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ABSTRACT

Flavonoids from Trollius chinensis Bunge.(Flos Trollii) were extracted by different method were investigated in the
present study. Smultaneous determination of two flavonoids(orientin and vitexin) was accomplished by a useful,
rapid and simple HPLC/DAD-ES-MS method. A central composite design (CCD) combined with response surface
methodology(RSM) was used to study the effects of extraction time, temperature and liquid to solid ratio on the
extraction yield of vitexin and orientin from Trollius chinensis Bunge. The optimum extraction conditions found by
maximizing the dependent variables were time of 70min, temperature of 48 Cand liquid to solid ratio of 16g/mL,
where 1.87% yield was predicted. The results are valuable for further utiliziing and development Trollius chinensis
Bunge. as a medicinal plant.
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INTRODUCTION

Trollius chinensis Bunge.(Flos Trollii) is a perennial herb in Ranulaceae’s family[1], which includes about 30
species connected with temperate and arctic regibtise northern hemisphere[2]. In china, it's adin&al plant
which flower has already been included in the "@hk&n Pharmacopoeia”. Trollioside[3], flavonoids[4-6]
trolliamide[7], phenolic acids, fatty acids[8-9]lkaloids[10], terpenoids[11], steroidsa[l12]and otl®mpounds
were isolated from Flos Trollii in previous phyt@chical research. The flower of Flos Trollii own iaial[4,5],
antioxidant[6,1], anticancer[1], anticomplementaB][ and antibacterial[10] effects. In clinicdlrollius chinensis
Bunge. has been used for the treatment of toisilftharyngitis, enteritis etc[14Flos Trollii flowers are a rich
source of flavonoids, including flavones[15] andcavibnes-C-glycosides[5,14,16], flavonol and flava@do-
glycosides, flavonone and flavonone-O-glycosides[87 Among them, orientin and vitexin, as the mbioactive
flavonoids in Flos Trollii, has some useful effectach as antioxidant[5.19]and antiviral[1]etc.

In recent years, various new extraction technigsesh as ultrasonic-assisted extraction, microwasésted
extraction[20]and supercritical carbon dioxide agtion[21]have been established for the extraabibflavonoids
from natural plants. Among them, ultrasonic-asdigtetraction has shorter time, less solvent, highxraction rate
and better products and other advantage. Reseafl@vanoids in Flos Trollii is also ongoing. Inglpresent study,
one ultrasonic-assisted extraction was used faraeixbrientin and vitexin from Flos Trollii and tleperational
parameters were optimized using Response surfatteochéRSM). The Flos Trollii flavonoid extracted Hifferent
method were separated, identified and determinedHBYC-DAD-MS by using the vitexin and orientin dset
standard reference. The objectives of this workewtr investigate ultrasound-assisted extractiopxint and
orientin from Flos Trollii using a pilot-scale eattion and to study the influence of time, tempeetand
solvent-to-material ratio on vitexin and orientiield for development and application of the reseuithe research
will be helpful to further exploit and utilize FIGzollii as a medicinal resource.
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EXPERIMENTAL SECTION

Trollius chinensis Bunge. (Flos Trollii) flowers were purchased int@mer 2013 from the Bayi drug market in
Xinning, Qinghai Province of China, and were drag®d0C for 24h in an oven and then comminuted into pidges
a crusher and passed through a 40 mesh sieveaed &t darkness before analysis. Orientin andkivifpoth with
purity>99%) were purchased from Chengdu Must Bio-Technolg.,Ltd. Chromatographic pure methanol was
purchased from Shandong Yuwang Industrial Co.,B&fore analysis, all solutions were filtered thrbwg0.22mm
Nylon membrane (Alltech, Deerfield, IL, USA) andgdesed.

