5537 B 18 ;o= OE K OK ¥ ¥ R Vol. 37, No. 18

1818 2015 4E9 A 30 H J Third Mil Med Univ Sep. 30 2015
\ e 2 ol
TE % DOI:; 10. 16016/j. 1000-5404. 201501137

158 14 A 8 T F Ok 35 R A 42 S e Xt i 3 ek A B RO 52 M

sk oL B L,w ®E L x & (400038 TP, 45 = FEEE KRS AR AT IR BN 5400020 TG, f 224 324 I
Bt 2 R )

(HE] HIY BRI RSO T , R s 28 S B X G 2h ik A= s s . i i@t
SEFLA MBS Bk 8 JRI 37 08 P A IR T AR AR SRR BRI 350 1 A I 22797 . o 84 HLfi R (1Y
B AEME SD K BB 7 3RIE 5 A B IKESHL + M ad (A 41) BhIkESHLAL s ffRF AR
H(RAH21 H) ., RF 8 A K BHBENL L A B .C3 ANWAH(RHT H), 7 57T ZLRHE K
gl Kok APERHZE DA S G e ARG (5, 85 BRG 2 A ARG B W) & s AR W /N T3h Pk 45 4L 4, K
TEMAEHFBRFARA(P <0.05) ;BRAHAM Willis 2 kA 542 BN T3 kg5 4041 (P <0.05) ;%
PELA ARG OG5 R R R AL A O B G S A BE SRR BE /N T Bl Ik 45 L4 (P < 0. 05) 58 Ji fe A7k Atk
N Bl Jok BH 2 5256, 156 A 21 4 7 R T sl Jik DX i 1 5 3 4 1B Y U A /N T Bl k&S L AL (P <
0.05) ; A7 R 2F Vo045 R BoR BG4I/ & T ah k& FLAL (P <0. 05) 5 [F] i TTC G 8 B 7 Bk 5 2H i
FEFEARTE 43 2R T ah KA FLAL (P <0.05) o 8518 i il A8 2R 5 et 28 S et 58 1 16 1 i P R sl iy
ki 1 Jok 2 i

[EIA ] ASPEMARIE T ; M sl ik AR A 5 28 B 46 5 2R 32 I 28 52 i

[hEESZES] R364.33;R743.31;R745.1 [ CHEkRER] A

Sympathetic denervation impairs cerebral arteriogenesis after chronic cerebral

hypoperfusion in rats
Zou Can', Hao Lei®, Tian Hong’, Liu Lei’ ('Postgraduate Team, Third Military Medical University, Chongqing,
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[ Abstract | Objective To determine the effect of sympathetic denervation on cerebral arteriogenesis
in rat model of chronic cerebral hypoperfusion and investigate the underlying possible mechanism. Methods
The SD rat model of chronic cerebral hypoperfusion was established by right common carotid artery ligation for
8 weeks, while denervation was performed by surgical removal of the ipsilateral superior cervical sympathetic
ganglion. A total of 84 healthy adult male SD rats were randomly divided into 4 groups, that is, model and
denervation group (n =21), artery ligation group (n =21), denervation group (n =21) and sham-operation
group (n=21). In 8 weeks after surgery, the rats in each group were further randomly assigned into 3 sub-
groups, that is, sub-group A (n =7), sub-group B (n =7), and sub-group C (n =7). The diameter of
leptomeningeal collateral vessels and Willis circle artery were observed in sub-group A after latex perfusion;
the rats in sub-group B were subjected to permanent right middle cerebral artery occlusion. Cortical cerebral
blood flow was measured. Cerebral infarct volume was tested by TTC staining in 24 h post-operatively.
Immunohistochemical staining was carried out in sub-group C to observe the structural changes of the right
leptomeningeal collateral vessels. Results The diameters of right leptomeningeal collateral vessels and Willis

