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Abstract: The pharmacological activities of natural glycosides are closely related to the polyfunctional
sugar moieties. Modification of active natural products by glycosylation can change the stereochemical
configuration, improve the solubility, tune up the activities and change pharmacokinetic properties for higher
efficacy and better selectivity. Compared with the common D-glucose, D-allose, a C-3 epimer of D-glucose
rarely exists in nature, but it plays an important role in food, health, medicine, and so on. It is not easily
metabolized in the living organisms, but can be used as a safe and low-calorie sweetener. The natural
allopyranosides are absolute conjugation forms which are same as other glucopyranosides and rhamno-
pyranosides with a broad array of biological activities. This article summarizes the major progresses made in
phytochemistry and biological activity studies of these compounds. Structure-activity relationship analyses of
partial anti-tumor and anti-diabetic allopyranosides were performed regarding the data reported in the literatures.
These insights may provide a theoretical and experimental reference for the discovery of new drug and drug
design based on allopyranosides.
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Table 1 Flavonoid allopyranosides
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No. Compound Plant resource Reference
1 Kaempherol 3-O-allopyranoside Osmunda asiatica Ohwi 16, 20
2 Quercetin-3-O-allopyranoside Wagneriopteris nipponica 17,20
3 (+)-Catechin-3-O-f-D-allopy ranoside Davallia divaricata 18
4 (—)-Epicatechin 3-O-f-d-allopyranoside Davallia divaricata 18
5 (—)-Epicatechin-3-O-f-D-(2"-O-vanillyl)allopyranoside Davallia divaricata 18
6 (—)-Epicatechin-3-O-f-D-(3"-O-vanillyl)allopyranoside Davallia divaricata 18
7 (—)-Epicatechin-3-O-f-D-(2"-O-cinnamyl)allopyranoside Davallia divaricata 18
8 (—)-Epicatechin-3-0-f-D-(3"-O-cinnamyl)allopyranoside Davallia divaricata 18
9 Procyanidin B 3"-O-f-D-allopyranoside Davallia divaricata 18

10 Epiafzelechin-(4—8)-epicatechin-3-O0-f-D-allopyranoside Davallia divaricata 18
11 Epicatechin-(4—8)-epicatechin-(4/—8)-catechin 3-O-f-D-allopyranoside Davallia divaricata 18
12 8-(2-Pyrrolidinone-5-yl)-catechin-3- O-#-D-allopyranoside Davallia mariesii 19, 26
13 Rhamnocitrin 3-O-f-allopyranoside Glaucidium palmatum 20
14 (—)-Epiafzelechin-3-O-f-D-allopyranoside Drynaria propinqua 21
Drynaria fortunei 23
15 6"-O-Acetyl quercetin-3-O-f-D-allopyranoside Hypericum perforatum 22
16 (—)-Epiafzelechin-3- O-(6"-O-acetyl)-f-D-allopyranoside Drynaria fortunei 23
17 6-Methoxyapigenin-7- O-f-D-allopyranoside Eriocaulon ligulatum 24
18 6-Methoxyluteolin-7- O-f-D-allopyranoside Eriocaulon ligulatum 24
19 (25)-5,7,3',5"-Tetrahydroxy-flavanone 7- O-f-D-allopyranoside Jasminum lanceolarium 25
20 Epiphyllocoumarin-3- O-f-D-allopyranoside Davallia divaricata 26
21 (+)-Afzelechin-3-O-f-D-allopyranoside Drynaria fortunei 27
22 4',5,7-Trihydroxy flavone-7- O-[f-D-mannopyranosyl(1"'—2")]-f-D-allopyranoside Prunus armeniaca 28
23 Quercetin 4'-0-a-L-rhamnopyranosyl-3- O-f-D-allopyranoside Acacia pennata Willd. 29
24 Chrysoeriol-7-O0-(2"-O-$-D-mannopyranosyl)--D-allopyranoside Cassia alata 30
25 Rhamnetin-3-0-(2"-O-f-D-mannopyranosyl)-5-D-allopyranoside Cassia alata 30
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Figure 1 Structures of flavonoid allopyranosides
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5'-tetrahydroxy-flavanone) ] H H2& 3% R A2 /1 (ECso
N 97.30 pgrmL ™).

