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Chemical constituents from Rhamnus heterophylla

WANG Le, FAN Shu-sheng, WANG Xiu-huan, YAN Xin, XU Xiao, LI Xiao, WANG Xiao-ping, LI Xiang,
SUN Si-qi, SHE Gai-mei
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To investigate the chemical constituents from Rhamnus heterophylla. Methods Multiple chromatographic
separation techniques including silica gel, Sephadex LH-20 gel and MCI gel were employed to isolate and purify the compounds. Their
structures were identified by means of the nuclear magnetic resonance (NMR) and physicochemical properties. The chemical
compositions were quickly analyzed by HPLC-DAD-ESI-MS/MS and scanned in negative ions. Results These compounds were
isolated and determined as cis-aloeemodin bianthrone (1), frans-aloeemodin bianthrone (2), emodin-8-O-rhamnoside (3), citreorosein
(4), emodin (5), chrysophanol (6), physcion (7), kaempferol (8), luteolin (9), and quercetin (10). In addition to compounds 5, 8, the
other compounds are isolated from R. heterophylla for the first time, and the compound 3 is isolated from the genus Rhamnus for the
first time. 28 Compounds were speculated via comparing MS data (detected mass and MS? fragment ions) and coupled with related
literature, including three hydroxybenzoic acids, eight anthraquinones and 17 flavonoids. Conclusion The analysis of chemical
constituents from R. heterophylla could provide the references for the study on pharmacodynamic material basis and reasonable
application and development.
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NG T Y L= 1 AN B 5L VAN S I % |
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B A BRI KA RS AE Y BT R, ARSI 2o LA
LIRS RR £ B8R AL 146 2 B oy dEAT W 9%
MBS E] 10 MEEYD, 5 nl e - K0
# B (cis-aloeemodin bianthrone, 1). &xi-K
& W (trans-aloeemodin bianthrone, 2). K
¥ R -8-0-0-L- W & # # ( emodin-8-O-a-L-
rhamnoside, 3). 6-F23EFT 25 K33 (citreorosein,
4). K# % (emodin, 5). K#E (chrysophanol,
6). K & HF (physcion, 7). 11125/ (kaempferol,
8). KREEZE (luteolin, 9). HitfZ 2 (quercetin,
10. BRUEYS. 84, HRMEWH AE RN L
LR AR, K Ea 3 hE MR E B
VIR or B R, ARSLIS s SRR E T HN 2
HK: BEERRAEEZE, SERgEiE i AmILa
g, L)L rh FEAAEERRSE . BERSEET
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PR 17 D EBASEET o
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Bruker AV-II1-500 %48 5 & 7 HAZ G LR A
(f# [ Bruker 4 #]); Agilent Q-TOF 6520 41 ik
1 (3E[E Agilent A7]); RE-52A k7R (-
W oR A A ) ) Sartorious BT 258 175432
—HF R (AL ZE 2 RS A IR A 7))
ErERAR G H (F &EEL T D5 MCl-gel
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T2 Rhamnus heterophylla Oliv. FIT R .
2 HE
21 RESNE

L )UAS 15 kg, BRE, T 70 CTFH 10 & 70%
CBERIFRERE 3 K, ®IX 1 h, JEE, JEREHTHK

TR E 1.8 kg BUZIRE 0.8 kg, /K85,
FHIBSER CBEAEEL, 19 2B IR OBEHAL 100 go BEIR
LRI FERE G, SREAE e, & f5-
FEE-7K (802 00.2) Yefbi, = EER& 30 5
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1. 201 BREEBERL, 193] 6 Ny (Fr-1-1~1-6).
Fr-1-1 R E AT RERAE il 70 88, F &1 - 7 i
(10031, 80:1. 60:1. 40:1.20:1, 10: 1)
FREEVENL, REMEEY 6 (30 mg). 7 (10 mg). 5
(13 mg). Fr-1-2 FATRERCAE GG/ 85, JH k-
FRCTE (80 : 1. 60 1. 40:1. 30: 1), &1j-H
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&Y 1 (5mg). 2 (10 mg). 4 (9 mg). 8 (21 mg).
Fr-1-3 #HATEERAE B0 8, SA-FEE (60 : 1.
40 11,20 1 1.7 1.5 T DEREESEM, F54 Sephadex
LH-20 #ERckE i, HEEh, SEaw 3 (13
mg). Fr-1-4 & R RER ARt , S7-FBE (80« 1.
60 1. 401,20 : 1) BEEHM, BREKEY9 (7
mg). Fr-2 4 MCI H: 5157355, H 20%- 40%- 60%-
80%- 100% FEEAA BE Pl , 4 Sephadex LH-20
BUR AT, PR, F30EY 10 (13 mg).
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95%~80% B; 20~25 min, 80% B; 25~35 min,
80%~70% B; 35~55min, 70%~45% B; 55~70
min, 45%~20% B A E 1 mL/min; #Eif 25 C;
KA 270 nm, HEFEE 30 pl.
223 kM ESIE R, TR,
RV m/z 100~1 000, TSR E 12
L/min, TSR 320 C, FALSJE 4 207 kPa,
B HE 3500V, flifEAE 30 eV.
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a1 Atk (RO, 7
C30H2,05. 'H-NMR (500 MHz, DMSO-dg) d: 11.90

