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Tetrodotoxin for moderate to
severe, inadequately controlled
cancer-related pain

LAY SUMMARY

Cancer-related pain can arise from both ongeing tissue damage and
treatments such as surgery or radictherapy. Many patients use opioid-
based pain killers to manage cancer-related pain but often they do not
have complete pain relief.

rmation Tetrodotoxin is a new drug that blocks pain transmission. It is reported
alanizatmeme o be a welliclerated, more potent analgesic than aspiin and
e T ine, and a ddicti five to opicids.

search. i Is not i licensed, in will offer an i option for
Intended fo be & patients with cancer-related pain who may have few, well-tolerated
defnitive statement ‘and effective therapias.
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La tetrodotossina

i Tetrodotossina (TTX): termine derivante dal nome Tetraodontidae della famiglia di appartenenza del
pesce palla (Takifugu rubripes), in cui e stata inizialmente identificata la tossina

L
e Ordine Tetraodoniformes:

Include 2 sotto-ordini, 10 famiglie, 93 generi and 430 specie
\

[ Ampia distribuzione: da zone tropicali a temperate

Organismi produttori: batteri endosimbionti
(Vibrio sp., Pseudomonas sp., Photobacterium sp., Aeromonas sp.,
Alteromonas sp., Bacillus sp., Micrococcus sp., Acinetobacter sp.)
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[ Intossicazioni da ingestione di pesce palla contaminato: fugu ]

SINTOMI INIZIALI: R

intorpidimento delle labbra e della lingua (10-45 min) )

( SINTOMI SECONDARI: )
parestesia al viso ed alle estremita, cefalea,

\_ dolore gastrico, nausea e vomito y

( SINTOMI TERZIARI: R

g paralisi e morte per insufficienza respiratoria (4-6 ore) )
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La tetrodotossina

Intossicazioni da ingestione di pesce palla contaminato: fugu

Table B.1: Case reports of TTX poisoning

Location (year) Implicated food No of cases Fatalities TTX concentration Reference
Taiwan (1988-1995) Pufferfish, gastropods, 20 incidents involving 52 7 NR Yang et al. (1996)
goby fish c@ses (27 M, 21 F, 4 not
spedfied)
China 1977-1988 and Gastropods: Zeuxs 42 incidents involving 309 16 50-300 (in snails inducing death; calaulated  Shui et al. (2003)
1998-2001 samiplicufus @ses in the paper using 1 MU = 0.18 pg TTX)
Cox's Bazar district, Pufferfish roe 8 5 11.8-21.3 MU/g in the skin, 2.8-4.9 MU/g Mahmud et al. (1999)
Bangladesh (1998) inthe muscle, < 2-5.9 MU/g in the liver,
= 2-3.6 MU/ginthe testis, 24.5-323.8 MU/g
inthe ovary and 12.8-46.3 MU/gin the
viscera (except liver) 2
Bangladesh (1988-1996)  Pufferfish 10 outbreaks involving 55 17 =4 MU/g assumed from data reported Mahmud et al. (2000)
@ses earlier by Zaman et al. (1997)
New South Wales, Pufferfish 1 NR Ishister et al. (2002)
Australia (2001-2002)
Taiwan (2001) Gastropods: Zeuxis 4 Z, sufflafus: 586 MU (- 104 pg) Hwang et al. (2002))
sufflatus and Niotha . clatharata: 254 MU (- 58 pg) (mean per
clatharata spedmen)
South Zhefjiang, China Gastropod: Zeuxis 31(18M, 13 F) 111 + 45 MU (mean = 5D) 1 Sui et al. (2002)
samiplicutus
Taiwan (2001) Pufferfish [ 1 NR How et al. (2003)
Kaohsiung City, Taiwan Massarius papilosus 2(1 M, 1 F) N papillosus — 320 MU/g Liu et al. (2004)
(2002) and N grunert N gruner - 386 MUfg
gastropods
Australia (2004) Toadfish 7(5M2F) NR O'leary et al. (2004)
Tungsa Island, Taiwan Gastropod: Nassarius | 6 (2248 y) 2 5,188 = 1,959 MUfspecimen Hwang et al. (2005)
(2004) glans [1 MU = 0.178 pg]
Taiwan (2001) Unknown fish ] 1 NR Tsal et al. (2006)
Haifa, Israel (NR) Puffer fish 2(1M,1F) NR Bentur et al. (2007)
(abstract anly)
Khulna, Bangladesh (2005) Pufferfish liver 6(3 M, 3F, aged 4-35 o NR Chowdhury et al. (2007a)
years)
Bangladesh (2001-2008) | Pufferfish 53 8 NR Chowdhury et al. (2007h)
Taiwan (2005) Gastropod 1 o 42-60 mg/kg; STX: 3-6 mg/kg Jen et al. (2007)
WWW.sIfoX,org
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La tetrodotossina

