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Abstract Objective: To investigate the source and quality of commercially available Epimedium based on HPLC
fingerprint and multi — index assay, so as to provide reference for its quality evaluation and resource development.
Methods; Forty batches of commercially available epimedium were collected. Fingerprint analysis and determina-
tion of the total flavonoid glycosides were performed by HPLC method. The total flavonoid glycosides were deter-
mined by UV method. And the contents of their extracts were determined. Stoichiometric analysis was employed to
perform the comprehensive quality evaluation of different medicinal materials of Epimedium. Results; There were
9 different plant sources of Epimedium in the market. The five authentic Epimedium were of good quality, and the

local varieties were coarse Epimedium. The contents were high in Epimedium from Hunan, while the contents
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were low in Epimedium from Qianling and Sichuan. The comprehensive quality ranking of Epimedium indicated

that Epimedium Fletchum and Epimedium Fletchum ranked first by the principal component analysis method. The

ranking of the same variety varied greatly with different habitats, and the Qianling Epimedium and adulterated Epi-

medium ranked last. The results of cluster analysis and principal component analysis were basically consistent.

The cluster analysis showed distinguishing significance in plant sources, habitats, processing methods and con-

tents. Based on the common pattern of E. brevicornu, a total of 8 common peaks were identified for 9 species of

E. Brevicornu, and their similarities ranged from 0. 066 to 0. 979. Differences were observed among different spe-

cies. Conclusion: Both the fingerprint similarity and the chemical model of content determination can be used to

evaluate the species and quality of Epimedium.

Keywords: Epimedium ; fingerprints; content determination ; principal component analysis; cluster analysis; sim-

ilarity evaluation; quality evaluation
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Tab.1 Sample information of Epimedium

s T S G T P 3 s T e
(No.) (habitat ) (source) || (No.) (habitat ) (source) (No.) (habitat ) (source)
Sl HfRE e e S14 HRRE A s27 e [LIREE
(Minxian Gansu)  ( Epimedium) (Shangpin Gansu) ( Epimedium) (Changde Hunan)  (Epimedium sagittatum)
2 HNIRE A S15 o ParEH 528 WREHREH R
(Minxian Gansu)  ( Epimedium) (Gansu) (grilled Epimedium) (Shaoyang Hunan) ( Epimedium Hunan)
S3 i E P S16 HA KK KIETHE $29 MRS HER
(Minxian Gansu)  ( Epimedium) (Tianshui Gansu) (grilled Epimedium) (Yichang Hunan) ( Epimedium acuminatum )
4 AR PR S17 HtRe R FERNAE $30 i BldsNi HERYE
( Wudu Gansu)  ( Epimedium) (Kangxian Gansu) (soft woolly Epimedium) (Enshi Hubei)  (Epimedium acuminatum)
S5 HbRE fei & S18 Hb FEEREN $31 i 1P Pl
(Minxian Gansu)  ( Epimedium) (Chengxian Gansu) (soft woolly Epimedium) (Shennongjia Hubei) ( Epimedium in Sichuan)
S6 HRRE e S19 Hok EFRE(BR) S32 RSk TR
(Shangpin Gansu)  ( Epimedium ) (Gansu) [ Epimedium ( adulterate) ] (Tonghua Jilin) (Korean Epimedium )
s7 HoA B TRA S20 Ho EFEBR) 33 PusiIe FEIEFE
(Chengxian Gansu) (Blend) (Gansu) [ Epimedium (adulterate ) (Guangyuan Sichuan) (soft woolly Epimedium)
S8 HArLE e o5 21 [SUEGE [OlREE S34 LRONE TRA
(' Lixian Gansu)  (Epimedium) (Hanzhong Shanxi) ( Epimedium sagittatum) (Liuan Anhui) (blend)
9 HE s P S22 SGs ML (518 [ Epimedium || S35 i EFEEBR)
(Zhangxian Gansu) ( Epimedium) (Hanzhong Shanxi) sagittatum( adulterate) ] (Xinjiang) [ Epimedium (adulterate ) |
SRR | S5 b ) S S HIE R
(Xihe Gansu) ( Epimedium) (Shanxi ) ( Epimedium ( adulterate ) ) (Bijie Guizhou)  (Epimedium acuminatum)
S HRIRE e | s TR s PR AR
(Minxian Gansu)  ( Epimedium) (Hanzhong Shanxi) (soft woolly Epimedium) (Leshan Sichuan) ( Epimedium Wushanense)
S12 HhieE ¥R 525 [SQitR4E [l 539 SEMZ L e i
(Minxian Gansu)  ( Epimedium) (Ankang Shanxi ) ( Epimedium sagiitatum) (Anshun Guizhou)  ( Epimedium Qianling)
S13 H s i TRA 526 (S [OlREE S40  FPTH(Wanxian  PUJIVREEE( Epimedium
(Shangpin Gansu) (blend) (Shanxi ) ( Epimedium sagittatum) Chongqing) in Sichuan Province)

