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ABSTRACT 

Mycotoxins produced by molds are common contaminants of many important 

crops, including wheat, com, rice and peanuts. Some mycotoxins are found in fruits and 

vegetables. These contaminants have a broad range of toxic effects, including 

carcinogenicity, neurotoxicity, and reproductive and developmental toxicit>. The 

occurrence of mycotoxins in foods is an unavoidable worldwide problem. About 80 

countries have imposed regulatory limits to minimize human and animal exposure to 

mycotoxins. Regulatory limits, including intemational standards, have tremendous 

economic impact and must be developed using scientific-based risk assessments. 

This thesis is focused on the high-performance liquid chromatography (HPLC) 

analysis of mycotoxins. Chapter I is a review of the application of HPLC on the 

determination of mycotoxins. Two major types of mycotoxins - aflatoxins and 

trichothecenes are discussed in details. Other mycotoxins are also surveyed. 113 

references are cited. Chapter II describes a simple and sensitive method for simultaneous 

determination of verrucarin A, verrucarol and roridin A. This method was applied to the 

analysis of a spore mycotoxin sample form Stachybotrys atra. Greatly impro\'ed 

analytical separations resulted from the use a new phenyl-hexyl bonded phase column. 

Chromatographic and analytical figures of merit are presented. Additional work is also 

discussed 
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CHAPTER I 

INTRODUCTION 

Mycotoxins are toxic secondary metabolites produced by molds, i.e., metabolites 

not essential to the normal functioning of the cells. Molds are ubiquitous in nature and 

are universally found where environmental conditions are conductive to mold growth. 

Because mold are present in soil and plant debris, and are spread by wind currents, 

insects, and rain, they are frequently found in/on foods together with their associated 

mycotoxins. 

The acute toxicity of mycotoxins has resulted in serious human health problems 

throughout recorded history [1]. It has only been since the early 1960s, when the 

aflatoxins were found carcinogenic, that it was realized that some of these mold 

metabolites might have significant sub-acute and chronic toxicity for humans. The public 

health concems resulting from the finding of mycotoxins, including metabolites in animal 

tissues resulting from transmission of mycotoxins present in animal feeds, and the 

observation of both acute and chronic effects in animals have prompted the research 

effort focusing on analytical methods development. Analysis for mycotoxins is essential 

to minimize the consumption of contaminated food and feed. 

Method development and evaluation for mycotoxins is not a simple task. 

Determining the concentrations of toxins in grains at the ng/g or parts-per billion levels 

required for most important mycotoxins is difficult. The approach generally followed 

consists of obtaining a relatively large primary sample representing a lot, reducing it in 



bulk and particle size to a manageable quantity, and finally performing the anal\ sis on a 

small representative portion. 

All analytical methods for mycotoxins consist of four steps: sample preparation, 

extraction, cleanup or isolation, and measurement of the toxins. This thesis focuses on 

the measurement. Numerous individual methods have been published for m>'cotoxin 

analysis, hence a great deal of judgment is required for the selection of the optimum 

protocol of analysis. The analyst must use authentic toxin standards of known purit> and 

select appropriate methods according to particular needs. The following criteria are 

considered in selecting a method: number of analyses, time required, location of analysis 

(laboratory or field), cost of equipment, safety, waste disposal, and the experience 

required of the analyst [2]. Some of the published methods have been validated in 

intemational collaborative studies, and their precision and accuracy estimated for specific 

commodities according to internationally harmonized rules. However, the vast majority 

of published methods have not been validated by this way. 

Review of the Application of HPLC Methods for Mycotoxin Analysis 

Chapter II of the thesis reviewed the current HPLC methods for the determination 

of mycotoxins. Among all types of mycotoxins, aflatoxins and trichothecenes are of 

most interest. 

Aflatoxins 

Aflatoxins are secondary metabolites produced b\ the fungi Aspergillus flavus 

and Aspergillus parasiticus. The discovery of serious aflatoxicosis in farm animals and 



the presence of aflatoxins in many food products triggered a worldwide effort to de\ elop 

analytical methods for these compounds. Simple, rapid, sensitive and specific 

chromatographic methods are now replacing complicated and less effecti\ e spectrometric 

methods for determining aflatoxins. Both normal-phase (NP) and reversed- phase (RP) 

HPLC have been used in conjunction with UV absorption, fluorescence, mass 

spectroscopy (MS) and amperometric detection. Fluorescence detection is most widely 

used [3-8]. The review presented alomost all the pre-column and post-column 

derivatization methods for the florescent detection. 

Trichothecenes 

Tricothecenes are mould metabolites produced by various stains of Fusarium and 

other species of imperfect fungi. Species of the genus Fusarium occur widely in nature as 

saprophytes and plant parasites; they are found in a great variety of plants and 

agricultural products. In addition to the losses caused by infection of plants by these 

fiingi before or during harvest, some species are capable of producing tricothecenes in 

affected products. The correlation between the presence of certain trichothecenes and 

adverse physiological effects demands for specific analytical methods for the 

trichothecenes in food in various commodities. Some HPLC methods have been 

developed for their determination. Unlike aflatoxins, there is not a major detection mode 

for trichothecenes. Many detection methods have used including UV absorption [9], MS 

[10], electrochemical detection [11] and fluorescence detection [12]. Each method has its 

own advantages. 



Research Presented in the Thesis 

The primary goal of this research was to develop a simple and sensitive method 

for the simultaneous determination of three trichothecenes: verrucarin A. verrucarol and 

roridin A. Verrucarin A, verrucarol and roridin A belong to macrocyclic trichothecenes 

which are proved to be responsible for the high toxicity of the filamentous fungus 

Stachyhybotrys atra (also known as S. chartarum) [13]. Both verrucarin A and roridin A 

contain dienone structures and have been detected mainly by UV absorption. Very few 

papers have been reported the study of both verrucarins and roridins. The onh reference 

we found is the work done by Frisvad's group [14]. They developed a general method 

based on HPLC for the chemotaxonomic study of most known mycotoxins and other 

secondary metabolites. However, even with the same type of chromatographic columns 

the retention times were very variable, and some secondary metabolites such as roridin A. 

verrucarin and verrucarol were retained on the column. Until now, no paper has been 

published describing methods that are capable of determining verrucarin A and roridin A 

at the same time. 

By using a new type of stationary phase — phenyl-hexyl-stationary phase, 

together with the optimum separation system, we proposed a method and realized the 

simultaneous analysis of these two mycotoxins for the first time. However, under our 

conditions, roridin A and verrucarol can not be separated. This method is simple and 

proved to be sensitive for all the three compounds. Influences of pH and temperature on 

the elufion of two groups of selected peaks were studied. The results showed that o\cr 

the pH range of 3.03 to 6.98, pH has little effect on the second group of peaks, but the 

first group of peaks seemed to have maxima at pH 3.61. Temperature had little effect on 
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the elution of all the groups. The new type of stationary phase proved to ha\ e great 

advantage over the conventional Cig reversed phase columns. It has better separation and 

better hydrolytic and thermal stability than the conventional RP-HPLC columns. This 

method was applied to the analysis of spore mycotoxin sample and good results w ere 

obtained. Conclusions and future work are also presented. 



References 

1. Pohland, A.E. Food Add Contam. 1993, 10. 17-28. 

2. Trucksess, M. W. Immunoassays for Residue Analysis, 1996, ACS S> mposium 
Series 621, American Chemical Society. Washington, DC. 

3. Tanahashi, D.M. J. Chromatogr. 1977a, 60, 799. 

4. Sharman, M.; Gilbert, J. J Chromatogr. 1991. 543(1). 220-225. 

5. Dunne, C; Meaney, M; Smith, M. J. Chromatogr. 1993, 629(2), 229-235. 

6. Dell, M.P.K.; Haswell, S.J. Analyst 1990,115, 1435. 

7. Gamer, R.C.; Whattam, M.W. J Chromatogr. 1993, 648, 485. 

8. Joshua, H. J Chromatogr. 1993, 654(2), 247-254. 

9. Lanin, S.N.; Nikitin, Y.S. J Chromatogr. 1991. 558(1). 81-88. 

10. Kostiainen, R.; Matsuura, K.; Nojima, K. J. Chromatogr. 1991. 538(2). 323-340. 

11. Childress, W.L.; Krull, I.S.; Selavka, CM. J. Chromatogr. Sci. 1990, 28(2), 76-82. 

12. Cohen, H.;. Boutin-Muma, B. J. Chromatogr. 1992, 595. 143. 

13. Jarvis, B.B.; Salemme, J.; Morals, A. Natural Toxins 1995, 3(1) 10-16. 

14. Frisvad, J.C. 7. Chromatogr. 1987, 392, 333-347. 



CHAPTER II 

APPLICATION OF HPLC FOR THE DETERMINATION 

OF MYCOTOXINS - REVIEW 

Introduction 

The study of mycotoxins, which are secondary metabolites of various fungal 

species, has become of great importance, since the consumption of foods contaminated 

by the toxins can seriously affect human health. Mycotoxins of particular interest to the 

problem of food preservation are aflatoxins, trichothecene mycotoxins. patulin, 

ochratoxin A and zearalenone [1]. Among these, aflatoxins and trichothecene 

mycotoxins have been mostly studied, and aflatoxins are most common and highly toxic. 

