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Growth Characteristics and Biological Activities in Astragalus membranaceus
Seedlings of Exposed to Different Types of Artificial Light
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Moo 9 7o) W=l Wsska glom, ol thgal) 98] 2
SER EE 4536 g Bio] 3715 Ak 48T
NFE Aol AYFHE FAY QO 24 PUA ol BPL 2] /150 WA o] U AU F

JFS v 42 A5 DA met A5 aw % 8 AgHow AEg AT S e SRS 2R
z70] FZuolok 5] %A B ¢ Aol PFHo2 (Back er al, 2018). 2UIER EE AEFFL o] B
o|FolAA] &5 F Utk WA FRIsE X‘a«l A5 A 71zl AFssiet R3) 5o 7|EES AEal] A= *J;W
7l R AS 5 5 wdAEe 2 9L U1 S AT (Lee  FE 2R AT 584 2 FE S B9 28}
et al., 2008). 7H] FEo] 713 59 7lEelt) (Hwang ef al., 2021).
Az w9 Qe wEse} 347 71F Wl 5o A5 NETFE AAF 018 AT o8y NEFTo=
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A WM B3 2%, &
At} gt S A
AT AFAC] A EA
At (Cha et al., 2014). TE3F x|l A )
Fedt 71574 A=5S Age=m 17k 59
AL, shetekES AeehA 2 FHEE] A
(Lee and Kim, 2012).
| BFEEA] I7Fe] 71EA 87 o]2o)] 9]
o 2702 A FHWA TR gt HAlo]
S7FIAL Stk @A of/3e] A A&t o
iR HA] Zpe] e =& EE AlZke] F7FeHTh
(Kim et al., 2011). TF7F ZL)Me] oAl A7 =2d 49
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o gk A HE 0Re 52 2 5 ok Eg 9l
A Ao} 2ol =Z&FH &4kl ROS (Reactive

Oxygen Species)’} F=5H, o]2 Q3] ksl XEAE
ol mRo] war} 7&shET (Kim er al., 2011).

ol dS AW A 28, AR =F, 7 2EdS
Soll o3 AW free radical®] /gl =AWy A
€ free radical> H-s AU o] kst w9 st =4
of oal AALAT HEstA AEE A olg Harol
Axt I, AALR] FS free radicalo] AAFZS &4
Al R oflE} e3kE FXIs wEhA] olE &4k
< I =3) Wk opyel 7k Solut A, AR
7= fRle 2 A&t} (Kim ef al., 2011).

QI7ke] T Fo} muke] Mg A= a1l dWapde 4
2o ol A= AN o2 RE HHE HEst

gt} siA|NE Fegh W] g ke Alg

A 52 AT, 53] 9
sk 4= oia ByE vl At (Yoon
et al, 2013). WEhd FHMJolli= cAMP, protein kinase A (PKA),
cAMP response element binding protein (CREB) 52| <1=}7}
FA3HH, tyrosine®] tyrosinase?] 280l 2]5] DOPAZE, THA|
DOPAE DOPA-quinone® 2 Z#ale] HFEXOZ melaninS
S f%3t} (Jung and Park, 2018).

o7 wjulel] gk ¥lo] 715k wet tyrosinase B9
A= mEl Aol gk A Eds] XIgEaL glom, &
A 7}A] arbutin, kojic acid, lactic acid, glucosamine, vitamin
C o] &&A o AT ol 5 4= I A=Folv
eFg/dol EAI7E 2lo] ARgo] AgkE o] UTH (Lee and An,
2012).
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Elastin® {3Z2] 3%-4% HEE R8P v &g
< ZAAsle= 29210t} Elastines #3l3k= &42 elastase=
elastine 2% collagens w3l = U= HIEA] 7I9al

Aotk WA elastase AeiAlE FF FEE Ak &
7t o, AL Z ursolic acid S°] elastase A|sA| =

340

gk
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o] €= Ut} (Kim et al., 2008).