(2H, s, 1, 1'-OH), 11.82 (2H, s, 8, 8'-OH), 10.79 (2H,
s, 6, 6-OH), 6.71 (2H, s, H-7, 7'), 6.26 (2H, d, J = 1.8
Hz, H-4, 4", 6.07 (2H, s, H-2, 2"), 4.53 2H, d, J = 3.7
Hz, H-10, 10"), 2.26 (6H, s, 3, 3’-CH;); *C-NMR (125
MHz, DMSO-d) &: 189.9 (C-9, 9), 164.8 (C-1, 17,
1612 (C-8, 8'), 146.7 (C-6, 6'), 143.7 (C-4a, 4a),
141.1 (C-10a, 10a"), 121.7 (C-5, 5'), 116.6 (C-7, 7",
114.3 (C-8a, 8a’), 110.0 (C-2, 2"), 109.7 (C-9a, 9a),
102.1 (C-4, 4", 55.6 (C-10, 10"), 21.9 (3, 3'-CHz). LA
RS SRR E Y, Stk A1 IR K

R .
th&w 2. ABKHER (BB, 217 R
C30H»,05. 'H-NMR (500 MHz, DMSO-d¢) J: 11.97

(2H, s, 1, 1"-OH), 11.73 (2H, s, 8, 8’-OH), 10.87 (2H,
s, 6, 6-OH), 6.67 (2H, s, H-7, 7'), 6.26 (4H, d, J=1.3
Hz, H-4, 4, 5, 5'), 6.08 (2H, s, H-2, 2'), 4.53 (2H, s,
H-10, 10), 2.21 (6H, s, 3, 3'-CH3); “C-NMR (125
MHz, DMSO-d;) 6: 189.9 (C-9, 9'), 164.8 (C-1, 1"),
164.1 (C-3, 3), 161.2 (C-8, 8'), 146.7 (C-6, 6'), 143.7
(C-4a, 4a"), 141.1 (C-10a, 10a’), 121.7 (C-5, 5'), 116.6
(C-7, 7'), 114.3 (C-8a, 8a’), 110.0 (C-2, 2), 109.7
(C-9a, 9a’), 102.1 (C-4, 4"), 55.6 (C-10, 10"), 21.9 (3,
3'-CHs)o VL -3dE 5 SCmriE —30, %eth &
2 e - KB R

&Y 3. Bodd (BEROl, 571X
C,1H;505. 'H-NMR (600 MHz, DMSO-d) 6: 12.07
(1H, s, 1-OH), 11.93 (1H, s, 6-OH), 7.52 (1H, s, H-4),
7.28 (1H, d, J = 2.4 Hz, H-5), 7.20 (1H, s, H-2), 6.94
(1H, d, J = 2.4 Hz, H-7), 3.80~5.16 (5H, m, H-1'~
5%, 243 (3H, s, 3-CH3), 1.12 (3H, s, 6'-CHj);
BC-NMR (150 MHz, DMSO-dq) J: 190.1 (C-9), 181.1
(C-10), 163.8 (C-3), 162.6 (C-1), 161.5 (C-8), 148.6
(C-6), 135.0 (C-4a), 132.8 (C-10a), 124.2 (C-2), 120.6
(C-4), 113.5 (C-8a), 110.8 (C-9a), 109.2 (C-5), 108.5
(C-7), 98.4 (C-1"), 71.6 (C-4"), 70.2 (C-3"), 70.2 (C-2"),
69.7 (C-5"), 21.6 (3-CH3), 17.9 (6'-CH3). LA RS

