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Abstract Objective To investigate the effect of Intra — operative Injection of Botulinum toxin B (BTX B) in Choke zone Il on ex-
tended perforator flap survival in a rodent model. Methods A three — territory flap was elevated based on the cutaneous perforator of deep
circumflex iliac vessel on a rat. Fifty SD rats were randomly divided into control group and experimental group. After elevating the flap,
BTX B was injected in subcutaneous, every 2mm apart, of choke Il zone in the experimental group, while the same volume of saline was
administered to the control group. After 7 days, flap survival area and microangiography were appraised. Tissue samples were taken from
pedicle zone and choke zone I for histologic study, Hypoxia — Inducible Factor — 1o (HIF —= 1) and vascular endothelial growth factor
(VEGF) expression detection. Results 7 days after operation, viability of the skin flaps of experimental group were significantly im-
proved. The number of true anastomosis in choke zones of experimental group was significantly increased. HIF - 1a and VEGF expression
in choke zone Il of the experimental group were significantly higher than those in the control group. Neovascularization in choke zone Il
of experimental group were enhanced markedly compared with control group. Perforating artery diameter in pedicle zone of experimental
group was dilated obviously compared with control group. Conclusion We suggested that Intra — operative injection Choke zone [ with
BTX B improved skin flap viability and increased angiogenesis and choke vessles vasodilation in rat models.

Key words Botulinum toxin BjPerforator flaps;Choke vessles; VEGF; HIF - 1«

I DR - 20 20 3% AH T R 2 i e 20 2L e A B im KER T 28 32 e I 5 X UIEL, &5 &R (BTX) 1Y
KIMABRARITE, FXERUTE " ZXBERE N AT AR & R R, DLAE ST & B BTX 1] DL
A E BRI RN A ) N TR R, TP A A R e A 2 (R S G R R A R A
N BB B R B R OR T W E FmLERMER . M TR I A 2 n 4R
ﬂumﬁzéﬂid\ﬂﬁﬁﬁk’ﬂ‘mﬁﬂz}(jﬂ%ﬂ%,‘Eﬁﬁﬁtﬁﬁ i e A BRI EERE R (BTX A) ,XF B I A # 8 % (BTX
AEAEAR D, DL = M58 R R 6], SR A0 8 & AR AT e X, B) ik HF s A Fr iF 98, BTX B 5 BTX A 4514 Fl )

REARAL, H 08 B A A G i B ¥ BTX B Jay &8 b HH F
A5 LT TR B4 9 12528 H (120160366) choke IT DX 5k LA ¥ 5 [X 57 2 B M2 X IR 2 19 BF
% 204372325000 35 717 o S B B I o AWFFEMEE BTX B A H i choke XX K B
ﬁiwz;%?m%,t@%ﬁﬁﬁ;hzhefengzms@163.com T 5 X2 S KR B 5, e AR FE AL

- 118 -



BE BB 2% &

20194F 1 H 4548 % 1M

e B

M#57HE

LS in) Je sh - B BRI #3 K : (&K 2 Elan
W25 8T, e A ARE PO, (FPE EHERF )T,
RT - PCR 7| & ( 32 [E Thermo /A &) ) ,SYBR Green I
Master( 3¢ [E Roche 2\ 7] ) , TRIzol ( & [# Invitrogen 2
Al) o MEPEERE SD KB S0 H, fy I BERE K 2 Sy
e 2 4, SPF 2%, ST 5 2 ¥ F W] GE 5 SCXK
(#7)2005 -0019,{& & 200 ~300¢,

2. 5By 2H e AR A £ K BB BIL 23 D S B 4H
(BRI 5 R 4L) FIX B4 (A B EhKk ), 4 25
Hoo BTG A5 BRI Z , 5256 20 £ B choke 11 X
A1 F E FE 0.2mm 3 5§F 100U, & 31 1500U ( 2y
0.3ml) BTX B, it 28 5% FHAH [7] 591 42t 2 BEER /K 35 20
4t choke T X'. BT A 3h ¥ A X B HC 2 B R B
(30mg/kg, M5 , R Yang %5 K B o il 7
T AR B LUE IE PO N2, B S EIGE L N
THRLEME AR LS BT R B — S R B ik 2
SR R R L AR 5 S B, T AR 29 O 9em x
3em B iE . VIOT B2 VU JE B2 R I A6 8 A B U2 T 56 4
Ui 125 B A, 7 KBRS IS B0 20, 4 b3k Oy i i3 5 BTX
BaiAERER K, ARG 4 -0 54k, R 45 & (K
D)o FARF1~3K8THRAFTHER G HIETH,1
N