37] (Astragali Radix; Astragalus membranaceus Bunge)=
3 (Leguminosae)oll &3l= thdAl 2EAEZ -2UgollA]
AAE Ao el 717 ApulEE, ol FE Qi o
9] Heko g 2o|3 e kgAEO|Y (Kim e al, 1996;
Kim er al., 2007). 71 &=, T 59 okroF A% 74
g olzgl7l A Aol de] RSt (Jung er al, 2006).
Aol A4k ol 4, W) So) BHOE ALS
Hm, o] Al 7K 3o} BlEo]
2 5 ot g3 maE wt

710l i thEAR] Ao oA TE#o] HA o
AEZ2A & dHA 9= isoflavone WIFAIQ] formononetin
o] lom, AEA HFALEEE (phytoestrogen) S 24 )|}
(Song et al., 2020). —L 8o saponins, flavonoids, amino acids,
trace elements, polysaccharides 5°] &7]°| F2 2 A
22 HEoE BHAHUTH (Park er al., 2013).

G719 olHg 7sA =23 Ay wiEel
o] g o} AFoRAe] Fo% FTIEIAL e
of W o Y H oA WA g Frlelal ok AE
283 A8 ArEe 2719 dil dig Ao dtst &

pu

.

7, W5, Ptole)
(Yin et al., 2009).

a9
At
=
p

FefA A

o] o s o]

d, &Y, st gl 2 Aey Ase] Bad bt
AT} (Bae, 2021).
G700l gk Al AFE SRR Wol AREEE B F

o] Ak Solo] et Ulgoz s Jor X
Aol o] 8H 7] AEAE o83t AFFY o8 AT
E ®ByE v} 2O} (Choi er al., 2018), 715 W3}o] thH]
gk 2ulEgo 2By gl o] el mE 7y
HiE AR S371] Al B4 B AR wistel igk Ae
AR-gk A7gol7] wie] 71 AMAT]e] wol B 7] A&
Aol FH FFHIF ojmet JFL WX =R Uis 7%=

e B ApoAE ZnkEg Ag 7 A 3719
N3G o1899] 7% HlolElE B3] A 7IolA
SPAIZL AN F7lo) WAl Ha) Fale) Az vhe
Zste] A% B4 a4, T 2 YRS 2
LA, ol2 Fol B9 AelBge] 71 FolAE
o Fob A2 AHOE WS JEeta
54 A 2 SE Al o8
sjaA) AFsTY.
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1. 2019 F AEA 4|
E Ao AMgH 3] (4. membranaceus) EA= KS FH
(%) (Incheon, Korea)ollX] +i3te] o]&alqitt. &7] TA&
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70% EtOHol B3 1 &7+ £E0]F 5 3% NaClOZ &7
387 TA] EEFULE A SHFE o8-8 3 3] -5 3
TAE ARG T A MS HiIA7E e fRReE SAFTU
th 7] Fat A EAE A 3 v 58 JEske] £

STt

2. QZZA x| A U Mz S AL

T A $7] FAel A2d LED % (GrinMax,
Goyang, Korea) = PG200N Z=7A] (United Power Research
Technology Co., Zhunan Township, Taiwan)& °]&3l] =
AslRerm, 43 F FF+= white (continuous spectrum),
red (631 nm, 2.00 umol/ni/s), blue (464 nm, 1.32 umol/ni/s) %
3 7K Fe =, FF7e b 16 AlZE o 8 Algke R A
At BE B A EHEE sYsA 6 T A
&k & Aol o|8skiTt (Fig. 1).

710 A 7)o s 54 2ARMECEE 2% (plant
height), 2] Z9o] (root length), & 4= (number of leaf), &
70 (leaf length), & UH] (leaf width)S ZAFSI3IT}.

3. & F&E2 M=

6 %+ 7IHolA] Woletar A5 A% 71 E 7AW Helol
Holdle viXE BT AASNE F 60CAA 24 AlZF 7132A
Zt}. ©]F 100% MeOHE FH7lste] hzzlolr 72 A7 &

¢t &3 ¥ 250mm filter paper (Hyundai Micro Co., Ltd.,
Seoul, Korea)g AME-3te] oJFsiSin). oJ=tls 3% E=
7] (EYELA N-1000, Tokyo Rikakikai Co. Ltd., Tokyo,
Japan)s ©]g3led 7A9F FFS H 100% MeOHZ 10,000
pgml o] FEZ A3t dFol o831