TE (note) G ZIR B MR FRE A BARIFAL Y , LI S04 4278 557 S13 SR A MRS R BEEE, 34 SIRAM MM BEEES
B, 819,520,523 I S35 N HIBA Dhih, S22 JyFiHiE 8 B A D dh, S36 5 sl ™ i R E R i (Dh i, R RIIA) [ The

source referred to the specific original plant of the commercial Epimedium, which was expressed by the Chinese name of the plant; S7 and S13 were mixtures

of Epimedium and soft woolly Epimedium, S34 was a mixture of coarse Epimedium and soft woolly Epimedium, S19, S20, S23 and S35 were Epimedium

mixed with counterfeit, S22 was fletch leaf Epimedium medium mixed with counterfeit, and S36 was laocal Epimedium from Xinjiang ( counterfeit, not

included in the table) ]

2 FAEEHER

2.1 ECEERECR S e

2.1.1 g%t R Aglent ODS (250 mm x 4. 6
mm,5 wm) @A, LICE (A) - K (B) gt s, #
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Tab.2 Comparison of the identification characteristics of 9 species of Epimedium

oy B B 5t N et L S ) Ui M IS
( i ) (leaf (back (food value (leaf (lateral basal ~ (leaf (leaf back (abaxial
species shape) color) of leaf) opex) lobe) dent) decoration ) leaf coat)
TR SIEIEEORTE  KEREESR G 4UR SR FrifhiAt Bl Ffigh Bt R BEETLE
( Epimedium) (ovate or (grey —green or  (papery) (short (slightly (rag) (scale) (sparsely pubescent
subround ) yellow — green) acuminate ) skew) or subglabrous )
WMHEERE VR ZOWIRBEEHE IRER i Wik, 2k WEMM SABEE ABEER mperERRESEEE
( Epimedium (oval to ovate — (celadon) (keratin) (tapering, (significant  (triangular  (fish scale or (sparsely coated flat
sagittatum) lanceolate ) sharp) deflection) needling) mastoid process)  short or subglabrous)
FEETE R EIPRIEEIE KA REREURANT KR WEMR  =MAIEER fhufigh NG RE
(‘soft woolly (oval to ovate — (incanus) (leathery or (long (significant  (triangular (scale) (densely twisted
Epimedium) lanceolate ) thick paper) taper) deflection ) needling) puberulent hair)
LlaEE e FEIWIE I RTE IREREE 9513 SO WA Esvil 16 8% Bt R BEBIL T
(Korean (broadly ovate, (celadon) (papery) (sharp point short, (clear (rag) (scale) (sparsely coated flat
Epimedium) nearly rounded) tapering ) deflection ) short or subglabrous)
RIEFFE  IRBEDE KB R iy R, AR W R gl fhufigh (el B b liw e o
( Epimedium (ovate —lanceolate , (incanus) (keratin) (tapering, (significant (acupuncture ) (scale) (frizzly or
Woushanense ) long ovate) long tapering)  deflection) subglabrous )
HMBRE FEOWIE  BEHE YIS ey KR AR B FLR ARG E
( Epimedium (broadly ovate, (incanus) (adkeratin) (long (significant (acupuncture)  (mastoid (covered with coarse
acuminatum) lanceolate ) tapering ) deflection) process ) and short fur)
IHPEEE i BB ERIPIE KA UEHR JISUTEN U] w4} Esvil 0 i BiHRE
( Epimedium in (ovate or (incanus ) (adkeratin ) (long (clear (rag) (scale) (sparsely
Sichuan Province)  narrowly ovate) tapering) deflection) pubescent )
MR IRIEDE B B BRI TR oy BURKER WA B FLR BRI T BB R
( Epimedium (oval or (incanus) (keratin) (tapering, (clear  (acupuncture)  (mastoid (sparsely coated
Hunan) narrowly ovate ) long tapering)  deflection) process ) flat short or subglabrous )
AR RO EOE PIENEN BT R R gl BRN FhkgipiEEEE
( Epimedium (narrowly ovate (incanus) (keratin)  (brachycercal  (significant (acupuncture)  (mastoid (main vein sparse
Qianling) or ovoid ) tip) deflection ) process ) brown pilose)

