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Mechanism of action of butylphalide against the injury following
oxygen glucose deprivation/reoxygenation in rat cortical neurons
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Abstract; To explore the mechanism of action of butylphalide (NBP) against the injury following

oxygen glucose deprivation/reoxygenation ( OGD/R) in rat cortical neurons, neurons of Wistar newborn

rats were prepared by filtering through a mesh, centrifugation and trypsogen digestion. A simple, stable
and reliable in vitro model of OGD/R of neurons was established. We studied the activation, the nuclear
translocation of NF-xB p65 and the mRNA expression of iNOS affected by NBP in each group neuron by
RT-PCR. NBP is proved to be able to add cellular vigor and decrease LDH release. The mRNA expression
of iNOS in neurons after OGD 4 h/R 8 h decreased when treated with NBP. There is statistical difference
between each concentration of NBP that it adds cellular vigor, decreases LDH release and expression of
iNOS in neurons after OGD 4 h/R 8 h. There is also statistical difference between NBP (100 pmol - L™")
and PDTC (100 wmol - L™"). Tt is proved that NBP can protect neurons, block upregulation of iNOS

mRNA, and restrain activation of NF-xB in neurons.
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RERSIA DK INOS (AR — AR A W) FiBM
NO B9E . ASCRAAMERIZF/ AR, I
NF-«B {&4 4 77 T X T ZE28 BR i 15 A 502 — 20
Fo

w5 H*E

B Wistar KEFLR B EREKXER KEZRE)
YR MR

FTERXAESH M DMEM/FI2 3% 5% &, D-
Hank’ s ¥, 2 H Hyclone A H]; Z R ER . JEEH
Fiig, 5 E Sigma A H]; R4 , Cell Science A ] 33,
R i S BRI &, B R A ) TR BT RNA
HIRENE, DEE TAY TREBEARRSARAHF;
TaKaRa RNA PCR Kit (AWV) Ver 3.0, 4 ¥ T
(Ki#&) A MRAF; BT NF-«B p65 B ESLIk, %
[ Santa Cruz A 8] ; B SP Kit, % SP Kit, DAB &)
&, LR PILEYEARERAR 5 WFF), BERKF
T/ B R EUREYRHEAE R AR IEE B

TEEBCYTLAMREE, BaZERRLE
A RAFIRAE, &8 >98%, F PEG400 Bhi,
T E MR, FHBAWE N 100, 10, 1 &
0.1 pmol - L™ 4 YERE4 ; PDTC, HEAMK(ERE
Sigma A F 72 &), F§ PBS BRI B & ¥k B N 100
pmol - L_lﬁﬁ%mo

HREIEFE B Wistar KELZLEBL(0~1 d), ¥ #
HELEE, IWIEPR L 55 E , R BUL
AR, VK EBRA D-Hank’ s W K BEHEE 57
M, AF40FES R 4R 2R T 2 S B, B /A
W5 o BRI R R, B A B3 IE 5 I, BY AR R fiBi B2
B, AR, B RS RERBUNHRS RERA
Y, W IR, BT 37 CHERAKBHA FIELE,
AEH MIERIEFRE A, F 200 B M58,
JEWESL (800 r - min ') 10 min, F % _HIEWL, I0E
BIREFRERIE, SR E T B TRERE L
BRERR 96 L. 24 fLA 6 FLMBIE RN, BT
37 C.5% CO, IBFFIEF, 24 h [FLBH% 48 h
BOABTHE I (KW 10 pmol - L™') 40324 b J5
SBHW,LEE2 d EBHW,

AN EER T/ EEERMNESL wREKT
d 7 MM & THETHRINEER T/ R EEE, 2R
SCER' M Ok, SRR 1.5 L SRS 78
FIEETL, R =58 I, 3 BIFE A I <AL,
T A RS 8- 458 T B DR K N T B 20 A A YR AL AR
Fio F3 D-Hank’ s Y0KF 3555t b B9 40 B GR R 38 , n

AFEREA R D-Hank* s ¥, o3 15 40 g 3% 77
WA REE S, TEERETFE L, HOREAN
A, WRABEEE, REMEENHSE, XH
WA =HEE, FHSALARETA 95% N, f
5% CO, MRASME, XHAH#ESIWM=EK., EX
RS ER AR 3 K, HIEWHRA SR
HEMA 37 CHEEAEY, 4 h /5, HEAEKREML
Y519 DMEM/F12 353, 0% D-Hank’ s ¥, EHF
HA 37 C5% CO, HMIRFMIBFRATE R,

