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The nootropic components of Hovenia dulcis

Y1 Shu-zhen” ,FU Qiu-sheng”*
Department of Pharmacy, Naval General Hospital, Beijing 100048, China

[ABSTRACT] Objective: To investigate the nootropic components of Howvenia dulcis. Methods: Six saponins were isolated from
Howvenia dulcis and Step-down test was used to examine the memory ability of mice. The escape latency and the times of wrong
performance within 3 min were used to evaluate the memory ability of mice. To study the effects of saponins on learning and
memory in mice,we divided the mice into 6 groups:youth group,aged group,aged plus piracetam (0. 3 g/kg) group,aged plus
saponins (0. 6 g/kg) group,aged plus saponins (0.3 g/kg) group,and aged plus saponins (0. 15 g/kg) group. To study the
influence of saponins on impairment of memory acquirement, consolidation, and reoccurrence (induced by scopolamine, sodium
nitrite and 40% ethanol, respectively) . mice were also divided into the following 7 groups: control group. untreated group,
piracetam group (0. 3 g/kg),compound 3 group(0. 3 g/kg),compound 4 group(0. 3 g/kg),compound 5 group(0. 3 g/kg),and
compound 6 group (0.3 g/kg). Results; The chemical structures of six saponins were elucidated as 3-O-stigmasterol-( 6-O-
palmitoyl)-B-D-glucopyranoside (1), 8-daucosterin (2), hovenidulcioside A; (3), hoduloside [ (4)., hoduloside [V (5), and
saponins C, (6). Among them, compounds 1 and 2 were isolated from this plant for the first time. Compounds 5 and 6 had
enhancing effect on the learning and memory ability of natural senile mice,and they could improve the impairment of memory
acquirement, consolidation and recurrence in mice induced by scopolamine, sodium nitrite and 40% ethanol,
respectively. Conclusion: The aglycone of jujubogenin might be the main saponins contributing to the nootropic effect of total
saponins from Howvenia dulcis.
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Fig 1 Chemical structure of compounds 1-6
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2.1 wedaEe EY 1. AENRREE; ES
MS m/z: 835 [M + Na]'; EI-MS m/z: 161, 239,
410,' HNMR (CDCl;) §: 0. 69 (3H, s, H-18), 0. 90
(3H,s, H-19),1.00(3H,d, J = 6. 65 Hz, H-21),
0.81(3H,t,J=8.0 Hz,H-27),0. 85(3H,d,J=6.0
Hz,H-28).0.80(3H.d.J=17.0 Hz, H-29),3.95
(1H,m,H-3),5.11(1H,dd,J =9.0 Hz,15.0 Hz,
H-23),5.26(1H,dd,J=9.0 Hz,15.0 Hz, H-22),
5.39(1H. t, J = 2.5 Hz, H-6); 3-O-8-D-Glu: 4. 37
(1H.,d,J=7.0 Hz,H-1),3.34(1H.,m, H-2), 3. 57
(1H,m,H-3),3.40(1H,m,H-4),3. 46 (1H, m, H-
5),4.30(1H,dd,J =3.0 Hz,12. 0 Hz,Ha-6),4. 42
(1H,dd, J = 6.0 Hz,12.0 Hz, Hb-6);* CNMR
(CDC13)8:37.5(C-1),31.5(C-2),79.9(C-3),39. 4
(C-4),140.8(C-5),121.9(C-6),31.9(C-7),32.0

(C-8),50.4(C-9),36.9(C-10),21.5(C-11),39.7
(C-12),42.2(C-13),57. 0(C-14),24. 6(C-15),29. 1
(C-16),56.2(C-17),12. 4(C-18),19. 8(C-19) ,40. 9
(C-20),21.5(C-21),138.8(C-22),129.5(C-23),
51.7(C-24),31. 9(C-25),19. 3(C-26),12. 3(C-27),
21. 4(C-28),18. 7(C-29) , iz ZMA W & HS B-
3-O-B-D- (65 e Tt 5k ) N e 5 22 1