Intossicazioni da ingestione di pesce palla contaminato: fugu

Location (year) Implicated food No of cases Fatalities TTX concentration Reference
Buria, India (2007) Pufferfish 8 2 NR Behera et al. (2008)
Kaohsiung, Taiwan (2006) Gastropod: Niofha 3 0.009-0.088 mg/specimen Jen et al. (2008)
clathrata
Chicago, USA (NR) Pufferfish 2(1M1F) NR Thompson et al. (2008)
Malaga, Spain (NR) Trumpet shelffish 1 (M, aged 49 years) 249 mgfkg Femandez-Ortega et al.
(Charonia lampas (2010)
sauliae)
Narshingdi, Dhaka and *Large marine 63 (32 M, 31 F, median age 14 NR Homaira et al. (2010)
Naore districts, Bangladesh pufferfish® 25 years)
(2008)
French Guyana (NR) Unknown fish 3 (2 Madutts + 1 child age 1 NR Villa et al. (2010) (abstract
2 years) (adult) only)
Maiskhal, Bangladesh Pufferfish eggs a 2 (4-50 NR Islam et al. (2011)
(2008) years)
Japan (1957-2008) Gastropods & outbreaks involving 11 3 4,290 MU/fg reported for one of the Noguchi et al. (2011b)
@ses incidents.
Japan (1995-2010) Pufferfish 477 outbreaks involving 698 40 NR Noguchi et al. (2011a)
@ses
Taiwan (2004) Gastropod: Nassarius 5 2 NR Noguchi et al. (2011a)
glans
Korea (2010) Unknown fish 3 1 NR Cho et al. (2012)
Taiwan (1988-2011) Pufferfich 192 22 Data reported for 3 outbreaks: 525 MUfg in Lin and Hwang (2012)
> gastropod fish; 1,100 MU/g in unidentified fish roe;
= goby 3,450 MUfg in adulterated mullet roef®)
Singapore (NR) Dried pufferfish 1M NR Phua (2013)
Duque de Caxias City, Spotted pufferfish 11 NR Simaes et al. (2014)
Brazil (NR)
Taipei, Taiwan (2010) QOctopus. 2M 118 + 7.5 pg (mean = SD) per spedmen  Wu et al. (2014)
Hapalochlaena
fasciata
Minneapolis, USA (2014)  Dried pufferfish 4 (1 M, 2 F, 2 not specified) Mean 19.8 pg/g (range 5.7-72.3 pg/q) Cole et al. (2015)

NR: not reported; M: male; F: female; MU: mouse unit; SD: standard deviation.
(a): Toxins identified by chemical assays, but quantified data were not provided.

www.efsa.europe.ey/efssiournal

EFSA Journal 2017;15(4):4752
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Rilevamento della tetrodotossina in EU

2016, Paesi Bassi:
Mitili (M. edulis) e ostriche (C. gigas)

2014-2016, UK:
Mitili (M. edulis), vongole (M. mercenaria),
ostriche (C. gigas e O. edulis)

2017, Grecia:
Pesce palla (L. sceleratus)

2013-2014, UK:
Mitili (M. edulis)

2012, Grecia:
Mitili (M. galloprovincialis)

2011-2013, Portogallo:

2007, Grecia:
Gasteropodi ed echinodermi 200/, Grecia

Pesce palla (L. sceleratus)

2017, Spagna:

2008, Portogallo:
Cardi e ostriche

Gasteropode C. lampas
(intossicazione umana)

2015-2017, Italia:
Mitili (M. galloprovincialis)
e vongole (V. decussata)

2017, Portogallo:
Gasteropode (C. lampas)

2014-2016, Spagna:
Pesce palla (L. sceleratus)

2017-218, Cipro:
—— Pesce palla (L. sceleratus)

2008, Spagna: 2017-2018, Francia: =
Gasteropode C. sauliae (intossicazione umana) Mitili, vongole e lumache di mare

WWW.sitox.org
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La tetrodotossina in EU

La distribuzione geografica di TTX e degli organismi
produttori sembra associata ai cambiamenti climatici

Impact

climate change

confidence
level

Climate change may moderately aggravate
the impact of the considered hazard with
respect to the reference condition (Delta
value: 0.228)

Madium
(Variance:
0.905)

Likelihood

Climate change may mildly increase the
likelihood of emergence of the issue with
respect to the reference condition (Delta
value: 0.243)

Low
(Variance:
0.895)

The explanation and full scale of the symbols can be found in section 3.3.4 of the report.

