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[BE ] BrY W 0JEEMSR (vacuum sealing drainage, VSD ) AR T F Rl 0Tk
(oxygen partial pressure, PtO,) FJZZ4L, FF¥IT VSD W2 o B LGk I, - FE7E 73 51405 (ischemia
reperfusion injury, UR) WIFIRENLE]. ik FRIGFERZZEI0MILRE, 4 30 24
WAL (BEHLECTH: ) AR R (AR ) 41, UR 4181 UR+VSD 41, 441 10 H. it B 22 5 1
JEsh#k (4 h) FWRE FRETE (6 h) 195 #E S S UR MRS, ARYE iz 12 75 17 5 sh Bk sh Vo )
W A R D Al . ZE IRl ] VSD BRI T HEHE I G T, 4T AR L PR
FEREE)S 3 h s SE I 2 o A B ), A L PR DXl o . IBORE B B okl ., %o 4520
PtO, K45 S F -1 o ( hypoxia inducible factor 1 alpha, HIF-1 o ) mRNA FIZE [ DL FLAR (lactic
acid, LA ) Y& mIEATRI . Prfssdis ) Jr 22700 . LSD-¢ 28 Tamhane's T2 EFE 74011242047 -
R (1) PtO,: B, UR 4H UR+VSD 4 PtO, ¥ FFE, HMZLN 2RI X (1=1.322,
P=0.296 ) ; PRI FHHET IS PIZH PO, W3 BT, HAMIL TR (F=8.334, P=0.006), HYEUHIIH]
I/R+VSD LK T UR 40 HE 450 (1=2.015, P=0.046); (2) HIF-1a« mRNA : 5% R4 1L
A, UR A UR+VSD 41 HIF-1 « mRNA 7 #4555 2 h F1 4 h BH 8 75 (F=10.120, P=0.002
H F=36.480, P<0.01 ); P58 B , UR 2HF0 /R+VSD 2H BT AR, (EA7 5 TX IRZH ( F=6.960,
P=0.015 fl F=4.470, P=0.035); . UR+VSD 4 8 % = T IR 41 (£=1.799, P=0.048 il t=5.911,
P=0.019); (3) HIF-1a &M : SXRLHE, UR 4 HIF-1 o & FEAEFREERTFIARET)S 3 h
WEFE (1=15.567, P<0.01 il 1=2.768, P=0.031); UR+VSD £H HIF-1 o & [ 33k 76 F-HE VR
R 3 h M6 h BT m (1=13.438, P<0.01 ; t=7.854, P=0.009 ; t=6.442, P=0.011); H
I/R+VSD A7EH-HEE R T UR 4 (1=1.878, P=0.046 fil t=2.609, P=0.030); (4) LA : 5%}
ZH A, UR 2N /R+VSD ZHA1 AR KM AN B LR LA Y & A S0 2 o5 ¥ 8 & THm (F=9.540,
P=0.002 il F=13.750, P<0.01), H UR+VSD 413 & #ELF UR 41 (1=2.263, P=0.040 #l =3.617,
P=0.027 ), %5t VSD HAR A AR ES PtO,, i HIF-1 « mRNA BYRLFANED> HIF-1 o
EREAG, i HIF-1 o SRS N, JF7T Beii i i 2 U0 A0, I LR HERR, XoF
G R LB B - PR RO B A PR
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[ Abstract ] Objective To measure the oxygen partial pressure (PtO,) within a situation of vacuum
sealing drainage (VSD) implement, and to discuss the potential mechanism of VSD alleviating skeletal
muscle ischemia reperfusion (I/R) injury in rabbits. Methods Rabbits were randomly(random number)
divided into three groups: sham (n=10), I/R (n=10) and I/R+VSD (n=10) groups. In the I/R group, left hind
limb ischemia was induced by clamping the femoral artery and vein for 4 h, then released for 6 h, to allow

