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ABSTRACT

In this paper, an active fraction (TA) was obtairfemn Athyrium multidentatum (Doll.) Ching rhizorg silica gel
and Sephadex LH-20 column chromatography. The pitaholic content in TA was determined by Foline@lteu
colorimetric method. Antioxidant activity of TA wagaluated employing various established in viystsms. As a
result, TA showed stong reducing power, metal ¢imgjaability and superoxide radical scavenging aityi. In the
reducing power assay, the absorbance of TA ince&sen 0.698 £0.008 to 2.053 +0.011 at conceritias of 4 to
12 ug/mL, which was stronger than vitamin C. Theseiffigsl indicated that TA was excellent antioxidand amight
be a promising prophylactic agent for free radicalated disease.
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INTRODUCTION

Athyrium multidentatungDoll.) Ching (AMC), a species of fern in the fdynAthyriaceae, distributes primarily in
the Changbai Mountain area of China. The plant gratwout one metre high, and thrives in damp grquiitsk
woodlands or mountains. It has been recognizechamparalleled resource of potherb and medicinedoditions
like high blood pressure, anxiety and fervescencié native for thousands of years. So far, eegghtsompounds
have been separated and identified from AMC, inalgidpbalmitin, -sitosterol, tetracosanoic acid, adipic acid,
aspidin BB, a-spinasterol, aspidinol B, caffeic acid, quercetikaempferol, ursolic acid, gallic acid,
3-hydroxy-5,6-epoxys-ionone, chlorogenic acid, kaempferopd-glucopyranoside, kaempferolf?b-
glucopy-ranoside, quercetin-3

-B-D-glucopyranoside, and quercetinffd-glucopyranoside [1-3]. However, regardless oésth characteristic
compounds, the exact active components of AMC ma¢e/et been reported. In our previous study, westigated
the antioxidant activity of AMC and found that pphenolic constituents might contribute to the afitlative
actions of the herb [4].

Polyphenols are important plant secondary metasolénd rich in fruits and vegetables. There areeasing
evidences that polyphenols may protect cells agairslative damage and, therefore, limit the rigkvarious
degenerative diseases associated with oxidatiessstny auto-oxidation or reduction of reactive @tygpecies
(ROS) [5-7]. It was reported thdMaytenus royleanukeaves with high concentration of phenolic commisuand
tannins could be used as therapeutic agent ada@estadical associated damages [8]. Resveratrmpglyphenolic
phytoalexin, could extend the lifespan and delagraadated diseases through its robust ROS scawgagtivity [9].
In this study, an active fraction was obtained frAMC rhizome and had its antioxidant activity eatled byin
vitro assay. The mechanisms on the antioxidant actioa @xplored and interpreted preliminarily.
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EXPERIMENTAL SECTION

Materials: Athyrium multidentatunfDoll.) Ching rhizome was harvested in Changbaiuktain area of China in
September 2012 and identified by Professor ChongmdDepartment of Pharmacy, Weifang Medical Unsign).
The dried rhizome was crushed and stored at copland ventilated room. Gallic acid, pyrogalloichloroacetic
acid (TCA), hydrogen peroxide ¢B,), ferrozine and vitamin C (Vc) were purchased fréigma Chemical Co. (St.
Louis, MO, USA). Sephadex LH-20 was purchased ffdmma National Pharmaceutical Group Co.. All cheatsic
and reagents, unless otherwise specified, wereuniiegl, dried or pretreated.

Preparation of TA: 8 kg of AMC rhizome was immersed in methanol at room tempezafiar a month. The
resultant methanolic solution was evaporated umelduced pressure and 145 g of brown extract waairadat.
Subsequently, the extract was suspended in distillater and partitioned successively with petroleztirer and
aqua-saturated-butanol. 45.8 g of-butanol extract was acquired and chromatographedl silica gel column (8 x
60 cm). Fraction eluted with ethyl acetate and mueth (10:1, v/v) was chromatographed on a sepha#ef0
column (4 x 60 cm) and eluted stepwise with diahtoethane and methanol. The active fraction (TA) prapared
from fraction eluted with methanol and stored iewam desiccator for further analysis.

