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Purification process of epimedin and icariin from Epimedii Folium by
macroporous resin

LAN Hai, LIU Xin-yan, YU Ling, MO Nuo-lan, ZHANG Yan, GUO Zi-you, WU Qing
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To investigate the best technological conditions for the purification of epimedin and icariin from Epimedii
Folium by macroporous resin, and preliminarily characterize the purification fraction of the best technological conditions. Methods
Five kinds of macroporous resins were screened by static adsorption experiment with the content of epimedin Al, epimedin A,
epimedin B, epimedin C and icariin as indexes. The best purification conditions were optimized by the concentration of upper column
solution, the maximum sample volume, the upper column flow rate, the volume of water washing, the concentration of removing
impurity ethanol and elution ethanol, the volume of removing impurity ethanol and elution ethanol, the column diameter-height ratio
through dynamic adsorption experiment. Finally, UPLC-Q-TOF/MS, HPLC and ultraviolet spectrophotometry were used to
characterize the purification fraction of the best technological conditions. Results The best macroporous resin was AB-8, column
diameter-height ratiowas 1 : 7, 6 BV of upper column solution (crude drug 0.5 g/mL) was used for dynamic adsorption at a flow rate of
6 BV/h, 5 BV of water and 5 BV of 20% ethanol were used for impurity removal, and 6 BV of 50% ethanol was used for elution. The
flow rate of impurity removal and elution was 6 BV/h. After purification, the total flavonoids content was 63.29%, the total content of
epimedin Al, A, B, C and icariin was 40.48%, the content of epimedin A1, epimedin A, epimedin B, epimedin C and icariin was 1.63%,
2.52%, 16.36%, 5.51% and 14.46%, respectively. Conclusion The purification process of epimedin and icariin from Epimedii Folium
by AB-8 macroporous resin is stable, reasonable and feasible. The chemical characterization indicated that the purification fraction was
mainly flavonoids, mainly consisting of epimedin and icariin. The optimized purification process can be used for the purification and
enrichment of such ingredients.
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31.868 min; 4B E¥IRT 1.5, HRIEREIIRT
6 000, i ¥ it 23 B sl 225K

214 RMHEXRFRFL NGE RIS AE SR
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Fig. 1 HPLC of mixed reference substances (A) and sample
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& A1 Y=0.287 7 X—0.153 3, r?=0.999 01, £k
2.70~53.94 pg/mL; FAZEE A Y=0.270 8 X—
0.146 8, r’=0.999 21, i il 2.91~58.20 ug/mL;
178 %E B Y=0.291 6 X—0.020 9, r>*=0.999 05, £k
PEYER 7.11~145.20 pg/mL; Fi7EE C Y=0.260 3
X—0.242 6, r?=0.999 53, k4l 7.53~150.61
png/mL; PEFHEF Y=0.357 3 X—0513 2, r’=
0.999 22, 2k 6.83~136.57 ug/mL.

2.2 UPLC-Q-TOF/MS 7 = &2 AR &
221 ikkff @ik kA Acquity UPLC BEH Cig
FE (100 mmX 2.1 mm, 1.7 pm); s N Z.85-0.1%
R 7K VAV, 6 BE VB : 0~8 min, 10%~26% 2. ffif;
8~12 min, 26%ZfE; 12~14 min, 26%~30%Z
i&: 14~20 min, 30%~39%Z.Ji&; 20~22 min, 39%
CHE5; 22~26 min, 39%~44%Z.fi%; 26~30 min,
44%~80% . [ AEIR 30 C; KB EN 0.2
mL/min; FEFEEN 2 L.

222 Juikskft ESI @Y, RHIE. g8
s B F IR AN 2 AL 43 531 110,400 °C;
FAE LN 3.0. 2.5 kV; ZSARFAE 800
L/h; $3EVEE miz 50~1 800; SRRESZ K a] k5 7>
A4 0.10. 0.02 s; flifERERE N 20~50 eV. KA
Waters MassLynx V4.1 B¢ 5t 5 a6 B 3047 Ab#E
23 EIFAEXEZENEEEDLLETEE
231 XTHR SRR T R PR R 3 B 0
rhiEE, FEEECH] R 35.02 pg/mL VR R IR
T

