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Advances in studies on chemical constituents from husks of Xanthoceras sorbifolia
and their biological activities
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Abstract: To review the research progress in the chemical constituents from the husks of Xanthoceras sorbifolia and their biological
activities for the first time. After a detailed investigation on the literatures at home and abroad, we had found that the primary chemical
constituents from the husks of X. sorbifolia were triterpenoids and polyphenols (such as flavonoids, phenolic acids, coumarins etc),
sterols, alkaloids, and so on. The biological activities of the chemical constituents from the husks of X. sorbifolia showed mainly as
improving the ability of learning and memory, anticancer effects, inhibition on tyrosinase, curing cardiovascular and cerebrovascular
diseases, anti-oxidant and anti-inflammatory effects, and inhibiting pancreatic lipase activity. Xanthoceraside is a primary triterpenoid
saponin purified from the husks of X. sorbifolia, with highest content and a variety of biological activities. The husks as the waste of the
oil-extracting from X. sorhifolia, this paper provides the references for further understanding and utilization of the medicinal values in
the husks of X. sorbifolia.
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Table 1 Triterpenoids from husks of X. sorbifolia

75 RS SCHR

1 21-O-HABERE-R - EAEE 5

2 22-O-H{HAME-R- L& 5

3 21-0-(3,4--O- At L )-B-D-MH iRg o p 3 ERS2H T C 5

4 21,22-"-O-HABE-EEEFH T C 5

5 E&HEHxC 5

6 28-O-B-D-Mtre A& & b k- 16- i M EE B HIT C 5-6

7 16-BAEEZEEITC 5

8 22-O-YHBEIE-21- PR E A Y A E- EE B C 5,7

9 21,22--O-YHBEIE-24-FR HE-R- K AR 5,7
10 21,22-—-O-HIHFEH-R - K EEE 5,7-8
11 3-O-(3-O-0-L-WRHp BB hir AP A 35-2-O-B-D- MR 704 2 A AL )-B-D-IEL W 881 28 IR R 26-21,22- —-O- AL -R - EESEE 5.,8-10

COCEERFEE, xanthoceraside)

12 16-O-4 T %:-21-O-(4-O- 4 A 25)-o-L- B A= ML i i 2 KA 2T C 5-6
13 R-E&fE 5,8

14 3-O-[B-D- ke 284 2= FLBE 5k -(1—2)]-o-L- PR I B4 [ b AR BB 2L (1—3)-B-D- B 70 2 B B 2 -21-0-(3,4- —-O- 414 10-11
T 25)-a-L- FR 2= -3B,160,218,220,28B- F I 522 - . E S F- 57 38U R e 12-075

15 3-O-[B-D-nk g 8 - FLBEIE-(152) ]-a-L-PR I BB R A BB 2L (153)-B-D-FF JL A AT B R -21,22- —-O- 1 At 5L 11
3B,150,160,21P,220,28-75F2 2 -F5 R L5t - 12-45

16 3-O-B-D-: g B %] 45 1 3 -(1—6)-(2-O- 24 VI Bk 5L )-B-D- ML i 784 ] 47 B 2 -saniculagenin C 28-O-a-L-MEME T 2= 10,12
I -(1—2)-B-D- 1 i 704 475 46

17 3-O-B-D- M it 714 48] 2] 4 3 -(1 — 6)-P-D-NHL i 784 4 57 -saniculagenin C 28-O-a-L-ME M % R ZEHH3E-(1—-2)-[p-D- 10,12
b e 754 5 7 4 L (1 — 6) - B-D- Lt it 704 74 467 7

18 3-O-B-D- i B 3 A Bt 3 -(1—6)-(3-O- 24 JH 18k 52 )-B-D- ML i 784 % %5 9% J-saniculagenin C 28-O-a-L-MEWE R 2 8
W I - (1—2)-B-D- M7 74 7 285 478 3 -(1—6)-B-D- N g 204 4] 26 4 7

