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ABSTRACT

Purpose: Astragalus membranaceus (AM) is an important traditional medicinal herb, Pharmacological research has indicated
that AM has various physiological activities such as antioxidant, anti—inflammatory, immunoregulatory, anticancer,
hypolipidemic, antihyperglycemic, and hepatoprotective activities, The bioactive substances responsible for the physiological
activities in AM, including many antioxidant substances, change during the roasting process, This study investigated and
compared the changes in the antioxidant constituents of AM caused by roasting., Methods: DPPH (1,1-diphenyl—2—picryl
hydrazyl) and ABTS" (2,2'-azino—bis (3—ethylbenzothiazoline—6—sulfonic acid) diammonium salt) radical scavenging activities
and their total phenolic content (TPC) were measured, High—performance liquid chromatography (HPLC) analysis was
performed to confirm any changes in the isoflavonoids of roasted AM (R—AM),. The cell viability of UVB—induced HDF (Human
dermal fibroblast) cells treated with AM and R—AM extracts was investigated, The comet assay was used to examine the
inhibitory effects of R—AM extracts on DNA damage caused by oxidative stress, Results: The DPPH and ABTS' radical
scavenging activities were 564.6 £20.9 and 108.2 = 3.1 (ICso value) respectively, from the 2R-AM, The total phenol content
was 47.80 1,40 mg GAE/g from the 1R—AM, The values of calycosin and formononetin, which are the known isoflavonoid
constituents of AM, were 778,58 £ 2,72 and 726,80 =% 3.45 ug/g respectively, from the 2R—AM, Treatment of the HDF cells with
R-AM (50 ~ 200 pg/mL) did not affect the cell viability, Furthermore, the R—AM extracts effectively protected against
UVB—-induced DNA damage, Conclusion: The findings of this study indicate that R—AM increases its isoflavonoid constituents
and protects against UVB—induced DNA damage in HDF cells,
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DPPH radical scavenging assay

DPPH radical scavenging assay+~ Bondet W' [25]2 W
& 3lo] AME-314 T DPPH solution 1,1-diphenyl-2-picryl
hydrazyl (DPPH; Sigma-Aldrich, St. Louis, MO, USA)&
95% ofgtEol galiste] 515 nmoA FFE g 1022
245t} FH[EkGITh 2 AR 10~20 mgmL2 25 5
10~ 4,000 pg/mLE 3|4ake] @ Zu=E 300 kM DPPH
solution¥} &3F5}9it) Ao A 30E7F HF2A]7] &, 515
nmoj| 4] multiple micro plate reader (BioTek Instruments,
nc., Winooski, VT, USA)Z =743}tl. DPPH radical
scavenging activity & AAtel= B2 ohS3t gk

DPPH radical scavenging assay (%)=
[(Acomrol'ABlankl1)'(ATreatmem'ABlank2)/ Acomrol'ABlankll] x 100

Areatment = Absorbance values of DPPH radicals after
treatment with sample
ABlnki = Absorbance values of DPPH radicals with ethanol

Aglank2 = Absorbance values of DPPH radicals with
ethanol and sample

Acontrol = Absorbance values of DPPH radicals

ABTS radical scavenging assay
ABTS radical scavenging assay+~= van den Berg '

