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Abstract

BACKGROUND: Ginsenoside Rg3 can protect the brain from ischemia injury. However, it is unclear whether ginsenoside Rg3 can protect PC12 cell against
oxygen-glucose deprivation/reoxygenation (OGD/R) injury.
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OBIJECTIVE: To investigate the protective role and underlying mechanism of ginsenoside Rg3 in OGD/R-injured PC12 cells.

METHODS: A model of OGD/R-injured PC12 cells was constructed. Protective effects of ginsenoside Rg3 at different concentrations on OGD/R-injured PC12
cells were detected using MTT, lactic dehydrogenase, Calcein-AM/PI cell apoptosis double staining assay, western blot assay, and flow cytometry. PI3K/AKT
pathway inhibitor LY294002 and AKT activator SC79 were involved to reveal the potential mechanisms of ginsenoside Rg3.

RESULTS AND CONCLUSION: (1) In this study, OGD/R exposure successfully induced cell injury, which reduced cell survival and promoted cell apoptosis in a
time-dependent manner, up-regulated p-AKT/AKT and p-PI3K/PI3K ratio, increased the levels of NLRP3 inflammasomes, tumor necrosis factor-a, interleukin-
1B and BAX, and promoted the release of lactic dehydrogenase. (2) Ginsenoside Rg3 at a certain range enhanced the viability and reduced apoptosis and lactic
dehydrogenase release of OGD/R-injured PC12 cells. Ginsenoside Rg3 down-regulated the ratio of p-AKT/AKT and p-PI3K/PI3K, reduced NLRP3, interleukin-1B,
tumor necrosis factor-a and BAX levels. Ginsenoside Rg3 also suppressed the expression of activated caspase-9 and up-regulated the expression of activated
caspase-3. (3) LY294002 shared the same protective effect as ginsenoside Rg3 whereas SC79 reversed this outcome. Therefore, ginsenoside Rg3 protects PC12
cells from OGD/R injury mainly through inhibiting the PI3K/AKT pathway and phosphorylation of PI3K and AKT, which may exert an anti-inflammatory and anti-

apoptotic effect.
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1 #RF0755% Materials and methods

11 &t PRAMRM 2 SRS . X S SRAT 10 B AT T
ZEFHHERT IS IEAS TS, & SCRHUE T E 5. A IESS
AN PRI R A, 2 AR SR 7 20 s sk
HARART & LS A, WERHAESHa 5 kAR .

1.2 B RObE S2EG T 2020 4F 11 H & 2021 4F 12 AT
PN R 2 KRR AT 0 58

1.3 A PC12 i R B o ERVE R iR 5 5 4
EVER ST . NS R Re3 brdE Il B AL R E
FHEA PR A 7] (5G8360); 4 % 77 151 H 35 [ Gibco 7
EBSS ~F-fiif hiA I g DA R A\l s i aiE Tk
&I LI AR A RIPA 24K, BCA IX7 &
FLR A B R & . Calcein-AM/PIRF &I B _EHg28 = R4
MR F] s 1Y294002 $ ) SC79 ¥ 710 H 4% [H Sigma
A Pk 1.

F1 | MAEKIER SR HRELL

Table 1 | Antibody sources and dilution ratios

EIREN g A iz a4
NLRP3 % Abclonal(A5652) WB1 @ 1000
p-PI3K % Affinity(AF3242) WB1 : 500
PI3K % Affinity(AF6241) WB1 : 500
p-AKT H Affinity(AF0016) WB1 : 1000
AKT H Affinity(AF6261) WB1 : 1000
A4 = 1B H Affinity(AF5103) WB1 : 500
JRRIEA T a 7 Affinity(AF7014) WB1 : 200
Caspase-3 7 CST(#14220) WB1 : 1000
Caspase-9 FR CST(#9508) WB1 : 1000
BAX B, Santa Cruz(SC7480) WB1 : 500
GAPDH Y Affinity(AF7021) WB1 : 4000
B-actin it SIGMA(A5441) WB1 : 4000