Aflatoxins 

Ever since the severe outbreak of Turkey "X" disease in the UK in the 1960's and 

the discovery of fluorescent compounds in a feed component, peanut meal, aflatoxins 

have been a major concem as a toxic contaminant of feeds and foods [2]. Aflatoxins are 

secondary metabolites produced by the fungi Aspergillus flavus and Aspergillus 

parasiticus. The fungi can produce aflatoxins on commodities in the field under stress 

conditions or in storage when conditions such as high moisture and warm temperature 

(25-30°C) are met. The widespread occurrence of the Aspergillus mould and the high 

carbohydrate content mean that several agricultural commodities are \ ulnerablc to 

contaminafion with these types of moulds. Aflatoxins have been found in several human 

foods like barley, corn, rice, beans, brazil nuts, pistachio nuts, peanut and peanut 



products, almonds, nut and nut products, wheat flour, figs, date fitiits. spices, eggs. beer, 

etc. [3]. Due to the metabolism of these mycotoxins. the consumption of polluted feed is 

also derived from the contamination of foods of animal origin such as meat, milk and 

other dairy products. 

Many aflatoxins exhibit acute and chronic toxicity including mutagenic, 

carcinogenic and teratogenic effects in a wide range of organisms. Aflatoxin Bi is the 

prevalent, acutely toxic and most carcinogenic of the aflatoxins. The international 

Agency for Research on Cancer has placed aflatoxin Bi on their list of probable 

carcinogens [4]. Aflatoxin Mi accumulates in the milk of cows that had consumed feed 

contaminated with aflatoxin Bi [5]. This compound presents the same toxicit\' as 

aflatoxin Bi for animals and humans [6]. 

Up to now. at least sixteen aflatoxins [7] that are related structuralh ha\ e been 

identified. Among them, aflatoxins Bi, B2, Gi. G2 are most frequently analyzed due to 

their well-known pathogenic action (Figure 2.1). The hydroxylated metabolites of 

aflatoxins Bi and B2, such as aflatoxins Mi and M2 that can be found in milk and other 

organic fluids, and aflatoxin Ql and PI that can be present in the liver or urine of man\ 

mammals, including humans, are also routinely monitored. As pentaheterocyclic and 

highly conjugated compounds, aflatoxins exhibit native fluorescence. The G series of 

aflatoxins differ chemically from the B series by the presence of a 3-lactone ring, instead 

of a cyclopentenone ring. In addition, an 8,9 double bond is found in the form of a \ in\ 1 

ether at the terminal furan ring in aflatoxins Bi and Gi, but not aflatoxins B2 and G2. Ihis 

small difference in structure is associated with a \ery significant ehange in activity: 

aflatoxins Bi and Gi are carcinogenic and considerably more toxic than aflatoxins B: and 
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G2. Moreover, it has drastic influence on the fluorescence properties, i.e.. aflatoxin B2 

and G2 are far more fluorescent than their unsaturated homologues aflatoxin Bi and Gi 

due to the quenching of their fluorescence by eluents used in both normal- and reversed-

phase HPLC. 

Trichothecene Mycotoxins 

Trichothecene mycotoxins are mould metabolites produced by \ arious strains of 

Fusarium, Trichoderma, Myrothecium, and other species of imperfect fungi. The> ha\e 

been associated with human health hazards, loss of farm products, li\'e stocks and other 

animals for decades [8]. They were also alleged to have been used as chemical warfare 

agents [8]. The group is characterized by the 12,13-epoxy-trichocene-9-ene ring system 

(Figure 2.2) and can be classified into two groups: group B with the carbonyl oxygen 

atom in position 8 conjugated with a double bond in 9-10 and group A without this atom. 

The absence of this 6-P-enone feature prevents these compounds from being detected by 

UV absorption [9]. Both groups are polar and thermally labile. 

Examples of these compounds are diacetoxyscirpenol (DAS), T-2 toxin. IIT-2 

toxin, nivalenol (NIV), and deoxynivalenol (DON). DON is probably the most toxic. It 

belongs to group B. DON is found predominantly in wheat, com, rye. rice, and barle\. 

Several countries roufinely monitor for its presence. Discovered in Japan in 1972, it has 

since been found in the above-mentioned grains in other parts of the world, including 

North America, where it has been a particular problem in wheat products [10]. 1-2 and 

its derivafives belong to group A. In blood T-2 and HT-2 are easily interecMU erted and 

hydrolyzed to T-3 and T-4 toxins. 



Other Mycotoxins 

Some mycotoxins are not so acutely toxic, but they are of concem because of 

their potential hazard for humans. Patulin is a mycotoxin mainly found in apples and 

apple products, and has become one of the most important quality criteria for apple juice. 

Patulin is formed in apples decayed by certain genus of molds, particular!} Penicillium 

expansum, easily transfers into apple juice during processing owing to its solubility in 

water [11]. It is very stable to heat in acidic medium as in apple juice; therefore, 

noticeable amount of patulin sfill remains in juice after processing. Carcinogenic, 

teratogenic and mutagenic effects of patulin have been reported [12]. A maximum 

permitted concentration has been set at 50 |ag/L in foodstuffs by the world Health 

Organization (WHO) [13]. 

Ochratoxin A (OTA), a second fungal metabolite, is known to be hepatotoxic, 

nephrotoxic, teratogenic, and mutagenic to a wide variety of animals. Its widespread 

natural occurrence in animal feeds and tissues leads to the potential hazard to humans 

[14]. 

Zearalenone (ZON) is a fungal metabolite produced by several Fusarium species, 

which can infect com, barley, oats, wheat and sorghum [15]. Although its acute toxicity 

is considered to be much less than that of aflatoxins. ZON is of concern due to its 

remarkable estrogenic activity and anabolic properties that have been discovered in rats, 

mice, poultry and swine. Additionally, bioassays have indicated a carcinogenic acti\ it>' 

for ZON. 

Current analysis methods for mycotoxins reported in the literature include thin-

layer chromatography (TLC) [16-20], gas chromatograph\ (GC) with electron-capture 
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detecfion (ECD) [21-23] or mass spectroscopy (MS) [24], liquid chromatography with 

[25-30] or without derivatization [31-33] with UV [34-36] or fluorescence [25-27. 31. 32, 

37] or MS detecfion [8, 38, 39], enzyme-linked immunosorbent assay (ELISA) [40-42]. 

Sensitivity and accuracy of these methods depend on their ability to selectively isolate 

toxins from interfering substances present in the complex matrices prior to the detection. 

Clean-up procedures are normally used for toxin isolation, including supercritical fluid 

extraction (SEE) [43], solid-phase extraction [44-46] with various mixtures of solid 

phases. Although ELISA methods are simple, fast, and selective, they do not distinguish 

between individual aflatoxins and do not allow for simultaneous monitoring of both 

individual and total aflatoxin level, so they are used primarily for screening. GC can not 

become a general method for mycotoxins because of the difficulties in converting some 

metabolites into volatile compounds and thus has been used mostly for the 

trichothecenes, patulin and zearalenone [47]. High-performance liquid chromatography 

(HPLC) is being used increasingly for the analysis of individual and related mycotoxins 

in foods and fungal cultures. This approach becomes even more attractive for the 

potenfial of automafion. These HPLC methods differ significantly in the choice of 

normal- or reversed-phase columns of different types, elufion mixtures and gradients, 

detection methods and sample preparation and purification procedures [36]. 

The aim of this review is to give an overview of the analytical methods with 

HPLC that are applied to the determination of mycotoxins in various kinds of samples. 
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Chromatographic Methods for Mycotoxin Analysis 

Sample Preparation 

Solvent Extraction. Extraction depends largely on the physicochemical properties 

of the commodifies contaminated with mycotoxins [48]. Many other factors, including 

type of chromatographic detection, cost and waste disposal, must be taken into 

considerafion, so there is not a single adequate method of extraction for all products. 