4. DPPH 2lC|Z} s

DPPH U]z 4715 A3 Blois (1958)° 23] A=
e Pl ARs

DPPH (o, o-diphenyl-B-picrylhydrazyl, Alfa aesar Co., Ltd.,
Haverhill, MA, USA)E MeOH®] 0.15 mMZ 3|43} ¥
o o]ga}%Th. 1,000, 2,000, 5,000 zg/ml o] FEE A8
AZ 100 14 9% 3]Agk DPPH €9 10045 &33te] 96
well platec]] B> ¥ A2olA 1o R 30 F7F vRSAIZT

©]% UV/Vis spectrophotometer (Multiskan FC Microplate
Photometer, Thermo Fisher Scientific Inc., Waltham, MA,
USA)E o]g3ald 519mmolx S24w2 ZA4siqt) 2+ Al
o g el 24 B RANT Fwel thE A8 A
2ol JThE FREE % GRS,

5.8 Y= g
% dEs FdFS Sao T (1996)°] <] AAE Folin-
ciocalteauw’s HHS Frste] AFL R8st ch

Fig. 1. Wavelengths of each LED light sources (A; White, continuous spectrum, B; Red, 631 nm, 2.00 pmol/rri/s, C; Blue, 464 nm,
1.32 umdl/my/s) and seedling of A. membranaceus grown in vitro cultured under 3 types of LEDs lights for 6 weeks (D).
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1,000 pg/ml 2] F==2 845 AE 100 4E Folin-ciocalteau’s
phenol (Sigma-Aldrich Co., St. Louis, MO, USA) 50 (<}
s9tste] Ad2ollA 3 & -5 B3 RESAI & SRR 54
gk 20% Na,CO; (Junsei Chemicals Co., Ltd., Tokyo, Japan)
300 4 8 E3 ALl 15 87 WA olo FRa
1me S 93 AL0A 13,000 pmZ 2 B7+ QAR &
FEH 200 45 96 well plated] ¥o] 740 nm oA UV/Vis
— spectrophotometer (Multiskan FC Microplate Photometer,
Thermo Fisher Scientific Inc., Waltham, MA, USA)E ©]&
st FEEE SAA

ZF dHE TS gallic acidE standard2 A3} standard
curveE 2SI AL, gallic acid equivalents (mg-GAE/g)Z %%

< HERARIT

=

6. & Z2IRL0|= gzt

F EPH o= T2 Moreno 5 (2000)] 2l AAE
WS st A3S X183 96 well plated] S/
Z 3] 3t 1M potassium acetate (Mallinckrodt Co., Ltd.,
Tokyo, Japan)®} 10% aluminum nitrate (Yakuri Co., Ltd.,

Shizuoka, Japan) 100 /£ & 1,000 pg/md & T=Z A3t Al
Z 500 (08} =713k Hk-A1Z] | UV/Vis — spectrophotometer
(Multiskan FC Microplate Photometer, Thermo Fisher Scientific
Inc., Waltham, MA, USA)E ©|-&35}o] 414mmollA SE=E
=48kt

F ZFHR=ol= FHE quercetine
standard curveE 233 quercetin

= ghe UeRhot,

standard® ARE-5}]
equivalent (mg-QE/g)

7. Tyrosinase Aol 2k

Tyrosinase A3l 432 Bermard®} Berthon (2000)2] 2J3f
ANE PR sl 9L AT,

71421 L-DOPA (3,4-dihydroxy-L-phenylalanine, Sigma-
Aldrich Co., St. Louis, MO, USA)9} &4:21 mushroom
tyrosinase (Sigma-Aldrich Co., St. Louis, MO, USA)E 67 mM
PBS buffer (Phosphate Buffered Saline, pH 7.4, T&I Co.,
Ltd., Gwangju, Korea)s ©]&3}] 2z} 10 mM3} 123 unit/8
md 2 1|31 tE 96 well plateel] 1,000, 2,000, 5,000 wg/ml
o] =R X AMZ 9 &4 40 e} 71 120 = H7H
sle] kx4, 37CNA 30 E7F w--A1Z1 H UV/Vis spectro-
photometer (Multiskan FC Microplate Photometer, Thermo
Fisher Scientific Inc, Waltham, MA, USA)YS ©]-€3l>] 519nm
M FF=EE S

Tyrosinase A& A& 229 FA2+] 8% 7+
282 etk A tiRe2E koijc acid (Sigma-Aldrich
Co., St. Louis, MO, USA)E °]&3}it}.
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8. Elastase Alofl 2+

Elastase A3l &S Cannell 5 (1988)° <]3l AA|H
HE Farste] Ade Wegsiai.

