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Further research on taxonomic significance of flavonoids in
Epimedium (Berberidaceae)
Bao-Lin GUO™ Li-Kuan PEI  Pei-Gen XIAO

(Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100094, China)

Abstract In this paper, 129 leaf samples from 35 species and one variety of the Chinese Epimedium (Berberi-
daceae), most of which were placed under subgen. Epimedium and sect. Diphyllon, were analyzed by HPLC
method. The HPLC chromatogram profiles of all the samples for icariin and similar compounds were achieved,
sorted and analyzed. According to the second peak group (named as “ABCI” peak group) characters, chroma-
tograms were divided into four main types and nine subtypes. By correlation analysis with flower morphology,
I1-3 was suggested to be the most primitive type; 1I-1, IV and I-3 were primitive and closely related to II-3; I-1
was basic type; I-2, I-4, III and 11-2 were derived types. The HPLC chromatogram type division corresponds to W.
T. Stearn’s classification on sect. Diphyllon with four series in 2002.

Key words chemotaxonomy, Epimedium, flavonoids, HPLC chromatogram.
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A. Series Campanulatae Stearn

BCZE, 2003; R MREE, 2007), R ANBERFR — A 1. E. campanulatum M. Ogisu
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- ° 4. E. shuichengense S. Z. He KIS
AL, FEE ATRE YR L (VAR A2, 2002). B. Series Davidianae Stizim o
Stearn (2002) 445 T LMEIOBITULE i, 122 At o jigdsfmhﬁ;;;f
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SEETEE. koreanum Nakaiz AN e LRI 0. . dlictfolium Stearn BUVIET 2

10. E. epsteinii Stearn KRR ETE
fEsubgen. Epimedium sect. Diphyllon (Kom.) Stearn. 11. E. latisepalum Stearn 5 #EE7E

12. E. ogisui Stearn J5 ILIJ% 3

13. E. pauciflorum K. C. Yen /DA¢VEF5E

2008-05-30 iR, 2008-08-30 YT I TCH - 14. E. mikinorii Stearn FLFFVE V-4
* 3 i % (Author for correspondence. Tel.: 86-10-62895049; Fax: 86-10- C. Series Dolichocerae Stearn

62895049; E-mail: guobaolin010@yahoo.com.cn). 15. E. elongatum Kom. JI|PGiEFEHE



16. E. membranaceum K. Meyer M yEEHE

17. E. rhizomatosum Stearn 9HZ5VE 58

18. E. lishihchenii Stearn I 2% 4E

19. E. acuminatum Franch. FlBIE L8

20. E. firanchetii Stearn ANfFFEFZE

21. E. enshiense B. L. Guo & Hsiao R\iliiE£%

22. E. sutchuenense Franch. VU )I[3Z2E5E

23. E. chlorandrum Stearn 4RZ51E L7

24. E. wushanense T. S. Ying MR ILTEEHE

25. E. leptorrhizum Stearn E5I&VEF3E

26. E. brachyrrhizum Stearn JHZ5VEF3E

27. E. simplicifolium T. S. Ying HLHE2ETE

28. E. zhushanense K. F. Wu & S. X. Qian TR 5

29. E. baojingense Q. L. Chen & B. M. Yang fRUEE

30. E. gladulosopilosum H. R. Liang IREiEZFH

D. Series Brachycerae Stearn

31. E. pubescens Maxim. ZZERFH

32. E. brevicornu Maxim. %4

33. E. reticulatum C. Y. Wu #IH-JEF5E

34. E. sagittatum (Sieb. & Zucc.) Maxim. #iH{EEE

35. E. myrianthum Stearn KV 11TE5E

36. E. stellulatum Stearn S {CIRFH

37. E. dolichostemon Stearn K ESIEFH

38. E. fargesii Franch. )I|%5B8E 78

39. E. elachyphyllum /NWHEERE

40. E. truncatum H. R. Liang RFHE L8

41. E. coactum H. R. Liang & W. M. Yan HEIR T4

42. E. boreali-guizhouense S. Z. He & Y. K. Yang %4

TG4

43. E. lobophyllum L. H. Liu & B. G. Li Z4MH{RY:7E
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44. E. grandiflorum C. Morren
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47. E. macrosepalum Stearn