Commodities with high lipid and pigment content require a more selecti\ e treatment 

followed by extensive purification methods than those with a low content of these 

components. As most mycotoxins are soluble in polar solvents and insoluble in nonpolar 

solvents, normally they are extracted using mixtures of organic solvents such as acetone, 

chloroform, or methanol [49]. On the other hand, the use of small amounts of water in 

combination with cited solvents humidifies the substrate increasing the penetration of the 

organic solvent in the sample and enhancing mycotoxin extraction [48]. Aqueous 

mixtures of methanol, acetonitrile, 2-propanol or acetone have been used for the 

extraction of grains, oilseeds, cottonseed, nuts, meats and various other products. In most 

instances, a two-phase extraction is carried out using acetonitrile-water or methanol-

water [50]. The addition of nonpolar solvents, like hexane, for fat partitioning is also 

used [51]. 

Purification. Clean up of sample extract prior to instmmental analysis (HPLC) is 

used to remove other materials also extracted that often interfere in the determination of 

target analytes. The traditional use of column chromatography (silica gel) and liquid-

liquid partition for clean up has gradually been replaced by solid-phase extraction (SPE) 

and immunoaffinity columns. SPE is rapid, solvent efficient and economical. Since 
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Eppley in 1968 [52] developed silica-gel purification columns for aflatoxin anah sis. a 

large variety of solid-phase extraction columns have been developed for this purpose. 

The bonded phase may either be polar (silica cartridges) or nonpolar (Cig, Cg. C2. 

cyclohexyl or phenyl cartridges) [3]. Other types of solid-phase extraction columns are 

the multifunctional Mycosep columns that, contrary to the others, allow the passage of 

mycotoxins and retain the interfering substances [53] and the immunoaffinit}' columns. 

High Performance Liquid Chromatography Procedures 

HPLC Analysis of Aflatoxins. Use of HPLC as a determination procedure in the 

analysis for aflatoxins has greatly increased in the recent years and several re\'iew s ha\ e 

been carried out [54-56]. Both normal- and reversed-phase HPLC can be utilized. In 

general, RP-HPLC systems are used more frequently than those of normal-phase due to 

the easier manipulation as well as the small toxicity of watery mobile phase. HPLC 

coupled with UV absorbance, fluorescence, amperometric and DAD detection ha\ e been 

reported to apply to the determination of aflatoxins, but fluorescent detection is most 

used. Whereas UV detection at 365 nm affords peaks for all four main components 

(aflatoxin Bi, B2, Gi and G2), fluorescence detection (365 nm excitation, >415 nm 

emission) is more selective and has greater sensitivity for the B2 and G2 components. 

Sensifivity for components Bi and Gi, however, is quite poor due to the quenching of 

their fluorescence by eluents used in both normal- and reversed-phase HPLC. Two basic 

approaches have been used to increase the fluorescence detectability of the Bi and (11 

components in HPLC to decrease the quenching of fluorescence by modif\ ing the eluent 
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and/or the detector and pre- or post-column derivatization to compounds whose 

fluorescence is not quenched. 

a. Methods of reducing fluorescence quenching include, for normal-phase HPLC, 

switching from chloroform, dichloromethane or methanol as major components of the 

eluent to a mobile phase consisting mainly of toluene and packing the fluorescence flow 

cell with silica gel [37]. 

For reversed-phase HPLC the addifion of cyclodextrins (CDs, see Figure 2.3) to 

the mobile phase cause a decrease in the quenching of fluorescence of Bi and Gi [1.57-

58]. CDs are oligoholosides with a chiral-toroidal configuration, yielded by the enzyme 

CD-transglycolase from dextrans. These cyclic oligomers contain from six to eight 

glucose units linked by an a(l-4) bond. Several kinds of CDs are commercially a\ailable 

(including a-, P-, y-hydroxypropyl and heptakis-2, 6-ortho-dimethyl-^-CD), and their 

physical and chemical properties are well described in literature [59]. 

These oligomers have the ability to include a large number of organic species in 

their cavity. Francis et al. [60] studied the interacfions between P-CD and aflatoxins in 

purificafion systems and found that the complexes formed with aflatoxin Bi and Gi 

showed a strong increase in the intensity of fluorescence. They also checked that when 

adding a post-column P-cyclodextrin solution in to a RP-HPLC system w ith fluorescence 

detection, sensitivity for the detection of aflatoxin Bi and Gi was higher. In the stud\ of 

spectroscopic interactions between CD and aflatoxins of interest [61], the authors 

demonstrated that a high CD level is necessary to demonstrate the aflatoxin fluorescence 

enhancement effect. Using a concentration of 1x10" M. the heptakis-2, 6-ortho-
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dimethyl-P-CD (DM-P-CD) exhibited a fluorescent signal two to three times higher than 

P-CD. eight fimes higher than by a-CD and 16 times larger than by y-CD (that did not 

show any apparent effect). Vazquez et al. [62] later carried out a thermodynamic study 

in order to get an insight into the parameters that govem the interactions of aflatoxin-CD. 

in order to evaluate if CDs can act as versatile fluorophores for their post-column use in a 

RP-HPLC system. In this work, a mobile phase containing methanol and a high CD 

concentration was used, which indicates that only partial inclusion of aflatoxins takes 

place since methanol molecules acts as compefitors for the CD ca\ ity. This knowledge 

was applied for the comparative study of the effect of different cyclodextrins on the 

aflatoxin fluorescence and to develop an analytical method based on the incorporation, 

post-column, of a CD solution that promotes the greatest enhancement of aflatoxin Bi 

and Gi fluorescence. This enhancement was comparable to that produced by 

halogenation but without the disadvantages, especially in reagent instability and erosion 

of the pumping device. Subsequently, Franco et al. [63] studied the interaction between 

CDs and the aflatoxins Qi, Mi, Pi. A substantial enhancement of aflatoxin Q\ 

fluorescence in the presence of aqueous solutions of a-. P-, hydroxypropyl-P- and 

dimethyl-p CD was observed. On the contrary, no important fluorescence enhancement 

was found for aflatoxin Pi and Mi for any of the CDs tested. 

b. Another method to increase the fluorescence detectability of aflatoxins Bi and 

Gi is the use of pre- or post-column derivafization. 

Different pre- and post-column derivatization methods ha\ e been tested including 

strong acids, such as trifluoroacetic acid (TFA): oxidants, such as chloramine 1. halogen 
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and photochemical derivatization. Tanahashi [64] developed an HPLC method for the 

determination of aflatoxins in wines and other liquid, using a 10 |im ODS column with 

water-acetonitrile-methanol (15:3:2) as the mobile phase. Aflatoxins Bi and Gi were 

converted into B2A and G2A by the treatment with TFA (Figure 2.4) before injection, 

whereas B2 and G2 were not affected due to their saturated stmctures. The reco\ er\ of 

aflatoxins Bi, Gi, B2 and G2 from various liquid products spiked at Ing/ml was 80-116% 

with the detection limit being about 0.02ng/ml. Reversed-phase methods using pre-

colunm derivatization were soon developed for green coffee and peanut butter [65]. com 

and diary feeds [66], pistachio nuts [67] and animal feeds [68]. Tarter et al. [69] 

published an improved method using pre-column derivatization and RP-HPLC. which 

was suitable for use with peanut, various tree nuts and pumpkin seed. This method was 

used in a successful AOAC collaborative study on com and peanut butter. This method 

[70] uses pre-column TFA derivatization with separation on an RP-C18 column 

accomplished using water-acetonitrile-methanol (700:170:170) as the mobile phase and 

fluorescence detection (excitation at 360nm, emission at 440nm). 

The major problem in the chromatograph\ of aflatoxins B2A and G2A is their low 

stability. Both are very unstable in methanol probably due to the formation of meth) 1 

acetals and precautions must be taken to protect their stability in mobile phase. Usual 1\ 

this is accomplished with an acetonitrile-water mobile phase. On the other hand, Dell ct 

al. [71] found this method precise but biased for the analysis of peanut butter. Perhaps 

the pre-column derivatization step was the source of this bias. 

Furthermore, with automated HPLC s\ stems, post-column deri\ atization appears 

preferable in order to reduce the manipulations required on each sample, the relati\ e 
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merits of the TFA methods are counterbalanced since TFA is not the most suitable 

reagent for post-column derivafizafion because of its toxicity and its corrosi\e properties 

on the pumping devices. 

Recently, different methods of post-column derivatization have been developed. 

Davis and Diener [72] reported that the iodine derivatizafion of aflatoxin Bi was 25 times 

more fluorescent than the parent aflatoxin. The stmctures of the iodine derivatixes of 

aflatoxins Bi and Gi were not determined because the derivatives appeared to be 

unstable. However, their observations led to the development of a post-column iodine 

derivatization method by Thorpe et al. [73]. Thorpe et al. were the first to apply the 

iodination technique to the post-column enhancement of the fluorescence of aflatoxins Bi 

and Gi separated by reversed-phase liquid chromatography. They introduced iodine in 

the flow stream of the mobile phase by means of a T-mixer, the reaction took place at 

high temperatures (60°C). The fluorescence emission of aflatoxins Bi and Gi was 

enhanced by a factor of 50, and no effect was observed on aflatoxins B2 and G2. 

