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HPLC Fractionation of Antioxidant Substances of E. hyemale Extract and Analysis of
Indicator Components Using LC-MS
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Abstract Background: Results on the action of antioxidants in extracts of Equisetum hyemale stems and roots have
already been reported, but the antioxidant properties have not been analyzed. Purpose: This study was to determine the
molecular structure of antioxidants in substances extracted from E. hyemale stems and roots. Methods: Component
analysis was analyzed by HPLC and LC-MS after extraction with hot water and ethyl alcohol. Results: The HPLC
chromatogram of stem and root extracts showed four significant peaks at a wavelength of 205 nm. Peak 1 at 280 nm is a
typical simple phenolic type, and both peaks 2-4 near 280 nm and 370 nm are typical flavonoid glycosides. As for the
antioxidant level of the extract by HPLC analysis, the sum of the peaks at 740 nm was the highest at 3,669 mAU in the
100% ethanol extract, 3,096 mAU in the 70% ethanol extract, and 2,868 mAU in the hot water extract. As a result of LC-
MS analysis of the antioxidant extract, kaempferol-3-sophoroside-7-glucoside with a molecular weight of 772 da at peak 3, and
kaempferol-3-sophoroside-8-glucoside with a molecular weight of 788 and 772 at peak 4 was identified. Conclusions: The above
results show that two types of antioxidants were identified in the antioxidant extract of E. hyemale exrtracts. Therefore, the
potential as a raw material for functional cosmetics has increased.
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=5 WA A £ Helo] FEEelA ks ER 0 Aol Wt AIE o]n] Barslol ot HARSL A2
A=A kot B4 A £7)9) He] B RS FE3 Ao kst 249 BAl 725 Felsle Al
oh W AR S A5} oD T2 FE5e] HPLCS LC-MSE HAskdch. A3 4] 719} ] 355
9] HPLC 22 v} E 782 37 205 nmel| A 4702] 32 3} peakr} el o). 280 nmell $)3= peak 112 A3 4l vk
752 8 o) 2, B 280 nme} 370 nm 3 o] Q)= peak 2~4%= A3 2 ol Zah o] = ujda o] el ok 2= 9lg)
o} HPLC ¥4 of] 2]t F&E-2] 33l 740 nmoll A peak] -2 100% ol &he F2E-<] 3,669 mAUZE AU =
k3L, 70% ol e FEE-2 3,096 mAU, B54FEE-2 2,868 mAUR A Wieh dakai 35 848 LC-MS £
A 8F A= peak 30| A= EAHFo] 772 dagl kaempferol-3-sophoroside-7-glucoside, peak 4ol A= HE-x}&Fo] 788}
77221 £ kaempferol-3- sophoroside- 8-glucoside”} 1=}, AE: S 2] L3} 5o 3FALEF A Ho] Zx)
= 7lo] Bl o] SA7L 7154 3] B 2A 7FsA o] ol Aual B

F=MO  Equisetum hyemale, -4, FAEFER | 31A-E, 94-5F%, HPLC
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ke R} =90kl 199t} Choi & Lee (2017y= 7553
WAL ZPAA 0] dape} wjehg FEEolA] of|Ake] Aol
ZA)eR= 7S B8} Choi e al(2021)2 Q=] Ao}
Gz FolAME dg FEE AL 7)5e] des Bast
Ak ZZell Song & Lee(Q021)= S E2] 429} of|ehs-
FEEol Ak 2] #A e AS HAE s

EM (Equisetum hyemaleys 122 of2sfjte] £2 22>
Ab g2 FA A T Ao A=beE 23 duf) glo] £
Apde 2 WAlsl= AlZo]tk(Seung & Lee, 2014). Song &
Lee(2021)y $-412] &713 He] F-912] FEElAM s
o] EAee S Haslsl o, £ 7 3] &
slodet. A FEEL] I s F IS5 Al e
e Bl WS Hofst HolE F8AE ol At
UE AR Fedsigicl.

E ATelME A o 2713 s Il dl"Ed R
<2 FE3 M 249 78S HPLC ¥ LC-MSE
Moz st AE Basio)

RN
B Aol 0|83} LM (Equisetum hyemaley= A 700 m

A4 20155 8~9Y Alelo)] AHF3 ANBE Z7] F9)9}
2] R Resle] AAT thell Aol AAxste] A

gahdet.