K E 3 COo, 5 F: 4 (Thermo, 2£ [H ); Multiskan Go [if
FRAX (Thermo, €[ ); i /K HLIKAX (BIO-RAD, E[H ); =
AEEFRAE (YCP, ) ARIR SO (Scilogex, SE[H )
Orbital shaker TS-1 # IR (Kylin-bell, 1 ); Transference
decoloring shaker TS-8 # /& (Kylin-bell, Hv[H ); HH-1 #{ & 1H
MK (E A4, dE ) 7S2-S-SM {5 & 275 (Nikon, HA);
2RO A (BIO-RAD, K[H ) PRR & (Leica, 8 ),
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KGaA i L4t ML fX (Merck, fH[H ).

1.4 %7k

1.4.1 PC12 4 ffe 53 PC12 41 e {i F§ DMEM+ &1 2 Hh
10% JIfi 4= M3/ +1% 5 4 5 2% WA WBC ) 1T 52 1) DMEM 5¢ 4>
REFRAAT R IR . AR IRk 37 °C, R ECN
5% CO,.

1.4.2 HEARERISE / SRR AR (&R =K PC12
AR 18-24 h J5, FFEIHEIRE, IINFSAR K EBSS
SEM AR, RE KA E T YeP =S IR N, B YCP
ARG S HOR T AR 53 H0R 94% N, 5% CO,. 1%
0,, FPRGFRM & DUMAR MR ERE e, JFaa T 5240 M ) SEUnk
FIZFIE ). ARSI T EE, r kT 0.5, 1, 1.5, 2h [
B F AR 3, B SR g N =R TR A R O, N TR R
EBSS ZZh ERhA WL, W5 ILEE N N S5 1A FH ¥ DMEM 58 485 95 2,
R P 2 T BT A 3 R A N AT R R AL B 16 h.
TE A0 B AN AT SR R A3, R BRE Y SR [F) 2D
AT

143 Ziab

(1) NS 24 Rg3 [ : PC12 40 e ENE RIZF I, [
I8 F 1-100 nmol/L (1] Rg3 4b ¥,

(2)PI3K/AKT #0141151 LY294002 [¥)# F: PC12 20 il 7 46 %
FIZFRT, 4 AMFE A 10, 20, 40 umol/L LY294002 FiiAL¥E 2 h,

(3)AKT J#i% 71 SC79 15 Rg3 B A B H: 75 8 UR I - i A7 i,

4 AKT B 71 SC79(20 pmol/L) II A F 3 FR F b AL BE 1 h,
SR G TEERERIZFIT, [F A 100 nmol/L Rg3 4bE PC12 41 .
1.4.4 MTT faill Rg3 #5t LA R AHTE /) F PC12 4 fE
96 FLAR T, FFFLANLI )y 8 000 AN, AT AH R A A RE R L /
SRR EMIE)E, B 20 uL () MTT TAEW, 37 CiFA
=PI, ARE R R SR TR IRE, IEfLEEIA
200 pL —HFEPAK, =i FFEK 60 r/min #£5) 10 min, 45
J A5 FH B ARG 52 OGRS, KA 490 nm. DLIE ' 2H PC12
HARIGTE NS R, T EART RS T .
1.45 FLRARGRBUASI  fEEHEE A 15 h B FLER
ARG, B WITIRS), kS fEgiEE MmN E
1h, {40 MR IR T FH B FLAR 250 HLEA 400%g (1 2% 44 5 0
5min, FHIRIEEAFLIN 120 pL BIEHEEF2 208N 96 LA,
BT EREFL N NN 60 uL (7L RGN TAE M, 7ERRIK b=
IEREGHT & 30-40 min, £E 490 nm KA EROGEEAE, I
FRAE LR 2 205 PC12 20 i L AR i SR B TR «

FLIR I E BRI (%)= WO AR (AR PR )- WO AR (%
HEO/ RO BEAE (S KA ) - RO EEAE (4R )]x100%

W FEAE (X HE ) WROGEEAE (ARBE ) WROBFEAE (& RME )
PT35S RO BE AR S 4 R FH T B L I S Bl e
1.4.6 Calcein-AM/PI 4G T- W G Calcein-AM/P1 e 4R
FUE TS PR T, PC12 44 g 3% 18 10 000 4> / FLIF) 25
FEREFRTE 96 FLAR N, &SN #IZF / S A5, A