MTT EREHMFEYE W4 IWaTEKS
d7 W96 fLiR , EEMERIZFRIA T AW, MAE
PREEE 8T ERERT, EERERTF I VEES8 h
JEBUH K R AR 1Y, AL A TG I 1 3 77 2 200
pL,MTT 20 pL 4k%:355F 4 h, 3% BEW, BHLWA
ZTHETWHR 200 pL, &% 10 min, F B ShHERL (3
1+ 570 nm) & RO BE (R (A) , TR1EE I B4 42 ST 4
MfF g EMES., EE 3 WK,

FEsHE S8 (LDH) (IE WM nAEKE
d 7 124 LR, EENERIF RIS T AW, AR
4 W/EEA 8 h JFIEIBFRW, #ial0 H F E &
B[R] & LDH %4, LDH RefE {3l BRAE BN W R,
RERRRS 2,4- A B 28 i 0 A BP9 B B — A
IR, TEW AW P BARLL A, B A TR B
b

R FEE T NF-«B p65 EARIE #
e 2 Ak 2 20 B B) 8 B 2 4H B 5 < SRR R RIZF
AffE] N 4 h R4E 4. 8. 12 124 h X}{E45 NF-«B p65
TR, HEERERIZF4 h HA 8 h A RfEAH
B A% T T BB PDTC i 4 %) 48 #¢ NF-«B
po5 HEATR

S EHAEN B SR KAEHABRMERE LA
0.01 mol - L™" PBS E¥k/5, 4% £ B B E & 20
min, 0.01 mol - L~! PBS EYE S5 min x3 ¥K; B
3%t EAVE, EE T HE 20 min, 0.01 mol - L'
PBS ¥k 5 min x3 ¥K; WMEHAME, /T HE
30 min, AP, MHIMEEE, 200 Wi 1: 100
Ry NF-«B p65 Hidi, PBS R —HifE= AW IR,
4 CIBETH, 0.01 mol - L™ PBS ¥ 5 min x
3 WmAEMRRCH =3, EREFF2 h, 0.01
mol - L™" PBS ¥k 5 min x 3 ¥K; & INBR 2 &4k
FRiC M E R, £RMWE 30 min, 0.01
mol - L ™" PBS ¥k 5 min x3 ¥K; %0 DAB B A%,
BIRE TR B ARNE, BXRAKMELXILEA, £
BEERBRK, —HREHTREPENESR, 8
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METME. BiE,

FERAE : HERICH %48, 10 x 10 (K548
TREPLBERR 10 A4 M 2 R ¥ 5 B REF, 10 x20
555 TREDLITEL 50 ML B, HECRB TN
4 ANEL: TEBO 4, REA L4, FFEA2 5,
R 3 4, AR

HSCORE = 3 pi(i +1) (1)

(i=0,1,2,3; pi FAHEDH i B9 LLAI)

113 HSCORE 1845y, %IER HEH R T H
AR AR KX R 55, BB R N 41 & A=A
B o

RT-PCR £ EERNEERFIV/EFSh K
254 Kb 3B S5 K B B2 R 42 ST INOS mRNA 3&Ri%
P KB i-NOS mRNA 19 b FiFs | 9: BiFs | 9%
%1 . 5'-TGGAGCGAGTTGTGGATTGT C-3'; F 5|4
F31 :5'-TCTCTGCCTATCCGTCTCGT C-3', ¥ 36k
5 B-actin mRNA( NZ ) B9 b . T3 9155 43 51
% :5'-CTGCCGCATCCTCTTCCTC-3' 1 5'-CTCCTGC
TTGCTGATCCACAT-3’, iNOS mRNA (41 B B
&4 212 bp, B-actin mRNA HJ3 38 5 B B f 398
bp, #HAN & UiHA 58 BURAE, 38 Bio-Red BERL
BB RERE

Gt E AL R x +s FR, H SPSS
10. 0 GEitH R M- HAT AT 04T , 4 IR LR O 2243
BT, 38 P <0.05 hERA DEE,

&R
1 MTT ZENEHAE

SAWERTE, KEER#LTAEHET
M, RRTE A MR B A, EHERIT 4 WV EE 8 h
i}, A R A A B R i, T ZRBR PDTC
ReFE BB, T HARBRAIK A K PDTC 433

Table 1 Comparison of effects of butylphalide ( NBP)
and PDTC on rat cortical neurons after OGD 4 h/R 8 h
(MTT method, x s, n=6)

Group A

0. 128 67 +0. 005 51
0.287 33 £0.006 03 *

Control
NBP 100 pmol - L™?

