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Abstract

The purpose of this study was to investigate the antioxidant activity and tyrosinase inhibitory activity of Codonopsis lanceolata
50% ethanol extract, and its solvent fractions (n-hexane, ethyl acetate (EA), n-butanol, water). The main components of the EA fraction
were qualitatively analyzed using UPLC Q-ToF/MS. Additionally, a quantitative analysis was performed using UPLC. As a result,
the total polyphenol content was 113.36 mg gallic acid/g in the EA fraction, which contained the largest amount of the C. lancolata
solvent fractions. Also EA showed the highest antioxidant activity than other fractions. The ICsy of DPPH(2,2-diphenyl-1-
picrylhydrazyl) radical scavenging activity was 0.03 mg/mL and the ICsy of ABTS [2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonate)]
radical scavenging activity was 0.049 mg/mL. The EA fraction showed tyrosinase inhibitory activity than other fractions and especially
inhibited monophenolase oxidase reaction higher than diphenolase oxidase reaction. The monophenolase oxidase inhibited 55% when
the concentration of the EA fraction was 0.25 mg/mL. As a result of Q-ToF/MS analysis, it was confirmed that tangshenoside I
and lobetyolin were the main components of EA fraction. Thus, these results suggest that C. lanceolata may be used as a potent
source of cosmetic agents.

Key words: Codonopsis lanceolata, antioxidant activity, mushroom tyrosinase, tangshenoside I, lobetyolin
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4-dihydroxy phenylalanine)Z A}F5}6}= monophenolase oxidase
Y1337} L-DOPA”} L-dopa quinone© & AFS}5l= diphenolase
oxidase ¥H-g-0f| Z}7} kogit}. o5 AdfstA HH HFH 2
& dgd o] 3t S T o 7] "ol SREFE,
] Rojd, w5t 5o FAE AT 4= lth(Park 5 2009;
You 5 2009). @A F2AES S 5 e A A HHY
AALAY AF LAERE SPFE 245 ZaA ot 5
A& B Ag-so] EEstA o]FojA L ot

9 (Codonopsis lanceolata)S- ZF-Zi}of| £&35h= THAAY
BEAEE Ul 4, S04 F& Agsh, s
300 m o]/4F2] ARE A oflA F&2 AEh7] dlEo] Syt
o] A% FHE FAT AT AAZANA T2 ZAEL Q)
THSuh & Eun 1998; Mo 5 2013). tjgof 35 AR Z =
lancemaside A, B, C, D, E, codonopoilate A, B, C, codonoposide
I, 19} ZL triterpene AFEY AF, lobetyol, lobetyolin,
lobetyolinin®} 22 polyacetylene A€ “12]3L tangshenoside
I, I, I, IV, il &+ Z-& phenylpropanoid A& 5°] 312
(Hwang 5 2018), ©]5 % tangshenoside?} lobetyolin
Codonopsis%; EAROZ & LA Qth(chikawa 5
2009). S0l ok Aejerd dREE TS & Fn
1998), &S (Jung & Ryu 2018), T3 kr(Seong 5 2018) 52
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£ AFolA AR g2 20189 FUE FGTE 24 5
7I2 5 E A5 BAo| AME-F water, ethanol, acetonitrile,
n-hexane, ethyl acetate, n-butanol 5~ analytical & HPLC 54
< ARgstlon, Ao AFEE K& Al9FS Sigma(St.
Louis, MO, USA)25-§ FtHfjsto] ARE-5HQITE
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= =

oy F&=9] F Evs FF 542 Hwang 5(2006)
ol w2t SASIAH. A= &= 100 uLefl 2% sodium
carbonate &% 2 mLE 7} sho] 387t 4204 HESAIX]
%, 50% Folin-Ciocalteu’s phenol reagent 100 uLE &35t
o}t 30& 59 ¥-S-A1Z1 3 UV spectrophotometer: AF-8-510]
750 nmo| A FFEE SHFAT. BEEEE allic acidS
Agoiol BE ARAS AT T el FES T4
on, & Wi TF2 mg gallic acidg® EASHAT

