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Study on Fingerprint of Crude and Processed Epimedium by
UPLC-PDA-MS
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Abstract The fingerprint chromatograms of E. koreanum Nakai and E. pubescens Maxim were established
by UPLC. The results showed that the fingerprints of two species were significantly different. There were 35
common peaks in crude drug of E. koreanum Nakai in which 26 peaks were identified, and 13 common
peaks in crude drug of E. pubescens Maxim in which 9 peaks were identified, by MS respectively. Addition-
ally, there were 5 differences in fingerprint between crude drug and processed product. This method with
desirable rapidness, simplity and repeatability can be used for the quality evaluation of crude and processed
Epimedium.
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BB v RO 2, 3% 1% (Ultra. Performance Liquid Chro-
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NG, BLUPLC W5 A il 5y J= Fa o &l i
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FHEAT T %858, 87 T MY S 4622 iy I R R A 5
AR, Rk — D0 S8 (P M LB it S e
Hetf, RIS b 25 R AR R AL S
AR PR R SR, F

1 SCIGERSY

1.1 UE5HA%A

Waters Acquity UPLC R0 AH (i A%, ds
JUBBRESE . fER FBDBEAE RS . HRRAT . AR BRI
23 (DAD) LA Iz Waters Empower2 % f}:(Waters A &]).
UV-2802 B8 A8 43 560 BE v (LRI T Je BT A A R 2
#]). MettlerToledo 3 #THLF K *F-(Mettler Toledo 43#T1X
AW AT]); Anke B0l TGL216G (i 22 S RF2EAL
#)7). KQS5200DE U2 5 43 (e L i i A s A F
N AR ST A DHG-9070A MU( Fifeks %
LI WA AT IR ).

LME(GEH, Merck A A])\ LIR(3E [, Tedia Company
) )T i (36 [H], Tedia Company 23 ) )3 ok o 34t

Wil R RE iR, K20k, EFEEt
Mg 22 BRI b 2 S AR AR E . BHAEE A,
EHEDE B, BHEDE C, S DO ST IR B2 2 A
FUbe 2yl = HRI(AE R T 98%). 10 AtwIEEE
WM 14 LB FEGMHRAL T HHK
HRAF .
12 MEHE
121 &afitt

RSt 1 il H k) Waters BEH CI8 (2.1 mm
X 50 mm, 1.7 um); FEIA: ZIE(A)HT 0.1% LR K
(B), BEFEVEMFEE: 0~7 min, 15%~25% A; 7~11 min,
25% A; 11~17 min, 25%~35% A; 17~24 min, 35%~

70% A; 24~26 min, 70%~100% A; &84T il: 26 min;
R K: 270 mn; E: 0.2 mL/min; FEiR: 30 °C; ¥
FEH: 2.5 uL.

R E 20 Mik4E o Waters BEH C18 (2.1 mm
X50 mm, 1.7 pm); FshAH: HE(A)F 0.1% LIR/KE
W(B), FEEEVEBFET: 0~10 min, 5%~15% A; 10~11
min, 15%~30% A; 11~14 min, 30% A; izf7i}a]: 14
min; JiE: 0.4 mL/min; AIIEA: 310 nm; A 35 °C;
HEFEE: 2.5 uL.

122 st

Waters Ji 1% %, HHWEE IR, TQ f i 2%
(Manchester, UK), #14ifiiiiia [k 50~1000 (JiifLL).
KNG o 5B I8 HE SR PR R i B N I, A A
3, BT YR R AL 43 ) 2 120 Fi 380 °C,
BAE RN 3.00 kV, HEFLHE R —30 V, BEFIT
AURAIHESL 53 ) & 650 150 L/h.

123 *FER Sk iy 4 &

D5 S R R T % RS S PRI SR
200 mg BT 10 mL AP, MHEESR, 14 200
ng/mL FEAEFEFFAE A UL A% &35 Tl o T e
ANTRIAR JSE IR SR, A R I A S PR AR U R A1
.

P SO 0 SR G 23 BIFRE S 2 Bk
WIEEE AL WIFEE By WIFEE C. BEEEHNEER-1
Wi, BT 10 mL AR, B 50%IH F R iR Of oc 2%,
i 0.22 pm TALIERE, FFH. DLEIESAAR 1 3ERE.