Aigk 2 717

A AM-El 2E AloF} 4l Sigma-Aldrich, Inc.
(St. Louis, MO, US.A.) 8] 3 HPLC grade A]2F-Z Junsei
Co.,(Chuo-ku, Tokyo, Japan)?] LFA|FS FYUsle] AME-3}
ek, & AFellA ARESE 248 71715 KISTHAEAT
2= 7EeA AR 6790l AAIF] SlE UV-visible
spectrophotometer (Shimadzu Inc., Japan), HPLC(1200 series,
Agilent Technologies, Santa Clara, CA, USA) ¥ LC-MS (Liquid
Chromatograph-Mass Spectrometry; Shimadzu Inc., Japan) 5=
4S9,

P FEUHY

Z7)9} W] B2 7 100 g2 1 19] Aol F53)
of A sle] Ax3t vl 3 WAIe] FAH 32 &
Aol Al 10uel] AFeHs Z2F5E du hdsie,
27t Bt 353 o) F AT R oFsle] G4 F2)
< Ax3ch I FEAS T4 AxE AEE A
3}k (Song & Lee, 2021).

E7| F2l2| oEE F& WY
79} ] F-215 100%-ol eH-2-(100-EOH) F&+=7}
70%-&+-&(70-EOH) &&= FHI31dc. £7] 100 g &

FA13}- o718 109
2 AA Foll Az gl AelX A 100%-of g2}
70%- &gl 2417k 25 2] Fof| AAE A7 vl
Ao FEANE 17H0.45 nm)std 100%-ol&ke&} 70%-<]
ee 3208 Ax3siYh. 4 FEAE AT 557 (R-
3000, Bushi, Switzerland)Z 553 A& TAZZI|E §
A7 ZE ] 77 oleks FEE AR AMSIITH(Song &
Lee, 2021).

FEE20| HPLC 2&lah

Z7)9} e H9E CvteE FE8M 55 FAAxS
e oA HERE(70%)2 &-303ke] 1244 (0.45 um PVDF
syringe filter; Whatman, Maidstone, England)E- 5347131}
oh&oll HPLCE-A (Agilent, USA)S #|23]Akel Agilent
Technologies®] W& ARS8l A BAE H 3k} LS
&3k

8 HPLC &AW-$-2 73 (Hydrosphere C18 column; 4.6
x 150 mm), 71Z7]= UV(280 nm), ©]5AH2 HPLC grade$-
oM EYEH (A%} & (B)S 0103, 10% A; 10~30% 10-
100% A2] 2722 linear gradient® 31912, Frek2 1.0 ml/
min (P E o] EZ B2} 0.5 mlmin (ABTSEY) 02 9],
A& FYF 10 pl= 3Rt o] A& FE=2] A %A
L ) R A R B e A At . R P B e
Z (peak)> 280 nmZ. 3}, 2+ A Sl o3t 3HAk3} B4
oAM= 54 (negative) -2 734 nmeol| A S48 7102 o}

epi%E.

HPLCE A& F&I 24

2% wpgel] w12 37) ¥9) F2EL vlep] Slaj] 9
oA FE3 A8 FZEE(HW), 70% ol5HE(70-EOH) 5352
7} 100% °Ek2(100-EOH) F25-& 27} A|Z3)9ic}. Al=xst
7 27) 39 3289 23 582 A4 A% AR P
&} 35 55 F 4 FEEG VIMIE HAE %R 38t
of AARsiet 4 FE=2] AEEAHE 27 $18ke] HPLC
B4 Sasiole Ae FHES LR Salele] o3t
Z](0.45 um syringe filter, Whatman, Maidstone, England)S-
E7AIR) ThE HPLC AAE AH3)e] $58wle] me 5
2] AL F=rEIS WAL EAM3IsIEK(Table 1).

HPLCOf| 2|8t ABTSe| &Hiist MEEYN

S FEES WEEE(70%)2 S3ll3le] AFAZ oA
7l o 2=kl dAESE HPLC AX|E ARS-8le] A 8AE 2
SHALEE AR 24381t 2= (Hydrosphere C18 column; 4.6
x 150 mm), ZZ7](UV 280 nm)S °]-&3}3ivt. HPLCE of
A EUEL (AT EB)S 0105, 10% A; 10-30% 10~100%
A2l 702 AMAM]E(linear gradient)Z 3}Fom, f-
1.0 m/min (P EH]E™, E)2} 0.5 ml/min (ABTS )02
S, ALRTURE 10 W 321 o)) A1 F2E| 7|
FAE 9 AL el B2 Bl A (peak) 280 nmell



110 £A) 3552 3Haks 229 HPLC £33 LC-MSE- o] -4-3F 2| A 1 14

A ZErtEa o ® eplglal, 7t peakell wish SHAkSL &
32 YA H. peakZA 734 nmol|A] ZA8le] JehiH

st 23 X|EMEC| TXEN

7] F-$19 e FEEol U ARALEE s
A}, Al FEES LC-MSE 2Hg3le] 3)ALe] A A2 2A
sloict. 2 2252 70% methanolel] %<1 ¥ C18-HPLC Z
3 (YMC-triart C18/ 250 x 4.6 mm)e] A#=o] 913, Agilent
6120 Quadrupole MS7} 2 =13 LC-MSE- o] 83l &
Atk A AR F2E LC-MS2] positive2} negative
spectrums 71& 243} v|wsle] A3}