Outcome

Climate change may moderately aggravate the impact and mildly increase the likelihood of
emergence. In the near future scenario, the impact is expected to be moderate (59%
probability for moderate or lower impact) and the issue will be likely to emerge (47%
probability of a likelihood of emergence > 66%).

Climate change and food safety et e

APPROVED: 11 June 2020

doi:10.2903/5p.efsa. 2020.EN-1881

Climate change as a driver of emerging risks for food and
feed safety, plant, animal health and nutritional quality

European Food Safety Authority (EFSA),
Angelo Maggiore, Ana Afonso, Federica Barrucci, Giacomo De Sanctis
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?fn Climate change effects
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La tetrodotossina in EU

Possibile causa: diffusione di Vibrio parahaemolyticus
(crescita influenzata dalla temperatura del mare)

Impact

climate change

confidence
level

Climate change may seriously agaravate
the impact of the considered hazard with
respect to the reference condition (Delta
value: 0.361)

High
(Variance:
0.62)

Likelihood

Climate change may moderately increase
the likelihood of emergence of the issue
with respect to the reference condition
(Delta value: 0.606)

High
(Variance:
0.327)

The explanation and full scale of the symbols can be found in section 3.3.4 of the report.

Outcome

Climate change may seriously aggravate the impact and may moderately increase the
likelihood of emergence. In the near future scenario, the impact Is expected to be moderate
(59% probability for moderate or lower impact) and the issue will be likely to emerge (96%
probability of a likelihood of emergence > 66 %).

Climate change and food safety et e

APPROVED: 11 June 2020

doi:10.2903/5p.efsa. 2020.EN-1881

Climate change as a driver of emerging risks for food and
feed safety, plant, animal health and nutritional quality

European Food Safety Authority (EFSA),
Angelo Maggiore, Ana Afonso, Federica Barrucci, Giacomo De Sanctis
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La tetrodotossina: dati tossicologici

Dati epidemiologici nell’'uomo suggeriscono che dosi di )
4-42 ug/kg possono indurre tossicita in seguito ad
esposizione acuta )

Uno studio di tossicita acuta per os nel topo ha

| individuato una NOAEL di 75 ng/kg (Abal et al., 2017) |

(" Considerata la numerosita degli animali, la dose piu )
bassa (25 pg/kg) é stata scelta come riferimento,

\ derivando una ARfD di 0.25 pg/kg D

BJ EFSA oun

SCIENTIFIC OPINION

ADQPTED: 15 March 2017

dol: 1027903 .eka 20174752

Risks for public health related to the presence of
tetrodotoxin (TTX) and TTX analogues in marine bivalves
and gastropods

EFSA Panel on Conmminants in the Food Chain (CONTAM),

Helle Katrine Knutsen, lan Alexander, Lars Barregard, Mangherta Bignami, Beat Brischweiler,
Sandra Ceccatelli, Bruae Cottril, Michael Dinovi, Lutz Edler, Beltina Grasl-Kraupp,
Christer Hogstrand, Laurentius (Ron) Hoogenboom, Carlo Stefano Nebbia, Isabelle R Oswald,
Martin Rose, Alain-Claude Roudot, Tanja Schwerdte, Chrstiane Vieminck, Gunter Vollmer,
Heather Wallace, Nathalie Arnich, Diane Benford, Luis Botana, Barbam Viviani, Davde Arcella,
Marco Binaglia, Zersanna Horvath, Hans Steinkellner, Mathijs van Manen and
Annette Petersen

Considerando una porzione alimentare pari a 400 g e un peso medio di una persona pari a 70 kg,
e stato calcolato un livello di sicurezza pari a 44 pg di TTX-equivalenti/kg parti edibili

wWww.sitox.org
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La tetrodotossina: dati tossmologm (updates)

-
Studio di tossicita acuta nel topo, in seguito a

.
r )

Somministrazione orale via gavage o mediante feeding
\, v

f TTX: considerando come dose di riferimento queIIa\
inferiore alla NOAEL (1010 nmoli/kg), una porzione
alimentare di 400 g e un peso corporeo medio di 70 kg,
e stato calcolato un livello di sicurezza pari a 560 pg di
K TTX-equivalenti/kg parti edibili j

