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Advances in Abietane and Icetexane Type Diterpenoids

of Salvia Species and Their Biological Activities
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ABSTRACT: Salvia species have been used in traditional medicine all around the world for treating various diseases.

The genus Salvia is a rich source of abietane and icetexane type diterpenoids with structural diversity and extensive

biological activities. This review reported 139 new abietane and icetexane diterpenoids and their bioactivities from Salvia

species during 2012 to 2022.
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FEAXRWA PR Z — , K PEZ (S, miltiorrhiza)
JE N R TR — R i TR S A 2
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neotanshinlactone %FFL s 2 9 H A0 /R FH D
METAREL(S. prionitis ) 1153 2545 2] 1) saprothoquinone!®
SREE BB 1 BRI R Y salvicine!”!, H
Xof 22 b SRR F4 3R R W R A RS R SR

neotanshinlactone

tanshinone IIA

DNA #hFh SR g 114l 550 ; ™ F S8 P5AFRY S. divi-
norum 43 EAF B HAL S W salvinorin A S I HEAZ {K
w A PRS2 5 W A ALR J 32 Ak
BB 1),

éObMe

salvinorin A

salvicine

1 NREEREYHSERINKREFTEIEXNS

Py 7 e i 2 Ak B W 1 i 5% A 3 B B 2 ot
19 el , AT E P A3 3] T — R 59 abi-
etic acid(FAFFIR )M, H AL :F Fujita T 1968 4F
TR FEEER T ZEaY, IEH—IK DL abi-
etane iy 24 HHP [ — S P2 1020 A A e B G o B
6/6/6 ¥ F 1) = il , HIEA TR R A AFE, C-4

19 18

abietane (A& L2 7Y) -
B2 MERNEEERECENELSSEMERXR

bR T AT 6/7/6 R &R, B K
BB T RS, mAAELE C-9 T E C-
20 PJE AL T-EJCH) B BRI 2), EiRA IR 1S
BT AL A AR UE, an, BUR R AT A W i
PPh;/DIAD (diisopropyl azodicarboxylate )45 [ Mit—
sunobu H HF 52 AT LUGF] 47 24 45 380 528 s il o 20—
) AR S 20122022 AF ) A B B A
RBLEY 139 A A A Joe 78 11 Jes il Jo 28—l (3R 1-
6) S H AR IS (3R 7 3R 8)#EATIH AN, LU A%
JE A B IR A SN F P2 2%

1 M&EKRE 55 (abietane ) & E AW iE
1.1 FHARFR_GERLEDER TN
PAAEbE il e R R R AR Y P B O W, 2012-

PIAEAE 1 2048 — W3k C—10 738 1 M P 3t C-
13 (73R 1 DN SFEE(K 2), 1968-2011 4F[a] M B
REJEEYIP B YR T 545 D05, W& T 365
AT ot N A ke i SE R 2T AL GRS AR
= RO |0 A N7 NN N7 N i e e VS 7 N
FHE FEfR R X R A,

- icetexane (M ki)

2022 AENH A BT 38 AN AN A b e, HAE
U e AR B R A, AR R AL T C-T7/C-17/
C-19/C-20(K 1, 3), H 5% 5.7.16.19,
25 .33 i1 36 X AS[w] 14 o2 240 e ke 2R B0 o A Bk 2 1Y
ML FETE 1 1Cs Z2/0 T 10 uM (3R 7)), WAk b G
Y28 129 HA B W HUAEALTEE, XTE B A
b B0 6 E AL T a4 B W, 1Cs 43 510 5.9 Fil
2.7 uM(F 8).

