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Research advance on tanshinones in prevention and treatment of central nervous
system diseases
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Abstract: Central nervous system diseases include ischemic brain injury, Alzheimer's disease, Parkinson's disease, and spinal cord
injury, among others, and currently no highly effective treatment has been found. The most critical active ingredients in Salviae
Miltiorrhizae Radix et Rhizoma are tanshinone compounds, including cryptotanshinone, tanshinone I, tanshinone Ila, and
dihydrotanshinone. Tanshinones can improve the neurological function of central nervous system diseases in multiple dimensions and
pathways, preventing and treating central nervous system diseases such as stroke, spinal cord injury, memory and cognitive dysfunction,
Alzheimer's disease, Parkinson's disease, epilepsy, multiple sclerosis, post-traumatic stress disorder, depression, etc. This article
reviews the research progress on tanshinones in prevention and treatment of central nervous system diseases.

Key words: cryptotanshinone; tanshinone I; tanshinone Ila; stroke; spinal cord injury; Alzheimer's disease; Parkinson's disease;
epilepsy; multiple sclerosis; post-traumatic stress disorder; depression

Pt RS E S RENMZ T, AEMe BEEERZHNS TR RUSEEE, £1125

ZE KL AR HEVE A 5 3 52 41 5 A0 P9 JRE IR 3 IR 4%
&, HEMFER R PR E RGN XK
A2 g PR 22 SRAN AT i 0, I e
ISR AN, PAXPHE RGO 1 BRI
A« BRI BR A < AR A R 1 47545
IX B B 2 R AR 2 R 4 O R SR ) A
TERARB R AN AN AN 5 Ko BERTIZLEN
T AR KB R A RART TP, Tz
2P T AR 2 SR e AR SRR RR YT FE IR IR
., OO A R GPIRIE T R IR,

i B HA: 2024-08-01

TSN L H a2 . AR FUORE, T
SRR A BRI S B ST S E . B
SPHSE . FFZE L PIBE A ST ERL
PIZERA R ORI RS RER, T2
UENE . 2 R4 oSO T 2 J GEB 1 2 T
RE, BRmAs b AREIE ICIZ AT RN D) RERRRS |
BRIORPHFBRPT . WAEART . WO 2 R PEREAAE |
055 NEEERS . SAIESE PR R .
T BEfG AT M AN BT S WA B 0 h AR A 42 R G
MIZGEAER], BN SE DI R A e

TEEBN: 8 (1997—), 2, HIEHFRA, Wid, BIFEI7 o um > T, 2582, E-mail: wangleimoi@163.com
HBIEMEE: ME (1983—), L, @SR, MFL T AR 5. E-mail: 863312511@qq.com



EIOHBFE N 20241 A A 4 B e A&

Drugs & Clinic

Vol. 39 No.11 November 2024 -« 2989 -

ARZMEMSIE, KR T FHSE R i e 2
RAPIR I T
1 fxZe

g 2 T R 5] R R N BB T IR B R 1 32 A
F W YR Z R IR R T A H T R Bk
PR 3 PR 2E, ST RN AR BT, 7 BT A i 24 o
b, L R R 5 80%L561, i A5 H ) R AL
B s, (HHORRZ LRI, 2 2 N
T R PR TS 1 R R — 8, Bk
B, PHEEAESR AR AR T R I B AR
RAE R0, 75 K RO 3 ik P 2E 51 R 1 40 S
SRR M /R A, NeuN F 4e i 2R I/R
JEMATLER, HYPESE A J5 0850 0 e o
I/R BE PR 1 ik S Al IR — BRI (Nat/K*-
ATP [il5) MIZRIEIK-, PHSE A BEWERL T
Fabri R, IR AR SF SR s AT REE
980/ fie AR I R B N 932> 52 5 T X 3 PN A B AT T
FEFE 7 B 22 R4 . Su S 12RF 78 R BLFF S i
lla (4. 8. 12 mg/kg) JH¥7 K BR AN 20 ik P 28 R
#EE (MCAO/R) i, Jdik miR-124-5p/FOXO1 #i
PHIFRE AT, FETIREIH RO, 4N
Wiz H—IURIHEh k%€ (MCAO) ALK
L, FFZH A (3. 9mglkg) 4525 24 h Jon] B %
ik MCAO KBS, @i %K+ -«xB (NF-xB)
155 BB MR R MLIM2 KAk, M4
PO JAEAE FHIS, Bl SlH 5 2 1ok il i e i, 52
i /1N BRI N D AEIA1S], BaoPh Sl I /NI R
Y AR AL I B 22 ORAP U FROT, 2 SR B PF 2
A SR LA i 2 R VR T T
2 BHEEs