1.2.4 HESRERMAE Chen ZP05E 7 K H-HREAN
T AR B B P PR R IR O P, b R
epiphyllocoumarin-3-O-g-d-allopyranoside (20) H A
AR A1 400 1) o WA S AL KT M (124 pumol L") FFR
IR AR IR 175 3 0 S ven R TR ML A 7R K B A PN D L
T PRIR 7K o 32 B — AT 8 3 T ] 3 3 A v R
W ILRE G 1, 3K W7 BE AT A 9 Bt PR B IR FR) 985 A2 2540
1.2.5 HZAEA Dongmo PN PIH &4 XK (Acacia
pennata Willd.) )7 FR I o 73 B H 9 AN 8 10 5
Bkt &9, Kb — AR 4-0-0-BZFHE 3-0-
B-D-Fi ¥ ¥E  (quercetin 4'-O-a-L-rhamnopyranosyl-3-
O-p-D-allopyranoside) (23), Wl 7 H YK E 100
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Figure 2 Structures of phenolic allopyranosides
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Table 2 Natural phenolic allopyranosides
No. Compound Plant resource Reference
26 Formaldehydephenyl- O-f-D-pyranosyl alloside Helicia nilagirica Beed 32
27 4-(Hydroxymethyl)phenyl- 5-D-pyranosyl alloside Helicia nilagirica Beed 33
36 Enzoic acid 4-O-f-D-allopyranoside Pseudolarix kaempferi 39
37 3-Methoxy-benzoic acid 4- O-f-D-allopyranoside Pseudolarix kaempferi 39
38 Methyl benzoate allopyranoside Pseudolarix kaempferi 40
39 Ferulic acid-4-O-f-D-allopyranoside Aconitum tanguticum 41
40 (Z)-sinapic acid-4- O-f-D-allopyranoside Aconitum tanguticum 42
41 3-Methoxy-4-O-f-D-allopyranosyl acetophenone Aconitum tanguticum 43
42 3,4-Dimethoxy-trans-cinnamic acid-9-O-f-D-allopyranoside Aconitum tanguticum 44
43 3,4-Dihydroxyphenyl ethyl 8- O-f-D-allopyranoside Drynaria roosii 45
44 p-Hydroxyphenyl f-D-allopyranoside Viburnum wrightii 46
45 2,4,6-Trihydroxybenzoic acid 4- O-f-D-allopyranoside Neocheiropteris palmatopedata 47
46 O-Coumaric acid #-D-allopyranoside Ephedra nebrodensis 48
47 N-(2-Aminoformyl-phenyl)-2-hydroxybenzamide-5- O-f-D-allopyranoside Rabdosia rubescens 49
48 Clemoarmanoside A Clematis hexapetala 50
49 Clemahexapetoside A Clematis hexapetala 50
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Figure 3 Structures of cardenolide allopyranosides
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A 70 FT 71 A B R T I s A AR [
174 % # FF momordicoside I F1 momordicoside F1 HJ
HkIER]; 534k momordicoside M B A i 35 ) o=l FF

B E (18.63%), £ 44 73 B T L€ 55 XU AT 2%
T (64) WX HIRE C-3 FREEIE A 4 B 7 HLIL
C-22. C-23 $o, IXLLLEM Ry S 00 9 LA 3 185
EL 72 A1 59 ) a-BEFFEEANE]EPE 508 10.88% A
15.85%, UiH] C-5,19 ZIA B A PEAR o- BT 40
I .

Tan 2% 31 karaviloside XI (85) (0.1 pmol-L ™)
S LA 4 Lo 540 3T3-L1 1 ¥] AMPK #
FRAL KV, (R & R L2 GLUT4 #e A A T4
TG, Yt W REFE L A E L, EN TR R S ) 6 e B
*F momordicoside Q.

