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Research progress on chemical constituents and their bioactivities of serratene
triterpenoids
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Abstract: Serratene triterpenoids are the characteristic constituents of Lycopodiaceae. At present, 189 serratene triterpenoids have been
isolated from a variety of plants, which are divided into two types: general structures and special structures. General serratene
triterpenes can be divided into diols, triols, and polyols types according to the number of oxygen-linked functional groups on the rings.
Serratene triterpenes with special structures mainly include saponin type, ring-opening type, epoxy type, carbon-losing type, D ring
being five-membered ring type, and D/E rings being cis-parallel type. Some of these components show good activities in anti-tumor,
cytotoxicity, inhibition of cholinesterase and B-position amyloid precursor protein lyase 1, inhibition of Candida albicans secretory
aspartic protease, etc. In this paper, the systematic classification, chemical constituents, and biological activities of serratene
triterpenoids are summarized, which provides reference values for the further studies of this kind of compounds.
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Table 1 Plant origin of serratene triterpenoids

o R . ‘
5 I HEamx - TR SR
1 ZRER 26 R 321 AR 1
2 30,21p-dihydroxy-A'*-serratene 3,21 JBSEREMHA Pinus banksiana Lamb. 2
3 3p-hydroxy-21-keto-Al*-serratene 321 dbEFErHA 2
4 3B,21B-dihydroxy-A'*-serratene 321 JESEREMA 2
5 3o-hydroxy-14-serraten-21-one 3,21 Pinus monticola Dougl. 3
6 21B-hydroxyserrat-14-en-3-one 321 PE{AFIE Z42 Picea obovata Ledb. (Siberian spruce) 4
7 serrat-14-ene-3,21-dione 321  Picea jezoensis (Sieb. et Zucc.) Carr. var. jezoensis Mayr 5
8 3B-hydroxyserrat-14-en-21p-yl-formate 3,21  F#4 L. japonicum Thunb. 6
9 21B-hydroxyserrat-14-en-3p-yl-formate 3,21 A 6
10 21a-hydroxyserrat-13-en-3-one 3,21  Picea jezoensis (Sieb. et Zucc.) Carr. var. hondoensis (Mayr) 7

Rehder

11 3B-methoxy-21a-hydroxy-A'*-serratene 3,21 LS A 2
12 3p,210-dimethoxy-A'*-serratene 321 dbEErHA 2
13 TE8E —RE-3- LR 3,21 L. megastachyum Baker. 8
14 3B-methoxy-21-keto-Al*-serratene 321 dbsEFants 2
15 3B-methoxy-21B-hydroxy-A'4-serratene 3,21  Picea sitchensis (Bong.) Carr. 9
16 3o-methoxy-21B-hydroxy-A'4-serratene 3,21  Picea sitchensis (Bong.) Carr. 9
17 3B-methoxy-21a-acetoxyserrat-14-ene 321 BERHKL Pinus armandii Franch. var. mastersiana (Hayata) Hayata 10
18 3a,21p-diacetoxysrrat-14-ene 321 VHHFTE AL 4
19 3o-methoxy-2 1-acetoxy-A'!*-serratene 321 SPRAEEZAS Picea ajanensis Fisch. 11
20 3B-methoxy-21-acetoxy-A'“-serratene 321  ORRASESE 11
21 21B-methoxyserrat-14-en-3-one 3,21  Picea jezoensis var. hondoensis 7
22 3a-methoxyserrat-14-en-21-one 3,21  Picea jezoensis var. hondoensis

23 21-T R RE-3- TR 3,21 L. megastachyum 8
24 T 285 —i-3,21-— 2. FRHE 321 L. megastachyum 8
25 serratenediol-2 1-acetate 321 mEA 12
26 3o-methoxy-21B-hydroxy-Al3-serratene 3,21  Picea sitchensis (Bong.) Carr 13
27 21a-methoxy-A'3-serraten-3p-ol 3,21  Picea glauca var. albertiana Kutney et Westcott 14
28 3B-methoxy-A'3-seraten-21-one 321 BRI 11

