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Research progress on C-glycosylflavones for protection of myocardial ischemia
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Abstract: With the improvement of the public’s recognition to the efficacy of total flavonoid extract from Chinese materia medica,

wherein the C-glycosylflavones contained have been found by more and more researchers. The role of C-glycosylflavones to protect

the cardiovascular disease is becoming more evident. The recent isolation and identification of C-glycosylflavones with the

pharmacological activity about anti-oxidant and protecting myocardial ischemia injury and the possible mechanisms of anti-myocardial

ischemia are reviewed in this article, so as to provide the information and evidence for the further research and development of

C-glycosylflavones.
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Table 1 C-glycosylflavones with apigenin as aglucon isolated and identified in recent decade

ey 57 3CHk
2"-0-LBHEA S (2"-0-acetyl-vitexin) 11
2"-O-F R I (27-O-vanilloyl vitexin) 12
2"-fR BRBRFEALIFIFF (27-sulfate vitexin) 13
2"-0-(E)-p-F S F M50 H [apigenin 8-C-(2"-O-(E)-p-coumaroyl-p-glucopyranoside)] 14
2"-0-2"-FIETWEIE) 4 [2"-0-(2'"-methylbutyryl) vitexin] 12,15-16
7-FEI2"-0-Q"- B T HE) HIF [7-0-methyl-2"-0-(2""-methylbutyryl) vitexin] 12,15-16
2"-0-(3", 4" HIEEZE AL AL [27-0-(3", 4"'-di-methyl benzoyl) vitexin] 12,15-16
2"-O-(4" IR L) HIIFF [27-0-(4""-hydroxybenzoyl) vitexin] 12,15-16
3"-0- LAY (37-0-acetyl-vitexin) 1
6"-0- LAY (6”-O-acetyl-vitexin) 11
HIFFF-2"- O Z BT (vitexin-2"-0-B-D-glucopyranoside) 17-18
HIFE-2"-0- A HH (vitexin-2"-O-rhamnosyl) 17
2"-0-0-L- R AHEFF-7- F A IEH AT (2"-0-L-rhamnopyranosyl-7-O-methyl vitexin) 19
HIF-2"-0-p-L-F-FUBHT (vitexin-2"-0-p-L-galactopyranosyl) 12
HIF-2"-0-B-L-F-FUMHY 4"-0- 22 (vitexin-4""-o-Thamnopyranosyl-2"-0-B-D-galactopyranosyl) 20
SEWE-2"-0-RERHT (scoparin-2"-O-rhamnopyranosyl) 21
HIFIFF-4"- O Z BT (vitexin-4"-O-glucopyranoside) 17
HIFFF-6"-O-HZ I (vitexin-6""-O-glucopyranoside) 15
FEK R -8-C-[o-L-F 2 (1-2)]-B-D-HZ L {5, 7, 4-trihydroxyl-8-C-[a-L-rhamnopyranosyl-(1—2)]- 2
B-D-glucopyranosyl flavone} 22
STEMFTAT (isoschaftoside) 2326
HIFFF-6-C-B-D-F-FLHi T (vitexin-6-C-B-D-galactopyranosyl) 23
HIF-6-C-p-D-A B+ (vitexin-6-C-B-D-xylopyranosyl) 26-27
5, 4- T3 HE-6, 7- T A IE-8-C-B-D- I ATREE BB (5, 4'-dihydroxy-6, 7-dimethoxy-8-C-B-D-glucose 28-29
flavonoid C-glycosides)
5, - 3-6, 7-— 5 F-8-C-[B-D- A HE-(1—2)]-B-D-Hi A Hi & il i 5 {5, 4'-dihydroxy-6, 7-dimethoxy-8-C- 28-29
[B-D-xylopyranosyl-(1—2)]-B-D-glucose flavonoid C-glycosides}
5, 4-Z 3256, 7-— A IE-8-C-[B-D- 1T Hi-(1-2)]-B-D- T 25 Bl 54 W i 11 {5, 4'-dihydroxy-6, 7-dimethoxy-8-C- 29
[B-D-apiofuranosyl-(1—2)]-p-D-glucose flavonoid C-glycosides}
B4R (vinenin) 23,27,30-32
FrH#-6, 8- -C-a-L-FTRAAHET (apigenin-6, 8-di-C-o-L-arabinopyranosyl) 23
S (isovitexin) 23,33
544616 % (isoscoparin) 34