HA RS AR IR, G FLBEION PBS P4l 1 1K,
J:F% PBS J5, 4FLII 100 pL Calcein-AM/PI 4ot TAEWE, 7F
37 CHI4H MR IR 40 N BEE I B 30-40 min, B 5 8 28 % i
AT MR IR, R LAS X BT R 2 AT .
1.4.7 Western blot & G £ RIZF / SR E )5,
{8 F RIPA 24 EL PC12 400 (1) 5 B 11, 4R J5 H BCA k771
GOE EE P, B8 5xLoading Buffer i 25 1 FF i
BEAAEWRE; IR EOREN T INAE R LR, K5
HHTE A Hk: 80 VH K HLPKIR AR, 120 V 1H H FELIK 70 25 i
LK 45 G #E 4T LG 200-250 mA TE LG 5 — 2 AN
B 45 R {8 5% BSA SR — BB AN N, BE S A
TBST ¥ 3 X, 10 min/ I, SRJ5 (6 FHARN. —t 4 CHEH IR,
TBST Bt 3 ¥, 10 min/ Ik, &AM i =REE—
BIPRAS/NI, TBST ¥k 3 K, 10 min/ X, fxJm 34T 2 s BRol:
fi1H Image Lab GRS A #HATHERE, (A Image J 73 Hr#k
PEAT B 26T IR E T . RO I NT ik BE%
YKIE (1) B I EE E % IR BEAE 23 B LA ROVKIE SR H N S
M, BEHWEA/ ASRILE, HEDES 3 KK,
FrUAZ/0F 3 A A, R A AUE i b AT 3 — Ak 3,
PTG M

1.4.8 iR I A BRI T PC12 i i 3k 4T SR #IZF /
SRR ARG, TaFLIERFRE, RS EDTA [k
R AL 4H M, YOS 4 A5 LA 2 000 r/min 5.0 5 min, FHTE
PBS % — WX, 2000 r/min B> 5 min, ¥ gl
J& In N 250-500 uL Binding Buffer = 2 4H Jio 1 ¥ 41 i 2 90k 4%
B2l U . R BRI R 2 BB R AR, I 5 uL
Annexin V-FITC 11 5 uL Propidium lodide Zljii RFFEE N, 5
ML TR RS, = iR EE B 5-10 min, i f5 14 77 Merck
KGaA it A4l M A 22 3& M S50 4T AR .

1.5 EZ2MERAAE O @QARBAMBEIE; G
SHM I T g B S M oA @ JORE R R T AR AR A K
*F; B PI3K/AKT {5 i@ i i A RIAKF.

1.6 %itFodr  SZIERE UL xts . # ] SPSS 25.0 %k
it ¥ F A1 GraphPad Prism 8.0 £ 1] 73 #t 41 12E 47 £ 45 1) 42
TE5 0T, AL A ¢ ARG, 2 A1 LL s
K37 20 0r. P<0.05 NZESAHRFEEE L, P<0.01N%E
SR REEE L, P>0.05 MEANZE R B Z L.
EGEETTE OGN R B 2 R SR BT O AR
Gt K d .

