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Chemical composition of Euonymus alatus

WANG Yihang'!, DU Yuxuan?, GUO Xinxin?, ZHANG Xiaowei', XUE Guimin?, WANG Pan', XU Jiangyan!
1. School of Chinese Medicine, Henan University of Chinese Medicine, Zhengzhou 450046, China
2. School of Pharmacy, Henan University of Chinese Medicine, Zhengzhou 450046, China

Abstract Objective To investigate the chemical constituents of Euonymus alatus. Methods Separation and purification were
performed using normal- and reversed-phase silica gel, Sephadex LH-20, and high-performance liquid chromatography. The structures
of the obtained compounds were identified using NMR, MS, and X-Ray techniques. The protective effect of the compound against
podocyte injury was evaluated using the CCK-8 assay. Results Six compounds were isolated and purified from the dichloromethane
fraction of the 95% ethanol extract of E. alatus, namely 3B-hydroxy-24-norhopa-4(23) (1), acetyl ursolic acid (2), betulinic acid (3),
foliasalaci A4 (4), betulonicacid (5), and ursolic acid lactone (6). Moreover, compound 1 has a significant protective effect against
MPCS cell damage induced by advanced glycation end-products (AGEs). Conclusion Compound 1 is a new compound, named 2,4-
dehydrowhite birch resinol. All the other compounds were isolated from this plant and plants of the same genus. Compound 1 exhibits
anti-podocyte injury activity in a concentration-dependent manner.
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TERIBY, HAT, SR o MpE R 9 R (A 7
FEAR DL PSR N, W HALSE R T 2
Boob, BRI ARG, AT
Hi ] B H AL 2 S A R 2 B 2 R R, AR SR at ot
AT AT T AR . SR IE AR A
il . ODS SAHFE (i . K (1 DL R = R0
1] £ 8 (00 22 7 VAN TR R AT 4 B A4k L3RS
HBARLEY), HiEH NMR. UV. XRD. MS Jit
SHAR, XS EEN G TER S e, 28
T 6 MLEY, HAM%EN 3B-hydroxy-24-
norhopa-4(23) (1), LIS EE (acetyl ursolic acid,
2). FEIRMEER (betulinic acid, 3). foliasalaci A4
(4). AMAEEAER (betulonicacid, 5). %77 MR
(ursolic acid lactone, 6). A1, L&Y 1 T HILS
KRB, 44N 2,4-BF AKENREE; (a2~
6 NEIRMMEY) 7 B33 it CCK-8 ¥k
W) 1 #ATHERE S (diabetic kidney disease,
DKD) &MV, B ERR T R ETF T AR R AR AR
it DKD 1E () BRAR TS 10
1 NEEMH
1.1 RKF5EE

ODS 73 #frFE (250 mmX 4.6 mm, 5 pm, HA
YMC 22 7]); ODS #il &4 (250 mm X 10 mm, 5 pm,
HA YMC AFD; RAHFEEEER (50 pm, HA
YMC A#]D; IEAA:EREER (hEE ST
/A7)); Sephadex LH-20 (GlpBio-GE A, ZEE);
TCL # )= -HSGFass B G VL ARER AR Tolkgk
CLBE GHr 2 =MHEhRaRARD; Hrai i
B, & H e, DUSRRME. Ak, BEER £ et
(P ERE S TR THRA T, i B,
kR O BRI R AE R A FD; BRI
e ORI RERMERHA R A FD; UKEEEE ( Hifg
FMAENRHEAIRAFD); Agilent 1260 R4 4 HT
KA & o (R E 258 A W) ); AVANCE 1T
500M NMR BY Rz LR A (BB [E AR & 50 A F]D;
R-100 M fig#k75 kAL (it BUCHI HRRA#);
Evolution-201 B4 4ha] LA Y6 e FETH (BRER KR
BHEARAR, 3£E)D; DLSB-5L/20 BUGIR A
TEIRSE Q[ TR A BR A\ MPC 5100 AU
R BB e AN (2 R A =], B ) EClassical-
P3700 ALYl s A il ORIEARRIRE AR A
FRAFD; AL204 BUT5 552 — RV (M #-FE R 2
NHE], Hit); XtaLAB Synergy T ATHHMX (db

