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ABSTRACT - Okadaic acid (OA) group toxins, including OA and its analogs, such as dinophysis toxins
(DTXs), have been reported to cause diarrheal shellfish poisoning (DSP). These toxins are primarily produced by
dinoflagellates and are accumulated in bivalves. Recently, the presence of Dinophysis sp., a causative alga of DSP,
has been reported along the coasts of Korea, posing a potential risk of contamination to domestic seafood and exert-
ing an impact on both the production and consumption of marine products. Accordingly, the European Food Safety
Authority (EFSA) and the World Health Organization (WHO) have established standards for the permissible levels
of OA group toxins in marine products for safety management. Additionally, in line with international initiatives, the
domestic inclusion and regulation of DTX2 among the substances falling under the purview of management outlined
by the 2022 diarrheal shellfish toxin standard have been implemented. In this study, we reviewed the physicochem-
ical properties of OA group toxins, their various exposure routes (such as acute toxicity, genotoxicity, reproductive
and developmental toxicity), and the relative toxicity factors associated with these toxins. We also performed a com-
parative assessment of the methods employed for toxin analysis across different countries. Furthermore, we aimed
to conduct a broad review of human exposure cases and assess the international guideline for risk management of
OA group toxins.
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Fig. 1. Structure of OA and various analogues.



Table 1. Concentrations of OA in shellfish samples reported previously
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Shellfish Analyzed toxin Concentrations of OA (ng/kg) Major analogue Country  Reference
Mytilus edulis OA, DTX1, DTX3 30-230 DTX1 Korea [11]
Crassostrea gigas
Mytilus galloprovincialis OA, DTX1 1.0-12.0 DTXI1 Korea [12]
Crassostrea gigas
Crassostrea sp. OA, DTX1 6.4-7.6 DTX1 China [13]
Mytilus galloprovincialis OA, DTX2, DTX3 273-946 DTX2, DTX3  Portugal [14]
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Table 3. In vivo toxicity of OA group toxins
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Table 4. In vitro toxicity of OA group toxins

Toxin Speci Administration ~ LD50 Referen
o pecies pathway  (ng/kg b.w) eference
Oral ( ) 880 [35]
ral (gavage
gavag 760 [36]
192 [37]
OA Mouse 210 [38]
Intraperitoneal 225 [39]
204 [40]
150.4 [41]
300 [42]
Oral (gavage)
DTX1 Mouse 487 [36]
Intraperitoneal 185.6 [41]
Oral (gavage 2,262 43
DTX2 Mouse (gavage) [43]
Intraperitoneal 352 [40]
DTXI1 : 487-300 pg/kg, DTX2 : 2,262 pg/kg b.w= L+E}

Wow, HguFelel] me ph§-2o] LD & OA : 150-
225 pg/kg b.w, DTX1 : 185.6 ug/kg b.w, DTX2 : 352 ng/
o),

[BH]-0AE Al 1194}Fe] mhp-2of] A Fofste] AbR
ANAA EjolzRe] IS ERIgH A Hiol &4 OA
7t AZEH], OAT 547t BiRks Fsted ddE 5 3l
=°] FRI=JTH.

OAT 549 in vivo W35 AT] 739 k-9 2l
ZE gl R Aex, vHExeEd gigh wed A+ 4
7} A3, 7,12-dimethylbenz[a]anthracene (DMBA) X
+ N-methyl-N’-nitro-N- nitrosoguanidine (MNNG)S} 4]
of =E&sAS Wl TYY TS FEdte SAAE A&
Sho] BHATETH,

OAT 549 in vitro 972 7% Neuro-2a, NG 108-
15, MCF-7 59| Al2& 283 d77F v B 3l
o™, EC502 OA7} 11.2-137.8 nM, DTX1¢] 5.5-192.9
nM, DTX27} 21.44-202.9 nMZ el TH(Table 4y,

OAT H&7F AAA 0l DNA Hleg =2
Uth= A A7t SA T OAT F4 AR 7L #o)
Bo sk Zlo] ohet A FEolAM ¥sE

Tale BEAg 243he 3holsg o),

Nr oX,

¢

do o Ay

=457 (toxic equivalency factor; TEF)= ¢33 7
E AT o kA 8T F UEE V|E SHE

-

EC50

Toxin Cell Incubation (nM), Reference
hel; 2?;2;{65 48 h 18.3 [49]
Neuro-2a 24 h 11.2
NG 108-15 24 h 13.3 [50]
MCF-7 24 h 46.9
OA Neuro-2a 24 h 23.0
NG 108-15 24 h 22.9 1]
CCD 841 CoN 12h 54.4
Sw430 12h 89.1 [52]
Sw620 12h 137.8
Neuro-2a 24 h 5.5
NG 108-15 24 h 5.7 [50]
MCF-7 24 h 12.3
DTXI Neuro-2a 24 h 5.5 [52]
NG 108-15 24 h 8.4
CCD 841 CoN 12h 43.5
Sw430 12h 113.8 [52]
Sw620 12h 192.9
hei)jigizes 48h 33.1 [49]
Neuro-2a 24 h 21.4
NG 108-15 24 h 25.8 [50]
MCEF-7 24 h 64.7
DTX2 Neuro-2a 24 h 34.4
NG 108-15 24 h 28.9 1]
CCD 841 CoN 12h 81.2
Sw480 12h 187.2 [52]
Sw620 12h 202.9

zZHe- WS 7HA]E DTXI1, DTX29]

