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[Abstract] Objective To explore the effect of butylphthalein on cognitive impairment in cerebral small
vascular disease by regulating Nrf2 signaling pathway that is related to nuclear factor erythroid-2 (NF-E2).
Methods Mouse models of cerebral small vascular disease were established successfully and randomly divided
into blank group, model group and treatment group. The behavior data of water maze experiment were com-
pared among the three groups. The levels of Nrf2 protein in brain tissue of three groups of mice were detected.
Results In the water maze experiment, the times of crossing the platform were significantly reduced in the
model group (P<C0.05), and the times of crossing the platform was significantly improved in the treatment
group (P<C0.05) Western blot detection of Nrf2 protein changes in the brain tissues of the three groups of
mice and indicated that Nrf2 in the model group was significantly lower than that in the blank group (P<C
0. 05), while Nrf2 in the experimental group was significantly improved (P<Z0. 05). Conclusion DI-3-N-bu-
tylphthalein can improve cognitive impairment in small cerebral vascular disease by regulating Nrf2 signaling
pathway.

[Key words] DL-3-N-butylphthalein Nrf2 Cerebral small vascular disease Cognitive impairment

+ 537 -

i /N LA e — i A& P AT PR B R K
I SRR SR 45 1 B8 A/ N Bl K ol it A8 R/ i
Jiko IRBAREI PR 2326 H AT 32 208 AR 12 W
RS E AR 50~400 pm B/ IAE . Ha
SEEOLZE TSR o BN L T A

FHeTH BT R 2RI H (WZ247214)

FEH B0 430300 BRICTTHE R XN B BE BE R BB (A D) il 42
PIRH IS GBS VER) 15 TEDUR 2 B 243 (R B 80 s B F AR E
BEdhZe MBS AEER

RHA 20 %6 ~ 25 %6, i WK 32 7 2 Bk A 0 T g
YRR I A N A L 1 e R e VAN (1K=
AR RE RIS W R AR BT ROR 22 X - R 1 AR
TG I3 8 8™ FE R, 25 SREE AL S R DT f
JRUE ST M /N I A8 995 40 TR 1 G T
EEEIRIN S EA UGS B SN RN 7 ey
S AT B /N LA . AT HROE R 18 T A R AE
AR T BE S 51 & A 28 R GE 9 A8 A IZ I BR 11
WERAAE 5y —Jr T, 2 BE 0 A B A Al
JE— b T P A A A G2 A SRR T X B



* 538 -

AN SR N &S VAN K=Y 4 8wt LSRN i i
HAS T R AR RS2 31 5 B R 25 55 3 /&
{18 7 D A 2 IR 3 e A7 T 4500 o (74 B A PR 4 A
SEMPRAS . NF-E2 M1 5G9 5% 5% ] 5 (Nrf2) 78 it i
PR B 420 A 4 B[R T 48 A S0 T (An-
tioxidant response element, ARE) {55 8 X I8 45 &
KA TG BT ) B 3 1A 4 A B
M4l % A 5 1 (Heme Oxygenase-1, HO-1) K&
Nri2 AR G fE7E . Bk, T 2k — B 50T XA %
A28 XT3 A 481 14 s e o R R G LR g/ FH O =L
HRTIG R LT 2R BE =20 T 2R IiEse, B
TR SOV I A S 28 2 14 i I St 4 /MR AT AL 1D
L (A SR R I A B A5G . A DG T T AR IRk Ab
P g R Y 0 100 AR A B A ) S0 L A T TR
T I HHCR IR S AT AR T R A A K A B
WHIeRMEAEMF N LRE SHZE, )
Hb A 5T R ELES G SRR I, B e A SO %
I EE AT ISP 8 R AR R R 1) S5 v b B M)
JET K- VR ABATT F) 20 K R 200 B 1 355 2155 10 LA U 22
AATT R AR A 9 175 O ] ot B 4 R a2 T A T
HRE S . Hoh Nri2 B2 AE N —F i O HLH 2
53 SR T A AR SO T L VR A B
FORTIF R WL, T R TT38 o Nref2/ P18 15 20815
K+ 2 #H K E 3 (Silent mating type information
regulation2 homolog-3, SIRT?3) i@ &7 i 4 14 i S
ANERABE R 5 T AR AR IR IR AT AR
I N2 38 o B0 A/ 45993 B A R 2 RE R A 7

