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ABSTRACT

The total flavonoids from Suaeda glauca Bge leawere studied using ultrasound-assisted extractidAE) in this
work, and total flavonoids content (TFC) was meaduby UV-spectrophotometric method. The inhibitfigct
(DPPH%), reducing power, and inhibiting effect gnoxyl radical (OH%) of sample extract was alsuvastigated.
Three important factors with regard to temperat(88-80°C), time (10-60 min) and liquid-solid ratio (5-50 nib)g
were optimized using RSM for obtaining maximumeslf response function. The results showed tlieabpimal
extraction condition was at 45.28 of extraction temperature, 53.91 min of extractione, and 30.34 ml-pof
liquid-solid ratio, respectively. Under those camatis, TFC, DPPH%, reducing power and OH% were fbtm be
121.0 mg RE§ 94.67%, 740.07 mg AA*DW, and 90.91%, respectively. These results demsted that the
regression model was obtained, and be capable dfirately estimating the total flavonoids from Sumeghuca
Bge leaves in the field of the deep processinguak&a glauca Bge resources, as well as desirabtePH
radical activity, reducing power and anti-hydroxgdical activity. In addition, high linear correlan between TF
and OH% indicated inhibition of hydroxyl radical wattributed to flavonoids compounds.

Keywords. Suaeda glaucaBge, Total flavonoids, Reducing power, Responsafase methodology,
Ultrasound-assisted extraction

INTROUDUCTION

Natural antioxidants can be more effective to tiabnic renal disease such as cancer, diabetisy, dgart and
degenerative diseases etc[1]. Antioxidant therafghtrbe useful in preventing or delaying the pregien of these
diseases, but a major mechanism from oxidative darigastill not clear. The recent studies [2, 8lidated that free
radicals have considerable evidences inducing tixelalamage. Consequently, an extensively studyat@ral
antioxidants have been more frequently undertalkan synthetic antioxidants [4-6].

Suaeda glauc®ge leaves are selected as the object of studighvgrows on the seashore or salt flats and belongs
to Suaeda glaucéamily. It is a well-known and very important titidnal Chinese drug, and often used for treating
diarrheas, fevers, bad digestion, [&fc Also, It possess many nutrition ingredientensequently considered as a
green food and is edible as a good vegetable foranuand animal feed [8]. Although it reveals a pté in the
therapy of influenza, Information is scanty in dahle literatures regarding total flavonoids cotgerantiradical
capacity and reducing power Vitro. The primary aim of this study was to extract ltdkavonoids and research
antiradical capacity and reducing power, and furthgimize the extraction process to acquire a goedormance
process. This is helpful for future deep invesimatand development dduaeda glaucdage in the efficacy of
herbal therapies.
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EXPERIMENTAL SECTION

Chemicalsand plant materials

Aluminium trichloride, potassium ferricyanide, tnioroacetic acid, 1,1-diphenyl-2-picryl hydrazyl#BH), ferric
chloride, ascorbic acid, sodium salicylateO: were of analytical grade and purchased from SiaophChemical
Reagent Co. (Shanghai, China). Rutin was purchdsed from Beijing Yingze New Chemical Technology
Research Institute Beijing, China).

Preparation and of extract

Suaeda glauc®8ge leaves were picked from Dafeng seawall (YanGhdrangSu, China) in 2013 March. It was
cleaned and dried in a drying oven in the laboyatattil a constant weight. It was pulverized by theyoung
soybean machine (DJ13B-D18D, Shandong, China) paeder, and then sealed in plastic bottles forhtnt
analysis after 40 mesh sieving.

According to RSM design (Table 1ISuaeda glauc&8ge leaves powder was accurately weighed withgdirto the
flask, mixed with water of a certain liquid-solidtio range 5-50 ml-f which was placed into the ultrasonic cleaner
for extraction time (10-60 min) at the temperatuamge 30-80°C, followed by centrifugation and take
supernatant for the quantitative determination atélt flavonoids content (TFC) and antioxidant dtiteé after
guantitative dilution.

