
The development of a diagnostic tool for
ciguatera fish poisoning in human serum.

Item Type text; Dissertation-Reproduction (electronic)

Authors Gamboa Pulido, Pedro Miguel.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:15:35

Link to Item http://hdl.handle.net/10150/186396

http://hdl.handle.net/10150/186396


INFORMATION TO USERS 

This m~uscript has been reproduced from the microfilm master. UMI 
films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedtbrough, substandard margins, 
and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 
manuscript and there are missing pages, these will be noted. Also, if 
unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and 

continuing from left to right in equal sections with small overlaps. Each 
original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly 

to order. 

U-M-I 
University Microfilms International 

A Bell & Howell Information Company 
300 North Zeeb Road. Ann Arbor. M148106-1346 USA 

313/761-4700 800/521-0600 





Order Number 9408472 

The development of a diagnostic tool for ciguatera fish poisoning 
in human serum 

Gamboa Pulido, Pedro Miguel, Ph.D. 

The University of Arizona, 1993 

U·M·I 
300 N. Zeeb Rd. 
Ann Arbor, MI 48106 





THE DEVELOPMENT OF A DIAGNOSTIC TOOL FOR CIGUATERA FISH 

POISONING IN HUMAN SERUM 

by 

Pedro Miguel Gamboa Pulido 

A Dissertation Submitted to the Faculty of the 

COMMITTEE ON NUTRITIONAL SCIENCES (GRADUATE) 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9 9 3 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have 

read the dissertation prepared by PEDRO MIGUEL GAMBOA PULIDO 

entitled The Development of a Diagnostic Tool for Ciguatera Fish 

Poisoning in Human Serum 

and recommend that it be accepted as fulfilling the dissertation 

requirement for the Degree of Doctor of Philosophy/Nutritional Sciences 

Charles P. Gerba, Ph.D. 

2 

du.g 8, /17.3 
Date 

Date 

Date 

Final approval and acceptance of this dissertation is contingent upon 
the candidate's submission of the final copy of the dissertation to the 
Graduate College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 

l 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at The 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of the 
Library. 

Brief quotations ~ro~ this dissertation are allowable 
without special perm~ss~on, provided that accurate 
ackowledgment of source is made. Requests for permission for 
extended quotation from or reproduction of this manuscript in 
whole or in part may be granted by the head of the major 
department or the Dean of the Graduate College when in his or 
her judgment the proposed use of the material is in the 
interests of scholarship. In all other instances, however, 
permission must be obtained from the author. 

SIGNED: 



4 

ACKNOWLEDGMENTS 

The author wishes to express his sincere appreciation 

to Dr. Douglas L. Park, his major professor, for the guidance 

and encouragement which he provided throughout the course of 

this research. The author is also thankful to Raquel Manteiga 

for her guidance. 

Further acknowlegments are due to Dr. Bobby Reid, Dr. 

Ralph Price, Dr. Charles Gerba, Dr. Maria L. Fernandez, and 

Dr. F. Javier Enriquez for their service on the advisory 

committee as well as their suggestions and insights toward 

the completion of this work. 

Special thanks are due to Robert and Catherine 

Goldsmith of HawaiiChemtect International for their finantial 

support, withou~ which this research could not have been 

completed. 

Grateful acknowlegment is extended to the author I s 

family, especially his mother, brother and sister, without 

whose memories, support and encouragement this goal could not 

have been achieved. 



DEDICATION 

This work is dedicated to my children, Pedro and Ana, 

and to Dione my wife, who were my constant inspiration and 

without whose love, patience and prayers this work could not 

have been completed. 



6 

TABLE OF CONTENTS 

Page 

LIST OF FIGURES 9 

LIST OF TABLES............................................ 12 

ABSTRACT. . . . . . . . . . . . . . . . . • . • . . • . • . . . . . . . . . . • . . . • • . . . . . . . .. 14 

CHAPTER I INTRODUCTION. • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 16 

CHAPTER II LITERATURE REVIEW ••••••••••••••••••••••••• 
Origin of Ciguatera-Related Toxins •••••••••••••.•••••• 
Species Implicated in Ciguatera Fish poisoning 

(Trans vectors) •••••••••••••••••••••••••••••••••••• 
Characterization of Ciguatera Toxins •••••••••••••••••• 
Structural Elucidation of Ciguatera Toxins •••••••••••• 
Ictiotoxicity of Ciguatera Toxins ••••••••••••••••••••• 
Ciguatera Fish Poisoning in the Caribbean ••••••••••••• 
Biological Methods for Okadaic Acid ••••••••••••••••••• 
Analytical Methods for Okadaic Acid ••••••••••••••••••• 
In Vitro Methods ..................................... . 

CHAPTER III THE DEVELOPMENT OF AN ENZYME-LINKED 
IMMUNOSORBENT ASSAY (ELISA) FOR THE 
CLINICAL DIAGNOSIS OF CIGUATERA ••••••••••• 

Abstract ............................................. . 
Introduction ......................................... . 
Materials and Methods •....••••••.....••..•...•.•.•..•. 

Serum samples .................................... . 
Okadaic acid .•••••.•.•.....•••.••.•••.••••........ 
Anti-okadaic acid monoclonal antibody ••••••••••••• 
Second antibody .......•.•.........•............... 
ATBS peroxidase substrate ••••••••••••••••••••••••• 
Okadaic acid-BSA conjugate •••••••••••••••••••••••• 
ELISA methodology •.•••..•..•.•...••.....••....•... 

Assessment of OA-BSA conjugate 
binding efficiency •••••••••••••••••••••••• 

Assessment of the coating efficiency of 
the OA-BSA conjugate •••••••••••••••••••••• 

The effect of anti-mouse IgG & IgM-HRPO 
concentration on the performance of 
the ELISA format •••••••••••••••••••••••••• 

Data ~alys~s ••••••••••••••••••••••••••••••••• 
Results and D1Scuss1on •••••••••••••••••••••••••••••••• 

Assessment of the binding efficiency of the OA-
BSA conjugate ................................ . 

22 
22 

29 
31 
35 
38 
40 
44 
47 
51 

54 
54 
55 
63 
64 
64 
64 
64 
65 
65 
65 

66 

67 

68 
68 
69 

69 



7 

TABLE OF CONTENTS -- Continued 

page 

Assessment of ~he coating efficiency of the 
OA-BSA conJugate •••••••••••••••••••••••••••••• 71 

The effect of Anti-mouse IgG & IgM-HRPO 
concentration on the performance of the 
ELISA format ••••.•••••••••••••••••.•••••...••• 72 

Data analysis and quality control ••••••••••••••••• 75 
Preliminary evaluation of the assay as a 

diagnostic tool for ciguatera fish poisoning •• 82 
Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 90 

CHAPTER IV APPLICATION OF A LIQUID-LIQUID 
EXTRACTION PROCEDURE COUPLED WITH A 
COMPETITIVE ELISA FORMAT FOR THE 
DETECTION OF OKADAIC ACID IN 
BARRACUDA (Sphyraena barracuda) •••••••••• 

Abstract ............................................ . 
Introduction ........................................ . 
Materials and Methods •••••••••••••••••••••••••••••••• 

Fish test portions •..•...•••••.•..••...•........• 
Sample preparation .............................. . 

Results and Discussion ••••••••••••••••••••.•••••••.•• 
Evaluation of a rapid extraction method for 

ciguatera-related toxins coupled with a 
competitive ELISA format for 
quantification purposes •••••••••••••••••••••• 

Conclusions ......................................... . 

CHAPTER V DEVELOPMENT OF AN IMMUNO-AFFINITY 
COLUMN COUPLED WITH A COMPETITIVE 
ELISA FORMAT FOR THE DETECTION OF 
OKADAIC ACID IN SERUM SAMPLES •••••••••••• 

Abstract ............................................ . 
Introduction ........................................ . 
Materials and Methods •••••••••••••••••••••••••••••••• 

Serum samples ................................... . 
I~u~o-affi~i~y gel ............................. . 
B~nd~ng eff~c~ency ••••••••••••••••••••••.•••••••• 
Immuno-affinity chromatography ••••••••••••••••••• 
Sample preparation .............................. . 

110 
110 
111 
114 
114 
114 
115 

115 
121 

130 
130 
131 
133 
133 
133 
134 
134 
135 



8 

TABLE OF CONTENTS -- Continued 

page 

Results and Discussion ••••••••••••••••••••••••••••••• 135 
The development of an immuno-affinity 

chromatography (lAC) for the detection 
of OA in body fluids ••••••••••••••••••••••••• 135 

Evaluation of the binding efficiency ••••••••••••• 136 
Immuno-affinity column performance ••••••••••••••• 138 
Conclusions •••••••••••••••••••••••••••••••••••••• 140 

SUMMARY AND CONCLUSIONS •••••••••••••••••••••••••••••••••• 146 

APPENDIX A CHAPTER III FIGURES AND DATA ••••••••••••• 149 

APPENDIX B CHAPTER IV DATA.......................... 161 

APPENDIX C CHAPTER V DATA........................... 164 

REFERENCES. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 167 



9 

LIST OF FIGURES 

Figure Page 

3.1 Coating Binding Efficiency of OA-BSA 
Conjugate in Carbonate Buffer (CB) Using 
an ELISA Format.......................... 92 

3.2 Coating Binding Efficiency of OA-BSA 
Conjugate in Phosphate Buffer Saline (PBS) 
Using an ELISA Format..................... 93 

3.3 Effect of Bovine Serum Albumin (BSA) 
Concentration on Color yield............. 95 

3.4 Effect of various Concentrations of Anti
mouse IgG & IgM-Horseradish Peroxidase 
Conjugate (IgM-HRPO) on the Performance of 
a Competitive EL~SA Format................. 96 

3.5 Comparison of PBS and Serum as Carriers of 
Okadaic Acid Using Anti-mouse IgG & IgM
Horseradish Peroxidase (1:1000) in an ELISA 
FOrITlat. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 97 

3.6 Effect of Matrix in Precision Profiles..... 98 

3.7 Competitive ELISA Calibration Curve of 
Okadaic Acid (OA) in Serum................. 99 

3.8 - SPLINE Transformed Data of the Competitive 
ELISA Calibration Curve of Okadaic Acid 
(OA) (37.04 ng/mL to 0.46 ng/mL) in Serum.. 100 

3.9 LINE Transformed Data of the Competitive 
ELISA Calibration Curve of Okadaic Acid 
(OA) (0.05 ng/mL to 333.3 ng/mL) in Serum.. 101 

3.10 LINE Transformed Data of the Region B of 
Fig. 3.9 Showing the Confidence Intervals.. 102 

3.11 Graphic Comparison Between Two Curve 
Fitting Methods •••••••••••••••••.•••• '...... 103 

3.12 Sequence of Symptoms in Patients Exibiting 
Ciguatera Fish Poisoning................... 104 

3.13 Endemic Areas of Ciguatera Fish Poisoning 
World-Wide................................. 105 



Figure 

3.14 

3.15 

3.16 

4.1 

4.2 

4.3 

LIST OF FIGURES -- Continued 

Frequency Distribution of Neurological 
Symptoms of ciguatera Fish poisoning for 
Endemic .Mea .............................. . 

Frequency Distribution of Gastrointestinal 
Symptoms of Ciguatera Fish Poisoning for 
Endemic .Mea .............................. . 

Ciguatera Symptoms Correlated with 
Consumption of Carnivorous as compared with 
Herbivorous Fish from Tahiti, French 
Polynesia ................................. . 

Chloroform-Methanol-Water Phase Diagram •••• 

Comparison Between Two Extraction Methods 
in Spiked (1 ~g Okadac Acid/g) Barracuda 
Samples .................................. . 

LINE Transformed Data of the Competitive 
ELISA Calibration Curve of Okadaic Acid in 
Phosphate Buffer Saline .•••••••••••••••••• 

4.4 Graphic Comparison Between Two Extraction 
Methods of Okadaic Acid from Spiked 
Barracuda Samples Using a Competitive ELISA 

4.5 

4.6 

5.1 

5.2 

Fonnat ••••••••••••••.•••••••••••••••••.•••• 

LOGIT Transformation Fitting Line of the 
Competitive ELISA Format for Okadaic Acid 
Determination in Phosphate Buffer Saline ••• 

Precision Profiles of Spiked Barracuda 
Samples (Sphyraena barracuda) •••••••••••••• 

Evaluation of the Bindiong Efficiency (BE) 
of Anti-OA Monoclonal Antibody to the 
Column Matrix Using a Competitive ELISA 
Fonnat ••••••••••••••••••••••••••••••••••••• 

Sequential Evaluation of the Immuno
affinity Column Eluates by Competitive 
ELISA ••.••..•••••••••.•••.•••••••.••••••••• 

10 

Page 

106 

107 

lOB 

123 

124 

125 

126 

127 

128 

143 

144 



Figure 

5.3 

LIST OF FIGURES -- Continued 

Precision Profiles of the Immuno-affinity 
Column Eluates of Spiked Serum Samples ••••• 

A.l Experimental Design for the Evaluation of 
the Effect of the Second Antibody 
Concentration on the Performance of the 

11 

Page 

145 

ELISA Format............................... 150 

A.2 

A.3 

A.4 

Experimental Design for OA-BSA Coating 
Efficiency •••••••••••••••••••••••.••••••••• 

Data Analysis for Determining Sensitivity 
and Specificity Values of the Competitive 
ELISA Format as Diagnostic Test •••••••••••• 

Data Analysis for Determining Predictive 
Values of the Test ••••••••••••••••••••••••• 

151 

152 

153 



Table 

3.1 

3.2 

4.1 

A.l 

A.2 

LIST OF TABLES 

Coating Efficiency of OA-BSA Conjugate on 
Micro-plates ............................. . 

Determination of Okadaic Acid (OA) in 
'Normal' and 'Ciguatera Suspect' Serun 
Samples Using a Competitive ELISA Format •• 

ELISA Results of Barracuda (Sphvraena 
barracuda) Test Portions Collected from 
Ciguatera Endemic Waters of St. Thomas, 
U.S. Virgin Islands ••••••••••••••••••••••• 

Coating Efficiency of OA-BSA Conjugate in 
Carbonate Buffer pH 9.6 ••••••••••••••••••• 

Coating Efficiency of OA-BSA Conjugate in 
Phosphate Buffer Saline pH 7.0 •••••••••••• 

A.3 Calibration Curve of the OA-BSA 

12 

Page 

94 

109 

129 

154 

155 

Conjugate. . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . . 156 

A.4 

A.5 

A.6 

A.7 

B.1 

Effect of the Concentration of Anti-mouse 
IgG & IgM-HRPO at Various Levels of 
Okadaic Acid in Serum ••••••••••••••••••••• 

Effect of the Concentration of Anti-mouse 
IgG & IgM-HRPO at Various Levels of 
Okadaic Acid in Phosphate Buffer Saline ••• 

Summary Data of the Determination 0 f 
Okadaic Acid Using the Competitive ELISA 
Format in Ser-um. ••••••••••••••••••••••••••• 

Summary Data of the Determination 0 f 
Okadaic Acid Using the Competitive ELISA 
Format in Phosphate Buffer Saline (PBS) ••• 

Calibration Data of Okadaic Acid (OA) 
Using the Competitive ELISA Format in 
Phosphate Buffer Saline (PBS) ••••••••••••• 

157 

158 

159 

160 

162 



Table 

B.2 

C.l 

C.2 

LIST OF TABLES -- Continued 

Comparison Between Two Extraction 
Procedures for the Determination 0 f 
Okadaic Acid using the Competitive ELISA 
Format in Spiked Barracuda (Sphyraena 
barracuda) Samples •••••••••••••••••••••••. 

Evaluation of the Binding Efficiency of 
Anti-Okadaic Acid to AH-Sepharose® by 
Enzyme-linked Immunosorbent Assay ••••••••• 

Sequential Evaluation of Immuno-affinity 
Column Eluates of Spiked Serum by 
Competitive ELISA ••••••••••••.•••••.•••••• 

13 

Page 

163 

165 

166 



14 

ABSTRACT 

The development of a clinical diagnostic scheme for 

ciguatera fish poisoning has been accomplished through the 

utilization of three assays, specifically a competitive 

enzyme-linked immunosorbent assay (ELISA) for quantification, 

and two procedures for separation of toxic potentials, i.e., 

a liquid-liquid partition method and an immunoaffinity column 

system. 

For the ELISA assay, quality control parameters were 

evaluated including the coating binding efficiency and the 

binding capability of the conjugate (okadaic acid-bovine 

serum albumin). A 100% recovery was obtained and 

reproducibility values were under 30% coefficient of 

variation (CV) for concentrations from 0.0001 to 100 ng 

okadaic acid/mL serum or g fish flesh. Additionally, the 

usefulness of the method was evaluated by determining 

sensitivity and specificity parameters (66.7 and 95%, 

respectively) from where the positive and negative predictive 

values of the test as a diagnostic instrument were assessed. 

A rapid extraction procedure utilizing a mixture of 

met.hanol :chloroform:water was adapted for extraction and 

isolation of toxins associated with ciguatera fish poisoning. 

The method has been optimized for the analytical evaluation 

of potentially ciguatoxic fish samples and human serum. 
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Applications of the extraction procedure include the clinical 

diagnosis of ciguatera illness and, if leftover fish portions 

responsible for the intoxication event are available, 

analysis of the seafood. It can also be used as a tool for 

monitoring seafood products for food safety. Recovery values 

of the extraction method with and without an intermediary 

defatting step for spiked fish samples were of 105 and 86%, 

respectively. 

By attaching anti-okadaic acid monoclonal antibody onto 

an inert matrix (AH-Sepharose®), an immunoaffinity column 

specific to ciguatera-related toxins has been developed, also 

for serum analysis, but with the potential application in 

other body fluids. The binding efficiency was 82% and 

reproducibility values for spiked test portions at 

concentrations as low as 250 pg were below 10%. 
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CHAPTER I 

INTRODUCTION 

Ciguatera is a wide spread human desease that results 

from consumption of tropical and subtropical marine fish, 

contaminated with a family of complex polyether-like 

chemicals. Ciguatera was first described by Spanish 

conquerors in the fifteenth century in the Caribbean, based 

in the belief that a marine turban snail (called "cigua tl
) was 

responsible for the poisoning of settlers in Cuba (Withers, 

1982) • 

Today the term ciguatera refers to a mixed array of more 

than 175 symptoms and signs that could include three 

components following the ingestion of tropical fish. 

(Freudenthal, 1990). The onset of this illness from the 

consumption of the fish is usually a few hours begining with 

the moderate to severe gas'troin'tes'tinal manifestations 

including vomiting, diarrhea, cramps, abdominal pain, nausea 

of a relatively short duration. 

A second group of clinical symptoms observed with 

ciguatera comprise neurological disorders that may persist 

for varying periods of time up to several months or years. 

These symptoms include paresthesia of the extremities, 

circumoral paresthesia, temperature reversal, arthrargia, 
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myalgia, headache, pruritus, tremors, chills, dysenthesia, 

dental pain, convulsion, delirium, allucinations, 

photophobia, transient blindness, blurried vision, watery 

eyes, dysuria, sali vat ion , and hiccups. Many poisoning 

victims experience cardiovascular disturbances: dypsnea, 

bradycardia, tachicardya, hypotension have been reported by 

Juranovic & Park (1991). This polimorphism in clinical 

features indicate that several toxins are involved with this 

malady. 

The responsible toxins are odorless, tasteless and do 

not infer any organoleptic detectable change in contaminated 

samples. Chemically they are lipid soluble compounds having 

molecular weights around 1,000 daltons (Tachibana et al., 

1987; Murata et al., 1989, 1990), and are characterized by a 

polyether structure with many hydroxyl groups. The structures 

of three chemically related ciguatoxins (CgTx-1, CgTx-2 and 

CgTx-3) isolated from toxic moray eels (Gymnothorax 

javanicus) have been determined recently, (Lewis et al., 

1991). A less polar congener has been obtained from one of 

the causative epiphyte dinoflagellates, Garnbierdiscus toxicus 

(Holmes et al., 1991). 

Another toxin implicated in ciguatera, okadaic acid, has 

not only been found as a dinoflagellate by-product of 

Prorocentrum lima and f. concavum (Dickey et al., 1990 and 

1991) but also as an accumulated toxin in the flesh of toxic 
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barracuda (Sphyraena barracuda) which had been imnp1icated in 

a ciguatera poisoning outbreak in Puerto Rico. (Gamboa et 

al., 1992). 

Ciguatera poisoning has been a significant cause of 

morbidity in areas where the consumption of reef fish is 

common, including the Caribbean, Southern Florida, Hawaii, 

the South Pacific, and Australia. Morbidity statistics are 

highly unreliable due to the variability in symptomatology 

and the tendency of many individuals from the wide geographic 

distribution where the problem is endemic not to report such 

illnesses. (Anderson and Lobel, 1987). Annual incidence of 

ciguatera fish poisoning in the u. S. Virgin Islands was 

estimated to be 73 cases per 10,000 (Morris et al., 1982); in 

Miami, the estimate is 9 cases, (Lawrence et al., 1980); and 

for Hawaii, 0.87, (Gollop and Pon, 1992). In Tahiti, Bagnis 

et al., (1992) reported an incidence rate per 10,000 

inhabitants of 40-70, and for Australia the rate is about 2-4 

cases per 10,000 population (Capra and Cameron, 1991). 

Ragelis (1984) reported that ciguatera is the major factor in 

human illness associated with consumption of fresh marine 

specimens. 

The mortality rate is quite low. Bagnis (1979) reported 

rates of less than one in 1,000 cases, where as many as 

10,000-50,000 individuals may be poisoned worldwide by 

ciguatera annually. 
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Dispite the long history of ciguatera, the natural 

source of the toxins, namely a group of benthic 

dinoflagellates, was not established until 1977 by Yasumoto 

and co-workers (1977). The organism was tentatively 

identified as Diplopsis sp. !lQ.Y. by Dr. R. Adachi, Mie 

University, and later placed in a new genus and named 

Gambierdiscus toxicus. In 1987, Yasumoto et al., confirmed 

the toxicity of eight additional microalgal organisms: 

Amphidinium carteri, A. klebsi, Coolia monotis, Ostreopsis 

ovata, o. siamensis. Prorocentrum concavum, R. lima~ and P. 

rhathymun. 

With respect to the nature of the transvector, more than 

425 species of fish have been associated with this illness 

(Halstead, 1978). Bagnis (1968) compared gastrointestinal 

disorders with the consumption of the herbivorous fish such 

as the surgeonfish, and cardivascular and neurologic 

manifestations with the carnivorous ones such as grouper and 

snapper. Later, researchers pointed out that the variability 

in symptomatology between individuals and between regions are 

due in part to the type of fish consumed, and that the 

polymorphism in clinical features indicates that several 

toxins are involved in ciguatera poisoning (Anderson & Lobel, 

1987; Kodama & Hokama, 1989; Bagnis et al., 1992; Capra & 

Cameron, 1991, and Gollop & Pon, 1992). 
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At the present time there is not a human diagnostic test 

for ciguatera poisoning. Currently, clinical diagnosis of the 

disease relies on the symptoms observed in affected 

individuals. Ciguatera is suspected and when the occurrence 

of symptoms in combination with the ingestion of tropical 

fish is apparent. In order to be certain, however, the 

offending meal, or leftovers need to be analyzed to verify 

the presence of the toxins. Historically, the mouse bioassay 

(a tedious and expensive approach, which requires first, a 

two day extraction procedure, and finally 16 hours 

observation following the i.p. injection of purified 

fractions) or other less cumbersome bioassays i.e., shrimp or 

mosquito bioassays have been used, (Withers, 1982; Anderson 

and Lobel, 1987; Juranovic and Park, 1991; Rakotoniaina and 

Miller, 1991, Kelly et al., 1992). 

