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AR AL IS T X AR, S5 iR )1 E W L 0E PIBK/ Aky/mTOR {55 38 B4 (R 47 -BHP 355 PC12 4l #5475 .
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[ Abstract ] Objective: To study the protective effect of tetramethylpyrazine (TMP) on PC12 cells induced
by tert-butyl hydroperoxide (t-BHP) and the regulatory mechanism on signaling pathway of phosphatidylinositol-3-
kinases (PI3K) /kinase B (Akt) /mammalian target of rapamycin ( mTOR). Method: PC12 cells cultured in
vitro were treated with t-BHP (200 wmol-L ") for 6 h to establish a model of oxidative damage in PC12 cells. The
experiment was divided into blank group, model group (200 pmol-L ' t-BHP), TMP group. PC12 cells were
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pretreated with TMP (25, 50, 100 wmol-L ") for 12 h, and then treated with t-BHP for 6 h. The cell viability
was detected by cell counting kit-8 ( CCK-8 ) method, and lactate dehydrogenase ( LDH ) leakage,
malondialdehyde (MDA ) content, superoxide dismutase ( SOD) activity, reactive oxygen species ( ROS) and
glutathione peroxidase ( GSH-Px) activity were detected by enzyme-linked immunosorbent assay ( ELISA ).
Apoptosis was observed by annexin V-FITC/PI double staining. B-cell lymphoma-2 ( Bel-2), Bel-2-associated X
protein ( Bax) , total protein kinase B ( Akt) , and phosphorylated protein kinase B ( p-Akt) , mTOR and p-mTOR
expressions were detected by Western blot. Result; The cell viability of PC12 cells treated with 200 pwmol +L ™" t-
BHP decreased to about 50% after 6 h. This condition was suitable for the establishment of oxidative damage
model. Compared with the model group, TMP (25, 50, 100 pmol+L ") pretreatment for 12 h significantly
increased the survival rate of PC12 cells (P <0.05, P <0.01), decreased the release of LDH and MDA (P <
0.05, P <0.01), significantly reduced the ROS content in PC12 cells (P <0.01), significantly increased the
activity of SOD, GSH-Px (P <0.05, P <0.01), and inhibited the cell apoptosis. Western blot showed that
compared with the model group, the protein expressions of p-Akt and p-mTOR in TMP (50 pmol - L")
pretreatment group increased significantly (P <0.01), and the Bcl-2/Bax ratio increased significantly. Treatment

with LY294002 ( PI3K protein inhibitor) also attenuated these changes. Conclusion: Ligustrazine protects PC12

cell injury induced by t-BHP by activating PI3K/Akt/mTOR signaling pathway.
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o E AL A (tert-butyl hydroperoxide , t-BHP) J& — fp f&
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MR o 1, 2 A A IR W5 R, DNA FI 2 H
B ARSI L ST PC12 4L - BHP 44k 5 15
R 22 B A 40 0 AH DG 8 B K UE T O, IR A T B
B 40 Bt 98 2 ( B-cell lymphoma-2, Bel-2) , Bel-2 #H
5% X # H ( Bel-2-associated X protein, Bax ) F1#% I5 Bt
JULRS 3 9 (PI3K) /25 F1 A B (Ake) /Wi FL s ¥ 75
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25T TR L

