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[Abstract] Objective: To determine the pharmacodynamic substance basis of Epimedii Folium (EF)
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and Epimedii Wushanensis Folium (EWF) in promoting osteogenic differentiation, and to establish a method to
analyze the material basis of Chinese materia medica based on the correlation between chemical fingerprint and
cellular metabolomics. Method: The chemical fingerprints of 15 batches of EF with 4 species and 3 batches of
EWF were analyzed by ultra performance liquid chromatography-quadrupole-electrostatic field orbitrap high-
resolution mass spectrometry (UPLC-Q-Exactive Orbitrap-MS) , and partial least squares-discriminant analysis
(PLS-DA) was used to analyze the peak areas of chemical fingerprints of samples. The effects of different
samples on proliferative activity of MC3T3-El osteoblast precursors, as well as the activity of alkaline
phosphatase (ALP) in osteoblasts were detected by cell counting kit-8 (CCK-8) and enzyme-linked
immunosorbent assay( ELISA ). At the same time, UPLC-quadrupole-time-of-flight mass spectrometry( UPLC-Q-
TOF-MS/MS) was used to analyze the effects of different samples on the metabolomics of MC3T3-E1 cells,
then metabolic peak table of osteogenic differentiation cells was constructed, and pharmacodynamic index mean
Y, was introduced into the peak table. PLS was used to calculate mean Y, of each group, and the mean Y, was
added to the peak table of chemical fingerprint to construct the correlation between chemical fingerprint and cell
metabolome, the pharmacodynamic components of EF and EWF that promote bone differentiation were screened
according to variable importance in the projection( VIP) value>1. The pharmacodynamic effects of EF and EWF
were evaluated according to the mean Y, of each group. Result: The chemical fingerprints of EF with different
origins and EWF were completely separated. Compared with the blank group, the activity of MC3T3-E1 cells in
EF and EWF groups was significantly increased, the activity of ALP in the Epimedium brevicornu (Gansu
province) , E. koreanum and E. pubescens groups was significantly increased (P<0.05). The results of cell
metabolomics showed that the blank group and the model group had an obvious trend of separation. EF with
different origins and EWF had different distance from the model group, indicating that EF with different origins
and EWF had different effect on promoting osteogenic differentiation. Chemical fingerprint-cell metabolomics
integration analysis screened 9 components closely related to the efficacy of EF and EWF, including
diphylloside B, epimedin C, icariin, baohuoside I , yinyanghuo B, B -anhydroicaritin, magnoflorine,
cryptochlorogenic acid and quercetin. E. koreanum had the strongest effect on promoting osteogenic
differentiation. Conclusion: This study determined that the material basis of EF and EWF promoting osteogenic
differentiation were mostly flavonoids, alkaloids and organic acids, which provided ideas and methods for the
screening of pharmacodynamic components and the prediction of therapeutic effect of Chinese materia medica.
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Table 1 Information of Epimedii Folium and Epimedii

Wushanensis Folium
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J AR L SRS 20 R A% AL 1F MC3T3-E 1 48 Jifl 1 5
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(P<0.05) , Herp i 348 (PR PH ) F0AR 1 27 26 46 it 1%
FHAE o, WK 2.

x2 AREREFERBUZEFEXN MC3T3-E1 4 BIETEE M
B (x£s,n=4)

Table 2 Effect of Epimedii Folium with different origins and
Epimedii Wushanensis Folium on viability of MC3T3-E1 cells

(x£s,n=4)
i Jo v B /g L 03 H1/%

R 93.31+7.78

ARG A 0.1 128.20+14.06"
PR (P ) A 0.1 144.48+17.89"
AR EFEA 0.1 134.47+11.93"
R R 0.1 134.43+4.27"
TLREFEA 0.1 133.58+2.14"
Wi RN 0.1 123.92+12.37"

52 A4 e # V' P<0.05

3.3 ANA)3E JR R 2 58 KRR 1L R 3 E X MC3T3-E
YA L ALP TG PERY 52 ALP 75 Wi 5 5 ok # v
I JE R, 76 B o A TT R BE ALP 36 MR 3%, Bl %
JH A AR T B B A, TR M 2 R, L
RSB s RE I EAR G . 528 (Al i, i 4]
W) ALP 3 M B GBS, 3% B RE 5 5 AR AR E
MC3T3-E1 4l g i) i o3 b o SRR LA, 3 5F
OHIM) A B EAERE I B
MC3T3-E1 4fi Jfl  ALP §if ¥, Ui W 3 3 Fp i 55 2
A {2 MC3T3-E1 4 i sl 43R AE R, DL 3% 3.

