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Research progress on treatment of central nervous system diseases with active
ingredients of Paeoniae Radix Rubra
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Abstract: Central nervous system diseases (CNSD) refer to lesions in the brain and spinal cord systems. The occurrence and
development of this type of disease are influenced by both pathological and environmental factors, with high clinical treatment risks
and low cure rates. CNSD that is difficult to treat, such as Alzheimer’s disease, Parkinson’s disease, ischemic stroke, and spinal cord
injury, pose a serious threat to human health due to the lack of therapeutic drugs and appropriate treatment methods. Paeoniae Radix
Rubra is a kind of traditional Chinese medicinal herb, which is the dried root of the plants Paeonia lactiflora Pall. and Paeonia vetchii
Lynch. It has the main functions of clearing heat and relieving pain, promoting blood circulation and removing blood stasis. Many
studies have shown that the total extract and active ingredients of Paeoniae Radix Rubra have positive effects on the treatment of
CNSD, especially in areas such as depression, neurodegenerative diseases, neuropathic pain, stroke, spinal cord injury, and brain
tumors. The mechanisms by which these active ingredients exert their pharmacological effects may be through pathways such as gut

brain axis, anti-inflammatory, antioxidant stress, intervention in neuronal apoptosis, regulation of neurotransmitters and hormone
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secretion, but the specific molecular mechanisms and key targets still need to be further explored. The theme of this article’s literature

collection was “the active ingredients of Paeoniae Radix Rubra in the treatment of CNSD”. The retrieval method was to search for

experimental research papers published in recent years through free combinations of keywords on databases such as CNKI, Wanfang

Data, CQVIP, and Pubmed, etc. The types of active ingredients in Paeoniae Radix Rubra were analyzed and classified to review their

intervention pathways and molecular mechanisms in related diseases. This review article provides ideas and references for the treatment

of CNSD and the development and utilization of Paeoniae Radix Rubra.

Key words: Paeoniae Radix Rubra; paeoniflorin; albiflorin; 6'-O-galloylpaeoniflorin; central nervous system diseases; molecular

mechanism

HAX # 2 R AR (central nervous system
diseases, CNSD) s BRI M 5 K5I
AR MEIRITI R A RED . Bk
5 FARAE S i A AE S50 -21, CNSD ¥ 7 I s AP
W2 HARE IR, P R R A v A4 I iy i i 1 A
JE WA TTH . P D)RE R EL A JORE SR ) L 2
T — RBP4 S I RORE . IEAF
KA A B, CNSD B AW AREE D& T840,
X542 e g DA RO A R AR % I 18R B B TR
Z, FTEHLIX (P RST BERtH BL ok R BB H R &
R EWAERER. F5 b, RESKRETH
RANZTT FBAEAW D, (H24% CNSD (136
IT AR RAE T IR, 1697 7 G0 &
Rl S5, B (A U 1 5 2 S ) e 28 YR T R
A A SR TR 52 24 K HE M R A PE$% ] CNSD K
J& FRAE TRREIER, TR g8 07 LT lis
PAE MBI T E R J0E /N5 A S A
S P4 i A A 3 RN T 7 o 22 AR AT P i A
ZRAE; IR AT B A P B A
EWANRIVER, B0 2580 o B AR IR A T K
PG 250 FOAT 225 9 I H AT R A2 2R AT A AT R DU
ZRAEVERM E L, Had =& RIELHEER T
HLEI AT REA RIS, PRtk PRAFZIRAI T K %22 %%
() H 245 R R 25728, SR 257697 CNSD 2
FEAEHIALEI AT CNSD BIm PRI T S fit B 22 LB

CNSD [ EEFHHIE 5 BRI, [F— R
H T RNLAE, HIa97 JriE AN E . CNSD A& Y
W ILE R ARG . RPN AT R O
PR IR O R T AR MR 55 . 2 A
Paconiae Radix Rubra NIRIEL G KR 254, BJiE
YINEBRERHENIA] 25 Paeonia lactiflora Pall.B{)1| 5
Aj P veitchii Lynch, HUCHARFEMAS, HEED)
RORIEHVER . 35 AEHRO, mT DU ¥R 97 <0 I
TF KA CNSD i, AR T RIS Gz . J&
ATE MRS, ZREE. SR A KRS A

ZRALZER Y, ARAT T R B s BE T 2R A
BT RE A HORHE 2 PRSI B - EE R, BN AR
PR « FUAMATI YT G e P S5 11 R &R
FROGUESE, AT AAATEE . N A
ZYNBEH A 6"-0-1% & T AT 25 H 45 7R AT PR R
A RAESE CNSD KR, JUHZENRHMANAE . #hze
IRAT M A 28 MR AR 45 1l R 52 2 AL AN B I
PIRRIH T RIFIEIT AR . A SCHT KR A
FERAE TR /5% CNSD 253 EF K o 1L
HIRIR e AT T 4R, AR ORI R
FEAKE . FFARANME S I ) ) kAR, R oRA~g7E
CNSD J&97 S RIIG AR . FH S 2t i f i 2%
1 HNHIF R RAE