100 mM Tris-HC1 buffer (pH 6.8, Geneall Biotechnology
Co., Ltd., Seoul, Korea)s ©]&3}> 7]&<l N-succinyl-Ala-
Ala-p-nitroanilide (Sigma-Aldrich Co., St. Louis, MO, USA)
9} @49 elastase (Sigma-Aldrich Co., St. Louis, MO, USA)
E ZZF ImM3} 025 unit/10mé 2 FH|SFATE 96 well
plateol]l Buffer 100 9 7124 2 &4 304, 500, 1,000,
2,000 pg/me o] FEZ AT M 40 U 5 H7Fste] 37C
Al 30 E7F w2171 ¥ UV/Vis - spectrophotometer (Multiskan

ks

FC Microplate Photometer, Thermo Fisher Scientific Inc.,
Waltham, MA, USA)E ©]&3t 414X F3=E 54

=

Elastase 2|82 AE 221} FA 2o 4=
2 YA Y ti2E 2% ascorbic acid (Sigma-
Aldrich Co., St. Louis, MO, USA)E ©]-&-3}3t}.

FES

9. SHIEAM

RE AFE 3 o g geiaL, IBM SPSS Statistics
v26 (SPSS, Intemational Business Machines Co, Armonk, NY,
USA) Z2aHE Ab&ate] 5% 9 <FollA Duncan’s
Multiple Range Test (DMRT)E FAIAZIE 33ttt (p <
0.05).

a

Bt}

=

21}

1.3 IR AZ T2 22!
NS SH @

Nz te

Xelololl 71 2ol A 2o

o = =
719 BS EAS 53 F 6 7 B dES A 2%
o] ¢ 6 FApell Mg} mAgS A2 gk A% &717F 7}
7} Aozt (1113 +£2.15 cm)3} H 43k (443 +1.56 cmye- e}
WAt Be] dole 4 TR Walg-g A2 A 97]

7 HiRk (4.37+0.81 emyE JERNTZE 5 FRERE dA3E
e ¥ 8717 HAizk (5.60 £0.40 cmyS BT} (data
not shown). & = 6 Fajl HAFS A2t AR 8717}
51.00+9.64 /= 718 wotom, A3 X3k AR 37)
7F 22.00+7.94 MN=Z 7P AL AL RIS de] Zo]
o YHle BE F Ao BAHCE foust zlolE
Holz] ¥t} (Table 1).

Choi & (2020y> 22433 Az|sfellx] A3 whito] -
ZHatollA] S Tl olo] 7P 71 23w} o] o]
UH|IE JERIAL, HAgella] A5 Thito] FHAgke] o
7o)} LrIE JeRlITk Baaiict. sk Y ARl

ojf
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1]
o
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X,
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Table 1. Growth characteristics in seedling of A. membranaceus in vitro cultured under 3 types of LEDs light sources for 6 weeks.

LEDs light sources” ~ Plant height (cm) Root length (cm)

Leaf number (ea) Leaf length (cm) Leaf width (cm)

White 4.43+1.56 4.57+0.90°
Red 7.07+3.02% 3.97+1.12%
Blue 11.13+2.15 5.60+0.40

25.67+17.79° 1.00=0.17° 0.47+0.06°
22.00+7.94b 1.07+0.312 0.57+0.12°
51.00+9.64 1.40+0.17° 0.57+0.12°

VLED:s light sources; 3 different type of LED light sources composed to white (continuous spectrum), red (631 nm, 2.00 pmd/1xi/s) and blue (464 nm,
1.32 pmol/ni/s). Mean values = SD from triplicate separated experiments are shown (n = 3). "Means within a column followed by the same letter
are not significantly different based on the Duncan's Multiple Range Test (DMRT, p < 0.05).

