2706 * F8 B 2022F58 $£53% BIH  Chinese Traditional and Herbal Drugs 2022 May Vol. 53 No. 9

5SS ZWMERE T AKUmTOR BN ESHEEN EHEHS/HEET
Neuro-2a ZHRf/E T RIS

REHL !, AWM, LE#EH2, hpp ', Tkl WAL, 3K LY, AR LT
1. REBEREZRE AHMILEHASPHERESLEE, K 301617

2. AR ERE, Jb5 100089

3. NG E AR E R R B A E e, KRB 301617
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PAR LA I S R 1 (mammalian target of rapamycin, mTOR) #i& (P<<0.05. 001), M FUMBEERRE. it
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Salvianolate Lyophilized Injection induced autophagy against neuronal apoptosis
through Akt/mTOR pathway in Neuro-2a cells
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Abstract: Objective To study the protective effect and mechanism of Salvianolate Lyophilized Injection (741 FH F+2 Z By, SLI)
on oxygen-glucose deprivation/reperfusion (OGD/R)-injured mouse brain neuroma cell line Neuro-2a. Methods Neuro-2a cells were

cultured in vitro, OGD/R injury model was established, SLI (10, 25, 50 pg/mL) and autophagy inhibitor 3-methyladenine (3-MA) were
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administered for intervention. Effects of SLI on survival rate, lactate dehydrogenase (LDH) leakage and cytochrome C (Cyt-C) release
of OGD/R-injured Neuro-2a cells were detected; Apoptosis was detected by flow cytometry; Expressions of apoptosis and autophagy-
related proteins were detected by Western blotting. Results Compared with OGD/R group, SLI significantly increased the survival
rate of Neuro-2a cells induced by OGD 4 h/R 24 h (P < 0.05, 0.01), decreased the leakage of LDH (P < 0.05, 0.01), inhibited cell
apoptosis and Cyt-C release (P < 0.05, 0.01), regulated cleaved cystein-asparate protease (cleaved Caspase-3) and B lymphoma-2 (Bcl-
2) protein expressions (P < 0.05, 0.01). SLI increased the expressions of autophagy-associated protein microtubule-associated protein
1 light chain 311 (LC3II) and autophagy effector protein (Beclin-1) in cells induced by OGD 4 h/R 6 h (P < 0.05, 0.01), reduced the
accumulation of autophagy-selective substrate p62 (P < 0.05, 0.01). The addition of an autophagy inhibitor could counteract the
protective and apoptosis inhibitory effects of SLI on OGD/R-injured Neuro-2a cells. In addition, SLI could reduce the level of
phosphorylated protein kinase B (p-Akt) and expression of mammalian target of rapamycin (mTOR) (P < 0.05, 0.01) to mediate
autophagy. Conclusion SLI has a protective effect on Neuro-2a cells after OGD/R injury, its mechanism may be regulating the
autophagy mediated by Akt/mTOR signaling pathway, thereby inhibiting apoptosis.

Key words: Salvianolate Lyophilized Injection; oxygen-glucose deprivation/reperfusion; Neuro-2a cells; apoptosis; autophagy; protein

kinase B/mammalian target of rapamycin pathway
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03010040001 1 H 3£ Millipore A S
B H 1 %% 31 (microtubule-associated protein 1 light
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Bel-2) Fifk (5 ab27795) WIH JEE Abcam 2
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IR AL 25 ¥ B (phosphorylated protein kinase B,
p-Akt) Pifk (#L5 4060). Akt Hifk (5 4685).
mTOR FiiAk (L5 2983). p-actin Fifk (L5 4970).
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Cyt-C) Har il a7 & ) 5 Qa3 8] 36 AR MR A R
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5% (HA Nikon A#]); Station 3 T2 IhEEEARML
(3£ [E MolecularDivices /A 7] ); BD FACS Calibur it
Adifui (3£[E BD /A#]); PowerPac™ Basic Hi ik
X+ Mini-PROTEAN® Tetra Cell Systems FH,jiH#i
Trans-Blot® SD System *f-F-#{% (3[H Bio-Rad 2
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FLAR . 155 Neuro-2a 4H1A: K 2 80%~90%fl &
HBEATSESG, 37 L RE IR 5 DL D-Hank s ¥V BE ¢ 41 L
3K, #pl D-Hank’s ~V-H5 EE 7B E T 780 95% Na-
5% CO2 & AR/ E APERIZFIEE 4 h,
VETEI BB AR IR, HCE TR YR AR

