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HE HE MERRKA RN 5 (blood tumor barrier ,BTB ) A id i M Aw 22 ZLR B LR
& % 5 ( mitogen-activated protein kinase ,MAPKs )12 5 4 i@ R A0 L M BE R X 5 ENHm, Aix X
R, C6 & I8 4a fiL 5 A48 Bk M & 28 2. (human umbilical vein endothelial cells ,HUVECs ) d£3&c # 5
BTB # A5, X = @4, ik H &, P . & # £42(25.50.100 pg/mL), #4217 A 8+.%(0.10.30.60.120.180,
240 min) A E 3 MER, ROUAEKR AL BRI LR ARFE, AR AL TR ZKL , BHETR
) B A) S OMC SR dm e, SRARaE B AL B (horseradish peroxidase, HRP) &l BTB i@ i# 14, Western blot
#-m) 4w AL S ME 5 R T 3B (extracellular signal regulated protein kinase,ERK) , &% 1£ ERK ( phospho-
rylation extracellular signal regulated protein kinase, P-ERK) , P38MAPK , # & 1. P38MAPK ( phos-
phor-P38,P-P38MAPK ) , & & K %# & (c-Jun N-terminal kinase,JNK) #=#82 & JNK ( phosphorylation
c-Jun N-terminal kinase ,P-JNK) #5 & ik, &R 5 K410 min i, A& P & A 4 & 60 il F &
7+ (P<0.01), P-ERK &k &7t %,/ 30 min AR &1E, AT A4 K-F(P>0.05), 5 2&a4
Yo K A = 41 10 ~240 min HRP i@ i £ 7+ % (P <0.01),30.60 min P-ERK & & £ & 71 &
(P<0.05),f&. % .&# &4 180 min P-JNK & A& (P <0.05),240 min P-JNK & i A& (P <
0.05), Sk F2Lr4k, & # #4210 ~180 min P-ERK & i # % (P <0.05),30 ~180 min i i& F 4
% (P <0.05),180 min #= 240 min P-JNK & X /& (P <0.05), 5 F Al 24k, /=4 10 ~
180 mini@ & £ 4 % (P <0.05),10 ~180 min P-ERK & A # & (P <0.05), 180 min#= 240 min
P-UNK £ A BAK (P <0.05) . &g kA @it F MAPKs 12 5 i@ 769 ERK B 1L 3t v v 1 M T 8 48
KE G F A KBAT T BTB Pt LR,
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Effect of Borneol on the Permeability of Blood Tumor Barrier Model and Its Mechanism Study
XING Yan-mei, YAN Xiao-ning, GUO Jun-gia, and ZHANG Rong Institute of Clinical Pharmacology,
Guangzhou University of Chinese Medicine, Guangdong (510405)

ABSTRACT Objective To observe the effect of natural borneol on the permeability of blood tumor
barrier (BTB) model and the expression and activation of mitogen-activated protein kinase (MAPKs) sig-
nal transduction pathway related protein kinase in vitro. Methods C6 rat glioma cells and human umbilical
vein endothelial cells (HUVECs) were co-cultured to establish BTB model. Then 4 groups were set up, the
blank control group, low, middle, and high dose borneol groups (25, 50, 100 pg/mL), 3 samples collected
at 7 time points (0, 10, 30, 60, 120, 180, 240 min, respectively ). Blank culture medium was exchanged in
the blank control group while medication. Different doses of natural borneol were administered to the 3 bor-
neol groups. Cells were collected at different time points. BTB permeability was determined using horserad-
ish peroxidase (HRP). Expression levels of extracellular signal regulated protein kinase (ERK), phospho-
rylation extracellular signal regulated protein kinase (P-ERK), P38MAPK, phosphor-P38MAPK, c-Jun N-
terminal kinase (JNK), and phosphorylation c-Jun N-terminal kinase (P-JNK) were detected using West-
ern blot. Results Compared with the same group at min 0, the permeation rate obviously increased (P <
0.01) in the 3 borneol groups at the rest time points. P-ERK expression was elevated first, reached the
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peak at 30 min, and gradually recovered to the initial level (P >0.05). Compared with the blank control
group, HRP permeation rate increased from 10 min to 240 min (P <0.01), and expression of P-ERK protein
increased at 30 min and 60 min (P <0.05) in the low dose borneol group; expression of P-JNK protein de-
creased in the 3 borneol groups at 180 min and 240 min (P <0.05). Compared with the low dose borneol
group, expression of P-ERK protein increased from 10 min to 180 min (P <0.05), HRP permeation rate in-
creased from 30 min to 180 min (P <0.05), expression of P-JNK protein decreased at 180 and 240 min
(P <0.05) in the middle dose borneol group. Compared with the middle dose borneol group, HRP perme-
ation rate increased from 10 min to 180 min (P <0.05), expression of P-ERK protein increased from 10 min
to 180 min (P <0.05), expression of P-JNK protein increased at 180 min and decreased at 240 min (both
Natural borneol arrived at the effect of regulating re-
versible BTB patency possibly through activating phosphorylation of ERK in MAPKs signal transduction