A JOES 5 T CNSD %505 I K A ATk
J&, RZEBIRPFEERH . ARATIEME RS AT @
VA1 SOREAH I BR A0 M B TS5 A, itk — s
RIEAHR RTINS A S A LS
SIS I PR A S 8 A O 1R A B A e R 02130, M0
M RIEIGYT CNSD BIRIIMER (3% 1.
1.1 B RE E FFA4E KB

HHRR PP ZE 2R G5 ) 98 0 SN 5 BB M I ph 2
I BLAEA AR DI RERREAS  $AR L £E RSN R IR AR ,
IRATIEPE R B REFIBIRIER, WAASEES
it CNSD HIRPEE SKE SN, SRARBIRAEIR, FH %
TR EAL o PR AH ISR £ 1 A0 J) L e e R
BEIRF-a (tumor necrosis factor-o,, TNF-a)+ F4ifE
/r#&-1 (interleukin-1, IL-1) FI IL-6 254 45 1K
IR FE 2 BE T, X 72 BT &80 I S0
S N5 2 B AT SRR 9% 4 i R R TS
A5 AT LU A Ca? R 18 6 - Toll #3244 4/
%K -F-«B (toll-like receptor 4/nuclear factor-kappa
B, TLR4/NF-xB) #lfi] ik &R T8k, S
FREE RPN S EANECREAT Sy, RIS AT 258
AJ DA o 22 R T B0 /N BRAR AL B X g h 4 A
[k — A A4
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Table 1 Anti-neuroinflammation effects and mechanisms of active ingredients in Paconiae Radix Rubra
Pl T HERTRL il EEESYIBN il ik
MR OEN: MAFRNRBER 50, 100 mg-kg™! ip #A1%) TLR4/NF-«B i# 14
B TR E FRAEE BH I SD KRB 50, 100, 200 ip YRTT Th17/Treg 42 F) 7 He A L BRI 7 ) 73 15
et mg-kg™!
RESEMMRG  AGE H/ISD 4R 6.25. 125, 25 ig 847 TLR4/NF-«B i# 16
mg-kg !
WALSRES I AR B A D BB ERE 30 mgkg ! ig ¥E PI3K/AKT /mTOR {2 5@ B 17
Tt Gl
S L 2 e OEA J8# MK 3 Bk 5. 10 mgkg ! ip #Ak] INK, NF-«B 2% 18
PR R
Tk i PR 6-0-B BT Mk B 25, 5. 10mg-kg! ip W1k PISK/AKNEf2 B 19
BRAT25TE Wistar KRR
KRMEHAmREa 0, 10, 50, 100  —
MR, PCI2 400 pmol-L™!
AP FIMAERE AL C6 52 4 1,5, 10 pg-mL™! — 1S NF-B, HIR SRR A R T2k 20
W e AENERE  BERREIR KRR 100, 200 mg-kg™! ig 847 Nrf-2/HO-1/HMGB1/NF-kB ji % 21
MR ARG R B BN 054 1L 2gkg ! ig T Mg FoRT & 2 p-EP KT BOKERE 22
R PGE: A i E R I
ATHEEL AT IR AL R VR 500 20, 40, 80 mgkg ! ip
HNEE  RERR
MM AU A 0 18 38 25, 50, 100mg-kg ! ip A1 BE NLRP3 4y th it s 3
Hifh SD KRB
WA ATNEETE ALE M 418 M K8 50 mgrkg ! ip 1¥ S NLRP3 455/ MA f1#E 24
Hif SD KA
MBI KB AN A %A 50 mg-kg™! ip WG Keapl-Nif2 i, R ROSKFE, MHE 25
TR B&TS f1 NLRP3 #Ji/Mk
Uz ez 2 AU A B 18 M 38 50 mg-kg ! ip i p38 MAPK EERISLE, MElEWKRAM 26
AENBRE 40 SD RRURE! ip Hop-INK BRI RE, BEICERE BT
CXCL1 Zr&
MR BE 16 4 W 245 1 43 05 K 40, 60 mgkg ™! ip it P38 A INK ) B (1 ASK1 BERR 1L 27
R
HRER AU FRHORREE 20 mgkg™! ip %) NF-«B i@ # 28
Hhtifi AEARE  HREBICRBE  50.100.200mgkg g A Nf:2/HO-1 8, 5L RIRORI JAE S B 29
HIAE AGE S AT E SRR 10,20, 40mgkg! g HIEE T KIE B CASP-11/GSDMD 30
ARRERLRS
SR AU PN — — {7 hifla/miR-210/caspasel/GSDMD i, il 31
CTX-TNA2 — — Mt

FAREAE  Sofe L PR A i S i DA R i S kA 5
PN 11T S 3O B ) PR R G ROAE SOSAT E
fh o ZRAT R AT LIS #0 ] 2ORE R T TNF-B. IL-
10 A IL-17 F73- W, TSR ZH 24 b 5 44 T 4a /4
Btk T 4088 Cregulatory T cells/helper T cells ,
Treg/Th17) B & &L, S5 H LSBT RE
AR IE S ST, ATETH X TLRA/NF-kBU AT