ISR ERHARAF); AB SCIEX —H TOF
5600 RG Ak (3£[E AB SCIEX A#]); Series
1T Water Jackxet B4 CO, ZHfiu555548 (£E Thermo
Fisher Scientific A %] ); SpectraMax iD5 % L) REfg b
1 (REFER T TAERERATR]D; Eclipset S100
818 218 (HA Nikon AF)); ik DMEM 3%
FREEM (Sigma AF], %£E); DMEM/F-12
Fidk (£H Sigma AT F-12 B3R5 1640 Ll
Frdk (EH Gibco AFD; fA4-IMTE (TRKEEA
YIRS A B PR A )5 96 FLAR 55 7 ML(3E[E NEST
HIRAA]D; y-THE (EE Pepro Tech AF]D); bl
FALZARIA= - MIE R E (JEE Abcam AF]);

DMSO (ZE[EH Sigma 2 #F]); PBS &R (X
Servicebio AR AF]); CCK-8 ifFHl ( gl A4
BHEARATD; FHEERRAW (LIGFIEDFR
HAHBRAFD.

1.2 ¥ 54

ARSZIG 25T 2021 SR T2 0N 5 22 4 20l
AIRAF, SRR FRRIREIZEE, i
SE H N B B L7 JE A 2 or 1 BRI A 2%
LR @) 558 E. alatus (Thunb.) Siebold. ¥
abR A (GIY 2021) F7HAE TR e R 245K 242
R FEASE IS = BNT25,

INERE R MPC-5 281 5 b 5 245 K%
BN719 =,

2 REL aBES4Eg

BT 256 T8 10kg, 95% 40 (51D
FIIRHE 3 (RN 7+ 5. 3d), #REGRIEL &
HG, RS B R P IE Y 243.8 ¢, HIE
AR E, KK AR & bR S R
CEEFEEL 3 R (3.6 LIK), BRI & ki
BRAL 133.4 g.

TR AR EUIE I IE AR A i (A
Fi-HEE 100 0 0~5 1 1), FIFMEGEDS (TLO)
YR T sy (D1~D7), b D2 SR IEARERAE
it CfhEE-BERE 285 100 0 0~1: 1D ##E TLC
BHAN 11 A%y (D2.1~D2.11), D2.10 g
ODS AR 3545 21 9 M 4r(D2.10.1~D2.10.9).
D2.10.5 Z8 3t -l 25 S0BAH i ( L TR 7K 89 & 11)
BEMLEY 1 (103 mg, ®=17.5min). D2.7 &l
ODS. H&Gdh. Hk. il (HEE-IRAK 93 1 7)
B2 EY 2 (8.0mg). 5 (7.4mg, =38 min).
D2.9 (1 g) @it ODS AHF:EIEFEMASE] 6 1~
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55 (D2.9.1~D2.9.6), JEHL D2.9.6 i il & =ik
WA R (FEE-EZK 96 © 4), BEMLEY 3 (11.0
mg, ®R=30min). 4 (311 mg, ®R=35min), D2.10
it ODS RAHMERESE] 9 Mg (D2.10.1~
D2.10.9), D2.10.5 Zeid -l 28 BOAH (3 (21
K 89 1 11) BEULEY 6 (9.6 mg, =19 min).
3 #R
3.1 ZHEE

