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ERK1/2 {5538 #% , [ B 4100 5] i 9 MMP-9 1) 3k , & #3004 26 1l 48 B T i R 4P 4R o

[XEIR] BRI ; MAENERT, WEENESERRE T, SEREEE AR, 90 5M5 5087 MG

[hE4SZES] R285.5 [xiktrilZag] A [XEHS] 1005-9903(2015)11-0131-05

[doi] 10.13422/j. cnki. syfjx. 2015110131

Effect of Kangnaoye on Expressions of BDNF, MMP-9, ERK1/2 on Cerebral Ischemia Reperfusion in Rats
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[ Abstract | Objective: To observe the effect of Kangnaoye on the expression of brain derived
neurotrophic factor ( BDNF ), matrix metalloproteinase-9 ( MMP-9 ) | extracellular signal regulated kinase 1/2
(ERK1/2) in rat with cerebral ischemia reperfusion injury, and to study its cerebral protection mechanism.
Method: Male SD rats were randomly divided into the sham-operation group, the ischemia reperfusion (I/R)
group, the high-, medium-, and low-dose Kangnaoye groups (28.6, 14.3, 7.15 g +kg '-d™'). The cerebral
ischemia reperfusion model was prepared in rats by a improved Zea Longa method. The rats were killed at 1-, 6-,
12-, 24-, 72- and 168-h reperfusion after 2-h ischemia. The expression of BDNF, MMP-9 and ERK1/2 were
observed by using immunohistochemical method. Result: Compared with I/R group, the expression of BDNF and
ERK1/2 was upregulated, the numbers of MMP-9 positive cells decreased in the high- and medium-dose Kangnaoye
groups ( P < 0.05). Moreover, the infarct volume decreased significantly at 24-reperfusion ( P < 0.05).
Conclusion: Kangnaoye could protect neurovascular unit by promoting the expression of BDNF in brain tissue,
activating ERK1/2 signaling pathway, and inhibiting the expression of MMP-9.

[ Key words ] Kangnaoye; neurovascular unit; brain derived neurotrophic factor; matrix

