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A new flavonone from Epimedium sagittatum Maxim and
its anti-pulmonary fibrosis activity
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Abstract: Five compounds were isolated from the dichloromethane fraction of a 70% ethanol extract of
Epimedium sagittatum Maxim using a combination of chromatography techniques, including silica gel column
chromatography, ODS column chromatography, and semipreparative high-performance liquid chromatography
techniques. The structures of these five compounds were identified as 5,4'-dihydroxy-3'-prenyl-7-prenyloxyflavanone
(1), 5,4’-dihydroxy-7-prenyloxyflavanone (2), 5,7,4'-trihydroxy-3’, 8-diprenylflavanone (3), sebacic acid (4), and
aurantiamide acetate (5), respectively, based on a comprehensive analysis of their physicochemical properties and
spectroscopic data, such as NMR and MS. Notably, compound 1 was found to be a new flavonone compound,
while compounds 2-5 were isolated from the Epimedium genus for the first time. Additionally, preliminary investi-
gations indicated that compounds 1 and 3 exhibited potential anti-pulmonary fibrosis activities.
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it £ 2 A 2 v 22 b SRR 51 R P M S 40 4, 3
PURFE NI A 2L FEAB 5, T 2 0 i K 4 B 4
AR FE SR (extracellular matrix, ECM) 5 & JUF Y, # 4k
A KR T -B1 (TGF-B1), 7T A 3k Bl £ 2 40 B 170 UL sk £F
YA oAk, 5 B AR 5 R I B TAR, AT
T 2T HE A 1) R AR AR MY A WF IR W, i R
B PRI AT S 2 A 2T 4 AL /) B ZH 24 Hh TGF-B1
KT, S 4 A 3 S TR, B A B £ 44 Y
fE R

Rk — 5 R B S B UM AT 4R A P o
it A S50 of i v o B S e B A R Ak o B g3 1
1Ty B aife, M 815 2] s M &4 (B, k&
W — D A RS, a2 ~5hE
RN SR oy AR 2 SR &9, 700 %
€N 5,4'-dihydroxy-3'-prenyl-7-prenyloxyflavanone (1)-
5,4'-dihydroxy-7-prenyloxyflavanone (2).5,7,4'-trihydroxy-
3',8-diprenylflavanone (3) %% & (4) 1 & (ol e B 5
(5)o KRHMTTEXN Z AR BRI EW1~3 847 Tt
Jifs 21 AE A S VE VRO, 25 SRR, A S 1A 3 ] DA
4% TGF-B1 5 5 1N IE % i b f7 41 e (BEAS-2B) 45
i, & %42 " BEAS-2B 4l i35 77 .

Figure 1 Structures of compounds 1-5

HFHR511R
1 SEHEE
WEM N OTE AR, 4£254 nm T4 W2

AMR . HR 1 2 S BHE (m/z 431,182 8 [M+
Na]', i1+ 518 431.182 9), #E W H 53 7 KA C,H,05, H
2AAHAEE . 'H NMR i &R, 6, 7.20 (1H, dd,
J=8.9,2.3Hz),d,7.18 (1H, d, J= 2.3 Hz), 6, 6.84 (1H,
d, J = 8.9 Hz) Jy#3¥ L) —H ABX A5 5; 6, 6.07
(1H,d,J=2.3 Hz), §, 6.05 (1H, d, J= 2.3 Hz) N#H L
ISR 155 . 454 °C NMR i 1 DEPT ¥ 1] 41,
A 10NFRRAE 5 (B 9 MR 1 A BRIERK), 8 MK
RS S (BLIE 7 AR 1 A E AL TR R %), 34N
HEAE S (B4 LA EATE IR ER) A1 44 RS S5
HRYE R 3055 0. 79.3, W H HA5 5 5. 43.3 FIP IS
56, 196.3, HEMML AP 1 B A A 420,

/7 X\ HMBC

— 'H-"H cosy
Figure 2 Key 'H-'H COSY and HMBC correlations of com-
pound 1

FAh, IR S 0, 5.44 (1H, t, J = 6.7 Hz)+
8, 5.32 (1H, m), W HIEE (55 5, 4.51 (2H, d, J= 6.7 Hz)
PL K S, 3.38 (2H, d, J = 7.2 Hz), B & A 15 5 6, 1.79
(3H, s)-d,, 1.78 (3H, 5). 4, 1.78 (3H, s)-d,, 1.72 (3H, s),
HEMHEDLEEND R EERR B 46
HMBC i 1§, 1.78 (d. 25.9) 55 6. 118.7 (C-12). 6.
139.3 (C-13) k3%, 6, 1.79 (6. 25.9) 5 6. 121.4 (C-2")-
0. 135.2 (C-3") #H2%, LL K 'H-"H COSY AH 3¢, AJiEsE DL
EHER . SR G, HRAE HMBC i 9, 4.51 (H,-11) 5 6,
167.5 (C-7)~d. 139.3 (C-13) #H % LA & &, 3.38 (H,-1")
556, 128.3 (C-2") 6. 155.0 (C-4") #H 2, n 5 W5 A 5
IR B EEEAA YL 7-0-F1 C-3' 4, HE
31 'H-'"H COSY M HMBC % % & LK 2.

