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Alkaloids from leaves of Nelumbo nucifera Gaertn. and their agonistic
activities on 5-HT,, and 5-HT,_.receptors
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Abstract ; The alkaloids in leaves of Nelumbo nucifera Gaertn. were isolated ,identified and evaluated for their lipid-regulating
activities on receptors 5-HT,, and 5-HT,. in this study. Eleven alkaloids were isolated and purified from lotus leaves by com-
bining the traditional acid extraction and alkali precipitation method with modern high-performance liquid chromatography
techniques , and were identified as pronuciferine N-oxide (1), pronuciferine (2) ,roemerine (3), noroxyhydrastinine (4),
piperlonguminine (5) ,asimilobine (6) , O-nornuciferine (7) , N-nornuciferine (8) , nuciferine (9), coclaurine (10) and
armepavine (11) ,respectively. Among them,compounds 1,4 and 5 were obtained from the title plant for the first time. Tt is
revealed that all alkaloids possessed interesting agonistic activities on 5-HT,, receptor by an MTT assay on HEK 293 cell
lines ,which implied the potential chemical substance and pharmacological mechanism of the lipid-regulating activities of lotus
leaves.
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ZEES 1290-6530 LC-QTOF & it Bk A AN ( Agi-
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(Bruker A F], f8[5 ) ; Waters E2695 737 7 v 2% i AH
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Fig. 1 HPLC analysis on alkaloids extract from N. nucifera
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2.1 SH%E

el A HR-ESI-MS : m/z 328. 156
2 [M+H]" (caled for C,,H,NO,,328.154 3);'H
NMR (600 MHz,CD,0D)8:6.91(1H,d,J = 9.3 Hz,
H-12),6.87(1H,d,J = 9.6 Hz,H-8) ,6.65(1H,s,
H-3),6.31 (1H,dd,J = 9.6,1.9 Hz, H9),6.24
(1H,dd,J = 9.3,1.9 Hz,H-11),4.98 ~5.02(1H,
m,H-6a) ,4.01 ~4.05(1H, m,H-5«),3.83(3H,s,
-OCH,),3.72 ~3.77(1H, m, H-58) ,3.65 (3H, s,
-OCH,),3.45 ~3.49 (1H, m, H4a) , 3.40 (3H, s,
-NCH,) ,2.90 ~2.94 (2H, m, H43, H-7a) , 2. 28 ~
2.32(1H,m,H-7B) ;" C NMR (150 MHz,CD,0D)35:
144.9(s,C-1),154.2(s,C2),111.7(d,C-3) ,24.2
(t,64),65.3(t,C5),39.3(t,C-7),151.5(d, C-
8),128.5(d,C9),185.3 (s, C-10),127.8 (d, C-
11),148.6 (d, C-12),50.5 (s, C-13),125.3 (s, C-
3a),126.8 (s,C-3b),74.1(d, C-6a),133.3 (s, C-
13a),61.0(q,-OCH,),56.4 (q,-OCH,),56.3 (q,-
NCH,) o DA S 5 ek’ 4l — B0, o e ol

N -5 5 A P

wEW2 HEHA; HR-ESI-MS:m/z 312. 157
7 [M+H]" (caled for C,yH,,NO,,312.159 4);'H
NMR (600 MHz, CD,0D)6:6.96 (1H,dd,J = 9.2
Hz,H-12),6.86 (1H,dd,J = 9.2 Hz, H-8),6.56
(1H,s,H-3),6.35(1H,dd,J = 9.2,1.9 Hz,H9),
6.21(1H,dd,J = 9.2,1.9 Hz,H-11) ,3.86(3H,s,
-OCH,),3.61 (3H,s,-OCH,),3.53 (1H,dd,J =
10.6,6.3 Hz, H-6a),3.20 ~3.25(1H, m, H-5a) ,
2.95~2.99(1H,m,H4a),2.80 ~2.84(1H, m, H-
48),2.54 ~2.58 (1H, m, H-58),2.49 (3H, s,
-NCH;)2.44 (1H,dd,J = 11.6,6.3 Hz, H7a),
2.32(1H,dd,J = 11.6,10.6 Hz,H-78) ;" C NMR
(150 MHz, CD,0D) §:144.7 (s,C-1),153.8 (s, C-
2),112.0(d,C-3),27.5(t,C4),55.0(t,C-5) ,47.3
(t,C-7),153.2(d,C-8),128.5(d,C9),186.3 (s,
C-10),127.6(d,C-11),149. 8(d,C-12) ,51.5(s, C-
13),128.3(s,C-3a),133.8(s,C-3b),65.8(d, C-
6a),132.9 (s, C-13a),61.1(q,-OCH, ), 56.5 (q,
-OCH,) ,43.3(q,-NCH;) o DA b 34 5 3cik"™ i
— 3, R 5 Ry D A

