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SUMMARY

Bound residues of veterinary drugs have been recognised as an important
aspect of food safety particularly (a) where such residues may persist for
long periods after withdrawal of the drug treatment and (b) where the
bound residues may be released, during digestion of edible tissues, in
biologically active forms. Residues bound to proteins are not extractable by
the conventional solvent extraction procedures for residue determination.
Procedures for the release of bound residues from proteins, identification of
their chemical structure, and determination of the amount of bound residues
in edible tissues are required.

A European research project involving 8 participating laboratories, funded
by the AAIR programme, has looked at the toxicity of bound residues, using
in vitro cell culture techniques, and at methods for the release and
determination of bound residues. These studies have concentrated on two
classes of veterinary drugs, the nitrofuran antimicrobials (furazolidone and
furaltadone) and the benzimidazole anthelmintics (thiabendazole).

At the National Food Centre the following research was undertaken:

● Methods, using high performance liquid chromatography and mass
spectrometry, were developed for bound residues of furazolidone and
furaltadone. Validation of these methods indicated high recovery of
bound residues from pig liver samples and good reproducibility of the
assays. The methods were applied to a study on the persistence of
bound residues of furazolidone in pig liver following withdrawal of the
drug treatment. It was found that biologically active metabolites of the
drug persist as bound residues in liver for at least 6 weeks after
treatment.

● A variety of procedures for release of bound residues of thiabendazole
from cultured hepatocytes and from treated pig liver were evaluated.
These procedures included acid hydrolysis, Raney nickel
desulphurisation and enzymatic hydrolysis. Immunoaffinity
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chromatography, using antibodies capable of retaining thiabendazole
and its metabolites, was applied to isolation of the released residues.
Identification of the form(s) of the released residues using high
performance liquid chromatography with a photodiodearray detector
was only partially successful.

● The results from this project have advanced the knowledge on bound
residues including their occurrence, potential toxicity and analytical
methods for their determination in edible tissue.

2
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INTRODUCTION

When veterinary drugs, agrochemicals or contaminants are administered to
or consumed by animals their metabolic system works to eliminate the
chemicals from the body. Generally speaking, in the first instance the drug is
converted by being conjugated or chemically converted to more soluble
forms since such metabolites are more easily broken down and/or
eliminated. In some cases, metabolites may become covalently bound to
cellular proteins, which has the effect of delaying their elimination from the
body. Since the liver is the primary organ associated with drug metabolism,
protein-binding of drug residues is most marked there.

Apart from the general question of whether a particular veterinary drug
and/or its metabolites may become protein-bound, of most importance is
whether such protein-bound residues may be released subsequently in
biologically-active forms. In other words, on consumption of the tissue will
the protein-bound residues be released during the normal digestion
processes in forms and in quantities which may have potential toxicity for
the consumer. Because of the complex nature of bound residues that result
from reaction of a drug metabolite with cellular proteins, safety evaluation
for these type of residues is difficult.

Bound residues may be defined as those residues which are not readily
extractable from tissues using mild aqueous or organic solvent extraction
conditions (Weber, 1996). Normally, more extensive and rigorous chemical
treatments are required to release the bound residues from the proteins,
such as treatment with acid, base or enzymes. Because the form(s) in which
residues are bound to proteins may not be known, design of an appropriate
system for their release is difficult as is also the identification and
measurement of released residues.
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The toxicological importance of bound residues depends on a number of
factors including the release of the residue in a biologically active form
during digestion of tissue (e.g. liver, meat), the bioavailability of the released
residue which is determined by its absorption from the gastrointestinal tract,
and any particular toxicity of amino acids or peptides to which the
metabolites are bound.

European research project

Because of the growing interest in the impact of bound residues of
veterinary drugs on food safety, a European research project in the
Agriculture and Agro-Industry (AAIR) programme was commenced in
1993. A total of eight participating laboratories, with expertise in different
aspects of toxicology, cell culture and residue analysis, were involved (Table
1). The objective of the project was “to investigate whether a set of in vitro
models could be used to deal with major problems encountered in research
on veterinary drug residues, in particular the toxicological properties of
bound residues, and to develop routine methods for the detection of bound
residues in food products of animal origin”. This project was combined with
a complementary project in the area of development of cultured human
cells and their use for in vitro assays for various toxic effects.
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Table 1: Participating laboratories in the AAIR project

Institute

State Institute for Quality Control of Agricultural Products
(RIKILT-DLO)
Wageningen, The Netherlands

Institute of Pharmacology, Pharmacy and Toxicology
University of Leipzig, Germany

