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Abstract: Raynaud’s phenomenon (RP) is a three-phase color change in the fingers and/or toes caused by vasospasm under cold or
stress conditions and is often accompanied by pain, numbness, stiffness and even ulcers. The pathogenesis of RP is currently unclear,
and specific treatments are still being explored. Botulinum neurotoxin type A (BoNT/A) is a polypeptide produced by Clostridium bot-
ulinum that can enter the presynaptic membrane of nerves to inhibit the release of neurotransmitters and exert chemical denervation.
BoNT/ A treatment has been shown to reduce pain, improve blood flow, increase skin temperature, and improve ulcer healing in RP pa-
tients. Therefore, BoNT/A has become a new therapeutic measure for relieving severe vasospasm in RP. However, the specific mecha-
nisms by which BoNT/A antagonizes the abnormal contraction of small arteries are still unclear. This review is aimed to provide a sum-
mary of the current understanding of RP pathogenesis and the mechanism of action of BoNT/A in order to provide theoretical support for

the use of BoNT/A as RP treatment.

Key words: botulinum neurotoxin type A; Raynaud’s phenomenon; treatment; mechanism

FHi 4 (Raynaud * s phenomenon, RP) , Bl i
T IEVe BN 45 B TR AF RS BodE (k) o 4n /) 3 Bk
JezE BB AR A R R, R
R TR AR R S5 B8 e o T LR R L
HIAT , B Z ¥ 0B I7 )7k o 2004 4F | Sycha %M
HIXIE T A &N F 5 & (botulinum neurotoxin type

%5 H H9:2020-06-18 ; {&[E] B #4 :2020-09-15
YEE B B DL(1996-) , 55, T2 R BERE B AH CAF 5T,
BEEE 4%, Email  lingjingjin@ 163. com,

A, BoNT/A)JR¥r S LR o Bl Ja , 2 T i PR F ¢
o, EHIE R B E T AE S BoNT/A J5 P %
fife LW B LRI TR, Ko A ks fE
N G fife R v B R LA R AR AE AR A9 — A B, BoNT/
A 23 ORI 22 1 G T, HL AR BL 1 R 0
R ARSCHU A SR AT TS B LA T .

- 641 -



Journal of International Neurology and Neurosurgery 2020,47(6)

1 BoNT/A NEEMRHVETSTIER
T B e B A Ry R R B B G RN 4k
T A R 1) TV IR G, B LL AR R g i 0 I T
Y R B R L ) R A S N o B R
FoRoia 3 5 R g A AR A A O, AT Rk 2%
~ 1497 Fe Bk O A O Bk h R AR A 4%, LR
P B2 ML A8 P R 3 W 1) 38 JBT B ] L i 2 0 4 AL
SO o R R 2 AR S RGO, AR R
TR A 28 1) IR LI BE ORD I AE P R A MR 1 3 T
IR 1 2 T G i S R 2 3 T X P
R OB, TR I T WL 4 k2 B Kk ol
M, HEAREEMEFHINESE R a2¢ &
FRERZESE LR, ZARTRSHEETNL
S 28 45 LR AR T HEN o AE R R, B
S LA AT M I A Dy R R, N R A S
i AR R R R D) BRI P9 B A I
- LA M G A IR, A R R AR ™ I ] 5 8
JHE o R BE

BoNT/ A J& Hi P # 4R I 7™ A2 19 22 ik, W] F A ff
25 5 S w7 A0 o) P2 8 o RE T, R AL e R B
YER #0219 28 K LK I B % 45 8 i 1 3R
JT7 o Fregene %5 R FH5 ) %) HEF 5 438 T 26 4k
RN 5 B H 2 BoNT/ A [ 1B 97 5 AT
B TR BE L 9 RN AR i 15t 9 1 B R X RCHT B ek
%, Zhang 25X 10 ) o [ R HEAT T Ial B2 A
98, RBRYIT Ja B E Ui o BE B 8 R, B g K
R 45 I PRAEIR #6753 2k 3 . T Jenkins £ Al Uppal
SEUTR A AT RS VE B B X ORI, 45 R R T
PGB E T4 BoNT/ A J5 40 T £ 148 ) B 3%
st B A R 0R TN JE e B Y K RN |
f1 B 5 P S IS ) 46 G . Motegi 25" SR A RIS 1
BIREFEXS 10 Bl H AR T ML B ERITREFEIR
J7 , K B BoNT/ A R i 25 2035 f8 3 1 I DR AAE IR 44
#F . Dhaliwal Z£M* 1 Castanedo 21 b 3k 47 T Tiif BE
P 145 91 % BEATE 5T, 43 50 X 40 5] A 8 ) B kAT
WFE, 25 2R o 100 2 R 3 0T B A R ]
IR TR JE VR Y, R AR R R AR TR
R o PRI, BoNT/ A B 28 i 2 7 v LR ™ T IfiL
B ZERER A — Mo T B
2 BoNT/A XW/NRRRZREBERANEIT