29 3B-methoxyserrat-13-en-213-ol 3,21  Picea jezoensis var. jezoensis 15
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30 —f#2% 21a-hydroxyserrat-14-en-3B-yl p-dihydrocoumarate 3,21 LAY Y 16
31 21a-hydroxyserrat-14-en-3p-yl dihydrocaffeate 3,21 AL 16
32 21a-hydroxyserrat-14-en-3p-yl propanedioic acid monoester 3,21 LAY Y 16
33 TR 21 B0 A TG 321 AL 17
34 21a-hydroxyserrat-14-B-hydroxy-3B-yl dihydrocaffeate 3,21 L EAZ L. phlegmaria L. 18
35 =¥ lycoclavanol 321,24 L. megastachyum 8
36 3-0x0,21,24-dihydroxyserrat-14-ene 321,24 PRV 19
37 30,21, 24-TF Z 45 =% 32124 AR L complanatum L. 20
38 30,2 1a-dihydroxyserrat-14-en-24-oic acid 3,21,24 LY ey A 16
39 serrat-14-en-3,21B,29-triol 32129 WA 21
40 2 = 31421 WREAK 22
41 3p,140,21p-trihydroxyserratane 3,14,21 TR Palhinhaea cernua L. 23
42 16-oxoserratenediol 3,16,21 PEYVN 24
43 16-oxo-21-episerratenediol 3,1621  fifa 24
44 16-oxodiepiserratenediol 3,16,21 PEYVN 24
45 21p-hydroxyserrat-14-en-3,16-dione 3,1621  HmEEEA 25
46 3o-methoxy-21p-hydroxyserrat-14-en-16-one 3,16,21  Picea jezoensis var. hondoensis 26
47 210-methoxyserrat-13-ene-3,15-dione 3,15,21 Picea jezoensis var. jezoensis 5
48 lycoclavanol triacetate 321,24 L. megastachyum 8
49 3B-methoxyserrat-14-ene-210,30-diol 3,21,30 Pinus monticola Dougl. 27
50 3B-methoxyserrat-14-ene-213,30-diol 321,30  Pinus monticola 27
51 3B-methoxy-30-hydroxyserrat-14-en-21-one 32130 HiEEm 10
52 3B-methoxy-21-oxoserrat-l4-en-30-al 32130  BERMR 10
53 3B-methoxy-21a-acetoxyserrat-14-en-30-al 32130 HiEEm 10
54 21a-hydroxy-3p-methoxyserrat-14-en-29-al 321,29  Picea jezoensis var. hondoensis 26
55 29-acetoxy-3a-methoxyserrat-14-en-210-ol 3,2129  J5F Pinus densiflora Sieb. et Zucc. 28
56 29-acetoxy-3B-methoxyserrat-14-en-210-ol 321,29 SRR 28
57 21a-hydroxy-3p-methoxyserrat-14-en-30-al 321,30 Picea jezoensis var. jezoensis 29
58 3B,21a-diacetoxyserratan-14p-ol 3,1421  EEAR 25
59 14B,210-dihydroxyserrat-3B-yl dihydrocaffeate 3,1421 LER 30
60 lycophlegmariol A 32124  LERS 31
61 lycophlegmariol C 32124  LEKE 31
62 3B,21a-dihydroxy-serrat-14-ene-24-yl 4-hydroxycinnamate 3,21,24  A#fa 19
63 3a,21a-dihydroxyserrat-14-ene-24-yl 4-hydroxycinnamate  3,21,24  f1fa 19
64 3-O-dihydroferuloyltohogenol 3,1421  HAVHH2 Huperzia miyoshiana (Makino) 32
Ching
65 3B,21PB,24-trihydroxyserrat-14-en-24-(4-hydroxybenzoate) 3,21,24  FEFEIAFA 33
66 3pB,210,24-trihydroxyserrat-14-en-3-(4-hydroxybenzoate) ~ 3,21,24 AT 33
67 %3 tohogeninoi 3,1421,24 DA 18
68 phlegmanol F 3,142130 2K 34
69 3B,14B,21p-trihydroxyserratane-24-oic acid 3,14,21,24 EREA 35
70 30,140,21B,24-tetrahydroxyserratane 3,14,21,24 TR 23
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71 %W 3p,140,21B,24-tetrahydroxyserratane 3,14,21,24 FARARL 23
72 30,140,21 0,24-tetrahydroxyserratane 3,14,21,24 AT 23
73 (30,140,150,210)-3,14,15,21,29-pentahydroxyserratan- 3,14,15,21,29 HURE D EBAZ Phlegmariurus squarrosus 36