L2 Kz JIEBR(RLCEWHARALA, IS

MB6572-S, 4 & =98% ) ; t-BHP ( 3% [# Sigma /\ A,
L5 19997) s RPMI-1640 ¥ 5% Jk ity 4 1L %5 (36 [
Thermo 23 &, #tt 5 43 7] & 11875135,30044333 ) ; 4
WL /5 K B 2 (CCK-8 LA {28 £t
FWEFEET A S CKO4) 5 FLIR i 0B (LDH) |, i 4 1k
Yy AL (SOD) , % £ 4 (ROS) , T [ (MDA)
Hoechst 4 (47 & , RIPA 2L, ECL fb 7 &Gl
(B KA E AR ST, #5505 4 Coole,
S0060, 50033, S0131, C0003, POO13B, PO018 ) ; Bax,
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Bel-2, p-Akt, Akt, B-Jl 3l 2 1 ( B-actin) Hi 4k ( € [H
Cell Signaling Technology 7~ &] , #t 5 43 71|y #14796 ,
#2764, #4060 , #4691 , #3678 ) ; mTOR, p-mTOR $i 14
(2 [ Affinity Biosciences 72\ #), it 5 AF6308,
AF3308) ; I EHi R IR E 1 (1g) G =40, ILFHT
B IgG —Ht (bt P2 &AM HE ARG IRAF  #t5
4354 150110,112586)
1.3 {{# MC170 AU & B f 5%, CTR4000 #I {5
BOOE B (T8 Leica /A W] ) 51300A2 /4 ) %2
4> #H , Varioskan Flash B b1 (% , Midid0 % — & Ak ik
1235 46 ( 3£ @ Thermo Fisher Scientific 2~ 7] ) ; DDY-
10 %Y = 15 B Kk 1, Trans-Blot SD %Y 22 - #5 FI il | 4>
3l A Tk R R 1% 43 B &R 45 (36 [ Bio-Rad A #)) ;
Allegra64 R #4 v% 5 v L 85 0> AL ( 3£ [E Beckman 2y
F]); BHC-1300 T A2 R TAE S (1 &8
Al
2 FiE
2.1 ZiWiilgs KRS AR E % 13.90 mg T4 mL
ToH B0, A L E A (DMSO) 1 mL, 78 ik
JifE 5 ¥ 13 3 T YR A J TE ) A 100 mmol - L™ B
# Mo SEe ] 58 4 By 97 B W R 25,50, 100,
200 wmol- L™ "E R TAEWAER T PCI2 4l
2.2 MR FE PCI2 4H B FH & 10% FBS,
100 U-mL "% 52,100 mg-L "4 % Z ) DMEM 5%
YEFR A, BT 37 C 5% CO, 1Y 40 M 35 35 46 h 1
Fro 2~3 dERT K,
2.3 gty PCI2 40M0 AL B B 7 Ok Bk
K PC12 40 L) 8 x 107 /1 41 Jfd %5 & 42 #p T 96 fL
B0, AL 100 L, W BEJS A t-BHP ¥ W, 4
FLE LM BE 43 5 k9 50,100,200,400 wmol - L', %
ZLEEFR 6 h 5 SRR IG SR AL, A5 AN EE 3R 100 wL
1 CCK-8 10 wL, A 37 °C,5% CO, By &; F7 46 N B
F% 1 h, T 570 nm b & W 6B A, 5 40 8 A7
AT = (A — A )/ (Assiyn — A ) X 100%
2.4 )i E T AT PCI2 40453 BORE B
A K PC12 40 0 $% FR 2.3 JH AP A, 15 5% 12 h il B
JG A 10,25,50,100,200 pwmol - L™" J1] 2 & i 4b 3
12 h, A 200 wmol-L.~" t-BHP YEH] 6 h J5 , 3 55
FeHe 1045 20 i 100 WL K5 35 H R CCK-8 10 plL,
A 37 C 5% CO, MR FFRMMKEFR 1 h, K
570 nmAb e A, R0 AT R
2.5 LDH 1 SOD j ¥, ROS, MDA 4 & i I &2
O HCAE K PCI2 40 i de 2.3 ARG 57 12 h )5

A 25,50,100 pmol-L ™" JI 25 B Hi kb B 12 h, i A
200 wmol-L™" t-BHP YEF 6 h J5 1% Mt 5] & 3815 4
KM ROS, MDA 4 &, LDH 1 SOD 3% 44

2.6 HHARILENIETE (Western blot) K il £ 1 K3k
Ak K2R S i PCI2 4 i PBS Bk 3 1k,
JIA RIPA 2t i 24 i W T 0K 1 24f% 30 min, 4 C 554
T12 000 remin '&.0 15 min B 3, 5% F BCA it
MEHTE O E 2 )G, B O EREN 20 pg
ERESRH] 10% SDS-5 T4 I Tt iz B ¢ v Uk 43 25 45
Joi K U BN S PVDF B 6 Bl o e B s 1 5
5% BSA i, EIRPEHE 2 h, TBST ¥k 3 K, K
10 min; AR BEG I —40(1:1 000) ,4 CHEL R,
TBST $ R 3 ¥, Bk 10 min; A B B J5 09 — 4t
(1:5000) ,% WM& 2 h, TBST ¥ I8 3 W, & K
10 min; ECL &6 FHE 1 min B35, ff A Image J
A5 BT 45 A 2508 I K BE (B, 55 AT G 31 40T
2.7 Gtk SiF ¥ H R A Graph Pad
Prism 5 4748112250 1 IF R BER DL & + 5 R/OR
Z U1 L BCIE R SRR R 7 224007, L P <0. 05
FRERAGIEE L,

