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[f] &%) 1 (achaete-scute complex homolog 1, Ascll). F&YFEME/ LT 1 (neurogenic differentiation 1, NeuroDI) & JEME
LA T 2 (neurogenic differentiation 2, NeuroD2). 14 0% 1 (neurogenin-1, Ngnl). #1ZJTHK 2 (neurogenin-2, Ngn2)
JPEX LR 2 (paired box gene 2, Pax2) [WERik. 5R  SEAALLE, #MAIETLZ & FIEH KT KRB MM EAT T
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RERA 2 BT B2 7 o 5 IR R B R AH A, W KO #IBH I F137 4/ BRU R 10 B2 53 X EGFP-NeuN St 58 47 B & 3%
(P<<0.01), Shh. Smo X Glil FEEFEHE LT (P<0.05. 0.01), #ZMMUET Ascll. NeuroDI. NeuroD2. Ngnl. Ngn2
e Pax2 F3EW R ETH (P<0.05. 0.01). 5 WT AU K% WT #MHIE TLA L HEL, KO BALAL K KO #hBHIE Tz 41/ Bk Ifi
fill it EGFP-NeuN L@ A7 8] 2 FF# (P<<0.01), Shh. Smo K& Glil HEFAFEHL TR (P<0.05), #ZMMUEF Ascll.
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XHEIR: ANHIE T BRI, RIBRRANM: 506 /N EE 1 ShhE 5@, MEFHIV, TWIER: PIgK: ~j
2N IR

hESAES: R285.5 XEkFRERE: A XEHS: 0253 -2670(2024)03 - 0811 - 11

DOI: 10.7501/j.issn.0253-2670.2024.03.012

Buyang Huanwu Decoction promotes astrocyte trans-differentiation after
cerebral ischemia by regulating Shh signaling pathway via Caveolin-1

CHEN Bowei', OUYANG Yin?, ZENG Fanzuo?, LIU Yingfei?, TIAN Fengming?, XU Yagqian', YI Jian!, LIU

Baiyan'- >3

ks HHER: 2023-09-01
ESWBE: HXARRIEIEETIIE (82074251 WIkA AARIEREESRITE (20221J30357); WiF AWM 7 AEQUHITRE (CX20220805,
CX20220815)
TEE BN BRI (1994—), 5, BREEL, BIW, #5005 A R 2B i O I Wi . Tel: (0731)88536925  E-mail: clewaychan@163.com
HBEIEE: xR (1970—), 5, B, #uR, WLASIl, BFFCT5 m o B 2576 O I 0 o
Tel: (0731)88536925 E-mail: liubaiyan@126.com



«812 F8 B 2024528 $55% B3W  Chinese Traditional and Herbal Drugs 2024 February Vol. 55 No. 3