FRIVEE 3-T3aii/ 25 P B/ B A 25 25 FLah 5t
(phosphoinositide 3-kinase/protein kinase B/mammalian
target of rapamycin, PI3K/AKT/mTOR) 155 i# %17
(00 U8 15 R FH 4 E I A 40 )BT A= ) L i SR s i
(neonatal hypoxia/ischemia, H/I) 577 7= A8 R 28 58
hE FULNI. AT ER N BT A B K&
5 45473 1 32 AL
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AJ UG R SR A O DR R IE 4 FF 15 4 I E Bk
LR 26 e e rh k4% T B A ]« Tang S5U18)
Aok 7 7R A K v ) ik P 2 K BB T AR T AT 2
TR BRI i 26 b R TR A T L], 45 RER
BAT 245 T AVR 2 sh A 2 1 ki 12 3 Th REAN 2 2]
BE 7, M /NI S5 20 4 58 DL K A 2 95E PR F- TNF-ai
IL-6. IL-1B M3, ik 1 N R 40 f s &4 — I
BV I A DR R0 22 BEAH PR 10 ) —— XU S I8
RHFRIE, P c-Jun N K (c-Jun N terminal
kinase, JNK) #I NF-«xB 18 ¥ 31k . EMG2E rh 69T
AR, T B AR T TS 0 g I P R
2 FBU™ BRI EA RN DI RERERT . 6'-
O-1% B T B AT HHOE SR B oA B M H R MR
AR, AT BLE RS PI3K/BERR AL AKUAZ IR 1
E2 #HEEF 2 (phosphorylated Akt/nuclear factor
erythroid 2-related factor 2, p-Akt/Nrf2) iEH, i
IDEoIREERY SRR LIRSS GOER S A O Ci 2t i1 B
HTRR 22 0 40 M R 2100

TERFEER 1 (B-amyloid protein, AB) FIVTARAN
B JR PR BRIE B UIAH G, AR W] LA R 22 12 J5T 48 i
th NO MR R A 11074, SEZERE 2T
TR TR T, G251 ] LUE ] NF-«B 15 518
PRIGTE AB FEMRERERE 1%, 0] TNF-o. IL-6. IL-1B
THIZRIL, XF AP A FHIARE RAE AN IR0,
A I MM A2 E e B S R ) AR 2 R IR AT
B3, A A] S R IR, ATZG BT B
I X Nef2/ 2023 g1/l B R 4R
H 1 (heme oxygenase-1/high mobility group box
chromosomal protein 1, HO-1/HMGB1) /NF-kB i,
RIEFE AP BEHREE, I S A BN ST SN
CRAERE PRV IR AR K SRR T BERRRG A4 21

IR 2 BT TR B R AT KW, AT 25 AIA]
2N H AT LA SR A VR . 45 TERIR LA
EBUN R R AT KSR . BATKERIB. AT2
HAATZGNBEE, 7EFSEFIE N FRAT KSR 4
U BAR T A AT K SEMA, A3 25 AIAT 245 P9 e
FAHWRI IR R smE AR, HLE AT g
557 s LA AR B2 J2 B-PATHEK . (B-enkorphin,
B-EP ) 7K P DL J ik 2> K i ¢ 2 Hi 41 IR &= Bl
(prostaglandin Ey, PGE,) A4 BUEURE BCEEH LI AR ¢ 221,
BRI VE AR R AN B 2, 1 2R R B
NOD #£5324&8 1 3 (NOD-like receptor protein 3,
NLRP3) RAEAMBELERNZPIF RR AL o R3% T

HEMAE TR T AL E M &8 M R 1 i SD
KA A FEUESE T, A~ 2458 AT 24 P4 i 4100 1)
PRI A B ] NLRP3 % /M R S0 A
Ja B, HEeREE R Nrf2 3N R AL, $i
B AN X s NF-«B 8B 175 T, HEPUE /MR
Pt p38 2R FiE L E FEE (p38 mitogen-
activated protein kinase, p38 MAPK) JHES ¥,
N IL-1B Al TNF-o [ m RIE 5@ 212351, AJ2 A
P 3 AT A B2 IR B 4t i c-JunN Sl Cc-
JunN-terminal kinases, p-JNK) fif Bt i FEAH R KL
AT B2 TR i o 4 B R e, PRI B AL+
C-X-C LA FE A 1 (C-X-C motif chemokine
ligand 1, CXCL1) )& & R IEHFIRIER R0, FRitz
Ah, ROME A S T8 % 22 R RS E B
(mitogen-activated protein kinase, MAPK) i i 7
p38 MAPK Fl INK [ _L il & A g {5 5
s 1 Capoptosis signal-regulating kinase 1, ASK1)
B ER AL A2 5 R RE R R 2 —, ~AJ 2 n] LLd
IR AR K AE RN MR I E 271,

