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Protective Effect of Protocatechuic Aldehyde on Neurovascular Unit Homeostasis Damage in Rats after
Cerebral Ischemia-reperfusion Injury

FENG Jin, XU Yaling, MENG Qingting, YAN Hanwen, HE Fangyan (School of TCM, Yunnan University of
TCM, Kunming 650000, China)

ABSTRACT OBIJECTIVE: To observe the protective effect of protocatechuic aldehyde (PAL) on neurovascular unit (NVU)
homeostasis damage in rats after cerebral ischemia-reperfusion injury (CIRI). METHODS: SD rats were randomly divided into
sham operation group, model group, PAL high-dose and low-dose groups (10, 20 mg/kg) , with 11 rats in each group.
Administration groups were given relevant medicine intragastrically. Sham operation group and model group were given the same
volume of normal saline intragastrically, 10 mL/kg once a day, for 5 days. After last administration, CIRI model was induced by
suture method; the ultrastructural changes of NVU were observed by transmission electron microscope. Western blot assay was used
to detect the expression of NUV related proteins (MAP-2, GFAP, AQP-4) in cerebral tissue. Immunofluorescence staining was
used to observe the positive expression of above proteins in cerebral cortex. RESULTS: Compared with sham operation group,
blood-brain barrier (BBB) structure of model group was destroyed severely, the vascular lumen became narrower, lateral edema of
endothelial cells was severe, and the thickness of basement membrane varied; the nuclei of neurons were pyknosis and there was a
large area of edema in the surrounding tissues; the structure of glial cells was seriously damaged, the cell body was shrunk and
organelles were lost; protein expression (or positive expression) of MAP-2 in brain tissue (or cerebral cortex) were significantly
decreased (P<<0.05 or P<<0.01) , while protein expression (or positive expression) of GFAP and AQP-4 were increased
significantly (P<<0.01). After PAL intervention, the rats had less BBB damage, and the morphology of vascular lumen and
basement membrane were not completely destroyed; the damage of neurons was alleviated, the pyknosis of neurons was decreased,
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expression of MAP-2 protein in cerebral cortex and down-regulating the expression of GFAP and AQP-4 protein in brain tissue.

KEYWORDS Protocatechuic aldehyde; Cerebral ischemia-reperfusion injury; Neurovascular unit; Cerebral cortex; Rats
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Fig2 Micrographs of the effects of PAL on the NVU ultrastructure in brain tissue of CIRI model rats
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Fig 3 Electrophoretograms of the effects of PAL on
the expression of NVU-related proteins in
brain tissue of CIRI model rats
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TE ST AR R, P<0.01; SR LA, “P<0.01
Note: vs. sham operation group, **P<<0.01; vs. model group,”P<<
0.01
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Fig 4 Micrographs of the effects of PAL on the positive expression of NVU-related proteins in the cerebral cortex
of CIRI model rats(x200)

FEEE 2021 FEI0EE I China Pharmacy 2021 Vol. 32 No. 15 - 1815 -



APQ-47E

DAPI Je s,

et FA

BRI

JEU LA i A 2

C. AQP-1 [
T T R ATERR A
Note: “ T ” means positive expression
ZE4
Continued tab 4

4 itig

CIRLSE—ANE 2% (A B A PRI AR, ¥ B RE e
i 2t M G B R Ik R L AR SN | ) Fh AR A
ML T2 5 Z AR BT, NVU J& i BBB M4 T
Ast /N T A 25 S R A0 M 2 AR A T RE MRS 44, 45 41 i
22 1) RH L BRI | L ) 2 3 iy 2H 2 PN BRBE A S AR 28 5 T
5o ke -7 35 40 8 SR IS 007 LA K% S 9 40 XL A6 A R L
AEEMEA" M YR Rk K B, NVU A
BBB #1480 i T 4 it 3437 SR [ R B 4 5, DA ol
FENVU H S8 PR, ARF5E &3, KL CIRL G
JLBBB Z5 69k ™ B A IR 5 ph 2 oL [ 4 R R 4L 27 A
R T P B K 5 M R A L A5 R PR R . 2R LA
TG , K ELBBB A2 TCH i | 15 5t 240 25 F4 e O
WA X R ) LZSERE DR K B CIRLJS NVU 4
P SE s