1. The First Hospital of Hunan University of Chinese medicine, Changsha 410007, China

2. Hunan University of Chinese Medicine, Changsha 410208, China

3. Hunan Academy of Chinese Medicine, Changsha 410006, China
Abstract: Objective To examine the mechanism of Buyang Huanwu Decoction (%) PH & F1.7%, BHD) on astrocyte trans-
differentiation after cerebral ischemia based on caveolin-1 (Cavl)/sonic hedgehog (Shh) signaling pathway. Methods Male C57BL/6
mice were randomly divided into sham group, model group, BHD low-, medium-, high-dose (9.25, 18.50, 39.00 g/kg) groups and
butylphthalide (54 mg/kg) group. Except the sham group, the other groups were treated with middle cerebral artery occlusion (MCAO)
to replicate the cerebral ischemia model. Following 21 d of drug intervention, the efficacy of BHD was evaluated using neurological
behavior scoring, hematoxylin-eosin (HE) staining and immunohistochemistry. Subsequently, male wild type (WT) mice and Cavl™~
(KO) mice were randomly divided into sham group, model group and BHD (18.5 g/kg) group. The brain was injected with GFAP-
EGFP adeno-associated virus 7 d prior to the operation, and the MCAO method was employed to establish a model of cerebral ischemia.
Drug intervention was administered for a duration of 21 d. Immunofluorescence was utilized to examine the trans-differentiation of
astrocytes in the ischemic cortex, Western blotting was employed to assess the protein expressions of Shh, smooth homolog (Smo),
and glioma associated oncogene homolog 1 (Glil) in the ischemic cortex. The expression of nerve differentiation factors, including
achaete-scute complex homolog 1 (4scll), neurogenic differentiation 1 (NeuroDI), neurogenic differentiation 2 (NeuroD?2),
neurogenin-1 (Ngnl), neurogenin-2 (Ngn2), and paired box gene 2 (PAX2) were detected using qRT-PCR. Results Compared with
model group, the neurobehavioral scores were significantly decreased in BHD each dose group and butylphthalide group (P < 0.05,
0.01). Additionally, the pathological injury of the ischemic cortex showed significant improvement, and the expression of NeuN was
significantly increased (P <0.05, 0.01). Furthermore, there were significant differences in neurobehavioral scores and NeuN expression
between the low-dose group and medium-dose group of BHD (P < 0.01), while no significant differences were observed among the
medium-, high-dose groups of BHD and butylphthalide groups. Compared with model group of the same genotype, the co-localization
of EGFP-NeuN in the ischemic cortex of mice in WT and KO BHD groups were significantly increased (P < 0.01), the protein
expressions of Shh, Smo and Glil were significantly increased (P < 0.05, 0.01), and the expressions of neural differentiation factors
Ascll, NeuroD1, NeuroD2, Ngnl, Ngn2 and Pax2 were significantly increased (P < 0.05, 0.01). Compared with WT model group and
WT BHD group, the co-localization of EGFP-NeuN in the ischemic cortex of the KO model group and KO BHD group exhibited a
significant decrease (P < 0.01). Additionally, there was a significant decrease in the expressions of Shh, Smo, and Glil proteins (P <
0.05), while the expressions of neural differentiation factors Ascll, NeuroDI1, NeuroD2, Ngnl, Ngn2 and Pax2 showed a significant
decrease (P < 0.05, 0.01). Conclusion BHD has the potential to induce the trans-differentiation of astrocytes into neurons following
cerebral ischemia. Its mechanism is likely associated with the regulation of the Shh signaling pathway through Cavl, as well as the
upregulation of nerve differentiation factors.
Key words: Buyang Huanwu Decoction; cerebral ischemia; astrocytes; trans-differentiation; Caveolin-1; Shh signaling pathway;

astragaloside IV; mangostensin; ferulic acid; paeoniflorin
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SPF 2P C57BL/6 /IR 40 H, 6~8 Jik%,
I 23~28 g, 14 E W FE WS v sk SEES S A
AT, SVFAHES SCXK GHD 2019-0004, 3
YIEHIES 2023000268, Cavi™ (KO) /N 5 R
P (WT) CS57BL/6 /MR 40 H, 6~8 i,
A B 23~28 go Cav-17"/INR 51 By BT I SR 2 24
LRI AR AR, SMEIES 202111473,
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A TERHEY) 245 Angelica sinensis (Oliv.)
Diels [5G4  EE45 1A B 15| Pheretima aspergillum
(E. Perrien) MBI 24k X S BHEMIZLAE Carthamus
tinctorius LB F1E1E
1.3 AR5
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M EIRIE 2 g/mL. K44 UPLC-Q-TOF-MS
R, FEHEIV. TWEER . FIEEER . AT 25N BRH
JREWREE AN 78.14 46.7. 45.6. 468.4 pg/mLUS,
2.2 FNERMARBIAIHIZ
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5 24570 B AN 8] ) b
2.4 WRSIARERCEST

BT WAHIR B E R EE 21 ~28d A R A K
g, NILEIERRT 7 d 43945 KO /NRAT WT
/IS BRHEAT B S A 6 S5 3 S IR A D B LA R AR
BIEI RN KR SR T VER), /N ip 0.3% 3 B
Eb 22 BN BRI i (8] 5 LR SEAR e ALAX b, BT Sk,
FRAEALFR CXITTRT 0.5 mm, ZM35IF 0.8 mm, TR
2.5mm), &i—/NLUE, P UMERES, EiE
N 0.8 pL, BFRIFSE 10 min, VESE %R 15 min,
b5 Z ISR R By, RS k. AR5
ANERBE B FE, IR R B K
2.5 WMETAFTS