Currently, emerging technology based on immunochemistry 

has tremendous potential for the evaluation of suspect fish 

samples. However, research has not yet addressed the 

diagnosis of biological fluids for the presence of the 

toxins. Based on these postulates this research has focused 

on: 

1. The development of a rapid extraction procedure to 

replace the time-consuming method currently used in 

extracting ciguatera toxins; 



2. The development of an immuno-affinity column system 

designed to separate and isolate the antigens 

(toxins) from human serum, by attaching a specific 

monoclonal antibody to an inert matrix; 

3. The development of an enzyme-linked immunosorbent 

assay (ELISA) methodology for quantification of the 

toxins bound by the affinity column with subsequent 

elution of the toxins using appropiate solvents or 

directly in the biological fluids; 

4. The evaluation of this methodology to extract, 

isolate, detect and quantitate toxins in serum 

samples obtained from victims of ciguatera fish 

poisoning. 
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When these objectives are succesfully attained, 

significant progress in the development of one of the most 

needed tools for tropical medicine diagnosis will have been 

made, i.e., a reliable, rapid, facile, and inexpensive 

clinical test for ciguatera fish poisoning. 
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CHAPTER II 

LITERATURE REVIEW 

Origin of Ciguatera-Related Toxins 

The source of ciguatera-related toxins remained elusive 

for several years; many theories arose and implicated 

diseased fish, pollution, and other general phenomena in the 

poisoning. Randall (1958) postulated that any disruption of 

the marine environment which caused new surfaces to be 

exposed may have been related to ciguateric outbreaks. He 

based this approach due to the factor that the toxin appears 

not only in larger reef animals but also in the herbivorous 

and detritus feeding fish. He concluded that the biosynthetic 

source must be a benthic organism, "most likely an alga, a 

fungus, a protozoan, or a bacterium." 

Later, Yasumoto et ale (1977) detected considerable 

toxicity in a sample of algae and detritus collected from the 

surface of dead coral in the Gambier Islands of French 

Polynesia. They also found significant correlation between 

the numbers of a large dinoflagellate in the most toxic 

samples when compared to other microscopic algae having lower 

toxicity values. The same pattern held for the stomach 

content of high and low toxicity fish. As a result, the food 

chain theory was postulated. The responsible organism was 

originally misidentified as "Diplopsalis sp. !lQY..", but 
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later, based on the examination of the thecal plate pattern 

by Taylor (1979), the organism was placed in a new genus, 

Gambierduscus toxicus (Adachi and Fukuyo, 1979). 

G. toxicus was conclusively associated with ciguatera 

poisoning following studies carried out by Yasumoto et al., 

(1979) and Bagnis et al., (1980). These researchers isolate 

the toxin-producing organism using various sieving and 

separation techniques in order to obtain dinoflagellate-rich 

fractions from heterogeneous detritus samples containing sand 

and coral fragments. They studied the characteristics of the 

toxicity and its quantitative correlation with dinoflagellate 

numbers by assaying various samples of non-fractionated 

biodetritus, a sample of biodetritus fractionated according 

to particle size, and samples of~. toxicus cultured cells. 

They concluded that due to the direct and reproducible 

relationship between the number of G. toxicus cells and the 

toxin concentrations in the biodetritus, and the capacity of 

unialgal cultured cells to produce the ciguatera toxin 

complex confirm that G. toxicus was the responsible organism 

for ciguatera poisoning in French Polynesia. It was also 

concluded that the distribution of this dinoflagellate in 

other endemic areas provided a presumptive argument for a 

common origin of ciguatera worldwide. 

However, when comparing the toxin profile between the 

gut content and the diet of fishes of various feeding habits 
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from different endemic areas, the existence of a water

soluble toxic fraction was recognized in surgeonfish, and it 

was named maitotoxin after the Tahitian name of the fish. 

From unialgal and axenic cultures, 'the same compound was 

found into the water soluble fraction. Yasumoto et al., 

(1987) reported that 2. toxicus cultures produce considerable 

quantities of maitotoxin but only meager amounts, if any, of 

ciguatoxin. Later, Holmes et al., (1990) compared the toxin 

profile between the Australian and French Polynesian strains 

of G. toxicus grown in culture. These researchers reported 

different chromatographic types between the two types of 

toxins, the one extracted from the Australian strain eluted 

later on both normal and reverse-phase high-performance 

liquid chromatography than did the French Polynesian strain. 

It was pointed out that the toxins elicited similar bioassays 

signs in mice, but produced different death-time vs. dose 

relationship. Interestingly, ciguatoxin was not produced by 

dinoflagellates grown in either f/2 or f/10 media. 

There is not evidence for the bio-accumulation of 

maitotoxin in the flesh of fish (Campbell, et ale 1987; 

Chunge and Bagnis, 1977); therefore, this polar fraction has 

not been shown to have a direct role in ciguatera poisoning. 

The only reported cases have been associated with the 

consumption of some herbivorous fish (surgeonfish) without 

first eliminating the viscera. As reported by Holmes et ale 
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(1990), in G. toxicus culture produced copious amounts of 

maitotoxin that may be easily confused with ciguatoxin if the 

detection is made by mouse bioassays only. However, a less 

oxidized, and consequently less polar form of ciguatoxin 

named gambiertoxin-4b (GT4b) has been extracted from 

detritus, and unialgal and axenic cultures of G. toxicus 

(Murata et al., 1989) as well as from the flesh of ciguatoxic 

fish, (Murata et al., 1990; Holmes et al., 1991). 

Legrand and co-workers (1991 and 1992) examined the 

toxic components of different fish species and wild G. 

toxicus specimens collected in the Gambier Islands, French 

Polynesia As many as 21 toxins were separated and 

characterized by high performance liquid chromatography and 

mass spectra. It is important to report that for the first 

time a fluorescent piguatoxin-derivative was developed after 

reacting fractionated extracts with anthroylnitrile. 

The toxins were separated in four groups according to 

the elution profile. Interestingly, the Q. toxicus contained 

only group 3 and group 4 toxins but not ciguatoxin. Nine 

toxic fractions were separated; among them the previous 

mentioned GT-4b congener, but more interesting, the presence 

of a major toxic fraction (4C) being the least polar one, 

suggested that toxins underwent oxidative modifications as 

they move through the food chain. 
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In a recent publication, Sakate et al., (1993) charac

terized another ciguatoxin congener isolated from cultured g. 

toxicus, (CTX 3C), which closely resembles GT4b but lacks the 

butadiene side chain and has an oxocene ring E instead of the 

oxopene. 

These observations confirm the production of the 

putative ciguatoxin precursors from G. toxicus in culture, 

clarifying definitely the linking between the producer and 

the transvector and fixing conclusively the food chain theory 

for ciguatera poisoning. 

Subsequent g. toxicus distribution surveys revealed an 

abundance, in terms of both species and population, of co

occurring benthic dinoflagellates in coral reef communities. 

This observation suggests the existence of an array of 

potential "secondary" toxins associated with ciguatera, which 

in time contributes to the manifestation of the complex 

symptoms of this illness. 

yasumoto et al. (1987) collected benthic dinoflagellates 

in subtropical waters, at Okinawa, Japan. The following nine 

species were tested for toxin production: Amphidinium 

carteri, A. klebsi, Coolia monotis, Gambierdiscus toxicus, 

Ostreopsis ovata, o. siamensis, Prorocentrum concavum, ~. 

lima, and ~. rhathymum. Mouse lethality was observed in ~. 

carteri, ~. klebsi, g. toxicus, Q. siamensis, ~. lima, and E. 
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concavum. Hemolytic activity was most noticeable in A. 

carteri and A. klebsi. Strong ichthyotoxicity was observed in 

A. carteri, A. klebsi, and P. concavum. Okadaic acid was 

detected in ~. lima cultures, and the authors suggested the 

importance of this compound because of its chemical similar

ity with ciguatoxin and its potent diarrhea-genicity. 

Subsequent investigations by Shimitzu et al., (1982) 

confirmed the presence of 2. toxicus in Hawaii. Similarly, 

surveys in the Caribbean revealed that among 18 species of 

the most common epiphytic/benthic and planktonic dinoflag

ellates, nine were grown in large-scale culture from where 

five species produced one or more toxic fractions which 

killed mice within 48 hours, namely Gambierdiscus toxicus, 

Prorocentrum concavum, f. mexicanum, Gymnodinium sanguineum, 

and Gonyaulax polyedra (Tindall et al., 1984; Carlson et al., 

1984; Dickey et al., 1984; Miller at al., 1984). The toxico

logical evaluation of chromatographic fractions revealed that 

both g. toxicus and~. concavum are the major contributors 

of toxins to the reef and inshore ecosystems. These two 

species produce between 4-7 separate toxins which may 

eventually enter the fish food chain. Based on the mice 

results the authors infer that at least ciguatoxin, 

scaritoxin, and maitotoxin-like toxins in addition to some 

derivatives and very potent, unnamed, fast-acting toxins have 

been detected. 
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More interesting, Carlson et al., (1984) studied the 

effects of macroalgal extracts (Chaetomorpha linum, Dictiota 

dichotoma, and Turbinaria turbinata) on growth in culture of 

(§. toxicus, f. concavum, and f. mexicanum) and found that in 

all but P. mexicanum, the macroalgal extracts stimulated the 

growth of dinoflagellate species. This fact reveals that in 

tropical environments several species of dinoflagellates 

occur in close association with benthic macroalgae. 

Dickey et ale (1990) described the isolation and 

characterization, by lH NMR and mass spectrometry, of a major 

lipid-soluble fraction from a Caribbean strain of P. 

concavum, namely okadaic acid. The fact that this particular 

organism is a dominant epiphytic species in the ciguatera

endemic Caribbean, displays great potential as an etiologic 

agent. Maximum densities of this dinoflagellate have been 

reported to reach 1.25 x 105 cells/g fresh weight-macroalgal 

hosto Assuming that the yield of okadaic acid from culture 

(7.9 mg/l09 cells) reflects production in natural environ

ments, the input of this chemical into the Caribbean food 

chain due to f. concavum might be as high as 1.0 ~g/g fresh 

weight-macroalgal host in areas where the organism reaches 

maximum abundance. Therefore, the potential for the trophic 

accumulation of okadaic acid into the Caribbean (at these 

production rates) is immense. However, the authors pointed 

out that the relationship between ciguatera-related toxins at 
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this primary trophic level and those1occurring in fish needs 

to be addressed before the complexities of this disease are 

understood. 

Species Implicated in Ciguatera Fish Poisoning 

lTransvectors) 

The ciguatoxic species have been found to be limited to 

those fish that feed on algae or detritus coral on reefs, 

especially the surgeonfish (Acanthuridae spp. and 

Ctenochaetus spp.), the parrotfish (Scaridae spp.), and the 

large reef carnivores that prey upon these herbivores, 

(Gillispie et al., 1986). 

Fifty-eight families, covering more than 400 species 

have been implicated worldwide in ciguatera outbreaks. Bagnis 

et al., (1992) pointed out that in Tahiti, during the 1965-

1989 period, toxic fishes were implicated in 11,669 reported 

cases of ciguatera fish poisoning. Nearly 80 species of fish 

fitting in 27 families from various trophic levels were 

included. surgeonfish and groupers were the species most 

often toxic (20%). Jacks and snappers were involved in 

nearly 12% of the cases while emperor-fish and parrot-fish 

were responsible for 10 to 7.5% of the reports, respectively, 

and mullets in less than 5% of the cases. Triggerfish, moray 

eels and barracudas accounted for less than 3% of the cases. 

Less than 1/3 of all these toxic specimens were herbivores. 
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According to Anderson and Lobel (1987), herbivorous 

fishes are classified as "browsers" or "grazers". The later 

ingest substantial quantities of sand and coral particles 

while feeding on algae by either rasping the substrate or 

suckling loose grains. Browsers, on the other hand, bite 

algae and rarely ingest any inorganic material. They can also 

be characterized by three types of alimentary morphology: (1) 

an elastic stomach (pH 2.4-3.0), with a long intestine; these 

browser fishes, in general, posed a lower ciguatera risk; (2) 

a thick-walled, gizzard-like stomach (pH 6.3-7.9), and a 

medium length intestine; or (3) a bony pharyngeal mill with 

no stomach (anterior intestine pH 8.4) and relatively short 

intestine. Interestingly, surgeonfishes belong to the type 2 

classification, and parrotfish species are into the type 3 

group. It is unknown how the difference in pH relates to 

ciguatera toxicity. 

Browsers consume fine filamentous algae and epiphytes. 

They include the surgeonfish Acanthurus triostegus and the 

territorial damselfishes, Stegastes spp. Grazers, on the 

other hand, by having a gizzard-like stomach, ingest 

microalgae mixed with fine sand and detritus. This group 

includes the herbivorous fish Ctenocheatus spp., 'frequently 

implicated in ciguatera fish poisoning. They feed on fine 

particulate material. 
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The herbivorous fishes which have a bony pharyngeal mill 

are the parrotfishes, Scarus gibbus, scrape fine filamentous 

algae and epiphytes from a variety of surfaces. This specie 

happens to be part of the larger family by weight in tropical 

reef environments; consequently, the most common herbivore 

prey of large piscivores (Anderson and Lobel, 1987). 

Characterization of Ciguatera Toxins 

During a survey on ciguatera in the Gambier Islands, 

Bagnis and co-workers (1974) found that the predominant 

transvector for ciguatera poisoning was parrotfish, and that 

the symptoms in humans was exhibited in two phases. Symptoms 

of the first phase appeared few hours after consumption of 

the fish and consisted of nausea, vomiting, diarrhea, 

bradycardia, failure in blood pressure, dysaesthesia, 

arthrargia, asethesia, chilliness, and itching. These 

symptoms are very close to those induced by ciguatoxin and to 

a less degree, okadaic acid. After 5-10 days, however, the 

patient goes into a second phase mainly characterized by 

motor failures including ataxia, dysmetria, persistent 

resting and kinetic tremor. These disorders remain for a few 

weeks, and usually it takes more than a month to fully 

recovery. Obviously, these clinical and epidemiological 

observations implies the presence of more than one toxin in 

the flesh of this species, §. gibbus. 
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Chungue et al., (1977) were able to separate two types 

of toxins from parrotfish (Scarus gibbus). When a 9: 1 

chloroform-methanol elute, from a silica gel column of a 

crude extract, was followed by the fractionation in a DEAE

cellulose column with two solvent systems (pure chloroform 

and 50% chloroform:methanol), two different sets of signs 

were observed. The first elute evoked marked sluggishness and 

severe paralysis of the hind limbs in mice; whereas the 50% 

chloroform:methanol eluate evoked signs in mice 

indistinguishable from those induced by ciguatoxin (diarrhea, 

lachrymation, salivation, paralysis of the hind limbs, 

convulsion, respiratory difficulty, and jumping followed by 

death) • 

Thin layer chromatography (TLC) profiles for the 

chlorophormic fraction gave higher Rf values than ciguatoxin. 

The less polar fraction, on the contrary, showed Rf scores 

similar to the ones exhibited by ciguatoxin. 

Later, Nukina et al., (1984) demonstrated the existence 

of two interchangeable forms of ciguatoxins, isolated from 

moray eel viscera. In this study, the 9:1 chloroform-methanol 

fraction was retained on an aluminum oxide chromatographic 

column. Polar and less polar eluates were collected in 

methanol-water (1:1) and chloroform-methanol (1:1), respec

tively. However, when a less polar ciguatoxin aliquot was 

subjected to either re-chromatography on aluminum oxide or to 
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alkaline treatment (IN NaOH in aqueous methanol at room 

temperature overnight) followed by aluminum oxide chromato

graphy, less polar ciguatoxin fraction was converted to a 

polar fraction. Because of this result, the authors concluded 

that ciguatoxin was a single molecular entity. 

In Australia, the second most studied endemic area of 

ciguatera, larger carnivores are the fish most frequently 

involved in ciguatera outbreaks (Capra and Cameron, 1991). A 

valuable data base on ciguatera and the fish responsible for 

human intoxication has been compiled for the 1965-1984 time 

period by the Queensland Health Department and the Fisheries 

Section of the Quensland Department of Primary Industries. 

Gillispie et al., (1986) reported 527 cases of human 

intoxication. Mackerel, in particular the narrow barred 

Spanish mackerel (Scomberomorus commersoni), was responsible 

for the vast majority of outbreaks and the greatest number of 

people poisoned. 

Spanish mackerel happens to be a major seafood resource 

from Australian waters. Approximately 1,000 tons are landed 

each year. This pelagic fish apparently migrates along the 

entire length of the eastern Queensland coast, which is an 

area that extends from latitude 240 S to latitude 260 S. 

Lewis and Endean (1983) were able to extract a 

ciguatoxin-like toxin from a methanol-soluble fraction of 
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flesh of s. commersoni, using a column chromatography 

sequence that involved silicic acid (100 mesh), DEAE

cellulose and Sephadex LH-20. For analytical and preparative 

separations, a TLC method was developed using chloroform

methanol-6N ammonium hydroxide (90:9.5:0.5) on silica gel 

precoated plates, activated for 30 min. at 110°C. Mice 

injected with either the crude extract (LD50 510 mg/kg) or 

purified fraction (LD50 0.72 mg/kg), displayed signs similar 

to those of classical ciguatoxin, i.e., induced loss of 

activity, piloerection, diarrhea, lachrymation, dyspnea, 

cyanosis, and convulsive spasms prior to death. Depending on 

dose, death times ranged from 1 to 24 hours. 

However, as pointed out by Gillespie et al., (1986), 

victims of ciguatera stemming from the ingestion of S. 

commersoni captured in subtropical Australian waters often 

exhibit a great variety of symptoms, again indicating the 

possible involvement of several toxins. For that reason, 

Endean et ale (1993) looked for the presence of. a broader 

expectrum of toxins. As a result, an exhausting methanol 

extraction protocol was implemented, and a polar-based 

partition developed. Separately, water and lipid soluble 

fractions were loaded subsequently onto a silicic acid column 

and eluted with five and three solvent systems, respectively. 

The toxicity of each fraction was evaluated by observing for 
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symptoms exhibited by mice following i. p. injection. 

Additional characterization was done on TLC plates. 

Due to the limitations of the bio-detector, the authors 

reported ciguatoxin-like, scaritoxin-like and other 

unidentified lipid-soluble toxins. Water-soluble toxins were 

also present, among them, a maitotoxin-like compound. In 

general, they stated that the ciguatoxin-like material made a 

greater contribution to the total toxicity that did the 

mai totoxin-like component. Based on the differences in 

toxicity values of the various isolated fractions; the topic 

of symptom characterization began to be clarified and set the 

format for future trends in ciguatera research. 

Structural Elucidation of Ciguatera Toxins 

Despite the chemical complexity of the lipid-soluble 

compounds and the challenging task in developing analytical 

procedures for this family of chemicals; the most limiting 

factor, in elucidating chemical characteristics and the slow 

progress in ciguatera research, has been the extremely low 

levels of toxins accumulated in flesh fish which render the 

fish toxic to humans. As a result, a full chemical 

characterization of the toxins responsible for ciguatera fish 

poisoning has been a very difficult assignment. Because of 

this, many researchers looked for carnivorous specimens, 

harboring coral reef environments and with voracious feeding 
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habits which may be toxin accumulators. In this sense, the 

moray eels (Lycodontis = Gymnothorax javanicus) was selected 

as a source of the toxins. 

Ini tially, when studying the molecular structure of 

ciguatoxin many research groups used composite samples of 

flesh and viscera of the moray eel. More recently, however, 

most of the reported studies employed exclusively viscera in 

order to economize both solvents as well as shipping costs. 

In 1987, Tachibana and co-workers were able to obtain 

1.3 mg of chromatographically pure toxin by extracting 

approximately 75 kg of eel viscera, representing some 1100 kg 

of toxic eelso After an extensive extraction protocol, a 

simetrical peak from a HPLC fraction, on a C18 reversed 

phase silica column, elicited an LD50 of 0.45 ~g/kg in mice. 

Based on 1H NMR data, a polar and highly oxygenated 

polyether having a molecular weight of 1111.7 ± 0.3 daltons 

was suggested. More importantly, as reported by Nukina et ale 

(1984), the authors demonstrated that this chemical entity 

can be transformed to a less polar compound when exposed to 

basic alumna of different activity grades. The existence of 

these two forms, chromatographically distinct and inter 

convertible, could be the explanation for the change in 

elution conditions when toxic extracts have been stored for 

some time. Should this be the case, the bulk toxin would be 
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eluted with chloroform-methanol (97:3) instead the usual 9:1 

proportion. 

Murata et al. (1989, 1990) presented the structures and 

configurations of ciguatoxin from both the trans vector (Q. 

javanicus) and a less oxygenated analog from its likely 

precursor, the dinoflagellate §. toxicus. 

In 1991, Lewis and co-workers presented one of the most 

significant papers on ciguatera poisoning. In an equally 

extensive but slightly different protocol, the authors were 

able to purify and characterize three toxic fractions from 

48.3 kg of moray eel viscera. Namely, ciguatoxins 1, 2, and 3 

(CTX-l, CTX-2, and CTX-3), based on elution order from the 

HPLC column, were toxicologically characterized not only by 

the typical mouse bioassay but also pharmacologically, by 

their binding capabilities and their competitive properties 

with brevetoxin in a biological model. The later topic is 

going to be discussed in another section of this chapter. 

Once the multiple toxin and varied-toxin profile theory 

helps explain the observed mul tiple symptomatology in 

patients having ciguatera poisoning and the observed 

variability among the three clinical components (including 

neurological, gastrointestinal and cardiovascular), between 

regions, between different ciguateric fish species, as well 

as between individuals consuming the same meal (Bagnis, 1970; 
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Gillispie et al., 1986; Kodama and Hokama 1989; Bagnis et 

al., 1992; Capra and Cameron, 1991). 

Based on the assumption that the large variability in 

symptoms attending ciguatera poisoning was due to the number 

of closely related toxins, Lewis and Sellin, (1992) evaluated 

toxins levels and toxicological profiles in fish flesh from 

narrow barred Spanish mackerel (~. commersoni), coral trout 

(Plectropomus spp.), and blotched javelin (P. maculatus), 

collected over a 4 year period. The authors reported lower 

concentrations than those obtained from moray eel viscera 

(10.1, 5.8, and 2.1 ~g/kg viscera for CTX-l, -2, and -3, 

respectively). They reported respective concentrations for 

~. commersoni (0.19, 0.09 and 0.02 ~g/kg flesh), Plectropomus 

spp. (0.08, 0.09, and 0.07 ~g/kg flesh), and P. maculatus 

(0.67, 0.61, and 0.06 ~g/kg flesh). The bioassay signs in 

mice for each ciguatoxin were comparable to the corresponding 

ciguatoxin from moray eel viscera and included the presence 

of hind-limb paralysis for CTX-2 and -3. 

Ictiotoxcity of Ciquatera Toxins 

The answer of the question related to the ictiotoxicity 

of ciguatoxins could be helpful in setting the upper level of 

ciguatoxins that can be transferred or accumulated by the 

transvector. Consequently, for analytical purposes it is a 

necesary requirement to allow the establishment the level of 
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detection when developing screening methods for the 

implementation of food safety and/or monitoring programs. 

Lewis, (1992) reported the toxic effects of CTX-1, CTX-

2, and Brevetoxin-2 (PbTx-2). Previous pharmacological 

studies have shown that both CTX's and PbTx's competitively 

block the Na+ channel (Bidard, et al., 1984; Catterall, 1977 

and 1884; Catterall & Gainer, 1985; Benoit et a1., 1986; 

Lombet et al., 1987; Gawley et al., 1992; Barnard, 1992). 

However, an important fact in this study is that Lewis was 

able to demonstrate that somehow the lethal effects of 

ciguatoxins on fish impose an upper limit on the levels of 

the ciguatoxins carried by fish. 

Using fly fish (Gambusia affinis) as a biological model 

the author estimated LD50'S of 4.7, 19.4, and 90.6 nmoles/kg 

for CTX-1, CTX-2 and PbTx-2, respectively. It is important to 

point out that toxin levels above 0.1 nmol CTX-1/kg fish, are 

sufficient to cause human intoxication. 

On the other hand, by doing a retrospective study, i.e., 

transforming LD50 values in mice as reported in previous 

papers and assuming that all toxicity stems from CTX-1, the 

following levels of ciguatoxin can be calculated for those 

tested specimens: 1.3 nmoles/kg in Lycodontis javanicus 

(Sheuer et al., 1967), 1.5 nmoles/kg in Scarus gibbus (Chunge 

et al., 1977), 1.5 nmoles/kg in Scomberomorus commersoni 
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(Lewis and Endean, 1983), and 1.0 rumole/kg in Sphyraena jello 

= barracuda (Lewis and Endean, 1984). 

Ciguatera Fish Poisoning in the Caribbean 

Epidemiological data from the Caribbean region is scarce 

and of questionable reliability. Furthermore, even hospital 

records provides only coarse estimates because of the unknown 

but presumably significant number of cases that go 

unreported. Research on the many facets of the ciguatera 

problem has been also limited, in part because of the 

logistical difficulties and the lack of suitable research 

facilities and technical staff. Most of the clinical and 

epidemiological descriptions of this toxicity are based on 

studies of cases defined by clinical criteria (Rusell, 1975; 

Casanova et al., 1982; Engleberg et al., 1983). 