Institut National de la Recherche Agronomique (INRA)
Toulouse, France

Danish Meat Research Institute (DMRI) 
Roskilde, Denmark

Dipartimento di Scienze Ambientali
Università della Tuscia di Viterbo, Italy

Instituto Superiore di Sanità
Roma, Italy

Hospital Universitario La Fe
Valencia, Spain

The National Food Centre, Teagasc 
Dublin, Ireland
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The project was conducted during the period December 1993 to February
1997 and considerable advances were made in a range of areas, such as:

(a) biotransformation of veterinary drugs and formation of bound residues
in hepatocyte cultures (cultured liver cells) from food producing and
laboratory animals,

(b) bioavailability of bound residues following enzymatic and acid
hydrolysis and transport across the gastro-intestinal barrier,

(c) development of in vitro systems, which may be used to screen for the
potential toxicity of bound residues and derived metabolites,

(d) production of bound residues in in vitro systems such as furazolidone
in rat liver microsomes and thiabendazole in rabbit hepatocytes, and

(e) development of methods for the extraction and determination of
bound residues in food.

The results obtained during the course of the project are of direct interest
for a wide range of food safety related activities (Table 2).

In this report, the work on development of methods for the extraction and
determination of bound residues in food, carried out at The National Food
Centre, is described.

6
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Table 2: Food Safety related activities to which the project results are
relevant

● Food scientists, toxicologists and analysts working in the area of 
detection and safety assessment of food residues

● Science centres involved in the validation of alternative test methods 
for safety assessment of chemicals

● Companies developing veterinary drugs

● Laboratories involved in monitoring of veterinary drug residues in 
animal derived foods

● Laboratories responsible for quality control of raw agricultural 
materials, intermediate and end products

● Regulatory bodies involved in the safety assessment of veterinary drugs

● Regulatory bodies responsible for veterinary drug registration

7
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NITROFURAN ANTIMICROBIAL DRUG RESIDUES

The antimicrobial drugs furazolidone and furaltadone, belonging to the class
of nitrofurans, were used in veterinary medicine until recently to treat pigs,
calves and poultry for a range of infections including salmonellosis.

Part of the residues of furazolidone are known to be covalently bound to
cellular protein in the tissues, such as liver, of treated animals (Vroomen et
al., 1986). As a result, the rate of clearance of furazolidone metabolites from
the animal body is dependent on the rate of turnover of tissue protein,
which may be relatively slow. Strong indications were obtained from in vitro
studies with isolated pig hepatocytes (i.e. using cell culture techniques in the
laboratory) that similar residues are formed in the case of the related drug,
furaltadone (Hoogenboom et al., 1994).

It has been demonstrated that a proportion of the bound residues of
furazolidone (Hoogenboom et al., 1991) and furaltadone (Hoogenboom et
al., 1994) possess intact side-chains, termed AOZ and AMOZ, respectively,
each of which has molecular characteristics in common with the parent
compounds. These side-chains can be released from the bound metabolites
under mildly acidic conditions such as may occur in the stomach of the
consumer. It has been suggested that AOZ can be metabolized into the
chemical, β-hydroxyethylhydrazine, which is a mutagenic and carcinogenic
compound. Because these protein-bound residues are highly persistent even
long withdrawal periods may not result in their elimination from edible
tissues. More recently, EC regulations have categorized the nitrofuran drugs
as “unauthorized substances”.

Methods had been developed (at RIKILT-DLO, Wageningen, The
Netherlands) for the determination of AOZ or AMOZ through their release
from protein-bound residues under acidic conditions and subsequent
derivatization with 2-nitrobenzaldehyde (NBA) to yield NPAOZ and
NPAMOZ, respectively. The derivatization step serves (i) to isolate AOZ and
AMOZ from the matrix and prevent rebinding to protein following the
cleavage step and (ii) to produce derivatives which possess chromophores
suitable for UV detection. Since many cellular macromolecules also contain
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reactive amino moieties, a large excess of NBA is required to ensure
quantitative derivatization of AOZ and AMOZ released from the bound
residues. The tissue extracts produced according to this procedure contained
NPAOZ/NPAMOZ and unreacted NBA, which gave rise to considerable
interference in the high performance liquid chromatography (HPLC)
determination of NPAOZ/NPAMOZ at low levels.