TERJGH 21 FoKRKE 2 2h &, KA Clark 25017
RIEM 28 7 A THREVE 20 E 5 41/ R A& 1)
At A EUEE, DR T AR E
2.6 HARR-FL (HE) 3

PEAT VR G, /IR ip 0.3%)3% L Z2 8RR
fire, WiskEUR, 4T 4%% B HEE R EE, F
K B A ) A, HE Hett, SeBUsk o & 5w
[X 400 fFHCREE .
27 GRRAMNSE

B A A ) B IR« B s B 2 2t P4
IINA$i NeuN (1 :2000) —#i, 4 CHEEER,
Whn—4t, 37 CH¥E 1h, PBS MhitE=IRTE
SABC %% 30 min. PBS 't )5H DAB fljp A%
Jett, Beo FEE A . BRI B IX 400 %
BOREUR - ARAE R AT 7EE), 12 A Image J K
PTG A8 R A 2300220 20 (H PE20 VR4l NeuN
[MRIEE D

H VT4 = 55 50 5 200 L 1R T 43 L+ v 57 3 40 L 1 7 4
BY X 2.+ 8 3R FEE A F T 4 L X3

2.8 HEBERHAEE

GFAP FkAnic B im0, & cdid
EGFP/GFAP XU G VFAili B AH 51 B & 75 RE A8 B )
Pt B TR ML . A, NeuN & R Anic B
P22 TG, T EGFP 28 J6hRic AR IR 4, [
It., EGFP/NeuN REZAX T W 57 20 f 17 #4022 e
GO BUKEY R, HREET. PBS 21
% 5, I %3t GFAP(1 : 500) A1 NeuN(1 : 500)
—Pi, 4 CWEER, Whnot =, BHFE 1h,
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PBS /e Hhd o SEHUER MmN J R X 400 £5 7K
KK, izH Image J #44 Colocalization Finder i
4%} EGFP-NeuN @747 434, k4 Pearson’s
R {E AT 2 &8,
2.9 Western blotting U E &R I B+ Shh. Smo
N Glil EBFRIE

HU 100 mg SR AN 57 s 2H 306 AR, BTRE S
N R ZRARBREBUS R . e & RE R B R
LG ERE, b e IR R A58 A I I e vt s
YK, ¥ % PVDF X, # 2 h 5530 %dt Shh
(1:1000). %P Smo (1:800) FHHT Glil
(1:800), 4 CHFEER: AP, EHEFE 2h.
P, FHH RS E A X % FEE - ] Image
I Ao AT 25 2% K FEAEL
2.10 qRT-PCR #MER MM R #E 5 LEF
HFRIE

HY 30 mg SR B B4R E T 1.5 mL B0
B, S IREGHE P IR RNA. % RNA
#3% cDNA, 7 PCR ¥4, 5|9 g4 T4
MITREARA R IER, 51FFIER 1. LA

xk1 51955
Table 1 Primer sequences
HE A S (5°-30) J1 BCR/AMbp

p-actin - F: GCAGATGTGGATCAGCAAGC 70
R: AGGGTGTAAAACGCAGCTCAG

Ascll F: GACTTTGGAAGCAGGATGG 152
R: CATCTTAGTGAAGGTGCCC

NeuroD1 F: CCAGGGTTATGAGATCGTC 61
R: GGTCATGTTTCCACTTCCTG

NeuroD2 F: CGAGAAGATTCCTCTTCTCCC 271
R: CTCCACGAAGAGACACTGG

Ngnl F: TTTCTCCTTTCCTGGCCTG 60
R: GTATGGGATGAAACAGGGC

Ngn2 F: CTGACTGACAGACAACCAC 247
R: TTTGACGAACATCCTACGC

Pax?2 F: AGAACCCGACTATGTTCGC 105

R: CGGATGATCCTGTTGATGGA
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B-actin ANZFHER, KH 27285 R A0
¥ acoete-scute [ &Y 1 (achaete-scute complex
homolog 1, AsclI) #&YEE /LT 1 (neurogenic
differentiation 1, NeuroD1). &RV T 2
(neurogenic differentiation 2, NeuroD2). %4 JG%
1 (neurogenin-1, Ngnl). £ 0% 2 (neurogenin-
2, Ngn2) JBCX &2EA 2 (paired box gene 2, Pax2)
(1) mRNA X Rk &, B MR EE 1 MEAL.
211 GFitEFESH