BRET BB N, HIURER 2
HHX 32 B A 2 s i D e S A sl 5 4 2k DL A &
DiReskie, P2 EE IR RGMITR R4
BB o A B AU SR B Rl 3 1) 3 2 A
R, NAE AT N BT E BT R LG T BE
. A2 DAY IR el @ 0] NF-«B 8%
%5 A — % b A & B8 Cinducible nitric oxide
synthase, iNOS). %A -2 (cyclooxygenase-2,
COX-2) Fl 28 93 i & &K ) il A -7 ( neurite
outgrowth inhibitor-A, Nogo-A) HIRIE, 4k K PER
P4 RAER T TNF-o. IL-6+ A1 IL-1p 150 kb,
R JERE SN I 3G I B8 AL A0 22 To ARG 2R 281, Ty
A5 24 N IR R UE S5 AT DAIE S 41 Nfr2/HO-1 il %k
TR BRI (1) SORE SN, A A% e A K B
R [PiE sh DI RERO) . 1X LERF 578 78 70 ik AT 245 H il
A2 N R AR A BE R 1 A1 At b 2 45403 R T DR
PR BA R BB T A

I DA BT AT LUK, ARATIE T R 53 1
TR 98 RE I8 BRI R R R R AR R I
I, DRI X ik DR 25 BB R BT AR~
AR 73BT B s ) R WL CNSD S5 3 B [m] 77 V2 AT 2
THEHES%,
12 LT

TN A A T NLRP3 S H Ui “4H
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Fig. 1 Active ingredients of Radix Paeoniae Rubra exert antidepressant effects on gut brain axis
R 2 BN S ERERR AT R ISIE R R AL

Table 2 Improving brain injury and functional impairment effects and mechanisms of active ingredients of Paeoniae Radix Rubra

A
B EHERA KR bl éfj% ikl Sk
R
RE AL ARATRRIRA R R Sl P K R 027,054,081 g'kg! g A PI3K/Akt i 2K 37
(70% 2. B NREDMATAMHATZ2 100 pgrmL ! —
)
MAE SEhES BRI ERERREE 30, 60 mgkg™! ip  #i% ERK-CREB i 38
AR SEREs MR TR AR N R 20 mg-kg ™! ip kI bR R R BRI BDNF RIPSDIS % 39
pri]ais
LEAlSi SEhES FERIRLE SD KRBIA RILHE 15, 30, 60mgkg! g 1T Nef2/HO-1, #bl A v 40
HER
SH-SYSY 41ff IX1076, 1X105, 1X  —
10 pmol-L™!
i i F R ATZNEET KBRS M E A 10 mgkg! ip 98 Nef2/HO-1 i@ 3% 41
ifh 0 ol o B EE K R
]
FEHARAF/LEFETH 125, 25.5.10,20, —
PC12 41ff 40, 80 pmol-L™!
MR AU T2 70 25,50, 100pmol- L' — k| MKK4-INK {5 5@ % 43
W & AR AUt MPP*i% 5 PCI2 M4 BRI 12,5, 25, 50 pmol-L™!  — |4l Bel-2/Bax %3k, il Caspase-3 ik 44
MPTP S\ &AE N RBE 7.5, 15, 30mgkg! g
W AR AUt MPTP i FIAESARFNREE 75, 30 mgkg™! ig 1kl BT DA Redh e 45
W AR AP MPTP FFHMAEARM NS 75, 15, 30mgkg  ip TR oSl B 1 /PKC-5 % 46
RKEERAE  ATHE SXFAD B EF/NR 5 mg-kg™! ip B al %ik 47
W AR AUt R4 IR SRR 1. 5, 10, 50, 100 — 3% AkUNrf2/GPX4 8% 48

R SHATTAII TR pmol L™
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i HE R & . il Sk
ViE:S
FIURTGEE A4 APP/PS1 B JE [ /MR AR 5, 10mg-kg™ ig GG A 49
4 AR AU MPTP i FIIHE AR 30 mg-kg™! ip 0 INK/p53 3 2 50
WRIRTE R A2 SD ALRAKMBE A& A 25,50, 100pmol L7 —  JAWETHIREA, MEIELSERMRET 51
WRIRTERR A2 TSI N i 15, 30 mg-kg™! ig 15 SOCS2/IRS-1 125 7% 52
IR FEH AT N BB A % SH- 10, 20, 40, 80, 160 — 4] p38-MAPK % 53
M EAE SYSY umol-L~!
AR R AT R REACE DA T TR 5, 10, 20, 40, 80 — BRI Cyt-C B E MMM CavkE, Tk 54
MZ R G B umol-L™! TRIERAIKF, 17 Bel-2/Bax ZHH T %
EAMRIA
SRR TRt A7 25 SRR o K U 5mg-kg™! ip TR AN R A T, Tl Nif2-HO- 55
BRI 1%
SR AT PCI2 4ff 25,50, 100,200,400 — % JAK/STAT3 i#i# 56
pmol-L™!
SHERIRERE A4 SERTREAE K B R 10 mg-kg™ ig 0% LKBI/AMPK il % 57
SR AT il 5 K B 30 mg-kg™! ig W% cAMP/PKA/CREB J 58
AR SE AT TS A RBE 60 mgkg™ ip (EAHE D R AR, WIEERS 59
ZEFIT- MR E B2 8 B (5 518
VHRIE NEH A 40 ) /N BRAR T 10, 30, 60, 120 ip 187 ERK1/2 %3k 60
mg-kg ™!
SRR A2 SRR A SD KRS 40mgkg! ip 1A VEGF/VEGF-R2 %15, {REMEER 61
B BEUR M R A0 (BM- 100 pmol-L! —
EPCs)
FIRUGHEBIE A2 BT APP/PST BEJE[R /N AR 20, 40 mg-kg™ ig g SRR T RE R AS 62

