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Tetrodotoxin (TTX) is the purified active principle responsible for tetrodon (Puffer-fish)

poisoning which has long been known in the Orient. The pharmacological actions of TTX have
been rather extensively investigated. Two of the most prominent effects of intravenousely
administered TTX are severe hypotension and respiratory paralysis resulting from its depressant
actions on tissues. This depressant actions of TTX in turn result from the selective inhibition
of sodium-carrying mechanism which is essential to generation of the action potential. TTX
differs from local anesthetics in that it does not affect potassium conductance.
Although the mechanism of the hypotensive action of TTX remains a subject of controversy,
most investigators agree that TTX-induced hypotension is caused by alteration in the blood
vessels rather than the heart. Not only the study on the effects of TTX on cardiac function
is meager but the results of reported works are often contradictory.

The present study was undertaken to investigate the effect of TTX on the electrocardiogram
of the rabbit and to compare them with well known electrocardiographical characteristics
found in digitalis and quinidine intoxicated animals. The results obtained from the present
study are summarized as follows.

1. No changes were found in P-R interval and QRS duration after i.v. administration of
1.0 #g to 1.5 ug/kg TTX to the animals. It is obvious that there were no conduction distur-
bance between atria and ventricles as well as in the ventricular tissue.

2. In 1.0 pg/kg TTX graup, S-T interval and T-P segment were not changed whereas marked

changes were observed in 1.5 ug/kg TTX group.

3. The first and second.degree A-V blocks appeared in the 2.0 pg/kg TTX group.

4. TTX differs from digitalis and quinidine in that it does not cause S-T interval depression

and T-wave inversion. In contrast with digitalis, TTX caused Q-T interval prolongation.

T2 Aole ot 8 &, 2, A 2 SEEY
X =1 zAe o] THH glom] = o] AW THF

L Aoz WERrn gk

Tetrodotoxin(TTX)-& Ho] 59 FAEL 24 98

et P4 539 el delil A 295 % Gymno-

dontes o} %o &alE Wste o1 Fold LA Bl

BolF 5 wgt Az s1&L BC 27~2847] 4
o] &te] 2R Ao AAXNE BzAdA Fed
2 4 9o s ol Aol 2ejal A E BC I~

—_—41 —



42 —#hER 5 29

247] Aoz FARET Fr, o] Hoj o vt A
AR dT7F AR AL 1947 Hel Remy&}-Ta-
kahashi? %] 213 A .02 w¢] %1} Spheroides 4

o]8 dirniy SEAL Az FE YA tet-
rodotoxin o] 2+ =W At#he Tahara®ztzm et
195044 Yokoo®: Spheroides rubripes & WAt 2 3¢
F% AR ssledl 4P ol F

Aoz e &

spheroidin &
Tsuda &} Kawamura®+= Al 5
9 Bejgaie S5EAL Feste] HA4Al tetrodo-
toxin o2t 3t &l 19564 o] F SEA L 7L Ao
T Aol [FHALNY. 2F 1964»&01] olza] TTX
= CyHpNOs8 348 Zhe 9% 4] amino perhy-
droquinozoline ¢] 2 Ao} wa = 2A6? o] 1940
1% n}Fd 4] Salmandridae 2 ¥-¥] F4&% taricha-
toxin L% FUF Bl Sl g,

TTX 7 2AAE 4 A3 715 w3t o T
st A olv] B dFst o] Folx gk TTX &
BFAY A4S ADdAQl Nad o] 5L Adefrt
K9 F346l% obfy 43e vlAx gevs Ad
A QubnidA g E ohEda 4o, TTX A 935ty
A 93 B 2AF o 2L ALY £45%0,
AZARY, 9@ ArdFY G Ee] AEH
25t BulAAA x5S TTX o gt 2gke] Akl
Aoz gHdAD ge®, H35 TTXE A4
Aetdg W £+ g FALo 2= TEtu
2] AL F 4 el oled Adge 4%
59 aucte 2aq Fgd Aae A
SAEY oAde] dAH L eI,

TTX 7F A&7 5ol =lHE 9%E F7¢ A7
a9 %A ¢ sojth TTX & zms=dAde A%
Az gt FAYE dogl
W7 gleon, ¢ AFgZoAlAw d F]
AWyl u] A 732wl 4 atropine Aol o
) 4e AEY Addsdse] dodse
H7F givh, #Z Urthaler & James'” &= %
dhe] WA AA R TTX7 wdd A=
Azkst WARZAY AEF wAE 99 AT 4
HAAN TTX & Beas 2Ade A5 93
glom AEAAY 7AsAnid A% AL
o] 94 4 9-&& Azt 3= Huang'®e] w2
® TTX % anti-arrhythmic effect & 74x= 23
AZzA FFE vigd=tn stgeh @ digitalis &
AR B o EFE AARAY FFe] debdg
278 Agelw =g TTX Y Agrael Nad ¥