232 LMEXFRFER % (FEZM) 2015 FiR
T30 e R R A R W R 2 T R
W 2.0, 25, 3.0. 35, 40. 5.0 mL, ZHETF
10 mL &, HEMBEEZIE, 15— RVIREK
JE (R 2 B R IR TR . 2 3R T 45 A
W, A 270 nm AR R S 0T HE VA RO
(A fH, DLAMERNYPASR (YD), FEFEEX R
IR EEAREALER (X, TEARAE 2 247 Stk 1A,
3 E)9 57 Y=0.041 2 X—0.062 9, r?=0.999 21,
FPEEEAFE 7.00~17.51 pg/mL k15 R RIT.
24 KRIWEB4UIZHR
241  LbAEMEIE  BURFEEAM CGEWTRM
Fro KBHE) EE, 40 f5E 70% L FEHE S 1h,
g, JEM 60 CIRIRZEE 425 0.2 g/mL, WKR4d
T 4000 r/min B0 20 min, B EiEW, EIfE.
242 RALWHRHIFUAREE K LI B4 i A 95%
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&, &M
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WMREE R, WMERTEHRNEER, €52
500 mL, HPLC Ve #%E & S FE T 5 ks
T, THBME (REE=_EFE—FRE
S LBt & CEEIR B 2 =R I 2/ IR 2D, 45
I 1.
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), GRNEK2 KE 2. siREH, RNEMHERIL
W BREARS i 0of B S T SR SR8 B MU 3 —E I
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F 1 KFLIRMIWBE AT E KEFEH 5 M 57 RIBESIR M EFNE7SEERMIE (n=2)
Table 1 Static adsorption capacity of epimedin and icariin by macroporous adsorption resin (n = 2)
W B E/mg ELIR B E/ (g g ™Y)
R AR 5 —— — — — —— — — — — ———
HHE AL WA E A BEE B W E C BT AR AT AL IADE A AT B WIHEE CIEEET A&
D101 4.20 9.71 35.66 26.25 33.41 109.23 2.10 4.85 17.83 13.13 16.70 54.61
AB-8 4.29 10.02 36.93 27.02 3533 11359 214 5.01 18.47 13,51 17.66 56.79
HPD-400 4.09 9.71 35.73 26.35 33.23 109.11 2.05 4.86 17.86 13.17 16.61 54.55
HPD-600  3.77 8.69 32.33 23.53 3119 9951 1.89 4.34 16.17 11.77 1559 49.76
HPD-826  3.59 8.49 31.56 23.35 31.24 9823 1.80 4.24 15.78 11.68 15.62 49.12
2 KFLWHMIWBEXEAEE KEFEH 5 MM RBSIEMEMSESIEBE (n=2)
Table 2 Static desorption ratio of epimedin and icariin by macroporous adsorption resin (n = 2)
— FHAS RN %1% HS T B (mg-g ™)
HIEEALPIETAVEEBHEECETEY N VECALYETAPEEBYEE CEVEY R

D101 79.98 10260 100.86 97.15 10252 99.83 1.68 4.98 17.98 12.75 17.12 54.52
AB-8 98.18  103.07 10152 97.92  100.23 100.28 211 5.16 18.75 13.23 17.71 56.95
HPD-400  99.81 11124 10190 97.41 103.00 10190 2.04 5.40 18.20 12.83 17.11 55.60
HPD-600 10153  102.83 100.73 96.62  103.30 100.77 1.92 4.47 16.28 11.37 16.11 50.14
HPD-826 105.60 104.51 100.89 95.74 100.71 100.09 1.90 4.44 15.92 11.18 15.73 49.16
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T DIl AB8 HPD-400 HPD-600 HPD-826 BV, FEWKE NAZ 0.8 g/mL ik EREEN 3.5
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W B B2 RAT R EE SR (n=2)

Fig. 2 Comparison of static adsorption and desorption
effects of macroporous adsorption resin on addition of five
components (n = 2)
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Fig. 3 Leakage curve of upper column solution with
different mass concentrations (n = 2)
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Fig. 4 Adsorption capacity of maximum sample loading
amount of upper column solution at different mass
concentrations (n = 2)

25 0.59/mL, &K EFEEN 6BV,
245 EFAEBRIMEELE B BELF I RS AR
10 mL, #@y3kE, 6 BV 194224 0.5 g/mL PR3
R HICA 34 4. 5. 6. 7 BV/h BIEFR R EiHEAT
SR, WEERSG 1 BV R, £
A RS VA 5 B E SRR 5 MR R
B, MRS EIME. SRER, SEFREL
B 7 BV/n W IFUE B . AT L0 18] () F B
R, WiE EREAFRRESN 6 BV/N.
2.4.6 KBEAFRELE  ARAEHAE FI R LR AR
ITENASE, SR 5 B4tk BL 6 BV/h IR FR I B e
i 14 BV DABERRBESE A0, B 1 BV USSR 1 IK#E
W, TS I R s B, TR SR FH e AR
VI 58 KBV P R B G SRR S M R
BEHWE MR . = RO S R K TR AN
B B SO SERE AT 5 PRy, ULEA MK AR 5
FRRR AT BRI TR, w2k el DM BRG], B
Bl 5 AT, JKEERR 224 I BARHAERT 5 BV, T
DA 2 KGR FUA 5 BV,
247 BRI O AR B 5 MRS
58 I E R EAE SR A R S A AT BN AS TR B AN 7K B
PRV 10%. 20%-. 30%. 40%. 50%. 60% %
FUEME 3 BV, MHUREN 6 BV/h, ZJlilE % ik
5 CREDE R R A e SR AR B R R A e
&2, THE VIR & B % .

