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ABSTRACT

The present study investigated protective effects of the Rhizoma polypodii (R.polypodii) extract on unsaturated fatty
acids and the prevention of lipid peroxidation (LPO) formation in the Fenton reagent environment.

Our findings confirm that Rhizoma polypodii extracts decreased the LPO level in the Fenton reagent environment
and protected markedly the unsaturated fatty acids in the environment with radical sourced oxidations.
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1. INTRODUCTION

Reactive oxygen species (ROS) such as hydrogen
peroxide and hydroxyl, superoxide anions, nitric oxide
radicals, play a key factor in oxidative stress related to
the pathogenesis of various important diseases [18,17].
Antioxidants act as a major defense against radical
mediated toxicity by preserving the damages. Some
diseases, such as Alzheimer’s disease, atherosclerosis,
stroke, diabetes, and cancer have appeared to treat
antioxidant-based drugs/formulations in the last three
decades [12].

One of the main classes of secondary metabolites is
phenolic compounds [28]. These phytochemicals are
often described as antioxidants on account of their
ability of protecting against damages caused by reactive
oxygen species (ROS). By their ability to react and
damage many structures in the body. Both synthetic and
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natural antioxidants have been shown to act against
ROS and the use of antioxidants in food application has
determined them to enhance product property,
durability, and shelf life. Recent works have also
mentioned the disadvantage of synthetic antioxidants,
and their possible deleterious properties for human
health compared to natural antioxidants [19].

The mechanism for the possible protective action of
flavonoids is currently the subject of important
research. The structural characteristics of antioxidants
are reftlected their antioxidant properties. Flavonoids
can act as antioxidants by several mechanisms,
including donating hydrogen, quenching singlet oxygen,
scavenging free radicals, and chelating redox active
metals [31].

Besbase (Rhizoma polypodii) is the dried root and
rhizome of Polypodium vulgare L. species. This species
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is a nonflower and a herbaceous plant which grows on
rocks and walls. Their leaves are leather-like and have
20-40 lobes. It” s localized on the bases of the forests in
the Western Anatolia region. It” s part under the soil
contains saponine, volatile oils and tannin. It has
laxative, vermifuge, bile and mucus expectorant effects
[2,4,5].

In the present research, the effect of Rhizoma polypodii
extracts on the formation of lipid peroxidation (LPO) of
unsaturated fatty acids during autoxidation was
determined. In addition, the scavenging features of
extracts were studied on the DPPH radical.

2. EXPERIMENTAL
2.1. Chemicals

The following; oleic (18:1, n-9), linoleic (18:2, n-6),
linolenic acid (18:3, n-3), Tween 20, tris-hydrochloride,
quercetin, myricetin, resveratrol, cathechin, naringin,
naringenin, kaempferol, HPLC grade methanol,
acetonitrile, n-hexane, isopropyl alcohol, FeCl,, H,0,,
KH,PO,, butylated hydroxytoluene (BHT), 2-
thiobarbituric acid (TBA), n-butanol, o,a-diphenyl-B-
picryl-hydrazyl (DPPH*), dimethyl sulfoxide (DMSO),
and ethyl alcohol were purchased from Sigma-Aldrich.

2.2. Preparation of the plant extracts

The Rhizoma polypodii sample is sold by the herb and
spice seller in Elazig as dehydrated and powdered in the
bray. A g [1] herb material was homogenized in a 10
mL solution of 80% methanol. Homogenates were them
centrifuged at 5000 rpm at +4°C. After centrifugation,
the flavonoid analysis of the supernatant was carried out
using HPLC equipment. Then, the methanolic extract
was concentrated and dried in a vacuum at 50°C using a
rotary evaporator. Each extract was then resuspended in
DMSO as a stock solution.

2.3. Antioxidative activity testing of plant extracts

Antioxidative activities of the Rhizoma polypodii
extract was determined by the method of Shimoi et al.
with the following modifications. The Fe++ (FeCl,
2H,0) and hydrogen peroxide solutions were prepared
fresh for every treatment using twice deionized water.
Extract of the Rhizoma polypodii was also prepared
fresh using DMSO. Oleic acid (3.35 mM), linoleic acid
(9.01 mM), and linolenic acid (2.30 mM) were
dissolved in the DMSO.