P <0.05) in the high dose borneol group. Conclusion

pathway, and further reversibly down-regulating expression of associated proteins.
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ki JG2 SETRE AR S P 28 2R 0 e B DL ) S P g, o 4
A R 40% ~50% 1 X SR R 43 1) 18 5
K, CHAHIFBOLT- W EEMREZ —. FREARAEAE
T2 4 HIRE BB TR D RE X AR BRI /N ) e S5 9eg T
PAE o ARG AN, I 4 1 i Joa 98 7 A I il LA Ak
ST R FELREIEIRIT

TR AT NI s, KERVK A gk Bk T
JC I B g 5 (blood tumor barrier,BTB) , B4 55 4T
IR 25 I L E RS 1 BTB T8 % %, 2 = LG 7Y
AR T BE o A PN S 06 26 SR 34 I R H e B M ik
BTB ML 5 AT T i 553 % H AR O B 1 S [
T (zonula occludens-1,Z0-1) .F-UL31%E H (fila-
mentous-actin, F-actin) & 2%, {H vk K- fa] 978 45
B CE A RIBN 0 FILHLE T 2 — 20 R
PRt , A S DL FE T Bl 57, BTB AR SMEEAY By B it
b A 22 24 5 Ak EE R (mitogen-activa-
ted protein kinase ,MAPKSs ) {5 518 I A i 4 ME 514
¥ 4 (extracellular signal regulated protein ki-
nase,ERK) , B2 1k 40 4ME 5 715 B4 ( phos pho-
rylation extracellular signal regulated protein ki-
nase,P-ERK) , P38MAPK, fi ik ft. P38 MAPK ( P-
P38MAPK) , & J& & ¥iij i il ( c-Jun N-terminal ki-
nase,JJNK) FIi IR 1 1) 24 5K o i3 i ( phos phory -
ation c-Jun N-terminal kinase,P-JNK) [ 315, 8
TR AR VK 7 P45 38 325 1k %) 43 BILTR, SR vk R i2E— 20
Pl PR, o i e S e Ay 7 RCR S AL BB A A o

5%

1 4R AR A R 40 Ak (human um-
bilical vein endothelial cells, HUVECs) , g H

natural borneol; mitogen-activated protein kinase signal transduction pathway ; blood

Bl B U 40 AR A 5 T 4R )%, B S5 30 -
2001,10% 54 i DMEM-f12 85 35 35 L% 35 5 K
R 0G J5C Jo TR A L ( C6 ) L W B Hp Rk 2 B L 4 A
Y12 sE T A, H %5 TCR1, & 2. 5% a4 I
5 15% GG F12k 5535380 78 s 35,

2 2 RERVK A, S R A T e i 1)
Eit 97.983% 454 2010 fld rhAe A R AL Fn [ 24
) HE , L TME SR VK AT dit 5 :080922