R 5 SCBRU R E , 4 A 2R AL A ) AE 280~
290 nm [t Jr 24 £ Cotton 24 8, 7E 330 nm Fff iif 24 IE
Cotton RN I, C-2 i N SHIAL . 4bL&W) 1 1 electronic
circular dichroism (ECD) % (& 3) 7£ 291 nm 4t & 7= 1
Cotton 2N, 7F 330 nm Ab & 75 1F Cotton 2% B, K 1k
G C240 9 SHAL,

2t F ik, th & %11 4 Scifinder £ % 8 — AN Hifk
&M, fir 4N 5,4"-dihydroxy-3'-prenyl-7-prenyloxyflava-
none, HLREHE )8 WK 1.
2 BB E M

K MTT R T & 1~3 % TGF-p1 5 %
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Figure 3 Experimental ECD spectra of compounds 1-3

Table 1 'H NMR and "C NMR data of compound 1 in CDCL, (5
in ppm, J in Hz)

No. oy 0. | No. Oy O
2 532,dd(13.1,29) 793 | 14 1.78,s 25.9
3 277,dd(17.2,2.9) 433| 15 1.72,s 18.3

3.10,dd (17.2,13.1) Iy 130.5

4 1963 | 2" 7.18,d(2.3) 128.3
5 164.1 | 3’ 127.6
6  6.07,d(2.3) 958 | 4 155.0
7 1675 5 6.84,d(8.9) 116.0
8  6.05d(2.3) 949 | 6’ 7.20,dd(8.9,2.3) 1258
9 163.0| 1" 3.38,d(7.2) 29.8
10 103.2 2" 532,m 121.4
11 4.51,d(6.7) 65.4 | 3" 1352
12 5.44,t(6.7) 118.7| 4" 1.79,s 259
13 1393 5" 1.78,s 18.0

BEAS-2B 4H g i (52« 45 B oR, (& 1~3 1
10 umol-L" 71| & N & #% B & I ¥ TGF-B1 % F 1)
BEAS-2B 28 i 4114, 2 3% 4 = BEAS-2B 4H fi 7% 77, 4%
P VE L2 2, 3R 4k &0 1 Fk &9 3 B AR I il
YA TEE

Table 2 Effects of compounds 1-3 on TGF-f1-induced injury of

BEAS-2B cells. TGF: Transforming growth factor. n = 4, x + s.
#p<0.01 vs CON; "P<0.01 vs TGF-A1

Group Dose Cell viability
CON - 1.000 £ 0.091
TGF-f1 1 ng-mL" 0.863 £ 0.034"
1 10 pmol-L" 1.042 +0.022"
2 10 pmol-L"! 0.946 £ 0.035
3 10 pmol-L"! 1.086 + 0.085"™
I ER S

L 881% % Bruker maxis HD %Y ¥ 47 i [A] J5i % .
AVANCE 111 500 B % #f 3t 4z 4 (18 B 45 & 0 A 7)),
Nicolet IS 10 {# B A5 4§ 21 41 6 3% A \EVO300 4 415>
e T T S AN I 2§ (35 [ Thermo Scientific 24 &));
Autopol IV 4x H B i A% (35 1H & 3 % A 7]); Chirascan
qCD J& 1A (5 [ 5 F e ¥ HL A 7]); ZF-90 AL #5 X
AN (R E L BN B G A A ) ), DFZ-60508
B R B R TR (R — R AR A R A FD;