124 ARSIk o4 &

BEREFENT FRA, A A, kR 50 H
G, FHT AR ST, — O B A P D0 B s (O i
JE24 170 °C, B 7 min)f&, Frfad 50 Hf, £ A F
J il B =R R 50 H B S, EEELAT P nHue )
RSB 170 °C, WHIA] 7 min), 1B 0 AMHIN. K
IO A OB R S I S ok A RDR A 1) it by oK
% 0.1 g, ZFBIIINFEE 10 mL, FRE, BAREC 1 h, i)
FE, AMERE, B0 10 min (3000 remin ).

R EIR B0 G FIEH 0.5 mL, & 50 mL A i
L, DR AR RN, RRAT, A I e e pE
V.

R ER B0 5 IS 2.00 mL, Ny B, bk
L 50% (1) e 251 5 mL (25 &), 10.22 um i
FLUEIE, FFH, 23 A CLEIE AR 1 AR 2 EFEI
E TS 1.
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Figure 1 The UPLC chromatograms of mixed standard compounds

6: Hyperin; 12: epimedin A; 13: epimedin B; 14: epimedin C; 16: icariin; 31: baohuoside I

0.40
0.35
0.30

i

. 025 —prrie—————— S10

3 —— 59

2z 020 e S8

5 015 P 32

0.10 ] — S4

0.05 I — S3

’ e S2

O'OOI"'I"'I"I"'I"I I|"'|"'|"'|""|"'1"'1Sl

0.00 2.00 4.00 600 800 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00

t/min

B2 10 AR AR 2R S0
Figure 2 The UPLC fingerprint chromatograms of 10 batches of E. koreanum Nakai
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Figure 3 The UPLC fingerprint chromatograms of 13 batches of E. pubescens Maxim
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Figure 5 13 common peaks of fingerprint of E. pubescens Maxim
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1 R UPLC fa g S AH LR
Table 1 The similarities of chromatograms of E. koreanum
Nakai samples

Gity 7ML AR SRS P MR
S1 T o1 S6 A6 0.99
S2 HH 0955 S7 R 0.944
S3 A 0.954 S8 A6 0972
S4 g 0.977 S9 FHAR 0973
S5 HEK 0.998 S10 T 0.969

2 FEIETLHNM UPLC fag K AH LR
Table 2 The similarities of chromatograms of E. pubescens
Maxim samples

Gity oML AL iy T AEALLE
S1 o1 S8 AR 0.985
2 Hl 0991 S9 MRIT 0.996
S3 A6 0.991 S10 BiL 0.995
S4 I 0995 S11 ALl 0.975
S5 LI 0.997 S12 4R 0.981
S6 Py 0923 S13 Bk g 0.982
S7  —=H#E  0.996

HIE 4 FIE 5 FeguE s il s, SRR LR R R
FHEAMIRUS I ZNIRK, FEEFEEH 13 M
WAL R ICRFAE R S S, R B 35 Mg
PR AE PR A0, RBIELAH I 13 NMIE R
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(ELHETH SRR, g0t 23 HEEEREER 1 #5740
LT ERINAEL, £E 1.31~2.04 Z[0); [A)If b
T T 1S5 SRR P R B A B
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T 36 F137 U TN WIRPERAEE M 31 S
WECEET-D SRR, B2, gt 23 #EeE
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FHERTEHNN R Z, AEEILE 8, HCHk[6]4H)
T, BT PR A YA T R 28 B A5, k20 i
LS B FAS. B 8 ANEHEE R 2L 5 25 M RN e i
BIEA T AR, B R A e il S5 &4, Xt
TR AR 3K R AN AT 5.