wEW3 [ A ; HR-ESI-MS . m/z 280. 132
0[M+H]" (caled for C,iH,4NO,,282.133 8);'H
NMR (600 MHz,CD,0D)&8:7.19 ~7.25(4H,m,H-8,
H-9,H-10,H-11),6.54 (1H,s,H-3),5.72 (2H, s,
-OCH,0-),3.74 ~3.76 (1H, m,H-6a) ,3.21 ~3.27
(2H,m,H-5),3.12 ~3.15(1H, m, H4a) ,2.67 ~
2.72(2H, m, H4B, H-7a) , 2.63 (3H, s,-NCH, ),
2.57 ~2.62 (1H, m, H-78) ;" C NMR (150 MHz,
CD,0D)8:146.9(s,C-1),142.8(s,C-2),107.6(d,
C-3),28.8(t,C4),53.6(t,C-5),34.7(t,C-7),
127.8(d, C-8),127.0(d, C9),127.1(d, C-10),
128.1(d, C-11),116.7 (s, C-la) ,126.5(s, C-1b),
126.9(s,C-3a),62.2(d, C6a),135.6 (s, C-7a),
131.2 (s, C-11a), 102.7 (t,-OCH,0-) , 42.5 ( q,
NCH;) o RL b %3 45 Sciikt '™ il — 2, S %8

wEW4 HEBA; HR-ESI-MS m/z 192. 064
5[M+H]* (caled for C,,H,,NO,,192.062 8);'H
NMR (600 MHz,CD,0D)&:7.51(1H,s,H-8),6.65
(1H,s,H-5),6.09 (1H, br s,-NH),5.99 (2H, s,
-OCH,0-),3.52 (2H,t,J = 6.5 Hz, H-3),2.90
(2H,t,J = 6.5 Hz, H4);"” C NMR (150 MHz,
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CD,0D)5:165.9(s,C-1),40.2(t,C-3),28.5(t,C-
4),107.1(d,C-5),150.7(s,C-6),146.7(s,C-7),
108.1(d,C-8),123.0(s,C4a),134.5(s,C-8a),
101. 5(t,-OCH,0-) . LA_b%cdi 5 scmk " i —3%,
WCRE 5 2 Ry AR A I S B T

WwaEWS FEKKR; HR-ESI-MS: m/z 274. 149
1 [M+H]* (caled for C,, H,yNO,,274.143 5);'H
NMR (600 MHz,CD,0D)6:7.27(1H,d,J = 1.5 Hz,
H-2),7.16(1H,dd,J = 15.0,10.2 Hz,H-9) ,7.01
(1H,dd,J = 8.1,1.5 Hz,H-6),6.83 ~6.96(3H,
m,H-5,H-7,H-8),6.11 (1H,d,J = 15.0 Hz, H-
10),6.06(2H,s,-OCH,0-),2.97 ~2.99(2H, m, H-
1'),1.71 ~1.74 (1H, m, H2") ,0.86 (6H,d,J =
6.7 Hz,H-3' H4');”C NMR(150 MHz,CD,0D)3§:
131.5(s, C-1),106.2 (d, C-2),148.5 (s, C3),
148.2(s,C4),109.0 (d, C5),123.2(d, C-6),
138.3(d, C-7),125.9(d, C-8),139.7 (d,C9),
125.3(d, C-10),165.7 (s, C-11),46.8 (t,C-1"),
28.7(d, C2"),20.7 (q, C3", C4"),101.8 (t,-
OCH,0-) o DI - %cd5 ek ™ il — 2k, ol %
NEEXRT .