MAP-2 Sl 2 U AN - 2R 00 B B AL R, Hak
IKF- R S B 28 T 28 SRR 150" ; GFAP 2 Ast 15
IR, HR KK RE R e Ast S AL TR L ; AQP-4 42
NG A 3 4 7K R 1, 7 BBB I - li 5 W B Y Ast
Hh e R, AR AR AT S W fing PN 7K ST i FT 4 i BBB
SO R S5 R 1) B R T ARG DL AR SR Y

- 1816 - China Pharmacy 2021 Vol. 32 No. 15

Western blot JE Rzl 25 4 B , 284K iy 1 i B LA e T

UG , CIRTA Y A BRI 2H 24 v GFAP , AQP-4 (I 511 it 21

FRA) 2 1 28K 1 A REAI T MAP-2 45 1 3R 3A7K

R AR L TCFE T2 38 L (P>0.05) 5 T e o e Y a7k 2%

R, R LA T 1S, CIRIAE ALK R A

F2JZ H MAP-2 3 11 B FHPE R B /KCF 18 35 T, GFAP Y

PR 225 7KV S 2 R AIR T AQP-4 81 11 1) BHM: ek K -

IAEAE IEGE 1124 8 L (P>0.05) o X 7R J5 L A% %o

MAP-2 ., GFAP 5 [ [ 5% W] 32 78 R B i B 221X, Xof

AQP-4ZE [ FE A] BEAAE RN 2 X

g5 LIk, JFULZRIE A] P47 CIRTBT K S NVU

PRSI s HAE ML AT RE 5B R BROR M e J2 v

MAP-2 8 133k, T IRZH 2! ' GFAP ,AQP-4 & 153k

Ak

S 3k

(1] EBefE, xR, A5 FE A B a3 i B X
Pk« (P I 2R A B R AR A 201 8YHEEE[J]. o AR A A4
#,2019,34(2):105-119.

[2] ZHANG L,ZHANG Z G,CHOPP M. The neurovascular
unit and combination treatment strategies for stroke[J].
Trends Pharmacol Sci, 2012,33(8) :415-422.

[3] SUAREZIJI,ZAIDAT O O,SUNSHINE J L, et al. Endo-

EZD; 202145 32 5 15



[4]

[11]

[13]

[14]

[15]

vascular administration after intravenous infusion of
thrombolytic agents for the treatment of patients with
acute ischemic strokes[J]. Neurosurgery, 2002, 50 (2) :
251-260.

LECRUX C,HAMEL E. The neurovascular unit in brain
function and disease[J]. Acta Physiol (Oxf) , 2011, 203
(1):47-59.

GAO M,ZHU S Y, TAN C B, et al. Pinocembrin protects
the neurovascular unit by reducing inflammation and ex-
tracellular proteolysis in MCAO rats[J]. J Asian Nat Prod
Res,2010,12(5):407-418.

ZHANG R, TANG S,HUANG W, et al. Protection of the
brain following cerebral ischemia through the attenuation
of PARP-1-induced neurovascular unit damage in rats[J].
Brain Res, 2015,1624:9-18.

MOHAMED I N, ISHRAT T,FAGAN S C,et al. Role of
inflammasome activation in the pathophysiology of vascu-
lar diseases of the neurovascular unit[J]. Antioxid Redox
Signal,2015,22(13):1188-1206.

LI Y,CHOPP M, JIANG N, et al. Temporal profile of in
situ DNA fragmentation after transient middle cerebral ar-
tery occlusion in the rat[J]. J Cereb Blood Flow Metab,
1995,15(3):389-397.

PRI BRSO, NV, S L SR A U e L/
TE A5 13 36 97 I 18] B 64 5% W (9] P Ry L 2016, 38 (9)
1887-1892.

P I PSR 11 oA [ R ] 51 28 24 08 B ke A 78
HETE DR R 22 ORIV E ST (D] A L RUIE R R
2014.