NARZN Sl ik ol S 1 L B AR AR ol i a2
BRI, Mo B kS M & E IR R R o %

A B M 223 o 32 B 25 U B IR &R (norepinephrine ,

NA) o Kim 1% 5 5k 78 K BT 36 4 2 e A R
TS BoNT/ A J5 ML %€ 2, BoNT/ A ] il i 5% finn 8 7
SF 3R BT O B M B A7 S R . Zhou A5 5 K
B Bt 52 UL 2l ik vl 0 R B BIF 5K & B BoNT/ A T L)
B 400 <f] Pl R o R 0 I A i e L e 2R, HL AW
ROBLE NA RE 32 (A BEL 7 79) IR Mg 8 (ool A2 A% BEL 3 7))
SETA], 42 7% BoNT/ A 5 i 40 i) NA B 28 48 ) i) 1 45
WA 4 L B A I VB Bl o Franks S5 % /0N BB B
Lo JRIE S 46 2 ILRE AT BoNT/ A JE G, X NA BEAT K
S RE N E , K BLTE B BoNT/ A J5 , NA Bk . 2%
W% . Roh %" fE /N B e o A% Y vh 0L 2 %1, (]
BoNT/ A F /s BB R Al 8 /0y BUAF 3% T AR W) 4
Ji, HL 25 OB bR R OK P 3 AR Judy X
K BB T8 S k24T T BoNT/ A [y 4, i ot /i
A BRI BT S bk A Wi 4 B D (R I PR A
A NA R FE 0 7E Bl 2 R A B Z B, 1 B BoNT/
A X 22 A ERAL 1 /N 2l Bk 2 H A ] NA R TR
1 o Westerink 45 BF 55 % B, BoNT/ A 1] LL4
PC12 20 il B i NA 5 [7] if, BoNT/ A s w] 41 il A #
22 BF 40 R 40 i (SH-SYSY ) NA /9 B, I FE A 2R
filh /N 1 A5 3¢ 25 B -25 ( synaptosome - associated protein
25, SNAP-25) # 24 16 2 . Zhou 217 i F K R,
b A 22 TTHE S K B, BoNT/ A (50 U/mL) A4
il NA R R, [6) iF o] 46 I 21 SNAP-25 4 i , $27
5 A% RE il 22 02K 0L, 72 S S A 2 T P, BoNT/ A
A RE & JE A A% SNAP-25, 11 ] SNARE & 4 14 1) 1P
J, AT NA B, NA A7 T 58 Jf il 42719 )+
SRR FENL N, T8 3 55 RO B0 I 28 A0 HE B AR 54K
L 1 40 52 ) B B A ey SRR o R A K
LN AP HE Dy T EERE T 5, d SNARE &2 45 1K
S U R 5 0% ik B RS S ORE NAHE 2 58 ik ]
B, 2 fih /1N Y0 4 6 1 I B B ( synaptic vesicle - associated
membrane protein, VAMP ) | %< fih gt & 25 4 . Munc-18
SRS 5 5 b BB

LAk, FE 1 TR IS P A I PR BF 5T R Lucia 257
X2 Bl JLE HE4T T BoNT/ A JE 4T LG IY & ik L4
SR Y RSB 16T JE B B IR B e, 2
e BB AL, B G2l . BF5E 3 I BoNT/ A
AL ] 20 T RE BCAY R, T EL R 22 HOE IR
%, P Y5t (substance P, SP) , [ 415 2K 3 [ A 5C JIK
( calcitonin gene related peptide, CGRP) Fl 4 & R 1