19 3-O-B-D- M it 72 48] 2] 4 4 -(1—6)-(3-O- 24 Ak 3 )- B- DMLk e B 81 46 B -2 1- 2.k 48 2 -saniculagenin C 28-O-o-L- 8
bt R 25 B 2 A 25 (1—2)- - D- Mt MR 257881 28] 4 8- (1—6)-B-D- ML MR 5 7887 267 A Y

20 3-O-B-D- Mt g 24 %) 45 A 2L -(1—6)-(3-O- 24 V3 [k 38 )-(4- £ Tk 56 2L )-B-D- Nt e 784 %) 45 4 26 21- Z Wk A & 8
saniculagenin C 28-O-o-L-M{ M 7Y B, 28 5k -(1—2)-B-D-NHk IR 224 7] 267 B 2 -(1— 6)-B-D- N g 25 7] 26 4 7

21 3-O-B-D- Mt i 75 %5 %5 B 2L (1—6)-[ 24 V3 Bt 5E (1>2)]-B-D- Ak e 750 % % B Bk -28-O-a-L- Wit M 75 B, 2= i 2L 13
(1—2)-[ B-D - 1R 75 5] 267 1 32 (1—6)]-B-D- M W 7L ) 26 B 36 -2 1 B,2201- —F2 E-FF R It - 12- 46

22 3-O-B-D-MEMZ 2 b 55-28-O-[B-D-ME M AU R 21 25-(1—2)-B-D-ML M BV B AT -21B,220- —FRHE- A E-12-05 13

23 3-O-B-D-MyImZIF 2 HEIE-28-O-[o-L-ME MR 2 R 220 - (1—2)]-B-D-ME I AR AT IE-218,220- —FRJE SRR SE-12-0% 13

24 3-O-B-D- N IR 74 78] 4 B 3 (1—6)-B-D- M 1R 4 755 2] B ik -28-O-a1- L- M T 72 R 2 ik - (1—2)-[B-D-ML g AU A5 & p I 14
(1—6)]-B-D-AH it 7R 35 2 B 21 B,220- — - FEI R -12,15- 4%

25 3-O-B-D- M i 75 48] 57 0 2 (1—2)-B-D- Pk M 72 85 5 it 3 -28-O-0r- L- ML T 784 R 2= 32 - (12)-[B-D- ML i B g i 2 14
(1—6)] B-D-MH Mt 71 487 2 B 32 1 B,220- — F0 3 - IR e - 12-0

26 3-O-B-D-tk e 5 ] 227 4 A5 (1—6)-[ B-D- M g 25 8] 285 4 25 -(1—2) ]-B-D- ML g 5 5] 285 45 5 -28-O-B-D- Mk g B 3] & 0 15
F-(1—6)-[0-L-MHE 1R Y BR 2= 2 (1—2)]-B-D-PH e 2 86 4 b 2 - 16- i | B 2ot C

27 3-O-B-D- itk e 7 % 22 4 FE (1—6)-[ B-D- ML g 75 8] 285 4 2k - (1—2)]-B-D- M g 724 81 265 47k 5 -28-O-B-D- ML iRg AL 3 & 4 15
H-(1—6)-B-D-ML Mg BURT A B 2L 16-BE E 240 C
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1 R;=R,=H, R;=CH3, Ry=Ang
2 R,=Ry=H, R,=CH;, R,;=Ang

9 R,=H, R,=CH,OH, R;=R,=Ang

10 R;=H, R,=CHs, Ry=R;=Ang

11 Ry=[Ara(I>=3)-gal(1-2)]-Glc, R,=CHs, Ry=R,=Ang
13 R;=R;=R,=H, R,=CH

3 R;=R,=R4=H, R3=(3 4-di Ang)-Glc
4 R;=R,=H, R;=R,=Ang

5 R;=R,=R;=R,=H

8 R;=R,=H, R3=cyclo-Ang, R;=Ang
12 R;=R4=H, Ry=Ac, Ry=(4->Ang)-Rha

14 R =[Ara(13)-gal(1>2)]-GluMe, Ry= H, Ry=(3,4-di Ang)

OR,

""IOR;
'CH,0H

24 R,=[Gle(16)]-Gle, Ry=H,
6 R;=R,=H, Ry=Glc R3=[Rha(12)-Glc(1%6)]-Glc
7 Ri=R,=R;=H
16 R =[Gle(I6)-Ang(1>2)]-Glc, Ry=H, Ry=[Rha(=2)]-Glc
17 R;=[Gle(P=6)]-Gle-, Ry=H, Ry=[Rha(1»2)-Glc( b=6)]-Glc
18 R =[Gle(P~6)-Ang(P=3)]-Glc, Ry=H, Ry=[Rha(>2)-Gle(=6)]-Glc