1.2 AFREFARSR_FEALADFTE AR
BB SIUY N Py A N 12 R e VAN AN A S
405 C-2/C-3.C-3/C-4.C-4/C-5 F1 C-1/C-10
RTINSt o Horh, C—4/C—5 ZEIRRIKS Fr ot il
28 (D FEA R AR b, H i o RURA 7 e 71 A 1
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i et s R TS S| s R T 54 Sk
2 2
(+)-(10R)-11,14-dioxoabieta-8,12— 21 salmiltiorin B S. miltiorrhiza 19
1 ) ) S. officinalis 16
diene-12,20-diol 22 salmiltiorin E S. miltiorrhiza 19
2 salviskin A S. przewarskii 17 123 2—hydroxydihydrotanshinone 1 S. miltiorrhiza 30
3 salviadesertin ] S. deserta 18 (24 isoganxinonic acid S. przewalskit 31
4 salmiltiorin F S. miltiorrhiza 19 |25 salvimulticanol S. multicaulis 32
5 R—(+)—grandifolia D S. miltiorrhiza 20,21} 26 leucansalvialin J S. leucantha 33
6 6-hydroxy—1-keto-sibiriquinone B S. leriifolia 22 |27 clinopodiolide A S. clinopodioides 34
7 6,7-dehydropisiferal S. leriifolia 22 128 clinopodiolide B S. clinopodioides 34
2-isopropyl-8,8—dimethyl-7,8—dihy- 29 clinopodiolide C S. clinopodioides 34
) S. leriifolia 23
drophenanthrene—1,4,5(6H)—trione 30 7-dehydroxy—conacytone S. corrugata 27
9 1-deoxoarucadiol S. rhytidea 24 {131 salviadionether S. miltiorrhiza 21
10 xantoquinone S. xanthocheila 25 7B-acetoxy—20-hydroxy—19,20~
32 S. corrugata 35
11 18-acetoxy—11-hydroxysugiol S. ballotiflora 26 epoxyroyleanone
12 7a-methoxy—19-acetoxy-royleanone  S. corrugaia 27 2H-9,4a—(epoxymethano)phenanth-
13 7a,19—diacetoxy-royleanone S. corrugata 27 rene—5,6,10~triol,1,3,4,9,10,10a—
33 ) S. leritfolia 22
14 salviadesertin | S. deserta 18 hexahydro—12-methoxy~1,1-dime-
15 viridoquinone S. viridis 28 thyl-7—(1-methylethyl)- (9CI)
16 prattinin A S. prattit 29 |34 salyunnanin F S. yunnanensis 36
17 danshenxinkun F S. miltiorrhiza 21 || 35 grandifolia C S. grandifolia 20
18 neodanshenxinkun A S. miltiorrhiza 21 || 36 militibetin A S. miltiorrhiza 37
19 R—(+)—salmiltiorin E S. miltiorrhiza 21 || 37 normiltioane S. miltiorrhiza 38,39
20 danshenxinkun G S. miltiorrhiza 21 || 38 normiltioane B S. miltiorrhiza 21

Ko HHIFAT L —WEAE C=5 MIE R IE 551, UK 3
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MR JEEY h B4 E T 9 4> C-4/C-5
(39-46) .2 1~ C-1/C-10 (47-48) LIS 1 4~ C-2/
C-3(49) AR B W (F 2,8 5), H,
61 47 F1 48 1 HE 1 A TR IR AR R AN A e A AR 1
C-5 {7 B Btk IE B 1, K3 C-1/C-10 i R A H
He, b i PR, C—4 E—2 5 C-6 BRETE AL
By 6/6/6 R R, LG 44a Fl 44b S — X Xf B
SR TR A, 3 — 20 ECD i 4
X g el A s M T, AL G 48 XF MCF-7( A
LIRS A0 ML) B16F10 (/N BB Bk BB 0 25088 4 i )

PC-3 (T8 B g 40 L ) A1 C26 (/0N BRU45 B 963 40 i)
ELAA W 40 M B G L 1Cs, 1E 5.4~10.3 uM 2
(]I 7).

1.3 BHRAFRA MR- ALAWFRL HAT,
KT B INZRLER UM T bt i ARG B, SRR B K
C-6/C-7.C-7/C-8 Fl C-9/C-10 A, L&Y
50-53 il 55-57 J& T C—-6/C-7 ZL IR RPN B ot 10
58 J& T C-9/C-10 %A RN ot %, 2 M S.
deserta TSR . L&Y 54 N C-7/C-8 43R
RUMN TR e i . W3R 2 Al 6,