During the in vitro experiment, the first group was used
as a control (n=5), the second group was the Fenton
reagent group (n=5), and the third group was Rhizoma
polypodii extract group (n=5). The control group was
prepared with 0.5 mL of fatty acid and a buffer solution
(0.2% Tween 20 / 0.05 M TrissHC1 / 0.15 M KCl, pH
7.4). The Fenton R group was prepared with 0.5 mL of
fatty acid, a buffer solution, FeCl, (50 uM), and
hydrogen peroxide (0.01 mM). The Rhizoma polypodii
group was prepared with 0.5 mL of fatty acid, a buffer
solution, FeCl2 (50 pM), hydrogen peroxide (0.01
mM). After incubation of the mixture at 37°C for 24 h,
100 pL of a 4% (w/v) BHT solution was added to

prevent further oxidation. Then, 1 mL was taken each
mixture and 1 mL of 0.6% TBA was added to the
reaction mixture and incubated at 90°C for 45 min.
Samples were allowed to cool to room temperature and
the pink pigment produced was extracted with 3 mL of
n-butanol. Samples were then centrifuged at 6000 rpm
for 5 min and, the concentration of the upper butanol
layer was measured by HPLC- fluorescence detector.

2.4. Quantification of LPO Level in the in vitro
Environment

The products of the peroxidation of fatty acids in the
reaction environment was determined by reading the
fluorescence detector set at A (excitation)= 515 nm and
A (emission)= 543 nm. Formation of the malonaldehyde
in vitro environment was expressed as thiobarbituric
acid reactive substances (TBARS) calculated from a
calibration curve using 1, 1, 3, 3-tetraethoxypropane as
the standard. The MDA-TBA (malondialdehyde-2-
thiobarbituric acid) complex was analyzed using HPLC
equipment. The equipment consisted of a pump (LC-10
ADVP), a Fluorescence detector (RF-10 XL), a column
oven (CTO- 10ASVP), an autosampler (SIL-10ADVP),
a degasser unit (DGU-14A), and a computer system
with class VP software (Shimadzu, Kyoto Japan). An
Inertsil ODS-3 column (15%4.6 mm, 5 pm) was used as
the HPLC column. The column was eluted isocratically
at 20°C with a 5 mM sodium phosphate buffer (pH=7.0)
and acetonitrile (85:15, v/v) at a rate of 1 mL/min [11].

2.5. Quantification of Remaining Fatty Acids in the
in vitro Environment

Remaining mixtures of oleic (18:1 n-9), linoleic (18:2
n-6) and linolenic (18:3 n-3) acids in the test tube were
converted to methyl esters by using 2 % sulfuric acid
(v/v) in methanol [8]. The fatty acid methyl ester forms
were extracted with n-hexane. Analysis was performed
in a Shimadzu GC-17A instrument gas chromatograph
equipped with a flame ionization detector (FID) and a
25 m 0.25 mm i.d. Permabond fused-silica capillary
column (Machery- Nagel, Germany). The oven
temperature was programmed for 160-215°C at 4°C /
min. Injector and FID temperatures were 240 and
280°C, respectively. The nitrogen carrier gas flow was
1 mL/min. The methyl esters of oleate, linoleate, and
linolenate were identified by comparison with authentic
external standard mixtures analyzed under the same
conditions. Class GC 10 software version 2.01 was used
to process the data. The results were expressed as
pmol/mL.

2.6. Antioxidant Assay by DPPH Radical Scavenging
Activity

The free radical scavenging effect in the extracts was
assessed by the decoloration of a methanolic solution of
DPPHe according to the method of Brand-Williams et
al. (1995). A solution of 25 mg/L DPPH in methanol
was prepared and 3,9 mL of this solution was mixed
with 50 pL of extract in DMSO. The reaction mixture
was left in the dark at room temperature for 30 min. The
absorbance of the mixture was  measured
spectrophotometrically at 517 nm [23]. Quercetin was
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used as references. The absorbance at 517 nm was
measured after reaction in the dark at 30°C for 30 min.
Lower absorbance of the reaction mixture indicates high
free radical scavenging activity. All tests were
performed in triplicate, and the percentage inhibition of
the radicals due to the antioxidant properties of the
extracts were calculated as shown below:

DPPH radical scavenging activity (%)= [(Abscontrol —
Abs sample)]/ (Abs control)] x 100

Where Abs control is the absorbance of the DPPH
radical + methanol; the Abs sample is the absorbance of
the DPPH radical + sample extract /standard.

