333

JHh— ~ AT SR B 35 FUE ~ B
REZ 5

¥ B @ W & M
BuEBEEARKEARHER

1 =

%ﬁki%tZ%#Eﬁﬁ%ﬁE%ﬁé’ﬁi%@%ﬁ%ﬁ*é%%ﬁmﬁ%ﬁ%%
ﬁ’ﬁ*ﬁﬁé%%&%@ﬁké%tz—%ﬁi°ﬁ%$%%*’ﬁ%k%%%%ﬁ%%
MR > TR SRS A B 2 5t » T R A > Sk
UREMESRFEEYBANZEEES - ¥ ECOTHSNRHEEABEES SR E R
ﬁZ%%*’E&@%ﬁi%ﬁﬁﬁﬁﬁ%°@ﬁé%ﬁ\?%ﬁﬁﬁﬁ%ﬁﬁﬁ%iZﬁ
ﬁ%ﬁﬁﬂ%’~&@ﬁﬁ$%ﬁ%ﬂ@%ﬁﬁﬁ%ﬁ%2ﬁﬁﬁ%ﬁ’~E%%ﬁ%@§
%%’E%%&kﬁ%tZﬁ%°@k%ﬁ%m@ﬁﬁm@ﬁﬁ%%ﬁﬂ%ﬁﬁ%ﬁﬁ%ﬁ
EEE@ZE%%’E%$%%&%tﬁ%’E%%ﬁgﬁﬁﬁEE%Z%ﬂ°ﬁk’éﬁ
ﬂ%%ﬁﬁﬁﬁﬁ%t@%%’%&Eﬁﬂmﬁ%ﬁﬁﬁ%ﬁﬁmﬁi’ﬂ?%%%ﬁﬁ%
RIFEDRE D » AAER AN ERRE LR A2 o

1. &y

T

ﬁﬁkﬁ%tiéﬁ&ﬁﬁ%ﬁ%&ﬁé’ﬁi?ﬁﬂ%*#é@%%ﬂm%%mﬁﬁﬁ’ﬁ¢
ﬁ%é%ﬁ&%ﬁ&%ﬁki%tz—ﬁ@%°ﬁﬁé%§¢’MMEChwmmwmmTTX)ﬁ
i H# (Paralytic shellfish poison, PSP) B LSRR A H R R 2 e
@%%%Aﬁ%%ﬁ°H@m’WME%ﬁﬁ2ﬁ¢%ﬁﬁ§ﬁi’mmm¢§k$~§@ﬁkﬁ
ﬁ%ﬂ@%%ﬂZéﬁﬁm%tm;w%ﬁﬁiﬂﬁﬁéﬂﬂ¢ﬁ$ﬁ’%%~%ﬁk¢$%t’
ﬁ%t%iﬁ%ﬁ—gﬁ&?mﬁm;ﬁi%%%%%@%ﬁéﬁﬁ%#’~A%t—k§ﬁ’§¢
%EE%E’&%%%%ﬁéﬁ%L@mwmmSmMHS%ﬁm:wwﬁ%ﬁﬁ@%ﬁéﬁﬁ%
ﬁﬁ@%%%Zﬁ¢ﬁ$ﬁ’%%~%&%t—%&ﬁﬁmoﬁl%&$Lﬁh@’gégﬁﬁﬁﬁ
é%%@mué’ﬁ¢2$%t2ﬁ¢§$ﬁ’ﬁﬁéﬁ@%ﬁ%ﬁ%Z%ﬁﬁm%E&mwmm
ﬁﬂw’§E52ﬁ¢%ﬁﬂ%ﬁ’ﬁ%§%MﬁﬁE§Z&%smmmMmmlb4%ﬁm°

ﬁﬂ%ééﬁ%&%ﬁ%@ﬁ&@ﬁ%ﬂiﬁﬁ’@ﬁﬁ%’ﬁéﬁ%ﬁZ%ﬁ%%Em%ﬁﬁ
E’ﬁ%ﬁ%ﬂ%ﬁ@ﬁﬂﬁzmﬁﬁﬁﬁwﬁi’E%ﬂﬁﬁﬁé~ﬁ$ﬁ%%ﬁﬁ’égﬁﬁ%
ﬁTTXZﬁEﬁ%¢’@ﬁé%ﬁﬁﬁ%ﬁﬁ&é%ﬁ*’—ﬁﬁﬁﬁéﬁmﬁgﬁé¢%%
T o

