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Chemical constituents from rhizomes of Rhodiola wallichiana var. cholaensis and
their protective effects on myocardium
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Abstract: Objective To investigate the chemical constituents from the rhizomes of Rhodiola wallichiana var. cholaensis and their
protective effects on myocardium of H9c2 cells. Methods The compounds were isolated by dynamic axial compression
chromatography, silica gel column chromatography, and HPLC. Their structures were identified on the basis of spectral data analysis.
The protective effects of all isolated compounds on myocardium were determined. Results Sixteen compounds were isolated from the
rhizomes of R. wallichiana var. cholaensis and identified as salidroside (1), gallic acid (2), methyl gallate (3), quercetin (4), pyrogallol (5),
6"-O-galloylsalidroside (6), ethyl gallate (7), kaemnpferol-7-O-o-L-rhamnopyranoside (8), herbacertin-7-O-f-D-glucopyranoside (9),
rhodiosin (10), kaemnpferol-3-O-B-D-glucopyranoside (11), herbacetin (12), herbacertin-7-a-L-rhamnopyranoside (13), tricin (14), rutin (15),
and kaemnpferol-3-0-(2"-O-p-D-xylosyl)-p-D-glucopyranoside (16). Compounds 2, 6, 8, 12, and 15 showed the significant protective effects
against H9c2 cells at the concentration of 25 pg/mL and the protective ratios were 20.40%, 31.54%, 67.61%, 44.27%, and 47.84%.
Conclusion Compound 5 is isolated from the species of genus Rhodiola L. for the first time, and compounds 7—16 are obtained from the
plant for the first time. Compounds 2, 6, 8, 12, and 15 could protect the myocardium of H9¢2 cells to some extent.
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KMRL 5K Rhodiola wallichiana (HK.) S. H. Fu
var. cholaensis (Praecger) S. H. Fu AN 5t K %}
(Crassulaceae) ZL5t K J& Rhodiola L. 24 LA
Y, AR LR, 37 T A = va AL
S, KRR RAE e SRy, M) 2 HHZ
SR, BARIGIR I 25 B2 FU R B, AR e
YEAAR RPN, PoEE. P, DU, Bt
955 DL T R SEE Y, 3B oA
Pkl LA, IR, RN R mEIER, H
RIS KRB KA 5K Rhodiola crenulata (HK.
f. et Thoms.) H. Ohba. J& Ul 4L 5 K Rhodiola
sachalinensis A. Bor.. BRI 5K Rhodiola rosea L.
KHFLL 5K Rhodiola fastigiata (HK. f. et Thoms.) S. H.
Fu. JE LSRR Rhodiola algida (Ledeb.) Fisch. et
Mey. var. tangutlca (Maxim.) S. H. Fu & VUK
Rhodiola quadrifida (Pall.) Fisch. et Mey. S50 7T 1E
B2, B R RRLL SR B 5 o it 7T 2 A 4
T, ARSLIGR KR SR B T RG ML 2E o
WHIE, MWHOKEEIIH 7 #1583 16 MeEY, If
K F I 1 2 T B s s g5 M), 3 AN AL s R
(salidroside, 1), WE T (gallicacid, 2). WET
FRHE (methyl gallate, 3). #it%7 % (quercetin, 4).
AR =M} (pyrogallol, 5). 6"-O-galloylsalidroside (6)-
BETIRAOEE (ethyl gallate, 7). LHZM}-7-O-0-L- i
ZEWEFF (kaemnpferol-7-a-L-rhamnopyranoside, 8)-.
R Z -7-0-B-D- WL Wi % %] BE H ( herbacertin-
7-0-B-D-glucopyranoside, 9). ¥ Jii % -7-0-(3"-O-
B-D-#i % HE L )-0-L-FRZEHELF (rhodiosin, 10). 112
My -3-O-B-D- Wt W % %) #% & ( kaemnpferol-3-O-
B-D-glucopyranoside, 11). HJfiZ C(herbacetin, 12).
HJi & -7-0-0-L- B 2 B H  ( herbacertin-7-o-L-
thamnopyranoside, 13). /N Z (tricin, 14). /
T Crutin, 15). 11Z505-3-0-2"-0-B-D-A M %)-B-D-
& BEE [kaemnpferol-3-O-(2"-O-B-D-xylosyl)-B-D-
glucopyranoside, 16]. HH L&Y 5 JE IR 5
RIBEYF - EEE], 1LEW T~16 AE IR K
LR EAR R RAMNEMESLIR S RE WL EY)
2. 6. 8. 12 il 15 X H.0, FTELHT HOc2 AR
BA MR ER .