Bl VIBRUEESIRTFIAFTNER=0EEK
FYEM, BEREMLES, choke 1 K choke I
X fr st X & BRER FR 1
A DIHURE % s DCL B4 T ) Bk 5 32 5 1C. il Ta] J 3h ik 2 32
TD. [ 75 20 ik 28 3 ; B. ¥f BORIF AL 4%

3.MERAEAR : (1) B2 A WL K ic % K e s < R
JE AT RBREE T B AL B = B R R, S AR
WLIE {4 8 {F (M2 Image Analysis System ) {18 &z 3 il
I T AR 23 L, B R TG 3R B IR B i o £ 455 20
el SAE 2 B AR DRI AU i, (2) ]
e — A ALET I 5 00 0 TR 5 T RO B2
SCYGLH A SRR, R W — A B TR T 0 R R
TRSMEEMEGR . KK TR 22 - s ErE
BN BRI B0 K, A5 HE S K BRI, A

1% JFZR 1. 5ml, H] 20ml 33 55 25 K BC & 4 19 20ml B
B~ ARG W) (3 DI 1g U4 1k =Y 20g . 2518
7K 20ml) i A SUE B K, B 2 K BRI K 7 s A i
I IR BERRLLA, R ETEIRAE T 4C
UKAR V2 98 240 J5, UJEBOKR U A0 B2 %, P B AT X 2
. (3) M3 6E & RT - PCR ] VEGF (HIF - la
FIBARJTFH T KA KR BALFE, 5250 20 X 20 & 10
H OB X 28 Y B2 i choke I [X e [X ki 7 3 2H 21
BT 42U (29 100mg) B T 1ml Trizol W H, K
FH A= ¥ 51 2% Bl ( Master Prep, MAK 6075 — 047 Hich-
uang bioer, F1[E ) 5] 4, #i¢ B Trizol ¥4 $2 U 41 41 &
RNA SR 40 606 BE 3T R I RNA &l B2 N ik BE (A /
Ayo >1.8) o MAEHTLI g & RNA S K eD-
NA, Fit47 PCR §" 1 . VEGF 35814 5" - CTGCT-
GTACCTCCACCATGC -3', M3l ¥ 5 - CTG-
GCTTTGGTGAGGTTTGA -3';HIF —1a #8H 5 -
GATGGCTCCCTTTTTCAAGC - 3', Uil ¥ 5 -
TTTCTGCTGCCTTGTATGGG - 3';B — actin L iF5|4)
5" —= AGTTGAGGGGGACTTTCCCAGG -3', Fifgl¥
5" — CCCTGGGAAAGTCCCCTCAACT -3'(fHm*EH
Invitrogen A F) A ) o 7ETCH 2 B ) Eppendorf 4 F
W& 41 ) Real — time PCR Sz R ( B I sk 44 R
20l) B BRI 41 )5 3 B A Roche LightCycier®
480 SEEFHEGE 1 PCR AL R P L4 qRT - PCR
P HAFE I« Stage One T ZE #4 95°C 5min, Stage two95
C,10s,60°C 10s,72°C 10s, 4k 45 PME I, $ 45 % ke
AFFIEE A 7 CofH, >R A AACH 36 32F 17 3K 58 %% 98 b
25 AR B 00 2 K 3R 38 B AR 6 e &, DAXT RE4H
YERBRIEREAS . (4) HEUERI RSG5 7 RICE I
H X RRZ £ 10 5, U1 HCES X 28 32 H A R M choke
IT X b e X 2 21, T AR 2 3em x 0. Sem, L 10% H
P AR [ 2 2 B K A B i B 3 ~ 4pum JE
YR 4T HE Qs RJ5 7 KRAE 10 x 10 1558 T 78
R DO 2 B KA AR AR = (IR + B
KPAE) /2, F 10 x 10 f5EF R, 78 choke I [X 1 g
DX 3 AR 2 ol 45 %% 4R X, SRS T 20 x 10 £ 58 T B
RIEWCS ASALET BN A BOF O A TR
A7 T AR I A8 8 (A7 J7 220K AR S DA il A %
JZ(MVD) iy 45 .

4. geite 0y i R SPSS 19. 0 Ge it 2# ik ik 47
4113 ¥ , GraphPad. Prism 5. 0 | &, £ 4G DA 80 «
PRl 22 (v £ 5) Fom A 45 R H ¢ /56, LA P <0. 05
hESAGIEEE L

+ 119 -



J Med Res,Jan 2019, Vol. 48 No. 1

& R
1. B e RAR WL L% R pis A RJF 5 T R, AL
I i SR AE TR o Y a T b G, TRVE A, 2 T HEIRSE
TG (B 2) o S50 20 R X R 20 5 790 e IR B
435120 90.0% £2.9% F175.0% +3.2% , 555 4H 7
M E T AR 2 TX A, ZRASIFEE X
(P<0.01),