%%’MEﬁﬁﬁzﬁﬁmﬁ%%%%ﬁAkmmMMnwp(&%%Zme@mwaﬁ
Gonyaulax) FpkKEEMHE Aphanizomenon flos-aquae FREAZ ARTE  ROKEBASES
BARAMAATSERESRE - |/ BREHARSAR » GE4SME (red-tide) fik{E (water-
bloom) » fa FURMIGE LU » SELSMEEAHEIETHZ o



334

REFHTHEMREE AR B A AN #E » ATV REM MRS RS 0 fE -
BEMRERTMENEE REZ RS o DRUMSHEERE FERE DR 2 £

FKo

2. FRBNHEEAEZS

2.1 AphEZ S

TMBRR—E T THEOEZMEHERE » £ 2,000 473 » AME4HEE TSRS
HE o RIS TUMERE] BRI R GUAL) TTRIEA » BEAE MPFEemsl 2 aF ; mgE=
FTEEEHR MRS LA WL EILEE o XEELHEREAR | WHTRES A2 K
JE o AT il e AT AR R R R BRI ER o ERWARME » 1R BABRWE (1860) » 1909
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Table 1. Distribution of tetrodotoxin in natural biology
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ol fifi (Tetraodontidae) PE~HF-H2xy BH—B4 R
W 58 & (Gobius criniger) NS ~ 2y B~ BE
W OE K
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o 1950 SEAREE T HE— 2 BEHHAIRE S 2 TTAT3S o 3 1964 SEgh gz D ~ %K F1 Woodward® =
MAREERRBITZEERAERL WG (UPAC) v FEHEHEMSEZ LEEEES o
R4 Mosher % U W BRERBYS Taricha BhFTHEZ tarichatoxin » FRZEBHREM AL
B ERMMBFERMAENZES - HNEANEERR S » MHBENSHEEERTEE » YR
MM Hfb s - W - Bf - R - 85 - BESHY » ARRELSE  EREA T
o 1FEEYY REChWMBPo M — AT A ENME B AIE Vibrio alginolyticus ; ¥
IR AR R R R RS ERR O RAEMMBEESE > HhLl V. alginolyticus
FMEAEERE o« RLFMSEERR S » REKE » B EREREEE B o
KRR RE B AR PZ oI

2.2 EHREZ 6

REtE R REBAFTMENK S Saxitoxin (STX) » & 1957 4 Schantz 04 &
Saxidomus giganteus ZKETFIMHRZETRS » KBRS CFALE4TI 445 Saxitoxin
» #% 2k Schantz & X bt REZ BRSO B EIBEEE Alexandrium catenella (BERES
brotogonyaulax catenella ~ gomyaulax catenella) » BhitEEEboSHE STX » AMiEs
Lt BEZ TS PRIR B RHA o ; ‘

K MBENRECEEEREEE Alexandrium catenella, A. tamarensis (A. excavata),
A. acatenella, A. polyedra, Pyrodinium bahamense, P. bahamense var. compressa, P.
phoneus » LIRIRKEZERKE Aphanizomenon flos-aquae SEREfE it RA MBS BEHEKD o
FEFARRSERE (R H R ~ B~ BB~ BEHES) » ARKE Jania sp. MBEEE (B
B~ B BEREES) SEHFEERE » BEHSHSARSEN » BNELEH HERSE
Gonyautoxon 1-8 (GTX,.s) 1 STX, neoSTX, dcSTX £&£498 o EiRiRABEEZY) 5 HME R
BEEREERE  BLERMEE BZ 2 RIERERM » BRERNAME » FREREYEERK
» WHTEARRER 84S c R_FIRFRETEREERNERZERS -