2.7. Chromatographic conditions for flavonoid
analysis

Chromatographic analysis was carried out by PREVAIL
C18 reversed-phase column (15x4.6mm, 5um), the
mobile phase was methanol/water/acetonitile (46/46/8,
v/vlv) containing 1.0% acetic acid [39]. This mobile
phase was filtered through a 0.45 pm membrane fitler
(Millipore), then deaerated ultrasonically prior to use.
Catechin (CA), Naringin (NA), Rutin (RU), Resveratrol
(RES), Myricetin (MYR), Morin (MOR), Naringenin
(NAR), Quercetin (QU) and Kaempferol (KA) were
quantified by DAD (Diode-Array Detection) following
RP (Reversed phase) HPLC separation at 280 nm for
CA and NA, 254 nm for RU, MYR, MOR and QU, 306
nm for RES, 265 nm for KA. Flow rate and injection
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volume were 1.0 ml/min and 10 pL, respectively. The
chromatographic peaks of the analytes were confirmed
by comparing their retention time and UV spectra with
those of the reference standards. Quantification was
carried out by the integration of the peak using external
Standard method. All chromatographic operations were
carried out at 25 ° C temperatures.

2.8. Statistical analysis

The experimental results were reported as mean + SEM.
Statistical analysis was performed using SPSS
Software. Analysis of variance (ANOVA) and an LSD
test were used to compare to the plant extract including
groups compared with Fenton R group.

3. RESULTS

The present study findings showed that MDA-TBA
level in the Rhizoma polypodii group was slightly lower
than the control group (p>0.05), whereas, MDA-TBA
level were about seven folds lower than that of the
Fenton R. group (p<0.001) (Fig. 1). The difference
between plant extracts and quercetin was statistically
non-significant (p>0.05) when they were assessed in
terms of DPPH capacity of free radical scavenging.
Besides plant extracts were detected to have an effect of
high radical scavenging just as quercetin (Table 1).
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Fig 1. The level of TBARS-MDA (nmol/ml) in vitro environment of group § p <0.05; §§ p <0.001, compared with
Rhizoma polypodii group (ANOVA, LSD-test). Values are given as mean = S.E.M.

Table 1. The DPPH* Scavenging effects of R.poypodii methanolic extracts (50 pL) The difference between plant extracts
and quercetin was statistically non-significant (o p>0.05) when they were assessed in terms of DPPH capacity of free
radical scavenging. (ANOVA, LSD-test). Values are given as mean = S.E.M

Groups Absorbance Absorbance DPPH
of 0 the of 30 the Scavencing
minute minutes effect
Results (%)
DPPH Solution 0,56 0,56 0,56
DPPHSolution+R.polypodii 0,57 0,0293 94,76+0.37
DPPHSolution+Quercetin 0,55 0,0026 99,52+0,52
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According to the fatty acids results, oleic, linoleic and
linolenic acid amounts were significantly high in the
plant extract group compared to the Fenton R. group
(p<0.001) (Fig. 2). An important decrease in the Fenton
R group compared to control group was detected
(p<0.001) (Fig. 2) Also, the oleic acid level was higher

than the control group (p<0.001) (Fig. 2). Depending on
the flavonoid analysis results with HPLC-DAD, a
significant amounts of catechin, naringenin, resveratrol
and quercetin in the R. polypodii extract were present
(Table 2).
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Fig 2. The levels of remaining fatty acids in vitro environment (umol/ml) *** p < 0.001 compared with control group; ###
p < 0.001, compared with Fenton R. group. (ANOVA, LSD-test). Values are given as mean + S.E.M.

Table 2. The contents of flavonoids in the extracts of

R.polypodii (ng/l g)

Flavonoids R.polypodii
Quercetin 0,25
Catachin 1296.,5
Naringenin 696.5
Resveratrol 597,75
Total 2591

4. DISCUSSIONS

In aerobic cells the energy required to fuel biological
functions is produced in the electron transport system of
mitochondria. In addition to energy, ROS generated in
the cells as a normal product of cellular metabolism and
are formed which have the potential to cause
progressive oxidative and cellular damage. Reactive
oxygen species can damage to cellular components such
as DNA, RNA, lipid and proteins which theoretically
contributes to the physiology of aging. Hydrogen
peroxide (H,0,) is a major Reactive Oxygen Species.
Catalase and superoxide dismutase help to minimize the
damaging effects of hydrogen peroxide and breakdown
it into oxygen and water, however this conversion is not
efficient, and remnant peroxides persist in the cellular
environment. While ROS are produced as a product of
normal cellular metabolism, excessive ROS can induce

oxidative damage in cell constituents and promote some
degenerative diseases and aging [30].

In our findings it was determined that in vitro
environments where unsaturated fatty acids, H,O, and

Fe ions exist that the the level of MDA- TBA, which is
one of the most important criteria of LPO [38], is not
statistically differences in the plant extract group
compared with control group (p>0.05). At the same
time, when R. polypodii and control group were
compared with Fenton R. group, our data was
demonstrated that LPO level in the Fenton R. group was
high seven folds (p<0.001) (Fig. 2).