A HET 2 O™ AR A KRGtz —.
B BET T B 4545 R0 i B BE [ (BSCB) 11
iR, FECFREWE 28, Ktk BSCB M5 &
BEERRIT I E E B AR FESE Na RN ST
S Na FISEKERTAEY), BPESdh EEEE R,
A ZFER) 25 BTG 08T, 75 Sl B3 4 1) A N A A
o, FFSEE N RERRENf BSCB [38E P 15 LR,
LUK MRS DLRAR B0 4 e B g )
EACSZEING], Bk T REEREA . SN E
FIERR, DL RS 1A BEEREN (2 1
T ARSI IR AEAP G BE 2 0 R . W
(B AR B VP 2 AR A 2 T A EAE A, G
IR ANML . FHE TG /NIRRT AN 2D 5% 5 40

Mo H AT R AR BE ] 705 T 4H M A R A TR T T
AR —FE . FESER Na A7 2 T 5 40
P ARG . PRI IRE . 5T R R A
T $0H] NF«B 55, AR R ER, HiE
B JE R 1~T7 R, BRERFHFSE 11a20 mg/kg 7T
12 328 6 B8 5 407 A5 28 R A 8 U] 70 O 40 L 1 i 2
S HLE 20 43 A 200, 5 BE A 1 5 (1) 20E W] e T B0
B EARA,  DR A SE I R AT e AR A
TRy EFHRY, Cao %P2 1k B i vh 22 25 FL A T 1 7Y
TN FFSER 1A 5K R A2 1 208 (1 U i ATt
WAEH . FFSE lla (104 25, 50mg/kg) 45245 14d
AR AN HE SR 2 453 E T S R R s
8 /0N J2 I 200 ), A6 B8 TNF-o0 AT 20 A
F-18 (IL-1B) ARG I, I 25 5 s E b ) s
1L (SOD) JEMEAPEACA — 1 (MDA), %
R TR FEFSER Na BB BE R 78 0 T AR
T W] RE A2 I PRIGTT B BE 7 KR I& AT .
3 IBIZFmAINRERERS
BECGNIDIRERES A TR SRR 6, J&T
—RhLERRAS, ATREFEAEICIZ ). B E DA A
IHITIREIR TS e IR, B TE R BLFTZ A 11a $07H)
RS S EMAE B AN MRS, R IX T 7T
L, FESE A BB NS EA Y B (T
SOD). At H Ak (GSH) IR i (MDA) i
PRI EHUEALTEERD, DL RS BRI SE Na
T sk 8 5 R P T S P S S S R DA R R
HAEMSRYYER . Liao ZEIF 78 KBFHSE 1a
(25, 50, 75mg/kg) T &3 ZE R tb R TRk 2 i
FH LA FN D RE ARG . HE— 0 K RIS
HAFAT IO RIN, FHSER Na B 5, KRS H
g1 SOD. A bt H M APl (GSH-Px) i 14 B
2T, MDA 7K L RRAIS, I B R E T AH OGE
Caspase-3. Caspase-8. Caspase-9 Fl 4 it #H ¢ Jk
Bl IL-18+ IL-6 BIAHAT RIS & . 4272 1la (204
40 mg/kg) 14 d [FIFEREE B KRR 20k LBkAE
LR -3- W I/ 25 (1 Bl B (CNR1/PISK/AKD 155
R, EVE SRR, SOEREIR R R RS
[E R A0 27 ST AZ D Re Rt 7 TR DL, SEI#R£2
TRAEIVE RS, [EIRERFHZEA | (4mglkg) Beidd
WS AN A B T (ERKO {5538 B ot
PEPEA MK-801 5 5 1) 27 ) A2 B fig 27, A kP
Z i AT 3@ 3k 1 T 2 ol AR A 3 I R 4y T AL AR R A R
TR N FITh RERR IS I ThRE -