2 Z5R Results

2.1 AA2H Rg3 xAMEH S/ AAEF A PCL2 tmieay PR
FAER 1A 2 NS 21 Rg3 MZEi=, fiH 1-100 nmol/L
1) Rg3 Ab HH 52 3 A [ If [R] 500 1 <F 4524 1) PC12 4t ffa, 4 [E]
1B ffi7n, fEAS[E450T [A] 4, Rg3 £ 10-100 nmol/L ¥ FE i
FRIE, &R T DAAS [F) R b T iy 40 PTG /0o @ik I e LR i
R IR REHOR PEAl PCL2 U247 AR S, Wi 1C FioR, 1R
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FERIZF 2 h i, Rg3 7E 25-100 nmol/L I 47T LW Ik D FLBE A Ed =i
i B RE T (P < 0.05). BIDAFE 0.5, 1, 1.5, 2 hitf, 40 £ 100mol. g3
R ZH 25 nmoI;L %3
?ﬁﬁ%ﬂﬂjﬂl%ﬁ?i}%’ %%U?‘j 81%, 75%, 55%, 51%, y‘j'f% [ 10 nmol/L Rg3
ST e pu - W . e g 1.59 a
R A EVE ST I ROR , J5 S iR A FH M RIZF 2 h, e ¢
= e
SR 16 h BEIT =5 ML
é%o.s-
A B 120~ b g
ob ab] B 10 nmol/L Rg3 : >
¢ 90+ T?T TI Eénmo:ﬂ: Egg = w137
nmol
Hom g 1 T J b 110 nmol/L sgs X £ e 4y
R al pb 125 nmol/LRg3 DELO_ 1o
v 60 LorTT - I 50 nmol/L Rg3 e
£ rrl 1100 nmol/L Rg3 25 nmol/L Rg3 g b
HO~_0._b i é&o._r,-
. 30 gs
" d Oo LOH 8 o
MCd ° 05h 1h 15h 2h 50 nmol/L Rg3 1 g M ‘ el ]
c ) : - R b
_60 ﬁél'o' d c
& " . e 0 L4 N a
e Bl B ANAZS 21T Re3 ML -4 B A ?ﬂé“_ T e
2" PCL2 LT 0.5, 1, 15, 2h B GHfs,  1womores 2
g To [ 1-100 nmol/L ) Re3 AT 4b 3T, X o-
z [ SHESE 6 h, BUALIERA NS, SHA 8 o
= M H., *P<0.05, °P<0.01(xts, n=6); C A% ¥l ro-Caspase-9 [N WS S—_G ———

Hzr/ SWEA R, LBRREAREIHEE S, FHASET Re3
YRYT, TE Rg3 YKy 25-100 nmol/L B, 2L 1 Mt S 11 A &2 k2>
SRERAAL, °P<0.05, °P<0.01(xts, n=6)

1 | ASEH Re3 MERERZT / SHES S PC12 MAERRIFER
Figure 1 | Protective effect of ginsenoside Rg3 on oxygen-glucose
deprivation/reoxygenation-injured PC12 cells

22 AR LHFRBYAEINS/ABLABRGFTH
tm i B T 89 % vk Calcein-AM/PI X 4t {4, 45 8L i /< Rg3 1]
DL > B <5 / R S d S amEs, |
2A. F| fi] Western blot & il ¥ T #1 5% & [ BAX. Pro-
Caspase-3. Pro-Caspase-9. CleavedCaspase-3. Cleaved-
Caspase-9 &Kk /K-F, SHEALZ AL, Rg3 7E 100 nmol/L
If ] DA S P AIS BAX 2 K iL (P < 0.01), mAMEE, 5
of FEZH AH L, AU 4H Cleaved-Caspase-9 & 4 7 /i, Cleaved-
Caspase-3 75 4 & {ik, 1M Pro-Caspasse-9 f1 Pro-Caspase-3 7%
F ARG PR TG W) S A8 ks 7R AN Rk B2 ) Re3 Ak B
Cleaved-Caspase-9 1A [£1Ik, Cleaved-Caspase-3 3% ik B i Ft
{5, Xf Pro-Caspasse-9 Fll Pro-Caspase-3 [ 3¢5 76 HH & 5210,
.[& 28,

23 AL Re3AMANER S [ LA LB F 49 KRR
%t WE 3 i, Western blot 45 1328, {# ] Rg3
AEFRANML )G, SHER M LE, Rg3 7E 100 nmol/L B T LABA
B 1% NLRP3(P < 0.01). H 41 /r 3 1B(P < 0.000 1) i J&1 IR
FEH - a(P < 0.000 1) )7L KF-.