The first intent in characterizing this malady in the 

Caribbean was developed by McMillan et al. (1980). They 

reviewed history of "fish poisoning" cases from January, 1978 

to December, 1979, from the Emergency Room logbooks at Knud 

Hansen Memorial Hospital in st. Thomas, the U. S. Virgin 

Islands. This activity was also complemented by a residence 

phone survey of households on St. Thomas - St. John. During 

this two-year data evaluation, the researchers found an 

increase in poisoning from September to November, with a 

incidence rate of 964 cases per 60,000 inhabitants per year. 
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Among the transvectors responsible for the poisonings the 

authors reported that the highest incidence of ciguatera 

poisoning was associated with the ingestion of jacks, 

followed by kingfish, grouper, barracuda, and snapper. 

For the same year, Lawrence et al.,(1980) provided data 

on the general features of this disease as it occurs along 

the northern periphery of the Caribbean. In a three year 

follow-up study at Dade County, Florida, these researchers 

found an average annual incidence of five cases per 10,000 

resident population. Most of the cases were presented during 

the period April-August, where the grouper was the fish most 

implicated, followed by snapper, kingfish, amberjack, and 

barracuda. 

Between 1980 and 1983, several "case reports" were 

filed. Jones (1980) cited a case involving the ingestion of 

grouper in Bahamas. Moon (1981) reported an outbreak in 

Antigua, in February, associated with the ingestion of 

barracuda. And in March, 1982, Poli et ale reported another 

incident involving the crew on an Italian freighter. For this 

incident, a 25-pound barracuda, was the offending specimen. 

Hold and Miro (1982) found that out of 42 cases filed in 

Puerto Rico in 1982, grouper was involved in 53% of the 

cases, and 56% of them were reported during April. Johnson 

and Jong (1983) reported 2 cases from West Indies, related to 

the ingestion of an unknown fish during an October vacation. 
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Finally, in 1983, Engleberg et al., analyzing the 

epidemiology of ciguatera in the u.s. Virgin Islands, found 

that most of the cases were associated with the consumption 

of snapper, and 88% of the cases occurred in March. 

Despite the complicated picture of the Caribbean in 

assessing both the trans vectors as well as the seasonal 

relationship of ciguatera poisoning; it is important to point 

out the consistency in the clinical symptoms in afflicted 

patients which resemble those observed in the South Pacific, 

Australia as well as the Hawaiian Area. 

According to Tosteson et al., (1988) Sphyraena barracuda 

is a frequently implicated fish species in ciguatera 

poisoning in the Caribbean. By doing symptomatology analysis 

in mice injected with fish extracts, (Hoffman et al., 1983), 

29%, of 219 specimens gave a mice response which resembled 

that for ciguatoxic fish extracts. Monthly frequencies of 

ciguatoxic barracuda caught along the southwest coast of 

Puerto Rico showed an apparent seasonal variability, with 

peak values (60-70%) in the period January-May and August

November. These results are an indication that ciguatera 

toxins do not accumulate in barracuda tissues for extended 

periods of time. Potential reasons could be the reproductive 

cycle which for the barracuda lasts from April until October 

and/or the result of hormonal changes during the spawning 
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period; inhibition of detoxification mechanisms or enzymatic 

responses. 

Later, Tosteson et al., (1992) designed a radioimmuno

assay displacement study to assess the diversity of 

ciguatoxins found in barracuda from the Caribbean. Based on 

polarities, different HPLC eluates were collected and tested 

for their ability to displace a radiolabelled probe 

(tritiated brevetoxin, PbTx-3) from a bound antibody. Out of 

seven toxic fractions, three were the most effective 

competitor of the antigen, the other four fractions showed 

decreasing abilities to displace the PbTx-3 probe from its 

antibody. One of the fractions having a very high i.p. 

toxicity value in mice did not displace the probe; therefore, 

the authors concluded that this highly toxic material did not 

contain the antibody binding portion of the PbTx-3 antigen. 

Gamboa et al., (1992) working with barracuda samples 

harvested also at the Southwest coast of Puerto Rico, applied 

a solvent extraction procedure (McMillan et al., 1980), 

followed by TLC fractionation, then evaluated toxicity levels 

by monitoring the rectal temperature depression in i.p. 

injected mice (Sawyer et al., 1984). This study also showed 

that not all fish suspected of causing the poisoning were 

toxic to the mouse nor caused rectal temperature depression. 

Three toxic fractions were analyzed for okadaic acid using 
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the method of Lee et al. (1987). One of the isolates toxic to 

the mouse tested positive for okadaic acid. As mentioned 

before, Prorocentrun lima and P. concavum, toxicogenic 

dinoglagellates implicated as a sources of ciguatera 

poisoning toxins have been reported to produce okadaic acid 

(Tindall et al., 1984; Gamboa and Park 1985; Dickey et al., 

1990). More importantly, ~. concavum is widely distributed in 

the Caribbean area, which allows for the possibility that the 

toxin is taken up by herbivores and passed up the food chain 

to carnivorous fish such as the barracuda. 

This finding opened new avenues in ciguatera poisoning 

research, another polyether, okadaic acid (OA), a well known 

seafood toxin, is also implicated in another malady, diarrhe

ic shellfish poisoning (DSP). Okadaic acid has been shown to 

be part of the pie, and as will be discussed later, by having 

a higher LDso in mice, will occur at a higher level in the 

epidemiological chain, and therefore, easier to detect in 

fish and the poisoning victim, man. 

Biological Methods for Okadaic Acid 

since the mid-1970's, DSP has become a major threat 

worldwide to both human health and shellfish industries. The 

human symptoms are characterized by gastrointestinal distur

bances including diarrhea, nausea, vomiting, and abdominal 

pains, which predominate this illness. Chills also occur in a 
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small percentage of the patients. The incubation time usually 

ranges from 30 minutes to several hours. The duration of the 

illness is rather short, although symptoms can continue for 

several days in severe cases (Taylor, 1988). 

causative dinoflagellates which produce the toxins 

involved in DSP are Dinophysis fortii and D. acuminata 

(Murata et aI, 1982; Masselin et al., 1992; Belin, 1993; Boni 

et al., 1993; Loggia et al., 1993), Prorocentrum lima and f. 

concavum (Marr et al., 1992a; Hu et al., 1993; Jackson et 

al., 1993). 

The toxins are polyether compounds and there are at 

least three other toxin groups known, which differ in basic 

skeletons and functional groups: carboxyl acid toxins sharing 

a okadaic acid skeleton, macrolides named pectenotoxins, and 

sulfated toxins named yessenotoxins (Yasumoto et al., 1988; 

Dickeyet al., 1990). 

In order to protect consumers from potential hazards, 

monitoring programs for shellfish toxicity have been 

implemented using animal assays. A mouse bioassay has been 

used to detect the presence of these toxins in shellfish. 

The extraction procedure involves an acetone extraction and 

partition into diethyl ether. Serially diluted suspensions of 

the purified extracts in 1% Tween 60 solution were injected 

intraperitoneally into the mice weighing 17-20 g. The animals 
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were observed for 24 hr, and the minimum amount of toxin 

required to kill the animal at 24 hr was defined as one mouse 

unit (MU), (Yasumoto et al., 1984). 

In Italy, were the mouse bioassay has been officially 

adopted since 1990, a surveillance strategy has been set 

using this bioassay. Criteria for interpretation of the mouse 

bioassay has been outlined: When the animals die in less than 

5 hr, the farm is closed; if the survival time falls between 

5 and 24 hr, the farm is not closed but an alert is set and 

controls intensified; if the mean survival time surpass 24 

hr, the sample is considered negative for the presence of DSP 

toxins. 

To evaluate the performance of the test, Toti et al., 

(1991) conducted a multi-laboratory study with sixteen 

laboratories participating which have been involved in DSP 

monitoring programs in Italy. The authors concluded that the 

method is well suited for highly toxic samples while quite 

unreliable for samples with a low degree of toxicity. 

As reported by Shimizu (1979), the mouse bioassay has 

the advantage in giving total toxicity; however, it suffers 

with major drawbacks. These include the need for a mouse 

colony (the mice must be within 19-22 g weight), the limit of 

sensitivity depends on mouse strain, lack of specificity to 

distinguish toxins of different toxic effects, the death time 
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is subjective, the assay is not linear, and more importantly, 

it may underestimate marginal toxic samples as much as 60%. 

To overcome these disadvantages, alternatives to the 

mouse bioassay have been implemented, they include 

fluorometric approaches and immunoassays. 

Analytical Methods fQr Okadaic Acid 

Fluorometric HPLC methods have been developed for 

determining toxins having a carboxyl group by labeling with 

fluorofores. Other toxins which lack those functional groups 

could be determined by determining UV absorption. Identifica

tion of microquantities can be achieved by combinations of 

HPLC and spectrometry. Because of the backbone of okadaic 

acid is a fatty acid polyether, the development of methods 

for its determination have focused on the chemical properties 

of this moeity. 

The first task that must be addressed is the separation 

of the intended analyte or chemical from a complex biological 

matrix. Because of the low level of occurrence and lipidic 

nature, this has been a very difficult process. Many 

approaches have been implemented, which generally have 

involved either a methanolic or acetone extraction, and 

separation of less polar compounds (free fatty acids, 

pigments, etc.) by partition in hexane or petroleum ether. 

Between these two steps it is also desirable to separate 
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potential emulsifiers (natural phospholipid materials) by 

cold precipitation. Then, the methanolic extract is 

partitioned into chloroform which is evaporated to dryness 

and a semi-purified extract is obtained. Major limiting 

factors with this methodology include both the time consuming 

process involved as well as the cost factor due to the 

extensive use of solvents, which eventually gets larger as 

toxin levels decrease in the original sample. To address 

these problems a discussion of new approaches in toxin 

extraction and detection system will be presented later. 

Once the chloroformic extract is available, the next 

step is to develop a fluorometric derivative utilizing the 

carboxylic group on the okadaic acid molecule. Lee et al., 

(1987) were able to carry out a reaction between okadaic acid 

and 9-anthryldiazometane (ADAM), in a format where the 

reactive diazo-end couples a strong fluorescing anthracene 

group to the acid moiety of okadaic acid. More importantly, 

the reaction takes place at room temperature, and no 

catalysts are necessary (Tuisntra et al., 1991). 

The resultant fluorescent esters are pre-treated on Sep

pack silica cartridge columns and the eluate injected to an 

HPLC chromatography. Analysis of the toxin derivatives are 

carried out at room temperature on a Devosil® ODS-5 column 

(4.6 x 250 rom) using MeCN-MeOH-H20 (8:1:1) as the mobile 

phase. The flow rate is maintained at 1.1 mL/min. The 
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excitation and emission wavelengths were set at 365 and 412 

nm, respectively. The authors report a good linearity in the 

range 1 to 80 ng. 

concerning the derivatization step, many researchers 

have reported problems with the instability of ADAM. 

Consequently, Wekell (1991) suggested the evaluation of other 

derivatizing reagents such as I-pyrenyldiazomethane (PDAM) or 

1-(bromoacetyl)pyrene (BAP) for an AOAC collaborative study 

for OA and ciguatera-liquid chromatographic methods. Using 

the PDAM reagent, Dickey et al. (1992 and 1993) reported good 

correlation in the range of 2.5 to 20 ng OA. 

Zonta et al. ( 1992), assessed the performance of 9-

chloromethylantracene (CA) as a fluorescent labeling agent 

which allowed the evaluation simultaneously of okadaic acid 

as well as free fatty acids in mussels. It is important to 

point out the relevance of fatty acids as interfering 

compounds when running mouse bioassays (Lee at al., 1987). 

The authors reported recovery values of 93.1 ± 3.2% under the 

CA derivatization approach. Although the detection limit was 

higher, 1 pg/g in comparison to 0.4 pg/g .reported by Lee et 

al. (1987), the authors assert that this figure is good 

enough to detect OA at levels within regulatory limits set by 

several countries for mussels (2-2.5 pg OA/g hepatopancreas). 
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Contrary to others, Stabell et ale (1991) demonstrated 

that in addition to the instability of the ADAM derivative 

responsible for non-reproducible results in OA analysis, an 

improvement in rinsing out the "chemical noise" would be more 

appropriate. In this aspect, the authors developed a 

procedure for cleaning the derivatized samples, i.e., using a 

0.1 g silica gel cartridge column as well as different eluent 

solvents. 

As mentioned before, the original Lee et ale (1987) 

method included a Sep-pac column wash after the derivatiza

tion step. According to the authors, the standard procedure 

was acceptable, but when compared to the modified procedure 

which obviously imply a more selective clean-up of toxin 

samples, it appears that the new method was superior for both 

quantitative as well as qualitative interpretation of HPLC 

test results. After the derivative has been formed and the 

HPLC eluates evaluated, further confirmation of fluorescent 

esters can be accomplished by retrieving fractions from the 

column outlet and, previous carrier evaporation, subjected to 

FAB-mass spectrometric measurements by a negative mode using 

glycerol as a matrix. (Lee et al., 1989) 

Lately, a new confirmative approach was introduced by 

Marr et al., (1992b). Instead of a fluorometric derivative, 

acylated products of OA and related compounds can be directly 

detected using HPLC coupled with ion mass spectrometry. This 
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methodology is well suited in determining OA-related 

compounds (such as the dinophysis toxins) which have a higher 

molecular weight, and are consequently more lipophilic, can 

not be analyzed by HPLC as ADAM derivatives. 

In Vitro Methods 

It is well known that most extra cellular agonists exert 

their effects on cells by activating or inhibiting 

transmembrane signaling systems that control the production 

of second messengers. The latter then, mediate the actions of 

agonists by modulating the activities of protein kinases and 

protein phosphatases. Protein phosphorilation and dephospho

rilation is one of the major mechanisms of signal integration 

in eukariotic cells. Phosphorilation or dephosphorilation of 

the amino acids serine, threonine, and occasionally tyrosine 

triggers conformational changes in regulating proteins 

(enzymes). These changes lead to physiological responses that 

are evoked in particular by OA, i.e., the inhibitory effect 

of the activity on these enzymes. (Cohen, 1992; Takai et al., 

1992; Tanti et al., 1991; Wilson et al., 1991). 

Based on this principle, Holmes(1991) described an HPLC 

method, linked to a protein phosphatase bioassay, for the 

detection and quantitation of 10 pg okadaic acid, by specific 

inhibition of both protein phosphatase 1 and 2A (PP1/PP2A). 
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Recently, Luu et ale (1993), applied this procedure as 

an screening procedure to the analysis of several cultivated 

mussels populations from different regions of Canada and 

Europe. Surprisingly, the level of okadaic acid was far 

bellow the previously accepted quarantine level of 200 ng/g 

shellfish. However, several other phosphate inhibitors were 

detected. The authors suggested that these inhibitors may be 

components of the toxin profile associated with DSP and 

that the results are consistent with the hypothetical model 

in which bacteria, cyanobacteria and dinoflagellates combine 

to produce a variety of protein phosphatase inhibitors 

effective against signal transduction pathways in higher 

eukariotics. 

Exploring this fact, Suganuma et ale (1992) identified 

four main types of okadaic class compounds as inhibitors of 

the catalytic subunits of protein serine/threonine phos

phatases 1 and 2A. These 4 types of compounds are: okadaic 

acid, calyculin A, microcystin L-R, and tautomycin, toxins 

isolated from a black sponge (Halichondria okadai), a marine 

sponge (Discodermia calyx), a blue-green algae (Microcystis 

aeruginosa), and Streptomyces spirover ticillatus, respec

tively. 

Azmil et al., (1992) developed a short-time bioassay 

based on the cytotoxic effect of okadaic acid for KB cells 

cultures. The sensitivity is 0.125 pg of okadaic acid. The 
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method is based in a microscopic evaluation of toxic induced 

changes in cell morphology. After a three hour contact, the 

minimal active concentration of OA to induce cytotoxicity is 

monitored. The author reported this is a rapid and 

reproducible technique the does not require the use of living 

animals. 

As outlined above, all the mentioned techniques, in one 

way or another requires of an extraction procedure which due 

to the chemical nature of the target substance, implies the 

use of organic solvents and more importantly, time. However, 

wi th the development of the radio and enzyme-linked 

immunoassays using polyclonal antibodies first, and presently 

monoclonal antibodies, new avenues were opened to many fields 

such as food safety, medical sciences, diagnosis, etc. As 

these new methodologies become available, advantages such as 

ease of performance (even in a non-lab environment), user 

friendly, inexpensive format, and time-saving became evident. 



CHAPTER III 

THE DEVELOPMENT OF AN ENZYME-LINKED IMMUNOSORBENT ASSAY 

(ELISA) FOR THE CLINICAL DIAGNOSIS OF CIGUATERA 

ABSTRACT 
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Ciguatera poisoning is a syndrome produced by the 

consumption of tropical fish contaminated with a family of 

polyether-like chemicals generically called ciguatoxins. The 

development of analytical methodology for monitoring as well 

as clinical settings has been hampered due to the 

unavailability of standards in sufficient amounts to conduct 

validation studies. The detection of a less potent toxin, 

okadaic acid, also associated with ciguatoxic fish, but in 

expected higher amounts has been evaluated utilizing a 

competitive ELISA protocol were an excess of analyte is used 

as a binder in a format that involves the addition of a known 

amount of labeled antigen; in essence, the method implies 

both antigens competing for bound antibodies. 

The performance as well as the diagnostic value of the 

assay for ciguatera poisoning in human serum was evaluated, 

and sensitivity and specificity scores of 66.7 and 95%, 

respectively, were obtained. 
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INTRODUCTION 

Ciguatera toxins are odorless, tasteless and do not 

infer any organoleptic detectable change in contaminated 

samples moreover, because of the unavailability of standards 

in enough amounts to develop any validation study, bioassays 

have been used traditionally to monitor suspected toxic fish. 

Historically, the mouse bioassay (a tedious and expensive 

approach) or other convenient bioassays (shrimp, fly, and 

mosquito bioassays) were used but, along with reliability, 

cost and time consuming restrictions, all traditional 

bioassays have one common disadvantage, the lack of 

specificity for individual toxins. 

Currently, emerging technology based on immunochemistry 

has been adopted for developing new approaches for the 

detection of ciguatera-related toxins; among then, radio

immuno assays (RIA), solid-phase immuno assays (S-PIA), and 

enzyme-linked immunosorbent assays (ELISA). 

RIA were originally designed as a direct competitive 

immunoassay in which an unlabeled antigen being measured 

competed with known amounts of iodinated antigen for binding 

sites on a limited quantity of a high-affinity antibody. 

Hokama et al. (1977) developed a RIA for the detection 

of ciguatoxin (CTX) directly in contaminated fish tissues. In 

the assay, ciguatoxic extracts (isolated from toxic moray 
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eels) were conjugated to human serum albumin (HSA)~ using 1-

ethyl-3-(3-dimethylaminopropyl) carbodiimide as a conjugate. 

Rabbi ts and sheep were used to raise anti-ciguatoxin-HSA 

which was later labeled with 125I. 

Later in 1982, Kimura et ale evaluated the above 

mentioned RIA method in the ability to distinguish toxic from 

non-toxic fish tissues. Of the total of 42 clinically 

documented specimens, involving 12 species, 39 (93%) gave 

border-line or positive results. Based on this information 

the researchers developed a 2-year market place monitoring 

program for amberjack fish (Seriola dumerili), one of the 

major ciguatera-implicated species in Hawaii. The RIA was 

used to screen a total of 5,529 samples, for a total weight 

of 40,662 kg. Eight hundred twenty-five specimens (15%) were 

rejected during that period, and as a result of the program, 

no single case of ciguatera poisoning was caused by RIA

tested fish. 

In 1988, Levine et ale raised a polyclonal antibody in 

rabbit against an okadaic acid (OA) immunogen, prepared by 

conjugation of OA to bovine serum albumin (BSA) with 

carbodiimide, and developed a RIA specific for this toxin. 

The authors stated that the binding of OA to the antibodies 

in one antiserum was inhibited by as little as 0.2 pmoles of 

unlabeled OA. 
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However, assessment of the RIA method with fishes from 

clinically documented cases of ciguatera has shown some 

inconsistency. Also, recovery of the toxins from cooked 

tissues and heated samples generally gave variable results. 

Additionally, to be economically feasible, the RIA method is 

limited to fish weighting more than 9 kg. Moreover, the assay 

was not suitable for routine use due to high equipment cost 

and time involvement. 

The first version of S-PIA involves the immobilization 

of one of the reactants by hydrophobic interactions to either 

the inner surface of the microtiter well or any other 

suitable surface (membrane, bamboo coated stick, glass 

agglutination dish, etc.). This passive adsorption protein

based phenomenon has lead to the development of several 

methods in which ciguatoxins are detected by the attachment 

of specific antibodies covalently bound to an enzyme. The 

latter reacts with a suitable substrate to produce a colored 

product which can be quantitatively related to the amount of 

toxin in the tissue being analyzed. 

Berger and Berger (1979) failed in their attempt to 

develop a suitable method for detecting ciguatoxin in toxic 

samples. Procedures using acetone extracts of the fish 

tissue, ground tissue and pellets of flesh did not give 

reproducible results. They reported the use of phosphatase, 

peroxidase and B-galactosidase for color development 
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purposes. The authors reported that the lack in response was 

due to the presence of anti-human albumin, resulting from HSA 

which was used to complex the CTX as an immunogen, masked 

the presence of small amounts of anti-CTX. Several attempts 

to demonstrate the presence of specific anti-CTX antibody by 

either counter electrophoresis or radio-electro-complexing 

failed to show a band for a ciguatoxin-protein-anticiguatoxin 

complex. 

Hokama et ale (1984) developed a competitive immuno

assay for direct fish tissue testing. They used the same 

procedure for antibody production as for the RIA procedure 

(Hokama et al., 1983), but the antibody was coupled to 

horseradish peroxidase (HRPO), instead of iodine-125. The 

method outlines the preparation of small sample disks (3 mm 

thickness x 3 mm diameter) set in a 96-well polystyrene 

microtiter plate, fixing it with 0.3% H202 in MeOH, labeling 

with a 1: 100 dilution of anti-CTX-HRPO conjugate and 

quantifying with 4-chloro-1-naphtol as a substrate at 405 nm. 

The interpretation of results was based in the ratio of 

absorbance values between the mean absorbance value of the 4 

samples from each tissue section of the unknown test fish 

divided by the mean absorbance value of 76 negative non-toxic 

fish (0.0. = 0.233). The authors reported similar results as 

previously stated using RIA. 
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Significant differences (P < 0.001) in the binding 

between anti-CTX and clinically documented toxic fish and 

non-toxic specimens were established. Competitive examination 

with purified CTX indicated that anti-CTX attached to the 

toxin and extended its binding capacity to other structurally 

related compounds, such as OA and brevetoxin. The level of 

sensitivity of the method was assessed from 0.01 to 0.005 ng 

of CTX (Hokama et al. 1984). 

In 1985, Hokama presented a third immunologic procedure, 

utilizing the same sheep-anti-CTX antiserum preparation, in a 

rapid and simplified "stick test". In this format, bamboo 

sticks (length 21 cm x 3 rnm diameter) were used. Fish samples 

are poked with the skewer end of the stick coated with the 

Liquid Paper (Liquid Paper Corp., Rockville, MD), at the 

dorsal, ventral, anterior and posterior sections of a side or 

both sides of the fish. 

Two years later, Hokama et al., (1987) assessed the 

ability of the method to detect ciguatoxic fish with 

clinically documented fish (9), transvectors obtained in the 

same vicinity of the implicated ones (119), portions of non

toxic fishes that were consumed without incident (55), and 

specimens from the near shore waters of Hawaii where toxicity 

occasionally occurs (343). Test results demonstrated signifi

cant differences (P < 0.005) between clinically implicated 

toxic fishes and samples of non-toxic consumed fish. The 
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authors reported that 27.2% of the total analyzed samples 

from Hawaiian waters were positive, as well as 38.2% of the 

samples from the island of Oahu. 

Finally, the authors claimed that the stick test was 

simple, rapid, and inexpensive, with sufficient specificity 

and sensitivity to evaluate the levels of ciguatoxin and 

related polyether in endemic areas. 

