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[Abstract]

The Antitumor Mechanism and Effects of Tetrodotoxin: a Literature Review

Ye Eun Cho, Seungmin Lee, Kang Hyun Yoon, Ji Seok Lim, Seung Hoon Lee,
Do Young Choi and Jae Dong Lee

Department of Acupuncture & Moxibustion Medicine, College of Korean Medicine,
Kyung Hee University

Objectives : The purpose of this study is to explore the antitumor mechanism and effects of
tetrodotoxin through a literature review of experimental and clinical studies,

Methods : Medical databases, including The Cochrane Library, Pubmed, NDSL, RISS4u and
National Assembly Library, were searched for relevant articles published from January 1, 2000
to October 31, 2014 using the keywords ‘tetrodotoxin’, ‘cancer and ‘tumor'. The results were
classified into experimental studies(in vitro and in vivo) and clinical studies. Analysis of the
results was conducted on several research areas including the mechanism, antitumor effect
and adverse effects of tetrodotoxin(TTX).

Results : A total of 34 experimental studies(32 in vitro and 2 in vivo) and 3 clinical studies
were found in the search, Most of the experimental studies suggested blocking of
voltage—gated sodium channels in metastasis of tumor cells as the main antitumor mechanism
of TTX. The most common type of cancers mentioned in the experimental studies were

Key words : prostate and breast cancer. All of the clinical studies were on the application of TTX on
Tetrodotoxin; moderate to severe cancer—related pain. No adverse effects of TTX were reported in in vivo
Tetraodontidae, studies but mild to moderate adverse events were reported in clinical studies.
Pufferfish; Conclusions : The results show that tetrodotoxin, which is the main component of
Antitumor; Tetraodontidae(commonly known as pufferfish) poison, could be clinically used for antitumor
Mechanism therapy. However, further studies should be conducted on its safety,
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Fig. 1. Flowchart of study selection process
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Table 1. Summary of /n vitro Studies about
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Antitumor Effect of TTX