[26]2 WHE3slo] AME31¥TE ABTS solutione 2,2’-azino-
bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS; Sigma-Aldrich, St. Louis, MO, USA)Q} 2.6 mM
potassium persulfateS 5740 23|} EH|SIAL 244
7F 3, 732 nmo| A = 7HS 072 ZAsho] 1|5
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th ZF A& 10~20 mg/mLE = 5% 10~2,000 pg/mL
2 3]43}o] 9 FH|E ABTS solutiony} &g5}ic}. A&
oA 30E7F WH-A]Zl %, 732 nmol|A] multiple micro
plate reader2 =733}l ABTS radical scavenging
activity S AlAFeH= WH-e of-23) P
ABTS radical scavenging assay (%)=
[(Acontrol-ABianki1 )-(Areatment-ABlank2)/ Acontrol-ABtankit | X 100
Afreatment = Absorbance values of ABTS radicals after
treatment with sample
Asiank1 = Absorbance values of ABTS radicals with dH,O
Asglank2 = Absorbance values of ABTS radicals with dH,O
and sample
Acontrol = Absorbance values of ABTS radicals
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galic acid (Sigma-Aldrich Co., St. Louis, MO, USA)E &
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HPLC analysis
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23] (High Performance Liquid Chromatography, HPLC)
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28 Z+7F 10 mg/mL 2 methanol ol 834|171 3 0.22 uM
PVDF membrane filter2 o3} & ALgEQich ZHe
YMC Pack ODS-AM column (5 pm, 4.6 mm X 250 mm,
Kyoto, Japan) & ARESIE AL, o]5ARS 0.1% CH;COOH
in H:0 (£ A)7} 0.1% CHsCOOH in ACN (£1j B)=
AT BAL 15 AL (112 Mol ALgake
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o7t A3 AJ8-oFA|3E (Human dermal fibroblast, HDF)
+ american type culture collection (PCS-201-012, ATCC,
Manassas, VA, USA)o| A G193}t HDF Aj3EQ] XS
HJR|Z 1% penicilin/streptomycin?} 10% fetal bovine
serum (FBS, Gibco, Grand Island, NY, USA)7} 3Zste
Dulbecco's modified eagles medium (DMEM, Gibco,
Grand Island, NY, USA)2 ARE-3}91a 37°C, 5% CO, %
Astol| Al st

Mz MEE =3
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yl)5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2Htetrazo
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R-AM 2358 50~200 pg/mL =2 %2513l 24 h
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OxiSelect™ 96-Well Comet Assay Kit (Cell Biolabs, San
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259 DPPH radical scavenging assay2] ICs
value= Z}Z+ 3,125.1+82.7, 673.4+63.4, 564.6+ 20.99]—
798 + 81.8 ug/mL= NR-AM 3ZEo] H]3| 1R-AM 3=
oA AkEE EAdo] A F7FekAAL, 2R-AM ??’E%Oﬂ
A 1Cso Value7]— 564.6+2092 7 £L FAJL H YT
W AA S 5HS W 3R-AM FEEolM = 23] &
o] AsH= AeS R4tk ABTS radical scavenging
assay ol A= NR-AM $Z& (1,450.2 + 114.3 pg/mL)of H]
3 IR-AM FZ5 (112.2+ 0.4 pg/mL)oj| A dAksE ZH4 o]
A Z7}519.0U 2R-AM (108.2 + 3.1 pg/mL) = 3R-AM
(119.3+3.3 ug/mL) & 2R-AM FZEo||A 7P 22 84
= Hilow, B3 34S MES FEEE2 A8
H] =3 S-S 2ok
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Table 1. Antioxidant activity of AMs

Exacts” DPPH ABTS
ICso value (ng/mL) ICso value (ug/mL)
NR-AM 3125.1 + 82.7° 1450.2 + 114.3°
1R-AM 673.4 + 63.4° 112.2 = 0.4°
2R-AM 564.6 + 20.9° 108.2 + 3.1°
3R-AM 798.1 + 81.8° 119.3 + 3.3°
L-ascorbic acid? 55+0.3 16.2 +0.1

1) AM, Astragalus membranaceus; NR-AM, none roasted-Asfragalus
membranaceus; 1R-AM, 1st roasted-Asfragalus membranacedus;
2R-AM, 2nd roasted-Asfragalus membranaceus; 3R-AM, 3rd
roasted-Astragalus membranaceus

2) L-ascorbic acid was used for positive control.

All values are represented as means = SD (n = 3). Results with

different letters significantly different among groups are analyzed

by Duncan’s multiple range test (p < 0.05).