HE 2220] 3 Hohu ol TS Huang 5206
o] wet S45kgleh AR 250 ulofl 5% sodium nitrite 75
L, FF4 1 mLE 7letel sE 5ok Aold WAslech
71 ¥ 10% aluminium chloride 150 L 7ot 687t A2
oA ¥-& A]Z] & 1 M sodium hydroxide 500 iLE #7513
o} 1187 A0 A4 FH-&A1Z] & UV spectrophotometers: A
8ol 510 ol FHES Sgeloln EEEAR
cateching ALg3to] BE AFAL AT 7, F Sepu
o= ke FoGlon] & BehEiol WS mg
catechin/g & A5}

4. DPPH 2! ABTS 2iC|Zt 47 &N

o 325 % -§0iE<E2] DPPH(2,2-diphenyl-1-picrylhydrazyl)
2 27 842 Lee 5(2012) 2] WM WHYsto] S35+
ot A& &5 100 pLe} 0.2 mM DPPH &9 100 pL=
93 Eaelel QoA 3087 WEAIZLE. of wgole
UV spectrophotometerg AF3-510] 517 nmoflA] &4 EE =
o199 0™, ascorbic acidE YU ZF=E ARSI T

ABTS[2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonate)] ZHt]Z-
27 8742 Jeong 5(2017)°] we} Z751%Act. 7 mM ABTS
@} 2.4 mM potassium persulfate &8-S &3}5}0] 24A|7F B9
Agsto] HEEAIXL &, 734 nmof| A S5 AR S5
20 pLE 3]A% ABTS &9 180 nLE E9sto] Aol 30
7+ RS- AJF T UV spectrophotometerS Ag-5lo] S0 -5
319 0™, ascorbic acidE FAAHZTLE ARSI 2
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Radical scavenging activity(%) =

( Absorbance of sample )

- x 1
Absorbance of control 00
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5. Mushroom tyrosinase Aloff &HAd

oY F2229 daid M AsiES Elskr] sl Tyrosinase
A3 B4 Kim 52019y w2t SASIAH. HY FE552
DMSOE AREsto] =2 5|4510] ARE5F O™, L-tyrosine
I} L-DOPAE 7|& 2 ARME-SFH L, 475 nmo|| 4] dopachromeS
gl st AIE YEFATE L-TyrosineS 7| A2 AREol=
monophenolase oxidase #]3f] A4S =4ol= WHL of21}
Zt}. 0.05M phosphate buffer(pH 6.8) 165 pLof| 5 pLe] Hg=
ZE37} 71291 1.8 mM L-tyrosine 20 yLg 3l wpA|eto g2
tyrosinase(260 unit/mL) 10 uLE &35ttt 158 59 30=0]
A BEEAIZ] 3 475 nmoll A SFEE S45te] 495 €<l
ST} L-DOPAE 7|42 ARE-5= diphenolase oxidase ]3]
A4S Sk HLE o237 2t} 0.05M phosphate buffer
(PH 6.8) 165 uLol 5 uLe| vy FE=3 7141l 3.6 mM
L-DOPAS 20 uLg 3 TFR|9} O & tyrosinase(260 unit/mL) 10
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Tyrosinase inhibition activity(%) =
_ Absorbance ofsample )

(1 Absorbance ofcontrol

X 100

6. Ll EA Bei2 TA 24

HE EA 2RO 22 4RES BA5] Aa QToF
MSZ ARGl Ade Aottt A2 02 CORTECS
(2.1x150mm, 1.6pm; Waters, Wexford, Ireland) 22 AR5}
At ESF AA|Z2utE T (Waters Co., Milford, MA,
USA)Q} A2 Q-ToF AFFEA 7| (Waters Micromass, Manchester,
UKE ol8sto] BAaIST). 12 BRI 220400 nmz,
7y QBT 30T, 42 0.3 mL/min°] it} o]l 5AC
2= 8] A(Water:formic acid=99.5:0.5, v/v)2} -21] B(acetonitrile:
formic acid=99.5:0.5, v/v)& AM&SI9IcH &9 FLHiRAS B
S SR AIFRHA] 2027HA] 25%, 25874 50%, 302714
o0z F7HIKL TRE 28 B SASHT} 358 S
T FAA71 T 40871 SRSt e AR
o] &3t A ¥ ZEAZ positive ion modeZ Pk A
FEAZAOZ capillary A2 3.5 kV, sampling cone Y
2 40 V2 ZFZF A5t} Ton source 2 desolvation 2 F =
120C 9 500 C=Z A743}¥ 2L, desolvation 7}A= 1,020 Lh=E
AAstgon, Ik A7 Wl m/z 100~12000.2 HA5HY]
o 7iE AR 9 29 o, 4 R ARF dol2
e 24l vustel 72 S

