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Wy, R A 9% 4 Ak G o Fn 2B 19 G % Bl 3 ( Western blot) &5 U 4% SC 5 40 HIF-1a 1 VEGF f R A E R, FR:SCI/F 14 d, 51F
W 2H B, BB A K B, CBS %43 7t , HIF-1a Fl VEGF RIAFHiE (P <0.05) ; SHIALL L AL, P+ 21097 240 CBS ¥ 43 B AL, HIF-
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Effects of Danshen Injection on Expression of Hypoxia Inducible Factor-la and

Vascular Endothelial Growth Factor in Rats with Spinal Cord Injury
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[ Abstract ] Objective: To explore the mechanism of Danshen injection on promoting spinal cord
functional recovery by observing the expression of hypoxia inducible factor ( HIF) -la and vascular endothelial
growth factor (VEGF) in rats with spinal cord injury (SCI). Method: Fifty SD rats were selected and divided
randomly into normal control group, model group, Danshen injection treatment group, Danshen injection +
rapamycin group and methylprednisolone sodium group (n =10 in each group). The rats in normal group were fed
normally, and all the rats in other groups received 1 mL-+kg 'd ' normal saline, Danshen injection, Danshen
injection (including rapamycin 3 mg-kg ') by intraperitoneal injection and methylprednisolone sodium solution by
tail vein injection. The combine behavioral score ( CBS) was used on 1, 3, 7, 14 d after SCI to evaluate the
recovery of spinal nerve function in rats. All theses rats were killed on 14 d after SCI, and the expression levels of

HIF-1a and VEGF were detected with immunohistochemical staining method and Western blot technique. Result:
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14 d after SCI, as compared with the normal control group, the CBS and expression levels of HIF-1a and VEGF
were elevated in the model group (P <0.05). As compared with the model group, the CBS was declined and the
expression levels of HIF-la and VEGF were elevated in Danshen injection treatment group (P < 0.05). As
compared with the Danshen injection treatment group, the CBS was elevated and the expression levels of HIF-1a
and VEGF were declined in Danshen injection + rapamycin group (P <0.05). The differences of these indicators
were not statistically significant between Danshen injection treatment group and methylprednisolone sodium group.

Conclusion: Danshen injection could promote the recovery of nerve function after SCI by regulating the expression

of HIF-1a and VEGF.
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B BE# 15 (spinal cord injury, SCI) J&—Ff & 4=
KR & B H MK M 2 R 4 (central nervous system,
CNS) #1453, Z M 8o WiAT e 2 Bk 7R, SCI
B FAE R R R (3.6 ~195.4) B/ BT ANH, 5
K 3.8: 11 SCI KRG , #5143 Jai 45 4 41 g 4k
DR e I 5 4R P R R M A 0 0 B L ik — 20 i
Xof 5 45 AL AT RE B9 B IR, 2 51 R B RE P 2 T e R
R EBFEN 2~ RS E A
S B L AR TR AL A T Ak, T B 2 H
b LA B3 45 05 ) 4 L L OB IR B
HOABE S K B, PH5 0 WRPT LA R0 SCT K R
FA B 22D RE (B LA I HL R 7 5 3 3 4
Jaa S A e AL R SR SR A G, R v Bk 2D A O S IR K
P o PRI , AR SCHPLIE ab WL 2% PF 2 0 S WX SCT R B
w6 H 2 P K A5 S N F (hypoxia inducible factor,
HIF) -1« 11l 48 W J2 4 &K K F ( vascular endothelial
growth factor, VEGF) f) 3% 35 28 Al # 5  , DT X P+
2V 5 VR 3 A A 0 Ry 3 2 4 R SR PR B B RIOR M
HAE RILH BEAT ERF, S 7 2 T S W0 I PR 2 ] 4
PEAHE
1 ##

1.1 % 50 2 SD Kk KL, SPF 4%, 4 JF &t (200 +
20) g, Hi o E A 2 A E B ST T 4R L, B AR IE S
SCXK( 5% )2014-0013 , 7= 525 £ 3K 111 74 H B2 2 K 2
SR E G S, RREARLTRES 14
T R MR 3% IS 7 W] R R SR