SCRARIE Y, A 3 NRER-8-0-R %
L RE

1tA#&J 4: L (BRI, o1
C1sH100g- "H-NMR (600 MHz, MeOH) 6: 7.77 (1H, s,
H-5), 7.29 (1H, s, H-7), 7.23 (1H, d, J = 2.3 Hz, H-4),
6.59 (1H, d, J=2.3 Hz, H-2), 4.70 (2H, s, 3-CH,OH);
BC-NMR (125 MHz, MeOH) §: 190.6 (C-9), 181.8
(C-10), 166.1 (C-6), 165.3 (C-8), 162.3 (C-1), 151.8
(C-3), 135.6 (C-10a), 133.6 (C-4a), 120.8 (C-4), 117.1
(C-2), 114.5 (C-9a), 109.1 (C-5), 108.9 (C-8a), 107.7
(C-7), 62.7 (3-CH,OH).. LA F-¥udfs 5 3ciikdiis—",
LEE) 4 N 6- I LRI R,

&Y 5. g (BROBRD, 27X
CisH100s. 'H-NMR (500 MHz, DMSO-d;) 6: 12.09
(1H, s, 1-OH), 12.05 (1H, s, 8-OH), 11.28 (H, s,
6-OH), 7.49 (1H, d, J = 1.6 Hz, H-4), 7.17 (1H, brs,
H-2), 7.11 (1H, d, J = 2.4 Hz, H-5), 6.59 (1H, d, J =
2.4 Hz, H-7), 2.41 (3H, s, 3-CH;); “C-NMR (125
MHz, DMSO-d) J: 189.7 (C-9), 181.4 (C-10), 165.6
(C-3), 164.5 (C-1), 161.5 (C-8), 148.3 (C-6), 135.1
(C-4a), 132.8 (C-10a), 124.2 (C-7), 120.5 (C-5), 113.4
(C-8a), 108.9 (C-9a), 108.8 (C-4), 107.9 (C-2), 21.5
(3-CH3). VA E¥dh 5 cikipiE—5™, %etham
SSPN

&M 6: s (BRI, 27X
CisH 9040 LAMT T Wos BRI, T FEE,
%%Uﬁﬁﬁaiﬁi-ﬁj&@é&lﬂ‘é (31 1D FimEE-BEEL £ 1
(30 1), SEAh-HEE (40 @ 1) BEATAi R e it
'””lJ, {RJILERJJA@F BN AMRBE OIS, 5
RET XTI LT, & 6 KT .

ey 7. At (R, 51X
CigH1205. 'H-NMR (600 MHz, DMSO-d;) 6: 12.20
(1H, s, 1-OH), 11.99 (1H, s, 8-OH), 7.56 (1H, s, H-4),
7.23 (1H, s, H-2), 7.22 (1H, d, J = 2.5 Hz, H-5), 6.91
(1H, d, J = 2.5 Hz, H-7), 3.95 (3H, s, 6-OCH3), 2.45
(3H, s, 3-CH3);: "*C-NMR (150 MHz, DMSO-d;)
189.9 (C-9), 181.1 (C-10), 166.0 (C-8), 164.3 (C-1),
161.4 (C-6), 148.4 (C-3), 134.8 (C-10a), 132.8 (C-4a),
124.1 (C-4), 120.5 (C-2), 113.4 (C-9a), 109.8 (C-8a),
107.5 (C-5), 106.5 (C-7), 563 (6-OCHs), 21.5
(3-CH3). VA EXdh 5 kg —5®, %etham
7 NKHE R

WA 8: TR AR (FED, 4512 CisH ¢Ogo
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'H-NMR (600 MHz, DMSO-d¢) d: 12.48 (1H, s,
5-OH), 10.75 (1H, s, 7-OH), 10.11 (1H, s, 4-OH),
9.40 (1H, s, 3-OH), 8.04 (1H, d, J = 8.75 Hz, H-2', 6'),
6.93 (1H, d, J = 8.77 Hz, H-3', 5"), 6.43 (1H, s, H-8),
6.19 (1H, s, H-6); "C-NMR (150 MHz, DMSO-dy) J:
175.9 (C-4), 164.0 (C-7), 160.7 (C-5), 159.2 (C-4"),
156.2 (C-9), 146.8 (C-2), 135.7 (C-3), 129.5 (C-2, 6),
121.7 (C-1'), 115.4 (C-3', 5%, 103.1 (C-10), 98.2
(C-6), 93.5 (C-8). LA ¥ 5 scmkiiE — 8", %
SEALEY 8 il 25