2 RRTRARBH=ZNEFFIEBWIBREHIRL
A XT B4 B SCR 2

2. W — SR R - S 2 A% L A DX
F R SE R, choke IRINIX ML 45415 M o 7E choke 1%
TIXCH B T R ) FELAE W) 45 (choke LA 375K ) o 12 iy
IRBE DX I8 7 6 85 80 ok 2 S A B o LA A 70 25 L B
Ko XA MK - FALRTIE R 7R choke 11X choke Il
DX choke LA™ 3K AN 2 25, 45 — I A8 {4 IX 1ML 45 45 44
BONZETL 2 3 IR A X8R s ) T 3l K 5 S B R
AT e 37 i AL 45 K 2R AL B O (181 3) o

3 XREH = M E WA ) R IE R
A B 25 A SR 2 S X B R SR T KWL — AL S Ik R
£ choke X, SZHG2H A B0 IREH B BT K A W) &
(HEW G R R ARHLAY choke 14 )

3. 52 W %% % € f¢ RT — PCR il VEGF (HIF - l«
mRNA Fik AR5 7 X, LK 4 VEGF HIF - 1a mR-
NA R BB B4 A T4 5. S50 20 choke 11X
VEGF HIF - la mRNA 33k & 4 71 42.10 £0.56 .
1.98 £0.33, XM LE, R A RIT2HE X (P <
0.01,F4),

- 120 -

VEGF mRNAZ k=

xR
2.5- *

§

—
=]
1

HIF-1a mRNAZGA
o =
O n

SR

4 LHEHES RT - PCR Ul choke I X
VEGF HIF - 1a mRNA % i%
LM GX AR, ZRA R ERE Y
5B g, * P <0.01

4. G BRI < T 2 R A S X 2H BUIE 25 TE W)
25 5, S0 21 oF 3 B bk B A AR R u) R B I 0 R
(E5) . S8 % 3 3h Bk A2 S ) B % 3 3 Ik 4
24354 158.00 £20. 12um .83.33 +12.79pm, 2% 7
AT FE (P <0.01), 7 choke II X4 &1, 5L
B 20 Je % R AR A TH A £, 4 S R (43036
9 1A/ FEHZAKF(34.16 7. 12) AN/FJr = K,
ZRAZRITFEX(P<0.05),

G, A
i é?i‘?w“

BS5 WNRASXUARBEDBTFIHKER
#8470 HE 318 ( x 100)
ALK PRZH 2R B ik (a) KK (V) 5
B. SIS A ZE LBk (a) Beifi ik (V)

Wi
VATE AT IS S BRI X 28 S B e OR IE 6 6 e LR A 9
FEIX, T AEAR A R OR R T 5 X 58 SRR I 97 K
YIS B, 8l g A IR A R N L T i
5 choke DXAFAR/IN L3 B 77 KAT 5%, 24 5 3 ok 43 i



BEAERSE el 20194 1 7 548 % 45 110

e B

ML ES Bk 2 /72 X & choke I XA, ik 20 14 I 37 &
TR AR X 2 SR RO s . S —Jr T, i
R D RN R 5 R R DDA DG . R AR R
HOPFE SR IE R ES S T RS . N
REUCEEFP AT Z A 800 T ik 3 AN R X 22 ] A
WA LA TR Pk T ZE 0 A R A 2 T A A Y
LA AR R 3 AR /MR AR Bl — A KA X,
AT DL 5 X 2F S R AR 0 B 5

BTX t W #EFF @™~ B T2, NA 2 G, A7
P . BTX BARA 7 RS [ 2E A , {H 2540 F1 30 g
AL T2, Bk Rk £ /Y W 53 IE B, BTX X 1L 4 A &
AEIFEEE B2, & 2% BTX Al DLAE # 25 L P 5% 43 Ab
I W R AR 2y R T BUR S U EZY X (S R N
SRR 2 2 48 ST Y A T T LA . ok, BTX
YEFF Rho A, 38 23 5% mi i 45 SF 18 L 20 i X 45 255
T BB S NO ZR G5 1 H  fi °F- T JUL 240 B ) e 4
MR Ay 5k 0 B A, BF5 & B BTX A 1]
D 3E 2o ok 55 19 35 ph 2 B 25 R b R R Ok o 22 IRk
Malegr s o Rk, BTX AT LA T K i 4 ik
R LR e A i AR, A A v B AR
WA Park 25U Wy 4 K BB Sh bR BT 3 KA
BTX B Jaj 3 v 5 T B a0 ok JE 161, i 5 40 53] D00 3 W 5 i
J5i P 2l Dk A A% LA R I O T B, & B4 BTX B 4k
SIS T A 5K, Wb T A BE T, DR I 3
JEEAS 2 BH S 34, DT A 0 TR T I R T B
EA MR SR b R choke T B choke 1T IX
choke MEEMYSHHE L FXEH, N ET
J7 3T S (1 HE 1 . Arnold 25T STHRGHE B BTX A B
i W || K= NS = B S N I =
B e R G 5  oh s i ot DX 38, HE A B DAL AT fE & BTX
A LY VR AT BB A 3 3, i AR SE 56 42 8 BTX B il
Je B R R R B R 3, v RE 5 BTX B 7E BT A A%
Ja Pk choke I Bl T R AR I A 24 o