3 =3 gholth.
EFSAA = nh9-28] B Fo] Aol OAT 5429
PP2A Aol 52] A Ql =gkl fARE A& et

OA% DTXI, DTX29| SA4S7/HFE &8kl vk
2 B0 B4 9ot A3 ZE A3 DTX2¢ 548 0A
Ho} BuEA weko), 0A9 DTXI 7+ 542] zo|7}
gE2te AL 8 2A7 A o 28X
AT WHO/FAOONA = EFSAYIA A4 3 TEFgHS vf
gom ME 543 PP2A Al 2 & A FHEI
e SASTHITE 47 AEsin. DTX19 542
H7F ol wek A& AlS7E 1.0-152 B2 o]zt 3

= H]-l:r:] DTX2-/] EA—] L] A]-;H;Q o=z \J—O 736‘]: EO]\—:
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Table 5. TEF value of OA group toxins OAT 547 A% AA =& A A3 2 ST (Mytilus
. TEF value spp)®l AFE QI Zlolor, Sela= dA7HA] o]n)

Toxin EFSA [59] WHO/FAO [4] W7 5 AFHAZ A T5 Ale BaEA ¢gar ok
0OA 1.0 1.0 OAT 549 QA =& AME A48 15719 A8 F
DTX1 1.0 1.0 T3S UeE 7 22 54 A3 &2 25 ug OA
DTX2 0.6 05 eq./kg person &2 IRIE o}, tFFEe] 5471 DTX3
b _ _ o Fejz AU/ WE] ARl AE et

SHAI7E Atk o5 A LSHH 40 ug OA eq/kg person ©]
TP R 54 A3 EFSE IRIEATK(Table 6)*%70.

Aol EIEAL. o] & FHst] HEFXHOE F4F57H
FE AFSATH. DTX3S OA, DTXI1, DTX27} obdst OAR =49 29 I 5
H FHE EAs] v d5oz 548 votd =
o, FolA TR Eol S48 ekl  Joerg OAT 549 FAHE 09 A =&S o3| ¢
ofAslEA] e Y HAe] HAGIMITS THe A St S E FAE W 54§ VXS As)
© 72 71533 tH(Table 5)%. of Zstar Stk o] F7ke}k 7ol A olwjsF 7t
215 ] OAT 54 3HF 160 OA equivalent pg /kg ©]
OAT E249] QX == Al st 71X R ARt AR Aytie] A 200 OA
equivalent pg/kg ©l3ts 71X = At HElstal ).
OAT HAZE QIS Al =& Aldl= 19789 L&A gt oz A 5o FAHE W hddE Ve
Hx2 HIH o]F 2 FF3] BHT k. thHEe] 91 OAF 54 5 0A9 DTXI, DTX29] SAS7/HIFE 4
A =AM H3tE olmH{FE AT Ao= gl &3l 0A THOE YER e VEoE s, Ayt
HAo, olmjIlF W 545 Afstd A &A% 5 9 Agode 0AS DTXITS 7S & stal glow, &
a2 Aol g AR v AFdHoquth webd EFSA ¥ Al e HEx=EA & 541K #eEr)Ee] xg
TAME oI Fo 24%E JHANFE et HFH & SRl AtK(Table 7).
Fe F43HATH FE vt A= 20099 ke W AAEF] 7E
JAA =F AHHNA 54 g IRIsh] st A A4S AR, 20229 #E tid =20 DTX2E
g FAHEE FE MBA®F LC-MSE, 717134 & F7kete] AAHoZ HE kAl Atk FAHE W AAE T
o] At E MBAE ©o|83197] wWidd OAT 54 & & 7] OA% DTX1 % DTX29 3ol 160 OA
o FAHAlel thet BE= SRIER] skt equivalent pgkg ©lat=E A|A = o] UoH, DTX3S 7H¢

Table 6. Human exposure and epidemiology data of OA group toxins

Estimated consumption

Toxin Method Shellfish (g OA eq./person) Reference
OA MBA Mytilus edulis 48-280 [8], [60]
OA MBA Mytilus edulis 40-60 [61]
OA - Mytilus edulis 40-60 [62]