XK= LFERRLS oBELE
Table 3. Toxicity of different toxin

Toxin (ug /kléDx;;ouse) Source M. W. : Mol. formula
Botulinus toxin A 0.00003 | Bacterium 900,000 | (Protein)
Tetanus toxin 0.0001 Bacterium 100,000 | (Protein)
Diphtheria toxin 0.3 Bacterium 72,000 | (Protein)
Palytoxin 0.6 Filefish, Zoanthid 2,677 | C129H223054 N
Batrachotoxin 2.0 Frog 538 | Ce1Ha206N;
PSP
Saxitoxin 5-10 Protogonyaulax spp., 372 | C1oH1;04N7¢2HCl
bivalves, crabs
Gonyautoxin-2 12 Protogonyaulax spp., 508 : CioH160sN;S«CHsCOOH3H:0
bivalves
Tetrodotoxin 7 Puffers, newts, goby, 319 | CuHyyN;3Os
frogs, octopus, gas-
tropods, starfishes
Strychinin 500 Plant 334 | Ca1HasNsO;
NaCN 10,000 49
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Table 4. Resistibility of fish to tetrodotoxin
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e

& BEHE &2 B NRER
(MU*/20 g)

MO 5 W 4G Fugu niphobles 700-750
BE ™ Af  F. pardalis 500-550
™ & (3% 7))  F. rubripes rubripes 300-500
& 8 M gk Lagocephalus wheeleri 15-18
B 8 m st L. gloveri 19-20
Bom sk Liosaccus cutaneus 13-15
2§88 ff  Ostracion tuberculatus 0.9-1.3
A & Oplegnathus punctatus 0.8-0.9
o) 3 0. fasciatus 0.8-1.8
h=:] Girella punctata 0.3-0.5

*IMU fRgHE 20 ez st AR 0 FTHEREIESY 0 2 30 SRR 2R SEIE o

KL FEEREHANZRIRTER

Table 5. Minimum lethal dose of paralytic shellfish poison in fish

N B (MU*/20g)
# &
: I8 i3 i =] 23 ®” i
Marine fish
Anchovy 2-4 —
Horse macherel 1.5-2 180-200
Macherel 1.5-2 125-190
Girella 1-2 —_
Japanese parrotfish 1 —
Mullet 1-2 —_
Tigerfish 1-2 >1,700
Filefish 2-2.5 640-700
Flatfish — 540-600
Goby 9-17 —
Puffer 14-29 —
Fresh water fish

Chum salmon <4 —
Silver salmon 7-12 —
Carp 2-5 120
Rainbow trout 1-8 320-400
Tilapia 2-5 >400

*IMU fRiGHIE 208 ZHE N AE ) FIEBEM £ 15 SEBERIEC RSN REME -
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AR Ry B R TSAMMRR Botulinus S MERRMEREY Palythoa
toxica FiEEA > palytoxin » (HEE{ESFRZ B » BERNEEEZFEE batrachotoxin
HEHAERE/LHZ 1,000 LA E -

AR FEN BRI A EARFCRAEEEREY » AFHEMHEEREHARM
L3 RIEARS » EHEANT AN PRETNREHEREEZENETMARKE BED
tprh » B A RIS B2 BN REETR  EAEERE  TEHERESR 2 BERAE
st > B AEREMEER 2T » EANRERENL—BEEIEmESH » HEERET

o FERESECY @ LI M HEE SRR B A T SUES T A R 0 RRIMBLFTR > kA B
ARG ~ SHE ALRIRERE I MEAVBOE R » &85 700~750 MU/20 g ~ 500~550 MU/20 g 300~
500 MU /20 g 3 BB SR /b2 0 » SHTALE 2 5 AIEL(E « Hh AT AR R
ot WE— RS BERE o B—HHE » RITERAET  BRESEZOGMTH FE o AT
ST > T EEOEE » 55 15~18MU/20 g ~ 19~20 MU/20 g Fa 13~15 MU/20 g » 358
EEEERIE o HAMEEANES 1MU/20 g » B—REEERL o aEBRTA THoARE

A TR R SRR R N TR

Table 6. Minimum lethal does (LDg) of TTX and PSP in fish administered
intraperitoneally, intramuscularly and orally