422 BESEM  Hsiao U AT R B NG 5L
1) 2 B4R U Hh B B Joe BB =l 15 % MCF-7 WiDr
HEp-2 1 Doay AJeI40 i A HUI GG, 7%
FE T 70.72. goyagglycoside d (73) 1 Momordicoside
U (78) A 7™ oz T B0 55 5 17 XF b 83 4 2. MCF-7
Doay. HEp-2. WiDr ¥4 i 5/E F (ICse N 10~
20 pg-mL™), FHodr 70 A1 78 i sE/E A S H B A M E
T 045 ) 1) 781 %) B momordicoside I F1 kuguaoside
B ML, R R MR C-56,19 Z A3 AAM
C-25 1) F AU X 0 B S 6 24 . Wang 25 IE
5L T charantagenin E (82) #RAMufiifE AS49. KX BE
YR 4 5 U7 JHHiE Hep3B Al 18
4.2.3 HEMEA  Nhiem %W TUUESE 1 B R
(71) F1 charantoside C (77) 1T840 il HepG2 4H
il NF-xB F3GE, H ICsofH N 0.4 pmol-L™", PHEXF
TR MR A I IE  (sulfasalazine) ICso 4 0.9 umol-L7';
5 71 X 5 ) % 45 $5E momordicoside F1 (C-3 %%
BEFF) [ 1Cso 1M 4.9 pmol-L™", 15t W P v b ik /& =
B 25303 . A, karaviloside 11 (58) tHAT 1R 47 1)
FHEPE (1C5o=3.9 pmol-L™"). 71 A1 77 7184k #i
Hi#H| TNFa %5 S #) iNOS (inducible nitric oxide
synthase) 1 COX-2 [1J#iX; Momordicoside U (79)
BEWUE PPARy HIH:skKik, 25U SAE SN i
Mo RN RIIET 71, 77 179 #EAE M IE A
C-17 MBE (C-23,24 XUEEFI C-25 M H L), B RIE
22000 Y Be A o BEEE 57 R 59 5 B AR A b A i) TNF o
751 INOS Fl COX-2 K %Kik,

BBk, BR T RA L H DB RAT s B AN IS A R
HUFREE BT, H AT A SCERARE 1 I A o
BT OEEM MR &>, METER. =2
Jaroszewski A3 [E Seigler P/ 7T 28 #5 M 7 2 3% £}
(Passifloraceae) VAT IEJRWING TR (Passiflora edulia
Sims) IR I 2 B AT 2 AR R R SR -B-D- R 7%
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Table 3 Natural cucurbitane-type triterpene allopyranosides.  “The absolute configuration of C-23 hydroxyl group not established; °"No
bioactivities reported

No. Compound Bioactivities Reference
57  7p,25-Dihydroxycucurbita-5,23( E)-dien-19-al 3-O-f-D-allopyranoside Antidiabetic 57
58  Karaviloside IT Antidiabetic 58
7,25-Methoxycucurbita-5,23-dien-3 f-ol 3-O-f-D-allopyranoside

59  Karaviloside III Antidiabetic 58
7-Methoxycucurbita-5,23-dien-3 ,25-diol 3-O-f-D-allopyranoside

60  Charantosides A Antidiabetic 59
3,25-Dihydroxy-7 f-methoxycucurbita-5,23( E)-dien-19-al 3-O-f-D-allopyranoside

61 7p,25-Dimethoxycucurbita-5,23( E)-dien-19-al 3- O-p-D-allopyranoside -0 60

62  Kuguaglycoside F - 61
23-(p-glucopyranosyloxy)-7 f-methoxycucurbita-5,24-dien-3 -yl S-allopyranoside

63  Charantoside B - 59
(23R) 7p,23-Dihydroxycucurbita-5,24-dien-19-al 3- O-f-D-allopyranoside

64  23-O-p-Allopyranosyl cucurbita-5,24-dien-7 ,3$,22(R),23(S)-tetraol 3-O-f-allopyranoside - 62

65  Karaviloside V - 58
23-0-f-D-Allopyranosyl-7-methoxycucurbita-5,24-dien-3 ,22&,23&-triol 3-O-f-D-allopyranoside

66  Charantoside F 7-Methoxycucurbita-5,23( E),25-triene-3 beta-ol 3- O-f-D-allopyranoside, Anti-tumor 63

67  Charantoside G - 63
34,7p-Dihydroxycucurbita-5,23( E),25-triene-19-al 3- O-f-D-Allopyranoside

68  25-Methoxycucurbita-5(6),23( E)-dien-19-ol 3-O-f-D-allopyranoside - 60

69  Charantoside IV - 64
(23E)-5p,19-Epoxycucurbita-6,23,25-trien-3 S-ol 3-O-$-D-allopyranoside

70  Momordicoside F2 Antidiabetic 65
5,19-Epoxy-5 -cucurbita-6,23-diene-3 $,25-diol, 3-O-f-D -allopyranoside

71  Momordicoside G Antidiabetic 65
5,19-Epoxy-25-methoxy-5 f-cucurbita-6,23-dien-3 -0l 3-O-f-D-Allopyranoside Anti-Inflammation