WwEW6 kR ; HR-ESI-MS: m/z 268. 133
1 [M+H]* (caled for C,H4NO,,268.133 2);'H
NMR (600 MHz,CD,0D)6:7.25 ~7.31(4H, m,H-8,
H-9,H-10,H-11) ,6. 70(1H,s,H-3) ,4. 18(1H,dd,J
= 4.5,3.8 Hz,H-6a) ,3.57(3H,s,-OCH, ) ,3. 30 ~
3.33(2H,m,H-5),3.25 ~3.27(1H, m,H4qa) ,3. 11
~3.19(1H,m,H4B),3.04(1H,dd,J = 13.4,4.5
Hz,H-7a),2.91 (1H, dd, J = 13.4,3.8 Hz, H-
78) ;" C NMR (150 MHz,CD,0D)§:152.6(s,C-1),
146.3(s,C2),116.8(d,C-3),26.5(t,C4),42.9
(t,C-5),35.4(t,C-7),129.3(d,C-8),129.2(d, C-
9),129.1(d, C-10),127.8(d, C-11),122.6 (s, C-
la),129.4 (s, C-1b),128.2 (s, C-3a),54.6 (d, C-
6a),134.7 (s,C-7a),133.0 (s, C-11a),60.7 ( q,
-OCH,) o DA b ¥ 5 3C k™ 0 — B, sl %
o lR -2

WwaEWT KK ; HR-ESI-MS: m/z 282. 148
5[M+H]" (caled for C4H, NO,,282.148 9);'H
NMR (600 MHz,CD,0D)§:7.23 ~7.32(4H, m,H-8,
H-9,H-10, H-11),6.68 (1H,s, H-3),3.74 ~3.76
(1H, m, H-6a),3.63(3H,s,-OCH,),3.28 ~3.31
(2H,m,H-5),3.19 ~3.25(1H, m, H4a) ,2. 74 ~

2.84(2H, m, H48, H7a/),2.76 (3H, s,-NCH, ),
2.68 ~2.70 (1H, m, H-78) ;" C NMR (150 MHz,
CD,0D)8:151.9(s,C-1),146.1(s,C2),116.7(d,
C-3),28.8(t,C4),54.5(1,C5),35.1(t,C-7),
129.5(d, C-8),129.3(d,C9),129.1(d, C-10),
128.3(d, C-11),125.9(s,C-1a),129.6 (s, C-1b),
128.9(s, C-3a),64.1(d, C-6a),136.7 (s, C-7a),
133.5 (s, C-11a), 60.9 ( q,-OCH, ), 43.4 ( q,
-NCHy) o DA b %548 45 3Cmk ™ i — 2, sl %
R O F R A I

waEmWSs R ; HR-ESI-MS: m/z 282. 147
3[M+H]" (caled for C,H,,NO,,282.148 9);'H
NMR (600 MHz,CD,0D)8:8 7.26 ~7.32(4H,m, H-
8,H-9,H-10,H-11),6.86 (1H,s,H-3) ,4. 13 (1H,
dd,J = 4.3,3.5 Hz,H-6a),3.90(3H,s,-OCH, ),
3.66(3H,s,-OCH;),3.58 ~3.63 (1H, m, H4a),
3.16 ~3.25(2H, m,H-5),2.99 ~3.03 (1H, m, H-
48),2.96 (1H,dd,J = 13.8,4.3 Hz,H-7a),2.85
(1H,dd,J = 13.8,3.5 Hz,H-78) ;" C NMR (150
MHz,CD,0D) §: 154.6 (s, C-1),147.0 (s, C-2),
113.0(d,C-3),27.0(1,C4) ,42.7(1,C-5),35.6(t,
C-7),129.0(d,C-8),128.5(d,C-9),128.0(d, C-
10),127.6(d,C-11),124.5(s,C-1a),129.3 (s, C-
1b),128.1(s,C-3a),54.2(d, C-6a),135.0(s, C-
7a),132.7 (s, C-11a),60.4 (q,-OCH, ) ,56.3 (q,-
OCH,) o DU s 553kt i — 2%, bl % 2
N-Z5 BB fap