Analysis of total flavonoids content (TFC) and antioxidant activities

Deter mination of total flavonoids

TFC of extracts were determined in triple by thehtéque described in the paper [9]. Exactly 2 mplaint extract
solution was mixed with 2 ml of aluminium trichldd (2%) in methanol. The mixture was placed at room
temperature for 10 min, and the absorbance wasurezhsising a UV-spectrophotometer (SPECORD-50, Geym
Jena Co, Ltd.) at 415 nm. The mixture solution withextract was used as the blank. Rutin was usedjaivalents
(RE) for making the standard curve (Absorbance=I65RE mg/ml-0.0839R?=0.9991). TFC in extracts was
expressed as mg RE per gram dry weight (DW) oftpl@he results were mean valueststandard error. iiFC
Suaeda glaucBge leaves extracts using rutin as equivalents (iis)calculated by the following equations:

[(y+0.0839 /0.5716}V 10 )
mass of sample @

TFC (mg REJG') =

V was the volume of solution (mly,was the absorbance of the extracts and mass qflsaefer to plant powder
studied (g).

Deter mination of reducing power

The total antioxidant potential of the extracts wesearched further by reducing power analysis lwhidased on a
relox reaction. In the reaction system, an fewitsiin excess is easily reduced by antioxidante.réducing power
was investigated according to the method [10]. Bti&ample extracts of 70% ethanol was actualketafor 0.5,
1.0, 1.5, 2.0, 2.5, 3.0,3.5 ml into a flask of 10 respectively, then was mixed with phosphate drugfiml, 0.2
mol/L, pH 6.6) and 1 ml of potassium ferricyanid€4). The mixture was incubated for 20 min at 50T@Ge
mixture was added by 1 ml of trichloroacetic acl®%o), further centrifuged at 1000 rpm for 10 mimeTupper
layer of solution (1 ml) was diluted with distilledater (2 ml) and Ferric chloride (0.1%) for 0.4 fihe absorbance
of the final solution was measured at 760 nm. Blams prepared with all the reaction agents withexitact.
Ascorbic acid (AA) was used as a standard. Theadiaduypower of extracts was expressed as mg AA mndW
according to the calibration curve: y = 0.011B%= 0.9786, where x was the absorbance and y wasiregpower
mg AAE-g* DW.

Assay of DPPH radical scavenging activity

The scavenging activity of 1,1-diphenyl-2-picryldmgzyl (DPPH) was analyzed according to a methaelp]. The
extract were added into a methanolic solution oPBIRadical (0.5 mM), then the mixtures were vigalgishaked
and allowed to stand for 30 min at 25°C in the ddike absorbance at 517 nm from the resulting issluvas
scanned using a spectrophotometer against a bnkle without DPPH. The scavenging capacity of DffPH
radical was calculated by using the formula below:

DPPH(%)z%x 10(

0
A is the absorbance of DPPH solution without saraptkA is the absorbance of the extract studied.

()
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Assay of hydroxyl radicals scavenging activity

The hydroxyl radical scavenging activity was stddécording to the previous method [13, 14]. Theeaex sample
was accurately taken to 10 ml flask at the volurh@.9, 1, 1.5, 2.0, 2.5, 3.0, 3.5 and 4 ml, respelt Then 1 ml
FeSQ (1.5 mM), 0.3 ml of sodium salicylate (20 mM) weakso added into the above extract sample solution.
Meanwhile, the mixture was reacted with 0.7 ml gDE(6 mM). The reaction solution was incubated for &th
37°C. The absorbance at 562 nm was measured. Tability of scavenging hydroxyl radical of extragmples
were calculated by the following equation:

oH(%):Mx 100
AO

®3)

Ag was the absorbance of the control (without sangue)A was the absorbance of the extract samples.