Ultrasonic-assisted extraction (UAE)

The powdered Flos Trollii(2.0000g) was accuratelgighed and soaked with 70% ethanol, and then plated
ultrasonic cleaner(Model KQ-200VDB, Kun Shan Ulbag Instruments Co., Ltd, Kunshan, Chian) and cated
at 100W, 40KHz for different temperature, time aedtain solid to liquid ratio. After extraction glextract solution
was removed the solvent with a rotary evaporatard® R-210, BUCHI Laboratory Equipment Trading (Sdiaai)
Ltd. Shanghai, China) at 80The concentrate was collected and storedGin 4larkness until further determination
of vitexin and orientin and HPLC/MS analysis, tlenples were prepared and analyzed in triplicate.

RSM design and data analysis

RSM combined with CCD was applied to optimize théraction temperature (X1), time(X2) and solid tguid
ratio (X3) for ultrasonic-assisted extraction ofexin and orientin from Flos Trollii. The coded iailes equation
showed in formula 1:

Y:ﬂO+Zﬂij+Zﬂjjxj2+2218ijxixj(k:3) 1)

i<j

Wherek is the numbers of variablgs is the constant terng;, 5 andp;; represents the coefficient of the first order
terms, quadratic terms and interaction terms, kmdy, whileX; andX; are the independent coded variables.
During the entire experimental process, the extademperature varying from 35 to 58, time varying from
30min to 90min, and liquid to solid ratio varyingin 10:1 to 20:1 were chosen based on former relsgwot list in
here). All the experiments were repeated threesimeresponse surface analysis procedure (DesigeiEx.1.3
Trial, State-Ease, Inc., Minneapolis MN, USA) wased for calculations and modeling of optimal caodt for
ultrasonic-assisted extraction e of vitexin andewtin from Flos Trolliiin. Values ofP<0.05 were regarded as
significant.

Heating reflux extraction of flavonoids(HRE)

Ground dried Flos Trollii. (2.0000g) were extracteg 60mL 70% ethanol at for 120min. The sample was
extracted three times, and the extract was filtkdtg Xinxing filter (Hangzhou Special Paper IndysgO., Ltd.,
Hangzhou, China). Then a rotary evaporator (Mod2llR, BUCHI Laboratory Equipment Trading (Shangthad).
Shanghai, China) at 30 was used in order to remove solvent from theafiéir The extract was collected and
vacuum-dried at 50. After 15 min cooling, the dried extract was stbia 4C until further determination of
vitexin and orientin of Flos Trollii flavonoids.

Determination of vitexin and orientin by HPLC-DAD and LC-MS/MS

Instruments and equipment

Experiments were performed using Agilent HP 1100eSeHPLC (Agilent, USA). The LC system consistédn
online vacuum degasser (model G1322A), a quatemamp (model G1311A), an auto-sampler (model G1328A
thermostated column compartment (model G1316A) dimtle array detector (model G1315B). The mass
spectrometer 1100 Series LC-MSD Trap-SL (ion tfegrn Bruker Daltonik (Bremen, Germany) was equipp#ith

an electrospray ionization (ESI) source.

HPLC-DAD analysis

The chromatographic separation of vitexin and diewas achieved by using a reversed-phase wayenmetry
C18 column (250x4.6 mm,ubn, Waters Corp., Milford, USA) in conjunction withgradient elution. The mobile
phase consisted of water (solvent A) and pure meth@olvent B), which was all filtered through 22 mm Nylon
membrane filter (Alltech, Deerfield, IL, USA). Thaitial composition of solvent B was 25% and wasehrly
increased to 35% at 30 min, to 40% at 40 min, téo5@ 50min. An aliquot of 2QL solution was injected
automatically. The chromatogram was monitored & Bdh, and UV spectra of individual peaks were rdedrin
the range of 200—-400 nm. Data were processed égjilgnt Chemstation software. The flow rate was hi'min
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in a binary gradient mode, and temperature was. &thromatographic peaks were identified by spikkedworking
standard with each individual flavonoid in turn.