metalloproteinase-9 ; extracellular signal regulated kinase 1/2
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H—, [RI,2003 AF R FEAEE R E KR I T A2
& B ( neurovescular unit, NVU) 20 e A Bl
A5 28 9T e S5 4 AR | B it R 4 A A R 5T 2 A Y
S DIRE AL o WEFE AT LLE A R NVU I B &5
g R A B e L A8 5 1 T 25 0 2 Rl BRI Y AR
Ko BRI 22 245 K - (BDNF) AR oy 5 2209 P I
PEM 2 OR3P R, A ALRE S OB NVU Hh i 28 48 i 32
i, 38 T g o ERK & A2 2 1 A8 7 2 B, A
BDNF {3835 XF R 47 NVU H A 28 Lo Bk i
TR VR 5109 T 42 o o P P 25 A0 i 7 AR R 9 MIMEP-
9, 38 3 5 A 4 Af A/ 5 J5T A IR P 28 M A B T R S A
SENVU DIREZE T, e Brge SR, BE R T 12
St PR A A5 40 O BRI P NeuN 1) 2635, & ¥ # &2
PRAPAE T o AR S 6 388 28 B Jili W 6k MCAO -8 7 K B
HEAT TP, W 4¢ BDNF, JE 57 43 J& 45 1 fi§-9 (MMP-9) |
Y HLAME 5 1 B (ERKL/2) 1 3Rk, #R =Xt
NVU #52 m JAH AL o
1 #e
1.1 zh¥  fEFEEMEYE SD KR 180 H, k& 220 ~
240 g, b pt4E B SCER Sy b 4 4L, S e B L
AR B AR W R R A R S F L S WA R IR S
SCXK ( 12 )2009-0004
L2 259 Fafon) Rl S 30 ¢, PF 2 30 g,
JNE5 10 g, B4R 30 g, ¥4 30 g, =L 4.5 ¢ 554
B, 5 A B0 T A b S B R A — BB . He
kA I 2 BE B e 5 — B5 B R, 4o 3 AP
W E R 4,2,1 gomL ™', MMP-9 G ifith £
RESAR (W EEAY TRARA A,
BA2202) ,BDNF A 1 2 v B hi A (b ot i 5 2 A4
WA AR A PR 7, 45 bs-0248R ), p-ERK1/2 4t I
TEZmEDR (S AR A RS A, S
BS5016) .
1.3 {Y#% EGI1150H %I /E: Y41 2140 AL, ASP200s
A4 %5 B SUZH ZUB K BL, RM2245 BLA 85 9) 7 AL, 34
W [ 78 E Leica 22w ) , KD-P 3 B ML (#7145 418
TR # B A A FRAS H]L, CX21 Al i (H
A Olympus A #) o
2 FiE
2.1 5reH SR Sh AR BE AL o3 4k 43 o R i R
o R A A AR TR, o R P
R BRI BT AR, L hER 1,6,
12,24,72,168 h 3£ 6 A0 [B] 5, NI [A] A& 6 H
2.2 iRl lor AR EE KRS ARR
EER/N LN i = N ) = NG I (3 4
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Wk 28.6,14.3,7.15 g-kg ' -d 7 BT AR A
L TAHERBUER . 0 TR 7 d IR g 424,
FERIEATA 25 1 W, i )i 1 IR Z5)5 1 h, il & K
rh gy Jik e i A A
2.3 ShWHREHME S M Longa % Y B 4
vk i AR R Bk rb 3l bk i it/ RE BB ((middle
cerebral artery occlusion, MCAO ) , 43 & 3 4 3l Jik
(ECA) MM B ik (ICA) , £ ECA I L iy K 3T oL Vi
ZYRE R 3 XA 7 ~ 5 mm gh 25 HUHN S ik, A IR
Wr, Je P CCA Fl ICA K 85 4b 3h ik 5 #5030 bk s B,
JEBY — /N B #e 2 22 3 51 B Jok 22 1% i A 3008 Bl ik
B R R LR A BH T B Lk 2L TR LA AR
1 ~2 mm, 3R F 2 2 3k R b 3l ik 46 7K, E 2k 24
18 ~20 mm, Bt JF U 3 53¢ e I B6F ], (8] 2 4 2,
JREEE T, Bl 2 h 5 AT HERE T MR A
3l ik 22 1 4t 2= AN gl ik, Pk A2 R e s ik oA
A E A 23 ~25 C. Ho R FARHEMN 5
HUE HU SN S K, L5 LSS K, A BT IR, shY)
JEMEJG , 32 18 Bederson J B 2P SR F i 5 B X F A
S HEAT IR T REAT NV BRE AT R 20 A, R W
SEE M D REBRBAAEAR 5 1 70, AN BE 58 42 I i TR XS
M2 43, 1] T A 0 %% Fl 53 4, 1] 7 AR 60 fit
84 70 ,ABEAKATE, BIRE®R, P EL~3 5
Z 1) B 5 A A AL A B
2.4 FAEZEARRRINE B/ FRHEVE 24 b5 4b
HU IR R R, T8 T BT S RO ZH 4, T - 20 C vk AR
PRV R 8 min O H A% 2 mm JEEYIR S F, A
2% = RFE UM AL R (TTC) B R $h 2% vl i, 28 37
CoRERTIFE 15 min, IE 5 K20 U5 i1 0, fi 5t
PeliEa, REKHAE S T 4% Z R PR
[ 24 h 5 #EATHII, SR H] image pro plus 6.0
40 8 i 20 ZRE BT AR AR B R/

iR SE AR R = (B A ZE T B/ 2 i T AR ) x 100%
2.5 ML AU R L 2K AR
ke R bR R, B S-ABC R &, 43 i A
Pk MMP-9, BDNF,p-ERK1/2 G i1t L s BEdiif,
Froeedife DAB &, A0 95 br T 4 2R B
AP A BEALZE B 1 5k BT R, TG A B 6
BRH AR S RGCRER R, BN 7R
Ji 5 8 AT A A A 0 UKL ) 5 2 38 Sy BE AP B L 4
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(40 x 10) EfE M B (high power field, HPF) , 43 51
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2.6 GLitsEsrHr SR SPSS 17.0 4 it ik 17
Giit2g b BE DL x o+ s 208, LA LA SR
PARKEENHARZEFESV, U P<0.05 hERHS