2.4 1Y294002 *t 4% F) 4~ / T AR 5 AR PC12 20 2 49 PR
FAER DN W PIBK/AKT {5 5 10 2% 7E S0 %I <F / B2
A B A R AR HL 8RR S P PISK/AKT I % 41
il 71 LY294002 47 BH 1 % B S50, 72 SR R <F 2 h 19 2%
R, EMUE T LY294002 Tii Ak B 4H A, 2 SR 3R B AR
JE£ 1] LY294002 %) B % 9 /> FL R Mt 0 g IR RE 5 WL B 4A.
Calcein-AM/PI G i Rl 045 455K B, LY294002 BE % )il 4
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Cleaved-Caspase-9 m35 kD

Pro-Caspase-3|— — —— C— -|35 kD

e Comone s | W e D - ——-— |17 0
B [T R W G . |23 kD

GAPDH| WG — A — — — 37 D
SR AL 100 50 25 10
Rg3 W (nmol/L)

BIvE: B Ay Calcein-AM/PI 4 5 3 %¢ PC12 4H fifd ( EL 4 R: 50 pm),
HoP G A oy gt ta, FEANMON ATt B ONTEAENERIZE 2 h N, 2SI fE
F4 10, 25, 50, 100 nmol/L Rg3 4b¥E PC12 4iifl, Bl )5 4T 16 h (K15 0
HE, $EHUE A Rl H Western blot £ ] BAX. Pro-Caspase-3. Cleaved-
Caspase-3, Pro-Caspase-9. Cleaved-Caspase-9 % iA/KF-. UL GAPDH &
W, SHHE4MLL, °P<0.05, °P<0.01; S5HMAAHLL, P<0.05,
‘P<0.01, °P<0.001(xts, n=3)

2 | ABEFH Rg3 WEHERIT / ERESNGESNARATHEIT
Figure 2 | Effect of ginsenoside Rg3 on oxygen-glucose deprivation/
reoxygenation-induced apoptosis

FERZF | EREE ARG N ST, Western blot 45 5
RI LY294002 Fe % BH . FRAR 28 A AH G R 7 NLRP3. (41 g/
1B MIRIRIEIN 7 o A T8 [ BAX [IERIAKF, JEH
B LY294002 ¥ J5 1) Ft iy, FLXF PI3K R AKT (1 % £ 410 1
PR IR G 5E, L& 4B-F.,

2.5 %3t Rg3 3% PI3K/AKT 43 51 343 5 V5 ) JS 2T 842 %) 4 /
S AE S BB PCL2 mfinty Frm At — LR E Re3 X PI3K/
AKT {5 5@ B K TER, ¥ Re3 Sr 5 AKT U&7 SC79
A . FLREMRERELR R TR, SHEUHMLL,
BRI SC79 (1) FL IR Mot U R TR TG B B %2 S, T Rg3 Al
SC79 WA 1 5 s A ] Rg3 AH LG, LT Mt S B PR s £ 18
Z, HEg %% 5%, JE 5A. Calcein-AM/PI JL i Fl it 3
GERIF W, SC79 ReMp L HEANMIE T, THE AR TR,
Western blot 45 5% 0] SC79 Ak 5 4 SE A7 55 K1 NLRP3, H
U2 1B B IR SE R T o AT T2 8 BAX 7K, I
FLAEfE I B AL HE AKT FREER (b, [ 5B-F.
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Rg3 ¥ JE (nmol/L) B Pl Calcein Merge
A A4l HRAL 100 50 25 10 100

NLRP3 |--- W — — — — | 110 KD

e e -
Bractin | MEG—-———— —— | 2 D

TNF-a | ad

B I x4l [1100nmol/LRg3 125 nmol/LRg3
O #i A [ 50 nmol/L Rg3 [ 10 nmol/L Rg3
2.5 1.5
b b T
:jé 2.0 X
® 1.0
o 15 ¢ . ¢ o
HE R
1.0
o S 05
S os =
0 o

B fEARERIZF 2 h i), 4 JfEH 10, 25, 50, 100 nmol/L [¥) Rg3 4b
I PC12 4iiff, BHfE#EAT 16 h RIS A, $RIUE B A Western blot
R NLRP3. 14 2= 1B(IL-1B) . IR FE N+ o TNF-a) [ FRILIK P
DA B-actin NS, SxHBE4MEL, P <0.05, P<0.01; SHEAIAALL,
P<0.01, ‘P<0.001, °P<0.000 1(xts, n=3)