72 Goyaglycoside b Antidiabetic 66
19(R)-Methoxy-54,19-epoxy-cucurbita-6,23-diene-3 £,25-diol 3-O-f-D-allopyranoside Anti-tumor

73  Goyaglycoside d Anti-tumor 66
19(R),25-Dimethoxy-5f3,19-epoxy-cucurbita-6,23-dien-3 S-ol 3-O-$-D-allopyranoside

74  Goyaglycoside-e - 66
25-0-f-D-Glucopyranosyl-5 £,19-epoxy-cucurbita-6,23-diene-3 f,25-diol 3-O-f-D-allopyranoside

75  Goyaglycoside-g - 66
25-0--Dglucopyranosyl-19( R)-methoxy-5,19-epoxycucurbita-6,23-diene-3 ,25-diol 3-O-f-D-
allopyranoside

76  Charantoside E - 63
(19R)-58,19-Epoxy-25-methoxycucurbita-6,23-diene-3 f3,19-diol 3-O-f-D-allopyranoside,

77  Charantoside C Antidiabetic 59
25-Methoxy-5f,19-epoxycucurbita-6,23-dien-19-on 3- O-4-D-allopyranoside Anti-inflammation

78  Charantoside II - 64
(19R,-23R)-55,19-Epoxy-19,23-dimethoxycucurbita-6,24-dien-3 f-ol 3-O-p-D-allopyranoside

79  Momordicoside U Anti-tumor 67
(23R)-5p,19R-Epoxy-19-methoxycucurbita-6,24-diene-3 $,23-diol 3-O-p-D-allopyranoside

80  Momordicoside V - 67
(23R)-5p,19-Epoxycucurbita-6,24-diene-3 ,23-diol 3-O-f-D-allopyranoside

81  Charantoside VI - 64
238-58,19-Epoxy-23-methoxycucurbita-6,24-dien-3 f-ol 3-O-f-D-allopyranoside

82  Charantagenin E - 68
(19R,235)-50,19-Epoxy-19,23-dimethoxycucurbita-6,24-dien-3 S-ol-3-O-#-D-allopyranoside

83"  Karavilosides XIII - 69
5/,19-Epoxycucurbita-6,24-dien-3 3,23-diol 23-O-p-D-allopyranoside

84  Momordicoside R - 61
3-0-p-D-Allopyranosyl-25- O-f-D-glucopyranosyl-5 f5,19-epoxycucurbita-6-ene-23( R),24(S)-diol.

85  Karaviloside XI - 61
3-0-p-D-Allopyranosyl-5 ,19-epoxycucurbita-6-ene-23( R),24(S),25-triol.

86  Momordicoside N - 70
23-0-f-D-Allopyranosyl-5 f,19-epoxycucurbita-6,24-diene-3 5,22(S),23(S)-triol-3- O-$-D-allopyranoside

87  Momordicoside O - 70

23-0-f-D-Allopyranosyl-5f,19-epoxycucurbita-6,24-diene-3 f,19(R),22(S),23(S)-tetraol-3-O-4-D-
allopyranoside
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Figure 4 Structures of cucurbitane-type triterpene allopyranosides

R AN S -B-D- B v BT T IR B R S
TERHE P v — 285 W 505 B4y, I Venditti Al
Tundis 733 M ZEHEY Melittis melissophyllum L.F
Stachys lavandulifolia 73 & 5= FIBT & FE T allobetoni-
coside 1 5-allosyloxy-aucubin!” ™, Hrr 5-allosyloxy-
aucubin B A EE R BREE (tyrosinase) 3G M.
5 45iF

HARF P AFEE KE KRR SY),
CA R R AR A 2 P2 38 EE; [
I D-By i BE b A B B R 25 - (E, Hau
P8 30N O 45 B4R 9 A O AIE 9T A BUE S, K A T
BB AR — P I ORRE £ B TR IR A BRI R
ROBAR o 38 I A 2 B WD A T RN 2 W kAT BT I

SRR B T, Rede s AV S TE . FRIRERE
MBI (I R TR ). Hi, K
D-F % WE A bR AE A DA 29V RR AR =1, KA
BT WA VF 22 3 Y (OB H SSIm PR 2590« EL AT T3 B
M AB A B R, T AR PO AL BT 90 4 I 4R T,
A DL R R BT B 1) AL 2R VT TR N
B2 T 8B BRI e, K 2 (2t L IEHE
RO TESEY Y 4

References

[1] Grynkiewicz G, Szeja W. Synthetic glycosides and glyco-
conjugates of low molecular weight natural products [J].