Zat o nE

ZM FE89 T8

7] F92 3= el & 35 $&5 vt 23
= Table 1o A|AIEFAS. AlB2] A% Fofl dist =
£2 94 325 (hot water extract)e] 24.1%E AlY =3k
70% ©l|EkS- 25 (70-EOH)°] 17.4%, 100% ke 25
(100-EOH)°] 10.7%= “FeRsde}. G4 F58<0 7P =74 v
ehatet.

H
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FEE9| HPLC 24

HPLC Z=23}-2 Fig. 19 #AAIsIsAch 719} o] H-9]
2] R FAJE} ksl AEe] HPLC F4ollA] 280 nmel|A=
AAE vepln, AL 2l kst AAE FIle] A
734 nmel| A L& ABTS 21719 & & AE=E epic)

Fig. 19] HPLC ZE29 YoM F8 AR 2 Jeh}s=
peak 1-4°] UV 2| ER]S AL A= 1M peakis A
3t 2L 7R e Sl ERMEE A=Y, 2-41 peak
ks B34S A e EEtE el = IRMEE A
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Spectrum peaks by minutes

Fig. 1. HPLC chromatograms of ABTS radical with peaks 1-4 of
the stem and root part extracts of E. hyemale. The blue line
indicates 280 nm, and the red 734 nm.

oo} 22 W82 7 peake] UV 2HER 02 oF & i),
1 peak= 280 nm A A 1 FREZ Yehlls A3
Al v 5 o], 2~4= BF 280 nmell M FH=
peak®} 370 nm x| oA 2] ELE peaks BT THA= A
A<l Erk o= wiRAle] S & 5 sl

27| £9lo| HPLC 24 Z3}

2] 3919 228 94 U DL W A 3
FE=0 LA S vlas] flsl 4 FEES vEE
o] g3lste] HPLCZ E-43lsick(Table 1, Fig. 2). 2 peak

Table 1. Summary of HPLC profiles of the stem extracts of E.
Hyemale with the solvents

Stem extracts with the solvents

Peaks Hot water 70-EOH 100-EOH
(ggllej?ﬁ%n) 3015.6 2342 141.8
(R[)Tia;;\‘l)or'nzin) 4143.7 1594.1
(R?a;%oﬁ?n) 2154.6 18512 1107.4
(R%?%%%?n y 19 449.7 97.4
(RPTiaEI%(.ZI\éOr'n?n) 10054.2 4649.5 620.7
(Rg:eélﬂ(()?g 'n?in) 842.6 4583 459
(R%e?l(().l;; 'n?in) 1807.7 13317 170.7

(RTP??IE.T(()) 'nifin) 621.3 693.3 123.9
(Rgzeelﬂégg 'n?in) 172.9 499.6 473
Peak No. 10 2734 3948 238

(RT: 14.36 min)

Iy 6 8910

E)

Spectral peaks by minutes

Fig. 2. HPLC profiles (UV 205 nm) of the stem part extract of of E.
Hyemale. Numbers: 1): hot-water extract, 2): 70%-ethanol extract
& 3):100%-ethanol extract.



o] 42 HW, 70-EOH, 100-EOH FZ%5-°] -AFs1a] o),
205 nm3pAel| A= 7F peake] =7]7} 100-EOH < 70-EOH <
HW 912 Z71819ic). o= AJ=|gt 7o) Table 101 A
AEAdet. FEE 02 HWFEEEQ] AR peak} 2 AS

¥ % Qlgieh.

EJ| FEE9| HPLC peakd sz 24

HPLCol| 2] 8 B4 Z37}= Table 29} Fig. 3~4ol] A28}
ok Al 3% B9 sHkskEs ABTS 2H7| 47152 veh
E 740 nmel| 49] peake] -2 ¥, 100-EOH7} 3,669 mAU
2 AY =311, 70-EOH:= 3,096 mAU®| S, HWA= 2,868 mAU
2 AL e

205 nmol|A9] peak=7]E= HWFE=o| 953H] Fo,
At EE 93] AlY st o] A2 SA1e] SAkEEE
ERE Aol 205 nmel| A Ve e ERE9] AR o]
v HslAE2] Eo] ohdzl 330 nmell A veh s Eei9
= AlddE & 5 lTk(Table 3).

