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Abstract: As a common medicine and homologous plant, Nelumbo nucifera mainly contains alkaloids, flavonoids, glycosides,
terpenes, steroids, fatty acids, proteins, minerals, vitamins and other chemical constituents, with lipid-lowering, antibacterial,
anti-inflammatory, antioxidant, hemostasis and other pharmacological activities. After reviewing the literatures at home and abroad
for nearly 40 years, 385 compounds have been reported from different parts of N. nucifera including lotus leaves, plumula
nelumbinis, lotus, lotus seeds, lotus root, lotus seedpod, nelumbinis rhizome node, lotus stem, N. nucifera stamens and lotus seed
skins. There are 86 alkaloids, 133 flavonoids, and 166 other compounds. In this review, we summarized the chemical constituents
and pharmacological effects reported in N. nucifera, and it provides a reference for further study on the chemical constituents,
pharmacological activity and development and utilization of N. nucifera.
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Table 1 Alkaloids from . nucifera

T g4 AL SCHik
1 B (nuciferine) T, T A 19
2 YERL (roemerine) M. ST 19
3 O-F%H A, (O-nornuciferine) FiH . SETL 16
4 F 7 HB8 (anonaine) T, SE T 16
5 JESRIEEMKSE E M (lirinidine) MET L TR 12
6 nuciferine-N-methanol £ 5y 20
7 N-Z.8:-Faf M98 (nuciferine-N-acetyl) S 20
8 N-Z.156-Z5 75 8505, (anonaine-N-acetyl) T 20
9 FEHER T (caaverine) far 21

10 oxidation-nuciferine ST 22
11 B2 (asimilobine) M. SET O TERE 11
12 FAE 2208 (methyl asimilobine) T, i 11
13 N-HFEE 205, (N-methyl asimilobine ) ST farit 11
14 roemerine-N-oxide YET . fapi 11
15 N-methyl asimilobine-N-oxide MET. . FifE 11
16 nuciferine-N-oxide YETL . A 11
17 JE.OM, (liensinine) L ST i 19
18 liensinin SEFL SEFL. SERE 19
19 0B (isoliensinine) T, SETL. Bk 12
20 norisoliensinine i, E T 12
21 6-hydroxynorisoliensinine i, E T O 12
22 methyl-neferine ET L ET L 11,23
23 nelumboferine ET L ET L 11
24 FHIEE.008 (neferine) ET L ET L 11
25 negferine T - 11
26 FEAFEH i, (dehydroanonaine) SEF oy faf 24
27 FEMT I, (dehydronuciferine) A 24
28 D) (nelumnucine) T T 14
29 FEJED (dehydroroemerine) faf 24
30 YEOZEEH (lotusine) iy SET . far Al 1
31 norlotusine T 0 25
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32 LS5 O 248 (methyl lotusine) T 20
33 W32 5Eh% (armepavine) frrEy S0 16
34 150 5 218 (coclaurine) HEF O A 16
35 N-EH I 258 (N-norarmepavine ) 1A A5 16
36 N-HFERAT N 2 2558 (N-methylisococlaurine ) A 16
37 N-FA L7 2 2578 (N-methylcoclaurine) farAs 16
38 FMMSZE (isococlaurine) ETD 12
39 methylhigenamine SEFO 11
40 W 5 2408-6-O- % £ ## (norcoclaurine-6-O-glucoside) T 12
41 FH 258 (norcoclaurine) SEFO il 12
42 argemexirine HEF O Al 12
43 6-demethy-4'-methyl-N-methylcoclaurine SEF 22
44 nor-O-methylarmepavine S 22
45 N-ZF 458 (nornuciferine) fafi SEF L 7
46 4-N-H 250§ (4'-N-methylcoclaurine) FiE L ST 11
47 bromo methyl armepavine Tl 3% 11
48 methoxymethy lisoquinoline ity FET 11
49 higenamine glucoside D 11
50 FEEMIR (liriodenine) ET0 1
51 7-hydroxydehy dronuciferine fif P 11
52 AUfaf % (pronuciferine) Ffty ET O il 16
53 M55 (glaziovine) SEFO 26
54 (5,6-dimethoxy-3,10-dihydroindeno isoquinolin-1 (2H)-yl) methanol S0 26
55 SERFT, (lysicamine) SEF 1
56 N-FEEEAE T £ —l B (N-methoxycepharadione B) SET 0 27
57 N-FAELE % %F  (N-methylcorydaldine ) SET0 10
58 /NEET, (berberine) SET 0 27
59 nelumstemine SET0 10
60 N-(2-(phenanthro[3,4-d] [1,3]dioxol-5-yl)ethyl)acetamide & 5 20
61 (6,7-dimethoxyisoquinolin-1-yl)(4-hydroxyphenyl)methanone HE 20
62 Skt T4 i B (cepharadione) T - 11
63 /R (loturine) HEF 0 11
64 thalifoline SEF L 22
65 oleracein E T - 4
66 /KW (stachydrine) JET 28
67 Fe e B, (carnitine) S 28
68 2-H FE 5| e-3- FH % (2-methyl-3-formylindole) ST 29
69 BRI M R TR (methylcorypallone) FEF0 30
70 6,7-dimethoxy-3,4-dihydroisoquinolin-1(2H)-one pedy 20
71 trans-N-feruloyltyramine fif P 4
72 cis-N-feruloyltyramine fiaf IH- 4
73 dehydroxyl trans-N-coumaroyl tyramine S 5 20
74 trans-N-coumaroyltyramine &5 4
75 cis-N-coumaroyltyramine fif P 4
76 didesmethylneferine — 23
77 W iE 586, (dauricine) SEF- 11
78 neoliensinine — 31
79 neferine-N-oxide Taf A5 2
80 norisoliensinin — 23
81 isococlaurine-5'-O-pentoside SEF- 22
82 norjuziphine T 18 11
83 coclaurine-5'-O-pentoside S 22
84 cinnamoyi-4-(2-aminoethyl)phenol HEF0 1
85  MHBEHZ (nicotinamide) ETD 30
86 telazoline Vool 33