In this study the decrease in high level of LPO in the
plant extracts that determined only in the Fenton
including group, is believed to be related to its
flavonoid ingredients. Catechin, naringenin, resveratrol
and quercetin are the flavonoid contents of R.polypodii
(Fig. 1, Table 2).

Flavonoids are found in plants, foods, and the most
common phenolic compounds belong to the flavonoids
[20]. Stratil et al. 2006 found relationship between the
ingredient of phenolic substances and the total
antioxidant activity of samples.

Flavonoids have been called to as "nature's biological
response modifiers" through their beneficial effects to
help the body resist to viruses, allergens, and
carcinogens. Azmi et al. have studied that plant
polyphenols activate endogenous copper in human
peripheral lymphocytes leading to oxidative DNA
breakage. Besides, flavonoids have anti-allergic, anti-
inflammatory [36], anti-microbial, anti-viral and anti-
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cancer activities [9]. The hypothesis that flavonoids
may reduced heart disease rate in 1993 when Hertog et
al. In men 1 the Netherlands reported an statistically
inverse correlation between the intake of five major
flavonoids (quercetin, kaempferol, myricetin, luteolin,
and apigenin) and mortality or coronary heart disease
incidence [21].

Many researcher have studied the effects of flavonoids
on LPO [1, 7, 13, 15]. Resveratrol is able to inhibit
lipid peroxidation induced ethanol as reported
Kasdallah et al, Duthie et al. have assessed that
quercetin  sweeped the reactive oxygen species.
Resveratrol reduced the mitochondrial LPO[37].
Kostiuk et al. have assessed that antioxidative activity
of rutin and quercetin in different systems of LPO.

Dorozhko et al. have researched the antiradical and
chelating effect of one of the phenolic compounds of
rutin during peroxidation of lipids from microsomes and
liposomes. Vafeiadou et al. have reported that a type of
flavonoid naringenin impedes inflammatory signalling
in glial cells and protects against neuroinflammatory
damage.

We assess that a relationship between the reductions in
the level of lipid peroxide of the Rhizoma polypodii
extract and scavenging activity of the DPPH radical.
Also, it was determined that a statistically non
difference between Rhizoma polypodii vs quercetin and
that the extract has high level of DPPH radical
scavenging ability as quercetin (Table 2).

Hosseinimehr et al. have researched that total
flavonoids, phenol contents and radical scavenging
activity of five plants extracts using DPPH method. The
other study Srinivasan et al. have investigated that
protective effect of Caesalpinia digyna root (CDM) of
using DPPH method. Johnson and Loo (2000) effects of
epigallocatechin gallate (EGCG) and quercetin on
oxidative injury to cellular DNA of using DPPH
method. They suggested that low concentrations of
EGCG and quercetin scavenged free radicals, however
inhibiting  oxidative DNA brekage. But, high
concentrations of these extracts caused cellular DNA
damage. Fagali and Catala have reported that
antioxidant activity of linoleic acid by DPPH method.

Here in the present, when fatty acid amount was studied
the unsaturated fatty acids in Rhizoma polypodii extract
are high compared with Fenton R group (Fig. 3). So we
assessed that the flavonoid of extract may protect the
three fatty acids from radical sourced oxidations.

Huang et al. have studied the oxidative damage of
genistein in endothelial cells. Naderi et al. have
researched some flavonoids like morin, genistein,
apigenin and biochanin A, naringin and quercetin at
different concentration. This research showed that
flavonoids prevented in vitro LDL oxidation and
probably would be important to prevent atherosclerosis.

Davalos et al. have evaluated commercial dietary
antioxidant supplements for their in vitro antioxidant
capacity (by different methodologies: antiradical
activity against DPPH, inhibition of methyl linoleate

autoxidation, and resistance to ion-dependent oxidation
of human low-density lipoprotein).

Depending on the results, we approve that organisms
will prevent oxidation in the unsaturated fatty acids of
membrane structure as a result of consume of these
plants as dietary, and that they will reduce the number
of lipid peroxidation level. Consequently, we think that
there is relationship among Rhizoma polypodii’s
phenolic compound, avoiding lipid peroxidation and
significantly inhibiting the lipid peroxidation. Also, it
was determined that the plant extract has a high level
capacity to scavenge the radical of DPPH. Antioxidants
are frequently used in food and pharmacological
industry. However, this compound could be evaluated
in these points.
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