Formulation of Advisory Levels for Caribbean and Pacific
Ciguatoxins and Tiered Methods for their Determination

Robert Dickey, Ray Granade, Edward Jester, Ann Abraham,
Kathleen El Said, and Steven Plakas

Slide 1 I

U.S. food and Drug Administration

Introduction: Location of the FDA
it St ey Gulf Coast Seafood Laboratory.

Dauphin Island, AL

Slide 2 Title slide

Formulation of Advisory Levels for Caribbean and Pacific
Ciguatoxins and Tiered Methods for their Determination

Robert Dickey, Ray Granade, Edward Jester, Ann Abraham,
Kathleen El Said, and Steven Plakas




Gambierdiscus toxicus, and several
other species of this genus produce
ciguatoxin precursors that are
assimilated and metabolized during
trophic transfer.

Slide 3 Gambierdiscus toxicus

Slide 4 c The ciguatera food web: depicting
Iguatera . . .
various routes of ciguatoxin
precursor assimilation.
Slide 5 The circumglobal distribution of

ciguatoxic fish.
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S“de 6 CFP Outbreaks by Year
Recorded by FDA

Carib/S. Atlantic/Gulf of Mexico Pacific

1998: 2000:
1999: 2001:
2000: 2002:
2001: 2003:
2002: 2004:
2003: 2005:
2004: 2006:

2007:
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Sl|de 7 Caribbean/South Atlantic/Gulf of Mexico
CFP Outbreak Samples Received & Analyzed

Period: 10 years (1998 to 2007)
Outbreaks Reported: 75
21 negative (52 fish/tissue samples)
54 confirmed (242 fish/tissue samples)
Positive Sample Count: 84
Mean = 1.62 ppb €TX-1 equivalent
31.2 and 52.8 ppb outliers
Range = 0.03 to 19.5 ppb
Median = 0.60 ppb
Meal Remnant Samples = 29
Mean = 2.54 ppb
Range = 0.30 to 7.9 ppb
Median = 1.85 ppb

S“de 8 Pacific Ocean
CFP Outbreak Samples Received & Analyzed

Period: 8 years (1998 to 2007)
Outbreaks: 13
1 negative (3 samples)
12 confirmed (33 samples)
Positive Sample Count: 23
Mean = 3.92 ppb£TX-1 equivalent
32.20 ppb outlier
Range = 0.04 to 10.2 ppb
Median = 3.30 ppb
Meal Remnant Samples = 6
Mean = 1.74 ppb
Range = 0.70 to 3.30 ppb
Median = 1.63 ppb

Ciguatera fish poisoning outbreaks
documented by FDA by year. These
numbers do not reflect true
incidence as most cases/outbreaks
of ciguatera are unreported.

Review of FDA documented
outbreaks and levels of Caribbean
ciguatoxin-1 equivalent toxicity
measured in case/outbreak
specimens.

Review of FDA documented
outbreaks and levels of Pacific
ciguatoxin-1 equivalent toxicity
measured in case/outbreak
specimens.



Sllde 9 Derivation of Advisory Levels for Caribbean and
Pacific Ciguatoxins

Carib/S. Atlantic/Gulf of Mexico Pacific

10% 0.07 ppb
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Tiered Methods for Determination of Ciguatoxins
in Outbreak/Case Investigations

No officially recognized methods.
Mouse bioassay still used in many parts of world.

Screening and composite toxicity estimate
Cell Toxicity Assayi 96 well format

Molecular Confirmation:
LC-MS/MS (MRM)
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Cell Assay Response to Reference Toxins C-CTX-1 and P-CTX-1

Summary of considerations for
derivation of advisory levels for
ciguatoxins in fish tissues. The
lowest measured value for effect
indicated for Caribbean and Pacific
ciguatoxins do not represent
LOELOGS. Addi ti on
data are required before derivation
of advisory levels can be supported.

FDA tiered methods for
determination of ciguatoxins in fish:
in vitro cell assay followed by LC-
MS/MS.

In vitro cell assay response to
Caribbean and Pacific ciguatoxins.



