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Abstract

Key words

Background and Aims: Studies have demonstrated that caveolin-1 is associated increased angiogenesis, and
also closely related to the pathological process of diabetes. Based on speculation that caveolin-1 may play a role in
diabetic lower limb ischemia, this study conducted an experiment in acute lower limb ischemia in diabetic rats to
investigate its effect and mechanism.

Methods: Eighty healthy male SD rats were used to construct diabetes models by STZ induction. Then, rats with
successful modeling were randomly divided into 4 groups, and underwent femoral artery isolation only (sham
operation group), division of the femoral artery and its branches (model group), division of the femoral artery
and its branches plus tail vein injection of plasmid containing caveolin-1 (transfection group), and division of the
femoral artery and its branches plus tail vein injection of liposome solution without caveolin-1-bearing plasmid
(empty transfection group), respectively. After 14 days, gastrocnemius muscle tissues in rats of each group were
harvested, the morphological alterations and infiltration of inflammatory cells were observed by HE staining, the
NO level was detected by ELISA assay, and the expressions of caveolin-1 and eNOS as well as the CD34 marked
microvascular density (MVD) were determined by immunohistochemical staining, respectively.

Results: Compared with sham operation group, obvious atrophy and marked inflammatory cell infiltration of
the gastrocnemius muscle tissue were observed in model group and empty transfection group, while the muscle
atrophy was not obvious and inflammatory cell infiltration was attenuated in transfection group; the NO levels in
the gastrocnemius muscle tissue of model group and empty transfection group were significantly decreased, while
the NO level in transfection group was significantly increased (all P<0.01); the expression levels of caveolin-1 in
model group, empty transfection group and transfection group were all increased, but the increasing amplitude
in transfection group was significantly greater (all P<0.01); the expression levels of eNOS showed no significant
differences in model group and empty transfection group (both P>0.05), but was significantly increased in
transfection group (P<0.01); the MVD values in model group, empty transfection group and transfection group
were all increased, but the increasing amplitude in transfection group was significantly greater (all P<0.01). All
differences in above parameters showed no statistical significance between model group and empty transfection
group (all P>0.05).

Conclusion: The high expression of caveolin-1 can effectively improve the diabetic lower limb ischemia, and its
mechanism may be related to its activating eNOS/NO pathway and thereby increasing the NO production.
Ischemia; Lower Extremity; Diabetic Angiopathies; Caveolin 1; Rats
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#% ( Select Bioproducts, FE ) ; OLYMPUS 4%
S D MIES RS (BXS1L A, HA) ; Sartorius
LT RKF (BSA223S, 3EE ) ; Sanyo —80 CUKAH
(HAE) .

1.1.3 XA pCDNA3.1 (+) caveolin-1 ( F§
ERFAY BTG ) 5 BEIREER (STZ,

Sigma, F[EH ) ; BGILKM caveolin-1 FLif ( HHE
FAED, TED); BRI eNOSHUMA( HEZFEAY),
ED 5 NO RN & (CERAEDAE, HE ) ;
DAB Bl & (XAREY, hHE) ; rER =
R, R FrER (R%fess, hE ) ;
BER (BhikEgy, dE) .

1.2 EWHZE

1.21 1B kB K RAAER &5 I SCEk
Ik, KRZEE 1205, KB &0 STZ IR
(0.1 mol/L ) £ JI Ji PRl 1 B A K BRI, it
50 mg/kg, FHIAREH 3. 7. 14, 21 KR EH Ik
M2 B Mk, SRR FZ 2 T 16.8 mmol/L 24
AT, A 44 H KRR R

B 1 B KR TRERMESR
Figure 1 Establishment of rat model of limb ischemia

branches; C: Limb cyanosis after operation

1.2.4 Caveolin-1 M 45 3 3 7 % &KWl R
g lipofectamineTMZOOO (Invitrogen, ES ) ¥
1:3 W LLBIRR BT 2 D TC Mg S kb, 2 i
4 min JE I HIR G, HCE 20 min £ 2S5 G
S R KN & BRI IR BRI s e gL
T o B K B S caveolin-1 Y FURLAY IR AR
WAAT Y s B HHIE R caveolin-1 5 x 107 pfu,
1.2.5 ELISA &ML A AR ¥ NO £ ik AR
Ja 14 d ARAEAS AR RUR B AR TR A L2 2R
R, BSOS B TEW 100 uL, AR U &
YIS, SR T R b 5L i A T — AL AL (nitric
oxide, NO) BY& &, P TEE 3 WHCEHE .
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A: SrEREhiK; B:

1.2.2 % a YR REYLL B, R IR e s
BRI N4 A BFARA . FARBUMA (AL )
FARGMZS 5 Yl (A4 ) | Bl +caveilin-1
Beyedl (Heyedl) , BR4l 11 Ko AR
A MR R e BRI, BRI kG 4G, AN Bl
JBe Bl ok 5 A5 AU 2 PR 4l 2 L B I B ik B oy S A
B YL ] AE AR R A B L b, R R R R A
caveolin-1 UKL B IR BUIR VS I ; 75 Ye 4l M B s bk 5
Wi, MREEEIKIES & caveolin-1 1Y JF R iE
lipid e