IMAM: % 20 mL, FRi A (D5 400 W i 50 & 385 98 ad, RIS Ok IRl 9 ORI A3t 38 i 25 TR0
kHz) Ab PR 1 h, i, fEpRdE, IS SR Ab Rk B9 HPLC @3 LAl 1,

200 V(4 T (icariin) A 200 (48 (icariin) B
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Fig.1 HPLC chromatograms of icariin reference solution (A) and test solution (B)

2.1.4 JER JrRIMCEBC2 L2 BUR XA 2.2.3 ERE S BIIBO AL R RORT 40 LA A
A2 137 U AR 10 wL AR O, 3 IR S =5 1, 7E 270 nm 0 %E O, 11

I ICsR @I, RIS, 4RI 3. SE R A0 HAERIIESS R IR 3,
2.2 A 2.3 gy Er et
2.2.1 XPRESRIEIRH A HOR R AR IR A BAUA L2 4 o, KIS FRE , B 250 ~300 mL [

RERRE I AL 12,5 pg - mL ™ WREERIVA TR HETZ R, RS % ok 100 mL, %% %€, ¥ 35, AT 6 h ik
2.2.2 (A H s B2 L3R IR R, PR 18 h T TR R AR R, R
0.5 mL, % 50 mL &, I 2= 208 4850 ZEUE 20 mL, O TR A A 28 K M, 720K
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Tab. 3 Determination results of 40 batches of Epimedium samples

& (content) /%

oy
T mmEa mmEe meEc  REEE  RWRHER Gaw ity
(epimedia A) (epimedia B) (‘epimedia C) (icariin) (flavonol glycoside) (flavone) (extracts)
S1 0.323 0. 645 1. 476 0. 848 3.29 6.25 27.7
S2 0.251 1. 145 0.431 0.285 2.11 4.73 25.1
S3 0.324 1. 112 1. 009 1. 121 3.57 6.26 27.0
S 0.301 0.413 1.391 0.474 2.58 5.70 27.2
S5 0. 246 1. 051 0. 639 0.474 2.41 5.42 22.8
S6 0. 300 1.321 0.473 0. 829 2.92 5.38 25.7
S7 0.267 0. 385 1.779 0. 098 2.53 5.95 21.2
S8 0.221 0. 628 0. 898 0. 591 2.34 5.72 29.8
S9 0. 167 0. 897 0. 167 0.251 1.48 6.25 21. 1
S10 0.432 0.572 2.381 2.429 5.81 12.53 30.5
S11 0.312 1. 086 0. 944 1. 008 3.35 6.21 27.6
S12 0. 206 1.231 0.359 0.258 2.05 7.03 26. 8
S13 0.188 0.416 0.528 0.394 1.53 6.72 20.5
S14 0. 301 1.423 0. 626 0.911 3.26 8.31 20. 4
S15 0. 188 0.533 0.991 0. 638 2.35 5.03 21
S16 0.206 0. 608 0.737 0.788 2.34 5.56 21.2
S17 0.213 0.302 1.781 0.316 2.61 5.98 23.1
S18 0. 155 0.203 1.394 0.487 2.24 5.52 14.2
S19 0. 021 0. 042 0. 156 0. 021 0.24 8.73 19.0
S20 0. 044 0.071 0.331 0. 042 0.49 6.97 18.6
S21 0. 348 1.235 0.558 0. 181 2.32 5.56 24. 1
S22 0. 049 0.113 0.239 0. 022 0.42 2.53 25.5
S23 0.022 0. 051 0. 031 0. 029 0.13 5.71 25.8
S24 0.247 0.314 0.913 0.519 1.99 5.67 20.0
S25 0.216 0.353 2. 666 0. 154 3.39 12.53 20. 1
S26 0. 851 2.474 2.358 1.399 7.08 12. 17 20.9
S27 0. 141 0. 143 7. 126 2.586 10. 01 9.47 37.3
S28 0. 004 0. 006 0. 147 0.015 0.17 3.47 15.4
S29 0. 189 0.301 0.781 0. 402 1.67 3.21 23.2
S30 0. 131 0. 108 0.816 0.381 1.44 4.27 28.3
S31 0. 046 0.015 0. 026 0. 108 0.21 5.21 15.6
S32 0.204 0.341 0. 151 0. 491 1.19 5.09 19.7
S33 0.226 0. 296 1.463 0.339 2.32 7.32 14. 8
S34 0.074 0. 065 1. 988 0. 097 2.22 7.29 20.2
S35 0.0 0.0 0. 022 0. 009 0.03 5.63 23.4
S36 0.0 0.0 0.0 0.0 0.0 4.94 20.8
S37 0.310 0. 290 0.943 0.411 1.95 5.21 20. 4
S38 0. 084 0. 041 0.471 0. 301 0.71 5.94 20. 1
S39 0.0 0. 003 0. 021 0. 002 0.02 3.68 19.4
S40 0. 104 0. 001 0. 031 0. 081 0.22 4.73 21.8
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2.4 fRQUEITER R