Curr Pharm Des, 2016, 22: 1592-1627.



EEE A RO IEH A Tk e

+ 387 -

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Fu G, Pang H, Wong YH. Naturally occurring phenylethanoid
glycosides: potential leads for new therapeutics [J]. Curr
Med Chem, 2008, 15: 2592 -2613.
Li Z, Gao Y, Nakanishi H, et al. Biosynthesis of rare hexoses
using microorganisms and related enzymes [J]. Beilstein J
Org Chem, 2013, 9: 2434-2445.

Al-Asmari AK, Albalawi SM, Athar MT, et al. Moringa
oleifera as an anti-cancer agent against breast and colorectal
cancer cell lines [J]. PLoS One, 2015, 10: €0135814.

Lin QQ, Liu YC, Li LF, et al. The latest progress in prepara-
tion and application of uncommon sugars [J]. Food Ferm
Indust (& 5 5 KB 1K), 2013, 39: 146—-151.

Iga Y, Nakamichi K, Shirai Y, et al. Acute and sub-chronic-
toxicity of D-allose in rats [J]. Biosci Biotechnol Biochem,
2010, 74: 1476—1478.

Noguchi C, Kamitori K, Hossain A, et al. D-Allose inhibits

cancer cell growth by reducing GLUT]1 expression [J]. Tohoku
J Exp Med, 2016, 238: 131-141.
Yokohira M, Hosokawa K, Yamakawa K, et al. Potential

inhibitory effects of D-allose, a rare sugar, on liver preneoplastic
lesion development in F344 rat medium-term bioassay [J]. J
Biosci Bioeng, 2008, 105: 545 —553.

Huang T, Gao D, Hei Y, et al. D-Allose protects the blood
brain barrier through PPARy-mediated anti-inflammatory
pathway in the mice model of ischemia reperfusion injury [J].
Brain Res, 2016, 1642: 478 —486.
Ueki M, Asaga T, Chujo K, et al. D-Allose protects against
endotoxemic acute renal injury [J]. J Biosci Bioeng, 2008,
105: 481-485.

Yamada K, Noguchi C, Kamitori K, et al. Rare sugar

D-allose strongly induces thioredoxin-interacting protein and

inhibits osteoclast differentiation in Raw264 cells [J]. Nutr
Res, 2012, 32: 116—123
Sun Y, Hayakawa S, Chuamanochan M, et al. Antioxidant

effects of Maillard reaction products obtained from ovalbumin
and different D-aldohexoses [J].
2006, 70: 598—605.

Biosci Biotechnol Biochem,

Tanaka S, Sakamoto H. Effects of D-allose on the endocytic
activity of dendritic cells and the subsequent stimulation of
T cells [J]. Cell Immunol, 2011, 271: 141 —146.
Morisaki N, Hashimoto Y, Furihata K, et al. Glycosylative
inactivation of chalcomycin and tylosin by a clinically isolated
Nocardia asteroides strain [J]. J Antibiot (Tokyo), 2001, 54:
157-165.

Kubiak RL, Phillips RK, Zmudka MW, et al. Structural
and functional studies on a 3'-epimerase involved in the bio-

synthesis of dTDP-6-deoxy-D-allose [J]. Biochemistry, 2012,

[1e]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

51:9375-9383.
Okuyama T, Hosoyama K, Hiraga Y, et al. The constituents
of Osmunda spp. 11.: a new flavonol glycoside of Osmunda
asiatica [J]. Chem Pharm Bull, 1978, 26: 3071 —3074.
Murakami T, Satake T, Hirasawa C, et al. Chemical and
chemotaxonomical studies on filices. 46. a few new flavonoid
glycosides [J].

Hwang TH, Kashiwada Y, Nonaka GI, et al.

Yakugaku Zasshi, 1984, 104: 142 —146.
Flavan-3-ol
and proanthocyanidin allosides from Davallia divaricata [J].
Phytochemistry, 1989, 28: 891 —896.
Cui CB, Tezuka Y, Kikuchi T, et al. Davallioside A and B,
novel flavin-3-ol derivatives with a y-lactam, from the rhizomes
of Davallia Mariesii Moore [J]. Chem Pharm Bull, 1990, 38:
2620-2622.