*2 REERBEVMPRRBERER _GEERS
i i
B WG WI# TR YR T 224 SCHR B G WI# K YR T 24 Sk
39 atropatanene S. atropatana 43 4-methyl-9—(ethoxycarbonyl)-8—
62 S. miltiorrhiza 52
40 salpratin B S. prattii 44 naphthoic acid
41 salpratin D S. prattit 44 1163 (+)-salvianolactone acid E S. miltiorrhiza 21
42 viroxocin S. viridis 28 || 64 tanshinoic acid A S. miltiorrhiza 53
43 salviapritin A S. prionitis 45 |65 tanshinoic acid B S. miltiorrhiza 53
44a (+)-salviaprione S. prionitis 46 || 66 tanshinoic acid C S. miltiorrhiza 53
44b (-)-salviaprione S. prionitis 46 |67 ganxincastanic acid A S. przewalskii 54
45 salyunnanin J S. yunnanensis 47 || 68 salyunnanin D S. yunnanensis 36
46 I-oxomicrostegiol S. viridis 28 |69 salyunnanin E S. yunnanensis 36
47 tebesinone A S. tebesana 48 |70 salpratlactone C S. praitit 55
48 tebesinone B S. tebesana 48 || 71 (+)-miltiorolide A S. miltiorrhiza 56
49 salvimulticaoic acid S. multicaulis 32 |72 grandifolia G S. grandifolia 57
50 salviadesertin A S. deserta 18 || 73 salprzelactone C S. miltiorrhiza 21
51 salviadesertin B S. deserta 18 ||74  epi—danshenspiroketallactone A S. miltiorrhiza 38
52 salviadesertin C S. deserta 18 || 75 salmiltiorin A S. miltiorrhiza 19
53 salviadesertin D S. deserta 18 |[|76 salprzelactone S. przewalskit 50
(58,10R)-16,17-dinor-7,8—seco—abie- 77 salprzelactone B S. miltiorrhiza 21
54 S. abrotanoides 49
ta—8,11,13—triene—11,18-hydrofuran 78 tricuspone S. tricuspis 58
55 salviadesertin E S. deserta 18 |79 salvianone ester A S. miltiorrhiza 21
56 salviadesertin F S. deserta 18 ||80 salvianone ester B S. miltiorrhiza 21
57 salviadesertin G S. deserta 18 ||81 salvialba acid S. miltiorrhiza 30
58 salviadesertin H S. deserta 18 |82 salpratlactone A S. praitit 55
59 deacetylsalvianonol S. przewalskii 50 || 83 salpratlactone B S. praitit 55
60 lachnostachyone S. lachnostachys 51 || 84 salviyunnanone A S. yunnanensis 59
ol 5,6,7,8—tetrahydro—5,5-dimethyl-8— S dbrotanoides 49 85 salviapritin B S. prionitis 45
oxo—2-naphthaleneacethic acid 86 salpratin A S. prattit 44
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MR B Y o B 5 T 23 8 C R
RN BE il (2 2,8 8). tb&W 64-77 J& T
C-11/C-12 A, Hrp 70 2 C-11/C-12 A5
C-12 5 C-7 #— A5/ . 78-81 Ky C-12/C-13

SUABL RN E— IR TR &R . a1 69

Xt HeLa (Y S50 210 ) 22 B H b 385 0 240 2 05 1

1Cs 4 0.8 uMPel, HUETEH T, 76 XTHFE Aerobacter
aerogenes A {55 I 0 355 P00

B8 REEREYH CHRNABEMER_IERNS

1.5 MEFRAERFR_HGALEHEE MFEE
FBAEY) P IRGE T 5 AR RIAA B (3 2,
’K19), 82 i1 83 Jy WU fz H.AF A A, E A1 7€ I
TR Can P ) b ST 1, 82 f1 83 M HIRA
Y BEIR] 45 FLBE B 51 Ca 3.1 T4 38 (TTCC ) W E
L, EERAERN Cal.1 TTCC KRG H . H
W1, 82 X Ca3.1 TTCC HL IR A B s AE FHAE 1 uM &
100 M ¥ 3 3 [l P 500 2 38500 56 3R L EC K 12.48
uM=I(R 8), L&Y 84 HAF UL 7/5/6 31 % , 4
U8 bR B VR T8 HUAS B e ik A9 C=5 A C—6 WU
b, F-20 5 W I e HE T Ok o 55 A1, 84 HLAT #5 I 2E  Fie
R REEME, X MCF-7 .SMMC-7721 (A TJE 40