<130 - ¢ %% Chinese Traditional and Herbal Drugs 38 46 % 25 1 3] 201541 A

g1
wEY) S 30K
FEEIE-2"-0- AP (isoscoparin-2"-O-glucoside) 35
FERR-3"-0-H 4T (isoscoparin-3"-O-glucoside) 34
SEHIFF-2"-0- W% BT (isovitexin-2"-0-B-D-glucopyranoside ) 18
SEHIFFF-2"-0- R (isovitexin-2"-O-rhamnopyransoyl) 33
2" BRI IE AL IRIFF (27-sulfate isovitexin) 13
SELIFIT-3"-O- AR (isovitexin-3"-O-glucopyranoside) 34
SR -6"-0-H % (isovitexin-6"-O-glucopyranoside) 36
SR -6"- 2 Bt 3E-7-0-B-D-H % B 1T (isovitexin-6"-acetyl-7-O-B-D-glucopyranoside) 23
SEHIFFF-3-C- A BT (isovitexin-3-C-glucopyranoside) 37
SR -3-C-Ff R AT (isovitexin-3-C-arabinopyranosyl) 37
KBTI (schaftoside) 23-24,26
SEH I FF-8-C-B-D-F-FLHH T (isovitexin-8-C-B-D-galactopyranosyl) 23
B L 1T (vieenin 1D 2627
7-0-p-F+FBEFEFHIHIFF (7-O-p-erucic acid isovitexin) 38
SEHIFF-7-0-p-F+ F B FE-4"-0-B-D-H % BETE (isovitexin-7-O-p-erucic acid-4'-O-B-D-glucopyranoside ) 38
S -7-0-p-FFF B HE-4'-0-(6-0-p-F+F B -B-D-Hi B 1) [isovitexin-7-O-p-erucic acid-4'-0-(6-O-p- 38
erucic acid-p-D-glucopyranoside)]
SHIFF-6"-0-2-0-p-I+ T B HE-B-D-H 4§ 1F)-7-0-p- 7+ 7Bk [isovitexin-6"-O-(2-O-p-erucic acid-B-D- 38
glucopyranoside)-7-O-p-erucic acid|
SHIFF-6"-0-2-0-p-I+ T B IE-B-D-H 45§ HF)-7-0-p- I+ T BE-4'-O-B-D-E B HiFT [isovitexin-6"-0-(2-O-p- 38
erucic acid-p-D-glucopyranoside)-7-O-p-erucic acid-4'-O-B-D-glucopyranoside]
6"-0-E-p-7 IR I (67-0-E-p-coumarate isovitexin) 39
S -6""-0-(B)-p- 7 5B - 7-0-B-D-H A Bl 1 {isovitexin-7-O-B-[6""-O-(E)-p-coumaroyl] glucoside} 40
Fro25-8-C-p-D-F-FL BT (apigenin-8-C-B-D-galactopyranoside ) 23,41
FE#-8-C-a-L-FTHAAMETT (apigenin-8-C-a-L-arabinopyranoside) 41
FF 3 25-3-C-B-D-Hi B -6-C-a-L- B 2B 1T (apigenin-3-C-B-D-glucopyranoside-6-C-o-L-rhamnopyranoside ) 37
2R #-6-C-B-D-F-FLHi-8-C-0-L-BT RAABEFF (apigenin-6-C-B-D-galactopyranosyl-8-C-a-L-arabinosyl) 23
H2E % -6-C-B-D-AR¥E-8-C-a-L-fT /A HEH (apigenin-6-C-B-D-xylopyranosyl-8-C-a-L-arabinosyl) 26
FF 3K 25-6-C-B-D-AHE-8-C-p-D-F-FLHEFF  (apigenin-6-C-B-D-xylopyranosyl-8-C-B-galactopyranoside ) 14
TR #-6-C-B-D-KHE-8-C-(6""-O-(3-F H-3- FHE L — Wi Hk)-B- i % bk 1) [apigenin-6-C-B-D-xylopyranosyl-8-C- 14
(6""-O-(3-hydroxy-3-methylglutaroyl)-f-glucopyranoside)]
FF 3K 25-6-C-a-L- B 25 HE-8-C-(6"-0-(3-F4 3E-3- I 1, — BEJE)-B-# %5 1) {apigenin-6-C-a-L-rhamnopyranoside- 42
8-C-[6"-(3-hydroxy-3-methyl-glutaroyl)-p-D-glucopyranoside] }
3 2-6-C-a-L-Fi f {1 HE-8-C-B-D-A B (apigenin-6-C-a-L-arabinopyranosyl-8-C-B-xylopyranosyl) 26
FF 3K 25-6-C-a-L-F 7 {F BE-8-C-B-D-F-FL B FF  (apigenin-6-C-u-L-arabinopyranosyl-8-C-B-D-galactopyranoside ) 14
JFHH-6, 8-—-C-a-L-Bil AR (apigenin-6, 8-C-di-o-L-arabinopyranosyl) 26
FrH5R-6, 8-Z-C-B-D--FLHH T (apigenin-6, 8-C-di-B-D-galactopyranoside) 14
T K FR-6-C-B-ME M 25 1 BE-8-C-B- - FLAH T (apigenin-6-C-B-chinovopyranosyl-8-C-B-galactopyranoside ) 14
FRER-T, 4- —HEk-6-C-H % HE-2"-0- I 2 Wi (apigenin-7, 4'-dimethyl ether-6-C-glucoside-2"-O-rhamnoside ) 43
T gE-4- I k-6-C-HI 2 H-2"-0- W ZEHE T (apigenin-4'-methy] ether-6-C-glucoside-2"-O-rhamnoside ) 43
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Table 2 C-glycosylflavones with luteolin as aglucon isolated and identified in recent decade
&Y R