10 wmol - L~? 0.25833+0.04509% *
1 wmol + L7! 0.237 67 £0.003 21 % *
0.1 wmol - L? 0.202 00 £0. 003 641 * *

PDTC 100 pmol - L~! 0.25533+£0.00709° *

**P <0.01 vs control

InZ S P R R IER, S0 4 LB B
£5%(P<0.01,5%1),
2 IBMESE(LDH) BHEMIE

42t LDH RO 8 S Bk T 48 Mot LDH )%
B, BB T R I M, O AT DA A I 4z
JUSET- R HE IR, T ZERBKA PDTC FALBLE &
B, T HEIRERA- W 4 K% PDTC 443 7] LIRE{K LDH
R E, ST HLEE BEEESR (P <0.01,
#2),

Table 2 Release of LDH from each group after OGD
4 h/R 8 h treated by drugs (% £s, n=6)

Group LDH release/pg * Lt
1 148.100 0 £46.358 3
471.5333 +18.2179**

Control
NBP 100 gmol - L1

10 wmol « L1 554.966 7 +14.551 4°
1 pmol - L™ 659.466 7 +33.648 5°°
0.1 pmol - L™ 775.9333 £64.591 0°°

PDTC 100 mol - L°! 599.600 0 +71.561 8 * *

**P <0.01 vs control

3 NF-«B p65 &4t 24

EHFHBT, NF-«B p65 EH EEFE T4
¥, PR AERE, EEAFARESR, HE
HHMISR R FR A R, HLRE PH e 40 i B B3
£, SIEFHXTRAE, £0fEB(0GD 4 h, R4
h, R8 h, R 12 h, R 24 h) K[z it £ G NF-«B
p65 BARPEBUZRHBE (P <0.05), HAH
ERBE(P<0.05), EPERIZF4 h B, NF-«B i
PEAL, NF-«B p65 & HRAEWR, FERAER
YK, BlREEZRER; EERTF4VER
4 h B}, p65 FXAEIGTR, FRIAEN B
MRS L, MiE AR, BIRAEBREAKH
Mg £ (P <0.05); BRI 4 /EH 8 h iy,
NF-xB 5 BA P HIE(P <0.05) , LAGB BB
%33 B4 12 h, NF-«B p65 & HRHPEIEF X R
4Rk, SIEFNRAERBE(P<0.05); 8424 h
it NF-xB p65 FEHFRBMEIEF X RAMR, 51E
HHEBZEMNZR(P>0.05) (K3, F4),

#F NBP H1 PDTC 4bH 4 i 40 g, H NF-«B
p65 & HZA W B 55 , 2 HSCORE ¥4, I8
Giitatr, S RARZERBE (P <0.05)(£5),
ETHEHEB 100 pmol - L' 415 PDTC 4 k2 H
HBEM(P<0.05),
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Table 3 HSCORE of NF-xB p65 protein expression
in each group treated with OGD/R (% +s, n=6)

Group HSCORE
Normal 0.960 0 +£0. 028 3
0GD 4 h 1.6300+0.106 1*
0OGD4 h/R4 h 2.3500+0.0778"*
0OGD4 h/R8h 3.430 0 £0. 056 62
OGD4 h/R12 h 2.42500.0354"
OGD4 h/R24 h 1.390 0 +£0.042 4

* P <0.05 vs normal group; “P <0. 05 us other group

Table 4 Percentage of cells with nuclear translocation

of each group (% £s, n =6)

Group Percentage of nuclear translocation/ %
Normal 0.122510.003 5
0GD4 h 0.3550£0.0212°
0OGD4 h/R4 h 0.4350 £0.0212°
0OGD4 h/R8 h 0. 6000 £0. 028 34
0OGD4 h/R12 h 0.3450 £0.021 2
0GD4 h/R24 h 0.199510.014 8

* P <0.05 us normal group; “P <0.05 s other group

Table 5 HSCORE of NF-xB p65 protein expression
after OGD 4 h/R 8 h treated with drug (¥ +s, n=5)

Group HSCORE
Normal 0. 390 +0. 070
0GD4 h/R8 h 3.415 £0.213
NBP 100 pmol - L™ 1.268 0. 103 * 4
PDTC 100 pmol - L~! 2.578 +0.055 "