kelE9% 0. 6. 12, 24 h LLES. OGD/R #i%Y,
22 HRE%YH

MRAEATHASCIG 450, W E XYL, OGD/R 4.
OGD/R+SLI (10, 25. 50 ug/mL) #6815 OGD/R+
3-MA-+SLI (50 pg/mL) #1411 OGD/R+3-MA 4.
2201 XTHAH EEERFEBEH N MEM HiFE
B, T 37 C. 5% CO B F-FHRF: 4 h J5 E#eh
TEERFEIME 0. 6. 12, 24 h.
222 OGDR #H H5eaiisritE# N D-Hank’s
PHTERE, BT 8 95% Naw 5% CO, TR &4k
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0. 6. 12. 24h,
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ERFFEBWONEHARWKE SLI ) D-Hank’s ¥
W, BT 95% Now 5% CO, IR SR B/
EWE 4h 5, BESNEHNEAEARWE SLI
e R FRAERE 0. 6. 12 24 h.
2.24 OGD/R+3-MA+SLI (50 pug/mL) 41 #5¢
SR FEREBEYNEA 2.5 mmol/L 3-MA 584
FRILEHME 1 h, 1 h i EEHNESH 50 pg/mL
SLI. 2.5 mmol/L 3-MA ] D-Hank’s &, BT3¢
5 95% Naw 5% CO2 IRASMAMIEA/NEE 4h,
SRIGEHNEF 50 ng/mL SLI 588953 E
24 h.
2.2.5 OGD/R+3-MA 4l ¥5esRiarik BN E
A 2.5 mmol/L3-MA W5 &R FRIERATIFE 1h, 1h
J5 BN 2.5 mmol/L 3-MA ] D-Hank’s 7474,
B T80 95% Nov 5% CO2 JRA AR B 4E /N 2=
H4h, REBEHNTEEFRIETE 24 h,
2.3 SLI ¥ OGD/R % SH) Neuro-2a ffFIEER
FFLES IR SIS (lactate dehydrogenase, LDH) jf{HH
=g 0p A
231 HMAFIEZRMIE  Neuro-2a 4l & LA
1 X 10%mL 8T 96 FLARH, 357= R 40Ny BE A K
B5y, BPTHFSE. SAQRmA TG,
g% BiEW, BFLINAN 100 pL 574 10% CCK-8 1)
MEM };7255, 37 CEOLIFE 30min J5, A2 Y)
REERR I E 450 nm ARG (4D 18
2.3.2 LDHJWHERNE 4% “2.3.17 BT 7k
RN, AFFLUCEEANAE LA 25 uL, BRI
96 FLEH, A TSGR HI 4 1) CytoTox-ONE™
Reagent, 20 CH¥ & 30min, JIAZILWE 50 uL, %
SIRA 30, WIRE Aseo nm/A590 nm 1EL o
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SRR AN, FW M PBS Yk, AEHEET
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gerirh. 37 CREECHEE 15 min J5, @4
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o, B B IGEEA K IAA), &AM In AN 258
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TS 3 R, BRFLINN 100 pL 2 1%2 B0 ]
7 PMSF M)A, T UK EIFE 10 min, W&
ZUEW, 4 °C. 12 000 r/min B5C» 10 min, HY Fi%
7, FH BCA ¥EIE B K EE, FF M Loading Buffer
BN AR E 10% T hr BB R AN - T 0%
Tk ekt e f vk, ¥ 2 PVDF JE, N 4% B s 0%,
EiE M 1.5 h, A0 cleaved Caspsase-3
(1:1000). Bel-2 (1:1000). LC3II (1 : 1000)-

Beclin-1 ( 1:1000) . p62 (1:1000) . p-Akt
(1:2000). Akt (1:1000). mTOR (1 :1000) A1
B-actin (1 : 1000) Fifk, 4 CHELR ), H TBST
ZE PSR 5 UK, BER 5 min; I HRP ARiC 1L
UM/ 1gG Fidk (1:10000), =HEEE 1h,
F TBST Zeliseid 5 Ik, R Smin. &5 LS
RICHRG RGHAT R . K Image J A HT %
HIEEMKEE, HTHESHBEARERIES.
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e K SPSS 23.0 Al GraphPad Prism 5.0 4t it
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[N & 772 (One-Way ANOVA) 1] Tukey ¥ 56 34T
3T
3 4R
3.1 SLI ¥ OGD/R %S5 Neuro-2a 4HRAFTS. 77
JEX K LDH iRt 2/