The available method for determination of bound residues of nitrofuran
drugs was improved in two ways: (1) further clean-up of the tissue extract
to remove the interfering excess NBA for HPLC determination of
NPAOZ/NPAMOZ, and (2) development of a mass spectrometric method
(LC-MS) to give confirmatory results for the presence of bound residues in
tissue samples (Horne et al., 1996, 1997). The improved extraction
procedure for NPAOZ and NPAMOZ, linked to determination by both
HPLC and LC-MS methods, was validated by a series of studies on
“fortified” samples and samples from treated animals. The validated method
for the detection of AOZ released from protein-bound residues of
furazolidone in pig livers was used to determine the suitability of AOZ as a
marker metabolite for the total bound residues. This was performed by
studying the ratio of released AOZ to total bound residues in livers from
animals treated with furazolidone, followed by withdrawal periods of 0, 3
and 6 weeks.

Assay of liver samples for bound residues of nitrofuran drugs

The method used to determine bound residues of nitrofuran drugs in pig
liver consisted of an exhaustive extraction of the tissue sample with multiple
volumes of solvents (aqueous methanol, methanol and ethanol) to remove
extractable residues, release of the bound residues by acid hydrolysis and
formation of the nitrophenyl derivatives with NBA, extraction of these
derivatives with ethyl acetate, and removal of excess NBA by multiple
washing of the extract with hexane (Figure 1). The content of NPAOZ (or
NPAMOZ) in the final extracts was determined by HPLC and by LC-MS
using reversed phase (C18) columns.

9
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Figure 1: Procedure developed for isolation of protein-bound residues
of furazolidone

The performance of the developed methods was assessed by measuring the
mean recovery of the residues from liver samples to which AOZ and
AMOZ, at 100 ng/g (ppb), had been added. The reproducibility of the
methods was assessed by repeated analyses (n=5) of these “fortified”
samples. Figure 2 shows mean recovery of 70-80% for AOZ by both
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Liver sample (2 g)

- wash with (a) methanol/water (67/33), 6 ml

(b) methanol, 3 x 4 ml

(c) ethanol, 2 x 4 ml

Liver protein pellet

- resuspend pellet in water (6 ml)

- add acid (1M HCl, 0.5 ml) 

and NBA (0.05 M, 0.05 ml)

- incubate at 37
0
C for 16 h

- neutralize with NaOH 

and extract with ethyl acetate (3 x 4 ml)

- evaporate ethyl acetate 

and dissolve in water (0.3 ml)

- wash with hexane (2 x 2 ml)

Derivatised AOZ residues

- add acetonitrile (0.15 ml) to the 

aqueous extract

Analysis by HPLC and/or LC-MS
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methods and reproducibility (measured as relative standard deviation) of
less than 10% by HPLC and of less than 15% by LC-MS. Mean recovery of
approximately 70% and reproducibility of 14-15% was found for AMOZ by
both methods.

Figure 2: Mean residue levels (n=5) of AOZ and AMOZ in liver samples
at different withdrawal times

Since “fortified” samples do not imitate the real situation for protein-bound
residues in tissues arising following treatment of animals, the methods were
tested, also, using liver samples from treated animals. Figure 3 shows the
content of AOZ and AMOZ determined in pig liver samples obtained from
animals treated with the nitrofuran drugs and slaughtered at different times
after treatment (i.e. with different withdrawal periods). Measurable levels of
both metabolites are found following withdrawal periods of 3 (AOZ) and 4
(AMOZ) weeks.
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Figure 3: Mean residue levels (n=5) of AOZ and AMOZ in liver samples
at different withdrawal times

Importance of protein-bound residues of furazolidone

Following treatment with a veterinary drug, such as furazolidone, the drug is
metabolised and will give rise to different forms of extractable and protein-
bound residues. Many of these residue forms may be of no toxicological
significance, being metabolized to inactive forms. It is important, however, to
establish the forms and relative proportions of these metabolites for two
reasons: (a) to assess the persistence of biologically active metabolites of the
drug in edible tissues, and (b) to determine how useful is the “marker”
residue (in this case AOZ) in identifying the presence of biologically active
metabolites.
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A number of pigs were treated with radiolabelled furazolidone and
slaughtered at various intervals after treatment. Following the exhaustive
residue extraction procedure, described above, the total content of
extractable residues and of protein-bound residues were determined by
measurement of radiolabelled materials in the extracts and the remaining
tissue samples, or “pellets”. The procedure for release and determination of
AOZ by HPLC was applied to the “pellets” and the content of AOZ
expressed as a proportion of the total bound residue.