BTX X j7 e 1l 48 9 A= il %5 B /E . VEGF
TE 0 B RS O I, SR H TSR R T B R R
D N T R e 2 ST B T A
R B B, S VR IS 2R B G B R T' L Patel
axlSIE S22 BTX A Ja) 30 v 3 904k B85 9 K UM 12
ILCTRAM ) Bz v, 45 30 1 45 4% 42 . VEGF ,CD31 ¥4
AR . Kim 2607 R RE Lz, 22 BTX A 5
(A A BT 0 i A R e 2 2 v i A A AR BE O, At A
B W 3 2 — Sk o 5 A T 5K S A Y R
Mo A A S AR W4y 7, W VEGF .CD31 A2 iNOS, &

B0 B . BEJG, Park 2570 SHREE T 4 BTX A
ARG AL B E 9 K B TRAM JiZ i 41 41 v, CD34
VEGF HIF - 1o B9 & 2394 W 28 5, A 8 BTX A
Al g3 i HIF - 1o/ VEGF 38 B 035 T 52 9 I 8
A TR #E T TRAM B2 ¢ (9 i 76 2% . VEGF 2 4b F
HIF - Lo T80 B3 B, i HIF - 1o & — Fp Al
DR 5 1A P 40T R 4 T A 1 % Sk L F, VEGE (1)
LVEVE TR B HIF - 1o ™", 2% & BE LR A
choke I X ,HIF - 1o \VEGF (1% 3% B i /& T X B4,
HCT i JE S 3 X HIF - 1o (L B3N T VEGF
223k, WA 3 T choke T1 IX Ifil 45 %7 4= , 3k T 42 3F
T DX S R IR T R (E B VR I HIL I R A R
E— 2B 5T

AR S [ WS A B S 06 A A R o S I A AR A R A
Xof B B S ok, HL D PR AT BB OE J2 R Tl 4 choke IfiL
Y5k K choke 11 1 I & 8 28 ) T 38 A K 1
378 5 1 H 0, DT 2 45 P ) 7 5k 17 3 3 2 3 8l ik 1)
B AT I — 2 X Il 3 ) SO AT R SE

L5 LTI, A5 6 A S 00 B0 A R K K I T
&, N B A R #58E R R T T choke 1T X BB A 20 Hh
SRR R 0 5 DX 2 S R I A8 8T A, 7 9 chokee i
TN B S v 174 I3 AR I AR BK TR R A S
Blk , DT AR T 85 X 28 30 R 0 A X I SR A8

S % ik

1 Kroll SS, Rosenfield L. Perforator — based flaps for low posterior mid-
line defects[ J]. Plast Reconstruct Surg, 1988, 81(4) :561 - 566

2 Koshima I, Soeda S. Inferior epigastric artery skin flaps without rectus
abdominis muscle[ J]. Bri J Plast Sur,1989, 42(6) :645 - 648

3 Park BY, Kim HK, Kim WS, et al. The effect of botulinum toxin B
pretreatment to the blood flow in the microvascular anastomosis[ J].
Ann Plast Surg,2014, 72(2) :214 —219

4 Yang D, Morris SF. An extended dorsal island skin flap with multiple
vascular territories in the rat:a new skin flap model[ J]. J Surg Res,
1999, 87(2) :164 - 170

5 Callegari PR, Taylor GI, Caddy CM, et al. An anatomic review of the
delay phenomenon; I. experimental studies [ J]. Plast Reconstruct
Surg, 1992, 89(3) :397 —407

6 Taylor GI, Corlett RJ, Caddy CM, et al. An anatomic review of the
delay phenomenon: II. Clinical applications [ J]. Plast Reconstruct
Surg,1992, 89(3) :408 —416

7 Morris SF, Taylor GI. Predicting the survival of experimental skin
flaps with a knowledge of the vascular architecture[ J]. Plast Recon-
struct Surg,1993, 92(7) :1352 - 1361

8  Morris SF, Taylor GI. The time sequence of the delay phenomenon:
when is a surgical delay effective? An experimental study[ J]. Plast
Reconstrue Surg,1995, 95(3) :526 - 533

9  Taylor GI, Corlett RJ, Dhar SC, et al. The anatomical ( angiosome )

- 121 -