Zi % 1Y (orientin) 44

7-O-Bi B R 25 75 (7-O-feruloyl orientin) 45
2"-0-(3", 4"-Z LKLY 2854 [27-0-(3", 4"'-dimethoxybenzoyl) orientin] 15-16
2"-0-Q2"-FFE T RS ZERAF [27-0-(2"'-methylbutyryl) orientin] 15-16
2"-O-FF R ZE HiH (2"-O-vanilloyl orientin) 12
2"-0-(E)-p-FH S 5 H [luteolin 8-C-(2"-O-(E)-p-coumaroyl-B-glucopyranoside)] 14
6"-0- LI HEZEHAF (6"-O-acetyl orientin) 12
EEAF-2"-0-B-D-H] Z i1 (orientin-2"-O-B-D-glucopyranoside ) 22
2EEAF2"-O-B-L-F-FLHE1F (orientin-2"-O-B-L-galactopyranosyl) 12,24

i HAT-2"-0-0-L- i Z5HEFF (orientin-2"-O-a-L-rhamnopyransoyl) 21
ZUHAT-6""-O- 4 2 BT (orientin-6""-O-glucopyranoside ) 15
FEERT (isoorientin) 33
7-HEHE R 2R E (7-methoxyluteolin isoorientin) 46

8-FIE L 2T T3 (8-methoxyluteolin isoorientin) 28
B R -8-C-AHEFH (isoorientin-8-C-xylopyranosyl) 31-32
FELLHER-T- A SE-2"-O0- R Wi (isoorientin-7-methoxyl-2"-O-rhamnopyransoyl) 33
FEEE-2"-0- AW (isoorientin-2"-O-rhamnopyransoyl) 22,28,33,47
SFELH R -4"-0- /T BET (isoorientin-4"-O-apiofuranosyl) 48

6"- LIt R EI R E (6”-O-acetyl isoorientin) 49
ARBEE 6-C-B-TAK SCHE-7-0-B-H Zi ¥ (luteolin-6-C-B-boivinopyranoside-7-O-p-glucopyranoside ) 50
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Table 3 C-glycosylflavones with other nucleus isolated and identified in recent decade
&Y 22 R

7] [K-6-C-a-L-fi 357 (1§ -8-C-B-D-7ii ZjHi1F  (chrysin-6-C-o-L-arabinosyl-8-C-B-D-glucopyranoside ) 51
7] [K-6-C-B-D-415] % HE -8-C-a-L-FII H A M 1T (chrysin-6-C-B-D-glucopyranoside-8-C-a-L-arabinosyl) 51
&XHEK 6-C-B-A 1T (chrysoeriol-6-C-B-fucopyranoside ) 52
H -6, 8- —.-C-B-D-HZFH T (tricetin-6, 8-di-C-B-D-glucopyranoside ) 23
W -6-C-a-L-B B A B -8-C-B-D- I Z3Hi 1 (tricetin-6-C-a-L-arabinosyl-8-C-B-D-glucopyranoside ) 23
I RR B 2R-8-C-Ai & HE1F  (acacetalin-8-C-glycoside) 53
T4 )L E (isocytisoside) 54

FIFR T ZE-8-C-[a-L- A -(1-2)-B-D-EZ W] {acacetin-8-C-[o-L-thamnopyranosyl-(1—2)-B-D-glucopyranoside]} 55

