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Taohong Siwu Decoction regulates microvascular endothelial glycocalyx damage in rats
with ischemic stroke by regulating heparanase/matrix metalloproteinase-9 pathway

ZHANG Jiayu, YANG Hanxue, HAN Lan
Department of Pharmacy, Anhui University of Chinese Medicine, Hefei 230012, China

Abstract: Objective To explore the mechanism by which Taohong Siwu Decoction (#k£L /U477, THSWD) alleviates cerebral
ischemia-reperfusion injury (CIRI) through protecting the integrity and functionality of glycocalyx of brain microvascular endothelial
cells. Methods A model of middle cerebral artery occlusion-reperfusion (MCAO/R) was established to simulate CIRI injury. SD rats
were randomly divided into sham group, model group, THSWD low-, medium-, high-dose (4.5, 9.0, 18.0 g/kg) groups and nimodipine
(20 mg/kg) group, and drugs were given for intervention. After 7 d of modeling, Longa grading system was used for neurological

function evaluation, 2,3,5-triphenyltetrazolium chloride (TTC) staining was used to assess cerebral infarction volume. The motion
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function was evaluated through corner experiments and balance beam experiments. Laser speckle and small animal super-resolution
imaging were used to detect cerebral blood flow and cerebral vascular density, Evans blue leak assay combined with Western blotting
were to evaluate blood-brain barrier integrity. Glycocalyx morphology was observed using transmission electron microscopy. The
expression of glycocalyx-related indicator such as syndecan-1 (SDC-1), hyaluronic acid (HA), heparan sulfate (HS), chondroitin sulfate
(CS) and core metabolic enzymes of glycocalyx such as heparanase (HPSE), hyaluronidase 2 (Hyal2), neuraminidase 1 (Neul), matrix
metalloproteinase-9 (MMP-9) were detected by immunofluorescence, immunohistochemistry, Western blotting and ELISA, and the
effects of HPSE and MMP-9 were verified by enzyme inhibitors. Results Compared with model group, THSWD significantly reduced
the cerebral infarction volume in MCAO/R rats (P < 0.05, 0.001), improved neurological function and limb coordination ability (P <
0.05,0.01, 0.001), alleviated weight loss, improved cerebral blood flow and microvascular generation in the infarct area, reduced blood-
brain barrier leakage (P < 0.01, 0.001), regulated vascular dilation and contraction function (P < 0.01, 0.001). Meanwhile, THSWD
could significantly reduce the shedding of core components of glycocalyx (CS, HA, HS, SDC-1) into the serum (P <0.01, 0.001), and
maintain the integrity of glycocalyx by inhibiting the activities of HPSE and MMP-9. Conclusion THSWD reduces the shedding of
glycocalyx by inhibiting the activity of HPSE and MMP-9, thereby maintaining the integrity of blood-brain barrier and minimizing
stroke damage.
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W& (15 ED-30612) W H & 14 B WLk
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BRAZ D qE L BhEE D A L gAY L IE =3
214130302 (MHLEIFREUE R Z M IR A5,
O 10 fi5 & 75% 0%, [FRASEEL 2h, JEi; I8
TN 8 fi i 75% LB, YRR FRIRIRE 2 he & 2 Ik
VeV, WgiEtiE 1.8gmL, T-20 CHATFEE.
AT TS FH IRR L DU BE 4 5 Tang SF0OBTfd
BRI N IR — RS2, Bhe iz b &2
HEaAEOR A 2227 pgmL. FHHILE 6.052
pg/mL. A5Z51F 19.657 pg/mL. BELLFEE 0.165
png/mL- P E{E 0.875 pg/mL A& A P FiE 7.550 pg/mL.
2.2 KEXKKHEHEKAZBEE (middle cerebral
artery occlusion-reperfusion, MCAO/R) 1RZIp3E
M. DES5%Y

