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Tetramine Contents of Sea Snails from the
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To prevent food poisoning after ingesting sea snails containing tetramine we measured the tetramine [(CH3)aN']
contents of sea snails from the Korean coast using both ion chromatography (IC) and spectrometry. In
total, 177 sea snails were collected from the east (Pohang, 19 species, 95 individuals), the west (Gunsan,
4 species, 46 individuals), and the south (Tongyeong, 8 species, 36 individuals) coasts. The working solution
of tetramine standard for IC and the tetramine extract from the salivary gland of Neptunea arthritica cumingii
were very stable for one month at 18°C, 4°C, and room temperature. The tetramine content was high
in the salivary gland of Neptunea species such as N. intersculpta (9,813 1g/g), N. arthritica (8,240 11g/g),
N. arthritica cumingii (6,967 1g/g), N. eulimata (6,946 1:g/g), N. constricta (5,965 1g/g), and N. amianta
(4,502 ng/g). The mid-gut gland and muscle contained small amounts of tetramine. The tetramine content
was highest in the autumn, but no clear regional variations were observed.
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A4 A FY dRo= A (salivary gland)ol] 45
o}mle] AE9) tetramine [(CH)N'] & T-§-8ka1 glo] thek
AFHA e olol ot A55S fEsiA Aok vl
A& At A AF3 o]F FHFY AFHZE A3 A5 He]
18X WAgET 9o FRAZLE EF FAE vl =
REAAHQ] Ag mxa ok

F2 AFE9 g9do] He AMFEe 2N ELE
(Neptunea arthritica cumingii), ZZ ) E311F (Neptunea
intersculpta) 5°] 12 o1& A HA] tetramineol] 2]le] -
A7 8l Ruhl A& Algste] 7%, g, 7E, Al
ol 52 A2zt (Kawashima et al,, 2002; Tazawa et al.,
2004). Tetramine> Abgol] th3t =S 4 mgo 2 ¢
RNot 5 T4 v /M, BE FAIRE oy 3E
st oA Al B3 o= gl (Kawashima et al., 2002;
Noguchi, 2003).

R0l 77 Sl tetramineol] 23 4552 WAl
weh AAF FFY teramine FFE ZAVEIA AFE o
$3 22 F83F Y (Kawashima et al., 2002; Tazawa
et al,, 2004). L&, UM = Ed s FFol
3} tetramine ¥ FA} A7) GHHOE S B (Jeon,
1990) FHAT Ak o] FoA UA &k, & o]0
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3 ZALE mouse bioassayoll 2|3k Ao 2 7]|7)|R A1
o7 F12 o] FAA g o] Z17IEA e g AAF

%9 tetramine®] &3} F5FF g Bert a7doh
AF7HA dEA Qe AT F tetramine?] FFYHOR
ul -2 E AL8-3F mouse bioassay (Kungswan et al., 1986;
Jeon, 1990), spectrophotometerS ©] &3} B A (Fujii et al.,
1992; Kawashima et al., 2002), ion chromatography (Shindo et
al., 2000a, 2000b; Power et al., 2002), mass spectrometry (Zhao
et al., 1997; Kawashima et al., 2004) ¥ So]| Ut}

B A= IR 59| tetramine BT}l AEEtT AL
B23317] 91814 ion chromatography®l] 218+ 71714 H S
B3 Bl AESIPoH, e ehvel AgtelA 233}

FEHL Je AR dHete] A71E, A9ER ZYH
gttt
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pu
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AR & Al
3, A3l 2 gl Aol A AFE S Aolde e oA
A FH T Q= ABFE 20053 2€FE 129 Afo)o)] ¥,
2 B AFoNA A FhEe A 5E AHEEATh
%, B3 Ao grREe ZAuWETT, HAWMELT

H
= Ho]'

(Neptunea arthritica), Y8 F9N 8315 (Neptunea constricta),
W) B 51E (Neptunea eulimata), 2315, 529 T