Table 3. The major isoflavonoid contents of AMs

S23%E St £ W= Y9 Hs
2719 -5 3749 2A3E flsto] 200°Cof A 3027t
AT E stom, Fa 34 A 7] (NR-AM)9} 1~335]

(IR-AM, 2R-AM, 3R-AM)®] % w3 al2Fe u]watalct
% Zo)v|= 32 NR-AM 16.29 £ 0.36, 1R-AM 47.80 =
1.40, 2R-AM 44.81+0.81 % 3R-AM 43.05+1.40 mg
GAE/g= UElt) (Table 2). & Z89s 82 galic
aid 1EEAR 2SIk AL A A9 o

& el garel 27 Z7lekelont 23wl A%

1‘4—2— o FEEolME 23] dol Hasia AL
%

_—

st isoflavonoid X|ESZ! &Ho| HF
Foto] Ae/d=2e watel vreld o
ol B Eojz|ar §lt} [28,29]. #3549
H3}o]| ‘I}—LET 2719 Al X F=2 2l calycosin, form-
ononetin®} ©]¢] HjFA|2l calycosin-7-O-B-D-glucoside,
formononetin-7-O-B-D-glucoside 52 A4 2 A=k BA
sl &7] 559 EtEmolE S1gHE1] calycosin,
formononetin®} B A 2] S HPLCE ©o]-8-5to] £4
gk A3HE Table 3o YeR itk NR-AM F=E&E0 4=

Table 2. Total phenolic contetns of AMs

TPC?

1)

Extracts (Mg GAE/g)
NR-AM 16.29 + 0.36°
1R-AM 47.80 = 1.40°
2R-AM 44.81 = 0.81°
3R-AM 43.05 = 1.40°

1) AM, Asfragalus membranaceus; NR-AM, none roasted-Asfragalus
membranaceus; 1R-AM, 1st roasted-Asfragalus membranaceus;
2R-AM, 2nd roasted-Asfragalus membranaceus; 3R-AM, 3rd
roasted-Asfragalus membranaceus

2) TPC, total phenol content; GAE, gallic acid equivalent

All data are presented as the mean =+ SD of triplicate determinations.

ab,c: means in a row followed by different superscripts are

significantly different (p < 0.05) by Duncan’s mulfiple range tfest.

Contents (ug/g dried weight)

Samples” Daidzein-7-O-p- Calycosin-7-O-p-  Formononefin-7-O-p- .o o Catveosin Formononein
D-glucoside D-glucoside D-glucoside 4

NR-AM N.D. 333.85 = 3.00° 143.95 + 1.44° N.D. 253.13 + 1.23° 286.65 + 2.51°¢

1R-AM N.D. 197.51 = 3.70° 277.49 + 2.10° N.D. 723.81 + 30.61° 447,54 = 1.97°

2R-AM N.D. 157.82 + 6.03° 86.40 + 0.72° N.D. 778.58 + 2.72° 726.80 + 3.45°

3R-AM N.D. 191.35 + 26.74° 60.54 + 0.69° N.D. 615.18 + 4.37° 471,03 + 3.36°

1) AM, Asfragalus membranaceus; NR-AM, none roasted-Asfragalus membranaceus;

1R-AM, Tst roasted-Asfragalus membranaceus;

