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Fig.1 The adjuvant drugs, sustained — and controlled—delivery systems in local anesthesia application of tetrodotoxin
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Fig. 2 Mechanisms and symptoms of acute local anesthetic toxicity
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HAURSA M . SICEE, Zhan 55 2 iz HDGHA
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FERRTIARRE L A T 440K H: . 28 808 nm L £/
WS, A oK IR 9 T 4 g IR L AR B e i o
Wk, YR TR RINR SR DA AR R, SgKkEE
LBIE IR BT J2 & HEARAS , BRI A (1) ik
AR5 78 Ry TC e WO A A, TR 2F TTX RN AT 56
FEWKE T, BRIV S 5 1 A &R 4 ik A BRI 5
WARFH B R EE A E R . RSk, iR w
PR G 2 Ml R BRI R BARA FR , e R
JRREEERA AL T TR BT, A b i fioh 2 35U e 22
TR R i B S K RS RS ], 7 S AR 25 SR 2%
Gy i WA, DRAT BN IR 25 25 R Tl
R A, fHE R 2 Zhan 55 B¢ FESERT M
AN b, A ek B AR BOSE BT AR (low
temperature sensitive liposome, LTSL) & & g i
AR -G G KR 25 245 2 B2 %) 808 nm 3T Z1 41 s 1 AUk
P . LTSL 3= 2 a oy A AR U BEARARR A - 1t -2-
FedE-sn-Hil-3-WERHAL (MSPC), HItl, 1EH5
T LLAMERESET T, MSPC RIRT & AEAHAE , T B
KAL, TTXAFLABCREMC K .l ] LTSL n] LRI
LT AN RE S I (0] 40 0 21 1~2 min . 5 BE 5 B ARG 3]
272 mW/em® LL, AR T T ZLAP G IR AL 41
ZUNFEFEAEH . Rwei 55 2 NAEHFSER 4525 R 50
AL SRR E R BT, il 2525 R G T im
HRSR I/ 94% , 1159 25 24 R 40 S 02 fioh i IR B AR
BBz Z . A, [Etiz DGR A
F2 3N R PR, 7E BHE TTX IR AR SUZ Y [R] isfix
AEGURBEFDERGN, 7T RME 4525 R 5 R 0 UEE

TR, TR A & 25 25 R GE T s i IR B L ik
b RG] 7
3.2.2 PRI TTXR

P R AR T T 20 kKHz By —Rh A, X b
R R R T NI Y R L R R
T MRS, WA IR A
WA R 5 5T B3 BN E A 2 B 45 4R
&R EHSR R, HEEHS R
Hg i A P I R SRR YT 1 e A
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WA, Zathdem Y . 7 D e 259 i 1% 40
3o 1 A 0P B R DA LR A ) B2 5N A K
a. MUBIEKONE - P AR A JoT P i i e PRS2 39 BT 7 A 1
RN, RSO AT 5 e A A A A,
JERUr T2 T sl s am 2 b, AN . T
W ACER 75 I8 O R e AR AR, SR BUR R
T B0 ARAONE T LS R A, R A
FHEBAL (M3 2, (2 E 2598 e Rk
c. 2SR By A8 AR A8 AR R I BRIV A E
EEVERT RAERG . Wik NS — R .
AR TS TEVE T BISFfirb R T R
PR AR Az AL O AR R
EIEAVESr N7 @i BT E W SR i i Sl f o it G Sl e
P AR MR R | R B
OAETIL, T B AR AN AR A, s
PSRBT AR A A R I v, A
SR 24 TR AE | 20 AR IR AR A2 S A
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Jo7 3 3 [ (A A B ™= A m 3 sl AN A 396 1 /)
FL, T LA T 200 B R S s . (R 7R A Sk ik
IR AN ERRE IR AR AT, BA T Y
o FH A

