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Abstract: Cerebrovascular diseases have the characteristics of high morbidity, high disability, high mortality
and high recurrence rate, which seriously harm human health and increase the national health economic burden.
3-n-Butylphthalide (NBP) is a new drug commonly used in clinical treatment of cerebrovascular diseases, and it is
also one of the main active components in traditional Chinese medicine such as Angelica sinensis and Chuanxiong.
In this review, the pharmacological effects of NBP were systematically summarized. Studies have shown that NBP
has pharmacological effects such as antiplatelet aggregation, anti-thrombosis, inhibiting neuronal apoptosis, anti-
oxidation, anti-cerebral ischemia, anti-brain injury, and anti-vascular dementia. In clinical practice, it is often com-
bined with edaravone, alteplase, fasudil, Xingnaojing injection, and compound Danshen injection to treat cerebral
vascular diseases such as stroke, vascular dementia, and cerebral vasospasm, and plays a good synergistic effect.
This summary could provide support for the rational clinical application of NBP, and also provide basis for the

in-depth study of the interaction of its drug combination.
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Figure 1 Chemical structure of 3-n-butylphthalide (NBP)
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Figure 2 Pharmacological mechanism of NBP in the treatment of cerebrovascular diseases. cAMP: Cyclic adenosine monophosphate;

:
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Anti-cerebral
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‘brain injury

TXA2: Thromboxane A2; 5-HT: 5-Hydroxytryptamine; JNK: c-Jun N-terminal kinase; MAPK: Mitogen-activated protein kinases; mTOR:

Mammalian target of rapamycin; GDNF: Glial cell line-derived neurotrophic factor; GFRal: GDNF family receptor alpha-1; AKT: Protein

kinase B; ERK1/2: Extracellular regulated protein kinases 1/2; LC3II: Microtubule-associated proteinl light chain 31I; Bel-2: B-cell lym-
phoma 2; Bax: Bcl-2 associated X; VEGF: Vascular endothelial growth factor; HMGB-1: High mobility group box-1 protein; RAGE:

Receptor for advanced glycation end; NF-«xB: Nuclear factor kappa-B; Nrf2: NF-E2-related factor 2; HO-1: Heme oxygenase 1; AMPK:

Adenosine 5-monophosphate (AMP)-activated protein kinase; MDA: Malondialdehyde; ROS: Reactive oxygen species; SOD: Superoxide
dismutase; TLR4: Toll-like receptor 4; MYD88: Myeloid differentiation factor 88; IL: Interleukin; p-IKKa: Phosphorylated inhibitor of

kappa B kinase alpha; p-IxBa: Phosphorylated inhibitor kappa B alpha
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Table 1

Main pharmacological effects and mechanisms of NBP in cerebrovascular diseases. MMP-9: Matrix metalloprotein-9; COX6A2:

Cytochrome ¢ oxidase subunit 6A2; UCP3: Uncoupling protein 3; NNT: Nicotinamide nucleotide transhydrogenase; ICAM-1: Intercellular

adhesion molecule-1; TNF-a: Tumor necrosis factor-a; CCL3: Chemokine ligand 3; ZO-1: Zonula occludens protein 1; PDGFRa: Platelet-

derived growth factor; Ang-1: Angiopoietin-1; TRAF6: Tumor-necrosis factor receptor-associated factor 6; MRCC: Mitochondrial respira-

tory chain complex; cPLA2: Cytoplasmic phospholipase A2; rBMSCs: Rat marrow mesenchymal stem cells; HUVEC: Human umbilical

vascular endothelial cells

Action object

Drug concentration/dose

Pharmacological action

Function/mechanism

Rat

Rat and hippocampal
neurons
Mouse

Mice and vascular
progenitors

PC12 cells

rBMSCs
HUVEC

SK-N-SH cells

Human

3, 10, 30, 100 pmol-L"';
5,10, 20 mg-kg
4.5 mg-kg’

25 mg kg

30, 120 mg kg™
20, 40, 80 mg kg
80 mg-kg

4.5 mg-kg'

80 mg-kg
0.25,0.50, 0.75 mg
90 mg kg

80 mg-kg'!

