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ABSTRACT
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This study investigated the antioxidative activity and whitening efficacy of the Angelica dahurica
Revised: 30 November 2023

70% ethanol extract (ADE). The total polyphenol and flavonoid contents of ADE were 22.94 mg
Accepted: 30 November 2023 GAE/g and 18.47 mg QE/g, respectively. The ADE electron donating ability at 1,000 pg/mL was
22.6 %. The ABTS radical scavenging activity and ADE reducing power at 1,000 pg/mL were
25.32% and 0.59, respectively. ADE at 1,000 pg/mL reduced intracellular tyrosinase activity by
52.36%. Collectively, the results of this study suggest that ADE effectively inhibits tyrosinase
activity and that Angelica dahurica could be used as a whitening agent and an antioxidant resource
for functional foodstuffs, cosmetics, and industrial materials.
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FRAIQ] parabeniF-5 F-= ARESEL QLU QPJHIRA O] 94 Oﬂ =is %11]7 F o= HA A A
7t 5] ABE] AL QLK Yang et al., 2012).

W2 (Angelicae Dahuricae Radix)+= 042 Umbelliferae) ol £ok= 3t o] Big]o|A] Aozl Aefo g wke
&) G rd[ES Rl Lo, Sl & 1), B, 919 A &E 9ol 2k & E-85 o] £iti(Joo and Kang,
2005). oJ&] F-2| Fupd A&} u|gko] a4 AE-S Fhpol= 7102 A& A QJth(Jin et al., 2004; Kim et al., 1992;
Kim and Chi, 1990). A2 wh5stal 9k o9, 217($E%), X178(38) 117} 3lo] 471, 75, olx "5 25
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CHKimura et al., 1996) Biz]of| tfgt A4 A2 = o5 = SKYoun et al., 2019), T 2F-8(Son and Kim,
2013), FFATHChoi et al., 2018: Li and Wu, 2017) 50] H 15|11 Qlch T AFofA= aiz] 2E5o] AHTiA}
= A0 24 vk} 2JHE7Re) 2 A2 A 0] 7FsA-S 7T EE A QLW (Lu et al., 2016), Bl G F] B
dlo| A A 2l £X 83HE 7T B 1| QIeK(Chao et al., 2021). 0|2} o] Hiz|of] g5l thefet At A
L 77 15AE 7157 AR A 3 Akt Qlof Wik S ARt Fat-a ARR[skal QLo A7 5A1E o
T o] Q]of| Wi z]oflA] Fojzl Aok & wFL 2] 0] &4kl Q1914 L BkE o] ffsto] h4tst v, 25 74, KB
5 7I%5°] 2= A 7164 sFdEel tigh AH|ARe] 847 S71skal §low, ofof met HE-S o] 81t eFdE &
A=A 0] 7ol thet At7F E a st Aok SERTH oA ke g2 RtekAfio] thet AejEA] Al Bl A Ho] &
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Imperatorin®] HPLC 242 2] 2% A= 10 mge FI5te] #EHE 2 mL MeOHE =91 0.45 pm membrane
filter2 &J7}51] HPLCO 20 L FU5H. 2™, HPLC E490]] AR&-5 A]9ke % HPLC gradeS A& 27
FZEO| B of| ARgH 2 TAJEL] Imperatorint= Sigma (Sigma-Aldrich Co., St. Louis, MO, USA)A T-45HA
a1, Imperatorin®] 24 Z71-2 Table 1] FERA T,

T s 9 T SoHo|E RS Kim et al.(2011) 9] WH-& Y- HSgsto] S5t & vz ofd-2 Wiz Al=
B3} follin-ciocalteau’s phenol regent(2%) 2 10% Na,COs & 1:1:12] HI-E&Z 23913F 9 1 A|7HEMHESAIZ] 5750
nm@{|A] microplate reader(Molecular Devices, Sunnyvale, CA, USA)E ©]-851 S35 =75k gallic acid
BETAS o] 8ot F o= RS oot & SetH o]t e ZF 2] A|29H 0.5 mLof| 95% ethanol 1.5
mL, 10% aluminum nitrate 0.1 mL, 1 M potassium acetate 0.1 mL, 57 2.8 mLE F7}olo] 42004 302 53t
HES-A]1Z] 5 microplate reader® 415 nmoJlA 45 SAS F rutin TF41-S o8] & EetH co| & glaF
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Table 1. HPLC conditions for imperatorin analysis