S
3 £R

3.1 X I/R KEMAEteitarm BFEARK
SRS #h 2 T BE T 433 0 0 43, oK UL BH & i

F1 RNBRMERODBETARMENE TSN (v £5,0=6)

DI RE w45 2 B o A6E 1 2 R B Ml A% 4 R BT A
HRAFAE W] I 10 e 22 Ty BB R A5, BN LR . T
A K B 2 T REVF 43 S5 Kk B, i I P O U
JE 1 d )7 d, R AL B A 2H KBRS R A 4R R
Y B 22 2 GEAT o3 BEAT U AT B e AR, G v i
[ = RN A U230 i S O 1 IR AR 3
(P<0.05) W1,

Table 1 Effects of Kangnaoye on neurologicol scores in rats after cerebral ischemia repertusion (x +s,n=6)

25 51 H it /g kg ™! 6h 12 h 24 h 72 h 74d
BRFAR - - - - - -
1oAY - 2.58 +0.38 2.50 +0.55 2.67 0. 41 2.58 +0. 41 1.72 £0.20
5 i 28.6 2.42 +0.49 2.42 +0.80 1.67 +0.41% 1.58 +0.38% 1.08 +0.49%
14.3 2.42 +0.58 2.25 +0.27 2.25+0.76 2.08 =0.20 1.17 0. 26%
7.15 2.33+£0.52 2.33 £0. 40 2.42 +0.49 2.25 +0. 61 1.75 20. 42

A 5MFEARA LK P<0.05,YP<0.01; 588 A P<0.05,P<0.01(F3~5[[),

3.2 iR L/ P S OR BURAREZEAR B K
B I/R 24 h A5 A0 T ARG B ORIk g I R A A 4
KRR R AR R 2K BT B 24 b
JE R IBUIRAT TTC B8 87, K081 20 R B n] DL 45
DA 20 2R R 5 1 AR SE AL, 55 [ I e M Y 28 e
B, A Tl VR T 3 2 A AR e AR AR X A AN [ R 4 /)
P R ORI (P <0.05) . WL 2,

3.3 X /R RERMGZHZIM BDNF Rk pEm &
FARLH K B A AT WL BDNF 2% 35 4 BH 14 40 i, 45 4
RHRMAMHEZERAGEITHE L (P <0.05,P <
0.01) , BRI KB T Bl I P AEE IS 1 h RIAW] R ,6
h FARZHHE L2 24 h HEAMER B IARE,3 d i

*2 EREIEEMEEE24 h XRRERHERYZMm(5+s,
n=6)
Table 2 Effects of Kangnaoye on infarct volume in rats after 24

hours of cerebral ischemia repertusion (x +s,n=6)

28 51 Hltt /g ke ™! i 55 5 AR/ %%
(x| - 29.46 £5.76
J5RE Mk ¥R 28.6 13.91 +0. 89"

14.3 16.92 +1.30"
7.15 21.77 £1.09

TE G REE A g P <0. 05,
TR R, d B 5 3 R, R v s L v ) T
2H R RS BERIA L3, 4% B 8] 55006 N BDNF BH 4 3%
IR B W R (P <0.01) . U3 3,

R3RRAw iR xR ER M K R A AT 8] & BDNF PHE 4B 8B #200 (x +5,n=6)

Table 3 Effects of Kangnaoye on numbers of BDNF positive cells in rats after cerebral ischemia repertusion (x £s,n=6)

H 5 BDNF//4~
245
/g-kg ™! 1h 6 h 12 h 24 h 72 h 74d

BFEA - 11.83 £2.23 12.83 £1.94 13.83 £1.72 14.83 £1.72 15.33 £1.75 11.17 £2. 14
1Y - 17.67 +1.51% 25.17 £2.32% 31.33 +2.58% 39.33 +2. 66> 25.33 +1.63% 13.83 +1. 83"
J5RE M ¥ 28.6 21.83 £2. 14> 31.17 +2.14>%  40.83 £2.31%%  71.67 £5.92%%  42.80 +2.32*% 21.33 +1.63%%