HPLC-DAD-ESI-MS analysis

The mass spectrometer was equipped with an ESksamd controlled by Esquire-LC NT software. Thd ES
source was operated in positive-ion mode with hdtdn mass range from m/z 150 to 800. The chragrapic
separation condition was the same with the HPLC/Deiialysis mentioned above. The MS conditions wisted
as follow: positive ion mode; gas (N2) temperat@@)C; flow rate, 9.2 L/min; nebulizer pressure, 38 psipillary
voltage, 3.8 kV; cone voltage, 40 V; corona curi@t), 4200 (pos).

Quantitative analysis of individual flavonoid, limit of detection (LOD), limit of quantity (LOQ) and r ecovery
Stock solutions of orientin (0.44mg/mL) and vitexth46mg/mL) were prepared in methanol. Then, a&atixed
standard solutions were prepared by appropriatgialil of the stock solution with methanol, contami6.88 to 220
png/mL of orientin, 7.19 to 23Qg/mL of vitexin, All solutions were stored at4in darkness before analysis. The
calibration curve of vitexin and orientin was pregzh by plotting concentration(x, mg/mL) againstgtsak area (y)
at A=340nm. The regression equations and correlatiafficeent (r) for each standard curve were autoozdity
determined using Microsoft Excel software. The Hogllii flavonoids samples got by ultrasonic-asstsextraction
with RSM (at each condition), heating reflux extrac were determined in triplicate.

The detection limits were estimated experimentllyinjecting standard solutions of each flavonaililsited in
methanol until the signal-to-noise ratio for tharstards reached a 3:1 ratio for LOD and a 10:1.@®. Recovery
experiments were performed to evaluate the accuwhtlye methods. Three different concentrationer@ntin and
vitexin were added to known amounts, which wherengared with Flos Trollii ultrasonic-assisted extiaic
without standards. The spiked samples were analiye&iplicate by the established HPLC method. Aecy was
expressed as the percentage deviation betweemtbana of standard found by HPLC analysis and thewrn
added at the known concentrations.

Assessment of antioxidant activities

ABTS assay was based on the method of Re et al[@2p@me modification. ABTS- + reagent was produbgd
reacting 20 mL of 14 mM ABTS solution with 3p6 of 280 mM potassium persulfate {BO,) aqueous in the dark
at room temperature for 15 h before use. The ABTSltition was diluted to appropriate absorbanc@.mL of
different concentration sample (0.1-3.8/mL), 2 mL of diluted ABTS -+ solution and 1.0 mdf H,O were
consecutively added to react in the dark at roanpgrature for 30 min, and the absorbance at 73&asrecorded.
All the samples were tested three times.

Reducing power was determined according to the odetbf Wang et al[23]. Briefly, 1.5 mL of different
concentration sample (0.1-3.u8/mL) was mixed with 0.5 mL of phosphate buffer (618) and 0.5 mL of 1% (w/v)
potassium ferricyanide solution. The mixture wasilmated in a water bath at 50 °C for 20 min. Afdy 1 mL of
10% (wi/v) trichloroacetic acid solution was addadd the mixture was then centrifuged at 800 r/mim10 min. A
3-mL aliquot of the upper layer was then combinathw@.5 mL of 0.1% (w/v) ferric chloride solutiomnd the
absorbance was measured at 700 nm. All the samglestested three times.

The flavonoids extract obtained by ultrasonic-desisxtraction on the optimization condition wadjsated to
analysis of their anti-oxidant activity by using2a?-diphenyl-1-picrylhydrazyl(DPPH)radical-scavemgiassay.
This method previously described by Amarowicz §4jlvas used with slight modifications in orderassess the
DPPHe- free radical scavenging capacity of flavoadieom Flos Trolliioils. The absorbance was measwae517
nm and all the experiments were repeated threestif@aefly, 1mL of different concentration sampl@.1(-1.8
ug/mL) and added to 5 mL of 0.025% DPPH (Sigma-Aldyiin methanol. The mixture was shaken vigoroasig
incubated in dark for 30 min, and then placed inLAf759 spectrophotometer (Shanghai Precision & r8ifie
Instrument Co,.Ltd, Shanghai, China) to monitor #tsorbance at 517 nm. The radical-scavengingi@esiof
samples, expressed as percentage of DPPHe scageaftgot.