2R-AM, 2nd roasted-Astragalus membranaceus; 3R-AM, 3rd roasted-Astragalus membranaceus
All data are presented as the mean + SD of triplicate determinations.
Value with different lefters indicate significance between groups by Duncan’s multiple range test (p < 0.05).
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Fig. 1. Chromatogram of AMs using HPLC analysis. (A) Scheme for AM samples. NR-AM, none roasted-Asfragalus membranaceus; 1R-AM,
1st roasted-Asfragalus membranaceus; 2R-AM, 2nd roasted-Asfragalus membranaceus; 3R-AM, 3rd roasted-Asfragalus membranaceus;
B-F, Chromatogram of AMs using HPLC analysis; 1, daidzein-7-O-B-D-glucoside; 2, calycosin-7-O-B-D-glucoside; 3, formononetin-7-O-f
-D-glucoside; 4, daidzein; 5, calycosin; 6, formononetin.
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Fig. 2. Cell viability of AMs on HDF cells. HDF cells were treated R-AM samples of 50, 100 and 200 pg/mL for 24 h. Cell viability was
examined using MTS assay. NR-AM, none roasted-Asfragalus membranaceus; 1R-AM, 1st roasted-Asfragalus membranaceus; 2R-AM, 2nd
roasted-Astragalus membranaceus; 3R-AM, 3rd roasted-Asfragalus membranacedus.

calycosin®] HJA|Q] calycosin-7-O-B-D-glucoside?] ¢&F &4 A=A 2R-AM FE2E5E o] Foj59]

0] 333.85+3.00 pg/g= 7 =931 1IR-AM 197.51+£3.70  3R-AM =5 60.54+0.69 pg/g= staFo] 713 Atk
pg/g, 2R-AM 157.82 £ 6.03 pg/g 4 3R-AM 191.35+£26.74  Calycosin?} formononetin®] =2 NR-AM F&&90] H|3|
ug/gd=o 2 =A%l Formononetin-7-O-p-D-glucoside  1R-AM ZZE9| &gfo] I7 Z7}51911 2R-AM 2&2&
9] SFFL 277.49+£2.10 pg/g= 1R-AM FEZ2Eo|A 7P oA calycosin 778.58 +£2.72, formononetin 726.80 + 3.45
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Fig. 3. Inhibitory effect of AMs during repair of UVB-induced DNA damage on HDF cells. HDF cells were cultured in 96-well plates and
exposed to the indicated fluorescent of UVB. Single cells were embedded in agarose immediately after UV iradiation, electrophoresed
and photographed using a fluorescent microscope fo defermine the “Tail moment" of each Tail length * % DNA in tail (representing the
extent of DNA damage). NR-AM, none roasted-Asfragalus membranaceus; 1R-AM, Tst roasted-Astragalus membranaceus; 2R-AM, 2nd
roasted-Asfragalus membranaceus; 3R-AM, 3rd roasted-Asfragalus membranaceus; (A) Representative images of wild and UVB-induced
HDF cells. (B) Tail DNA intensity was quantified by each 3 arrow points in the Fig. 1A. Results are significantly different among groups by
Duncan's multiple range test (p < 0.05).

ng/gE 7HE =4 SAEAL 719 SR eolE 33 B2 57|9| XIeIMo| o|st DNA &4 A §1}
= 4 daE A2shH, 2R-AM =550l 4] calycosin X %L l F=&°| UVB Az|o| w}& HDF A|:Z 9] DNA &
formononetin®] §FeFo| 71 =4 SA AL calycosin- 2 SlEof u|x]= TS E15lr] Yslo] single cell

7-0O-B-D-glucoside 2] S NR-AM FZEA 71 = gel electrophore51s assay= T35t (Fig. 3). Z}ﬁ]ﬂg
¢Fom formononetin-7-O-B-D-glucoside @] $FFS IR-AM A 2|3} W], DNA7Z} £AE]0] tail @] Zo|7} Zojzl
FEEANA 7P B3k B3 319t 8BS 3] FEE ERISHICE NR-AM $E5-2 200 ug/mL A2 A] tail DNA
oA daidzeiny} WA= SHEA Utk &7 =2 7} UVB A7kl HIs 24% H= A=, IR-AM
B Aersly] 93t ARuEIW S Fig o] U 60%, 2R-AM 97% 2 3R-AM 66%7} ©A|ET B

ot UVB A g|tol vl 5214 917 tail DNA A§4-2 14|}
Atk E3], 2R-AMO|A tail DNAZ} 71¢ 27 HAE AL
25 2719 A1IiT£ ’%‘-E-E gelg 4= Al