Wi 1-A foR, 1S BE R T AWEER], Xf
H2H Neuro-2a 4l ffl 2 i, WHiEEAEK RIF, 400
EREK, MUARIEIH; OGD/R AN mg, MEEEE 2,
AR B 2. 4545 ;. OGD/R+SLI (10 ug/mL) 440 ffi i
AAPMGE, REAX LS ; OGD/R+SLI (25, 50
ng/mL) AN A% OGD/R HAA W B ikE, 5
AiAr, AUy EEdE BT, Wik 1-B. C fion, S5XH
A ELAL, OGD/R H 40 Mo 4735 3 W 2 FEAIK(P<<0.01),
4if iE W+ LDH e EH BT S (P<0.01);
5 OGD/R #1 %, OGD/R+SLI (25, 50 pg/mL)

A
OGD/R SLI 10 ug-mL™! SLI 25 pg-mL™! SLI 50 ug-mL™!
B C  300-
< Q\\Q 2504
5 ## H 2004
Jiets
@ e ?.é 1504
= S Z 100
N A
501
I e - :
XHE OGD/R 10 25 50 X8 OGD/R 10 25 50

SLI/(ug'mL™")

SxRAL R #P<0.01 ##P<0.001; 5 OGD/R Eb#: *P<0.05

#P<0.01 *P<0.001 vs control group; "P < 0.05

SLI/(ug'mL™")

“p<0.01, FHEA
**P <0.01 vs OGD/R group, same as below figures

E 1 SLIXt OGD/R &S Neuro-2a AT (A). FiEE (B) X LDHIRLHE (C) BIFM (X+s,n=3)
Fig. 1 Effect of SLI on cells morphology (A), survival rate (B) and LDH leakage (C) of Neuro-2a cells induced by OGD/R

(X£ts,n=3)
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HAMIAEE R EE TR (P<<0.05. 0.01), OGD/R+
SLI (10, 25. 50 ug/mL) ZH4HAR _LiE7+ LDH JRH
EWEFEHFL (P<0.05. 0.01). &W SLI 7 LAtk
OGD/R 53] Neuro-2a 4015, H AN,
3.2 SLI ¥ OGD/R #5H) Neuro-2a ZHAET-AY

PR ETHE (P<0.01. 0.001), Bel-2 & AFRIEK T
FIHE (P<0.01); 5 OGDR #lH%E:, OGD/R+SLI
(25, 50 pg/mL) AR %, Cyt-C Bl LA K&
cleaved Caspase-3 #H HRIE /KR EZERFK (P<
0.05.0.01), Bel-2 & [AFRIA KT 23 75 (P<0.05.
0.01). KW SLI 7EMIZ G OGD/R W fEH B A R4

Eﬁurﬁj
52
Wk 2 s, 5XRRALE, OGD/R H4iffdT:  1EH, 7lidE OGD/R G F H4EMeM T, Ui
. Cyt-C BEiE LA cleaved Caspase-3 #5[HFIAK  SLI EAPUH M T REE:
A o OGD/R SLI 10 pg-mL™"! SLI 25 pgrmL™! SLI 50 pg-mL™!
10°
104
& e
103 ! ‘Z_T '?“ ..r‘.
107 [ 2
102 10° 10 105 102 103 10* 10° 102 103 10* 105 10> 10® 10* 105 10% 10% 10* 10°
FITC
B C 15007 #i#
¥ £
S Q
& 5
SLI/(ug-mL™)
D 35

cleaved
Caspase-3 1.7x10*
Bel.2 [ = w53 x10¢
Bractin [ e 4.5 10

X OGD/R10 25 50
SLI/(pg'mL™")

cleaved Caspase-3
H AR Rk
)

SLI/(ug-mL™)

25 50 % OGD/R 10 25 50

SLI/(ug-mL™)

A-Annexin V-FITC/PUAS I T B-#HHMBATH  C-FAHYMK Cyt-C FILE  D-FZHYIHL cleaved Caspase-3 M1 Bel-2 & 34
A-cell apoptosis detected by Annexin V-FITC/PI B-apoptosis rate of cells in each group C-Cyt-C release of cells in each group D-cleaved Caspase-

3 and Bcl-2 protein expressions of cells in each group

B2 SLIX OGD/R iFS#) Neuro-2a MAAT AN (X+s,n=3)
Fig. 2 Effect of SLI on apoptosis of Neuro-2a cells induced by OGD/R (X £ s, n = 3)

3.3 SLI X} OGD/R #5H) Neuro-2a #iff BIEHE
XERARIERIF

WK 3-A Fior, SXTREAMEL, B4 4 h 540
Mg LC31I & HERIE CA IR ZE K (P<0.05),
HAJG 6 h ik B HAK A (P<0.01). HIk, #E—HF
7 SLI X OGD 4 h/R 6 h E W R IERIF .
Wikl 3-B AR, 52 LE#E, OGD/R ZH4H i LC3II
A1 Beclin-1 £ H R R /K23 FFC (P<0.01), p62
EAREKTFRETE (P<0.01); SHEAIH LA,
OGD/R-+SLI (10, 25. 50 ug/mL) 41 LC31 A%
KA B2 TR (P<<0.05. 0.01), p62 HEAFR