S R A R

“—” indicates that the compound’s location in N. nucifera is unclear
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1 Ri=R,=Ri=Me, Rs=H
2 R]ZMC, R2:R3: -CHz-, R4:H
3 R1=R3=MC, R2=R4=H
4 R;=R4=H, R,=R;=-CH2-
5 R1=R2=MC, R3=R4=H
6 R;=CH,(OH), R,=Rs=Me, Ry=H
7 Ri=Ac, R,=R3=Me, R4=H
8 R1=AC, R2=R3= —CHz—, R4=H
9 R,=Rs=R,=H, R,=Me
10 R;=R,=R;=Me, R,=OH
11 R;=R>=R;=H, R;=Me
12 Ri=R;=H, R,=R;=Me
13 Ri=R3=Me, R,=R4=H

33 Ri=R;=R3=Me, R4=Rs=R¢=H
34 Rlee, R2:R3:R4:R5:R():H
35 R1:R2:Me, R3:R4:R5:R6:H
36 R1:R3:Me, R2:R4:R5:R6:H
37 Ri=R4=Rs=R¢=H, Ry=R;=Me
38 Ri=R3;=R4=Rs=R¢=H, R;=Me
39 R1:R2:R4:R5:R(,:H, R3:M€
40 R1:Glu, R2:R3:R4:R5:R(,:H
41 R1:R2:R3:R4:R5:R6:H

42 R1:R2:R3:R4:R6:H, R5:Me
43 R1:R2:R4:R5:R6:H, R3:Me
44 R1:R2:R5:Me, R3:R4:R5:H

45 R1=R3=R5=Me, R2=R4=H, R6=OH

46 R1=R5=Me, R2=R3=R4=R6=H
47 R1=R2=R3=R4=Me, R5=B1’, Ré
48 R1=R2=R3=R4=Me, R5=R6=H
49 R1=R2=R3=R4=R{)=H, R5=Glu

=H

14 R1:R2: -CHz-, R}ZH
15 R;=R,=H, R,=Me
16 R1=R2=MC, R3=H

0 OH MeO
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OR,
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20 R;=R,=Rs=H, R,=Me
21 R1:R2:R3:R4:H
22 R1:R2:R3:R4:Me
23 R;=R,=Ry=H, R,=Me
24 R1:R2:R3:R4:Me
25 Ri=R3=R4=Me, R,=H
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Fig. 1 Structures of alkaloids from N. nucifera
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Table 2 Flavonoids from N. nucifera

EIke] 4R DA SCHER
87 ERAFE-3-0-B-D-H %M (isorhamnetin-3-O-B-D-glucoside) i, T 34
Loy faffif
88 KB HEK-4'-0-B-D-(-4"-O-B-D-E EiFE)-# & HE L (luteolin-4'-O-B-D-gluco-glucoside ) SEF0 1
89 KJBHEK-7-C-B-D-H & HEE (luteolin-7-C-B-D-glucopyranoside) ST 30
90 5,7-dihydroxyloside-4-methoxylosideflavone-3-O-[a-L-rhamnopyranosyl]-B-D-glucopyranosid &> 30
91 #ME-3-0-FFBEH (myricetin-3-O-galactoside) 1 S TS T
eipta
92 MIEF|EK-7-0--D-ML MR F & HEF (chrysoeriol-7-O-B-D-glucopyranoside ) faf - 36
93 HgHN-3-0-F & FETH (myricetin-3-O-glucoside) iYia 35
94  quercetin-3-B-D-arabinopyranosyl-(1—2)-p-D-galactopyranoside iYia 35
95 THT-3-0O-FEPEREIRTE (syringetin-3-glucuronide) it 35
96 JrEk-6,8-_-C-HEFET (apigenin-6,8-di-C-glucoside) iYia 35
97 AKRJBHEK-6-C-HE FE-8-C-JXFEH (luteolin-6-C-glucose-8-C-pentoside) i te 35
98 ARJBHEK-6-C-JLHE-8-C-H & FETH (luteolin-6-C-pentosyl-8-C-glucosyl) i te 35
99  6-C-glucosyl-8-C-xylosideosyl apigenin i1t 35
100  6-C-xylosideosyl-8-C-glucosyl apigenin T 1 35
101 EBFEH (schaftoside) itE 35
102 FEBFEH (isoschaftoside) itE 35
103 it 3-3-O-Hi 8 J2 ' (quercetin-3-O-neohesperidoside) it 35
104 ARBHEZER-7-O-ZFHEH (luteolin-7-O-rutinoside) it 35
105  6-C-rhamnosyl-8-C-glucosyl apigenin it 35
106 FRZER-3-0-FE S (isorhamnetin-3-O-neohesperidoside) FEpia 35
107 MW E B (diosmetin-7-O-rutinoside) it 35
108 4EIER-2-0-FZ=FEH (apigenin-8-C-glucoside) HETFOET 37
109 33 (apigenin-6-C-glucosyl-8-C-rhamnoside) HEFLETF 37
110 FEER-68-FMAK-C-HEFEH (apigenin-6,8-diosmetin-C-glucoside) SET-0 38
111  isorhamnoside mnetinoorientin HEF 0 38
112 luteolin-6-C-rhamnoside-8-C-pentoside AL 38
113 isorhamnoside mnetinoschaftoside L 38
114 luteolin-6-C-pentoside-8-C-rhamnoside AL 38
115  isorhamnoside mnetinovitexin SEFO 38
116 #HgE (myricetin) T 11