Three flavonol allosides from

Phytochemistry, 1990, 29: 3639 —

Iwashina T, Ootani S.
Glaucidium palmatum [J].
3641.

Liu S, Xiao Z, Feng R.  Studies on the chemial constituents of
Drynaria propinqua (Wall) J. Sm. [J]. China J Chin Mater
Med (R EH 252 %), 1992, 17: 737-737.

Lu Y, Zhang Z, Shi G, et al. A new antifungal flavonol
glycoside from Hypericum perforatum [J]. Acta Bot Sin (&
PR, 2002, 44: 743-745.

Chang EJ, Lee W], Cho SH, et al. Proliferative effects of
flavan-3-ols and propelargonidins from rhizomes of Drynaria
fortunei on MCF-7 and osteoblastic cells [J]. Arch Pharm
Res, 2003, 26: 620—630.

Santos LC, Rodrigues CM, Silva MA, et al. Chemical profile
of Eriocaulon ligulatum (Vell.) L.B. Smith (Eriocaulaceae) [J].
Biochem Syst Ecol, 2005, 33: 1159-1166

Sun JM, Yang JS, Zhang H. Two new flavanone glycosides
of Jasminum lanceolarium and their anti-oxidant activities [J].
Chem Pharm Bull (Tokyo), 2007, 55: 474 —476.

Chen CY, Huang CC, Tsai KC, et al. Evaluation of the
antihyperuricemic activity of phytochemicals from Davallia
formosana by enzyme assay and hyperuricemic mice model [J].
Evid Based Complement Alternat Med, 2014, 2014: 873607.
Liang YH, Ye M, Yang WZ, et al. Flavan-3-ols from the
rhizomes of Drynaria fortunei [J].

1876—1882.

Phytochemistry, 2011, 72:
Rashid F, Ahmed R, Mahmood A, et al. Flavonoid glycosides
from Prunus armeniaca and the antibacterial activity of a
crude extract [J].  Arch Pharm Res, 2007, 30: 932 -937.
Dongmo AB, Miyamoto T, Yoshikawa K, et al. Flavonoids
from Acacia pennata and their cyclooxygenase (COX-1 and
COX-2) inhibitory activities [J]. Planta Med, 2007, 73: 1202.

Gupta D, Singh J. Flavonoid glycosides from Cassia alata



+ 388 -

)2 24 Acta Pharmaceutica Sinica 2017, 52 (3): 378 =389

(31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[J].  Phytochemistry, 1991, 30: 2761 —2763.
Ko YJ, Wu JB, Ho HY, et al.
J Ethnopharmacol, 2012, 139: 558 —

Antiosteoporotic activity of
Davallia formosana [J].
565.

Chen WX, Lu SD, Breitmaier E. Helicide, in f-allopyranoside
from Helicia erratica Hook [J]. Liebigs Ann Chem, 1981, 10:
1893—1895.

Luo SD, Ruecker G. Structure of helicidol, an additionl
p-allopyranoside from Helicia erratica [J]. Planta Med, 1986,
5:412.

Liu GY, Ma SC, Zhang YM, et al. Study on chemical con-
stituents in seeds of Helicia nilagirica [J]. China J Chin
Mater Med (71 [E #1254 3), 2005, 30: 830-832.

Liu Q, Shi Y, Guo T, et al. Metabolite discovery of helicidum
in rat urine with XCMS based on the data of ultra performance
liquid chromatography coupled to time-of-flight mass spec-
trometry [J]. J Chromatogr B, 2012, 907: 146 —153.
Li JL, Fan B, Luo HL, et al. Synthesis and calm activity
of 2-(4-p-D-allopyranosyloxyphenyl)-5-substitutedaryl-1,3,4-
oxadiazoles [J]. Chin J Org Chem (H#HL{L%), 2011, 31:
110-114.

Ye D, Fu L, Liang B, et al. Synthesis and calm activity
of 4-(4-f-D-allopyranosyl oxyphenyl)-2-aryl-5-cyano-6-meth-
oxypyridine derivatives [J]. Chin J Org Chem (fiHl{k2%),
2009, 29: 1768—1773.
Zhu QL, Li Y, Li J, et al. Synthesis and sedation activity of
4-substituted methylene phenyl- f-D-allopyranoside [J]. West
China J Pharm Sci (#7524 2% 2% &), 2008, 23: 12-16.