circle artery were both significantly smaller in the model and denervation group than the artery ligation group
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(P <0.05), and obviously larger than in the denervation group (P <0.05) and sham-operation group (P <
0.05). Immunohistochemical staining showed the thickness of right leptomeningeal collateral vessels was
obviously decreased in the model and denervation group compared with the artery ligation group (P <0.05),
but remarkably increased than the denervation group (P <0.05) and the sham-operation group (P <0.05).
In 8 weeks after permanent right middle cerebral artery occlusion, the ratio of cerebral blood flow to basic level
was significantly lower in the model and denervation group than the artery ligation group (P <0.05), but
markedly higher than in the denervation group (P < 0.05) and the sham-operation group (P < 0.05).
Neurological function scoring indicated that scores were significantly higher in the model and denervation group
than the artery ligation group (P <0.05) , but obviously lower than in the denervation group (P <0.05) and
the sham-operation group (P <0.05). TTC staining showed the cerebral infarct volume was significantly
larger in the model and denervation group than the artery ligation group (P <0.05), and remarkably smaller
than in the denervation group (P < 0.05) and the sham-operation group (P < 0.05). Conclusion

Sep. 30 2015 1819

Sympathetic denervation impairs the cerebral arteriogenesis in rats with chronic cerebral hypoperfusion.

[ Key words |

denervation

chronic cerebral hypoperfusion; cerebral arteriogenesis; sympathetic nerve ; sympathetic

Supported by the Natural Science Foundation of Chongging ( CSTC2012jjA10155). Corresponding author: Liu Lei, Tel: 86-23-68762057, E-mail; liul324@

sina. com

G 25 R RS D I AP O S5 0 Pk s 11 52 438
AETh R T U N R A A iR . TS R B S
LR BORHLE Z — 76 T PR E A, 0 R
TCEF X PERIR YT 7k, H 2 245 W) 7 3l ) S 4 v HoA
PHERCR TG RS2 96 204 N R B, 48 R gl ik AR 1k
VE R — i B 1 W3R 7 07 e 52 0 T, T I 1
EEA S AR 2 X v A BRAERR S &
BRAS I 28 AT REXT S0 Bh kA AT TR AR
IR E TS 1 hsh Pk AE SO A A B . ABE
338 o A ) 0 3 Bk B 2€ ( common  carotid  artery
occlusion, CCAO)8 Ji&] #3712 P4 v {7 v A AL | AR T
AR LB TR T 1 A2 S 2875, WL 2k A8 Sk 28 S i
XoF P P A ARG TR 1 s i s ok 2 18 ) 52

1 #R5FE

L1 E&HHENE

Je e 2t (5 2636-A4, Jb 5T P W A H A R
AL, dbs) 52,3, 5-= R BL G0 Ak DY & M ( TTC, Sigma 2y
H), 3% [# ); — $PU: Anti-alpha smooth muscle Actin
antibody(ah5694 , Abcam /A &) , H2 [ ) ; kA E b
R & (PV-6001, rhAZ & 47, db50) o ARBE 27
55 (SZXT, Olympus A ), H ) 3 22 3% 0t i i 4%
(LDF 742 VMS-LDF1 , Moor /A7) , %5
1.2 ¥4

SPF 2% bt SD KB 84 H & Jfi4a 250 ~280 ¢, th
SRR s Y DR . FRBEDLECT RIS S
NENPRGESL + A EH (BRE2H) BhIk A FLA 2l

SEMT RN, FH 21 B, HAH X503 AH
(AB.C) , BANWHT H: A HRBRATAMHET WA
MR & 35 Willis 2 Jk R B 425 B 4K AT
) B H 3l ik ik & 44 BH 2E ( permanent middle cerebral
artery occlusion,pMCAO ) , Ff 0l X Ji7 X 355 igi 52 J22 IfiL i
.24 h S T 24T N2 RAy, FE WSk BURR/E TTC 4
0 FE A AR FEAR R R /IN 5 C 20 K BRUA T S e 2H A 4 (0
SIS R
1.3 g4k