117 myricetin dimethoxy glucoside fif P 11
118 #i§ER-3-Jo/KHE % HE (myricetin-3-hexose) — 11
119 FRE-6,8- i (apigenin-6,8-diglucoside) — 11
120 KEBHEZE (luteolin) i SE 0

121 RWZEH-3-0-p-D-MLIEH & (rhamnetin-3-O-B-D-glucopyranoside) far farAE 33
122 &2EW (38) F-7-O-WMEHE B (chrysoeriol-7-O-glucopyranoside) —

123 R®ZEE (isorhamnetin) i, ks 39
124 RRZEE-3-0-B-D-HEPELE (isorhamnetin-3-0-B-D-glucoside) fap 34
125  isorhamnetin-3-O-a-L-rhamnopyranosyl-(1—6)-a-D-lyxopyranosyl-(1—2)-B-D-glucopyranoside fij ' 40
126  isorhamnetin-3-O-a-D-lyxopyranosyl-(1—2)-B-D-glucopyranoside T P 40
127 FHFMARZE-7-0-755FEH (diosmetin-7-O-hexose) T LETO 41
128 FMAZR (diosmetin) T ETRL 41
129  KBHEZE-8-C-B-D-Hi & HiH (luteolin-8-C-B-D-glucopyranoside) T 1
130 & X EK-7-0-[2"-D-M I R ZEFEHE-(1-2)-B-D-ML i # & #H {chrysoeim-7-O-[2"-O- L 1

D-amnose]-1—2)-B-D-glucopyranoside}
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131 J72E% (apigenin) 0 42
132 Mt FR-3-O- i HEH R (quercetin-3-O-glucuronide ) Vopia 35
133 R®RZFER-3-0-ZFFEE (isorhamnetin-3-O-rutinoside) Vi 35
134 FRZER-3-0-FiiE L EF (isorhamnetin-3-O-neohesperidoside ) —

135 FItRFZ-7-O- ML IR % B8 chrysoeriol-7-O-glucopyranoside far - 2
136 ARBHER-7-O-¥iE B WEH (luteolin-7-O-neohesperidoside) MEFOET 37
137 KREBEZR-7-ZHWEE (luteolin-7-rutinoside) ST 38
138 & ##k# (hyperoside) T 38
139 WZFZ% (rhamnetin) HiH. T 11
140 FRZER-3-FFPEL (isorhamnetin-3-galactoside) Pl 11
141 FRZERCHE (isorhamnetin-3-hexose) T 11
142 HERZFER-3-HE ML (isorhamnetin-3-glucoside) fif IH- 11
143 KRBT (luteolin-7-glucoside) i f& 11
144  isorhamnetin arobino glucoside — 11
145 ILWZEHy-7-# & HE1F (kaempferol-7-glucoside) — 11
146 1L15W)-3-0-B-D-MLM - FLHELF (kaempferol-3-O-B-D-galactopyranoside) i EFL 43
147  kaempferol-3-O-robinobioside faf £ 35
148  kaempferol-3-O-B-D-glucopyranoside Y 35
149  kaempferol-3-O-glucuronide faf £ 35
150 kaempferol T 2
151  isorhamnetin-3-O-glucoronoside T 18, 11
152 kaempferol-3-rhamno-(1,6)-glucoside fafl it 11
153 kaempferol-3-rhamno-(1,2)-glucoside it e 11
154  kaempferol-3-rhamno-glucuronide . faife 11
155 kaempferol-3-glucuronide methyl ester . i fe 11
156 it % (quercetin) T T 4