L2 259 5uCH FFS 0 S () Rl i
A BRA A S 251021303,2 g-mL™") ;1 4
% e e 35 3 R 4 (kb R B} Pfizer Manufacturing
Belgium NV A&, 4t 5 H201320301) ; FIHE X[ &
WfE (B8 AR A RA F L it abs810030a] 5
HIF-1a $50 BEHLA , VEGF 557 [ 5L ik, B-WL 3 & H
(B-actin) B FEREHLIK (L [E Santa Cruz 23, #t 54>

spinal cord injury; Danshen injection; hypoxia inducible factor ( HIF) -la;

vascular

B sc-13515,5c-81670,5c-47778 ) 5 % 4 fk SP ik
A&, DAB B AR & (&R EWEARA
FR 2y &), #4543 51 > SP9001 , PAB180021 ) ; RIPA #H
U0 o 2 % W, BCA 3 50) &, HRP-43 12 2 51 /) B
IG(HEHEADREARALA, #5505 K
PAB180006 , PAB180007 , PAB160013 ) ; ECL #3 i %k
JEWE (AL 508 RIS EE R B AR A R 5, #t5 P1010) ;
HoA AR O AR AR B AE AT 4 B Sigma 23 ] A1 5T
PEERAEYEARARAA,
1.3 & RM2235 B 590 A Bl (FEE Leica 24
A));CX41 B GE & W 8 ( H A Olympus 24 A ) ;
DFC295-IMS 4 [ & 43 #r & 42 ( L g it 35 A W Bk 42
AR ] ) ; MK3 B[ 5 AL (2% 2% Thermo A #] ) 5
5424 R R % VR B AL (18 [E Eppendorf 24 A ) ;
Mini protean 3 cell %I Hi, 3k ¥ , Mini Trans-Blot® Cell
/NBUEEE (25 [E Bio-Rad /A #] ) ; CBIO-Gel Pro 4>
HE Rk B G R g (AL FE BB ARA
Al o
2 HiE
2.1 MBS SMSCER[S ] 8977 8 # 5L Allens’
WD (weight drop ) SCI #5#Y | K B AR B2 & 284k 12 h,
3% RE T4 (30 mg-ke ') 8IS VE SRS O
ML [ 52, 73 85 8 BB B Bk LA e T12 ~ L1 5 A
HERR , 2 52 B . R B T o 2 B A0 e o i O R
HET TI3 WEHMZ b, Ik — U Bk
T ZEBOA B (LMRIEST 2 1 825)) . 5 g By np
d s di @ E B 10 cm B AT T13 95 BOF 8.
A 7Y S ST K s o SR AT i S5 KBS 22 Y B AR AR e 2R
PEEIE) KR E AR, BT R B 48 4 b 3l 5 5K B I3
T Ji5 R BROBU i 52 Bt 2 14 8, JF F A HE JR Zh BB B
5o B IIG , K BUE FUR F% , i) 4 B2 I e 4l B
HEPR ,J6 fs i 51 5 B R (100 U-d ™) RATIBH R
2.2 r#HAE KREBEVL N IEH H BB FF
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ZIRITH S INENE R AP R e kIR H R A
(210 H) . 525 sh b8 K 25 25 J5 A i 5 B
SH R[4 ]34T IEH A, % B % SRV AL, I i
FES A IARK 1 mLekg ™t od (A2 2 gokg ) 5 H S
YT R TS PSS L mL kg d T RSN
TR R4, ST S E W] mLekg ™ d
(S HEMER 3 mg-kg ™) s FIRE LB HIR N
A, K FRUR B T B3R 4 F ML S R 30 g LTI
Ja ¥ 1 mL-kg ™"+ d "B # Bk (LARRAR R IR JE
BEHRMARRN) . ZAE 14 d &5E3Y, T
B RIR S TR TI3 B HEAH A, W 4% 2
R [, TR W ARAT