19 R =[Glc(6)-Ang(P-3)]-Gle, Ry=Ac, Ry=[Rha(b~2)-Glc(1=6)]-Glc
20 R, =[Glc(P6)-Ac(P=4)]-Glc, Ry=Ac, Ry=[Rha(»2)-Glc(+>6)]-Glc
21 R,=[Gle(P=6)-Ang(F=2)]-Gle, Ry=H, Ry=[Rha(I»>2)-Glc(+=6)]-Glc
22 Ry=Gle, R,=H, Ry=[Gle(P~2)]-Gle

15 R =[Ara(13)-gal(I=2)]-GluMe, R,=CH;, R3=R,=Ang  Rha, R;=Ac 23 R,=Glo, Ro=H, Ry=[Rha( F=2)]-Glc
25 R, =[Gle(>2)]-Gle, Ry=H, Ry=[Rha(*2)-Glc(l»6)]-Glc
26 R=[Glc(P2)-Gle( b~6)]-Gle, Ry=H, R3=[Rha(12)-Gle(b=6)]-Glc
27 R, =[Gle(P=2)-Gle(P6)]-Gle, R;=H, R3=[Gle(P~6)]-Glc
1 XERREPZGELER S BIE

Fig. 1 Structures of triterpenoids from husks of X. sorbifolia
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1.2
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BRI BN, 2 RPN SR R S 4
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29 R,=H, R,=OH 31R,=OH, R,=OH 37 R,=H, R,=R,=OCHj, R;=OH 0 0" X0 39 R;=COOH, Ry=R;=R,=OCHj
49 R,=Gle, R,=H 32 R;=0O-Rha(1=6)Glc 41 R;=OH, R,=0Glc, R;=0CH;, R;=H | o 40 R;=COOCH,CH3;, R,=R;=OH, R,=H

48 R =H, R,=OH
50 R,=O-Rha, R,=OH

HOH,C™ 42 R,=COOH, R,=R;=OH, R,=H
43 R,=COOH, R,=OCH,, Ry=OH, R;=H
44 R =CH,COOH, R,=R,=H, R;=OH
45 R,=H, R,=OH, Ry=COOH, R ,=CHj
46 R,=OH, R,=R,=H, Ry;=OH

47 R,=OH, R,=R,=H, Ry=CH,CN

2 XERREPEZEEM S HEH

Fig. 2 Structures of poliphenolic compounds from husks of X. sorbifolia
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55 R=H
56 R=Glc
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Fig. 3 Structures of sterols from husks of X. sorbifolia
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Fig. 4 Structures of other compounds from husks of X. sorbifolia
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28 5 AR T SR R R 5E B 134 =
Wi RAA AT T R G 04 SN0 I T 703 55
M7 HMER, KB 21,22-—-0O- 4 At -24-
BIE-R-EEEE (D XA B AR (A375-S2)
AN S #i (HeLa) 40 PR EA BsR M 1E A,
HICso 259 4.2 #10.2 pg/mL; 16-HiAEE L
e C (7) Xt A375-S2 A1 HeLa 41 il B A 4555
FEH A A, e ICs By 23.5 A1 20.6
ug/mL; TS RFEH (11D LEARANF N A2 Jifi
i (U87. SF-188). AFLJJE (MCF-7. MDA-MB-
435). NJifiE (H-460). A& (Bel-7402). Hela
LEZF NN EA ) e, L 1Cs E
435N 15.7.8.0.19.8.18.6.35.5.39.3.34.2 pg/mL.
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