B3 (Neptunea amianta), B ¥ 315 (Buccinum striatissimum),
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EEANILF (Buccinum tenuissimum), A2 58 15 (Buccinum
opisoplectum), ") 3=01 315 (Kelletia lischkei), )W B0 FE 11
& (Mohnia frielei), =B} (Batillus cornutus), ‘&2t 42+ (Pomaulax
Japonicus), BE W o] (Fusitriton oregonensis), 2] % &]dZul
ol (Fusitriton galea), W-2o] (Ceratostoma roriflum), T8}l
& (Chlorostoma  argyrostoma  turbinatum), 8- (Nordotis
discus), 91315 (Tonna luteostoma) 5 TUstHoH, A3}
fdgre g REE ZAAuWEILF, Pio], E3&$d
(Glossaulax didyma), 3|%-31F (Rapana venosa) 5=, Z18) 1.
F3l A¢egREHE Z2NauEns, A gy, m
ojay, &, Wito], BT, FRHHUILT, E@YLTF
(Hemifusus ternatanus) 55 Zt2t 2718 1384 7dsAdot
a8 U AlEe HAE AAT O AlEY WAR-S
£ AASIL, B3RS EH o2 HE] FEstgen, o ),
AA Age A7) 9 7 Rl FF TE& SAH3A
Tetramine EFEH-2 tetramethylammonium chloride (=
98%, Merck, Germany)E AME-3F3th vl A H o] AL&-3) dhal
& At 55
salt (Aldrich, USA) 7mg2 575 = 200 mLE AJ-&3
S (2R pH 3028 Z4)o] F%9] 1, 2-dichloroethane
(Merck, Germany)-S 7}sted Eull 8t t}-2, dichloroethaneZ2

Aste] AHgstAT

tetrabromophenolphthalein ethyl ester potassium

HYFTE2FH tetramine F£&

Zt B A g4 73 tetramine> Power et al. (2002),
Shindo et al. 2000) ¥ Fujii et al. (1992)2) 9H-& ksl
FEolATt. F, BA9 B9 HA ARl 20812 methanol
(Merck, Germany)S, 53 W&o -9 #2335l 10gS
3t 5909 methanol-2 Z+2z} 718k 587 homogenizing}
o F23 thZ, 6,000 pm, 5% AAEYES FENE o
3k} FAHE S29] methanol 715t HHE 223 o2
o] A2 g3le] evaporator (R-200, Buchi, Flawil, Switzerland)
2 7Y 5539 Y. 1 EL 20mLe] golegE 9A 3
o] BgoFo &7 TH2 n-hexane (Merck, Germany)<
7Fste] AE A A g, %L evaporator® =3+ &
B4 somLE, <53 WES 10mLE 27 A 8-3lof
H Yo o) gt JHAIF RO AMEST IR E 0.2 4m
filter® 73t T2 jon chromatography ¥41-8 X828 ARR-38}
Ak

H|AHHO|| 2|t tetramine A 2

BEFEEN 2 5 A E 89S 25 mL AEEekATo)] 77
I mL¥ #3331 1N NaOH 1 mL&} EF3 3 ZH52 25
mL &35t Fgs) 5§ WA F L% &40
T AR ] AR A eke 5 (25mL) 71eke] 5E
Ax & E53, 3] FEA7] U2, o) A EERa
o Atk o]AE 308 WA T 610 oI FFEE SH3)
Rtk HA, tetramine XFEAZ 12.5, 25, 50, 100 #g/mL 2

p=e)
o =

ol

EFEAE A xsle] AFAE FAdstden, onf, Aol
kol Y=0.0107X+0.0074 (R>=0.9991)°] 1T}

lon chromatography®ll 2|8t tetramine X2t

AHF 29 tetramine FHF-2 BFRM, 25 L UF 2=
E-2]3la]  Power et al (2002)9] ¥iHo| 3l
chromatography2 54389 t}h =, TonPac CS12 (250x4 mm;
Dionex, California, USA) Z+4& 523 Dionex ICS-90 ion
chromatography (Dionex, California, USA)E AF&-3FH .01,
€% 8Y2 2= 10% acetonitrile (Merck, Germany)S 715
20 mM methane sulfonic acid (Aldrich, USA) £--8 &3} (0.2
pm, Nylon, Millipore, USA)3}] AME3SlTh 18] BAA]

ion

4L 1.0 mL/min, A8 FYZE 20 Lo T}
Hn o pa
HEEEY 3 FEE AZEUS tetramine HE X
OFA{ Aq
_— O O

3} S o), tetramine

Ed9 AZvlETH
BEE8d 2 AEF9 tetramined
AL Y=0.0149X (R=0.9995)

Ion chromatography & ©]-&5}<]
REE4 B 2Aagu)E
< Fig. 19 YeERAAT
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Lol A2 4 UM,

ki
off
o
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o= we FzF HAH4S HepiAT =3 1ce] 9%
tetramine w23 A] ZHZ3A= 5.0 ppmo] AL, 8270l E55]