60 mg-kg"

30, 60, 120 mg-kg''
5 mg-kg', 60 mol-L"

40 mg-kg

60 mg kg

80 mg-kg', 10 pmol-L"'

10 pmol-L"!

0.01, 0.1, 10,

100 pmol-L™!

0.01, 0.1, 10,

100 pmol-L"!

0.1,1, 10, 100 mol-L"
0.01,0.1, 1, 10,

100 umol-L"

1,10 pmol-L™

30, 100, 300 umol-L"

Antiplatelet aggregation

and anti-thrombosis!”

Anti-inflammatory''”!

Anti-inflammatory!"”!
Anti-oxidation”!

Anti-oxidation"®

Protecting mitochondrial
function”

Inhibition of neuronal

apoptosis'*'!

Inhibition of neuronal

apoptosis*!

Inhibition of neuronal
apoptosis®!
Anti-brain injury®”

Anti-cerebral ischemia®®!

Anti-vascular dementia®"!

Anti-vascular dementia®®”
Anti-vascular dementia®”’

Anti-cerebral ischemia®!

Anti-brain injury™®

Anti-cerebral ischemia®”

Anti-inflammatory""*!

Anti-oxidation"”

Protecting mitochondrial

function!”

Anti-oxidation'"

Protecting mitochondrial

function!”!

Inhibition of neuronal

apoptosis”*!

Anti-thrombosis'!

Increase cAMP content in platelets, inhibit TXA2 content and platelet
5-HT release

Reduce the levels of pro-inflammatory cytokines TNF-a, IL-1p, IL-6
and IL-18, increase the levels of anti-inflammatory cytokines IL-10,
and inhibit the activation of TLR4/NF-«B pathway

Inhibition of TNF-a and MMP-9 expression

Reducing the contents of SOD and MDA

Increase SOD level, HO-1 mRNA expression, Nrf2 and HO-1 protein
expression, decrease MDA level and activate Nrf2/HO-1 pathway
Reduce COX6A2, UCP3 protein expression and increase NNT protein
expression

Inhibition of INK/p38 MAPK signaling pathway activation

Up-regulation of VEGF expression and inhibition of caspase-3-
mediated neuronal apoptosis in diabetic rats
Inhibition of HMGB-1/RAGE/NF-«xB pathway activation

Reducing thrombosis and vasoconstriction increases local blood flow
and reduces infarct volume

Inhibition of the expression of NF-xB pathway and downstream
product ICAM-1

Down-regulation of Beclin 1 and LC3II and up-regulation of mTOR
phosphorylation

Activation of Shh/Ptchl signaling pathway

Activation of GDNF/GFRal/Ret signaling pathway

Reduce neurological deficit score, infarct volume and cavolin-1
expression, increase cerebral blood flow, improve cerebral edema and
blood-brain barrier permeability

Decrease the expression of IL-6, IL-18, TNF-a, CCL3 and MMP-9,
increase the expression of ZO-1 and claudin-5, and maintain the
integrity of blood-brain barrier

By increasing the expression of PDGFRa, VEGF, Ang-1 and other
regeneration factors and the occurrence of arterial collateral branches,
the recovery of local blood flow and functional activities in cerebral
apoplexy rats was improved

Reduced expression of TNF-a, IL-1/ cytokines and TRAF6 protein
levels

Increased Nrf2, HO-1 and AMPK protein expression and SOD activity,
decreased MDA and ROS levels

Reduced expression of Drpl and Fisl, increased activity of ATPase,
MRCC I, IT and IV, and increased expression of Mfnl and Mfn2
Reducing ROS and MDA levels and increasing SOD activity
Reducing mitochondrial ROS production, mitochondrial membrane
potential decline and mitochondrial fragmentation

Significantly down-regulated Bax protein and significantly up-
regulated Bcl-2 protein