RESULTS AND DISCUSSION

HPLC separation

A HPLC method for the analysis of flavonoids watablshed. In order to select an appropriate dietechethod,
the DAD detection wavelength(254nm, 270nm, 320n#0n8n) along with the gradient program, flow ratel an
column temperature were be optimized. Under optineanditions, the method provided repeatable anddgoo
separation within 50 min for samples (UAE, HRE).gk®wn in Fig.1, all peaks were got good separation
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Fig.1. Comparison of HPLC chromatograms at 340 nnof two different samples
(UAE and HRE, A stand for orientin, B stand for vitexin)

Flavonoid identification by HPLC-DAD-ESI-MS

By comparing the retention times and UV-Vis spe¢fm.2) of the two standards in the same chromaggc
conditions, we found that the samples obtainedheydifferent extraction methods all contained tiwe flavone
C-glycosides (orientin, vitexin). The ionizationdafragmentation of the two components agree weth wiis
conclusion. As expected, every flavonoid compon@otuced an intense molecular ion peakna (M+H)" (in
ESI-MS spectrum). The selected reaction monitorirag based on the m/z (M+1349.4)-431.0 transition for
orientin; (M+H)'(433.4)- 415.0 transition for vitexin. In the ESI-MS/MS sprecof the two flavone C-glycosides,
the fragment ions (M+H-150) (M+H-120)" and (M+H-96J were observed, implying that the glucoside had spl
up.
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Fig.2. The UV and positive mode ESI-MS/MS spectrurfor the two detected flavonoids

Quantitative analysis of flavonoids from HRE and UA

Two flavonoids inTrollius chinensis Bunge. extracted by two different methods (UAE,EjRvere quantitatively
determined using the method developed here. As ethaw Table-1, all calibration curves exhibited ddmear
regression, being higher than 0.9990, and the saofjthe curves were adequate for analyzing theftavonoids.

To establish the reliability of the HPLC methode tfecoveries of the two standards were determiryeddoling

known amounts of standards to the UAE sample uthdesame conditions as shown in Table-2. All redegevere
in the range of 96.43-98.90%, suggesting the meithoeliable.
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Table-1.Linear Regression Equation, Correlation Cofficient and LOD for Flavonoids Quantification by HPLC-UV/DAD

L . . ) . .- Linearity range  LOD LOQ
Standard Retention time(min)  Regression equationrrelztion coefficients (ug/mL) (ng/mL)  (ng/mL)
orientin 19.012 y=7.8894x+0.1021 0.9995 6.88-220 .845 13761
vitexin 22.913 y=15.2340x+0.0913 0.9993 4.80-154 .643  130.91

Table-2.Recovery (%) Test of Two Flavonoids for ths Method (n=3)

Standard  Original mean(mg)  Quantity added(%) Spikedn(mg) Detected mean(mg) Recovery(%) RSD(%)

80 0.28 0.62 96.43 2.67
orientin 0.35 100 0.35 0.69 97.14 1.38
120 0.42 0.76 97.62 1.72
80 1.22 2.72 98.36 1.87
vitexin 1.52 100 1.52 3.01 98.03 231
120 1.82 3.32 98.90 1.46

Recovery(%)=(amoufdermines @MOUNrigina)/@MOUNpiked<100%

Optimization of extraction procedure

The RSM with CCD was used to evaluate the extragbiarameters and optimize experimental conditionghé
ultrasonic-assisted extraction process. The viteadid orientin yield under different extraction ciiwhs are
presented in Table-3.