Subsequently, Tunistra and Haasnoot [74] improved this method and Shepherd and 

Gilbert [75] investigated conditions for post-column iodination for the enhancement of 

aflatoxin Bi fluorescence. They reported that optimum post-column iodination with 

iodine saturated water solutions consisted of a 5000 x 0.3 mm I.D. reactor coil operated 

at 75°C with a reagent flow rate of 0.5 ml/min. The HPLC used a 5-pm Spherisorb ODS 

column maintained at 35"C and eluted with water-acetonitrile-methanol (60:30:10) at 

0.75 ml/min with fluorescence determinafion (excitation at 365 nm. emission at 440 nm). 

This technique has been applied to the analysis of a variety of commodities. Methods 

using post-column iodinafion were developed by Theil [76] ct al. for corn, peanut butter. 
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sorghum malt and duckling mash, by Hurst et al. [77] for peanut products, by Paulsch et 

al. [78] for feed stuffs containing citms pulp and by Chamkasem et al. [79] for multi-

mycotoxin screens in grains, oilseeds, and animal feeds. This method was finalK 

adopted as an official method by AOAC-IUPAC [80]. Although good results ha\ e been 

reported, halogenafion system presents several drawbacks: extended time to stabilize the 

mobile phase (at least 1 h), dilufion caused by reagent addition, the iodine solution must 

be prepared daily for stability reasons, an additional pump is needed and the use of \er\ 

saturated solutions contributes to the great physical and mechanic deterioration of the 

connection tubing and the post-column pumping device suffer, owing to its prolonged 

contact with iodine. An alternative way to add iodine to the solution was developed in 

1987 by Jansen et al. [81], using a small column packed with solid iodine as a solid-phase 

reactor. 

The development of a method using post-column derivatization with 

electrochemically generated bromine by Kok and co-workers [82, 83] overcomes the 

need for a second pump. The bromine is a stronger oxidizer than iodine, but if s also less 

stable so that an electrochemical generation system (KOBRA cell) must be used. They 

described the optimum operating characteristics of the KOBRA cell and applied this 

technique in the determination of aflatoxins in cattle feed [83]. An RP-C18 column was 

used to accomplish the chromatographic separation with a mobile phase of water-

methanol-acetonitrile (13:7:4) containing 1 mM potassium bromide and 1 mM nitric acid. 

The reaction coils provided reaction times of 4, 8 and 24 s at a flow rate of 0.5 ml/min. 

The aflatoxins were detected using a fluorescence detector (excitation at 360 nm, 

emission at > 420 nm). The detection limits were reported to be 0.04 ng for aflatoxin Bi 
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and Gi and 0.02 ng for B2 and G2. In 1993. a new method of post-column derivatization 

was developed using pyridinium bromide perbromide (PBPB) which provides a stable 

solution that needs no long reaction times or elevated temperatures. This s\ stem also has 

the advantage of not requiring expensive equipment such as the method using 

electrochemically generated bromine [84]. Joshua [37] reported the HPLC analysis of 

aflatoxins using post-column photochemical UV irradiation and fluorescence detection. 

This method has the advantages of simplicity, linearity of response and reproducibility 

without requiring chemical reagents, additional pumps or electrochemical cells. 

It should be pointed out that whatever the effects performed in order to increase 

the fluorescence emission of most of the aflatoxin derivatives, the wide acceptance of the 

HPLC-fluorescence detection mode is strongly dependent on the teclinological 

performance of the fluorometric detector used (high out-put of the xenon lamp), limited 

stray lie, low volume cell and reduced void volume. 

Table 2.1 lists some selected applications of HPLC to the analysis of aflatoxins. 

HPLC Analysis of Trichothecene Mycotoxins. Numerous analytical methods 

have been published for the analysis of tricothecene mycotoxins. The most frequenth 

employed methods are TLC, enzymelinked immunoassay (ELISA). GC-MS or GC 

combined with tandem MS and thermospray LC-MS [9]. 

Analysis of trichothecenes by TLC lacks either sensitivity or selecti\ ity and 

various solvent systems and spray reagents are required to separate and characterize the 

type A trichothecenes [85]. The use of supercrifical fluid chromatography has also been 

reported [86] but this technique has hardly been used. GC requires extensi\ e sample 

clean up but provides high resolution, selectivity, sensitivity and applicable to most 
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trichothecenes. Derivafizafion (trimethylsilylafion or fluoroacylafion) to \ ield \ olatile 

compounds has been applied to trichothecenes [87-88]. The use of ECD provides 

considerable sensifivity to the analysis method for fluoroacyl derivatives [87]. 

HPLC coupled with UV detecfion has also been reported. Lanin et al. [89] 

studied the effect of the eluent composition (nature of the modifier and its mole fraction 

in the mobile phase) on the retention of trichothecene mycotoxins of group B. i.e., 

desoxynivalenol (DON), nivalenol, DON-3-acetate and 7-desoxy-DON. Ethanol, 

acetonitrile or tetrahydrofuran (THE) were used as the organic modifier of the binary 

water-organic mobile phases. The best separation selectivity was observed with the 

THF-water system. As a less polar modifier capable of forming hydrogen bonding with 

C-OH group, THE provides for separations due both to the difference in the number of 

hydroxyl groups in the toxin molecule and to the different positions of the acetyl groups. 

A pre-column derivatization method has been reported to form a chromorphore 

with j9-nitrobenzoyl chloride with an absorption maximum at 254 nm, the method has the 

disadvantages that the reagent gives an interfering peak and also a large number of 

organic compounds absorb at this wavelength [90]. A post-column derivatization 

technique involves alkaline decomposhion to form formaldehyde and a modified Hantzch 

reacfion with methylacetoacetate and ammonium acetate [91]. This procedure is suitable 

for type B but not type A trichothecenes. Polycyclic aromatics such as anthracene-3-

carboxylic chloride have been employed for the determination of T-2 toxin and DON. 

Fluorescence detecfion permits high senshivity often with good selecti\ it> . 

Various hydroxyl derivatization reagents have been proposed for HPLC w iih 

fluorescence detection [92-94]. The use of anthracene-9-carbonyl chloride [95] or 
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coumarin-3-carbonyl chloride [96] as derivatization reagents of the hydroxyl function 

permits the fluorescence detection of trichothecenes, hydroxy-steroids and 

prostaglandins. Coumarins as fluorophore possess a high molecular extinction 

coefficient and quantum yields. Cohen et al. [9] employed coumarin-3-carbonyl chloride 

to derivatize T-2 and hs major metabolites for analysis by HPLC. The detection limits of 

T-2 and its metabolites were 2.0 ng and 0.83 ng, respecfively. Jimenez et al. [97] used 

the same derivatization reagent and separated four type A trichothecenes (T-2. HT-2. 

neosolaniol and diacetoxyscirpenol). They applied this method to the anahsis of these 

mycotoxins in fungal cultures (com and rice) of Fusarium sporotrichioides. This method 

has a higher sensitivity and is more linear than other alternative, published methods for 

type A trichothecenes that use HPLC-UV or GC-ECD, and needs lower analysis time. 

The drawback is that coumarin-3-carbonyl chloride is not commercially available at this 

time and must be synthesized in the laboratory. 

Josephs et al. [98] developed an analytical method for the determination of DON 

and some related type B trichothecenes from spiked seasand. spiked wheat flour and 

naturally contaminated wheat flour based on SEE and HPLC-DAD detection. The results 

obtained were consistent with those obtained by GC-ECD. 

The combination of the HPLC system MS detection provides a sensiti\e and 

specific method for the determination of a wide range of mycotoxins in foodstuffs. 

Rajakyla et al. demonstrated the capabihties of LC-TSP-MS for qualitative and 

quantitafive analysis of both type A and type B trichothecenes in grains [99]. The 

detecfion limit can reach 0.003-0.04 \iglg. Kostiainen et al. [38] reported the 
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identification of trichothecenes by frit-fast atom bombardment liquid chromatographv-

high-resolufion mass spectrometry (LC-frit-FAB-MS). 

