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Study on the separation and identification of flavone C-glycosides from the leaves of Dendrobium officinale
and their inhibitory activities to a-gulcosidase

FENG Hailin, PENG Chongsheng, LI Xiaobo (School of Pharmacy, Shanghai Jiaotong University, Shanghai
200240, China)

ABSTRACT OBJECTIVE To separate and identify the flavone C-glycosides from the leaves of Dendrobium officinale, and to
evaluate their in vitro inhibitory activities to a-glucosidase. METHODS The flavone C-glycosides from the leaves of D. officinale
were separated and purified by macroporous adsorption resin and preparative high-performance liquid chromatography. The structure
of obtained compound was elucidated and identified by spectroscopic methods, such as ultraviolet spectrum, nuclear magnetic
resonance, high-resolution electrospray ionization mass spectrometry, etc. The in vitro inhibitory activities of flavone C-glycosides
and positive control (acarbose) to a-glucosidase were investigated. RESULTS Five apigenin-6, 8-di-C-glycosides were
isolated and purified from the leaves of D. officinale, and identified as apigenin-6-C-a-L-rhamnosyl-8-C-B-D-quinovoside (1),
schaftoside (2),isoschaftoside(3),isoviolanthin(4) and violanthin(5). Half inhibitory concentration of compound 1-5 and acarbose
inhibiting « -glucosidase were (1.79+1.27), (2.05+0.72) , (1.93+0.67) , (1.09+0.46) , (1.36 £0.58) , (18.69+1.24) pmol/L,
respectively. CONCLUSIONS Five apigenin-6, 8-di-C-glycosides with «-glucosidase inhibitory activity are isolated from the leaves
of D. officinale, of which compound 1 is a new compound and compound 2 is isolated from this plant for the first time.
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T 4 B TR T 2 1 3N o= T 20 T I ) O ) 9 it o
WARGE o A T AR B A R e S R A SR X -
PR S R OS2 R, AT 2 SR G FL B i R i 2
RS B ORE (533 (HPLC ) 3 0k B A Mk it v 0 B I
S AT A B nalifh , it AN (UV) g IR
(NMR) | =54 B s 55 25 F-0 it 1% (HR-ESI-MS ) 45 i
D7 XA AR PEA T TS 5 il RS 58 T
PN A A PR o A M D 76

1 #F#y
1.1 FENUEE

AW 58 B 3 AL £8 45 Bruker AVANCE 600 %1
NMR ¥ 3% 4% ( 2 [ Bruker BioSpin 2\ 7 ) , 6545 %1 U 4%
FF-"CATH R BT 354, 1200 Y HPLC 1% . 1260 Infinity I
il £ % HPLC {% ( 3€ [ Agilent 23 ] ) , Nicolet 6700 %!
21 A6 (TR ) Y ( 35 [E Thermo Fisher Scientific 23 7] ) ,
UV-1102 BUEHMAT ULt BT (R R EREA SR A
BRZS D), P-2000 78 i 564X L J-1500 75 [ — ¢ G A ( H
AR IJASCO AT )% o
1.2 FEZEHmERF

R 7 AT SR R AT VAT A A R B4 A PR
P4, 28 LIRSl R A 2 2R B o S R S e o 22 R
£ B HER B A 8 D. officinale Kimura et Migo A H,
o - 1 25 W I (O R RS B2 BE ) I 2€ [ Sigma-
Aldrich 2y ] ; - RIE - DI IR ( p-nitrophenyl-
a-D-glucopyranoside, pNPG) Il [ I ¥ 22 v Mk AE AL B 47
AR F] ;D101 BIAKALIE B4 i (A% 0.3~1.2 mm) 1
FI 1] 24 4 A Ak 2 R0 A BN &) 5 R h 2 vh ik (PBS,
pH6.81) 4 1 b 57 H AR A W AR A BR S | 5 = H 2 S AX
(dimethyl sulfoxide, DMSO) I F| I ifg &7 BAL 22 H AR A
BRZN 7 5 B 808 H (415 BI60665, MLA% 50 mg) Il 4 7
H B 2GR AaAT FRA ] 5 B Bl gk gl , LA 3 o 43
Mradi, K ARtk
2 AEEHER
2.1 R#EHSE