I e sk

o

}
(

ku N
fo °1-'

w -{}~ il

O

o AL P
pud

B o Lo

o & g e

: Tetrodotoxin thigFEES LEEEH FE—

sgelAlel g od] Jae] A=A FFo] Y&
Aoz o4t

£ AEe TTX 54 AAELS 5355 o4 =
Ae TTXY = 8 FAF A5 98¢ ¢

o EF o] & ofn] & e digitalis,,‘;—‘\quinidine
FEAY AAEAY] W53 9 weltnA] AlgE g

HHSE ¥ wy

AEEEELE A5 1.5~2.0kg 9 75 207}8] & oF
9 TEYel AHgEgirt. A FEL 4 Z(supine

position) A el Az A EXE 2% procaine &

doz Fosha AATe AERL w8 o8 4
gAa4drR QYA cannula S £54 P23AC Stat-
ham pressure transducer o] o 2 & & S o+-2 Grass

3] AtA] Model 7 polygraph Atell d4d 02 7 2319
1,

AAEE A=z 51"‘% g5t BEAA R 9
2} polygraph 4ol d<Edez AEsgen o4
ALgx preamplifier% Grass 3] A}A] Model 7P6A
o @3 AAE 7154 £H9 FPSEE 100 mm/sec
2 dgeon stue 44 AAEY lem o Eols} 1
mV 9 AYPa-Fol HEE slgr,

£ A4 £ TTX & & Sankyo 3 A}A] tetro-
dotoxin, crystalline 3X 24 o] pH 4.8~4.9 4] ci-
tric acid-sodium citrate -5 1:5 w2 L3
F gz AARGAr A8 B A gm e
Fetd F4slgdch

2 A9l dudEE Sty AYY Ly
LOpg/kg B L.5ug/kg ] TTX & 77 10vteld) %
Foll FARAL = 1.0 ug/kg TATEY e d)
A= 1.0pg/kg 8l TTX & B 815 14 0] H 13}
ohAl A gl 2.0 pg/kg & Rl mgtth A A
B St s AAEE TTX 2943 B4%
1,3,5,7,10,15,20,30 B 602 ] Fslgon Az
= A LAE 5 21 5¢ F2 249 ¥asiyeh

AT

tES AF kg L0pgd TTX & A2 54
37 AR} F4F 608717 Q& A=A QRS
5}2-(QRS duration), P-R 77 (P-R interval), S-T
Z+A (S-T interval), ¥ T-PEA(T-P segment)$] A
E 15 2or %3 T-PRAs STHAY 9

A=



—d el eEx A0 A 13— 43

Table 1. Values of electrocardiographic complexes, intervals and segment of the rabbit before and
after administration of tetrodotoxin (1.0xg/kg)

wl Omin Imin 3min 5min 7min 10min I5min 20min 30min 60 min
QRS duration 49.0 47.6 48.0 47.8 48.0 47.8 48.4 48.6 48.6 47.6
(msec) 1.0 0.8 0.6 1.0 0.9 1.0 1.3 1.4 1.4 1.6
P-R interval 62.3 62.1 61.5 61.9 61.8 62.6 62.0 62.3 62. 3 6l.1
(msec) 3.6 3.6 3.8 3.5 3.6 4.4 4.5 4.1 4.4 3.8
S-T interval 91.1 94. 4 99.8 106.4 106.1 103.8 97.7 94.0 90. 4 90.7
(msec) 5.8 7.1 8.8 9.7 10.1 9.8 9.9 7.3 6.4 5.3
T-P segment 14.4 15. 4 19. 4 21.8 20.2 18.4 17.7 16.1 15.1 14.8
(msec) 3.4 3.5 3.5 3.4 3.7 3.6 3.7 3.8 3.8 3.8
All values are mean=-SE.
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‘Table 2. Values of electrocardiographic complexes, intervals and segment of the rabbit before and
after administration of tetrodotoxin (1,5ug/kg)
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Fig. 3. Electrocardiograms of the rabbit after administration of tetrodotoxin
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Table 3. Mean arterial blood pressure of rabbits before and after administration of tetrodotoxin _

Time ) Blood pressure(mmHg)
Dosage ‘ 0 min 3 min 5 min 10 min 20 min 30 min 60 min
09.9 67.8 74.9 8.6  101.3  103.8  106.
1.0 ug/kg Mean+SE % 123 8.5 9.9 6.7 21 2.1 %3
05.1 51,0 55.0 70.9 83.3 .5 9.
1.5 ug/ke Mean®:SE | 157 3.5 5.9 8.4 53 % %0




—A AT K A0 A 1T~

Fig. 4. Electrocardiograms of the rabbit after severe intoxication with tetrodotoxin
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Figure 5, Changes In mean arterial blood pressure of mbblrs

before and after administration of tetrodotoxin.

Fig. 5. Changes in mean arterial blood perssure of
rabbits before and after administration of
tetrodotoxin.
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