3 | ASEH R BEBHBRERERT / SRESMGESHRER M
Figure 3 | Effect of ginsenoside Rg3 on oxygen-glucose deprivation/
reoxygenation-induced inflammatory responses
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Figure 4 | Protective effect of LY294002, a PI3K/AKT pathway inhibitor, on
PC12 cells injured by oxygen-glucose deprivation/reoxygenation

i!s
|
60 a

D
XTJLA -
2 c
®1.0
Kini b
40

2

[ e 0 T

Eid
I AT A IRe3 AU JRe3+SCO LI SCr9 4L g3 4 !
c XPRRAL BIHAL  Re3 4l Re3+SC79 4l

BAX| S MNP SR S |23 D Rg3+-

LR I A B R (%) 3>

B

Bractn [ ———— 20 ]

E X 4L ALY Rg3 % Rg3+5C79 4
T CEEETS) I e aazw]  Jeawn EEeRre) @@ i
10 10 10 10’
<10 o <10° <10 < 10°
I"‘-Jm* r E‘10* g‘10’ ‘3;10’ "
8 H 8 2
L1097 SeguiEedt L1 L1097 £10
a ESh a a a
o 5 o o o:
aug2 850" a3z 30%) 462 9% a311.72%) a3a37%) ¥ a3 19%)
10' 10° 10° 10° 10° 10" 10° 10° 10° 10° 10" 10" 10° 10* 10° 10' 10’ 10° 10° 10°

Annexin V B525-FITC-A Annexin V B525-FITC-A Annexin V B525-FITC-A Annexin V B525-FITC-A

[ e 4 0 41 T Rg3 41 _Re3+5C79 41

FoooOXB4l U4l Rg3 4L Reg3+SC79 41

1.5 @15
NLRP3 [ — L s |110kD »Ef a < Bl a
IL-1B [ a 5 a gsko S10{ b L L
C = = i
TNF-o [ 25K0 s o5
B-actin S 42kD = i}
z 0 T -0 L
G M4l HIM4L  Re3 /4 Re3+SC79 41 15 , LS
P-AKT [ w— e —(c0 kD o0l 2T H 0l 2 4
I : T
AN | R —— )0 D % MM E
s U. ..
B-actin _—-!]42 kD £ g [I
oo L 0 T r

BlAE: B A CHTESERERIRE / SRR mT, A 20 umol/L (15 SC79 il
APEANNE 1 h, S5 SCT9 A By A i i FLER I A BRI, {H SC79
55 Rg3(100 nmol/L) B, AT LLyEAS Re3 HITRIIEH] . SRITMALAHLE,
°P < 0.01(xts, n=6); B, C >Ny SC79 Tk HE X} b R / EWEE A fn )5
BAX I [ I M54, SXHRAAM L, °P<0.01; SHINAMLL, *P<0.0%
5 Rg3 ML, P <0.01(xts, n=3); D 3 Calcein-AM/PI & {4 Wil 2% PC12
4 ( LB 50 pum); E 9t A M OO B T2 F, G NTEHEAT
BRI LT, {4 20 umol/L ) SC79 TRALFELHM 1 h, 7E5BERIZF IS,
[ £ ] 100 nmol/L Rg3 AbBE4H A, SRISHEAT 16 h B A SN, Bhj5iE
I35 19 F) B Western blot f& I NLRP3. (141 fi /2 1B(IL-1B). JilRIER3E
Rl F oTNF-a). p-AKT. AKT [fJ5Rik/KF, UL B-actin S, EXHE
YIMAEL, *P<0.01; SEIBLIKIEL, °P<0.01; 5 Rg3 ALK, P<0.05,
‘p<0.01(xts, n=3)

5 | 591 Re3 3T PI3K/AKT (5 S B IATIERAEXNEERS / ERESR
45 PC12 AARAYSZAE

Figure 5 | Effect of antagonizing the regulation of ginsenoside Rg3 on
PI3K/AKT signaling pathway on PC12 cells injured by oxygen-glucose
deprivation/reoxygenation
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