Liu P, Guo H, Tian Y, et al. Benzoic acid allopyranosides
from the bark of Pseudolarix kaempferi [J]. Phytochemistry,
2006, 67: 1395—-1398.

Chemical contituents in bark

Chin Tradit Herb Drugs ("%

Feng SX, Guo HZ, Liu P, et al.
of Pseudolarix kaempferi [J].
%), 2008, 39: 10—12.

Xu L, Li YR, Li C, et al. Chemical constituents from whole
plants of Aconitum tanguticum [J]. China J Chin Mater Med
(P E A4, 2013, 38: 28182825,

Xu L, Luo M, Lin LM, et al. Three new phenolic glycosides
from the Tibetan medicinal plant Aconitum tanguticum [J]. J
Asian Nat Prod Res, 2013, 15: 743 —749.

Yang L, Feng W, Li C, et al. Three new phenolic glycosides
from the whole plant of Aconitum tanguticum (Maxim.) Stapf
[J]. Phytochem Lett, 2015, 11: 311 -315.

Li YR, XuL, LiC, et al.
J Asian Nat Prod Res, 2014, 16: 730—734.

Sui HF, Yin SQ, Zou AY. Studies on chemical contituents of

Chin Tradit Herb Drugs (*h%24), 2015,

Two new compounds from Aconitum

tanguticum [J].

Drynaria roosii [J].

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

46:2992-2995.
Iwagawa T, Takahashi H, Munesada K, et al. A phenol
alloside from Viburnum wrightii [J]. Phytochemistry, 1984,
23:468—-469.

Chen YG, Yang JH, Zhang Y, et al. A new alloside from
Neocheiropteris palmatopedata [J].

46: 173-175.

Chem Nat Comp, 2010,
Cottiglia F, Bonsignore L, Casu L, et al. Phenolic constituents
from Ephedra nebrodensis [J]. Nat Prod Res, 2005, 19: 117—
123.

Liu J, Xie T, Wei XL, et al.
Chin J Nat Med (*EKSR25%7), 2004, 2:

Chemical studies on Rabdosia
rubenscens [J].
276-279.

Shi S, Dong C, Jiang D, et al. Macrocyclic glycosides from
Clematis hexapetala [J]. Helv Chim Acta, 2006, 89: 3002 —
3006.

Miihlradt P, Weiss E, Reichstein T. Die cardenolide der
samen von Antiaris toxicaria Lesch. Mitteilung: isolierungen
und identifizierungen [J]. Helv Chim Acta, 1964, 47: 2164 —
2186.

Zhang XJ, Mei WL, Cai CH, et al. Apoptosis of gastric
adenocarcinoma cells type SGC-7901 induced by strophal-
loside and its mechanism [J]. Chin General Practice ( H [E 4>
FHEE), 2015, 18: 17431747,
Dong WH, Mei WL, Zeng YB, et al. Cardenolides from the
seeds of Antiaris toxicaria and their cytotoxicity [J].
Subtrop Bot (i AT %41, 2011, 19: 171-176.

Ankli A, Heilmann J, Heinrich M, et al.

J Trop

Cytotoxic cardeno-
lides and antibacterial terpenoids from Crossopetalum gaumeri
[J]. Phytochemistry, 2000, 54: 531 —537.

Mei WL, Gan YJ, Dai HF. Advonces in studies on chemical
constituents of Antiaris toxicaria [J].
(R %i2h), 2008, 39: 151—154.
Clarkson C, Staerk D, Hansen SH, et al.

Chin Tradit Herb Drugs

Hyphenation of
solid-phase extraction with liquid chromatography and nuclear
magnetic resonance: application of HPLC-DAD-SPE-NMR to
identification of constituents of Kanahia laniflora [J]. Anal
Chem, 2005, 77: 3547-3553.

Hsiao PC, Liaw CC, Hwang SY, et al. Antiproliferative
and hypoglycemic cucurbitane-type glycosides from the fruits
of Momordica charantia [J]. J Agric Food Chem, 2013, 61:
2979-2986.

Nakamura S, Murakami T, Nakamura J, et al. Structures of
new cucurbitane-type triterpenes and glycosides, karavilagenins
and karavilosides, from the dried fruit of Momordica charantia
L. in Sri Lanka [J]. Chem Pharm Bull (Tokyo), 2006, 54:

1545-1550.



