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Buyang Huanwutang Promoted Proliferation and Differentiation of Neural Stem Cells via

Regulating Autophagy Following Oxygen-glucose Deprivation/Reoxygenation Injury

QIN Bin-yu, PENG Dong, WANG Yi-xue, ZHANG Shi-jie, WANG Qi, GUAN Li’
(College of Basic Medicine, Guangzhou University of Chinese Medicine, Guangzhou 510006, China)

[Abstract] Objective: To investigate the effect of Buyang Huanwutang (BHT) on proliferation and
differentiation in neural stem cells (NSCs) after oxygen-glucose deprivation/reoxygenation (OGD/R) injury.
Method: NSCs isolated from the hippocampus of SD rats were cultured and randomly divided into a normoxia
group, a model group, a BHT group, a rapamycin (Rapa) group, and a combination group [autophagy
inhibitor 3-methyladenine (3-MA) combined with BHT]. The 20% blank serum was used in the normoxia
group, and 20% BHT-medicated serum in the BHT group. The doses of Rapa and 3-MA were 1 pmol-L" and

5 mmol-L", respectively. The cells were subjected to OGD/R except those in the normoxia group. The cell
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morphology was observed under a light microscope. NSCs were confirmed by immunofluorescence detection of
nestin expression. The viability and proliferation of NSCs were assessed by cell counting kit-8 (CCK-8) assay
and 5-ethynyl-2-deoxyuridine (EdU) labeling, respectively. Furthermore, Ad-mCherry-GFP-LC3B fluorescence
assay was performed to investigate autophagy. The effect of BHT on autophagy-related protein expression was
detected by western blot assay. Brain derived neurotrophic factor (BDNF), B-tubulin Il , and glial fibrillary
acidic protein (GFAP) were evaluated by immunofluorescence assay. Result: OGD/R significantly reduced the
cell viability of rat NSCs as compared with the normoxia group. Compared with the model group, the BHT
group exhibited significantly improved viability of rat NSCs (P<0.01). BHT induced the production of
autophagosomes in NSCs after OGD. The BHT group showed increased expression of microtuble-associated
protein 1 light chain 3 II (LC3 I ) and Beclin-1 (P<0.05, P<0.01) and slightly changed p62 compared with the
normoxia group, and significantly up-regulated LC3 I and Beclin-1 (P<0.05, P<0.01) and down-regulated
expression of p62 (P<0.01) compared with the model group. The Rapa group had similar effect as the BHT
group (P<0.05, P<0.01) , while the combination group inhibited the activity of autophagy (P<0.01). As
indicated by the results of ad-mCherry-GFP-LC3B, compared with the normoxia group, the model group
showed increased fluorescence intensity (P<0.01), and the BHT and Rapa groups could further increased the
fluorescence intensity of autophagy (P<0.01), while the combination group inhibited autophagy activity (P<
0.01). Immunofluorescence results revealed that compared with the normoxia group, the model group displayed
significantly reduced positive cells of EAU, B-tubulin Il , GFAP, and BDNF (P<0.01), and the BHT and Rapa
groups exerted similar protective and promoting effects (P<0.05,P<0.01), while the combination group partially
blocked the neuroprotection and differentiation ability of BHT (P<0.05). Conclusion: BHT pretreatment can
effectively protect rat NSCs against OGD-induced injury and promoted proliferation and differentiation by up-
regulating autophagy.