N-1300 # e #4 75 AL <CA-1116A T A KK FEIR 3 E |
A-1000S B 7K 3t # AL (i 4R B AL #R A IR & /D),
Shimadzu LC 40 B i ROBAH (1% 4 (H A B #E A A);
COSMOSIL 5C18-MS- II & 3 £ (10 mm x 250 mm,
5 um; H 7 Tesque 2 7); AB204-N J5 7y 2 — K % 70 #r
K- (Gt 1 Mettler-Toledo 2 7]); BEAS-2B (1 [H £} %
Wi b 40 M BE); 3111 A — 4804k 5% 3% 7% 48 . Multiskan
MK3 iFR4Y% (34 E Thermo Fisher 24 &); ECLPSE TS100
3 B W 8E (H 4 Nikon A 7]); Centrifuge-5804R 1%
250 ML (75 5 Eppendorf A 7]); m BCD-206TAS # K i
VKAE (B 2K 2 F]); Advantage A10 8 4l /KA (48
Sartorius A 7]); HVA-85 &1 J& ‘K B #4 (H 4% Hirayama 22
&) LA 90-3 0 i s o fE iR G Bk A% (B e

SHTAER B R A F].
RAFMR O P EE . AN CREETT U AR

AL TABRA R, ol A e — & b IE TR
LR T I (RIEE FREML TAH R A R); A
R C,, ODS (50 um, H A YMC 4 BR 2 7); K i f
JBZ (100~200 F1200~300 H, & HifEE ) ); mft&E
i (35 [E Cambridge Isotope Laboratories 2 &]); 1AL
B (b 22 s AR AL B A IR A D) i 4 i (FBS,
Be M PY 2= 75 24 7]); DMEM = 8 55 78 2 (3¢ [ Gibeo
Invitrogen A A)); AN HH & HH & (2 [H Sigma 2
A]); TGF-p1 (3 [H PeproTech 24 &]); MEML ¥ (MTT, b
HERERHEARAR) ML ZHETH (DMSO, =
W IR AR A R A A]).
iR U B4y T 2020429 A RE BT
RUE L E T A B T GAP . KM EZ K
524 5 Bt O I R 5 0 /N BE R SR R R
TR, AR A (No.20200960) 1417 T30 /g
= 24 K2 R 24k AR B Ay B S 6 =
1 R#ASSE

P8R R SR 2 B4 (80 k) F A, FH 70%
CWE R R B 4 0k, D F A AR Y SR E
(6.5kg). R, ¥ ERE A 3R I 28 MK &, R’
AR A SR LR SR AR T B AR
B, 193] S e AL L8R L BRER AL L IE T B A Al
IKEBAL -

AR AL (2.1 kg) 20 1E FH R R £ 43 B
PLAT - 288 20T (500 1~0:1) BE47 8RB i, 75 51
8Ny Fr. 1~8. Fr. 5(29.4 g) A 1EAHRERCH: (01 I 4
k- LR LR (50:1~0:1) BV, 70 B8 154
Y4y Fr. 5-1~5-15. #RJ5 Fr. 5-9 (1.4 g) 4 ODS Jx A
FRE R £0, 38 B PR 7K (50:50~100:0) HEAT AR e M, 4
B33 7 NSy Fr. 5-9-1~5-9-7. Fr. 5-9-4 (105.6 mg)
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iz FHp ) 45 B G (R RE-7K, 90:10) S5 B e i,
I aitb 3 2L A1 (16.3 mg, ¢, = 20.2 min).

Fr. 6 (13.7 g) £ 1E AR JRAE €43 F A ol k- £ 1R
LE (50:1~0: 1) BEAT B BEBE ML, 73 B5 153 2 16 M40
Fr. 6-1~6-16. Fr. 6-12 (1.0 g) £ ODS [ AR T Ik (1
FHEE-7K (50:50~100:0) HEATH6FELEML, 2> 25153 64>
4173 Fr. 6-12-1~6-12-6. Fr. 6-12-1 (31.8 mg) iz [ 3%
1l 25 ) v AU (2 -7K, 62:38) 5 vk i, 4 B 4lifh,
BEMLAEYI2 (12.2 mg, t, = 24.7 min). Fr. 6-14 (2.3 g)
22 ODS JAHRE AT (1% A HEE-7K (60:40~100:0) i
TTR6EE Ve L, 7 25158 2 8 A~ 41 47 Fr. 6-14-1~6-14-8.
Fr. 6-14-3 (358.7 mg) iz F - il 25 2L = ROBAE (206 -
K 62:38) VL, /B Aib A B A3 (3.2 mg,
t, = 30.0 min). Fr. 6-15 (1.8 g) &4 ODS Jx AH f i # 4
P ] - 7K (45:55~100:0) JEAT B LV, 2 5143
F| 14 A4 4) Fr. 6-15-1~6-15-14. Fr. 6-15-7 (45.2 mg)
iz F 2 ) 4 B R (S -IK, 71:29) S5 EE VR,
Sy BEAR R E Y 4 (4.1 mg, t, = 24.1 min).

