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Abstract: Qualitative and relatively quantitative methods were used to study the quality of cultivated Epimedium
sagittatum (Sieb. et Zucc.) Maxim., Epimedium myrianthum Stearn, and Epimedium pubescens Maxim by ultra
high-performance liquid chromatography coupled with photo-diode array and quadrupole time-of-flight mass
spectrometry (UHPLC-PDA-Q-TOF/MSE). Thirty-two compounds in cultivated and wild samples of E. sagittatum,
E. myrianthum and E. pubescens were identified using UHPLC-Q-TOF/MSEcombined with the UNIFI data analysis
platform. Principal component analysis (PCA) was used to compare the cultivated and wild samples of these three
species. The results show that the chemical compositions of cultivated samples were consistent with the corre-
sponding wild samples. UHPLC-PDA was used to determine the relative content of 12 flavonoids as well as total
flavonoids in all samples. The results show that the relative chemical content of these flavonoids in cultivated and
wild samples is similar and the quality of cultivated Epimedium is more stable. These qualitative and relatively
quantitative methods using UHPLC-PDA-Q-TOF/MSF combined with the UNIFI data analysis platform and PCA
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can be used to study the quality of cultivated Herba Epimedii. This research provides a scientific basis for the
cultivation and rational development and utilization of Epimedium medicinal materials.
Key words: Epimedium; cultivation; UHPLC-PDA-Q-TOF/MSE; quality study
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Figure 1 BPI chromatograms of three Epimedium species in negative ion mode by UHPLC-Q-TOF/MSE analysis. A: E. sagittatum (JY-ZP-
1); B: E. myrianthum (TPS-ZP-1); C: E. pubescens (RM-ZP-1). The peak numbers hereby are consistent with those in Table 2
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Table 2 Identification results of chemical constituents in three Epimedium species by UHPLC-Q-TOF/MSE. *Compound identified by
comparing with reference standard. E. s: E. sagittatum; E. m: E. myrianthum; E. p: E. pubescens. (-): Negative ion mode; (+): Positive ion

mode

Peak  t Precursor Experimental  Error

. . Formula Fragment ion Identification E.s Em E.p Ref.
No. /min ion mass (mDa)
1 056 [M-H] 353.086 7 -0.7 C,H, 0O, 191,179,173,135(-) Chlorogenic acid -+ + [19,20]
2 075 [M-HI 337.093 2 09 C,H,O; 191,173,163,137 (-) 5-p-Coumaroylquinic acid + 0+ o+ [19]
3 105 [M-HI 463.087 3 -0.4 C,H,0,, 301(-) Hyperoside +  +  + [19,20]
4 110 [M-H] 577.154 8 -09 C,H,0,, 431,285(-) Kaempferol-3-O-dirhamnoside  + +  + [19]
[M+H]* 579.1710 -0.4 433, 287 (+) or its isomers
5 153 [M-H] 447.093 5 -0.8 C,H,0, 301,271, 255(-) Quercetin-3-O-a-L-rhamnoside  + +  + [19,20]
[M+H]* 4491084  -11 303, 273, 257 (+)
6 168 [M-H] 677.208 8 0.6 Cy,H,0,5 515,353 (-) Hexandraside E + 4+ + [19,20]
[M+H]* 679.222 6 -1.2 517, 355 (+)
7 179 [M-H] 823.264 9 =12 C4H,0,, 661,515,353 () Diphylloside A or its isomers + 0+ o+ [19]
[M+H]* 825.278 9 -2.8 663, 517, 355 (+)
8 195 [M-H] 563.138 4 -1.7  C,H,0,, 284(-) Kaempferol-7-O-rhamnopy- + + + [22]
[M+H]* 565.156 6 0.9 433, 287 (+) ranosyl-xylopyranoside
9 214 [M-H] 431.098 1 03 C,H,0, 285(-) Kaempferol-3-O-a-L-rhamno- + 0+ o+ [20]
[M+H]* 433.1109 -24 287 (+) side
10 221 [M-H] 661.214 3 11  C,,H;0, 499,353 (-) Epimedoside A + o+ o+ [19]
[M+H]* 663.226 8 =21 517, 355 (+)
11 332 [M-H] 837.2815 -0.2  CyH,0, 675,529,383 (-) Sagittasine A + o+ o+ [19]
[M+H]* 839.297 4 2.3 693, 547, 385 (+)
12 392 [M-H] 837.2815 -0.2  CyHy0,, 675,367,352 () Epimedin A 1" + 4+ - [19,20]
[M+H]* 839.293 4 -4.0 677,531, 369, 313 (+)
13 420 [M-H] 837.2815 -0.2  CyH,0,, 675,367,352 () Epimedin A* +  +  +  [19,20]
[M+H]* 839.297 4 -1.4 677,531, 369, 313 (+)
14 429 [M-H] 807.270 0 -1.2  C,H,0,, 645,367,352 (-) Isomer of 15 -+ o+
[M+H]* 809.2815 -5.3 677,531, 369, 313 (+)
15 441 [M-H] 807.270 1 —-1.2  CuH,0,, 645,367,352 (-) Epimedin B* +  +  + [19,20]
[M+H]* 809.281 5 -5.3 677,531, 369, 313 (+)
16 4.62 [M-H] 821.285 2 -1.6  C,H,0,, 659,513, 367,351 (=) EpimedinC” +  +  +  [19,20]
[M+H]* 823.297 6 -4.9 677,531, 369, 313 (+)
17 479 [M+HCOO]-  721.2356 1.2 C4;H,0,5 513,367,351 (-) Icariin” +  +  + [19,20]
[M+H]* 677.2400 -4.5 531, 369, 313 (+)
18 492 [M-H] 819.2715 0.3 C,H,0,, 657,513,367,352(-) Isomer of 19 + o+ - [19]
[M+HCOO]-  865.276 9 0.3
19 551 [M-H] 819.2715 0.3 C,H,0,, 657,513,367,352(-) 3"-Carbonyl-2"-4-L-quinovo- + o+ o+
[M+H]* 821.2859 -0.9 531, 369, 313 (+) syl-icariin”
20 554 [M-H] 819.2715 0.3 C,H,0,, 657,513,367,352(-) Isomer of 19 + -+
[M+H]* 821.2859 -0.9 531, 369, 313 (+)
21 566 [M-H] 821.288 8 2.0 CguH,0, 659,513,367,352(-) Baohuoside VI + - [19]
22 593 [M-H] 717.239 3 -0.2 C,H,,0, 571,513, 367,351 (=) Anhydroicaritin-3-O-(acetyl)- -+ [22]
[M+HCOO]" 763.244 9 -0.1 glucopyranoside-7-O-rhamno-
pyranoside
23 6.25 [M-H] 819.2715 0.3  Cy,H,0,, 657,513,367,352(-) Isomer of 19 -+
24 7.87 [M-H] 675.217 3 -1.2  C4H,0,5 367,352 (-) Sagittatoside A” + [19,20]
[M+H]* 677.2445  -1.2 369, 313 (+)
25 8.14 [M-H] 6452173  -1.0 C,H,0,, 367,352 (-) Sagittatoside B~ -+ + [19,20]
[M+H]* 647.234 1 -0.1 369, 313 (+)
26 8.24 [M-H] 659.234 6 0.6 Cg,H,0,, 367,352 (-) 2"-O-rhamnopyranosyl + + + [19,20]
[M+H]* 661.249 6 -15 369, 313 (+) Icariside 11
27  8.73 [M-H] 513.1759 -0.2 C,H,0,, 366,351,323 (-) Icariside 11" + o+ o+ [21]
[M+H]* 515.1910 -0.7 369, 313 (+)
28 9.80 [M-H] 337.107 2 -04 C,H,O; 282(-) Yinyanghuo D or its isomers + o+ o+ [23]
[M+H]* 339.123 2 -2.2 283 (+)
29 10.62 [M-H]" 421.166 8 1.7  C,H,0, 351,296 (-) Yinyanghuo B or its isomers + + - [20,23]