At

EFENY &3 A Z LY FAMY tetramine FHAES
ZAPEL7] Qlsle] A2, WA 4C) 2 WE ((18T) ol A1HY
< AREEA tetramined] TH HIE ZAHY FEL S
Table 19} 2¢]] YRR} , Z}2} 10~100 pg/mL
7HA] ZABl Zp gl A AgetdS w, A% 717X
96% o]/Fo] FEST glo] WELNE /)Y BHa3HA A}
Sot® FUE o2 AAH AT (Table 1), ), 24 w]u)
515 gl Ho 2 RE FE3 84T tetramine’= A%
IHE7EA] 95% o) &SI o] EEL2 A&, AL 2 Wi
A g bR Ao AT (Table 2).

Ry =] o)
qEE2E

Se[utet pdotdl HIF F2| tetramine &zt
2t e ol F41AQ) tetraminedl] 23k AFE A}
e flou 20023 49 20 ZYxE F3 71 R olA 2a)
52 YL ATE0E AT AFE gt 1979
$A7F HAE )7} ATH(KFDA, 2003). T3F, Q1 sl Abol A
E U] 2E541S A48 £ glod giiRo] RrkSdA
ZEB7HA] HIRIEHA BAEhs Ao AHEY, o]AL of A
710l ol Abs]r An] =3 Y] WjEQ) Ao Algdn)
Fuete} 77k D8-S 19729 %E 1995374 %] 2240 B
A, 2N ETT, 3FUELT 52 ANF 434 9
3t tetramine FEA} F 605 0] LAY ot AbtAtE gilT
3 3}t (Noguchi et al., 1997).
A F GdHl g AFE OGS

s A An=2 837
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Fig. 1. IC chromatogram of tetramine in standard solution

(A, 100 #g/mL), salivary gland (B) and muscle (C) of

Neptunea arthritica cumingi.

st fevtet AsodlA AstEE HalF F 2% 17770
AE 7Y} A 522 tetramine FH-S B/ HE TUEF
EsA=

Faok (gl FAT F 19T 9578x o] A Fo) A3
tetramine $F S FA1%F AE Table 39 VFEM Q) 3 F
Z 7Y tetramine FH FFE A 2T (9,813 pg/g), T
Al B3 (8,240 pg/g), ZAW ) EILF (6,967 nglg), Bt

B ELF (6,946 ng/g), BTNEILS (5,965 ngl/g), 5T
YFEEILF (4,502 ng/g) TY EFRAAA AEES 4T
=

T & AEY tetramineo] AEH S} KEF, o]E AT Fo
S5 WAAdAME vg HEHJY.

ARt (T4hol A F 4% 4670H 9] AHFE Thste B4
gt A, Asitit e ZAauEng o] el A Aiut
1,985~12,999 ng/g (BT 7,056 ng/g) AEEH L, D259

= At I F 59 tetramine T 65

Table 1. Stability of tetramine standard solution during a
month of storage by temperature regimes

Standard Residual rate (%)
?L?éu/gi)l?) Room temp. C&%‘é:”)g F(rﬁ%%ig? Sample No
10 96.2+1.0 96.5+1.2 98.210.8 3
20 96.8+0.6 101.2¢0.8 101.2+0.8 3
30 105.0£0.5 103.1£0.9 99.7+0.9 3
50 101.3+0.6 102.5t0.6 102.1x0.6 3
100 101.8£0.4 101.2+0.5 99.8+0.4 3

Table 2. Stability of tetramine extract” from salivary gland
of Neptunea arthritica cumingi by temperature regimes

Storage Residual rate (%)

h Sample
p(%gc;/()j Room temp. Cooling (4°C) (530 No
0 100.0#0.5  100.0:0.5  100.0+0.5 3
7 101.3:t0.7  100.820.8  102.3:0.4 3
14 102.120.6 1043304  99.8+0.3 3
21 99.5:0.8  99.6+06 1015405 3
28 955:04 1012404  99.7+05 3
Y166 rg/mL

WA E WE HEE AT (Table 3).

oot (B9 F 8 367049 AR BAsgo
o, ZATu) B 5o e BAHE tetramine F 3t eFo] B}
MA 8,059 glg, T 244 pglg D WA 372 ug/gE A F9]0)
A HEHRA o] 9] vjZoluF el A 2 dguse =&
H fgelAM v HEH Uk (Table 3).