reperfusion of the limb. VSD was only performed in the I/R+VSD group during the reperfusion period.
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All rabbits were administered a series test of PtO, in different time points before and after reperfusion, and
the left hind limb skeletal muscle and ear vein blood samples were immediately harvested for biochemical
analyses, including hypoxia inducible factor 1 alpha (HIF-1a) mRNA and protein, and lactic acid (LA).
One-way analysis of variance (ANOVA), Fisher’s least significant difference (LSD) test or Tamhane’s
T2 test was used where appropriate to analyze the experimental results. Results The levels of PtO,
in the I/R and I/R+VSD groups were decreased after ischemia, but no significant difference was noted
between the two groups (=1.322, P=0.296). The PtO, levels in the I/R+VSD group were less increased
than those in the I/R group after reperfusion (7=2.015, P=0.046). The levels of HIF-1o. mRNA and protein
were increased after I/R injuries (F=10.120, P=0.002; F=36.480, P<0.01; F=6.960, P=0.015, F=4.470,
P=0.035), and the levels in the I/R+VSD group were greater than those in the I/R group (=1.799,
P=0.048, t=5.911, P=0.019; r=1.878, P=0.046, =2.609, P=0.030). The LA levels were significantly
increased in the skeletal muscle and blood samples in the I/R and I/R+NPWT groups compared with
those in the sham group at the final stage (#=9.540, P=0.002 and F=13.750, P<0.01), but the levels
in the /R+VSD group were less than those in the I/R group (=2.263, P=0.040 and =3.617, P=0.027).
Conclusions Our results suggested that VSD technique decreased PtO, in regional ischemic muscles and
led to increases in HIF-1oo mRNA and protein that subsequent accumulation of less LA in both of regional

skeletal muscle and systemic blood circulation, which provided protection effect after I/R injury in rabbits.
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FEEAME, FRAlEZ Kk, F A IEA AN AR
FER B as Ut JCHRTESY et BB R 25 B 1k
o, TR SZBH, WURZHZUE & kA AT
INFE, RIS fRRR Fah, dh A& B % LG - P
1 1 15 (ischemia reperfusion injury, I/R) 8 1]
it R Mo Rk i % S T B 2
Mabits, MR I AL R AR, AU
AR BEIR R, i — 20 i aE A B G2 4 PR
Z NS (oxygen paradox ) 7, H EEHLEI N
LRI . 4 R P A5 AR AR 1 PR R Y o B
T AR b AT BB R JULAT B P A | LR TR AL
PR BB A FN 22 4 1 DI RE AR 25 G4 ( multiple organ
dysfunction syndrome, MODS ) ', fyital UL, 4
il AR, IR I A X A 2
fa, WERUE R —RINIFRAE, BORIGIRPTSE R
HAHBRZ .

SEYRAIFGEAIEI, A5 Fh ik BT /S UL BT
DAXTH ARG B VER ©, (R AR,
T IG s LA PN SE BN Ak B, (A5 5 T
b PR RS b PR BT B, IR A
PSRRI 7 R 3P 5 1 ( vacuum sealing drainage,
VSD) HR, TR E R AT MODS Hriis T
R AR T, AR AR T e 2o ey 3 £ R 1 5 |
RV R I - PRV A 4 1) EAAHIL R o S W
I, AR RGE T S0 - FE T s R, 45

ARSI R Y, ST VSD HARX ALV Sy
J% (oxygen partial pressure, PtO, ) 45 S T -1 a
( hypoxia inducible factor 1 alpha, HIF-1a ) mRNA
FEH . PETCASCHFLIR (lactic acid, LA)
oM, DR HAE BB L - PR by Of
L
1 MR5E7E
1.1 SRz

MEPER P 2 4 30 H, HiAR P RH R R B =
FREsSR s O, ARSI R AR TR SRR
ria (AL Segsh Y B A1 ).
1.2 Th¥EE

R0 22 G o Bl FR TR IS 2 IR 150 mg/kg R
IR S 0 S 8 0/ G o2 TN 9 Rl )
B THAEG . SR - FERETE SO A - RS
/e a R AR LA BB BRI B RS BT, TR
JSRAR PRI B e sh ko7 LA, KRR K47
Wi A LA, e T g, e )s
JRAGH od FRE S it il B AE R A TC B 10 4
e FHIT ISPk & i B Bt (352% 4 h), SRIGTH
TR e, &M HE T (522 6 h ),
1.3 SKHAH