N

TTX e SXT singole: LD, e NOAEL sovrapponibili

TTX e SXT in miscela: probabile effetto additivo

somministrazione orale di TTX o SXT, singole o in mlsceIaJ

N foxins

Artide

The Acute Toxicity of Tetrodotoxin and
Tetrodotoxin—-Saxitoxin Mixtures to Mice by Various
Routes of Administration

Sarah C. Finch 1"", Michael J. Boundy 2 and D. Tim Harwood 2

1 AgResearch Limited, Ruakura Research Centre, Private Bag 3123, Hamilton 3240, New Zealand

2 Cawthron Institute, Private Bag 2, Nelson 7042, New Zealand; michael.boundy@cawthron.orgnz (M.J.B.);
tim.harwood@cawthron.orgnz (D.T.H.)

*  Correspondence: sarah finch@agresearch.co.nz

check for
Received: 8 October 2018; Accepted: 19 October 2018; Published: 23 October 2018 updates

Compound LDs by Gavage Predicted LD35p LDsg by Feeding NOAEL by Feeding
P (nmol/kg) ! by Feeding (nmal/kg) ! (nmol/kg) 1
S5TX 1237 (1056-1630) 2850 (2468-3390) 1270 (1189-1470)
TTX 1890 (1669-2120) 2850 (2475-3410) 1294 (8858-1480)
STX/TTX (1:2) ND 2850 3532 (3016-7830) ND
STX/TTX (1:1) ND 2850 2850 (2382-3280) ND
STX/TTX (2:1) ND 2850 2850 (2475-3410) ND
1 Figures in brackets indicate 95% confidence limits; ND, Not determined.

wWww.sitox.org
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Tossicita nel topo in seguito a somministrazione orale di TTX

ripetuta per 28 giorni

Dose (ug/kg) Total Mice Dead Survival Time (Days) Mortality %
Control 5 0 28 0
25 3 0 28 0
75 4 2 1,5,28,28 50
125 5 2 3,7,28,28 28 40

ﬁrincipali effetti:
- Riduzione della quantita di urina;

k Alterazioni ultrastrutturali a livello cardiaco.

- Alterate caratteristiche dell’urina (torbidita, proteinuria);
- Degenerazioni ultrastrutturali a livello dei glomeruli renali;

~

J

farmaci, veleni o enframbi 25-26-27 Ottobre 2021

La tetrodotossina: dati tossmologm(updates)

WWW.sitox.org
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La tetrodotossina: dati tossicologici (updates)

Tossicita nel topo dopo somministrazione orale ripetuta
| per 28 giorni di TTX (44 pg/kg) e SXT (5.3 — 54 pg/kg).

J

N corporeo o segni di tossicita.

( . . s .. )
TTX: Non sono stati osservati mortalita, alterazioni del peso

J

TTX: Non sono state osservate alterazioni nella quantita e
qualita delle urine.

.

S

TTX e STX in miscela: mortalita dopo somministrazione di

TTX e SXT (5.3 e 54 pg/kg, ma non 17 ug/kg).

7

‘gﬁuﬂ foxins @\"ﬂ

Article

Oral Chronic Toxicity of the Safe Tetrodotoxin Dose
Proposed by the European Food Safety Authority and
Its Additive Effect with Saxitoxin

Andrea Boente-Juncal 1 , Paz Otero 1 , Inés Rodriguez 2 , Mercedes Camiiia 3 ),
Mercedes Rodriguez-Vieytes 3, Carmen Vale 1*© and Luis M. Botana *

1 Laboratorio de Farmacologia, Farmacia e Tecnoloxia Farmacéutica, Universidade de Santiago de

Compostela, Facultad de Veterinaria, Campus Universitario s/n, 27002 Lugo, Spam;

andrea.boente.juncal@usc.es (A.B.-.); paz.otero@usc.es (PO.)

Laboratorios Cifga, Benigno Rivera, 56, 27003 Lugo, Spain; inesrguez@cifga.es

Depﬂrtamentc de Fisiologia, Facultad de Veterinaria, Universidad de Sanﬁago de Ccmpostela, 27002 Lugﬂ,

Spain; merchi.camina@usc.es (M.C.); mmercedes.rodriguez@usc.es (M.R-V.)