R 10% 7K & S E (350 mg/kg ) T B2 BRI
Bk A LA I 22 R A5 HLA SRSk 8 JE E 7 18
FRARRE AR ) MR RN T AR L A
RN SRR 2 R N =P VIE - N A iR Ul o A 2
PR AN s R 20 S B A M0 S SR 25 0 4
FLIFM 3 55 Bl k5 BT AR LR S5 LI BNk AN 2B
BRI T, R AR EAR R
1.4 SUREZNRLEYS

A HRBURSE 8 JRUMREE ST I M , 85 TF 470 B
e E A AR 150 mmHg B9 FEESE S mL KR
FLIE 55 (50 pl/mL) BRA Y. ZJETERIL A i
T 40 BT D 2 3R ) & S RN R i Willis 5 fik B
AR . RIS S Y AR K ki 617 29 ik ( anterior
cerebral artery, ACA ) 1 K fiti 7 3 ik ( middle cerebral
artery, MCA ) [ 25 5 Ab Je 4 1) — s 0 &=, 41> 2 Bk R
8 A5 U AR A iR Y A2 . Willis SR
PR B I O T 350 Ik Py st bk 4 S Ak



%37 B 18 £ = FE KB K ¥ ¥ R
J Third Mil Med Univ

1820 2015 4£9 J1 30 H

Vol. 37, No. 18
Sep. 30 2015

1.5 3tk % -E$hnl 3 K 2 ik %

B 21 KBTS 5B A MR 2 i 741 3. 5 mm (1) MCA |fil
PERAE—AYT 1, B Ot 25 Sk
B b e A5 MCA 1 438 DX i 1L 7% & ( cerebral blood
flow, CBF) {E R 32RA ) . 8 JH 4% 41T pMCAO 52
355 P UK AE AR [F] 7 B0 5% CBF, Jf 3158 pMCAO J5
CBF 5EZ(H M LA
1.6 pMCAO AP 24T 4 F %5 F= TTC 4 &,

1.6.1 pMCAO B 4] 75 CBF 34 (i )5, it
1A LR P ZE MCA T 5 JE Jp 2t A 350 30
Jok P, 28 851 PN B k% AN 29 18 mm

1.6.2 M7 RHEWST TARE24 hitsr, 2%
Zea Longa WPFAMARAE (O 43 TR MIREIR ;1 43 A
A AR X RTIC;2 43« ) X% B8 5 3 4 ¢ 1) Xof A
WM 54 43 NAE A & AT, IRTER 5 4 0ET0) .
1.6.3 TTC ¥efa,  7F pMCAO FiAI 2 15 24 h
KU, ARTMEYIRS B, A2 2 mm, LA
2% ) TTC 1,37 CHEEMFF 29 30 min, A 4% £
W EABCT 24 h, 31885 ) Image-Pro Plus 6.0 {4
DN i A A0 TR AR, R 4 G 1) A A6 T AR R 1) e ] B S
THA AT FEARA, IR SE AR AT |5 2%

1.7 %z EMBEHIR LD & LB RR A

CHRRASE 8 J& AR K I 4% 1) 22 5 H i
T . WU ORI RE 2 1.5 ~3.5 mm (1 x4l
BURIEEAT IR i B W) 5 S 8 RE TR B, 28 oK i B
AUSAEYI A, REZ 4 wm, Bk KA EI 3%
H, 0,7 10 min, PBS 5 3 ¥k, 4K 2 min; FI—Ht
anti-o smooth muscle Actin antibody ( $iT - ## i/l a-actin
Pk, 1:400),4 C vk &, PBS wijk 3 K, B
2 min, i AR &0 DAB B0, —H K% I 5 1%
T B R IR O Y SRR
1.8 %t S oM

K H Sigma Plot 12.5 GEiti 4, i E TR x +5
FoN , YPRA] LCR SR 3R 2240 A, AL T () 35 580
P LA LSD %