K H GraphPad Prism 8 F #7801 0 #r. 1t
HRRILLX £ 8 8o, fF 6 A7 A7 21 18] LU BOR 95 5%
Wit o R H B R 3R B R R T 22 9301
3 §R
3.1 #MEZEEAX RERM N RBEITAZITESTH
Al

w1 R, SEFARAIE, BAH /R

30 =

AT PR S)

PR B

9.25 18.50 39.00 T #fik
HHIE T (g kg ™)

HERTFARARE: “P<0.01; SHEAHHE: *P<0.05, #P<0.01;
NS Tz PR E L 24P<0.01, B3 [F.

**P <0.01 vs sham group; *P < 0.05 *P <0.01 vs model group; 24P <

0.01 vs Buyang Huanwu Decoction medium-dose group, same as fig. 3.
B 1 #MEZE R AXT R IR A1 T A T RIS
(Xts,n=06)

Fig.1 Effect of Buyang Huanwu Decoction on
neurobehavioral score in mice with cerebral ischemia

(X+s,n=6)

(R

5 YNSRI

BFA FE7

¥ == s RN . o

FNBHIE T 9.25 gkg ™' AMBHIE T 18.50 g-kg ™! MNPHIE Tii% 39.00 g-kg !

AT NI RN (P<0.01); SRR LLES,
ANBHIE 1137 %5 71 B A /N SR8 AT 22040 B 35 PR AR
(P<<0.05. 0.01). FMHIE 137 7 & 2L AN #BH I8 o
HIRFNBEHMMEAT NFVESAREZEER (P<
0.01), TAMHIE Tz S E AT 2K BRZH 2 ]
TR ZES,
3.2 APMPAME AT AR 00 /) BR SR 00 R R (X R IR
F AR AR RS2

WK 2 Fros, RFARE /N BN G 4504 5
B, MEEE, G S5HEFRAEE, BAY
ZH /) B R A 7 J5 X A 22 T HE B AN KURE 448 i ] B
WYE, VRN, MR OEYgE; S8
HEE, FMNSHIE Tz 0 AT REREH /)N &R s ofm ]
B DX BRI A A RIFE FE I s, #iE oS
FEXT RS, AHAuIR Bk, AR HOEMW, IR R
b
3.3 #PRERIAXT RGN R L TR A RIS

WK 3 i, SIERFARALE, BRI/ R
HIR NeuN RIZEFFE (P<0.01); HHAYZH L
B, ANHIE TLi7 %57 B2/ B NeuN [k B B T
i (P<<0.05. 0.01). BhAk, FMHIE Tz 55 4R
HNBHIE TLA R/ B NeuN FIRIA S B3 % 7
(P<<0.01), AL FZH . SEflEH R T 2RIk
ZTCH B2 5
3.4 #PRIEEAX Cavi~~/)R BRI S SR 57
FRX 2R R4S 2 AR

B, REREYE TR EGFP 5 GFAP %6
FASEA (B 4), R ORI A b
BB, bE)fE, T EIRMERIT AR
o B 2R A G A A R, BN IE FLiz R A
BEATEE FORIIE . 5 Fos, 5 WT BFAR4
Eb#, KO fRFARY EGFP-NeuN JLig Az o BAR
tho S5HEZEFBEFARLLE, WT. KO B /N

bim - . 35

TR

2 ANPRZFAZ Rtk /)N FRER I FZ R X AR EE AR ALY RZAE (HE, X 400)
Fig. 2 Effect of Buyang Huanwu Decoction on pathological changes in ischemic cortex of mice with cerebral ischemia
(HE, % 400)
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KNI F 18.50 g-kg™! FMBAIE T35 39.00 gkg !