3 &R

3.1 JIEEHAFX PCI2 HRERWERE 2
P12 PC12 41 i HE 51 B 0 & 5%, K/h#% —, t-BHP
(200 pmol - L™") #5744 25 411 il K /N A B8, B A2 U
A R TR SR )R (R B 4k 25,
50,100 wmol+ L™") T &b FH 21 41 g % 25 40 42 484 i, bR
BT HHME, WE 1,

AZS 4 B BB 4, C. )il 3 B8 25 pmol - L' 4 DL JI| # 8E
50 wmol-L ™41 ;E. JII% B 100 pmol-L "4

1 JIEERALES -BHP % 548 PC12 MBS 8020 (fH &
B #8E, x200)

Fig. 1 Effect of tetramethylpyrazine ( TMP ) pretreatment on
t-BHP-induced morphological changes in PC12 cells ( inverted
microscope , X 200)
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3.2 R[A vk BEE t-BHP X} PC12 4 M 77 1% 2 09 52 i)

T8 — 7€ W HE T Fl N +-BHP 23336 i PC12 41 fifg %1k
I P 52 e 20 B A R, 5 A A L S0 ~
300 wmol L~ t-BHP fE T PC12 4Hff,6 h os 5
Vi JE AR T T A AEG A0 L AE 6 3% 200 pmol - L7
t-BHP2: 1% i PC12 40 fl 50% 2247 #1451 (P <0.01) 3
HH T AL, LR T,

#£1 AEKRE t-BHP X PC12 AREFRNHIM (2 +s,n=6)
Table 1 Effect of t-BHP on survival of PC12 cells(x £s,n=6)

2531 e/ wmol + L™ I J AT 15 2R/ %
2 - 100. 00
t-BHP 50 88.92 £9.78"

100 72.01 £11.12%
200 45.86 £5.41%
400 20.32 +3.11%

S EA B P <0.05,7 P <0.01,

3.3 Il % WAL 3 X -BHP 5 473 9 PC12 4 ffd 17
RN W 525 4 iR BRI PCI2 41 A7 1%
R EREAL(P <0.01) ; 5HIAIL LB, AS R ik B 1]
EEAL B S, t-BHP 51455 i PC12 20 M 47 15 2 W] G
T FF(P <0.05,P <0.01), Hr125,50,100 pmol -L "'
MW N, A AA e R A A B E RS, W
2,

F2 JNIZEHMAEX -BHP Hif5H PCL2 AFEFENE M
(x+s,n=6)
Table 2 Protective effect of TMP on PC12 cells treated with t-BHP

(x+s,n=6)

15 We g/ pumol - L ™! A B AE NG R/ %
= H - 100. 00
i 50 200 44.22 +8.93"
TMP 10 47.55 +4. 65
25 59.15 £5.36%
50 73.96 £2.91%
100 67.17 £4.61%
200 48.67 +1.86

HE: S AR P <001 SEMALEY P<0.01,7P<
0.05(F3~5[).,

3.4 ISR AL BE X MDA & i K 40 M b3 P
LDH &R M 525 44 4,200 pmol - L7
t-BHPYEH] PC12 4 il 6 h J= , ML P AR B2 iod 404k 7 )
MDA BZE N (P <0.01) 5 58 4] H gL, 1| =5
% ob L R RE P I AR A 9 MDA B9 & 4 (P <
0.05,P<0.01), 525 HAH K, SRR PC12 41
Ji F g W LDH JF 4 2 2% T (P <0.01) 5 518
SR, N ERAR L g 5 RE A [ 2 B8 1 o A1 4
<70 -

A 55 PC12 21 M 3% W h LDH 3% % (P <0.05,
P<0.01), W33,

£3 JIZEFLAENEHIRG PC12 Ak MDA S8R k&K
1 LDH &R0 (x +5,n=5)

Table 3 Effect of TMP pretreatment on contents of MDA and LDH
activity in PC12 cells treated with t-BHP(x +s,n=5)

24 51 WA/ wmol - ™" LDH/U-L™! MDA/mmol-g ™'
2= - 88. 10 +8.24 0.85 +0.23
L 200 181.84 £8.77" 3.02 £0.55"
T™MP 25 165.89 +4.73% 1.97 +0.32%