24-oic acid (Forst.) L. Love et D. Love

74 3B,14a,150,21B,29-pentahydroxyserratane-24-oic acid 3,14,15,21,24,29 TR 35
75 3B,140,150,21p-tetrahydroxyserratane-24-oic acid ~ 3,14,15,21,24 AT 35
76 14B-serratane-3[3,14f,208,21p,24-pentol 3,14,20,21,24 L. wightianum Grev et Hook 37
77 (30,210)-serrat-14-ene-3,21,24,29-tetraol 3,21,24,30 bichiiA==y A 36
78 (30,21B)-serrat-14-ene-3,21,24,29-tetraol 3,21,24,30 FEkE S EAS 36
79 3-0x0-21p,24-dihydroxyserrat-14-ene 3,20,21,24 VA /N 38
80 3B21p24-T B = 3,20,21,24 VALVN 38
81 phlegmaric acid 3,20,21,24 ET7N 38
82 lycernuic acid A 3,20,21,24 VELVN 38
83 3B,21B,29-trihydroxyserrat-14-en-24-oic acid 3,21,24,29 i VETIN 35
84 (30,21B)-serrat-14-ene-3,21,24,30-tetraol 3,21,24,30 FEkE S EAS 36
85 16-oxoserratriol 3,16,21,24 VSV 39
86 16-oxolycoclavanol 3,16,21,24 VSIS 39
87 3B,21p,24-trihydroxyserrat-14-en-16-one 3,16,21,24 VA /N 40
88 3B,21B,29-trihydroxy-16-oxoserrat-14-en-24-oic acid ~ 3,16,21,24,29 TEREAR 41
89 30,21P,29-trihydroxy-16-oxoserrat-14-en-24-oic acid ~ 3,16,21,24,29 TR 41
90 30,21P,24,29-tetrahydroxyserrat-14-en-16-one 3,16,21,24,29 TEREAR 41
91 30,21P,30-trihydroxyserrat-14-en-16-one 3,16,21,30 TR 41
92 30,21p-dihydroxy-16-oxoserrat-14-en-24-oic acid 3,16,21,24 TEREAR 25
93 16-303E-30,21p,24- T 545 = 7 3,16,21,24 TR 35
94 3B,21PB,24,29-tetrahydroxy-16-oxoserrat-14-ene 3,16,21,24,29 iy VEY/N 42
95 30,21P,29-trihydroxyoxyserrat-14-en-16-one 3,16,24,29 TR 4
96 3a,21a-dihydroxyserrat-14-en-24-oic acid 3,16,24,29 LoyEy A 16
97 16-0x0-30,21p-dihydroxyserrat-14-en-24-al 3,16,24,29 LYy ay 16
98 16-0x0-30,21B-dihydroxyserrat-14-en-24-oic acid 3,16,24,29 LYy A 16
99 serrat-14-ene-30,20p,21B,24-tetrol 3,20,21,24 HALER L. clavatum L. 43
100 serrat-14-ene-3[3,20p,21p,24-tetrol 3,20,21,24 L. wightianum Grev et Hook 37
101 lycoclavanin 3,16,21,24 RILAR 43
102 16-ox0-lycoclavanol 3,16,21,24,29 el wa N 43
103 serratane-30,140,20B,21p,24,29-heptol 3,14,20,21,24,29 AR 44
104 30,20p,21B-trihydroxyserrat-14-en-24-oic acid 3,20,21,24 LS ZET VA 44
105 3B,20p,21p-trihydroxyserrat-14-en-24-oic acid 3,20,21,24 AR 44
106 30,208,21B-trihydroxy-16-oxoserrat-14-en-24-oic acid 3,16,20,21,24 LS ZET VA 44
107 30,12B,21B,24-tetrahydroxyserrat-14-ene 3,12,21,24 VALYN 45
108 30,12B,21p,24-tetrahydroxyserrat-14-en-16-one 3,12,16,21,24 VELVN 45
109 30,12P,150,21B,24-pentahydroxyserratane 3,12,15,21,24 VALYN 45
110 140,150,20P,21p,24,270,29-heptahydroxyserrat-3-one  3,14,15,20,21,2427,29 B A 46
111 3B,14a,150,208,21p,24,270,29-octahydroxyserratane ~ 3,14,15,20,21,24,27,29  Jwfifita 46