As shown in Table-3, the yield of vitexin was frdnd8% to 1.25%, orientin was from 0.53% to 0.62% UAE.
The yield of HRE was 0.89% 0.52%. Thus, the yidlgitexin and orientin for UAE was more efficietitan HRE.

Table-3. Experimental Scheme and Results Obtaineddm RSM for the Vitexin and Orientin Yield

No time (X1, temperature liquid to solid ratio (X3, vitexin yield orientin yield Sum vitexin and
min) (X2,°C) g/mL) (%) (%) orientin(%)
1 1(90) 1(55) 1(20) 123 0.61 1.84
2 1 1 -1(10) 1.20 0.58 1.78
3 1 -1(35) 1 1.19 0.59 1.78
4 1 -1 -1 1.13 0.56 1.69
5 -1(30) 1 1 1.21 0.60 1.81
6 -1 1 -1 1.14 0.57 1.71
7 -1 -1 1 111 0.55 1.66
8 -1 -1 -1 1.07 0.53 1.60
9 -1.682(9.5) 0 0(15) 1.17 0.59 1.76
10 1.682(110.5) 0 0 1.25 0.62 1.87
11 0(60) 1.682(61.8) 0 1.09 0.55 1.64
12 0 -1.682(28.2) 0 1.18 0.60 1.78
13 0 0(45) 1.682(23.4) 1.08 0.54 1.62
14 0 0 -1.682(6.6) 1.19 0.60 1.79
15 0 0 0 1.22 0.61 1.83
16 0 0 0 1.22 0.61 1.83
17 0 0 0 1.24 0.62 1.86
18 0 0 0 1.23 0.62 1.85
19 0 0 0 1.23 0.61 1.84
20 0 0 0 1.23 0.61 1.86
HRE 120 80 40 0.89 0.52 1.41

Regression modeling of UAE

The vitexin and orientin yield obtained in all tB€D experiments are listed in Table -3. Experimiergsults were
analyzed using RSM. The second-order polynomialaton that fitted the coded variables was from ey
studies. The regression model for the relationbleipveen vitexin and orientin yield (Y) and the uded values of
independent variables of; XX, and X and their interactions is shown in the followirguation:

Y=-0.1637+4.9060x 18X ,+0.0507%+0.0684%-4.5833x 10X X »-8.3333x1(FX;X3-2.5000x 10X,
X3-1.2586x10X*-4.8451x10X,*-2.0087x 10X 5°

The analysis of variance (ANOVA) for the responegace model is given in Table-4. All quadratic graeters
were significant at the level &f < 0.01. Model predictions of vitexin and oriengield were adequate, as indicated
by the error analysis that showed a non-signifit¢acit of fit (P>0.05). The regression model foexinh and orientin

yield was highly significant (P<0.01). The value Rff (0.9825) indicated that the experimental data viergood
agreement with predicted values of yield. The Fsgdbr the lack of fit was also insignificant (F0205), meaning
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that this model was sufficiently accurate in prédigthe relevant responses.

Table-4.ANOVA Analysis of Predicated Second-Order 8lynomial Model for the Response Variable

Variables Degree of freedom  Sum of Squares Meaarsqu F-value P-value
Quadratic Model 9 0.140 0.016 62.46 <0.0001
X1 1 0.018 0.018 5.88 <0.0001
X2 1 0.031 0.031 23.73  <0.0001
X3 1 0.026 0.026 21.70  <0.0001
X1xX2 1 1.513x14 1.513%x10° 4.50 0.0334
X1xX3 1 1.250x10 1.250x10° 18.01 0.8272
X2xX3 1 1.250x10 1.250x10° 8.00 0.8272
X1xX1 1 1.849x10 1.849x10 0.34 0.0213
X2xX2 1 0.034 0.034 135.93 < 0.0001
X3xX3 1 0.036 0.036 146.03 < 0.0001
Lack of fit 1.539x16 5 3.078x1d 1.62 0.3048
Pure error 9.500x1D 5 1.900x1d
Total error 0.14 19