Tl il

157  quercetin-3-O-B-D-xylosideopyranosyl-(1—2)-B-D-glucopyranoside Tif P 10
158  quercetin-3-O-B-D-xylosideopyranosyl-(1—2)-p-D-galactopyranoside Tif P 6
159 #it 5 &-3-0-B-D-T1 & FEIE R -6"- g (quercetin-3-O-B-D-glucuronide-6'-methylester ester)  faj i 2
160 it -3-0-B-D-B & HEER-6"- ZBE (quercetin-3-O-B-D-glucuronide-6'-methylester) faf - 2
161 quercetin-3-O-a-larabinopyranosyl-(1—2)-B-D-galactopyranoside T MH- 44
162 it %-3-Nl8 (quercetin-3-propylester) T 45
163 #il 2 FK-3-0--D--FLFHF (quercetin-3-O-B-D-galactopyranoside) T 46
164 Hit e &-3-0-B-D-ML W & M (quercetin-3-O-B-D-glucopyranoside) T 46
165 7] (rutin) SEF 0 2
166 it 5 &-3-0-0-L-FTHi A #E (quercetin-3-O-a-L-arabinoside chloride) SEF L 1
167  #it & %=-3-O-#&HEE (quercetin-3-O-sophoroside) - 47
168  quercetrin-3-O-(6"-O-malonyl)-B-D-glucoside — 47
169  quercetin gluco-glucoside — 11
170 Mtz (quercitrin) i feide 11
171  quercetin glucuronide — 11
172 nelumboside — 11
173 quercetin rhamno galactoside — 11
174 % (naringenin) T 43
175 epitaxifolin T - 2
176  5,7,3',5'-tetrahydroxyflavanone Tar 2
177  tetrahydroxy flavone fry 10
178  delphinidin-3-O-glucoside Tar 35
179  cyanidin-3-O-glucoside A P 35
180 petunidin-3-O-glucoside Tar 35
181 peonidin-3-O-glucoside A P 35
182 malvidin-3-O-glucosid fif i 35
183  (—)-catechin Taf - 2
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184  elephantorrhizol far 2
185 (—)-catechin gallate TR 49
186 procyanidin B: T 49
187 procyanidin C1 TR 49
188  hydnocarpin fif FH 50
189  hydnocarpin D T P 50
190 myricetin-3'-O-(6"-p-coumaroyl)-glucoside fafir s e 51
191 FEESHERIL (skulleapflavone 11D Tar - 52
192 FEEFHZF R (viscidulin 1D faf 52
193  nelumboside A HEF 0 53
194  nelumboside C S 53
195 leucocyanidin — 11
196 leucodelphinidin — 11
197 nelumboside B S 53
198  nelumboside D S 53
199  trimethoxy hydroxyl xanthone — 11
200 coumaryl tyramine fif P 11
201 dimethoxy hydroxyl chalcone Taf P 11
202 ferulyl tyramine Taf P 11
203 3-NMEER T HR-5,7,3",4"-VUFRIE TR (3-butyl acrylate-5,7,3',4'-tetrahydroxyflavone hydrate) ST 1
204 hydroxymegastigm 7-ene-9-one T 11
205 boscialin — 11
206  dehydrovomifoliol — 11
207  vomifoliol — 11
208  3-oxo-retro-o-iono — 11
209  byzantionoside A — 11
210  5,6-epoxy-3-hydroxy-7-megastigmen 9-one — 11
211 annuionone D — 11
212 icariside B2 — 11
213 dendranthemoside B — 11
214  grasshopper ketone — 11
215 3,5-dihydroxy-6,7-megastigmadien 9-one — 11
216 megastigma-7-ene-3,5,6,9-tetrol — 11
217 epiloliolide — 11
218 nelumnucifoside B — 11

219  sedumoside F1

1.3 HibX W EY

MEFRR T O A RS B 2 A, S HoAh
By, WAVLER. SEEE. w2, Em. EA
JFR AR KA S5 . IR B S AR AFLET
PLILEE 3, S5F LA 3.
2 HIBEM

HE SR AR I O I 2 B S R R %
FELEFMAR. AR, P, R W, buil
AR PURSETT, AL ET ER. ES . BT
iR AL, ET R TR 2 EE A TR —
WAZ, N JE SR SR A oy 2 B E R IR
NHIFFE S GR35 T R R SR L iR 5%