14.3 22.84 +2.48%%  31.67 £2.16>  43.33 £2.07*%  72.17 £4.07%%  43.17 £2.32%Y 20. 67 +1. 86>

7.15 18.75 +2.22% 25.33 +1.53% 33.17 £1.72% 58.83 £3.19%%  36.17 £2.93%% 13.17 £2.99%

3.4 X VR KREIKHLN MMP-O LRHI i
FARG KU A AT UL /b B MMP-9 3 3K f9 FH 4 240 M
SRR A G #E (P <0.05), H iR
ARG ZHZUA MMP-O 7 fik Bk ML FFHE S 1 h 320k
MH I R 24 h KRR EET d BT, SRR

LA L B 25 PR ik T ALK U 9 MMP-9 4%

B 1] 2 2234 W AR (P <0.05) ., WL 4.

3.5 % /R K BUR 4140 p-ERK1/2 3 3k 19 B

WA ST 4 R 4 U P T L B

P p-ERK1/2 2 3%, 5 808 410 K BUMI 1L 22 545 S5 3
- 133 -



sh L+

5521 55 11 ) FEXEAFZERE Vol.21,No. 11
2015 46 A Chinese Journal of Experimental Traditional Medical Formulae Jun,2015

FREX(P<0.05) KRR T M AMER 1 h  d W2 TR, BN R R B 25 B 4 T4,

TFiE A, 6 h RN &, 12 h R EA T
W% ,24 h RIS PRI R A W 0,3 d T 8RR R LT

x4

A5 B ] R RURE Y p-ERKL/2 FH PR 3R 38 B i iy 2
T (P <0.05), WS,

R o i xof B 5k 1t - O R [B) B ) AR KRR MIMIP-9 PR B BB R (v £5,n = 6)

Table 4 Effects of Kangnaoye on numbers of MMP-9 positive cells in rats after cerebral ischemia reperfusion (x +s,n=6)

7l MMP-9/ 4
g y
/g kg 1h 6h 12 h 24 h 72 h 74d
3 FA - 1.83 +0.75 2.67 +1.21 2.17 +1.47 2.67 +1.03 2.83+1.33 2.67+1.63
gy - 30. 83 +2. 407 34.33 +3.44% 35.67 +1.75% 50.33 £2. 80 39.50 £2. 66 14.67 +1.37%
R i Vi 28.6 20.33 £2.34%%  30.17 £2.14>Y  27.67 £2.07>*  41.83 +2.48%%  28.17 £2.32%% 10. 83 +1.47*%Y
14.3 19.68 +2.66%%)  29.83 £2.32%% 24,17 £2.23%%  39.83 +5.04%3)  24.83 £2.14%Y 9.17 £1.47*%Y
7.15 26.67 +3.01% 35.17 £2.86%%  33.83 £2.04%% 49,33 3,56 37.50 £2. 882 14.83 £1.47%%
F5 BN XTRNER MFEE R E A E A KR p-ERK1/2 PR EAI M (x £5,n=6)
Table 5 Effect of Kangnaoye on numbers of p-ERK1/2 positive cells in rats after cerebral ischemia repertusion (x +s,n =6)
| p-ERK1/2/4~
415 y
/g kg 1h 6 h 12 h 24 h 72 h 7d
IPEN - 5.83+2.71 5.67 +2.42 6.17 +1.47 6.33 £2.34 7.50 2. 66 5.50 +1.52
LY - 11.17 £3.49% 15.50 +4.09% 12.67 £2.73% 17.83 £2.56% 12.67 £2.58% 9.67 0. 82%
T i Y 28.6 15.17 £2.79%% 22,67 £3.08%Y  17.33 £2.07>% 23,17 =1.72%>%  17.17 £1.47*% 13.17 £1. 60>
14.3 14.17 £2.79%%  23.17 £2.23%Y  19.67 +2.80>%  23.67 +2.50>%  17.33 +2.25>% 11.83 +1.94%%
7.15 9.67 £1.51% 12. 67 +2.34% 10.17 +2.04% 16.17 £2.04% 12.17 1. 72% 8.67 +1.63%
4 itig fig £8 , B8 B S 45 T I S ot P 1 1 R R A 4