B 9: Tk AR (FED, 4513 CisHOgo
'H-NMR (600 MHz, DMSO-d¢) &: 12.98 (1H, s,
5-OH), 10.83 (1H, s, 7-OH), 9.93 (1H, s, 4-OH), 9.43
(1H, s, 3'-OH), 7.42 (1H, dd, J = 2.2, 8.3 Hz, H-6"),
7.39 (1H, d, J = 2.0 Hz, H-2'), 6.89 (1H, d, J = 8.3 Hz,
H-5"), 6.67 (1H, s, H-3), 6.44 (1H, d, J = 1.9 Hz, H-8),
6.19 (1H, d, J = 1.9 Hz, H-6); "“C-NMR (150 MHz,
DMSO-dg) d: 181.7 (C-4), 164.1 (C-7), 163.9 (C-2),
161.5 (C-9), 157.3 (C-5), 149.7 (C-4'), 145.7 (C-3),
121.5 (C-1'), 119.0 (C-6"), 116.0 (C-5"), 113.4 (C-2"),
103.7 (C-10), 102.9 (C-3), 98.8 (C-6), 93.8 (C-8). LA
RS SRR E S, Stk s 9 AR
T

AW 10: F KK CHED, 773X CisHi07.
'H-NMR (600 MHz, DMSO-d¢) d: 12.50 (1H, s,
5-OH), 10.78 (1H, s, 7-OH), 9.59 (1H, s, 3-OH), 9.37
(1H, s, 3'-OH), 9.30 (1H, s, 4-OH), 7.68 (1H, d, J =
2.2 Hz, H-2'), 7.54 (1H, dd, J = 2.2, 8.5 Hz, H-6'),
6.89 (1H, d, J = 8.5 Hz, H-5"), 6.41 (1H, d, J = 2.03
Hz, H-8), 6.19 (1H, J = 2.0 Hz, H-6); “C-NMR (150
MHz, DMSO-ds) &: 175.8 (C-4), 163.9 (C-7), 160.7
(C-5), 156.1 (C-9), 147.7 (C-4'), 146.8 (C-2), 145.0
(C-3"), 135.7 (C-3), 121.9 (C-1"), 120.0 (C-6'), 115.6
(C-5"), 115.0 (C-2'), 103.0 (C-10), 98.2 (C-6), 93.3
(C-8). LA E¥di 5 cikdfiE — 5", %Etham
10 Jyfif 7 2%

A )LZE LRSI B IR £ g 3B A Hh 3 4y 25
e 10 MEED, B 7 AR 3 AT
Gy o AR MEHEN L) LAS 2 BESR EUY) b 2 B T
FREBR S R 53 o I I RORE €l B 8 IR B A — 2
T HALZE RS
3.2 HPLC-DAD-ESI-MS/MS 4> #f

I A - 5 B BB FH B A, d

3
=3
ggz-
4
&

HoR(E 8 (IR, — oS RATEL . e
S5, FEARAE T B R AR S S 2 SCIRYD D HE T H %
JLEE LRI h & 28 MEEY, 435 3 MR
FBEPWA. 8 MR, 17 NEERZER . s
HRE LA 1,

10 20 30 40 50 60 70
t/min

1 ZJLZ HPLC-ESI-MS/MS BB FiiE
Fig. 1 Total ion chromatogram of HPLC-ESI-MS/MS by

negative ions mode for R. heterophylla

X)L R IR RIS . ISR, RERE
BT AT SRR . Hoh, BRIEERRRENEY),
HAMEEECIEE S LL O HyO. CO ZrRPE/Nr+ F B
M. LAg 2 /ml, HED 5 1I1% m/z
169.013 6 ([M—H] ), W B+ miz 152.440 4 £
BB 1252 OH, s it — Bk K % 1 ¥ CO,
A R BT m/z 124.709 00 @I ACHEREES, HE
M 2 Sy fr IR, L LR EER R A 5
REBZIEEAF R CO, HBEHRNAEY —MIR
FWEIE, AR AT E IR R B, DL 25 S,
HHE 7B 16 m/iz 269.144 6 ((IM—H]), T&T
m/z 241.049 3. 22.056 3 KFBFE Tk T 1
75F CO. COyo IEILFISCHERELNT, HEME 25 KK
wRIPL LR IR A R T K
/& C ¥F RDA &, HERWEME DNk ENE
Bty LA 11 9, FHES 1 B 106 m/z 463.082 4
([IM—H] ), F&ETF m/z 301.026 9 FH K F It
(IM—H—162]), Z%E T C H KL RDA i,
B DR R BT m/z 150.990 0. i A ST
iR L, HE D06 11 9 R -3/7-0-2F FLpE RO
fEMT T B A S R IR 1,
4 itig