224 FEOE R EHIA
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Figure 6 The UPLC chromatograms of crude drug (A) and processed products (B) of E. koreanum Nakai
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Figure 7 The UPLC chromatograms of crude drug (A) and processed products (B) of E. pubescens Maxim
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Figure 8 The UPLC chromatograms of strong hydrophilic components of crude drug (A) and processed products (B) of E. koreanum
Nakai
1: Neochlorogenic acid; 2: chlorogenic acid; 3: cryptochlorogenic acid; 4: magnoflorine; 5: hyperin
£33 IRLUEG AT LC-DAD-ESUMS 45 H4HfiiA
Table 3 Identification of chemical compounds in Epimedium by LC-DAD-ESI/MS
Peak no. tz/min Mass data Amax/TIM Compound
1 0.616 — 277 Unknown
2 0.790 — — Unknown
3 1.024 353 [M—H] 325 Chlorogenic acid
4 1.419 — 312 Unknown
5 1.641 — 269, 301 Unknown
6 2.685 463 [M—H] 256, 353 Hyperin
7 4.615 677 [M—H] , 513 [M—H—glu] 271,332 Hexandraside E
8 5.152 794 [M—H] ", 632 [M—H—glu]” 269, 323 D4
9 5.528 808 [M—H] ", 662 [M—H—glu] ", 517 [M—H—glu—rha]” 271, 348 D5
10 7.230 838 [M—H] , 515 [ M—H—2glu] , 367 [M—H—2glu—rha] 282,312 Hexandraside F
11 7.989 — 270, 322 Unknown
12 8.412 838 [M—H] , 676 M—H—glu] 270, 320 Epimedin A
13 8.734 808 [M—H] , 646 M—H—glu] 271,320 Epimedin B
14 9.188 821 [M—H] , 659 [M—H—glu] , 513 [M—H—glu—rha] 270, 320 Epimedin C




No.5 KRS IR EAEMBIET /S UPLC-PDA-MS (KR40 1 B 641
Peak no. fz/min Mass data Amax/NM Compound
15 9.310 820 [M—H] ", 659 [M—H—glu] ", 513 [M—H—glu—rha]” 271, 323 A7
16 9.552 722,676 [M—H] ", 513 [M—H—glu]” 270, 320 Icariin
17 10.738 — 271,316 Unknown
18 11.125 — 270, 324 Unknown
19 11.491 821 [M—H], 657 [M—H—glu]", 514 [M—H—glu—rha]” 270, 320 A9
20 11.964 — 270, 320 Unknown
21 12.675 880 [M—H] , 717 M—H—glu] 270, 320 Korepimedoside C
22 14.066 — 271, 298 Unknown
23 14.610 922 [M—H] , 760 [M—H—glu] 270,317 Epimedokoreanoside 1
24 15318 922 [M—H] ", 760 [M—H—glu] ", 617 [M—H—glu—rha]” 270, 318 A16®
25 15.830 922 [M—H] ", 760 [M—H—glu]~ 271,319 A181®
26 16352 499 [M—H]" 269, 323 Baohuoside 11
27 17.026 964 [M—H] ", 802 [M—H—glu] ", 760 [M—H—glu—O0Ac]" 270, 315 Caohuoside A/B
28 17.268 964 [M—H] , 802 [M—H—glu] , 759 [M—H—glu—OAc] 271,318 Korepimedoside B
29 19.056 645 [M—H]" 271,313 Sagitatoside B
30 19.170 659 [M—H] 271,313  2-O-Rhamnosylicaside 11
31 19.729 513 [M—H]” 270, 316 Baohuoside 1
32 20.144 659 [M—H], 514 [M—H—rha]~ 271, 304 A351°
33 20.595 759 [M—H], 572,352 270, 315 A37®
34 21.014 801 [M—H], 367 282 A39/A40[
35 23.082 351 [M—H—CH;], 296 [M—H—C;H;]" 271 Anhydroicaritin
36 18711  — 271, 320 Unknown
37 18.864 — 271,327 Unknown