Childress et al. [10] reported the use of HPLC coupled with electrochemical 

detection. Trichothecenes do not have inherent electroactivity. They used post-column 

photolysis derivatization to convert DON into a compound that can be detected 

electrochemically. This technique, known as HPLC with photolysis and electrochemical 

detection (HPLC-hv-EC), incorporates a UV light source on-line between the analytical 

column and the electrochemical detector. The reaction takes place in a narrow-bore 

Teflon tube wound around the lamp and converts the analytes photolytically into species 

that have improved electrochemical detection properties. They studied the optimum 

analytical parameters for the HPLC-hv -EC determination of DON and applied this 

method to the analysis in wheat sample. The results agreed with those obtained by 

HPLC-UV and TLC analysis. This method is experimentally simple, sensitive, and 

offers powerful advantages in terms of selectivity. 

Table 2.2 lists the selected applicafion of HPLC in the determination of 

trichothecenes. 

HPLC analysis of other mycotoxins. Studies were also carried out for the analysis 

of other mycotoxins that are less toxic or rarely seen but are potentially harmful to 

animals and human beings. Table 2.3 lists some selected analysis for other mycotoxins. 
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Conclusions 

This review gives an overview of the application of HPLC in the determination of 

mycotoxins in a variety of commodifies. Emphasis is placed on two kinds of mycotoxins 

that are most toxic and frequently occurred-aflatoxins and trichothecenes. 

Analysis of aflatoxins by HPLC coupled with fluorescence detection is most 

frequenfly used. For RP-HPLC, three detection modes are widely used to enhance the 

least fluorescent aflatoxins Bi and Gi: pre-column derivafization with TFA and post-

column derivatization with iodine or bromine, the results obtained with these tliree 

methods are comparable, the fluorescence intenshies for aflatoxins Bi and Gi are 

increased to the level of aflatoxins B2a and G2a in aqueous solufion. TFA is the simplest 

method but its use is limited due to the instability of the B2a and G2a compounds and its 

use introduces an additional step to the analysis. Post-column derivatization method 

using iodine presents many experimental problems that are minimized when 

electrochemically generated bromine is used instead of iodine. However, this method 

seems to have a reduced acceptance. 

Unlike aflatoxins, there is not a major detection method coupled with HPLC for 

the determination of trichothecenes. Various kinds of detection methods ha\ e been 

reported and all of them have their advantages and disadvantages. 

However, the present needs for HPLC analysis of mycotoxins in food and 

feedstuffs are an emphasis on the improvement of the sampling and extraction steps to 

obtain a selective and fast extraction from the matrix and get more accurate 

determinations. As to the chromatographic procedure itself major efforts are made on 

the selection of the mobile phases, that is, the development of the best separation 
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conditions. A variety of stationary phases has been used. There is no recommendable 

column type for mycotoxin chromatography, i.e., a successful chromatography is stronglv 

dependent on the interaction of stationary phase material and chosen chromatographic 

parameters, such as pH, type of acid in the eluent, eluent composition and temperature 

[113]. 
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Table 2.1. Selected HPLC applications to aflatoxins 

Compound Matrix Stationary Mobile phase Detection Mode Ref 

Phase 

Aflatoxins 

Bi,B2,Gi,G2 

Aflatoxins 

Bi,B2,Gi,G2 

Aflatoxins 

Bi,B2,Gi,G2 

Wines 

Com, 

peanut 

butter 

10|imODS 

RP-C,8 

5|xm 

spherisorb 

ODS 

H2O-ACN-CH3OH 

(15:3:2) 

H2O-ACN-CH3OH 

(700:170:170) 

H2O-ACN-CH3OH 

(60:30:10), 

0.75 ml/min 

FL. >Lex=360nm 

A,eni=440nm 

pre-column deriv. 

with CF3COOH 

FL. 

A.ex=360nm 

^em=440nm 

FL. 

>.ex=365nm 

A.e,n=440nm 

64 

70 

75 

post-column deriv. 

with L. 

Aflatoxins Corn, 5|j.m Gig 

B|,B2,Gi,G2 peanuts 

and 

peanut 

butter 

H2O - CH3OH -AcN FL. 80 

(3:1:1) A,ev=365nm 

>Lem=440nm 

post-column deriv. 

with L. 

Aflatoxins Cattle RP-Cig 

Bi,B2,G,,G2 feed 

H2O -ACN-CH3OH FL. 

(13:4:7), containing ?iex=360nm 

1 mM KBr and 1 mM X,., =420nm 

83 

HNO^ 
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Table 2.1 Continued. 

Compound Matrix Stationary 

Phase 

Mobile phase Detection Mode Ref 

Aflatoxins Rodent 5^m RP-Cig H2O-CH3OH-ACN FL. 

Bi,B2,Gi,G2 feed (50:40:10), 

0.8 ml/min 

Aflatoxins Corn, Ŝ im RP-Cg HsO-AcN-MeOH 

Bi,B2,Gi,G2 peanuts 

Aflatoxins 

Bi,B2,Gi,G2 

(56:18:26), 

containing ImM 

KBr and ImM 

HNO3, 

0.8 ml/min 

5|a,m 0.7 ml/min 

A,ev=365nm 

?Lem=440nm 

post-column deriv 

with L 

FL. 

>.pv=360nm 

?te,„=440nm 

post-column deriv. 

with Br̂  

PAH-16 plus CH3OH-ACN-H2O amperometric 

baker-bond, (25:25:50), 

30 

29 

33 

Aflatoxins Medici Type 8 NVC- H2O-CH3OH (58:42) FL. 

Bi,B2,G,,G2 nal C,g with 119mg KB^ and ?tex=360nm 

herbs, 100|dl/L HNO3 (65%), ?tem=440nm 

plants 0.8 ml/min, post-column Br: 

deriv. 

KOBRA cell 

28 
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Table 2.1 Continued. 

Compound Matrix Stationary 

Phase 

Mobile phase Detection Mode Ref 

Aflatoxins spices RP spherisorb 40% AcN: CH3OH FL. 

Bi,B2,Gi,G2 0DS2,5nm (5:4), 

0.75ml/min 

Xpv=362nm 

?Lpm=418nm 

27 

post-column 

deriv. with 

PBPB 

Aflatoxins Airbom 4)Lim Nova- AcN:H20 (33:67), FL. 26 

Bi,B2,Gi,G2 dust Pak phenyl H2O containing ImM ?Lex=365nm 

Aflatoxins 

Bi,B2,Gi,G2 

Aflatoxins 

Bi,B2,Gi,G2 

from 

feed 

factory 

Nuts, 

dried 

fruit 

Corn 

column 

Spheriosorb 

S5 

ODS-2 

Microsorb 

RP-C,g 

KBr and ImM 

HNO3, 

1.5ml/min 

CH30H:H20(1; 

0.85ml/min 

:1). 

H20:AcN:CH30H 

(63:22:15), 

l.Oml/min 

^em=440nm 

post-column 

deriv. with Bri 

FL. 

A,ex=360nm 

^em=450nm 

FL. 

A-ex=365nm 

>.em>415nm 

Post-column 

photochemical 

deriv 

37 
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Table 2.1 Continued. 

Compound Matrix Stationary Mobile phase Detection Mode Ref 

Phase 

Aflatoxins Animal Chromsphere A: H2O-CH3OH-ACN FL. 

B,,B2,G,,G2 feeds RP-C, 

Ochratoxin, 

Zearalenone 

(130:70:40) + A,ex=360nm 

lmMHN03+lmM ^,^=440nm 

KBr,B:0.01MH3PO4- post-column deriv. 

AcN (50:50). 

100%A8min,change 

with Br7 

to A 30% in 5m in and 

keep 14min, then 

change to 100%A in 

5min. 

Aflatoxins Nuts, Spheriosorb H20:AcN:CH30H FL. ^ex=364nm 31 

Bi,B2,G,,G2 dried ODSl 5|um, (58:30:12), A,pm=434nm 

fruit 0.86 ml/min post-column deri\ 

with h 

Aflatoxins 

Qi ,M, ,P , 

Kromasil CH,0H-H20 (35:65), FL. ?ie,n=504nm 

5^mRP-Ci8 1 ml/min (for AFP 1) 

58 

^ex=365nm 

^em=466nm 

(forAFQl +AFM1) 

post-column (̂ -C'D 

deriv. 
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Table 2.1 Confinued. 

Compound Matrix Stationary Mobile phase Detection Mode Ref 

Phase 

Aflatoxins Food Sphery 5|im CH3OH:H2O(40:60), FL. ;.ex=365 

Bi,B2,Gi,G2 C 18 1 ml/min 

nm 

A,pm=418nm 

post-column CD. 

Deriv. 

Fungal 

secondary 

Metabolites 

(182) 

Nucleosil 

5)imC,8 

A:H20, B: 0.05% 

CF3COOH in AcN. 