50 141.85 £7.95% 1.24 +0.52%
100 159.28 +4.10% 2.68 +0.38%

3.5 1]k 4b 3 X%F PC12 41 Jfd N GSH-Px, SOD
TP ROS SRy m 525 HA W, -BHP i
F6hJ5, 4N ROS & Fm (P <0.01),
GSH-Px,SOD i 1 i ZF FEAL (P <0.01) . S A
YA, DA WA b L 70 et AR AN (R R B ) T v A
Ma 2% N GSH-Px,SOD ¥ J1 (P <0.05,P <0.01),
JEREAL ROS & i (P <0.01), WK 4,

x4 JISEMAE PC12 41 KX GSH-Px,SOD &1 ROS &
BRI (xts,n=3)

Table 4 Effect of TMP pretreatment on ROS, GSH-Px and SOD
activity in PC12 cells treated with t-BHP(x +s5,n=3)

e B SOD GSH-Px ROS
21 5
/pmol -1, 7! /U-mL ™! /U-mg™! /%
=H - 32.67 +£5.79  69.47 +5.08 115.67 +4.19
1oAY 200 16.52 +6.23Y 36.77 +6.37" 265.33 £5. 44"
TMP 25 21.33 +7.41%) 49.83 +3.70% 237.00 +5.17%
50 25.37 +4.78%) 62.33 +6.05% 166.00 +6. 16>
100 19.67 £5.73% 49.06 +7.21% 215.67 +4.92%

3.6 JI| &= T AN 3 -BHP i § 89 PC12 48 g vp
Bel-2, Bax, 2K H 4 B Akt, p-Akt & mTOR, p-
mTOR A XXM %MW 5% [ 4] b, -BHP
(200 Mm()l-[fl ) T 2H 5 2% R 8 p-Akt, p-mTOR 4§
Ik (P <0.01); % F 4 Bel-2/Bax {i (P <
0.01), HHEAIL A, I % (50 wmol - L7") T
b3 8 2 | p-Akt, p-mTOR % 1% ik & Bel-2/Bax
(P <0.01), MS5NZHEALE, NZHES
LY294002 Bk & 4b 22 ] LA 9§ 2> p-Akt, p-mTOR #E [
%35 & Bel-2/Bax (P <0.05,P <0.01), VL& 2,
%5,
4 itig

AT AF S X T P AR i 28 2R Gt SR AR S I 9T R R
IR, BT 7R 2% T BRORE S B 28 3R AT M 800 I TR I e R B
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w—— wasw 60 kDa
Akt —— — e w—— 00 kD2
Bel-2 s werwn w26 kDa
Bax amme e wwwwe w21 kDa

[-actin cmen enm e ap®» 42 kDa
p-mTOR -~

p-Akt — - -

we— == 289 kDa

MTOR s s = === )30 Da

[-actin «———————_— 13 D2

A B C D

A7 AL B B 4L G Il R S0 wmol - LT AL DI
50 wmol+L ™" +1Y294002 20 pwmol-L ="' 4
& 2 PCI12 i1 Bel-2,Bax, Akt, mTOR, p-Akt, p-mTOR & H R ix
B ik
Fig.2  Electrophoresis of expression of Bcl-2, Bax, Akt, mTOR,
p-Akt,p-mTOR in all groups

Y SEL I o R FE R A 2 R G b, ROS (1 7= A TR
fifk 25 2 AL A B A S A R Al — BT, R
A 7 38K I8 A o 28 T 15 405 A 2 e 1 i Az TR 2R
t-BHP ©L 4% ] 32 A 4 A0 155 584 1% 40 4k 1 3 4R
bro >k B t-BHP (% F B 325 5 240 9 i, B A
b A& W 2B BORE T S BN U T R 4 i
gers W E AR T 1,0, Rk . IR
o, B E BERE -BHP SR T A0 N O 240 A A% o
12 H B AZ B B, LDH B B ik B 5% 5% & o,
LDH B il & 40 Mo 45 45 00 T 2245 5 . Wk, MDA
2 A0 3 LA P B T S A Y 7 A, T e
MR R SR G SR, I R T L

x5 JEEFLE -BHP 551 PC12 41k Bel2, Bax,Akt, nTOR EE RIEMEM (x £5,n=3)
Table 5 Effect of TMP pretreatment on t-BHP-induced Bcl-2, Bax, Akt, mTOR protein expression in PC12 cells(x +s,n =3)