Cancer ) Na+ Other Process
Study Cell Species  TTX ) —
type channels mechanism Inhibit Promote No effect
2013/Campbell )
3) H460 0.5uM  Na(v) 1.7 Invasion
Non small TM
cell lung H23, ) ]
n Not ) Proliferation,
cancer 2007/Roger S H460, Human 30 pM . Invasion -
specific migration
Calu—1
5, 10
Small cell H69 o
2005/0Onganer ’ 100, Not Endocyto
lung 5) H209, Human . '
PU 1,000 specific sis
cancer H510
nM
Neuroblas 2007/Kawaguchi
6) 9 NG108-15 0.1 uM Na(v) 1.7 INa
toma A
Glial 1321N1 Not
2001/Kraft R” ’ Human 300 nM 3 INa
tumor Al72 specific
SW620, 10. 30
2010/House CD®  SW480, Human M Na(v) 1.5 Invasion
Colon HT29 u
cancer -
2004/Maselli colon Not Contracti
9 ] Human 2 pM »
MA tissue specific on
Ovarian Caov—3 Migration
2010/Gao RO ’ Human 30 uM Na(v) 1.5 . 9 7 Proliferation
cancer SKOV-3 invasion
1y MDA-MB- Not E2—cell
2010/Fraser SP Human 10 pM . )
231 specific adhesion
MDA—-MB— nNa(v,
2010/Chioni AM'? Human 5, 10 uM v) Migration
231 1.5
MDA-MB—
Breast 2009/Krasowska Not Endocyto
ncer M 231, Human 1 uM specific sis
ca MCF—7
MDA—-MB— nNa(v
2009/Gao RY Human 30 puM v) MMP-9 Invasion
231 15
MDA—-MB—
2009/Gillet L% 231 Human 30 pM Na(v) 1.5 Invasion
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MDA-MB—
2009/Tran TA® 231 Human 30 pM Na(v) 1.5 Invasion
Motility,
MDA—-MB— nNa(v. endocyto
2005/Fraser SP'7 Human 10 uM V) ot
231 1.5 Sis,
invasion
18) MDA-MB— Not ) )
2004/Roger S Human 30 uM . Proliferation
231 specific
MDA-MB— Not ) Migration
19) Human 30 uM Invasion ’
2003/Roger S 231 H specific proliferation
Migration
Na(v)1.6 ’
2009/Nakajima PC-3 Human 1, 10 uM ] 7(V) o endocyto
T20) : sis
Mat—LyLu Rat Na(v) 1.7 INa
Migration,
2007/Uysal-Onga endocyto
2™ peaM Human 500 MM Na(v) 1.7 neoey
ner P sis )
invasion
Not
2008/Ding Y??  Mat—LyLu Rat 500 nM . Migration
specific
2008/Palmer Mat—LyLu, Not .
23) Human 1 uM . Adhesion
CP PC—3M specific
Not Motilit
2006/Scorey N*¥  PC-3 Human 5 nM . o
specific migration
Prostate Feedback
2006/Brackenbur mechanism
cancer o Y Mat-Lylu  Rat 1M Na(v) 17 TECmaNST i ration
WJ involving
PKA
2005/Mycielska Not
2) Y PC-3M Human 2 pM o INa
ME specific
2004/Bennett Not Migration
on) C4, C4—2  Human 1M » ) 9 _I '
ES specific invasion
9g) Mat—LylLu, Not . Proliferation,
2003/Fraser SP Rat 1uM . Motility o
AT-2 specific viability
2003/Mycielska  Mat—LyLu, Not Endocyto
29) - Rat 1 UM . i
ME AT-2 specific sis
2001/Djamgoz Mat—LyLu, Not N
30) Rat 1, 5uM . Migration
MBA AT-2 specific
Mat—LyLu Not
2000/FraserSP®” v, Rat 6 uM . Proliferation
AT-2 specific
Na(v) 1.6,
2009/Carrithers ~ THP—1 Human 300 nM not Na(v) Invasion Migration
Melanoma 39) 15
MD .
HTB-66 Na(v) 1.6
Rhabdom
2006/Randall A®® SJ-RH30  Human 1 M Na(v) 1.4 INa
yosarcoma
Cell
Neoplastic ) N
~ 2006/Fulgenzi Na(v)1.2, o viability,
mesotheli 34) MPM Human 2 pM Migration ) )
al cells 1.6,1.7 proliferation,
apoptosis
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Table 2, Summary of /n vivo Experimental Studies about Antitumor Effect of TTX
Total
C | lat TTX Ad
ancer Study Species nocula Inj, number Mechanism Result verse
type ed cell dose . effect
of inj,
1 N
Prostate 2012/ Mat— 200 ev?;/r cs;/nnel The number of lung metastasis is
Yildirim Rat s.c. nM, Y reduced(~44 % reduction) and that  no
cancer i Lyl 1ml other = maybe lifespan is significantly improved
day Na(v)1.7 9 :
1. Significant decrease in the mean
2012/ tumor weight and an increase in
Ehrl.ich - . 2 5x10° 1/20 6 over Antitumor the cumulative mean sur\./ival time
ascites Mice P 2 . , 2. Reduced the elevated liver no
) Dayem EAC/ml LD biochemistry
carcinoma N weeks tumor markers(caspase—3, TNF—)

3. Increased liver antioxidant
enzymes(SOD, GST, GSH)
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Hagen NA Z+-& Algo] & Z1 0 & 2007, 2008, 2011