HCT R R4 Bz A s 250 g, M3 , i 20 542 (mL/g)
Atk AR R AR E 2 K, BRIR 2 he KERD R PGS UE S
VR e 45 2 800 mL, P JC/K £ B 2 IR DT 24 hiy b 1
DUE 0 FIE RS DB R 46 22 250 mL, £ D101 &Y
IR AL AR B A B, DA - 7K (0:10,1:9.1:4.3: 7,
3:2.19: 1, V/V) BB EEVRIBE , J80R e 4 O L TR 6 4
Wiy (Fr.1~Fr.6) ., Fr.2~Fr.3 % H#H14 % HPLC 1Y 4lifk
RN AL E Y AL G Y 1[45 mg, 1 Fr.2 8T EE-/K (50:
50, VIV) BEIE T3] LA ) 2[13 mg, Y Fr.2 28 - /K
(50:50, V/V)WEBETAR] A5 3[14 mg, HH Fr.3 28 H -
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K (50:50, V/V)YERL 4] Ak &4 4[25 mg, i Fr.3 £ H
BE-7K (50:50, /) WEBLTAS] ALE P 5[11 mg, i Fr.3 4
FE-7K (5050, V7V) BER A
22 WEMWI1I-5HEHR

K JH HR-ESI-MS . UV . IR, — 4/ 4k NMR ¥ il
OO ST AT TG Y 1 A 5 e
HR-ESI-MS #1 NMR & i . # 1% ('H-NMR , “C-NMR) , JF:
50k A, B TR AW 2~5 S, (b 1~5
gL 1,