24 51 e BE/ wmol - ! p-Akt/Akt Bel-2/Bax p-mTOR/mTOR
2 H - 71.60 +3.69 49.96 +0.43 17.10 £4.70
i - 40.32 £0.92" 21.84 £0.18" 25.58 £1.00"
NI g 50 94.31 £3.50% 119.79 +2.65% 83.70 £0.64%
NI + LY294002 50 +20 46.73 +4.55% 84.15 +0.92% 34.76 +5.10%

PRI 40 B % 77, /> LDH B 5 MDA & &, H
TMP 7 50 pmol - L™' 2% £ % & 3%, i TMP #£
100 pmol-L ™" A2 A 40 50 pmol - L™ 2%, H 5
25 pmol« L™ I HE AR IS b1, 2 W 115 W Xob 41 fifd % 77
LR VE RS 5500 B A P, I HL v i ) TMP 23 5%
PC12 2 {38 155 A0 0 oM DG i B 7, i — 25 2R 5
MRS 25 R SRR o

R BT A AL Y i (SOD, GSH-Px ) 52 Blj 1E 481k
IR 3847 A A I o — 3 kT e oy 1
A 16 W T3 L 3 B ) ROS i BIL AR b F S itk
AU LG P 6 A% SR T LR WS B ROS B fiE
Jio ARSZE: X PC12 4 ffd )9 SOD, MDA, GSH-Px fi§
T AT 7RI S 56 45 R SR WY, A A 40 i N
SOD,GSH-Px, MDA 14 {if ¥4 B 18 [ , 15 BH 4t ifg 52 %)
i, iE Bk ROS MURE I Z B WA MH . 45 T A [l vk
JEE B N ES g TRE SR S B 400 1Y 40 i 9 SOD, MDA,
GSH-Px 1 3% VLW 1 b var , SR WY1 25 R R 6 W) I ke o
t-BHP %f PC12 4 g § SOD, MDA , GSH-Px & M (141
il , 4 = 4 B S 7 LA s B ROS B RE 1. SEIe 45 R
03, 38 R IR BT AR A ) T Y T M T BRI A R
FEARME N ROS & Ll Z —.

VAR VR Z2 058 3 W1 5 R e 65 DR 4P b 22 A i S
PRGN Z AR . TR A B ST & BN S
AP LR R TS AB 15 Y PC12 41 i 44 .

TANG %" B 55 2 WA 1] 25 W 16 & vK 7 i it PI3K/
Akt {55 30 A ] AL R A S 1 SYSY AR T,
WANG 52T )0 1] 25 W8 58 8 3 7% AMPK/mTOR %
3 DR APORE B BRS04 b R) S 5 A0 e A
T2 JIEWEJE A5 e 0838 o ¥ 7% PI3K/Akt/mTOR {5
530 B AP PC12 4 4 32 480 Ak B I8 095 1 oK D AR
ROCHRMIE o ABESE R T 4RI E X t-BHP i &
() PC12 41 i 4653 43 1 5% i, 15 5632 A t-BHP E 17 14
AN FR B LG 25 e T PC12 40 i 4 45 47 1 1
SEA L2 | E g AL RS T LAYE S - BHP 35 511
AALBOIER . e — 20 B 2 5855 -BHP 75
F0y PCL2 4f 53 45 1 ML, 4 3F 58 XF PI3K/ Akt/
mTOR {5 %538 [ v BT 5 Je 1) — 26 5C i 2 1 iff 47 oF
Fo BRFY NN EHERRGE I Akt LT EEA
mTOR @R AL (HIF AR5 Akt S (R B &,
I H 24 )1 E s 5 LY294002 ( LY294002 J& — Fh 1] ik
PEVE B 7 4 L 9 PI3K R S M4 i 57) , LY294002 fF
TG ATP 25 G 40 80, 10 1 3 4 7 i 09 28 5 1F
FH) B4 T Hist Akt F1 mTOR (4 B 2 16 A B 0ai 55 1k
— RSN E R 38 o A 5 PI3K/Akt/mTOR {5 %5 i

WA T, 28 LTI, A T -BHP i S 1
PC12 20 il 48 A4 1 158 78 2 258 2 1|55 R it A Ak 460 4
EH . S5 RFRWI, I aT #5410 +-BHP 55 3 1Y % 1k
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