EEE A RO IEH A Tk e

+ 389 -

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Nhiem NX, Kiem PV, Minh CV, et al. alpha-Glucosidase
inhibition properties of cucurbitane-type triterpene glycosides
from the fruits of Momordica charantia [J]. Chem Pharm
Bull (Tokyo), 2010, 58: 720—724.

Liu Y, Ali Z, Khan IA. Cucurbitane-type triterpene glycosides
from the fruits of Momordica charantia [J]. Planta Med,
2008, 74: 1291—-1294.

Tan MJ, Ye JM, Turner N, et al. Antidiabetic activities
of triterpenoids isolated from bitter melon associated with
activation of the AMPK pathway [J]. Chem Biol, 2008, 15:
263-273.

Liu JQ, Chen JC, Wang CF, ET AL. New cucurbitane triter-
penoids and steroidal glycoside from Momordica charantia [J].
Molecules, 2009, 14: 4804 —4813.

Yen PH, Dung DT, Nhiem NX, et al. Cucurbitane-type
triterpene glycosides from the fruits of Momordica charantia
[J]. Nat Prod Commun, 2014, 9: 383 —-386.
Akihisa T, Higo N, Tokuda H, et al. Cucurbitane-type
triterpenoids from the fruits of Momordica charantia and their
cancer chemopreventive effects [J]. J Nat Prod, 2007, 70:
1233-1239.

Okabe H, Miyahara Y, Yamauchi T. Structures of momordi-
cosides F1, F2, G, I, K, and L, novel cucurbitacins in the fruits
of Momordica charantia L. [J]. Tetrahedron Lett, 1982, 23:
77-80.

Murakami T, Emoto A, Matsuda H, et al. Medicinal
foodstuffs. XXI. Structures of new cucurbitane-type triterpene
glycosides, goyaglycosides-a, -b, -c, -d, -e, -f, -g, and -h, and
new oleanane-type triterpene saponins, goyasaponins I, I, and
111, from the fresh fruit of Japanese Momordica charantia L.
[J]. Chem Pharm Bull (Tokyo), 2001, 49: 54 —63.

Nhiem NX, Yen PH, Ngan NT, et al. Inhibition of nuclear

[68]

[69]

[70]

[71]

(721

[73]

[74]

[75]

transcription factor-xB and activation of peroxisome proliferator-
activated receptors in HepG2 cells by cucurbitane-type triter-
pene glycosides from Momordica charantia [J]. J Med Food,
2012, 15: 369-377.

Wang X, Sun W, Cao J, et al. Structures of new triterpenoids
and cytotoxicity activities of the isolated major compounds
from the fruit of Momordica charantia L. [J].
Chem, 2012, 60: 3927-3933

Zhao GT, Liu JQ, Deng YY, et al.

J Agric Food

Cucurbitane-type triterpe-
noids from the stems and leaves of Momordica charantia [J].
Fitoterapia, 2014, 95: 75—82.

Li QY, Chen HB, Liu ZM, et al. Cucurbitane triterpenoids

from Momordica charantia [J].

451-456.

Magn Reson Chem, 2007, 45:

Christensen J, Jaroszewski JW. Natural glycosides containing
allopyranose from the passion fruit plant and circular dichroism
of benzaldehyde cyanohydrin glycosides [J]. Org Lett, 2001,
3:2193-2195.

Seigler DS, Pauli GF, Nahrstedt A, et al. Cyanogenic
allosides and glucosides from Passiflora edulis and Carica
papaya [J]. Phytochemistry, 2002, 60: 873 —882.
Venditti A, Frezza C, Guarcini L, et al. Reassessment of
Melittis melissophyllum L. subsp. melissophyllum iridoidic
fraction [J]. Nat Prod Res, 2016, 30: 218 —222.
Tundis R, Bonesi M, Pugliese A, et al. Tyrosinase, acetyl-
and butyryl-cholinesterase inhibitory activity of Stachys
lavandulifolia Vahl (Lamiaceae) and its major constituents [J].
Rec Nat Prod, 2015, 9: 81-93.
Simkhada D, Lee HC, Sohng JK. Genetic engineering
approach for the production of rhamnosyl and allosyl flavon-
oids from Escherichia coli [J].

154-162.

Biotechnol Bioeng, 2010, 107:



