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This publication is a contribution to the International Programme on
Chemical Safety.

The International Programme on Chemical Safety (IPCS), established
in 1980, is a joint venture of the United Nations Environment Programme
(UNEP), the International Labour Organisation (ILO), and the World
Health Organization (WHO). The overall objectives of the IPCS are to
establish the scientific basis for assessing the risk to human health and
the environment from exposure to chemicals, through international peer-
review processes, as a prerequisite for the promotion of chemical safety,
and to provide technical assistance in strengthening national capacities
for the sound management of chemicals.

The Inter-Organization Programme for the Sound Management of
Chemicals (IOMC) was established in 1995 by UNEP, ILO, the Food
and Agriculture Organization of the United Nations, WHO, the United
Nations Industrial Development Organization, and the Organisation for
Economic Co-operation and Development (Participating Organizations),
following recommendations made by the 1992 United Nations Confe-
rence on Environment and Development to strengthen cooperation and
increase coordination in the field of chemical safety. The purpose of the
IOMC is to promote coordination of the policies and activities pursued
by the Participating Organizations, jointly or separately, to achieve the
sound management of chemicals in relation to human health and the
environment.

The summaries and evaluations contained in this book are, in most cases,
based on unpublished proprietary data submitted for the purpose of the
JMPR assessment. A registration authority should not grant a registration
on the basis of an evaluation unless it has first received authorization for
such use from the owner who submitted the data for JMPR review or has
received the data on which the summaries are based, either from the
owner of the data or from a second party that has obtained permission from
the owner of the data for this purpose.
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PREFACE

The monographs contained in this volume were prepared at the sixtieth meeting
of the Joint FAO/WHO Expert Committee on Food Additives (JECFA), which met
at WHOHeadquarters in Geneva, Switzerland, 6–12 February 2003. These
monographs summarize data on the safety of residues in food of selected veterinary
drugs reviewed by the Committee.

The sixtieth report of JECFA will be published by the World Health Organization
in the WHO Technical Report Series. Reports and other documents resulting from
previous meetings of JECFA are listed in Annex 1. Abbreviations used in the
monographs are listed in Annex 2. The participants in the meeting are listed in
Annex 3 of the present publication.

JECFA serves as a scientific advisory body to FAO, WHO, their Member States,
and the Codex Alimentarius Commission, primarily through the Codex Committee
on Food Additives and Contaminants and the Codex Committee on Residues of
Veterinary Drugs in Foods, regarding the safety of food additives, residues of
veterinary drugs, naturally occurring toxicants, and contaminants in food. Commit-
tees accomplish this task by preparing reports of their meetings and publishing
specifications or residue monographs and toxicological monographs on substances
that they have considered.

The monographs contained in this volume are based on working papers that
were prepared by working groups before the meeting. A special acknowledgement
is given at the beginning of each monograph to those who prepared these working
papers. The monographs were edited by E. Heseltine, Lajarthe, 24290 St Léon-
sur-Vézère, France.

The preparation and editing of the monographs included in this volume were
made possible through the technical and financial contributions of the Participating
Organizations of the International Programme on Chemical Safety (IPCS), which
supports the activities of JECFA.

The designations employed and the presentation of the material in this
publication do not imply the expression of any opinion whatsoever on the part of
the organizations participating in the IPCS concerning the legal status of any
country, territory, city, or area or its authorities, or concerning the delimitation of its
frontiers or boundaries. The mention of specific companies or of certain manu-
facturers’ products does not imply that they are endorsed or recommended by
those organizations in preference to others of a similar nature that are not
mentioned.

Any comments or new information on the biological or toxicological properties
of the compounds evaluated in this publication should be addressed to: Joint WHO
Secretary of the Joint FAO/WHO Expert Committee on Food Additives, International
Programme on Chemical Safety, World Health Organization, Avenue Appia, 1211
Geneva 27, Switzerland.

– v  –
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1. EXPLANATION

The Committee considered neomycin at its forty-third, forty-seventh, fifty-second
and fifty-eighth meetings (Annex 1, references 113, 125, 140 and 157). At its forty-
third meeting, the Committee established a temporary ADI of 0–30 µg/kg bw on the
basis of a NOEL of 6 mg/kg bw per day for ototoxicity in a 90-day study in guinea-
pigs and a safety factor of 200. The ADI was made temporary in view of deficiencies
in the genotoxicity data. Studies of mutagenicity were requested for evaluation in
1996.

At its forty-seventh meeting (Annex 1, reference 125), the Committee considered
new data on genotoxicity for neomycin. On concluding that neomycin was not
genotoxic, it established an ADI of 0–60 µg/kg bw on the basis of the NOEL of
6 mg/kg bw per day for ototoxicity in the 90-day study in guinea-pigs and a safety
factor of 100.

– 3 –
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Following a request by the Codex Committee on Residues of Veterinary Drugs
in Foods at its Twelfth Session (Codex Alimentarius Commission, 2000), the
Committee at its fifty-eighth meeting considered information on registration of
injectable neomycin products and on their use with respect to good practice in the
use of veterinary drugs. The Committee also considered data on the toxicity of
neomycin in calves, but it concluded that the information was relevant only to the
welfare of the target animals and therefore fell outside its mandate.

The Codex Committee on Residues of Veterinary Drugs in Foods at its Thirteenth
Session (Codex Alimentarius Commission, 2001) requested the Committee to
evaluate new data on the safety of neomycin. Two submissions were made, one
addressing the microbiological aspects of the safety of neomycin to consumers and
the other addressing the evidence for a link between the presence of a specific
mutation to mitochondrial DNA in humans and increased susceptibility to amino-
glycoside-induced ototoxicity.

The ADIs that could be derived from studies in bacteria in vitro, from studies of
human flora-associated animals in vivo and from studies in humans were evaluated.

2. BIOLOGICAL DATA

2.1 Identity and use

Neomycin is used to treat superficial infections in humans and is given orally to
cattle, sheep, pigs, goats and poultry for bacterial gastrointestinal infections and by
intramammary administration to treat mastitis. It is an aminoglycoside and is active
against bacteria that grow aerobically. It is considered to be inactive against
anaerobes, and its activity against facultative bacteria in vitro is lower in anaerobic
environments than in air (Annex 1, reference 113).

Neomycin is produced by Streptomyces fradiae. Preparations are complexes
consisting of neomycin A, neomycin B and neomycin C, generally containing more
than 90% neomycin B, the remainder being mainly neomycin C. Neomycins B and
C both contain three amino sugars attached by glycosidic linkage to the central
hexose. Neomycin A, more appropriately referred to as neamine, is a hydrolysis
product of either neomycin B or neomycin C and usually comprises less than 1% of
the mixture. Neomycin A has a bicyclic ring system with four amino groups. Neomycin
B has a total of six amino groups and consists of neamine and neobiosamine B, a
disaccharide of D-ribose and neosamine B. Neomycin C is a stereoisomer and
consists of neamine and neobiosamine C, a disaccharide from D-ribose and
neosamine C (stereoisomer of neosamine B). When tested by antibiotic dilution
techniques against aerobic and facultative bacteria, the activity of neomycin B is
generally greater than that of neomycin C, which is greater than that of neamine.

2.2 Mechanism of action on bacteria

The bacteriocidal effects of aminoglycosides are brought about by disruption of
cellular transport mechanisms as a result of the formation of abnormal cell membrane
channels by abnormal proteins (Prescott et al., 2000). Neomycin reacts with 30S
ribosomal subunits of prokaryotic cells by electrostatic attraction. This blocks the
formation of a complex of mRNA with formethionine and tRNA and induces misreading
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of the genetic code on the mRNA template (Brown, 1988). The result is a change in
the conformation of the ribosomal binding protein, with concomitant errors in reading
the code of the mRNA (Mingeot-Leclercq et al. 1999), and a non-functional protein
is produced (Brown, 1988).

As it is a polycation, neomycin binds to negatively charged bacterial surface
anions such as the lipopolysaccharide of gram-negative bacteria, teichoic acids of
gram-positive bacteria and polar portions of phospholipid in both types of bacteria.
Active transport is required for neomycin to traverse the membrane so that it can
reach the ribosomal target site. Such transport mechanisms are lacking in a number
of the anaerobes studied to date, and for this reason they are generally not sensitive
to the aminoglycosides. Aminoglycosides are moved across the cytoplasmic
membrane by the membrane potential after non-specific association with a transporter
in the cytoplasmic membranes. Ribosomes and nucleic acids act as binding sinks
for transported aminoglycosides and contribute significantly to total cell uptake. In
the presence of sufficient concentrations of neomycin, transport may cause some
release of cell components, including potassium, amino acids and nucleotides, from
exposed bacterial cells by damaging the cell wall.

Aminoglycosides have additional effects on microorganisms, including inter-
ference with the cellular electron transfer system, induction of RNA breakdown,
disruption of polysomes into inactive monosomes, inhibition of translation, blocking
of initiation of DNA replication, effects on DNA metabolism and damage to cell
membranes (Brown, 1988; Prescott et al., 2000). At least some of these effects are
likely to be due to the mistranslation of mRNA.

2.3 Microbiological safety

2.3.1 Insensitivity of intestinal microflora

As noted above, the transport of aminoglycosides into facultative anaerobes is
an energy-dependent system requiring electron transport (Bryan & Kwan, 1981).
Under anaerobic conditions, the membrane potential of facultative bacteria is
diminished, and transport of aminoglycosides is markedly impaired. Facultative
bacteria that are sensitive to neomycin under aerobic conditions are much less
susceptible under anaerobic conditions owing to the lack of an effective proton motive
force for transport in these organisms.

Although aminoglycosides bind in vitro to both the cell surfaces and the ribosomes
of Bacteroides and Clostridia, these and other obligate anaerobes are naturally
insensitive to aminoglycosides. Their insensitivity is not related to the production of
inactivating enzymes nor to mutations that reduce ribosomal affinity. In fact, protein
synthesis by Bacteroides fragilis and Clostridium perfringens in vitro is inhibited by
aminoglycosides, to which they are otherwise insensitive. Rather, the insensitivity
of anaerobes appears to be due to insufficient transmembrane driving force or the
amount of cell membrane transporter (Bryan et al., 1979; Bryan & Kwan, 1981;
Rasmussen & Tally, 1993). Thus, the insensitivity results from an inability of the
cells to accumulate sufficient intracellular concentrations of neomycin for it to be
inhibitory.
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2.3.2 Acquired resistance

There are three categories of resistance to aminoglycosides: that due to
spontaneous mutation (rare, occurring with a probability of 10–8 to 10–10 in a cell
population (Moellering 1983)); that due to altered cell permeability to the aminoglyco-
side; and that due to inheritance of plasmid-encoded resistance factors which specify
inactivating enzymes. The latter is more commonly reported for clinically relevant
species. Most of the acquired resistance to aminoglycosides in aerobic bacteria is
due to the acquisition of inactivating enzymes which modify the drug bound to the
transporter, preventing ribosomal binding. The plasmid resistance factors (R factors)
against neomycin encode phosphotransferases, acetyltransferases and nucleotidyl-
transferases. These enzymes are in certain cases active against more than one
aminoglycoside but do not necessarily cause complete inactivation. Thus, bacteria
that inherit plasmids which encode these inactivating enzymes may become resistant
or less sensitive to other aminoglycosides (Lechevalier, 1975; Davies, 1986;
Moellering, 1983).

2.3.3 Decision tree

At its fifty-second meeting (Annex 1, reference 141), the Committee developed
a decision tree to address the potential adverse impacts of antimicrobial residues
on human intestinal microflora (Figure 1). At its present meeting, the Committee
used this decision tree to answer the following questions in its assessment of
neomycin.

1. ‘Does the ingested residue have antimicrobial properties?’

Yes, but the spectrum of activity against the major groups of intestinal bacteria is
limited, as shown in the table of minimum inhibitory concentrations (MICs) for relevant
intestinal bacteria tested under standard conditions specified by the National
Committee of Clinical Laboratory Standards (USA; 1993) (see Table 1). Gastro-
intestinal anaerobes are insensitive to neomycin. In a survey of gastrointestinal
bacteria tested at standard and high inoculum densities, the lowest MIC50 values
were recorded for the most sensitive relevant genera, Eubacterium (8 µg/ml) and
Lactobacillus (64 µg/ml), respectively. The potency of neomycin against Escherichia
coli in vitro decreased as the inoculum density increased or the oxygen availability
decreased. The MIC50 for E. coli at a high inoculum density was 64 µg/ml under
aerobic test conditions and 128 µg/ml under anaerobic conditions; the latter value
was higher than those of other intestinal organisms. The MIC50 of 64 µg/ml was
used by the Committee in its calculations, as Lactobacillus was the most sensitive
relevant strain at high inoculum density.

2. ‘Does the drug residue enter the lower bowel by any route?’

Yes. Most of an oral dose is excreted in faeces, without metabolism. Neomycin
is poorly absorbed from the intestinal tract of humans and animals and from cows’
udders. The amount of orally administered neomycin recovered in urine was less
than 10%. In healthy humans given a single oral dose of neomycin sulfate at

 1000 mg per person, the proportion of neomycin absorbed from the gastrointestinal
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Assess the effects of veterinary drug residues including metabolites,
on the microflora of the human gastroinestinal tract

Does the ingested residue have
antimicrobial properties? Section 1a

Does the drug residue enter the lower
bowel by any route (e.g., with the food
bolus, by biliary circulation, and/or by

mucosal secretion)? Section 1b

Conclude that the drug residue
will not affect the intestinal

microflora and use toxicological
data to derive the ADI

Conclude that the drug resi-
due will not affect the intesti-
nal microflora and use toxico-
logical data to derive the ADI

Is the ingested residue transformed irrevers-
ibly to inactive metabolites by chemical trans-

formation, host metabolism or intestinal
microflora metabolism in the bowel and/or by
binding to intestinal contents? Section 1b–d

Do a literature survey and other submitted
data on the effects of the veterinary drug

on the colonic microflora provide a basis to
conclude that the ADI derived from toxico-
logical data is sufficiently low to protect the

intestinal microflora? Section 1e

Conclude that the drug residue
will not affect the intestinal

microflora and use toxicological
data to derive the ADI

Conclude that the drug residue
will not affect the intestinal

microflora and use toxicological
data to derive the ADI

Do data derived from therapeutic use of
the drug class in humans or in model
systems in vitro or in vivo indicate that

effects could occur in the gastrointestinal
microflora? Section 1f

Determine the most sensitive adverse effect(s) of the
drug on human intestinal microflora. Adverse effects

such as selection of drug-resistant populations,
disruption of the colonization barrier or changes in the

metabolic activity of intestinal microflora that have been
linked to specifically to adverse effects on human health

should be considered.

Conclude that the drug
residue will not affect the

intestinal microflora and use
toxicological data to derive

the ADI

NoYes

No
Yes

No

No

Yes

Yes

Yes No

Figure 1. Decision tree for determining adverse microbiological effects of residues
of antimicrobial drug in food-producing animals

tract was < 10% on the basis of blood and urine analysis (Poth et al., 1950; Kunin et
al., 1960). Very young calves were found to absorb slightly more (Aschbacher &
Feil, 1994). Neither neomycin B nor neomycin C was preferentially absorbed in
dogs given either molecule orally (Freyburger & Johnson, 1956).
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It is generally accepted that most of the neomycin that is ingested is excreted.
As neomycin is a polycation, much of the ingested material is apparently adsorbed
to faecal contents. Therefore, a conservative microbiological safety assessment
would assume that 100% neomycin is excreted chemically unaltered in faeces.

Table 1. Minimum inhibitory concentrations (MICs) of neomycin against major
bacterial groups tested under the conditions of the National Committee of
Clinical Laboratory Standards of the USAa

Bacterial species Strains MIC50 (µg/ml)b

and genus
Lowc Highd

Supplemented Wilkins– Supplemented Wilkins–
blood medium Chalgren- blood medium Chalgren-

glucose glucose
medium medium

Bacteroides 15e,f > 128 > 128 > 128 > 128
Bifidobacterium 12e      16    128
Clostridium 11e,5f > 128    128 > 128 > 128
Enterococcus 10e,2f > 128    128 > 128 > 128
Escherichia coli
   (aerobic)g 13e      16      64
Escherichia coli
   (anaerobic)g 13e > 128 > 128
Eubacterium 9e        8 > 128
Fusobacterium 5e,3f     16      32 > 128    128
Lactobacillus 15e,2f >128      32 > 128      64
Peptostreptoccoccus/ 16e,14f >128      32 > 128    128
   Peptococcus

a Corrected version of the original tables that appeared in reference 141 in Annex 1
b MIC50 values are for all strains included in the assay, tested by the standard guideline of

the National Committee of Clinical Laboratory Standards  for determining MICs of
anaerobes by the agar dilution technique.

c The cell concentration of low-density inocula was 1 ∞ 108 cells/ml. The amount of inoculum
per spot on agar medium was approximately 2 ∞ 105 cells, assuming 0.002 ml of culture
per spot.

d The cell concentration of high-density inocula was 1 ∞ 1010 cells/ml. The amount of
inoculum per spot on agar medium was approximately 2 ∞ 107 cells, assuming 0.002 ml of
culture per spot.

e Number of tested strains of which the MIC values for Wilkins–Chalgren-glucose medium
were used to calculate summary values.

f Number of tested strains of which the MIC values for supplemented blood medium were
used to calculate summary values.

g The same set of 13 strains was tested aerobically and anaerobically with the same inocula
and lots of media. The inocula used to determine the aerobic MIC were incubated at 37 °C
aerobically.
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3. ‘Is the ingested residue transformed irreversibly to inactive metabolites by chemical
transformation, metabolism mediated by the host or intestinal microflora in the bowel
or binding to intestinal contents?’

Neomycin undergoes negligible biotransformation after parenteral administration
and binds avidly to intestinal and faecal contents. It is not clear what percentage of
an oral dose is inactivated or whether the inactivation is dose-dependent. Although
studies have been conducted of binding and inactivation of neomycin in faecal
suspensions in vitro, the solids and soluble components of faecal specimens are
complex and heterogeneous, varying substantially among individuals. Thus, these
studies cannot be considered exhaustive for defining the kinetics or the physico-
chemical mechanisms of binding or inactivation of neomycin. Nevertheless, they
provide useful information for assessing the effects and safety of residues of neomycin
in milk and tissues.

In an early study of binding of aminoglycosides to dog faeces, neomycin was
incubated in a dilute suspension of faeces, and the amount of neomycin bound to
faecal solids was calculated as the difference between the amount added to the
suspension and the amount measured (by microbiological assay) in the supernatant
after the mixture had been incubated and centrifuged. Initially, 75% of the neomycin
was calculated to have been pelleted with faecal solids in the incubation mixture.
After two washings of the pelleted solids and acid extraction (method unspecified),
47% of the added neomycin was calculated to be retained with the faecal solids.
The same experiment was conducted with other aminoglycosides, including
gentamycin, kanamycin and paromomycin, with similar results (Wagman et al., 1974).

Neomycin was incubated at various concnetrations with similarly dilute
suspensions of faecal specimens obtained from nine healthy volunteers. As in the
previous study, ‘binding’ of neomycin to faeces was calculated from the amount of
added activity that remained in the supernatant solution after removal of faecal solids
by centrifugation of the incubation mixture. The percentage of concentrations of
neomycin up to 500 µg/ml that was bound was calculated to be 83–98%. The amount
bound depended on the amount of neomycin added per gram of diluted faeces. The
authors reported that no destruction or inactivation of neomycin occurred during
incubation in the supernatant solutions, but data were not provided (Hazenberg et
al., 1984). The same test system was used to compare the binding of various
aminoglycosides and antibiotics used in selective decontamination of the bowel.
Neomycin and polymyxin B showed substantially higher percentages of binding per
unit weight of antibiotic than did tobramycin, gentamycin and cephradine (Hazenberg
et al., 1983a).

Neomycin at various concentrations was incubated with suspensions of individual
faecal specimens collected from eight healthy volunteers. The suspensions contained
higher concentrations of faecal solids than in the studies described above, and two
incubation times (0 and 24 h) were studied in duplicate. As in the other studies, the
microbiological activity remaining in the supernatants was used to calculate the ‘per
cent inactivation’ relative to the amount of added neomycin. The microbiological
activity in the supernatants of pelleted faecal solids depended on the concentration
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of added neomycin, and the percentage of added neomycin that was ‘inactivated’
decreased with increasing concentrations of neomycin. Nearly 100% binding was
seen in incubation mixtures in which the ratio of neomycin to faecal wet weight was
≤ 5 mg to 1 g. This ratio was consistent with the observations of Hazenberg et al.
(1984) and Wagman et al. (1974). The authors concluded that the ‘inactivation’
occurred during the time it took to mix the suspension and harvest the supernatant
solution (roughly 50 min), because no difference in the per cent inactivation was
seen at 0 and 24 h (Veringa & van der Waaij, 1984).

In all four studies summarized above, a microbiological assay was used to assess
the concentration of neomycin. The recovery of neomycin from the test system was
not reported. The only amounts of neomycin measured were the concentrations
remaining in supernatant solutions after centrifugation of faecal solids. Thus,
estimates of ‘per cent binding’ or ‘per cent inactivation’ reflect microbiological activity
expressed as a percentage of the total neomycin activity added to the test system.
The net decrease in the detectable microbiological activity of soluble neomycin could
have been due to a number of competing reactions, including: inactivation by ionic
binding to insoluble components of the slurry (including bacterial cells); inactivation
by enzymatic modification (phosphorylation, acetylation); artefactual physical trapping
of neomycin by faecal solids during centrifugation; active transport and uptake of
neomycin by sensitive bacterial cells; and inactivation by binding to soluble
components of the slurry. Whatever the cause, the detectable microbiological activity
was reduced substantially within a short time in these dilute faecal incubations. This
decrease in soluble microbiological activity, by whatever mechanism, was saturable.
Thus, the faecal slurries had a finite capacity to inactivate neomycin. Overall, the
results indicate that neomycin is partially or fully inactivated at the levels found as
residues. The data are, however, difficult to verify, as discussed above, and the next
question in the decision tree should be addressed.

4. ‘Do data on the effects of the drug on the colonic microflora provide a basis to
conclude that the ADI derived from toxicological data is sufficiently low to protect
the intestinal microflora?’

Yes. Orally administered neomycin is used as adjunct therapy (at a dose of
4–8 g/day) for hepatic coma and for ‘preparation’ or ‘selective decontamination’ of
facultative anaerobes in the bowel for surgery (9–21 g with purgatives over 3 days).
A reversible intestinal malabsorption syndrome with loss of digestive enzymes and
flattening of intestinal villi has been described after oral dosing with neomycin at
ž 3 g/day for more than several days (Jacobson et al., 1960; Faloon et al., 1962).
Malabsorption of fats, protein, cholesterol, carotenes, mono- and disaccharides,
vitamin B12, sodium, calcium and iron have been reported, due in part to direct
inhibition of absorption after interaction of neomycin with the nutrient. Neomycin is
thought to disrupt micelle formation of bile acids and neutral sterols, thus leading to
their increased excretion in faeces (Sirtori et al., 1991). In vitro, addition of neomycin
to human bile and bile salt solutions resulted in precipitates of bile salts and bilirubin,
indicating that there may be a relationship between binding in vitro and the
malabsorption of fat observed when neomycin is given orally (Faloon et al., 1962).
Prepared solutions of sodium glycocholate and sodium taurocholate are precipitated
by the addition of neomycin, but the precipitation is reversed as the pH is raised,



11NEOMYCIN

with maximum precipitation at - pH 6.0. The extent to which this occurs after ingestion
of the concentrations at which residues occur has not been determined. The doses
at which malabsorption is observed are more than 1000 times higher than the
toxicological ADI (0–60 µg/kg bw), and the calculated microbiological ADI is based
on microbiological data.

In a study of the effects of antibiotics on human gut flora, changes in facultative
bacteria, yeast and Clostridia were monitored in patients in hospital for non-
gastrointestinal diseases. The bacterial populations in faecal specimens collected
before, during and after treatment with neomycin were enumerated. Four patients
received neomycin orally at 4 g/day for 7 days, and 10 patients received 2 g/day for
6 days. The populations of all the bacterial groups that were monitored decreased
during treatment. The group most severely affected was enterococci, followed by E.
coli non-lactose fermenters, lactobacilli, Clostridia and Proteus species. The numbers
of yeasts and Klebsiella-like organisms increased, as did those of antibiotic-resistant
populations (Daikos et al., 1968). In a study in which facultative bacteria and yeasts
in faecal specimens from patients given neomycin orally were cultured, 2 g/day of
neomycin reduced the numbers of facultative bacteria (Poth et al., 1950, 1951). In
patients treated with neomycin orally at a dose of 3 or 5–6 g/day, although the total
bacterial counts remained high (1010–1011 cells/g faeces), the number of enterococci
fell by two to three orders of magnitude, and the decreases in the numbers of coliforms
and Clostridia were even greater. The populations of bifidobacteria and Bacteroides
were more constant (Finegold et al., 1965, 1983).

Neomycin was administered to healthy volunteers at a dose of 1 g three times
daily for 5 days, and fresh stool samples were collected before, during and after
treatment and monitored for facultative bacteria and strict anaerobes. The mean E.
coli counts were not affected by treatment, but two of the eight volunteers showed
substantial differences in counts. It was concluded that this regimen had little effect
on the counts of aerobic bacteria in the colon (Arabi et al., 1979).

In all the studies summarized above, oral doses  2000 mg were given per adult.
The responses varied, but the effects on facultative bacteria reflected a general
trend. The concentration of neomycin residues remaining after veterinary useafter,
3.6 mg, is > 500 times lower than the doses used in these studies. As the numbers
of anaerobic bacteria are not detectably affected at therapeutic doses, there is little
reason to expect that the populations in the lower bowel would be affected by daily
ingestion of 3.6 mg.

The absence of any change in the population of anaerobic bacteria in humans
given neomycin at doses  2000 µg is consistent with recent findings in HFA mice
given neomycin, in which no changes in the populations of subpopulations of E.
coli, ‘neomycin-resistant E. coli’, enterococci, ‘neomycin-resistant enterococci’ or
lactobacilli were found at the highest concentration of neomycin added to drinking-
water (20 µg/ml) for 6 weeks (Kotarski, 2002). Assuming that a 40-g mouse ingests
5 ml of neomycin-containing water per day, the amount of neomycin ingested would
be (20 µg/ml ∞ 5 ml/day per 40-g mouse), or 150 mg/60 kg bw. Thus, the toxicological
ADI of 0–3.6 mg/60-kg person (equal to 0–60 µg/kg bw) is sufficient to protect against
changes in bacterial composition, including emergence of resistance.



12 NEOMYCIN

The toxicological ADI of 0–60 µg/kg bw is further justified by the finding of
Hazenberg et al. (1983b) that no changes in bacterial subgroups were induced in
HFA mice given neomycin at 1000 µg/ml in water for 35 days, but changes were
induced with 2000 µg/ml. The NOEL for changes in bacterial subpopulations in this
study was thus 7500 mg/60-kg person. Although the study was not designed to
determine a microbiological ADI, it nevertheless provides information suggesting
that the NOEL for changes in a bacterial population is much higher than the current
toxicological ADI. The available data (Table 2) thus support the toxicological ADI of
0–60 µg/kg bw (equal to 0–3.6 mg/60-kg person), which would protect the human
gastrointestinal flora. The current toxicological ADI for neomycin should therefore
not be changed, consistent with the positive answer to question 4 and recommen-
dation 1(e) of the guidance for the decision tree (Annex 1, reference 147).

Table 2. ADIs that could be derived from various studies on neomycin

Type of study No-effect observations ADI (mg/60-kg Reference
equivalent bw
per day)a

MIC test for > 100 MIC50 of most sensitive ADI = (64 µg/ml ∞ 200 g) / Van Saene et
strains of intestinal relevant genus, Lacto- (1.0 ∞ 1.0 ∞ 60-kg person) al. (1985);
bacteria (high bacillus, under conditions = 14 mg/kg bw Annex 1,
inoculum density) of high inoculum density = 840 mg/60-kg person reference 114

= 64 µg/ml. Inactivation in
colon due to binding not
taken into account, as
minimum bactericidal
concentrations of sensi-
tive aerobic facultative
bacteria increased 30–
640-fold when faeces
were added to test broth.

HFA mice dosed No changes in E. coli, ADI = 125 mg/kg equi- Hazenburg
orally in drinking- gram-negative anaerobes, valent bw x 60 kg et al. (1981)
water total number of resistant 7500

anaerobes at 125 mg/kg
bw per day

Humans No changes in numbers 3000 Finegold et al.
of Bacteroides, Clostridium, (1965)
neomycin-resistant E. coli
at oral dose of 3 g/day for
5 days

Adapted from Cerniglia & Kotarski (1999)
a ADIs are deriuved only from comparisons of MICs with data derived in vivo, to indicate the
magnitude of the differences. Additional, relevant, unpublished information that may be
available from registration files should be taken into account in making final decisions and
establishing an appropriate ADI.
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2.4 Ototoxicity

2.4.1 Effects on hearing

High systemic doses of aminoglycosides can be ototoxic and nephrotoxic in
humans and other mammals. In some countries, neomycin is not allowed for
parenteral use as a veterinary drug because of concern about toxicity to target
animals. In those countries that permit this use, it is generally restricted for treatment
of serious gram-negative infections that are resistant to less toxic medications.

Deafness occurred in one of two calves treated with neomycin at an intramuscular
dose of 2.2 mg/kg bw twice daily for 13 days and in one of two calves given 4.5 mg/kg
bw intramuscularly twice daily for 12 days. Nephrotoxicity was seen in all four
neomycin-treated calves. No adverse effects were seen in two control calves given
benzylpenicillin at an intramuscular dose of 3600 U/kg bw twice daily for 7 days
(Crowell et al., 1981).

Neomycin is considered to be the most toxic of the authorized aminoglycoside
drugs (Riviere et al., 1991). Assessment of the damage to cultures of hair cells from
the outer cochlea of neonate mice showed neomycin to be the most potent of several
aminoglycoside and aminocyclitol drugs investigated. The order of potency was
neomycin > gentamycin > dihydrostreptomycin > amikacin > neamine >
spectinomycin (Kotecha & Richardson, 1994).

Aminoglycoside-induced ototoxicity may affect one or both ears (Lerner et al.,
1998). Ototoxicity is more likely to occur after parenteral use than after oral
administration. A review of studies of ototoxicity in humans (Govaerts et al., 1990)
showed wide variation in estimates of the incidence of ototoxicity in patients treated
with aminoglycosides, ranging from 0% to 63% for cochlear toxicity and 0% to 72%
for vestibular toxicity. In a prospective study of 32 patients given long-term treatment
with neomycin (neomycin sulfate at 500 mg per person every 6 h for 3 months),
6.7% of the patients developed cochlear toxicity, as determined by high-frequency
audiometry (Rappaport et al., 1986). The risk of ototoxicity after orally administered
neomycin is increased for patients with impaired renal function or gastrointestinal
inflammation (Kavanagh & McCabe, 1983). Loss of hearing in the high frequency
region was experienced by 9 of 17 children (53%) aged 2–7 years with gastroenteritis
who had been given neomycin orally at doses of 50–100 mg/kg bw per day for
6–9 days (Zelenka et al., 1966).

High concentrations of aminoglycosides in plasma can result in transfer to the
perilymph and endolymph of the inner ear. As diffusion back into the bloodstream is
slow, the drug can accumulate in the perilymph and endolymph. The accumulation
is dose-dependent but saturable, and the aminoglycoside can stay in the perilymph
for prolonged periods. The half-life of aminoglycosides in perilymph is 10–15 times
longer than that in serum (Lortholary et al., 1995; Chambers & Sande, 1996)

Aminoglycosides can damage the vestibular and cochlear sensory hair cells of
the vestibular epithelium and the organ of Corti, which can result in impairment of
auricular function, including loss of balance and irreversible deafness. The sensory
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cells do not regenerate, and retrograde degeneration of the auditory nerve (eighth
cranial nerve) follows. The nerve cells become affected only when the hair cells are
missing. Aminoglycoside-induced cochlear toxicity is one of the commonest causes
of acquired deafness in humans but is less common in neonates and children than
in adults (Matz, 1993; Chambers & Sande, 1996; Lerner et al., 1998).

Although all aminoglycosides can affect both cochlear and vestibular function,
some preferential toxicity is evident. In the case of neomycin, it is principally auditory
function that is affected. Tinnitus is often the first symptom of effects on the cochlea,
and there may be auditory impairment if exposure to the drug is not discontinued
within a few days. Perception of high-frequency sounds is lost first; if exposure to
the drug continues, perception of lower frequencies is lost progressively (Langman,
1993; Chambers & Sande, 1996)

Although auditory (cochlear) toxicity is more common, neomycin can also cause
vestibular toxicity. The symptoms of severe vestibular toxicity include nausea,
vomiting, vertigo, nystagmus and difficulty with gait (Lerner et al., 1998).

The Committee assessed data on the ototoxicity of neomycin at its forty-third
meeting (Annex 1, reference 114). Several studies of the effects of neomycin on
guinea-pigs (Riskaer et al., 1956; Brummett et al., 1985) and on cats (Hawkins,
1952; Hawkins et al., 1953) were considered. In addition human case studies were
taken into account (Waisbren & Spink, 1950; Lindsay et al., 1960; Halpern & Heller,
1961; King, 1962; Fields, 1964; Greenberg & Momary, 1965). The Committee could
not identify a NOEL from the studies in cats but identified a NOEL of 6 mg/kg bw per
day for ototoxicity in guinea-pigs given neomycin orally. The Committee at its forty-
seventh meeting established an ADI of 0–60 µg/kg bw by applying a safety factor of
100 to the NOEL of 6 mg/kg bw per day from the study on guinea-pigs (Annex 1,
reference 126).

2.4.2 Mitochondrial DNA mutation

Two groups of patients with aminoglycoside-induced ototoxicity have been
identified: one in which the effect was the result of prolonged or high-dose exposure
to the drug and a second that in which signs appeared after minimal exposure,
suggesting an idiosyncratic susceptibility (Bacino et al., 1995). Clusters of susceptible
individuals exist in certain families, suggesting that genetic factors might play a role.
Families with raised susceptibility to the drug were reported in the literature as early
as 1957 (Horiguchi & Moriyama, 1957). After a maternal inheritance pattern of
aminoglycoside-associated deafness was identified in several Japanese (Higashi,
1989) and Chinese (Hu et al., 1991) families and in a large Arab–Israeli family (Jaber
et al., 1992), the hypothesis of mitochondrial inheritance of the susceptibility was
raised. The observations that every known mitochondrial genetic disease has
sensorineural hearing loss or deafness as a common phenotype and that
aminoglycoside-poisoned hair cells show mitochondrial dysmorphology are
consistent with this hypothesis (Hutchin et al., 1993).

As the bacteriocidal activity of aminoglycosides was known to involve interaction
with ribosomal RNA in bacteria and as mitochondrial ribosomes are structurally
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more similar to bacterial ribosomes than to mammalian cytosolic ribosomes, it was
suspected that susceptibility to aminoglycoside-induced ototoxicity might be due to
a mutation of mitochondrial DNA at a site corresponding to the production of ribosomal
RNA. This mutation was sought in a large Arab–Israeli family in which 55 members
had maternally inherited sensorineural deafness, which could be traced back through
five generations to one common female ancestor (Prezant et al., 1993). The mutation
was thought to be homoplasmic, as family members had either severe hearing loss
or normal hearing, with no intermediate impairment. Formal segregation analysis
predicted that the simultaneous inheritance of a mutation to mitochondrial DNA and
an autosomal recessive mutation caused the disease phenotype. The entire
mitochondrial DNA from the blood of two deaf patients from the Arab–Israeli family
was sequenced, as was DNA corresponding to the mitochondrial 12S and 16S rRNA
genes (between nucleotides 648–1601 and 1671–3229, respectively) from two
Chinese patients who were members of other families with maternally inherited
aminoglycoside-induced deafness. The results were compared with the sequences
for 278 control individuals, consisting of 35 Arab–Israelis and whites, Asians and
blacks in equal proportions. The investigation of the Arab–Israeli family also included
sequencing of mitochondrial DNA from one non-deaf family member and a non-
deaf, unrelated Arab, and all the sequences were compared with the published
‘Cambridge sequence’ of the 16 569-base pair human mitochondrial genome
(Anderson et al., 1981). Several rare sequence variations (mutations) were detected
in mitochondrial DNA from each of the four deaf individuals. Only one mutation was
common to all three families: an adenine to guanine (A to G) homoplasmic point
mutation at nucleotide 1555 (A1555G mutation), which is in a region of the 12S
rRNA gene that codes for a highly conserved domain of the small rRNA. This mutation
was not found in any of the 278 controls, whereas the other mutations were each
found in a few control individuals. Aminoglycosides are known to bind to this region
of the 12S rRNA gene in bacteria (Moazed & Noller, 1987; Gravel et al., 1987).
Furthermore, the A1555G mutation was the only one of the identified mutations that
affected a sequence of bases that was evolutionarily conserved. The sequence has
been identified in mice, rats, cattle and humans. It codes for a domain of the small
rRNA that is essentially the same in bacteria, plants, invertebrates and mammals.

The homoplasmic A1555G mutation was detected in mitochondrial DNA from
the blood of seven of 41 (17%) unrelated individuals in the USA of diverse ethnic
origins who had hearing loss that had developed after they had received amino-
glycosides (Fischel-Ghodsian et al., 1997). The ethnic groups of the persons with
the mutation included whites, Hispanics and Asians. Four of the seven individuals
with the mutation had a family history of aminoglycoside-induced ototoxicity. In three
of those with the mutation, the onset of deafness had occurred a number of years
(17 years in one case) after exposure to aminoglycosides.

Mitochondrial DNA from blood and hair of members of two Japanese and three
Chinese families (the subjects of previous reports by Higashi, 1989 and by Hu et al.,
1991) with maternally inherited hypersensitivity to aminoglycosides showed the same
A1555G mutation in all the deaf individuals investigated. The mutation was not found
in 414 unaffected people, including 274 Asians, who were studied as controls. The
mutation was also detected in four of 74 people in a Chinese hospital who had gone
deaf after treatment with aminoglycosides (Hutchin et al., 1993).
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Three Mongolian families with maternal inheritance of susceptibility to
streptomycin-induced ototoxicity were identified at a school for the deaf. Blood
samples from five deaf members of these three families (three from one family and
one from each of the other families) were screened for A633G and A1555G mutations
of the 12S r RNA gene and the A1736G mutation of the 16S rRNA gene. Control
blood samples from 400 Mongolians with normal hearing was also screened. The
A1555G mutation was detected in four of the five deaf subjects, including the three
from the same family, but in none of the 400 control individuals. The other mutations
investigated were present in four deaf subjects (including the three members of the
same family and the person without the A1555G mutation), but were also present in
the control population at an individual prevalence of approximately 5% (Pandya et
al., 1997).

The A1555G mutation to the 12S rRNA gene in mitochondrial DNA was also
found in 12 families in a village in Zaire where 53 of the 348 inhabitants were deaf.
All of the families were said to have a common female ancestor who had lived about
150 years previously. Verbal tradition indicated that many members of the family
had suddenly become profoundly deaf in 1954, and the high incidence of deafness
had continued to the present. It seems unlikely that exposure to aminoglycosides
played a part in this incident, as only one of the affected individuals had ever been
treated with an aminoglycoside (Matthijs et al., 1996).

The A1555G mutation has thus been detected in the mitochondria of families
with high rates of deafness in China (Hutchin et al., 1993; Prezant et al., 1993),
Israel (Prezant, et al., 1993), Japan (Hutchin et al., 1993), Mongolia (Pandya et al.,
1997), the USA (Fischel-Ghodsian et al., 1997) and Zaire (Matthijs et al., 1996). In
some but not all cases the deafness was associated with prior exposure to
aminoglycosides.

The A1555G mutation was detected in 10 of 319 unrelated Japanese out-patients
with sensorineural hearing loss; 21 of the patients had received aminoglycosides by
injection. Hearing loss was also found in 14 of 140 patients with cochlear implants;
22 of these patients had received aminoglycosides. In both series, the frequency of
hearing loss was higher in the patients with a history of aminoglycoside use (33% in
the out-patients and 59% in those with cochlear implants) (Usami et al., 2000).

A Japanese family with maternally inherited sensorineural hearing loss was
reported, which had no history of aminoglycoside injection. There was no other
known etiology for the deafness in this family. The A1555G mutation was detected
in mitochondrial DNA from blood from all three family members with hearing loss
who were investigated (Iwasaki et al., 2000).

The A1555G mutation was detected in mitochondrial DNA from leukocytes of
four of 46 deaf–mute Japanese persons; the A3243G mutation was not detected in
any of them. Two of the 46 deaf people investigated reported on questionnaires that
they had received streptomycin injections, and both of these people had the A1555G
mutation. The A1555G mutation was not detected in blood samples from 27 people
with normal hearing or 110 patients with adult-onset sensorineural hearing loss.
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The mutation therefore appeared to be a contributing factor to prelingual deafness
but not to late-onset sensorineural deafness (Oshima et al., 2001).

Seventy Spanish families with sensorineural deafness, comprising 36 congenital
cases and 34 of late onset, were investigated for the presence of the A1555G mutation
in mitochondrial DNA and compared with 200 control subjects. The mutation was
found in the 19 of the 70 families with maternally inherited sensorineural deafness
but in none of the controls. In 12 of the 19 affected families, all the members with the
mutation who had received aminoglycosides became deaf, representing 30% of the
deaf people in these families. None of the deaf people in the seven other affected
families had been treated with aminoglycosides. Overall, 18% of the people with
both the mutation and deafness had been treated with aminoglycosides. The median
age at onset of deafness was significantly lower (p < 0.001) in people with the
mutation who were treated with aminoglycosides (5.6 years) than in those with the
mutation who did not receive aminoglycosides (41 years). The probability that a
person with the mutation would develop deafness by the age of 30 years was
estimated to be 96% if they were treated with an aminoglycoside and 40% if they
were untreated (Estivill et al., 1997).

Mitochondrial DNA from two Italian sisters and three of their children who had
developed profound high-frequency hearing loss after receiving aminoglycosides
did not have the A1555G mutation. Nevertheless, sequencing of the 12S rRNA gene
showed that they all had a thymidine deletion around nucleotide position 961 (Casano
et al., 1999).

An investigation was conducted of the 12S rRNA gene in peripheral blood from
35 Chinese students in a school for the deaf, none of whom had the A1555G mutation.
Comparison of the base sequences with the standard ‘Cambridge’ mitochondrial
sequence and with results for 100 control subjects with normal hearing showed that
only three of the patients had mutations to this gene (T1243C, T1520C and
961∆T+Cn) that were not also found in controls. The mutations were not found in
areas of the gene known to be critical for aminoglycoside binding in the bacterial
homologue; however, one of them (T1520C) was in the mitochondrial D-loop, which
is also the site of the A1555G mutation found in other studies. The authors suggested
that the effect of these mutations might be similar to that of the A1555G mutation:
altering the three-dimensional structure of the gene to increase susceptibility to
aminoglycoside-induced ototoxicity. One of the three unique mutations detected
was an insertion at nucleotide 961 of multiple sequences coding for cytosine
(961∆T+Cn). The authors claimed that such heteroplasmic mutations to mitochondrial
DNA are usually restricted to only a few tissues, suggesting the possibility that some
deaf people with no unique mutations to 12S rRNA in their blood cells might have
significant mutations in sensory cells in their ears that contributed to their deafness
(Bacino et al., 1995).

2.4.3 Mechanism of ototoxicity

Prezant et al. (1993) postulated that the mutation at position 1555 on mitochondrial
DNA might change the three-dimensional structure of the small rRNA in such a way
as to bring about greater binding of aminoglycosides and consequently increased
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toxicity. Hutchin et al. (1993) suggested that the mutation causes increased binding
of aminoglycosides at the ribosome, resulting in inhibition or mis-translation of protein
synthesis. As mitochondrial polypeptides comprise part of several enzyme complexes
(oxidative phosphorylation complexes I, III, IV and V) involved in ATP production,
reduced production of a crucial protein could result in reduced ATP production. Low
ATP levels in the cochlea might lead to an imbalance of ion concentrations in the
stria vascularis, endolymph or hair cells, which could cause accumulation of Ca2+ in
the hair cells, leading to cell death.

In line with this proposed mode of action, it was observed that the rate of
mitochondrial protein synthesis was decreased by about 30% in the presence of
2 mg/ml paramycin in lymphoblastoid cell lines from carriers of the A1555G mutation
(from the Arab–Israeli family previously investigated), as compared with cell lines
from control individuals (Guan et al., 2000). In contrast, comparison of the protein
production by lymphoblastoid cell lines derived from deaf and non-deaf members of
a family in Zaire who had the mutant (A1555G) mitochondrial DNA showed that
exposure to 0.1 mg/ml of neomycin, gentamycin or streptomycin had no effect on
the amount of protein translation in cells of either deaf or non-deaf individuals (Matthijs
et al., 1996).

In preliminary studies, Southern blot analysis of DNA extracted from blood
samples from the Arab–Israeli family previously described revealed no gross
deletions, insertions or rearrangements of mitochondrial DNA  (Jaber et al., 1992).
Biochemical studies of the effects of aminoglycosides on oxidative phosphorylation
complexes I, III, IV and V, which include all 13 mitochondrially encoded polypeptides,
in lymphoblastoid cell lines derived from members of the family showed that
mitochondrial protein synthesis was generally normal, but oxidative phosphorylation
complex V showed more activity in cells from deaf family members than in those
from their non-deaf siblings, and the activity of complex III was greater in cells from
hearing and deaf family members than in control cells from unrelated Arabs (Prezant
et al., 1992). Prezant et al. (1993) suggested that the development of deafness in
this family might require the presence of both the mitochondrial A1555G mutation
(causing increased activity of complex III) and homozygosity for an autosomal
recessive mutation (causing increased activity of complex V), non-deaf family
members being heterozygous for the recessive mutation. This hypothesis for the
mechanism of deafness differs from that proposed by Prezant et al. (1992), as the
increased activities of complexes III and V would be expected to result in increased
ATP production rather than the hypothesized reduction. It is possible that the
biochemical effects underlying deafness are expressed in the ear but not in
lymphoblastoid cell lines.

3. COMMENTS

The ADIs that could be derived from studies in bacteria in vitro, from studies of
human flora-associated animals in vivo and from studies in humans were evaluated.
The available relevant microbiological data indicated that the toxicological ADI of
0–60 µg/kg bw would protect the gastrointestinal flora of humans. The lowest ADI
that could be set on the basis of the results of all the available microbiological studies
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would be 0–14 mg/kg bw (840 mg per person). This value is higher than the existing
ADI of 0–60 µg/kg bw (3.6 mg per person), which was set on the basis of toxicological
data. Intake of residues at levels that would expose consumers to up to 60 mg/kg
bw (3.6 mg per person) would not be expected to have adverse effects on the gut
microflora. Consequently, there is no need to change the current ADI on the basis of
the microbiological data.

The Committee affirmed that recent papers indicate that there is a causal
relationship between the presence of a point mutation in which the adenine at the
1555 position of the 12S rRNA gene on mitochondrial DNA is changed to a guanine
(A1555G mutation) and the development of deafness. Hearing loss can be due to
both genetic and environmental factors. Systemic exposure to a large dose of
aminoglycosides can bring about deafness, and genetic factors may make some
people more susceptible to the ototoxic effects of aminoglycosides than others.
Although people with the A1555G mutation appeared to be more susceptible to
aminoglycoside-induced ototoxicity, it was not clear whether any of them had received
neomycin. Nevertheless, it was considered prudent to assume that the effects
observed were relevant to all aminoglycosides, including neomycin.

Some families with the A1555G mutation appeared to be at increased risk of
hearing loss even in the apparent absence of exposure to aminoglycosides. Thus,
people with this mutation may be more susceptible to ototoxicity caused by a variety
of environmental factors, one of which is exposure to aminoglycosides. The mutation
is inherited from the mother and has been demonstrated in various ethnic groups,
including Chinese, Japanese, Mongolian, Spanish and Arab–Israeli, and in individuals
in the USA of diverse origin. Only a few families and individuals with the A1555G
mutation have been identified worldwide.

The Committee recognized that people with the A1555G mutation might be
susceptible to aminoglycoside-induced ototoxicity and might become deaf after
receiving therapeutic doses of aminoglycosides. Since the dose and route of
administration of aminoglycosides were not given in the reports of the studies in
humans, a dose–response relationship could not be established for an increased
risk of ototoxicity after administration of aminoglycosides to people with the A1555G
mutation. No quantitative data were available for identifying a NOEL for the ototoxicity
of neomycin or any other aminoglycoside in people with the A1555G mutation.

4. EVALUATION

The Committee noted that the current ADI for neomycin of 0–60 µg/kg bw had
been set by applying a safety factor of 100 to the NOEL of 6 mg/kg bw per day for
ototoxicity in a 90-day study in guinea-pigs. This safety factor comprises a 10-fold
factor to compensate for extrapolation of results from guinea-pigs to humans and
another 10-fold factor to account for interindividual variation within the human
population.

The Committee was aware that systemic exposure to large doses of amino-
glycosides in excess of the recommended therapeutic doses could result in deafness
in any person, irrespective of the presence of the mitochondrial DNA mutation.
Nevertheless, deafness has been reported in people with the A1555G mutation
given therapeutic doses of aminoglycosides. The recommended oral therapeutic
dose of neomycin for adults is about 12 000 mg per person per day. The Committee
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noted that this dose is more than 3000 times greater than the current ADI for neomycin
of 0–60 µg/kg bw (3.6 mg per person). This ADI is adequate to assure the health of
all consumers, including those with the A1555G mutation.

The Committee concluded that there was no need to alter the ADI of neomycin
to account for the possible susceptibility of the subpopulation with the A1555G
mutation or to account for the microbiological properties of neomycin.
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1. EXPLANATION

Flumequine is a fluoroquinolone compound with antimicrobial activity against
gram-negative organisms and is used in the treatment of enteric infections in food
animals. It also has limited use in humans for the treatment of urinary-tract infections.
Flumequine was evaluated by the Committee at its forty-second, forty-eighth and
fifty-fourth meetings (Annex 1, references 110, 128 and 146). At its forty-eighth
meeting, the Committee established an ADI of 0–30 µg/kg bw based on a toxicological
end-point (hepatotoxiciy in male CD-1 mice in a 13-week study).

At its forty-eighth meeting, the Committee evaluated information related inter
alia to a NOEL for hepatotoxicity and the mechanism of tumour induction. The present
Committee, at the request of the Codex Committee on Residues of Veterinary Drugs
in Foods at its Thirteenth Session (Codex Alimentarius Commission, 2001), evaluated
new studies that had been carried out to elucidate further the mechanism of
flumequine-induced hepatocarcinogenicity in mice.
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2. BIOLOGICAL DATA

2.1 Hepatotoxicity

In short-term and long-term studies of toxicity that had been evaluated by the
Committee at its forty-second meeting, oral administration of flumequine caused
dose-related hepatotoxic effects in rats and mice. Hypertrophy, degenerative changes
and focal necrosis of hepatocytes were observed in rats at 400 and 800 mg/kg bw
per day in a 2-year study, and in CD-1/ICR mice at 400 and 800 mg/kg bw per day
in an 18-month study. The prevalence of hepatotoxic lesions increased with duration
of treatment. At its forty-eighth meeting, the Committee noted that male mice were
the most sensitive to flumequine-induced liver damage.

2.2 Mechanism of tumorigenicity in mice

The results of long-term studies that had been evaluated previously by the
Committee showed no carcinogenic effects in rats, but a dose-related increase in
the incidence of liver tumours was observed in CD-1 mice at doses > 100 mg/kg bw
per day. The tumour incidence paralleled hepatotoxic changes and was significantly
higher in male than in female mice. As flumequine was inactive in a range of tests
for genotoxicity, including assays for gene mutation in bacteria and mammalian
cells in vitro and for chromosomal aberrations in vivo and in vitro, the mechanism of
tumorigenicity was unclear. At its forty-eighth meeting, the Committee reviewed the
available toxicological database in order to determine if the hepatocarcinogenicity
of flumequine resulted from a genotoxic or a non-genotoxic mechanism. Genotoxic
carcinogens act directly on DNA in the target tissue, inducing DNA or chromosomal
damage such as strand breaks or mutations, which can typically be assessed in
assays for genotoxicity and short-term assays in rodents. Non-genotoxic carcinogens
do not have this activity, and non-genotoxic carcinogenicity can result from induction
of cytotoxicity and cell proliferation, which probably cause tumorigenicity in target
organs by sustained mitogenic stimulation. Non-genotoxic tumorigenesis in rodent
liver can arise through several mechanisms, including hepatotoxicity. Flumequine
produced consistently negative results when evaluated in various assays for
genotoxicity in vitro and in vivo.

Flumequine was hepatotoxic, causing hepatocellular degeneration and focal
necrosis in male and female mice. The dose-related severity of the lesions paralleled
the incidence of liver tumours. The occurrence of foci of altered hepatocytes is an
important intermediary step in hepatotoxicity-induced liver tumorigenicity.

The Committee at its forty-eighth meeting concluded that the liver tumorigenicity
observed in mice exposed to flumequine was the result of a non-genotoxic
mechanism, secondary to hepatotoxicity-induced necrosis–regeneration cycles. The
Committee noted that, as the tumorigenicity was secondary to hepatotoxicity, the
NOEL for both hepatotoxicity and carcinogenicity was 25 mg/kg bw per day. The
Committee also noted that the NOEL for hepatotoxicity was determined from a 13-
week study and extrapolated to the dose required for tumour formation observed at
the end of the 18-month study in mice.

The Committee at its present meeting evaluated new information on the
mechanism of action of flumequine-induced mouse liver tumorigenicity. Administration
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of flumequine in the diet of CD-1 mice at a concentration of 4000 ppm for 30 weeks
(equivalent to the lowest dose in the 18-month study of carcinogenicity in mice) or
after a single intraperitoneal injection of N-nitrosodiethylamine induced basophilic
liver foci in males. Flumequine also increased the number of 8-hydroxydeoxy-
guanosine adducts in liver. These responses are consistent with oxidative DNA
damage and can be associated with carcinogenicity (Yoshida et al., 1999).

In another study, heterozygous p53-deficient mice (which have increased
sensitivity to genotoxic carcinogens) that received a diet containing 4000 ppm of
flumequine for 26 weeks developed basophilic liver foci at a time when there was no
evidence of necrosis. The absence of cell death at the dose tested (which did not
cause necrosis) showed that this would not confound interpretation of the significance
of the altered liver foci (Takizawa et al., 2001).

In a 13-week study of two-stage hepatocarcinogenicity in mice, administration
of a diet containing flumequine at a concentration of 4000 ppm induced altered liver
foci in mice subsequently exposed to a mixed promoting regimen of D-galactosamine
and phenobarbital, indicating that flumequine acted as a short-term initiator. A lower
dose of flumequine (500 mg/kg bw) caused DNA strand breaks in a ‘comet’ assay at
a time when liver damage was not evident. The absence of liver damage at the
dose tested showed that this would not confound interpretation of the comet assay.
The liver was more sensitive if it was undergoing cell proliferation due to regeneration
or juvenile growth. Similarly, other tissues such as stomach, colon and urinary bladder
showed more DNA breaks in response to various doses of flumequine, with dose-
dependent DNA damage in these organs in adult mice 3 h, but not 24 h, after
treatment. The results of these studies suggest that flumequine has initiating potential
and that the hepatocarcinogenicity in mice might involve DNA strand breakage
(Kashida et al., 2002).

Quinolones like flumequine exert their antibacterial activity by inhibiting bacterial
topoisomerase II (DNA gyrase). Although there are some structural similarities
between bacterial and mammalian topoisomerases, they differ substantially in overall
structure. Fluoroquinolones in general have a much lower affinity for mammalian
topoisomerases than for bacterial enzymes. Information on inhibition of mammalian
topoisomerases by flumequine was not available to the Committee at its forty-eighth
meeting.

Flumequine at doses that inhibit mammalian topoisomerase II might induce DNA
damage, and the damage might be involved in mutagenic or other genotoxic steps
in carcinogenicity. The Committee noted that there was inadequate evidence to
confirm that the observed carcinogenicity of flumequine was secondary to inhibition
of topoisomerase II or that this hypothesized mechanism is the sole basis for the
tumour induction observed in the lifetime study of carcinogenicity in mice.

3. COMMENTS

The Committee at its forty-second and forty-eighth meetings evaluated the
tumorigenicity of flumequine. At its forty-second meeting, the Committee noted that
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there was evidence of compound-related hepatotumorigenic effects in male mice.
As flumequine was inactive in a range of tests for genotoxicity, the mechanism of
tumorigenesis was unclear. The Committee at its forty-eighth meeting considered
that hepatocellular necrosis and regeneration subsequent to hepatotoxicity was the
relevant mechanism for the induction of liver tumours by flumequine.

Flumequine has generally been considered to be a non-genotoxic carcinogen
with only promoting activity. The Committee at its present meeting reviewed new
studies on flumequine-induced tumorigenicity that were not available at the forty-
eighth meeting, in which the mechanism of action in male mice was further
investigated. Although the results of ‘comet’ assays indicated that flumequine caused
double-strand DNA breaks, the Committee noted the limitations of this assay and
considered that those results alone could not fully substantiate a genotoxic
mechanism for the observed hepatocarcinogenicity of flumequine.

4. EVALUATION

The Committee concluded that the new data raised further questions about the
mechanism by which flumequine increases the incidence of liver tumours in male
mice. The Committee evaluated evidence that supported the involvement of both
genotoxic and non-genotoxic mechanisms. It noted that flumequine was not genotoxic
in a comprehensive battery of assays in vitro and in vivo; however, in the absence of
necrosis, it induced basophilic foci and DNA strand breaks in a ‘comet’ assay. The
Committee therefore could not dismiss the possibility that flumequine induces tumours
in mouse liver by a mechanism that includes genotoxic effects. It was, however,
unable to identify the genotoxic effects involved in liver tumour formation or a threshold
for those effects.

The Committee concluded that it could not support an ADI and withdrew the ADI
that it had established at its forty-eighth meeting. Before establishment of an ADI
can be considered, the Committee would wish to receive additional data on the
genotoxic effects involved in tumour formation.
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1. EXPLANATION

Trichlorfon (metrifonate) was evaluated by the Committee at its fifty-fourth meeting
(Annex 1, reference 147), when it established an ADI of 0–20 µg/kg bw on the basis
of a NOEL of 0.2 mg/kg bw per day for inhibition of erythrocyte acetylcholinesterase
activity in humans treated orally, applying a safety factor of 10.

A re-evaluation of the ADI for trichlorfon was requested on the basis of the
availability of new data that were not reviewed by the previous Committee. The
Committee at its present meeting considered the results of additional studies on the
pharmacokinetics of trichlorfon and on genotoxicity, reproductive toxicity,
developmental toxicity, toxicity to mammalian germ cells and studies in humans.

2. BIOLOGICAL DATA

2.1 Biochemical aspects

2.1.1 Absorption, distribution, and excretion

The pharmacokinetics of trichlorfon and its metabolite dichlorvos was studied in
healthy human volunteers and patients with various levels of renal impairment defined
by creatinine clearance. The study was conducted in accordance with European
Community Good Clinical Practice Guidelines, the Declaration of Helsinki (1989)
and the German Drug Laws. The 24 participants (15 men and 9 women aged 45–75
years and weighing 45–94 kg) were divided into four groups according to their
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creatinine clearance rates. Healthy volunteers (group A) had a creatinine clearance
> 90 ml/min per 1.73 m2; individuals with renal impairment were assigned to groups
with creatinine clearance = 60–90 ml/min per 1.73 m2 (group B), 30–60 ml/min per
1.73 m2 (group C) or < 30 ml/min per 1.73 m2 (group D). There were four men and
two women in groups A, C and D and three men and three women in group B.
Treatment consisted of a single 50-mg tablet of trichlorfon administered orally. Clinical
evaluations were performed 0 (before dosing),1, 2, 3, 4, 12 and 24 h after
administration. Clinical laboratory end-points were evaluated before dosing and
during the final examination. A 12-lead electrocardiogram (ECG) was recorded before
dosing and 1, 4 and 24 h afterwards. Blood samples for measurements of
pharmacokinetics were collected 0, 10, 20, 30, 45 and 60 min and 1.5, 2, 3, 4, 6, 8,
10, 12, 16 and 24 h after dosing. Plasma and erythrocyte cholinesterase activity
was measured before dosing and 1, 24 and 168 h afterwards.

The adverse clinical effects observed included diarrhoea, headache, transient
increases in amylase and lipase activity and weakness. No treatment-related effects
were found in clinical laboratory and ECG end-points. The differences in the
pharmacokinetics of trichlorfon and dichlorvos in the various groups were not
statistically significant. The geometric mean half-life for trichlorfon in healthy
volunteers was 3 ± 1 h, whereas those in groups B, C and D were 3 ± 1 h, 3 ± 1 h
and 2 ± 1 h, respectively. The renal clearance of trichlorfon and dichlorvos decreased
in proportion to the severity of renal impairment; however, as renal excretion of
unchanged drug or dichlorvos contributed only 1–2% of the total dose to the overall
clearance of trichlorfon, the systemic concentrations of trichlorfon and its active
metabolite did not affect renal function. No significant inhibition of erythrocyte
cholinesterase was found in healthy or renally impaired participants. The investigators
explained that trichlorfon causes a gradual increase in inhibition of erythrocyte
cholinesterase activity, steady-state inhibition being reached within a few weeks at
the daily doses used in the treatment of Alzheimer disease. The authors did not
specify the doses used in this indication, but the dosage regimens used in reported
clinical trials consist of a loading dose of 0.5, 0.9 or 2 mg/kg bw per day for 2 weeks
(Cummings et al., 1998), followed by a maintenance dose of 0.2, 0.3 or 0.65 mg/kg
bw per day for 10 weeks. In the present study, plasma cholinesterase activity was
inhibited by 60–80% 1 h after dosing, with greater inhibition seen in healthy volunteers.
The investigators concluded that renal function had no significant effect on the
pharmacokinetics of trichlorfon and that doses need not be adjusted for patients
with renal impairment (Dingemanse et al., 1999; Heinig & Dietrich, 1999).

The pharmacokinetics of trichlorfon was studied in healthy volunteers given the
drug alone or in combination with a magnesium- and aluminum hydroxide-containing
antacid, cimetidine or ranitidine, in two studies conducted in accordance with good
clinical practice guidelines and the 1975 Declaration of Helsinki and its revisions. In
the first study, 12 female and six male volunteers aged 55–75 years and of normal
body weight were given three single 50-mg oral doses of trichlorfon 1week apart.
Six participants were dosed orally 5 min later with 10 ml of a magnesium- and
aluminum hydroxide-containing suspension. Another six participants were dosed
90 min later with 10 ml of the same suspension. The remaining six received no
additional treatment. Blood samples for assay of trichlorfon, dichlorvos and
cholinesterase activity were collected before dosing and 0.5, 1, 1.5, 2, 3, 6 and 8 h
after dosing. An additional sample was collected at 24 h for determination of
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cholinesterase activity. In the second study, six female and 10 male volunteers aged
45–58 years and of normal body weight were given each of the following treatments
separated by a 1-week washout period: cimetidine at 400 mg in a tablet twice daily
for 4 consecutive days, with 400 mg of cimetidine and a 50-mg trichlorfon tablet
administered on day 5; ranitidine at 150 mg in a tablet twice daily for 4 consecutive
days, with 150 mg of rantidine and a 50-mg trichlorfon tablet administered on day 5;
or a single oral dose of 50 mg trichlorfon. Blood samples for assay of trichlorfon and
dichlorvos were collected before administration and 10, 20, 30, 45 min and 1, 1.5, 2,
3, 4, 6, 8, 10 and 12 h afterwards. Blood samples for determination of cholinesterase
activity were collected before dosing and 1, 2 and 24 h after dosing on day 5 of each
period and in the follow-up phase of the study 7 and 14 days after administration of
trichlorfon. Plasma samples for assay of cholinesterase activity were collected on
days 1, 4 and 5 before dosing and on day 5, 24 h after dosing, in each period and 7
and 14 days after administration of trichlorfon in the last study period. In both studies,
all volunteers were given a complete medical examination including medical history,
physical examination, chest X-ray, laboratory investigations, vital signs and an ECG,
before entering and after completion of the study.

Nausea (first study) and headache (second study) were the only adverse events
considered possibly to be related to treatment. There were no clinically relevant
changes in ECG or clinical laboratory end-points. The pharmacokinetics of trichlorfon
and dichlorvos were not significantly affected by concomitant administration of the
antacid preparation or by intake of cimetidine or ranitidine. The authors explained
that the terminal elimination half-lives of trichlorfon and dichlorvos could not be
determined in the first study because many samples contained insufficient concentra-
tions of these compounds during the elimination phase. The geometric mean
elimination half-life of trichlorfon in the second study was 2–3 h. In the first study,
erythrocyte cholinesterase activity was only slightly inhibited and was not
distinguishable from baseline values. The authors explained that multiple doses
must be administered to attain significant inhibition of this enzyme and, eventually,
therapeutically relevant, steady-state inhibition. In the second study, the authors
reported that the cholinesterase activity in plasma was constant on days 1, 4 and 5
of the study with the first two treatments, but the level of inhibition was not given.
After the third treatment period, the geometric mean inhibition of plasma
cholinesterase activity 24 h after dosing was 35% that of the baseline value on day
5. The authors concluded that concomitant administration of a magnesium- and
aluminum hydroxide-containing antacid, cimetidine or ranitidine, had no effect on
the pharmacokinetics of trichlorfon or dichlorvos in a healthy volunteer population
(Heinig et al., 1999).

The effects of food and time of administration on the pharmacokinetics of
trichlorfon were studied in healthy volunteers. The studies were conducted according
to good clinical practice guidelines and the 1975 Declaration of Helsinki and its
revisions. In the first study, 12 male and two female participants aged 50–68 years
and of normal body weight were given two single oral doses of 50 mg of trichlorfon
1 week apart. After an overnight fast (10 h), the volunteers received the following
treatments, in random order: a 50-mg tablet of trichlorfon orally or a 50-mg tablet
within 5 min of eating a breakfast consisting of 22 g of protein, 76 g of fat, 54 g of
carbohydrate and 1015 total calories. Blood samples for assay of trichlorfon and
dichlorvos were collected before administration and 10, 20, 30 and 45 min and 1,
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1.5, 2, 3, 4, 6, 8 and 10 h after dosing. Blood samples for determination of erythrocyte
and plasma cholinesterase activity were collected before administration and 1, 2, 3,
4, 6, 8, 10 and 24 h after dosing. In the second study, 12 healthy male volunteers
aged 24–45 years and of normal body weight were given the following treatments,
separated by a 1-week washout period: a tablet containing 80 mg of trichlorfon at
8:00 after an overnight fast (10 h), with a meal 4 h after dosing; a tablet containing
80 mg of trichlorfon at 19:00, after a meal at 12:00; and a tablet containing 80 mg of
trichlorfon at 22:00 after a meal at 18:00. Blood samples were collected for assay of
trichlorfon and dichlorvos before administration and 10, 20, 30 and 45 min and 1,
1.5, 2, 3, 4, 6, 8 and 12 h after dosing. Blood samples for determination of erythrocyte
and plasma cholinesterase activity were collected before administration and 0.5, 1,
2, 3, 4, 6, 8 and 12 h after dosing.

Nausea and diarrhoea (first study) and headache (second study) were the only
adverse events considered possibly to be related to treatment. The bioavailability of
trichlorfon and dichlorvos after breakfast was approximately 95% of that after fasting.
The maximum concentrations of trichlorfon and dichlorvos were reduced to
approximately 56% with food, and the time to maximal plasma concentration was
increased. The terminal elimination half-lives of trichlorfon or dichlorvos were not
affected; the geometric mean elimination half-life of trichlorfon in the first and second
study was 2 ± 1 h. In the first study, erythrocyte cholinesterase activity was not
significantly changed from the values before administration . Plasma cholinesterase
activity was almost completely inhibited 1 and 3 h after administration. In the second
study, inhibition of erythrocyte cholinesterase activity was low and erratic, with high
standard deviations, after all treatments. The mean plasma cholinesterase activity
was inhibited maximally (ž 95%) 1 and 3 h after treatment in the first and second
treatment phases and 3 h after treatment in the third treatment phase. The enzyme
was still measurably inhibited (by approximately 50%) 24 h after dosing. The authors
concluded that intake of food and time of administration had no relevant effect on
the pharmacokinetics of trichlorfon or dichlorvos or the pharmacodynamics of
erythrocyte or plasma cholinesterase activity (Heinig & Sachse, 1999).

2.2 Toxicological studies

2.2.1 Genotoxicity

The only information on the genotoxicity of trichlorfon that was not reviewed by
the Committee at its fifty-fourth meeting was the results of two tests for sister
chromatid exchange reported in the same paper. In a test conducted in human
lymphocytes in vitro, trichlorfon at a concentration of 10, 20, 30, 40, 50 or 60 µg/ml
did not induce sister chromatid exchange; however, when mice were given trichlorfon
at a dose of 30, 60 or 120 mg/kg bw, sister chromatid exchange was observed in
bone-marrow cells (Madrigal-Bujaidar et al., 1993).

2.2.2 Reproductive toxicity

(a) Multigeneration studies

Groups of 40 male and 40 female Sprague-Dawley rats received diets containing
trichlorfon (purity, 98%) at a concentration of 150, 500 or 1750 mg/kg, equivalent to
7.5, 25 and 88 mg/kg bw per day, for two generations, with one mating per generation.
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The parameters evaluated in adults and pups included clinical observations, body
weight, food consumption and gross and tissue lesions. In addition, plasma and
erythrocyte cholinesterase activities were determined in 10 F0 and F1 animals of
each sex per dose after 8 weeks of treatment, during the premating phase and
again at termination. Plasma, erythrocyte and brain cholinesterase activities were
determined in F1 and F2 generation pups at the time of culling (day 4 post partum)
and at weaning (day 21 post partum). One pup of each sex per litter was chosen
randomly from each litter and killed on lactation day 4 and another pair on lactation
day 21, until 10 pups of each sex per dose had been obtained. This study was
conducted in accordance with the United States Environmental Protection Agency
Pesticide Assessment Guidelines and Health Effect Guidelines and the OECD
guidelines for testing of chemicals.

No remarkable clinical signs were observed in adults or pups of either generation.
Significantly decreased body weights were observed in males and females at the
highest dietary concentration during the premating phase. No meaningful effects
were observed on food consumption by either sex. In the gestational phase of the
second generation, the body weights of animals at the highest dose were significantly
decreased on days 0 and 6 of gestation. The body weights of animals at the highest
dose were also decreased during lactation, but the difference was not statistically
significant. Treatment had no effect on food consumption during gestation in either
generation. Food consumption during the lactation phase was significantly reduced
in F0 dams at the highest dose during week 2 of lactation. In animals of the second
generation at the highest dose, food consumption during lactation was significantly
reduced in weeks 1, 2 and 3.

Dams in the first generation at the highest dose had a significantly reduced
lactation index (live pups per litter on lactation day 21/live pups per litter on lactation
day 4 after culling ∞ 100). In the second generation, significant decreases in the
birth index (pups born per litter/implantation sites per litter) and mean litter size
were observed at the lowest and highest doses, but there was no dose–response
relationship. Treatment-related decreases in pup body weight were observed in
both generations at the highest dose. Gross and histopathological findings were
unremarkable in adults and pups of both generations.

Significant decreases in plasma cholinesterase activity were observed in F0
generation adult females at the two higher doses and in males at the highest dose.
Erythrocyte cholinesterase activity was significantly reduced in adult F0 males and
females at the highest dose after 8 weeks of dietary intake of the test compound. In
the F1 generation, plasma cholinesterase activity was significantly reduced in adult
females at the two higher doses and in males at the highest dose. Erythrocyte
cholinesterase activity was significantly reduced in adult males and females at the
two higher doses. At termination of the F0 generation, plasma cholinesterase activity
was significantly reduced in females at all doses, erythrocyte cholinesterase activity
was significantly reduced in males and females at the two higher doses, and brain
cholinesterase activity was significantly reduced in females at all doses and in males
at the highest dose. At termination of the F1 generation, plasma cholinesterase activity
was significantly decreased in females at the highest dose, erythrocyte cholinesterase
activity was significantly decreased in females at all doses and in males at the
highest dose, and brain cholinesterase activity was significantly decreased in females
at all doses and in males at the highest dose. Assessment of neonatal cholinesterase
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activity on lactation day 4 showed significantly decreased erythrocyte cholinesterase
activity in F1 males at the two higher doses. On lactation day 21, significant decreases
in plasma and brain cholinesterase activity were observed in males and females at
the highest dose. In the F2 generation, no significant decreases in cholinesterase
activity were observed in males or females on lactation day 4. On lactation day 21,
significant decreases in plasma cholinesterase activity were observed in males and
females at the highest dose, and significant decreases in brain cholinesterase activity
were observed in males at the two higher doses and in females at the highest dose.
The treatment-related effects observed at the lowest dose in this study included
significantly decreased plasma cholinesterase and brain cholinesterase activities in
F0 adult females at term and significantly decreased erythrocyte and brain
cholinesterase activities in F1 adult females at term. A NOEL could not be identified
in this study (Astroff et al., 1998).

(b) Developmental toxicity

The sensitive period and the doses of trichlorfon required to produce brain
hypoplasia in offspring were examined in pregnant white guinea-pigs. The number
of animals in each treatment group was not stated. Trichlorfon was administered
either by stomach tube or by subcutaneous injection. Three groups received an oral
dose of 25, 50 or 100 mg/kg bw on days 42, 43 and 44 of gestation. One group
received oral doses of 200, 100 and 200 mg/kg bw on days 42, 43 and 44 of gestation,
respectively. One group received oral doses of 150, 150, 100 and 150 mg/kg bw on
days 40, 41, 42 and 43 of gestation, respectively. One group received a single oral
dose of 165 mg/kg bw on day 44 of gestation. Only one group was treated
subcutaneously, with a dose of 125 mg/kg bw. An untreated control group was
included. The pups were decapitated within 24 h after natural birth or immediately
after surgical removal around day 64, and various brain sections were separated
out and weighed.

In an earlier study, a significant reduction in brain weight was observed in offspring
born to dams treated orally with trichlorfon at a dose of 125 mg/kg bw on days 42,
43 and 44 of gestation (Mehl et al., 1994). In the more recent study, no reduction in
the weight of the cerebellum or other brain structures was found in offspring of
dams at 25 or 50 mg/kg bw , but significant weight reductions were observed in the
offspring of dams given 100 mg/kg bw. A dose–response related increase in brain
weight reduction was observed in a comparison of the groups given 100 mg/kg bw,
200–100–200 mg/kg bw and 150–150–100–150 mg/kg bw. Clinical signs of toxicity
were observed in dams treated with 100, 150 or 200 mg/kg bw. The cerebellum
appeared to be most sensitive brain structure to exposure on days 42–44, the
diencephalon and medulla oblongata to treatment on days 45–50 and the colliculus
to treatment on days 51–53 of gestation. The NOEL was 50 mg/kg bw (Hjelde et al.,
1998).

The brain hypoplasia seen after exposure to trichlorfon has been attributed to
DNA alkylation damage and inhibition of DNA alkyltransferase repair (Badawi, 1998;
Mehl et al., 2000).

In a study of cytogenetic and developmental effects on pre-implantation, mid-
gestation and near-term mouse embryos treated with trichlorfon during the zygote
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stage, female mice were given an intraperitoneal dose of 100 mg/kg bw (18 animals)
or 200 mg/kg bw (21 animals) 6 h after presumed conception. A control group of 18
pregnant animals received distilled water. Developmental outcomes and
micronucleus formation during the pre-implantation phase were assessed on day 3
of gestation; and developmental and aneugenic outcomes at mid-gestation were
assessed on day 9. On day 17 of gestation, the embryos were removed, sexed,
weighed and examined for external malformations.

No signs of toxicity related to treatment with trichlorfon were observed. The mean
number of cells in embryos in both treated groups was significantly lower than in the
control group, and the mean number of micronuclei was significantly increased in
both treated groups compared with the control group. The number of live embryos
per dam was significantly lower in the group given 100 mg/kg bw than in controls.
The mean number of somites in the treated groups was significantly lower than in
the control group. A significant increase in mosaic aneuploidy, including monosomic
or trisomic cell lines, was associated with treatment. The percentage of dead or
resorbed embryos tended to be higher in treated than in the control group, but the
differences were not significant. There was no increase in the incidence of external
malformations in the treated groups, and the body weights of male and female fetuses
exposed to trichlorfon were comparable to those of controls. The authors concluded
that exposure to trichlorfon around the time of fertilization induces a high frequency
of micronuclei, aneuploidy and developmental retardation in embryos from the pre-
implantation to the mid-gestation stage. Thereafter, embryos with micronuclei or
chromosomal damage appeared to develop and could appear normal by near term
(Tian et al., 2000).

A study of the effects of trichlorfon on spindle morphology and chromosomal
segregation was conducted in fertilized mouse embryos in vitro. Epididymal sperm
obtained from male mice was capacitated and added to 385 oocytes collected from
superovulated female mice, and the mixture was incubated for 2 h. By that time,
most of the fertilized eggs had reached anaphase II of the second maturation division.
Some fertilized embryos were incubated further to the first mitotic division.
Chromosomal analysis was performed on one-cell embryos arrested in metaphase.
To study the effect of trichlorfon on fertilization, chromosomal segregation and
spindles at anaphase II, 73 oocytes were incubated in 50 µg/ml of trichlorfon for 1 h
before fertilization, then transferred to a chemical-free medium and fertilized. In
addition, 300 oocytes were exposed for a total of 3 h: 1 h before fertilization and
during the 2-h fertilization. The treated embryos were then processed for chromo-
somal analysis or immunofluorescence. To study the effects of trichlorfon on spindles
and chromosomes of maturing oocytes, the oocytes were incubated for 8 or 16 h in
the presence or absence of 50 µg/ml trichlorfon. By that time, most of the oocytes
had emitted a first polar body and were arrested at metaphase II.

Trichlorfon had no significant effect on the rate of fertilization, nor did it affect the
separation of chromatids or the distribution of chromosomes at anaphase II. With
regard to effects on maturing oocytes, aberrant spindles were observed in a large
percentage of oocytes after 8 h of exposure to trichlorfon. During the advanced
stages of meiosis I, chromosomes appeared to be incapable of proper alignment at
the equator. Polar body formation occurred at about the same time in trichlorfon-
treated oocytes and controls. After 16 h, most of the treated and control oocytes had
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reached metaphase II. The spindles were highly aberrant in a large percentage of
metaphase II stages, and chromosomes were frequently unaligned and located at
different distances from the poles. The authors considered that the effects observed
on spindle formation and chromosomal alignment placed oocytes at high risk for
errors in chromosomal segregation and might make them more prone to
nondisjunction, predisposing the fertilized egg and embryo to trisomy (Yin et al.,
1998).

(c) Toxicity to mammalian germ cells

A study of aneuploidy induction in male mouse germ cells was conducted in vivo
in groups of five male F1 mice given a single intraperitoneal injection of trichlorfon at
200, 300 or 400 mg/kg bw. The control group was given the solvent, dimethyl
sulfoxide. The mice were killed 22 days after treatment, the time it normally takes
for mouse spermatocytes to develop into mature sperm, and sperm were collected
from the cauda epididymis. As the same investigators had established that trichlorfon
has no effect on the duration of meiosis in male mouse germ cells, this sampling
schedule was appropriate. A method involving multicolour fluorescence hybridization
in situ with chromosome-specific DNA probes was used to identify gain or loss of
individual chromosomes during meiosis. Approximately 5000 sperm cells were scored
from each group. A significant, dose-related increase in the percentage of disomic
(X-X-8, Y-Y-8, X-Y-8, X-8-8 or Y-8-8 phenotype) cells was observed at all doses
over that in controls. Trichlorfon also caused spindle disturbances in Chinese hamster
V79 cells in vitro. The authors noted that aneuploidy can result from non-disjunction
or chromosome loss during meiosis. Chromosomal non-disjunction can result from
malfunctioning of the processes involved in chromosomal segregation. The integrity
of the spindle apparatus is considered to be of central importance in chromosomal
segregation. The authors concluded that trichlorfon could be regarded as a germ-
cell aneugen in vivo (Sun et al., 2000; Schmid et al., 2001).

2.2.3 Special studies: Neurotoxicity

The maximal effects of trichlorfon on soluble neuropathy target esterase (NTE)
and the regional distributions of NTE and acetylcholinesterase were studied in a
group of 16 adult hens aged 20–24 months. The hens were given a single intravenous
dose of 200 mg/kg bw. To prevent acute death, each was given a subcutaneous
injection of atropine sulfate at 20 mg/kg bw, 10 min before and 15 min after dosing
with trichlorfon. Clinical signs of delayed neuropathy were studied in four of the
hens for 28 days. The remaining 12 were used to measure the activities of NTE and
acetylcholinesterase in three regions of the brain (cerebrum, midbrain and
cerebellum) and three regions of the spinal cord (cervical, thoracic and lumbar)
after 6, 24 and 48 h, with four hens per time. A group of six hens served as untreated
controls.

No signs of delayed neuropathy were observed in the treated hens. NTE activity
in all the regions measured was inhibited by 14–45% 6 h after dosing, 6–15% 24 h
after dosing and 5–10% 48 h after dosing. Peak inhibition thus occurred at 6 h in all
regions and ranged from 15% to 44%. The greatest inhibition was found in the
midbrain (44%) and thoracic cord (36%). The average inhibition of NTE during the
6–48-h period after dosing varied from 10% in the cerebellum to 23% in the midbrain
(Tian et al., 1998).
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2.3 Observations in humans

A cluster of congenital abnormalities was identified in a Hungarian village in
1989–90. Of 15 live births, 11 (73%) were affected by abnormalities, six were twin
births, and four of the 11 had trisomy 21 (Down syndrome). Two of the cases of
Down syndrome also had endocardial cushion defect. Other abnormalities observed
were a ventricular septal defect with pulmonary atresia, an inguinal hernia, stenosis
of the left bronchus, anal atresia, choanal atresia, cleft lip and Robin sequence. Of
61 children born in this village between 1980 and 1988, only three had had
malformations. The incidence of Down syndrome in the reported cluster was
approximately 200 times greater than that in the general Hungarian population. A
case–control study revealed that the mothers of all the infants with abnormalities
reported having eaten ‘contaminated’ fish during the index pregnancy. It was found
that several ponds around the village used for fish farming had been treated with a
40% trichlorfon formulation at a level of 500 mg/l. The composition of the formulation
was not described. The average concentrations of trichlorfon in 12 carp, 12 amur
and 10 European wels collected from treated ponds, frozen and analysed 10 days
later were 0.15, 0.13 and 0.26 mg/kg, respectively. Because trichlorfon rapidly
degrades in biological systems, the initial trichlorfon content of the fish was estimated
to have been as high as 100 mg/kg. The estimated daily fish consumption was
250 g, resulting in a daily ‘worst-case’ estimated intake of 25 mg per person or
400 µg/kg bw. The authors pointed out that the non-specificity of the observed adverse
outcomes argued against a single cause. Nevertheless, because mutagenic and
teratogenic effects of trichlorfon have been observed in vitro, in vivo and in studies
in experimental animals, the authors suggested that reproductive hazards associated
with exposure to high doses of trichlorfon should be further explored (Czeizel et al.,
1993).

Chromosomal effects in lymphocytes were studied in 31 people who had
attempted suicide by self-poisoning with trichlorfon. The actual or estimated doses
were not stated. Three blood samples were collected 3–6, 30 and 180 days after
the poisoning incidents. The controls were patients who had undergone surgery for
a hernia or appendicitis in the surgical department of the same hospital, and the
authors reported that the rate of chromosomal breakage in these controls
corresponded to that in the general population.

Aneuploidy was found in 14% of 500 lymphocytes from the first blood sample,
26% of 400 cells from the second sample and 16% of 480 cells from the third sample
taken from the victims, with 4% found in controls (Czeizel, 1994).

The results of a double-blind, placebo-controlled, single-centre study of the safety,
tolerability and pharmacokinetics of trichlorfon in patients with Alzheimer disease
were used to calculate the NOEL for inhibition of erythrocyte cholinesterase activity.
A total of 27 patients were given an oral loading dose of trichlorfon by capsule
containing 1.5, 2.5, 4 or 4 mg/kg bw per day for 6 days, followed by a daily oral
maintenance dose of 0.25, 0.4, 0.65 or 1 mg/kg bw for 21 days. The mean inhibition
of erythrocyte cholinesterase activity at the end of the treatment was 14%, 35%,
66%, 77% and 82% with the placebo and the four treatments, respectively. A linear
extrapolation of the data on inhibition of erythrocyte cholinesterase activity resulted
in an estimated NOEL of 0.1–0.2 mg/kg bw (Bieber et al., 1996).
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3. COMMENTS

The pharmacokinetics of trichlorfon was studied in 24 volunteers with renal
disease who had various levels of impairment of renal clearance, in 34 healthy
volunteers who also received magnesium- and aluminium hydroxide-containing
antacids or H2 receptor antagonists (cimetidine or ranitidine) and before and after a
meal in 26 healthy volunteers. Trichlorfon was administered as a single oral dose of
50 mg to the volunteers with renal disease, as three oral doses of 50 mg given
1 week apart to the volunteers also receiving antacids and as a single oral dose of
50 or 80 mg to the volunteers before or after a meal. The pharmacokinetics of
trichlorfon was not significantly altered in any of these studies. The reported
elimination half-life was approximately 2 h, similar to the value found by the Committee
at its fifty-fourth meeting. In all studies, trichlorfon caused significant reductions in
plasma cholinesterase activity, while erythrocyte cholinesterase activity was relatively
unaffected. The authors concluded that multiple doses were required to attain
significant inhibition of erythrocyte cholinesterase activity and a steady state of
therapeutically relevant inhibition. The data available to the Committee were
insufficient to determine whether significant species differences exist with regard to
the pharmacokinetics of trichlorfon. The Committee noted that higher NOELs were
observed in studies in which trichlorfon was administered in feed rather than by
direct oral administration in tablets or by gavage. Therefore, differences in
pharmacokinetics may result from differences in the bioavailability of the dosage
form administered.

Trichlorfon has been tested in a large number of studies for genotoxicity covering
a wide range of end-points, with considerable variation in the results for most end-
points. Both positive and negative results were obtained in tests for bacterial mutations
and for gene mutation in mammalian cells in vitro, but the results of studies of effects
on chromosomes in mammalian cells in vitro (chromosomal aberrations or sister
chromatid exchanges) were uniformly positive. Mostly negative results were found
in assays in mammals in vivo assessed by the Committee at its fifty-fourth meeting,
comprising tests for somatic cell mutations in bone marrow (sister chromatid
exchange, negative result in a single study), micronucleus formation (negative results
in five of six studies) and chromosomal aberrations (negative results in three of five
studies). Mostly negative results were also found in assays for germ cell mutagenicity
in vivo evaluated by the Committee at its fifty-fourth meeting, comprising dominant
lethal mutations (negative results in six of nine studies) and chromosomal aberrations
in spermatogonia or spermatocytes (negative results in three of four studies). The
Committee at its present meeting received further data on mutagenicity, comprising
positive results in studies of sister chromatid exchange in vivo but not in vitro.
Trichlorfon was a germ cell aneugen in laboratory animals in vivo. There was also
limited evidence from observations in poisoned humans that trichlorfon caused
aneuploidy and chromosome damage in lymphocytes. A study involving pregnant
women suggested that exposure to uncertain concentrations of residues of trichlorfon
in fish may have caused trisomy 21 (Down syndrome) in their offspring as a result of
germ cell aneugenicity.  The Committee at its fifty-fourth meeting noted that bioassays
for carcinogenicity in rats and mice gave negative results and identified a NOEL for
developmental toxicity. The Committee at its present meeting concluded that the
weight of the evidence from the assays for mutagenicity in vivo indicated that
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trichlorfon residues in animal-derived foods would not present a carcinogenic hazard
to consumers.

In a two-generation study of reproductive toxicity, trichlorfon was administered
in the diet to groups of rats at concentrations providing a dose equivalent to 0, 7.5,
25 or 88 mg/kg bw per day. The parameters evaluated in adults and pups included
clinical end-points, body weight, food consumption and gross and histological
appearance. The body weights of F0 males and females at the highest dose were
significantly decreased during the pre-mating phase, although feed consumption
appeared to be unaffected by treatment. The body weights of F1 dams were
decreased during gestation and lactation. The feed consumption of pups in the first
and second generation at the highest dose was decreased during the lactation phase.
The lactation index (live pups per litter on lactation day 21/live pups per litter on
lactation day 4 after culling ∞ 100) was significantly decreased in the first generation
at the highest dose. In the second generation, significant decreases in birth index
(pups born per litter/implantation sites per litter) and mean litter size were observed
at the lowest and highest doses, but there was no dose–response relationship. The
body weight of pups at the highest dose was decreased in both generations on day
21. No abnormalities were observed at gross and histological examination of adults
and pups of either generation. At termination, significant decreases in plasma and
brain cholinesterase activity were reported in F0 females at all doses. In addition,
erythrocyte cholinesterase activity was significantly decreased in females and males
at the two higher doses. Brain cholinesterase activity was significantly decreased in
F0 males at the highest dose. At termination of the F1 generation, plasma
cholinesterase activity was significantly decreased in adult males and females at
the two higher doses. Erythrocyte cholinesterase activity was significantly decreased
in females at all doses and in males at the highest dose. Neonatal erythrocyte
cholinesterase activity was significantly decreased in F1 males at the two higher
doses on day 4 of lactation. On day 21 of lactation, significant decreases in brain
and plasma cholinesterase activity were observed in male and female pups at the
highest dose. In the F2 generation, significant decreases in plasma cholinesterase
activity were observed in male and female pups, and significant decreases were
found in brain cholinesterase activity in females at the highest dose and in males at
the two higher doses on day 21 of lactation. A NOEL could not be identified in this
study, as significantly decreased plasma and brain cholinesterase activities were
seen at term in adult F0 females at the lowest dose and significantly decreased
erythrocyte and brain cholinesterase activities in F1 adult females at the lowest dose.
The Committee noted that the LOEL in this study (7.5 mg/kg bw per day) was lower
than the NOEL of 30 mg/kg bw per day identified in a three-generation study of
reproductive toxicity in rats by the Committee at its fifty-fourth meeting. It also noted,
however, that cholinesterase inhibition was not evaluated in that study. Had that
been done, it is reasonable to assume that the NOEL for that study would have
been lower than 30 mg/kg bw per day. This assumption is supported by the NOEL of
5 mg/kg bw per day for inhibition of erythrocyte cholinesterase activity identified by
the Committee at its fifty-fourth meeting in a 16-week study of toxicity in rats treated
orally. On the basis of these considerations and the fact that inhibition of
cholinesterase activity was the most sensitive effect in offspring in the present study,
with an NOEL of 7.5 kg/kg bw per day, the Committee concluded that the reproductive
toxicity of trichlorfon in rats had been adequately assessed.
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In a study of developmental toxicity in guinea-pigs, designed to evaluate brain
hypoplasia in offspring exposed in utero, trichlorfon was administered either by
stomach tube or by subcutaneous injection. Oral doses ranging from 25 to 200 mg/kg
bw per day were administered to groups of rats on days 40–44 of gestation in various
regimens. Clinical signs of toxicity typical for this substance, including hypersalivation
and hindlimb weakness, were observed in dams given trichlorfon at 100, 150 or
200 mg/kg bw. The NOEL for brain hypoplasia in offspring was 50 mg/kg bw.

In a study of the cytogenetic and developmental effects of trichlorfon on pre-
implantation, mid-gestation and near-term mouse embryos and fetuses in vivo, groups
of mice were given an intraperitoneal injection of 100 or 200 mg/kg bw 6 h after
presumed conception. Developmental outcomes and micronucleus formation during
the pre-implantation phase were assessed on day 3 of gestation, and developmental
and aneugenic outcomes during the mid-gestation period were assessed on day 9
of gestation. On day 17 of gestation, the embryos were removed, sexed, weighed
and examined for external malformations. No clinical signs of toxicity were observed
in the treated mice. The mean number of cells in embryos in both treated groups
was significantly lower than that in the control group, and the mean number of
micronuclei was significantly increased in both treated groups compared with controls.
The number of live embryos per dam was significantly lower among those given
100 mg/kg bw than in controls. The mean number of somites in the trichlorfon-
treated groups was significantly lower than in controls. Significantly more fetuses
with abnormal numbers of chromosomes were found to be associated with trichlorfon
treatment. The incidence of external malformations and the body weights of male
and female fetuses in the trichlorfon-treated groups were comparable to those of
controls. This study provides evidence that exposure to trichlorfon around the time
of fertilization could result in induction of micronuclei, aneuploidy and developmental
retardation in embryos from pre-implantation to mid-gestation. Embryos with
micronuclei or aneuploidy may no longer show abnormalities at term. The Committee
noted that these effects resulted from intraperitoneal injection of doses 5000 to
10 000 times greater than the current ADI established for orally administered
trichlorfon by the Committee at its fifty-fourth meeting.

The effects of trichlorfon on fertilization, spindle morphology and chromosomal
segregation were studied in mouse oocytes exposed in vitro to a concentration of
50 µg/ml. Aberrant spindles were observed in maturing oocytes after 8 h of exposure,
and the chromosomes appeared to be incapable of proper alignment at the equator.
After 16 h, most of the treated oocytes had highly aberrant spindles, and the
chromosomes were frequently unaligned and located at different distances from the
poles. Such effects on spindles and chromosome alignment could have aneugenic
effects on fertilized eggs and embryos. The Committee noted that effects on spindles
leading to aneuploidy have thresholds. The Committee also noted that, assuming
100% bioavailability, systemic exposure to trichlorfon resulting from consumption of
the entire ADI would be orders of magnitude lower than the dose used in this study.
Exposure to trichlorfon at the ADI would therefore pose a negligible risk to human
oocytes.

Aneuploidy induction was studied in sperm cells collected from groups of male
mice 22 days after a single intraperitoneal injection of trichlorfon at a dose of 200,
300 or 400 mg/kg bw. A significant, dose-related increase in the percentage of sperm
cells with an extra chromosome was observed at all doses. On the basis of this
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experiment, the Committee concluded that trichlorfon is a male mouse germ-cell
aneugen in vivo. The Committee noted that these effects resulted from intraperitoneal
injection of doses several orders of magnitude higher than the current ADI for
trichlorfon established by the Committee at its fifty-fourth meeting.

The maximal effects of trichlorfon on soluble neuropathy target esterase activity
and regional distribution of neuropathy target esterase and acetylcholinesterase
were studied in brain and spinal cord of hens given trichlorfon at a single intravenous
injection of 200 mg/kg bw. Peak inhibition of neuropathy target esterase activity
occurred 6 h after dosing and ranged from 15 to 44%. No signs of delayed neuropathy
were found during the 28-day observation period in four treated hens. Having
reviewed several contemporary studies, the Committee at its fifty-fourth meeting
also concluded that trichlorfon did not cause delayed neuropathy in hens.

A cluster of congenital anomalies was identified in a Hungarian village between
1989 and 1990. Of 15 live births, 11 (73%) were affected by abnormalities, and six
were twin births. Four of the 11 affected infants had trisomy 21 (Down syndrome).
Nine different physical abnormalities were observed. The mothers of all the affected
infants reported having eaten fish during pregnancy. Several ponds around the village
used for fish farming had been treated with a trichlorfon formulation at a level of
500 mg/l. The average concentrations of trichlorfon measured or estimated in the
types of fish consumed ranged from 0.15 to 100 mg/kg. The exposure of fathers to
trichlorfon was not evaluated in this study. This is the only known report of reproductive
effects in humans possibly associated with oral exposure to trichlorfon, despite its
widespread use as an anthelmintic.