+2090 EIVFFNH 2024FE11 B

ARt bl

Drugs & Clinic Vol. 39 No.11 November 2024

4 PR EETR

BUEMFERL (AB) HIHSRYT S AR AT FE
52 24 e N R o BT 7R % i R R0 1 B0 SR 2
—, HEKIHE AR BN — A REIIRTT R
W (281, TSR, BT A4 RGN RO R LT
WS 25 45 G IR T A R G0 T T8 0 O A
M BB TS R I ZE M O AE AR AR IR AT
PRSI R IR IR ER IR T R R R AR . THA
RILFFSHE Na (10, 20mg/kg) 1697 8 )G, Bk
FPR AR AT b VA B 1) R0 R, RS SE
A JE I HG 0 AR B ARG > 53 B /R S BR A 29, IR
EMiP AR AR HIFLR SN BT R KA ER I 1
HERMEMZ —, (HEET AR 21 R
IRFEE = I & fil ok T SR B AR AL | AN
AR SR AU . Ho — NI T VR R R R
HPPE Tau fEWERETIIER . AR LL4HMISMEH
FERTHR I R, Mg e s E A EA
Tau IMHE TN PTRRARER T BRSO B AR &,
T 23 1) R B ) L 55 40 22 3R AT M 9 9 1 R BRI AR
R 1) 2R B 2 D) AH 9GO, PR 8 V) 75 A Tau
BRI 2R AE bR B, DA Il PR SE e 2 g
FEFI 2 5 38 (P 8 DL AR 3056 Hh I VG 97 RO
Lyu ZBUE BRSPS ST PI3K/Ak/GSK3B &%
FIH] 1 5 BT R PR BRI AH O Y Tau I EERERR AL, I
BEACT AR X HT22 giffirh Rfih 5% 8 H 95
(PSD95) FTfih 2RIk /KT B o A W 7838 B
FHSE | A7 DL 25 R R A B A e LB
YIENEZRHEEA (AMPK/MTOR) &1 H W4
SERIE N AB ISR FEAEAC Tau BERRIL, XRHET
FHSER | 167 R 2 BRI a7 8 72, i
PR E IR - B 2 BRI 32 /4 B (BDNF-TrkB) i
S AT B S S Na X DK R SR A
2B 9%, Li BT R B, FESE Ha (15,
30 mg/kg) VEIT 4 FEED T B IR ORI ER A A
MIFEE A Brazs c-ARUu B (CTFs) Al p-Tau B
R PHSE N 0] R8I0 AR R 2R 9 BRI AH O R
1IR3 B MBS 2 fik BDNF & R A 51 1 K 7%
BERANCIZ. BR T AP At EEREFRIL Tau {E N &R
RZAN, SRS 550IEFE, R
AP RERREAT . SRR T RN SORE RS, T
BT 7R A BRI B F D RE T PB4, S fihi ] BAE
PR TG HOERIRE ), 5% IRNAZ. A EnTh
RE A1 00 Tk B 25 DA OCIS), BT RIS 1A

TR PR A Fie % DA 3 AU AL R A A AR E R GE, Wil
Bt n I Re R, Y 5R A Al nT IEPERS, PESE 1A
T R4 3 $ | APP/PSL /)N B8, 2. Tk RE A B e vit 1
[F) IS 42 = HEL B, £ T 2 A i s 14 I 92 =1 APP/PS1 /)
R VA 5 R B 22 4 42 8 97 IR 1 RN S Al A O B L R
15, EREEIEEA 1 (GLUTL) AR
EAZEMAEA 1 (LRPD HEARIE. EILS}
Z0 | a RN Bl ZR 2 BR3 FRI A F WL ] e 5
GLUTL/LRPL &2 1) AR 2 ThREA K. X5 R
KW, FHZEA e8I AP0 2 TR A AT I BT R
RIGBIRIEIT 250 PR ZIGBRI Re s 51 R iet
FEEE A B UURAIAN Tau 445 BT S B & o4 i s
T2, /o 4 R B2 R R B Al s, 51 AP
RAENBN, FHSE DA AFHSE &M S i
W2, BAA 2R, SIS R A
S AR I CA BT i e 0L ] 2R PRV BRI 1 BB 2 e 2
TRy S 381, Yang 2B 58 R ILFHZ 0 1A V69T
HGE T BRI B /N R TR, IRES T
A A SR SORE . RSN SR Bon TS
A Na TR AR G 2538 T VEMFEER ) Braz 15 1
A TAIME F7. TS, A A SR 28 S5 1k
bo PEZE 1L AB AHGHAF R A HRIE, FH
S N Y67 O B 2R 2R 0 B A 28 4 M 1)
A%, B#{% NF-xB 7K°F, #2% NeuN. Nissl /£, IxB
K, RIEPLR PSR E O, Maione S56 K
WFHZE 1A FIEEFEZH 0T IA2 ABaz 757N BRI
0123518, B FEAR M AL S RE S NF-
kB p65 45 &AL s AH A o X B 4 2R i AH ¢
AP REFR EX o0 o, FERFFZSE (10
mg/kg) 4bFEJE, GFAP. S100. COX-2. %57 NO
4 RlE (INOS) Al NF-kB p65 ik & E k. H
I, PSR 1A FOBEFE S LE 18 A5 1 B 7R 9K 2R
5/ AR b BT PR AR R R, T 2
YRR B IR DR AR AR TR IE a4 JAiE
BB PF S BE 6T B R G B R IE 254, iX
X HFF R AR JE 7~ F 0] RE Y SR
5 MRS

A4 AR e — Rz sl fsng, A R 2 R
F 2 DRt 2 uRETLR L, FELCREZ T
Jaih= o FEIXPME LT, SRR R 2 A SO
I BN B R E B A SRS, X T Lo
% B S 5 R Th R 100 4 AR 0 A O S [
KAEBAE, BEFLER ], FESh &Y AR