Instrument Conditions
Column Shiseido C18 (5.0 um, 4.6 mm x 250 mm)
Column temp. 40°C
Time (min) Solvent AV Solvent B?
Mobile ol 0 10 90
pviey : " .
30 40 60
60 40 60
Detector Waters 996 Photodiode Array Detector (305 nm)
Flow rate 0.8 mL/min
Injection volume 10 uL
Run time 60 min

YSolvent A, CH;CN
ISolvent B, 30% CH;CN
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o] 85144 517 nmol|A] 351 Lee and Lee, 2008). AR 5(%)-2 [(1-As/Ac) x 100)] 22 LFERHRA L, As®t
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Reducing power

Reducing power activity~= A]& 0.1 mL, sodium phosphate buffer(0.2 M) 0.5 mL, potassium ferricyanide(1%)
0.5 mLE =315 & 2057+ 50°C |4 §E-8-A]7] 2 trichloroacetic acid(10%) 0.5 mLE 713t 5 1027+ ¢4 E2|st
., 0.5 mL2] A5l 3574 0.5 mL, iron(III) chloride(0.1%) 0.1 mLE 751 10274204 H-3-A]7] 11 700
nmOf|4] microplate readerE ©]-851 S3=E Z401(Cho et al., 2011), 73 #2085} 2HIE-S H| WSt
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Tyrosinase Z{5l &Hd

Mushroom tyrosinase-150 unit(Sigma-Aldrich Co.) 150 uL, L-tyrosinase 225 pl(2.5 mM), 0.4 M Hepes



buffer(225 pL, pH 6.8), ethanol 300 uL
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Aand B: 217} |52 71 o] wiek 27} ey 50| S

C and D: b2} |22 9] 9 § 97| § U)o wjof it wjok 5] S

S

S A4 2= SAS version 9.3(SAS Institute Inc., Cary, NC, USA)2 o]-8-51o] EA513L} o)A 492 oneway
ANOVA AAE AAI513.2 ™, Duncan®] tha 9] A7 (Duncan’s multiple range test) 22 7214 P <0.05 ¢

oA A5t HAEsE AJEa ghatst 2hAd o] AFA] B2 Pearson correlationS 53851 p < 0.01 =4
opge AEsleln AUALE Teleirk
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Imperatoringfzk 241

7] =ZE] &-RE Imperatorin®] &2 Table 20 YERHOH 1.02%2] =2 kS YERAICE
Imperatorin< Hl=4 RIEE9] ofalg /o] et A4 gHlste] QAL tfet A|i5/dH7Thanh et al.,
2004), acetylcholinesterase Aol&d A7} UAthKim et al., 2002). 5 ¥2] Z-5 2] Imperatorins <=5~ 22|56}
o] 4k}t 9 tyrosinase A E/gel TRt A7 HdPE|ojop & A 0 = wrech

A2 A% 0] T Elo] S Mtk Ee) 71 clpslol, A8 Aol Elo] ks wlisA BAEE A
ol itel, et 9 FHF 50 &2 7152 7RI Sle Ao= dEA /LoH(Cho et al., 2007), poly-
phenolic substance 2A4] SetH L 0| Ei7= BFok 30| Ui]ﬂ' flavonols, flavones, catechins, isoflavones 5-° 2 H5F
o, 27 offgk ol cfet-Boe 7} ke Thkel A1 A1 oA S0l Alstald S 72 Afolo] ol Lolut
Ao g A gltkMiddleton and Kandaswami, 1994). 70% o[gk-&0] whz] 2&50] & diis @ Zat o]t

TS Table 30| YEIUQLoH & Hlts §kS22.94 + 0.15 mg GAE/g, & St o]t RS 18.47 + 0.14 mg

Table 2. Imperatorin content in Angelica dahurica70% ethanol extract

Sample Contents(%o)
ADE" 1.02+0.17

Values are mean + SE. Values are mean of triplicates.
Y dngelica dahurica 70% ethanol extracts.
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QE/go =2 Ueigitt. Hl= 3l Teo] =245 A8 7|H9] AlmolA aitet @Ado] =2 Aoz dafA] 9l
(Duval and Shetty, 2001). Lee et al.(2007) 2] G721} Wi 2] 37 ofeh&FE-E2] Hl= 350] 26 mg/gQl Z27}et H]
Wk ) oR7F A Uit BEA ”’Q"ﬂ*’] 17.93 mg/g, 2+ 5.50 mg/g, B 0.52 mg/g 2] Ed]H=3tt=2 T-f