1 MREREE

L1 MH

L1 S5y R —HEARRE A S 7~8
JEI SD K BRAE R i 6 42, ik 26K Ok H stk
2 AMEEE, ENPEERE 1 A HEENRE T,
PREELE (23 £ 2) CITRIE R , FA MR E TR 45
7 (55 £ 5) 60, [RISE4T T 12 h /0% B RS O
PR AR AT AT LA B e M AR R, AR I
ZHTEY 1R B AT T IS A M R SR DA AT
(PR R, RS0 56 o PR ARG T (5258 50 4 )
TR A B L

L2 FEEH T RO % B (bu-
tylphthalide, NBP) >k {7 2545 )i & B A TR A A L A4
FEHEE R 11823101205 Nrf2 Hifksk 1 Abcam 23] .
1.2 ik

Stroke and Nervous Diseases, Dec 2024, Vol. 31,No. 6

1201 e e SR RIS 102K A SR
A HE S JRR T » I JEL 1 5 AP R M #1815 e L 5 40 52
B AT FHSY ] 5 25058 b &R s g 4 0] ) 350 6
Bk e SR 5 T B K Lk il B3R A 7 e S5 5 il s BELT Il
it 20 min, B AL s #ATF SRR, PR il 10
min; FI 2 IKEH PR e B2 3 ik, A 1 i 45 1k 20 ming
A 3 WOUEE KB IFIREALCBE, # L iRFERIE
H LR KRI85 586 B RK (RAFIREE s 7658
A R R BRI R SR . BT K B R
M oE TR AR, AR PR R NBP & X AT
HHAT T ig 250 FR 10 mgekg ' +d ™)) XA HI
JEHET NBP Wff & 48 pE h TR ) s 251 JF
i LURF R 60 ke /N BEIERHERAS 2 H Xy
B Tr il . W E shn s 1 d i dD
IR T ks 250 B2 42 2 I Z 5T T Mor-
ris KA ERER . E K BAET- B 45 o0 5% , SR 5 4 B
i 38 2 J3T DX R AR o 280 [ 5 A B A S AR A
S P it s ik — 20 B9 BIFSE oA

1.2.2 Morris KR E S8 SEIRZERF 1T KE B 1Y
Kil R (25 +2)°C, IF WA H AR B 10 fF R TE
PIARATAT 55 s B A s AT IR 4s RS 2515 24 b
HEAT 25 (AR S5 5 76 30 [RDKEF- 65 8 20 1 H 0T £
LALE R B ATK IR X i 3) 60 s, 985
SR BTSSR, Gt B A4 5 G 7 & 18
R LAFBRTEI IR & D] Y Ho ] 5 34> i f s i 2
5d. 2 BB R, SRS PR ERMg 1 K
SENIAAT S5

1.2.3 BB XHREAS /N R B St B L 0T &
HA ARG 3 & 5 HREL M 3201
P L Z A o TSR AT T Rk . AR
(R Bl 2 BB AT T 3k A AR IBCHL O ki 24 1R 11 v 5 21
18 HY) N I A © SRR 0 VR A A
W, DA /O A AT ¥ . DL )5 52 Western
blot AF S5 TR 5 55 ZHER A K BRI S EREA T
4614 22 5 WS 22 J PR BBOCHL 350 - 7 3 1 A 2
U5 7 B HOE & A 10 Y048 /R TR G PR B8 T 42
FETE4 CHvKAs BE AT 5 AL 3R, 34> ) TR 75 28
it 2 hy e B U SR

1.2.4 Western blot X KR KM LA Nrf2 &
F BT R HEAT TR . B S G2 2L rh 3B
FEATERG AT Ry AR L SR 5 TR B Al ok 43
BT I EE B 5 R ISR SRR R R AR T 1R
(Bicinchoninic acid, BCA) 25 [ & & Il 32 2 2% % X



Arp SR EBN 2024 4F 12 H 55 31 B4 6 )

SO H A KT TN B, il i Western
blot FAAMT T K B iy Nrf2 8 T i &R ik
Ko

1.2.5 SEil2EabBe fdi ] SPSS 22 #f4, T HA 44
B () E AR fE 2 L SR )5 8 3 One-Way ANO-
VA LIRS AL REAR Z 257, 4 P<
0. 054 25 5 HLA 351k

2 & R

2.1 B/ AR A

AR REE 5 d XA R RiFT T8 5
R LA W 1. 528 FAH O AR BRI 2H R
FRUEE T 5 1Y YR, 25 0 (P<<0. 05) 5 SRS
FE# , NBP 21 K B2 B 1 65 79 YR B 2 15 m (P <<
0.05), BpR BB/ (Cerebral small vascular
disease, CSVD) A %, 1) 4 57, NBP A 24 3% H A 1
TIHERE DT .