EIOHBFE N 20241 A A 4 B e A&

Drugs & Clinic

Vol. 39 No.11 November 2024 -« 2991 -

FHSER | 1859 6-F2% % ML T 1) SH-SY5Y 41
T, FFAmEIE A (ROS) Al B K & -3
(Caspase-3), J/-DAMuE T, CFE BT ROS /b1
FEAERBTEAGE R, I Hod I R R TR (S B
+ 1 (SIRTL) M5 FlemizitiaftEa 1
(BMALL) KT ER IEIEHS, HHRF AR,
Kot 2 Wil A R BE R — P LE B I 6 AR 16 T 24
Yy, HAKE LRATIRERERT, AALNBE S NI
SZaTAET . RS SE AR F
E2 AHIEHF 2 (Nrf2) [I3RIE, {21k Nrf2 B4k N
YRz PrEA s TR R SN S S 2 6
T-4H B AR A S AR AR B B R T ) 2. 52
A A )R 7E B A 5 5 1 AR BB B e =
fi e R s EIR PR ER SRS, FERE AR
Z ENZREM & TCAT N ER A, RIAEIER] 1 RS
FHSERIETT WA G AR B9 771SY . S R M A S A
9 Th 6 25 L2 AP 2 1B AT 1 972 95 R 7 AL ) 1) = L4
FEBY X RN IR IT 1% I — AN B L A e,
Wang SIS R BP0 1 & AR 2 55
(/N R A R 2 M ML R P A IRk, 4y
TREPLR M2 EFFRIL. RPN SLIE IR, FF
Z 1 a] L] MPTP HR /Nl TNF-a (T 55, £
B IL-10 WREEMI Ty ARINANSREGR A, FHSH 1
CIRNGI W28 SepN b i N W N
A, IR /N o A L G g2 S B R i 2
R4, AR (MAO) H175 b5, £ L AR B 32 14k
(MAChR) #IA K A2 1 4 AR 73 110 8 B2y 7 $E s 11,
RS S 2P ST ) F 2E sy, BA
i 2 ML RE#H 2 5 ZAHNH MAO-A MM & LRI E
F . Prajapati ZEUK T 3 FhE ' B FHS B FEY)
WTEN MAO (hMAO) [H] L3 6, {IEsE
FHZ T X hAMAO-A [t fe i, KGR FFZSE |
FIBESFZ20, 1Cs0 #21/NF 10 pmol/L, "EAITIE REFIH]
hMAO-B &1, 1Cso fi& T 25 pmol/L.
6 W

TR A2 0T JIT A A e B N 7 AR S e ) — M i
TAS LA et 0, R R AERT, SRS —
PG S A AR AR A R, A
I IR P B R AR R 2E . PFSE Na BRI T
TR RAE IS, AR/ SRR A AE RSB Hrn] ek i
TR ) R AR B AER, X R PFZE 1A X
ok AT A T LE PR R A A FH B0, 8 K B A 7Y
o, FESEA Na G SRR & A AR A ™ AR L, 4

AN Ay RebEAG, R0 o e T S A w9
PE, N TR A DA RN T RE A 5152,
7 BEMEAEE

2 R ALSE /& JORE 1 B B e M 0B 47
YN, PSR 1L A GEAS [FRE B ook 6 B8 P9 AH 20
MO, I VR SO B Gy 1R A R 28 K BRI
ALE A FBFR KT Yan ZB817E S2at 1 B 5 4
92 1 o 8 8 KBRS R BGIE T PSR 1T (25, 50
mg/kg) X 2 R AEREACRE B TEIRITE . BT 7SR
B, P 1A V677 2 0 ARE DR A5 2 5 A8 B
B, AL X AR 4R 2R G S E 2N B AN A
FHEM 1 A REBSAEA [FIFR B RE B8N CD4* T 41
i, CD8* T ZHffd. 54 B A /N 4 i )
[ B TR 8 S B0 B G M A i % K R R 1T
HHIL-17, IL-23 KF . X sesh RILRERR M T2
W 11 A 9802 S B B B S e VE R B8 2 10 UEHE ,  IF
SCREHAE N2 R BT A S M. R —
TRt Firf, Feng SRS IL, 78] M B 2k UK
Jen| RANR X2 R R R B L, P
S A EHATIRYT, B TR T REFET IL-6. IL-
18+ TNF-a. iNOS 1535, FF Hig/b T /N 41
s, HERBMN ML BT M2, Z55HEH P}
S N A B RO M RT RE AR VR YT T 2 B o
5| 14D o s R At B 095 1R A 2807 ¥ - Yang
LI TR, FF2 1A (25, 50 mg/kg) PAF
BT R RiE s ThRepns, SE SRR A
B G P2 VE 0 B8 8 AH DG 1 S R RS o PHSE Na
B PRI R IR AT 4R 1 2R 1 (GFAP) IS 14545
B T-1 (ba-1) WK, s e i
P B ER E (TI) 28 T4 S0 5 b it fii J57 e
(BBB) Fy5e#tt. AT T (Treg) diffikir 5%
RYERACEE R AE . RIEFE VIR, Gong %571
UESEFH S 11 a 5 SE6 1 H 5 G M E 58 48 /N &
RS E S5 8 R 2 REIR T . R AN = A b
it - 5 W 4 4 9 R R - 1) CDA* T 4 s A
B BE AT BRI P g B ME RGN Treg 4O ATR A 2 o 2l
UERAFFZ R 11 A AT DAL HE Treg 400 1L, #5715
il TL A AF IR TT #0228 98 0 1 500 B 240 mT e AR L
(17 IS FH I 5% o
8 rERIHrERS