ARG B BT S E 78 SR F T 5 PRk
SrE L & B AR 3, U] 10%. 20%
CPEFEARAGRNE 5 M Bl N3k, T DAE BR At

Fig. 5 Solid removal of high purity water elution in
different column volumes (n = 2)

#R3 ARABRABCENAEEREFET 5 MRt
BaEH (n=2)

Table 3 Elution capacity of epimedin and icariin by ethanol
at different concentrations (n = 2)

CEEY%  VEEImg  WERER/% RARDEMLARI%
10 0.385 4 0.22 0.22
20 1.6858 0.96 1.18
30 9.886 4 5.64 6.82
40 69.361 5 39.54 46.36
50 83.5315 47.62 93.98
60 6.805 6 3.88 97.86

Bl HT 20% LBERR AR /758 T 10% L0, HER
Fead AR BAR RO ek, BT LG 20% 40
VERBRAER . Ak, HAREr EELEHTE 40% K
50% ZEE P Bt b, H 509% 2% (13 B g 58 T
A0% 2T, PRI 50% £ EE AT A i 15 751 o

248 [RICEARFAESLE IR0 PR B SR
PEFIIK G AT AT BN R R AR B, 405 B 20% 2
FEf2% 5. 10, 15 BV, #AJ5H 50% L 5 BV,
A4 6 BVIh, WERBEME, 60 “CisEk T8
HiEhER, TEERESRE, XS
LN E I Y e e KRR E T 5 M
RAHISE, SR WNE 4. ERER, BERIARH
RN, BeMiZe AR, HARB BN, HEg
FARFUN H AR B (0 & AR TR, HOH 2 R A

T4 BRBCEATERE (n=2)

Table 4 Investigation on volume of removing impurity
ethanol (n = 2)
Bk CREARUBY  ERImg  BEBE % SE%
5 438.6 82.93 41.08
10 388.6 70.90 39.64
15 346.9 63.82 39.97
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LEEAARFN 5 BV,

249 VM CEEATRAE SR ARARGE s LR
PRI F5 AR AT BN AS TR BRI IK B, 20% £ B R 4%
5BV, A5 H 50% LEEENL, iE A 6 BV/h, %1
BV Wtk 1 BRI, i OB Byl 5 e i vk
R E MEEET S M EE, HHEEREM
Vel Ee, 2l i th 2k .

Velimhzk (K 6) IR 50% L EEGEE 4 BV I 2
e E KT 70%, 50%ZEE5EH 6 BV I 2%
B2 KT 80%. Ayidh— 0 BN L IEAARAN & AR
Y 5 Bl R, ) 50% SIS G 4+
6. 8. 10 BV, AR E N 6 BV/h, UELEIE,
60 CHETEIFNEHER, TEEHEEES,
SR FH 1 B8O €8 1 0 5 v B e SR v R E K
FEEEF S MR aE, GRILEKS, FRER,
50% L EEBE ML 4 BV HIFEMLZE B 2T 6.8.10 BV,
MYEHE 6. 8. 10 BV PR HIHE 2R, Ui
el 6 BV 1] LUK H bR o R ARG Sk, N
Dl ARR, BeM R AR, HEEBA FEEF 5
Pl RS BV LA R, ORA 8 50% B AR AR
N 6BV.

2410 MHEEHESE  BULELLT R RFLRAE 8.
10, 11, 12, 13.5mL, @M (e=12cm), &
ey 106, 157, 1:8,1:9, 1:10, &
24§ 0.5 g/mL 7EEE AW 6 BV, UL 6 BV/h 1k

FURE AT B AWM, S35 EA 5 BV KA1 5 BV 1Y

90+
< i
b 60
=
:{;i 4
EH.\\?( 30:

0 T T : T !

0 2 4 6 8 10

FEARRBYV
El 6 50%ZEE%MZ (n=2)
Fig. 6 Ethanol (50%) elution curve (n =2)

®5 RBRMCEMFRER (n=2)

Table 5 Investigation on volume of elution ethanol (n = 2)