AW 2. 16 E B K K; EFMS m/z: 576
[M]";'HNMR(CDCI;)8:0. 78(3H, s, H-18),0. 89
(3H,d,J=7.0 Hz,H-29),0. 93(3H,t,] =8. 0 Hz,
H-27),0.97(3H,d,J =6.0 Hz, H-28),1. 23 (3H,
s, H-19),1.15(3H.d, J = 7.0 Hz, H-21), 3. 85
(1H,m, H-3),5.44(1H,t,J =2.3 Hz, H-6); p-D-
Glu:5.12(1H,d,J =6.9 Hz,H-1),3.54 (1H, m,
H-2).4.43(1H,m, H-3),4. 44 (1H, m, H-4), 3. 98
(1H,m,H-5),4.90(1H.,dd,J=3.0 Hz,12.0 Hz,
Ha-6),4.81 (1H,dd., J = 6.0 Hz,12.0 Hz, Hb-
6); *CNMR(CDCl;)§:37. 5(C-1),31. 8(C-2),72.0
(C-3),42.3(C-4),141.1(C-5),121.9(C-6),32. 1
(C-7),31.0(C-8),50. 5(C-9),36.8(C-10),21. 7(C-
11),40.2(C-12),42. 5(C-13),56. 8(C-14) ,24. 7(C-
15),29. 3(C-16),56. 1(C-17),12. 3(C-18),19. 6(C-
19),40. 7(C-20),21.5(C-21),138. 6 (C-22),129.7
(C-23),51. 4(C-24),32.0(C-25),19. 4(C-26),12. 7
(C-27),21.3(C-28),19.5(C-29), B-D-Glu:103. 1
(C-1),75.1(C-2),78.3(C-3),71.4(C-4),78.0(C-
5),62.5(C-6), H'HNMR HI"”¥CNMR i %4 5
kU — B O A Sk g MY

&Y 3. A4 s m. p. 184~186°C ; ESI-MS
m/z:875 [M+Na ] ;' HNMR(Py-d;)8:0. 90(3H,
s H-29),0.91(3H,s,H-19),0.95(3H,d, J =7.0
Hz,H-21),1.05(3H,s, H-18).1. 10(3H,s, H-28),
1.91(3H,dd,J=1.6.1.7 Hz,H-27),2. 10(3H, s,
H-Ac-Me),2.49.2.70(2H, ABq, J =19.0 Hz, H-
15),3.21 (1H, m, H-3),4.30,4.51 (2H, ABq, ] =
10.5 Hz, H-30),4.74 (1H, m, H-20), 5. 11 (1H,
brs, H-23), 7. 30 (1H, brs, H-24); 3-D-Glu: 4. 83
(1H,d,J=7.0 Hz,H-1),4. 24(1H,m, H-2),4. 13
(1H.m,H-3),4.04(1H,m, H-4),3.83(1H,m, H-
5).4.29(1H,dd,J=5.0 Hz,12.0 Hz,Ha6),4. 71
(1H,dd, J =6.0 Hz,12.0 Hz, Hb-6), o L-Rha:
6.43(1H,brs, H-1),4.84(1H,m, H-2),4. 63(1H,
m,H-3),4.24 (1H, m, H-4),4.81 (1H, m, H-5),
1.69(3H,d,J=6.0 Hz,H-6),"CNMR (Py-d;) 5:
39.2(C-1),27.0(C-2),89. 8(C-3),40. 2(C-4),57. 1
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(C-5),19.1(C-6),35.2(C-7),42.6(C-8),54.5(C-
9),37.8(C-10),21. 7(C-11),25. 2(C-12),39. 5(C-
13),53.8(C-14),34.7(C-15),179.3(C-16), 36. 4
(C-17),18. 3(C-18),16.6(C-19),74. 7(C-20),11. 5
(C-21),35.6(C-22),80.7(C-23),151.4(C-24),
130.2(C-25),176.4 (C-26),10.7(C-27), 28. 3(C-
28),17.5(C-29), 21.3,172. 0 (AcO-), B-D-Glu:
105.4(C-1),78.9(C-2),79.6 (C-3),72.4(C4),
77.6(C-5),62.8(C-6), o l-Rha:101.4(C-1),71.9
(C-2),72.0(C-3),73.7(C-4),69.6(C-5),17. 8(C~
6), H'HNMR fI" CNMR % %4 5 Scmk™™ — 3%,
W R 1% AL B W) N hovenidulcioside A, ,