112 3a,140,20B,21P,24,270,29-heptahydroxyserratane  3,14,20,21,24,27,29 IS ZE 46
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113 ZE3E  3B,19a-dihydroxy-20p-acetate-serrat-14-en-21p-ol 3,19,20,21 FAARA L obscurum L. 47
114 30,24-dihydroxy-serrat-20p,2 1 B-(iospropylidenedioxy)- 14-ene 3,20,21,24 VEYVN 19
115 3B,21B,29-trihydroxy-16-oxoserrat-14-en-24-methyl ester 3,16,21,24 IR VEY /N 35
116 30,21P,29-trihydroxy- 1 6-oxoserrat-14-en-24-methyl ester 3,16212429  EREAHL 35
117 16-0x0-21PB,24-dihydroxyserrat-14-en-3a-yl acetate 3,16,21,24 AR 20
118 16-0x0-21p-hydroxyserrat-14-en-3a-yl acetate 3,16,29 ey ey 16
119 16-oxo-lyclanitin 30-yl-p-coumarate 3,162021,2430 THIAH 48
120 16-oxo-diepilycocruptol-30-yl-p-coumarate 3,1621,2430 BRI 48
121 diepilycocryptol-30-yl-p-coumarate 3,21,24,30 A 48
122 3B,21PB,29-trihydroxyserrat-14-en-24-oic acid-3p-yl-(7"-hydroxycinnamate) 3,21,24,29 TR 25
123 3p,140,150,21B-tetrahydroxyserratan-24-oic acid-3f-yl-(4-methoxy-5'-  3,14,1521,24 R4 25
hydroxybenzoate)
124 3B,21PB,29-trihydroxyserrat-14-en-3p-yl p-dihydrocoumarate 3,21,24,29 WA 25
125 lycophlegmariol B 3,21,24,29 L 31
126 lycophlegmariol D 3,1421,29 K 31
127 lycernuic A 3,14,152129  EREAHR 42
128 16-0x0-3p,21B-dihydroxy-serrat-14-en-24-ferulate 3,16,21,24 | 5y A 32
129 16-0x0-3a,21p-dihydroxy-serrat-14-en-24-ferulate 3,16,21,24 FAuAts 32
130 30,2 la-dihydroxy-16-oxoserrat-14-en-24-yl p-coumarate 3,16,21,24 VLN 49
131 16-oxolyclanitin-29-yl (E)-4"-hydroxyl-3'-methoxycinnamate 3,16212429 AR 44
132 3B,140,218,24,270-pentahydroxyl-serratane-29-yl (E)-p-coumarate 3,142124,2729 REA 46
133 3B,21B,29-trihydroxyserrat-14-en-24-oic acid 3p-(4-hydroxybenzoate) 3,21,24,29 TR 41
134 3B,21B,29-trihydroxyserrat-14-en-24-oic acid 3f (4-hydroxy-3-methoxy  3,21,24,29 EIEVAYIN 41
benzoate)
135 3B,14a,150,21P,29-pentahydroxyserrat-14-en-24-oic acid 3p(4-hydroxy ~ 3,14,15,2429 R 41
benzoate)
136 3B,140,150,21 a-tetrahydroxyserrat-14-en-3-(3"-methoxyl-4'-hydroxybenzoate) 3,14,15,21 PR 33
137 3B,140,150,21a-tetrahydroxyserrat-14-en-21-acetyl-3-(4"-hydroxybenzoate) 3,14,15,21 TR 33
138 serratene A 2,3,2021,2429 B 50
139 serratene B 3,6,20,21,2429 @t AR 50
140 serratene C 3,2021,24,2729  FBAA 50
141 serratene D 32021242729 AR 50
142 serratene E 3,7,20,21,24 VLS ZEL VS 50
143 serratene F 320212429 @A 50
144 16-oxolyclanitin 320212429 AR 24
145 3B,14a,150,20p,21p,24,270,29-octahydroxyserratane 3,14,1520,21,24, A 46
27,29
146 =it inundoside-A 3,21 INFRR L. inundatum L. 51