30 Hcm bl (BEHLECT ) 0o 3 4,
BOXFRELH (fBFAR4L ), Bl - FREE4 (VR 41).
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VSD 13 () ke ofiL - FEHEE 4L (I/R+VSD 41 ),
410 H . OX AP RA LT, AT
2 Jei B sk ) 392 P K R 5 @ /R A sh )52 %
21 AU B AT 22 I BB # K i e PR R, AN
PEAT VSD Tl ; @ I/R+VSD 4 5 ¥y 75 k47 F- 3
HERIEES, XA F LA VSD T, AR
HI7E -125 mmHg ( -16.6 kPa ). &4 S50 45 1 5
G T KA SR TR AL BE UM . B A7 4] 2Lk A T
A AR BRI AE .

1.4 FENEE. HRFNKF

(1) {42, HLBVEs M EAL ([FPFEBA:
YEFTRLEE . LF5 7 CN200320128234.1,
DL, ), A R S 1 A A A I,
T E ), CFX96 SERT 9t fit PCR X (Bio-Rad Al
h, &R

(2) #El. VSD — WAl U 51 i a4
B S AR, R, PED, FrlAFREE
PrEEBEsLge shy e, B3, HE ).

(3) i, OFLEZIERAWIHE RN : TRIzol
WM& (Invitrogen 23 H], S, 32[E ), FSK-100
ReverTra Ace- a -cDNA & ili&if & ( Toyobo /A ],
KB, HA ), QPK212 plus SYBR Green real time-
PCR master mix-plus- 2¢ /6 1 PCR i3] &:( Toyobo
NEl, KB, BA); QEFERRER L LA K
M & (VISRAT], B, o ); e vk
HIF-1« PR (Novus A7), 412y, EH ).

(4) 51 ¥ M W Z, HIF-la 51 ¥
(NM001082782.1 ) ] Prime Premier 5.0 4k {4531,
2% H Invitrogen A7l & U g5 : 15596-026 ), I3 1,
1.5 BEARFSENNET E

IR A =R A RN ¥ e S s o
SEAERET . AR AP T 10 h YA IR R) ST R
HHEIL PO, BUER A b, BT S A2 57
DL B AG BT i B AEAE — 1% 25 (/R+VSD 4
 VSD BORHX I8 2 T 0.5 cm, XJ BRH /R 4 K4
N IX ST 0.5 em ), 3% LIS A EABIRTINAS 1) PtO,
JBERE, A A S IIARE R EL R, DA
B PtO, YA IEOL, LA AT RETH BRZL N 1R 2 K5
U PR =5 w2 AN IV i e - @ N R |
B By sg ) 2
1.6 BB RN 7 %

(1) HIF-1« mRNA 4 Z1hp A 43 5 T 2 4

R qPCR 5IWF IR A

Table 1 qPCR primer sequence and reaction conditions
519 52 FEHIROIN SRR JEER
SR (5'—3") (bp) (C) Wi
HIF-1a  1E[ : CGAGATCGTGCGGGACAT 184 60 35
FIf] : CAGGAAGGAGGGCTGGAAC
B-actin  1E[ : TGATTTTACCCATCCGTGT 172 60 30

I : CTTCCAGGTGGCAGACTTTA

Bl FREERT . SRS 3 AN RS TER LA
DXIRIBORE, A4 B L U, — R
RNA. Jhtst . PEEIE AT HIF-1 o mRNA
FEASZ R CtAE, MR P54 I 18] 8 A P 48 A% 45 He
HIF-1 « mRNA FiAn0781k.

(2) HIF-1a HEUbRA « AREH 5] A B -actin
YERINZS:, RGN AN HIF-1 o IR
Ko ST EEDEET . FREES 3 h MISERESH G
3 AR S AE AT LA [)— DX BObE , BG4
P2, $EBUR TR FIHEIT 15% |+ et
FREN RIS TR EERC FL K, T B RR AT YL R K
I, BRI A— SRR L A AL P AR
W8T, e ROtk T A

(3) LA dHEWRA 5SS A5 05 K RAbBE,
e K 2B KR AR B S 20 I B s LA 2 A T
YRR T A1 AL, (AR B L 3000 1
min .0 10 min, B E 7R ARSI G052 e Mkt 7
LA BRI, 442 B B Ui B A .