*  Correspondence: mdelcarmen.vale@usc.es (C.V.); luis.botana@usc.es (L.M.B.); Tel.: +34-9828-22-223 (C.V));
+34-0828-22-233 (L.M.B.)

check for
Received: 3 April 2020; Accepted: 7 May 2020; Published: 9 May 2020 updates
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La tetrodotossina: meccanismo d’azmne

Blocco selettivo dei canali voltaggio dipendenti del Na*
\_

1]
~
(VGSC) su aa coinvolti nella formazione del poro .
Blocco del potenziale d’azione in cellule neuronali e
muscolari |
\_ J ‘ \ n"
Sensory neuron f \ fsilr:ilncord
= lonotropi . . . .
[ receplor Nella trasmissione del dolore neuropatico, il blocco di
= VGSC puo essere sfruttato per bloccare il potenziale
O Metabotropi
= _:—;' l rexpto:mpc Do :
)
‘ Na* \L »\/7/
TTX-sensitive 0

d’azione ectopico e la trasmissione dell’'impulso nervoso
VGSCs (Na,1.3?)

Neurotransmitters

Nieto et al., 2012
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Studi preclinici

E . A
PA: é marine lh‘llg.\' -

BRAIN

Pain 72 (1997) 4149 == Artide L EaE, RESEARCH
Effects of Tetrodotoxin in Mouse Mode! risevier Brvtn Research 71 (2000) 55103 _—
. N www elssviar com /locate /bres
4 hib . Visceral Pain t
Tetrodotoxin inhibits neuropathic ectopic activity in 1
5 e . Research report
ganglia and dorsal horn neurons % marine drugs ml\m'j ‘ . . _
Low dose of tetrodotoxin reduces neuropathic pain behaviors in an
Tmelda ©- - Artidle animal model
 Neuroscience 311 (2015) 490-507 Effect of Tetrodotoxin Pellets in a Rat Model of Yeoung Su Lyu®, Soon Kwon Park®. Kyungsoon Chung®”, Jin Mo Chung®>**

Postherpetic Neuralgia

“Marine Biomedical Instinite, Universin of Texas Medical Branch, Galveston, IX
“Deparment of Anaiomy and Neuroseiences, Universiny of Toxas Medical Branch, Gaveston, TX 7

Bihong Hong %%, Jipeng Sun %, Hongzhi Zheng ®, Qingqing Le % Changsen Wang %%, “Plysiology and Biophysics, Universiyy of Texas Medical Branch, Gaiveston, TX 77555-1069, US4
ANTIHYPERALGESIC EFFECT OF TETRC Kaikai Bai 2, Jianlin He 2, Huanghuang He 2 and Yanming Dong - Accepted 25 April 2000
OF PERSISTENT MUSCLE PAIN T Department of Materials Science and Engineering, College of Materials, Xiamen University,

Xiamen 361005, China Neuroscience Letters 607 (2015) 108-113

I

P. ALVAREZ® AND J. D. LEVINE 2-%* Engineering Research Center of Marine Biological Resource Comprehensive Utilization, Third Institute of
Oceanography, State Oceanic Administration, Xiamen 361005, China; jpsun@tio.org.cn (J.5);
qinggingle@163.com (Q.L.); w1277027075@163.com (C.W.); kkbai@tio.org.cn (K.B.); jlhe@tio.org.en (JLH.);

18259221714@163.com (H.H.)

® Department of Oral and Maxillofacial Surgery. University of Contents lists available at ScienceDirect
A

California San Francisco, San Francisco, CA,

q © Department of Medicine, University of California San Francisco,

Sam Eramoisco, CA. USA School of pharmaceutical Sciences, Xiamen University, Xiamen 361102, China; 4 Neuroscience Letters
32320171153272@stuxmu.edu.cn E i -
4 College of Chemical Engineering, Huaqiao University, Xiamen 361021, China ool GEmE DR (i S e s e I
Fain 137 (2008) 320-531 *  Corresp s: bl io.org.cn (B.H.); ymd edu.cn (Y.D.); Tel.: +86-592-219-5265 (B.HL); ' U '

+86-592-218-5106 (Y.D.)

checkfor  TCh paper
Received: 5 May 2018; Accepted: 1 June 2018; Published: 5 June 2018 updates