3} 2 El2AYolA] Aaigd 613

7. Tangshenoside 12} lobetyolin M2 24

EAEZE Y 3% tangshenoside 137} lobetyolin®] A FHE
A& 98] UPLC(Waters ACQUITY UPLC system, Mildford,
MA, USA)E olg3te] BAg Aastgich. 24 zae
column Kinetex XB-C18(2.1x150 mm, 1.7 um)& ARE-5}31 0
o, o] 54} a2 Bl A(0.1% acetic acidS 3H3-3F )7} &
o Bacetonitrile)S AHE&-SHATE &1 B 5%= AlZFsho] 3
7H GAFE T 172744 95%8 F7HAZ] & 387 §A]5k1
22BINA %2 FAAA 2587 G4 AT & &
= 03 mL/min2 & column W] %= 40CE S-A 5t} A
7]+ PDA(Photo-diode array detector)S ARE-5}11, 267
nmo] sl RASTh AR AL 915 ABT EE
E tangshenoside = T FSHIAIA AT A2 B E o5t al
lobetyolin® Chemface ZX-E] JLuljslo] ARSIt 2+2H9)
HZZ9] retention timeS 30151 = H g 3]45t0] ATk

H

TS AT 7, OY A RYBL 47} 5 g2 A%
ste] HAgS AASL,
8. EAXzl

= A9 33 ¥HE AAIsHelon, FARAS SPSS &
A2 7 (Statistical Package for the Social Science, Ver.
12.0, SPSS Inc., Chicag, IL, USAY& ©|-&5}9t}. ZF A+
oy 2FHUAE AFESHL, A9 2He] Aol {FE one-
way ANOVA(analysis of variation)Z 243t 5 th5H 4 H Y
(Duncan’s multiple range test)S AF8-5}0] p<0.05 $Fo)| A &
ol4g AU,

mg gallic acidg 0.2 &1 E3&E F 7 &2
, F|& ©]o] butanol, hexane, water <0 2 =2
W} Jeong 5(2013)01 A= T ethanol & E9] & E2]v
= gleFo] 15.7 mg gallic acid/g © & 91% 11, Ahn 5-(2016)°]
A 12 me gallc acidlg 2L 9] 2 A% Aok $A51%
o g2 & EetEolE o B0l tit ZF}E Table
19 YerQlth B9 50% ethanol $&50] £ ZalH 10|
E k2 10.45 mg catechin/gP| 1L, EA 3 &E2 82.85 mg
cateching 0.2 87 B8 3 /b £L Feolglon], 5
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2 0.03 mgmLE et
ABTS][2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonate)] =}T]
A ¥Hg5te] 34

614

Z A% AEE FEAYE T

) ABTS ool 2 tjZg 274N ue] Fustele 274
u} 0| th(Jeong 5 2017). ABTS ghtjZr 4724 A3}

Table 1. Total polyphenol and total flavonoid content
+ Table 20]] WEH o1, DPPHO} WRRI7HA| 2 EA #3159