OA, DTX3 HPLC Donax trunculus 117-130 [63]
OA - Mytilus edulis - [64]
OA, DTX3 LC-MS Solen marginatus, 25-175 [65]
OA, DTX3 LC-MS Carcinus maenas 45 [65]
OA - Mytilus edulis - [66]
OA, DTX3 - Cancer pagurus 75-150 [67]
OA MBA Mytilus galloprovincialis - [68]
OA, DTX3 LC-MS Mytilus sp. 45 [69]
OA - Mytilus trossulus - [70]
OA, DTX2 LC-MS Mytilus sp. 41 [71]




Table 7. Regulatory limit of OA group toxins
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Organization Maximum level of toxin (ng/kg) Regulartory food Toxin Reference
P P R m
European Union <1 ?0 of (?kadaic Edjble parts of live OA+DTX1+DTX2+PTX]+PTX2 (73]
acid equivalent bivalve molluscs (DTX3 hydrosis)
Japan 51?0 of (?kadaic Ed}ble parts of live OA+DTX1+DTX2 [22]
acid equivalent bivalve molluscs (DTX3 hydrosis)
Australia, Sai:?c(l) :qfuoil;;ie 11: Bivalve molluscs - [74]
Newzealand i]c6i((1) 25;52?::1: Bivalve molluscs ngjl—“]):gﬁ}l/zi—:?)?s(f [75]
Canada 5290 of (?kadaic Biva'lve s}'lellﬁsh OA+DTX1+DT‘X2 [76]
acid equivalent edible tissue (DTX3 hydrosis)
Korea §1§0 of gkadaic Ed.ible parts of live OA+DTX1+DT.X2 21]
acid equivalent bivalve molluscs (DTX3 hydrosis)
Table 8. Health based guidance value of OA group toxins
Uncertainty factor
Organization LOAEL Interspecies Intraspecies Extrapolation aRfD Reference
uncertainty factor uncertainty factor  uncertainty factor
EFSA 0.8 pg/kg b.w 1 1 3 0.3 pg/kg b.w [59]
FAO/WHO/IOC 1 pg/kg b.w 1 1 3 0.33 pg/kg b.w [3]
#afsle] OA, DTXI, DTX22 Afsel Egach ole @A Seluehlie Qald @ As137t) Bt 7]
SUellA #Eske eSS 45 T FAHIE LEst £2 HAIE A Fh 71$Rse] met OAY 54E
of QHHAY 7S AT FYT Sholtph. H| %38 s =540 ‘f’a“ﬁ*’ﬂ EH%‘E?M flsted, oAy =
el ke W 71 okt AHE wEe Q1 JHES EEEo] SN E HHBEE 9T fsid 3
A=ZEotd715S A ste] #eElslaL tk(Table 8). FAO/  7F9} QA =&k 7| o) %&@ Hnog AgdTt
WHO/IOC Aol e L) =2 gojox] daygh 2719]
A =E AEE SET A ol A" 7P 2 Conclusion
AF #o] Z+zF 12-1.6 pgkg bwa 1.0-1.5 pgkg bwel
A& sk, Hafall -8 FHLOAEL)S 1 pgkg bwoz 715 ist2 Qg s FAEA WstE st EEa T A
AAEAT. BA IS F5 TS SRl T AIAIREAR EREE OAY 549 E3o] HiHA
EAAT dolgrt B-537] wjEel] dYHFAFAKTD) Atk EFSA, WHOS ALl E 0AT 545 tide
S AAT & gl ddsty FASHHIX(@RD)E 2 FAEE oY A =S| ES AR5t AAA
AT ek AR 8RS nReR S ¢ #EE Ak Atk Sl OAw 545 s
A= 0.33 pg/kg body weight (b.w)E A3 T, = ZF7F HAEI o, ZHE AFH 5] E3d &
European Food Safety Association (EFSA)9IA & 2F 800 gl YEAL oy atEe] AFH et & dish
B RIA=EAE Tt HARNEFS 50 pg OA  7IES FA BAEY YA L) oldd FYE OAT =
eq./ human® A3}, Al FFAE 60 kg= 7H8 ot Ao 54 AR 9 BAY, =F A 3EdS 5 &
of ghakgk A3t Zli%ﬁﬁ%%k% 0.8 ug OA eq/kg bwE B RARS OAT 549 Skd#a] Zsts 91 7|ve
I AAMsl = Se] Arlslr] Wi Eg4d = 88" JoE J|ddHn

o
AT 35 HE5te] HFS43-8 % (no observed adverse
effect level, NOAEL)S 0.3 pg OA eq/kg b.wZ ZAX 3}
Atk o] & A&3st] FAFAFLA] TS 0.3 pug OA eq/
kg b.w= A ATH.
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(20163MFDS641)E T =0 o™ o]of] ZAL=H T
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