Z} th2 3de] LEDE A8 w Aol H]3|
Izl o A
JHo] ME T2 LED 39S 2§
3 0 2 A

(Kwon et al., 2012).

Choi 5 (2018)°] A7ollXe 7)o A= thE
et A 5445 Blas A, Aago] FAgET
A Yepitha RaslSlet] ol B Ae] daeh=s
I A, Yol JEe] 71 7] KB A=A 7
A oo}l Ago] o] FolR|= AjH &
Al g 3ol A& Aol 270 slofA
2 A olgjgh diks 2 AEoldte Al A4S o
7@ g g wet Qlgegdel vkl 2HEl] WA
7} tEH g o]glel] o thE oy 71A] &7 allel
s S ] WECR FAdETh

(Jeon et al., 2015), Adlgte] 71U
AL Ao 7}

ST, 71170

2 2wl dehainke weskn

T 2

X

o o

o=
H]'?]_ “TE— hal
2 | 7+ 2 EA o] et

[e)
WAyshs Folel Ze.

2. 3 K9l M2 CI2 22 X2l5ioll Il Lok A
O] DPPH 2iC|Zt 2t H|w

ME T2 3] 3 oA wotstal AEgE 7 AR
7] FEE kst Ps Ik Hlwsl] $18l DPPH
g &7 skt

2 A, WABS A ste] gol- ASg 7 A 7]
FZEE9| DPPH Uz &A &4 FHars=el 2,000 pg/ml
oA 7HE EA (89.25+0.18%) UEREO ™, o= g iz
¢l ascorbic acidE 2,000 yg/mie] % F£FEo 2 s 7
- (93.53£0.22%)9F SAFSE groldth. wd RE 33 27
A 7 A 8] FEE0] T 2492 DPPH &tz
A o] Frtshe Ae ERlsINa, g} Jags X
28k 71 g 87 FE2ES 2,000 g/ml &) FEolA zhzt
54.53 +0.48%, 34.68+0.82%°] A& YERNATH (Fig. 2).

Cho & (2008)2] E2Fe]o| st A-olla] ya A A
A=A A A + HAge] A2 T2 LED F& A
g H23e] FE2E5S e ® DPPH )z &784S 1)
wgk Az, WARS Xt o 7P W2 1Cs, #kS e
WATh E3F Cho 5 (2008)2] olwlgbr 2 AtolA] FUgh
zA0g AYS X3sle] DPPH o)z £2AZAS vlwst

2|

-0 =
OE‘:l‘Zé

=

343

Inhibition rate (%)

Blue AA

0500 N1000 N2000 (ug/me)

Fig. 2. DPPH radical scavenging activity of seedling extract in
A. membranaceus in vitro cultured under 3 types of
LEDs lights sources for 6 weeks. 3 different type of LED
light sources composed to white (continuous spectrum), red
(631 nm, 2.00 pmol/mi/s) and blue (464 nm, 1.32 ymol/mi/s).
Mean values = SD from triplicate separated experiments
are shown (n = 3). "Means with the same letter are not
significantly different based on the Duncan's Multiple
Range Test (DMRT, p < 0.05).

2 W, 2,000 g/mee] FiolA HAF A Aelek A
Asg Ag]polr 22t 36.1%, 34.1%2] DPPH 2tz A48
35 VRN, AAgs wlalg Ae]to A DPPH 2jt]Z
2A8Ae 742t 30.8%, 30.5%% LFERSTH

oeE A7 ARE Bal Y Al me A FF
A2 ol FAHAAE olRAIRY B HH Pt

Az gk 5 glon, ol uet FE e TRl wet A2
o] Yehl= DPPH st 27 59 Al @4l 3lojA
Zpol& Hehd = ke ZS Slsisith

53], 2vtEs WolA ApjE oA @719 A, 2=e]
T xSt ol AR H4 A, a2 e #EE
Ve Y2 FHZ ] Fdo] M= vE F e
gag 7o A7hEr)

s

y

3. 3 I M2 CfE 32 Xi2lofoll JIt 2ok T A

splo] & HE L 5 Z2RLolS 2t vl
Ne the sge] B9 sl wokak A% 7l A
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Table 2. Total phenol and total flavonoid contents of seedling
extract in A. membranaceus in vitro cultured under 3
types of LEDs lights sources for 6 weeks.