102

M) JHL-60 (A 2B 4lkr 1 i 48 ) .SW-480
(NG5 B R L) F0 A=549 (AR /)N 48 it firi g 40
M) ICso £E 1.1~4.8 uM Z [H]1™),
1.6 CrBF_RLAERFRE Cuihidik
HWE— w5 /NG A n s 2 g 2
A 23 M ERmIEF NS, fERR YR
o 2012-2022 4E (8], M\ B 5@ A A v o0 B M e
T9/\cﬁ 'J”E*éﬁﬁ(i'w Bl 10), ZED T
if R R PR R A Ak HESE SN ] T
T BUHT ) i Gise-o1 izn 92-95 JL 1l 1 BTNt C ¥
149 95 XKk Bacillus subtilis A7 — & A4l
R HI0L,
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HO
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X3 REEEHEYT C, BMER_IEERS

i RE WG # TR WP T %4 SCik
87 salmiltiorin D S. miltiorrhiza 19
88 salmiltiorin C S. miltiorrhiza 19
89 salviprzol A S. przewalskii 62
90 salviprzol B S. przewalskii 62

91 dehydrodanshenol A S. przewalskii 50

92 grandifolia A S. grandifolia 20
93 grandifolia B S. grandifolia 20
94 salyunnanin A S. yunnanensis 36
95 isograndifoliol S. przewalskii 50

1 FGHEAY ICsp A 1.2 uM ;102 X HSV -1 (herpes
simplex virus 1)#l influenza virus A/Hanfang/359/95
(H3N2) 3 2 2 BT B 78 A9 30 3604 JH L 1Cs 43 51
11.1 71 8.6 M,

*4 REEREVTERERER-IEELRS

17 SRAEMFR_FEALEDER NHER
IR B E T T AN B b AR W (3
4,18 1), HA5 AR £ C-11 #l C-12 2 578 i
MeER A A 97 XF Wild=Type HIV-1 (wild—type
human immunodeficiency virus-1). VSVG/HIV -1
(vesicular stomatitis virus glycoprotein/human immun—
odeficiency virus—1) HIV—1(NL4-3 strain) fll VSVG/
MLV (vesicular stomatitis virus glycoprotein/murine
leukemia virus) HA W2 03065 M 1Cs, 43 51 4
0.03.0.03.5.4 F10.15 uM'®!, 98 X} Wild—Type HIV-

I a4 br R T4 SOk
96 salvianan A S. miltiorrhiza 63
97 salvianan B S. miltiorrhiza 63
98 salvianan C S. miltiorrhiza 63
99 salvianan D S. miltiorrhiza 63
100 salyunnanin B S. yunnanensts 36
101 salyunnanin C S. yunnanensts 36
102 salviamine G S. miltiorrhiza 52

1.8 AW —RAEAELAHETHRE 2012-
2022 AE[HHRIA T 6 A F b A ik Rk, KRS
J7 AL FE B A ot AR (B R A WA Jot 5 T 0 T PR
BEGRS, E12), A5 LMW — R A& AT 58 41
[E] ) Diels—Alder s 52 W F8  , J BSHT 1 ffk i 4k o
W A B . fb AW 105 XF HL-60 .SMMC -7721 (A -
549 MCF-7 F1 SW-480 & 3 ) i 25 0 3% 5 30 w1 0%
PE L 1Cs 43918 0.6.2.3.1.8.0.9 F1 0.7 uMZI(F 7).,
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x5 REEREMHNREREZHEZRE

P G4 r WP T %4 Sk
103 broussonetone A S. broussonetit 64
104 broussonetone B S. broussonetii 64
105 przewalskone S. przewalskii 65
106 salviwardin A S. wardii 66
107 salviwardin B S. wardit 66
108 salvialeriicone S. leriifolia 23

2 BEEiEER ik (icetexane ) R E A MG
MR EAEY P RBLT 29 A3 B M i e Y
(R 6, B 13) A E IR KK C-6/C-7 2
A ot R R (131-133) LA B Co 8 B R 2545 1
BT ik (137 F1138) . fL& % 118,127 131,132
135 HABERIUMREIETE(R 7)., Hrp 127 1%