T 2 5 BT R — AL 22T L R T 4
L PN B A 0 i i 5 % FCR AR A PN A 3h 2 Y
DIREE S A AR A B T OB i 2
I, A2 45 Sk L L 98 9 52 T L 2% 4 Vbl 25 6 R
Tl R B, | A 2 T AN L P R A S A
i A K% 240 M 1 5 I 45 2 i) A2 2 i s B A BRI AE
B 2R LA BT A R 2 T B 22 T e Bk 2k 1Y
I R R B o

BDNF 275 i 4 45 i HL )12 47 75 /) — Fh 26 1
T, HLA R I F 2 T AE TG CE 2 e BRI
TRLE S AP A s T R AR P R 2 I BT Y
FENFZ — ML I0Z AN, #2800 MK
JO A AL LA PN R 40 RT3 58 K i BDNF, fiff i 25
T 32 B L L AR R R R E Y L A BT HGE
B A 9 il 4 2R B9 AF ], BDNF BB 3 98 i I 1k
DA R - S i | A e R &= N
00 AT RE R — R OET RO IS BT AR I T, BRTRRSY
K V% h it BAT {2 F BDNF Rk 1EH , FH=
SR E A R 2 —. TRE R E
NP SRR hEZ WA LR S 2
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BDNF K GDNF {4 & &, & 45 i O 7 i 4E o A 52
50 BIF 9 i I 5 A R T Ak B A, K BUA P BDNF i %
KW L TE, PR R 2 A DR P

ERK j& MAPK ZZJ% i — A~ S % , 78 i B 1fi %
A JE BT 2 A AR AR A Al i TR A
EATTAT O MAPK 38 #% , 75 20 i 57 v (58 20 M R 42
WAk , 38 3 A A S DR T R LN KR AR
S8 B, AE R e 10 P R R DT R mT LA ARG ) 3 R
K p-ERK1/2, 25 MG W T 5, H 3 5k W I 1
%, ERK1/2 2/ M H A m) — K HEZWFTE
LA PR iR BDNF A3 5 #0% ERK1/2 {5 &
i, S IR I A R AR i AE . p-ERK1/2 J2& ERK
MG ALTE R, R, MAPK 3 5% 2 5 1 % 5 B 4
PR R — 4% S Sm I AE R A BE Y R,
I ERK1/2 {553 A F) T R AR e 1 A Bl i 2H 21
MMP-9 {35 , i 0 28 40 i se T

iSO NVU i R A4 . B
HEFF NVU FaE P, 22 40 M0 55 40 i N 40 g -5 40 i oh
AR S EE R, AR E AW
('matrix metallop-roteinase, MMPs ) & — Fft 43 4K i 14
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FB K i, 2 T RE O 0 i A0 M A R BT il e I
S MMPs 2 5 20 1405 S, 78 2 4 100 1 57
F) ) A 25 7 THT RS BT A SR LT, R MMP-9 5 g
et I R B 0 B0 6 R B ). MMP-9
AT DAAE 2o Bk AU IR Il i 5 B 2 G K i
I, Xt 2T N R R R A . AR S
K MG Y80 3 40 44 G A AT L) MIMIP-O (1% 3 3K ek
HCGT 4 A 35 B R IR DR i i B B Ak R 2
B TT I SRR T 0 A BE JS M i Ak R
ki 7K e o

SR Wi R 2 5 T D FH A 03 B N, 2 B
B2 BN IS RS, A
T A I AR E 4% U B A o RS R R
JIRi 0 Tk BE AT BE SO T I/R KB 9 ERK1/2 55
M, — 5 T, 42 UE S IR E BDNF A9 26 3k, 44 4 Bk 1
i SE A 28 20 B R AR R 2R 00 TR 55— T, 41 ol
MMP-9 B9 ik, i 5% X% 40 M &1 FE B A0 w3, 47
P1NVU B I 5% [ 45 4, 9 40 A 7K ek B e A1 o i
FEAR M XURS o DRI, B A5 1 45 3 R M Vi T A it
WIS ERKL/2 {5538 %, 02 oF 9 U5 P PP 228 32 I 1
(2235, R AR 5T 42 ) 25 10 8 , 490 SR ol o > 55 27 14 o
2R e AN G R N AN i KSR RE DO
A BT i, (R BLARPLH M A ik — 2 s
o,
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