Inhibition of TXA2 synthesis by inhibiting cPLA2 phosphorylation

3 NBPZERMERPHKA AL
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FRIE T 6 I+ B 6 A1 Ath T 85+ B =] I8 AR fiz 5 -+ NBP K
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A ROR B A B SR K (BD) VE4 A B ik
ML B e 3 Mk I 37 357 5 25 v - 0 BRAHL, 44 48 T A s 43
P4 (NTHSS) & K T 0 4 . P B2 4140 i (EPCs)
BN A AE A JE ILAE 28 A ) R e P B 4, 2 5
I DX I A8 87 A=, A2 32k s i X S 9 3R 1 37, Xiong
L5 96 5] ALS HE 2 35 RO RV (BR A - SR B v
SRR+ ) DT AR i 95 ) AR 2240 (NBP-+HAR A5 - $2 H
W S VR ) DT AR i 0 ), R B 5% 2 IV o e
% g 2 (A H [E B (HDL-C) 7KV \EPCs & iE B e
J AT B EE (89.58%) i 2 e TN A, Ifn 7 e JIH [ 7
(TC)~ H i = B5 (TG) K% FZ 5 & [ JH [& % (LDL-C)
KPR AR T R4, A3 H NBP BEA FHZ51R 77 &
P A i AR R I PR T 20 A, T B A2 I8 I 1
EPCs % &, 39 5% [ 45149 X 38 1F1 3L 78 RE g, M 1 12
M4 H 4 . Qian ZECK 165 44 AIS LA 2:1 1 Lk 1
BE B2 BC 30 5 SR 9T 4L, 2 i N TR S B (HUK)
It & NBP 4 A ik 7 78 (Eda) B & NBP 41, 45 5k 91
HUK B4 4 12 A i MRS ¥4 & # 1% T Eda Bt &
4 ShAh, HUK BXA 4LIR 97 ML RN 79.1%, &% &
F Eda Bt & 4 (45.3%), Tt HUK 5 NBP Bt & i ] 7y 184
o ALS B 3 KBk S R R 7 R, B R T 2tk
Eda 5 NBPE(A . AT RIS, NBP BA B & 25 i n]
3 2 B AR ST O A i R B8 SR VR 9T S 28 1.7 F30 K
(1) NIHSS V- 45, H A RORFIAR J5 P % 5% T 5l
95T PR BB A VR T I B S . NBP BEA XU BT ML /MR
(BT =] DT AR 5 -+ R L U4 T ) YRIT 2 AR S
i A8 B 58 3 (1) R0 AT IR 3 92.5%, 5 45 F XU I/
BRIGIT B E M, B R R HEEEREIRER
(ADL) P43 i IfiL 3% 3-8 225 T4 I R it 4% #2 B (3-MIST) 7K
S 2 25 1 0, NTHSS 140 ALY B-TE B BE R 1 (AB42)
KPR EFE R, NBPECA E TS ERIRIT 2
I i AR R R LR RN 93.10%, i3 T
HEZH (45T NBP [ 20k Sl v i 2 vh 2 3, 50 41
FHEL, BG40 24 RE S 35 PR AR PR 42 D RE VT 20 DA JZ 1ML 3
IL-6+IL-. TNF-a fl 8§ C )< ¥ 25 F (hs-CRP) 7KV,
35 80 TL-8 KT, [ B I AD AS BN B R AR
Xiong S5 5T K 3 NBP 1k & Bif =] V8K | ff 2 5 il 55
HOHLVA I7 TR 3 B IK ALS £ 3% NIHSS ¥ 2 fl 1f 3%
MMP-9 7KF¥, Ft15 VEGF 7KF, AT S50 1o 2 H 1 T
25 b, NBP A F 25987 2 A R olcs B 1Ak
TERE IR ThRE, G RIT R, B atsim.

32 NBPHARAWATHIMMMKES Wang" "
NBP 5 4433 Fi ¢ FH yA 97 o HS I 7855, 5 NBP FFH s
AHEE, 156 FH 20 2 1f v Hp R 2L R B2 (Hey)<hs-CRP.
HIF &3 JEK, AR &5 . NBPELA Edafig B3