= LR ZhE%E SR SH-SYSY 4HuiE /1 IBE(K,
FREMZ LR DR ML &8 FEIK ROS. — 4
A (NO) /KPP N Ca2+ IR B, L35 ML £2
WA R AL TR, S Nrf2/HO-1 15 Sl ) &%,
07 Nrf2 1 iNOS [k, 40 M T AH G &
ARk, TR SR #HZE CHIEH . Nef2/HO-
1368 %t A I S~ 24 PAY T 0 1 o o PV 451
13 ) B B Y, Nfr2 J& T o 2R 5 S IR 5%
7, RPN IEIER T, 7RSI
FNGERE S S P R HE B AR, Nfr2 130 of DU
A L S B S 49 DL HO-1 SR/ BRI
BB 4545142, DRI Nrf2/HO-1 R AR AT 245 fiAg
2 NIRRT IS 5 3 A DG 1) O A R
Cong S5Vl IR SR IGHIE ST, A7 25+ ] LE Ik
0 51 22 24 5 Ak 22 24 TR AL B R BG4
(mitogen-activated protein kinase kinase 4, MKK4) /
INK i@ kb =T 5546 (tributyltin chloride,
TBTC) S M B efT. A 1-F 45K
Fe-ntnE B (1-methyl-4-phenylpyridinium, MPP*)

PR PC12 MHEARMAIA 1-F 5E-4-K0E-1,2,3,6-
Y & W g C 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine, MPTP) #-R[1)/NRIAEHRAEB A, Aj
2y B _BAAE A B 40 itk TR -2 ZER/BCL2 AH
XK X &EH (B-cell lymphoma-2/BCL2-Associated X,
Bel-2/Bax) #Fik, R Caspase-3 FikiLE|prgnfi
T IFRIERRE ORI VE ., 5 AN R FUUESEAT 2
b ny Ps s #0252 % (dopamine, DA) fE
MZTCIT:, Z2fF MPTP 753 &0 /N B
AT AT, B2 IR 210 (tyrosine hydroxylase,
TH) Jeth h R BHAT 25 n] LA /N R R X
B TH FHPE4EILE)RIL, SR Epa 2 FAEsE 7 A52)
HIL W] LA a-syn 5 H R IEE R RS DA R
ZUER®Y, FERATZE @ T o- 2% &
/& 3 C-6 & (protein kinase C & subtype,

PKC-8) 1 #% U 717 M <5 ARABE A /) BRI 358 8 T AH Q2R
HRIE, o-Rf0ZE @ i 14-3-3 AR
18, BE— D455 PKC-0 WIS VR R T i
NF-«B, JEEIGHETE AR 2 o E R, 14-
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3-3 EEH S5 M. Cruezfeldt-Jacob Jpi A ZLIRAT
IR SIS, AT X — E R A NER
7 14-3-3 B A G5 I8T DAE D 5 #E R T
W5

AT AR AR D REAE IR TT B IR IR BRORE
MR T EEEN, 4 TRURRKIGEIEBRA 1%
KMt (five familial AD mutations, 5XFAD) #%43&
DRI PRI /N B ip AT 25 [S mg/(kg-d) !, 28d], AIiE
E BRI AB, HHIE TR B 40 AL, F0H] 26
Rl 73Rk, s e Al 5244 (adenosine A1 receptor,
AIR) RIFEMARIFVERW, BRIET R4 RN
5K DA BeM L R T EE R Rz —, AJAH
A LA i MPPHF 3 1A B A St 48 Jo i
MRS, ATEGHAE AR AME R il s Akt/Nrf2/4%
W H IR ALYl 4 (glutathione peroxidase 4,
Gpx4) i KPT B4R AL T A A, X —HLD
T IR 4 ARAE (1) A Je B B2 (481, Zhai Z6401iE
AN TIESS, ~F25H ] LAFEIK APP/PST 452k A
/IN RS i S5 A Bk B IR FE AT MDA JKF, FEHAS
2 58 85 P53 (tumor protein P53, p53) K I
TR RSER Sy, TS| TR TS AR,
B UEZE LT

He S5O0 o [0 26 24 38 22 F0 43 X B R 43 B
RIL, ~JEHAET PR &AM 77 5 INK/pS3 18 i
BA RUFIISEA T, INK & MAPK (1)) 3B 2 —
5 P38 ThigAHIT, 7E MPTP %53 i M 4 ARAE /) fl s
A (R IGIE 25 SR R RAT 21 T LA &AW CA1 A
CA3 XIS, i PSD-95 FIZfiliz
(synaptophysin, SYN) HH/K¥, deEsh& i
AR -

L S AR SR AR AT M 2R S AL N
PASH T AR DR B A e RIAAH G, AT 2578 A LAY
PH T AR DR H 0 I B A S8 AL S, )i
BIX tau HHMIS BRI, PR 15 5%
S| 2 (cytokine signaling 2, SOCS2) Fik
FEHE R 5 2= 2R JEY)-1 (insulin receptor substrate-
1, IRS-1) WGTEIRESs, (it Akt MBI & B G-
3B (glycogen synthase kinase-3p, GSK-3p) HIREMR
K, e 8 SR PR 1A i K B B o e 22 7
0 M R0 D RERREAG , AL 2 R4 fh 22 To AR FHIS 1520,