®3 TRABFEFEREUEFEX MCITI-E1 4 ALP & 71

B2 0E (X+s,n=3)

Table 3 Effect of Epimedii Folium with different origins and

Epimedii Wushanensis Folium on ALP activity of MC3T3-E1 cells

(X£s,n=3)
21 5 e /gL ALP I 77 /45 G B pir
= HH 3.47+0.39
R 2 5.31x0.90"
EFAECHIN)H 0.1 10.56+1.31%
TR AE(PRvE )20 0.1 4.87+1.30
AR FE A 0.1 6.34+1.89
W SRR 0.1 8.37+1.02%
FERFEN 0.1 20.79+4.74
iR AR 0.1 6.54+0.20

525 4L a1 P<0.05, S I 4 L4 Y P<0.05

3.4 [ HE U S 20 AR LR 2 0 0 M AR

SEVHT PLS-DA 45 5 U003 b AR BB, 15 %
2L P BT T 0 0 43 8 B R IR S i
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FAE S A PR AR SR Ay B A 25 5 A
6 F AR Ry S SRR AR LR R AT R
LR BERAE FEFECHM) JEFEEP), R
AN TR) 2 J5 T 2 28 T AR L1 2R FE A B Ak 1
AR, EE TR RX RY M O F R S 505 5
29 0.817.0.560 F10.359, & BH #8145 F1 Fl 0 68 ) 45 4,
B UE AL R GE B AR RYORT O 1 A 43 )
0.246 F1-0.400, 112 F X RX RTY F OF (I H 2
B9 0.769.0.549 F10.244, 71 B T #i:0TF RPHI O
B IE 23 551 A 0.267 F1-0.424 156 A B A 3 145 .
3.5 AS[A) FEJFE 2 A S AR LD TR E 2 Ak AR R B
FELAR I 20 2 A G A B A TR 3 D v 2 A R AR 1L
VR R AR UE RE 43 Ak 0 41 i AR 3 4 2% PLS 4y T A
B S H0h , R°X=0.695, R°Y=0.458 , 0°=0.21, .} , 0
MIBUE RN, S EE R RINELER TR L,
YRR S AL 2 6 R TE R AL Y R AN O 1Y) AR
4351 0.208, Fl-0.331, 32 7 A5 56 3iF 30 50 R 1L 40 G
PLS /Wi SRl & . 45 Won , A [a) 6528 2 &
AL 2 08 B 434 1) 25 30048 B mean Y, 53 51 5
Y\ Y, 19 Pearson #H 5C & %0 2h 0.998 Fil 0.790,
Pearson tH 5¢ 2 %0 0.8~1 % 558 41 ¢, 0.6~0.8 SNy i AH
5,0.6 LLT 554 56, 45 B R W1 228 S AR L 7
AL 48 85 FLAR O R o 1R 25 801E A R A
R AH G o 7E & A 25 80 VE HT 46 A% mean Y, 19 3 S 2
F AR R R R B0 T AT 9 AR e 5 R E
B A A0 25 RHE R AR O A 4R R 22 TR B L XUEE
B W E C B FA T EHET 1 \yinyanghuo B,
B-Wi /K 2 2 P ok I R MM e 3o N [R) 3k D 7
R TRk L S FE AR B 43 4K 19 25 3048 A7 mean Y,
5 Y, Yy s 19 Pearson #H 3¢ R %4 43 5 24 0.967 Fi
0.953, BF 95 W1 VIP>1 (% 9 78 i 5% 78 M Ak 1
R o 0 2580 T A SO DG M, AT AR S T AE 25 0
O o UL AR A R

O ANV E 245 B0 53 AR AN 7] ik J5 38 2 78 T AR 1
F AL E TG S0P A B AR, 5 ) R R AR A
PO i RE CHOR D A AR 2260 521 1 8-k
AR R R M RN R R AR
B 0 AT, O T RN 2 C I A O 3 B B I T
(P<0.05) ; 7 F 42 (Bevi A h =781 T B-MiKEF
R PRk I R RN A T I R AR B
% W% C Ml yinyanghuo B B i J} 5 (P<0.05) 5 Ak
IR PR 2 e R T BRI R R
Wk SR i 28 TR 2 A 1 AR G o R B R AT,
FAAE A C AR =E B B 8 7155 (P<0.05) ; R B 4



