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Research progress on triterpenoids of Betula plants
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Abstract: The secondary metabolites of plants are important sources of natural drugs. Betula plants have abundant
pharmacological value, complex mechanism and wide applications, which are closely related to the triterpenoids of
theirs. Triterpenoids in Betula species are mainly divided into dammarane-type, ocotillol-type, oleanane-type, lu-
pane-type and cycloaltunane-type. The extracts of Betula species have varieties of activities such as anti-tumor, anti-
inflammatory, anti-oxidant, anti-bacterial, etc. And the biosynthetic pathways of triterpenoids after 2,3-oxidosqua-
lene are split into four branches of dammarenediol-11, lupeol, cycloartenol and amyrin according to the different ox-
idosqualene cyclases. This review summarizes the chemical constituents, pharmacological activities and biosynthet-
ic pathways of triterpenoids in Betula plants. It provides a reference for the research and development of new drugs
and the production of these triterpenoids in microbial cell factories by synthetic biology methods.
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Figure 1  Structures of four types of triterpenoids. A-D: Dammarane-type; E: Ocotillol-type; F: Oleanane-type; G: Lupane-type
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Table 1 Compounds of dammarane-type triterpenoids in Betula species
No. Name Structure R1 R2 R3 R4 Source Ref.
1 Dammar-24-en-34,20(S),26-triol 3-O-caffeate A p-O-Caffeoyl H H / B. maximowicziana [4]
2 Dammar-24-en-34,20(S),26-triol 3-O-p-coumarate A S-O-p-Coumaroyl H H / B. maximowicziana [4]
3 Dammar-24-en-34,11a,20(S)-triol B p-OH o-OH H H B. ermanii [5]
4 3-0-p-D-2-O-Acetylglucopyranoside of 3 B p-0-2-Acetyl-f- o-OH H H B. ermanii [5]
D-Glc
5 Dammarendiol II 3-caffeate B [-O-Caffeoyl H H H B. maximowicziana [4-6]
B. ermanii
B. platyphylla
6 12-O-Acetylbetulafolienetetraol B a-OH H p-OAc a-OH  B. maximowicziana [4]
7 Betulafolienetetraol B a-OH H p-OH a-OH  B. maximowicziana [4]
8 Betulafolienetriol B a-OH H p-OH H B. platyphylla [6]
9 12-0O-Acetyl-3-O-malonylbetulafolienetriol B a-O-Malonyl H p-OAc H B. platyphylla [6]
10 12-O-Acetylbetulafolienediolone B (6] H p-OAc H B. platyphylla [6]
11 Dammarenediol II 3-O-p-coumarate B f-O-p-Coumaroyl H H H B. platyphylla [6]
12 12-O-Acetyl-30,12/,170,20(S)- B a-O-Malonyl H S-OAc a-OH  B. pendula [7]
tetrahydroxydammar-24-en-3-yl hydrogen
propanedioate
13 12-O-Acetyl-3a,12/,20(S),25- C a-O-Malonyl S-OAc H H B. pendula [7]
tetrahydroxydammar-23(E)-en-3-yl hydrogen
propanedioate
14 12-O-Acetyl-3a,12f,170,20(S),25- C a-O-Malonyl S-OAc a-OH H B. pendula [7]
pentahydroxydammar-23(E)-en-3-yl hydrogen
propanedioate
15 20(S)-Hydroxy-25-methoxy-dammar-23-en-3-one C (6] H H Me  B. platyphylla [8]
16 3¢,20(S)-Dihydroxy-25-methoxy-dammar-23-ene C a-OH H H Me  B. platyphylla [8]
17 12-O-Acetyl-3a,12/,20(S),24(R)- D a-O-Malonyl p-OAc  p-OH H B. pendula [7]
tetrahydroxydammar-25-en-3-yl hydrogen
propanedioate
18 12-O-Acetyl-3a,125,20(S),24(S)- D a-O-Malonyl p-OAc a-OH H B. pendula [7]
tetrahydroxydammar-25-en-3-yl hydrogen
propanedionate
19 12-O-Acetyl-3a,125,170,20(S),24(R)- D a-O-Malonyl p-OAc  p-OH a-OH  B. pendula [7]
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Table 2 Compounds of ocotillol-type triterpenoids in Betula species