Response surface analysis

Multiple regression coefficients, obtained by emylg a least squares technique to predict a seooctel

polynomial model for vitexin and orientin yield,easummarized in Table-4. As shown in Table-4,laké¢ factors
had a notable effect on yield. There was significameraction (P < 0.05) between ¥, but no significant
interaction (P > 0.05) with X3 and XXz within the experimental range. The results indidhtd linear, quadratic
and interactive effects of the independent var@iniay be the primary determining factors of viteaird orientin

yield. Three-dimensional shaded surfaces of therskorder polynomial model were used to predictitieractive

effects of operational parameters for the vitexid arientin of UAE (Fig 3-5).
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Fig.3 shows the three-dimensional response surfageand contour plots (b) showing the effect of imand
temperature on yield. The extraction temperaturmrie of the main parameters affecting yield. At igegy
temperature, yield increases with extraction tiespecially for short durations and low temperatufesnperature
had a positive linear effect on yield for shorieimals of extraction. This is most likely due te timprovement of
flavonoid solubility from the increased mass transfate. However, if the temperature is higher thagiven
threshold (about 49°C), flavonoids start to breatd. Fig.4 shows the effect of extraction time aotid-to-liquid
ratio on the vitexin and orientin. Figure 4 illugies the importance of extraction time for UAE. iAarease in yield

1593



Wu Guiling J. Chem. Pharm. Res,, 2014, 6(7):1588-1596

with increasing time in the early stages of extoacts evident. As shown in Fig.5, yield significgnincreases with
increasing solid-to-liquid ratio. This ratio is aher important parameter affecting UAE vyield. Frathg/ml to 20
g/ml, yield increases sharply, suggesting thatxiuitend orientin are more efficiently extracted wihore solvent.
Although increasing this ratio boosts yield, a leighatio entails greater costs and is not conduitiveommercial
production.
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Fig.5. Response surface for the effect of temperatiand liquid to solid ratio on the vitexin and orientin yield

Optimization and verification of optimized models

The optimal conditions predicted by the model wasefollows: time of 71.18 min, temperature of 48G4and

solid-to-liquid ratio of 16.57 g/ml, where the pietdd yield reached a maximum of 1.87%. For cormece, these
parameters were altered slightly with little effect yield. Thus, an extraction time of 70 min, temgiure of 48°C
and solid-to-liquid ratio of 16 g/ml were deemedimal. Verification of these results showed that firedicted
values from the model were reasonably close torebdevalues.

Assessment of antioxidant activities

After oxidation, ABTS was transferred to ABTSWhen the corresponding antioxidant compound wiaed, color
of ABTS ™ reagent would fade. ABTS scavenging activities tfug flavonoids extracted from Flos Trollii were
similar. With different concentrations (0.1-13;&/mL), this activity increased with increasing ambuwf
flavonoids(Fig.6).
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Fig.6. Antioxidant activities of flavonoids extraced from Trollius chinensis Bunge.: ABTS scavenging activities
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The reducing power, which may serve as a significateflection of the antioxidant activity, was dehined by
reduction of the F& to Fe?*. Increased absorbance of the reaction mixtureines greater reducing power. Fig. 7
showed the comparison for the reducing power ofofteids extracted from Flos Trollii. All samplesosted some
degree of reducing power. The reducing power irsggavith increasing amount of falvonoids.