=k A ZH TRIT A
B 1 3HMKREER S5xEHALE, P<0.055
MR LA, # P<<0. 05

2.2 Morris /KK B 525G

2325 25 V2 B R BRURIYRY 74 Y R B 2 B
S5 B UK AR R 2 (g 1A 22 T AR AR £ 1) 2 T
UK L b (8 D, EAE R R
72 2T 6 B RS 3G i (1 2)

4P
22

= H4 HEAIE VRITHH
B 2 CSVD Rz, H 3 4/0ME Morris 7K 38 B Bl

(A R
NN

2.3 TORERWT L@ Nrf2 Skl CSVD Il Al
Yy He R fic
TIRBRBE R 3% CSVD #ER1 A B A4 TA %0 ) BE

+ 539 -

it (& 1~2), H T RERRE B W48 = Nrf2 25 A
Fof 23R 7K (P<<0. 05) (] 3).,

6 *
B ———
%
)
41
=
=
LA — PEHI{ 2 —_
o
B-actin QD G
0-

L BIA HYTA FEA BRIE hyrA
B 3 TEBKAEEME BN Ne2 BAMEE S55HA4H
B, P<<0. 05; 5HA g, 7 P<<0. 05

3 #

H A A FEOT VL AT DUE S /N U . 4
TR HL T FIYEYT TR M S BB X i A P B
R0 A 5 . R 0L 4 ) 8 R 48 S E S T TR . FRAT)
T 2 X A CSVD f8E #E 47 VPAS LUB 2 /2 75 A7 7E
o LR R PR 5 R I AR AR 55 D ML A5 B
PER. 4T CSVD [ 51k 9 0 2 B B 5 38 i
AT R S E S i DR L Bl 58 3 A [R) A4 1S
TIRZA NIRE MR INE.,

Yan Haiqing 25" A7E 2017 4Ek L &K, T
IRTRRE A% 00 35 4 T 201 ki 15 38 B8 35 9 D\ 1 D B K
-5 S X HEZH g, B nT LABH G b s A AT ) B A A
MR, IF BAEA RPN e 1 EFEE I UL F
Hieds o m A W W ey . O A, 78 2018 4F
Wang Hongtao " A BB 588 13 Meta S0 #r #8710
TOORBIO A AN D e A R B R4 09697
BCR AN b X iE— 2 B E T B B DR 2 e
AR . 2021 4F Xueming Fan %2 A [RIFELE
SETT AR TR R B ik A T S DA H ) B B A (Post-
stroke cognitive impairment, PSCI) g # 1\ 135
REFIH # BTG e f1. Qiulu Zhou ZM AIUESE T
TORBR B N D) R R fs A 5 AR VE . (HEEXT
HAHLHIBFFEAX D

Yang %515\ FG T AT o B S R EE -3
fifi (Phosphatidylinositol-3-kinase, PI3K) /2& I 14 il
B(Protein kinase B, Akt){Z 518 % FH 1F CSVD 41
MEFET- . A SCEREE & T T RBkRE ALk B A
CSVD KRR 2 4l B 25 # I 4 T+ E AT i 2
SJFNCIZ T RE , [ B R U8 2 A 2 o0 FE T B i AR
A 32 25 9 19 AT e A 5 38 A Sy 2 i B



* 540 -

PI3K/Akt {55 A2 SEBLAY . SR, A2 1 A 50
NHYBIFFE R AT B R 5T T AR TR A ] 522 i 9 DR
3 G /N 1T A8 R B 18 £ 40 25 Oy g 5 R A 38 U 1)
PAPESS R . AHIEFEIA Ry HE S50 R BB AU A 7 2R
SRR AR EE R R BATE

N NS g8 Sl Yot & 1621 AR A W & VAR S
) CSVD K s Py AL, 3L T B R 347 Nrf2 {5
S BRI . HAESE S ge 25 R B . AHFSEAS
TORBRRE S Nrf2 {5 5l HOR S CSVD AR
T RE R B 5 [ ) A 4L T PIBK/ Akt {55 3& 42, Nri2
BN T B, G098 A R0 R A AL 45 9 R B
MR, FEIE R, W S Nrf2 7] LU
AR /R ok 1 2R 95 ( Alzheimer’s disease, AD) 5 2 /)N
SN HI T RE I  [7] o 0 BE AR AU AL e ) Anpl 28 ¢
MR ARSI A SR RE N T R ERIR YT
SCVD HYIAKN L) e b f5 5t (3t 50 47 Y R o0 BE il 095
JE L — DA

s % x #t

(1] a2 ae i sz iy 25, v B/ 126 T 4R .
o [E R s ek, 2021, 16(7) 1 716-726.