FHEE Na RESCE X B S 10010497 J5 R
B S A IR, I 35 Dl 2 TR 5 AR AR Ak 1) 5 )
(6], SZfR 1 FF 1807 R = 28 ok AR



+2092 . FEIFFNH 2024FE11 B

ARt bl

Drugs & Clinic Vol. 39 No.11 November 2024

FEAT A, HHLHIN P S0 11 A 338 0 25 B A0 i
Sl T SRR DG EE 1 DL JOE CAMP OB TG4
AN SRS FE 7R AR EH M B
(CREB/BDNF/TrkB) 15 518 #% 581, iX Lt 5t A2
il 11 A V697 Q4% 5 RO RS B AL T 4T T Al
9 HNHNEE

Lu S5BNSe 45 R K B, PSR Na BIPUHDATEE
1EH i@t /NS ERK/ICREB/BDNF i@/ S
() o FEHBZEK A AL B PC12 40, FFSH 1A (16
mg/kg) 28d . EH N T p-ERK. p-CREB fil BDNF
FEARRIE, XAEEY ERK #6157 SL327 Hikk
BT . FHSE Na BELAA AR SME 7 b A8
RS T 0L 7 85 5 /)N B A A 28 v i 3 i K
TR S0 (1) LB ) (R 3G, e BRI T T
UFRES I RERE IRl , 3G 5 S MR RAT . T
1 N IINSZS VR s L NI R INYA) - 7 A (k=R A Y
WORIAE 28 R 7K T 1 7+ 15 LA S CREB/BDNF KA
B0, BEFRIN, FHZE 1A @75 BDNF/
TrkB/GAT 115 518 % LG 48 14 AN v 190 0L S35 5 1)
K ERAVAREEAT AN SN D e RS 6Y . 98 REAE — 4>
FIARAE 2 I HIARRE AT WL i B E L, T
fEFZPTR T IGEIT fa, IARREIR A 2 40 A
v T O 2 PR G L 7 N S TR A N
AR R, B 2R BDNF/TrkB i1 NF-xB i
IR LR, F 2RE ) S, MR 12 AN
AT RO T 1/ BRAMARREIRES, SRR P2
i AT A iR 7 SARE 1A AL 268l 5 — g A
AT R 5 ) /) BRAAT A S 58 R 3R E B P 2
Fi e T PIBKIAKE A% R FEAE FHEA, DL R
BT S B LE 16 7 FARAE AR TE VR IT /E S it
TR
10 5B

FH SRS OB A ROE VRS, EATHI 2
HORE 7 B LR P S W T 0 L8 0 5 T R
Fi, WTECAER AR Z T O e In) 1 PSR
X AR AR R A ST T . FHS B REA U E
M TRRHZ, X TBIR KA ER . DS . A8
KE MAVEBETR S, A XA N BOA T &
TCET RSB OMMEEYER, R AN
TR PR/ 2R A T A 28 5 E DL ROR /NI
JRANBRITE AR IR S AN AR RAT AT IR
E1EH

LS I8 RE 8 13F — PR FU H A #H 4 R 4 11 H A

T, WIE FVE AR RE . EENET). A
MR AR, SR TIPS IR ik
PR S SRS LR 2 IR T, R BREIOE
BE PR ARD TR PO PR ORISR
FIAHSREE S I8 s . 735k, N ZHITRIRK S
SRR S HLES &, SRR TR PR % 4
H a8 R 254 . AL, &R AN E N
HEAE P PT S R)IT R AT, 5 RS B EE
P ARSI R AR o (R I BiES FH 2 A A
AR AR R T, DA S 4 3T LA A A
TEE XS . A St B BAR AN 7 i T BRI
HrPH SR > AR AL AN EIHA T RS
il 2 SR ALK -

FBAR HAGEAFPARAEF SN R

SEE

[1] Xu J, Ma C, Hua M, et al. CNS and CNS diseases in
relation to their immune system [J]. Front Immunol, 2022,
13:1063928.

[2] Wang Z, Wan H, Li J, et al. Molecular imaging in
traditional Chinese medicine therapy for neurological
diseases [J]. Biomed Res Int, 2013, 2013(608430): 1-11.

[3] Wang T, Zhang H, Wang L, et al. A Simple and reliable
method for distinguishing Danshen in Salvia: Simultaneous
quantification of six active compositions by HPLC [J]. J
Chromatogr Sci, 2013, 52(9): 992-998.

[4] Marques M S, Marinho M A G, Vian C O, et al. The action
of curcumin against damage resulting from cerebral stroke:
A systematic review [J]. Pharmacol Res, 2022, 183:
106369.

[5] Drew D A, Sarnak M J. Ischemic and hemorrhagic stroke:
High incidence in hemodialysis and peritoneal dialysis
patients [J]. Am J Kidney Dis, 2014, 63(4): 547-548.

[6] SunJ, Chen XY, Wang Y R, et al. Neuroprotective effects
of Longxue Tongluo Capsule on ischemic stroke rats
revealed by LC-MS/MS-based metabolomics approach
[J]. Chin Herb Med, 2023, 15(3), 430-438.