Fr. 7 (100.7 g) MK K £ 1E A Ak Jie A+ €63 . ODS J A
TR (% 53 B35 5 Fr. 7-17-11. Fr. 7-17-11 (450.8 mg)
28 ODS S ARRE R AE (1% F H EE-7K (50:50~100:0) i3
AT BEEE BRI, v 25 15 2 8 N4 43 Fr. 7-17-11-1~7-17-
11-8. Fr. 7-17-11-2 (50.0 mg) iz JH 2 il & 7 = S0 AR
(& HE-7K, 62:38) S FEWE i, 7 B 4413 2k &4 5
(2.0 mg, t, = 38.3 min).

2 HEHEE

AP 1 98T € T K R, £E 254 nm R A B
BN [a]¥: -6.1 (¢ 0.11, MeOH), HR-ESI-MS
m/z: 431.182 8 [M+Na]" (1151 431.1829), 4r T\ A
C,H,,0,, H 12 M AW FE . UV (MeOH) 4, (log ¢):
201 (4.58), 288 (4.23) nm; IR (v,): 2 924, 1 642, 1 574,
1 500, 1 443, 1 374, 1 298, 1 159, 1 090, 1 019, 983,
829 c¢cm'; '"H NMR (500 MHz, CDCl,) F1*C NMR
(125 MHz, CDCl,) $#% 0.3 1.

EW2LAEBTLELH K. [a]d: 6.0 (c 0.19,
MeOH), ESI-MS m/z: 363.12 [M+Na] ", > T X A
C,,H,,0.. 'HNMR (500 MHz, CDCL,) d,: 7.33 (d, J =
8.4 Hz, H-2', 6'), 6.88 (d, J = 8.4 Hz, H-3', 5'), 6.07 (d,
J = 2.3 Hz, H-8), 6.04 (d, J = 2.3 Hz, H-6), 5.44 (m, H-
12), 5.35 (dd, J = 13.0, 2.9 Hz, H-2), 4.51 (d, J = 6.7 Hz,
H-11), 3.08 (dd, J = 17.1, 13.0 Hz, H-3a), 2.78 (dd, J =
17.1, 2.9 Hz, H-3b), 1.79 (s, H-14), 1.72 (s, H-15);
“C NMR (125 MHz, CDCL,) é.: 79.1 (C-2), 43.3 (C-3),
196.2 (C-4), 164.2 (C-5), 95.0 (C-6), 163.0 (C-7), 95.9
(C-8), 167.5 (C-9), 103.2 (C-10), 65.5 (C-11), 118.7 (C-

12), 139.4 (C-13), 25.9 (C-14), 18.4 (C-15), 130.6 (C-1"),
128.1 (C-2', C-6'), 115.8 (C-3', C-5"). LA E¥i¥E 5
BRI T e AR — B, WU e A ) 2 04 5,4'-dihydroxy-
7-prenyloxyflavanone. @ id 5L A4 1 1) CD i B %)
t (B 3), HlE AP 2 e X #  9 2S

WEMINFEOTETER K. [a]y: -12.8 (¢ 0.10,
MeOH), ESI-MS m/z: 431.18 [M+Na] *, 4> T A
C,;H,;0,c 'HNMR (500 MHz, CDCL,) d,;: 7.19 (overlap,
H-2"), 7.19 (overlap, H-6), 6.84 (d, J = 8.1 Hz, H-5"),
6.02 (s, H-6), 5.33 (m, H-2"), 5.31 (m, H-2), 5.21 (m, H-
12), 3.38 (d, J = 6.9 Hz, H-1"), 3.31 (d, J = 6.8 Hz, H-
11), 3.05 (dd, J = 17.0, 12.9 Hz, H-3a), 2.79 (dd, J =
17.0, 3.0 Hz, H-3b), 1.79 (s, H-4", 5", 1.73 (s, H-14, 15);
BC NMR (125 MHz, CDCl,) d.: 79.0 (C-2), 43.3 (C-3),
196.7 (C-4), 162.4 (C-5), 97.0 (C-6), 163.8 (C-7), 106.2
(C-8), 159.9 (C-9), 103.4 (C-10), 22.0 (C-11), 121.4 (C-
12), 135.1 (C-13), 25.9 (C-14), 18.0 (C-15), 127.3 (C-
1), 128.1 (C-2"), 131.0 (C-3"), 154.8 (C-4"), 116.0 (C-5"),
125.6 (C-6"), 30.0 (C-1"), 121.7 (C-2"), 135.5 (C-3"),
26.0 (C-4"), 18.1 (C-5") LA L #H 5 Skl 48 3 A
— 8, WM e AW 34 5,7,4'-trihydroxy-3',8-diprenyl-
flavanone. 543 1 ECD #iZk 5 1 A0l (K 3), Kk
BV 3B C-2 M et K RN S