147 inundoside-B 3,21 AN 51
148 inundoside-D1 3,21 INERS 51
149 inundoside-D2 3,21 NEFA 51
150 inundoside-E 3,21 ANYETVS 51
151 inundoside-F 3,21 IR 51
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152 =it inundoside-G 321 ANV ERYS 51
153 inundoside-C 3,14.21 AVETVN 51
154 JPAZE TURAERERE 321 FAbAFL 52
155 3p,21a-dihydroxy-26-nor-8,14-sekogammaser-14(27)-en- 3,8,21 el e/ 53
8-one
156 a-onoceradienedione 321 VSV 6
157 26-nor-8-0x0-21-epi-a-onocerin 38,21 PRV 19
158 (30,86,140,21B)-26,27-dinoronocerane-3,8,14,21-tetrol ~ 3,8,14,21 B VSN 54
159 (3B.,8B,140,210)-26,27-dinoronocerane-3,8,14,21-tetrol ~ 3,8,14,21 A 55
160 (3B,8p,140,21p)26,27-dinoronocerane-3,8,14,2 1-tetrol 3,8,14,21 VSYiN 55
161 26-nor-8f-hydroxy-a-onocerin 3,8,21 B VST /N 54
162 26-nor-7(9)-lactone-a-onocerin 3,8,20 fikn 19
163 (30,140,21B)-26,27-dinoronocerane-8-0xo0-3,14,21-triol ~ 3,8,14,21 TR 23
164 MEK 14B,15B-epoxy-3a-methoxyserratan-213-ol 3,14,15,21 Picea jezoensis var. hondoensis 26
165 14,15B-epoxy-3p-methoxyserratan-213-ol 3,14,15,21 Picea jezoensis var. jezoensis 15
166 14,15B-epoxy-3pB-methoxyserratan-21-one 3,14,15,21 Picea jezoensis var. jezoensis 56
167 14,15B-epoxy-21B-hydroxyserratan-3-one 3,13,14,21 Picea jezoensis var. jezoensis 57
168 14p,15pB-epoxyserratan-3(,21p,29-triol 3,14,1521,29 gt 21
169 130,140-epoxy-21a-methoxyserratan-3-one 3,13,14,21 Picea jezoensis var. jezoensis 57
170 130,140-epoxy-3B-methoxyserratan-218-ol 3,13,14,21 Picea jezoensis var. jezoensis 57
171 13,14B-epoxy-3B-methoxyserratan-213-ol 3,13,14,21 Picea jezoensis var. jezoensis 15
172 14pB,26-epoxy-serratane-3,2 1dione 3,14,21 HEEL Primula rosea Royle 58
173 210-hydroxy-14p,26-epoxy-serratane-3-one 3,14,21 AR 58
174 21B-hydroxy-14B,26-epoxy-serratane-3-one 3,14,21 FAR XA 58
175 K2 3B-methoxy-220-methyl-norserrat-14-en-21-one 321 Pinus monticola Dongl. 59
176 29-nor-3a-methoxyserrat-14-en-21-one 3,21 Picea jezoensis var. hondoensis 26
177 lycomplanatum A 3,20,21 T ISZELN 60
178 lycomplanatum B 20,21 SRR 60
179 lycomplanatum C 3,20,21,24 T ISZEL N 60
180 lycomplanatum D 3,4,20,21 AN 60
181 D/E ¥ lycomplanatum F 3,20,21,24,29 @A ARA 60
APEE
182 lycomplanatum G 2,3,212429 kA RA 60
183 lycomplanatum H 3,20,21,24,29 JmBARA 60
184 HAhZE  jezananals A 3,1521 Picea jezoensis var. jezoensis 61
185 jezananals B 3,15,21 Picea jezoensis var. jezoensis 61
186 lycopodii A 3,152124 A 55
187 serratene o WKV 2 2Bk Polypodium vulgare L. 62
188 isoserratene o W22 fE i 62
189 8a,14B-epoxyonocerane 8,14 RATH Lemmaphyllum microphyllum 63