No. Name Structure R1 R2 R3 R4 Source Ref.
20 20(S),24(R)-Epoxydammaran-3/ E $-OH a-OH H H  B. ermanii [5]
21 1la,25-Triol, 3-O-p-D-glucopyranoside of 20 E p-O-f-D-Glc a-OH H H  B. ermanii [5]
22 2'-Acetate of 21 E p-0-2-Acetyl-f-D-Glc  a-OH H H  B. ermanii [5]
23 11,2'-Diacetate of 21 E p-0-2-Acetyl-f-D-Glc  a-OAc H H  B. ermanii [5]
24 12-O-Acetylbetulafolienetetraol oxide E p-OH H p-OAc a-OH B. dahurica [9]
25  12p-Acetoxy-20(S),24(R)-epoxy-3a,17a,25- E a-OH H p-OAc a-OH B.maximowicziana [4]
trihydroxydammarane
26 20(S),24(R)-Epoxy-3a,17a,25- E a-OH H H a-OH B. maximowicziana [4,8]
trihydroxydammarane
27 3-Epi-ocotillol IT E a-OH H H H  B. maximowicziana  [4]
28  12f-Acetoxy-20(S),24(R)-epoxy-3a,25- E a-OH H p-OAc  H B maximowicziana  [4]
dihydroxydammarane
29  12p-Acetoxy-20(S),24(R)-epoxy-3a,17a,25- E a-0-f-D-Glc H p-OAc a-OH B. maximowicziana  [4]
trihydroxydammarane 3-O-f-D-glucopyranoside/
Betulamaximoside A
30 12p-Acetoxy-20(S),24(R)-epoxy-3a,17a,25- E a-0-6-Acetyl-f-D-Glc H p-OAc a-OH B. maximowicziana  [4]
trihydroxydammarane 3-O-f-D-(6-O-acetyl)-
glucopyranoside/
Betulamaximoside B
31 12-O-Acetyl-20,24-epoxy-3a,12/3,20(S),24(R), E a-O-Malonyl H p-OAc  H  B. neoalaskana [6,7,
25-pentahydroxydammar-3-yl hydrogen /B. pendula 9-11]
propanedioate/ /B. platyphylla
Papyriferic acid
32 Deacetylpapyriferic acid E a-O-Malonyl H $-OH H  B. pendula [11]
33  Ocotillol II 3-O-caffeate E S-O-Caffeoyl H H H B platyphylla [6]
34 3-O-Methylmalonyl-3a,17a,25-trihydroxy-20(S), E a-O-Methymalonyl H H a-OH B. platyphylla [8]
24(R)-epoxydammarane
35 12p-Acetoxyl-ocotillone E (0} H p-OH H B platyphylla [8]
36 Ocotillol E p-OH H H H B platyphylla [8]
37 3-O-Ethylmalonylepiocotillol II E a-O-Ethylmalonyl H H H B platyphylla [8]
38 3-O-Butylmalonylepiocotillol I E a-O-Ethylmalonyl H p-OAc  H  B. platyphylla [8]
39 Ethyl papyriferate E a-O-Butylmalonyl H H H B platyphylla [8]
40 Butyl papyriferate E a-0-Butylmalonyl H p-OAc  H B platyphylla [8]
Table 3 Compounds of oleanane-type triterpenoids in Betula species
No. Name Structure R1 R2 R3 R4 Source Ref.
41  Oleanolic acid F £-OH H £-COOH H B. dahurica [5,6,9,12-14]
/B. ermanii
/B. pendula
/B. platyphylla
/B. schmidtii
/B. utilis
42 Oleanolic acid 3-O-caffeate F p-O-Caffeoyl H p-COOH H B. dahurica [4,5,9,14]
/B. ermanii
/B. maximowicziana
43 Acetyl-oleanolic acid F p-OAc H p-COOH H B. maximowicziana [4,6,15]
/B. platyphylla
/B. utilis
44  Karachic acid F p-OH a-OAc  f-COOH H B. utilis [16]
45  Betuloleanolic acid acetate F p-OAc H CH p-COOH  B. pendula [17]
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Table 4 Compounds of lupane-type triterpenoids in Betula species

No. Name Structure R1

R2 R3 Source Ref.

46 Lupeol G $-OH

47 Betulin G p-OH

48 Betulone G (0]
49  Betulonic acid G (0]

50 Betulinic acid G

B-OH

51 Betulin 3-caffeate G
/Lupeol caffeate

p-O-Caffeoyl

52 Monogynol A G £-OH

53  Lupane-34,20,28-triol 3-O-caffeate G p-O-Caffeoyl

p-CH,0H CH B. ermanii [4-6,12,14,15]
/B. maximowicziana
/B. pendula

/B. platyphylla

/B. schmidltii

/B. utilis

B. dahurica

/B. ermanii

p-CH,OH CH [4-6,9,12-15,18,19]
/B. maximowicziana

/B. ovalifolia
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/B. schmidtii

/B. utilis

B. schmidtii [14]

B. pendula [14]
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B. pendula
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£-COOH CH [6,12,19]

B-CHOH  CH [4-6.9,18]

2
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/B. platyphylla
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/B. ermanii
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Figure 2 The biosynthetic pathways of triterpenoids in Betula plant
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