$38 o vy L P S L 8 2 4D G IR A S A R P SR
— M (NO) /K-PFIAT B2, I 25 A0 A 1f A &) 6] L
DI BNAS 7 A TR 2 B IR 2 A IR E B (ox-LDL).
W% E 1. ICAM-1 . I 40 6 Bt 2 F 1 (VCAM-1). i
INBAT AR T (PDGF) TNF-as IL-6 -+ [ 47 25 5 [K] A 2%
K (CGRP) FAUTERAS 208 15 A1~ 2 [A) 44 1 (SIRT1) 7K
F, UiBH NBP Bt 4 Eda llfi JRI7 202 . NBPEC& e
TSP 68 B S5 240 A BB SE 9 A0 A BE T R 2 I
TGP S8 MR 5 B AR A R AR, 5 1 i
Vo EVERE JIVE Sy, T i i AR AR
3.3 NBPEAAHZEAITVD VD NBLHIRE fe i3,
F BRI T 2R, iR 5 2 0 s Sk, 2 fa
FEHEEEE G ARE RN TFERBZ —. Qiao™ LA 83
B VD B #HAE T AN S, 5 o O R (B g
ARS8 55 0 R 97) AU S22 (NBP+H #i
YBIT), EEBARIT 90 K, 5% R4 B 3 A b, W%
B I 28 poIR S &R (MMSE) 14> \ADL V74>
Je M35 H SOD ¥ 14 2 35 14 i1, MDA 75 & AT PR 1 R
PP B3R (CDR) VP40 235 T B, HEI NBP Bt & it |
TG AL R 5K i A8 5 5 B 75 VAR 9T VD AR FH AL
A g5 G i A ZURIEKCE R SR AE L BRI
HEH 5 48 0 B 454 55 . Dong 21400 86 9] VD
EBHE B AR 4 (NBP i %) MM 24 (NBP %X
i BET A5 AT I TR SR, 897 30 KJE, RILM LA A
3% . SOD /K V- - MMSE . i >f & %) i £ & % (BSSD)
FADL &R P4 W3 w10 2, MDA IL-18.TNF-a.
C i (CRP) 7K-F & K T X RE 4H, 13 B NBP 4%
JBS HE TR 5 T I T 3 S R RIS VD RS A R I
fE RN, B B E NI SRR, “ata.
NBP S0 87 5 W Bk & 35 & W B 2 3 P % VD &3
CDR P75 A A SR R IR i A 04 (LPO) F1TMDA
(7K, 35 59 i MMSE . BL %3 . SOD 7K ~F &% Jii IfiL i
BN 15 AR b EY sk A S B (V) T3l FR 4 (PT) A5
SAR %L (BHI) /KT, 1 B NBP B4 55 4 NIVA I7 7T 4 21
LMk VD B AN D RE RS, PR S RO, kB
G 20 772, B RT3, HLIG R B 22 4514,
34 NBPEAERAZAITRNIMEEZE Sun KN
ik g A 2 AR i i I 9 2 AR 5 B ATL 35 3 BORT RV (e
TR LR IR AR RIE ) AAEE ZH (FE R HE 2 g
fih N 45 5 NBP FUEEF HUR), 1697 5 5 0 AL A H, iR
55 2 BB I 3 PR AIC I3 caspase-3 - MMP-9 Il MMP-2 (1]
IR B SIS R SE I A 2, Ui B NBP S &
AT b R SRR T i 3 kR AL T R i i I A o 2R
I PRIT 35 V1o Lei 2515065 NBP 5 J& 2 1l ~F 8 i &5
T SR FH T 3 Mok R A ek DR T s S O 10 o
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B, RS54 7 NBP 5 Jé 5ot ¥ 11 5 # g, fe i
E IR TT )G 3 7 RIS W 4R 7 4 BE RS (NSE).
CRP. Gl iR 45 & 8 11 (FABP).ICAM-1.TNF-a.IL-15.
TXB2 17K P F0 K i = 3 ik ifL 5 i, 2 35 388 i NO /K
S, 1t B NBP £ 5 VK A T A ey 69 VR mT $8 vs 3 k Jgd
P ke DR TS s S L0 1 7 2 R R I R T 8K

3.5 NBPEAERAZWRTIREZ MM B KW 2
&M — S4B (CO) H F AH 5% 1 5 7™ E Y IF KE,
NBP R I 3 19 0 0 J=5 30 19 B, o5 R P S 4T T
WAz Thae, fEI6 T CO H 8B K MERH (DEACMP) H
REE T HEAERWY, FEIGIR B 5 A2y B & 697
DEACMP. Xiang 2" 184 44 DEACMP i Bt 5
RO B (B2 52 1 80T V) AR B0 4 (252 NBP fl i
FEEIT V), 1097 8 A Ja LB R (RR) F T 1A
PRIT 2 MMSE H T V¥ Al A %1 Dy g W NIHSS FH T 17k
P TRE, 45 ORI, 5w R A b, TG FH 2 he 2 3
140 RR {EF1 MMSE V747, {2 2% B % NTHSS 43, [Al Ik