Table 3. Summary of clinical trials about TTX on cancer—related pain patients

Patient Interve Compar Outcome
Study Design informati . . P Result
ntion ison  measures
on
5 Persistent
responders(n =13) Non—responders
groups . VS .
)75 Trasient (n=14)
u'g BPI-SF  responders(n=4)
bid With a 33 % reduction in the intensity of worst,
2) 15 average, or current pain for at least two
Severe ug consecutive days,
A phase czinncer bid Change proportionally to the dose of TTX
2007/ |l a, P 3) 225 NPS ( = 0.698, p = 0.078)
Hagen open—label, Total ug No More sensitive to TTX : characteristics of burning
NA*  multi-dose 3 bid pain, dull pain, and cold pain
efficacy rreatment ¥ 30 Response Somatic and visceral pain(9 of 11) ) neuropathic
— Hg to pain  pain(8 of 20)(* = 3.465, p = 0.0627)
(n=24)
bid
5) 30 Reduction of total daily dosages of opioids for
more than two consecutive days : 12 of 31
t:g Opioid treatments(39 %)
X 4 use The reduction in opioids : 20~100 %
davs Period : 3—12 days
v Not associated with the dose of TTX
(F)’:oportlon 16 of 38 patients in the TTX arm(42 %) and 12 of
) < 39 in the placebo arm(31 %).(p = 0.425)
MPQ 14 responders of 31 to TTX and 10 of 27 to
Multicenter placebo. £=0.719
randomized, :\él)oderate Placebo NPS 10 responders of 18 to TTX and 11 responders of
2008/ double— severe TTX 30 (not 18 to placebo. p=1.000
blind, ug bid specific Onset of
Hagen Placebo—  CANCeT v, ally X After 1~4 days of treatment
NA% rolled pain q i
controlled, ays  mention Average
parallel n=77 ed) duration TTX 19,5%14.3 days, placebo 18,0112,9 days,
of ranging from 4 to 42 days
analgesia
Response Response to TTX : neuropathic 44 %,
o ppain non—neuropathic 44 %
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Response to placebo : neuropathic 18 %,
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non—neuropathic 27 %

With a responder experiencing either
improvement of pain or significant fall in opioid

Post hoc o . )
analvsis use, along with improvement of quality of life,
y 17 of 38(45 %) were responders to TTX and 8 of
39(21 %) were responders to placebo(o=0,043)
beizo Number
E‘(g . of Of the 41 evaluable patients, 16 were
Moderate days patients : responders, 5 were clinical responders, and 20

to
2011/ Open—label severe  When

responder, were non—responders to TTX at completion of
non—resp treatment,

Hagen longitudinal cancer  pain No onaer

NA*  trial pain returned, _ _ _
re—eval Average duration of pain relief : 20 days for all

n =45 uation . subsequent cyclgs
for Duration mean total duration of TTX : 10586
re—trea days(ranging 20~4QO days)
tment 2526 patient—days in total
.l
2) gTAA tH7.5 pg bid, 15 g bid, 22.5 #g bid, 30 #g bid, 30

20070l TTX o] ok 5712
T, 2008d9f= BRA-Th R TRl
=371 55 A,

o B d
A, 20110
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20079 @7= NRS 6 oF9] 5% 247, 20084, 20114
A= NRS 4 o] F5 771, 4178S qVIo= 3G,
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3P TRt 2k, 1849 o) oF WEo] Jlat 7]d) 70
2704 o), oA ABAIE FAZ 2 B8l AlRhe
Agstalnt. 22 35 ool sistay], S22 A&7, YAt
A ARE WAY 25 23 Ul A= Ago] 3= AR,
SIAIE F83he AR, HAEA QT 2HA0] 450 msE
2 A, S Fol7U dAle ol Sl A, 9
AtaEo] E7Hs 3 AR HiAISHTt. 200733 20081
9 AolME Y T BAR A9 TR ozt A5
AL, 201199 Ao Aol Yhed, HY 127,
A o 87, 8 67, AHAY 4%, 1 9 1570
k. o F 40] Az HZOR WA=, F 4199 &
29| A=7} A

oot

4) x|z
200799] AollAE TTX SF< H2A & 5749 A

pg tid 447F YA SR Lro] AIE HlWSHITh
200849 Aol AR AR TTX 30 pg
bid 447E HolEAbet Hak Yokt o R LR HlwEke
o}, 20119 A= TTX 30 #g bid 447 93} FAH=
PHE 55 T4 A A 4T & Q=5 &9