2.3 HHithAIAEWE RHBKESITHIFDE
( combine behavioral score, CBS) , 43 # T K §i & A
J51,3,7,14 di¥E RRA#EM L6, CBS W4
FIESMOCER L6 ] #4732 2 48 R AR 56 | I Bk
fift & BE 1 it 1E A4 2 BB g I 0= 8] R 3 RE )
Il 45 J52 02 € 7 fish M 52 N7 68 7 FE Uk S 0 A IE R
HHO G, REF KN 100 4, R ME &, &5 R
HHE,

2.4 4% 2 4k ( immunohistochemical , IHC ) # i
HIF-lo #1 VEGF # LI % A BEH AL W
A WA BT R, I A8 52 Bt D B e A i v 2 U
WS, 43 50 12500 # B i) HIF-1a B 50 RE BT A4
VEGF Ly fEHi ki & i K (4 CTREE W),
0.1 mol-L ™" PBS #hyk 3 ¥k, %K 5 min J5, 3% MR
RE 2 Ak SP A F £ F1 DAB 5 83870 2 13 B 5 3k
AAE A, o B R £ R, Olympus 1 6 Ba 40 1R,
KR IMS B 00 M R R & SR 4 HIF-1a #1
VEGF f 55 FH 4 40 i %5 (B 5k D) R BEALIE I S &
LT, O B R R A0 P 1 SO

2.5 EH R ( Western blot) ¥ ill] HIF-1qa

F1 SEHFRINIAR CBSIELHIHM (2 £5,n=10)

M VEGF KRB/ BUEHEAHL 0.5 g vk LB
J& A ZH 2 20 e Pl 4% W 1 mL, [ 10 min J5,
4 °C 12000 xg,B5.0> 15 min, |15 % A BCA B3
HEARER(SEA 1 g L), KA 12% SDS-
PAGE %E i W1, 3k (¥ 45 & 80 V, 40 min, 4 & &
120 V,50 min) 0 B EH B, B EFER B EHE AR
(90 V,50 min) , 5% AR W Z= R 2 h )55 5
A 1:1 000 7 B f HIF-1o B 55 FE 11K 1 VEGF
BT REYLAR (4 CHER Bid %), TBST 2% vp il U %
3, B S min J5 A 1:1 000 #; B ) HRP-#51ic
FP/PR IgG(EWR 1 b, $2IR Fi#47) , TBST Pk 3
W, S min, il A ECL & 6 WK s 2 N Bt ,
JBE a5 Rt A B S, R A IMS B4 43 B R 58 0 3
58 HIF-1a, VEGF 5 B-actin 2% JK B2 1B ) LU AHL,
YERHA H X RE &,

2.6 gritzEsatt It EEBIEY U 2 25 B K
/N, JF A AT SPSS 13. 0 $R 43k 47 J7 22 43 BT Al SNK £
5 ,P<0.05 FnEFAAGIHE X,

3 #£R

3.1 FBHHBA KR CBS PR m  fi)g1 d
B, SIEHH LR, HRLBAITFHHFE (P <
0.05) , KA LHM M L, W ERARA G
TS, R S5 20 K LY a5t BR A [R) R BE ) o P
LY RERERG, B — B0, BRI E S Y B S
14 dit, 51F % 4 8, A B 20 37 43 W 2 FH R (P <
0.05) ; BRI L AL, PF SR IT AT 4 BRI (P <
0.05) ; 5PFZRYT A L, JH 2 & & R 437 5
FHE (P <0.05) ; FF2 397 45 W ik Je Je 3% 30 R 40
HE,HHITF T ZRAVEGIT B, 4R
NG PESIRIT A KRB B B p 2 D RE WK 16 AL T
BERIZH T P2 0 E A 25 R 24 K R & 1% 00 2
ZFSRITHE, Wk,