53 JBR 24 R L Ak P o e 2 S BUM & e 4t L
T AR T2, AT E X T R R A T IR R
(Bupivacain) R MMEEHERAHITIERH, A4

WFFE45 FAE LA 245 AT LU R ] p38 MAPK )%
LM T R F S SH-SYSY 4Hf i #h &5
PRI3T, AT 25 ] DU B R Y55 1T S ph 22 o e
MR TS, B A O ST B AR A R A
FEHUHZ BT TR R Bel-2 MIFRIE, N
VeI - F ] Bax [3RIA, [R]IAT 25 38 7] LA
PRI N Ca> A4t 2 C (cytochrome C, Cyt-
C) HIRE, ThmdobiR i Ak .

ik X i T s Il (subarachnoid hemorrhage
SAH) fE A J i A5 v 3 A i AL A0 A 1 1 v 45
o3 P2 SR 25 3 O™ B I AL 23 e oo, A
2 AT LAl D DR B R PR T s S L ) S A AT
MZITTIHT, PR ROS. MDA, 3-fi R 2 R I 8-
Fadk-2-E 21 (8-hydroxy-2-deoxy guanosine, 8-
OHDG) [H7KF, LifEAY B4R (superoxide
dismutase, SOD), 7 it H kIS S ALY (glutathione
peroxidase, GSH-Px) Al S AL A BE 1 2 Nrf2-HO-
1 EERFRIE,  BEANE T PG T R B
Rk, EBEEE M AR B,

IR AL IE B AR 2 L S %, L3S RO,
FAL P S A T ARSI AR, AT AT
DU S0 Janus W 2/15 5 Fe e 28 R0 i s 0 IR
¥ 3 (janus kinase 2/signal transducer and activator of
transcription 3, JAK2/STAT3) i #JIfil| 41 25 41 g 4
REANIRI T, S0 S 4 W R </ 52 4805 3 ) PCI2 A5
AN A1), X AT IR TT SR ML 26 4 44
THARE . ATLYE IR DR 1 FIAE SR IR AL K B
B P PAIE AT R, HIRAT 251 R] Dhd i 30 H
Ml B1/5"- 1% B iR 0% (9 B I8 (liver kinase
B1/5"-amp activated protein kinase, LKB1/AMPK) i
e, M9 LKB1 Fll AMPK [RB§ERAL, W2 miAE ST
AR A 22 o 122, N i Bax B H HIRIEKF,
kR B R R A B SRR AU K R A N
DIReRafgisn, FAERR IR /58 F e A/ BRI I
JRRMiJTG (cyclic adenosine monophosphate/protein kinase
A system/cAMP-response element binding protein ,
cAMP/PKA/CREB) it -5 i IfiL 1 fisf A 7 1) fi 42477
WFREYIAEIE, A5 258 W] DUE i 0 120 B8 R 4
AR R AR D RE, W2 Th RESA 1118

PREE RN HAR 5 RIE T & CNSD 07 1) i 20
PRI, B2 1 R 4 23RN T R SRR 1 B SR A
IR A 5 1 R 8 S A 2 A O R R
CNSD Hhi A . BRI Ah, ARATIE I e v]
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DRI T A, PR AN AT DL 3 ) i Ok Fee
] DR XA KRG DI REMI IR
32 RHAMEZ TR

BDNF FlEVIERE H 2438 B (tropomyosin
receptor kinase B, TrkB) fEMZ&uMaE KB
T AN SR w] BB 4 A R o RS R E R . A
ZiHF af L@ 1T BDNF/TrkB 3@ P2 b 5 iR
[ (1) 480 22 1 ST T P RE D). AT 248 3 ] LLid
e S I N (chronic restraint stress, CRS)
/N ERABE TR i ES 4 i MM 5 R 15 G 1/2(extracellular
signal-regulated kinase 1/2, ERK1/2) #EgAH<E H
JRFIA, 45 ERK. CREB fl BDNF, Ji# 7
ANRATEFEAT 9, Wi S XA TR Ae, S i
EHE M4 T B0,
3.3 fRRtmMEEMK

AJUFHAEIRYT SR IR G 26 tpod R b, R T R
UGG TR AL, b n] Dhd i it B A
JEVE P B AHGHA (BM-EPCs) (W858 SERS A0 1M
AR, AT 2 AiAR i 2 (10 B 407 £ S 38 o e o e
I 24 rh R RS PRI L, AR N AT 4 IR AR
B I N R AR KR L R AR KRR
( vascular endothelial growth factor/vascular
endothelial growth factor-R», VEGF/VEGF-R») [15%
IK ] BE AR AT 245 R AR I AR BRI LA o1,
3.4 HELRIKINEEMERT