LDy (MU/20 g body weight)
Fish On i.p.. On i.m. On oral
administration | administration administration
TTX PSP TTX pPSp TTX pPsSp
Marine fish
Bathygobius fuscus (Goby) 15-20 15-20 15-20 15-20 — —
Diodon holocanthus (Spingy puffer) 10-15 5-10 — — 450-500 —_—
Anguilla japonica (Japanese eel) 5-10 5-10 5-10 5-10 — -—
Crysophrys major (Red pargo) 5-8 2-5 — — — —
Abudefduf yaigiensis (Abudefduf) 2-5 5-10 2-5 2-5 —_ —
Epinephelus amblycephalus (Grouper) 2-5 2-5 — — — —
Lateolabrax japonicus (Sea perch) 2-5 2-5 — — — —
Mpylio macrocephalus (Black porgy) 2-5 2-5 —_ — — —
Pomacentrus coeruleus (Blue damsel) 2-5 1-3 2-4 2-4 — —
Freshwater fish

Monopterus albus (Rice field eel) 15-20 15-20 20-33 15-20 —_ —
Gambusia affinis (Common gambusia) 5-10 5-10 5-10 5-10 — —_
Poecilia reticulata (Guppy) 2-5 2-5 2-5 2-5 — —
Carassius carassius (Crucian carp) 1-2 1 1 1 20-50 75-120
Hemibarbus laebeo 1-2 1 1-3 1 — —
Erythrocutler ilishaeformes 1 1 1 2 5-10 5-10
Hypophthalmichthys molitrix (Silver carp) i 1-2 1 2 — —
Carassius auratus (Gold fish) 1 1 1 1 20-25 5-10
Sarotherodon niloticus (Tilapia) 1 1-2 1-2 1-3 50-75 | 300-350
Cyprinus carpio (Carp) 0.5 0.5 1-2 0.5 5-10 2-5
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Table 7. Minimum lethal dose (LDy) of TTX and PSP in curstacean
administered intramuscularly

LDs (MU/20g body weight)
Crustaceans . Qxl_,i_-_m;esign_izlj%!_ra_t_igrzw_ S
TTX 1 PSP _
Marine crustaceans &
Gonodactylus falcatus 1 5-10
Charybdis miles l 5-10
Penaeus japonicus (Striped prawn) 2-5 0.5
Metapenaeus ensis (Sand prawn) 1-2 0.5
Carcinoplax longimana i 2-5
Portunus pelagic (Pelagic crab) 1 1
Ovalipes punctatus 1 i
Charybdis variegata 1 1
Charybdis japonica 1 1
Penaeus monodon (Grass prawn) 0.5 0.5
Freshwater crustaceans
Potamon dehaani 2-5 2-5
Macrobrachium rosenbergii (Giant freshwater prawn) 1 1
Macrobrachium asperulum 0.5 2-4

£\ FEHEAREERSHERSY R NEOLRE

Table 8 Minimum lethal dose (LDg) on i.m. administration and 50% lethal
concentration for 48h (48 h LCs) of TTX and PSP in mollusk

TDsw . TCso
Mollusks (MU/20 g body weight) (MU/ml)
TTX | PSP TTX PSP
Marine mollusks
Lalliostoma formosense (Formosan top shell) >365 >300 — —
Lischkeia alwinae (Lischke’s margarite) >365 >300 — —
Saginafusus pricei >365 >300 — —
Bursa rana (Common frog shell) >365 >300 — —
Natica lineata (Lined moon shell) >365 >300 — —
Soletellina diphos (Purple clam) >365 >300 — —_
Charonia sauliae (Saul’s triton) >365 250-300 — —_
Ficus subinter media (Underlined fig shell) >365 250-300 — —
Haliotis diversicolor equatilis (Japanese abalone) >365 150-180 —_ —
Granulifusus nipponicus (Granular spindle) 300-365 >300 — —
Bablonia areolata {Areola balylon) 250-280 >300 250-280 >300
Meretrix lusoria (Hard clam) >275 >19%4 100-123 200-250
Crassostrea gigas (Oyster) —_ — >123 >250
Freshwater mollusks
Anodonta woodiana >365 >300 — —
Semisulcospira kurodai >365 >300 — —
Sinotaia delavayana >365 >300 — —
Radix auriculavia >365 >300 — —
Sanguinolaria violacea >365 20-50 —_ —
Corbicula fluminea (Freshwater clam) 15-18 10-13 15-20 5-10
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Table 9. Resistibility of a toxic crab (A. floridus) and four nontoxic
crabs against TTX

. Body Time required
Species Sex*! Place of catch weight Dose (MU/20g) until death
(8) (min)*?
Atergatis floridus M Arazaki, Kanagawa 10 2,000 5.4
M " 10 2,000 24.4
M " 20 1,000 16
M " 11 1,000 (—)
F " 13 1,000 (=)
M " 7 570 (—)
M " 19 500 (—)
Pilumnopeus indica M " 2 2 inst. death
M I 2 2 inst. death
Pachygrapsus crassipes F I g 1 0.6
M " 11 0.5 0.6
Leptodius exaratus M I 6 1 1.2
M [ 10 1 0.6
Eriphia laevimona M 1 33 1 0.7
F I 56 1 1.7

*1 M: male, F: female.
*2 (—): survival.