ARSI L WA IS BTG, EFERE)
AR (K. ZHE-K. FEE-0.2% F R 7K
WENFHEGE] . AR AR RS AR, DORBRZ
AR (it . A

ENGISIREBNIEZY RNk 5 U R It 5
EUYD T AT T A — R R £ T8 0L (R A 2 A7)
AT B E, w10 MLEMIRSEK, A5
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% 1 HPLC-ESI-MS/MS X% JLE R FE R 5 B 54
Table 1 Analysis on chemical constituents from R. heterophylla by HPLC-ESI-MS/MS

AR Bl s EE M-H

%5 /min ik AR _ . BRET ()
B o) REmk) X109 (k)

1 9865 FILKER CHO, 1540264 1540266 -122 1530189 109.0288

2 9908  HATM CHOs 1700212 170.0215 213 1690136 1524404, 124.7090

3 1404 kiR CHO; 1380315 1380317 -171 1370225 93.0347,65.0399

4 AT WEES3-0-REWHE-O-RERHE-0- CuHyOy 7562122 7562113 117 755.1845  301.0196,137.0890, 152.191 8
LA

5 2555 WHE3-0-RAFE-0- 3R CyHyOy 6101535 610.153 4 0.17 609.1300  301.019 6, 137.0890, 152.191 8

6 BIB EEIA-O-RERE-O-RERE- CyHu0 7402183 7402164 2.56 739.1876  285.0398,152.0250,121.022 5
O-F3LHH

7 24380  IAEE-3-0-RAERE-0- R/ CyHyOps 5944589 5944585 0.69 5931355 285.0448,229.856 8, 241.464 7,
FARH 121.181 4

8 1914 RERIO-RERE-O-RERE-0- CyHyOy 7702270 7702269 0.11 7692136 315.0508,300.024 5,166,223 1
LA

9 7011 ABREH CyHyO; 4481011 448.1006 116 4470986  285.0377,153.0500,123.307 4

10 28921 3,355, - LM R AR CgH05 3320534 3320532 062 3310356  152.3012,166.0242,314.761 3

1 32549 BEES7-0-RE CyHyOp 4640965  464.0955 229 463.0824  301.0269,1509900,137.0870

12 36178 RENEEIN-0-RERE-O-REH  CyHu0 7542349 7542320 3.77 7532079 299.057 1,284.034 8,165.022 3
0L

13 36900  RERR3-O-REWHE-O-REME-  CuHuOp 7842445 7842426 242 7832356 329.0678,314.0379,301.060 3,
O-£AMEHE 165.625 8

4 3833 MR CsHiOr 3020433 3020427 224 3010375 137.0328,153.2651

15 39998  KEHS-0FEMY CyHyOp 4321054 4321056 -0.60 4311038 269.044 0,240.025 7, 225.066 7

16 8648  LZE CisHiOp 2860484  286.0477 246 2850438 153.0181,121.0265

17 437 eBEFEKEZ CisHiOs 2860484 2860477 246 285.0438  268.0393,257.0441,241.049 8

18 46105 “HliEE CsHip0r 3040586 304.0583 109 3030541  123.0307,152.0104,165.019 4

19 46407 3,355 T-IREATEEARE  CHLOp 3340089 3340692 085 333.0655 151.9979,169.1847,318.4992

20 837 30-FEREE CHi0r 3160860 3160583 091 3150543 300.0267,165.0203,121.0300,

1510027

21 5L033 RHE-6-0- A CuHy0y 4161111 4161107 0.87 4151032 269.044 4, 240.039 6, 225.052 2

2 BI8 BERER CiHi0p 3000636 3000634 068 299.0534  166.0177,121.0290,284.032 4

B 3410 RERE CyHuOr 3300740 330.0740 028 329.0639  314.0430,271.0250,299.0000,165.0173

U 56084 KEE3-023-0-LBAEREHF CuHpOy 4581212 458.1213 -0.19 457.1078  269.0419,240.1208,225.052 1

25 8546 KR CsHiOs 2700533 270.0528 172 269.0459  241.0493,225.0563

26 63257 REE3-0-WIBRAER AR CusHoO 5001309 500.1319 -1.83 499.1290  269.144 6,225.055 5, 240.045 1

208 62917, IRRAAEZ - HT CyHpOs 5101317 5101315 041 509.1245  491.1071,254.0576,226.0590,210.0762

64.912

TAEESE. 3 ANEEEY . BEEE AR g SRR, 8 NI, 17 NEEHRE . L
JRAEBRFIEAR, X 20 Uk OBF AR UL A Bt 2R Y BRI R T B e, I o0& BT A A
TR, LRI 28 MEE, BFE 3 MR IZEMEERESE.
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