[Key words] Buyang Huanwutang; oxygen-glucose deprivation/reoxygenation (OGD/R); neural stem
cells (NSCs); autophagy; neurogenesis
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o 3-FILAREENS (3-MA) , T 1A% %= (Rapa) (3£ [H
TargetMol 28 & J~ M 4323 &), it 5 43 5l Sk 170324,
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20200921,20191026) ; i % [ (nestin) , B-IL 31 & H
(B-actin) , ML EHBE 3T (LC3 ),
Beclin-1, p62 fiL {4, 1t FEHT B =9, h FEHT = 3t
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W 2T 4 R 7 % 14 (GFAP) , BDNF B4k , 4% (1, 9% 56 —
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GR3233187-7,GR3234187-5) ; B27 1 7 ( & [ Gibco
AL S 1067889)
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2.2 OGD/RAELHIH T Z % 3CHk[23], 5 5 348
NSCs 4l il £z Ff F 2 5 Wi 20 2 41 1% 1 96 LAk, I
A 25 BE Ol 6x10° > /mL 15 5% 48 h, BT H 1% R o
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SR PR SR 4 b R Ol 58 A RE R R R R SR
24 h, AT SR SEA I
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QWRTEH T RAEFI A 255 2 h, L kW A R %
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i EBSS il A AL B 4 h, B I R B R AL 4 24 he
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Z B R A Bk 96 LA, R BE 41 i % JE N 6x
10°~/mL, 25 41 3% & 342 AL, 4O H2 P 24 h )5 45 %
AL 24 h W JE R ML OGD AL # 4 h, 4 24 h )5
10 WL CCK-8 % W i A % fL , 37 °C 5%CO, 5k 14
TEE 4 h, BE S B AR AR I AE 450 nm KT Y
WO B A, B3 K S B K T 24 T AR A A 0 R
2.6 BHT & 2y Il 75 %} OGD/R Ji NSCs H W 5% Wil fiy
SN2 - LR AWERESS 5 BHT W
M A B AR AL S R S 4L, 43 B R R AR AL B
B, BHT 4, H W 3% 3 7] Rapa 41 (1 wmol-L™") Fll
F W5 410 41 39 3-MA (5 mmol- L) +BHT 40 , 48 41 Fl
BRI ZH 25T 20% 25 F ML , BHT 425 T 20% 7 24 Ifil
. 11 .
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2.10 R E %G K I nestin, B-tubulin Il , GFAP 5
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Fig. 1
differentiation of NSCs (x200)

3.2 BHT & 24 1.3 XF OGD/R Ji NSCs 40 il 1% /1 1Y
B 5 A, 0GD 4 h i K NSCs i
(P<0.01); 5 BRI 4 %5 ,20% BHT 2 3% 20 3% OGD/
R A MIFE T, £ B 40 ML A7 3% (P<0.01) . W3R 1.
# 1 BHTX OGD/RIR{GHINSCsi&F AR RN (x+s5,n=3)

Table 1 Effect of BHT on cell survival in NSCs injured by
OGD/R (X*s,n=3)

Morphological observation, identification and

2157 I R AR 50 % 2 AT 15 /%
AR 100
LAY 51.95+1.95%
BHT 5 57.04+3.40
10 56.11+10.149
20 73.65+2.49%

W 5 A 4L DP<0.05,2P<0.01; 5 #5511 4] [ 4 Y P<0.05,
DP<0.01(F£ 2~5[) .

3.3 BHT & 25 1fi 35 % OGD/R J5 NSCs [ W i 4 1

SRR R MR RIS B4 LC3 T,
Beclin-1 2% ik B 8 7} & (P<0.05, P<0.01) , p62 % %
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TGP L SR %, BHT 4l LC3 1T,
Beclin-1 B & |8 (P<0.05, P<0.01) , p62 35 ik i 3
T (P<0.01), WK 2, %2, KT #F— T A b
M A 25 BHT WY # & -4 4E FH , NSCs 43 5l
20% BHT, [ B 3 i 7 Rapa, FI W 81 i 77 3-MA+
BHT &b #6905 Wi A OC 25 11 19 3858, SRR 4 T
% ,Rapafi LC3 Il , Beclin-1 & & F i (P<0.01),p62
%23k B W B A% (P<0.05) ; 3-MA-+BHT 20 LC3 II ,
Beclin-1 it 2 F # (P<0.01),p62 % ik i & i (P<
0.01), WL I&l 3,3 3. [a] I 45 240 Jd 5% 2% R ik 5 Ad-
mCherry-GFP-LC3B, & & 4= H W 2 VR B 1Y 15 (0 28
6, FWE L AT AR LB S A R B Ok, A
Wit 1 55 S W AR 45 A )5 G B PO TERR PE IR BE N VR K
L, SR g, BHT 41 BH P 40 M % i 3%
HAM(P<0.01), Rapa [A] FE#TE T H WETE 4, 3-MA 41
B 1= 400 L 5 5 ik /b (P<0.01) , WL 4, K 4

Beclin-1 -

p62 62 kDa

— s 60 kDa

LC31 16 kDa
LC31I 14 kDa

[-actin — -- 43 kDa
A B C
A E Y BRI, ;C.BHT 4
B 2 BHT &Z5M% %t OGD/R J5 NSCs B I iF 14 89 2 i
Fig. 2 Effect of BHT serum on autophagy activity of NSCs after
OGD/R