Vel oBEARUBY  HEE/Mg  RE% BE/%
4 444.3 72.70 39.98
6 522.5 89.04 39.86
8 507.5 84.73 39.32
10 520.3 86.56 40.66

20% L WEIR 2, f )5 LA 50%01) LB 6 BV, R4k
KB FR BN 6 BV/h, UEBERL, 60 C
WETEIFNEHERE, TEATEERE, KA
e SR BRI R B A A E SR
FRET 5 MR, 430N 40.23%. 40.52%-
39.90%. 40.31%-. 39.56%. H45F ] HIAFEE L
XERPEEAKR, HhfaEtch 107 &R
. WERE LT,
25 IGUESELE

HUALFEAF 1 KSR 10 mL, @353 (o=
1.2 cm), Bk E NAEZ 0.5 g/mL HIEEEE AR
6 BV LA 6 BV/h FIEFUR ERFAT AWM, 2A)5 LA
5BV 7K F1 5 BV ] 20% Z EERR 4%, )5 LL 50% 2.
FEBEMt 6 BV, FRAeM&yelhiAaflin &SN 6 BV/h,
WARVEILIR, 60 CIETHRFNEHEE, TEA
HEEERE, RSOSSN E I H e 4
HRAL I E MR AERE T S M S E, TG
ESRe, SR NE 6. RER, TR RIE
88.91%, HHZE T MR EAET 5 BN BT R EIE
40.64%, ZILZEEMHRI.

6 IIEI (n=3)
Table 6 \Verification test (n = 3)

RIS HH %1% Belli#/% R/ Y%
1 1.77 89.04 39.93
2 1.76 88.74 40.78
3 1.74 88.96 4121

P ME 1.76 88.91 40.64

RSD/% 0.01 0.13 0.53

26 HEIZESEIBUMNCFERIE

2.6.1 EETLZELEIBLLIT UPLC-Q-TOF/MS R/
S3HF i8I UPLC-Q-TOF/IMS Zp#r e fE T2 & 4E 56
FEEER Sy, HEEEMAIE. fET BPI &
W B 7). SOk A PR, IR B R
AT b, WA B R ATIAE, ErE
BT E S 9 ANy, SERIE T,

262 FWELEEHESBMFIHEE Al. AL B. C
ANZEET XD S ElE RIS E el
E AL. AL B, C KEEFEHE. D& ENETT
ENTEEMAEIEE AL AL By C MIEEFET.
MEEREAT S RN E, SRNER 8. BHEMALM L
R 5 2 4 BN 63.29%, FAEE MR 5 PR
Iy N 40.48%, FFEE Al. AL B. C ¥
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Fig. 7 BPI chromatogram of positive (A) and negative (B) ions of enrichment fraction

=7

EEIAIH UPLC-Q-TOF/MS B9 5 #h

Table 7 Components detected by UPLC-Q-TOF at enrichment fraction

5 tr/min BT MS MS? ¥ HaE
1 437 [M+H]* 342.1839 297. 265. 237. 165 C20H24NO4 PNV
2 6.14  [M—H] 463.0929  463. 301 Ca1H20012 XL S< i
3 10.67 [M+H]* 839.364 4 677. 531. 369. 313 Cs9Hs50020 HIEEE AL
4 11.30 [M+H]* 839.351 7 677. 531. 369. 313 Cs9Hs50020 HHE A
5 11.71 [M—+H]* 809.342 7 677. 531. 369. 313 CssH48020 BT B
6 12.33 [M—+H]* 823.351 6 677. 531. 369. 313 Cs9Hs50019 B E C
7 12.63 [M+FA—H]- 867.2803 659. 513. 367 Cs9Hs50019 FH T VI
8 1297  [M-+H] 677.2841  531. 369. 313 CasH0015 EEEY
9 14.80 [M+FA—H]- 865.2612 657. 513. 367 Cs9H48019 anhydroicaritin-3-O-rhamnoside
(1-2)-furan acid-7-O-glucoside
*8 EHEWMUMET AL A, B. C. EXEERLAEMRENH (n=2)
Table 8 Content of epimedin Al, A, B, C, icariin and total flavonoids at enrichment fraction (n = 2)
s _ _ _ Pﬁ%%i&/% _ _
P AL HEEE A W E B HEE C EEET SSLl
1 1.53 2.52 15.78 5.69 13.70 62.64
2 1.60 2.86 16.37 6.14 14.24 63.70
3 1.59 2.59 16.19 6.08 14.04 63.09
4 1.65 2.09 16.35 5.28 14.56 63.09
5 1.65 2.88 16.56 4.83 14.87 65.06
6 1.77 2.19 16.89 5.02 15.35 62.18
FIME 1.63 2.52 16.36 5.51 14.46 63.29
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