B IX 26 22 33 T A5 LRl pf 28k R ik AR Pk

¥EVEH . CGRP 5 SP S5 kI AF , E M A TN &

- 642 -



[ B b 225 2 22 40 B 2 i

2020 4F B 47T % 6

I, G B S B A P AR, OF L2 0E X i
M & A ooy 7B A S 5 £
i ( acetylcholine , ACh ) A7 i 28 AR AH Y R 250 % 4% 0
FE, BoNT/A #0455 ACh % K 2% # 0 28 1 B
JBC, [ Bf AL 40 ) CGRP | SP ) B 75, AT 980 52 it 28 i
B P AR o Durham %75 sk AR S 35 K R
XA K B BoNT/ A W] DL 452 3 20 I\ = S pf
LN AR CORP B %0, Bl BoNT/ A HLi
(MR =815 /5 NS I R 1 I b G R DR R (v
Jit CGRP {) g /7 o Carmichael 4™ iy 52 45 1 UE 52 T
BoNT/ A wJ jifi i+ BH WK fig 48 1% #ft Z2 Ik SP F1 CGRP 1) ¢
AR T4 3 4 2 0 B R R . Cui 257 B BF 5T T
BZF BoNT/ A 35 il 41 i 46 /R £ Ak BT 75 5 09 45 R TR
B, T A 22 R 4% UE S5 2 5 5 N 4t 45 K R P A B Ak
B A T o T TE S TR R, SP ORI AR R R %
FEPIR i Ml C 2 4k 25 Ak, 7 7S B0 8 Wi 4 A
VIR L XA TS 5 A I LR A 1
TR ok LA 3G T 48 st R i Ah, BF 5T R B
BoNT/ A i A R it 42 0 1 48 14 ke 1, =5 453 13 Fir &5 pf 22
S5 7 414 3 3 A 8 R R 2 A A BT B R
3 BoNT/A WARMIREVF I

TE 5 B W4, T £ A AR X DL AT 3 P af A 0 4
N FEER AR ARG Ry A Bl R R
W 303t RO P R AR i K SF UL AR B A O IE R,
I pR A S AT SO PR A A Y
a0 M 7 A= B EF 5K A B, An — %A A& ( nitricoxide ,
NO) | Hif 41 i 28 55 & sk /b 5 i 48 W 46 A o, i 4
BOOK R N B AR S IO 05 A A 4 RS S P 1
FIaE= . Kim 250 % K BUM A E A
B, R I S BoNT/ A J5 1fil 38 &F 7K F il 45 4 B 4 4
BIAH S A1, 0 i A A B AR K A (vascular endo-
thelial growth factor, VEGF) | Ifil /N#R/ N FZ 20 fitd %5
47 ¥ ( platelet endothelial cell adhesion molecule-1, PE-
CAM-1/CD31) f1ifs 5 & — & 1L & & W ( inducible
nitric oxide synthase , iNOS) ik £ 2  #5 ., Haubner
S A R AN M B SRR, B BoNT/ A R 4
Jin VEGF [ PECAM -1 45 4 3¢ 3k, fie ik J2 JIk 18 &2 1 i
', Park S E o M Al REOEODL R MR RS R, At
BoNT/ A J5 [A] FE WL ¢ 5] CD31 Fl VEGF ik I T
XJREH 3 g, T VEGE J2 NO 4 5 1y I & A= A
HUIMLAE &7 5K ) 7o 4278 BoNT/A ] gl i BN
B A H AR A PR T /N A B P B AR Y R B 0 T S Y
Rk LN I REB A .

“b

BEAh, T B T R AR I R AR, FTfE
B FEH R, S TR ™ A ARG
W A DL KA S 5 1B A 67 Uchiyama
ST ) g% Bz B e LB Y R0 B4 005 /S BRUBE Y, &
PRAE R i, 5 9 U X0 S BoNT/ A AT g 2% 0 /) 1§
K RE B I B vE 5 X CD3 17 148 F1 o= F W AL
W13 [ ( alpha-smooth muscle actin, o-SMA) LI ;&
Ji) 240 10 B8R 2T 24 A i B K K G DNA 45345 40
JiE 0 O8] T 0 ) K S WD 082D 5 BoNT /A I 5 o /b
A A TR 5 5 B IR PN B AR i R T A 4R (reactive oxy-
gen species, ROS) ) 4fi Jig P SR 4 . X gL 45 SR KW,
BoNT/ A w fig i i fie #F I 45 P9 Bz 745 AE L 0 il ke 435
AT, AT A B Bk a9 T A5 005 05 Y 5t B
B, IR B R
4 458