EY 1. Atk (B OHE-HEE 2 0 D.
HR-ESI-MS & 7~H BB m/z 427.357 1 [M+H]*
(Co9H470; HIHHEAE 427.357 3), 454 'H-NMR it fll
BC-NMR # (£ 1 W ZEamn s =08
CaoHagO2, AHFIEES 7, UV AN (nm): 201 (3.46).
'H-NMR (500 MHz, CDCl3) i & LA 4 A~ F 3L i
F15%5 [du 0.63 (3H, s), 1.00 (3H, s), 1.05 (3H, s),
1.69 (3H, 8)], 2 X IS 5 [014.98 (1H, 5),4.63
(1H, s), 4.69 (1H, s), 4.58 (1H, s)], 1 NI Ef 1
{55 [on 3.80 (1H, d, J = 10.8 Hz), 3.34 (1H, d, J =
10.8 Hz)], 1 MAHER 55 [0u2.39 (1H,td,J=
11.0, 5.8 Hz)]: *C-NMR (125 MHz, CDCls) i &R~
A 29 Mir(ES5, DEPT iy oA 4 SHF IR, 13
ANTE R 7 AN ERRRAD 3 AN, $RR 1 A]
RESE P =i b S F R 2L AN R 3 366.74
(br, O-H H454R50), 3071.88 (w, Mk C-H {45
PR35, 2936.86 F112871.09 (C-H ASXHR 5% Fr i
GPREN, KEIE), 1644.69 (C=C H4iIRsN, AW
), 145291 F11 374.19 (C-H & iiiEzsh, L/
W), 1347.85 (O-H MM sk C-0 H145),
1261.40. 1143.11, 1109.11 (G X, HJET
C-O 14 Je B 22482, PAE IR dli 5 =R ih &
VISR REARTE, i — RSt T a4
TEAEFR AL . PRI L R 22/ W | T HH B (4] 560,
454 HSQC Hamiilf 4 NMH IR (6c 19.2, 16.0,
14.7,13.8), 13 AN HEEHR (6c 38.6,32.8,21.4,32.7,
21.8,25.4,27.1,29.3,29.9, 34,1, 102.0, 60.7, 109.9),
7T ARHIERE (Oc 73.3,50.5,48.3,37.4,47.9, 48.9),
5AZER (Oc 153.3,41.1,39.2,43.0, 47.9, 150.6) Hij
JE BN FEE S —, LA L "TH-NMR Al 3C-NMR Y6
AR S AR AR R BAE R E AL, AR
AEAETF A HERERER 4 17 ERBRE 2 NH IS, 1
o1 ANAERE S (04 4.98 s, 4.63 s, 5 102.0)
R HE —4E i ("H-'H COSY. HMBC) i 1)
IIMTESE TALEY 1 PSR (- 1.

&1 A4 18 'H-.NMR 1 BC-NMR ##E)3/& (CDCl)
Table 1 'H-NMR and '*C-NMR data assignments of
compound 1 (CDCl)

A oc OH
1 38.6 1.74 (m), 1.08 (m)
2 32.8 1.96 (m)
3 73.3 3.98 (dd, J=11.6,5.8 Hz)
4 153.3
5 50.5 1.54 (m)
6 21.4 1.54 (m), 1.45 (m)
7 32.7 1.42 (m)
8 41.1
9 48.3 1.43 (m)
10 39.2
11 21.8 1.45(m), 1.24 (m)
12 25.4 1.65 (m), 1.08 (m)
13 37.4 1.67 (m)
14 43.0
15 27.1 1.71 (m), 1.08 (m)
16 29.3 1.94 (m), 1.23 (m)
17 47.9
18 489 1.59 (t,J=11.8Hz)
19 479 2.39(td, J=11.1,5.8 Hz)
20 150.6
21 29.9 1.96 (m), 1.41 (m)
22 34.1 1.86 (dd, J=12.3, 8.4 Hz), 1.04 (m)
23 102.0 4.98 (s), 4.63(s)
25 13.8 0.63 (s)
26 16.0 1.05(s)
27 14.7 1.00 (s)
28 60.7 3.80 (d, J = 10.8 Hz), 3.34 (d, J = 10.8 Hz)
29  109.9 4.69 (s), 4.58 (s)
30 19.2 1.69 (s)

El1 a1 mgak
Fig.1 Structural formula of compound 1
e 'H-"H COSY i+ Hx-2 5 Hp-1. H-3 #H
K He-6 5 H-5. Hx-7 #155; He-15 5 Ha-16 A5G
M H-9 H AR AT AR RFE S Hp-111 Hy-12 H-13
H-18. H-19. Hp-21. Hp-22, SEIWE 2 AR 4
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= COSY —> HMBC