Optimization ultrasonic-assisted extraction by response surface method (RSM)

To further study the interaction between the vdeisbwe optimized the experimental conditions bx-Behnken
design (BBD) of RSM using Design-Expert 8.0.7.1,[16]. BBD with three factors was applied to set three
variables containing temperature for 30-80°C, sttric time for 10-60 min, and liquid—solid ratia #-50 ml- ¢".
The factors and levels were shown in Table 1. Tdteahresult was obtained by experimental operadiocgach team
condition by UAE. The data was analyzed by RSMnthige fitting model was established, and the ogdtima
conditions were got. The validate test was caroigdin triple to determine the repeatability of thedel. The three
samples of the same weight (0.5 g) were perfornmeiuthe resulting optimal conditions.

Satistical analysis

RSM was used to analyze the effect of three fadtmisiding extraction temperatur¥,j; extraction time X,) and
solid-liquid ratio &3) on the response functions of TR), DPPH% V>), reducing powerYs) and OH% ¥,) of the
extract. A Box-Behnken Design (BBD) from RSM waspdoyed to design the experimental arrangement. The
software package of Design-Expert 8.0.7.1 was aglh design variables with actual and coded lealelsg with
response variables. The experimental design indlbdelve factorial points, and five repeated poifitsese values
were calculated according to regression modele@ltd the three variables in a second-order polyaloaguation.
Statistical significance of coefficients in the megsion equations was examined and analysis ainegi(ANOVA)
was carried. A general function formula is useabel

Y:Q+be+ip>ﬁ<>§+inbx )

i<j

Y is the response functiorty), b, hj , b, are regression coefficients of the constant teimeat coefficient, the

cross coefficient and quadratic coefficient, resipety. According to equation (4), four functionktbis study were
expressed as equation (5):

Yo=h+hX+bh X+ bX+ b X%+ b X% kX
+b, X2+ B, X2+ by )G ®)

Lack of fit, correlation coefficient®” and adjusted?’ were also analyzed. Whé is up to 0.80, it was considered
to be a good fitness of a response model. Thalmtodels can be adjusted by removing some norifisigmnt terms
(quadratic terms or interaction terms) so thatdtveesponding variables were to be more signifi¢art 0.05). So
the final model was determined. All tests were @enied in triplicate.

RESULTSAND DISCUSSION

Effect of extraction parameterson TF

The experimental design was presented in Tablectorling to 17-run experimental parameter, theliesuere
also showed in Table 1. Figure la, b and c shoWweddsponse surface of the effect of extractiorditioms of
temperature, time and liquid-solid ratio on TFC BRE technique. Table 2 showed analysis of the wagaof
regression coefficients of each response variabtee regression model. Among the influence factagsid-solid
ratio revealed the significanp<0.05) linear and quadratic effects. Higher ligaalid ratio could have higher
solubility of active compounds including flavonoidempounds and other antioxidants to the solvaiith the
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increase of temperature, the target compound dijulmicreased because of the increase of massfeamnd
solvent diffusion rate. The extraction time alsal ke significant (<0.05) effect at linear level. Meanwhile, the
increased extraction time enhanced the exchangeleént penetration and active compositions. Tlyhdst TFC
(124.92 mg RE-§) was optimized under the extraction parameter4528°C, extraction time for 53.91min and
30.34 ml- ¢ of liquid-solid ratio by RSM.