Chemical analysis:Total phenolic content in TA was determined withligeacid as standard. Briefly, 4.6 mL of
reaction mixture, containing different concentraioof gallic acid (368 to 1104g/mL), was added 0.2 mL of
Folin-phenol reagent and shaken for 1 min. Aftedsa0.2 mL freshly prepared p&O;(10%, w/v) was added and
allowed to react for 20 min at room temperatur@ahy, the absorbance was measured at 760 nm amstahdard
curve was established. Meanwhile, the absorbantieeo$ample solution (1Q8y/mL) was measured according to
the same method and the total phenolic contenfinvds calculated by the established standard cétvesamples
were tested in three times.

Reducing power assay:The reducing power of all samples was determinedth®y method of potassium
ferricyanide reductionAll solutions were used on the day of preparatBriefly, 3.5 mL of reaction mixture,
containing different concentrations of samples {@Q.20ug/mL) in phosphate buffer (0.2 mol/L, pH 6.8), was
incubated with potassium ferricyanide (1%, w/v) 2@ min at 50C. Then 1 mL of TCA (10%, w/v) was added to
the mixture to terminate the reaction. Finally, vdution was mixed with 0.5 mL ferric chloride (1%/v) and the
absorbance was measured at 700 nm. Measuremergsperormed at least in triplicate. Increased aiemuee of
reaction mixture indicated increased reducing poWerwas used as positive control.

Superoxide radical scavenging assayWeasurement of superoxide radical scavenging #gtivas based on a
modified method of Zhangt al [10]. Superoxide radicals were generated in tmgallol autoxidantion system
containing 4 mL Tris—HCI buffer (50 mmol/L, pH 8,2).5 mL pyrogallol (3.5 mmol/L), and varying comteations
of samples (40-120g/mL). The reaction mixture was incubated at roemperature for 6 min, then terminated by
0.5 mL HCI (8 mol/L). Absorbance was measured a 82Zn against the blank. In the control, sample was
substituted with Tris—HCI buffer. Measurements weegformed at least in triplicate. Decreased almuré of the
reaction mixture indicated increased superoxiderastavenging activity. The scavenging capacitidh@samples
were compared with Vc. The capability of scavengingsuperoxide radical was calculated by the foilmwy
equation:

Scavenging effect (%) = (_]-Asample 32£Acontrol 32() x 100

Metal chelating assay The ferrous ion-chelating ability of sample wasastigated with slightly modified method
described by Zhanet al [10]. Samples in different concentrations (5.4238)/mL) were mixed with 1 mL ferrous
chloride (2 mmol/L) and 1 mL ferrozine (5 mmol/Lthen shook well and stayed still for 10 min at room
temperature. The absorbance of the mixture wagrdeted at 562 nm. Measurements were performedaat ie
triplicate. In the control, sample was substituséth distilled water. The ferrous ion-chelatingiaity was given by
the following equation:

Chelating ability (%) = (* Asample 566Acontrol 563 X 100

Statistical analysis All data listed in the figures or the tables arewsh in means + S.D. and processed with Excel
software.
RESULTS AND DISCUSSION

Chemical analysis An active fraction (TA) was obtained from AMC arftetlinear regression equation was Y =
0.065 X- 0.0084 with a regression coefficient of 0.9948 anlinearity range of 428 ug/mL. The total phenolic
content in TA was 96.6% according the standardeufA was ample with phenolic compounds which migfaty
an important role in the strong antioxidant acyivif TA.
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Reducing power assayin the reducing power assay, the presence of radtgc{antioxidants) in the tested samples
would result in reducing B#ferricyanide complex to the ferrous form tBe[11], and the yellow test solution
changes into various shades of green and bluescdi&pending on the reducing power of antioxidant@es. The
reducing capacity of a compound may serve as dfisigmt indicator of its antioxidant activity. Asegicted in
Figurel, the reducing power of all samples was concenmmadiependent. With increased concentrations oftfié,
absorption augmented from 0.698 + 0.008 to 2.08B041, however, the absorption of Vc was only icisem
0.637 £ 0.003 to 1.726 + 0.001. It was obvious that reducing power of TA was stronger than Vchat $ame
concentrations. Kajariaét al. [12] reported the absorption of quercetin was 6.&88 1000 pg/mL. At the
concentration 0.5 mg/mL, the absorption of fucoides only 0.25 [13], which was much lower than TAwas
evident that TA did exhibit strong reducing powadavas promising as antioxidant in food and phaeutcal
industry. The reducing power is generally assodiatéth reductones, a strong antioxidant, which taeak
free-radical chain by donating a hydrogen atom.[Id]our opinion, phenolic hydroxy groups in TA proted its
high donating hydrogen ability.
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Figure 1. Reducing power of the active fraction (TAand Vc. Values are means + S.Dn(= 3)