(4) LA MEFRAS « 2350 FEmns . P .
SLERAE S 3 AR A, T A E SRR I E N
Jikifi. 1 mL, A FI IR 2O HLLL 3 000 r/min B0 5
min, BV DABGIR G 2e W VAR T LA BRI,
JREF BRIRGR S IR
1.7 FitEFE

B A B0l 1 SPSS 20.0 S8 R 347 4347
TR ORISR £ brvfE 22 (xs) FoRo GEitortr
HSEA TE E A Sy 2257 A I 5 24 A] FhER
FHEARIZR 7 225507 5 LRI L H] LSD-¢ % (i
BT 2ZE55E B Tamhane's T2 2 B0 E 7 2 551E );
Ph P<0.05 AESAGITFEX,

2 #R

21 BRMALESEMERETL L%

55 %F MR 2 A, /R 4R UR+VSD 41 H
Ja (JeMMA ) 5 min e, PtO, HWE Nk, HM
HuEERTLGIFE L (=1.322, P=0296); 5
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X RELL HEHE, UR LA UR+VSD 4 F# )5 5 min

PtO, ¥ I & b F, (HAK T X M4 (F=8.334,
P=0.006), B J5 UR+VSD 4 PtO, £} 42 {k T /R
ZH B OFE ST 45 R (1=2.015, P=0.046); 5T 4%
W VSD BokHE, UR+VSD 414 /i i 35 T+,
F% 3T UR 4H 7 9 V£ J5 5 min PtO, 7K F (1=4.300,
P=0.038) , WL 1,
22 BERINALF HIF-1« mRNA BIZEL

xR b #, UR 4181 VR+VSD 4 HIF-1 «
mRNA 7EE# 5 2 h 4 h 4 B & TF e F=10.120,
P=0.002 1 F=36.480, P<0.01); /R #H #1 1/
R+VSD # HIF-1 « mRNA 7£ {5 /5 3 h Al 6 h
B B A B TR, (HA)S 2 v T X IR AL (F=6.960,
P=0.015 Fll F=4.470, P=0.035) ; I/R+VSD #H HIF-
1« mRNA 7EFHEVE )G 3 h A 6 h 7 T /R 41
(1=1.799, P=0.048 #11=5.911, P=0.019), W3 2.
2.3 BERNALF HIF-1 o RIEFHTWL

5 % B 4] 1 %, IR 41 F1 VR+VSD 4l HIF-
1o 85 I RIAARXS K BE LU AE PR T AT . PRI 3
h #1 6 h 4> 5] K 16.780 + 4.352 Fl 15.198 +3.773
2.516+0.341 F 3.858 +0.537. 1.324 +0.264
3299+ 0413 ; H, /R 41 HIF-1 o /& [1 £ A TE

12
11
T ~——— . —  — XEB4
09 -- IIRAE
08 b -+ I/R+VSD4
e -
] T
H o6 | i
> :
R o5 | .
(i [ ERT T bty
04 .
o e e e
03 :
02:— l
o1 | i
P e |
% N ®» ¥ r N m ¥ b ©
o o g W@ ug yg y@ ug oygoyg g
~ § § 8§ § #H #4 #H o #H o o#H oM
% [ i

/R 40 M Bl - PR 0
+ RS 4L

DR+VSD 41 Ay e il - P38 e 40

TR EETS 3 h B FETE (1=15.567,
P<0.01 #l r=2.768, P=0.031); I/R+VSD %1 HIF-
la EHRAEEFETN. BHETFE3IAG
h# B % J+ & (=13.438, P<0.01 ; =7.854,
P=0.009 ; t=6.442 P=0.011 ) ; H I/R+VSD #i HIF-
la HEHARBAEFETE3IhMehEmT IR A
(1=1.878, P=0.046 ; t=2.609, P=0.030), VL& 2
2.4 EHAARMIMEFERKDA LA LS
MFE3IFR, S5 BALE, VR4 MUY
R+VSD 41 F-#E1E 5 6 h &1 & & bk i oF LA 335 5
ZFFE5 (F=9.540, P=0.002); H, UR+VSD 4
T UR 41( 1=2.263,P=0.040 ), 5% BRZH 4%,
IR Z1F1 UR+VSD I SEI0 25 (AbFESE ) Bl
LA £k B EF e (F=13.750, P<0.01); Hr,