[7] Maida C D, Norrito R L, Daidone M, et al. Neuroinflammatory
mechanisms in ischemic stroke: Focus on cardioembolic
stroke, background, and therapeutic approaches [J]. Int J
Mol Sci, 2020, 21(18): 6454.

[8] Tian D, PanY, Zhao Y, et al. TCRap+NK1.1-CD4-CD8-
double-negative T cells inhibit central and peripheral
inflammation and ameliorate ischemic stroke in mice [J].
Theranostics, 2023, 13(3): 896-909.

[91 RenY, Houghton P J, Hider R C, et al. Novel diterpenoid



HI9BE 1LY 20248E 11 H

AR b A

Drugs & Clinic

Vol. 39 No.11 November 2024 « 2993 -

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

acetylcholinesterase inhibitors from Salvia miltiorhiza [J].
Planta Med, 2004, 70(3): 201-204.

Lam B Y, Lo AC, Sun X, et al. Neuroprotective effects of
tanshinones in transient focal cerebral ischemia in mice [J].
Phytomedicine, 2003, 10(4): 286-291.

Wen P Y, Li J, Lu B L, et al. Tanshinone Ila increases
levels of NeuN, protein disulfide isomerase, and Na*/K*-
ATPase and decreases evidence of microglial activation
after cerebral ischemic injury [J]. NeuroReport, 2016,
27(6): 435-444.

Su W, Lv M, Wang D, et al. Tanshinone lla alleviates
traumatic brain injury by reducing ischemia-reperfusion
via the miR-124-5p/FoxO1 axis [J]. Mediators Inflamm,
2024, 2024: 7459054.

Song Z, Feng J, Zhang Q, et al. Tanshinone lla protects
against cerebral ischemia reperfusion injury by regulating
microglial activation and polarization via NF-xB pathway
[J]. Front Pharmacol, 2021, 12: 641848.

Wang H, Zhang M, Fang J, et al. Simultaneous determination
of seven lipophilic and hydrophilic components in Salvia
miltiorrhiza Bunge by LC-MS/MS method and its application
to a transport study in a blood-brain-barrier cell model [J].
Molecules, 2022, 27(3): 657.

Zhang M, Liu Y, Liu M, et al. UHPLC-QTOF/MS-based
metabolomics investigation for the protective mechanism
of Danshen in Alzheimer’s disease cell model induced by
AB1-42 [J]. Metabolomics, 2019, 15(2): 13.

Mao Y, Qu Y, Wang Q. Cryptotanshinone reduces
neurotoxicity induced by cerebral ischemia-reperfusion
injury involving modulation of microglial polarization [J].
Restor Neurol Neurosci, 2021, 39(3): 209-220.

O'Shea T M, Burda J E, Sofroniew M V. Cell biology of
spinal cord injury and repair [J]. J Clin Invest, 2017,
127(9): 3259-3270.

Zhou Z Y, Zhao W R, Zhang J, et al. Sodium tanshinone
I1a sulfonate: A review of pharmacological activity and
pharmacokinetics [J]. Biomed Pharmacother, 2019, 118:
109362.

Luo D, Li X, Hou Y, et al. Sodium tanshinone Il sulfonate
promotes spinal cord injury repair by inhibiting blood
spinal cord barrier disruption in vitro and in vivo [J]. Drug
Dev Res, 2022, 83(3): 669-679.

Zhang X M, Ma J, Sun Y, et al. Tanshinone lla promotes
the differentiation of bone marrow mesenchymal stem
cells into neuronal-like cells in a spinal cord injury model
[J]. J Transl Med, 2018, 16(1): 193.

Koushki D, Latifi S, Javidan A N, et al. Efficacy of some
herbal medications

non-conventional (sulforaphane,

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

tanshinone 1la, and tetramethylpyrazine) in inducing
neuroprotection in comparison with interleukin-10 after
spinal cord injury: A meta-analysis [J]. J Spinal Cord Med,
2014, 38(1): 13-22.

Cao F L, Xu M, Wang Y, et al. Tanshinone lla attenuates
neuropathic pain via inhibiting glial activation and
immune response [J]. Pharmacol Biochem Behav, 2015,
128: 1-7.

Anderson N D. State of the science on mild cognitive
impairment (MCI) [J]. CNS Spectr, 2019, 24(1): 78-87.
Tang L M, Wang L X, Wang Z Y, et al. Tanshinone lla
ameliorates lead (Pb)-induced cognitive deficits and
oxidative stress in a rat pup model [J]. Bratisl Lek Listy,
2017, 118(04): 196-201.

Liao Y J, Chen J M, Long J Y, et al. Tanshinone lla
alleviates CCL2-induced leaning memory and cognition
impairment in rats: A potential therapeutic approach for
HIV-associated neurocognitive disorder [J]. Biomed Res
Int, 2020, 2020: 2702175.