104

PEf IR 3, 6 U251 C AR B8 4 g ) . SKLU-1 (AR
A3k i J 98 40 B ) A COS—7 (IR PN &6 SV40 B4k iy
A ) Y 1Cs 2004 1.4.0.8 F1 1.6 M, 109 Al
110 & 3L — & 19 Be I 45 8 28 15 7 L 1Cs 43 5
13.4 F139.3 uM!', 137 F1 138 0] &g 35 # il Ji5 2 45
T — AL BT, 1Cso 43312 2.0 F1 6.3 uM™, 1t
Hb T HE L U R B B A A
126 .134 F1 136 XF Ca,3.1 B 13 i HL A i 3 5 31
HIVE ], 1Cs 75 7.0~11.7 uM Z[8]1™1( 3 8) ;115 Fl
121 Xf Ca3.2 HAT B &M GIEH , 1Cx 735128 2.9
ST M, JEH 115 F1 121 19 A 84T A= 20 7 /N
R TS TR L A S 36 ey, 3R L S 2 R R 1) Lk R
RO, 5 259 PR rh Ay T AR 1 3 S ) o 5
7944 TE AR 218
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*o6 REERBEYWHEHIERE ZGELMS

%5 (et EAs WYL T 2% S | (et B YL T 24 SCHR
109 salprzeside A S. przewalskii 67 124 salpratin G S. praitit 68
110 salprzeside B S. przewalskit 67 125 clinopodiolide D S. clinopodioides 34
111 salpratin H S. prattii 68 126 saldigitin B S. digitaloides 70
112 salpratin | S. prattii 68 127 Ta-acetoxy—6,7-dihydroicetexone S. ballotiflora 26
113 salviadenone D S. deserta 69 128 6,7,11,14-tetrahydro—7—-oxoicetexone S. ballotiflora 26
114 salpratin J S. prattii 68 129 ballotiquinone S. ballotiflora 26
115 salpratin K S. prattii 68 130 6,7-anhydroballotiquinone S. ballotiflora 26
116 salpratin L S. prattii 68 131 spirodesertol A S. deserta 69
117 salpratin M S. prattii 68 132 spirodesertol B S. deserta 69
118 salviadenone A S. deserta 69 133 salpratin F S. prattit 68
119 salviadenone B S. deserta 69 134 saldigitin A S. digitaloides 70
120 salviadenone C S. deserta 69 135 salviskin B S. przewarskii 17
121 salpratin E S. prattii 68 136 saldigitin C S. digitaloides 70
122 isofruticulin A S. lachnostachys 51 137 officinalin A S. officinalis 71
123 fruticulin C S. corrugata 27 138 officinalin B S. officinalis 71
HO  ome HO  ome HO  owme HO ~ ome
o0Y 0¥
e