C. Presl




- 3742

¢EH 202167 £52% B 128 Chinese Traditional and Herbal Drugs 2021 June Vol. 52 No. 12

L1 ZEEE (1~34)
TSRO = RAE C-3 ALk C-21 A
PR, C-14/C-15 A R REE. % BLE 9 A
serratenediol (1) JNfAFR, HF-1E 1964 4 H A%
% Inubushi WM & A2 B2, RATRER
C M A-LILH A2 B =i i SR I6 1 — R &
o 756, A D E C-13/C-14 KRR 5t (10,
26~29), AFAE—LE C-3 B C-21 A AR —
W2 =5, H ' Tanaka FBMNAEHEY) Picea
Jjezoensis var. jezoensis "145r BS1FE|[] serrat-14-ene-
3,21-dione (7) C-3 J¢ C-21 hi¥#a b itk . Bak,
ZRA =0E C-3 8L C-21 £t mT DARK SR I 207
e (11~29), EH DI EFTIHAEE (31~34),
AIOKIX 2 KWEMTIANIEE . SRR AA =
it ()4 22 S 4 WL 2.
1.2 =EE (35~66)

SRR =R 3 N R R —
K&, 5 =wE A A )2 H C-3 & C21 4%
W H ORI ER . %K= C-14/C-15 hidy
XU, IR C-24 B C-29 7 Bl & AU E Rk HTEL
1R, W& lycoclavanol (35) [ C-24 i AFEH
FU8, AV A Y) serrat-14-en-3B,21P,29-triol (39) MKy
C-29 b2, [FNHA C-16 A s A A EREEIT
% o, ANEFERZE R, 40 16-oxoserratenediol (42) 241,
T A AN B U, DI C-14 AL HA R 2R U,
BUREZREAXT AR o (41) AN B (40) 22231,
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Fig. 2 Chemical structures of diols substituted serratene triterpenoids
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Fig. 3 Chemical structures of triols substituted serratene triterpenoids
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Fig. 4 Chemical structures of multi-alcohols substituted serratene triterpenoids
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Fig.5 Chemical structures of serratene triterpenoid glycosides

154 R =R,=OH, R,=R;=Rs=H, R=CH,
155 R =R,=OH, R,=R;=H, Rs=0, Re=CH,
156 R /R,=Ry/R =0, Rs=H, R=CH,

157 R=R;=OH, R,=R,=H, Rs=0, R¢=CH,
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159 R =R,=OH, R,=R;=H
160 R,=R;=OH, R,=R,;=H

BIERIL, EAT C-13. C-28. C-30 frhib A%
HOWEMAAEEEEES, bl E
F-BRUE T X P W SL AR B AZEAE, ENEE T
AR =G 2. Bl XA AR
ZREHGERIN 3 AN, BRARNESE. D/E HIRPE
FERAZTY = (A 2 25 AL WL I 9
1.9 Hh3 (184~189)

B T LAERI 8 AR = EAN, I MFARHED
Picea jezoensis var. jezoensis 1170 B 13E] 2 4~ D 3K
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Fig. 6 Chemical structures of seco-serratene triterpenoids
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Fig. 7 Chemical structures of epoxy-serratene triterpenoids
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Fig. 8 Chemical structures of nor-serratene triterpenoids

175 R,=OCH
176 R,=OCH

Ho “  181R,=H, R,=H
182 R =OH, R,=H
183 R =H, R,=OH

B9 D/EFIRAHEAZEZFENNFEN
Fig. 9 Chemical structures of serratene triterpenoids with
cis-parallel D/E rings
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Fig. 10 Chemical structures of other serratene triterpenoids
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Fig. 11 Biosynthesis pathway of serratene triterpenoids
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