from C. lanceolata
SOZ;t]rE;:?OI n-Hexane a}:::::ltlfzi[le n-Butanol ~ Water
TPCY st=
(mg gallic 12.39+0.47% 35.49:0.24° 116.04+0.20° 39.13:0.70° 125+0.17°
wide) A 7V e ABTS Bz 2452 B g =50l
Fl;l;fg) 10.45£0.47° 11.45+0.41° 82.85+0.97* 20.36:0.11° 0.02+0.03¢ %&57]— 150]-?%_1—’,1‘% ABTS E}E]%_} —/]:74%0] %‘Q]E"Q‘E %7]-
catechin/g) 190, EA B389 ICs FH 0.05 mgmLE JERGTh 2
DTotal polyphenol content AFolA Y EA BEES 2T B A RS2 DPPH 2
U 271%0] ABTS Stz 24550 &2 B4 et
9l=d), o]of] thal Umekawa 5(1999)°]A41= DPPHS] A%
free radical2, ABTSS] 73-% cation radical AA5& =7435}7]
2ol Z4H249] radicaly} 2Rtste His 24l wet Sy
o] A7 Sejo] Aol7k W 4 Uk YT EF EA 2
=, ol

ITotal flavonoid content
Value are shown as meanS.D. of triplicate. Different small letters
in the same row indicate a significant difference at p<0.05 by

o] DPPHE} ABTS 2tt]Z-2 71 &7 As512
qol Ryu 51997014 E2joisz} Setrol gl
7AH, o5& <l

shaiet.

L et

Duncan’s multiple range test.
£ 0] 0] butanol, hexane, water &0 2 =2
E8] 955+ phenolic hydoxy”] & 7+ BFE SIFEE of
&gt 2o @2 FF7F HAE I o9 (Kim 5 2012), 4]
g 9l o8 ABo ke Feulol Yok 222w guj gy TS BN w2 g JuwAS
Al ZEsEs dQuldgoz =7 2Ao] Quj=oA Lo =2 FAst B4l yErdnal 274
S UEhdthal gelA Slth(Lee S 2009). WA 2 £
AT E FH4S EA Fol4 71 22 % B 3. Mushroom tyrosinase X{H &
2 3 ZetHolT Fo] IRSS TAT 5 A detd2 UVvaRe oj5s Bostwt 79 A4E 7
%, 71u], I 29, 029 Fgtet. Tyrosinase= Hahd
2. DPPH X ABTS 2iC|Zt A7 &M A 27| dA/ #ofst= - Astass 2 A9oA
DPPH(2,2-diphenyl-1-picrylhydrazyl) 2}t AT QA £ HE 9] 50% ethanol F&E} 7+ B3 &0 EA5H= A
9l A4 ]zl DPPHE AAA7|= §H41s BEAS =4 2 249 dad 8 AshE SHstuA AP 1Yot
S =43} T T}, L-Tyrosine©] L-DOPA(3,4-dihydroxy phenyl alanine)=
hydroxylation &+ monophenolase oxidase #]3fl5 =4 A] T
o 50% ethanol &5 0.25 mg/mL2] SO A 23%2] 3]
22 5EoA EA £8E2 55%9
A3 SIS H ¥, butanol 2 E-2 14%, hexane £ =2

AIHE H Y oH(Table 3).
13%, water £8E-2 7% 2 /4 A a5 Uetglon, &

G4t B4E S75HLAL sFAtH(Ancerewicz 5 1998).
3} hexane, butanol, ethyl acetate, water
A ZZE ARE3L kojic acid?] ICsp 452 0.02 mg/mLE L}EL

s
gel
g9 50% ethanol F&E&-
=22 DPPH ZHZ £75= B7I3t 235 Table 20
ehfgie B AREC] w7t ol U4S DPPH ehriz
2750 folHoE F/19SS FAT 4+ Agow,
DPPH 2ttjZ 47| /0] 71 &9H EA £8&9] 1Cs 4t
Table 2. DPPH and ABTS radical scavenging activity from C. lanceolata
50% Eethanol extract n-Hexane Ethyl-acetate n-Butanol Water ACY
DPPH b2) C d c a d
2. . . . . .01 . .01 > .02+0.
1Cs" (mg/mL) 36+0.39 0.75+0.06 0.03+0.0 0.79+0.0 5 0.02+0.07
ABTS 0.98+0.02° 0.65+0.03° 0.05+0.02° 0.55+0.05¢ >5 0.01:0.08"
ICs (mg/mL) . X . . . . . X X X
D Inhibition concentration for 50% free radical scavenging.
? Value are shown as meantS.D. of triplicate. Different small letters in the same row indicate a significant difference at p<0.05 by Duncan’s
multiple range test.