Rwei &5 ) JF- & T 8 75 I8 fih 2 114 JIg I A SRR e 751
B 7, FHOBR IRk R R R b ik IX
(protoporphyrin IX, PPIX) FITTX. PPIX MIMZL 2
YA R AR, FE#S (3 W/em?, 1 MHz)
YEH R PPIX 77 A8 () ROS AT i S AL o 1A B Y AN 10
NG, PLELIR BN 722548, DT REHIUR
I TTX. 8 75 Hfd PPIX 7 4= ROS A4 HIL I A P
R MR s AR R R PR A R OO
4 (sonoluminescence) , 4k % 5= A= 196 i %
PPIX 7 /£ ROS; b. #7451 25 A AIOW T 3 <t
S A 5 0 R BE 25 ROS A=A . 5 B3k TTX Gk
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(Lipo-PPIX) 3P4 (elastic modulus) /& T 45
NG TR, XAl REE T PPIX M5 g B w4+ )2
WESIIBKVER, BEIE T IR BRI Tsh e, iR
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PE . SRR I T S s, BRIRT
fRBE ' fEEFERT, O A 2 ik
BN AR B P L AKON SR N T 1 S A
PEFE TTX 15385 S JE b 48 2 5 J&] L i) A 9 o s
AT I8 B BRSO . Cullion BRI EE S, 15 B
FTTX AL, BABA RS TTX 14 Stk
A5, IR ] RE & 7 A R 2 2E T TTX
(4942 B 4345 Y . Cullion 25 ) — LR 2R ) 75 3
f) 1 MHz #8745 X6 TTX A4 A B o 28 BRI A 52
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From Poison to Potion: New Progress in Precise Control of Tetrodotoxin as a
Local Anesthetic

LI Hui-Dong", CHU Zhi-Yong”, QIAN Xiao-Ming”, LONG Cheng'V”
(YSchool of Life Sciences, South China Normal University, Guangzhou 510631, China;
2Zhongyang Biotechnology (Shanghai) Co. Ltd, Shanghai 200002, China;
3South China Normal University—Panyu Central Hospital Joint Laboratory of Translational Medical Research,
Panyu Central Hospital, Guangzhou 511400, China)

Abstract Tetrodotoxin (TTX), a highly specific voltage-gated sodium channel blocker, is a deadly toxin but a
valuable tool for life science research such as neurobiology and physiology. It provides a long nerve blockade
without cardiovascular toxicity and is unable to penetrate the blood-brain barrier, making it an attractive candidate
for local anesthetics. At present, conventional amino amide and amino ester local anesthetics are the mainstay in
clinical practices such as local anesthesia, postoperative analgesia and cancer pain treatment. However,
conventional local anesthetics have a relatively short action time and may cause systemic side effects in
cardiovascular and nervous systems. To overcome these limitations, it is necessary to develop local anesthetics
with long-lasting effect and high safety. The efficacy of TTX has been confirmed by clinical trials for patients
with neuropathic pain, cancer pain and drug withdrawal syndrome. However, TTX is still limited in clinical
application due to its systemic toxicity and scarcity of sources. The overdose of TTX can lead to mild suppression
of motor and sensory functions, blood pressure changes and even respiratory muscle paralysis. Fortunately,
researches are increasingly dedicated to improving the safety and efficacy of TTX. TTX has the potential to be a
new type of anesthetic to replace amino esters and amino amides, without the abusability of opioids. TTX might
be converted into a “potion” when used in tandem with vasoconstrictors, local anesthetics, polymer-drug
conjugate and chemical permeation enhancers or when encapsulated with microparticles, liposomes, nanoparticles
and other microparticle drug delivery systems (MDDS). Better results can be obtained by combining MDDS-TTX
and external trigger energy (such as near-infrared light and ultrasound). These combinations produce repeatable
and adjustable on-demand anesthesia, enabling patients to control the timing, intensity and duration of nerve
block in a safe and non-invasive manner. This review summarizes the research progress of TTX adjuvant drugs,
TTX sustained- and controlled-delivery systems, TTX modification techniques, and aims to provide reference for

the development of new local anesthetic drugs and exploration of new ideas.

Key words tetrodotoxin, local anesthesia, voltage-gated sodium channel, drug delivery system, chemical
modification
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