*P <0.05 vs OGD 4 h/R 8 h group; “P <0.05 vs PDTC

4 ETHWAMHEZTLH INOS mRNA giRIE

BT ORI M & T ERERF 4 EE 8 h
&, WEITTFEIABE INOS, Y& TofE T SR
25/ SAAL BN, 4> B FH NBP #1 PDTC Fib B3 2
JG, BT LLENE R T/ 5 E A ¥, A RT-PCR XK
iNOS ¥ mRNA , &% 3 NBP 4 ¥ /& 4 J: PDTC ¥k
B 98 EORE R/ B AT i & 1 INOS mRNA /K7
(P <0.01), T HHEL 100 pmol - L™'415 PDTC 4
HERBFEHER(P<0.01)(EF1.2),

Wit

NF-xB &R R 7, R R4 RN
SME B TIAE. ZTBFSURIBR M 15| &gl
i JBE 5 M LA PN B A R NF-iB B35 4. ML
YRR AR R R A T BT
¥R, NF-«B &S5 T Wsk i 51 05 /5 89 R %

mRNA relative value

0
OGD4H/RSH ~ NBP NBP NEBP NBEP PDTC
100 umol LY 10 pmobL ' 1 pmolL ' 0.1 pmolbL™

Figure 1
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Figure 2  Expression of iNOS mRNA in the rat
cortical neuron subjected to OGD/R and received
different treaments by RT-PCR. Lane 1: Marker; Lane
2: OGD4/R8; Lane 3 —6: NBP 100 - 0.1 pmol -
L™'; Lane 7: PDTC

JE, B 52 4R FET-HLE & %, 5 F NF-«B %]
| PDTC AT NF-xB [ 75 4k AT 55 3 4R 46 i o
WEALEY NF-xB B 5 Z MR AN EE , AHEIL1,
IL6. IL-8, iNOS, ICAM-1, VCAM -1, E-kiEE%
REMEET, 7 LREFHESITHEEH NF-
«B 3, FA bk 48 iF PR 75 f i 25 U FEE TE B
By BRSO R i ok 40 i R A R ST T
B15 S, BA S BRI S It
BT BB T T RHEB L8 2 8T
BH Y AN IR B R PR, 3 T BT
BAMSRPEREM T+ MERNKE, BE
SRR B/ E R, KRB R 2500
#il NF-xB {404 5 THFR T 2Bk (R 47458, T
B B SRS T R R 2
B o Ve A G R A0 Ab 2 WL B K B2 ST 2 T
NF-kB p65 B H7257E OGD 4 h Bt I 1580 B 3%,
NF-«B B¥% i R 8 h k3| fid, S5IER X RAE B
FExR HAM 2R BE, NF-«B ¥ES, B3|
FE 4 A R INOS By BEHE I, 7E OGD 4 /R 8 h
HIARMET i MTT 3508540 & o0 40 75 1, B3
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T RRBR W B 4H % PDTC 4o 35 v 38 hm 2 e 76 &
HERPER, SRGHARBRA BERER ., FRE
W R BT BRI A Mk B 4 B PDTC 4 34 7] Fik LDH
KB E, SRhadnBEREEER. £ 0GD 4
h/R 8 h B4 4 T, I T BB BAFIAL B 3 i 4 &0
23k NF-«B p65 % H i) HSCORE £ AT B Ko
Fi RT-PCR Rl T BB FRAL B4 28 TO A1 R P AL 3
#4270 INOS mRNA Rk ZE R, WS T HARBRA
W 4 K& PDTC 4 34 7] Pl # 4 70 iNOS mRNA %
ik, 5RHGANEREREEER . HLK NF-«B 7]
L VE INOS ik, T H R BRFAL )5 7] BE R H &
B T B ] BEHP & T NF-«B BB AL
HAREE INOS j3 3 FiY «B LR 454, LT R
Jash e 55 , B INOS 7 mRNA /K 3R A 0 8
FEAS. FULT] %0, TRHARBKREA 5T NF-«B 1§
P, BTG AR e Mi B3 FE 2R 9 2% 35 , 8 BB R IR T I
MR FEETT Y. M MTT 350040 a5 i
LDH B3 &l & & RT-PCR #:{l] iNOS mRNA ik
&I T HZEBK 100 pmol - L™'41 5 PDTC 4 Hui%
BREEZS, HTHEB 100 wmol - L™'4.10
pmol - L7'4H.1 pmol - L_léﬂ& 0.1 pmol - L_lﬁﬂ
4] A B2 7, PDTC 5 NF-«B #il50], A
BRI R AT DAHE I T AR EK 100 wmol « L' %t
NF-«B 1 %] #E F§ 38 F PDTC 100 pmol - L™, M
MTT % . LDH B &% 7] LAHE W Aias B T &R
BRE VR XM Eu A B ERIER.
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