M3 F2-6-C- 2 hi-7-O- ] 2B (acacetin-6-C-rhamnopyransoyl-7-O-glucopyranoside) 37
FMAKZE-3, 6-—-CHii % HELT (diosmetin-3, 6-di-C-glucopyranoside) 37
FMAKE-3, 6-Z-C-FRZEHET (diosmetin-3, 6-di-C-rhamnopyransoyl) 37
K ZE-3-CA A HE-6-C-F 2201 (diosmetin-3-C-glucopyranoside-6-C-rhamnopyransoyl) 37
T AR 2 -3-C-F 2= Wi -6-C-FiTHi A Hi# (diosmetin-3-C-rhamnopyransoyl-6-C-arabinosyl) 37
5, 7- 42 F-3 - A FL-6-C- U Z B 3 (5, 7-dihydroxy-3'-methoxy-6-C-di-glucopyranoside flavonoid) 37
5-F¥2 - 7-H 4 F-6-C-B-D-Fi % HE 11 # Wi (5-hydroxy-7-methoxy-6-C-B-D-glucopyranoside flavone) 56
B2 (swertisin) 46
Wiz ¥ % (spinosin) 57-58
6"'-FT BRI LT 7 i3 (6""-ferulosyl spinosin) 57-58
6""-(4""-O-B-D-NL IR 41 465 B 2 - Fr LR IE T S 2 [67-(4"-O-B-D-glueopyranosyl)-vanilloyl spinosin] 57-58
M ER-2"-0- AP (swertisin-2"-O-rhamnosyl) 59
Y23 E (isoswertisin) 60
2"-0-Q2"-FRTBEEE) =23 FE [27-0-(2""-methylbutyryl)-isoswertisin] 16,44
37-0-Q-HAETEER) U2 E [37-0-(2""-methylbutyryl)-isoswertisin] 16
SR 2% (isospinosin) 58
H ™23 % (swertiajaponin) 60
SHMEHE (isoswertiajaponin) 60
5,3, 4-=F3-6, 7- 5 FE-8-C-[B-D-AHE-(1—2)]-p-D-Hi %5 ¥ w4 {5, 3', 4'-trihydroxy-6, 7- 29
dimethoxy-8-C-[B-D-xylopyranosyl-(1—2)]-B-D-glucose flavonoid}
7,8, 3", 4D 3-6-C-[o-L- B =W -(1-2)]-B-D-E 2 B 25 {7, 8, 3", 4'-tetrahydroxy-6-C-[a-L- 22

rhamnopyransoyl-(1—2)]-B-D-glucose flavonoid}
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Table 4 Other C-glycosyl flavonoids isolated and identified in recent decade
R waEm SR
R 11 2513-8-C-p-F-FLHH Y (kaempferol-8-C-B-galactoside) 61
1L 25 )-8-C-B-D-H % ¥ -3-0-B-D- 4 % ¥ (kaempferol-8-C-B-D-glucopyranoside-3-O-B-D-glucopyranoside) 62
Witz Z-6-Ci 2Bt (quercetin-6-C-glucosyl) 63-65
3,5,7,2, 4, 5" N H-6-C-H A B B [2-(2, 4, 5-trihydroxyphenyl)-3, 5, 7-trihydroxy-6-C- 66
glucopyranosyloxy-4H-1-benzopyrano-4-one]
TATEEZE MR E-8-C-CHFH (narigenin-8-C-hexoside) 67
5,7, 3", 4-PUizIL-6-CHiZpE — S M+ (5,7, 3", 4'-tetrahydroxy-6-C-glucopyranoside ) 65
TAEmRES A E-6-CAEEEE (6-C-glucosyl-3, 3', 4/, 5, 7-pentahydroxyflavanone ) 63,65,68
S EH#E (puerarin) 69
B E-4-0-DHEHHFH (puerarin-4'-0-D-glucopyranoside) 69
B E-6"-0-D-AHiH (puerarin-6"-0-D-xylopyranosyl) 69
3-FRIEEME (3-hydroxyl puerarin) 69
BRI H-4-0-FZHA CHE (puerarin-3'-hydroxyl-4'-O-deoxyhexose ) 69
3-HEKEEME (3'-methoxy puerarin) 69
BIRER-3-FHEIL-6"-0-D-AFEHF (puerarin-3'-methoxy-6"-O-D-xylopyranosyl) 69
7-FEIL-4, 5- I H-8-C- i A B (7-methoxy-4', 5-dihydroxy-8-C-glucopyranoside isoflavones) 70-71
5,7, 4-ZFH R -8-CAE B (5, 7, 4'-trihydroxyl-8-C-glucopyranoside isoflavones) 70-71
5,7, 3, 4-JUFEH 7 HE W-6-C- R i (5,7, 3", 4'-tetrahydroxy-6-C-glucopyranoside isoflavones) 70-71
5,7, 3, 4-DUFLH 7 HE WA -8-C- R A (5,7, 3", 4'-tetrahydroxy-8-C-glucopyranoside isoflavones) 70-71
ZHAHHIZ aspalathin (2', 3, 4, 4, 6'-pentahydroxy-3-C-B-D-glucopyranosyl) 72-73
nothofagin (2', 4, 4', 6"-tetrahydroxy-3-C-B-D-glucopyranosyl) 72-73
Rz %3, 5'-Z-C-B-Hil % ¥4 (phloretin-3', 5'-di-C-B-glucopyranoside) 74
mlifik R4 (mangiferin) 33
PR’ (neomangiferin) 75
1,6, 7-=FH-2-C-HI LA (1, 6, 7-trihydroxyl-2-C-glucosexanthone ) 76
L3-S RILKER-S-C-B-D-HZE Wi [(+)-epicatechin-8-C-B-D-glucopyranoside] 77
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