3.4 BHT & 25 I35 % OGD/R J5§ NSCs fi*) 3 5 (1) 5%
W5 A A PR, R 4 i EdU G @5

£33 BHEHFEFMMHFN OGD/RFIGENSCsHEEE T ERIE

& 2 BHTX OGD/R#i{5 /5 NSCs i Al & A R A
n=3)

Table 2 Effect of BHT on expression of autophagy protein in
NSCs with OGD/R injury (x+s,n=3)

IR (s,

1 L ARFR p62 Beclin-1 LC3 1
wy % /B-actin /B-actin /B-actin
WA 0.333£0.010  0.204+0.023  0.456+0.029
F5E 7 0.351£0.031  0.353+0.0262 0.568+0.036"
BHT 20 0.225+0.0199  0.469+0.021%  0.666+0.031%

PO2 - — 62 kDa

S E
Beclin-1

LC31 16 kDa

14 kDa

pracin WS D2

A B C D E
AL BB 4] C.BHT 41 ; D.Rapa £ ; E.3-MA+BHT 41 (/4]
4~8 i)

3 JEANSCsHAMERFREAEK
Fig. 3 Electrophoresis of autophagy protein expression in NSCs

of each groups

Wik 2> (P<0.01) ; 58 20 Ho 48, BHT % Rapa 41 B %
T 5 EQU BHE 40 #8405 (P<0.01) , 3-Ma+BHT 41 [
4 41 it 85 ek 2> (P<0.05) , LIRS, 36 5.

3.5 BHT & ZyIfil 7§ %} OGD/R Ji NSCs [ 53 1k fiE
o 5 E R L, BB B-tubulin I A1 GFAP
BH P 40 i 4 2 98/ (P<0.01) 5 S5 RS RY 20 T 4L,
BHT 41 A1 Rapa 41 B-tubulin I A1 GFAP [H 1: 40 it %%
1B 03N (P<0.01) , 3-MA+BHT 20 BH 14 28 Jfd %5
W, 3-MA B A W B0 R BERE 1k T BHT Y £4
R s ERT WL 6,7, 3 5,

Y80 (X+s,n=3)

Table 3 Effect of autophagy activators and inhibitors on autophagy protein expression in NSCs after OGD/R injury (x+s,n=3)

21 5] e p62/B-actin Beclin-1/B-actin LC3 Il /B-actin
R 0.553+0.042 0.461+0.019 0.772+0.035
LT 0.461+0.024" 0.745+0.0412 0.794+0.031
BHT 20% 1L 77 0.355+0.320 0.925+0.029% 0.926+0.022%
Rapa 1 wmol-L-! 0.411+0.025% 1.323+0.054% 1.176+0.047%
3-MA+BHT 5 mmol- L"'+20% I i 0.661+0.0214 0.512+0.026% 0.257+0.013%

3.6 BHT & 24 1.7 X OGD/R 5 NSCs ) BDNF 3
KW 5 EZH A, BB ZH BDNF FH 14 40 i %k
a0 FEAIR (P<0.01) 5 5 B AL L L, BHT 41 Al
Rapa £ BDNF [ 4 41 Jifg %5 &2 B & 1 fin (P<0.05) , 3-

Ma+BHT 21 BDNF FH 1 41 g £ 9 &2 9 2> (P<0.05) ,
WES, %5,
4 iFig
e R i I A R A DR 0 R 22 R Y i AR 4
. 13 .
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R4 BEHFEF T OGD IR E NSCs BBERI M (¥+s,
n=3)
Table 4 Effect of autophagy activators and inhibitors on

autophagy in NSCs after OGD injury (x+s,1n=3)

4151 e - B9l vk
AR 32.24+1.24
% 41.79+0.76
BHT 20% IfiL 35 75.58+1.93%
Rapa 1 pmol-L"! 83.46+1.18%
3-MA+BHT 5 mmol+ L"'+20% Ifil 1§ 20.97+2.57%

fih & 52 2% 1) K I N7, DT S S04 L AT T RN pR 22 1)
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Fig.5 Effect of BHT serum on proliferation of NSCs after OGD/R (IF, x100)
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Fig. 6 Effect of BHT serum on B-tubulin Il after OGD/R (IF, x100)
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Fig. 7 Effect of BHT serum on GFAP of NSCs after OGD/R (IF, x100)
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Fig. 8 Effect of BHT serum on BDNF expression in NSCs after OGD/R (IF, x100)
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