50, 100 = 200 pg/ngq w2 2517|9|
lod 24A)17F 3 MTS assayE —,—*‘40}0111]- NR-AM F&& 2 Ao AR B 5@"“ E]’ 51'7]94 = o,
2 97~105%¢) AEEE Ryor, IR-AM 94~100%,  Eopeiol= U P 84 R DNA damages] 2}
2R-AM 95 ~ 100% 2 3R-AM 102 ~ 107%2] A|xZ A} of thgt ATIAE Lotry] HoH RS A
= H3At (Fig. 2). R-AM &2 W57 A %*é% X U} (Table 4). £-3 A 2] ABTS (-0.800), DPPH (-0.741)
o] x| gkgtow, o] AWE ulgto &7 N YELo| P3FS U DNA damage (-0.659)2 29| AHUAS 21, TPC
FA] =200 pg/mL =2 o|F ALE ZsYsisct (0.682), calycosin (0.622) 2! formononetin (0.590)% 9]
FHBAE B

WE,
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Table 4. The corelation coefficients between antioxidant activities and AM" contents

ABTS* DPPH
2) : . .
Factors Roasting (Ceo value) (Cso value) TPC Calycosin Formononetin - DNA damage
Roasting 1 -0.800” 07417 0.682° 0.622" 0.590" -0.659"
ABTS* (ICso value) 1 -0.994" -0.978" -0.947" -0.732" 0.826"
DPPH (ICso value) 1 -0.993" -0.967" -0.726" 0.827"
PC 1 0.968" 0.690 -0.803"
Calycosin 1 0.828" -0.905”
Formononetin 1 -0.977”
DNA damage 1
1) AM: Asfragalus membranaceus
2) Factors: TPC, fotal phenol contents
Significant at “p < 0.05 , " p < 0.01
i ko] A Hw=rt gk ez AA B ztols 1
A 4 ) [36]. 1Y EZE DPPHQ} ABTS oz 4A7%
2259 |2 <o) i AERe] Eohs A4 o4 ICaglo] A vhebd 52 9131 ABTS ehel 427
o] F71SIAL ofof me R @ U TR o] Vb 9] ICuglo] B Wrks muw 9lr} [37). & v
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Aoz WuE Q) [32-34]. B7]Q] &
At 24dE vlwsiglE o, ABTS radlcal scavenging
assayol A= NR-AMT} 1R-AM &% AJolof #Hde] 7}
o7} wj-f- ZATE HHE AR 2] S 3 2R-AM % 3R-AM
259l EA o8 34 9] Fjo|= omqq. ¥l DPPH
radical scavenging assay o]l A+ HIE HOo 3 A] vk
& 5o Qg Z/go] S7kske A= 2 J’B‘P Uﬂ, W
o= ol ot BHY Hol B
7] FE=e| kst Aol TR /\% 190°C 0] o«l i
22 Aeshd 2o nAIgt - Fo] A7]a ZHskr} 71
o] = ket o] SRt AR Hox|H [35],
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UEbst: =3 DPPH ez 2750l {71 widol
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formononetin®] B{A] 2] Calycosin-7-O-B-D-glucoside %
Formononetin-7-O-B-D-glucoside T3} o] H35hr} A of
H=d IR-AM FZ&E9|| 4] Calycosin-7-O-B-D-glucoside
2 shko| 744514 31, Formononetin-7-O-B-D-glucoside-2
ol B7ISIAC sk S ebich olze
formononetin®] T = vl|dA| el formononetin-7-O-
B-D-glucoside”-O-malonate & formononetin-7-O-B-D-gluco-
side”-O-acetate7} FA2JA] E3l=| o] formononetin-7-O-f
-D-glucoside2 ZZ =31 2R-AM FE&of 4] HiGA7}
aglycone®] He|= AeHE|9ly] Holety ARHT [39].
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