&Y 4. 1A TEEE B K ESIMS m/z: 905
[M-H] ;' HNMR (Py-ds) §:0. 69 (3H, s, H-19),
0.75(3H,s,H-18),1.19(3H,s, H-29),1. 24 (3H,
s, H-28),1.39(3H,s, H-21),1. 68(3H, s, H-26),
1.74(3H,s,H-27),3. 28(1H,dd,J=4.0 Hz,11.0
Hz,H-3),2.63.2.95(2H, ABq, J =18.5 Hz, H-
15),3.01 (1H,d.J=9.0 Hz, H-17), 1. 71, 2. 41
(2H,ABq,J=14.0,H-22),4.90(1H,dd, J=10. 0,
6.0 Hz, H-23),5.41(1H,d, J=10.0 Hz, H-24),
4.43.4.71(2H,ABq,J =10. 5 Hz, H-30); 3-O-3-D-
Glu:4.93(1H,d,J=7.0 Hz,H-1),4.34(1H, m,
H-2),4.30(1H,m,H-3),4. 14(1H, m,H-4),3. 98
(1H,m,H-5),4.39(1H,dd,J=5.0 Hz,12. 0 Hz,
Ha-6),4.57(1H,dd,J=6.0 Hz,12.0 Hz, Hb-6),
o-L.-Rha. 6. 63 (1H, s, H-1),4.80 (1H, m, H-2),
4.65(1H, m, H-3),4.34(1H, m, H-4),4. 81 (1H,
m,H-5).1.73(3H,d,J =6.0 Hz,H-6), 23-O-8-D-
Glu:4.91(1H,d, J=8.0 Hz,H-1),3.94(1H, m,
H-2).,4.25(1H, m,H-3).,4.23(1H,m, H-4), 3. 80
(1H,m,H-5),4.33(1H,dd,J=5.0 Hz,12. 0 Hz,
Ha-6),4.47 (1H, dd, J] = 6.0 Hz, 12. 0 Hz, Hb-
6),"” CNMR (Py-d; ) §:38.3.2(C-1),27.0(C-2),
88.8(C-3),39.2(C-4),55.1(C-5),18.1(C-6),33.2
(C-7),39.6(C-8),52.5(C-9),36.8(C-10),20. 4(C-
11),25.2(C-12),39. 5(C-13),51. 8(C-14),34. 4 (C-
15),176.3(C-16),63.4(C-17),17.3(C-18), 15. 6
(C-19),56. 7(C-20),17. 5(C-21),44. 6(C-22) ,74. 4
(C-23),127.4(C-24),134.2(C-25),26.4(C-26),
18. 7(C-27),27. 3(C-28) ,16. 5(C-29),69. 5(C-30),
3-O-8-D-Glu:105. 9(C-1),77.9(C-2),79.6 (C-3),
72.3(C-4),78.6(C-5),62.4(C-6), o-L.-Rha:101.5
(C-1),72.1(C-2),72.0(C-3),74.3(C-4),69.9(C-
5),18.8(C-6), 23-O-8-D-Glu:103.3 (C-1),75.9

(C-2),78.6(C-3),71.4(C4),78.4(C-5),62.5(C-
6), H'HNMR 1" CNMR i % 5 Scik — 2,
R E 1% AL B W) 8 hoduloside T .

2.5 BEY S HETEEHK; ESEFMS m/z: 927
[M-H] ;'HNMR (Py-ds)$:3. 28 (1H.dd, ] =4.0
Hz,12 Hz,H-3),2.72(1H,m, H-13),1. 03(3H.,s.
H-18).0. 68(3H,s,H-19),1. 27(3H,s,H-21),5. 17
(1H,m, H-23),5.88(1H,d, J =9.0 Hz, H-24),
1.68(3H,s, H-26),1.61(3H.s, H-27),1. 27 (3H.
s, H-28),1.01(3H,s,H-29), o-L-ara:4.80(1H,d,
J=7.0 Hz,H-1),4. 74(1H,m,H-2) ,4. 33(1H,m,
H-3),4.54(1H,m,H-4),4. 14(1H,dd, ] =2. 5 Hz.
11.0 Hz,Ha5),3.67(1H.d,J =11.0 Hz, Hb-5),
B-D-Glu(1>2):5. 51(1H.d.J=8.0 Hz,H-1),4. 04
(1H.m,H-2),4.23(1H,m,H-3),4.19(1H, m, H-
4),3.72(1H,m,H-5),4.30(1H,dd, ] =5.0 Hz,
12.0 Hz, Ha6),4.37 (1H,dd, ] =6.0 Hz, 12.0
Hz.Hb-6), B-D-Glu(1—>3):5.31(1H,d,J =8.0
Hz,H-1),4.01(1H, m, H-2),4.20(1H, m, H-3),
4.17(1H, m, H-4),3.92(1H, m, H-5), 4. 33 (1H,
dd.J=5.0 Hz,12.0 Hz,Ha6).4.47(1H,dd, ] =
6.0 Hz,12.0 Hz, Hb-6)," CNMR (Py-d;) §: 38. 4
(C-1),26.4(C-2),88.7(C-3),39.3(C4),55.7(C-
5),17.9(C-6),35.7(C-7),37.2(C-8),52. 6 (C-9),
36.8(C-10),21. 4(C-11),28. 3(C-12),36. 8(C-13),
53.2(C-14),36.6 (C-15),110.0(C-16),53.6 (C-
17),18.4(C-18),15. 9(C-19),68. 2(C-20) ,29. 7(C-
21),45. 1(C-22),68.3(C-23),126.8(C-24),133. 8
(C-25),25.2(C-26),18. 2(C-27),27. 7(C-28),16. 5
(C-29),65.5(C-30), oL-ara:105.2(C-1),77.5(C-
2),83.3(C-3),68.6 (C-4),66.6(C5), pD-Glu
(1>2):104.5(C-1),76. 6 (C-2),78.7(C-3),72.5
(C-4),77.8(C-5),62.9(C-6), pD-Glu(1—>3);
105.5(C-1),75.6 (C-2),78.2(C-3),71.5(C-4),
78.8(C-5),62.4(C-6), H'HNMR FI"* CNMR 3%
B 5 SCmk Y — B, MO E Z A6 & 8 hovenoside
V.