I
m

3 Hi NBP i e AU N ) 3% 2035 DEACMP &
N R D Re BE RS, BOA R 4F I KT 2. Zhang
P4 171 6 DEACMP i 3 45 i B & 78 97 41 (NBP+
Hh FE KA 5 mg-d+ i R R IT) R IR (AR
TN AR, AT R L3 A K1 HE, RA
MMSE. & F¢ Fl 7K N HTPEAL (MoCA) & 3£ A1 ADL 75
VEAL B3 A RURIE 3 A8 4k, 45 R R B G iRyT A
J7 5 1.3 H A1 1 4E 1) MMSE . MoCA 1 ADL 3431
2 TR AL, I A NBP Rt ZE K AN 1O TR 0 T %
BERIMA R FMHEAEF ., Kang S5 FH B X &8 E
SR A NBP VG J7 DEACMP B R ILHGEIT RE
0 \MMSE P43 . SOD 7K - B\, = T~ FpLjd fd A NBP
A, MDA 7K1 S I T ol fd FH NBP 3, R R
i R 55 9 5 NBP BE A ¥R 97 DEACMP & 3% 1] B3 3L
R HOIRAS, PROHE 3 in SOD i £, P41 MDA & &, 1 21
&5 20 234545 . NBP BE A FH 24 75 1 1 & 9 o ) &
I PR FH B e PR 24 AR i DL 3¢ 203481

Table 2 The main clinical application and clinical pharmacological effects of NBP in cerebrovascular diseases. HUK: Human urinary

kallidinogenase; BI: Barthel index; NIHSS: National institute of health stroke scale; EPCs: Endothelial progenitor cells; HDL-C: High-

density lipoprotein cholesterol; TC: Serum total cholesterol; TG: Triglyceride; LDL-C: Low-density lipoprotein cholesterol; MRS: Modified

rankin scale; ADL: Activities of daily living; 3-MST: 3-Mercaptopyruvate sulfurtransferase; Af42: Amyloid beta 42; hs-CRP: High sensitive

C reaction protein; Hcy: Homocysteine; HIF: Hypoxia-inducible factor; NO: Nitric oxide; ox-LDL: Oxidized low-density lipoprotein; ET-1:
Endothelin-1; ICAM-1: Intercellular adhesion molecules-1; VCAM-1: Vascular endothelial cell adhesion molecule-1; PDGF: Platelet-derived

growth factor; CGRP: Calcitonin gene related peptide; SIRT1: Silent information regulator 1; CDR: Clinical dementia rating; MMSE:

Mini-mental state examination; BSSD: Brief screening scale for dementia; CRP: C-reactive protein; V. : Peak diastolic velocity; PI:

Pulsatility index; BHI: Breath-holding index; NSE: Neuro-specific endolase; FABP: Fatty acid-binding protein; sICAM-1: Soluble

intercellular adhesion molecule-1; TXB2: Thromboxane B2; MoCA: Montreal cognitive assessment

Time of
Cerebljovascular Number of — Age Dosage administration Combined drug Clinical pharmacological effect
disease cases (n) stage per day
/day
Cerebral 128 41-86 08¢g 28 Atorvastatin calcium, aspirin  Increase the total effective rate, BI
ischemic stroke enteric-coated tablets, etc.®”  score, anterior and posterior arterial
blood flow, and decrease NIHSS
96 40-80 200 mg 84 Extract of ginkgo biloba Increase the number of EPCs,
leaves injection and aspirin migration ability, total effective rate
enteric-coated tablet™" and serum HDL-C level, and decrease
serum TC, TG and LDL-C levels
165 18-85 200 mg 12 HUKP! Reduce MRS score, enhance long-term
independence and therapeutic effect
80 53-74 25 mg 14 Alteplase” Reduce NIHSS score, enhance
effective rate and postoperative
recovery rate
122 45-70 200 mL (14 days), 28 Aspirin enteric-coated tablets Increase effective rate, ADL score and
0.6 g (14 days) and clopidogrel bisulfate plasma 3-MST level, decrease NIHSS
tablets™”! score and plasma white Af42 level
58 - 25 mg 14 Compound Danshen Reduce neurological function score,
injection™® serum IL-6, IL-B, TNF-« and hs-CRP
levels, and increase IL-8 levels
70 40-80 25 mL (14 days), 34 Aspirin, alteplase, etc.™ Reducing NIHSS and plasma MMP-9
0.6 g (20 days) level and increasing VEGF level can