Li Z H, Cheng L, Wen C, et al. Activation of CNR1/
PI3K/AKT pathway by tanshinone Ila protects hippocampal
neurons and ameliorates sleep deprivation-induced
cognitive dysfunction in rats [J]. Front Pharmacol, 2022,
13: 823732.

Kim D H, Kim S, Jeon S J, et al. Tanshinone | enhances
learning and memory, and ameliorates memory impairment in
mice via the extracellular signal-regulated kinase signalling
pathway [J]. Br J Pharmacol, 2009, 158(4): 1131-1142.
Tiwari S, Atluri V, Kaushik A, et al. Alzheimer’s disease:
Pathogenesis, diagnostics, and therapeutics [J]. Int J
Nanomedicine, 2019, 14: 5541-5554.

Liu X Q, Hu T, Wu G L, et al. Tanshinone lla, the key
compound in Salvia miltiorrhiza, improves cognitive
impairment by upregulating AB-degrading enzymes in
APP/PS1 mice [J]. Int J Biol Macromol, 2024, 254(Pt 2):
127923.

Ossenkoppele R, van der Kant R, Hansson O. Tau
biomarkers in Alzheimer's disease: Towards implementation
in clinical practice and trials [J]. Lancet Neurol, 2022,
21(8): 726-734.

Lyu D, Jia J. Cryptotanshinone attenuates amyloid-f42-
induced Tau phosphorylation by regulating PI3K/Akt/
GSK3p pathway in HT22 cells [J]. Mol Neurobiol, 2022,
59(7): 4488-500.

Bao Z, Zhang H, Jiao H, et al. Dihydrotanshinone I increase
amyloid-p clearance and decrease Tau phosphorylation via
enhancing autophagy [J]. Pharmacology, 2020, 105(5-6):
311-319.



* 2994 -

FEI9EBE 1LY 2004FE11 H

ARt bl

Drugs & Clinic Vol. 39 No.11 November 2024

(33]

[34]

(35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

Li F, Han G, Wu K. Tanshinone Ila alleviates the AD
phenotypes in APP and PS1 transgenic mice [J]. Biomed
Res Int, 2016, 2016: 7631801.

Kandimalla R, Reddy P H. Therapeutics of neurotransmitters
in Alzheimer's disease [J]. J Alzheimers Dis, 2017, 57(4):
1049-1069.

Yang Z, Zou Y, Wang L. Neurotransmitters in prevention
and treatment of Alzheimer's disease [J]. Int J Mol Sci,
2023, 24(4): 3841.

Zhou Z Y, Shi W T, Zhang J, et al. Sodium tanshinone lla
sulfonate protects against hyperhomocysteine-induced
vascular endothelial injury via activation of NNMT/
SIRT1-mediated NRF2/HO-1 and AKT/MAPKS signaling
in human umbilical vascular endothelial cells [J]. Biomed
Pharmacother, 2023, 158: 114137.

McAlpine C S, Park J, Griciuc A, et al. Astrocytic
interleukin-3 programs microglia and limits Alzheimer's
disease [J]. Nature, 2021, 595(7869): 701-706.

Chong C M, Su H, Lu J J, et al. The effects of bioactive
components from the rhizome of Salvia miltiorrhiza
(Danshen) on the characteristics of Alzheimer’s disease
[J]. Chin Med, 2019, 14: 19.

Yang L X, Luo M, Li S Y. Tanshinone lla improves
Alzheimer's disease via RNA nuclear-enriched abundant
transcript 1/microRNA-291a-3p/member RAS oncogene
family Rab22a axis [J]. World J Psychiatry, 2024, 14(4):
563-581.

Li J, Wen P Y, Li W W, et al. Upregulation effects of
tanshinone 11a on the expressions of NeuN, Nissl body, and
IxB and downregulation effects on the expressions of
GFAP and NF-kB in the brain tissues of rat models of
Alzheimer’s disease [J]. NeuroReport, 2015, 26(13): 758-
766.

Maione F, Piccolo M, Vita S D, et al. Down regulation of
pro-inflammatory pathways by tanshinone 1la and
cryptotanshinone in a non-genetic mouse model of
Alzheimer’s disease [J]. Pharmacol Res, 2018, 129: 482-
490.

Imbriani P, Martella G, Bonsi P, et al. Oxidative stress and
synaptic dysfunction in rodent models of Parkinson's
disease [J]. Neurobiol Dis, 2022, 173: 105851.
SuHC,Sun YT, Yang MY, et al. Dihydroisotanshinone |
and BMAL-SIRT1 pathway in an in vitro 6-OHDA-
induced model of Parkinson's disease [J]. Int J Mol Sci,
2023, 24(13): 11088.

Lee JE, Sim H, Yoo H M, et al. Neuroprotective effects of
cryptotanshinone in a direct reprogramming model of
Parkinson’s disease [J]. Molecules, 2020, 25(16): 3602.

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[58]

[56]

Sun J M, Agarwal S, Desai T D, et al. Cryptotanshinone
protects against oxidative stress in the paraquat-induced
Parkinson's disease model [J]. Environ Toxicol, 2023,
38(1): 39-48.