Figure 4 shows the contents of extractable residues, bound residues, and
proportion of bound residues determined to be AOZ for liver samples from
pigs slaughtered after withdrawal periods of 0, 3 and 6 weeks following
treatment with furazolidone. Initially, a smaller proportion of the residues
are bound (approximately 65%) but a significant proportion of the bound
residue is in the form from which AOZ may be released (approximately
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12% of total residue). As metabolism of the residues continues, the total
residue content in the liver decreases but the proportion of this residue as
bound residue increases (to approximately 83% at a withdrawal period of 6
weeks). This can be explained by the much shorter half-lives of free
metabolites compared with bound metabolites. The proportion of the bound
residue occurring in a form from which AOZ may be released decreases (to
approximately 5% of total residue). This decrease in bound residues from
which AOZ may be released is likely due to the production of different
types of protein-bound residues over time after treatment with furazolidone.
However, the important aspects from a food safety and residue analysis
perspective are (a) that biologically active metabolites still persist in liver at
measurable levels 6 weeks after treatment, and (b) that AOZ is a suitable
“marker” residue for identifying edible tissue from furazolidone-treated pigs
at considerable periods after treatment.

Figure 4: Content of extractable and bound residues of furazolidone in
pig liver
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Application of developed method to in vitro studies

The validated method for AOZ determination, developed at The National
Food Centre, was applied to studies by other participating laboratories on
the intestinal toxicity and transport of covalently bound residues of
furazolidone (De Angelis et al., 1996, 1998; Klee et al., 1999). These studies
were undertaken at Istituto Superiore di Sanità, Roma, Italy using cultured
human colon tumour cells and at Institute of Pharmacology, Pharmacy and
Toxicology, University of Leipzig, Germany using isolated rat gut segments.

THIABENDAZOLE ANTHELMINTIC DRUG RESIDUES

The benzimidazole anthelmintics are used in the treatment of parasitic
infections in food-producing animals. One of these drugs, thiabendazole, has
been found to give rise to protein-bound residues both in cell culture
(hepatocytes) and in the liver of treated animals (Yoneyama and Ichikawa,
1986). Further studies by some of the collaborating laboratories found that
bound residues were formed by cultured hepatocytes from a range of animal
species including calf, sheep and pig (Coulet et al., 1998). The formation of
bound residues in these model systems were correlated, generally, with the
disappearance of thiabendazole through its metabolism to 
5-hydroxythiabendazole, which is the major first metabolite formed.

These results, together with the known toxic properties of thiabendazole,
pointed to the need to investigate the nature of the bound residues and the
extent of their formation in the liver of food-producing animals. Because the
nature of the bound residues and the manner in which they are bound to
proteins was unclear, a number of approaches to their release and extraction
were adopted (Horne et al., 1998). From the information available on the
metabolism of thiabendazole, two possible forms of bound residue were
proposed; (1) that the thiazole ring structure would be broken and that the
resulting benzimidazole ring structure derivative would bind through a
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primary amine moiety of the protein and/or (2) that the intact
thiabendazole structure (probably as the 5-hydroxy derivative) would bind
to protein by interaction between the thiazole ring and cysteine to form a
sulphide linkage.

For the first proposed form of bound residue, a residue extraction procedure
modelled on the procedure used for nitrofurans was developed, using rabbit
hepatocytes containing bound radiolabelled thiabendazole metabolites
(supplied by Dr. Pierre Galtier, INRA, Toulouse, France). The hepatocytes
were repeatedly extracted with organic solvent to remove extractable
residue and were incubated overnight under acidic conditions, either 3M or
1M HCl at 370C. The residues released by acid hydrolysis were extracted
with ethyl acetate and measured (as radioactivity). The radioactivity released
from the hepatocytes and extracted with ethyl acetate constituted
approximately 2% of the total. The radiolabelled material recovered from
the hepatocytes as bound residue needed to be characterized to establish
whether it represented biologically active metabolites of thiabendazole, i.e.
those with a relatively intact structure similar to thiabendazole, which might
be of potential importance from a food safety point of view. To assist in this
characterization, antibodies which had the capability of binding
thiabendazole, 5-hydroxythiabendazole and structurally-related compounds
were used.

Immunoaffinity chromatography

Thiabendazole-specific monoclonal antibodies (supplied by Dr. David
Brandon of the USDA, Albany, California, USA) were immobilised on an
agarose matrix to produce immunoaffinity chromatography columns (Horne
et al., 1999). Studies on the column affinity indicated binding of
thiabendazole by the immobilised antibodies and subsequent elution using
an ethanol-water mixture (70:30). This developed immunoaffinity system
was applied to the isolation of bound residues of thiabendazole, following
the extraction procedure described above.