3 A K AXEE BR A LE (5 16050 -
122) . 7 (#5:10099 - 141), £ [H Gibco 44
A3 F12k RS (L5 :21127 -022) , 3£ [H Gibco 24
7 ; DMEM-F12 1% 3% 5L (4t %5 : SMEOO1 ), 3 [& Hy-
clone 24 7] ; ERK 2 sefEdifk (dit5: 9102) , P-
ERK i EHiik (L5 4377) , P38 i ¥ fE 47t
(4t 5. 8690 ), JNK # B 7 & i f& (3t 5.
ab179461) ,P-p38 (#t5: 9216) ,P-JNK /)l Hi7%
FEHUAR (L5 9255) , B-actin % £ e EHIIA (415
AP0060) , ¥ [ N & v A= R A BR A s HRP
PRic LA R Zdt (Hik45: 1H-0011) , HRP $Ric Y
WPEHUNR T (5. IF0031) , bt 5 [ 5 A 1y
ARG RTAEA T 1L Transwell ($#15-:3450) , 1~
M ZRE W R AR A BR 5T 4R /s BCA 5 & (L5
PWO0104 ) , 3 i /K 2\ &) ; Western blot 25 nfi ik 45 %4
(#t55:WP001) ,J MBI B AR A BR AT 5 B E
% (L5 :WP002) , ) NI R 1 AR A B2 7] 5 T
Marker (#it*5: PM0033) , b 50 5 [6 B B AV H R FH
FRTTAT AN 5 24 (HiE 5. PCO01 ), I M S Al /R 24
Al. ZIIREHEEbRIL, 5 PerkinElmer 28wl fb 2% %
JCEENE 1514 R 45, 32 [E BIO-RAD /A w5 & B HL ik A,
%E BIO-RAD A+,
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4 C6 4ififg f1 HUVECs Ll 557 BTB #isl
S MMBHZHR[4,5], 24 fL Transwell #7, %80 H -
BURISINEE SRS, B T 37 CH:FRMh it s 20
4 h % H. 2. 5% G4 MG F1 15% Siiig F12K 375
HiEk C6 A, JARE AN 2 1 x 10°/mL, B 50 pL 4
FiF Transwell /N AT, B F 5= LB ks 5%
4 h SRIEEIE /NS RCT 24 FLBCP AR R . 24 4L
KEFER N M 0.6 mL 58 4 K5 = 5, £ 723 1 im A
0.1 mLoEeREF %L, BT 37 C 5%CO, MEFRM Mgk
SERESR BRI 1 U7 C6 4HfuEh & 2 80% I, HiufL
e HUVECS, 1 & 10% FBS i) DMEM/F12 58 4 8%
FRILT AN 3 x 10°/mL, B 0. 1 mL Ffiy
F Transwell BEPIMI, AF R0 1 I, 3L55 5% 3 K, 5
Fhaffa 737 7E Transwell BERMIE B2 , 2w SE 50 FH
PR GERLRED) ATiEAT N — 20500, See e m s
3 RAESRAL(VE LI A]) KT EERh 125 1 4, 141
3 NE L. 17 Transwell fLE S S5 e 77 L4
MR R TAME W = 0.5 em il s T ¢
Fi 4 h JEEUH WSR2 A RE S 4ERF 0.5 cm, DA
TG S B R B SE

5 4o TR RS ISR AL
(s 20 X ey S I O (AN EN= 5 b S N (AN
R4, vk A 25,50 .100 wg/mL,0.3% DMSO ;5%
TR R 28 VAL VKO AL 25 25 IR B R 42 s R 0 vk
RS R K R, 417 A8 45(0.10.30.60
120,180 .240 min) , BT 3 MREA

6 KrHEhR Sk

6.1 #M T ALY (horseradish peroxi-
dase, HRP) i sl BTB @& kb A&
4 500 ng/mL HRP JCE 2L DMEM/F12(1: 1) 3555
0.1 mL, [FIBf£EZ b B Fet L M A 0.6 mL A&
HRP 35 3% 3k, 4 8 i A F- . 4390 F 0,10,
30.60.120 .240 min M2 FP 457 BURE 50 wl, Bk
BURESE ¥ ) &2 Wb #h 78 50 pl JCER 2015 37 3, FFR
AWHESEE G BT A 5 mA 100 wl TMB &