Table 1 Experimental design and results of TPC, DPPH%, reducing power and OH% of the Suaeda glauca Bge L eaves extract by UAE
technique

X1 X X3 Yi/(mg RE-¢) Yo% Yy (mg AA-g' DW) Ya/%
/'C I min  /(ml-gY Actual* predicted Actual* predicted Actual* predéct Actual* predicted

z
©

1 30 10 27.5 108.4+0.11 10.72 90.21+0.04 90.23 580.3M+0. 579.42 84.64+0.02 84.37
2 80 10 27.5 103.9+0.09 10.27 92.96+0.02 93.10 686.33+0. 683.50 86.56+0.03 86.02
3 30 60 275 114.9+0.06 11.61 95.33+0.01 95.19 749.82+0. 752.83 92.44+0.02 92.98
4 80 60 27.5 123.5+0.03 12.47 95.08+0.02 90.06 723.18%0. 724.05 90.73+0.01 91.00
5 30 35 5 75.3+0.42 7.53 87.94+0.02 88.22 563.75+0.02 1.H7  79.41+0.04 80.12
6 80 35 5 75.7+0.35 7.57 87.57+0.05 87.72 621.19+0.03 0.4A3 79.42+0.03 80.40
7 30 35 50 83.5+0.04 8.35 91.84+0.03 91.69 689.89+0.01 80.%7 85.67+0.03 84.69
8 80 35 50 87.4+0.03 8.74 90.22+0.01 89.94 703.44+0.02 96.(8 84.79+0.01 84.08
9 55 10 5 62.0+0.25 6.32 90.45+0.02 90.16 492.06+0.04 5.588 72.58+0.02 72.14
10 55 60 5 79.1+0.20 7.79 90.63+0.04 90.50 695.51+0.01 5.8B  81.73+0.02 80.49
11 55 10 50 71.2+0.14 7.24 92.25+0..2 92.38 655.03+0.03 65.44 76.58+0.02 77.83
12 55 60 50 89.9+0.07 8.87 93.67%0.02 93.96 673.42+0.03 79.89 82.61+0.03 83.05

13 55 35 27.5 120.2+0.14 11.98 95.51+0.04 95.06 740.920. 731.42 92.79+0.03 91.06
14 55 35 27.5 121.740.16 11.98 95.37+0.01 95.06 729.68+0. 731.42 91.73+0.04 91.06
15 55 35 27.5 117.8+0.21 11.98 94.99+0.01 95.06 733.83:0. 731.42 91.43+0.04 91.06
16 55 35 27.5 119.1+0.17 11.98 94.14+0.03 95.06 716.7B:0. 731.42 87.76+0.01 91.06
17 55 35 27.5 120.4+0.15 11.98 95.29+0.03 95.06 725.8B0. 731.42 91.57+0.01 91.06
* Data was expressed as mean +S.D. (n=3) .
X, (Temperature,C), X, (Extraction time, min), XLiquid-solid ratio, ml-¢f), Y; (TFC, (mg RE-Q), Y2 (DPPH, %), ¥ (Reducing power, mg
AA.g' DW), Y, (OH, %).

Table2 Analysisof the variance of regression coefficients of each response variable in the regresson model

TFC DPPH% Reducing power OH%
Source Df Sum of Sum of Sum of Sum of
p-value p-value p-value p-value
squares squares squares squares

Model 9  7220.4758 <0.0001 110.5382 <0.0001 82895.4832 <0.0001 568.1755 0.0003
X1 1 8.8200 0.1253 2.5200 0.0137 2835.4215  0.0052 0.0544 0.898Y7
Xz 1 478.9513 < 0.0001 1.8432 0.0267 22889.4408 <0.0001  92.1403 0.0010
Xs 1 199.0013 < 0.0001 16.2165 <0.0001 15248.6916 <0.0001  34.0725 0.0131
X2 Xo 1 42.9025 0.0064 16.0000 <0.0001  4412.9449  0.001% 3.2942 0.338%
X1Xs 1 3.0625 0.3392 0.3906 0.2392 481.5830 0.1437 0.1980 0.8084
XoXs 1 0.6400 0.653% 0.3844 0.2428 8561.8009  0.0002 2.4336 0.4068
XXy 1 5.2817 0.2200 29.2624 <0.0001 1005.8114  0.0489 2.3182 0.4172
XoXa 1 153.8612 0.0002 0.3272 0.2775 4051.0814  0.0020 43.2641 0.0072
XaXa 1  6158.6527 < 0.0001 38.6883 <0.0001 21465.5457 <0.0001  378.0425 <0.0001
Residual 7 20.3795 1.6520 1243.4671 21.8578
Lack of fit 3 11.7675 0.2831 0.4492 0.7033 610.0568 0.3938 7.1291 0.6255
Pure error 4 8.6120 1.2028 633.4103 14.7287
Cor total 16  7240.8553 112.1902 84138.9504 FBR0
R? 0.9972 0.9853 0.9852 0.9630
Adj R? 0.9936 0.9663 0.9662 0.9153
Pred B 0.9721 0.9192 0.8722 0.7677

