not caused by alterations of the reaction mixture with time,
since blank samples showed no significant modification
of their initial absorbance.

The equivalent concentration 1 or ECy, is the concen-
tration of antioxidant having a ferric-TPTZ reducing abil-
ity equivalent to that of a 1 mmol/L concentration of
FeSO,7H,0O was measured for comparison. The higher
EC1 value, expressed as pM indicat the lower antioxidant
activity. Figure 4 shows the EC, values at 4 and 30 min
of TPE and standards. EC; values, and therefore ferric
reducing ability, were lower at longer reaction times as
expected from the kinetic behaviour of the compounds at
4 min. At 30 min the results indicated that TPE stronger
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Figure 4. Comparison the EC, values of Teucrium polium L.
extracts with standards gallic acid rutin ascorbic acid and
quercetin. Data are the Mean values = SD, n = 3; EC;: con-
centration of antioxidant having a ferric reducing ability
equivalent to that of 1 mM/L FeSO47H,0; CE: crud extract;
EAE: ethyl acetate extract; CHE: chloroform extract.
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than all the standards. Our results revealed a proportionall
incresing the antioxidant activity with the polyphenol
content (Figure 4, Table 1) agreeing with results obtained
by Maksimovi¢ et al. [58] working on various polyphenol
classes in the silks of fifteen maize hybrids. In this study
quercetin showed the lowest EC; values, followed by gal-
lic, however Ascorbic acid had a ferric reducing ability
lower than those of most polyphenols, these results are in
agreement with the results of Pulido et al. [33], in differ-
ent classification in terms of antioxidant efficiency of the
studied compounds at short versus long reaction times,
the quercetin showed the lowest EC1 values, followed by
gallic and ascorbic acids, however, ascorbic acid had a
ferric reducing ability lower than those of most polyphe-
nols. In general, the classification of antioxidants accord-
ing to their ferric reducing ability reported in this study
agreed with results reported by other authors using dif-
ferent methods to estimate antioxidant power. Thus, Wang
and Goodman [59] reported a decreased effect of polyp-
henols inhibiting peroxidation of LDL in the order quer-
cetin > rutin > gallic acid. In other study, they reported
that adding fertilizer caused a significant concentration-
dependent increase in antioxidant activity of the culti-
vated T. polium compared with the wild-type [60]. Data
clearly established that the antioxidant activity of TPE
was measured using ferric thiocyanate test indicated that
the extracts had the highest antioxidant capacity [61].

In vivo studies have shown grape seed proanthocya-
nidin extract is a better free radical scavenger and inhibit-
tor of oxidative tissue damage than vitamin C, vitamin E
succinate, vitamin C and vitamin E succinate combined,
and p-carotene [62]. Moreover, in vitro experimental re-
sults have demonstrated that proanthocyanidins have a sp-
ecificity for the hydroxyl radical [63,64], in addition to
having the ability to non-competitively inhibit of the xan-
thine oxidase activity [63,65] elastase, collagenase, hya-
luronidase, and beta-glucuronidase [65]. Structure activity
relationship of some phenolic compounds (e.g. flavonoids,
phenolic acids, tannins) has been studied [56,66]. In gen-
eral, free radical scavenging and antioxidant activity of
phenolics (e.g. flavonoids, phenolic acids) mainly depe-
nds on the number and position of hydrogen-donating
hydroxyl groups on the aromatic ring of the phenolic mo-
lecules, and is also affected by other factors, such as gly-
cosylation of aglycones, other H-donating groups (-NH,
-SH), etc. For example, flavonol aglycones such as que-
rcetin, myricetin, and kaemperol, containing multiple hy-
droxyl groups, had higher antioxidant activity than their
glycosides such as rutin, myricitrin, astragalin. There were
many reports on antioxidant components, generally focus-
ing on flavonoids and phenolic acids [56,67].

4. Conclusion

The results suggest that the various antioxidant mechan-
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isms of TPE may be attributed to xanthine oxidase inhi-
bition, metal chelating ability, hydrogen donating ability,
reducing power and their effectiveness as strong scaven-
gers of superoxide and other free radicals. The enzymatic
method had not gave a clear cut that the extracts have a
real scavenger effects on O} , because they exhibited a
high scavenging effects on O} generated by XO and a
strong inhibitory effects on XO. Therefore, a nonenzy-
matic method for scavenging effects on O, was real-
ized which showed that TPE are a good superoxide radi-
cal scavengers. Data obtained in this study proved a rela-
tionship between the inhibition percentage of hemolysis
and chelating power of TPE suggesting that their action
as anti hemolytic may be related to their iron-binding ca-
pacity. Further, to confirm the possibility that extracts
can act as direct antioxidant by possessing antilipoper-
oxidative mechanism, which may prevent RBC hemoly-
sis, tow other assay were applied; TBARS assay and /-
carotene/linoleic acid which displayed an antiradical ef-
fect approximatel in the same array, which indicate that
TPE possesses a substantial protective effect and free
radical scavenging mechanism against lipid peroxidation.
Since the compounds with reducing power indicate that
they are electron/or hydrogen donors can reduce the ox-
idized intermediates of lipid peroxidation, therefore the
DPPH and FRAP assay were realised. Results obtained
from this study demonstrated that TPE possess a good
reducing power in the same order and that can prevent
lipide peoxidation then prevent many oxidative damage.
The various antioxidant mechanisms action of the ex-
tracts in their antioxidant activity appeared to be identical,
throughout the good correlation observed between dif-
ferent applied techniques however, the magnitude of ant-
ioxidative potency varies with the type of extracts, which
being related to the content in phenolic compounds and
other yet to be discovered antioxidant compounds. Based
on our results and these reports, there can’t be little doubt
that TPE, irrespective of the preparation mode, can in-
hibit oxidative processes leading us to conclude that the
extracts have substantial antioxidant activity in vitro. The
antioxidative activity of phenolic compounds is mainly
due to their redox properties, which can play an impor-
tant role in neutralizing free radicals, quenching singlet
and triplet oxygen species or decomposing peroxides.
These results are preliminary, it would be interesting to
test the activity of high purified fractions and isolate the
responsible molecules underlie the various detected ac-
tivities in different extracts by more efficient methods. In
any case it is important to highlight that the majority of
the test were performed in vitro. It is thus mandatory to
confirm these findings by in vivo studies so as to obtain
useful information for eventual therapeutic or dietary
interventions.
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