9 Ascorbic acid; Positive control
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%t} L-DOPAE L-DOPA quinone® & AFS}E]:= diphenolase
oxidase A5 ZHA] B9 50% ethanol &5 0.25 mg/mL
L2 48 %E AP EA EEE9 AL 23.6 %= Aot
£ HTH(Table 3).

H AAT} By 50% ethanol &5 81 RIEES
tyrosinaseS A8l S-S X 911, diphenolase oxidase WX
T} monophenolase oxidase HF-3-ol|4] T =& A3 S1-&E H
Sct. & BelHET Eepiicol ghgo] BSHH EA 1
20| 718 52 AL HYLL BT, Yo

Wiy SRIZS BRI Y B2 GADE Kol

rlo

=

ok

=
Al
M=

rn

o]
AR

= Ao B7] wZo) 4k8} 489l tyrosinase & Q1] TS
She EEES TUAA dehd A BESE Adllts &

iy

7} 7] H o] A th(Boissy & Manga 2004). 1 &2 1
4 shee et B2, AL 59 49 ATA g}
AL 7FHA T tyrosinase 4] A H2 u]H| 5} TH(Wang

S 2006; Chan 5 2008). BIE 9] -, w2 W4 SHHE0]

3rG-% EA BEE A 7 =& tyrosinase A &S A
T, 4 S derel Bess Asaush ujulsiech
mEbA] tyrosinase A& HleAd SEEY T w2

3} 2 El2AYolA] Aaigd 615

A 7ML kAl HEE
Az i A=E84

At

ou, FA 235 Y &
%Xe]g ﬂ?_7]_ 1}] JJJ_Q_O]“:]'_]——L A}EQ

4. G EA 228 MM EAM

2 Ao = A AAG F Eus E ST kolE
st 183 S AA% Y tyrosinase A 31241} T o]
O HE EA HEBO) HE A2 95} LCQTOFMSS o]
83tel 2HBS BYskIA 51901, 1 A Fig 13} 2
o} 2 20tE 1A Kol peak 9] ion fragment H|O]E
2 RASYT Fig 20] JERISIT & WAL 2 peak
19] A%, m/z 7012} m/z 679 fragments AT 4= AR 0 H,
m/z 7012 tangshenoside I(m/z 678.63) EEZ}0] Nao] H7}H
[M+Na]" ©]™ m/z 679+ tangshenoside I(m/z 678.63) EEA}0]|
H7F A7HE [MHH] 2 SHE] It Ma 5 2014; Xia 5 2017).
Fﬂrﬂ}/ﬂ peak 12 tangshenoside I 02 343519}t tf2o0 2
O HA-LS 7= peak 29] - m/z 435, 419 fragmentS &
Ag 4= QAUTHFig. 2). m/z 435 += lobetyolin(m/z 396.43) HE
Zpo] Ko| H7FE [M+K]©°|H, mZz 419%= lobetyolin(m/z

hl

AEAZE = 2o 2 BRIt Cho 5(2011)9] Hiro] wp 396.43) HEAo]| Nao] 7Hel [MiNa] & HHHE| th(Ma 5
29 ol e 2£89] A2 0.3 mgmLoA] 48 %] A& 2014; Xia 5 2017). T2FA] peak 2+= lobetyolin© 2 7513
BT, Im & Lee(2017)0] W2 74l 2&Eo0] 23 ok 11 Qo] 25 4T 5 UNH peak 3~8- Table 4014
mg/mLY wf 50%2] Ash&S YEPHTIL 5H3IH. o] Ho} Ueholer, EA £3&5 H4 Z3} tangshenoside I I}t
H 3o AFESE oY EA BEE2 v F &2 tyrosinase lobetyolino]  FJECZ  FHFE0] QlSE RISk

Table 3. Tyrosinase inhibitory activity from C. lanceolata

50% Ethanol extract n-Hexane Ethyl-acetate n-Butanol Water KAY

Mono-PO"  23.120.06% 25.6:0.06%° 54.9+0.01%° 13.7+0.02%° 6.7+0.03% 82.4+0.03%"