2 LA 11 'H-'H COSY. HMBC F1 NOESY HHX(ES5
Fig.2 'H-'H COSY, HMBC, and NOESY correlation signals of compound 1

MEEEE R

HMBC i+ H,-23 5 C-3. C-4. C-5, H3-30 5
C-19. C-20. C-29 HIRBEM RAZ 5 0] LAffiE 2 K
Ui 475 SR A A B DA I 3 5 T A3 A IR TR ik o Ho-28 A
Hy-28 ¥J55 C-16. C-17. C-18 [f) HMBC M&(5 5
AT LARIE 28 SRONIESAE SRR . EA Hs25 5
C-1. C-5. C-9. C-10 #H3%, H3-26 5 C-7. C-8. C-
9. C-14 5%, H3-27 5 C-8. C-13. C-14. C-15
K, 4G COSY XA SHERMEM B, e %
AR W 1 s .

NOESY i H-5 5 H-3. H-9 #H5¢, H:-27 5
H-9. H-18 ##5¢, iERM H-3. H-5. H-9. H-18 127
SHIEL TR ES L, € SCNo-THIA
H3-26 5 H3-25. H-13 #H5%, H3-28 5 H-13 # H-19
F<, FE H-13. H-19 #1125, 26, 28 SHILLT
SF 0 (B-D . I, ZALAPIRIAR A
e i 1 FoR.

MIEFHEEF (BEER ClR-FEE) HH3RkA5 T &9
115, 28 X B BT 5 23 BT Al s FL Aot A Y
(B 3)o SRR 23§30 CaoHasO2s AN T
JHiR 426.66, JEHERHBR, SEFEP2, MMSHa=
6.77260(10) A (1A=0.1nm), b=12.6257Q)A, c=

3 HEYILE X SRS

Fig.3 X-ray crystal structure of compound 1

43.5704(6)A, f=92.766(2)°, V=372131(10)A3, Z=
6, Dcalc=1.207 g/lem?, x=0.523 mm™. {#iH CuKa
SERAE 293 K WSCERATHEE, JEUcdE 38 132 AMITHT A%
(20 JEH 6.09°~147.94°), FHSTATH A 11 448 A
(Rint=0.0525, Ryigma=0.0522). SEFIfRMT L5
PEBRIT Ri=0.045 5 [I=20()], wR»=0.1155. Flack
ZH8-0.04, HELEY) 1 MAEXTHIELSN 3R,8R,
13R,14S,19R,20S.

R LR FIR BRI e LAY 1 KM, &
SciFinder 2% FER 2R, AR WA 1ZAL G W AH STk
RiE, WEEY 1 EeEY, 4N 2,4-FH
HERRTE .

th& 2. A A. ESI-MS m/z497.17 [M—
H] . 'H-NMR (500 MHz, CDCls) 0: 2.04 (3H, s, Ac-
CHs), 5.23 (1H, t, J= 3.7 Hz, H-12), 4.50 (1H, dd, J =
9.1,5.6 Hz, H-3), 2.19 (1H, d, J= 11.2 Hz, H-18), 0.77,
0.85, 0.86, 0.94, 0.95, 0.96, 1.07 (% 3H, s, 7X CH3);
13C-NMR (125 MHz, CDCl5) 6: 39.0 (C-1), 23.7 (C-2),
81.1 (C-3), 37.8 (C-4), 55.4 (C-5), 18.3 (C-6), 33.0 (C-
7), 39.6 (C-8), 47.6 (C-9), 36.9 (C-10), 23.4 (C-11),
125.9 (C-12), 138.1 (C-13), 42.0 (C-14), 28.2 (C-15),
24.2(C-16),48.1 (C-17),52.7 (C-18), 39.2 (C-19), 38.4
(C-20), 30.7 (C-21), 37.0 (C-22), 28.1 (C-23), 16.8 (C-
24), 15.8 (C-25), 17.2 (C-26), 23.7 (C-27), 183.5 (C-
28), 17.2 (C-29), 21.5 (C-30), 171.2 (CH;COO), 21.3
(CH3COO). FIR%#E 53 mk4foE — £, M
G2 NS RIR .