K KT8 A 25 A (P<<0.05. 0.01); OGD/R+-SLI
(50 pg/mL) #H Beclin-1 & FFRIAKFRES & (P<
0.01). KRB SLI &M IE It 42 m | WKV R 4E X
OGD/R #5117 Neuro-2a 4 () 53 F FH »
3.4 SLIBEEEBEHH OGD/R FSA Neuro-
2a {HRATC

WK 4 s, SxHR4LEE, OGD/R 44 ffT
TR D FE ML (P<<0.01), LDH JWil&E. 40iE0ET:
EPLK Cyt-C BEB PR (P<0.01); 5
OGD/R #1H#, OGD/R+SLI (50 pg/mL) ZH4H A7
R EETE (P<0.01), LDH JF &, piET-=x
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LC3II | | — o ——— | 1.5X10* ﬂﬂmﬂ . % SLI 10 pg~mL’1
. ) @0 SLI25 pg'mL™!
Beclin-1 l — —— — — — |6.0><104 ® 1.0 @ SLI 50 pgrmL™!
=
PO2 [ e - — e w—62%X10¢ B g5
il
B-actin |-----|45><104 e 0
X OGD4h/ 1025 50 LC31I Beclin-1 p62

R6h SLI/(ug'mL™")
A-BE 405, HE 0. 6. 12, 24 h 41l LC3I R ARIXE N B-B4E 4hJ5, E4 6 h FHMM LC3II. Beclin 1 p62 & A RIERE I
A-expressions of LC3II protein in cells after 4 h of hypoxia, 0, 6, 12, and 24 h after reoxygenation B-expressions of LC3II, Beclin and p62 in cells of
each group after 4 h of hypoxia and 6 h of reoxygenation

3 SLIXf OGD/R % S#J Neuro-2a A EIEMEXERMNHM (X+s,n=3)
Fig. 3 Effect of SLI on autophagy related proteins in Neuro-2a cells induced by OGD/R (X +s,n=3)

A 1.2 B
09 =
3 ]
5T 0.6 =
0.3 T
S 5
0
OGD/R OGD/R - + + +
SLI 50 pg'mL™! SLI50 pgmL” - = + + =
3-MA 3-MA - = = + +
OGD/R+SLI 0GD/R+SLI+3 MA  OGD/R+3-MA
C 107.23{‘_:' % ThR 24 3 4 363 '
10° 3 g
10° ¢ E
@ 1 E
~ 10‘3‘5 1
10 ]
102 L E
10! 3 T 1 o1y u ]
ikt 100 104 10° 00104 100 0100 10
FITC
D E
3 0
.1_] @
z Q
= 5
OGDR -~ + LA OGDR - + + + +
SLIS0 pgmL™ - -+ o+ - SLISOpgmL! - -  + o+ -
3-MA - - - s+ 3MA - - = o

A-SHAMAEIER  B-ZAHAM LDH J§iH®E  C-Annexin V-FITC/PI f 40T D-SHAMMA %  E-ZH4M Cyt-C BiE 5 SLI
50 pg'mL T A EEER: #4P<<0.01

A-survival rate of cells in each group B-LDH leakage of cells in each group C-cell apoptosis detected by Annexin V-FITC/PI D-apoptosis rate of
cells in each group  E-Cyt-C release of cells in each group #&P < 0.01 vs SLI 50 ug'mL' group

B4 SLI&EHEBEE OGD/R iF5SH) Neuro-2a HREAT (X+s,n=3)
Fig. 4 SLI inhibited apoptosis on Neuro-2a cells induced by OGD/R by activating autophagy (X + s, n=23)
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Al Cyt-C B ESA W2 FRK (P<0.0D). HIIAH
BRI 3-MA J5, SEZAMEL, AR

LDH i & 4HM I T3 A Cyt-C B E R A
4k, {55 OGD/R+SLI (50 pg/mL) 41 HLiA 3%
PEZER (P<0.0D). Ui BWEAPHIFH 3-MA 5,
GV AR BENTA T- M AR ORY R, AT 2 B [ Ik
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Fig. 5 SLI inhibited apoptosis on Neuro-2a cells induced by OGD/R by regulating Akt/mTOR signaling pathway (X + s, n=3)
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