1 XEEMR

BNAS ) 28 A AE il (VLR DU R A R
AT, Agilent 1260 il & 5 my BORAH (A (S E
Agilent A7), Bruker-AV-400 7 k%R 4R e i A%

(Bruker A F]). Sephadex LH-20 (Pharmacia /2 ]);
Fuji Cis (50 mmX250 mm, 5 pm) fifk:; Welch
Ultimate Polar-Rp (21.2 mm X250 mm, 5 um) EiffE;
il 2./ (OCEANPAK), )2 KAEIERER (5
WAL T ), b ek s (AR AAE PR A FD.

SW-CJ-2F Al TAEG (ISR IR 24
TARERERAFD, ZHMKIEFF (Thermo
scientific 3100), CKX41SF {8 & &5t (OLYPUS),
96 fLAEMEEFEN (ZE[E Costar), 25 cm? HE; 77
i (3£ E Costar), infinite M200 PRO [ 5 1X
(TEKEN), #{fit (Eppendorf), BXM-30R )k
IR E S (LA /280K E#), LD4-2A BfO
ML (b AR 2 R A HE AR A R A D, 1028 i
H 3l #X (invitrogen). DMEM #5355 (Gibco,
fit'5 81124200, fa41fiE (Gibeo, b5 608759),
[k [ (Biotopped, #It'5 BH01018), G3580 MTS
2 A 75 M AS A7) & (Promage), H9c2 -OrL4H A
PR O R 27 B LY B SR O rho0 BRI

N RAB =S NN NS Y SR E e
ENFRBHEY) KERL 5K Rhodiola wallichiana
(HK.) S. H. Fu var. cholaensis (Praeger) S. H. Fu [f)
PR AR ZE
2 RESSE

KRR TR ZE 10 kg, /KEIRSZEL 2 %,
BER 2 h, TREGE A RS 5 INE & 95% L BERET,
FrE, B0, ERAE LB RS R Cis
FRE, 2 DAC RAHEHELLZHME (A 7K (B) Aiit
M, 0~70 min, 10%~75% A, 70~85 min, 75%~
100% A BEATHREESEML, WA 2 8 MALAr (Fr. 1~8).
Fr. 1 &R, DL & - HEE (50 1 1—~1 1 D
FRFEEML, F4E Sephadex LH-20 A (iEalifk, 5465
Y11 (50 mg). 2 (63 mg). Fr. 2 &RERAEEIE, DL
AR BRGS0 11 DEREEEEN, F4 HPLC,
L 5%~45%Z.JiE-7K 0~60 min B H i & Sephadex
LH-20 kB 5rE4ith, 224693 (15mg). 4 (14
mg). 5 (8§ mg). 6 (64 mg). Fr. 3 SRERAF: LD
BERR . BE-FEE (30 0 1—1:1) BAEERB S S
Sephadex LH-20 fH:faialift, /52154 7 (77 mg)-
8 (43mg). 9 (22mg). Fr. 4 4 HPLC 454 Sephadex
LH-20 Atk ) 2 s 4ifk, 1521054 13(14 mg)-
15 (10 mg). 11 (8 mg). 12 (9mg). Fr. 6 L5 LS
FEY) 10 (48 mg), [RI4si/EIHETE HPLC
#EFULEY 16 (Tmg). 14 (9mg).
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&Y 1. Ak A, ESI-MS m/z: 301 [M+H]'.
'H-NMR (400 MHz, CD;0D) d: 7.06 (2H, d, J = 8.5 Hz,
H-2,6), 6.69 (2H, d, J = 8.5 Hz, H-3, 5), 429 (1H, d, J =
7.8 Hz, H-1"), 2.82 (2H, t, J = 7.6 Hz, H-7), 3.18 (2H, m,
H-8); *C-NMR (100 MHz, CD;OD) ¢: 155.4 (C-1),
129.6 (C-4), 129.3 (C-3, 5), 114.7 (C-2, 6), 103.0 (C-1"),
73.7 (C-2"), 76.5 (C-3"), 70.7 (C-8), 70.2 (C-4"), 76.7
(C-5"), 61.3 (C-6"), 35.0 (C-7). LA EXHE 5 ChkRiE!
—8, WCEEAEY 1 RO SR