Table 1 Effect of Danshen injection on combine behavioral score of rats in all groups(x +s,n =10) i
43 /g kg™ i fiJg 1 d Yi)e 3 d )5 7 d )5 14 d
E# - 0.0+0.0 0.0£0.0 0.0+0.0 0.0£0.0 0.0£0.0
LT - 0.0+0.0 90.2 +10.1" 82.1+9.2" 68.2 +8.8" 50.8 +6.1"
PRR 2E: IR0 2 0.0+0.0 89.4 £11.0" 76.2 +8.1" 48.1+7.7"%% 35,6 +6.5"%%
ke e sime  0.03 0.0+0.0 90.0 +9.6" 74.1 +8.9" 44.3 £7.1"2% 34,8 £6.2"%%
& mEmER 2(HEMBEZ 3 mg-kg™')  0.0£0.0 91.1+11.7" 88.1+10.5" 79.6 +10.1" 60.3 +7.2"

HSERMALED P <0.05; SEEHLEDP<0.05; 5HSMEMERALEYP<0.05(£2,3[),

3.2 PEESW KR HIF-1a #1 VEGF 4% A
MM E R R EIE W AR BREBEHS N, ml
S 112 -

A HIF-1o 55 BHPE 20 MO A0 VEGF 45 FH 44 40 i
(Lithoe Al 3) ;SCLJG 14 d B, 5 1E % 41 H A
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RIZH K B HIF-1a 1 VEGF 4 388 FH M 40 i 5039 A R
)RR B 0 T v ( APPSR 32 ) (P < 0.05) 5
SRR L, FH SR Y7 4 HIF-1a 1 VEGF 45 [
P 200 0 5 S T (AR R R R A ) (P <
0.05) ; 5FZIRYT AL L ER , £+ S & A 2 2 41 HIF-
Lo F1 VEGF %o % BH 1 41 A 550 b 25 R A% ( A 28 I
LA E) (P <0.05), PFSIRITH S HIKE B3k
IR 4N 4 L, HIF-1o F1 VEGF %03 BH 1 40 it %k 2%
SARAGIFE N, WER2, B,

3.3 PSR KR HIF-1a fl VEGF 25 1 AH X
FIRHW AR IEE AR, A WL G HIF-1a &
VEGF 3k ;SCI J5 14 d B}, 5 1F % 40 g, 45 7 2]
K HIF-1a il VEGF fJAH X £k B F & (P <
0.05) ; SHEAIH b, £+ 23R 97 41 HIF-1a F1 VEGF
MIFAXS Rk B TR (P <0.05) s 5P SR 97 H AL,
FF 2008 0 B £ 4L HIF-1 o F1 VEGF iy A X 35 3% &

xR2 ASiEgmyxt kR HIF-1a #1 VEGF % % P 14 40 B S &9 5% 1

(x+s,n=10)
Table 2  Effect of Danshen injection on immunes histochemistry
positive cells number of HIF-1a and VEGF in all experiment groups
(x+s,n=10) =
2531 Flit/g kg ™! HIF-la VEGF
EH = 4.1+1.7 16.7 3.2
H R - 56.1£7.1" 82.1+13.2"
PHSE S W 2 134.4 £21.20%»  154.7 £23.2"2%
ke e 0.03 142.7 £19.2"2%  167.1 +£30.7"%%
BE AR B4
FrEmE 2(&HFEME 62.1+6.8" 70.1 £16.5"
55 2 %3 mg-kg™!)

FEAK (P <0.05) . PF2IRIT A5 H Ik JE o 3% 31 R £
#H Ib#%  HIF-1a Fl VEGF (YA #irk B LR ARE
Giitrm L, W3, K2,