[M+H]*

423.178 5

-2.3

405, 353, 296 (+)
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Continued
Peak tR. Pref:ursor Experimental  Error Formula Fragment ion Identification E.s Em E.p Ref.
No. /min ion mass (mDa)
30 10.71 [M-H] 367.1184 0.2 C,H,0s 309,297,281 (-) Icaritin + o+ o+ [20]
31 10.77 [M-H] 405.170 3 0.1 CxH,O, 350 (-) 5,7,4'-Trihydroxy-8,3'-di- + o+ o+ [21]
[M+H]* 407.185 6 -0.2 351, 295 (+) prenyl-flavone or its isomers
32 10.94 [M-H] 405.170 3 0.1 CxH,O, 350 (-) 5,7,4'-Trihydroxy-8,3'-di- + o+ o+ [21]
[M+H]* 407.185 6 -0.2 351, 295 (+) prenyl-flavone or its isomers
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H—A WAL 3-PIE-2-p-L-WE T K 5+ = AH )
MR B ZAE PR T K 2315 B 504 19 45
[, DRI W 2 Ak & ) S5 0 19 BN [R] 53 e A 4
2 BIESHENTFEZFERYEESPCASH

K F FIT 2 57 (17 UHPLC-Q-TOF/MSE Jj i B 43 #7
P S ERERE o, IR RREE B FTE FF 5072 0~11 min Y
& QLRI G HE4T PCA 23 1T, P43 PCATR 7y I LK 2. K
o ) R AS [J) IR i, BOR R R HA o 2
FARL, [z, 22 S8 K. PCA &5 3R Bk 55 5 41
7B A2 AT R P L R B R E A L 2 R
/AN, i B R A R AR A T A R 3R R O A R
R 5 T R A B 2R AR R S
3 BIESHEEFENFERTHENEENH

K BT 371 UHPLC-PDA J7 9254 BT 5 ¥ 2 78 B
A 7E 2R Ah (=270 nm) "N A 55 e W N AR 12 A R SR AL
G VDREAT AN E & (DL 12 MGG P 0 T AR AE AR SR FLAH
X&), 1X 12 MM E W53 5l 90 10 (epimedoside A)+
& 12 (epimedin A 1), 13 (epimedin A). I 14 (isomer
of epimedin B). U4 15 (epimedin B). % 16 (epimedin C).
I 17 (icariin). I& 19 (3" -carbonyl-2"- 4 -L-quinovosyl-
icariin). V& 24 (sagittatoside A). % 25 (sagittatoside B)-.

Figure 2 PCA/Scores plot of three Epimedium species
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Figure 3 UHPLC-PDA chromatograms of three cultivated Epimedium species. A: E. sagittatum (JY-ZP-1); B: E. myrianthum (TPS-ZP-1);

C: E. pubescens (RM-ZP-1); Peak numbers are consistent with Table 2

Figure 4 Heatmap of relative content distribution of 12 flavonoids in three Epimedium species. A: E. sagittatum; B: E. myrianthum; C: E.

pubescens (Sample number and peak number are consistent with Table 1 and Table 2, respectively)
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Figure 5 The relative content of total flavonoids in three Epimedium species. A: E. sagittatum; B: E. myrianthum; C: E. pubescens. Sam-

ple numbers are consistent with Table 1
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