AW 2: LSRRGS & (CHEE) , ESI-MS m/z: 169
[M—H] > 'H-NMR (400 MHz, CD;0D) 6: 7.06 (2H, s,
H-2, 6); '*C-NMR (100 MHz, CD;0D) ¢: 122.3 (C-1),
146.5 (C-2, 6), 110.6 (C-3, 5), 139.8 (C-4), 170.6
(-COOH). #i#i 5 ™ —2, MEwEhEy 2
NEETRR.

&Y 3: R EH K, ESI-MS m/z: 183 [M—
H]". 'H-NMR (400 MHz, CD;OD) J: 7.04 (2H, s,
H-2, 6), 3.81 (3H, s, -CH3); *C-NMR (100 MHz,
CD;0D) ¢: 120.0 (C-1), 145.1 (C-2, 6), 108.6 (C-3,
5), 138.4 (C-4), 167.6 (-COO0), 50.8 (-CH3). Ffi 5 ¢
BRI EP —2, WS a Y 3 R TR .

th&Y 4. FEMAK, ESIMS m/z: 303 [M—
H] . 'H-NMR (400 MHz, DMSO-ds) J: 6.32 (1H, d,
J = 1.8 Hz, H-6), 6.53 (1H, d, J = 1.8 Hz, H-8), 7.00
(1H, d, J = 8.1 Hz, H-5"), 7.69 (1H, dd, J = 8.1, 2.4
Hz, H-6"), 7.83 (1H, d, J = 2.4 Hz, H-2), 9.41 (1H, s,
3-OH), 10.77 (1H, s, 7-OH), 12.18 (1H, s, 5-OH);
BC-NMR (100 MHz, DMSO-ds) 6: 94.6 (C-8), 99.3
(C-6), 104.3 (C-10), 115.9 (C-2"), 116.4 (C-5"), 120.8
(C-6"), 121.5 (C-1), 136.9 (C-3), 162.5 (C-9), 145.9
(C-3"), 146.9 (C-2), 148.5 (C-4"), 157.8 (C-7), 176.6
(C-4). DA -E¥ 5 CikfoE O —5, S a
4 JMiE

th&W 5. AEMAE, ESIMS m/z 127 [M+
H]". 'H-NMR (400 MHz, CD;0D) é: 6.48 (1H, t, J =
8.0 Hz, H-5), 6.31 (2H, d, J = 8.0 Hz, H-4, 6);
BC-NMR (100 MHz, CD;0D) 6: 145.7 (C-1, 3),
132.9 (C-2), 118.7 (C-5), 106.9 (C-4, 6). L\ _E¥iiE 5
SCHERRIEMN 8, SR GE) 5 AR = .

& 6: FEER AR, ESI-MS m/z: 453 [M+H]'.
'H-NMR (400 MHz, CD;OD) ¢: 7.10 (2H, s, H-2, 6),
6.98 (2H, d, J = 8.4 Hz, H-2", 6"), 6.65 2H, d, J = 8.4

Hz, H-3",5"),4.33 (1H, d, J= 7.8 Hz, H-1), 2.79 (2H, 1,
J = 1.5 Hz, H-7"); “C-NMR (100 MHz, CD;OD) 6:
120.0 (C-1), 108.9 (C-2, 6), 145.1 (C-3, 5), 138.5 (C-4),
166.9 (-COO0), 103.1 (C-1'), 73.7 (C-2'), 76.5 (C-3"), 70.9
(C-4"), 74.1 (C-5"), 63.4 (C-6"), 1292 (C-1"), 129.5
(C-2", 6"), 114.7 (C-3", 5"), 155.3 (C-4"), 35.1 (C-7"),
70.3 (C-8"). LA EHE 5 CikoE!"—2, et
&) 6 4 6"-O-galloylsalidroside »

&Y 7. Lkt &E(HEE), ESI-MS m/z: 197
[M—H] . 'H-NMR (400 MHz, CD;0D) ¢: 7.05 (2H,
s, H-2, 6), 427 (2H, q, J = 7.0 Hz, H-8), 1.34 (3H, t,
J =17.0 Hz, H-9); C-NMR (100 MHz, CD;0D) &:
167.2 (C-7), 145.1 (C-3, 5), 138.3 (C-4), 120.4 (C-1),
108.6 (C-2, 6), 60.3 (C-8), 13.2 (C-9). LA % di5C
BRRE S — 8, WG T R B TR M.