Superoxide radical scavenging assaypuperoxide anion is the least active and harmfuthéo organism among
ROS. However, it is one of the precursors of thglsit oxygen and hydroxyl radicals that can indlsemitiate
lipid peroxidation, and induce pathological incitersuch as arthritis and Alzheimer’s disease [TBjerefore,
Superoxide radical scavenging capacity in the hubwdy is the first line of defense against oxidatstress. The
scavenging activity of all tested samples on supidexradicals was described in Figure 2. Excepaf®.61g/mL,
the scavenging ability of all tested samples wasvshin a concentration-dependent fashion. TA exbibstronger
scavenging activity than Vc at the concentratiomser than 5.45:g/mL. The scavenging ability of superoxide
radical by TA were over 60% at concentrations ffa to 10.8.g/mL. Chianget al [16] reported the scavenging
ability of isoflavonoid-richFlemingia macrophyllaextract against superoxide radical was only 6856426 at 500
ng/mL. Compared with these results, TA displayedrgier scavenging activity on superoxide radicalntha
Flemingia macrophyllaextract. Evidence showed that high quantities aridensed tannins and catechins were
responsible for the strong antioxidant capacity].[XJur data indicated that scavenging activity apesoxide
radical of TA have a direct, positive correlatioithathe antioxidation observed.
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Figure 2. Scavenging effects on superoxide radicaf the active fraction (TA) and Vc. Values are measi+ S.D. (i = 3)

Metal chelating assayRadical damage is partly due to the formation afrbyyl radical by reactions similar to the
Fenton reaction. Compounds that can chelate metal may minimize the production of hydroxyl radidsl
inhibiting the Fenton reaction [18]. The metal etiglg capacity is significant since it reduces ¢bacentration of
transition metal ions affecting lipid peroxidatiand impedes the formation of other secondary fadéeals [19]. As
displayed in Figure 3, ferrous ion-chelating effettll tested samples was independent of the carat®ns. The
relationship between chelating effect and concéntravas complicated. At low concentration belowg/mL, TA
exhibited a descending curve, however, the chealility increased again at 8.75 and 10gdmL. The highest
chelating value of TA was 14.36% at concentratibB.6 ug/mL. The chelation efficiency to Fedepended on the
number of hydroxyl and the hydroxyl substitutiontire ortho position was desirable [28]. lanataextract with
high amount of gallic acid showed notable metal chefptustivity [21]. Furthermore, the biological acties of
polyphenols depend on several structural parametech as the type of polyphenol, molecular weight,
number/position and conformation of phenolic hydtdokin and Lin found the galloyl group and pherdfiydroxyl
groups at the 3’ position were responsible for #mi-inflammatory activity of epigallocatechin gl [22].
Proanthocyanidins with lower molecular size werereneffective as superoxide anion and hydroxyl raldic

scavengers and xanthine oxidase inhibitors [23].s0f#posed that the phenolic hydroxy groups mightrdaute to
the chelating ability of TA.
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Figure3. Chelating effect of the active fraction (A) on ferrous ions. Values are means + S.Dn € 3)
CONCLUSION
In a word, TA exhibited strong antioxidant actig&in vitro by virtue of their strong reducing power, freeicadl

scavenging effect, and chelating ability. The attiant activities of TA might attribute to its aityl of scavenging
ROS. TA could be beneficial for health promotion.
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