B10% change to 

B50% in 30 min, then 

DAD 225nm 

(alkyl phenone 

retention index) 

47 

to B 90% in 10 min, 

keep 3min, then to 

10%B in 6 min and 

keep Imin. 2.0ml/min 

Mycotoxins 

and 

secondary 

metabolites 

Nucleosil 

5|imCig 

A:H20, B:0.05% TFA UV 254nm 

in AcN, B10% change 

to B50% in 30 min, 

then to B 90% in 4 

min. keep 4min, then 

to 10%Bin 

7 min. 

2.0ml/min 

36 
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Table 2.2. Selected HPLC applications to trichothecenes. 

Compound Matrix Stationary phase Mobile phase Detection Ref 

Mode 

Deoxynivalen Grains Vydac201HSB5 A: H20(PH=3. HAc) TSP-MS 99 

ol (DON) B: AcN 

A changes to B in 7min, 

1 ml/min 

HE-2, T-2 Grains S5 ODS-2 A: H20(PH=3, HAc) TSP-MS 

B: AcN, A changes to B 

99 

in 7 min. 

1 ml/min 

DON and 

DON fatty 

acid esters 

1 :Chrosorb RP- 7%iPrOH in hexane. 

C,8 

2: 5|im silica gel 

3: 10|im partisil 

ODS-2 

4 ml/min 

UV 224nm. 39 

FAB-MS 

Nivalenol Grains Chrompak CP CH3OH-H2O (15:85), UV: 222nm 100 

(NIV), DON Spher Cg 1 ml/min 

T-2, HT-2 Corn, Lichrospher 100 ACN-H2O (65:35) FL. 97 

Neosolaniol Rice, Cig RP, 5 |̂ m 

Diacetoxyscir Cereals. 

containing 0.75% HAc. ?iex=292nm 

1.0 ml/min >.,,„=425nm 

penol 

DON Wheat Nova-Pak dg , AcN-H.O (10:90). UV2l8nm 101 

4fam 0.6 ml min. 
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Table 2.2 Continued. 

Compound Matrix Stationary phase Mobile phase Detection Ref 

Mode 

DON, NIV, Wheat 1: Nova-pak Cig, 15% CH3OH in 0.05 M Post- 10 

FSX 

(fusarenon-

X) 

4p,m 

2: supeico Cig, 

5|j.m 

3: Partisil ODS 

III, 5|Lim 

4: Ultrasphere Cig, 

5fim 

NaCI. column 

photoKsis 

and 

amperometr 

ic detection 

(hv-EC) 

DON, NIV, Wheat Nucleosil Cig 

3-AcDON, meal 

15-AcDON, 

1: H20:tetrahydrofuran UV 224nm 89 

(76:24) 

2: 40% AcN. 

50 fil/min 

T-2, HT-2, 

TAS, DAS, 

MAS. DON 

ODS A: H2O B: CH3OH Frit-FAB- 38 

30% B change to 80% B MS 

in 15min, 1.0 ml/min 

DON Wheat RPODS hypersil, ACN-H2O (5:95) change DAD 

5|im to (10:90) in 5 min, keep 220nm 

0.5 min, change to 

(5:95) in 2 min, 

keep 4.5 min. 

98 
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Table 2.2 Continued. 

Compound Matrix Stationary Mobile phase 

phase 

Detection Mode Ref 

Roridins, Plants RP Cg, 5|im CH3OH-O.IM MS 

Baccharin-

oids 

NH4Ac(50:50), keep 2 

min, change to 70% 

CH3OH in 4 min. 

1.2 ml/min. 

HT, HT-2, 

T-3,T-4 

RPCg,5^m AcN: H2O (65:35) FL. 

containing 0.75%HAc, ^ex=292nm 

1 ml/min >.pm=425nm 

post-column deriv. 

with Coumarim-3-

carbonyl chloride. 
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Table 2.3. Selected HPLC applications to other mycotoxins. 

Compound Matrix Stafionary phase Mobile phase Detection Ref 

Mode 

5-hydroxy Apple Cig, 5|im 

methylfurfu juice 

ral (HMF), 

H20:AcN(99:l), 

l.Oml/min 

DAD 12 

patulin 

Patulin Fruit, 

fruit juice 

C 18 H2O: AcN (up to 10%), UV 

or: H20:tetrahydrofuran 

113 

(up to 5%) 

patulin Grain Nucleosil 5]im A: H20(pH=3, HAc) TSP-MS 104 

Cig, B: AcN 

A changes to B in 7min, 

1 ml/min 

Citrinin, 

Ochratoxin 

A (OTA) 

Inertsil ODS2, 

Kromasil Cig 

Nucleosil CI8, 

Spherisorb ODSl 

0.25MH3PO4-MeOH, 

(80:20) changes to 

Hypersil ODS, (10:90) in 9min. 

0.5ml/min. 

FL. 

Xex=33 Inm 

>.ein=500nm 

UV331nm. 

333nm(OA) 

321nmCT) 

0 

Ochratoxin Grains S50DS-2 A:H20(pH3, HAc), TSP-MS 99 

A (OTA) B: AcN 

A changes to B in 7min. 

1 ml/min 
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Table 2.3 Confinued. 

Compound Matrix Stationary phase Mobile phase Detection Ref 

Mode 

Zearalenone Grain 

(ZON) 

Zearalenol 

S5 ODS-2 A: H20(pH=3.HAc), TSP-MS 

B:AcN 

A changes to B in 

7min, 

99 

1 ml/min 

Zearalenone 

(ZON) 

Zearalenol 

ZON 

Moniliform 

-in 

Cereal 

Food, 

feed 

Cultures 

of 

fusarium 

subglut-

inens. 

SpherisobODS-1, 

5)Lim 

Hypersil ODS, 

5|Lim 

Luna Ci8, packed 

with ODS-2 

CH30H:H20 (80:20), 

1.0 ml/min 

ACN-H2O (40:60), 

1.0 ml/min 

O.IMNH4AC-CH3OH-

N(CH2CH3). 

(90:10:0.1). 

PH =8.24, 

0.5ml/min 

FL. 

A,ex=285nm 

^em=440nm 

post-

column 

deriv. with 

A1C13-6H20 

APCI-MS 

UV 229nm 

112 

15 

34 

maize 
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Table 2.3 Continued. 

Compound 

Moniliform 

-in 

Microcystin 

Microcystin 

Matrix 

Cyanobac 

terial 

soum 

Drinking 

waer 

Stationary phase 

ODS 5)um (40) 

Nucleosil Ciĝ  

5|Lim 

Luna 2 Cig, 5|a.m 

Mobile phase 

AcN-NH4Ac(50mM) 

(35:65) 

PH=7. 

0.7ml/min, 

N(Bu)4(OH) 

(5.7*10V)inCH3OH, 

pH=5.5byHCI(lM) 

A: ACN-H3PO4 buffer 

(10mM,pH2.5) 

B: AcN 

0%B chamges to 

20%B in 38min, 

then changes to 

60%B in 42min, 

keep 50min, 

1 ml/min. 

Detection 

Mode 

DAD 

330nm 

FL. 

A.ex=330nm 

^em=440nm 

post-

column 

DDB deriv. 

FL. 

A,ex=331nm 

^em=500nm 

UV238nm 

Ref 

102 

103 

104 

105 
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Table 2.3 Continued. 

Compound Matrix Stationary Mobile phase 

phase 

Slaframine Plasma, PRP-1 RP AcN-20mM Na3B03 

milk 10|j.m containing lOmM 

N(CH2CH3)3,pH=12.0 

1 ml/min 

Detection Ref 

Mode 

FL, Pre-

column 

deriv. fluor-

escamine 

106 

Ergovaline Ovine Zorbax Cg, AcN -2mM(NH4)2C03 in 

plasma 3.5|im H20(43:57), 

1 ml/min 

FL. 

A-ev=250nm 

>.em=420nm 

107 

Citrinin Fungal Nucleosil n-(Bu)40H (5.7*10"'*M) in FL. 

cultures C,8,5|im CH3OH, pH=5.5 by HCI (IM), ?iex=331nm 

0.8ml/min. A.em=500nm 

108 

Citrinin Crude Radial-Pak ACN-H2O-HAC (40:59:1), 

microbial Ci8,4|im containing 

frmns tetrabutylammonium 

phosphate (0.025M) 

Amatoxins, Amanita RP A: 0.02 M NH4AC- AcN 

Phallotoxin phalloides Ultrasphere, (90:10), B: 0.02 M NH4AC-

ODS 5|̂ m AcN (76:24). pH=5, 100%A 

keep 4min, then to 57%B in 

16min, thento 100%B in 

lOmin. 

UV330nm 109 

FL. 

A,ex=330nm 

A.eni=500nm 

DAD. 