Because of reported false positive results experienced 

in the above mentioned methods, which utilized the same 

polyclonal sheep anti-CTX antibody preparation, Hokama et 

al., (198S) and Hokama et al., (1989 and 1990) developed 

monoclonal anti-CTX and anti-OA antibodies by the hybridoma 

technique utilizing BALB/c mice and a non-immunological 

secreting X63-Ag8 strain of myeloma cells in an attempt to 

overcome the cross-reactivity phenomenon. They designated the 

monoclonal antibody from the hibridoma as MAb-CTX (SC8). As a 

result, the authors reported more specificity (less cross

reactivity) and lower background color in assessing toxicity 

values in toxic samples. In a 2-year evaluation study, a 

total of 22S fish were consumed without an incidence of 

reported ciguatera poisoning (Hokama et al., 1990). S-EIA 

values of 0.92 ± 0.01 were reported; even though there is 

still a moderate cross-reactivity of MAb-CTX (SC8) with OA, 

which is not surprising since it has been demonstrated that 

part of the structure of CTX is very similar to OA (Dickey et 
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al., 1990; Hokama et al., 1990; Lewis et al., 1991) and the 

fact that OA accumulates in the flesh of contaminated fish 

(Gamboa et al., 1992). 

Hokama et al., (1990) evaluated the stick test in a two

year study monitoring Caranx sp. and Seriola dumerili 

specimens. All the clinically implicated samples were 

positive and all the samples considered safe (~ 1.2 value) 

and consumed after testing gave no false-negative results. 

In 1990, Hokama adopted the particulate S-PIA approach 

in dealing with the detection of CTX and related polyethers. 

In this case the antigen-antibody complex was evaluated 

through the ability of colored latex beads, to which the 

monoclonal antibody anti-CTX had been bound, to recognize 

toxins attached to liquid-coated bamboo paddles previously 

exposed to toxic fish. When compared to the stick method 

(Hokama, 1985) in evaluating 26 documented toxic samples a 

100% agreement was found. 

Based on the same principle, HawaiiChemtect Internation

al (HeI) developed a commercial kit in which the bamboo 

paddle device is substituted by a plastic strip having a 

membrane on one end. The presence or absence of the toxins is 

determined by binding the toxins to the membrane and exposing 

the toxin ladened membrane to a monoclonal antibody-colored 
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latex bead complex. The intensity of the color on the 

membrane denotes the presence of the toxins. 

Park et ale (1992) submitted this procedure for a mini

collaborative study in order to assess precision parameters 

through the AOAC/IUPAC inter-laboratory validation mechanism. 

For determination of CTX and related polyethers, twelve 

parrot, surgeon, and amber jack fish fillet and fish extract 

test portions containing various concentrations of toxins 

were distributed to participating laboratories for analysis. 

The relative standard deviations for repeatability (RSDr ) as 

well as the relative standard deviations for reproducibility 

(RSDR) to either fillets or extracts evaluations gave values 

comparable to those obtained in inter-laboratory studies 

evaluating TLC, ELISA, and affinity column methods for 

aflatoxins in various commodities. 

Concerning the development of immunoassays for the 

detection of OA, more reliable approaches have been obtained. 

Uda et al.(1989) published the raising of a monoclonal 

antibody for diarrheic shellfish poisoning (DSP) toxins and 

the development of a competitive ELISA. The detection 

capability ranges from 5 to 300 ng/ml with a 100% recovery 

value. For monitoring purposes for mussels, a 20-minute 

sample preparation is outlined and cross-reactivity with 

other OA analogs is reported. 
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In 1989, Usagawa et ale developed another monoclonal 

antibody against OA. A sensitivity value of 10 ng/mL was 

reported, and again cross-reactivy was detected with OA 

analogs. Because of the use of organic solvents, such as 

acetone and methanol, during toxin extraction of marine 

samples, the authors evaluated the effect of the later on the 

sensitivity of a competitive ELISA format. A methanol 

concentration below 45% was for good recoveries from marine 

samples without affecting method performance. 

Tubaro et al., (1992) evaluated the performance of the 

ELISA method in a monitoring program for DSP in Italy. The 

range of linearity of the response (0.01-0.1 ~g/mL), the 

recovery (99-109%) and the reproducibility «20% CV) of the 

measures were assessed from seven stations. They found a 25% 

reduction in OA concentration when duplicate readings were 

taken 1 hour after the extraction. It is important to take 

this fact into account since recovery and reproducibility 

values for any particular method are linked to the extraction 

procedure. 

MATERIALS AND METHODS 

All inorganic chemicals and organic solvents were 

reagent grade or better. Micropipettes, disposable tips, 

glassware, 96-well, flat bottom microtiter plates (Falcon 
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Assay Plates®) were acquired from different suppliers and 

handled as suggested by the manufacturer. 

Serum samples: Twenty "Normal" serum samples were 

collected by Dr. Kenneth Dominguez, Division de Epidemiolo

gia, Departamento de Salud, San Juan, Puerto Rico, and sent 

to our laboratory the following day. Upon arrival the samples 

were sterilized in a water bath at 59°C for 1 hour and stored 

at 4°C until analysis. 

Serum samples from suspected ciguatera patients were 

received from three different physicians and sent by HCI 

following a collection protocol with an attached history 

questionary. Heat treatment and storage procedures were 

performed identical to "normal" samples. 

Okadaic acid: 95% +purity, isolated and purified from 

Prorocentrum concavum, was supplied by Dr. R.M. Dickey, Food 

and Drug Administration, Fishery Research Branch, Dauphin 

Island, Alabama. Confirmation of identity was performed by 

Dr. Dickey, (Dickeyet al., 1990). 

Anti-okadaic acid monoclonal antibody (Anti-OA MAb): 

supplied by Calbiochem®, La Jolla, California, Lot NQ 474892, 

was diluted in dH20 and stored at -20°C in working aliquots. 

Second antibody: Goat Anti-mouse IgG & IgM-HRPO from 

TAGO® Inc., Burlingame, California, Lot NQ 3210 & 1602 was 
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prepared by diluting the reagent in 1% (w/v) non-fat dry milk 

(NFDM) prior use. 

ATBS Peroxidase Substrate®: (2,2'-azino-di[3-ethyl

benzthiazoline sulfonate]) supplied by Kirkegaard & Perry 

Laboratories Inc., Gaithersburg, Maryland, was employed for 

color development according to manufacturer directions. 

Okadaic acid-BSA conjugate 

The OA-BSA conjugate was prepared as described by Levine 

et ale (1988). Briefly, to 225 pg of OA (in 200 pL dimethyl

sulfoxide, DMSO), 500 pL of a bovine serum albumin solution 

(20 mg/mL H20 at pH 7.4), and 10 mg 1-ethyl-3(3-dimethylamino

propyl) -carbodiimide HCl were added, and the reaction 

mixture, which remained clear, was stirred overnight at room 

temperature. The reaction mixture was dialyzed exhaustively 

at 4°C against five changes of 1 liter phosphate-buffered 

saline (PBS) solution. 

ELISA Methodology 

The ELISA method employed was developed and standardized 

with assistance and direction provided by the Hibridoma Core 

of the Health Center, University of Arizona. Briefly, 96-well 

poly-styrene microtiter plates were coated, covered and held 

at 4°C overnight with OA-BSA conjugate in sodium carbonate 

buffer. Conjugate treated plates were washed with Tween 20 in 
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PBS (PBS-Tween) followed by washes with PBS, and aspirating 

the content. Non-specific binding was decreased by 

incubating each well for 30 min. at 37°C with 200 ~L of 1% 

(w/v) NFDM in ddH20. No wash was done after the incubation 

step. 

Next, using a separate plate a 50 ~L of aliquot of each 

sample (1 ~g/mL serum serially diluted up to 10-5 in PBS) or 

50 ~L of OA standard, were mixed with 50 ~L of Anti-OA 

monoclonal antibody (diluted 1:5000 in carrier media). Fifty 

(50) ~L of this mixture were added to OA-BSA coated wells. 

Plates were incubated for 1 h at 37°C and washed three times 

with PBS-Tween and twice with PBS. After the washing step, 50 

~L of the second antibody, diluted 1:500 in 1% NFDM, was 

added to each well and the plate incubated 1 h at 37°C. 

After washing the concentration of bound enzyme-labeled 

antibody complex was determined spectro-photometrically, 

following a 20 min. reaction time with 100 ~L of ABTS 

peroxidase substrate, using a Titerteck Multiscan MCC/340 

reader at 405 nm. 

Assessment of OA-BSA conjugate binding efficiency 

Four different dilutions using two separate media, 144 

mmol/L of PBS pH 7.4, and 50 mmol/L of carbonate buffer (CB) 

were evaluated as OA-BSA conjugate-carrier during the binding 

step. Binding performance is assessed spectro-photometrically 
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by determining the absorvance values of the bound Anti-OA MAb 

labeled with a second antibody, as outlined in the ELISA 

protocol. The plate format is depicted in Appendix A (Figure 

A.1) • 

Assessment of the coating efficiency of the OA-BSA conjugate 

A commercially available protein determination method 

(PIERCE, Micro BCA, Protein Assay Reagent®, Rockford, 

Illinois) was used to assess the efficiency in coating 

microtiter plates. The coating was carried out with OA-BSA 

conjugate diluted 1/1000 in sodium carbonate buffer pH 9.6. 

Different volumes were assayed namely 25, 50 and 100 ~L in a 

plate format as presented in the Appendix A (Figure A.2). 

Coating was then allowed to proceed overnight at 4°C. 

Three washes in PBS supplemented with 0.05% of Tween (PBST) 

were performed followed by two washes in PBS. A modification 

of the standard protocol was performed by adding 100 ~L of 

the Working Reagent® to each well, 

A protein standard curve was prepared in the range 0.5-5 

~g/well by adding 100 ~L of protein solution, in 10 mmol/L 

sodium carbonate buffer (pH 9.6), to uncoated wells plus 100 

~L of Working Reagent. After incubation at 60°C for 60 min., 

the plate was spectro-photometrically read at 560 nm. 
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The effect of Anti-mouse IgG k IgM-HRPO concentration Qll the 

performance of the ELISA format 

As presented in previous section, a chromogenic system 

was developed utilizing the reaction of a second antibody, a 

HRPO-conjugate, bound to the Anti-OA MAb previously attached 

to the antigen. 

The performance of four different dilutions of the 

conjugate in 1% NFDM, namely 1/500, 1/1000, 1/5000 and 

1/10000, was evaluated at various levels of OA-spiked serum. 

Data Analysis 

Random as well as the bias error was determined 

utilizing two software programs (StatviewS & Cricket GraphS) 

on a Macintosh Classic II, 4 MB RAM and 80 MB of memory. The 

reproducibility of the assay was assessed by determining the 

coefficient of variance (CV). 

In an attempt to explain both, the random and the bias 

error associated with ELISA data analysis, and for quality 

control purposes and data analysis, three different curve fit 

strategies were used (polynomial, spline and logit fitting 

methodologies). 

Information concerning recovery from extraction method

ologies was done by computing the ratio between the slopes of 
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the regression equations that describe the responses between 

any two treatments. 

Finally, the diagnostic performance of the test is 

evaluated by the classical epidemiological approach when 

elaborating tables for sensitivity as well as specificity. 

Additionally, the predictive value of the ELISA method as a 

diagnostic tool is calculated. 

RESULTS AND DISCUSSION 

Assessment of the binding efficiency of the OA-BSA conjugate 

Solid-phase immunoassays have become routine in medical 

diagnostics, microbiology, biochemistry, immunology, and 

other areas of medical and veterinary sciences. The use of 

96-well polystyrene microtiter plates has been particularly 

popular because they are inexpensive, convenient to use and 

there exists a wide selection of equipment for automation. 

The ELISA protocol involves the immobilization of one of 

the reactants on the inner surface of the microtiter well, 

usually by passive adsorption, and the nature of the binding 

is believed to depend on hydrophobic forces. There is no 

evidence in the scientific literature which states that 

passive hydrophobic adsorption does not result in molecular 

alteration of the adsorbed proteins. The use of a solid phase 

to immobilize one reactant also means that eventual antigen-
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antibody interaction takes place within a small interface of 

unknown dimensions, i.e., unknown reaction volume. This means 

that the solution phase must diffuse to the interface to have 

an opportunity to bind the immobilized reactant (Butler et 

al., 1992). 

However, because of this physical phenomenon, there is a 

need for an absolute standardization of the protocol. This is 

due principally to three reasons, i.e., denaturation and 

changes in the molecular structure when protein molecules are 

bound to plastic surfaces (Peterman, 1991), changes in 

antibody-antigen valence (Voller et al., 1980), and because 

of steric constraints (Pesque and Michael, 1992; Raggatt, 

1991). 

On Figure 3.1, the typical of the law of action mass for 

the antibody-antigen reactions has been demonstrated using a 

o .1M CB solution (pH 9.6). As the concentration of the 

reactants is increased, the reaction moves toward 

combination, and as the system dilutes, the reaction shifts 

to dissociation. 

Similar results were obtained when the pH as well as the 

carrier (PBS, pH 7.4) were changed (Figure 3.2). This means 

that under these working conditions, the required linearity 

was maintained. 
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Based on these observations, the 0.1 M carbonate buffer 

system (pH 9.6) was selected as the carrier solvent for the 

OA-BSA conjugate during the coating step. This reduced the 

possibility of anionic reactions on the protein surface that 

will interfere with the binding process and was consistent 

with the physicochemical information already discussed. The 

raw data for these studies is contained in Appendix A (Tables 

A.1 and A2). Included in these Tables are the absorbance 

values for each dilution at different levels of OA. 

Assessment of the coating efficiency of the OA-BSA conjugate 

Due to low conjugate concentrations in coating solutions 

and the required washing steps following coating, an uncer

tainty exists as to the extent of coating when microtiter 

plates are covered with either antigen or antibody for sub

sequence ELISA-testing, (Sorensen and Brodbeck, 1986a and 

1986b) • 

Smith et ale (1985) developed a procedure for protein 

determination based on the formation of a colored complex 

which results when the Cu+1 ion reacts with bicinchonic acid 

(BCA) in alkaline media. This principle has been adapted by 

PierceD and a commercial kit for micro protein determination 

has been developed. The principle of the kit takes advantage 

of the presence of oxidizable protein components such as 
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tyrosine, cysteine, and tryptophan which are able to reduce 

cupric ions to the active forms. 

An additional evaluation of the consistency and homo

geneity of the coating system was accomplished by measuring 

the amount of conjugate bound to the microtiter plates. For 

the current. study, working conditions of 16 hours incubation 

at 4°C seemed to be appropiate for this purpose. The results 

of three coating volumes, 25, 50 and 100 ~L, and the amount 

of bound protein, 52, 130 and 292 ng/well, respectively, are 

presented in Table 3.1. 

These results strongly agree with values reported by 

Sorensen and Brodbeck (1986b), who reported binding 

capacities of 95-380 ng/well when 100 ~L coating solution 

were used in a well of 0.7 cm diameter. The relationship 

between color yield on protein concentration (0.5-5 ~g/well) 

was used as a calibration curve for quantification purposes 

(Figure 3.3); the raw data is presented on Appendix A (Table 

A.3). 

The effect of Anti-mouse IgG ~ IgM-HRPO concentration on the 

performance of the ELISA format 

As mentioned by Ngo (1985), O'Sullivan (1984) and 

others, the substitution of an enzyme label for radiolabeled 

iodine made the difference between two broad techniques in 

immunochemistry: RIA and EIA. The former has played important 
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roles in facilitating and accelerating basic discoveries in 

biomedical sciences and has become a standard tool in 

laboratory medicine. The rapid and wide spread acceptance of 

these techniques can be attributed to the general 

applicability of the method provided the antibody specific to 

the analyte is available. 

There are, however, several drawbacks, including the 

relatively short-live of gamma-ray emitting isotopes, the 

health hazards involved in preparing isotopic labels, and in 

handling and performing the test. Other disadvantages include 

radioactive waste disposal, the time consuming methodology, 

compelling and enforceable radiation permit requirements, and 

the difficulty in automating the system. In this respect, 

many attempts have been implemented to replace the use of 

radioactive materials and, as a result, several non-isotopic 

techniques have been designed including the use of enzymes. 

Books have been devoted to cover this emerging methodology, 

and because of safety and convenience, the use of EIA 

procedures in laboratories that formerly would never have 

considered using RIA became evident. 

As can be realized now, the ELISA protocol involves a 

series of consecutive and closely dependent steps which 

results in the quantification of the analyte of interest. 
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Antigens can be precisely measured using either 

heterogeneous or homogeneous assays (O'Sullivan, 1984). In 

the homogeneous assay, there is no need to separate the 

formed antigen-antibody immune complexes from the remaining 

free antigen and antibody. In heterogeneous procedures, the 

separations are necessary and are associated with washing 

steps to eliminate the excess reactants and substances that 

are present in biological media that might interfere with the 

assay (Avremeas, 1992). 

In general, ELISA formats are based on the use of either 

enzyme-antibody or enzyme-antigen conjugates, and on the use 

of chromogenic substrates. However, in order to detect low 

amounts of the analyte of interest and because of the nature 

of the process, the working conditions for the evaluation of 

the enzymatic signal must be properly determined. 

Again, due to the fact that one of the reactants is 

already bound to the reaction vessel, diffusion consideration 

of the reactant in solution must be considered. Consequently, 

the effect of the concentration of the second antibody plays 

a definite role. 

The effect of the concentration of the second antibody 

on the ability of the system to detect different amounts of 

OA is shown in Figure 3.4. The best response was obtained 
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when a 1/500 dilution of Anti-mouse IgG & IgM-HRPO conjugate 

is used. 

It is important to point out that the discriminatory 

power of the system was better at low level detection range 

(1-0.001 ng/ml) when comparing the 1/500 vs. the 1/1000 

curve. Also, when using the 1/1000 dilution of the second 

antibody, a definite difference in response at low level 

range was observed when comparing the 1/1000 dilution curve 

between PBS and serum as carriers for the standard evaluation 

of the antigen (Figure 3.5); the raw data for this section is 

listed in Appendix A (Tables A.4 and A.5) and contain 

absorbance values per dilution, at different levels of OA in 

both carriers, serum and PBS, respectively. 

Quantification of these effects as well as the 

importance of each factor will be discussed in the next 

section. 

Data analysis and quality control 

Topics addressed this far have characterized the general 

"protocol parameters" for the competitive ELISA format for 

detecting OA in serum samples. This section, on the other 

hand, will evaluate additional method parameters to assure 

minimal error when quantitating analyte concentration in 

serum samples of unknown composition; in other words, quality 

control. 
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It is also important to keep in mind that because of the 

evaluation of the format, a typical analytical separation 

maneuver where the binder-ligand, i.e., antibody-antigen 

assay, quantitates the substance of interest, the analyte. 

Therefore, in the process of establishing the working 

conditions it was necessary to evaluate a set of known 

analyte concentrations using the analytical method. 

After a series of chemicals and physicals manipulations, 

and exploiting the specific affinity between the two 

reactants, the unbound reagents are separated, and the bound 

fraction is evaluated spectro-photometrically. The results 

will be then a monotonic function of the analyte 

concentration, and a plot of the response vs. the analyte 

concentration constitutes a calibration curve. This process 

portrays the so called "calibration of the assay". 

Subsequently, a small volume of test portion is examined 

using the same analytical method, and a response is obtained. 

Now the calibration curve is used to determine the analyte 

concentration that corresponds to this response. This process 

is known as "interpolation". 

In one way or another, calibration and interpolation are 

the core procedures of any assay. Consequently, any attempt 

to demonstrate adequat~ quality control must consider these 

two aspects. As a result, two potential errors have to be 
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considered, i.e., the reproducibility of a result (random 

error), and the bias or systematic error mainly associated 

with the interpolation step. The cross-reactivity, in which a 

ligand other than the analyte reacts with the assay binder, 

and errors due to interference or the influence of substances 

can modify the final assay measurement with or without 

participating directly in the binder-ligand reaction. 

Slight differences in test results can be obtained due 

to the random error. Generally, the values will tend to 

cluster about some central value, the mean, and the tendency 

of dispersion can be estimated by determining the standard 

deviation. The degree of reproducibility of an assay 

technique can be assessed by determinig the coefficient of 

variance (CV), defined as the ratio between the standard 

deviation (SD) and the mean. 

An estimation of the within and between batches error, 

also known as the precision of the assay can be assessed by 

the development of precision profiles. As mentioned by 

Peterman (1991), immunoassay estimates are commonly performed 

in duplicate. This allows the assessment for each batch the 

within-sample and the within-batch SD across a wide range of 

concentrations. This gives a "precision profile" which can be 

plotted as the relationship between the within-sample CV and 

the concentration of the analyte in the test portion. 
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Figure 3.6, shows the statistical analytical results 

when two matrixes are used, serum and PBS. And, as will be 

discussed later, these data reveal the importance of using 

carriers for standard solutions of the same chemical nature 

which comprise the samples routinely analyzed by the assay. 

Consequently, to assure that a systematic error (bias) would 

not be introduced into the assay, it was decided to use serum 

as the standard solvent for calibration means. 

Another way to express the imprecision or degree of 

irreproducibility is through the confidence intervals, and 

as was mentioned before, the interpolation process could be 

an important source of error. There are two basic problems 

associated with this approach in fitting an equation to 

points which contain associated errors. One is related to the 

equation itself and the other to the distribution of the data 

points. 

The response of the ELISA format developed is presented 

in Figure 3.7. A classical sigmoid distribution is evident 

which, however, poses a major challenge to interpolation of 

test results. 

In some cases the problem of fitting the 'n' 9ata points 

into a polynomial distribution is overcome by developing an 

equation having the power of 'n-1'. As shown in Figure 3.8, a 

polynomial of order four looks like a very good fitting 
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equation. There are, however, two important restrictions in 

its application. First, due to oscillations between any two 

consecutive set of points, a very erratic tendency will be 

produced, which worsens as the degree of the polynomial 

increases. The second restriction is associated with the 

complexi ty of the solution of any high order equation 

(Rodgers, 1984). 

Another approach used to evaluate quality control is the 

Spline technique, in which the data points are separated 

into small groups and fitted into low-order polynomials. 

Then, each of the short curves is modified in order to compel 

it to join smoothly to the next. This involves recalculating 

all the curves repetitively until the joints between the 

segments and the fit of each segment to its data points are 

acceptable. The composite mathematical function obtained is 

called the 'spline function'. Both the curvilinear 

interpolation as well as the spline function are methods 

which will fit the experimental data closely no matter how 

unlikely the data points are on chemical grounds. 

Probably the most used and abused fitting method is the 

so called 'polynomial interpolation' (Canellas and Karu, 

1981). It is a sort of extension of the curvilinear spline 

method but consists of a number of short line segments rather 

than a smooth curve as demostrated in Figure 3.9. 



80 

Because of its computational simplicity as well as the 

appropriateness for use on minimal computing capabilities, 

many reports, particularly in the mycotoxin field relies on 

this type of approach (Azcona, 1990). However, as in the 

curvilinear fitting method, each segment is independent of 

the rest of the calibration curve and it is possible for some 

segments to be accurate and others not. Consequently, the 

location of the fitted curve may not be accurate due to the 

random error for a particular set of data points. More 

important, the equation itself may not accurately describe 

the data, producing a bias in the fit. 

An example of this can be shown by trying to fit the 

portion B of Figure 3.9, which is often used in many 

publications as the working range of the assay, into a 

straight line using the least squares method. It is evident, 

because of the distribution of the data points, an important 

degree of uncertainty exists concerning the location of the 

calibration line (Figure 3.10). 

Statistically speaking, a rigorous method for 

determining analyte concentrations from a measured response 

of the test portion, must consider this source of error, 

which again is determined by the distribution of the data 

points within the confidence limits. Obviously, the broadness 

of the zone of uncertainty is due to random error; however, 

if this calibration curve is used for interpolation purposes 
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a systematic error could be translated into the reported 

results. 

To avoid incorporation of this double-source of errors 

into the assay, an empirical approach, i.e., the Log-Iogit 

model has been developed (Berkson, 1951; Rodgers, 1984; 

Price and Newman, 1991). The logit expression is a continuous 

sigmoidal function with a single point of inflexion. To use 

this function for immunoassays it is necessary to assume that 

the calibration curve will fit a curve of the form: LOGIT (y) 

= a + b LOG(x), were 'y' is the assay response, which must be 

expressed as fraction bound (B/Bo) according to the following 

relation: y = B:Bo/[ 1 - B:Bo), and I x' is the analyte 

concentration (Bo = Internal positive control; B = determined 

values). 

The result of transforming the response data by 

converting it into logits, and plotted against the LOG

transformed calibrant values is presented in Figure 3.11. The 

best straight line was computed by least square linear 

regression, and more importantly, by comparing this result to 

the polygonal interpolation (Figure 3.10). Two facts become 

evident, i. e., a significant reduction in the degree of 

uncertainty due to the location of the calibration line (bias 

error) is detected and an increased working range of the 

assay is also determined by using just one function. The raw 

data describing the OA results on the ELISA format, in both 
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serum and PBS, are found in Appendix A (Tables A.5 and A.6, 

respectively) • 

Finally, concerning the accuracy of the assay, or the 

"relationship of a set of results to the correct result or 

the true result if it is known." (Whitehead, 1977) it is 

important to point out that in the analysis of biological 

fluids rarely are the true results known. 