2.1 ERERAR

ARG RGP AR E ETHES,
MG 8 BB BN, B R AL AT TR L
PP I L KRS, AT 1 A4 A Qi oxt B LE
M AR A AL AR o A PHIL AR SR i i
e B BRI PR PERR (NAFLD) KB AOAE
TFIKFKNERRE Ak 2 (AdipoR2) ik BME R kAT
THIETE, R s B TR SRBE & S NAFLD
KRB, ISR 25 T AT R E, 45 R ER,
A 1 B S 25 A T A I AR, o i B v i 3 10
NAFLD HA R . S s i i
Hhes ey, W TTEE R W R O RE I W] 2 4 2
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OH O OH O
87 R;=R3;=H, R,=R4=Rs=R=OH, R;=coumaroyl-Glu 120 R,=H, R,=R;=OH
88 R1=R;=R4=Rs=H, R,=R¢=0H, R7=Glu-Glu 121 R1:O’-Glu RZZOMe R;=OH
89 R =Glu, R;=R¢=R;=OH, Ry=R,=Rs=H 122 R,=H, R,=0Glu, R==OMe
90 R;=R;=Rs=R;=H, R,=OH, R;=0Glu-Rha, R¢=OMe 123 R1=R;=OH R3=bMC
91 R;=Rs=H, R;=Rs=R¢=R;=OH, Ry=Gal 124 R;=0Glu, R,=OH, Ri=OMe
92 Ry= Rs=H, Ry=Rs=R¢=R;=OH, R4=Gln 125 R =ORha-Lyx-Glu, R,=OH, R;=OMe
93 Ri=Rs=H, R,=Rs=R¢=R;=OH, R4=Glu 126 R =0-Lyx-Glu, R,=OH, R;=0OMe
94 R|=R3=Rs=H, R,=Rc=R7;=0H, R4s=Ara-Gal 127 R=H, R,=OHex, R;=OMe
95 R1=R3=H, R,=R=0H, R4=GlIn, Rs=R;=OMe 128 R;=H, R,=OH, R;=OMe
96 R;=Rs=Glu, R,=R;=OH, Ry=Rs=Rs=H 129 R,=Glu, R,=OH, R;=OMe
97 R;=Pen, R,=R¢=R;=OH, Rs=Glu, R,=Rs=H 130 Ry=H, R,=OGlu-Rha, R;=OMe
98 R =Glu, R;=R¢=R;=0H, R3=Pen, R4=Rs=H 131 RIZR;:H R;=OH ?
99 R]ZXyl, R2:R7:OH, R3:Glu, R4:R5:Rﬁ:H 132 Rl:OGln, R2:R3:OH
100 R=Glu, R;=R7=0OH, R3=Xyl, R=Rs=R~=H 133 RIZORut’ R,=0OH, R;=OMe
101 R;=Ara, R,=R;=0H, R3=Glu, R4=Rs=Rs=H 134 R]ZONCO’ RZZOH’ R;=OMe
102 R;=Glu, R,=R¢=R7=0H, R3=Ara, R4=Rs=H 135 R,;=OH, R72:OGlu,, R;=OMe
103 R;=R;=Rs=H, R,=Rc=R;=0H, R;=Neo 136 R;=H, R,=ONeo, R;=OH
104 R;=Rs=Rs=H, R=Rut, R;3=R¢=R;=0H 137 R=H, R,=ORut, R;=OH
105 R;=Glu, R,=R7;=0H, R3=Rha, R4=Rs=R¢=H 138 R;=OGlu, R,=H, R;=0OH
106 R;=R;=Rs=H, R,=OH, R4=Neo, Rc=OH, R;=OMe 139 R;=R;=0OH, R,=OMe
107 R;=R;=R4=Rs=H, R,=Rut, R¢=OMe, R;=OH 140 R,=0Gal, R,=OH, R;=OMe
108 R=Glu, R=R¢=OH, Rs=R4=Rs=R;=H 141 R=OHex, R,~OH, R;=OMe
109 R;=Rha, R,=R¢=0OH, R3=Glu, R4=Rs=R;=H 142 R,=OAra ’R2:OH ,R3:OMe
110 R,=Glu, R,=R¢=OH, R3=Glu, R;=Rs=R;=H 143 R,=H, R,=OGlu, R;=0OH
111 Ri=Rs=Rs=H, Ry=R¢=R7=OH, Ry=Glu 144 R=OAra-Glu, R,=OH, R=OMe
112 R;=Pen, R,=R¢=R;=OH, R;=Rha, R;=Rs=H 145 R,=OH, R,=OGlu, R=H
113 R]ZGlu, R2:R6:OH, RgZPen, R4:R5:R7:H ? ?
114 R;=Rha, R,=R6=R;=0OH, R3=Pen, R4=Rs=H
115 R|:R4:R5:R7:H, RZZR(,:OH, R;ZGlu
116 R1=R3=H, R2=R4=R5=R{)=R7=OH
117 R1=R;=H, R,=R¢=0H, R4=Glu, Rs=R;=OMe
118 R;=R;=H, R,=Rs=R~R;=0OH, R4/=Hex
119 R1=R3=Glu, R2=R(,=R7=OH, R4=R5=H

“Ion

OH O 183 Ri=R,=H
174 R1=R3=R4=OH, R2=R5=H
175 R1=R2=R3=R4=OH, R5=H OH
176 R;=Rs=OH, R,=R3;=R4;=H
177 Rl—Rz—Rs—OH R3=Rs=H HO

OH OH

178 R1=R,=R;=OH OH
HO
Q)
OH

179 R,=R,=OH, Rs=H
180 R;=OMe, R,=Rs=OH
181 R;=OMe, R,=OH, Rs=H
182 R;=R;=OMe, R,=OH

OH OH
(0] OH
193 R=OH 195 R=H
194 R=H 196 R=OH 198 R=H
OH O O/ |
OH O (0]
191 R]ZRZZOMG, R}ZH O O
192 R=R;=OH, R,=H o 0
199
@]
OH Me N

[0}
.\\\\
oM X RN
¢ OH
o™ iy HO
MeO
203

204 205

(0]
1 e
184 R|=R,=OH OH

OH O

146 R,=Gal, R,=H

147 R,=Rob, R,=H

148 R\=Glu, R=H

149 R,=GIn, R=H

150 R,=H, R,=H

151 R=Gln, R,=Me

152 R;=Rha-Glu, R,=H
153 R1=Rha—G1u, R2=H
154 R;=Rha-Gln, R,=H
155 R|=GIn-Me, R=H
156 R=R,=H

157 R=Xyl-Glu, R,=OH
158 R,=Xyl-Gal, R,=OH
159 R,=Glu-Me, R,=OH
160 R,=Glu-Et, R,=OH
161 R,=Ara-Gal, R,=OH
162 R;=Pre, R,=OH