Schwab A D, Thurston M J, Machhi J, et al. Immunotherapy
for Parkinson's disease [J]. Neurobiol Dis, 2020, 137:
104760.

Wang S, Jing H,Yang H, et al. Tanshinone | selectively
suppresses pro-inflammatory genes expression in activated
microglia and prevents nigrostriatal dopaminergic
neurodegeneration in a mouse model of Parkinson's
disease [J]. J Ethnopharmacol, 2015, 164: 247-255.
Xiang Z, Thompson A D, Jones C K, et al. Roles of the M1
muscarinic  acetylcholine receptor subtype in the
regulation of basal ganglia function and implications for
the treatment of Parkinson's disease [J]. J Pharmacol Exp
Ther, 2012, 340(3): 595-603.

Prajapati R, Park S E, Seong S H, et al. Monoamine
oxidase inhibition by major tanshinones from Salvia
miltiorrhiza and selective muscarinic acetylcholine M4
receptor antagonism by tanshinone | [J]. Biomolecules,
2021, 11(7): 1001.

Lynagh T, Kunz A, Laube B. Propofol modulation of al
glycine receptors does not require a structural transition at
adjacent subunits that is crucial to agonist-induced
activation [J]. ACS Chem Neurosci, 2013, 4(11): 1469-
1478.

Jia C, Zhang R, Wei L, et al. Investigation of the
mechanism of tanshinone Ila to improve cognitive
function via synaptic plasticity in epileptic rats [J]. Pharm
Biol, 2023, 61(1): 100-110.

Ma M, Hua X, Jia C, et al. Tanshinone lla regulates
synaptic plasticity in Mg?*-free-induced epileptic hippocampal
neurons via the PI3K/Akt signaling pathway [J]. J Integr
Neurosci, 2024, 23(3): 61.

Yan J, Yang X, Han D, et al. Tanshinone lla attenuates
experimental autoimmune encephalomyelitis in rats [J].
Mol Med Rep, 2016, 14(2): 1601-1609.

Feng Y, Feng F, Zheng C, et al. Tanshinone Il attenuates
demyelination and promotes remyelination in A. cantonensis-
infected BALB/c mice [J]. Int J Biol Sci, 2019, 15(10):
2211-2223.

Yang X, Yan J, Feng J. Treatment with tanshinone lla
suppresses disruption of the blood-brain barrier and
reduces expression of adhesion molecules and chemokines
in experimental autoimmune encephalomyelitis [J]. Eur J
Pharmacol, 2016, 771: 18-28.

Shi C, Zhang J, Wang H, et al. Trojan horse nanocapsule



HI9BE 1LY 20248E 11 H

AR b A

Drugs & Clinic

Vol. 39 No.11 November 2024  « 2995 -

[57]

(58]

[59]

[60]

enabled In situ modulation of the phenotypic conversion
of Thi17 cells to Treg cells for the treatment of multiple
sclerosis in mice [J]. Adv Mater, 2023, 35(11): e2210262.
Gong Y, Liu Y C, Ding X L, et al. Tanshinone lla
the
differentiation of regulatory T cells [J]. Neurotherapeutics,
2020, 17(2): 690-703.

Jiang Y L, Wang X S, Li X B, et al. Tanshinone lla
improves contextual fear- and anxiety-like behaviors in
mice via the CREB/BDNF/TrkB signaling pathway [J].
Phytother Res, 2022, 36(10): 3932-3948.

Lu J, Zhou H, Meng D, et al. Tanshinone Ila improves

ameliorates CNS autoimmunity by promoting

depression-like behavior in mice by activating the ERK-
CREB-BDNF signaling pathway [J]. Neuroscience, 2020,
430: 1-11.

Cheng Y, An Q, Wang J, et al. RasGRF1 participates in the
protective effect of tanshinone Ila on depressive like

[61]

[62]

[63]

[64]

behaviors of a chronic unpredictable mild stress induced
mouse model [J]. Gene, 2020, 754: 144817.

Liu S Z, Yang J, Chen L L, et al. Tanshinone Ila
ameliorates chronic unpredictable mild stress-induced
depression-like behavior and cognitive impairment in rats
through the BDNF/TrkB/GAT1 signaling pathway [J]. Eur
J Pharmacol, 2023, 938: 175385.

Beurel E, Toups M, Nemeroff C B. The bidirectional
relationship of depression and inflammation: Double
trouble [J]. Neuron, 2020, 107(2): 234-256.

Wang K, Zhai Q, Wang S, et al. Cryptotanshinone
ameliorates CUS-induced depressive-like behaviors in
mice [J]. Transl Neurosci, 2021, 12(1): 469-481.

Bian L H, Wang S Q, Li W J, et al. Cryptotanshinone
regulates gut microbiota and PI3K-AKT pathway in rats to
alleviate CUMS induced depressive symptoms [J]. Biomed
Pharmacother, 2023, 169: 115921.

[FiEmst MFE]