48. E. trifoliolatobinatum (Koidz.) Koidz.

49. E. diphyllum Lodd.
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iv. Section Epimedium (K B ERH, w&rimz X F1 - HHAL
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Table 1 Source of material
P stiid KA H W SRAEEH R SEAEFRAS
Taxon Time Locality Elevation (m) Voucher
TRBGEEHE Epimedium platypetalum K. Meyer ~ 2006-05-08  JUJI[3% % Luding, Sichuan 2062 FEM (B. L. Guo) 0611
TCHRIE € E. ecalcaratum G. Y. Zhong 2005-05-13 DU )15 3% Baoxing, Sichuan 1150 FRFEAM (B. L. Guo) 0539
ENIEFTE E. davidii Franch. 2005-05-07  PY)I|EE L Li Xian, Sichuan 2245 FEM (B. L. Guo) 0532
2005-05-12  PUJIl5 % Baoxing, Sichuan 1631 FEHM (B. L. Guo) 0537
2006-05-12  PY)II#&PE Yuexi, Sichuan 2276 ZEM (B. L. Guo) 0613
WIPEERE E. hunanense Hand.-Mazz. 2004-03-28 Wi Hr7* Xinning, Hunan 806 FEM (B. L. Guo) 0402
2005-04-22  JUPGJEME Longsheng, Guangxi 1050 RIS (L. K. Pei) 0512
2005-04-24  JTP§¥EYE Ziyuan, Guangxi 1105 AT (L. K. Pei) 0513
KAVREFE E. flavum Stearn 2006-05-06  PUJI|K4> Tianquan, Sichuan 2237 FEHM (B. L. Guo) 0609
DAEIREFE E. pauciflorum K. C. Yen 2005-05-06  PUJilE L Mao Xian, Sichuan 1719 FEEHM (B. L. Guo) 0531
I IEETE E membranaceum K. Meyer 2005-05-06  PY)Ily%E Mao Xian, Sichuan 1635 #REM (B. L. Guo) 0529
2005-05-11 V)48 Shifang, Sichuan 1639 FEEAM (B. L. Guo) 0536
2006-05-03 VU1 Dujiangyan, Sichuan 1039 FEEAM (B. L. Guo) 0603
WINRETE E. reticulatum C. Y. Wu 2006-05-11  PY)i|4:FH Jinyang, Sichuan 2276 R (B. L. Guo) 0612
VU)I¥%2%E E. sutchuenense Franch. 2004-04-10 b4 Shennongjia, Hubei 1598 ¥EFEM (B. L. Guo) 0437
2004-04-10  #ldtp53E Fang Xian, Hubei 1220 FEEA (B. L. Guo) 0438
WREIR4E E. glandulosopilosum H.R. Liang ~ 2004-04-14 K AAE Wuxi, Chongging 1159 FEEM (B. L. Guo) 0449
PG TREFE E. leptorrhizum Stearn 2003-04-15 Bt 5TFH Guiyang, Guizhou 1268 FEEHM (B. L. Guo) 0321
2004-04-05  JiFgZAH Sangzhi, Hunan 441 FEHM (B. L. Guo) 0420
2005-04-09 WL KR Longquan, Zhejiang 1175 FFEH (B. L. Guo) 0511
2R3 E. lishihchenii Stearn 2005-03-31  JL.PGJf 1l Lushan, Jiangxi 1039 FFEH (B. L. Guo) 0503
Rt 24 E. enshiense B. L. Guo & Hsiao 1989-05-05 b2 i Enshi, Hubei 400 FEHM (B. L. Guo) 9013
PRIEFEEE E. baogjingense Q. L. Chen & B.  2003-04-18 g5 & Jishou, Hunan 560 #EM (B. L. Guo) 0332
M. Yang 2004-04-02 54N Jj1l1 Wanshan, Guizhou 830 M (B. L. Guo) 0414
2004-04-03  ARIfR%E Baojing, Hunan 336 FEM (B. L. Guo) 0418
PrUNEERE E. zhushanense K. F. Wu & S. X.  2004-04-12  3#idb471li Zhushan, Hubei 483 FEFA (B. L. Guo) 0444
1an
ﬂcéiﬂ%ﬁﬁé E. franchetii Stearn 2004-04-09  JHjdbi4s Jianshi, Hubei 1578 5K (B. L. Guo) 0433
2004-04-09  i#dLX¢1l1 Xingshan, Hubei 884 FEM (B. L. Guo) 0435
2004-04-10 AL pZE Shennongjia, Hubei 1129 A (B. L. Guo) 0436
PR EE E. ilicifolium Stearn 2004-04-15  FEEKAIE Wuxi, Chongqing 1190 FEHM (B. L. Guo) 0450
2004-04-15 BRI Zhenping, Shaanxi 627 FRFEM (B. L. Guo) 0454
2004-04-16  Bkp§FF) Pingli, Shaanxi 464 BEM (B. L. Guo) 0455
JIVEEEFE E. elongatum Kom. 2006-07-10  PUJI|HEsE Kangding, Sichuan 2650 #EM (B. L. Guo) 0610
RRILREFE E. wushanense Ying 2004-04-09 Ik 4 Badong, Hubei 812 FEM (B. L. Guo) 0434
1989-04-18  @AKIlI Wushan, Chongging 1100 ZEAH (B. L. Guo) 89001
2005-05-03 JIIE 1 Bazhong, Sichuan 336 FEA (B. L. Guo) 0524
MEPELE E acuminatum Franch. 2003-03-23 N2k Anlong, Guizhou 1333 FRFEAM (B. L. Guo) 0304
2005-05-02  FEPKELFE Wulong, Chongqing 600 M (B. L. Guo) 0523
2006-05-01 PU)IALK Xuyong, Sichuan 1454 FFEH (B. L. Guo) 0602
PR E. simplicifolium Ying 2003-07-25  53JHZZFH Suiyang, Guizhou 736 FFEHM (B. L. Guo) 0343
2003-07-27  BtMFR/K Chishui, Guizhou 415 FEHM (B. L. Guo) 0345
LEYRATFE E. chlorandrum Stearn 2005-05-13  JUJI|5 ¢ Baoxing, Sichuan 1110 #EM (B. L. Guo) 0540
2006-05-04  PU)I[ IR Qionglai, Sichuan 1118 FEM (B. L. Guo) 0607
2006-05-04 PYU)ITAS 1 Lushan, Sichuan 1484 FEH (B. L. Guo) 0608
BEHEEEAE E mikinorii Stearn 2004-04-08  #iJbAifi Enshi, Hubei 852 FFEH (B. L. Guo) 0431
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%1 (%) Table 1 (continued)