ZONTA M, ANGULO M C, GOBBO S, et al. Neuron-to-
astrocyte signaling is central to the dynamic control of
brain microcirculation[J]. Nat Neurosci, 2003, 6 (1) : 43-
50.

SAVCHENKO E S,PEVZNER I B, ZOROVA L D, et al.
Changes in the number of neurons, astrocytes and micro-
glia in the brain after ischemic stroke assessed by immuno-
histochemistry and immunoblotting[J]. Tsitologiia, 2016,
58(7):534-542.

LI X, XIANG B, SHEN T, et al. Anti-neuroinflammatory
effect of 3, 4-dihydroxybenzaldehyde in ischemic stroke
[J]. Int Immunopharmacol,2020,82:106353.

DUAN X, WANG W, LIU X, et al. Neuroprotective effect
of ethyl acetate extract from gastrodia elata against tran-
sient focal cerebral ischemia in rats induced by middle ce-
rebral artery occlusion[J]. J Tradit Chin Med, 2015, 35
(6):671-678.

T, T AR, I, 45 SUMO-2/3 TR LA S50 B

FEEE 2021 FEI0EE I

[16]

[17]

[18]

[19]

[20]

[26]

A 22 LA PRI LEI )] R HE R BE 2y, 2015, 32(7) : 420-
423.
HUANG W, LV B, ZENG H, et al. Paracrine factors se-
creted by MSCs promote astrocyte survival associated
with GFAP downregulation after ischemic stroke via p38
MAPK and JNK[J]. J Cell Physiol, 2015,230(10) : 2461-
2475.
XIANG J,LAN R, TANG Y P, et al. Apocynum venetum
leaf extract attenuates disruption of the blood-brain barrier
and upregulation of matrix metalloproteinase-9/-2 in a rat
model of cerebral ischemia-reperfusion injury[J]. Neuro-
chem Res, 2012,37(8):1820-1828.
SHI 'Y, JIANG X,ZHANG L, et al. Endothelium-targeted
overexpression of heat shock protein 27 ameliorates
blood-brain barrier disruption after ischemic brain inju-
ry[J]. Proc Natl Acad Sci U S A, 2017, 114(7) : E1243-
E1252.
HAPJ,YOOKY,HYE K I, et al. Hydroquinone strongly
alleviates focal ischemic brain injury via blockage of
blood-brain barrier disruption in rats[J]. Toxicol Sci,
2016,154(2):430-441.
HAGHNEJAD A A, ORYAN S, BOHLOOLI S, et al. Al-
pha-tocopherol reduces brain edema and protects blood-
brain barrier integrity following focal cerebral ischemia in
rats[J]. Med Princ Pract,2017,26(1):17-22.
ENRIQUE Z L, PHILIP R W, SARA C, et al. Reversible
middle cerebral artery occlusion without craniectomy in
rats[J]. Stroke, 1989,20(1):84-91.
PEAFIR, R, TR, S5 A 24 00 K Bl Ry P ik L P
PR I 1M 3 2 % PGI2/TX A2 V-1 (1 500 []. 25 2243
2014,49(1) :55-60.
&S FAW o g SOE ST e i91INAN 7S DT 1R E =R el
P 2R S ALHIBEE D] N - B 7 BER R, 2016.
DIRNAGL U. Pathobiology of injury after stroke: the neu-
rovascular unit and beyond[J]. Ann N Y Acad Sci, 2012,
1268:21-25.
YULONG M, HANG G, LIXIA Z, et al. Estrogen replace-
ment therapy-induced neuroprotection against brain is-
chemia-reperfusion injury involves the activation of astro-
cytes via estrogen receptor B[J]. Sci Rep,2016,6:21467.
WU C, CHEN J, CHEN C, et al. Wnt/beta-catenin cou-
pled with HIF-lalpha/VEGF signaling pathways involved
in galangin neurovascular unit protection from focal cere-
bral ischemia[J]. Sci Rep,2015,5:16151.

(ki A 399:2021-02-18  f&1a1 F1 4 : 2021-05-06)

(Gt : )

China Pharmacy 2021 Vol. 32 No. 15 « 1817 -