AL T 9.25 g kgt

X400

2507

200

H 15}

RFA 8 9.25 18.50 39.00 T Zfk
ANHIE 7 (g kg ™)

THEK

B3 #MPHIERAF AR ER /) FRER M FZ B X A2 TTHRGRIFIME (X £5,n=6)
Fig.3 Effect of Buyang Huanwu Decoction on neuronal injury in ischemic cortex of mice with cerebral ischemia
(Xts,n=6)
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Fig. 4 Adeno associated virus injection successfully labeled astrocytes

BB I 2 J5 [X. EGFP-NeuN 3t 5 f7 B B 1858 (P<
0.01); SFRIFEKAAEAIA L, WT. KO #MNHIEH
P 2H /N B BRI % S5 X ) EGFP-NeuN 3t g A7 B &
H5E (P<0.01); 5 WT BRI L, KO FAYZH /)N
B SR LM 57 J5i X EGFP-NeuN J& g f7 B i [& A% (P<
0.01); 5 WT #MHIETLZH LI, KO #MHIE T
ZH e 1f 0] 2 5 X EGFP-NeuN 58 37 B 2[R IK (P<
0.01).
3.5 APAZEEAX Cavi— /)R EXER I ER NN R
FRIX Shh {5 2@ BEEXEBRIENFN

WK 6 Fin, 5 WT BFAR4E, KO BT

A4 Shh. Smo 1 Glil [ ARETLHELL. 5
[F) L R AV AR AL A, WT. KO BRI/ R i
] Kz J53 (X Shh. Smo F1 Glil [ [ 235 B 5T
(P<<0.05. 0.01); H[FZEFAEAIALLE, WT. KO
A0 BH I 37 4 /)N BR BRI B2 5 X Y Shhy Smo A
Glil EAREHETE (P<0.05. 0.01); 5 WT
BRI LR, KO MERIZH /N FRER I 57 B X Shhy
Smo 1 Glil fE HEKIE I & FIK(P<0.05); 5 WT
HNBHIE TLA A LLEE, KO FPHIE 3z 4B i N 57 5
[X Shh. Smo I Glil EHRIEHEFMK (P<
0.05).
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RFEAR
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i
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IR L%
BRFAR R FNHIE
c
BFER o 1.0
B 084 isi 00
K 44
) i $ox
KO E% 06 ‘ o
pm 2 5 04
é o
Q7 02
N o 5 0 T B T T S T
I T [BFA B BHD FFA B BHD
WT KO

A-EGFP/NeuN #4256 &l B-EGFP 5 NeuN L@ i #{si/&l; C-EGFP 5 NeuN &g iz & #4041 BHD-#MHAIEF (18.5 gkg™): SRR
BEFARALLE: "P<0.05 “P<0.01; SRZEFBBMALLR: P<0.05 #P<0.01: 5 WT BE4LLHK: 4P<0.05 A4P<00l: 5 WT
BHD 4 LL#: °P<0.05 ©°P<0.01, FEIH.

A-EGFP/NeuN immunofluorescence image; B-EGFP and NeuN co-localization scatter diagram; C-EGFP and NeuN co-localization quantitative analysis;
BHD-Buyang Huanwu Decoction (18.5 g-kg™'); P < 0.05 *P < 0.01 vs same genotype sham group; *P < 0.05 *P < 0.01 vs same genotype model
group; 4P<0.05 44P<0.01 vs WT model group; °P<0.05 <P <0.01 vs WT BHD group, same as below figures.

5 ANBEHERAXS CavI™—/NEAXER IS ERMMAL B X 2 A BREBAEEE S LHIRNE (X +s,n=06)

Fig. 5 Effect of Buyang Huanwu Decoction on trans-differentiation of astrocytes in ischemic cortex of Cavl™~ mice after

cerebral ischemia (X £ s, n=6)
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Fig. 6 Effect of Buyang Huanwu Decoction on Shh signaling pathway related-protein expressions in ischemic cortex of

Cavl” mice after cerebral ischemia (X +s,n=3)
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Fig. 7 Effect of Buyang Huanwu Decoction on gene expressions of neurodifferentiation factors in ischemic cortex of Cavl ™'~

mice after cerebral ischemia (X £s,n=23)
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Fig. 8 Mechanisms of BHD promoting astrocyte trans-differentiation after cerebral ischemia
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