i !/ > 2 v 1R '-; - -;‘ '-o; ":"-‘ -6 s 34 :;"t’ "'a z’ 'n
B O R B |
i &Feo 9t Z‘Q?":’." :;0:.‘; = é . 2 ’ 1
. i e . . S 1= g w0 ¢
A A p g : sl 4 . ™ o - -
P - - R - " L ’
HIF-1a 4, ﬁ ;lJ:.w e d Qv 7 :,.. ; " ¥k e ann i K 4
f forol n ks BET R iy 2
. - - ¢ - 1
¥ o --’k'_ > 3 . o e - : ! " al e 4 .
5 N AET BT O BT T Ty, -\
VEGF P ¥ ) "g ° 0, ot ° = "'. "f”‘. (,,,4 ‘\;; ',: rb:o.g " o n;‘ % .
l ; 3 Wl ] e \Y .... "'f"f'ﬁ ',l(. f -' | RS ;xi.’ ‘g* o3 L ¥ . ¢ l‘
= .° ,,rf‘. ~ :. s " e R B ! 0"4’ Sar 9 ":(.l > o [ g o Sapd T i
Y . v Pt < = o - 1 g wi g, - '“. 1 P o~ ]
A ?m‘ Rk B 5. . ";‘4’ e Vg N g s 4
N P T, W < Bl “Po - e B AN - x. 2
A B C D E

ACIEH AL B BERIAL; C PRSI ST D. IR JE e SRR AN AL E. PHS i b dE Z 4L (1 2 )
1 ASEHENESERAKXR HIF-la F1 VEGF % 5% BE 4 40 B £ 49 5408 (1HC, x400)

Fig.1  Effect of Danshen injection on immunes histochemistry positive cells number of HIF-lo and VEGF in all experiment groups

(IHC, x400)

x3 ASiEgiRx AR HIF-la 71 VEGF Z A X KA BH MW
(x+s,n=3)
Table 3 Effect of Danshen injection on relative expression quantity

of HIF-1a and VEGF in all experiment groups(x +s,n=3)

215 Flit/g kg ™! HIF-1a/B-actin VEGF/B-actin

EH = 0.041 £0.011 0.238 +0. 056
Ay - 0.532 £0.035"  0.467 £0.079"
FFSEHN R 2 0.853 £0.098"2%) 0.749 +0.131"2¥
ke e 0.03 0.899 +0.108"2%) 0.781 +0. 146>
BRIFR AN
FF& 2(F @ MAE 0,525 £0.022"  0.438 £0.089"
IS %3 mg'kg’l)
4 itig

SCI %t Ja , Ja S P48 475 AN {H ] LA 515 #2280t

HIF-1a
VEGF

p-actin

A B c D E
2 ASEEREN&RKAKR HIF-1e f1 VEGF 1834 %k B ik

Fig.2 Effect of Danshen injection on relative expression quantity of

HIF-1a and VEGF in all experiment groups

BRI 2 2T W 24, [A] i) 3 23 51— R 51 FF i 1l
A, G AR 2 LA P IR TR R, DA R il A R
s vh R BE IR & (spinal cord blood flow,
SCBF) (I &, DA THT 5 S50 4 P ke o f5te S0 43 5 1) &
A, NTTTINEE SCI 8% B 2 D fE R is ™ o Rk,
o] R 85 412 1 53 005 Jeg ¥ 2 2PN 403 AR I AE T G, 1
<113 -
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Jin SCBF, g3 451 403 Jay ¥4 1) ok S BR 85, AT LAAE Sl — A
RE% A 22 #F SCI B 113 J5 M & L 4118 B IR 9T
FEB,