214nm, 

295nm 

111 
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Figure 2.1 Structures of four main aflatoxins. 
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C ro ti p B 

l i 

R 

n 

Figure 2.2. Stmctures of trichothecene mycotoxins. Examples: 

Group A: 

TT Compound R' R̂  R' 

T-2 toxin (T-2) OH OAc OAc -OCOCH2CH(CH3)2 

Diacetoxyscirpenol (DAS) OH OAc OAc H 

HT-2 toxin (HT-2) OH OH OAc -OCOCH2CH(CH3)2 

Group B: 

Compound R' R̂  R' "T 

Nivalenol (NIV) 

Deoxynivalenol (DON) 

OH 

OH 

OH OH 

H OH 

OH 

OH 

3-Acetyldeoxynivalenol (3-AcDON) OAc H OH OH 

15-Acetyldeoxynivalenol(15-AcDON) OH H OAc OH 
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Figure 2.3. Structures of the cyclodextrins. 

n = 6{ a-Cyclodextrin ^ R i = R2 =H (a-Cyd)} 

n = 7{ p-Cyclodextrin ^ R i = R2 = H (P-Cyd)} 

{2,6-di-o-Methyl P-Cyclodextrin ^ R i = R2 = CH3 (DMp-Cyd)l 

n = 8{ Y-Cyclodextrin ^ R i = R2 = H (y-Cyd)} 
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Figure 2.4 The hydration products of aflatoxins Bi and G| 
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CHAPTER III 

SIMULTANEOUS DETERMINATION OF TRICHOTHECENES 

VERRUCARIN A, VERRUCAROL AND RORIDIN A 

BY RP-HPLC 

Introduction 

In late 1931, the filamentous fungus Stachyhybotrys atra (also known as 5*. 

chartarum) was recognized as a mycotoxicosis: stachybotryotoxicosis [1]. 

Stachybotryotoxicosis in humans is rare and has been reported most commonly in 

workers who handle moldy straw and hay [2]. However, in 1986, Croft et al. reported an 

apparent episode of stachybotryotoxicosis in a family living in Chicago home that was 

infested heavily with S. Atra as a result of very damp condhions [3]. Of some notoriety is 

the report of the strong association of pulmonary hemisiderosis to infant fatalities in 

Cleveland, Ohio [4]. 

Chemical investigafion ofS. atra has provided many highly toxic and novel 

compounds [5]. In fact, some of the most cytotoxic fungal metabolites ever disco\ered 

are products of S". atra fermentation [6]. It is currently accepted that the trichothecene 

mycotoxins oiS. atra are responsible for the high toxicity of this fungus. Trichothecenes 

are secondary metabolites of Fusarium, Stachybotrys, Myrothecium, Trichothccium, and 

other fungal genera and are classified into two groups: macrocyclic and nonmacroc\ elic 

trichothecenes. It is the cytotoxic macrocyclic trichothecenes that are of most interest. 

These compounds include satratoxins, isosatratoxins, roridins and \ errucarins. Among 

these, roridins and verrucarins are most toxic [7]. The structures of roridin A. verrucarin 
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A and vermcarol are shown in Figure 3.1. They are of medium polarity and the former 

two contain a dienone chromophore. It was reported that the maximum of UV absorption 

of roridin A is 245 nm, and that for vermcarin A is 259 nm [8]. 

Previous analysis of macrocyclic trichothecenes generally includes re\ ersed-

phase high performance liquid chromatography (RP-HPLC) with ultraviolet/\ isible (UV) 

detection [9, 10] or mass spectroscopy [7] and gas chromatography - mass spectroscop\ 

(GC-MS) [11]. There's also a report that used micellar electrokinetic capillar) 

chromatography to perform the qualitative analysis of roridin A and other non-

trichothecene mycotoxins (e.g., aflatoxins) [12]. Krishnamurphy et al. [7] utilized RP-

HPLC coupled with thermal spray mass spectroscopy to analyze two kinds of 

macrocyclic trichothecenes: roridins and baccharinoids. Frisvad et al. [13] developed a 

general method based on HPLC for the chemotaxonomic study of most known 

mycotoxins and other secondary metabolites, but even using the same type of 

chromatographic columns the retention times were very variable, and some secondary 

metabolites such as roridin A, vermcarin and verrucarol were retained on the column. 

Later, they developed another HPLC method using the same type of chromatographic 

column (Nucleosil 5-}im Cig column) and the detecfion mode based on the combination 

of alkylphenone retention indices and UV-VIS spectra. With slight modification of the 

gradient solvent system in their previous work, they performed a chemotaxonomic study 

of 182 mycotoxins and other fungal metabolites [7]. To date, no paper has been 

published describing methods that are capable of determining verrucarin A and roridin .\ 

simultaneously. The aim of this study is to develop a simple method for the separation 

and simultaneous determination of verrucarin A and roridin A. Since verrucarol is the 
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basic hydrogenafion product of vermcarins and roridins, it's also useftil to include this 

compound in the analysis. 

Experimental 

Reagents 

Stock standard solutions of verrucarin A, verrucarol, and roridin A were prepared 

using methanol. Stock concentrafions for all of the three trichothecenes were 0.1 mg/ml. 

Each solufion was protected against light (stored in brown glass vials), and kept at 4 T . 

Successive dilutions were performed with acetonitrile. 

Materials 

Spore extract samples were donated by Prof David Straus of the Department 

of Microbiology and Immunology, Texas Tech Health Sciences Center, Lubbock, 

TX. Approximately, 100 mg of fiangal spores were first harvested from spomlating fungi 

using standard procedures [14]. Then, the recovered spores were extracted in methanol 

using sonication to disrupt the spores and centrifugation to remove spore capsule material 

[15]. The resulting amber-red solution was suitable for injection in the HPLC. The spore 

extracts were centrifiiged at 5000/hr for 20min before injected into the column. No 

dilution was made. 

Apparatus 

High-performance liquid chromatography. The chromatographic s\ stem 

consisted of a LC-4A high-pressure gradient LC pump (Shimadzu, Kyoto. Japan), a 
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model 7161 six-way injector with a 20 |al sample loop (Rheodyne, Cotati, CA, USA), a 

DuPont Instruments UV Spectrometer operated at 254 nm. The chromatograms were 

recorded by using a DuPont Instmments integrator. 

Column. The analyfical column (250x4.6 mm I.D.) obtained from Phenomenex 

(Torrence, CA, USA) was made of stainless steel and was packed with 5^m phenyl-

hexyl- stationary phase and operated at room temperature. 

Mobile Phase 

A gradient solvent system (with solvent A = water and solvent B = acetonitrile) 

was developed after several experiments with different time programs and solvents 

(water, acetonitrile and methanol). The final optimum solvent program was set as 

follows: the initial composifion was A: B = 20:80, it was changed to (65:35) in 30 min, 

then to (90:10) in 5 min, held for 10 min, then to (100:0) in 1 min, 10 min isocratic at 

(100:0), then returned to (20:80) and condifioning at (20:80) for 10 min at a flow-rate of 

1.0 min. Mobile phase was prepared everyday and vacuumed and degassed before use. 

Results and Discussion 

Development of HPLC Separafion Condifions 

Different isocrafic eluent systems [methanol-water (50:50), methanol-0.1M 

NH4AC (50:50), acetonitrile-water (65:35), acetonitrile-water (45:55)] were compared 

with six gradient elution programs for the separation of the three trichothecenes. All the 

isocratic systems were not capable of separating the three compounds and the\ flowed 

out as a single peak. Several gradient programs were able to separate \ errucarin .\ from 
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verrucorol and roridin A, but no program was able to separate verrucarol and roridin A. 

The final gradient program was set to be: A:B = (20:80), changed to (65:35) in 30 min, 

then to (90:10) in 5 min to get best separation. Several modifiers were also added to the 

mobile phases to test if they had influence on the separation (used solvents A and B both 

of which containing 0.75% HAc or used O.IM NH4AC as B solvent), but the experiment 

showed negative results. The drawback is that verrucarol and roridin A could not be 

separated. 

The gradient program was modified slightly when it was used to the analysis of 

the spore mycotoxin extraction sample to get good chromatogram (narrow, sharp, 

symmetrical peaks and even distribution of the retention times of the analytes) and to 

make sure all the components in the sample were washed out of the column and had no 

effect on the next injection. 

Our chromatographic condition realized the separation for verrucarin A and 

roridin A for the first time. 

Chromatographic Parameters of the Sample 

Two groups of peaks, the first group having four neighboring peaks and the 

second group having three neighboring peaks, were selected from the chromatogram to 

study the chromatographic parameters (Figure 3.2, Table 3.1). Approximate capacil\ 

factors were calculated using the expression 

t r - t o 
k' = 

to 
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where tr is the retention fime and to is the eluted time of nonretained components. In this 

work, the retention time of the first small peak flowed out was used as to. In all the 

calculations, to = 1.10 min. Theoretical plate number was calculated using the equation: 

N = 5.54(tr/twi/2) • Resolution was calculated by Rs = N'^^(l-tri/tr2)/4. The selecfi\ ity 

factors (a) for two neighboring peaks, defined as the ratio of their capacity factors, 

k'2/k'i, are also listed in Table 3.1. Each a and Rs value is the rafio between this peak 

and the previous peak. All the data were the averages of seven sets of data. 