163 R=Gal, R,=OH

164 R,=Glu, R,=OH

165 R;=Rha-Glu, R,=OH
166 R;=Ara, R,=OH

167 R,=Sop, R,=OH

168 R,=Glu-Mal, R,=OH
169 R,=Glu-Glu, R,=OH
170 R,;=Rha, R,=OH

171 R;=Gln, R,=OH

172 R=GIn-Glu, R,=OH
173 R;=Rha-Gal, R,=OH

()
" e LT
O

197 R=OH

o OH
MeO, 0 MeO — ﬁ \/@/
H HO

201

RN

“Ion

206 207
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OH
HO Gluo
213
i
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/T \\\\\/K E);} b/\)womu
HO olll;// HO /'//OH HOY oGl OH' "'/
215
2 EFIREE LSS
Fig. 2 Structures of flavonoids from N. nucifera
R3I EFHEHMEKED
Table 3 Other compounds from N. nucifera
s LS A SCHR
220  HREZEWE (scopoletin) T 6
221 HbZZHE IS (loliolide) i - 52
222 XPHEFEAHE (anisic acid) it 52
223 AJIERE (medioresil) it 5
224 FUBEER (ferulic acid) it 52
225 34-"RFEEHR (3,4-dihydroxybenzoic acid) - 52
226  XFRREFKHER (4-hydroxybenzoic acid) far - 52
227  megastigman-7-ene-3,5,6,9-tetraol-1,3-hydroxybut-1,2,6,6-trimethylcyclohexane-1,2,4-triol Taf 52
228  JIRMZEN4 (adenine) T 52
229 3,7,8-trimethoxy-1-hydroxy-xanthone T 54
230  4-methyl-6-phenyl-2 H-2-pyranone T 55
231 lappaol F T 55
232 ##IEH (obacunone) it 55
233 fAflRE [(+)-pinoresinol] i 56
234 RIAHEEY [(H)-epipinoresinol] far - 56
235 sylvatesmin Taf 56
236  (+)-isolariciresinol Taf 56
237  5,6-epoxy-3-hydroxy-7-me-gastigmen-9-one T - 56
238  4,5-dihydroblumenol A i - 56
239  (E)-3-oxo-retro-o-ionol Taf 56
240 megastigman-7-ene-3,5,6,9-tetraol Tar 56
241 sarmentol F Tar 55
242 7-megastigmene-3,6,9-triol T - 55
243 3,5,6-trihydroxy-7-megastigmen-9-one T - 55
244 38,5R-dihydroxy-6R,7-mestigmadien-9-one T - 55
245 38,5R-dihydroxy-6S,7-mestigmadien-9-one T - 55
246  hydroxy-3,5,5-trimethyl-4-cyclohex-2-en-1-one Tar 55
247  1-%%% (decylalcohol) JE 57
248 A VUkEBR (tetracosanoicacid) JE 57
249 KFAEER (palmitic acid) JEZ 57
250  IRFEEE (cycloartenol) FEIR 57
251  B-B8EE (B-sitosterol) SE 57
252 VHFLHER (daucosterol) SE 57
253 1,4- %8 (hydroquinone) FE 57
254 T & (succinicacid) FE 57
255 &F%F (vanillin) AT 33
256  sitosteryl palmitate iy il 33
257  B-HMWE (B-amyrin) Tt 33

258  o-FMZE (a-amyrin) fap 1 33
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Eake] L g2 SCHR
259 SIEF AR (4-hydroxybenzoic acid) i 58
260 3,4-hydroxybenzoic acid Y 58
261 7-oxolanost-8-ene-3p-25-diol YE5 20
262 dibutylphthalare HE S5 20
263 dibutylphthalare-methyl butyle HE 5 20
264 4-hydroxyphenethyl alcohol YE 5 20
265 methylparaben YE5 20
266 methyl-4-hydroxyphenylacetate-hydroxyphenylacetate HE 20
267 methyl dihydrophaseate HE S5 20
268 dibutylphthalare HEFL 27
269 FHURE (oleanolic acid) T 27
270 D-H # i (D-mannitol) T 27
271 icariside L 32
272 4-hydroxyphenethyl alcohol FEF0 32
273 2a,24-diacetoxy-3-hydroxyolean-12-en-28-oic acid SEFE 59
274 hyptatic acid A HEFE 59
275 methyl-20,33,24-trihydroxyolean-12-en-28-oate TEFE 59
276 bruceajavanone A g 60
277 bruceajavanone A-7-acetate g 60
278 bruceajavanone B fif FH- 60
279 bruceajavanone C fif FH- 60
280 bruceajavaninone A g 60
281 sedumoside F1 faf FH- 60
282 3-8 (3-carene) — 11
283 )% (camphene) T 11
284 o-JRMi Ca-pinene) — 11
285 Fem-liiE (1,8-cineole) — 11
286 barneol — 11
287 a-FA7HEE Ca-terpenol) 11
288 Ji %R (linalool) — 11
289 geraneol — 11
290 thujol — 11
291 o-ZHE (a-asarone) — 11
292 a-1% 1 EE (a-eudesmol) — 11
293 fernesene — 11
294 y-gurjunene — 11
295 y-cadinene — 11
296 bicycle germacrene — 11
297 T-SEREAEE (t-cadinol) — 11
298 o-ZL 3% 2l Co-bisabolol) — 11
299 B-4L 32 (B-bisabolol) — 11
300 farnesonic acid — 11
301 B-#F Sl (PB-sitosterol) faris forfE 11
302 PUFEHEEF (daucosterol) SETL frit. A 11
303 SR EE (campesterol) SETL 1R 11
304 H B (stigmasterol) T ek 11
305 FEHEE (lanosterol) YT 11
306 stigmast-7-ene-3-ol T P 11
307 stigast-7-ene-3-glucoside faf iy ST 11
308 P EEE (lupeol) fide YR 11
309 HHEARRE (botulin) MR 11
310 HHEIERR (betulinic acid) s 11
311 ¥ # (alphitolic acid) it 11
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&£3