2.4.1 gL M4d R Ci (250 mm x 4.6 mm,
5 pm) A%, CE (A) - K (B) R shAH, P AS
JE(0 ~40 min,30% A ;40 ~ 50 min,30% A—32%A;
50 ~70 min,32% A —35% A ;70 ~ 75 min,35% A —
45%A ;75 ~ 80 min,30% A), i 30 °C, ¥ kL&
10 WL, 334 0. 8 mL « min ™" & K 270 nm,
2.4.2 XTSRS KPR 2Bk e
E A HFEE B IR C B ETMEER 1 XTI
s o, 0 FE g ) )RRk BE A 20.1.25.5.19. 1,
31.9.58.1 F127.3 pg - mL™ ATR G BT VAT
2.4.3 RIS 0 FRER 40 VR L AERE
mn YR (it 3 506 ) 29 0.3 ¢, B B IEHEIE R K
B B 25 mL, R, H A (H) 38 400 W, B K
50 kHz) Zb3 30 min, ¥, FEAR 2, R SR 2 0 2R
SR as I/ S

2.4.4 AEEEERE el s (ST 5) W, 1%
“2.4. 17 TR A S E SEIERE 6 IR, 10 SR (i I,
DURFEFETT (6 505 ) S 2 B, 1F 53 2 06 ) AH XoF
% B s ) S R %o i T AR, A7 08 R Xof £ B I 1] RSD
17 <0. 8% ,FAXTUETEI AL RSD ¥ < 1. 1% , BB g8 1
KR R AT o

2.4.5 FUEMEHEE BRI (S15) 3, 1%

“2.4. 17 IR (35 SR A4 AE 0.6 .12 (18 24 h j#EFE,
R @I, IR FRT (6 5 0%) g2 ik, 1157
LA U P AERT D B IR [0] SR o 0 TG AR, A U8 A 0
{5858 mf 18] RSD 3 < 1.2% , #H %} 0% 1@ F1 RSD
¥ <1.9% , FW TR LR 24 h NESE T R 4.
2.4.6 EEMERAE  RE#ALE (ST S 1%
“2.4.37 WUJ7 kAT M A 6 4 Bl T I 1%
“2.4. 17 WUR IS A FHERER I, TSR (T I, AT
PR (6 S Ug) S S M, 15 2LAT 04 1 A G AR BR
I [F1] S AF XS 0 TR, A WA Xof £ B IR ] RSD 1y <
1. 3% ,FHIXTUETE AL RSD 1 <2. 1% , RUIA I ik E A
PRI

2.4.7 fRGUEITE N % 40 AL SRR R T
G 3 3 A R 2 L2 D1 b 2 5 4R BUA]
TEARLBE DA R GE (2012 ) " HPF b AT Ak 3, 15 2
40 HLEEFEEZ5H % HPLC B3, ILIE 2, DL 10 b
FZE E. brevicornu(S1 ~S6,S8 ~ S11) g 37 %f It ¥
T, BOE ST S AT S BB, N E] % 58 0.5,
i L0 A O BRI T 4 JE s T BUOR TR AR
TG AL 0. 1% Moy 8 BE KT 1.5 iy & At ik
FE T8 AN I, 50 IR A A S0 R, AR AL
Ry 6 AN, ULIE 3, 9 B E7E 1Y HPLC A,
LI 4,

3600 |
S40
3000 >
= . _ﬂL_,J'L
< 2400 r
E —
< T —
1 800
Ao T A A
e NN
1200 —
P — —— D | W P —
T T T T T T T T T T 7 Sl
8 12 16 20 24 28 32 36 40 44 48 52