A& 6. 10T ETE B K ; ESFMS m/z: 1043
[M-H] ;'HNMR(Py-d;)$:3.31(1H.dd, ] =4.0
Hz.12 Hz,H-3),2.81(1H,m, H-13),1. 06 (3H,s.
H-18),0.72 (3H, s, H-19), 1. 36 (3H, s, H-21),
1.65.1. 74(2H, ABq,J =2.0 Hz,14.0 Hz; H-22),
5.18(1H, m, H-23),5.52 (1H,d, J = 8.0 Hz, H-
24),1.67(3H,s, H-26),1.65(3H, s, H-27),1. 27
(3H,s, H-28),0.96 (3H,s, H-29), «L-ara:4.83
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(1H.d.J=7.0 Hz, H-1),4. 70(1H, m, H-2) , 4. 36
(1H.m.H-3).4.58 (1H. m. H-4).4.19 (1H. dd.
J=2.5 Hz,11.0 Hz,Ha-5),3.70(1H.d, J =11.0
Hz,Hb-5). oL-Rha:6.60(1H,s,H-1),4.79(1H,
m,H-2),4.63(1H, m, H-3),4.33(1H, m, H-4),
4.85(1H,m,H-5),1. 76 (3H,d,J =6.0 Hz, H6),
B-D-Glu:5.34(1H,d,J =8.0 Hz,H-1).4.11(1H.
m,H-2),4.25(1H, m, H-3). 4. 21 (1H. m, H-4).,
3.89(1H,m, H-5),4.30(1H.dd, ] =5.0 Hz,12.0
Hz.Ha6).4. 64(1H.dd.J=6.0 Hz.12.0 Hz. Hb-
6)."" CNMR (Py-d:) 5:38. 3(C-1),26.4(C-2),88. 1
(C-3),39.4(C-4),55.7(C-5),17. 9(C-6),35. 7 (C-
7),37.2(C-8),52.6(C-9),36.9(C-10), 21. 4 (C-
11).28.2(C-12),36. 7(C-13),53. 4(C-14) ,36. 5(C-
15),110.2(C-16).53. 6 (C-17),18.5(C-18),15.9
(C-19),68. 1(C-20),29. 7(C-21),45. 1(C-22) ,68. 2

(C-23),126.7(C-24),133.7(C-25),25.2(C-26),
17.9(C-27),27. 6(C-28),16. 4(C-29),65. 4(C-30) ,
aL-ara;:104. 8(C-1),77.7(C-2),83.6(C-3),69.0
(C-4),66.3(C-5), o L-Rha;102.0(C-1),71.9(C-
2),72.4(C-3),74.0(C-4),69.3(C-5),18.1(C-6),
B-D-Glu:106.0(C-1),75.4(C-2),78.0(C-3),71. 2
(C-4),78.3(C5),62.3(C6), H' HNMR FI
YCNMRiEHE 5 Scmkt Y — 8 B e iz B0k
saponins C;,
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W LKW 14 A AR AR /N R AE 2] eI e
B AR T H4E4 (P<<0. 01) ; IR AL B 2 7 v
1) £ 2 R P B ZH /N B2 ST e I2 g O WY AR e
(P<0.05 8¢ P<C0.01), AUALE A /Nl i 4 fig WA
D2 2B 5 min AR KB (P<<0. 05) , 4 Hiflh
ir A e E T e EEER(E D,
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Tab 1 Effects of total saponins from Hovenia dulcis. on study and memory ability of aged mice

(n=10,x=+s)
Groups - .N(). of errors - - Latency t/s
Learning(5 min) Memory (3 min) Learning Memory

Youth group 4.0+1.8* 1.14+0.8"* 14.4+5.1* " 126.0+44.8" "
Aged group 6.841.6 2.8+1.4 23.6+6.1 68.2+24.8
Aged—+piracetam group