T AE W, #E56 )W 30 min, 4K )5 4 L 50 L
0.5 mol/L H,SO, % 1k {5,450 nm P K Ab i & 3
OD fH. H4EFrdEZiT A HRP ¥ B, HRP i % 3
(%) =(Cru XV45/C s XV ) x100%

6.2  Western bloting £; il ERK, P-ERK ,
P38MAPK .P-P38MAPK . JNK . P-JNK 7 [ # ik
BTB #& |2 R 435 i A 100 .50 .25 ug/mL KA,
Fn 25 J5 A I8 B[] 45 (0,10,30,60, 120, 180,
240 min) B & 25559738, FH 4 CPBS ¥k 2 ¥, Jin
50 pL 2R (RIPA: F5 [ 00 1 590 2 1 ol e it 00 1)
#1=98:1:1){£/H30 min,4 °C .14 000 r/min &[>
5 min'®' UTIEE A BCA 5 & (HiFR1L 562 nm)
HEATRE i o

B R E AR (40 png) 4 SDS-PAGE Hijk4y
BE, RS R IRA R L ,5%BSA £ 4 h,
—¥i (ERK ., JNK ,P38MAPK 1:2 000; P-ERK ., P-
JNK .P-P38MAPK 1:1 000)4 CHE & it & (12 ~
14 h) ,TBST PEAE 4 ¥k, &K 10 min, HRP Fric Y
—#Hi(ERK.JNK .P38MAPK .P-ERK 1134 % IgG
1:30 000 ; P-JNK .P-P38MAPK 1L 2EHi/NEL IgM 1:
30 000) =& 1 h, TBST ¥t 4 ¥k, 4K 10 min;ii%
I ECL &G 10 plicm?®, £k 2% ¥ 15 1 A% 1A
A&

7 Sk R SPSS 17.0 BAFUEATSE
TR B UL x =5 2R, 4 IR) LU BCR ISR IR R
LZOYHT, I 25 550 R FHLSD K56, 77 25 A 55 3 %
Dunnett's ¥:5, P <0.05 WZERSAS 5 X,

# =X

1 FYHRPHEBHRLK(F1) 54410 min
o, A H L R ) 2 4% 1) JE] sl 0 R T (P <
0.01). S AL, AR H  miflE4d 10 ~240 min
HRP J# &% F5 (P <0.01) ; SRR 4 e, il it
24 30 ~180 min i#iE# S5 (P <0.05), Srhiflad
FL#, m 7l 10 ~ 180 min B F T4 (P <0.05) .

®1 KU HRPHEBRLK (%,xzs)
HRF i

4% n

0 min 10 min 30 min 60 min 120 min 180 min 240 min
ZH 3 1.05+0.09 1.67 +0.09 2.23 £0.07 2.91+0.15 3.34 +0.32 3.44 +0.22 3.52 +0.11
flifE 3 1.33+0.09 3.69 £0.11 "2 6.04+0.12**%4  10.20 +0.31**%  13.57 £0.56 ** %  14.55£0.45 "% 15.29 +0.31 "> 2
hilE 3 1.67£0.07 3.95+0.12 "% 6.57 +0.22** 44 12.00+0.56 **~4 15.07 £+0.39* 24 15.23+0.34 ** 44 15.41+0.21 %
AR 300 1.89£0.01 4.47 +0.147%2°  7.34+0.18**2° 13.76+0.44 **2° 15,72 £0.49 ** 242 15.94 +0.51**4°  16.07.+0.31 "2