i 4R DA SCHR
312 maslinic acid FEFE 11
313 hyptatic acid A VEFE 11
314 FHRER (oleanolic acid) T 1
315 a-FMHE (a-amyrin) FEpia 11
316 B-HEMZE (B-amyrin) i) 11
317 WETE (gallic acid) T ED 11
318 Xof ALK F R (anisic acid) ST 11
319 L& (pyrazine) T P 11
320 2-ME Wbk (pyrazoline) faf I 11
321 azaphenanthrene T P 11
322 2(5H)-"KIEHER (furanone) faf i 11
323 RRMERS (adenine) g 11
324 BIEE L (glutathione) T ET K 11
325 KAk (asparagine) TEFE 11
326 %18 (tryptophan) HEFE 11
327 N-HE-%$iiZ% (N-methyl carbamic acid) fap ik 11
328 VKESTR (acetic acid) faf HF 11
329 3,4,9,10-JUFLFRET (3,4,9,10-perylenetetracarboxylic dianhydride) faf 11
330 W2 (propionic acid) fif FH- 11
331 THR (butyric acid) far i 11
332 T (butanedioic acid) faf HF 11
333 L2 (adipic acid) fr 11
334 WEER (myristic acid) SET. 1ER 11
335 PR (palmitic acid) SET L e 11
336 AR (stearic acid) izl 11
337 — R (arachidic acid) i is 11
338 heneicosylic acid 18 11
339 —+—F (behenic acid) 1eH 11
340 =R (tricosylic acid) 1R 11
341 “F VYRR (lignoceric acid) T ek 11
342 JIHER (elaidic acid) T ek 11
343 JHER Coleic acid) ET R 11
344 (E)-11-=1J#M (gondoic acid) T ek 11
345 WEIHER (linoleic acid) T R 11
346 9E,12E,15E-octdecatrienoic acid T ek 11
347 W R (linolenic acid) T ek 11
348 FEFAFER H il (1-palmitoyl glycerol) ET. JER 11
349 2-FRRARR L H 1S (2-palmitoyl glycerol) YT ER 11
350 2-behenoyl glycerol — 11
351 1- B3 ER H i BE (1-oleoyl glycerol) _ 11
352 1-linoleoyl glycerol — 11
353 1,3-WUERHa R Hihilg (1,3-di-palmitoyl glycerol) faf ity e AR 11
354 1-palmitoyl-3-linolenoyl glycerol — 11
355 1-palmitoyl-2-linolenoyl glycerol — 11
356 1-oleoyl-2-linolenoyl glycerol — 11
357 1-oleoyl-3-linolenoyl glycerol — 11
358 B-RESRTY (arbutin) — 11
359 482Ky (catechol) T P 11
360 WLEE (myo-inositol) faf FH 11
361 alaninol T P 11
362 IE-+JU%% (nonadecane) farits furfE 11
363 ginnol fi - 11
364 nonacosan-4,10-diol T 11

365 nonacosan-5,10-diol faf - 11
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SBR3
T AR AL SCHk
366 nonacosan-10,13-diol fup 11
367 hentricontane-12,15-diol T 11
368 triacontan-7-ol Fele 11
369 tritriacontan-4,10-diol fup H 11
370 10-octacosanol Fele 11
371 +—FE£ (1-undecanol) poins 11
372 1-—+ (1-eicosanol) i 11
373 D-TE/KHI 9% (D-glucose) SETL T 11
374 D-#-F¥# (D-galactose) Hite 11
375 D-5Z5HE (D-rhamnose) SETL T 11
376 D-KJ5 9% (D-lyxose) biivia 11
377 D-FE HEEER  (D-glucuronic acid) — 11
378 D-FTRifABE (D-arabinose) — 11
379 L-BTHi{fH% (L-arabinose) — 11
380 D-H#EH (D-mannose) — 11
381 T EFER (gluconic acid) — 11
382 AW (xylose) — 11
383 TooKF % HE (hexose) _ 1
384 AR (tartaric acid) — 11
385 SERFER (malic acid) — 11
0 OMe
/ =
MeO MeO HO D HO OH
0 OMe
220 221 222 223 224

238 239 240 241 242
(0] le} H
OH c OH O CH,OH
b /K\fcc S¢ )]\ 77N N\
]
H 0 o
HO HO
on HO > on 247
243

248
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OH ol o OMe
HO—QOH HO HO O
| o

253 254 255

HO I

HOOC

263
MeO OMe —
OH —
d o 0 OH
OH O 0
HO 0,
265 o é
266 267 o)
oH 268
HO HC_: AcO HO
HO\)\/\(\OH 0 HO
z OH HO HO
on on HO
OH 272 0 0
270 HO OH OA OH OH
271 ¢ OH 274
HO
HO
OH
R
275 OR,

276 R=H, R,=hexanoyl, R:=Ac
277 Ri=Rs=Ac, Ry=hexanoyl
278 R=Rs=Ac, Ro=tigoloyl

L0 (k& @; 51@%

281 282 287
Z
OH
Z 0 o o
OH
X ~o | | /
288 289 290 291 292 393 2;/ f
OH
=z
HO HO _
295 296 297 298 299 300
7 H;CH,C OGlu
HO CH,CH; HO