4591 R=H
k4% 4 R=OH

3

Bl &EW1~-SHEHR

Es

221 L&Y AW 1MRE O T EIL AR, 57
THIEE, [a]5-15.82(¢ 0.01,MeOH) ; UV 7E i K 270,335
nm 2 A7 e RIS IR #8878 & A 255 (3 385 em ') 5 #F
(1629.1575.836 cm™ ) M5 A (1 648 cm '), HE
A1 R BT . HR-ESI-MS iR Ji i e (m/z) Ky
561.161 1[M—H]” (FIEAE 561.161 4) , n] 4 iz &4
1943 72K CoHyO1wo 'H-NMR (DMSO-ds, 600 MHz )%
(F DIEAL X IR 5 41455 : 60 14.04(1H, s, D0 3¢
e ) Jy #E R BE A% 5-OH AERAE (55 384 8.32(2H,d,J=8.8
Hz,H-2'/6" ) 18, 6.89(2H,d,J=8.8 Hz,H-3'/5" ) A 1
H AA'BB' #i 5 RGAE T, P G548 A AL O R
;84 6.81 (1H, s) 1] I )& 2 i 1 4% I H-3 1915 5 ; 8
10.25.6.08(4% 1H, s, D.O 284 ) /R s BEAZ b 55 A7 24
FREEHUN ;80 4.67.5.02(4% 1H) B2Hm A F 5. Lk
BRI E Y1 AR 6,8-C- 0t ik S WTE
ESI-MS/MS 1 & 8 X N A 76 1 2 Wi 5+ (m/z
353.066 2.,325.071 7.311.056 1.297.076 6) , #F— i IE
TR 6,8-C- W H HEWT™, “C-NMR(DMSO-d;,
150 MHz) 3 (3£ 1) 7t 2 400585 5 (10 I 3
=5.6:67.8,71.7,71.8,72.2,73.8,74.1,74.5,75.1,75.8,
T7.3;2 WSS 160 17.2,18.3) SR gEty b e fe Bl
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BEFN (%) 5 2585 . 'H-NMR (DMSO-ds, 600 MHz) i
(F D) BRI 141155 6:8.32(2H,d,J=8.8 Hz,H-2'/6")
6.89(2H,d,/J=8.8 Hz,H-3'/5"),6.81(1H,s,H-3),5.02
(1H,s,H-1"),1.25(3H,d,J=5.5 Hz,H-6")], 5 3CHk[9]
A B 2R 2 -6-C-a-L- R — 5, FL/R 4540 o ELAT 6-
C-a-L-FUERREBUR . 15 6-Coa-L- WL TR K1
B ALA Y1 H H-NMR BdiE 22 1414 OB (S 5 [0
4.67(1H,d,J=9.8 Hz,H-1""),1.18(3H,d,J=6.2 Hz, H-
6" )], ML H-855 . B, (LA 25 n] BE 8
% -6-C-a-L- M -8-C-a-L- L2 B JE 32 £ -6-C-a-L-
FRAHE-8-C-a-L-53 2. — g MR 2k 51
8 SE M 25 C.HeO. Al CHSOs H R R 1T 72 A iz 430 4y
487.124 5 F1457.113 7T Y S+ i 85+ m/z 457.113 7
HRSEI 2 C.H,0 . C:H,O. Hl CHO, R RE 43 3177 A m/z
A3 3R 413.087 7.383.077 1 #1353.066 2 [ ES 1, BiilFi%
&Yk 6,8-C-Z T e . it — Lk &1
i) H-NMR H 45 & B, 8 4 4 Ik 114 ity & LA 5 [ 4.67
(1H,9.8 Hz)]4 abyssionside A A9 8-C-B-D-57 FRZ= i FL
— 2, 15 AR R Y 8-C-o-L- FAFF RE[64 5.43(2H,
br s) [ E AR, PR A 1S5 R R R -
6-C-a-L- fl 24 -8-C-B-D- 57 Fl 2

x1 #&%18'H-NMR(DMSO-d;, 600 MHz) #1 “C-

NMR (DMSO-d;, 150 MHz) #{&

C S 8 mult. (JHz) C S 8 mult. (JHz)
2 1644 C-Quin/Gle
3 1018 681,1H,s 1" B8 467,1H,d,098)
4 1823 " 678 418,1H,t,(98)"
5 1572 3" 758 342,1H,dd, (9.8,40)
6 1070 4" T 365,1H,brd, (40)
7 162.2 5" 751 3.64,1H,brt, (62)°
§ 105.1 6" 172 118,3H.d,(62)
9 1552 5-0H 14.04,1H,s

10 1033 714"-0H 10.25,6.08% IH,s
I' 1211 3"-0H 498,1H,brs
26" 1299 832,2H,d,(8.8) 4"-0H 495,1H,brd, (3.9)
350 161 689,2H,d,(88) 2"0H 453,1H,brs

4 1613 3"0H 469,1H,brd,(62)
Ce-Rha 4"0H 478,1H,brs

1" 745 5.02,1H,s

A 722 381,1H,d,(3.0)°

3 741 345,1H,dd,(88,3.0)°

4 718 330,1H,m

5" 773 331,1H,m

6" 183 15,3H,d,(55)