109 110 111 12

HO  owme
117
2 2k MeO
MeO. Q MeO O
sa s
122

O  oH

o=
127
OH OMe
O O
CHO CHO CHO CHO

=

136 137
13 REEEEYHREHEIERE XKD
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2023 4 R EA R AR 9546 &
x7T ZIEEBOHIMEHEEEGE
Gt 2 At R ICso Gt 2 A R ICs, Gt 4 R ICs,
512021 BGC-823 1.8 uM 4952 CCRF-CEM 28.2 uM 12251 U251 4.6 uM
HepG2 5.2 uM CEM-ADR5000  21.6 uM MCF-7 3.7 uM
A-549 5.2 uM 681! Hela 7.9 uM NCI-ADR/Res 5.6 uM
MCF-7 6.9 uM 698! Hela 0.8 uM 786-0 4.6 uM
HCT-116 16.9 uM KB-3-1 8.4 uM NCI-H460 5.2 uM
7122 Hela 12.2 uM 8411 MCF-7 1.1 uM PC-3 3.7 uM
162 HL-60 2.6 uM SMMC-7721 2.5 uM OVCAR-3 3.8 uM
Hela 29.6 uM HL-60 2.6 uM HaCat 6.5 uM
1921 BGC-823 2.2 uM SW-480 3.2 uM 1272 U251 1.4 uM
HepG2 4.2 uM A-549 4.8 uM SKLU-1 0.8 uM
A-549 2.8 uM 1051 HL-60 0.6 uM C0S-7 1.6 uM
MCF-7 3.0 uM SMMC-7721 2.3 uM 1311 A-549 6.6 uM
HCT-116 3.1 uM A-549 1.8 uM SMMC-7721 7.1 uM
255 CCRF-CEM 15.3 uM MCF-7 0.9 uM HL-60 11.3 uM
CEM-ADR5000 8.3 uM SW-480 0.7 uM MCF-7 11.5 uM
33084 HeLa 12.2 uM Beas-2B 21.2 uM SW-480 18.2 uM
AGS 10.0 uM 1181 SMMC-7721 31.9 uM 132 A-549 18.0 uM
3657 P-388 3.1 pg/mL HL-60 17.7 uM SMM(C-7721 13.6 uM
HONE-1 2.9 pg/ml MCF-7 26.9 uM HL-60 18.4 uM
HT-29 3.3 pg/ml SW-480 28.7 uM MCF-7 18.2 uM
484 MCF-7 7.5 uM SW-480 21.6 uM
B16F10 10.3 uM 13517 Hela 35.4 uM
PC-3 5.4 uM HL-60 11.0 uM
€26 5.4 uM
K8 ZHEEMAOMETEMEN
' AWy THPHEZE 5 b
109" P A8 AR I antiangiogenic effect 13.4 puM(ICy)
1107 P B AR S antiangiogenic effect 39.3 uM(1Cs))
13771 Ei1R 30 NO production in LPS—induced RAW264.7 cells 2.0 uM(1Csy)
1387 PR IEPE NO production in LPS—induced RAW264.7 cells 6.3 uM(ICs,)
2854 P LI DPPH 24.8 uM(ICs)
BTG TBARS 5.9 uM(ICs)
29534 A fbiE DPPH 29.9 uM(1Cs)
Pk iE TBARS 2.7 uM(ICs,)
97163 P HIV a1 wild-Type HIV-1 0.03 uM(ICsy)
P HIV a1 VSVG/HIV-1 0.03 uM(ICs)

P HIV f5 8051
PR L5505 2

HIV-1(NL4-3)

VSVG/MLV

5.4 uM(ICy)
0.15 uM(ICs)
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gxs8

Hi's AW T g

981 L HIV R Wild-Type HIV-1 1.2 uM(ICs,)

10252 PUER A T I M Anti-HSV-1 11.1 uM(1Csy)
PO T Anti-influenza A(H3N2) 8.6 uM(ICs))

7611 U I T Aerobacter aerogenes 62.5 pug/mL(MIC)

951501 U T Bacillus subtilis 31.3 ug/mL(MIC)

8215 BT A T stimulating effect on Ca,3.1 12.4 uM(ECs)

115/ BT T R I inhibitions on Ca,3.2 5.1 uM(ICy)

121 B R inhibitions on Ca,3.2 2.9 uM(ICs,)

126 B M inhibitions on Ca,3.1 10.0 uM(ICs)

13470 B N inhibitions on Ca,3.1 7.0 uM (1Cs)

136 3 R T inhibitions on Ca,3.1 11.7 uM(ICs)

3 REERE

AR 20122022 4[] DA LR 55 I AR 4 v o0
BETE R 139 /N7 FA i do R AR 25 0 1 e A il R LA
PSR AT VAN ES, o 456 P B e TN 0 il o Y
AT RE R AR PR IRAR , Jr IR T H AR £
T AN B e TR BRA T e | 8 ik LR 7 e A 7
Joe U A W R T e R R AR R i e L
T o AT ot R A T e Y 1 A 3 P SR X
AN, T B P T MO A0 M T AT S TR PR BT
AL . BT HIV FTES 3 8 8 1% P D7 WA BT
Lo BRI T RO F AR BP0 AT
HIV & M, B ARG = AR BLHI A58 B 25 300 5
E, BAT 2 i 5t B s AT A B, 1 20 3 R
JER R e 5 2 U ) TE AN H . B R R AR )
e ML TG AL AL G b 25, oAb o % 2
Bl 8 0 I 10065 25 ) 40 S B AT TG PE AR K, T - PCSK9
(proprotein convertase subtilisin/kexin type 9) 1™,
Factor Xa (blood coagulation factor Xa)!™!, P2Y12
(Purinergic P2Y 12 receptor)™ . ACLY (ATP citrate
lyase )!”', GDF-15 (growth differentiation factor —
15) 1 NPCIL1 (Niemann -Pick Cl1 -Like 1)1,
GLP-1(glucagon-like peptide—1)"1%5 | DL & i 24
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