Kawashima et al. (2004)2 WIF T et gfo] A uju)
Euse EdA Zde 850-4,900 nglg, EHMETLS
(Neptunea polycostata)] B+ A Fll = 8,400-12,000 2g/g©]
Foslol 00, £3) hgol 2e FEA EAaa oo
L 3VS13L, Buccinum schantaricumol| < 10 pg/g o139 &
o] ZAVTI WAL

cHeR waw Fajo) WAy AsE dmsRe o, oo
S ARZ ICHSZ B3RS A-9ole vlaye) w53}
A ot 52 FEZ ZEHYY. 18y 2853 YRS
ABEE S AFoe ICHOEE tetramine©] ASEF A &
2 ARAAE v E HEHE B2} o] ICH]
Solo] Eow, 257 UF Foll= Ha A o3 vke-g
F Ae 2o EAske A2 FAAHJY (A vlAA).

ojFel A, s-EuE} At BHF T AFES Hud
T & AEY teramineS HA3I v FEFozes 4
O iy, #AMEDLE, 3FEns, SWgFuEn
5, 2AMEILT, STHTWEILS S22 FAHAG. ©]
£ = 99§ F 2AYuEase 2 =
Aom, 2 9 FFL giRE T3t Mz Zolith
Tetramine®] FE5FL 10-50mg 28 LA Yo
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Table 3. Tetramine contents of sea snails from the Korean coast

Tetramine (ug/g)

Sampling . - No of
area Sea snails Salivary gland Muscle Ngg—gst vggg;e Individuals
. o 3,053~20,135 ND"~55.2 ND~116 2
Neptunea arthritica cumingi (8,24614,352) (15.0417.7) (18.2+32.0) - 7
" 2,998~15,304 ND~22.4 ND~66.3
Neptunea arthritica (8,240+4,646) (6.6£9.0) (20.1£28.7) 6
. 3,051~8,880 16.8~28.8 ND~78.8
Neptunea constricta (5.9654.121) (21.7+6.3) (36.2+39.8) - 3
) 4,495~12,137 7.3~322 ND~14.4
Neptunea eulimata (6,94613,505) (97.3+150) (7.046.4) - 4
: 3,603~15,761 ND~109 ND~19.7
Neptunea intersculpta (9,813+4,607) (55.0£44 1) (5.4+8.7) - 6
Neptunea amianta 4,502 8.4 33.2 - 1
Buccinum striatissimum (6'\17%?'177%) ND ND - 9
Buccinum tenuissimum ND ND ND - 2
East coast
(Pohang)  gyccinum opisoplectum ND ND (gl?):g?) - 3
Kelletia lischkei - (l\iDQTSOQ% (3!‘;021727997) 9
Mohnia frielei - - - ND 3
Batillus cornutus - ND ND - 9
Pomaulax japonicus - ND ND - 3
Fusitriton oregonensis (2’\18[211615911) ND ND - 3
Fusitriton galea (Tg;gg) (’1\‘2;22) ND - 6
Ceratostoma roriflum - - - ND 6
Chlorostoma argyrostoma turbinatum - - - ND 3
Nordotis discus - ND ND - 2
Tonna luteostoma ND ND ND - 3
- . 1,985~12,999 ND"~97.3 ND~82.0 2 -
Neptunea arthritica cumingi (7.056+3,394) (17.1£22.6) (17.8+23.4) - 19
West coast Ceratostoma roriflum - - _ ND 3
(Gunsan)  Glossaulax didyma - ND ND - 12
Rapana venosa ND ND (3'31:1355) - 12
- 3,865~15,368 ND~71.6 ND~176
Neptunea arthritica cumings (8,059+3,604) (24.4+28.2) (37.2+55.6) - 9
Buccinum opisoplectum ND ND ND - 3
Kelletia lischkei - ND (1B.5415.0) : 3
STOU"‘ coast  patiflus cornutus - ND ND - 6
(Tongyeong) Ceratostoma roriflum - - - ND 3
Rapana venosa ND ND ND - 6
Chlorostoma argyrostoma turbinatum - - - ND 3
Hemifusus ternatanus - (g‘g:i 8‘8) (;i?;?gg) - 3
YND: Not detected (<5 ppm). .. Not tested.
(Kawashima et al., 2002), Ul5-% e} ol 5o Jovt = FA3d)
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MFXY & AHo OE ZMUED S EtHM =
tetramine &2k H5}