35% significant level; °Not significant relative to the pure error.

Effect of extraction parameterson DPPH%

The Figure 1d, e and f indicated the influenceeshperature (30-80°C), time (10-60 min) and liquities ratio
(5-50 ml-g") on DPPH% ofSuaeda glaucaBge leaves extracted by UAE. The liquid-solid aapresented
remarkably significantp<0.05) linear and quadratic effects on DPPH%. Byréasing the liquid-solid ratio, the
target components of inhibiting DPPH radical hau# flissolution related to increasing concentratgmadient
which is driving force in consistent with mass sfam principles. At 30.34 mi“gof liquid-solid ratio, DPPH%
reached to the maximum value 95.99% optimized byIREhe temperature showed rapid increase at thanbieg

of the extraction corresponding with the dissolutad soluble components. Then the slow decrea&P#fH% was
observed related to degradation of active ingradibecause of higher temperature. The optimal testpre was
obtained for 45.28 , im case, giving the equilibrium concentration af thrget compositions in the extract. The
time effect was found different tendency to tempaeaand liquid-solid ratio. It always revealedastg increase of
DPPH% from 10 min to 60 min. However, the longandi for higher DPPH% was obviously impractical
performance from the economical point of view.
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Effect of extraction parameterson reducing power

The reducing power may serve as a significant atdic of potential antioxidant activity because ofdiaect
correlation between reducing power and antioxidantivities of extracts. Three factors had basicallgignificant
effect on reducing power activity of the extraabrir Suaeda glauc@ge leaves. But liquid-solid ratio revealed
strongest effect. As shown in Figure 1h and i, xtreene value was found at liquid-solid ratio for.3@ ml- g at the
extraction temperature for 45.28°C, extraction tiime53.91min after optimization by RSM. The tengtere and
time seemed to presented the same tendency fotingdpower activity from the extract, which was therease of
reducing power with temperature and time (see [Eiduy), while extraction time also showed a sigaifiic(p<0.05)
linear and quadratic effect on reducing power.

TFC/(mg RE/g)
TFC/(mg RE/g)

DPPH%
DPPH%

Reducing power/ (mg AA/g DW)
Reducing power/ (mg AA/g DW)
Reducing power/ (mg AA/g DW)

C: liquid-solid ratio A: Temperature

OH%
OH%

A: Temperature C: liquid-solid ratio A: Temperature C: liquid-solid ratio

Figure 1 Response surface for the effect of temperature, time and liquid-solid ratio on TFC, DPPH%, reducing power and OH%
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Figure 2 The correlation of between TFC and DPPH% (Reducing power, OH%)
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Effect of extraction parameterson OH%

As the most reactive free radicals, hydroxyl raldican react with almost all the bio-macromolecutesulting in
damage to the adjacent biomolecules in living systel hus, inhibition and elimination of it is impant. As we all
know, the liquid—solid ratio enhances the extractdficiency of active components by exposing meugace area
of the solid sample to the solvent. As seen in fEglk and |, OH% had gradually increased to 30nB4j" as the
increase of liquid-solid ratio, then achieved tghast value (92.25%) when the solid sample was =igip
immersed and anti-hydroxyl radical component wdly fextracted in the case of reaching the biggestact area.
However, when the liquid-solid ratio was higherrtt0.34 ml-g, OH% was decreased. This might be the reason
that dilution of the active compositions due toestipously high ratio led to lower OH% for lowerreentration. In
spite of this, the high correlation coefficient$=0.9072) was found between TFC and OH% (see Figyre
followed by the relationship between TFC and DPPH?®0.6406), TFC and reducing powef=0.5213). This
implied that the task of removing hydroxyl radieads mainly achieved by flavonoids compounds in $hisly.