“SCHCH,

301 302 303
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HO \ CH,CH, HO HO
304 305 306
H
GluO H
N COOH
307 310
HO HO -
" HO
HO HO HO HO
g H $ oH HO H 3
< COOH N S ou N OH
d 0
311 312 313 314
H.Cc CH H CH OH N
3G A éH3 o fe) | A
OCH
HO HO OH 3 _
) . HO HO N
S N OH 318 319
315 316 317 COOH
N NH, S
Z j & o NH NH
I N NH, 2
© “ \/\)L 2
[\ o </ f\J HOOC N \/COOH ¥ OH N\
N \N z 5 H,N N
NH
320 321 322 H 2 H
323 324 325 326
o 0
J(J)\ 0 0 0 0 Ho 0 0
OH
H5C. N PN \)k /\)L OH
"""NH" TOH OH OOH OH H HO (CH)3 A
O o (CHy)1, OH\(CHZ)M OH
327 328 329 330 331 332 33 O 334 335
0 0 0 0 0
N
~ J\ ~ Jk — Jk ~ Jk J\ H,C(H,C) X (CH,),COOH
~cioon  CH)NOH NCi)YOH SCHROH  Ncion Scipyon MO0, (CHay
336 337 338 339 340 341 342
J(L OH
//\ 7\ =\ /~ N NN
Ve CH,),COOH
H;C(H,C)7 - (CH,COO0H 1. c(11,C);,  (CH,)eCOOH  HiC(H,C)y (CH,»y0 (CHy),
343 344 345 OH 346
X
— =\ = HO HO
0 0
(CH,),COOH HO 07 (CH,),,CH
2)7 /\(Q\ (CH,),4CH; HO )j\ HO Jj\
0 (CH,),4CH; o (CH,),0CHj3
347 348 349 350
OH % o OH — OCO(CH,),,CH
/A VeV ¢ HO  0OCO(CH,); V' (CH,),CH, R
07 (CHy),; (CHy),CH,  H,C(H,C), (CH,0 \—Q_ oH
oH OH OCO(CH,),4CH,
351 352 353 OCO(CH,),4CH,
= = _ — 354
OCO(CH,), (CH,),CH;  HO OCO(CHE2)7 \V4 (\CH2)4CH3 OCO(CHy); V' (CH,),CH, OH

HO

OH \_Q_
OCO(CH,)ACH,);CH; OH HO OOOH
=/

OCO(CHy),4CH; 0CO(CH,), (CHy);CH;
156 (CHy)g OH 3s8
355 357
HO OH OH OH OH OH
OH >y on Mo~ Me
HO NH (CH2)17 H3C(H2C)18 (CHZ)SCHS H C(H C) (CH ) (CH ) CH
HO OH 2 3-8 2)s 2)3%-H3

OH
359 360 361 362 363 364
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H3C(HoC)is™ (CHy)y (CHy)sCH; H3C(H2C)15)\(Cf%2>(CH2)8CH3 H;O(H,C)1s7 (CHy), Y(CHyCHy  HiC(HC)y” T (CHy)sCH;
365 366 367 368
OH
OH OH
/\/\ OH OH
(CH2)24 H oH o (0]
H;C(H,C);g (CH,)3(CH,),CH; (CHy), \(CMOH HO
HO OH HO oH _sO
371 372 373 OH 374
ol 1o HOOC on
{iﬁ:@/ O/S:ﬂiﬂm* E:ﬁ%M
OH "OH
OH HO OH
378 379 380 OH

OH

OH OH
HOOC \)\

383

384 385

3 EPEMEESYINGEN

Fig.3 Structures of other compounds from N. nucifera

T SRR 110 1 MR I £ 3 A0 B A N I /A 3R
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22 IEK
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&) (nelumboside A~D), PFfiHXF ABTS FI
DPPH MIHTE TG, 455K, nelumbosides B
RINBOERN B HETERREE. 75k, WEF L
S3BSAR R 1 PR OB I S R A e (R
OO, BERELE Z Pha b R FEHTAEAE R TS,
23 IRHE

RIER TG K Z AN, W o0 S RE
HWHRG WRRS. WIKRARS. LHERS, W
PRI BHBKOFERE AL SR W . A R FL R,
Ao P R 2 2R -3-O- A R 1 1R 0 15 W 4 i B A B
PP RAEFU, fai et = iR =S NAFLD BA R
PYER, 1Z/ER 5183t AdipoR2 ZRik/ B il 5 24
P/ AR 289 R R I 7K P A ) 98 0 I A <1602
Liao ZFU7HE L $E U7 S 4521 1 A28 00 2 5l
HVEE 0 f U D R 2P R R Y, SR E —Flog Y
e 2 (LPPS) HIZiftmisr F1 Al F2 XHARZ ¥
(LPS) %5 B4 RAW264.7 AR IIPL#AE
FH , FFUEBA 0T LA 24401 LPPS 305 RAW264.7
YRR AR CAE R o T 8 05 S TSI 98 3R BH fur 1A
YRR T ) K P A T AR AR o A i R i R
CO, ZEHUVINT AR . TEBER . BRESHEA —EN
U, 250G 2SSO0 SR BH, it IE T BE4E
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