7} epakst B3 e peak®] UVZAEIERS A3
Az 25 e Sl = Y-S & 5 Uik
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Fig. 4. HPLC profile of ABTS radical scavenging activity of the

crude extract of the stem part of E. hyemale using 100% ethanol at
UV330 nm and 734 nm.

Table 3. The peak values of HPLC profile with ABTS of 100-EOH
extract

o] Eo] 25 Flslr] ¢sled AR 7R B2 3 Peak Peak values(mAU) at 330 nm & 734 nm
EISs =3 No. Sample integ at 330 nm ABTS integ at 734 nm
1 1667.3 1944.5
Table 2. The peak values of HPLC profile with ABTS of 70-EOH 2 7301.5 ND
extract 3 204.4 968.2
Peak Peak values(mAU) at 330 nm & 734 nm 4 363.8 756.3
No. Sample integ at 330 nm ABTS integ at 734 nm Total 9537 3669
1 393.8 1279.7
2 9998.5 98.8 Table 4. The peaks of HPLC chromatograms with ABTS of the
3 2254.8 534.3 stem part hot water extract of E. hyemale
4 496.2 1184 Peak Peak values(mAU) at 330 nm & 734 nm
Total 13143.3 3096.8 No. Sample integ at 330 nm ABTS integ at 734 nm
1 1,105.7 1,317.1
S— 2 7,586.6 108.2
3 1,146.4 399.0
' 4 767.4 1,043.9
Total 10,606.1 2,868.2

Fig. 3. HPLC chromatogram of ABTS radical scavenging activity
of the crude extract of the stem part of E. hyemale using 70%
ethanol at UV330 nm and 734 nm .

7| gitst 8o XEYEe 7=

Z7] $919) vy FE= Fo A 2] AsES
T2 LC-MSE 83te] EA3lem 1 Ao Figs. 5,
6, 7o AAIBFAS. Fig. 59014 peak 33} 4ellA 270 A %A
o] TEE I S sdddH

peak 3ol A= EAFEFe] 77291 kaempferol-3-sophoroside-
7-glucoside©] Q= F(Fig. 6), peak 4ol A= F-A}efo]
788 W 7723 =& kaempferol-3- sophoroside- 8-glucoside”}
gol=] Ak (Fig. 7).

2 2 Ak 23 sl ZloR Rl EEk e
o]= Alde] FRIEE 7IFE 42 FelM A" 2 (Yang &
Park, 20077 Es}sic}.
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Fig. 5. UV spectra of the peak 1-4 of HPLC profiles of the crude
extracts of the stem parts of E. hyemale.
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kaempferol-3-sophoroside-7-glucoside

Fig. 6. MS spectrum with its chemical structure of peak 3 of the
crude extract of the stem part of E. hyemale.

a4 =

S @719} pls) S st le) gl 2
@ A3 ofn] Bslslon], GArsl YRS BAEA) gk
Sieh. B ATe) BAL Sl 2709} e Yo 4ug &
28 BAS0] At BAe) ¥4 F2E Ak Aold

o} AEEM 2 49 70% NELEFZEF 100% oELF
L2 =
=

ZZ23}o] HPLCS LC-MSZ EA 351},

Max: €361
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Fig. 7. MS spectrum with its chemical structure of peak 4 of the
crude extract of the stem part of E. hyemale.

1. A 259 719 = £8¢] HPLC Z=2rtE
> ZE3H 205 nmel|A] 474 2] J"JP peak7} vebstt.
peak 1'H-2 280 nm A 1 FREE Vehll= A
A9l w= #1523 o|, peak 2~4= EF 280 nmellMe] F
I35 peake} 370 nm LA A9 FR= peak° 25 714
T+ AA Fehee]= wigA Y] S & 4 sl

2. Wet-go &gt 552 HPLCE A M= 7+
peake] FAL AL(HW), 70%ER29} 100% ollehe 32
o] FARF L}, 205 nm IR A= 7 peak®] =717}
100% ek <70% oEke < HW S92 Foia] &=k}

3. HPLC ¥4 A= =250 313l s= ABTS A4
7] 27% S YeEPE 740 nmol| A 9] peake] S E"d,
100% kg0 3,669 mAUZ A =3t3L, 70% ol|eh2-2
3,096 mAU, HWE 2,868 mAUZ A|Y w3ict,

F2E o] 3l S LC-MS EAol A= peak 3ell
i% F-z}gFo] 772 dagl kaempferol-3-sophoroside-7-glucoside,

peak 40| A= Ealegko] 788 & 7722] EA kaempferol-3-

sophoroside-8-glucosided! A2 ol ).

AEH o= o|ie] A o|n] Hargh & ks 3
Z=0l| kst Ao] EAEE Alo| ErlEe] EA7t 7)E
A 3PS 982A 7FsAe] =of vkl o
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