wEW kK ; HR-ESI-MS: m/z 296. 164
2 [M+H]" (caled for CyH,,NO,,296.164 5);'H
NMR (600 MHz,CD,0D)§:7.25 ~7.32(4H, m,H-8,
H-9,H-10, H-11),6.82 (1H,s, H-3),3.88 (3H, s,
-OCH,),3.63(3H,s,-OCH,),3.52 ~3.55(1H, m,
H-6a),3.35 ~3.38 (1H, m, H4a),3.18 ~ 3.28
(2H,m,H-5),2.90 ~2.98 (m,1H, H-7) ,2. 85 ~
2.87(1H, m, H4B),2.80 (3H, s,-NCH, ) ,2.69 ~
2.72(1H,m,H-78) ;" C NMR (150 MHz,CD,0D)35:
154.0(s,C-1),146.6(s,C-2),112.5(d,C-3),28. 1
(t,C4),53.8(1,C-5),34.4(t,C-7),129.0(d, C-
8),128.7(d,C-9),128.5(d, C-10),127.9 (d, C-
11),125.7(s,C-1a),129.2 (s, C-1b) ,128. 1 (s, C-
3a),63.4(d, C-6a),135.9(s,C-7a),132.7 (s, C-
11a),60.5 (q,-OCH,),56.3 (q,-OCH, ) ,42.5(q,
-NCHy) o DAk %58 45 3C k™ 0 — B, sl %
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&% 10 [ ¥ K; HR-ESI-MS: m/z
286.147 1 [M+H] * (caled for C,,H,,NO,,286. 143
8);'H NMR (600 MHz,CD,0D)§:7.12(2H,d,J =
8.3 Hz,H-10,H-14) ,6.81(2H,d,J = 8.3 Hz, H-
11,H-13),6.64 (1H,s,H-8),6.45(1H,s, H5),
4.56 ~4.60 (1H, m, H-1),3.68 (3H, s,-OCH, ),
3.46 ~3.54(1H, m,H-3a) ,3.28 ~3.31(2H, m, H-
4),3.06 ~3.08(1H,m,H-38),2.93 ~3.00(2H,m,
H-15) ;" C NMR (150 MHz, CD,0D)§:57.7 (d, C-
1),40.6 (t,C-3),25.8(t,C4),116.2(d,C5),
147.9(s, C6),147.8 (s, C-7), 111.2 (d, C-8),
127.4(s,C9),131.9(d, C-10,C-14) ,116.9(d, C-
11,C-13),158.2(s,C-12),40. 1(t,C-15),123.6(s,
C4a),125.0(s,C-8a),56.3(q,-OCH,) . LA I %#
5SRO R B, B R M S 2

& 11 [ F K; HR-ESI-MS: m/z

&2

H

CH; H 1
CH;

(0]
i 9 It 3 _—
0.3 TR SN - 6
< HoL 7
(0] 7 s 8
9

314.1772 [M +H] " (caled for C,H,,NO,,314. 175
1);'H NMR(600 MHz,CD,0D)§:7.18(2H,d,J =
8.3 Hz,H-10,H-14) ,6.95(2H,d,J = 8.3 Hz, H-
11,H-13),6.90 (1H,s,H8),6.85 (1H, s, H5),
4.28(1H,dd,J = 9.5,4.6 Hz,H-1),3.89(3H,s,-
OCH,) ,3.80(3H,s,-OCH,) ,3.52 ~3.61(1H,m,H-
3a),3.20 ~3.26(2H,m,H4) ,3.05 ~3.08(3H, m,
H-38, H-15),2.84 (3H, s,-NCH, ) ;" C NMR ( 150
MHz,CD,0D) 8:66.0(d, C-1),38.5(t,C-3),25.8
(t,C4),117.0(d,C-5),150.3(s,C-6),148.3(s,C-
7),112.7(d,C-8),131.4(s,C-9),132.2(d, C-10,
C-14),116.5(d,C-11,C-13),157.9(s,C-12) ,46.5
(t,C-15),124.0 (s, C4a),125.1 (s, C-8a),56.4
(q,-OCH,),55.9(q,-OCH;) ,41.0(q,-NCH, ), Lk
B SOk R — B, R e E T 3 RS
il
LG 1 ~11 FIE5R LR 2.,