Di-PO 4.7+1.0% NT 23.6+2.32%° NT NT 75 +0.5%"

Y Phenolase oxidase

? Value are shown as meantS.D. of triplicate. Different small letters in the same line indicate a significant difference at p<0.05 by Duncan’s

multiple range test.
) Not test
Y Kojic acid; Positive control
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Fig. 1. UPLC Q-TOF/MS TIC chromatograms of C. lanceolata
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616 AR - e - olH7] - A7 - A E R A
[M+Na]* +
o, f%;o" / [M+Na]
oo OH HO
0 SN
Hq OH
o ) o
03 [M;Q.t's!s l /| Lobetyolin \_OH
o OH
HO \
i ";}*’" g [M+H-Glu-2H,0]*
on [M+H-Glu-H,0]"
OH 199.1288 [M+K]*
Tangshenoside I 2171409 435.1857
Fig. 2. Positive ion MS spectra of tanghshenoside I and lobetyolin
Table 4. Mass fragmentation ions of components in C. lanceolata
Peak Compound Formula Rt(min)" Fragment ions [M+H]" References
. 701.5641 [M+Nal’, (Ma et al 2014)
I Tangshenoside I CoHeOss 18.72 679.5846 [M+H]" (Xia et al 2017)
435.1857 [M+KT',
. 419.2129 [M+Na]", (Ma et al 2014)
2 Lobetyolin CaHzsOs 17.63 217.1409 [M+H-Glu-H20],,  (Xia et al 2017)
199.1288 [M+H-Glu-2E20]"
597.2715 [MHKT',
.. Ma et al, 2014
3 Lobetyolinin CosHigOn3 19.94 581.2955 [M+Na]’, EX; eet 2;1 2%17))
397.2060 [M+H-Glu]" :
. 395.1712 [M+Na]’, (Du et al, 2018)
4 Syringin CrH0s 688 411.1436 [M+K]" (Aga et al, 2012)
. 377.1213 [M+Na]',
5 Chlorogenic acid Ci6H1309 6.88 163.0543 [Caffeoyl] (Nugroho et al, 2012)
A 183.0814 [M_HY’, (Du et al, 2018)
Ideh H 10. . .
6 Syringaldchyde GoHilOs 096 155.0819 [M+H-COJ* (Tripathi et al, 2010)
, ¥
POcthyl 423.1865 [M+Na]",
7 tangshenoside I CoHsOsNH; 23.32 201.2011 [M+H]', (Du et al, 2018)
& 221.1755 [M+H-Glu-H20]"
273.1388 [M+Nal’,
4E,127)-threo-t -4,12-
(4E,127)-threo-teradeca-4,12-d () N 18.28 251.1502 [M+H]', (Du et al, 2018)
[

233.1772 [M+H-H20]"

D Retention time.

Hwang 5-(2018)°| 4] T3St tangshenoside 13} lobetyolin& EA
HIE9] FHE0Z HISHHF 9lon, EA B3 &9 &2
Akt &4 9 tyrosinase A Sf&AJO] tangshenoside 13}
lobetyolin°] 710531 AR 4L 4 UUTH

5. Tangshenoside 122} lobetyolin M2 &4 4! tyrosinase
XMafiatad

AZutE A 7H =2 WA B I H tangshenoside

2k O

=

13} lobetyolin®] 3FeFS BA35}7] Q)8 UPLC £A435F A1t
Table 52} 2t} B9 50% ethanol F&50] S35 tangshenoside
19] 3=F2 2.97 mg/g ©]Q 7L, lobetyolin®] TS 1.2 mg/g
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Table 5. Tangshenoside I and lobetyolin content in C.
lanceolata

50% Ethanol extract Ethyl acetate fraction

Tangshenoside 1
(mg/g)
Lobetyolin (mg/g)

2.97+0.01 37.97+0.03

1.2+0.00 24.03£0.16

Table 6. Tyrosinase inhibitory activity of main component
in EA fraction of C. lanceolata

Tangshenoside | Lobetyolin
Mono-PO" 53.0%+0.21 40.2%+0.02
Di-PO 18.6%:+0.09 27.7%+0.13
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