The antioxidant activity of flavonoids extracted bWAE and HRE were also tested by 2,2-diphenyl-Iyfiydrazyl
(DPPH) radical-scavenging assay. As showed in &ighe decrease in the concentration of flavonoédsilted in
the reduction of its antioxidant ability, the amnimant activity of the flavonoids was found to be
concentration-dependent. However, under the samditotan, the antioxidant activity of flavonoids elited by
HRE was lower than UAE.
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Fig. 8. Antioxidant activities of flavonoids extra¢ed from Trollius chinensis Bunge.: DPPH scavenging activities
CONCLUSION

In the study, flavonoids frorfirollius chinensis Bunge. were extracted by different method(UAE, HiR&Eeanwhile,
simultaneous determination of two flavonoids (otireand vitexin) was accomplished by a useful, dagnid simple
HPLC-DAD-ESI-MS/MS method. CCD and RSM were appliedmodeling and the prediction of the orientirdan
vitexin extraction yield. The optimum extractionnctitions found by maximizing the dependent variabiere time
of 70min, temperature of 48nd liquid to solid ratio of 16g/mL, where 1.87%Igi was predicted. This is the first
report of a RSM and HPLC/MS method to simultanedetermined the two main flavonoids Tinollius chinensis
Bunge.. The assay is reproducible, sensitive arelbdeen fully validated. The results are valuable ftother
utilizing and development dfrollius chinensis Bunge.

REFERENCES

[1] JL Song; X Zhao; Y QiamAfrican. J. Pharm. Pharmacol., 2013 7(17), 1015-1018.
[2] A Wska.Mono. Botanicae., 1974 41, 1-3.

[3] RF Wang; XW Yang; CM Mal. Asian. Nat. Prod. Res., 2004 6(2), 139-143.
[4] YL Li; SC Ma; YT Yang.J.Ethnopharmacol., 2002 79, 365-368.

[5] SQ Cai; RF Wang; XW Yand_hem. Biodivers., 2006 3, 343-347.

[6] HP Li; MM Zhang; GJ MaNutrition., 2011, 27, 1061-1633.

[7] RF Wang; RN Liu; T ZhangMolecules., 201Q 15, 7467-7469.

[8] CL Xin; HF PanJ. Chengde.Med., Coll. 2003 20(4), 348-353.

[9] JR Huang; QL Suo; MD Zhunner. Mong. Petrochem. Ind., 2006 16(7), 4-9.
[10] RF Wang; XW Yang; CM MaHetercycles., 2004 63(8), 1443-1446.

[11] XF Feng.Chin. Tradit. Herb. Med., 1998 29(9), 587-592.

[12] JR Hung; QL Suo; ZM LandNat. Prod. Res. Dev., 2008 20, 14-18.

[13] J YLiu; S YLi; JY FengJ. Asian. Nat. Prod.Res., 2013 15(4), 325-329.
[14] HY LI; Y Liu. Appli. Mech. Mater., 2013 13, 283-285.

[15] XX Yu; J YHuang; D XuNat. Prod. Res., 2014 28(9) 674-676.

[16] ZL Li; DY Li; HM Hua. J. Asian. Nat. Prod. Res., 2009 11(5), 426-429.
[17] ZY Liu; DQ Luo. Chin. Tradit. Herb. Med., 2010 41(3), 370-374.

[18] S Li; J Cai; J LiuAsia-Pac. Tradit. Med., 2008 4, 18-22.

[19] F An; GD Yang; JM TianNeural. Regen. Res., 2012 7(33), 2565-2567.
[20] F Pellati; F Prencipe; D Bertelll. Pharmaceut. Biomed. Analy., 2013 81, 126-129.
[21] T Suetsugu; H lwai; M Tanak&hem. Eng. Sci., 2013 1(4), 87-90.

1595



Wu Guiling J. Chem. Pharm. Res,, 2014, 6(7):1588-1596

[22] W Huang; A Xue; H. NiuFood. Chem., 2009 114, 1147-1149.
[23] R Re; N Pellegrini; A Proteggenteree. Radical. Bio. Med., 1999 26, 1231-1234.
[24] J Wang; Q Zhang; Z Zhanint. J. Biol. Macromol., 2008 42, 127-130.

1596