K 2o ¥ 8 37 MCAO/R 5 425 A5 Y DL AR
CIRIM™, ¥ ERFARL. A LB IUYH1K -
L EAIE (4.5, 9.0. 18.0 glkg, A IR R
SENGRIER 1.131 2.25. 4.50 %) 4101 JE ZEHSF (20
mg/kg) H, TH 21 X, FHHPL U7X CIRI [F)
ZIER . SR UA AR, . mRIE AR
5, AW EIREN 1.8 gmL. W EBTFARY.
R, BRLL Ui (18 g/kg) 41, OGT2115 (12.5
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R, BAH, Bher Uiz (18 g/kg) 4. MMP-
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TN I, S8 FH I ST AR 8 AN E KRR, 780 4
#& R, R v AT S B
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B0 30 min, WOEE BIEW, N 3 REARFREK 2
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1 7K°Fs
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RU A SRRt 2 k> (P<<0.01. 0.001),
K- Western blotting £l i 41 23 55 % & He By I R 1A
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A-SEIGHARAE: B-KRRB RIS (n=6); C-HE JeufORMEIR (X200, n=3); D-TTC YR MEEG: EMEHRMERMT (1=3):
F-# S A0 (n=6); G-MEAT RS (n=6); H-PEIARSERIFS (n=6); ST ARMLE: *P<0.05 #P<0.01 *P<0.001; 5
B "P<0.05 "P<0.01 **P<0.001, FEF.

A-experimental flowchart; B-body weight index of rats (n = 6); C-representative images of HE staining (x 200, n = 3); D-representative images of TTC

staining; E-quantitative analysis of cerebral infarction volume (n = 3); F-right turn count in corner test (n = 6); G-neurobehavioral score (n = 6); H-balance

beam test score (n = 6); *P<0.05 #P<0.01

##4P < (.001 vs sham group; “P < 0.05

ok

*P<0.01 P <0.001 vs model group, same as below figures.

1 HLIMYi%20E MCAO/R KRR (X£5)
Fig.1 Taohong Siwu Decoction alleviates brain injury in MCAO/R rats (X £ s)
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Fig.2 Taohong Siwu Decoction promotes recovery of vascular function after MCAO/R injury in rats (X £ S)



PED 2026578 B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13 « 5089 «

A DAPI SDC-1 CD31 Merge

BFAR 157 B DUiz 4.5 gk !
0.1 um
571 0.1 pm
WL VUi7 9.0 gkg! BRLLIUYi% 18.0 gkg ! Je FEHh
BRer iz
45 gkg!
BT Uiz
9.0 g'kg™!
o 15 15
HRer Uiz 3
180¢gkg™! 0s s 5 "
ﬂ wiil]
0 0
fesEy PR B 45 90180 SRR BT B 45 90180 SRS
PRI ke™) DUz (g ke ™)

jilll

BRLL DU/ (2 ke ™)
EFA I 45 9.0 18.0 Je ST

BT 8 45 90 180 Jesdry
AN ()

a
o

1.0 Hk 10 N

SDC-1 AAX} 5
+
SDC-1 P A%

kk .

—_
n
1

SDC-1 |y “——— e ey YRR WY | 6.5 < 10*

SDC-1/B-actin
o =
n o

1 ]

(=)

B-actin| e——y e T (e - ——— VLIS

7 MS@W%/% 4. Sg kg HEQIVEI%/% 9. Og kg @EQIVEI%/% 18. Og kg }l-éaEéﬂLlT .

H I J K
407 2007 ##H# 8] s 201 Hitt
s ~ o oy —~ i

30 3 T 1501 a6 o *:'* ****** = 154
= = g + 2
E E | w || g
& 20- g 100 % < 4 E:/D 10
S 3 ; o .
& 10+ T 50 R 2 2 5_ﬁ

wn .

T T

PR 45 S01R0 MY BFREN 45 00180 BIE  (REABUY 45 00150 JOIHT  BFREUE 43 90180 MUY
AN g Bz g kg™ LV mz (g kg™ L)

A C-HRBETOLHR O K RINEL SDC-1 ik (X200, n=3); By D-R MM RMZAL SDC-1 Fik (X200, n=3); E. F-Westen

blotting Ml & KR ZH L SDC-1 [ F3RIE K G-HEEE ) TEM B (X25000, n=3); H~K- KR L&+ SDC-1. CS. HA Al HS 7K

T (n=6).

A, C-SDC-1 expression in brain tissue of rats detected by immunofluorescence staining (x 200, n = 3); B, D-SDC-1 expression in brain tissue of rats
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Fig. 3 Protective effect of Taochong Siwu Decoction on glycocalyx injury in MCAO/R rats (X £ )
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Fig. 4 Taohong Siwu Decoction maintains integrity of glycocalyx by inhibiting activities of HPSE, MMP-9, Hyal2 and Neul
(Xxs)
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