R?0
Peak No. R’ R® Compound
7 glu H Hexandraside E
8 rha-xyl H D4
9 rha-rha H D5"
10 rha-(1-3) glu glu H Hexandraside F
12 rha-(1-2) glu glu CHs Epimedin A
13 rha-(1-2) xyl glu CHs Epimedin B
14 rha-(1-2) rha glu CH; Epimedin C
15 rha-(1-4) rha glu CHs A7E
16 rha glu CH; Icariin
19 rha-(1-4) furan acid glu CHs A9E
21 rha(1-4)(OAc)-(1-3) glu glu CHs Korepimedoside C
23 rha(1-4)(OAc)-(1-3) glu(1-4) (OAc) glu CH; Epimedokoreanoside |
24 rha (OAc)-(1-3) glu(OAc) glu CHs A16"
25 rha (OAc)-(1-3) glu(OAc) glu CHs A180
26 rha H H Baohuoside Il
27 rha(1-4)(OAc)-(1-3) glu(1-3) (OAc) (1-6) (OAc) glu CHs Caohuoside A
rha(1-4)(OAc)-(1-3) glu(1-4) (OAc) (1-6) (OAc) glu CH;s Caohuoside B
28 rha(1-4)(OAc)-(1-3) glu(1-4) (OAc) (2-6) (OAc) glu  CHs Korepimedoside B
29 rha-(1-2) xyl H CH; Sagitatoside B
30 rha-(1-2) rha H CH; 2-O"-rhamnosylicaridide Il
31 rha H CHs Baohuoside |
32 rha rha CHs A35"
33 rha(1-4)(OAc)-glu(1-40Ac) H CHs A370
34 rha (OAc)-glu (20Ac) H CHs A39/40"
35 H H CH; Anhydroicaritin
B9 o b s i Ak 2= 45 1 ]

Figure 9 The structures of flavonoids in Epimedium
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]\ SEAMRORN MS Bdi 34—, 23l 4 22 Bk (6)
FIFEE A (12), WI3E5E B (13). WIFEE C (14). M7
TF(L6)AN = T1-1 (31). JAth tuude LUAOR B I I] L 284N
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HH2 3 WA, 37 Mg b, 30 AN R R S AR
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W AT AL G, o B 45 5 s S e 4 R h 8-S
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R 27 A A S R ROk 1 i A I R g i
AR, 2 WH R A R A o 11 56 5 IR ot i 20 B A 56
Wi

LA UPLC @7 iR 2RI R B LR M I Fe 4L
FIE, B RS 20 LK. w28 B i oy
PR L, DS A F &R, i Hik & H iR
Ky REFENAEY), RBERFETS MRS
KA, BIEEARNE IR KW K& &
Y, TS O R K B R LA ZE AR, $E R
PR L N K B 2 R B SRR A T .

INFE S0P 0 £ B A4 b BRI B SR AL B
FRE IR, AT S R e ARk, T
Fe U s FA ) SR 2GR L R AR T TR AR A, AL
Ak & R AMNRISEITE 270 nm Zida, B4 700
FEUCIAZ, HEW O] REE R RS M SR s 2 R AR T
FHE Ak, FREUENE ERSE— b th: 16 SIERFE T
FrEN, IR AR A 1S ST K, REBEEEA
T BT 15 S, GEiE 13 RBIR LGNS 14
UL, SLIE AR AR gk, 1T 10 AR EER AL RE
14 ‘FUEFEAR A A, HENH T REBRFEE 14 S0ES
HEOK, ¥ 15 SIS, TUREREFEEN 15 5
e e LD BT . MR T AR A, I S T T
I SRR R A W AR A S 2, AR S RGBT, 15
5 UEE (R BB SRl D T R A AR 1 R A Dk 4 B
R, A2 B OB () W R T A R R - 1
). AL AMAAERBILRE T, 14 S8R, 15 F§

BB K, AL, O E) oy A AR, AR
A& RY P BRI A BRI, XK 14
S U4 tha-(1-2) tha LG 15 5041 tha-(1-4) rha &
HONERE.

Frac i B A DY AR Ak ) 26 5031
G 36 SUERN 37 SIS EHIG R, 17 S, 18 Sk,
19 SR 20 U EAERD. Y TG R R,
AT ) BRI A B AR A 2 22, A8 IRk
BEFEE. 1017 S0, 18 SUE, 19 SR 20 SUEAE 26 5
e, 31 506, 36 SRR 37 U2 [ H U, ARPEAR TR
K, HED 17 50, 18 51U, 19 SR 20 50 b 1R
B2, Ak A AH B (R I OB T

TRFAE M P 2980T A, SRR gy
NI AR A TR 2R AR DG, Pt
AL I WA
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