a: DOXHLG 1EDMSO-d, PR N B 7
S 4% 2 B 5% (heteronuclear multiple bond correla-
tion spectroscopy , HMBC) i H1 Wi %¢ 3| 5-OH (N &[5 5 5
C-5.C-6.C-7 1 6-C-a-L- FRZ=HE LY C-17 41K ; i 6-C-
a-L- ALY A H-1" 5 C-5 .C-6 .C-7 ) 6-C-a-L-
BRI C-27 L C-5" 5% ; 8-C-B-D- 5 R 2 W 11 o
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FEAH-1" 5 C-7.C-8.C-9 K 8-C-a-L- 5 FRAMHHL 1) C-
2" (C-3"HR(E 2) . 245 TR o & A G
Y63 ("H correlation spectroscopy, 'H COSY ) {55, #i 1A
TEETHE . BRSNS (nuclear Overhauser
effect spectroscopy, NOESY) /1 ,H-2'/6' 5 8-C-B-D-7F
FRASBEREA H-1" (H-2"" A C, i — D HfE T 8-CB-D-5
B EA 5 T H-4"" 5 H-6" AHOC , 456 i A & H-1"
5 H-2" Z [ (S & 5 80 (J=9.8 Hz) #E— LR TE T AHXT
FRLCE 3) . AbA IR ek 25 R WoR 7RI
275 nm 4b B Cotton RN , 5 72K K -6-C-a-L- 2
B5-8-C-B-D-5 M T 25 ] — 3, 3¢ 8-C-B-D-5+
FZERERIR B, 4 NMR %I B — a6 2Rk &4
114546 73 3 -6-C-a-L- A= HE-8-C-8-D- 5 Bl A=

'H COSY
—» HMBC

OH

B3 HEMINEZENOESYHEXES

222 fBEW2 EW2 MRECTEIEHA, UV IE
P 270,335 nm A A e R, HR-ESI-MS 278 m/z 24
563.141 I[M—H] (i1 563.140 6) , #EMk &8 0943
F AN ColHasOuo Z TG LS 1 1 LW S T (m/z Ny
353.067 0.325.072 0.,311.056 9.297.077 2) , YW iZ L&
WEA T HRE-6,8-C- T 4™, 1R 8+ mkz
353.067 0 it 25 14> CHOu Fil 14> C.HoOs, oA H 3 [7] 5 i
2220 CHOJ B , AR SR TP AR AE LA/ BiMiE LA 1
A AR BEFIET . 'H-NMR (DMSO-ds, 600 MHz) 84 13.74
(1H,s,MD.O J5il% ,5-0H),7.99(2H,d,J=8.8 Hz, H-
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2'/6"),6.90(2H,d,/J=8.8 Hz,H-3"/5"),6.75(1H,s, H-
3),5.01(1H,d,J=10.0 Hz,H-1"" ) ,4.58 (1H, d,J=9.7
Hz,H-1")., "C-NMR(DMSO-d;, 150 MHz)é.: 163.6 (s,
C-2),102.6(d,C-3),182.2(s,C-4),159.2(s,C-5),108.2
(s,C-6),161.2(s,C-7),105.1(s,C-8),155.2(s,C9),
103.1(s,C-10),121.7(s,C-1" ), 1288(d,C-2'/6" ), 115.9(d,
C-3'/5"),160.0(s,C-4"),73.8(d,C-1"),70.4(d,C-2"),
78.9(d,C-3"),71.1(d,C-4"),81.9(d,C-5"),61.3(d,C-
6”),75.0(d,C-1"),69.8(d,C-2"),73.9(d,C-3"),68.8
(d,C-4"),70.6(d,C-5""). LA LHdi53Cik[12—13]3%
AR, W EG Y 2 R E RIS H (schaftoside) .