1.2.3 HiMmEBRAEETHRERER FEB)
% SR 3% KE EZLL (1.5 mL/Kg )
I SRR I, BRI D S, R R E TFARA,
TEA S B XA — 2 em ATV, B2 &I
Ui B e s Bk bR s, BRI RSN, KA TS
Jik A ity 0 2 R B0y Ik AR i 45 FL S W, sk S g 1 T AT Y
bk g, fkagsin (B1) o TARE 144d
BB, BRI BRI WLZH SR AT — 25 A0

SELUBSIIK By 35 G ARJG KRB BURR A 2

A: Separation of the femoral artery; B: Ligation of the femoral artery and the

1.2.6 Hedmupiriten AR 14 d hIEK U
R EBUA N B HE o UBR A, R0 ] B A UL A A i
Wi T HE Jeta; Sz bk caveolin-1 Fi
eNOS HH Iy RIE . HAFMGEOLE BREE (40,

100, 200 ff ) WD) R, BEHCS AP B WAL LT
geIp &2, IR A T ER . i 1] Image J
1.52V B %) G e AL REAS RAR BEAT o0 M, DG
Y56 % B (average optical density, AOD ) 47
1.2.7 #b it i (MVD)  HE LA R AT
CD34 Ry 2l ALK, LA G BAs 2 60 9 B4 N B
20 B 9 B A0 M AR AR O 1A I B, PR AR B
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T (40 £5 ) PR W RS0 3 A X, T
m B (200 7% ) FiHEOun A g, BULEECh
AR AR 1 B 5 R
1.3 GitFEabiE

K FISPSS 22,04 4 X B4l #E A7 Ge it 43 7
TH PR AR + brifE2E (R xs) Rox, PALEM
H AR ST FE A () R 56, P<0.05 K 252 A et
=598

2 & R

2.1 —HER
R AL TE S STZIE BT 5 3~4 K IH A Hh Bk
HLORE . BRE YR, R R

B2 &AMFANEZSR HE $f ( x200)

transfection group; D: Transfection group

2.3 ELISA &l &4 NO RixZ4L

NOTEAHIA —E R RIL, Hriri
A, SEHPEHAPHNOKREMTFERFARL (B
P<0.01) ; WML NOKFE B 5 T H AL & 41
(¥P<0.01) , AN GEHHILE, 25 T8
B X (P>0.05) (F£1) .

F1 ZEAMBANAAELRS NOBIRE (X +s)

Table 1 Concentrations of NO in gastrocnemius muscle tissues

of each group (¥+s)
BRFARH 11 19.2476 + 1.89
FRAIZH 10 15.7433 + 1.34"
S 11 15.5737 + 1.37"
i 10 42.2661 + 3.56"?

W 1) SEFARHE, P<0.01; 2) SHAIL L,
P<0.01
Note: 1) P<0.01 vs. sham operation group; 2) P<0.01 vs. model

group
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A: AR B BIRIAL; C. ZSEdl; D FEd

Figure 2 HE staining of gastrocnemius muscle tissue of each group (x200)

WA AR B TR . ST sk i A
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SEIR L KRR R i, B B AR, T AL L
2=, WLsK 7 W] 558 T M, 7 W% I e % e
MBI A FET 1R, ST 25 O W IR
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2.2 HE £E&NEHMNARKER K HEERE

&5

B AR R MU AT HE S (0, 5 3 T
TS TR R0 e 1 S, Bk s JUL 4 i B
B S K M, R 2 R S e e LAY £ S E A
M, HWLAHA =40 0, e Qe RAE AN
R, NIAZEHEAUE (K2) .

A: Sham operation group; B: Model group; C: Empty

2.4 g AL e HER ALE LK H caveolin-1

#n eNOS By FRix

P 75 A5 A HE G LA 2 caveolin-1
MeNOSH KB, HHImage J 1.52VER S
Mrax i e m o br. 45 R B/R, caveolin-1
A A FRE, MHERARA P caveolin- 14
FI A Gk K I & T A 4 2 (P<0.01) 5 i
S5WFRALE, ALY | FSH Y% caveolin-1
EAMEESTITE (P<0.01) ; BRI 524
#, 2R Lg% E XL (P>0.05) (K3)
(#2) . FFFERMeNOSEH, g1 2R, B
FARA ., SHY A MBI A eNOSEKIL LRI
S (P>0.05) , MFGHMeNOSEKILI W & T
%4 (P<0.01) (&4) (£3) .
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4 _-"j"_‘\ A ‘V
3 HHEMRAAASA caveolin-1 BEAMLRE ( x100)  A: BFARL; B: B C. 25415 D Hedl
Figure 3 Immunohistochemical staining for caveolin-1 in the gastrocnemius muscle tissues in each group (x100) A: Sham operation

group; B: Model group; C: Empty transfection group; D: Transfection group

K2 HREANKENZHMFBIAL S caveolin-1 AOD & (x +s)