Rt ARENESESRURELRST SN

Table 10. Resistibility of a toxic crab (A. floridus) and five nontoxic
crabs against PSP

Body- Time required
Species Sex*! Place of catch weight Dose (MU/20 g) until death
() (min)*?
Atergatis floridus M Arazaki, Kanagawa 3 10,000 (crab PSP) 60
M Kominato, Chiba 9 10,000 ( " ) 60
M I 6 10,000 ¢ o) inst. death
M Arazaki, Kanagawa 7 10,000 (scallop PSP) 25
F n 14 10,000 ( " ) 20
M ] 11 10,000 ( ] ) 1,440 (24h)
F " 7 5,000 ( " ) (=)
F I 5 5,000 ( " ) (—)
M ] 10 2,000 ( " ) (—)
M " 33 2,000 ( " ) )
M 1" 20 1,000 ( " ) (—)
M " 20 1,000 ( I ) (=)
M " 20 1,000 ( " ) (—)
F " 15 1,000 ( " ) (—)
Pilumnopeus indica M I 2 2 ( " ) inst. death
M 7 2 2 ( " ) inst. death
Pachygrapsus crassipes F I 7 5 ( " ) 0.7
M " 5 0.8( ] ) 0.9
F " 5 0.8( " ) 1.1
Leptodius exaratus M 7 6.5 5 ( " ) 3.1
F " 3 3 ( " ). (—)
M " 5 2 ( " )i (—)
Eriphia laevimona F " 30 10 ( " )| inst. death
M " 37 9 ( 1 ). inst. death
Gaillardiellus orientalis| M ] 6 5. ( " ) 0.5

*! M: male, F: female.
*2 (—): survival.
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P REESZMMEENY  REELRSEEMED 5 B W2 T2 52 250 5 6EH i
RWEOLR » MR RAREBRS SR B 655 K » (MHBE 2 BIUES » TURRAF/NE o 255
SOV R ERENEE RS 16 KRk A AN (ichthotoxicity) » ek e fEREE S
0 RS BEBZ B/ BOEMIER 1~8 MU/20 g » Lok SRR SOSTIME B £ 36 Acanthogobius flavi-
manus ZI/PNRFERR 9~17MU/20 g FIHANREE Fugu niphobles £ 14~29 MU/20 g #E#5
SRS (MRIBTR) o 7S O PR 2 SN FEm B B e i S B i B 4 o

FEEEREBER A ERR AL A5 20~ FEE 3EANENE 194 BT MY s
TS REZ BT » BRINKRAEL/FUR » RTUMRE IR Bathygobius fuscus ~ BTG
Diodon holocanthus Fg& & Monopterus albus %4t » WKLY ZEENE » YWiTHEMFSEKE
REZRZN  RuREESTNAESSARIRIEESE I0MU/20g UTF - FREYRES
RZBNBIERARAE 10MU/20g LT o EREFUBIKAME Corbicula fluminea 5 » Herig
FHTE R R HRIAR 360 MU/20 g » #Fige: BERIKH 300 MU/20g o

PMUFERBUE—EHEEEE (Atergatis floridus) T HEESE SR ETRTSEE
RE|ZEFENRANETOR o A floridus BRTERREE RS EEEIENNE » B/KE
E4£R 1,000~2,000 MU/20 g 70 5,000~10,000 MU/20 g o {8 45355 BT (S AR EE
A2REEENYE ) efNRDNBIEEEASBESEME MU/20g o

4 FMBSTREEASTESMRZEEES

1983 4% > Shimizu S4B » K InMEEEABIE » o IGEEERIEAS 5 BARES
) FRHE A AR TR R B SR AN — TR 0 O AR A IR o TR Y JRIEH 0 AT
Hery > [EESUEZ R R S WAL BEROBSHBIEE MU BaME LIy
(Handling stimulation) B> EIWsh L i 4 B2 A% » mFE+—Fim o