HIF-1 J& F bHLH-PAS ( basic Helix Loop Helix-
Per/ARNT/AhR/Sim) % 3 N ¥ % & W& 51,
120 kDaf) HIF-1o S & ( J& 9 15 1% $4 09 2 A W2 5
fi2) #1 91 ~ 94 kDa i) HIF-1p . (J@ i B K 35)
LS IR —RIEMIE X, 7E% ST, HIF-1a
Wz R - R IR AR A AR R R R 2
B4, HIF-1a 5 HIF-18 JE K HIF-1 & &1k, 5%
58 AWK % R B JT 4 (hypoxia response
element, HRE) F1 ) HIF-1 454 & 454,51 — &)
20 B 0 IG 4R B SN, % VR 4 48 4 X Bl 4R 3R B Y5
Ritk " VEGF J&— i 2 M85 14 Kz 40 0 4 55 1 9 T
REGAHEKE T, AITE M N K403 & A Bt 7 i, 4
il R T, I 0 H ™ A 5 F B AR 3G B AR A, AT A2
B A 0L TR B, R0 A A% J S e i, R AR RS £
B E e . 70 & R A LU b i Gk
AP REREEMEMN. AR AN, KK SCI
Ja ,AEBEE BT BUR RE41 21N HIF-1a F1 VEGF
FIBAKEFE, KRECE BEM 2 D) R T 15 2 1B 25 00
$&75 HIF-1o F1 VEGF 38 52 4 1 4k J& 4 ke 1l ik 4 43
Bill kA R JR T E SCI 5 P & Th ek & 1) 3 72
TR EEREERT,

P2 R Z 4 B EFL Labiatae BB Y,
A [ BE 2 T Bl Sy B T AR, 3% 102 B, it Il
THM TR, A BFFE & B, SCI F 4 fi H K 51 & £+
ZIRIT G, R 2238 T8 WO 2038 8 o AR I, & B
BEB T BOSBER SCBF B & W, i H &
SCBF i F+ /&, 8 % i H 8 & Thse 15 DL W | 2k
AR R S 4 A R, 5 SCT R AR,
FF2IRIF AR R CBS 374 I E AL, RA LS+ S
HEHRWIRIT 5, K BUF 88 2 D) ae 15 L] B B3 .
[FEF, 5 SCIBLRIZH AL, FE SR H KRB B4 4
W HIF-1a fl VEGF #y3RIAKF- A&, RS S
FHE T DL S HIF-1o #1 VEGF )3 15, 1M HIF-
la il VEGF Rk FH )5 , 7] LA & ¥ 35 22 i ik 08 19
YE R, DA B30 3 400 0 o 3 A e . S5k SR 358, 2
MAERERIR A .

WA, ARSI R B X FAASMEmERA
K, 7ER B 45 5 % 00 & %= [ 9506 Bt VLB 3-04 i
(PI3K) /25 F i B§ B (Akt)/mTOR {5 5 %% T 3 % 1
Fe s MEBHWR ] 5, S SR H I, XL A
HIF-la #1 VEGF )35 /K & FEAL, IF H CBS 1

<114 -

oy BT R AEBLW LR B Sl T, PR
% HIF-la fl VEGF FRik/K M TR, PFSE W AE
B IR BE T A BEA B A 20 T BB W R A A FE B R
. BB KB, PS5 W AT LA JH R PI3K/
Akt/mTOR {5 545 S B A E 1 bk, 4TIk R
FFEE SR E S HIF-1a 1 VEGF EiEFH &4
MR AT RE S LR R 5 5 5l A &, PIBK/AkY/
mTOR {5 5 B2 W32 K15 5 o) 240 i 9 5% 2 19— 2%
HEBRR, ) ZAET S h, BA 4
R 58 4 Ak A DL R B0 B A T AR Y . T
HIF-1a fl VEGF #J& PI3K/Akt/mTOR {5 5 % F
W EE NS T FEBREA ST, mTOR 7] 38 i i 35
p70S6K , eIFAE J 4E-BP B2 ik, 1% S HIF-1a A
VEGF 5 [R5 5% 8 55, AT & #4880 2% 140 F I
SR APV P DL B AR S 1t A8 PN B 200 i 48 R I A A
e, 3 HE A S8 IE B, PIBK/Akt/mTOR {5
538 g X HIF-1a #1 VEGF ()35 3 /E F 7T LBz (5
5 T 0 S A A ) B R TR, fH R
B T i — 2B S T LAIERA .

ZE bR, S S W AT i JE Y HIF-1a F
VEGF 3 [H ) 7 5% R 3 3k, DT & #2 % 5  4h &2 4
UGB R R ER, 25 SCL 5 M & Th gk & 1
T,
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