223 WEW3 G 3 HIREATEIE AR, UV LE
P 270,335 nm AbA i KW, HR-ESI-MS 278 m/z 2
563.141 1M —H]~ (3118 563.140 6) , HEM 1L A 4 (4 43
T2 CoHasO, AT i AL G W 2 9 R 3 S A 1A . 'H-
NMR(DMSO-d:, 600 MHz)dy: 14.04(1H,s, M DO J5 14K,
5-OH),10.29(1H,br s, D-O J5 %%, 7-OH) ,8.32(2H,
d,J=88Hz,H-2'/6"),691(2H,d,/J=88 Hz,H-3'/5"),
6.83(1H,s,H-3),4.76 (1H,d,J=10.0 Hz, H-1"" ) , 4.67
(1H, d, J=9.8 Hz, H-1" ) . "C-NMR (DMSO-d;, 150
MHz)8c: 163.9 (s, C-2) , 102.8(d, C-3) , 182.4 (s, C-4) ,
159.0(s,C-5),107.7(s,C-6) , 161.3(s,C-7) , 102.8(s, C-
8),154.9(s,C-9),103.7(s,C-10),121.5(s,C-1"),128.7
(d,Cc-2'/6"),116.0(d,C-3"5'),161.3(s,C-4"),74.0(d,
Cc-17),69.2(d,C-2"),78.9(d,C-3"),71.1(d,C-4"),81.2
(d,C-5"),60.1(d,C-6"),74.0(d,C-1"),70.6(d,C-2" ),
78.1(d,C-3"),70.2(d,C-4"),81.2(d,C-5" ). LA %
P 5 SCHR[12— 13 AR — 20, MU et B 3 0 57 52 0%
1T (isoschaftoside )

224 kB4 LEW AR OTEIE AR, UV IE
WK 270,335 nm AME F RIR I , HR-ESI-MS .78 m/z K
577.157 3(M—H] (i1441E 577.156 3) , ML 05
TN CoHuOno RIS H L W+ (m/z 5353
}297.077 8.325.073 0.353.067 9.383.078 8) , Ui HiZ Ak
HBWHEA T RE-6,8-C- W45 R B+ m/z
473.110 6.457.115 7 43 5 A BE 25 i 25 14> CHsOs Fl 1
A CiH:Ou, U A 2544 FR A7 78 LA B BESE R 1A RS b
HP . 'H-NMR (DMSO-d;, 600 MHz)8x: 13.91 (1H, s,
JnD.0J5 %% ,5-0H),8.03(2H,d,/J=8.8 Hz,H-2"/6" ),
6.90(2H,d,J=8.8 Hz,H-3'/5"),6.81(1H,s,H-3),5.05
(1H,s,H-1"),4.73(1H,d,J=9.9 Hz,H-1"" ), 1.26 (3H,
d,J=5.2Hz, CH:-6" ) , “C-NMR (DMSO-ds, 150 MHz)
8c:164.2(s,C-2),102.5(s,C-3),182.3(s,C-4),157.3
(s,C-5),107.2(s,C-6),162.1(s,C-7),105.1(s,C-8),
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155.2(s,C-9),103.3(s,C-10),121.6(s,C-1"),129.1(d,
C-2'/6"),116.0(d,C-3"/5"),161.3(s,C-4"),74.5(s,C-
17),72.3(d,C-2"),74.2(d,C-3"),71.8(d,C-4"),77.4
(d,C-5"),18.3(d,C-6"),73.4(d,C-1"),70.9(d,C-2"" ),
78.8(d,C-3"),70.7(d,C-4"),82.0(d,C-5"),61.5(d,
C-6") . LA RIS SCHR[14—15] 1 R AR — 5, W% @
L&Y 4 R 53 63E0AF (isoviolanthin) o
225 BEWS WEWS HIREOTELHA, UV IE
P 270,335 nm AbA R, HR-ESI-MS 7R m/z 24
577.156 8IM—H]~ (FIHAE 577.156 3) , HEM{L &9 5
TN CoHaOns, ATREA LG W) 4 TR 35814 . "H-NMR
(DMSO-d; , 600 MHz)8y: 13.67 (1H, s, /il D.O J5 11 2% ,
5-OH),7.82(2H,d,J=8.0 Hz,H-2'/6"),6.91 (4% 2H,d,
J=80Hz,H-3'/5"),660(1H,s,H-3),4.77(1H,s,H-1""),
4.62(1H,d,J=8.5 Hz, H-1"),1.14(3H,d,J=6.0 Hz,H-
6" ), “C-NMR(DMSO-d;, 150 MHz)8c: 163.1(s,C-2),
102.6(d,C-3),181.9(s,C4),161.1(s,C-5),109.2(s,C-6),
161.1(s,C-7),102.6(s,C-8),1529(s,C-9),102.6(s,C-10),
121.4(s,C-1"),128.4(d,C-2"/6"),116.0(d,C-3'/5" ),
160.1(s,C-4"),73.2(d,C-1"),70.1(d,C-2"),79.1(d,
C-3"),70.8(d,C-4"),81.6(d,C-5"),61.5(d,C-6"),74.9
(d,Cc-1""),72.3(d,C-2""),74.4(d,C-3""),71.9(d,C-
4"),77.2(d,C-5"),18.2(d,C-6" ), LI FHdE 5 ik
[14, 16154 —2, MU @ b G 5 3.0 1 (violan-
thin) .
2.3 WEWI~5H - BEEEEINGEERR