S“de 12 Cell Assay Response to Non-Toxic and Toxic Fish Extracts

LOD for CTX in partition product from crude extract = 0.02 ppb
LOD for CTX in SPE product from partition product ~ 0.005 ppb

Toxic specimen
Non-toxic specimen Sodium channel specific

1
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Cell Assay Response to Non-Sodium Channel Specific toxins and
Mixture of Sodium Channel Specific and Non-Sodium Channel Toxins
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Preparing the LC/MS instrument for
analysis of CFP case/outbreak sample extracts

Agilent Model 1100 HPLC (Palo Alto, CA) coupled to ABI 4000 Q-Trap MS (Foster City, CA)

Examples of in vitro cell assay
response to non-toxic and toxic fish
specimens.

Examples of in vitro cell assay
response to toxin that is not sodium
channel specific and a mixed mode
activity.
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Mass Spectra of Caribbean ciguatoxins (C-CTX-1)
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Caribbean ciguatoxitt (C-CTX-1) LC-MS/MS (MRM)
LOD CCTX-1 in SPE product from fish extraet 0.01 ppb
(Minimum acceptable S/N 3:1)
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Mass Spectra of Pacific ciguatoxin (P-CTX-1)
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LC-MS scan of Caribbean
ciguatoxin and initial selection of
daughter ions for MRM
development.

Resulting MRM chromatogram of
Caribbean ciguatoxin.

LC-MS scan of Pacific ciguatoxin
and initial selection of daughter ions
for MRM development.



Slide 18 Pacific ciguatoxiel (RCTX-1) LC-MSIMS(MRM) Resulting MRM chromatogram of

LOD P-CTX-1in SPE product from fish extraet 0.005 ppb

(Minimum acceptable S/N 3:1) P ac Ifl ccC | g u atOXI n.

100pg P-CTX-1 on-column
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miz 11286 A 1075.6 356V
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Slide 19 Examples of Tiered Methods

Applications

A Caribbean/S. Atlantic/GOM & Pacific
A Notification and receipt of sample
T 1 g fish tissue required for cell assay screen
1 100 g fish tissue required for ERIS/MS
A Including archival sample
A Sample extraction and cleap
i Cell assay after partition step.
i LC-MS/MS after Si, ODS, NKISPE

Slide 20 In vitro cell assay of actual

from Massachussetts, September 2007

case/outbreak related fish tissue
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Intensity,cps (x 10%)
w s

Intensity, cps (x 10%)

C-CTX-1 Summed MRM transistion pairs:

11236 > 11059
10 20 3 4 50 11236 > 1087.8
11236 > 1069.9
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% Inhibition

HPLC fractionation and Cell Assay of CFP Outbreak Sample # 27466
(Sphyraena barracuda), 1.6 ppb C-CTX-1 eq.
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ent Inhibition from Control
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HPLC fractionation and Cell Assay of CFP Sample # 06-12-01
March 2006, Florida Black Grouper (Mycteroperca bonaci),
0.6 ppb C-CTX-1 eq.

LC-MS/MS (MRM) confirmation of
Caribbean ciguatoxin-1 in
case/outbreak specimen.

Application of in vitro cell assay for
detection of toxic activity in HPLC
fractions from case/outbreak
specimen.

Similar pattern of toxic activity have
been observed in other
case/outbreak specimens from the
south Atlantic.
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Cell Assay of Pacific CFP Sample # 06-10-01
Fijian Coral Cod (Cephalopholis miniata), February 2006

LC-MS/MS (MRM) analysis of A) P-CTX-1 reference standard, and
B) FDA case sample 06-10-01, Fijian Coral Cod (Cephalopholis miniata).

perx (M+H)* Transition Pairs
cccccccc miz 11116 A 10936 156V
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In vitro cell assay of actual
case/outbreak related fish tissue
from the south Pacific.

LC-MS/MS (MRM) confirmation of
Pacific ciguatoxin-1 in
case/outbreak specimen from the
south Pacific.

Application of in vitro cell assay for
detection of toxic activity in HPLC
fractions from case/outbreak
specimen.