e KA H PR K AEAEAR A
Taxon Time Locality Elevation (m) Voucher
WA NEFFE E. pseudowushanense B. L. 2003-03-27 N EEPH Guiyang, Guizhou 1000 #FEM (B. L. Guo) 0310
Guo 2003-03-28  # M1l Leishan, Guizhou 954 #FAK (B. L. Guo) 0312
2005-05-02 /K Rongshui, Guangxi 930 M (L. K. Pei) 0518
E. fargesii Franch. 2004-04-14  FEEKAKJE Wuxi, Chongqing 818 FEM (B. L. Guo) 0448
<EEVEAHE E. dolichostemon Stearn 2004-04-08  HIALA)I] Lichuan, Hubei 1321 ¥RFEM (B. L. Guo) 0428
5 PE -4 E. dewuense S.Z. He,Prosb. & ~ 2003-04-21  §JH{#T Dejiang, Guizhou 1209 FEEM (B. L. Guo) 0339
W.F.Xu
HIE 5 E. gingchengshanense G. Y. 2005-05-09  PUJI|#BYLHE Dujiangyan, Sichuan 985 FEFEM (B. L. Guo) 0534
Zhong & B. L. Guo
IEEH E. brevicornu Maxim., 2005-06-01 7§82 )1 Lingchuan, Shanxi 1170 HEF)5E (L. K Pei) 0551
2005-06-08 7§ RE Lingbao, Henan 989 T (L. K. Pei) 0555
2005-06-15  HkURE Min Xian, Gansu 2310 SR (L. K. Pei) 0559
LEBEFH E. pubescens Maxim. 2004-04-17  PBEPYRSF Nanzheng, Shaanxi 937 FEM (B. L. Guo) 0456
2005-05-04  UJI|ELth Bazhong, Sichuan 1020 #5hk (B. L. Guo) 0525
2005-05-09 PO )1V Dujiangyan, Sichuan 796 FEA (B. L. Guo) 0533
SEAETRETE E. stellulatum Stearn 2004-04-11 LA 22 Shengnongjia, Hubei 739 FEM (B. L. Guo) 0442
2004-04-11  Jbf5H Fang Xian, Hubei 333 FEM (B. L. Guo) 0443
TR ERE E. sagittatum (Sieb. & Zucc.) 2004-03-28  JHIFg# 7 Xinning, Hunan 357 A (B. L. Guo) 0403
Maxim. 2005-04-04  “Z## 1l Huangshan, Anhui 206 A (B. L. Guo) 0507
2005-04-09 WL KR Longquan, Zhejiang 278 FFEH (B. L. Guo) 0510
JHHEHE E. sagittatum (Sieb. & Zucc.) 2003-04-20  5JHHYH] Yanhe, Guizhou 651 FEHM (B. L. Guo) 0338
Maxim. var. glabratum T. 8. Ying 2004-04-07 3Lk F: Xianfeng, Hubei 549 M (B. L. Guo) 0425
1989-05-04  1JLEiti Enshi, Hubei 500 AR (B. L. Guo) 89011
K IPEFEE E myrianthum Stearn 2003-03-31  §i /NS Jianhe, Guizhou 787 ¥FEM (B. L. Guo) 0317
2004-03-29  jiFg4x[H Huitong, Hunan 309 25k (B. L. Guo) 0405
2005-05-01 J PEHIVT. Livjiang, Guangxi 378 HEF)5E (L. K. Pei) 0517
MiRHEEFE E. truncatum H. R. Liang 2004-04-04  WRITKZK It Zhangjiajie, Hunan 425 #EM (B. L. Guo) 0419
LR L4 E. koreanum Nakai 2005-08-23 i #KiAL Tonghua, Jilin 548 FHR)% (L. K .Pei) 0566
2005-08-26  JLTAE Benxi, Liaoning 337 FHBE (L. K. Pei) 0570
1988-05-04 3L A% Benxi, Liaoning 435 PME (W. Sun) 89021