However, in the case of certain analytes, the existence 

of a 'reference method' -supposedly capable of yielding true 

values- may make such comparison possible. For this purpose 

the OA-HPLC method as developed by Lee at ale (1987) was used 

for the detection of OA. Unfortunately, the level of 

detection of the HPLC method is many orders of magnitude less 

sensitive than the ELISA format. Under these circumstances, 

at least in principle, accuracy is neither a meaningful 

concept, nor can it be measured in practice (Ekins, 1991). 

Preliminary evaluation of the assay as s diagnostic tool for 

ciguatera fish poisoning 

In the development of an immunoassay with an acceptable 

working precision and controlling two of the most important 

sources of bias, namely interpolation error by using a Log

logi t function and the matrix error by carrying out the 

calibration standards on spiked serum, interferences and 

cross-reactivity, must be minimized. One of the proposed 
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objectives of this dissertation research has been 

accomplished, i.e., the development of an immunoassay capable 

of detecting low-level concentrations of okadaic acid in 

serum samples. However, what is the real I diagnostic 

discrimination value' of the test?, More importantly, how is 

this evaluated? 

To many observers, it may seem that new medical tests, 

procedures and devices are developing faster than the 

methodologies needed to evaluate the technology. Due to the 

unique characteristics of the ciguatera syndrome, a proper 

answer for these two questions involves necessarily the 

concert of multiple disciplines as well as the collection of 

epidemiological data derived from well designed and extensive 

studies in order to give the needed information to the 

ultimate user, the physician. 

When making a clinical decision, the uncertainty of 

medical diagnosis might be reduced by asking for more 

information, which would be useful if the 'positive predic

tive value (PPV) , (if it has a positive outcome), or the 

'negative predictive value (NPV) , of the test (if it has a 

negative outcome) are known. Otherwise it will represent an 

unpredictive cost/benefit risk upon the final recipient of 

the requested service, which happens to be the patient. 
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As mentioned before, the generation of these two single 

values (PPV & NPV), necessarily implies the knowledge of the 

discriminatory power of the test. This involves the combina

tion of three major components: variability of the test, 

variability of the disease-free population, and variability 

of the diseased population, (Reigelman and Hirsh, 1989). 

In clinical diagnoses, the usefulness of a test rests on 

its comparison to a gold standard, a test or criterion used 

to define unequivocally the disease. For ciguatera poisoning, 

no test is available. Therefore a clinical criterion must be 

established based on a proper definition and/or characteriza

tion of this syndrome. 

Lawrence et al., (1980) defined ciguatera as a sequence 

of symptoms having three principal components: gastrointesti

nal (GI), neurological (N), and cardiovascular (C-V), 

following the consumption of tropical fish and showing a 

definite course during the first 24-48 hours (Figure 3.12). 

Concerning the endemicity of this illness, four regions 

of the world have been identified and characterized: Aus

tralia, the Caribbean, Hawaii and the French Polynesia, 

(Figure 3.13). Epidemiological information available allows 

us to prepare a series of frequency distribution graphs, 

where the most frequent indicators of the desease are 

depicted with respect to area and symptoms (Figures 3.14 and 
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3.15), (Capra and Cameron, 1991; Calvert, 1991; Bagnis et 

al., 1979 and 1992; Poli et al., 1982; Engleberg et al., 

1983; Frenette et al., 1988; Lawrence et al., 1980; Morris et 

al., 1990). It is evident that, despite of the differences in 

ethnicity, geographical area, not to mention the type of fish 

involved, the symptomatology of ciguatera is quite consistent 

throughout the tropical regions of the world. Even for the 

primary region of the current study, the Caribbean, both the 

GI as well as the neurological manifestations follow similar 

profiles despite the scarcity of available information. It is 

also important to point out that clinically speaking in most 

of the outbreaks, including the Caribbean, the hallmark of 

this desease is a neurological sign referred to as 

"temperature reversion (TR)" sensation. 

Another controversial aspect has been the difference in 

symptoms following the ingestion of either herbivorous or 

carnivorous specimens (Bagnis, 1979; Kodama & Hokama, 1989). 

In a recent publication, however, and as a result of an 

extensive epidemiological study, Bagnis et al., (1992) 

reported a more accurate profile describing the ciguatera 

syndrome (Figure 3.16). 

Once the boundaries of the term disease have been 

defined and the indicators of the disease-free population 

established, samples can be collected and analyzed. With the 

results obtained, parameters such as sensitivity and 
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specificity for a distinctive criterion can be determined as 

well as the predictive value of positive and negative 

outcomes when using a particular test. 

In an attempt to set the basis for a more extensive and 

properly designed project, and in order to establish a data 

base for comparison, preliminary test results are presented 

from "exposed and normal" subjects randomly selected from a 

disease-free population of one of the most endemic areas of 

the Caribbean, i.e., San Juan, Puerto Rico. Twenty serum 

samples were provided by Dr. Kenneth Dominguez, 

Epidemiological Center of Puerto Rico, and the range of 

normality determined. 

Additionally, 3 serum samples from "ciguatera diagnosed" 

patients coded as CS-l, CS-2, and CS-3, were also analyzed. 

Table 3.2 shows the sample test responses running the 

OA-ELISA protocol and the data transformation figures using 

the LOG-Logit as interpolating function. The range of normal 

was defined as the MEAN ± 2SD, assuming a normal distribution 

and random sampling. Therefore, any response above the 1.256 

(00 at 405 nm) value was considered positive for ciguatera 

poisoning. Combining information from Table 3.2, Sensitivity 

and Specificity values were derived. 

Data analysis resulted in a Sensitivity value of 66.7% 

(proportion of those with disease according to the gold 
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standard and labeled positive by the test), and a Specificity 

score of 95% (proportion of those who are disease-free 

according to the gold standard and labeled negative by the 

test). Refer to Appendix A, Figures A.3 and A.4 for 

calculation details. 

With this information, it is possible to outline a 

general characterization of the disease in an attempt to 

provide the attending physician valuable information 

necessary for the decision-making process. This will allow 

the applicability of the test under the umbrella of 

predictive values. 

By definition, the predictive value of a positive test 

is the percentage of those with a positive test who have the 

disease. The predictive value depends on the prevalence of 

the disease with the individual or group which has been 

diagnosed. Clinically, the term prevalence means "the best 

estimate of the probability of the disease before performing 

a test" (Reigelman and Hirsh, 1989). Based on this 

information and taking into account epidemiological 

information concerning the characterization of the ciguatera 

syndrome, prevalence values for the decision-making process 

are defined below: 

95% Prevalence: Probability when the decease is very 

likely clinically (i.e., GI, N includ-
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ing TR sensation, and recent fish 

consumption history) but the clinician 

wishes to confirm it by using a diag

nostic test. 

90% Prevalence: probability when the desease is very 

likely clinically (i.e., GI, N wlo TR 

sensation, and recent fish consumption 

history) but the clinician wishes to 

confirm it by using a diagnostic test. 

50% Prevalence: probability when there is considerable 

uncertainty but the clinical presenta

tion is compatible with the disease, 
.., 

(i.e., either GI or N with or wlo TR, 

and recent fish consumption history). 

10% Prevalence: Probability when the disease is un-

likely but possible clinically (i.e., 

either GI or N wlo TR, and recent 

seafood consumption history) and the 

clinician wishes to rule it out. 

Based on the above empirical considerations and the 

performance of the OA-ELISA test on the available data 

(having a sensitivity of 66.7% and a specificity significance 

of 95%), the predictive value of positive and negative tests 

would be: (refer to Appendix A.4 for calculations.) 
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Prevalence 10% 50% 90% 95% 

Predictive value of a 
positive test 60 93 99 100 

Predictive value of a 
negative test 96 74 24 13 

As mentioned by Lusted (1982), for most clinical 

making-decision situations, it seems probable that physicians 

will get as much as 70% of the information needed to reach a 

proper diagnosis from history and physical examination. The 

remaining 30% of the information is obtained from diagnostic 

tests and other procedures. As this study has shown, the 

results of the OA-ELISA method -as in any other analytical 

procedure, is probabilistic in nature. Therefore, with the 

information presented, the challenge now goes to the 

physician to learn how to translate the findings of analysis 

into a cost-effective medical practice. 

When dealing with clinical uncertainties, a request for 

a second test is often advisable. Because of the food-chain 

nature of this disorder, analytical examination of the 

suspected implicated meal is also recommended. Chapter 4 will 

address this subject matter by the development of a rapid, 

inexpensive, and easy to perform analytical test for the 

detection of okadaic acid in fish samples. 
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CONCLUSIONS 

The performance of a competitive ELISA protocol for the 

detection of OA in serum samples has been assessed in two 

environments, i.e., the laboratory and clinical settings. 

Concerning the laboratory evaluation of the system, the 

study was divided into the methodological calibration of the 

assay itself and the interpolation process. Firstly, several 

parameters such as binding affinity and its relation to the 

diluting media were evaluated. In this respect, our data 

showed that there was no difference between the use of varied 

concentrations of either O.lM carbonate or phosphate buffer 

solutions during the coating step. In any event, the law of 

action mass principle was not affected and due to 

physicochemical considerations, the former was selected for 

the assay. 

Secondly, the homogeneity in binding the OA-BSA 

conjugate onto microtiter plates as well as its quantitation 

was assessed by adapting a commercially available micro

protein determination method. Average values of 52, 130, and 

292 ng of conjugate per well were bound when 25, 50 and 100 

pl of a 0.3 mg/ml solution of 1/1000 dilution of OA-BSA was 

added. 

Also, results of the study showed evidence that a better 

evaluation of color development was attained when a dilution 
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of 1/500 Anti-mouse IgG & IgM-HRPO for the second antibody 

was employed. 

The second point regarding the development and 

laboratory setting of the ELISA format was related to the 

interpolation process for quantification. Results of this 

study have demostrated that the Log-10git model is the best 

suited for the control and minimizing bias error. 

Equally important were the reproducibility values 

obtained by using a precision profile approach. A working 

range covering almost three log cycles below 0.1 #-Ig /mL 

revealed a CV of ( 30%. 

wi th reference to the diagnostic value of the ELISA 

protocol and based on the results from a "normal" and 

"clinically diagnosed" populations, sensitivity and speci

ficity values of 66.7 and 95%, respectively, were obtained. 

Combining these values with hypothetical prevalence scores 

(empirically defined as a criterion for the ciguatera 

syndrome), the predictive significance of positive and 

negative outcomes is also evaluated and their implementation 

suggested for clinical use. 
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Figure 3.1 coating Binding Efficiency of OA-BSA Conjugate 
in Carbonate Buffer (CB) Using an ELISA Format. 
Fifty (50) ~L of diluted (1/1000 to 1/8000) OA
BSA conjugate in 50 mmol/L of CB, pH 9.6 were 
added to individual microtiter wells. After 
incubation overnight at 4°C, 50~L of Anti-OA 
monoclonal antibody diluted in 1% non-fat dry 
milk (0.1 ng/well to 10 ng/well) were added. 
The plate was read spectro-photometrically at 
405 run. Each data point is the average value of 
two readings. 
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00 (405 run) 

0.5 

0 

0.1 1 10 

OA-MAb (ng/well) 

y = 1.056LOG(x) + 0.995 r = 0.996 0 PBS (If 10(0) 

Y = 0.890LOG(x) + 0.761 r = 0.994 <> PBS( 1/2000) 

Y = 0.590LOG(x) + 0.473 r = 0.987 0 PBS(l/4000) 

Y = 0.434LOG(x) + 0.284 r = 0.967 A PBS( 1/8000) 

Figure 3.2 coating Binding Efficiency of OA-BSA Conjugate 
in Phosphate Buffer Saline (PBS) Using an 
ELISA Format. Fifty (50) pL of OA-BSA 
conjugate diluted (1/1000 to 1/8000) in PBS 
were added to individual microtiter wells. 
After incubation overnight at 4°C, 50 pL of 
anti-OA monoclonal antibody diluted in 1% 
non-fat dry milk (0.1 ng/wee to 10 ng/well) 
were added. The plate was read spectro
photometrically at 405 run. Each data point is 
the average value of two readings. 



TABLE 3.1 Coating Efficiency of the OA-BSA Conjugate 
on Micro-platesa 
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Volume Absorbance OA-BSA Conjugate 
(pL) valuesb (ng/well)c 

25 0.018 ± 0.011 52.0 
50 0.033 ± 0.006 130.0 

100 0.064 ± 0.010 292.0 

a Incubated overnight at 4°C 
b Values are means (n = 24) ± standard 

deviation 
c Determined using the fitting line equation 

from Fig. 3.3 
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Figure 3.3 
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BSA (Ilg/well) 

Effect of Bovine Serum Albumin (BSA) Concen
tration on Color Yield. One hundred (100) ilL 
of a solution of bovine serum albumin (500 
ng/mL to 0.5 ng/mL in 10 mmol sodium 
carbonate buffer, pH 9.6) were added to 
individual microtiter wells, followed by 100 
ilL of BCA Pierce@ reagent. After incubation 
at 600C for 60 minutes, the plate was read 
spectro-photometrically at 560 run. Each data 
point is the average of 3 determinations. 
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Figure 3.4 Effect of Various Concentrations of Anti-mouse 
IgG & IgM-Horseradish Peroxidase Conjugate 
(IgM-HRPO) on the Performance of a Competitive 
ELISA Format. Fifty (50) ~L of Anti-mouse IgG 
& IgM-HRPO diluted 1/500 to 1/10,000 in 1% 
non-fat dry milk, were added to individual 
microtiter wells. Then, 100 ~L/well of the 
enzyme substrate were added, after incubation 
at room temperature for 20 min. the plate was 
read spectro-photometrically at 405 nm. Each 
data point is the average of readings. 
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Comparison of PBS and Serum as Carriers 
of Okadaic Acid Using Anti-mouse IgG & 
IgM-Horseradish Peroxidase (1:1000) in 
an ELISA Format. Each data point is the 
average value of 3 readings. 
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Figure 3.6 Effect of Matrix on Precision Profiles. Fifty 
(50) ~L of okadaic acid (OA) (0.05 ng/mL to 
111.11 ng/mL) in phosphate buffer saline (PBS) 
or serum were added to individually coated 
microtiter wells and evaluated in a 
competi ti ve ELISA format. Each data point 
represents the average coefficient of variance 
(%CV) from nine serum samples and four PBS 
solutions spiked separately. 
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B/Bo = Sample absorbance value/internal positive control 

Figure 3. 7 Competitive ELISA Calibration Curve of Okadaic 
Acid (OA) in Serum. Each data point represents 
nine determinations in a single microtiter 
plate. Standard deviation values were always 
less than 6%. 
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B/BO = Sample absorbance value/internal positive control. 

Figure 3.8 SPLINE Transformed Data of the Competitive 
ELISA Calibration Curve of Okadaic Acid (OA) 
(37.04 ng/mL to 0.46 ng/mL) in Serum.The data 
points are fitted using a polynomial function 
of order (n = 4). Each data point represents 
nine determinations in a single microtiter 
plate. 
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1 R y = -O.lOlx + 0.848 r = 0.964 

0.75 
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B/Bo = Sample absorbance value/internal positicve control. 

Figure 3.9 LINE Transformed Data of the Competitive ELISA 
Calibration Curve of Okadaic Acid (OA) (0.05 
ng/mL to 333.33 ng/mL) in Serum. Each data 
point represents nine determinations in a 
single microtiter plate. The data points are 
fitted using linear regression equations for 
each region, A, B & C. 
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LINE Transformed Data of the Region B of 
Fig. 3.9 showing the Confidence Intervals. 
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Figure 3.11 Graphic Comparison Between Two Curve Fitting 
Methods. LOGIT (open squares) vs LINEAR (black 
squares) fitting equations of the region B of 
the competitive ELISA calibration curve of 
okadaic acid (OA) (37.04 ng/rnL to 0.46 ng/rnL) 
in serum. 
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Figure 3.12 Sequence of Symptoms in Patients Exibiting 

Ciguatera Fish Poisoning. 
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Source: Bagnis et al., 1992 

Figure 3.16 Ciguatera Symptoms Correlated with Consump

tion of Carnivorous as Compared with 

Herbivorous Fish from Tahiti, French 

Polynesia. 
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TABLE 3.2 Determination of Okadaic Acid (OA) in 'Normal 'a 
and 'Ciguatera Suspect,b Serum Samples Using a 
competitive ELISA Format 

Sample 
Code Boc 

1 1.630 
2 1.538 
3 1.538 
4 1.539 
5 1.463 
6 1.465 
7 1.451 
8 1.463 
9f 1.422 

10 1.423 
11f 1.423 
12 1.423 
13 1.666 
14 1.666 
15 1.666 
16 1.670 
17 1.670 
18 1.671 
19 1.669 
20 1.671 

CS-1 1.997 
CS-2 1.420 
CS-3 1.086 

a Samples from 1 to 20 
b CS-1, CS-2 & CS-3. 

1.604 
1.523 
1.443 
1.501 
1.418 
1.283 
1.190 
1.412 
1.384 
1.386 
1.396 
1.130 
1.596 
1.576 
1.533 
1.463 
1.490 
1.457 
1.601 
1.609 
1.389 
0.646 
0.927 

c Internal positive control 
d Mean values of n = 3 ± SD 

Bd B/Bo LOGITe OA (ng/roL) 

± 0.07 0.984 1. 789 0.136 
± 0,07 0.990 1.996 0.090 
± 0.15 0.990 1.180 0.400 
± 0.07 0.975 1.591 0.193 
± 0.13 0.969 1. 789 0.136 
± 0.13 0.876 0.849 0.720 
± 0.10 0.820 0.650 1.010 
± 0.21 0.971 1.525 0.217 
± 0.05 0.973 1.557 0.205 
± 0.17 0.974 1.574 0.199 
± 0.05 0.981 1. 713 0.156 
± 0.08 0.794 0.586 1.148 
± 0.10 0.958 1.358 0.292 
± 0.10 0.946 1.243 0.358 
± 0.09 0.920 1.061 0.494 
± 0.06 0.876 0.849 0.720 
± 0.10 0.892 0.917 0.638 
± 0.07 0.872 0.833 0.741 
± 0.13 0.959 1.369 0.286 
± 0.08 0.963 1.415 0.255 
± 0.10 0.696 0.360 1. 715 
± 0.13 0.455 -0.078 3.729 
± 0.20 0.854 0.767 0.833 

e Calculated as stated in Chapter 3 
f Previous history of ciguatera fish 

poisoning in excess of 1 year 
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CHAPTER IV 

APPLICATION OF A LIQUID-LIQUID EXTRACTION PROCEDURE COUPLED 

WITH A COMPETITIVE ELISA FORMAT FOR THE DETECTION OF OKADAIC 

ACID IN BARRACUDA (Sphyraena barracuda) 

ABSTRACT 

Due to the high toxic potential, the levels of 

ciguatoxins found in fish flesh posing a health risk are less 

than 2 nmol/kg. Therefore large quantities of tissue are 

required for the toxicological evaluation of suspect fish 

samples which demands large volumes of solvent. Recently, 

okadaic acid, a related polyether, was found in ciguatoxic 

barracuda, and due to its lower toxic potential when compared 

to ciguatoxin (s ), higher levels of this toxin would be 

expected in ciguatoxic fish. Due to the lipophilic nature of 

the ciguatera-related toxins, a liquid-liquid partition 

system was developed after the wet tisue is homogenized with 

a mixture of chloroform and methanol in such proportions that 

a miscible system is formed with the water of the tissue. 

Dilution with chloroform and water separates the homogenate 

into two layers, the chloroform layer containing all the 

lipids and the methanolic layer containing all the non

lipids. A purified lipid extract is obtained merely by 

isolating the chloroform layer. With the development of 

highly sensitive and specific monoclonal antibodies, it is 
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possible to minimize the size of the test portion required, 

reduce preparative ateps, and consequently the volumes of 

extracting solvents, which eliminates the significant time 

consuming purification process and lowers the analytical 

cost. Based on these considerations, a rapid extraction 

procedure was developed for isolation and purification of OA 

which was coupled with an ELISA assay for quantification of 

ciguatera-related toxins. A 105 and 86% recovery were 

reported based on two extraction protocols and reproducibili

ty values were below 20% CV for toxin levels from 0.0001 to 

100 ng/g. 

INTRODUCTION 

In association with coral reef throughout environments 

the tropical regions of the world, there are approximately 

over 400 species implicated in ciguatera fish poisoning. 

Symptoms of the poisoning due to the consumption of toxic 

fish comprise the development of gastrointestinal (GI) 

manifestations including nausea, vomiting, diarrhea and 

abdominal cramps. Neurological symptoms such as muscle aches, 

join pains, diaphoresis and chills may also be present at 

this time. The GI symptoms generally subside after the first 

12 hours of the illness. By the time the GI complaints pass, 

a second constituent will continue characterized by 

dysesthesias and paresthesias, particularly involving the 

perioral region and the distal extremities. The neurologic 
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paresthesias are the most enduring complaint (Gallop and Pon, 

1992). A third component, cardiovascular disturbances, may 

also be present at the same time conforming a complex 

syndrome called ciguatera fish poisoning. 

Because the multiplicity of symptoms, many researchers 

have stated that more then one toxin is involved in this 

illness (Murata et al., 1990; Lewis et al., 1991; Lewis and 

Sellin, 1992). 

Additionally, Legrand, (1991) and Legrand et ale (1992) 

reported the HPLC characterization of nine toxins from 125 kg 

of moray eel (Licodontis javanicus, Muranidae) and another 5 

different fractions from parrot fish (Scuarus gibus). 

Later in a fish toxicity study, Lewis (1992) concluded 

that the lethal effects of ciguatoxins in fish, may impose an 

upper limit between 1-3 nmoles/kg on the levels of 

ciguatoxins carried out by fish. As pointed out by Legrand et 

ale (1992), because of this low level of ciguatoxins that 

could result in human intoxication "developing a proper 

procedure for detecting such a low concentration of 

ciguatoxins will be an extremely difficult task." 

In the Caribbean, one of the most important ciguatoxic 

fish is the barracuda (Sphyraena barracuda) (Tosteson et al., 

1992; McMillan et al., 1980; Freudenthal, 1990; Morris, 
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1990; Morris et al., 1990; Jones, 1980; Moon, 1981; Johnson 

and Jong, 1983, Rullan, 1990). 

Gamboa et al. (1992), when working on barracuda samples 

implicated in a ciguatera out break in Puerto Rico, were able 

to separate 3 toxic fractions and okadaic acid (OA) was 

identified among them. This finding opened new avenues in 

ciguatera research. 

When compared to ciguatoxins, OA is 467 times less 

potent in mice. It means that if Lewis's hypothesis is 

correct, it should be possible to detect OA in poisonous fish 

at higher levels. However, one question remains to be 

answered. Do ciguatoxins co-exists with OA, among other 

polyethers, in toxic transvectors? 

Based in previous research results (Gamboa et al., 1992) 

the answer is yes. Therefore, the next task should be the 

development of reliable analytical methodology to achieve it. 

The objective of this phase of the research will be the 

development of a rapid inexpensive 'clinical-suited' extrac

tion procedure coupled to an ELISA format for detecting OA in 

ciguatoxic fish. This will provide physicians a confirmatory 

laboratory technique for suspect cases of ciguatera. 
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MATERIALS AND METHODS 

Reagents as well as the methodology for the ELISA 

protocol were the same as stated in Chapter III. 

Fish ~ portions: Edible samples from six barracuda 

specimens (Sphyraena barracuda) collected in the u.S. Virgin 

Islands were used in this study. 

Sample preparation 

Ten (10) ~L of a 1 mg/mL OA standard was thoroughly 

mixed with 1 g of ground fish sample. MeOH (80%) was added 

to the mixture and placed in a ultrasonic bath for 3 minutes 

at room temperature. The homogenates were centrifugated at 

3000 rpm for 15 minutes and 2.5 mL of the supernatant were 

extracted twice with petroleum ether to remove the less polar 

lipid fraction. After the addition of dH20, the toxin was 

extracted twice with CHC13. The chloroform extracts were 

combined and made up to 10 ml with CHC13; One (1) mL was 

evaporated to dryness under nitrogen gas and resuspended in 1 

mL PBS for ELISA analysis. 