2 HR

2.1 HIEEEY A F Ao Willis sh BRERZE M09 T 4L

AL T 245 5 7S « 6 2L 5 1 7 )
BTG LA, KT 2 2 4 A F R4 (F =
22.4,P<0.05), L4 /NFHFARL (P <0.05) .,
Willis Sk B 42 B0 5/ T S kS L2, K T %
SO iR DR
FARH(P<0.05,% 1,8 1),

®1 BHXRKMEY & X Willis 31 BKIF SR TL

(pm , x+s)
. I R Wills Zfjbk i Ry
HXEA HERZ G R
i | 40.1%5.9 322.0+23.0 6.9+0.3
k4 HLH 47.4 £6.0" 504.3 +11.1% 8.0+0.5%
ERUERYE 27.8 2.3 223.4 +10.5% 2.8 £0.4%
BFARA 33.7 £3.6° 245.3 +18.3° 4.2+0.6°

a:P<0.05, 5B A b4 b. P <0.05, 5 3 bk 25 L4 3k
#50:P <0.05, 5F Rk

B H S F G A5 R o G BRI W) &
SCEREIR W /N T3 Bk A5 HLAH , KT e i
FARA(F=201.7,P <0.05) , LM 24 /N T B IKE5HL
H(P<0.05,%1,K2),

2.2 HEZCBF &y %A

8 JiJr4T pMCAO 4, k741 MCA X% CBF {H
HRELAH R LUE I /N T B kA5 L4, R T EMad
SERFARHA(F =36.3,P <0.05) , LM LA TET
ARHA(P<0.05,%2),

£2 KEAKXFE PMCAO 5 CBF HEE5E&EMLE

(% , x«s)
ZH 5 LAl
A2 27.6 £4.3
kLA 35.7 +4.5%
Khad 16.3 3.4
BFARA 20.7 £2.4°

a:P<0.05, 53420 b3;b: P <0.05, 5 Fhpk & 3Lk
#;c:P<0.05, 58 F Karig

2.3 pMCAO JEAY ZAT A 533 5 Fe i LR AR 09 T AL

8 JAJ51T pMCAO S5, #2847 R 2# o 45 R W m
A 4LV IA S 3 T e Bk & LA, IR T L ph g 4 Fn i
FARMA(F =20.0,P <0.05) , LAEHKRTERTF AL
(P<0.05), 17 TTC Y J5 WL, INiAE L 8 45 52 21
o RGN S R AT (0, 45 R 8RB G 4Lt
WA R TIIKGEFLA , /N T L p AR F R
H(F=33.9,P<0.05), EMEHRTHRFARU(P <
0.05,%3,#3),

&3 HAKXR pMCAO FHEITAFITSFEILEREN

(x +5)

205 AT R 2E TS FHIEARALNE 23R (% )
T 1.7 0.5 32.0%6.7
k&L 0.7 £0.7% 18.1 £4.2%
Pz 3.3 +0.5% 50.4 7. 6%
BFARA 2.4 0.8 42.6 +6.3°

a: P<0.05, 5345 4b%;b: P<0.05, 53 k&Lt
;e P<0.05, 5 F KA EK



537 B 18 Y
201549 A 30 H

CHE AN NI B O
J Thid Mil Med Univ

Vol. 37, No. 18
Sep. 30 2015 1821

SIkES LA

BRI 5 3

421
4\
A
N

Wilis ZJKER

K /
¥
N\ N N
“““““““\I““““““‘I“““1“““‘|||““““““\

ESuEatl i T AL

Tom B BE & %5 0 Willis 35 BkR
E1 R EMERRSEX RN A X Willls BFEREL  (x10)

k&L

WQ X
: "ru_ et
.. A e
o SO
) Nd 3L

BT AL

et

o2 L S 4 P Ay $Ya |

ABEAA B F BRI C. FAP 220D B F KA

B2 RERAULEURESAARREEREMEZEETL (S-P)