&Y 3: HERAK. ESI-MS m/z453.30 [M—
H] . 'H-NMR (500 MHz, CDCl3) 6: 5.29 (1H, t, J =
3.7 Hz, H-12), 2.83 (1H, dd, J = 14.1, 4.6 Hz, H-18),
2.54 (1H, ddd, J=15.9, 11.1, 7.2 Hz, H-2B), 2.36 (1H,
ddd, J = 15.9, 6.8, 3.6 Hz, H-20), 1.14 (3H, s, H-27),
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1.08 (3H, s, H-23), 1.04 (3H, s, H-25), 1.02 (3H, s, H-
24),0.92 (3H, s, H-30), 0.90 (3H, s, H-29), 0.80 (3H, s,
H-26); BC-NMR (125 MHz, CDCl;) d: 39.2 (C-1),
34.3(C-2),217.9 (C-3), 47.6 (C-4), 55.4 (C-5),19.7 (C-
6),32.6 (C-7), 39.4 (C-8), 46.7 (C-9), 36.9 (C-10), 23.1
(C-11), 122.5 (C-12), 143.8 (C-13), 41.9 (C-14), 27.8
(C-15), 23.7 (C-16), 47.0 (C-17), 41.2 (C-18), 46.0 (C-
19), 30.8 (C-20), 33.9 (C-21), 32.3 (C-22), 26.6 (C-23),
21.6 (C-24), 15.2 (C-25), 17.1 (C-26), 26.0 (C-27),
183.8 (C-28), 33.2 (C-29), 23.6 (C-30). LiR¥dE 5
SCHRIOE — 30, WS RS 3 SRR .

th&Y 4: AERHAK. ESI-MS m/z481.39 [M+
Na]*. 'H-NMR (500 MHz, CDCl;) 6: 4.74 (1H, brs, H-
31b), 4.68 (1H, brs, H-31a), 3.19 (1H, dd, J=11.4, 4.9
Hz, H-3), 0.76, 0.84, 0.88, 0.95, 0.96, 1.15 (% 3H, s,
CH3-29, 19, 18, 30, 28, 21), 1.03 (3H, d, J = 6.8 Hz, H-
26), 1.03 (3H, d, J = 6.8 Hz, H-27); BC-NMR (125
MHz, CDCls) d: 39.2 (C-1), 27.6 (C-2), 79.1 (C-3),
39.1 (C-4), 56.0 (C-5), 18.4 (C-6), 35.4 (C-7), 40.5 (C-
8), 50.8 (C-9), 37.3 (C-10), 21.7 (C-11), 24.9 (C-12),
42.5(C-13),50.5 (C-14), 31.4 (C-15),27.7 (C-16), 49.9
(C-17), 16.6 (C-18), 16.4 (C-19), 75.5 (C-20), 25.5 (C-
21), 39.5 (C-22), 28.5 (C-23), 156.7 (C-24), 34.2 (C-25),
22.1 (C-26), 22.1 (C-27), 28.1 (C-28), 15.5 (C-29), 15.6
(C-30),106.3 (C-31). _iR%E 5 sCiffaE—2k0, #
KEANEY) 4 H foliasalaci Ad.

th&W 5. AEFA. ESI-MS m/z453.28 [M—
H] . 'H-NMR (500 MHz, CDCl3) J: 4.74 (1H, s, H-
29a), 4.61 (1H, s, H-29b), 3.00 (1H, td, J = 4.7, 10.0
Hz, H-19), 1.69 (3H, s, H-30), 1.07 (3H, s, H-23), 1.01
(3H, s, H-24), 0.98 (3H, s, H-27), 0.98 (3H, s, H-25),
0.92 (3H, s, H-26); '3C-NMR (125 MHz, CDCl;) 6:
39.8(C-1),34.3 (C-2), 218.4 (C-3),47.5 (C-4), 55.1 (C-
5), 19.8 (C-6), 33.8 (C-7), 40.8 (C-8), 50.0 (C-9), 37.2
(C-10), 21.5 (C-11), 25.7 (C-12), 38.6 (C-13), 42.6 (C-
14), 29.8 (C-15), 32.3 (C-16), 56.5 (C-17), 49.3 (C-18),
47.0 (C-19), 150.5 (C-20), 30.7 (C-21), 37.1 (C-22),
26.8 (C-23),21.2(C-24), 16.0 (C-25), 16.1 (C-26), 14.8
(C-27), 109.9 (C-29), 19.5 (C-30). iR ¥dis 5 ik
fiE—g 0, HOEE A 5 N AR .