Influence of pH 

In order to study the influence of pH on the elution of the analytes, five mobile 

phases with different pH were prepared using glacial acetic acid. Acetic acid was added 

to both water and acetonitrile, and the pH was measured post-column. 

Straight-line plots of approximate log capacity factors, log k', versus pH were 

constructed as shown in Figure 3.3. Over the resulting pH range of 3.03 to 6.98, the log 

k' of peaks 5-7 show little variation, while those for peaks 1-4 seem to have a maximum 

at pH 3.61. From this result, it can be assumed that the compounds represented by peaks 

1 to 4 may have active a-H adjacent to a double bond or carbonyl group, or they may 

contain -OH group. At low pH, these groups may be protonated to cations and become 

more hydrophilic. While at high pH, they may be deprotonated and become anions, this 

also increased their hydrophilicity. Either way will decrease the retention on the column 

because of the decreased hydrophobic interacfion between the analytes and the stationary 

phase. Only at a certain pH can these compounds have most of the molecules in the 

neutral molecular form and have the maximum hydrophobic interaction w ith the 
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stafionary phase, that is, have the strongest retenfion. In this study, this pH is 3.61. 

Mobile phase with pH 6.98 was finally selected since good resolufion was obtained for 

both groups of peaks and it's easier to prepare the solvents without adding acid. 

Influence of Temperature 

In RP-HPLC, chromatographic retention is conveniently measured b\ capacit> 

factor k', which is related to the thermodynamic equilibrium constant K b\ k' = cpK, 

where cp is the phase ratio of the column (cp = Vs/V^). The free energy change for the 

process is expressed by: 

AG"= -RTlnK =-RTln (k'/(p) 

and substitution into AG'' = AH'' -TAS'' yields for the capacity factor 

Ink' = - AH^/RT + AS /̂R +ln(p. 

If the mechanism of the process is invariant over the temperature range investigated and 

the enthalpy is constant, a plot of Ink' against 1/T, which is commonly referred to as a 

Van't Hoff plot, yields a straight line. 

In this study, to investigate the affinity of analytes for the stationary phase, 

chromatograms at a temperature range of 25-55^C were recorded under the gradient 

condition. The results are shown as Van't hoff plot in Figure 3.4, where the natural 

logarithms of the capacity factors of two selected groups of peaks are plotted against the 

inverse of the absolute temperature. 

It can be seen that k' of all the seven components decreased with increasing 

temperature. The plots are linear and the slopes are positive, hence, for these substances 
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the enthalpy of association with the stafionary phase is constant and negati\ e over a w ide 

temperature range in RP-HPLC. This is easily explained by the equafion listed abo\ e. 

The slope is - AH°/R, it can only be positive when AH° is negative since R is a constant. 

Figure 3.4. also shows that all the seven lines are parallel. There is no crosso\er 

between these lines. That means that there's no abnormal interaction between the analyte 

and the stationary phase. So the phenyl-hexyl-stationary phase does not have the 

temperature - induced stmctural change, this is always a problem for conventional C18 

columns. 

Table 3.2 lists the values of AH° for all the seven peaks. 

Detection Limit and Linear Range 

The sensifivity of the method was found very good for all the three 

trichothecenes. On the basis of a 3:1 signal/noise ratio, the detection limits for verrucarin 

A, vermcarol, and roridin A were 0.27 pg/ml, 0.16 pg/ml and 0.07 |ig/ml, respecti\ely. 

Under the gradient chromatographic conditions, the calibration curve proved to be linear 

for verrucarion A in the range from 0.2 pg/ml to 50 pg/ml with the correlation coefficient 

0.9973, for vermcarol from 0.2 |ig/ml to 50 f̂ g/ml with the correlation coefficient 0.9991 

and for roridin A from 0.2 pg/ml to 50 pg/ml with the correlation coefficient 0.9997. 

Applicafion for Spore Mycotoxin Sample 

This method was applied to the analysis of spore mycotoxin extract. Figure 3.5 

shows the chromatogram for the sample. It can be seen that a good chromatogram was 
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obtained with narrow, sharp, symmetrical peaks and the even distribution of the retention 

times of the analytes. The build-up of the baseline is lower than those in other papers 

reported. The chromatographic system had a large peak capacity since over 70 peaks 

were resolved. This is significant since it indicates that this method may be applied to the 

analysis of complex samples containing many components with similar chromatographic 

performance. By adding the standard solufions of the three trichothecenes mixture it was 

proved that vermcarin A exsisted in the sample. For vermcarol and roridin A, one or 

both of them existed. 

The precision of the method was tested by injecting the spore mycotoxin extract 

continuously for five times, and the RSD were calculated to be 0.107. 0.047. 0.080, 

0.131, 0.039, 0.040 and 0.047 for the seven peaks in the order of increasing elufion fimes. 

Conclusion 

In this study, a simple and senshive HPLC method for the determination of 

verrucarin A, verrucarol and roridin A is described. By using the new Luna phenyl-hexyl-

column and opfimum chromatographic condifions, good separafion of Verrucarin A and 

Roridin A was reported for the first time. This stationary phase has great advantage o\er 

the convenfional Cig column because of the combination of two effects: first, the phen\ 1-

bonded phases provide n-n interaction between the stationary phase and the analyte: 

second, the hexyl alkyl chain linker offers remarkable selectivity and greater hydroh tic 

stability over the common propyl-linked chemistry. Combined with luna's high-density 

bonding technology, Luna phenyl-hexyl offers a high level of performance and durability 

along with a remarkable selectivity. The mobile phase pH and temperature w ere pro\ ed 
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to have little effect on the separation performance. The method was found useful for the 

analysis of spore mycotoxin extract. It is also supposed to be able to determine other 

mycotoxins in a variety of complex samples. 

Analytical methods can still be strengthened by improving both chromatographic 

separation system and chromatographic detection. Further optimization of 

chromatographic separation system is required to separate verrucarol and roridin A since 

they were not separated in the current separation chromatographic system. The 

combinafion of the current chromatographic system with mass spectroscopy need to be 

developed to identify all the peaks in the real sample and certify that each peak 

corresponds to only a single component. In addifion, development of preliminary clean

up and new extraction technology may be helpful for the analysis of real sample 

containing many interfering substances. Furthermore, micro LC-MS is a preferred option 

because of the limit amount of mycotoxin sample. Finally, combination of LC and 

chemometric technology will be very helpful to strengthen the capability of 

quantification of the method, especially for the analysis of complicated samples. 
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Table 3.1. Chromatographic parameters of selected peaks 

Peak Retention Capacity Selectivity N R. 

time tr (min) factors k' factors (plate (resolution) 

numbers) 

1 

2 

3 

4 

5 

6 

7 

25.81 

26.32 

26.67 

27.21 

32.60 

33.20 

33.82 

22.28 

22.75 

23.06 

23.55 

28.41 

28.95 

29.51 

1.02 

1.02 

1.02 

1.02 

1.02 

305473 

183090 

233343 

170728 

245516 

271233 

263907 

2.15 

1.45 

2.01 

2.20 

2.43 
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Table 3.2 Enthalpy of association with the stationary phase. 

Peak Slope AH (J/mol) 

1 103777 -862.744 

2 97.991 -814.697 

3 

4 

5 

6 

7 

84.935 

101.76 

75.044 

74.482 

68.218 

-706.15 

-846.033 

-623.916 

-619.243 

-567.164 
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Figure 3.1. Structures of vermcarin A, vermcarol and roridin A. 
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Figure 3.2. Part of the chromatogram of the spore mycotoxin extract sample. Peak 
one to peak seven are the peaks selected for calculating chromatographic parameters. 
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Figure 3.3. Effects of changing mobile phase pH on the elution of selected peaks. 
Series 1: peak 1; Series 2: peak 2; Series 3: peak 3; Series 4: peak 4; Series 5: peak 5: 
Series 6: peak 6; Series 7: peak 7. 
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Figure 3.4. Influence of temperature on the elution of selected peaks. 
Series 1: peak 1; Series 2: peak 2; Series 3: peak 3; Series 4: peak 4: Series 5: peak 5: 
Series 6: peak 6; Series 7: peak 7. 
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Figure 3.5 • Chromatogram of spore mycotoxin extract 
1; Vemicanii A 2: Verrucarol or Rondin A 
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