[2] Brisset M, Boutouyrie P, Pico F, et al. Large-vessel correlates
of cerebral small-vessel disease[ ]J]. Neurology, 2013, 80(7):
662-669.

(3] sRAEsR, EHMAE. vl A8 05 B mh B 58 i G i 5 e 7R L) . o
ZErh R, 2013,8(6) : 423-425.

[4] Pantoni L. Cerebral small vessel disease: from pathogenesis
and clinical characteristics to therapeutic challenges[ J]. Lancet
Neurol,2010,9(7) :689-701.

(5] AR, WA, AT /NG, S5 AT LA PR R R I C R R
FIB A 2R 6 Kl 23 B0 . o [ S b 2 i = 75 2018, 21
(12):1334-1337.

[o] WRGEWL. iz, AR Bl e 2 v [0, 1) o il 8 2% 5
2010,18(3):231-235.

[7] Yu X,Kensler T. Nrf2 as a target for cancer chemoprevention
[J]. Mutat Res,2005,591(1/2):93-102.

Stroke and Nervous Diseases, Dec 2024, Vol. 31,No. 6

[8] Jia JP, Wei CB, Liang JH, et al. The effects of DL-3-n-bu-
tylphthalide in patients with vascular cognitive impairment
without dementia caused by subcortical ischemic small vessel
disease:a multicentre, randomized, double-blind, placebo-con-
trolled trial[ ] ]. Alzheimers Dement,2016,12(2) ;89-99,

[9] Qi FX, Hu Y,Kang LJ, et al. Effects of butyphthalide com-
bined with idebenone on inflammatory cytokines and vascular
endothelial functions of patients with vascular dementia[ ]]. J
Coll Physicians Surg Pak,2020,30(1):23-27.

[10] Gao LW, Guo X, Liu S, et al. DL-3-n-butylphthalide imparts
neuroprotection via Nrf2/SIRT3 pathway in a mouse model of
vascular demential ] . Brain Res,2022,1779;147785.

[11] Yan HQ, Yan ZX,Niu XL, et al. DI-3-n-butylphthalide can im-
prove the cognitive function of patients with acute ischemic
stroke:a prospective intervention study[ J |. Neurol Res, 2017,
39(4):337-343,

[12] By, RITE ZEPHE A T ORBH F i 45 M\ o)) je e 15
SBFA RN 5 %A Meta 23#7 [ ], h I BEBE 2524435, 2018,
38(8) :859-864.

[13] Fan X,Swlye M. Safety of DL-3-n-Butylphthalide in the treat-
ment of poststroke cognitive impairment;a systematic review,
meta-analysis M. Front pharmacol[Z], 2022: 810297.

[14] Zhou Q, Han C, Xia Y, et al. Efficacy and safety of 3-n-bu-
tylphthalide for the treatment of cognitive impairment: a sys-
tematic review and meta-analysis [ J ]. CNS Neurosci Ther,
2022,8(11):1706-1717.

[15] Qi YY,Feng XF, Qiu L, et al. 3-n-butylphthalide inhibits the
apoptosis of nerve cells in rats with cerebral small vessel dis-
ease via the PI3K/Akt pathway. Eur Rev Med Pharmacol Sci,
2019,23(10) : 4474-4480.

L16] 22 H 40, F, 808, 45 PR E 7 NF-E2 M 56 /141 &
A1 550 B FFT T AT < 75 1 /0N L6539 < B 1
FIMLRILTD. BT 224, 2023,32(14) : 1467-1471.

[17] Wang CY, Wang ZY, Xie JW, et al. DI-3-n-butylphthalide-in-
duced upregulation of antioxidant defense is involved in the en-
hancement of cross talk between CREB and Nrf2 in an
Alzheimer’s disease mouse model[ ]J]. Neurobiol Aging, 2016,
38:32-46.

[187] Uruno A,Matsumaru D, Ryoke R, et al. Nrf2 suppresses oxi-
dative stress and inflammation in App knock-in Alzheimer’s
disease model mice[ J]. Mol Cell Biol,2020,40(6) ; e00467-19.

(2024-05-06 Yieki)

==
=]

i

AFIREAIA EBUR 2 N R BEBEFT A o BRAERRA BT A R 80 By SCRE AR 55 e 000 ) 25 B2 B 22 AL
ATIE AL 7 75 8- A PIRE” i A0 30 ) G326 ) 508l P B ™ o [ R I 7 45 o A9 285 S [ 0 SO A i 15 A

IR 1

CZF o 55 R 42 T o ) i L 7