A control (non-spiked) test portion was analyzed at the 

same time and for comparison purposes. Another set of 

duplicated spiked samples was analized omitting the petroleum 

ether partitioning step. 
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RESULTS AND DISCUSSION 

Evaluation of ~ rapid extraction method for ciguatera-related 

toxins coupled with ~ competitive ELISA format for 

quantification purposes 

The usefulness of any analytical protocol depends to a 

great extent on the development of efficient separation 

procedures. Additionally, when the analyte of interest occurs 

at very low levels, as in ciguatoxic transvectors, the test 

portion size needs to be increased considerably. 

As mentioned previously, large amounts of fish specimens 

are required (in excess of 100 kg range) to obtain a few 

milligrams of crude toxic extracts. Subsequently, fractionat

ing procedures, namely silicic acid, aluminum oxide, 

florosil, or DEAE-cellulose column chromatography, are 

required to semi-purify the toxins. These procedures are 

usually followed by more specific purification procedures as 

TLC, or reverse phase HPLC systems. Finally, a bioassay is 

used to assess the toxicity of the isolated chemicals (Gamboa 

et al., 1992; Lewis et al., 1990, 1991, 1992; Nukina et al., 

1986; McMillan et al., 1980; Legrand et al., 1992). 

The whole process in many cases requires weeks of 

analytical work before a result is confirmed. Not to mention 

the extensive amounts of organic solvents needed due to the 
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non-polar nature of the compounds involved, adding to waste 

disposal and human hazards concerns. 

The great success of immunological methods in clinical 

chemistry on the other hand, has encouraged their use in food 

analysis, but in contrast with clinical samples (blood, 

urine, etc.) foodstuffs represent much more complicated 

systems. 

with the development of highly sensitive and specific 

monoclonal antibodies, it is possible to minimize the size of 

the test portions, reduce preparative steps, and consequently 

the volumes of extracting solvents. These procedures reduce 

considerably the time consuming purification process 

resulting in a very low analytical cost (Galfre and Milstein, 

1981; Funkal and Kas, 1989). 

since a multitude of components are present in food 

matrices, one cannot expect to solve a separation problem by 

one type of method alone. It is necessary to combine 

different procedures based on the distinct chemical 

properties of the target compounds. Due to the lipophilic 

nature of poly-ethers, partitioning methods in a liquid

liquid two-phase system can be implemented. 

Bligh and Dyer (1959) described a liquid-liquid 

partition method for fish samples by homogenizing edible 

portions with a mixture of chloroform and methanol in 
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proportions in which a miscible system is formed with the 

water in the tissue. Dilution with chloroform and water 

separates the homogenate into two layers (Bancroft, 1895; 

Martin and Synge, 1941; Snyder, 1974; Saunders, 1974). When 

keeping the volumes of chloroform, methanol and water in the 

proportions 1: 2: 0.8 and 2: 2: 1.8 before and after the 

dilution, respectively, a purified lipid extract is obtained 

by isolating the chloroform layer (Figure 4.1). 

Based on the same principle, namely partition 

coefficient in a biphasic system, Lee et al., (1987) devel

oped a similar extraction procedure where the partitioning 

phenomenon is reached in a 2:4:1.5 proportion of methanol, 

chloroform and water respectively. 

Although various forms of this procedure have been the 

applied in the field of food toxicology analysis of DSP 

toxins in different seafood matrices, (Lee ae al., 1987; 

Stabell et al., 1991; Tubaro et al., 1992; Zonta et al., 

1992; Dickey et al., 1992 and 1993; Arnzil et al., 1992; Luu 

et al., 1993), it has not been used in finfish. 

The extraction procedure developed in this study can be 

completed using 1 g test portions in 30 minutes. It involves, 

however, a non-polar fractionation intermediate step, where 

fatty-acids are removed primarily to avoid interferences with 

subsequent analysis. Fatty-acid compounds have been shown to 



118 

interfer with the derivatizing reagent, when using the HPLC 

as quantification method, as well as providing false positive 

responses when using mice for the toxicological evaluation of 

extracts (Zonta, 1992). 

Figure 4.2 shows competitive ELISA results when 

comparing the effect of the defatting (petroleum ether) step 

on OA spiked barracuda samples. A classical sigmoid curve is 

obtained where three regions, having different slope values, 

and as discussed in Chapter 3. Each section of the curve 

produces can be expressed by linear regression analysis which 

not only allows the interpretation of the random error 

involved, but also can permit the testing of recovery values 

when evaluating the usefulness of the method on spiked 

samples. 

When comparing the slope of the equation that describe 

the behavior of the calibration curve in PBS (Figure 4.3) 

with the results of two extraction curves used with spiked 

barracuda (Figure 4.4), recovery values of 106% and 82% were 

obtained, with and without deffatting step, respectively. 

These data demonstrate that the defatting step could be 

eliminated from the Lee et al., (1987) procedure saving 

solvent use as well as time. 

By transforming the data points of the curve presented 

in Figure 4.3 into a LOGIT distribution for quantification 
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purposes, Figure 4.5 is obtained. As expected, a very narrow 

area for bias error due to interpolation can be deduced. The 

raw data of this section is found in Appendix B (Tables B1 

and B2). 

Table 4.1 shows the raw data and results the analysis 

of five barracuda specimens collected from the Caribbean 

area. Toxins were extracted using the modified Lee et ale 

(1987) extraction method as outlined elsewhere. 

Interestingly, one of the samples (VI 102) gave results 

that could be considered as positive; however, the public 

health significance of this level of contamination has not be 

assessed yet. Fish specimens involved in ciguatera outbreaks 

must be obtained in order to estimate a range of positive 

values for comparison means. This subject needs to be 

addressed in a long-term epidemiological study. 

Concerning the reproducibility of the assay, Figure 4.6 

shows the precisio~ profile. The data point distribution of 

the ELISA results depicts variations above 10% CV where OA 

concentrations were in excess of 1.0 ng/mL. This observation 

deserves commentary. 

During this study, while working with crude extracts 

from organic solvents, there was a "lack" of reproducible 

toxicity values in relation to the elapse time between toxin 

extraction and analysis. A possible explanation of this 
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phenomenon could be attributed to an oxidation processes 

driven by poly-unsaturated fatty acids which could interact 

with natural or added chemicals. This observation was also 

reported by Tubaro et al., (1992) where a decrease of 25% in 

OA concentrations was observed when the time interval between 

the preparation of the sample and the ELISA assay exceeded 1 

hour. 

McMillan et al., (1980) reported the so called "knock

out" effect in mice when running ciguatera comparable 

bioassays. According to the authors, the "knock-out" effect 

was due to trace amounts of chloroform in i.p. injected mice. 

Similar false-positive findings, were reported by Toti et 

al., (1991) when assessing toxicity in mice of mussels 

samples, having a low degree toxicity. On the other hand, 

Yatsunami et ale (1991) and Hokama et ale (1992) have shown 

binding competition effects of OA derivatives on the 

performance of polyclonal antibodies. 

All these observations might be an indication that, in 

addition to cost, human-heath risk, and waste disposal 

considerations associated with the use of organic solvents in 

analytical extractions, random and bias errors could also be 

linked to the performance of any particular method. 

To deal with these problems new approaches should be 

addressed. In this sense and based on partitioning in a two-
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phase systems, the rediscovering of an old procedure, 

introduced in 1971 by Albertson, Per-ake in his book 

"Partition of Cell Particles and Macromolecules," has been 

discussed lately by Zaslavasky, B. (1992), liThe development 

and application of aqueous polymers in bio-analytical 

settings." 

Going back to Figure 4.6, and in an attempt to open new 

avenues in ciguatera research programs, a curve identified as 

"Ctrl" was incorporated. It basically represents the behavior 

of a non-spiked fish extract, and as is evident, a very 

consistent tendency is obtained while it was analyzed at 

similar dilutions as the spiked test portions. Even though 

this response does not give the answers to the dilemma, it 

does, however, present an indication that somehow either the 

extraction procedure and/or the toxin itself are interacting 

with the matrix and therefore, responsible for the varia

tions. 

However, it should be noted that the precision of this 

assay (less than 20% CV) is quite acceptable. particulary, if 

the range 50 to 500 pg of added toxin is used. 

CONCLUSIONS 

This study has indicated that OA can be detected 

successfully in fish samples at very low levels (less that 

500 pg) when a partition method is coupled to a competitive 
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ELISA protocol. Rocovery values of 105 and 82% were obtained 

in two extraction protocols. An acceptable precision 

parameter was obtained (less than 20% CV) and reproducible 

resul ts can be achieved in less than three hours of 

analytical work. Also, the assay was very ease to perform and 

employs an inexpensive format. 

The applicability of this optional assay to clinical 

settings will be limited to the availability of more 

information mainly related to the association of toxic 

samples and OA with ciguatera outbreaks. This task, however, 

due to the unexpected and sporadic nature of ciguatera fish 

poisoning outbreaks, needs to be addressed in a long term 

epidemiological study. 

No accuracy information was determined due to the 

inability of the HPLC method to detect low levels of OA. 

Nevertheless, a complementary tool has been developed and its 

performance needs to be assesed. 

Even though the intermediate defatting step was designed 

to control interference and/or cross-reactivity, a slightly 

different pattern in the precision profile was observed at 

high level of toxins. 
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TABLE 4.1 ELISAa Results of Barracuda (Sphyraena barracuda) 

Test Portions Collected from Ciguatera Endemic 

Waters of St. Thomas, u.s. Virgin Islands. 

Sample Code 

VI-102 

VI-81 

VI-57 

VI-90 

VI-61 

A/Aob 

0.806 

0.830 

0.893 

0.924 

0.850 

0.619 

0.689 

0.921 

1.085 

0.753 

a Enzyme-linked immunosorbent assay. 

b Mean values of n = 4. 

c Calculated as stated in Chapter III. 

OA (ng/roL)C 

2.25 

1.95 

1.22 

1.14 

1. 72 

d Calculated from the regression equation of Fig. 4.5 
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CHAPTER V 

DEVELOPMENT OF AN IMMUNO-AFFINITY COLUMN COUPLED WITH A 

COMPETITIVE ELISA FORMAT FOR THE DETECTION OF OKADAIC ACID IN 

SERUM SAMPLES 

ABSTRACT 

Affinity chromatography is based in the ability of 

biological substances to bind specifically to complementary 

ligands which have been chemically coupled to an inert 

matrix. With the development of monoclonal antibody 

technology, a new approach in analytical separations has been 

set, imrnunoaffinity chromatography. The potential of this 

technique is immense. Many research groups have utilized this 

procedure to develop analytical methods for monitoring food 

safety programs. The current research focused on the 

development and the application of an immunoaffinity column 

coupled to a competitive ELISA format for the clinical 

diagnosis of ciguatera, a marine food borne desease. 

A binding efficiency of 82% was achieved and 

reproducibly values for spiked test portions at 

concentrations as low as 250 pg were below 10% CV. 
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INTRODUCTION 

Extensive extraction, clean-up, and concentration 

procedures are required if minute levels of a particular 

analyte are to be determined in complex matrices. Current 

extraction protocols for naturally occurring phycotoxins are 

time consuming and generally include the use of large volumes 

of organic solvents. Human health risks and environmental 

protection policies incorporate additional constraints in 

their implementation (Usagawa et al., 1989). Therefore, many 

research groups are searching for alternative analytical 

procedures. 

Most of the efforts expended in attempting the 

development of a food safety program for ciguatera poisoning 

has been done using the immune-response format (Funkal and 

Kas, 1989). Several techniques have already been reported 

including radio-immunoassays (RIA), enzyme immunoassays (EIA) 

and solid-phase immunoassays (S-PIA), (Hokama et al., 1977 

and 1981; Hokama, 1985 and 1990; Park et al., 1992) 

An extension of this principle, but, utilizing a 

different format, can be described by attaching a monoclonal 

antibody to an insoluble inert matrix. This would allow for 

eff icient separation of toxins through the umbrella of 

immuno-affinity chromatography (lAC). 
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lAC is based in the ability of wat~r-soluble biological 

substances to bind specifically and reversibly to com

plementary ligands which have been chemically coupled either 

directly to a suitable activated insoluble inert matrix or 

utilizing a spacer group which minimizes steric interferences 

during the binding process (Sc!outen et al., 1992). 

Two discrete chemical processes are required to chemi

cally immobilize a biospecific ligand onto an inert matrix. 

The most popular form of ligand immobilization is the 

covalent attachment of the ligand utilizing functional 

groups, such as amino, carboxylic or sulphydryl groups, to 

suitable support matrices which have been chemically modified 

by the incorporation of compatible reactive groups (Bauminger 

and Wilcher, 1980). Secondly, coupling reactions with the 

appropriate biospecific ligands must be carried out under 

mildly basic conditions. Additionally, the matrix must 

exhibit permeable pore structure as well as good mechanical 

and pressure-stability properties over a wide variety of flow 

rates. 

To be fully effective in chromatographic separations, 

the covalent linkage must be stable for the conditions 

required for the elution of the absorbed molecules. The 

elution of the bound compound can be readily achieved by 

changing parameters such as salt concentration, surface 

tension, pH or by adding a competitive molecule. 
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The main purpose of this phase of the research is to 

broaden the applicability of immunoassays by developing new 

methodology for the determination of OA in body fluids. The 

research will provide information complementary regarding the 

characterization of the bias error of the ELISA format when 

analyzing blood samples. 

MATERIALS AND METHODS 

Reagents as well as the methodology for the ELISA 

protocol were the same as stated in Chapter III. 

Serum samples: For standardization and establishing methodo

logy, serum samples from three normal subjects were obtained 

from members of the Department of Nutritional Sciences, 

University of Arizona. The samples were sterilized in a water 

bath at 59°C for 1 hour and stored at 4°C until analysis. 

Immunoaffinity gel 

Anti-OA Monoclonal Antibody was coupled to AH-Sepharose 

4B® (Sigma) as described by Harlow and Lane (1988). Briefly, 

CNBr activated Sepharose 4B was swollen in 0.5M NaCl and 

washed twice in 0.2 M sodium borate (pH 9.0). One hundred 

(100) ~g of antibody were suspended in the washing solution 

and 200 ~L of the mixture were removed to determine the 

"background or before response", i.e., the effect of matrix 

wi thout antibody. After incubation for 1 hour at room 
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temperature with gently rocking, dimethyl-pimelidate was 

added and mixed again for 30 minutes. Following 15 min. after 

the beads were allowed to settle, 200 ~L were removed for the 

"after response", i.e., the effect of antibody-matrix on the 

total response. 

To stop the reaction the beads were washed in 0.2 M 

ethanol amine (pH 8.0) and then incubated for 2 hours at room 

temperature in 0.2 M ethanol amine with gentle mixing. 

Finally, the beads were re-suspended in PBS and stored at 4°C 

until use. 

Binding efficiency 

To check the binding efficiency, 50 ~l aliquots of the 

"before" and "after" solutions were loaded into coated 

microtiter plates following the format as illustrated in 

Appendix 5.1. 

with the exception of the second antibody dilution 

(1/100 instead of 1/1000 in 1% NFDM) the ELISA protocol was 

performed as previously described elsewhere. 

Immuno-affinity chromatography 

Immunoaffinity columns consisted of 1 ml tuberculin 

syringes containing 200 ~l of Sepharose-Anti OA antibody 

slurry and held in place between porous polyethylene frits. 
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Columns were equilibrated with PBS. The affinity 

chromatography studies were carried out at room temperature. 

Sample preparation 

OA-spiked serum test portions were pushed through the 

column using a laboratory designed vacuum model as depicted 

in Appendix 5.2. After loading, the unbound OA was collected 

by washing the column with 5 ml of 10% (v/v) methanol in PBS. 

Bound OA was eluted with 2 ml of 100% methanol, this 

fraction was evaporated to dryness under nitrogen gas and 

then re-suspended in 1 ml of PBS. Quantitation of OA was 

determinated by ELISA and columns were re-equilibrated with 

15 ml of PBS for reuse. 

RESULTS AND DISCUSSION 

The development of an Immuno-affinity Chromatography (lAC) 

for the detection of OA in body fluids 

The development of an lAC is based in essence on the 

reaction between two elements, i.e., antigen-antibody within 

a three-component system, namely the matrix, spacer, and 

ligand. For the method developed in this study, the antibody 

also called ligand, was selected as the element to be bound 

to the matrix. Once this was determined, the development of 

the protocol is straight forward. For the current study 

activated beads (AH-SepharoseS
) are comercially available 
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(Sigma®, St. Louis, MO) containing free amino groups at the 

end of 6-carbon spacer. The coupling procedure using EDC was 

suggested by the manufacturer. 

Evaluation of the Binding Efficiency 

The methods commonly used to bind IgG molecules to 

insoluble matrixes involve cross linking of the protein to 

CNBr-activated sepharose using different coupling strategies. 

Hearn & Harris (1981) studied the use of EDC activated 

agarose in the isolation of serum antibodies. They reported 

that the coupling reactions were stable at room temperature 

over the pH range 2.5-10. These researchers suggested that 

the EDC-activation procedure can be used to produce effective 

immuno-adsorbents for the fractionation of antibodies by 

biospecific affinity chromatography. 

By using AH-Sepharose 4B as an inert support and 

following the manufacturer suggestions for the binding step, 

non-reproducible results were obtained when using the 

carbodiimide coupling agent as recommended for attaching 

anti-OA monoclonal antibodies (Calbiochem®). As reported by 

Hearn et al. (1981), due to the presence on various reactive 

sites on the immuno-globulin molecule it is possible that the 

combining process could result in steric modifications of the 

ligand by changes in the orientation of the molecule. 
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To overcome this problem, Harlow and Lane (1988) 

suggested the use of a bifunctional cross-linking reagent 

(dimethylsubemiridate) which according to the authors, causes 

the covalent retention of 94% of the antibody after the 

normal elution step. Dimethyl pimelidate was used and better 

coupling results were obtained when compared to EDC. 

Figure 5.1 shows the binding efficiency of the IAC 

developed. The results are based on direct ELISA readings of 

covered plates as described elsewhere (1:1000 dilution of OA

BSA conjugate in 0.1M CB incubated overnight at 4°C). It is 

important to dilute the second antibody to an extend that 

allows the monitoring of both the saturating conditions 

(section A of the graph) and the difference in diluting 

effect (section B) of the samples "before" and "after" the 

coupling steps. The key point is to be able to graphically 

detect the change in the slope of the lines that describes 

these two separate behaviors. A classical regression equation 

can be derived for each set of data points, and the ratio in 

slopes will give an estimate of the binding efficiency. 

To avoid excessive cross linking, the working 

conditions, namely, blocking time and proportion of 

dimetilpimelidate are critical points to be determined 

empirically. As a result, binding efficiencies no greater 

than 80% are recommended (Turkova, 1978; Harlow and Lane, 

1988). 
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For the current study a binding efficiency of 82% was 

obtained. 

Immuno-affinity column performance 

Biopolymers differ only negligibly in their physical 

chemistry properties within the individual groups. Their 

isolation from complex matrices on the basis of physical 

chemistry differences, for example solvent partition, gel 

filtration or solid-liquid adsorption as in SOlid-liquid 

chromatography, i.e. TLC or HPLC, is difficult and time 

consuming. It is more difficult if the concentration of the 

analyte of interest is low. 

One of the most characteristic properties of biological 

macromolecules, however, is to bind other molecules 

reversibly. The formation of specific dissociable complexes 

of biopolymers can serve a basis for purification by a method 

known as affinity chromatography. Additionally, when the 

ligand is an antibody, which has a definite affinity for a 

particular compound, the antigen, another term can be coined, 

i.e., immunoaffinity chromatography. (Cuatrecasas & Anfinsen, 

1971; Turkova, 1978; Wilchek et al., 1984). 

To be fully effective in chromatographic separations, 

the ligand must be covalently attached to the support matrix. 

This binding, either directly or via a spacer, by a chemical 

linkage can not restrict the physical accessibility or 
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abolish the specific binding interactions between the ligand 

and the biological substances under 

addition, the covalent linkage must 

investigation. In 

be stable to the 

conditions required for the elution of the adsorbed molecules 

(Hearn et al., 1981). 

Figure 5.2 shows the performance of the immuno-affinity 

chromatography protocol developed. Each test portion (n = 3) 

was spiked separately, passed through the immuno-affinity 

column, toxin eluted from the column and toxin concentration 

determined using ELISA methodology (n = 4). 

The close-dot bars ("ELUATE") represents the fraction 

that elutes when loading onto the column spiked-serum test 

portions. These results confirm that neither ligand leak nor 

analyte saturation of the lAC was attained for the 

concentration range tested. Consequently, these observations 

provide additional information concerning the efficiency of 

the binding process. 

With respect to the "BEFORE" and "MeOH FRACTION" curves, 

two-fold information can be derived. First of all, the 

importance of the lAC protocol as a separating tool for 

analytes from a complex matrix as represented by human serum. 

It is important to recall that for any specific data point, a 

lower value in the polar fraction means more analyte was 

detected since the ELISA utilizes a competitive format. This 
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information can be compared to data shown in Figure 3.6 where 

different profiles for serum and PBS where used in developing 

a standard calibration curve. The different pattern means 

either interference and/or cross reactivity between the 

carrier and the detecting media, namely the antibody was 

apparent, which additionally is a good indication of the 

usefulness of the lAC format as an analytical instrument 0 

When evaluating the 'within-sample precision profile' 

(Figure 5.3), consistent and acceptable values are obtained. 

CV of 8.8, 3.2, 7.4 and 7.1 % for 500, 50, 5, and 0 ng OA/ml 

in spiked serum samples, were obtained, respectively. Equally 

important is the information obtained regarding the precision 

profile of MeOH fraction, which demonstrates the extraordi

nary reproducibility (less than 10%) of the developed 

protocol in separating and detecting OA at ranges between 

500 and < 1 ng/mL in spiked serum samples. A 94.93% recovery 

performance for the lAC was obtained when comparing the ratio 

between the slopes of the curves as fitted by least squares 

method. The raw data for these studies is listed in Appendix 

C (Tables C1 and C2). 

CONCLUSIONS 

This study outlines a previously unreported procedure 

for the evaluation of binding efficiency of anti-OA 

monoclonal antibody to a AH-Sepharose® inert support used in 
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a immuno- affinity chromatographic protocol. A binding 

efficiency of 82% was obtained which reflect an acceptable 

setting in the expansion of an lAC system for OA 

determination. 

The precision performance of the lAC protocol was 

assessed graphically using precision profiles. Reproducibili

ty values with %CV below 20% were obtained at concentrations 

below 500 ng of OA/mL serum. Its usefulness as a tool to 

explain possible sources of bias error has been shown for 

less specific analytical systems such as the competitive 

ELISA formats already developed for diagnosis of ciguatera in 

suspect patients. It is important to establish that these 

results do not invalidate the usefulness of the ELISA format. 

Rather it adds important complimentary information to support 

the decision of using serum as carriers in the development of 

standard calibration curves. 

An additional application of this analytical method 

would be an alternative to the ELISA format for the 

evaluation of other biological fluids such urine for the 

detection of ciguatera-related toxins. If, for example, 

monitoring the toxin clearance is required in assessing the 

performance of treatment trials. 

Another potential use, even though not discussed 

previously, encompasses a different subject matter. The 
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development of an external separation device, such as in a 

dialysis-like format, where, for experimental animals, sub

lethal doses of ciguatoxins as well as OA can be removed. 

Then questions regarding the relationship between OA and the 

ciguatera syndrome can be answered more directly. 
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Figure 5.1 Evaluation of the Binding Efficiency [BE] of 
Anti-OA Monoclonal Antibody to the Column 
Matrix Using a Competitive ELISA Format. 
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Figure 5.2 Sequential Evaluation of the Immuno-affinity 
Column Eluates by Competitive ELISA 
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SUMMARY AND CONCLUSIONS 

Based on both the epidemiological data as well as the 

analytical information available from four endemic areas 

world-wide, there is no doubt that ciguatera is a complex 

polymorphous syndrome where more than one toxin is involved. 

The chemical nature and high toxic potential of the toxins 

involved, have complicated the development of a sound 

analytical methodology. Therefore, the detection of a less 

potent compound, okadaic acid, also associated with 

ciguatoxic fish has been used for the design of a competitive 

ELISA protocol for the direct determination of the toxin in 

serum samples. When coupled with either a rapid extraction 

method or an immuno- affinity column, the usefulness and 

applicability of the assay could be extended to fish samples 

and other body fluids. 

The first phase of the study focused on the assessment 

of the parameters of the ELISA format. No differences were 

found on the coating step due to the pH or the diluting 

buffer. The homogeneity of the interaction OA-conjugate:well 

was evaluated by adapting a microprotein determination method 

capable of detecting between 50 and 300 ng of bound antigen

protein. 