5) H|uX|=

200797} 20119 9] A= vl AR} Qe dFo|x,
20089 G= oS dERLOE Foou, 2ok
et A1 Ag2 YUSi

6) Zut

200799 Atollrl= 3119 A&7 F 174NN 5 &
27} 93T, 27 o B2o] T8 A2 SIS

200819] AN TTX TalEAt A 42 %, Yokt
31% AL BEOL, pgrol 0.4252 ST Hol §l9]
ot SEARE X5 7)7to] 1094 ST 23 ol &
IS BTl o1, 4ol A HollA TTXEo] ekt
ot FolskA =34t

201199 AFIAE 30 % ol TAL 2 AFE
responder, 74 Ho[u} 30 % o]UQl AJEHE subclini—
cal responder, TS Ho]X] %2 Al2FS non respond—
erd;t HASHL, 74 YH-2-E responder, subclinical re—
sponder $+2 B7I5lal ¥ A& 7|7+ A 417
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9] 3R} % responder 16, subclinical responder 5%,

non responder 200|1L & X|B7|7HE 2,526U= 3
A 74 71 AR71ZH 40020]5ich

7) O|AHHI=Z(Table 4)

200792 Aol HAH oSS F 98 % 7HEA
U F5EaL, diEE ool TTX A1-83F A
(7.5 pgbid, 15 pg bid)ol|lA 26 %2] o)3uk-go], 1-85F
ZH30 #g bid, 80 pg tid)olA 50 %2 oJAFHES-o] L}
Rt &% oEFHo|Gt}, TTX¢} #HHE olwEoR
TTX 30 pg tidE FBIFARE oA LAIA Q] Hajatof 2
AFHeE odeks), -4, 74dr] S49 o3} 1710]
AL T ST oo R HaE B
ol 272 37t B8std thE 2Kgabapentin, mor—

Table 4. Adverse effect of TTX in clinical trials

Adverse effect

Study  Number / SAE related to
. Common
severity TTX
2 people :
ataxia
Paresthes 1 verson -
Total 531 / ia, aniet '
2007/ 98 % hypesthe v,
- ; wobby legs,
Hagen mild~mo  sia emenopausal
NA derate, dose—de P
syndrome(hot
pendent
flushes)
manner .
exaggeration
= withdraw
TTX :
total 570/ 1 person
mild 442, person -
transient
moderate N .
99 Tingling, ataxia
2008/ severe 29 numbness, .
other 1 person :
Hagen transient transient
NA®! - Placebo : sensor moderate
total 216 / sym tos;ns dysphagia
mild 173, SY™P ysphag
moderate )
=
26, withdraw
severe 17
Nervous
2011/ T(?tal 45 / and 1 person :
mild(82 %), . )
Hagen gastroint hypertension,
39 Moderate i .
NA o estinal dizziness
(13 %)
systems
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phine, hydromorp hone, methadone, dimenhydrinate,
omeprazol, benzodiazepine)¥}-2] ASAE- 02 Holrl1l
SHATH

2008139 Aol WA o2 TTXTo| Y
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TTX9} HAE ol k302 Al 23 Aol UAIF
A S5E=9 ot 270] QUSith
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N X2 R
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st
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23t 3709 AT EAE o N3-S Fukuda &5
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AGEoL HlFo] Fol MY EAIE WA 4= glod
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Bl

ot Bojme] 4wl TTXe] ot /)4, BIE oF
olH 1A} 2000W %= o]& V& in vitro AT, in vivo
AT, YT FRES S TTXY e 714,
A= gFo] EHAATE ok kYo EAI7H A8 H
A=A stk 23 S YFstL TTXE FEA
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r
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1. The cochrane library, Pubmed, =7}bs}7|&72A}
AR, QTS AT 7Y A
2" o]L ‘tetrodotoxin’, ‘cancer’, ‘tumorZ A
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