LRI Ty e PG A2 B0 7K S BRORE LR P B 11
FHIERINZ —, BRILZ AN E4E T fiih o J V) e f
% REBThREX AR YRR Kdiifli . RIEF#HZ A
T, AR B SHIE & ROS IR LR KL 3] 1) 2 A
DIRESZA, SRR Joikin R fimfL s 2 I Re s, &
AN FEUR AL T M T . Xu ZE2T0L
APP/PS1 L DR/INFOAREAL, R 1 AT N IR X
B IR 223 BRIE T TRBCR 45 R WIAT 25 N e mT
DA G B AN BRI IZ R b, BRI A A
ROS 7K°F, #2/ PSD-95, SYN RIS 1 17K
F, BCERARELNE) JEAMEKEA 1 (dynamin-
related protein 1, DRP1), fl&IEF 2R EA 1
F1 2 (fusion genes mitofusins 1 and 2, MFN1
MFN2) LM A% K OPA1 (optic atrophy 1, OPA1)
TG AR TE A ATy RE, 6 oI T,

PP O T AN 2 2RI 2 330 CNSD ik
MIDIREFEAS I EE AR . Fk, ImHREET AN
ST ARG PR R R B DR E LR, Bl

IRATIEPE RS 8T DL B AL e AR @47 3% CNSD
IR IE ) DI REREAT ORI FL,  AH IS P R R I A
4 FPHHEIERINEER D

PREE 3 S AR R DRI 2 0 5 % R A [A11E
B EEIIRE, W DA UE S 28 i A R
IR EBLE T KM A DI REREAT, JUH A HATEFR 6]
193 J5 RO NS0T o ARATIEME R AT LT Fiip 42
1663 T PR 7 5 43 W, A S RTRH SR 7T [ TR
T R — 2 KR (B 2D,
4.1 ETRREMRZIER

Jin ZEOSUN T IRFTAT 25N BE B A5 S /E i
I A S e 38 ot A LA SR A A N Beds i B
TR T R A8 AT 24 N R T X BRI BE R G A4 Y
SO, ST IIAT 25 AR I A T SRR
( 5-hydroxytryptamine , 5-HT ) A1 2: H'§ E IR %=
(norepinephrine, NE) FIEEHL, FHXJ Py 2234 ot
AR I BRI A 55T, MR R XT
NE #5301 1 R 272 5-HT 3 10 5, H
RN Z WX 42 RS2 AR DA SRR TR
FPiCo AT25 AR E A] LS N BRI Ia AR 45 & FFA
KBRS A A o} B (R BR E, Ie B 4] 5-HT A
NE IS A IR0 22366 BT A O P, 3818 1
H Hizsh KRBT s 5-HT 1 NE B4 /R B
BRIz Ak, A5 24 A R AT 3G i By X 5- Jis] Wk
Z 18 (5-hydroxyindoleacetic acid, 5-HIAA), BDNF
ZRIE Ko AT 2 N IR E AT DA i -2 44 -
J# (hypothalamo-pituitary-adrenal, HPA) ZH/K
F, NS X E S NO Fl cGMP KF, i 5-
HT24R mRNA MRS H id Rk, i1 NO fr
I B AR 288 o B RS S K BR AR FEA T 104
AT B EEPUHIAR AL 2k 5 X8 5-HT #heis
o3 I R AT 2 S SRBRE A RE R I S X
SR AR AT 0 R AR, 7~ 24 P IR R DA T 4100 1)
Jiw i 1 g B A2(cytosolic phospholipases A2, cPLA2)
Al 5 X ARl A P 52 T AR, RN A 24 P4 i I
id cPLA2-2 [ B-2Mii% 2,3- XU AME 1(cPLA2-
protein kinase B-indoleamine 2,3-dioxygenase 1, Aktl-
IDOD) AT AL IR X s IR AT, TR
I RARE T RS R 21 5-HTLO),

AT PR 38 5T (1) 15 T REAE e b LR ILAE
FRIT TR T ORBE . 7R AR T IR R
S FLER MAER A, AFZGE RT3 M)
AT i b R AL IR E PR, AR
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@ 175 FNOFMcGMPKF! &
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Fig.2 Schematic diagram of regulatory effects of active ingredients from Radix Paeoniae Rubra on neurotransmitters and

hormone secretion in gut brain axis

WU EAREARERIE, HEEYHZETIRE
HEAARIN A7 2 B % D2 %24%& (dopamine D2
receptor, D2R) LAV A K7 B1 (transforming
growth factor-B1, TGF-B1) MH N FEAMER
ikL66],
42 ETHE

AT EALE 7 T NS BB A LA FEAT
I TR RERIEM, PR REOE R R
O 303 1) 2 ke AN AP R 2R A 3 e o BN A PR
o, KB LT RME REMIER KE,
b6 HPA FUHE Kz i 2% 524 (glucocorticoid receptor,
GR) AHK K DI REFEAG il S BN ACREAT A FIARLE o
AT AT DA S5 7 A SO BR B S A HAR
FEAT N, KE HPA Hi. GR RGBS HEAR
(hippocampal glutamate, Glu) ¥%12 &4t hRE, &
% PRI S X Glu R T, Glu i FERE 2
FEIMEAN S Glu ZIEL & R 2, fE
R ERAIL N CaZ FFEE I B iR & 3 B & e b T