ABRA4H ;B Sh k453040 ;C. 24 448, DR F K
B3 &HKR pMCAO 58S TR A 2=

3 g

AT AFARAR LR E T 10 f8 T H 45 32 S AL, 17 30 bk
He AR — B NG T T B 2 R . sk AR ORI
P T 0k REL2E , L3P 23 PE A0 S 0 ot 3 #23 n, BA
75 1S 148 B SR8 A 2 BE Y K B M 52 3 bk Y it
R e EE UL i S KB ZE R , B AR A SR
U8 52 0 10 97 P S B AR L — U B

JVk I, M et 2 i S S Willis: 3y Jik A i 4 7 1
YL, ACA X MR E KT MCA X, & Z EE R T —
AN BRI DT 38 Ok 1 IO B ) 7, T L 9 5 4
7 ek A R 3h Bk AR B AR R B R A
SEHGHERE R oh BREs FLAL R IS £ S AR A R TR
JERBART ARG 34, $E7% CCAO J5 5741 1 i1 m
PR TR, [, pMCAO A5 Bl Ik 4s FLLA F A
FAR 41 Bz B K 2 B i A i R BE



5 37 A5 18 ) N U NI S
J Third Mil

1822 2015 4£9 J1 30 H

Vol. 37, No. 18

Med Univ Sep. 30 2015

( cerebrovascular reserve capacity, CVRC) #2 &, CVRC
(P AT 000 2 M 5 19 A K. R, CVRC A3
e AT Sz e 1 G PR 5 3 5 Willis 2l R A8 A2 1
e BhkES LA BAR T AR LAFESCARF N e 2847 R 2%
PRI AT RE-S BB & SOR Willis Sl IKEF A 184
I 56 o IS AE A RS B R B8 o 2 A e i P 0
W T Wish kA B, CVRC 4 45 i FNASE 6 1A LA /s
HRF I L G Bl ok AE RN T T O IS 0 I R IR T Y
Wi

SN G R b 0 R & BLRE R4 1 85 10 07 Y
Ty 1%, i P13 Ao A2 0l A8 B 170 g AR e i DX 20 Jk AR
TCEEEAPISEBRY o WISy A G A8 E A 4= 1
AE AN 28 S, S IR 28 21 4 5 - Wi WL () A AR [
PR FRIE X R TE S5 R b A I 22 5 1 1
EZ AR IR 2R o A SEH R o - 550 REUZH A
Fb A5 2L AR W) £ S 0 Willis 8 Jik 98 128 48 3 ik
SEFLAIG AR EE /N A R IR R /D, 4R 25 5k
P28 S TRE S i 20 Dk 2B ) FEAS PR 52 400 . RS A il g
S TR SE AR /N 00 R BE R/ T Bl ik S FLA e
A T 2 B 25 5 S 28 ST i M L6 ) A 1 e
/0N T I A 0 A8 A R VR B 5 Bl K 2 el A v P L
AP G B B VIAROC , I 25 2 /N sh koS A A7 T g 1Y)
WA Bk B AT A BT R S B 28 X -
JUAH LA 55 FAE T, AR 09 A 4% 7T B 5 3 ot 2 1
B AR AL Y ASET S RS R R R
F ol ZRAE B (B 2200 B IR g ) w0 R B
SMC (5 o A, 2K Y 7 R ¥ 52 bl 28
TGRS BRI A R 20 RS B X8 RN 5 A1
BT AEIE SMC 7 o PRI AT A ) S v 22
ST Bl Dk AR G A T 9 LA B Y 1 5, HERIL A AT
A5 Hoh BT UIAH OC , 3 R FRATTHR 2 Ann] o)) 45 i 20 ik
Az R S PR FH B Bt 75 ) SR i

25 LR AR R 108 M kAR E T T DL &
il I ok A= B, 11T 2R S8 I 28 S Te 25 400 35 i sl bk 2B i, H
BARB > FHLRA R T i — PR R

SE k-

[1] Ohtaki H, Fujimoto T, Sato T, et al. Progressive expression
of vascular endothelial growth factor (VEGF) and angiogene-
sis after chronic ischemic hypoperfusion in rat[ J]. Acta Neu-
rochir Suppl, 2006, 96 283 —287.