Table2 AOD values of immunohistochemical staining for caveolin-1 in the gastrocnemius muscle tissues of each group (x+s)

BFEARH 11 140.9326 + 2.8504
FEARIL 10 153.3185 + 2.3596"
il 11 159.1245 +3.2122"
Ll 10 171.0315 + 3.3738"2

E: 1) SRPARMALE, P<0.01; 2) SHAAHE, P<0.01
Note: 1) P<0.01 vs. sham operation group; 2) P<0.01 vs. model group

A g A } L) VA
L eNOS KA ( x100)  A: BFARL; B: BHA; €. 2564l D Feied
Figure 4 Immunohistochemical staining for eNOS in the gastrocnemius muscle tissues in each group (x100) A: Sham operation

group; B: Model group; C: Empty transfection group; D: Transfection group

*3 BERAULNZHMEBANELR T eNOS AODE (% +5)

Table 3 AOD values of inmunohistochemical staining for eNOS in the gastrocnemius muscle tissues of each group (¥+s)

BFAR4 11 140.2806 + 2.0644
RIZ 10 138.3015 + 2.3596
) 11 139.1245 +3.2122
LA 10 171.0315 + 3.3738"?

e 1) SRFARAILE, P<0.01; 2) SERAHLEL, P<0.01
Note: 1) P<0.01 vs. sham operation group; 2) P<0.01 vs. model group

2.5 CD34 AN NHERA A AL MVD P<0.01) ; SEIRAE, Y4, CD34RE
o 8 2 AL R A AL HE I LA 21 C D341 3R EI RN (P<0.01) , BR4 55 KAK,

EIFIFEMVD, S5EFARA LK, R ks ZREGEIEEX (P>0.05) (F5-6) .

2 AR (ORI N, CD34RY kB I Wi (1
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Figure 5 Immunohistochemical staining for CD34 marked MVD in the gastrocnemius muscle tissues of each group (x200)

= T L
Y Dy Bl
A: Sham

operation group; B: Model group; C: Empty transfection group; D: Transfection group

6 HEMMALELRH CD34 FRIZH MVD LLE&
Figure 6 Comparison of the values of CD34 marked MVD in

the gastrocnemius muscle tissues among groups
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caveolin-14&/NY (caveolae ) 3% I 1 1Z 514
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e U L5 2 05 vh R4 T I AR A RO
eI, ML B U i B caveolin- 1Y &
FEIR ] A A R A, JF R AUB i L o U
W EHEA RN . JasminZEPR B, W Bl w5
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caveolin-1 &P A R B 45 +L 18 2l Dk = ke i B 8
&, PR BRI IRAE, T4 S caveolin- 13
PR 38 J 1M 48 P AR BB O I S, T IRk I A5 LA ek
Ho T34, caveolin-116Z2 5 T HEIRAG i 28 L 72,
R T K caveolin-1FE R J5, R AY A B 4
. LU B A2 MK R R R 1590 % 1P T
caveolin- 1 7EMH JRJK T Bk i o 9 4 H 4l , B H1
BODHGE , 9256 5 45 FL Sl ik S PR R B
R E MR, Yk caveolin- 1 il Hi g Rk, 2R
YR caveolin- 1% G4 J5 T i 8 8 i3 £, AR Sk i
M, PE/Rcaveolin- 1 7EME IR T A Bl 1l o Al 5 &
A B A, RS Jay I D O
NOZHAEN —FAEH T Z M AE 201, W
VAT LA T AT, AR R AR, A i
FAEPT WU RN Y, R A AR
. NOJEM N —E AL R AHE (endothelial
nitric oxide synthase, eNOS ) b 72 i ¥ & IR
T R BE A B, e NOS/N OS5 38 B 75 1M 4 3 2
o AR R % L AR R AN A R,
N O Az 180 B ) 38 AR 15 S P B A0 1 L 3 &7 5
PRl ) B s i W s i L i A s 7 R D A
Caveolin-17£eNOSH) “JF TR , eNOSHLF
caveolae N If Hcaveolin- 14545 K & 41K,
caveolin-1 1] DIE#FAKTHIBE R fb, #iHeNOS %
e R AL, TS Nomy AR P 4
caveolin- 112 FEME FR R R BT Bt 1L 747 7 1y A5 47 A=
JET 5 eNOS/NOE AR C 7 S g &5 ] LUK B,
BEPR 95 Bl it KBRS Yt caveolin-1)5, eNOSHI
NOZ R B T 5, Ui caveolin- L 7EME FR 5 T Bk
A5 B eh AR i A8 T AR A T2 08 2o 3 Ak e N OS2 ik
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