Regression model

The independent factors including variables exibactemperature, extraction time and liquid-solatio were
optimized as variables of TFC, DPPH%, reducing poaed OH%. The regression model involving linear,
guadratic and interaction terms was built up by RIMe statistical significance of the terms, regi@s analysis
and ANOVA were carried out. The result in Table aswthe predicted values and actual value of fospaese
functions. They should be in accordance with a pofyial model obtained in data processing using RSfivare.
The ANOVA results from Table 2 indicated the fowgression models were highly significapk.01). Each
predicted response function could be obtained bydhowing polynomial equation$6-9) :

Y, =39.3255¢ 0.01204,+ 0.67878+ 4.266%;
+0.00524,X, + 0.0007X,X,+ 0.00156 X, 6)

~0.0017%? - 0.0096%2— 0.07556
Y, =60.5788% 0.5688X, + 0.21126+ 0.4038;
~0.00320¢, X, + 55111X,X,— 0.00056 X, ()

-0.0042X2 - 4.4%2 - 0.0059¢
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Y, =108.5269% 5.86974 + 10.798%]1+ 13.649Q'
-0.0531%&, X, - 0.0822%,X,~ 0.01954, X, (8)
-0.0247X? - 0.049687 - 0.14104

Y, =62.38959- 0.0721% + 0.612%6+ L1914
~0.0014%,X, — 0.00138,X,~ 0.00044, X, ©)
+0.0011&?2 - 0.005182 - 0.0183C¢

In Eq. (6), the correlation coefficients Rias 0.9972, implying that the sample variatiord8f72% for TFC was
attributable to the three independent variables @tijusted correlation coefficient (Ad{#ED.9936) was used for
analyzing the fitting correlation of the regressemuation. The higher it is the better fitting beém the actual and
predicted values. The’Rand AdjR for Eq. (7) was 0.9853, 0.9663, respectively, Wwhihowed that there was
98.53% of total variation from three variableslifsttest. The Rand AdjR for Eq. (8-9) were, 0.9852, 0.9630 and
0.9662, 0.9153, respectively. The value &iighigher than 0.9, so these models were goodsfefisand adequacy,
and capable of elucidating the relationships betwxeee factors. Meanwhile, each of lack of fit walso not
significant £>0.05). All these good information further strerggibd the reliability of the models.

Optimization conditions and Verification experiment

The optimization procedures were performed for jotedy the optimal level of three factors to obtamaximum
values of TFC, DPPH%, reducing power and OH%. Tihal foptimal condition was extraction temperatuoe f
45.28°C, extraction time for 53.91min, and liquiglig ratio for 30.34 ml-g. In the case, the predicted values of the
models were TFC for 124.92 mg RE; ®PPH% for 95.99, reducing power for 755.71 mg ¢ADW, and OH%
for 92.25, respectively. Considering the practigerability, the optimal condition can be modified fllows:
extraction temperature for 45°C, extraction time36 min, and liquid-solid ratio for 30 mi*gUnder the modified
condition, the verification experiments were catriit, providing the highest 121.0 mg RE af TFC, DPPH% for
94.67, reducing power for 740.07 mg AA-BW, and OH% for 90.91, respectively, which haveDR6r 5.44, 1.18,
2.29, and 1.47%, respectively. The result indicatesl model is satisfactory and accurate in pratlicfil FC,
DPPH%, reducing power, and OH% of the extract fRumeda glauc&ge leaves.