A2 AT D I T A I 1 SR [ - DY L A
FR A B R, AL RTAR B 5 g Sy R AN A A= R
VU2 R K4 s AT AT G147 J JSARS 4 2K 1
SEEFEREAT NS, [R] I AT 25 F1AT 25 P R 44

Al JE S HPA R IEHUHIARE e,

LEEFTIR,  ARATIE T R R 2 i S5 RAH DG
ROTUAHITATERT, X1 CNSD %505 JG H =2 HIAR
FEAT N EAEE R X Rtz oh, MG R 7T
R RN TT JE DL el R AL AN S
5 R Z LSS

IRATIE T 73 X6 4 22 02 Jo 98 R I ot B 4 e 55
HX PR R GRS I AEIE R . A 18
KDa (translocator protein 18 KDa, TSPO) &£
IR R s —, AT IR SE AT DU I 42
1] TSPO, WHHA TR G HOERE,
R AR AR RIS, MR A0 R G550, BRitt
Z A, AjPSE IR I bR - 7R Ak Cepithelial
mesenchymal transition, EMT ) AL/ A RS i £F
2 e AT B 3 AR A, SR SO R A AT 2
] EMT AR AL 238 N I k63 BEREY c-Met
20 F M B R P RIR AT, o-Met &2 ARMS 2
TR (receptor tyrosine kinase, RTK) ¢k ) 5 %
B, H] c-Met TP AT LAy D R B A )
AR IS AN L R U (RIS AT 253 R DLIE
I c-Met /13 1) Ras [FIFEFEF ZK R 71 A/Rho AH
FKPF (Ras homolog gene family, member A/Rho-
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associated kinase, RhoA/ROCK) {5 5iH, HE—»
2 1 48 e A= K Xl F - Chepatocyte growth factor,
HGF) W30, =22MNLshE B FEAE IS
i 5 BEAH i Jeg 1) R 2

6'-O-15 B B AT 2451 2 2R A7 35 1 1 29 v s
28 R4 M8 A7 S 4 P A R4y - FRE BEAH
T2 UH W 2 —, B5FR THITE
Vg T T 4E s A AANF oA Rria sy 1hidk, 2
HRSMIFEIER T 6"-0- & FIEA 245+ ] LLd i
4T AMPK/miR-489/X &8 T4 il 1 (X-
linked inhibitor of apoptosis protein, XIAP) i#, 0
LA RCHI ] Jieh g 248 L P 164 G P A6 56 e 4 o
A PR, IX UL B 6/-0-1 B FIEAT 25 H AU AR
AR PUIE Z vE BT, R DA kT B i
A5 AT 259 [P 2 BEAH LR 731

H b, AATEVER U E AR B4
BT REMIBF TN, AHRXT XL RS HR 1
WEFEA A BRI 23 A), B R AT 1 o P A i
2 Z G IR L S R, nT DA B e i 5
R RIR LR 2%,
6 HIESRE

TR A RER X CNSD  HI¥R YT FUT ML 72
W, RATEREUYD. AN AT ATENEEF
A 6-0-B & FBATHRIH T R TER,
TR STV o I AR R SORE, BUAALR, Pk
SRR T RE, A2 4 M T AN S SR A A 2
T, PR, PR -k Al HPA, Y
Ji R At e A AR P TSR, TR SRR
1697 CNSD. H B 15 G [ 22 - b ix — AL i) 38
P, AT AT 2 IR IR G Y 2 A i e A A
LIRS WA N AR R, g ifi i 57 f
RIEGUANACAE X UESEEIRAT i 1 o KA B
A A P Bk R v il B R HE T ORBEEOAE R, Xt
T B A0 B R T T I 2R AT H B - LT A £ 8
LSRN TR AR ST R RN, ARATIE I
RO R BB S VR U4, HUR %% R4t
A JTRIERTEXHIRYY CNSD Bt 3 7 AR A =
X, AHRAHKHLE IR TR o BARIRATIE PRI
1697 CNSD BB FERRHf 7 — & 25 5L, (HA2 I
B A T ICARAE — S8Rk FB i FU R 45 24
FIEMLE 207 AW, BRAE L o, —5if
FAE PRGN T2 SR = Ak N, HLORHE 75K
BB R B R PE B 5 R B — B S R R T

PIEEALEIRE 7T, TR B & b iE % DA e
TS EAT AT . BRILZ AL, ARAT B SRR AN
KE R IR LR LRI AR R LEAR SR A%, X AR
BN SRR EEHARRIE, I g
TP A3 A AR R S R B 35 A A A B v AR AT T
PR IRTT SR ORI R BRI, R4k Et e
BEX 7RG T CNSD FH 2R IHTAL &40 40 B S BRI 2
FLEEIIE, ARSI YRR () S8 I T T REAE CNSD
PIRIRTT R IERIVE R A AL AL, ARAT IV
B 5 HARZYIICATLH AR JT CNSD J7 48 BA S Ak
TR AR IR 7T, XA RT3 CNSD
I Im R 2IT T B Z P AR 1 2R AT 1 1 1 4
(Y PR L R Ak o
FBAR ALY ERAREAEA SR
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