tEY) 6: Ak (41D ESI-MS m/z477.32
[M+Na]*. 'H-NMR (500 MHz, CDCl;) J: 5.95 (1H,
dd, J=10.4, 1.7 Hz, H-12), 5.53 (1H, dd, J = 10.3, 3.1

Hz, H-11), 3.21 (1H, dd, J = 11.4, 4.9 Hz, H-3), 1.16
(3H, s, H-27), 1.05 (3H, s, H-26), 0.99 (% 3H, brs, H-
29, 25),0.93 (3H, d, J = 6.1 Hz, H-30), 0.91 (3H, s, H-
22),0.78 (3H, s, H-24); '3C-NMR (125 MHz, CDCl;)
5: 38.4 (C-1), 27.1 (C-2), 79.0 (C-3), 54.9 (C-5), 17.8
(C-6), 31.5 (C-7), 42.1 (C-8), 53.2 (C-9), 36.5 (C-10),
129.0 (C-11), 133.6 (C-12), 89.8 (C-13), 41.8 (C-14),
25.7(C-15),22.9(C-16),45.2 (C-17), 60.7 (C-18), 40.4
(C-19), 38.3 (C-20), 31.0 (C-21), 31.4 (C-22), 27.9 (C-
23), 15.1 (C-24), 19.3 (C-25), 19.0 (C-26), 16.2 (C-27),
180.0 (C-28), 18.0 (C-29), 18.0 (C-30). Lik¥¥EY
SCHRHRIE — B2, S E S 6 NS TR N .
3.2 IR A TE RN
3.2.1 MPC-5 4ifsssR RHEA 10%M64 10
B 1% 5 -HFET. 20 pg/L y-THHER. 89%HKH)
1640 15753347 MPC-5 dliffuls 7%, JFiE 33 C.
5% COx ¥ 7R FE % . Frdifulise b K2 5, 2%
BRI y- IR, RS A e FE % 37 CL 5%
CO B i35 .
3.2.2 MPC-5 ZHAAHXE e KA CCK-8 %
S IR MLYE 77 o BOW BRI MPC-5 i, 425
FL 100 uL 2R T 96 FLHR, K7F% 18~24h E4lfu5E
ANEEE, WEXTHRA (F 50 pg/mL BSA). R4
(& 5%IMIFHHI 1640 K573 +50 ug/mLAGEs) LK
P CBERLAH A B o3 En 0.125. 0.25. 0.5
umol/L L&) 1), AbFE 24 h J5 BB et 1 973,
FFFLINN 10 uL CCK-8 5], BEGLE T 15 7:46 %
R 1~4 he {81/ 2 D REREFRXAE 450 nm K ML
ML EIICRE (A) . AR 2 2o BT H 5 -2 4
MOATF I

AT R = (A s — A 22)/(A p— A 211)
323 AW 1 X MPC-5 4G 7 1F 46 R
RIEE T CCK-8 Rz K, SxHMRAAHEL, AGEs
BERLZH ) MPC-5 ZHME 71 BB 3 T %, R
AGEs i3 7 s fnissl. 78 AGEs 4b3 24
h &, 2% 0.125. 0.25. 0.5 umol/L L&)
ARZEACTE 24 h, WCEREA, REERILE 4, 2459
S SRR AR D I N AR IS 7, ULRH kAT LR R
o RN, B ST AR A R A
4 e

KT RE PR DB HEE T 6 MEE,
Hr a1 s i &4, e 2~
6 NE IR L% B 7 AR 5] XLy,
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