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New advances in stroke therapy targeting the CREB signaling
pathway and the potential for herbal interventions
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Abstract: cAMP response element binding protein (CREB) is an eukaryotic intranuclear protein widely
expressed in a variety of organs, and its activation increases the transcriptional activity of downstream genes and
promotes the expression of related genes. The neuronal function of CREB is related to many intracellular
processes, such as proliferation, differentiation, survival, long-term synaptic potentials, neurogenesis and neuronal
plasticity. Increasing evidence has demonstrated that CREB plays an important role in the stroke development and
therefore, it may serve as a potential target for stroke therapy. Since some herbal medicines as well as their active
ingredients regulate the CREB signaling, this article will summarize the role of CREB signaling pathway in stroke
pathophysiology. The research progress of traditional Chinese medicine and its active ingredients modulating
CREB activity will also be discussed, with the aim of providing the basis and reference for the future research and
development of natural medicines against stroke.
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B % 3% 45 80iE ] T (cAMP-regulated transcriptional
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A PR R U 3 DR 0 , 15 0 A O 2 R
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5 \DNA .RNA FJIE 5, 5 80E W7 T ARz,

BRI PR R S 5 AL i R A B 1 1 R R S B,
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Figure 1 Downstream regulatory mechanisms of cAMP response
element binding protein (CREB). Bax: Bcl-2-associated X protein;
Bcl-2: B-cell lymphoma 2; ROS: Reactive oxygen species; PGC-la:
Peroxisome proliferators-activated receptor y coactivator 1 alpha;
BDNF: Brain-derived neurotrophic factor; TRK: Tropomyosin
receptor kinase; SYP: Synaptophysin; PSD95: Postsynaptic
density protein 95; Cyt-c: Cytochrome c; Casp3: Caspase-3.
Modified from Chowdhury MAR™
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CREB/BDNF i C 4 Ik W1 38 3o T 9y et 22 A 8040 L
T A LR T R ZoRL A D RE RS, X il AR 1 LA ph 2
LR ERM, iR, Akt & TREM2 iR 70 FRE .
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FRb R R, R IR Bz T AR R R . %
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BA W REAEH, EATAT S A 284 BRI A D) RE 1K) %
AT Y. Zhao S 5 R F W 45 43 # A1 2 4 S 56
W 5L 3L [F AR T A\ 2 AR 152 HUY) (combination of P
ginseng and G. biloba extracts, CGGE) ¥ J7 i I 4 fixi 25
LS. IR AE R R B, Mk CGGE n] Ll i
N NLRP3 JERE /M PR3 VSR g2 9 0E S Bz, I i i
CAMK4/CREB i& 1% K 4 £f ¢ & & (glutamic acid,
Glu) y-Z 3% T (gamma-aminobutyric acid, GABA) ]
FAlif. AN Z 2 H Fl11 (pseudoginsenoside F11, PF11)
e NTEFEEZ R o B ) — T sy o K E TR
SE, PRI X H AR A R F0 L REMEEIR A IR 2
A i PR 52 0 O, AR ) A JHL X R A AN K A R v B ik
P E 118 KX Bl Bl L 2 o 453 05 1) AT 2 A B, Liu 5
U B B JBKE S PF1T AT DA S ok 1 15 5 R i 2 T 4L 21
T L4540 A0 40 i 9 B A K, X 5 0% Akt-CREB il
A K.

4.4 HEELAEM A S T 1 Rbl (ginsenoside Rbl,
GRb1) &2 NS FEVEWE R 2 — o BRI 2 K3 5
FW, NS B H BAT e 2 8 T2 2R 1) b 4 R AR
K53 SRR 77, DL AR 3 i 22 5% e 43745 K Bl A 28 o
(1) JE B 22 AR 10 Bl IR RE T 3R B, GRO 1 i il
T % P AR AN IS Bk 3 i AR rh S I Dh e VK B, L

Table 1

76 /ML 1) | RE 2 I M cAMP/PKA/CREB i % 1) %
IESN, g AN B AT R B4 B K T (salidroside, Sal) 8
Al 3 i 5 cAMP/PKA/CREB 3 42 01 ] 4 JiE A1 2 ity
JE D, R R R AR A, B3 5 T Ml T B 4 A O R A
RIFEMELRAIEES . =L 21 R1 (notoginsenoside
RI1, R1) /2 M= 70 B i) sy, A2 — R Pk
WOER, LE SR X A b R BB R R SR VE 2 A AR
PER o Zhu 2 FE 8 7R T R X e if M i 2% o 3
P2, A 90 R A4 A AR ASE R Pk R 1Rk I
P 2 TS A 2 R AR AT A D RE VK S IR 5 . SIZR 2
SR, R R E S R AT R R R A Th g, I
T 20 AR SR R 40 B A B, 3B Fe R A,
R1 7] 38 13 #% BDNF/Akt/CREB {5 5 1% 3 K 1E M4
TRyRE & R AVER