FEF® BOEARRA R MBER Natica lineata SRS » AXETERENAN > %
SRR AT REBIRARIGAKZIES » 1 g BLAKTRIR 4ml %k o (5141858 &AM R LR »

30,000~

20,000+

10,000+

Total Toxicity Secreted (MU)

0o 30 60 sb 12.0min
B— FARERME ATk

Fig. 1. Release of toxin from the puffer Takifugu pardalis by electric shock
treatments. Arrows indicate the time of electric shock treatment.
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Table 13. Details of the crab specimens used, along with the average
amount of toxin released per “handling stimulus”

No. of speci- No. of Average amount of toXin
Species Place of catch mens tested | specimens jreleaseed per stimulus (MU)
( Period of ) which re- 5 ‘ 5_101 11-100 l 101-
test, days*' /ileased toxin
Zosimus aeneus Cebu Is., Philippines 5 (1) 5 4 0 1 0
12 (56) 12 2 2 7 1
10 (35) 10 0 0 S S
Ishigaki Is., Okinawa 7 (11) 6 2 1 3 0
Kuroshima Is., Okinawa 6 (11) 5 2 2 1 0
Atergatis floridus Ishigaki Is., Okinawa 6 (11) 6 0 2 4 0
Miura Pen., Kanagawa 5 (1) 4 3 0 1 0
Platypodia granulosa | Ishigaki Is., Okinawa 1 (11) 1 0 1 0 0
Leptodius exaratus Miura Pen., Kanagawa 2 (23) 0 0 0 0 0
Gaillardiellus orientalis| Miura Pen., Kanagawa 2 (23) 0 0 0 0 0
Pachygrapsus crassipes| Miura Pen., Kanagawa 2 (23) 0 0 0 0 0

*1 “Handling stimuli” were given once every two days for a total of 11 days, or after one-week
rest, were given again in the same manner for a longer period up to 56 days.

BRIz KNG » kP RISFHERS » HERNKR+THR o —EIRET R 14~361
MU Zm %8 » TiERHME LRI Z RSCEES » —BERSEE 4 RETFER Rk
AHERECEMENB R B 158 » TR S KE » TUHEHPIBERER BB EEBK
iR ZRES] ©

B B EORBESERER B 2 &8 Zosimus aeneus, Atergatis floridus F1 Platy-
podia granulosa ERFBER » REMMBERNRTHRE S B2 MEERS » R+=Fos » BE£%
Bz SRR -

B BSR4 ERERERR P @FTHENMEEREZ8Y » & hBENRE RS
K (BRRENZIBA R KB KTRRE  RHEEN RS EYTECRERERENERF - (17
B ERAS s FRENAEMNTMENREE RS2 EREERT 4 » BHRTEF TS EER
BEZRAFENES > MHSTHEEREEEME—ERIINERYE » AERSSE » PSRN
Wi R R RN B R S T BB R R -

2 £ X B
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ABSTRACT

Massive fish death in fresh and marine water have been known for a long time.
Although water pollution is becoming more important as a course of destruction
of aquatic life, natural marine toxins are still a main cause of this phenomenon.
Among of marine toxins, tetrodotoxin (TTX) and paralytic shellfish poison (PSP)
are typical marine neurotoxins. This paper describes the distribution of TTX
and PSP in marine biology, the resistibility of fish, crustaceans and mollusks
to TTX and PSP, and the physiological role of TTX and PSP in toxin-containing
animals. First, TTX and PSP are well known to be wide distribution in the
animal kingdom, and both toxins are produced by marine bacteria and/or toxic
dinoflagellates. Fresh and marine water fish, crustaceans and mollusks were
examined for resistibility to TTX and PSP. Most fish and crustaceans possessed
lower resistible to both TTX and PSP, and most mollusks were highly resistable.
This may mean that mollusks are more possible to accumulate these toxins in
their body, and these toxins will also cause fish and crustaceans kills. Moreover,
several TTX and PSP-containing animals were found to release these toxins. It
is supposed that the toxic animals release these toxins as a kind of a defense
agent or as a paralyzing agent.