HABRES: MBI SO B, s Bk, FFBH. UK. B MilE. K7, PUDIZRE. bRl BA203EFa: SoMNmApk. R,
WHER N SR 2B E. &l KT, WRLZRE, oM, MR, JAREM; KPR SN, #5. REE. MR,
Feht RABE, WIRSARIE. TEVL. . QR SO VR WAL M. IR, ik ook, BRRRE, HORE . ARl B
Mehs BASEVR AR EAREUL. TR SR, WTREAS. gEf. Rk ARLVRAERE: DUV, REBEEA: WYL H)IL s, M,

BUHEL TR0k, CROEVEFRE: IR, AR IR S,

Other samples: E. acuminatum: Guizhou: Xingyi, Ziyun, Guiding, Songtao, Kaiyang, Xishui, Liuzhi, Tongzi, Dafang; Sichuan: Yingjing, Pingshan.
E. leptorrhizum: Guizhou: Songtao, Longli; Hubei: Lichuan. E. sagittatum: Anhui: Jinzhai, Huoshan, Xiuning; Zhejiang: Anji; Guangxi: Quanzhou,
Hunan: Jianghua; Guangdong: Lianzhou. E. myrianthum: Guizhou: Taijiang, Duyun, Tianzhu, Shibing, Yuping, Songtao; Hunan: Huayuan, Zhijiang,
Jishou, Baojing, Sangzhi. E. brevicornu: Henan: Song Xian, Xixia, Lushi; Shanxi: Yongji, Qinshui; Shaanxi: Taibai; Gansu: Wushan, Zhouqu, Xiahe,
Yuzhong. E. koreanum: Jilin: Dunhua, Fusong, Ji’an; Liaoning: Huanren, Kuandian, Fengcheng. E. wushanense: Sichuan: Tongjiang. E. pubescens:
Sichuan: Nanjiang, Qingchuan, Chengdu, Ya’an, Hongya, Qionglai. E. baojingense: Hunan: Chengbu. E. pseudowushanense: Guizhou: Longli.

(2)5 % BRI 2R (11-228)(Icariin major- IEA. DRI Z, BEANERR S LR R 24

2.1.2.3

epimedin B high type, type II-2)(K]8), “ABCI” 214
H1 44 WAL Jl BB AT LA AR JITE, {H 2 9158 € B
(Ve 4) B W A8 € CUE ik, A7 IS ol TV 3 38 .
Q)EFFET £ F-H 4K A-3)(cariin major-
complex type, type 1I-3)(%]9), “ABCI” kR 144
T, BAFE T RHNEAB.C. D E/DPANIE, L

7 [ REI12E)(Vacuum type, type II)(£10),
RILAAE ABCI” AU AT B A AT AR 55 1 (i e
JEHAE E C9 FRg) UL (il i, [ i i 5
WG, ARSI ST RE. SR
IR RAE O R R STk S e (5K, H B
2, 1999).,