CONCLUSION

In this study, ultrasound-assisted extraction tephe was used to extract TF froBuaeda glauc8ge leaves and
antioxidant activities including DPPH%, reducingnms and OH% was investigated. Three important factdth
regard to temperature (30-805C)ime (10-60 min) and liquid-solid ratio (5-50 mif)gwere optimized using RSM
for obtaining maximum values of response functibhe results demonstrated that liquid-solid ratiad lréghly
significant effect on the four response functionfiofved by temperature and time. The optimal priedicTFC
(124.92 mg RE-Q), DPPH% (95.99), reducing power (755.71 mg AAW) and OH% (92.25) were obtained at
45.28°C of extraction temperature, 53.91min ofaotion time, and 30.34 mi'f liquid-solid ratio. Under optimal
conditions modified, the experimental data of foesponse functions had good correlation with ptedicalue.
The antioxidant activities of the extract were asaluated in vitro systems. The results showetttiasignificant
inhibitory effects on DPPH and OH radical of thengde extract were observed. It also exhibited gtraeducing
power activity. These results suggest that TF fRiraeda glaucBge leaves seems to be suitable natural antiokidan
as well as UAE technique appears to have the adgardf energy-saving, less time-consuming, cleangagen for
the extraction of antioxidant compounds from plaaterials.

Acknowledgements

The authors gratefully acknowledge financial supprJiangsu Provincial Key Laboratory of Coastaéti@nd
Bioresources and Environmental Protection (JLCBBEB20 the Natural Science Foundation of Education
Department of Jiangsu Provincé 13KJD150005).

REFERENCES

[1] IS Young; JV Woodside]. Clin. Pathol, 2001, 54, 176-186.

[2] | Afanasev,Aging and Disease010, 1, 75-88.

[3] V Calabrese; C Cornelius; A Trovato; M Cavatla€ Mancuso; L Di Rienzdzurrent Pharm. Desigr2010, 16,
877-883.

[4] DD Kitts; YV Yuan; AN Wijewickreme; C HuMol. Cell Biochem.2000, 203, 1-10.

[5]1 W Zheng; SY Wang]. Agric. Food Chem?2001, 49, 5165-5170.

381



Xin-Hong Wang et al J. Chem. Pharm. Res,, 2016, 8(3):375-382

[6] WM Zhang; HBL Lin; HD Zhang,). Environ. Agric. Food Chen009, 8, 740-748.

[7]1 DS Zhou; QZ Wang; M Wang; YF Domh; X Feng; JYNVang, Chinese wild plant resource2011, 30, 6-9. (In
Chinese with English abstract)

[8] HR Ding; LZ Hong; ZQ Yang; MW Wang; K Wang; XMhu, Acta Agriculturae Jiangxi2008, 20, 35-37. (In
Chinese with English abstract)

[9] TK Panovska; S Kulevanova; M Stefovesta Pharm, 2005, 55, 207-214.

[10] M Oyaizu,Jpn. J. Nutr. 1986, 44, 307-315.

[11] WC Shun; S Li; YK ChingPharm. Bio, 2008, 46, 587-595.

[12] CJ Liu; Q Liu; JD Sun; B Jiang; JF Yah,Food and Drug Anal2012, 22, 492-499.

[13] RF Wang; P Chen; F Jia; J Tang; F N, J. Biol. Macromol.2012, 50, 331-336.

[14] ZS Zhang; XM Wang; SC Yu; L Yin, MX Zhao, ZPaH, Int.J. Biol. Macromol,. 2011, 49, 1012-1015.

[15] M Jouki; SA Mortazavi; FT Yazdi; A KoocheKit. J. Biol. Macromol.2014, 66, 113-124.

[16] S Sahin; R SamllJltrasonics Sonochen013, 20, 595-602.

382