Equally important was the optimization of the second 

antibody in assessing the discriminatory power of the assay. 
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In this sense, a 1/500 dilution assures almost a 3 log 

working range for the method with Cvs <10%. 

Another point concerning the development and 

standarization of the ELISA format was related to the 

interpolation process for quantitation. Study results show 

evidence that due to the sigmoid distribution of the data 

points, the Log-logit model was the best suited for bias 

control and ramdon error monitoring purposes. 

The diagnostic usefulness of the assay was evaluated by 

determining sensitivity and specificity values (66.7 and 95% 

respectively) from which both the positive and negative 

predictive values for the assay as a diagnostic instrument 

were evaluated, based upon hypothetical case presentations. 

The second and third phases of this study focused on the 

implementation of two analytical separation methodologies, 

coupled to the competitive ELISA formats for quantitation. 

Consequently, a rapid extraction procedure, based on a 

liquid-liquid partition, was developed to be used not only as 

a complementary assay when diagnosing ciguatera illness and 

if left overs are available the source of the toxins, but 

also as a tool for food safety monitoring purposes. Recovery 

values of 106 and 88 % were obtained whether or not an 

intermediary defatting step, respectively, was done. 
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When using the Logit model for interpolation means, 

reproducibility values around 20% CV were obtained for a 

range covering from 0.0001 to 100 nglg of spiked OA in 

barracuda samples. 

Finally, the development of an immuno affinity column 

was assessed as an analytical separating method of OA from 

body fluids. In this study, only its performance in spiked 

serum was evaluated; however, the potential of this 

methodology needs to be evaluated for other natural carriers, 

i. e., urine. As a controlling parameters, a binding 

efficiency of 82% was achieved and reproducibility patterns 

for spiked serum test portions were <30% for concentrations 

of 0.1 and 500 ng OA/ml. 
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APPENDIX A 

CHAPTER III -- FIGURES AND DATA 
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GOLD STANDARD GOLD STANDARD 
TEST DISEASED DISEASE-fREE 

POSITIIJE I I 1 
a b 

c d NEGATlUE 

a = Number of indilJiduals diseased and positilJe (+) 
b = Number of indilJiduals disease-free and positilJe (+) 
c = Number of indilJiduals diseased and negatilJe (-) 
d = Number of indilJiduals disease-free and negatilJe (-) 

(8 + c) = Total number of diseased indilJiduals 
(b + d) = Total number of disease-free indilJiduals 

a 
SensitilJity = ---

The proportion of those wi th 
disease acco rding to the gol d 
standard who are labeled (+) =2/3=66.7% 

a + c by the test 

d 
Specificity = --

b + d 

The proportion of those who 
are di sease-free accordi ng to 
the ... qold standard and labeled 
(-) by the test 

=19/20=95% 

Figure A.3 Data Analysis for Determining Sensitivity 
and Selectivity Values of the Competitive 
ELISA Format as Diagnostic Test. From 
Table 3.2, two out of three ciguatera 
suspected samples (CS's), and one out of 
20 test portions of normal subjects were 
higher than 1.256 (mean ± 2 SD from 20 
'normal' serum samples). 
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GOLD STRNDARD GOLD STANDARD 
DISEASED DISEASE-FREE 

I I I a b 

c d 

a = Number of indiuiduals diseased and positiue (+) 
b = Number of indiuiduals disease-free and positiue (+) 
c = Number of indilliduals diseased and negatille (-) 
d = Number of indilliduals disease-free and negative (-) 

(a + b) = Total number of positilles 
(c + d) = Total number of negatives 

I Assumlng 90% prevalence, Sensl Uvlty = 66.7%, and Spec1fl city = 95%1 

90% prevalence elso means that 90 out of 100 indivlduals are sick 
accordlng to the established crlterla; therefore, 

Predictive value of a (+) result = a = 
60 = 99% 

a + b 60.5 

Predictive value of a (-) result = d 9.5 = 24::& = 

Figure A.4 

c + d 39.5 

Data Analysis for Determining Predictive 

Values of the Test. A prevalence value 

needs to be assumed according to outline 

cri teria in defining the degree of 

sickness. Sets of criteria for the 

symptomatic definition of ciguatera are 

defined in Chapter III. 



154 

TABLE Aol Coating Efficiency of OA-BSAa Conjugate in 

Carbonate Buffer pH 9.6 

Dilution Factor 

OA (pg/mL)b 1:500c 1: 1000c 1:2000c 1: 4000c 1:8000c 

0.125 2.320 1.957 1.553 1.138 0.643 

0.063 2.003 1. 712 1.322 0.931 0.490 

0.031 1.697 1.415 1.028 0.663 0.375 

0.016 1.158 0.966 0.661 0.326 0.174 

0.004 0.612 0.626 0.452 0.211 0.076 

0.002 0.313 0.308 0.227 0.100 0.047 

a Okadaic acid-Bovine serum albumin 

b pg of okadaic acid/mL 

c Absorbance values (n = 2) dete~~ined at 405 run. 
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TABLE A.2 Coating Efficiency of OA-BSAa Conjugate in 

Phosphate Buffer Saline pH 7.0 

Dilution Factor 

OA (pg/mL)b 1:500c 1: 1000c 1: 2000c 1:4000c 1:8000c 

0.125 1. 757 1.868 1.468 0.482 0.474 

0.063 1.679 1.567 1.274 0.842 0.478 

0.031 1.351 1.249 0.874 0.533 0.304 

0.016 0.981 0.927 0.627 0.358 0.173 

0.004 0.648 0.525 0.369 0.213 0.102 

0.002 0.320 0.218 0.185 0.105 0.048 

a Okadaic acid-Bovine serum albumin 

b pg of okadaic acid/mL 

c Absorbance values (n = 2) determined at 405 run. 
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Calibration Curve of the OA-BSAa Conjugate 

BSA (Jig/well) Absorbance (560 rum)b 

5.0 0.954 ± 0.010 

2.6 0.513 ± 0.018 

1.2 0.249 ± 0.006 

0.6 0.017 ± 0.001 

a Okadaic acid-Bovine serum Albumin 
b Values are means of n = 24 ± standard 

deviation 



TABLE A.4 

Dilution 

Factor 

1:500 

1:1000 

1:5000 

1:10000 

Effect of the Concentration of Anti-mouse IgG & IgM-HRPOa at Various 

Levels of Okadaic Acid in Serum. 

Okadaic acid {ng/mL)b 

Controlc 0.01 0.10 1.00 10.0 

1.432 ± 0.12 1.534 ± 0.01 1.563 ± 0.11 1.388 ± 0.01 0.503 ± 0.04 

0.923 ± 0.01 0.994 ± 0.05 0.993 ± 0.04 0.908 ± 0.04 0.306 ± 0.03 

0.272 ± 0.02 0.273 ± 0.01 0.255 ± 0.01 0.230 ± 0.02 0.104 ± 0.01 

0.148 ± 0.01 0.121 ± 0.01 0.127 ± 0.01 0.124 ± 0.01 0.063 ± 0.01 

a IgG & IgM-HRPO = Immunoglobulin G and immunoglobulin M-horseradish peroxidase. 

b Values are means (n = 3) of absorbance values determined at 405 nm ± standard 

deviation. 

c No okadaic acid added. 

~ 

01 
-.oJ 



TABLE A.5 

Dilution 

Factor 

1:500 

1:1000 

1:5000 

1:10000 

Effect of the Concentration of Anti-mouse IgG & IgM-HRPOa at Various 

Levels of Okadaic Acid in Phosphate Buffer Saline. 

Okadaic acid (ng/mL)b 

Controlc 0.01 0,10 1.00 10.0 

1.435 ± 0.11 1.369 ± 0.11 1.389 ± 0.10 0.947 ± 0.03 0.523 ± 0.01 

0.883 ± 0.05 0.955 ± 0.01 0.893 ± 0.03 0.783 ± 0.10 0.288 ± 0.03 

0.231 ± 0.02 0.260 ± 0.01 0.227 ± 0.01 0.239 ± 0.02 0.084 ± 0.02 

0.111 ± 0.01 0.116 ± 0.01 0.113 ± 0.01 0.115 ± 0.01 0.061 ± 0.02 

a IgG & IgM-HRPO = Immunoglobulin G and immunoglobulin M-horseradish peroxidase. 

b Values are means (n = 3) of absorbance values determined at 405 nm ± standard 

deviation. 

c No okadaic acid added. 

f-I 
tTl 
co 
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TABLE A.6 Summary Data of the Determination of Okadaic 

Acid Using the Competitive ELISAa Format in 

Serum 

%CV 

111.11 0.938 0.006 ± 0.004 67.71 

37.04 0.970 0.038 ± 0.008 20.51 

12.35 0.971 0.133 ± 0.013 9.81 

4.12 0.919 0.415 ± 0.033 7.97 

1.37 0.971 0.794 ± 0.022 2.77 

0.46 0.961 0.867 ± 0.042 4.84 
0.15 1.026 0.965 ± 0.047 4.85 

0.05 1.008 0.975 ± 0.054 5.58 

a Enzyme-linked immunosorbent assay. 

b ng okadaic acid/mL of carrier. 

c Mean absorbance values (n = 3) at 405 

control. 
d Mean absorbance values (n = 9) at 

± standard deviation. 

e Calculated as stated in Section 3.4 

B/Bo 

0.006 -2.219 

0.038 -1.403 

0.137 -0.799 

0.452 -0.084 

0.818 0.653 

0.902 0.964 

0.941 1.203 

0.967 1.467 

nm, internal positive 

405 nm , spiked serum 
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TABLE A.7 Summary Data of the Determination of Okadaic 

Acid Using the Competitive ELISAa Format in 

Phosphate Buffer Saline (PBS). 

OA 
ng/mLb 

111.11 

37.04 

12.35 

4.12 

1.37 

0.46 

0.15 

0.05 

0.938 0.014 

0.970 0.077 

0.971 0.289 

0.919 0.689 

0.971 0.941 

0.961 0.953 

1.026 0.987 

1.008 0.989 

%CV 

± 0.005 34.30 

± 0.014 18.50 

± 0.043 14.95 

± 0.084 12.17 

± 0.069 7.30 

± 0.058 6.08 

± 0.021 2.16 

± 0.044 4.43 

a Enzyme-linked immunosorbent assay. 

b ng okadaic acid/mL of carrier. 

B/Bo 

0.015 -1.817 

0.079 -1.067 

0.298 -0.372 

0.750 0.477 

0.969 1.495 

0.972 1.541 

0.962 1.403 

0.981 1. 713 

c Mean absorbance values (n = 3) at 405 nm, internal positive 

control. 

dMean absorbance values en = 6) at 405 rum, okadaic acid in 

PBS ± standard deviation. 

e Calculated as stated in Section 3.4. 
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APPENDIX B 

CHAPTER IV -- DATA 



TABLE B.1 

Dilution 
Factor 

1 

1:10 

1:100 

1:1000 

1:10000 

1:100000 

162 

Calibration Data of Okadaic Acid (OA) using 

the Competitive ELISAa Format in Phosphate 

Buffer Saline (PBS) 

B/Bo 

1.457 0.007 ± 0.003 0.005 -2.299 

1.383 0.052 ± 0.014 0.035 -1.440 

1.421 0.493 ± 0.035 0.347 -0.275 

1.533 1.314 ± 0.030 0.857 0.778 

1.527 1.413 ± 0.005 0.925 1.091 

1.449 1.383 ± 0.023 0.954 1.317 

a Enzyme-linked immunosorbent assay. 
b Absorbance values (n = 2) at 405 nm , internal control. 

c Mean absorbance values (n = 2) at 405 nm , 1 pg OA/mL PBS. 

d Calculated as stated in Section 3.4. 



TABLE B.2 Comparison between Two Extraction Procedures for the Determination of 

Okadaic Acid Using the Competitive ELISAa Format in spikedb Barracuda 

(Sphyraena barracuda) Samples 

Dilution 

Factor 

1 

1:10 

1:100 

1:1000 

1:10000 

1:100000 

ControlC 

1.224 

1.219 

1.099 

0.967 

1.099 

1.088 

%CV DeffatedC 

5.0 0.000 

6.7 0.033 

1.2 0.669 

6.8 1.270 

3.4 1.320 

6.5 1.224 

a Enzyme-linked immunosorbent assay. 

b 1 pg okadaic acid/g fish tissue. 

c Mean absorbance values (n = 3) at 405 nm. 

%CV Non-deffatedC %CV 

0.00 0.000 0.00 

18.40 0.036 29.70 

10.86 0.664 29.90 

3.50 1.100 4.58 

5.30 1.361 9.20 

6.90 1.389 3.7 

I-' 
0'\ 
W 
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APPENDIX C 

CHAPTER V -- DATA 



TABLE e.1 

Dilution 
Factor 

1:2 
1:4 
1:8 

1:16 

1:32 
1:64 

1:128 
1:256 

165 

Evaluation of the Binding Efficiency of Anti
Okadaic Acid to AH-Sepharose® by Enzyme-linked 
Innurnosorbent Assay. 

Before-binding 
Valuesa 

1.083 ± 0.038 
1.175 ± 0.143 

1.292 ± 0.213 
1.269 ± 0.094 
1.204 ± 0.166 
1.152 ± 0.103 
1.145 ± 0.096 
1.020 ± 0.247 

After-binding 
Valuesb 

1.078 ± 0.033 
1.140 ± 0.155 
1.046 ± 0.140 
0.926 ± 0.096 

0.644 ± 0.254 
0.503 ± 0.067 
0.295 ± 0.038 
0.144 ± 0.038 

a Mean absorbance values (n = 3) at 405 nm taken at the 
begining of the binding reaction. 

b Mean absorbance values (n = 3) at 405 nm taken at the 
end of the binding reaction. 
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TABLE C.2 Sequential Evaluation of Immuno-affinity Column 

Eluates of Spiked Serum by Competitive ELISAa 

Okadaic Acid Before 
(ng/mL) Valuesb,c 

500 

50 

5 

o 

0.024 ± 0.004b 

0.763 ± 0.053 

1. 064 ± 0.042 
1.093 ± 0.077 

. Un-bound 
Fractionb,d 

1.004 ± 0.088 
1.062 ± 0.033 

1.107 ± 0.082 

1.090 ± 0.067 

a Enzyme-linked immunosorbent assay. 

MeOH 
Fractionb,e 

0.031 ± 0.002 

0.233 ± 0.017 

1.010 ± 0.060 
1.059 ± 0.034 

b Values are means of n = 4 ± standard deviation. 
c Absorbance values of solution before adding to column. 
d Absorbance values of eluate after passing solution through 

column. 
e Absorbance values of eluate after release of bound toxin. 



167 

REFERENCES 

Adachi, R. and Y. Fukuyo. 1979. The thecal structure of a 
marine toxic dinoflagellate Gambierdiscus toxicus gen. 
et sp. novo collected in a ciguatera endemic area. Bull. 
Jpn. Soc, Sci. Fish. 45:67-71. 

Albertsson, P. 1971. Parti tion of Cell . Particles and 
Macromolecules, 2nd. Ed. Willey-Interscience, New York. 
NY. 

Amzyl, Z., Y.F. Pouchus, J.L. Boterff, C. Roussakis, J.F. 
Verbist, C .Marcaillou-Lebaut and P. Masselin. 1992. 
Short-time cytotoxicity of mussel extracts: a new 
bioassay for okadaic acid detection. Toxicon, 30:1419-
1425. 

Anderson, D. and P. Lobel. 1987. The continuing enigma of 
ciguatera. BioI. Bull. 172:89-107. 

Avrameas, S. 1969. Coupling of enzymes to proteins with 
glutaraldehyde. Use of the conjugates for the detection 
of antigens and antibodies. Immunochemistry, 6:43-52. 

Avrameas, S. 1992. Amplification systems in immunoenzymatic 
techniques. J. Immunol. Methods, 150:23-32. 

Avrameas, S. and T. Ternynck. 1969. The cross-linking of 
proteins with glutaraldehyde and its use for the 
preparation of immunoadsorbents. Immunochemistry, 6:53-
66. 

Azcona, J., M. Abouzied, and J. Pestka. 1990. Detection of 
zearalenone by tandem immunoaffinity-enzyme linked 
immunoadsorbent assay and its application in milk. J. 
Food Prot., 53:577-580. 

Bagnis, R. 1970. Concerning a fatal case of ciguatera 
poisoning in the Tuamotu Islands. Clinical Toxicol., 
3:579-583. 

Bagnis, R., T. Kuberski, and S. Laugier. 1979. Clinical 
observations on 3,009 cases of ciguatera (fish 
poisoning) in the South Pacific. Am. J. Trop. Med. Hyg., 
28:1067-1073. 

Bagnis, R., M. Luossan, S. Thevenin. 1974. Les intoxications 
par poisons perroquets aux Iles Gambier. Med. Trop., 
34:523-527. 



168 

Bagnis, R., S. Chanteau, E. Chungue, J. Hurtel, T. Yasumoto, 
and A. Inoue. 1980. Origins of ciguatera fish poisoning: 
A new dinoflagellate Gambierdiscus toxicus Adachi and 
Fukuyo, definitively involved as a causal agent. 
Toxicon, 18:199-208. 

Bagnis, R., M. Barsinas, C. Prieur, A. Pompon, E. Chunge, and 
A. Legrand. 1987. The use of the mosquito bioassay for 
determining the toxicity to man of ciguatera fish. Biol. 
Bull., 172:137-143. 

Bagnis, R., A. Spiegel, L. Nguyen, and R. Plichard. 1992. 
Public health, epidemiological and socioeconomic 
patterns of ciguatera in Tahiti. In: Proceedings of the 
Third International Conference in Ciguatera. (T.R. 
Tosteson, ed.). Polyscience Pub., Quebec. pp.157-168. 

Bancroft, W. 1895. On ternary mixtures. Phys. Rev., 3:21-33; 
114-136;193-209. 

Barnard, E. 1992. Receptor classes and the transmitter-gated 
ion channels. TIBS, 17:368-373. 

Benoit, E., A. Legrand, and J. Dubois. 1986. Effects of 
ciguatoxin on current and voltage clamped frog 
myelinated nerve fibre. Toxicon, 24:357-364. 

Bauminger, S. and M. Wilchek. 1980. The use of carbodiimides 
in the preparation of immunizing conjugates. Methods in 
Enzymol., 70:151-165. 

Berger, J. and L. Berger. 1979. Studies to develop a 
colorimetric ELISA test to assay ciguatoxin in fish 
tisue. Rev. Int. Oceanogr. Med., 53-54:23-32 

Bidard, J., H. Vijverberg, C. Frelin, E. Chungue, A. Legrand, 
R. Bagnis, and M. Lazdunski. 1984. Ciguatoxin is a novel 
type of Na+ channel toxin. J. Biolo Chern., 259:8353-
8357. 

Bjorck, L. and G. Kronvall. 1984. Purification and some 
properties of streptococcal protein G, a novel IgG
binding reagent. J. Immunol., 133:969-974. 

Bligh, E. and W. Dyer. 1959. A rapid method of total lipid 
extraction and purification. Can. J. Biochem. Physiol., 
37:911-917. 



169 

Bonner, W. 1910. Experimental determination of binodal 
curves, plait points, and tie lines, in fifty systems, 
each consisting of water and two organic liquids. J. 
Phys. Chern., 14:738-763. 

Brinkley, M. 1992. A brief survey of methods for preparing 
protein conjugates with dyes, haptens, and cross-linking 
reagents. Bioconjugate Chern., 3:2-13. 

Butler, J., L. Ni, R. Nessler, K. Joshi, M. Suter, B. 
Rosenberg, J. Chang, W. Brown, and L. Cantariro. 1992, 
The physical and functional behavior of capture 
antibodies adsorbed on polystyrene. J. Immunol. Methods, 
150:77-90. 

Calvert, G. 1991. The recognition and management of ciguatera 
fish poisoninn. In Ciguatera Seafood Poisoning. (D. 
Miller, ed.). CRC Press, Boca Raton, FL. pp. 1-11. 

Campbell, B., L. Nakagawa, M. Kobayashi, and Y. Hokama. 1987. 
Gambierdiscus toxicus in gut content of the surgeonfish 
Ctenochaetus strigosus (herbivore) and its relationship 
to toxicity. Toxicon, 25:1125-1127. 

Canellas, P. and A. Karu. 1981. statistical package for 
analysis of competition ELISA results. J. Immunol. 
Methods, 47:375-385. 

Capra, M. and J. Cameron. 1991. Ciguatera in Australia. In: 
Ciguatera Seafood Toxins (D. Miller, ed.). CRC Press, 
Boca Raton, Florida, pp. 33-52. 

Carlson, D., G. Morey-Gaines, D. Tindall, and R. Dickey. 
1984. Ecology of toxic dinoflagellates from the 
Caribbean sea. Effects of macroalgal extracts on growth 
culture. In Seafood Toxins, (E. Regalis, ed.), Am. Chem. 
Soc., Washington, DC. pp. 271-287. 

Casanova, M., R. Sanchez, and R. Marco. 1982. Ciguatera 
poisoning. Arch. Neurol., 39:387. 

Catterall, W. 1977. Activation of the action potential Na+ 
ionophore by neurotoxins. J. Biol. Chern., 252:8669-8676. 

Catterall, W. 1984. The molecular basis of neuronal 
excitability. Science, 223:653-661. 

Catterall, W. and M. Gainer. 1985. Interaction of brevetoxin 
with a new receptor site on the sodium channel. Toxicon, 
23:497-504. 



170 

Catterall, W., C. Morrow, and R. Hartshorne. 1979. Neurotoxin 
binding to receptor sites associated with voltage
sensitive sodium channels in intact, lysed, and 
detergent-solubilized brain membranes. J. Biol. Chem., 
254:11379-11387. 

Chungue, E. and R. Bagnis. 1977. Isolation of two toxins from 
parrotfish Scarus gibbus. Toxicon, 15:89-93. 

Chungue, E., R. Bagnis, and F. Pare. 1984. The use of 
mosquitoes (Aedes aegypti) to detect ciguatoxin in 
surgeon fishes (Ctenochaetus striatus). Toxicon, 22:161-
164. 

Cohen, P. 1992. Signal integration at the level of protein 
kinases, protein phosphatases and their substrates. 
TIBS, 17:408-413. 

Cuatrecasas, P. and C. Anfinsen. 1971. Affinity chromato
graphy. Annu. Rev. Biochem., 40:259-274. 

Cuatrecasas, P., M. Wilchek, and C. Anfinsen. 1968. Selective 
enzyme purification by affinity chromatography. 
Biochemistry, 61:636-643. 

Dickey, R., D. Miller, and D. Tindall. 1984. Extraction of a 
water-soluble toxin from a dinoflagellate, Gambierdiscus 
toxicus. In: Seafood Toxins (E. Regalis, ed.) Am.Chem. 
Soc., washington, DC., pp. 257-269. 

Dickey, R., S. Bobzin, D. Faulkner, F. Bencsath, and D. 
Andrzejewski. 1990. Identification of okadaic acid from 
a Caribbean dinoflagellate, Prorocentrum concavum. 
Toxicon, 28:371-377. 

Dickey, R., G. Fryxell, H. Granade, and D. Roelke. 1992. 
Detection of the marine okadaic acid and domoic acid in 
shellfish and phytoplankton in the Gulf of Mexico. 
Toxicon, 30:355-359. 

Dickey, R., H. Granade, and A. Bencsath. 1993. Improved 
analytical methodology for the derivatization and HPLC
fluorometric determination of okadaic acid in 
phytoplankton and shellfish. In: Toxic Phytoplankton 
Blooms in the Sea. (T. Smayda and Y. Shimitzu, eds.) 
Elsevier Science Pub., Amsterdam, The Netherlands, pp. 
495-499. 



171 

Ekins, R. 1991. Immunoassay design and optimisation. In 
principles and Practice of Immunoassay, (C, Price and D. 
Newman, eds.), Stockton Press, New York, NY., pp. 96-
153. 

Eng1eberg, N., J. Morris, J. Lewis, J. McMillan, R. Pollard, 
and P. Blake. 1983. Ciguatera fish poisoning: A major 
common-source outbreak in the u.s. virgin Islands. Ann. 
Intern. Med., 98:336-337. 

Endean, R., J. Griffith, J. Robins, and S. Monks. 1993. 
Mul tiple toxins in a specimen of the narrow-barred 
Spanish mackerel, Scomberomorus commersoni. Toxicon, 
31:195-204. 

Forsgren, A. and J. Sjoquist. 1966. Protein A from s. aureus. 
J. immunol., 97:822-827. 

Frenette, C., J. MacLean, and T. Gyorkos. 1988. A large 
common-source outbreak of ciguatera fish poisoning. J. 
Infect. Dis., 158:1128-1131. 