25 B AR ik, BoNT/ A 3697 & i LR AE M H 45 55
B UESE, HAE F A AL & 52 2%, o e S o 42 K
GERUERYINTOR S N = ol B0 D G - D O]
PRI 85 Z R0 R &R, Bk W] B A7 78 A ¥ R R R 1) &
o RGMEHHESE BoNT/ A 67 8 i A Ay AL,
AL LA JE BoNT/ A 1y il PR 1oz FH 4 43k 34 i B Al

e

2 £ X W

Sycha T, Graninger M, Auff E, et al. Botulinum toxin in
the treatment of Raynaud ’ s phenomenon ; a pilot study[ J ] .
Eur J Clin Invest, 2004, 34(4) . 312-313.

[2] Fregene A, Ditmars D, Siddiqui A. Botulinum toxin type A :
a treatment option for digital ischemia in patients with
Raynaud ’ s phenomenon[ J]. J Hand Surg Am, 2009, 34
(3):446-452.

[3] Jenkins SN, Neyman KM, Veledar E, et al. A pilot study
evaluating the efficacy of botulinum toxin A in the treatment of
Raynaud phenomenon [ J]. J Am Acad Dermatol , 2013, 69
(5):834-835.

Motegi S, Yamada K, Toki S,

et al. Beneficial effect of

[4]
botulinum toxin A on Raynaud ’ s phenomenon in Japanese pa-
tients with systemic sclerosis ; a prospective , case series study
[J]. J Dermatol, 2016, 43(1); 56-62.

[5] Uppal L, Dhaliwal K, Butler PE. A prospective study of the

use of botulinum toxin injections in the treatment of Raynaud’

s syndrome associated with scleroderma [ J]. J Hand Surg Eur

Vol, 2014, 39(8): 876-880.

[6] Herrick AL. The pathogenesis, diagnosis and treatment of
Raynaud phenomenon [ J ]. Nat Rev Rheumatol, 2012, 8
(8):469-479.

[7] Pope J. Raynaud’ s phenomenon ( primary) [ J]. Clin Ev-

. 643 -



(8]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Journal of International Neurology and Neurosurgery 2020,47(6)

id, 2005(13): 1546-1554.

Herrick AL, Wigley FM. Raynaud’ s phenomenon[ J] .
Pract Res Clin Rheumatol , 2020, 34(1): 101474.
Flavahan NA, Vanhoutte PM. Effect of cooling on alpha-1

Best

and alpha-2 adrenergic responses in canine saphenous and
femoral veins [ J]. J Pharmacol Exp Ther, 1986, 238
(1):139-147.

Herrick AL. Pathogenesis of Raynaud > s phenomenon [ J ] .
Rheumatology ( Oxford ) , 2005, 44 (5) : 587-596.
Bakst R, Merola JF, Franks AG Jr, et al. Raynaud’ s phe-
nomenon ; pathogenesis and management [ J ]. J Am Acad
Dermatol , 2008, 59 (4) : 633-653.

Cooke JP, Marshall JM. Mechanisms of Raynaud ’ s disease
[J]. Vasc Med, 2005, 10(4) : 293-307.

Zhang XL, Hu Y, Nie ZY, et al. Treatment of Raynaud’ s
phenomenon with botulinum toxin type A [ J]. Neurol Sci,
2015, 36(7): 1225-1231.

Dhaliwal K, Griffin MF, Salinas S, et al. Optimisation of
botulinum toxin type A treatment for the management of
Raynaud ’ s phenomenon using a dorsal approach: a prospec-
tive case series [ J ]. Clin Rheumatol, 2019, 38 (12) :
3669-3676.

Quintana Castanedo L, Feito Rodriguez M, Nieto Rodriguez D,
et al. Botulinum toxin A treatment for primary and secondary
Raynaud > s phenomenon in teenagers [ J ]. Dermatol Surg,
2020, DOI: 10.1097/DSS. 0000000000002397. Epub
ahead of print.

Kim TK, Oh EJ, Chung JY, et al. The effects of botulinum
toxin A on the survival of a random cutaneous flap [ J]. ]
Plast Reconstr Aesthet Surg, 2009, 62(7): 906-913.
Zhou YW , Liu Y, Hao YH, et al. The mechanism of botuli-
num A on Raynaud syndrome [ J ]. Drug Des Devel Ther,
2018, 12: 1905-1915.