CH;

CH,

WEM 1 ~11 U FLE

Fig. 2 Chemical structures of compounds 1-11

2.2 xf5-HT 2R zh1ER

3 A AN 7 HEK293 47 |- it T
a2 4 8 X 5-HT,, M1 5-HT,. 32 & 1 3% 3h 1
RS RN L s, TS 1L A ar 2B e 7
IR BE T %) 5-HT,, Z R B A B e, Hod, ik
H9 #0.99 mmol/L Y& T XF 5-HT,, AZ &1 3h
R H136. 09% ,AL4H) 2 76 1. 01 mmol/L ¥ B st it
5-HT,, Z KM s %R 109. 27% 57 AL W)X 5-
HT, Z R A — @ e, b b &9 1 4

0.99 mmol/L ¥ J& i X 5-HT, 52 1K ) 3 3l 5
63.29% |
3 it54iR

HE T2 Sl K ot AT e v JDEL 46T I 45
oM I P A B DR 25 QP B 1) T 275 I
Z— VAN DS IEAT B T b 3 B 1 T By A0 B iA
P SRR R I FL Sh AR A ) IZ 43 A 1 — F
223 5, 38 1o Y Bl S BT AR IV 2 R T R T I Y
M2 ITCR AT E , BEMTRPEA R T RS T i st
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BEAT AT P IS AR B RS 5-HT, A0 5-HT, 2 AR K s VR R 5 661

Fz 1 THAEWERS 5-HT,, Z4F 5-HT, FEHH1ER

Table 1  Agonistic activities of alkaloids isolated from N. nucifera on receptors 5-HT,, and 5-HT,,

Bzl Agonistic activity( % )

Sample Concentration 5-HT,, 5-HT,
H YL EY) Alkaloids extract 332 pg/mL 82.61 38.94
1 0.99 mmol/L 78. 40 63.29
2 1. 01 mmol/L 109. 27 32.38
3 1. 01 mmol/L 96.91 ND
4 1. 00 mmol/L 47.63 17.39
5 0. 98 mmol/L 29.25 23.80
6 0.99 mmol/L 67.48 ND
7 1. 01 mmol/L 81.52 18. 46
8 1. 00 mmol/L 78.07 33.23
9 0.99 mmol/L 136. 09 43.90
10 0.97 mmol/L 40. 26 ND
11 1. 00 mmol/L 49.37 ND

TE - B I S A {8 ND - S0 R 23

Note ; Agonistic rate was the average of two independent tests. ND : No agonistic activity was detected.

iz s, 5 ARIR & BEAR 15 2T s 2 )
&%wﬁ%oﬁﬁﬁ%ﬂﬁg%ﬁﬁmiﬁﬁﬁ
SRR 5-HT,, S-HT, 35 32 AR5 P, A
5 7= e A R RN DR B8, DT 3 B A RAAIG
P/ s Munusamy 250 BIF5E A K 4 IH- HR A 40 - B
FIERL AT feid i 16 1k 5-HT,, SZ A8 25 B8k

Sy it — 20 i) B gy Pt 308 i O80T 35 1 1 A T
AHF5E R AL GE PR PR T -5 B i A €235 41 2%
FARAALGE B 177 3 X0 g i v (8 A= AT T 53 8
HGF) 11 AW EY, Kb b G5  1.4 A
5 B RN AR 2, i PG S R iR A
GIXS 5-HT,, Z R BA —E WM s EH, 5 Mu-
nusamy 25" (ORFSELE R — B, HE— LB R T iR
Vi rl e B A i Ak 5-HT,, 52 (40 52 B & LR
WE RPN, b, S BT el 2 A e (1.2) Fba]
RHESEAE )08 (3.6 ~9) XF 5-HT,, Z 1A BV
A 6 PR T LA ST A W, BRSO R A
frift—2P T

2 W N O e S Gl A b TN e L S Nl
— AR T YR R VBN 1 T RE 24 LA A FH AL
], Sk JE i I 1 9 i DR TES 9% T &R S A 25 4
R Ag S PR AL T T 2 A e

% 30k
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