improve prognosis after stroke




22,

3054 - %% % Acta Pharmaceutica Sinica 2022, 57(10): 3047 3056

Continued

Time of

Cerebrovascular Number of  Age Dosage

disease cases (n) stage per day

/day

administration

Combined drug

Clinical pharmacological effect

Hemorrhagic 120 56-78 25 mg 14

stroke

0.6¢ 28

88 40-65 06g 70

Vascular 83
dementia

48-74 06g 90

86 50-75

0.6¢ 30

200 48-79
129 64-78

50 mg 28
06g 60

Cerebral 92
vasospasm

30-70 100 mL 14

58 33-72 100 mL 7

Delayed
encephalopathy

215 - 06g 56

171 - 200 mL 14

72 22-66 06g 56

Naloxone!*”

Edaravone™*"

Nimodipine!*”

Anticoagulation, promoting
blood circulation to remove
blood stasis and vasodilating
drugs™®!

Shuxuening injection**!

Memantine'*®!

Fasudil™”!

Refreshing static injection'*"!

Hyperbaric oxygen®"

Dexamethasone and
hyperbaric oxygen'™

Refreshing static injection™”

Reduce the levels of Hey, hs-CRP and
HIF in serum and improve the effective
rate

Increase NO level and effective rate,
decrease ox-LDL, ET-1, ICAM-1,
VCAM-1, PDGF, TNF-a, IL-6, CGRP
and SIRT1 levels

Improve peripheral resistance, mean
blood flow and mean blood flow
velocity, reduce hematoma volume,
increase cognitive score and life ability
score

Increase MMSE score, ADL score and
SOD activity in serum, decrease MDA
content and CDR score

Increase the effective rate, SOD level,
MMSE, BSSD and ADL scale scores,
and decrease the levels of MDA, IL-15,
TNF-o and CRP

Reduced CDR score, LOP and MDA
levels, increased MMSE, BI score,
SOD levels and cerebral hemodynamic
parameters V. . Pl and BHI

Reduce the levels of caspase-3, MMP-9
and MMP-2 in serum and the incidence
of total adverse drug reactions

Reduce the serum levels of NSE, CRP,
FABP, sSICAM-1, TNF-a, IL-1f and
TXB2, and increase the middle cerebral
artery blood flow velocity and NO level
Increase RR and MMSE score,
decrease NIHSS score

Increase MMSE, MoCA and ADL
scores

Increase total effective rate, MMSE
score and SOD level, decrease MDA
level

4 RHEE5RZE

NBP 6 47 Jigi il 5 92 9 11 25 BEAE F 32 B AL R fE 4L
ISR R BT AR T B 100 1) 44 420 4 R 1 S P A
TR 2 WL A4 Ty e Bt 28 PU i i 1L ek 268 i 453 493 0 Bt
VD %771, fEIf IR % 5 Bda- B 25 34 B 72 87 HLKR
TRER o e SR 2 7 P S T S R B E R T
oG L9, I R I R AF i) P [ VR FH, WA NBP 1
PR &3 2 B4 S0 4%, 5 H A NBP 5 H A 25 1)
HHEAE I ALEIRTE S8/, $E7R %238 n] GIENBP 5 Bk
r AR FH 24 (0 AE ELAE FE LA 9T

{EE TTRk: Y SCUR 7 57 SCEE RS E IR A S TN 47 B
it S FEHE AR SR UK B 4 AR BARH 40 Bk dn 47 B SCHR A )

I
i}

B AR AN R 1T R A S B
FIEERSE: FTA & 1 WA AEAR TR 5 o R
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