H30 55 174
202449 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 30,No. 17
Sep. ,2024

AR BT AT T B-UK R AR AR
IR 2 T A AR G 2 2 B I R A, DU ] 72 2 C
4 AR RS = B2 B S T (P<0.05) 5 #F I V2 S 42 41 h 1y

FEW 1 B-BKEFEER BRSERR M ZMEF
FEAF B A X 32 B I R AR, R 22 RS ZE 2 C 1Y
AHX B 8 T = (P<0.05) . L4,

R4 FRAERZFERBUZFEPINEEDYAS AN EEEN (3+5,1=3)

Table 4 Relative abundance changes of 9 potential pharmacodynamic components in Epimedii Folium with different origins and Epimedii

Wushanensis Folium (¥+s,7=3) x107

15 A2 TET e | WA Bk FR B JEL R

W AR 59.00+2.69 15.12+0.65 2.36+0.13 10.46+0.41 9.20+0.41

TR CHH A 11.11£0.70" 11.07+0.46" 11.8+0.73" 6.73+0.21" 1.16+0.06"

PR AERE (PP ) 4l 42.26+7.28 4.71+0.36" 13.5+0.51" 2.84+0.22" 1.81+0.04"

AR LR R 35.67+3.33" 1.85+0.05" 2.88+0.38 1.18+0.04" 0.64+0.06"

FERIELEA 32.29+3.05" 5.03+0.32" 3.11£0.30" 3.60+0.19" 0.89+0.04"

[uREE Y] 68.65+10.00" 4.90+0.14" 2.04+0.41 3.89+0.03" 1.61+0.15"
25 ik e R WIFEE C RFE yinyanghuo B

W R SRR A 0.61+0.04 1.13+0.13 3.01£0.09 0.19+0.01

PR CHOR) 4l 0.29:0.02" 8.81:+0.40" 1.93+0.15" 0.67+0.05

TR (P4 6.30+0.10" 7.31£1.17" 1.55+0.04" 2.80+0.04"

AR AEFEA 0.28+0.03" 27.63+4.28" 0.65+0.05" 0.33+0.02

FEEFEA 0.63+0.09 13.47+1.84" 1.47+0.21" 1.09+0.08

Ll REE Y | 0.21£0.01" 11.35+0.55" 1.58+0.13" -

T G R AL LV P<0.055 - R A

PR P4 S AR L TR R AR A A A A SO A i A
A7 B R S SO BT DL TR 1, B S A R AR T R A
AR 18 73 A 24 2800 D 5 2 5585 T g ) i 3 S 4
i MR AR AR IR R A R B R R R (B
7)) R CHI

sty o SRR CHHD 4l
o SR (BP) 4
o0 37 o IR EMN
53 igme_ 1 3 5 4 3
& ® x
3t
5t

T A ELAR AR AR B 0 2521 LA R v 2 A
B O 2 A
Bl AREERZFERZLZFELZEL-ARAGAZNE
e Aol
Fig. 1 Bubble diagram of correlation of chemical fingerprint-cell
metabolomics of Epimedii Folium with different origins and

Epimedii Wushanensis Folium
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W2 1L 53 SR R 22 AR08 5 ) R 2 A e 2 SRR
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A HE 38 o) B R UL B 3- 9 mE (PI3K) /28 M g B
(Akt)/Wi 5L 3h %) 75 A 55 & #2235 1 (mTOR ) i f#% 4 4
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FEPO ST T URUME K RS R A /N B AR
BCH 48 M MC3T3-E1 240 M 1 B8 & 4tk , 30 il
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ER . B-iKIE RGN W48 & ALP G M 45
HOFE O R S R, 8RS RE A Ak 0y oG R A
BMP-2,0SX fl Runx2 {5 {#i #% B % 2 (mRNA ) 7K 3,
B E AR E Y A i R A 2O 2 e
S e IR oA N B wi ) V= B o A S e s I N R
FE R F RN E Y A~ (H
B-Mi 7K 1 72 AR AN [A) 3 i SR 28 SR g h
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H B & R o A LR LR I A i
B FE AR, 2 By o T8 A R A, 25 BRI
Y, Vo Ak 1 B- i 7K 42 3R A B R BRI
TEST R F 82 R (10 mg-kg') J5 , 44 P £ 3 AR 3
) 4 W T R 0 AR A3 (B 5 02 K 0 4 W TR PR A
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