I/R+VSD 41 i EET UR 4 (¢=3.617, P=0.027).
3 g
AR b, ARTE . B A A FL - i &R mT L3 Rl
W ARRA W /R 0 VR+VSD
3h 6h 0 3h 6h 0 3h 6h
-Iiﬁl
Fractin Gl . - -
-4 - m xR
20 b W /RA
:é :: L O VR+VSDA
Bl
Tl
gl ey,
S
LLI" G be
! —im -j_i

BiEER BigEE3h

IR 41 Il - FEREEIA541, UR+VSD 41 Rl - FERE R4
+ TURE B ; S0 L LA, *P<0.05, "P<0.01; 55 /R 41 1b%s,
°P<0.05

BiEEEeh

B AL RO et .
Fig 1 Timing-dependent curve of oxygen partial pressure in skeletal B2 AL HIF-1 o SRk AR
muscle Fig2 Timing-dependent changes of HIF-1 « protein in skeletal muscle
F2 HHNELHL HIF-1 o mRNA AHXS RIS (n=10, x+s5)
Table 2 Timing-dependent changes of HIF-1 « mRNA in skeletal muscle ( n=10, X=s )
215 S 2 h PHIEVERT (RS 4h) PHIETE)S 3 h PHIETE)S 6 h
X HEEH 1.012 +0.008 1.027 +0.011 1.019 +0.021 1.040 + 0.033
/R 4 5.780 + 0.544° 8.438 +1.593 2.516 £0.733" 1.324 £ 0.429"
I/R+VSD 41 5.941 + 0.609° 8.198 + 1.506" 3.858 +1.057" 3.299 + 0.872"
F18 10.120 36.480 6.960 4.470
P{H 0.002 <0.01 0.015 0.035
T« VR GUAEIL - FRETRWILAL, VR+VSD 4UNEIL - FREERWS + REPS 10 ; SXARALILEL, *P<005, P<001 ; 5 IR Z1ILEE, P<0.05
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&3 HNATNKILAE B ULH SR LR EE I (n=10, X+5)

Table 3 Timing-dependent changes of lactic acid in peripheral venous blood and skeletal muscle ( #=10, X=s )

g5 AN EE K. ( mmol/L ) HEZHZY (mmol/L )
B AR AFUE 4h (FETERT)  FR#EIS 6 h (AbsERT) A
papilskaEl 1.373 +0.147 1.415+0.172 1.400 +0.151 2.216 +0.336
IR 4 1.405 £ 0.163 1.420 +0.201 3.341 £ 0.379° 6.732 = 1.631°
I/R+VSD 21 1.388 +0.161 1.408 £ 0.196 3.017 +0.538% 4.599 + 1.043"
F{H 1.440 1.280 9.540 13.750
P{H 0.375 0.462 0.002 <0.01

o UR AR - PR 4L, UR+VSD 40 ki - B - R B SR s 56 R4 iR, "P<0.01 5 5 /R 4 HR,

°P<0.05

G B Ry DX I ot R AR s, b U A
5% R —, BRI AR A nT 5|
TS RIRSE, dk R WL AR EIE, i
FHE G AR R N, AN A SR
Ji . AN P ES AR R LR AR, T S Rk
— e M [RIAE,  E T i A AL FEAS S A
Vi, BrLLR PRI R 2R o piAk By 2Ok i
PR N TR S 2 —

HIF-1 o & — 2 S A A0 ) A e S R 1,
FEH E I 2 B IS TG, TCTk R R kot
MAEMRAESME (0,%<5% ) T B & FE IR A 32 5%
N, PP NUPREEE A AC R . AR . MR
AAT -1, BT —E A AT 75
DI SR, AR IR R AeR, (A2
RS (0.%<0.1% ) FHEIE AR TS
BN, S BN A A T A T DI
RSk . ANAEIRSES M AN RN A%
PERAE RN & A W R, HIF-1 o [A12H 214853
FEEYIASE, BT LA B R WU AR . 1 LA 2&TC
AR TP TR AR A FZA Y, nTLATa]
S W SRS AR R