oo ) 2 WY AT 00 M) 52 S 5 27 SCHR[ 171/ T
oo o- 7 %9 BE B (0.1 U/mL) K FL R #1 pNPG (1.0
mmol/L) \Na,CO: % #% (0.1 mol/L) ¥ JH PBS Bt il . K2
1E 96 FLH 4T - B 30 wL PBS, il A 5 wL DMSO. 10
WL oo~ 2 A A A5 WL 79 AR S [fE A W 1~5
DMSO % fi# , IFEIE FH PBS 5 ¢ 5 Bl < I8 ([ 6 1R
FHEB A K A, INRERS I PBS i Bt 2R 25Xy 1~
500 wmol/L], & TR fE iR IR G &5 1 , F 37 °CA&MAF T
SV 10 min; SR J5 AIIA 10 wL pNPG, J&Z i 15 min; HlIA
45 nL Na.COs I 2 1k 0 1A J5 , T 405 nm P K H
WA WOGE (A4) , B IIRE S5 3 AT, & T 51
ST - H AW B 1 5%, JF 1 Origin #4155
BN BE (1Cs0) o o~ 7 260 W 1 BI04 232 (9% ) = [1—
(Aps— A )/ (A —A 50 )]X100% (Z A, Ay F B L FF
DU St AR B L S A5 A 5 A el R FE FUINTR
DU &t SN J A5 04 A 5 A e R 1 3R 2T R N LS
SO S A5 0 A5 A e Ry bR AR FOIN PBS [ by f5 A
HA4) . G558 BN ALE Y 1~5 FIBT A PO ] o- 3 25
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T T T5 4 119 1Cs0 43 31 R (1,79 £ 1.27) L (2.05+0.72)
(1.93+£0.67) | (1.09£0.46) | (1.36£0.58) , (18.69 +
1.24) pmol/L(n=3)

3 g

o= 3 2 R Y AT A1) 1) 2 i R I AP R 588/ I /K

S E I 25% . SR, A BRSO R ROk 324 1k

U AR B S5 B LR oo 81 2 AR D 1 50 T T T

Il A , AR 245 v ST 1Y oo e W T 7 5 A 22

SR 3h MO RT 250 . ABIFTE LA oo~ 36 % W TG

1 R B A R R o B AR 3 5N 3R -6,8-C-

W R A3 , I ELA 5 2 0 oo 0 80 W T B A A 4 L R

ARG Y oA A BRI TE . R, O

SKER-6,8-C-WETF Al BB BR B A b [ OB A L

A BN A Y AT IR MBE 2 TS . ARRETER

AP E R ARSI A Y 1~ 5 BRS04 T T f b, 3L

A 1RGS2 E A A I HAT B0 A S Bl

2R SRR IR B8k 2 1003 e 2 NMIR 5 B —

COLIEHE T HAL AR, JFX Hp i Bl ot T 1 VR4

HJE Y 2 B IR ZAR Y h oy B AR E)

SE
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