2 40 Ht#E B HPLC
Fig.2 HPLC chromatograms of 40 batches of samples
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Fig.3 HPLC chromatograms of mixed reference solution (A) and E. brevicornu test solution (B)
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Fig.4 HPLC chromatograms of 9 species of Epimedium and their counterfeits
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Tab.4 Eigenvalues and variances of principal components

F FHOEE Ji 2Tk SRy 2Ttk
(principal component ) (eigenvalue) (variance contribution rate) /% ( comulative variance contribution rate)/%
PC1 4.24 61.01 61.01
PC2 1.16 19. 65 80. 66
PC3 0. 66 9.42 90. 08
PC4 0.51 6.22 96.3
PC5 0.28 1.12 97.42
RS ERSER
Tab.5 Principal component matrix
ENN %o 4 4 ( matrix )

(principal SRR 28 EEEE WEEC WA S R e
component)  ( total flavonol glycosides total ) (icariin) (asauridin C)  (asauridin A)  (generl flavone) (extractum)  (asauridin B)
PC1 0.99 0.83 0. 67 0. 88 0.73 0.44 0.79
pPC2 -0.05 0.25 -0.57 -0.05 -0.41 0. 69 0.32

HRAEA S PCA, =,/ VAL =,/ /4. 24 ;PCA, = S HEF AR 9 FE AR I A

o ST T T6 s (HEt N HEAE (. o S T TRVZIE) o 262 B e o o 24 e
ﬁ,PCA ﬁi&%ﬁ%ﬁ)ﬁ%]ﬁ‘f‘%ﬁtﬂfﬁzﬁ 1 ‘2 B/‘Jﬁgj" lﬁlﬁlﬂ*ﬁ l:[ﬁ,%%1$ﬁ|5%iﬁ§ﬁ‘;ﬁﬁ,B\%%ﬁﬁﬁ,ﬂﬂﬁﬁnffii
ﬁj\ PCAI . PCAZ, *E EI:E/A\JJ?( F = (61.01% PCAI + /%E%\{ijé%%u?%%{;‘éi%,F?@éﬁﬁg%ﬁuffijé%ﬁk

10, 65% PCA. ) /80. 6% 1155 40 JILkE o foss vty AR T IS 3, TTHE IS B 0 B A4
F 5] 40 LV EAERE R OIS TR 22 6. K PPN A 2 RO T X 5 SR
A B AR AR A s W S A L

56 ITHHLSSEHER AU R P T ) 2SO B i R AR TR AT

Tab.6 Comprehensive scores of principal components T P V70 D 1 o o e B R D S B U V2

BT HE T 005 s T3 R S 2 R0 8 H T 2 LU

He4/ 75 HE4/ 5 HE4/ 5
( ranking/No. ) (ranking/No) (ranking/No. ) FRAT AT B8 S R SR AR B SRR O, T
1/925 14/S15 27/ ?{%ié‘é%éﬁﬁiﬁiﬂﬁﬁéL‘ﬁigﬂfl‘,ﬁﬂﬁﬁlﬁluﬁ:ﬁ‘ N
2/510 15/511 28/520 [F] it AN ] 7 b 32 5 28 A R 4 1 0 2, A Bl T
3/26 16/58 29/532 — 2500 B HL B R R T R 7 38 BT 0 R A 24 b
4/534 17/530 30/512 I
5/81 18/529 31/522 2.5.2 BEAMHT(CA)  LUMARH) 40 HEYRAS[R] Fh i
oSl 1rele 250 AR T AN RN S AR R R bR, 2
87//55313 2210//55251 jjj:zz Origin A FIATIPE 0T, I S <
0/ /57 35/ R B, N 45 bR 4 tr, S10,825 826 Fil
10/S18 23/513 36/31 S27 5 4 {3 b A BT BT o e, AH IR — 385 S36 (fh
11/837 24/514 37/523 i) 5 S19.820 822,523 (4 #ELBRIE F5E) (S35,
12/924 25/538 38/535 S39 ,S40 (3 it sl B R B ARAIG ) B EAS A R —285 A
13/83 26/56 39/839 PRSI, HON I 20 HERE SR A 12 HEIEAHH R —
407536 2% DB T4 A, S15 816 (2 it 2 il il ¥ - 58)
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Fig.5 Heat map of composition difference of 40 batches of Epimedium samples
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