16
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The extracts of the acid treated hepatocytes were applied to the
immunoaffinity column and two fractions were identified, one which was
eluted during the wash step, representing component(s) not cross-reacting
with the antibody, and the other which was retained by the antibodies and
eluted only with ethanol-water. These results indicate that the portion of
bound residue released by acid treatment and retained by the column
possesses a structure similar to thiabendazole. Use of stronger acid
conditions (3M HCl instead of 1M HCl) did not release any greater amount
of bound residues than the mild acid conditions.

For the second proposed form of bound residue, a mechanism to break
sulphide linkages was required. Two procedures were evaluated, one a
chemical procedure based on Raney nickel desulphurisation and the other
an enzymatic hydrolysis procedure using the enzyme cystathione-β-lyase.
Following the normal exhaustive solvent extraction of free residues from the
hepatocytes, these procedures
were applied to the dried
hepatocyte “pellets”. In the case
of the Raney nickel
desulphurisation procedure the
released radioactivity constituted
approximately 9.5% of the total.
The released residue was not
retained by the immunoaffinity
column. This result is to be
expected because the Raney
nickel procedure, in addition to
desulphurisation of
thiabendazole-protein linkages,
would also cause
desulphurisation of the thiazole
ring of thiabendazole. Since the
antibody recognises the thiazole
end of the thiabendazole
molecule, no cross-reaction
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would be expected following Raney nickel desulphurisation of released
residues. Further characterization of the released residue was not possible. In
the case of treatment of the solvent extracted rabbit hepatocytes with
cystathionine-β-lyase, no substantial differences in the level of released
radioactivity or in immunoresponsive patterns were observed in comparison
to residue released during incubation under 1M HCl conditions.

Figure 5: Procedure developed for isolation of protein-bound residues
of thiabendazole
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Liver sample (1 g)

- wash with (a) methanol/water (50/50), 4 ml*
(b) methanol, 3 x 4 ml*
(c) ethanol, 2 x 4 ml*

- incubate in water (10 ml) @ 370C, 16 h*

Liver protein pellet

- resuspend pellet in water (10 ml)
- incubate with acid (3M HCl, 1.25 ml)

and protease enzyme (370C, 16 h)
- neutralize with NaOH 

and extract with ethyl acetate

Liver pellet extract

- evaporate ethyl acetate 
and redissolve in methanol/water (30/70)

- apply to immunoaffinity column
and elute with water

- extract water fraction with ethyl acetate*

Non-crossreacting residues

- elute with ethanol/water (70/30)*

Crossreacting residues

* fractions assayed by HPLC-PDA
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Method for release of bound residues from pig liver

An overnight incubation period at 370C was introduced, following the
multiple solvent extraction, to remove any remaining non-extracted free
residue and the procedure based on strong acid conditions (Figure 5) was
applied to pig liver samples from thiabendazole-treated animals.

A HPLC method, combined with photodiode array detection, was used to
identify thiabendazole and the possible metabolites 5-hydroxythiabendazole,
acetylbenzimidazole and benzimidazole. The quantities of thiabendazole
metabolites in each of the wash fractions and in the subsequent fractions
obtained following acid hydrolysis of the liver protein pellet and
immunoaffinity chromatography were measured. The results show that the
acid hydrolysis procedure does not release significant quantities of
metabolites from liver protein; small quantities of thiabendazole were
determined. It is concluded that the procedure used may be unsuitable for
the release of protein-bound residues or that the released residues, with the
exception of thiabendazole, do not correspond with the structures studied.

19
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CONCLUSIONS

● The nitrofuran antimicrobial drugs, furazolidone and furaltadone, may
form protein-bound residues in edible tissues of treated animals, which
subsequently may be released in the stomach of the consumer on
digestion. Methods, based on high performance liquid chromatography
and on mass spectrometry, have been developed to test for these
protein-bound residues. When these methods were applied to the
analysis of liver samples from experimentally-treated pigs, it was found
that measurable levels of bound residues were detectable at a
considerable period after slaughter and that most of the residue in
liver at that time was protein-bound. These results demonstrate the
importance of identifying and measuring bound residues of veterinary
drugs to monitor the potential total exposure of the consumer to
residues in food.

● The benzimidazole anthelmintic drug, thiabendazole, has been found
to form protein-bound residues in animal tissues and also in in vitro
model systems. A number of approaches to the release of these
protein-bound residues were assessed. Immunoaffinity
chromatography proved to be a useful tool for isolation of these
residues following their release from protein binding. Identification of
the form(s) in which metabolites of thiabendazole are bound to
protein was not realised.

20
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