§Hth= A7 (Moon et al., 2004)2} H| w5HH 1 oetESEE2] EjvlE altE gl o =2 A0 2 UERT
7] FE=0] AkRlo] tiet Gt Qe A 0 = AlR | 25 otk akgof thet 42 At ZldgE| oo A e
2 Atz =k

MBS0

3
7 e el o2 el Helo, o Delek B AT il 4 B 34T 4 1
da] A=A It Que et al., 2006). Bl %] =ZE-2] DPPH £75-2 250, 500, 750, 1000 ug/mL 2] 5= of|4 Z+2¢
11.2,16.3, 18.4 ¥ 22 6% =2 ‘5= 7} Z7}&~% DPPH radical 2752 %7514 OL]'(Flg 1), Ob‘qtﬂz:}i AL
S BHTE 22 5052 H 3 0™, Kim et al.(2011) 2] HA-g-015 & 5= LERISIC
oFgAIEC] HAEolsS 577t Aot Blushd Wi7] ofjgkE: 559 141}4—04“01 =2 7oz Folx|Qtt
(Moon et al., 2004).

Table 3. Total polyphenol and flavonoid content of Angelica dahurica70% ethanol extracts

Sample ADEY
Total Phenol contents (GAE” mg/g) 2294 +0.15
Total Flavonoid contents (RE® mg/g) 18.47+0.14

Values are mean + SE. Values are mean of triplicates.
Ydngelica dahurica 70% ethanol extracts.
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Fig. 1. DPPH radical scavenging activity of Angelica dahurica70% ethanol extract. Results are presented as the mean +
SD of three independent experiments in triplicate. Means with different letters on similar bars are significantly
different at p < 0.05 by Duncan’s multiple range test.
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ABTS radical-2 potassium persulfate2}] HF-3-0 2 RAE] peroxide radical 2] ABTS7} aH4FsH] B2 oJ5) A
AL H A H2 o] ML) 2] AL o] &5t] gHFels0] 2ol o5 HEMo] BEE AL S Ty 3|8
LEPHTE DPPH radical 227159] 73-%-0ll= fejett)do] AAE 2= A& O]*‘l ]’L HHH, ABTS radical ﬁ:ﬂ S
2 ofol81 girjdo] AAE|o 2] = A-S o] 8t Miller et al., 1993). 2] &=
Oﬂ UrE]'lH ATt ?qiz}% El"la] ofl -4 Ea|l= AJE0] radical A7 TSH}= X 1 (Park et al., 2016) g]- 71—o] HA

T 59 AJEo] ABTS radical 275 2851310 2|2t 7| et

I‘IF
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O

FAH 2 A 2T} P ol A Fofsto] BitjdS R oA Fe' B BH e g ol gt e s, &
A=S 715H 655 nm 2] gH250, 500, 750, 1000 pg/mL2] ‘Fol A ZH240.13, 0.22, 0.41 2 0.595 UeRfo] 5
OfEA 0 2 7Pk HEI It (Fig. 3). Bix]oEhE FE2-2 o185t e e 7t oh2thydroxy radical B free
radical 27| 8/d& =7t 734 lj-¢- 73Rt @ket AE B ATkl B 3 (Park and Choi, 2022)50] 2 A3 0] 4

ABTS Radical Scavenging activity(%)
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1000 Vitamin C 25

Concentration (ug/mL)

Fig. 2. ABTS radical scavenging activity of Angelica dahurica 70% ethanol extract. Means with different letters on
similar bars are significantly different at p < 0.05 by Duncan’s multiple range test.
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Fig. 3. Reducing power of Angelica dahurica 70% ethanol extracts. Means with different letters on similar bars are
significantly different at p < 0.05 by Duncan’s multiple range test.
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THAIS Hlwsto] R® gho 2 Wi Slck(Table 4). 21 23} BE qhite 299 ghol atet 2ol disto] 1
| 7P7ke R? k& LEtlo] Tl 2 Eeti o] =7 S71Rtel whet et @A b -frofal o 2 Frlsh= Ao & 1t
ERth f19] = Hopuix] ofehE 3222 SHE 4715 9 Aol a8 E5te] et 2de 7= A
O 2 AlmEH, A et A2 A 0] EE7MsAdol w2 Aoz 7|t