&Y 8: HENA, ESI-MS m/z: 433 [M+
H]*. 'H-NMR (400 MHz, CD;0D) 6: 8.12 (2H, d, J =
8.5 Hz, H-2', 6'), 6.93 (2H, d, J = 8.5 Hz, H-3', 5'),
6.76 (1H, s, H-8), 6.45 (1H, s, H-6), 5.54 (1H, s,
H-1"), 1.25 (3H, d, J= 7.5 Hz, H-6"); '*C-NMR (100
MHz, CD;0D) §: 177.6 (C-4), 163.4 (C-5), 162.4
(C-7), 160.9 (C-4"), 157.9 (C-9), 148.9 (C-2), 137.7
(C-3), 130.9 (C-2, 6'), 123.7 (C-1"), 116.5 (C-3', 5"),
106.4 (C-10), 99.9 (C-6), 95.5 (C-8); 100.1 (C-1"),
73.8 (C-4"), 72.0 (C-3"), 71.9 (C-2"), 71.4 (C-5"),
18.2 (C-6")o DA R¥¥s 5 ik —5,  wleds e
& 8 il Z5Wy-7-0-0-L- REAEHEF

&9 9: #HEKAK, ESIMS miz: 477 [M—
H] . 'H-NMR (400 MHz, DMSO-ds) J: 6.65 (1H, s,
H-6), 6.97 (2H, d, J = 9.2 Hz, H-3', 5'), 8.15 (2H, d,
J=9.2Hz, H-2',6'), 5.18 (1H, d, J = 7.4 Hz, H-1");
BC-NMR (100 MHz, DMSO-ds) 6: 176.5 (C-4), 151.6
(C-5), 150.6 (C-7), 159.5 (C-4"), 143.6 (C-9), 147.4
(C-2), 135.5 (C-3), 129.6 (C-2', 6"), 121.6 (C-1"),
115.7 (C-3', §'), 104.7 (C-10), 99.9 (C-6), 97.7 (C-8),
101.3 (C-1"), 73.4 (C-2"), 75.5 (C-3"), 69.8 (C-4"),
77.3 (C-5"), 60.6 (C-6")o LA %ids 5 SChikARIE!S 5,
WS B G 9 N ELTR R -7-O-B-D- ML e ] AT B

&Y 10: EERAK, ESI-MS m/z: 611 M+
H]*. 'H-NMR (400 MHz, DMSO-ds) 6: 11.91 (1H,
5-OH), 8.15 (2H, d, J= 8.9 Hz, H-2, 6"), 6.95 (2H, d,
J =8.9 Hz, H-3', §'), 6.61 (1H, s, H-6), 5.56 (1H, d,
J =12 Hz, H-1"), 448 (1H, d, J = 7.0 Hz, H-1""),
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1.13 (3H, d, J = 6.0 Hz, H-6"); '3C-NMR (100 MHz,
DMSO-ds) J: 147.8 (C-2), 136.2 (C-3), 176.8 (C-4),
150.6 (C-5), 98.7 (C-6), 152.0 (C-7), 127.5 (C-8),
144.9 (C-9), 105.2 (C-10), 122.3 (C-1"), 130.3 (C-2’,
6", 115.9 (C-3', 5"), 159.8 (C-4'), 99.6 (C-1"), 69.8
(C-2"), 81.4 (C-3"), 70.2 (C-4"), 69.4 (C-5"), 18.3
(C-6"), 104.9 (C-1"), 74.5 (C-2""), 76.7 (C-3"), 70.9
(C-4"),77.3 (C-5"), 61.4 (C-6"). LAL-Eh 5 ks
—H, SR A 10 NEJER-7-0-(3"-0-B-D-Hi %]
WEIL)-0-L-FR AR