AAA Gl & 2N} ET T EFNF 9] tetramine FF
F Wsls AES A7, S, Al 2 $l(ED)
oA 23 A EF2 tetramine TS 7,056~8,246 ng/g OB
A Gl wpet FE G 2fo]S UEh A FATH (Table 3). W19,
A wetMe 2N E 5 B HF 9 tetramine ¥
2 7FEEd 7 =4 JEhg e, AL B AA=
Hls2gt Ao 2 HAEHo JFH 7P w2 Z o= et
t} (Fig. 2). Power et al. (2002)2 o}Y M= (Irish Sea)oll A 23
$t Neptunea antiqua (red whelk)®] B} X% 9] tetramine EH5F
& AEI A, tetramine2 2~62 Alo]ol= 1,000 pg/ge] 5
d Aol 74 (>2,000 ng/gyFE] AA138] FEste 109l H1
k(5,500 pg/g)ell '@t & AA8] Faste] 290 HAghS
eI Aok RSt &, dA 2 7FSolA AgHo =
tow, B oA FH| FAde e epdd 14
o} 2-8le] daoMz 7129 71 A AEE 9] Power et
al. 2002)2] ZA#9} vl ot A EHo] Foluv HEREY
=7 vebhd A2 oA olgk ARk 28y ofd A=)
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Fig 2. Seasonal variation of tetramine content in salivary
gland of Neptunea arthritica cumingi.

ENSRE L S S - E S L E R EAS
37] B mebA Seuviete ARFE Ao Be
slo tistels BT} WG A} o RojHo & Aow
derEn,

Al Al
2 d7e TEAAEY (55 JALdd HsaE
AFE RP-2007-FS-001)2] Ao & F8 =G5

= L
Fujii, R., N. Moriwaki, K. Tanaka, T. Oguwa, E. Mori
and M. Saitou. 1992. Spectrophotometric determin-

o

= At A F 59 tetramine THF 67

ation of tetramine in carnivorous gastropods with
tetrabromophenolphthalein ethyl ester. J. Food Hyg.
Soc. Japan, 33, 237-240.

Jeon, J K. 1990. Tetramine contents of buccinidae in the
Korean waters, Bull. Kor. Fish. Soc., 23, 61-62.

Kawashima, Y., Y. Nagashima and K. Shiomi. 2002.
Toxicity and tetramine contents of salivary glands
from carnivorous gastropods. J. Food Hyg. Soc. Jap.,
43, 385-388.

Kawashima, Y., Y. Nagashima and K. Shiomi. 2004.
Determination of tetramine in marine gastropods by
liquid chromatogrophy/eletrospray ionization-mass
spectrometry. Toxicon, 44, 185-191.

KFDA (Korea Food & Drug Administration). 2003. 2002
Year Food Poisoning Brokeout, 1-23.

Kungswan, A., T. Noguchi, S. Kanoh and K. Hashimoto.
1986. Assay method for tetramine in carnivorous
gastropods. Jap. Soc. Sci. Fish., 52, 881-884.

Noguchi, T. 2003. Marine toxins, Nippon Suisan
Gakkaishi, 69, 895-909.

Noguchi, T., T. Abe and K. Hashimoto. 1997. A Pictorial
Handbook of the Toxic Fisher Related to Food
Hygiene, Midorishobo, Tokyo, Japan, 1-191.

Power, AJ., B.F. Keegan and K. Nolan. 2002. The
seasonality and role of the neurotoxin tetramine in
the salivary glands of the red whelk Neptunea antigua
(L.). Toxicon, 40, 419-425.

Shindo, T., H. Ushiyama, K. Kan, H. Saito, Y. Kuwahara,
S. Uechara and K. Yasuda. 2000a. Study on contents
of tetramine in salivary gland, meat and internal organs
of buccinid gastropods (Mollusca). J. Food Hyg. Soc.
Jap., 41, 17-22.

Shindo, T., H. Ushiyama, K. Kan, H. Saito, Y. Kuwahara,
S. Uehara and K. Yasuda. 2000b. Determination of
tetramine in gastropods (Mollusca) by ion chromatog-
raphy and the effect of cooking. J. Food Hyg. Soc.
Jap., 41, 11-16.

Tazawa, T., M. Ishige, K. Ueno and Y. Kuwahara. 2004.
Study on tetramine content in salivary gland of sea
snails (Part IT), Rep. Hokkaido Inst. Pub. Health,
54, 63-64.

Zhao J.Y., P. Thibault, T. Tazawa and M.A. Quilliam.
1997. Analysis of tetramine in sea snails by capillary
electrophoresis-tandem  mass  spectrometry. J.
Chromatogr., 781, 555-564.

20073 29 169 HE
20073 4€ 259 F