RFAMAE: AR A SN IR SR 879

—T—
40.00

—T—
30.00

434 min

Bl R SOHPLCEISALN 1, 554l 2, 554l “ABCL” 4l0; 3, 55 =410; 4, SEPUALIE.
Fig. 1. Composition of HPLC chromatogram of Epimedium samples. 1, first peak group; 2, second peak group: “ABCI” peak group; 3, third peak
group; 4, forth peak group.
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Fig. 2. The known and unknown peaks assignment of HPLC chromatogram of “ABCI” peak groups in Epimedium samples.
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Table 2 Assignment of known compound and unknown peaks

s HaEY) X B o i) s HaEY A R B I )
Peak number Compounds Relative tz" Peak number Compounds Relative tg
A A4 unknown 0.644 C A% unknown 0.833
1 1% 52 A Epimedin A 0.717 3 W17 52 C Epimedin C 0.873
B AN unknown 0.769 D A4 unknown 0.936
2 ®H%E 2B Epimedin B 0.798 4 FELEHETT Icariin 1.000

1) XS PR B B[R] 22 044, The relative tg referring to peak 4.
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Fig. 3. I-1 type chromatogram—Epimedium pubescens (B. L. Guo 0525).
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Fig. 4. 1-2 type chromatogram—Epimedium wushanense (B. L. Guo 0524).
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Fig. 5. 1-3 type chromatogram—~Epimedium myrianthum (B. L. Guo 0317).
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Fig. 6. 1-4 type chromatogram—Epimedium sagittatum (B. L. Guo 0510).
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Fig. 7. 1I-1 type chromatogram—Epimedium koreanum (B. L. Guo 89021).
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Fig. 8. 1I-2 type chromatogram—Epimedium brevicornu (L. K. Pei 0551).
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Fig. 9. 1I-3 type chromatogram—=Epimedium davidii (B. L. Guo 0537).
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Fig. 10. 1II type chromatogram—Epimedium leptorrhizum (B. L. Guo 0321).
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Fig. 11. 1V type chromatogram—=Epimedium pubescens (B. L. Guo 0533).
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Table 3 Assignment of HPLC chromatogram type for Epimedium species

A I R SRR I ) A O 883

Vet it LD et St LD
Taxon Chromatogram  Character” Taxon Chromatogram Character"
type type
Sect. Diphyllon HERFE2E E acuminatum I-1/1-2 D/t
Ser. Campanulatae WU REFE E. simplicifolium -1 D/t
JRVLRERE E. platypetalum 11-3 A/h, D/h LR TE E. chlorandrum  1-1/1-2 5/vh
TCRRIE 3 E. ecalcaratum 11-3 D/h HFEIRETE E mikinorii I-1 All peaks low
Ser. Davidianae AR I-1 D/l
TN E davidii 11-3 A/h, D/h E. pseudowushanense
WIFE 4 E. hunanense 11-3/1-3 A/h, D/1 Ser. Brachycerae
RAEFH# E. flavum I3 A/h, D/, C/1 JERSE2E# E. fargesii I-1 D/
/DAEERETFE E. pauciflorum 1-3 A/h, D/h KEVREFE E. dolichostemon  1-3 D/1, Cit
Ser. Dolichocerae T E. dewuense I-3 A/h, B/1, C/1, D/1
IR 1-1/1-3 A/torn, D/torn B 1-4
E. membranaceum E. gingchengshanense
IR E. reticulatum I-2 5/vh VELFE E. brevicornu 11-2/11-3/1IV D/lort,C/torn
VUNEEFE E. sutchuenense v FBIRFFE E. pubescens I-1/1V/1-2 D/lort, Allort
BREIEN T E glandulosopilosum 111 BT E. stellulatum I
IAMEVEATE E. leptorrhizum 11/1-2 5/1orn HHR T E sagittatum I-1/1-2/1-4/111
IS4 E. lishihchenii 11T JeH R E. sagittatum var. 1-2 A/vh,D/hort
B -5E E. enshiense I glabratum
1R IR2E7E E. baojingense 111 RVURFE E myrianthum  1-3/1-2 A/horlort B/hor
PrUE3E E zhushanense m lort,C/horlort,
RNEFHEFTE E. franchetii 11 D/horlort
HPRRAERE E. ilicifolium I-1/1-3/11 AN DA BEHR2ERE E. truncatum -2 Al
RRUEE-FE E. wushanense 1-1/1-2/ 111 Alt, D/t Sect. Macroceras
JIPGIE-FE E. elongatum 1-3 SRR RS E. koreanum 11-2/11-1
1)A. B C. D, $REMARM G, WmE: vh, R h, &1 18 b n, k.
1) A, B, C, D, assigned unknown peaks. Height of peaks: vh, very high; h, high; 1, low; t, tiny; n, none.
-2 |¢ II-3 » IV » I3 » [4
A 4 A 4
-1 I-2 I-1 1
BE12 & KA AL G R
Fig. 12. Evolutionary relationship of different chromatogram types.
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