&Y 11: I ERA, ESI-MS m/z: 447 [M—
H] . 'H-NMR (400 MHz, DMSO-ds) J: 8.02 (2H, d,
J=28.8Hz H-2', 6", 6.88 (2H, d, J = 8.8 Hz, H-3, 5'),
6.42 (1H, d, J= 1.6 Hz, H-8), 6.17 (1H, d, J= 1.6 Hz,
H-6), 5.44 (1H, d, J = 7.3 Hz, H-1"); '*C-NMR (100
MHz, DMSO-ds) 0: 156.2 (C-2), 133.0 (C-3), 177.2
(C-4), 161.0 (C-5), 98.5 (C-6), 164.0 (C-7), 93.3
(C-8), 158.4 (C-9), 104.2 (C-10), 120.7 (C-1"), 130.7
(C-2'), 115.0 (C-3"), 161.3 (C-4"), 116.4 (C-5"), 130.7
(C-6'), 100.8 (C-1"), 74.2 (C-2"), 76.2 (C-3"), 70.1
(C-4"), 77.4 (C-5"), 60.4 (C-6"). LA -EE 5 kiR
TEUEAR— 3, #U8 e 590 11 1L 25 /3-3-0-B-D-
WL e 81 267 R

&Y 12: EEOHAK, ESI-MS m/z: 303 [M+
H]". 'H-NMR (400 MHz, DMSO-ds) J: 8.22 (2H, d,
J=8.9Hz, H-2', 6), 6.91 (2H, d, J = 8.9 Hz, H-3', 5),
6.64 (1H, s, H-6); '*C-NMR (100 MHz, DMSO-ds) J:
147.0 (C-2), 135.7 (C-3), 176.4 (C-4), 151.5 (C-5),
98.4 (C-6), 153.1 (C-7), 125.0 (C-8), 145.2 (C-9),
104.1 (C-10), 122.3 (C-1"), 130.2 (C-2', 6"), 115.6 (C-3',
5), 159.5 (C-4"). VA &5 scmffaEl I —8,  #s
EEY 12 NETRE.

thE&W13: KR, ESI-MS m/z: 449 [M+
H]". 'H-NMR (400 MHz, DMSO-ds) J: 8.15 (2H, d,
J=8.9Hz, H-2', 6", 6.95 (2H, d, J= 8.9 Hz, H-3', 5'),
6.60 (1H, s, H-6), 5.12 (1H, d, J = 4.0 Hz, H-1"), 1.13
(3H, d, J = 6.4 Hz, H-6"); C-NMR (100 MHz,
DMSO-ds) J: 147.8 (C-2), 136.2 (C-3), 176.8 (C-4),
150.6 (C-5), 98.7 (C-6), 152.0 (C-7), 127.5 (C-8),
144.9 (C-9), 105.0 (C-10), 122.3 (C-1"), 130.3 (C-2’,
6'), 115.9 (C-3', 5"), 159.8 (C-4'), 99.8 (C-1"), 70.5
(C-2"), 70.3 (C-3"), 72.1 (C-4"), 70.3 (C-5"), 18.3
(C-6")o LA EHE 530 RRIE AR — B, W e

WA 13 NE R R-7-0-0-L- R R

& 14: R AE S (AED, ESI-MS m/z:
353 [M+Na]". 'H-NMR (400 MHz, DMSO-d) §:
7.33 (2H, s, H-2', 6), 6.98 (1H, s, H-3), 6.56 (1H, d,
J = 2.0 Hz, H-8), 6.20 (1H, d, J = 2.0 Hz, H-6), 3.89
(6H, s, 3', 5-OCH3); *C-NMR (100 MHz, DMSO-ds)
5: 181.9 (C-4), 164.1 (C-7), 163.6 (C-2), 161.4 (C-9),
157.3 (C-5), 148.2 (C-3', 5'), 139.8 (C-4'), 120.4
(C-1"), 1043 (C-2', 6'), 103.7 (C-10), 103.6 (C-3),
98.8 (C-6), 94.2 (C-8), 56.3 (-OCH3). LA %55
BRRIE PO A — 5, MU E Y 14 /N R