AL 0 min FEE, *P <0.05, P <0.01; 558 4L HLEL, “P<0. 01; ST 4L e, 4P <0. 05 ; 5 il i 41 o, ©P <0.05
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2 &4 % B ERK. P-ERK ., P38MAPK .
P-P38MAPK \JNK .P-JNK FisbE(F£2,K1) %
FI 4 6] 4% 41 B A A ERK . P38MAPK . P-P38-
MAPK \UNK FEH L2 F L1275 L (P >0.05),
54400 min H#g, % P R R EL AL P-ERK &K 56T
=5, 1E 30 min 3A A mAH, J5 2 K 2 0 4G K (P >
0.05). 575 H4 H#, A # 4 30 .60 min P-ERK
HHRIETHE (P <0.05) K. H &l 41 180 min #l
240 min P-JNK FiAF#EIK(P <0.05) , S{KFI 41
B, ) B 20 10 ~ 180 min P-ERK % ik TH & (P <
0.05),180 min P-JNKZiA T (P <0.05) ,240 min
P-UNK AL (P <0.05) . 5Pl 4 g, ml i
20 10 ~ 180 min P-ERK #% ik JI & (P <0.05),
180 minFi1 240 min P-JNK FikF&f% (P <0.05),

ORISR R w08 (9 AR A 2
DORTF I o B2 8 T AR DT B3R S 2 0 e g
SRR MG RE L o DRI, £ 2 BRI [ P, I8 Jo
AR Z TP RARMF NG T 715 . TEM SR, d1 T
BTB £77E, R 7 HUA R HE AR LR, AT S5 SO
WRALANBEIS BB IRY TR, X H AT BOR A
I EE R R 22— UK FEAR 25 % 5 1
e 5 v LA T B P (B AR A DA i A2
(51282 , 1 H 5 AR 7 U (1 25 ) 3 T, fiE
N2y 1) M A e P, 2 5 T 25 0 ) ik 211 25
A, TRIS AT LAl 2459y 58 5 325 48 I 0 5 ., 6 o i 1A 114
2R E B v LI AL 2 PN A W R P BE, AT 34 5 25 9)
OTRITRCR o VKR XK BRI B 40 L4 1A B 4 =2 i)
F18) S S TR W) S 25, T 00 20 ) 55 0 0 PR A B
W BRI o AR AT RN S R e R