Freudenthal, A. 1990. Public health aspects of ciguatera 
poisoning contracted on tropical vacations by North 
American tourists. In: Toxic Marine Phytoplankton (E. 
Graneli, B. Sundstrom, L. Elder, and D. Anderson, eds.) 
Elsevier, New York. pp. 458-463. 

Fukal, L. and J. Kas. 1989. The advantages of immunoassays in 
food analysis. Trends Anal. Chem.,8:112-116. 

Galfre, G. and C. Milstein. 1981. Preparation of monoclonal 
antibodies: Strategies and procedures. Methods in 
Enzymol., 73:3-47. 

Gamboa, P. and D. Park. 1985. Fractionation extracts of 
Prorocentrum lima, Gambierdiscus toxicus, and ciguatoxic 
fish using counter current chromatography. (Presented at 
2nd. Conference on Ciguatera, April 23-25, San Juan, 
Puerto Rico). 

Gamboa, P., D. Park, and J. Fremy. 1992. Extraction and 
purification of toxic fractions from barracuda 
(Sphyraena barracuda) implicated in ciguatera poisoning. 
In: Proceedings of the Third International Conference on 
Ciguatera. (T. Tosteson, ed.). Polyscience Pub., Quebec, 
Canada. pp. 13-24. 



172 

Gawley, R., K. Rein, M. Kinoshita, and D. Baden. 1992. 
Binding of brevetoxins and ciguatoxin to the voltage
sensitive sodium channel and conformational analysis of 
brevetoxin B. Toxicon, 30:780-785. 

Gillespie, N., R. Lewis, J. Bourke, M. Holmes, M. Bourke, and 
w. Shields. 1986. Ciguatera in Australia: Occurrence, 
clinical features, pathophysiology and management. Med. 
J. Aus., 145:584-590. 

Goding, J. 1978. Use of staphylococcal protein A as an 
immunological reagent. J. Immunol. Methods, 20:241-253. 

Gollop, J. and E. Pone 1992. Ciguatera: A review. Hawaii Med. 
J., 51:91-99. 

Harlow, E. and D. Lane. 1988. Antibodies A Laboratory Manual. 
eoold Spring Harbor Laboratory, New York. 

Hoffman, P., H. Granade, and J. McMillan. 1983. The mouse 
ciguatoxin bioassay: A dose-response curve and 
symptomatology analysis. Toxicon, 21:363-369. 

Hokama, Y. 1985. A rapid, simplified enzyme immunoassay stick 
test for the detection of ciguatoxin and related 
polyethers from fish tisues. Toxicon, 23:939-946. 

Hokama, Y. 1988. Ciguatera fish poisoning. J. Clin. Lab. 
Anal., 2:44-50. 

Hokama, Y. 1990. Simplified solid-phase immunobead assay for 
detection of ciguatoxin and related polyethers. J. Clin. 
Lab. Anal., 4:213-217. 

Hokama, Y., M. Abad, and L. Kimura. 1983. A rapid enzyme
immunoassay for the detection of ciguatoxin in 
contaminated fish tissues. Toxicon, 21:817-824. 

Hokama, Y., A, Banner, and D. Boylan. 1977. A radioimmuno
assay for the detection of ciguatoxin. Toxicon, 15:317-
325. 

Hokama, Y., A. Asahina, T. Hong, E. Shang, and J. Miyahara. 
1990. Elavuation of the stick enzyme immunoassay in 
Carranx Spa and Seriola dumerili associated wi th 
ciguatera. J. Clin. Lab. Anal., 4:363-366. 



173 

Hokama, Y., S. Honda, M. Kobayashi, L. Nakagawa, A. Asahina, 
and J. Miyahara. 1989. Monoclonal antibody (MAb) in 
detection of ciguatoxin (CTX) and related polyethers by 
the stick-enzyme immunoassay (S-EIA) in fish tissues 
associated with ciguatoxin poisoning. In Mycotoxins and 
Phycotoxins'88, (S. Natori, K. Hashimoto, and Y. Ueno, 
eds.). Elsevier, New York, NY. pp. 303-310. 

Hokama, Y., T. Hong, M. Isobe, Y. Ichikawa, and T. Yasumoto. 
1992. Cross-reactivity of highly purified okadaic acid 
(OA), synthetic, spiroketal east sphere of OA and 
ciguatoxin. J. Clin. Lab. Anal., 6:54-58. 

Hokama, Y., L. Kimura, M. Abad, L. Yokochi, P. Scheuer, M. 
Nukina, T. Yasumoto, D. Baden, and Y. Shimizu. 1984. An 
enzyme immunoassay for the detection of ciguatoxin, and 
competitive inhibition by related natural polyether 
toxins. In Seafood Toxins (E. Regalis, ed.). Am. Chern. 
Soc., Washington, DC., pp.307-320. 

Hokama, Y., L. Shirai, L. Iwamoto, M. Kobayashi, C. Goto, and 
L. Nakagawa. 1987. Assessment of a rapid enzyme 
immunoassay stick test for the detection of ciguatoxin 
and related polyether toxins in fish tissues. BioI. 
Bull., 172:144-153. 

Holmes, C. 1991. Liquid chromatography-linked protein 
phosphatase bioassay; A highly sensitive ma~ina bio
screen for okadaic acid and related diarrhetic shellfish 
toxins. Toxicon, 29:469-477. 

Holmes, M., R. Lewis, and N. Gillespie. 1990. Toxicity of 
Australian and French Polynesian strains of 
Gambierdiscus toxicus (Dinophyceae) grown in culture: 
Characterization of a new type of maitotoxin. Toxicon, 
28:1159-1172. 

Holmes, M., R. Lewis, M. Poli, and N. Gillespie. 1991. Strain 
dependent production of ciguatoxin precursors 
(gambiertoxins) by Gambierdiscus toxicus (Dinophyceae) 
in culture. Toxicon, 29:761-775. 

Holt, R. and G. Miro. 1983. Ciguatera as a cause of food poi
soning in Puerto Rico. Am. J. HOsp. Pharm., 40:2132-
2133. 

Iwakoka, W., J. Horita, R. Shimojo, and T. Tran. 1992. 
Analysis of Acanthurus triostegus for marine toxins by 
the stick enzyme immunoassay and mouse bioassay. 
Toxicon, 30:1575-1581. 



174 

Johnson, R. and E. Jong. 1983. Ciguatera: Caribbean and Indo
Pacific fish poisoning. western J. Med., 138:872-874. 

Jones, H. 1980. Acute ataxia associated with ciguatera-type 
(grouper) tropical fish poisoning. Ann. Neurol., 7:491. 

Juranovic, L. and D. Park. 1991. Foodborne toxins of marine 
origin: Ciguatera. Rev. Environ. Contarn. Toxicol., 117: 
51-94. 

Kelly, A., C. Kohler, and D. Tindall. 1992. Are crustaceans 
linked to the ciguatera food chain? Environ. Biol. 
Fishes, 33:275-286. 

Kimura, L., M. Abad, and Y. Hokama. 1982. Evaluation of the 
radioimmunoassay (RIA) for detection of ciguatoxin (CTX) 
in fish tissues. J. Fish Bioi., 21:671-680. 

Kodama, A. and Y. Hokama. 1989. Variations in symptomatology 
of ciguatera poisoning. Toxicon, 27:593-595. 

Lawrence, D., M. Enriquez, R. Lumish, and A. Maceo. 1980. 
Ciguatera fish poisoning in Miami. J~, 244:254-258. 

Lee, J., M. Murata, and T. Yasumoto. 1989. Analytical methods 
for determination of diarrhetic shellfish toxins. In 
Mycotoxins and Phycotoxins'88. (S. Natori, K. Hashimoto, 
and Y. Ueno, eds.). Elsevier, New York, NY. pp.327-334. 

Lee, J., T. Yanagi, R. Kenma, and T. Yasumoto. 1987. 
Fluorometric determination of diarrhetic shellfish 
toxins by high-performance liquid chromatography. Agric. 
Bioi. Chern., 51:877-881. 

Legrand, A. 1991. Les toxines de la ciguatera. In Proceedings 
of Symposium on Marine Biotoxins, (J. Fremy, ed.), 
CNEVA, Paris, France. pp. 53-59. 

Legrand, A., M. Fukui, P. Cruchet, Y. Ishibashi, and T. 
Yasumoto. 1992. Characterization of ciguatoxins from 
different fish species and wild Gambierdiscus toxicus. 
In Proceedings of the Third International Conference in 
Ciguatera. (T. Tosteson, ed.). Quebec, Canada. pp. 25-
32. 

Levine, L., H. Fujiki, K. Yamada, M. Ojika, H. Gjika, and H. 
Van Vunakis. 1988. Production of antibodies and 
development of a radioimmunoassay for okadaic acid. 
Toxicon, 26:1123-1128. 



175 

Lombet, A., J. Bidard, and M. Lazdunski. 1987. Ciguatoxin and 
brevetoxins share a common receptor site on the neuronal 
voltage-dependent Na+ channel. FEB, 219:355-359. 

Lusted, L. 1982. Assessing the performance of analytical 
methodologies through outcome studies. In Recen t 
Advances in Analytical Methodology in the Life Sciences. 
(L. Beaver, ed.). U.S. Department of Health and Human 
Services, Bethesda, MD. pp. 5-34. 

Luu, H., D. Chen, J. Magoon', J. Worms, J. Smith, and C. 
Holmes. 1993. Quantification of diarrhetic shellfish 
toxins and identification of novel protein phosphatase 
inhibitors in marine phytoplankton and mussels. Toxicon, 
31:75-83. 

Lewis, R. 1992. Ciguatoxins are potent ichthyotoxins. 
Toxicon, 30:207-211. 

Lewis, R. and R. Endean. 1983. Occurrence of a ciguatoxin
like substance in the Spanish mackerel (Scomberomorus 
commersoni). Toxicon, 21:19-24. 

Lewis, R. and R. Endean. 1984. Ciguatoxin from the flesh and 
viscera of the barracuda, Sphyraena barracuda. Toxicon, 
22:805-810. 

Lewis, R. and M. Sellin. 1992. Multiple ciguatoxins in the 
flesh of fish. Toxicon, 30:915-919. 

Lewis, R., M. Sellin, M. Poli, R. Norton, J. MacLeod, and M. 
Sheil. 1991. Purification and characterization of 
ciguatoxins from moray eel (Lycodontis javanicus, 
Muraenidae). Toxicon, 29:1115-1127. 

Marr, J., A. Jackson, and J. MacLachlan. 1992. Occurrence of 
Prorocentrum lima, a DSP toxin-producing species from 
the Atlantic coast of Canada. J. Appl. Phycol., 4:17-24. 

Marr, J., T. Hu, S. Pleasance, M. Quilliam, and J. wright. 
1992. Detection of new 7 -O-acyl derivatives of 
diarrhetic shellfish poisoning toxins by liquid 
chromatography-mass spectrometry. Toxicon, 30:1621-1630. 

Masselin, P., P. Lassus, and M. Bardouil. 1992. High perfor
mance liquid chromatography analysis of diarrhetic 
toxins in Dynophysis spp. from the French coast. J. 
Appl. Phycol., 4:385-389. 



176 

Martin, A. and R. Synge. 1941. A new form of chromatogram 
employing two liquid phases. Biochern. J., 35:1358-1368. 

McMillan, J., H. Granade, and P. Hoffman. 1980. Ciguatera 
fish poisoning in the United States Virgin Islands: 
preliminary studies. J. Coll. Virgin Is., 6:84-107. 

Moon, A. 1981. Ciguatera poisoning. Practitioner, 225:1176-
1178. 

Morris, J. 1990. Ciguatera fish poisoning: Barracuda's 
revenge. Southern Med. J., 83:371-372. 

Morris, P., D. Campbell, and J. Freeman. 1990. Ciguatera fish 
poisoning: An outbreak associated with fish caught from 
North Carolina coastal waters. Southern Med. J., 83:379-
382. 

Murata. M., A. Legrand, Y. Ishibashi, and T. Yasumoto. 1989. 
Structures of ciguatoxin and its congener. J. Am. Chem. 
Soc., 111:8929-8931. 

Murata, M., A. Legrand, Y~ Ishibashi, M. Fukui, and T. 
Yasumoto. 1990. Structures and configurations of 
ciguatoxin from the moray eel Gymnothorax javanicus and 
its likely precursor from the dinoflagellate 
Gambierdiscus toxicus. J. Am. Chern. Soc., 112:4380-4386. 

Murata, M., M. Shimatani, H. Sugitani, Y. oshima, and T. 
Yasumoto. 1982. Isolation and structural elucidation of 
the causative toxin of the diarrhetic shellfish 
poisoning. Bull. Japn. Soc. Sci. Fish., 48:549-552. 

Ngo, T. 1985. Enzyme mediated immunoassa: An overview. In 
Enzyme Mediated Immunoassay, (T. Ngo and H. Lenhoff, 
eds.), Plenum Press, New York, NY., pp. 3-32. 

Nukina, M., L. Koyanagi, and P. Scheuer. 1984. Two inter
changeable forms of ciguatoxin. Toxicon, 22:169-176. 

Ohizumi, Y. 1987. Pharmacological actions of the marine 
toxins ciguatoxin and maitotoxin isolated from poisonous 
fish. Biol. Bull., 172:132-1360 

O'Sullivan, M. 1984. Enzyme immunoassay.In Practical 
Immunoassay. The State od the Art, (W. Butt, ed.), 
Marcel Denker, Inc., New York, NY., pp. 37-69. 



177 

Park, D., P. Gamboa, and C. Goldsmith. 1992. Validation of 
the solid-phase immunobead assay (CiguatectD ) for toxins 
associatd with ciguatera poisoning. (In preparation for 
submission) • 

Pesce, A. and G. Michael. 1992. Artifacts and limitations of 
enzyme immunoassay. J. Immunol. Methods, 150:111-119. 

Peterman, J. (1991) Immunochemical considerations in the 
analysis of data from non-competitive solid-phase 
immunoassays. In Immunochemistry of Solid-Phase 
Immunoassay. (J. Butler, ed.). CRC Press, Boca Raton, 
FL. pp. 47-65. 

Poli, M., T. Mende, D. Baden, R. Galbraith, T. Higerd, M. 
Enriquez, and H. Janowski. 1982. Ciguatera fish 
poisoning-Bahamas, Miami. MMWR, 31:391-392. 

Raggatt, P. 1991. Data processing. In Principles and Practice 
of Immunoassay, (C. Price and D. Newman, eds.). Stockton 
Press, New York. pp. 190-218. 

Rakotoniaina, C. and D. Miller. 1991. Assays for ciguatera
type toxins. In Ciguatera Seafood Toxins, (D. Miller, 
ed.), CRC Press, Boca Raton, FL., pp. 73-86. 

Randall, J. 1985. A review of ciguatera tropical fish 
poisoning with a tentative explanation of its cause, 
Bull. Mar. Sci. Gulf Cari., 8:236-237. 

Regalis, E. 1984. Ciguatera seafood poisoning: An overview. 
In Seafood Toxins, (E. Regalis, ed.), Am. Chern. Soc., 
Washington, DC., pp. 22-36. 

Riegelman, R. and R. Hirsch. 1989. Studying a Study and 
Testing a Test. How to Read the Medical Literature 2nd. 
edition. Little Brown and Company, Boston. 

Rodgers, H. 1984. Data analysis and quality control of 
assays: a practical primer. In Practical Immunoassay. 
The State of the Art, (W. Butt, ed.). Marcel Dekker, 
Inc., New York. pp. 253-308. 

Rullan, J. 1990. La ciguatera en Puerto Rico. Informe 
Epidemiologico, Division de Epidemiologia, Departamento 
de Salud, Puerto Rico. 

Russell, F. 1975. Ciguatera poisoning, a report of 35 cases. 
Toxicon, 13:383-385. 



178 

Satake, M., M. Murata, and T. Yasumoto. 1993. The structure 
of CTX3C, a ciguatoxin congener isolated from cultured 
Garnbierdiscus toxicus. Tetrahedron Lett., 34:1975-1978. 

Saunders, D. 1974. Solvent selection in adsorption liquid 
chromatography. Anal. Chern., 46:470-473. 

Sawyer, P., D. Jollow, and P. Scheuer. 1984. Effect of 
ciguatera associated toxins on body temperature in mice. 
In Seafood Toxins, (E. Ragelis, ed.), Am. Chern. Soc., 
Washington DC., pp. 321-329. 

Scheuer, P., W. Takahashi, J. Tsutsumi, and T. Yosida. 1967. 
Ciguatoxin: Isolation and chemical nature. Science, 
155:1267-1268. 

Scouten, W., C. Adler, R. Rongen, and L. Mallee. 1992. 
Evaluation of the mode of binding of immunoglobulin to 
activated agarose. J. Chrom., 597:231-238. 

Shestowsky, W., M. Quilliam, and H. Sikorska. 1992. An 
idiotypic-anti-idiotypic competitive immunoassay for 
quantitation of okadaic acid. Toxicon, 30:1441-1448. 

Shimizu, Y. 1979. Alternatives to the mouse bioassay. In 
Toxic Dinoflagellate Blooms, (D. Taylor and H. Sliger, 
eds.), Elsevier, New York, NY., pp. 453-455. 

Smith, P., R. Krohn, G. Hermanson, A. Mallia, F. Gartner, M. 
Provenzano, E. Fujimoto, N. Goeke, B. Olson, and D. 
Klenk. 1985. Measurement of protein using bicinchoninic 
acid. Anal. Biochem., 150:76-85. 

Snyder, L. 1974. Classification of the solvent properties of 
common liquids. J. Chrom., 92:223-230. 

Sorensen, K. and U. Brodbeck. 1986. A sensitive protein assay 
method using micro-titer plates. Experientia, 42:161-
162. 

Sorensen, K. and U. Brodbeck. 1986. Assessment the coating-
. efficiency in ELISA plates by direct protein 

determination. J. Immunol. Methods, 95:291-293. 

Suganuma, M., H. Fujiki, S. Okabe, S. Nishiwaki, D. 
Brautigan, T. Ingebritsen, and M. Rosner. 1992. 
Structurally different members of the okadaic acid class 
selectively inhibit protein serine/threonine but not 
tyrosine phosphatase activity. Toxicon, 30:873-878. 



179 

Stabell, 0., V. Hormazabal, I. Steffenak, and K. Pedersen. 
1991. Diarrhetic shellfish toxins: Improvement of sample 
clean-up for HPLC determination. Toxicon, 29:21-29. 

Tachibana, K., M. Nukina, Y. Joh, and P. Scheuer. 1987. 
Recent developments in the molecular structure of 
ciguatoxin. Biol. Bull., 172:122-127. 

Takai, A., M. Murata, K. Torigoe, M. Isobe, G. Mieskes, and 
T. Yasumoto. 1992. Inhibitory effect of okadaic acid 
derivatives on protein phosphatases. Biochem. J., 
284:539-544. 

Tanti, J., T. Gremeaux, E. Van Obberghen, and Y. Marchand. 
1991. Effects of okadaic acid, an inhibitor of protein 
phosphatases -1 and -2A, on glucose transport and 
metabolism in skeletal muscle. J. Biol. Chern., 266:2099-
2103. 

Tarcha, P. 1991. The chemical properties of solid-phases and 
their interaction with proteins. In Immunochemistry of 
Solid-Phase Immunoassay, (J. Butler, ed.). Elsevier, 
Boca Raton, FL. pp. 27-46. 

Taylor, F. 1979. A description of the benthic dinofla
gellates associated with maitotoxin and ciguatoxin, 
includin observations on Hawaiian material. In Toxic 
Dinoflagellate Blooms, (D. Taylor and H. Seliger, eds.), 
Elsevier, New York, NY., pp. 71-88. 

Taylor, S. 1988. Marine toxins of microbial origin. Food 
Technol., March: 94-98. 

Tindall, D., R. Dickey, R. Carlson, G. Morey-Gaines. 1984. 
Ciguatoxic dinoflagellates from the Caribbean sea. In 
Seafood Toxins, (E. Regalis, ed.), Am. Chern. Soc., 
washington DC., pp. 225-240. 

Tosteson, T., D. Ballantine, and H. Durst. 1988. Seasonal 
frequency of ciguatoxic barracuda in Southwest Puerto 
Rico. Toxicon, 26:795-801. 

Tosteson, T., R, Edward, and D. Baden. Caribbean ciguatera 
and polyether dinoflagellate toxins: Correlation of 
barracuda ciguatoxins with standard toxins. In 
proceedings of the Third Int;ernational Conference in 
Ciguatera. (T. Tosteson, ed.). Quebec, Canada. pp. 89-
102. 



180 

Toti, L., L. Croci, D. De Medici, S. Gizzarelli, M. Di 
pasquale, L. orefice, and A. Stazi. 1991. Evaluation of 
Yasumoto test for the determination of DSP toxins in 
shellfish. In Actes du Colloque sur les Biotoxines 
Marines, (J. Fremy, ed.), CNEVA, France, Paris. pp. 101-
110. 

Tubaro, A., S. Sosa, M. Bruno, P. Bianca, L. Volterra, and R. 
Loggia. 1992. Diarrhoeic shellfish toxins in Adriatic 
sea mussels evaluata~d by an ELISA method. Toxicon, 
30:673-676. 

Tuinstra, L., A. Roos, J. Van Trijp, M. Kockerols, and R. 
Hartemink. 1991. Adam reagent for the acid labeling. 
Assessment of Adam content in an unknown solution, In 
Actes du Colloque sur les Biotoxines Marines, (J. Fremy, 
ed.), CNEVA, France, Paris. pp. 111-117. 

TurkovA, J. 1987. Affinity Chromatography, Elsevier 
Scientific Pub., New York, NY. 

Uda, T., Y. Itoh, M. Nishimura, T. usagawa, M. Murata, and T. 
Yasumoto. 1989. Enzyme immunoassay using monoclonal 
antibody for diarrhetic shellfish poisons. In Mycotoxins 
and Phycotoxins'88, (s. Natori, K. Yasumoto, and Y, 
Ueno, eds.), Elsevier Science Pub., New York, NY., 335-
342. 

Usagawa, T., M. Nishimura, Y. Itoh, T. Uda, and T. Yasumoto. 
1989. Preparation of monoclonal antibodies against 
okadaic acid prepared from the sponge Halichondria 
okadai. Toxicon, 27:1323-1330. 

Van Weemen, B. and A. Schuurs. 1971. Immunoassay using 
antigen-enzyme conjugates. FEBS Letters, 15:232-235. 

Voller, A., D. Bidwell, and A. Bartlett. 1976. Enzyme immuno
assays in diagnostic medicine. Bull. World Heal th 
Organ., 53:55-65. 

Wekell, M. 1991. General referee reports. Seafood products. 
J. Assoc. Off. Anal. Chern., 74:136-141. 

Wilson, A., A. Takai, J. Caspar, and P. Lanerolle. 1991. 
Okadaic acid, a phosphatase inhibitor, decreases macro
phage motility. Am. J. Physiol., 4:L105-Ll12. 

Whitehead, T. 1977. Quality Control in Clinical Chemistry, 
John Willey & Sons, New York, NY. 



181 

Withers, N. 1982. Ciguatera fish poisoning. Ann. Rev. Med., 
33:97-111 •• 

Yasumoto, T., R. Bagnis, S. Thevenin, and M. Garcon. 1977. A 
survey of comparative toxicity in the food chain of 
ciguatera. Bull. Japn. Soc, Sci. Fisheries, 43:1015-
1019. 

Yasumoto, T., N. Seino, Y. Murakami, and M. Murata. 1987. 
Toxins produced by benthic dinoflagellates. Biol. Bull., 
172:128-131. 

Yasumoto, T., M. Murata, Y. Oshima, G. Matsumoto, and J. 
Clardy. 1984. Diarrhetic shellfish poisoning. In Seafood 
Toxins, (E. Regalis, ed.), Am. Chern. Soc., Washington 
DC., pp. 207-214. 

Yatsunami, J., H. Fujiki, M. Suganuma, S. Nishiwaki, M. 
Ojika, K. Yamada, and L. Levine. 1991. Binding 
competition of okadaic acid derivatives to anti-okadaic 
acid antibody. Toxicon, 29:1409-1412. 

Zaslavsky, B. 1992. Bioanalyical applications of partition
ing in aqueous polymer two-phase systems. Anal. Chern., 
64:765A-773A. 

Zonta, F., B. Stancher, P. Bogoni, P. Masotti. 1992. High
performance liquid chromatography of okadaic acid and 
free fatty acids in mussels. J. Chrom., 594:137-144. 