H B %2 1) CREB ) Hf 5 24 1 3% (194793661 3%
UIS2LAOSLDOIE86 14 ZERIIR
5 RESRE

KR CREB /13 1 2 b (A S804 0 A Jf ) T L pf 42
KT S fb AT B VE AN, CREB W4 34 I8 37 46 7T RS2 VA U7
oG A R 53— AN BB A . AT N, I AR R B
1 SR N R EE A R i e = VA 7 1 W =g ol =i
5 DL PRI SRR (1 4R 7, X AR ] B i E M 42 TG RE
AR o XA FE AR T P4 Bz 4t it 384 5 L T 4% A0 B 48
BTV B, 3% AT LA SO G 2 v i K T

Traditional Chinese medicine regulating CREB signaling to treat ischemic stroke. a: Middle cerebral artery occlusion/reperfusion,

MCAO/R; b: Permanent middle cerebral artery occlusion, pMCAO; c: Microsphere induced cerebral embolism; d: Oxygen glucose

deprivation/rehydration, OGD/R; iv: Intravenous injection; ip: Intraperitoneal injection; ig: Intragastric administration

Herb Dose Disease target Function Subject Ref
MaiLuoNing KouFuYe 6 mg-kg! (ig), 0.7/1.4/2.8 mg-mL" CREB/BDNF Apoptosis SD rats®, PC-12 cell® [47]
HouShiHeiSan 5.25/10.5 g'kg' (ig) ERK1/2/CREB Apoptosis SD rats” [64]
Black Bamboo Rhizome 1.35/4.5 g-kg” (ig) CREB/BDNF Apoptosis SD rats® [65]
Angelica sinensis 0.5/1 g-kg p90RSK/CREB/BDNF Apoptosis SD rats® [66]
CGGE 15/35 mg-kg”' (ig) CAMK4/CREB Neuroinflammation SD rats® [55]
Astragalus membranaceus and 10 mg-mL" (ip), 0.2 mg-mL" Ast, NR2B-ERK/CREB Mitochondrial function C57BL/6 mice’, [15]

120 umol-L™' Lig
1/2 mg-kg"' (iv), 2.5-40 uL-mL"

Ligustrazine
Danhong injection

BDNEF/Akt/CREB

: d
primary neuron

Synaptic plasticity SD rats®, PC-12 cell' [67]

Table 2 Traditional Chinese medicine ingredients regulating CREB signaling to treat ischemic stroke

Active ingredient Dose

Disease target

Function Subject Ref

Altemisinin
Aretemether 5/10/20 mg-kg" (ig), 30 pmol-L"!

Icariside II 12.5/25/50 pmol-L"!

3/6/18 mg-kg (ig), 12.5/25/50 umol-L"' ERK1/2/CREB/Bcl-2
ERK1/2-p90RSK-CREB  Apoptosis

PKG/CREB/BDNF/TrkB  Apoptosis

C57BL/6 mice®, PC-12 cell®,  [21]
Primary neuron’
C57BL/6 mice’, PC-12 cell’,  [51]
primary neuron*

Apoptosis

Primary hippocampus neuron’ [40]

Eudesmol 100 mg-kg' (ig) TRPC6/CREB Apoptosis SD rats® [68]
PF11 3/6/12 mg-kg" (iv), 10/30/100 pmol-L" Akt-CREB Neuroinflammation SD rats®, primary neuron* [59]
AST-IV 6.25/12.5/25 pmol-L" PKA/CREB Mitochondrial function Primary neuron [18]
GRb1 24 mg-mL" (ip) cAMP/PKA/CREB Axon regeneration C57BL/6 mice® [61]
R1 10/20/40 mg kg (ip) BDNF/Akt/CREB Neurogenesis SD rats®, PC-12 cell® [63]
Sal 25/50/100 mg-kg™' (ip) cAMP/PKA/CREB Synaptic plasticity SD rats®, PC-12cell [62]
Resveratrol 2 mg-kg” (ip) ERK-CREB Neuroprotection SD rats® [69]
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