0.3 g/kg 1.2+1.7 1.64+0.77 16.0+4.8" 102. 7+36.2"
Aged+total saponins group

0.6 g/kg 4141.8%" 1.340.9 14.844.6" " 116. 2442, 6*

0.3 g/kg 4.4+1. 1.5+1.1% 17.045.2" 114.6+£51.7~

0.15 g/kg 4.9+1.6* 2.0+1.3 21.5+5.8 89.5+53.9

*P<C0.05, " * P<C0. 01 vs aged group

2.3 AP REEBAIB D RCIKRRIFY
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0. 05),3 min WA BRI EE N (P<C0. 01) , % W] i
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K ENEH AL G 5.6 41 b hr PG 4 40 % 2 ids
B 3494 B Sk 3 A (P<<0. 05 8L P<<0.01) .tk &
Yy 4 e B 3 min NATIRIKEL(P<C0. 05) . X
T — TR G ST (K 2),

2.4 AsH 3t NaNO, # & KT e B B A 69 %
W SR B 2 W AR A B & AR
(P<<0.01), £ /N RACAZ IL I B f, 55 45
A LAY 3 X & TR b T BCEER &Y
5.6 ZH M P I 2 fil bB AR I AE KL 3 min TR
WEOE > (P<<0. 05 B P<<0.01) L &% 4 A X5
PRI E E G B (R 3,
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Tab 2 Effects of total saponins from Hovenia dulcis.
on scopolamine-induced impairment

of memory acquirement in mice

(n=10,7%s)

Groups No. of errors Latency ¢/s

Control group 1.1£1.2 168.2+68. 4
Untreated group 3.24+1.5"" 98.6440.2"
Piracetam group 0. 3 g/kg 1.541.44 156. 664, 22

Compound 3 0. 3 g/kg 3.0E£1.2 113.8+50. 3

Compound 4 0. 3 g/kg 1.6+1.34 121.8+52. 4
Compound 5 0. 3 g/kg 1.2+1. 1484 149. 1£55. 34
Compound 6 0. 3 g/kg 1.3+1. 0484 170. 1£72. 44

* P<00.05,* * P<0.01 vs control group;~ P<<0.05,°" P<0.01

vs untreated group



+ 1286 -

O TR RS 2009 4E 11 A L5 30 %

® 3 MEFEHFI NaNO ER/MR
1B fZ I P& 5 19 $ 1ig
Tab 3 Effects of total saponins from Hovenia dulcis.
on sodium nitrite-induced impairment of

memory consolidation in mice

(n=10,x=*s)
Groups No. of errors Latency t/s
Control group 1.140.8 188.4+67.2
Untreated group 2.8F1.4%" 100. 2+44. 3% %
Piracetam group 0. 3 g/kg 1.5+1. 04 163. 2+58. 44
Compound 3 0. 3 g/kg 1.9+1.3 108.5+61.3
Compound 4 0. 3 g/kg 1.8+1.3 146.2+54.6
Compound 5 0. 3 g/kg 1.4+1. 144 157. 8+£57. 34
Compound 6 0. 3 g/kg 1.3+1. 2484 179. 5+60. 144

** P<C0. 01 ws control group;® P<C0. 05,44 P<C0. 01 vs untreat-

ed group

2.5 ALAMAF 40% T B PT R RN B IR A
e A0% CBEA BUNBUICIC IR, G 3
XoF 4 TUHE B T CEAE T A6 B9 5.6 41 ez vE 3 20
Al 2 WE A F8 An B R B3 (P <C0.05 8 P <<
0.0 ALE W 4 dXF 2 TiFE bR Y B o5 112 5 X
(FD,
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Tab 4 Effects of total saponins from
Hovenia dulcis. on 40% ethanol-induced

impairment of memory recurrence in mice

(n=10,x=%s)

Groups No. of errors Latency ¢/s

Control group 1.3£0.9 162. 4+60. 6

Untreated group 2.94+1.2%~ 103.2+48. 3
Piracetam group 0. 3 g/kg 1.54+1.14 158. 0447. 84

Compound 3 0. 3 g/kg 2.8+1.2 107.2+43.6

Compound 4 0. 3 g/kg 1.8£1.0 139.7+£46.3
Compound 5 0. 3 g/kg 1.6+1. 244 156. 6+54. 44
Compound 6 0. 3 g/kg 1.4+1. 184 162.2+£58. 74

* P<0.05, " * P<C0. 01 wvs control group; & P<C0. 05,44 P<0. 01

vs untreated group
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