VSD $ AR &R B R B B A 1) — T
B B P AN TR 7 B AR U, AT A T A
LR IRGY, PRI A, 2008 4F 3 gk A
FPAF T Lok, CF AR
IET 12 T4 b 2@ v f36 7 R U R,
FE N A I R AT 3436, I VSD AR T A 5%

e ot LRI O T Bt Y, (E R
FAALE 1 AN

HEDAESR I - PR, VSD BRI IX 5
PEJETT PtO,, FEMXTEECIRAS T —R500 7 4.
WA, RGEHATT Wi ARIFFTLERUESL (1) XF
REZHARBHIT I A, PtO, R, 1 UR 41H1 UR+VSD
RS PtO, Frgl TR JOACRA, FEE)E,

BRI iz, (EA X B4l il H /R+VSD
LT UR 41, SLEshm LB vSD Bk, 1
R+VSD 4 PtO, i i 3 1y, W3R % B AT
PIREARIEB PtO, 5 (2) SXFHRA A, UR A1/
R+VSD # HIF-1 « mRNA 7 2 # )5 # 8 2 T+ 5,
A RE[F] LS BTG, PtO, #7252 PRSI T HIF-1 «
mRNA 1Y b8 3¢ 5 & #E1F J5 HIF-1 « mRNA
WK T, MR TFFREERTKE, S —H TR
REFAMARECRE, RRZ /G 5 R AL
b, HIF-1 o Jr & TIREEE T fE i A2 0 T A
BEAR MRS 32 , St JE T HIF-1 « mRNA B335,
Ifif VR+VSD £l & - 1% J5 HIF-1 o« mRNA & T I/
R4, $#2/R5 VSD FARM— LT PtO,;(3) 5
XTHEZH L, /R ZH P 1 i AP 1 ) 3 h HIF-
la HHFREBFETIE, URHVSD 4 1E B R,
FVEYESS 3 h f1 6 h HIF-1 o RHAESHBEAE,
PR TCEIRAS T HIF-1 o 25 PR S R S TR T
TR, ATRREL R AR SRVE 5 i S UR 4 LBAR,
UR+VSD 75 PR JG Rk B35 T, $2m AD
K E IMZ 5, VSD FEARAER AT LI i B AR S 8
PtO, eIl /> HIF-1 o AR 5 (4) 55X R
Feds, IR 41 UR+VSD HHE G 6 h &b #r ik
A LA B, $R/RE - FREES, SGAZ
TCAMMEN £, B R IR R BARET
A RER TR . (HE, UR+VSD 4H LA 212 Z 1%
T UR 4, 7T RER] TR 5 | 7E P T
P BIUHAGAHG, nakEf “ TR, Lt
B 2 py e s U 5 IREFHE Y HIF-1 o 85
PR R DG B RG 3R35 , R 420ale SaU LR 3o 4
M SRR, S ARG, SXIR
Y ILEE, UR 4R UR+VSD 4528645 o B gk il
LA £k ETHE, i H UR+VSD 412 F KT /R
4, $/R VSD HARBARFEAL T )R PtO,, {HIET]
A o (i HE GBI 45 7 2N T 42U T AR
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X [A] VSD F AR SR b c Jay 8 X Sl AR S A S h
TEER e < BRI IR T G 1Y

g Lk, AR, VSD H R B R
Ja# PtO,, AT L P HIF-1 o mRNA )43k,
T HL 2 2508/ HIF-1 o SR FIRYREA#, ff HIF-1 o &
PR B (R R AN G s n - [RIh3d 3 e 2 20 R
R, LR MR . AR LS AT fE 2 Ry
TGP EBE I P, el T R U 1A EER T
DL I SR BB AR S Tl i HIF-1 o« 3842, B2 %20
R 32 ARV RSB Y . (B2 Ta) i TR EUA
J7 —#E PO nariE i VSD H AR SR 7 T AR R
PtO, A8k, 3hF e S0 S 1Y) [ B 3k 281 28 2 A0 B
FIEHET:, MRS VSD £iR “BRIFRN " 172
fBrER, i HIF-1 o SR 7ETCA AL ik 2|
A (BRI AR SRFE A T, S i o %
A2, RAERSMPANER), BF LW

2 £ X W
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