. A
RIS O H T SR Z T 02 B, T 1L
Hiki g2 Fﬁm#ﬁl o UL R R IR T TR R R E A O AR I R R (HX AR O
L2 b 22 JE ST A L, o P R 1) 46% e Ao TE MAPK {F 5 5% S g o1 AL i A BT
R2 KXW ERK . P-ERK ,P38MAPK .P-P38MAPK .UNK .P-JNK £k (X +s )
4% n BE(min) ERK P-ERK P38MAPK P-P38MAPK JINK P-JNK
S H 3 0 0.50 £0.02 0.36 £0.02 0.54 £0.02 0.42 0.01 0.85+0.01 0.95+0.03
10 0.49 =0.01 0.35£0.02 0.52 +0.04 0.47 £0.03 0.95+0.15 0.81=0.07
30 0.48 +0.01 0.34 +0.01 0.54 £0.03 0.44 £0.02 0.85 +0.04 0.98 +0.06
60 0.47 £0.01 0.33+0.01 0.54 £0.04 0.47 £0.07 0.86 +0.07 0.90 +0.05
120 0.56 +0.02 0.35+0.03 0.52 £0.03 0.44 +0.06 0.85+0.07 0.87 =0.11
180 0.49 £0.02 0.36 £0.03 0.55=0.03 0.47 £0.08 0.86 +0.07 0.84 +0.07
240 0.51+0.03 0.35£0.02 0.56 =0.04 0.39+0.05 0.82+0.09 0.88 +0.04
Kz 3 0 0.47 +0.06 0.33 0.01 0.46 +0.02 0.42 +0.02 1.02 +0.06 0.95 +0.01
10 0.49 +0.05 0.44 =0.01 0.48 =0.01 0.46 =0.01 0.91=0.05 1.01 £0.08
30 0.54 +0.02 0.48+0.01*~ 0.40x0.05 0.46 =0.06 1.08 £0.04 0.84 £0.07
60 0.38 +0.04 0.48 +0.05** 0.44 +0.02 0.45+0.02 0.81+0.05 0.77 £0.06
120 0.42 +0.04 0.47 £0.05 0.43 =0.01 0.52 +0.02 0.98 +0.04 0.67 +0.05
180 0.38 +0.04 0.29 0.01 0.47 =0.01 0.49 =0.01 0.95+0.13 0.50£0.05 "%
240 0.40 £0.02 0.28 £0.02 0.42 £0.02 0.52+0.03 0.99 £0.09 0.45 +0.04 ** 2
hRlE 3 0 0.47 +0.06 0.42 +0.03 0.50 £0.01 0.41+0.03 0.81+0.07 0.96 +0.03
10 0.54 +0.02 0.60+0.01**4 0.43+0.02 0.52 +0.04 0.86 +0.07 1.03 +0.06
30 0.64 =0.02 0.78+0.02**4 0.52x0.05 0.43 £0.04 0.92+0.14 0.83+0.05
60 0.46 =0.04 0.50+0.01*4 0.38+0.01 0.51=0.04 0.76 £0.09 0.80 +0.04
120 0.44 +0.01 0.52+0.00“4% 0.45=x0.01 0.44 +0.03 0.63 +0.06 0.83 +0.04
180 0.43 +0.02 0.48 £0.02%  0.43x0.02 0.55+0.07 0.75+0.03 0.63+0.03"~4
240 0.45 +0.02 0.38 +0.03 0.41+0.02 0.58 +0.09 0.69 +0.08 0.40 +0.00 **44
ElE 3 0 0.58 +0.01 0.42 £0.04 0.53 +0.07 0.41+0.03 0.83+0.07 1.00 +0.09
10 0.65+0.02 0.76 +£0.02**°  0.47 +0.04 0.46 +0.03 0.92+0.15 0.88 +0.08
30 0.72+0.06 0.95+0.02**° 0.55=0.03 0.46 =0.01 0.92 £0.07 0.85+0.08
60 0.55 +0.04 0.73+0.02**° 0.44 +0.06 0.41=0.03 0.67 =0.05 0.89+0.02
120 0.59 +0.03 0.62 £0.01*° 0.52+0.06 0.46 £0.02 0.90%0.02 0.79+0.07
180 0.52 +0.03 0.39+0.01°  0.45x0.09 0.53+0.19 0.77 £0.09 0.58 £0.0514©
240 0.55=0.07 0.36 £0.02 0.54+0.11 0.42+0.03 0.78 £0.12 0.54 £0.05 **4©

H5A410 min HEE, *P <0.05,7" P <0.01; 5% (4L R Wl H %, “P < 0.05; 5 I B 41IR ) Ho 3, 4 P < 0.05; 5 v it 201 [ 7 e

#,2P <0.05
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B 1 44 ERK.P-ERK.JNK .P-JNK .P38MAPK Fi

P-P38MAPK % |1 3535 &3

WATE oAk AR 2R AL A B IR 4 A= A 3 2
PP S N 2, 3K DUy T [R] s B T e 2 ) R e
JE A YR R A0 A SR M S % 4
Fro VEGF J& H AT A8 A 22 1008 15 1 R - s v 2
RE R, | S 5 v A LA 2 8 PR, 2 P ot 4 A4
AR S| T EEMEM . —J7 i VEGF 55ER1%
ZAR (S H & VEGFR-2/KDR) 454, % MAPK {5
S T E AR P R AN AR A R B S 4R R
PTG RIET 20k 25 11V ik Tl DT 4, AR 0 i AL 2 A o
257 M 55—y T K40 W Y VEGF fE B 42
P A P Bz 40 T A 40 R I, S B R ot A A
TeFA " B R P VEGF 2 Mg I 45 A8 s
R B E S Y P, e A R T IS P R 40, R
N R AR TR, S AT AR SR A K
R R PR E T . AR E NSNS R, 2 F
Jiheg 2t A e VEGF /)3 BE SRk, VEGF 1E T 41 ig
HRAH N SZ AR, 32 AR5 5 e B M Y, 85 Y0 ERK-

MAPK {550 % , ((EHE A A MR 1) 2 S
TIAmARBFR A, INK B E0E (BEER 1k 7T RE AL 2F ik
S RE 1 A %) P38MAPK M 56 3805 5 A 2K i i
JRIGE Y K AR