LEDs light ~ Total phenol contents  Total flavonoid contents
sources’ (mg - GAF/g)” (mg - QF/g)?
White 23.63+0.22° 16.30=0.04¢
Red 22.03+0.26" 19.58+0.10"
Blue 16.83+0.08° 20.75+0.09°

DLEDs light sources; 3 different type of LED light sources composed to
white (continuous spectrum), red (631 nm, 2.00 umol/1i/s) and blue
(464 nm, 1.32 pmol/mi/s). 2GAE : Gallic acid equivalent. *QE : Quercetin
equivalent. Mean values = SD from triplicate separated experiments
are shown (n = 3). "Means within a column followed by the same letter
are not significantly different based on the Duncan's Multiple Range
Test (DMRT, p < 0.05).

7 FE2E F e 2 F FEHxo|= RS Table 29}
2t} 1,000 pg/mle] FEOA 71 AE 7] FEEC] F 9
T gheko wiAlgol A 23.63+0.22 mg-GAE/g®E 7P =9k,
Alsgoll A 16.86+0.08 mg-GAE/g® 7FF w+& kS e}l
Wtk & FefHicols e FY oA FAEES A
gk 71 A 37171 20.75+0.09 mg-QE/g= 7P =9k,
WS A3k 7Y AR 37171 16.30+0.04 mg- QE/gR
7P e ks Bt

ME O o] 3 ollx] wotastar Ak I AR
GrlolM o] F siE S WG], B FeheHo|t e

3

¢}

oflx= HAgo] 24zt HojgkS YERUTE. Chos (2008)

A, B, AN, A, A, AAFg e AR b
LED #& A2 Hags] 529 5 A 2 S2HHxo]

= e waga JA3S A2Eie ® 1,000 pg/ml
FxolA ZbE 83.0 mg-GAE/gs} 72.60 mg-QE/g2 FHUZH
yepdthar stk T3, Cho 5 (2008)2] ofmpghi 2~ A
NE Y 24 slM F HE ko] FAFNA 93.0
pg/mb 2 FHURES, FAgolA 642 pgml 2 FH AR JER
Row, T FotHiolt RS ARG 212
pg/ml 2 ZNEE, Sasgoll A 111 pymb 2 A3 veR)
ATt

olFe] AIE TN, AR = B TRl wt A
Hojx= 2Ewith & s 2 FEhEico|= ekl Ajolvt
-5 ol e, HPLCS 72+ 571491
B3l FAH R o FR HE B SHxo=
o] Wyt YehbeA] ERIs] f1g F71H491 7ol st
thar AyzhE]oj it

o ¥ oo

(<3

4.3 JIKIQl M2 Ci2 22
zolo] ojuy
NE te

Zelololl 7| 2ol W Aps

2 FE WY &d dlw

shge] el slel Wolsh A& ) A

344
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40
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1000 ©2000 #5000 (ug/me)

w

. Tyrosinase inhibition rate of seedling extract in A.
membranaceus in vitro cultured under 3 types of LEDs
lights sources for 6 weeks. 3 different type of LED light
sources composed to white (continuous spectrum), red
(631 nm, 2.00 umd/rri/s) and blue (464 nm, 1.32 pmol /rxi/
s). Mean values=SD from triplicate separated experiments
are shown (n = 3). "Means with the same letter are not
significantly different based on the Duncan's Multiple
Range Test (DMRT, p < 0.05).
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g. 4. Elastase inhibition rate of seedling extract in A.
membranaceus in vitro cultured under 3 types of
LEDs lights sources for 6 weeks. 3 different type of LED
light sources composed to white (continuous spectrum),
red (631 nm, 2.00 umd/mi/s) and blue (464 nm, 1.32
umol/mi/s). Mean values = SD from triplicate separated
experiments are shown (n = 3). "Means with the same
letter are not significantly different based on the
Duncan's Multiple Range Test (DMRT, p < 0.05).
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