Smith CP, Franks ME , Mcneil BK, et al. Effect of botuli-
num toxin A on the autonomic nervous system of the rat lower
urinary tract[ J]. J Urol, 2003, 169(5) : 1896-1900.
Roh TS, Jung BK, Yun I, et al. Effect of botulinum toxin
A on vasoconstriction and sympathetic neurotransmitters in a
murine random pattern skin flap model [ J ] .
Regen, 2017, 25(1) : 75-85.

Morris JL, Jobling P, Gibbins IL. Differential inhibition by

Wound Repair

of cotransmitters released from auto-
nomic vasodilator neurons [ J ]. Am J Physiol Heart Circ
Physiol , 2001, 281(5) : H2124-H2132.

Westerink RH, Ewing AG. The PC12 cell as model for neu-
Acta Physiol ( Oxf), 2008, 192 (2):

botulinum neurotoxin A

rosecretion [ J ] .
273-285.
Purkiss JR, Friis LM, Doward S, et al. Clostridium botuli-

num neurotoxins act with a wide range of potencies on SH -

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

- 644 -

SY5Y human neuroblastoma cells [ J ].
2001, 22(4) . 447-453.

Neurotoxicology ,
Eguiagaray JG, Egea J, Bravo-Cordero JJ, et al. [ Neuro-
transmitters , calcium signalling and neuronal communication ]
[J]. Neurocirugia ( Astur), 2004, 15(2): 109-118.
Sollner T, Whiteheart SW, Brunner M, et al. SNAP recep-
tors implicated in vesicle targeting and fusion [ J ]. Nature
1993, 362(6418) : 318-324.

Quintana Castanedo L, Feito Rodriguez M, Maseda Pedrero
R, et al. Ischemic ulcers of the toes secondary to Raynaud’
s phenomenon in a child successfully treated with botulinum
toxin[ J]. Pediatr Dermatol , 2020, 37(4) : 681-683.
Aoki KR. Review of a proposed mechanism for the antinoci-
ceptive action of botulinum toxin type A [ J]. Neurotoxicolo-
gy, 2005, 26(5) : 785-793.

Durham PL, Cady R, Cady R. Regulation of calcitonin gene -
related peptide secretion from trigeminal nerve cells by botuli-
num toxin type A : implications for migraine therapy [ J].
Headache , 2004, 44 (1) : 35-42; discussion 42-43.
Carmichael NM , Dostrovsky JO, Charlton MP. Peptide - medi-
ated transdermal delivery of botulinum neurotoxin type A re-
duces neurogenic inflammation in the skin [ J ]. Pain,
2010, 149(2): 316-324.

Cui ML, Khanijou S, Rubino J, et al. Subcutaneous admin-
istration of botulinum toxin A reduces formalin-induced pain
[J]. Pain, 2004, 107(1/2): 125-133.
Neumeister MW , Chambers CB, Herron MS, et al.

Plast Reconstr Surg, 2009 ,

Botox
therapy for ischemic digits[ J 7.
124(1) . 191-201.

Park J, Park HJ. Botulinum toxin for the treatment of neuro-
pathic pain[ J]. Toxins ( Basel ) , 2017, 9(9) : 260.
Flavahan NA. A vascular mechanistic approach to understand-
ing Raynaud phenomenon[ J]. Nat Rev Rheumatol, 2015,
11(3): 146-158.

Kim YS, Roh TS, Lee WJ, et al. The effect of botulinum
toxin A on skin flap survival in rats[ J]. Wound Repair Re-
gen, 2009, 17(3) . 411-417.

Haubner F, Ohmann E, Miiller-Vogt U, et al. Effects of
botulinum toxin a on cytokine synthesis in a cell culture model
of cutaneous scarring [ J ]. Arch Facial Plast Surg, 2012,
14(2) . 122-126.

Park TH, Rah DK, Chong Y, et al. The effects of botulinum
toxin A on survival of rat TRAM flap with vertical midline scar
[J]. Ann Plast Surg, 2015, 74(1) : 100-106.

Wigley FM. Clinical practice. Raynaud’ s phenomenon|[ J].
N Engl J Med, 2002, 347 (13) . 1001-1008.
Uchiyama A, Yamada K, Perera B, et al. Protective effect

of botulinum toxin A after cutaneous ischemia-reperfusion inju-

ry[J]. Sci Rep, 2015, 5: 9072.