HATE RS BTB #AI )7k 24 : HUVECSs
i C6 5 o A e AR BRI I P R 4 B (rat brain
microvascular endothelail cells,rBMECs) + C6 &
JOIRE A L N AL A P B2 40 B (human brain mi-
crovascular endothelail cells,hBMECS) + iy i 40
ML(PC) i U251 Jig o 40 e (U251) o i T4 —Fh
BAIHR A A AL B A, B 58 38 N AR H5 4 AF 9 7 e 3k
BRI A IE M BTB 4 st ") AR 506 R i
HUVECs /il C6 Ji FuJ& 4u i i@t s k4 BTB #i A, £
iR ) A B A% A e LA R R 345 g ol A R A=
SR YIAR 20722 IR I, e A 365 A PN B 4 R ke e
&5 BTB BRI A H 2, HUVECSs J&—Fh T 41 e,
RETCRR AL (FR | , ) TS24 VR A0 29 A
H ARSI FRI AT LLSE B P B 4t Ml A ) 7E AR DI RE
C6 i i JoJed 20 A 2 28 N, IV il 3 FH R 7% 1 % B 17
R R 5 S5 20 L, EL A I R st AR ke e, B
FILATCIRYGHE , 2 T RE 57 . R 2P 4 g A 42 firh XL
G e e N E VAN L L I NS N (IR tes
IR 1ASL BTB A 2

W2 I S 90 5 FH 100 25 H W i ik BTB B
BERY, % SE 5 U7 V5 R A, 8 AE. HRP 4r i 0
40 kD, & —MRpFriEd, SRRy E Ak, 1
it AN R AT S I W ' B, JHE 37 o 38— i R 5 i
Fili B B /B TB Y38 375 P B RAF AP R | 8 I
oyt i AT DA SOR A 3t Sz A S I i B /B TB A5 R
M, H RS 25 W0 B Rl S P s >, AR
7R HRP Ji i 5256, Ml BTB 118 32 14 S oK
SRUK A XL R, 25 3 R RS BTB MR HLA 8 {4
0 g e e B o ) i 25 BE T o DAAH A IR [R]85 F) 358
AR A AT AR R R R 4L FE 10 ~ 30 min,
30 ~60 minff, HRP i i 4% T I o 8 3%, 60 ~
120 minf & TR B WiREAR, 120 ~240 min i, 42T
FEAWEIEAN R, DL EZER R RIRK F 7 &
#£25 ~ 100 pg/mL &5 FE N, fEH 30 ~ 60 min
iF, BE R 3G i BTB 4 At 54 A4 11 3 575 1 , 3% i HRP
) BTB &l %,

i R ) & A2 5 MAPK s {5538 4% 10 3005 4% DA
K, I H A MAPKSs {5 538 B 15 1 43 1 25022 R v oeg
A AR 25 W) WA [) T A7 78 25 o & Tl 25 ) X
MAPKSs iifi % A9 E FH LI IF9E 52— A2, AN TR 254 v]
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D3 8 3800% O 6 ) MAPKs 3 8% & 54, [/ —
MAPK s 3 5 XiF A [7] 25 9 119 52 07 7 Al 77 7 2 512°7
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(9 %, BAR B AL 1 A fr i — 58 . MAPKs
5 A R P R R DR ST I = GO G AL A
=, B MAPK 3 Fiti 3% B§ ( MAPK kinase kinase,
MKKK)—MAPK #fiff (MAP kinase kinase, MKK
or MEK) —MAPK ., 4 ifl 52 2] J 80 8 4o B A e (]
Al MKKK 3006 , 5% 1 380E MKK ; MKK #0065
T3 2o WU A5 B R AL IR #55 MAPK B35 #1772 1
RS2 R 20 L, R B R AR B MAPK &b T8 1
R, FEA T . 752 2HEE , MAPK 3
Rtk I I B 7 A B2, S5 BOM N R R 3R Gk
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SERAEARAE
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