& 15: EERAK, ESI-MS m/z: 633 [M+
Na]*. 'H-NMR (400 MHz, CD;0D) 6: 6.21 (1H,d, J =
2.0 Hz, H-6), 6.40 (1H, d, J=2.0 Hz, H-8), 7.67 (1H, d,
J=2.0Hz, H-2"), 6.87 (1H, d, J = 8.4 Hz, H-5"), 7.63
(1H, dd, J= 8.4, 2.0 Hz, H-6"), 5.12 (1H, d, J= 7.6 Hz,
H-1"), 4.96 (1H, d, J = 6.8 Hz, H-1""); '*C-NMR (100
MHz, CD;0D) ¢: 158.4 (C-2), 135.5 (C-3), 179.3
(C-4), 162.9 (C-5), 99.8 (C-6), 165.9 (C-7), 94.7 (C-8),
159.2 (C-9), 105.5 (C-10), 122.9 (C-1"), 115.9 (C-2"),
145.7 (C-3"), 149.7 (C-4"), 115.9 (C-5'), 123.4 (C-6"),
102.3 (C-1"), 73.8 (C-2"), 77.1 (C-3"), 71.3 (C-4"),
78.1 (C-5"), 68.4 (C-6"), 104.6 (C-1"), 75.6 (C-2""),
71.9 (C-3", 72.1 (C-4""), 69.6 (C-5""), 17.7 (C-6""). LA
RS SRR E R AR — B, S EE ) 15
NPT .

th &Y 16: HEOKIAK, ESI-MS m/z: 579 [M—
H] . 'H-NMR (400 MHz, CD;0D) d: 6.19 (1H, d, J =
2.0 Hz, H-6), 6.39 (1H, d, J = 2.0 Hz, H-8), 8.07 (2H,
d, J= 8.8 Hz, H-2', 6), 6.89 (2H, d, J = 8.8 Hz, H-3',
5",5.48 (1H, d, J=7.5 Hz, H-1"), 4.74 (1H, d, J= 6.8
Hz, H-1""); BC-NMR (100 MHz, CD;OD) &: 158.5
(C-2), 135.0 (C-3), 179.7 (C-4), 163.2 (C-5), 99.7
(C-6), 165.8 (C-7), 94.6 (C-8), 161.5 (C-9), 105.8
(C-10), 122.8 (C-1"), 132.3 (C-2', 6), 116.2 (C-3, 5"),
158.3 (C-4"), 100.7 (C-1"), 82.5 (C-2"), 77.2 (C-3"),
71.1 (C-4"), 78.4 (C-5"), 62.4 (C-6"), 105.5 (C-1""),
75.0 (C-2""), 78.2 (C-3""), 71.0 (C-4""), 66.7 (C-5"").
DA 2 5 SR foE PR A — B S A 16
N ZEY-3-0-(2"-O-B-D- K BEIE)-B-D-H i HlEH
4 DAZEAR{RIPSCIE

PA H9c2 KRR Co AR SR 9 32 0 1, #3577 3
LG HOc2 4 0.25% I IREEH AL, il Bl
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Y MBI, DARREL 3 000 AN E RN T 96
FLIR, T 37 "C.5% CO, 41 s 24 h #5597 24 h,
Wz B, A s A, B A4,
6 NMEIL. FEALA 100 L FEifijE DMEM
R Rt IR KA 25 I 2 200 pmol/L H20,
[T IME DMEM 15 7#% 100 uL 445 3 h J5,
PG N 100 pl K EN 25 ng/mL 4k
EW1~16 FLREFE, BT IR AL N BT &K N 25
ug/mL FIMEF . 3 h JFEFLIIA 20 uL MTS ¥
Bi7% 4 h, T 490 nm FIEWOLE (4 H. &K
D5 351 75 AT B 0 25 L 2H 5 P e R AL AR S A 2
THEYHM R 2

IR R = (A ws— A 20)/ (4 z:— A pn)

SEIGSE LRI, /E 25 pg/mL RIS, e
Y2, 6. 8. 12 F1 15 fEH 4 h J5 40 ILR R 7550 N
20.40%. 31.54%. 67.61%- 44.27%H1 47.84%. [7]
GO, MR A BRORY 2N 20.15% . BEEIAL
AW 2. 6. 8. 12 Al 15 X Ho00 ATEL) HOc2 41
P A — e R E R ER .
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