[2] Troidl K, Schaper W. Arteriogenesis versus angiogenesis in
peripheral artery disease [ J |. Diabetes Metab Res Rev,
2012, 28 Suppl 1: 27 -29.

[3] TuoM Y, Yang B L, Ye F, et al. Collateral vessel growth

induced by femoral artery ligature is impaired by denervation
[J]. Mol Cell Biochem, 2011, 354(1/2): 219 -229.

[4] Omura-Matsuoka E, Yagita Y, Sasaki T, et al. Hypertension
impairs leptomeningeal collateral growth after common carotid
artery occlusion: restoration by antihypertensive treatment
[J]. J Neurosci Res, 2011, 89(1): 108 —116.

[5] Duelsner A, Gatzke N, Persson A B, et al. Induction of cer-
ebral arteriogenesis in mice[ J]. Methods Mol Biol, 2014,
1135, 121 - 125.

[6] Savastano L E, Castro A E, Fitt M R, et al. A standardized
surgical technique for rat superior cervical ganglionectomy
[J]. J Neurosci Methods, 2010, 192(1);: 22 -33.

[7] Li W, Prakash R, Kelly-Cobbs A I, et al. Adaptive cerebral
neovascularization in a model of type 2 diabetes: relevance to
focal cerebral ischemia[ J]. Diabetes, 2010, 59(1) . 228 —
235.

[8] Sugiyama Y, Yagita Y, Oyama N, et al. Granulocyte colony-
stimulating factor enhances arteriogenesis and ameliorates cer-
ebral damage in a mouse model of ischemic stroke [ J].
Stroke, 2011, 42(3) . 770 - 775.

[9] Todo K, Kitagawa K, Sasaki T, et al. Granulocyte-macro-
phage colony — stimulating factor enhances leptomeningeal col-
lateral growth induced by common carotid artery occlusion
[J]. Stroke, 2008, 39(6): 1875 —1882.

[10] faffif, whvr4x, ZEmog. SR BEGIE SD KRR 2k

R AR T]. HfAE, 2008(18): 1 -3.

[11] Buschmann I, Schaper W. Arteriogenesis Versus Angiogene-
sis; Two Mechanisms of Vessel Growth[ J]. News Physiol
Sei, 1999, 14: 121 -125.

[12] Rolland P H, Bruzzese L. Manipulating arterial fluid-shear
stress and arteriogenesis in the brain[ J]. Eur J Vasc Endo-
vasc Surg, 2011, 41(5); 597 —598.

[13] Duelsner A, Gatzke N, Glaser J, et al. Granulocyte colony-
stimulating factor improves cerebrovascular reserve capacity
by enhancing collateral growth in the circle of Willis[ J].
Cerebrovasc Dis, 2012, 33(5) : 419 — 429.

[14] Ruohonen ST, Abe K, Kero M, et al. Sympathetic nervous
system-targeted neuropeptide Y overexpression in mice en-
hances neointimal formation in response to vascular injury
[J]. Peptides, 2009, 30(4) . 715 -720.

[15] Sherline P, Mascardo R. Catecholamines are mitogenic in
3T3 and bovine aortic endothelial cells[ J]. J Clin Invest,
1984, 74(2) . 483 —487.

[16] Hao L, Zou Z, Tian H, et al. Novel roles of perivascular
nerves on neovascularization [ J |. Neurol Sci, 2015, 36
(3): 353 -360.

(Yr#5:2015-01-19; &6 :2015-03-17 )
(¥ ETE)