&4 N EGK K. ESI-MS m/z: 225.11 [M+
Nal]’, 4> ¥~ C,,H,0,- 'HNMR (500 MHz, CD,0D)
8,: 2.28 (m, H-2, H-2), 1.60 (m, H-3, H-3"), 1.34 (m,
H-4, H-4', H-5, H-5"); "C NMR (125 MHz, CD,0D) §:
177.6 (C-1, C-1"), 34.9 (C-2, C-2"), 30.1 (C-3, C-3"),
26.0 (C-4, C-4', C-5, C-5"), b H iz 15 SC koIt i It
A3, MUEENA Y 4 N5 IR (sebacic acid).

WEY S NI EEIRE & . ESI-MS m/z: 467.19
[M+Na]*, 4+ 7 XN C,,H,\N,0,. 'H NMR (500 MHz,
CDCL,) 6,: 7.44~7.71 (m, H-2, H-3', H-4', H-5', H-6"),
7.26 (m, H-2", H-3", H-4", H-5", H-6"), 7.07~7.15 (m,
H-2"", H-3"", H-4"", H-5"", H-6""), 6.74 (d, J = 7.6 Hz, H-
¢), 5.92 (d, J = 8.6 Hz, H-d), 4.76 (m, H-4), 4.34 (m, H-
2), 3.93 (dd, J = 11.4, 4.9 Hz, H-1a), 3.81 (dd, J = 11.4,
4.2 Hz, H-1b), 3.22 (dd, J = 13.7, 5.9 Hz, H-6a), 3.05
(dd, J = 13.7, 8.5 Hz, H-6b), 2.75 (t, J = 7.0 Hz, H-7),
2.03 (s, H-9); "C NMR (125 MHz, CDCl,) 6,: 64.7 (C-1),
49.6 (C-2), 170.4 (C-3), 55.1 (C-4), 167.2 (C-5), 38.6
(C-6), 37.6 (C-7), 170.9 (C-8), 21.0 (C-9), 133.8 (C-1"),
128.9 (C-2', C-6"), 127.3 (C-3', C-5"), 132.1 (C-4"), 136.8
(C-1"), 129.4 (C-2", C-6"), 128.8 (C-3", C-5"), 127.2
(C-4"), 136.7 (C-1""), 129.3 (C-2"", C-6""), 128.7 (C-3"",
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C-5"), 126.9 (C-4"). L& F4E 5 Ck" xR 3t A
— 5, WA A Y S e (I I I I (aurantiamide
acetate).
3 EMMR
3.0 MMiEFSAIE HUK A7 I BEAS-2B 41 i T
37 °CoK I A flAk 2 UKOK FEAARES, SZRTLL 1 000 rmin’
RS AF 250 5 min, 77 B35 R4 N 54 10% FBS
) DMEM = b 3 R B 85 2 b (F VBE R RN
100 ku-L™), T 5% CO, 1) 37 °CHa i 35 7= 46 15 77, 1F
S0 it K 22 A1 36 1L 80% ~90% BEAT AL 4R . 4 24 h T 4537
feE R 93 . SRE, K BEAS-2B 4ilffil B T 37 °C.5% CO,
B % AR v B R A0 B A K, e TR A B P g
2.0x10*4N, £F4L 200 uL #Fh T 96 fLER 1. HiFR24 hE,
43 N IE H IR (CON) A L4 (1 ng-mL" TGF-p1)
K o5 25 4 (10 pumol-L'+1 ng-mL" TGF-p1), H £ 7%
24 h.
3.2 MTT % E BEAS-2B AREIRARSE S Akt
S, A AL N 20 pL MTT &9 (5 mg-mL™") -4k
Brdr IR 4 he ARJE /N O W R IR, BEALINN 150 pL
DMSO ¥ fift W5 55 € i M o AR A AE 490 nm 4b i &
FANFLIITR G B E (OD), Hit- 4 is /1.
33 GtESHR SLREE DB EZE (Y+5) R
7N, K H SPSS 26.0 B AT AT G ik 40 b . IR LR
FRZR T Z 0. P<0.01 #nBEAWREEEZER.

12 STRk: WS A I A B S RS RS R
SR S5 56 T8 8 ) i) B 4 T4 5 96 0 T AR (1B
WY A0 1 T 2 A7 B 0 2 0 02 5 KIS D ] 8 R 4 T AR R 1 T
LI WAT P R A R AR

Fl# M Fr A 1E# 2 P AAEER 2 R .
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