Tetrodotoxin inhibits the development and expression ol armment of Anesthesiology, and “Department of Pharmacology, u..odolto?un suppresses thermal 11YD€T§]8.;6313 dﬂ_d mechanical (!)mm—m
neuropathic pain induced by paclitaxel in mice Jniversité de Montréal, Montréal, Québec, Canada. *Wex Pharn allodynia in a rat full thickness thermal injury pain model
Vane Canada. *Beijing Medical University, C}
Francisco Rafael Nieto ®!. José Manuel E 291 Cruz Mieuel Cenddn ® ) ancoiver, tanada. beyimg Medicd Amwr_m)’ Margaux M. Salas?, Matthew K. Mclntyre?, Lawrence N. Petz?, Walter Korz”,
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Esperanza Del Pozo ¥, Jos¢ Miguel Vela °, José Manuel Baeyens ** H2W ITS8, Québec, Canada. E-mail: pierre.beaulieu@umont ) )
3 US Army Institute of Surgical Research, 3698 Chambers Pass, Bldg 3611, JBSA Fort Sam Houston, TX 78234-6315, USA
* Department of Pharmacology and Institute of Neurascience, Faculty of Medicine, University of Granada, Avenida de Madrid 11, 18012 Granada, Spain b WEX Pharmaceutrcals Inc. Sutte 420, 1090 West Pender Street, Vancouver, BC VGE 2N7, Canada

" Labaratorios Dr. Esteve 5.A., Avenida Virgen de Moniserrar 224, 08041 Barcelona, Span
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Studi preclinici

Nay1.1
Na,1.2
Na,1.3
Ma, 1.6

Central nervous system

AR-fibers | Na,18
MNa,1.1

Ad-fibers |Nay1.7

Nerl® La maggior parte degli studi sono focalizzati sul
% trattamento del dolore neuropatico y
C-fibers | Na,1.7
aart | Bt w1 Ruolo cruciale di VGSC TTX-sensibili nel modulare la
Gonzdlez-Cano et al., 2021 e _ trasmissione del segnale nel dolore neuropatico .

Danni ai neuroni periferici inducono down-regulation di isoforme resistenti alla TTX (Nav1.8, Nav1.9) eN
up-regulation di isoforme TTX-sensibili (Nav1.3)

J
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Original Article

An Open-Label, Multi-Dose Efficacy
and Safety Study of Intramuscular
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®
- . TECTIN
Efficacia nel trattamento del dolore neuropatico -
| oncologico severo senza fenomeni di tolleranza HALNEURON
= e TR S
| Dosaggio ottimale: 30 pg/die TTX s.c., 2 volte al giorno TTX (15 ug/mL) in fiale da
- ~ 2 ml per iniezione
Riduzione del dolore fino a 2 settimane se somministrato sottocutanea
S per almeno 4 giorni .
(" Effetti avversi: blandi o moderati, generalmente ben A N
tollerati e associati a parestesia (29.6%) e ipoestesia 2 trial clinici (fase Ill)
\ (24.8%) orali ) \

Indice «Numeric Pain Rating Scale» non significativamente diverso tra gruppo di trattamento e placebo
(numerosita dei campioni limitata), significativita che appare valutando la «Quality of Life»
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Altri impieghi farmacologici

Dolori muscolari persistenti

Trattamento di disturbi neurologici
(epilessia, emicrania, disturbi neurodegenerativi)
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Tetrodotoxin for moderate to
severe, inadequately controlled
cancer-related pain

LAY SUMMARY

Cancer-related pain can arise
treatments such as s
based pain killers to
have complete pain refief.

fram both angaing tissue damage and
radiotherapy. Many patients use opioid-
cancer-related pain but often they do not

This prismng Is
Dsedon . . . B
] Tetrodotoxin is a new drug that blocks pain transmission. It is reported
ataneatmerme o be a welkivlerated, more potent analgesic than aspiin and
of resesrch and & morphine, and a nen-addictive altermative o cpioids.

e Merature

‘seareh. ttis not If licensed, tetrodotoxin will offer an additional treatment option for
mtengea o oe patients with cancer-related pain wha may have few, welltolerated
emmve statemen:  and effective therapies.

on the satety,

emcacy or

eftectivenzss of t

NIHR HSRIC ID: 5173

kb e o NHS
- o B8 N, R National Institute for

B ——
DIECRCONE SIS
Uy B S Heaith Research

V Meccanismo d’azione specifico

X Composto estremamente tossico

X Limite proposto nei molluschi: 44 ug/kg V Promettente utilizzo nella terapia del dolore neuropatico

X Nuovi dati tossicologici da considerare oncologico

(possibile effetto additivo con SXT) V Ulteriori possibili applicazioni farmacologiche
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