2

HEAZ = 22

4= S8 =23
B16F10 melanoma cellolA] &] A3 AEE-S SR151] 5 MTT assay& A AISIHALE 70% ofghe 222 7t
Z}25 pg/mLOA] 106.40%, 50 pg/mLollA] 102.11%, 100 pg/mLOA] 99.35%, 200 pg/mL oA 98.76%, 400 pg/mL
o|A] 96.54% 2 LEPGTE. B16F10 melanoma cello|A] B2 225 A2t BE F oA 80% o] g2 1t
Effjof Alazof tiet =Ado] YeRtA] Qhglthe 2 SR1sHith(Fig. 4).

Table 4. Correlation analysis (R) among the antioxidant activity and antioxidant compounds of Angelica dahurica70%
ethanol extract

Parameter DPPH ABTS Reducing power TPCY TFC?
DPPH 1.000
ABTS 0.993** 1.000
Reducing power 1.000%** 0.984** 1.000
TPC" 0.998** 0.999%* 1.000%* 1.000
TFC? 0.978** 0.995%* 0.982%* 0.996** 1.000

DTotal phenolic content
ITotal flavonoid content
**The correlation coefficients are significant at the 0.01 level.
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Fig. 4. Cell viability of Angelica dahurica70% ethanol extract in B16F10 melanoma cells.



Table 5. The effects of Angelica dahurica70% ethanol extracts on tyrosinase activity

Arbutin (ug/mL) ADEY (ug/mL)
Control
1000 100 500 1000
100+0.51 35.01 £2.03 9.64 +0.09 4121+0.14 5236 +£0.11%

Values are mean + SE. Values are mean of triplicates.
Y dngelica dahurica 70% ethanol extracts.

Tyrosinase Z{5lf &4 &l01

Melanin 234 70| Qloj A S14Z Q1 @ A= T 5 Yol A] tyrosinase©]th. ©] A4 ofu] Akl tyrosine O 2 A
Z2rel= diehd A I FollA tyrosine © 25 F 3,4-dihydroxy phenylalanine(DOPA), DOPAZ5-E DOPA
quinone ~12]1! dihydroxyindole(DHI)Z4E melanins F/d3THLee et al., 2012). %] FE=& o=
tyrosinase A5&d-2 S5 K Table 5). ¥i2] &5 100, 500, 1,000 ng/mLOA ZH2F 9.64%, 41.21% %
52.36%2] Aolle-S UEffo] W] 252 AALNZA] 9 nldi7| 5o E3HAQ1 7Ex7 93-S 71 4= Qick
Ha et al.(2009)2] AelZ 93} Ha] o] ofetE F=E5 "HO} tyrosinase 24 A A2} 200 pg/mL 2] oA
tyrosinase 232 20% —25% AR Al E] ¢l om, AR Aokt 5| 37-0] tyrosinase A5l 2] A2 Cho,
2004) 2|2} 36%, Q14 27%, HilA80] 21%2] Adles UEtlo], x| 550 EA4o] ks Sjlg 4 qlsloH
ST 9] mia|H fitet fARE 23S e %Ith(Ha et al., 2016).

29

& Ao ol Aefom ARGEINL Q= MO H 7654 s A2 A 0] B8 7= HESH
A3l 70% OﬂE} = FEoto] atet &4 Bl ulm g o] disf dotE I 70% offe=o] WA 522 F wlis U
EfHio|lE 77} 22.94 £ 0.15 mg GAE/g, & S2HH 10| = 91k 18.47 + 0.14 mg QE /g o2 LERHQ]
t}. DPPH radical, ,i_‘r 2, ABTS radical 52| a2 Qﬂ_& Z71FS yeRlom njulA 2 27l
arbutin¥} H]Wo}-S W, tyrosinase Aol 2/J0] 5 FollA o =A eI WA] FE2E2 AL ZA] ] 9
o] Atz HolWiz] 2552 et 475 9 419} 2hd2-8-2 Folo] el @S 7= A o= Alm s, A
A ikt 24 5l na7 o] ARl ZEA7E Qs AAlRA 0] B85 0] Al o= V] diE .

l

nol‘
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AFA}

=T 2023 Aotk wjske AtH] o] ofsl] 438 =] .o, o]of AAE U
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