The Committee acknowledged that the results of this study were not conclusive
and provided limited evidence of a possible association between birth defects in
humans and oral intake of trichlorfon in food. In addition, the published report did
not include confirmation of the magnitude or frequency of intake or even whether
intake had occurred. The Committee at its fifty-fourth meeting evaluated studies of
developmental toxicity with trichlorfon conducted in four animal species. In these
studies, teratogenic effects were seen only at very high, maternally toxic doses. In
addition, as multigeneration studies of reproductive toxicity did not provide evidence
of paternally transmitted teratogenicity, the Committee considered that the effect on
exposed males had been assessed. The Committee at its present meeting reviewed
the assessment by the Joint Meeting on Pesticide Residues in 1993 (WHO, 1994)
of dichlorvos, the major metabolite of trichlorfon. That Meeting concluded that
dichlorfos was not teratogenic in mice, rats or rabbits, even at doses that were toxic
to maternal animals. In addition, at 12 mg/kg bw per day, dichlorvos had no
reproductive effects in rats in a three-generation study. On the basis of these
considerations, the Committee concluded that the information from the study in
humans would not significantly affect its risk assessment of trichlorfon.

Chromosomal effects were studied in the lymphocytes of 31 people who had
attempted suicide by taking unknown doses of trichlorfon. There appeared to be an
increase in per cent aneuploidy in blood samples collected 3–6, 30 and 180 days
after the incidents. An increase was also found in the rate of chromatid and
chromosome-type aberrations. The Committee concluded that the intake that had
resulted in these effects far exceeded the ADI established for trichlorfon by the
Committee at its fifty-fourth meeting.
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4. EVALUATION

The additional information reviewed by the Committee for this re-evaluation of
trichlorfon included further information on its pharmacokinetics and genotoxic,
reproductive and developmental toxicity. In addition, a NOEL for teratogenicity in
guinea-pigs was established. The information did not provide evidence that any of
these effects was more sensitive than inhibition of acetylcholinesterase activity, and
the Committee concluded that inhibition of acetylcholinesterase activity is the most
relevant end-point for establishing an ADI for trichlorfon.

The Committee at its fifty-fourth meeting established the ADI for trichlorfon on
the basis of a NOEL of 0.2 mg/kg bw per day in a study of volunteers with Alzheimer
disease treated with trichlorfon. In this study, the volunteers were given a loading
dose of 0.5 mg/kg trichlorfon daily for 2 weeks, followed by a maintenance dose of
0.2 mg/kg per day for 8 weeks. The Committee at its fifty-fourth meeting concluded
that the maintenance dose had not significantly enhanced the inhibition of erythrocyte
cholinesterase activity established in patients by the loading dose. Therefore, it
concluded that the maintenance dose was the NOEL in this study. Because the
NOEL was derived from a study in humans, a safety factor of 10 was applied to the
NOEL to derive the ADI.

The present Committee re-examined the basis on which it had established the
ADI for trichlorfon at its fifty-fourth meeting and concluded that the dose it had
identified then as the NOEL was nevertheless effective in maintaining the steady-
state level of inhibition of erythrocyte cholinesterase activity and was therefore more
appropriately considered a LOEL. The Committee concluded, however, that an ADI
could be derived from this study by applying an additional factor of 10 to this LOEL.
This conclusion is supported by supplemental information that included a linear
dose extrapolation of data from a study of 27 volunteers with Alzheimer disease,
who were treated with loading doses of 1.5–4 mg/kg bw per day for 6 days, followed
by maintenance doses of 0.25–1 mg/kg bw per day for 15 days. The linear
extrapolation resulted in an estimated NOEL for inhibition of cholinesterase activity
in the range 0.1–0.2 mg/kg per day. This provides further support that the NOEL for
inhibition of erythrocyte cholinesterase activity in humans is very close to 0.2 mg/kg
bw per day. Furthermore, the Committee recalled that a clear NOEL of 0.2 mg/kg
per day for inhibition of erythrocyte cholinesterase activity was established in a 10-
year study of toxicity in monkeys treated orally, which it had evaluated at its fifty-
fourth meeting. If that study had been selected as the basis for setting the ADI, a
safety factor of 100 would have been applied, resulting in an ADI of 0–2 µg/kg bw.
The present Committee thus amended the ADI for trichlorfon from 0–20 µg/kg bw to
0–2 µg/kg bw on the basis of the LOEL of 0.2 mg/kg bw per day for inhibition of
erythrocyte acetylcholinesterase activity in humans treated orally and a 100-fold
safety factor.
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1. EXPLANATION

The quinoxaline-1,4-dioxide compound carbadox (methyl-3-[quinoxalinyl-
methylene]carbazate-N1,N4-dioxide) is used in pigs as a growth-promoting agent
for the improvement of weight gain and feed efficiency and as an antibacterial drug
for prevention and control of dysentery and bacterial enteritis in pigs.

Carbadox was evaluated by the Committee at its thirty-sixth meeting (Annex 1,
reference 92). At that time, the Committee was not able to establish an ADI because
carbadox and some of its metabolites (desoxycarbadox and hydrazine) were found
to be genotoxic and carcinogenic in rodents. The final metabolite, quinoxaline-2-
carboxylic acid (QCA), was not found to be carcinogenic or mutagenic in animals.
Studies of residues showed rapid depletion of the parent substance and its genotoxic
metabolites in liver and muscle within 72 h, to concentrations of < 2 µg/kg, within the
limit of detection of the analytical method available at that time (MacIntosh et al.,
1985). QCA was the most persistent metabolite and was the only residue detectable
in edible tissues of pigs 72 h after dosing. After 28 days’ withdrawal, its concentration
was < 30 µg/kg in liver and 5 µg/kg in muscle, representing the limits of quantification
of the analytical method used at that time, which was based on extraction by alkaline
hydrolysis. Uncertainty remained about the nature of the bound residues in liver;
however, the Committee concluded that the bound residues in liver 28 days after
treatment would not represent a risk for consumers. On the basis of data from studies
on the toxicity of QCA, on the metabolism and depletion of carbadox and on the
nature of the compounds released from the bound residues, the Committee
concluded that residues resulting from use of carbadox in pigs were acceptable
provided that the recommended maximum residue limits of 0.03 mg/kg in liver and
0.005 mg/kg in muscle, based on the levels of and expressed as QCA, were not
exceeded. It concluded that use of carbadox according to good practice in veterinary
medicine (no use in finisher pigs and a withdrawal period of at least 28 days) does
not represent a dietary hazard to human health.

Carbadox was banned for use in food-producing animals in the European Union
in 1999 because of its genotoxic and carcinogenic properties and for the safety of
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workers. Health Canada issued an order to stop the sale of carbadox in 2001. Reports
of misuse and cross-contamination, combined with a better analytical capacity to
detect desoxycarbadox, showed that this carcinogenic residue was present in tissues
and rendered products obtained from leftover tissue of pigs that had not been
adequately withdrawn. These resulted in serious concern about the safety of this
drug (Vilim & Lambert, 2001).

At the request of the Canadian Government, the Codex Committee on Veterinary
Drug Residues in Foods placed carbadox on the list of priorities for the sixtieth
meeting of the Expert Committee and asked it to review all relevant data on the
toxicology and residues of carbadox and its metabolites in porcine tissues, including
analytical methods for their detection that had been generated since the previous
evaluation by JECFA.

2. BIOLOGICAL DATA

2.1 Reproductive toxicity

At its previous evaluation, the Committee considered studies on the reproductive
toxicity of carbadox and its persistent end-metabolite QCA. In a three-generation
study, with two litters per generation, Charles River C-D rats were given diets
containing carbadox at concentrations providing a dose of 0, 1 or 2.5 mg/kg bw per
day. No evidence of reproductive toxicity was found in the first two generations.
Occasional differences from control group parameters were sporadic and considered
not to be related to treatment. It was concluded that carbadox had no effect on
fertility, lactation or the neonate at doses up to 2.5 mg/kg bw per day. The potential
reproductive toxicity of QCA was studied in rats and rabbits. In a three-generation
study of reproductive toxicity in rats given diets containing QCA at concentrations
providing doses up to 100 mg/kg bw per day, no treatment-related effects were
observed. In studies of developmental toxicity in New Zealand white rabbits given
an oral dose of 0, 25, 50 or 100 mg/kg bw per day on days 7–18 of gestation, there
was no evidence of maternal toxicity, embryotoxicity or teratogenicity. The NOEL
was 100 mg/kg bw per day.

A study of the teratogenicity of carbadox in rats has been reported since the
Committee’s previous evaluation. No statement was included about the compliance
of the study with good laboratory practice. The protocol and conduct of the study
were compliant with recognized testing guidelines for developmental toxicity, except
that there were only 10 animals per group and treatment was not begun before day
8 of gestation. An aqueous solution of carbadox was administered by oral gavage
once daily to groups of 10 pregnant Sprague-Dawley rats at a dose of 0, 10, 25, 50
or 100 mg/kg bw on days 8–15 of gestation. The dams were observed daily for
body-weight gain. The animals were killed on day 21 of gestation, the fetuses were
removed surgically, and the numbers of implants, resorptions and live pups were
counted. The fetuses were weighed and examined for sex ratio and for external,
skeletal and internal malformations. The viability of the pups and the number of
corpora lutea were not reported.

Maternal body-weight gain was significantly reduced in a dose-related manner
at all doses, but none of the treated dams died. After discontinuation of treatment,
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the body-weight gain recovered on days 15–21, except for animals at the highest
dose. At doses of up to 50 mg/kg bw per day, the number of live pups was no
different from that in the control group, with a mean of 13.5 fetuses per litter.
Embryolethality was seen at the highest dose, the number of live fetuses being
reduced to 2.4 per litter; the percentage of late resorptions was 82%, with complete
resorptions in five dams, compared with 3.4% in the control group. No treatment-
related effects on early resorptions were reported. A dose-related reduction in fetal
body weight was seen, which was statistically significant at doses ž 25 mg/kg bw
per day. At the highest dose, carbadox induced a significantly increased incidence
of malformations: in 24 fetuses examined for external malformations, short tail was
recorded in 11, kinky tail in five, brachygnathia in five, ectrodactyly in three, club foot
in one and generalized oedema in one. The skeletal malformations observed were
mainly fused vertebrae, found in 8 of 17 fetuses. Internal examination revealed
hydrocephaly in two of seven fetuses. The fetal sex ratio was affected at 100 mg/kg
bw per day, but not statistically significantly so.

The author concluded that maternally toxic doses of carbadox caused embryo-
toxicity and embryolethality. Carbadox was also considered to be teratogenic. The
occurrence of malformations and severe maternal toxicity at the highest dose tested
suggested that adverse effects on maternal animals and a direct action on the
conceptus contributed to fetal malformations and embryo and fetal deaths. The NOEL
was 10 mg/kg bw per day for embryotoxicity and 50 mg/kg bw per day for
teratogenicity. No NOEL for maternal toxicity could be identified (Yoshimura, 2002).

The NOEL of 10 mg/kg bw per day is well above the NOEL of 2.5 mg/kg bw per
day found in studies of reproductive toxicity in rats and also exceeds the lowest
dose of 1 or 5 mg/kg bw per day that had adverse effects in rats in long-term studies
of toxicity evaluated previously by the Committee (Annex 1, references 86 and 92).
QCA, the predominant residue after carbadox treatment, showed no adverse effects
in studies of reproductive toxicity at doses - 100 mg/kg bw per day and was
considered not to be teratogenic. Therefore, the results of this new study do not
affect the previous evaluation of the Committee with regard to reproductive and
developmental toxicity and its overall conclusion on risk characterization of carbadox.
The main findings of studies of reproductive toxicity with carbadox are summarized
in Table 1.

2.2 Genotoxicity and carcinogenicity

In its previous evaluation, the Committee considered the results of a range of
tests for genotoxicity in bacteria and mammalian cells with carbadox and its
metabolites desoxycarbadox, methyl carbazate and its possible hydrolysis product
hydrazine, and QCA. Positive results were obtained with carbadox in 14 of 15 tests.
Desoxycarbadox gave negative results in many test systems, but positive findings
were reported for cell transformation in mouse cells, for chromosomal aberration in
rat bone marrow and for reverse mutation in Salmonella typhimurium with microsomes
from rats treated with polychlorinated biphenyls. Hydrazine gave positive results in
three mutagenicity test systems. Methyl carabazate gave negative results in three
and equivocal results in one test system. The mutagenic potential of QCA was tested
in only two assays, for reverse mutation in bacteria and for chromosomal aberrations
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in human lymphocytes, with negative results. The results of the mutagenicity tests
indicate that carbadox, desoxycarbadox and hydrazine have genotoxic potential,
while the genotoxic potency of desoxycarbadox appears to be lower than that of the
parent substance carbadox.

The Committee also previously reviewed several long-term studies in which
carbadox and its metabolites were administered in the diet to rodents. The main
findings are summarized in Table 2.

In rats, carbadox was reported to cause a dose-dependent increase in the
incidence of benign and malignant hepatic tumours and of mammary tumours at
doses ž 1 mg/kg bw per day. Doses > 25 mg/kg bw per day were toxic, and
administration could not be continued. The results of all the studies demonstrated
the carcinogenic potential of carbadox, even thought there were relatively few animals
per dose. Studies in monkeys and studies of ‘relay toxicity’ (in which laboratory
animals are fed meat from farm animals treated with the agent) in rats and dogs
were not adequate to assess carcinogenicity. In two studies with long-term administra-
tion of desoxycarbadox to rats, increased incidences of tumours were recorded at
all doses. Desoxycarbadox was not only a potent hepatocarcinogen but increased
tumour incidence in a dose-related manner at other sites, including the mammary
gland and skin. Hydrazine was shown to be carcinogenic in mice and rats but not in
hamsters. No treatment-related increase in tumour incidence was recorded in rats
treated with methyl carbazate at doses - 10 mg/kg bw per day for 21 or 23 months
or in rats or mice given a diet containing QCA at doses - 100 mg/kg bw per day.

The results of the studies with methyl carbazate and the persistent end-metabolite
QCA thus provided no evidence of genotoxic or carcinogenic potential. The NOEL
of QCA was 50 mg/kg bw per day. The Committee concluded that carbadox,
desoxycarbadox and hydrazine are genotoxic carcinogens. The Committee also
noted that the tumorigenic potential of desoxycarbadox was apparently greater than
that of the parent compound and that it therefore probably makes a significant
contribution to the tumorigenic activity of carbadox in rats. The results of studies of
the metabolism of carbadox suggested, however, that desoxycarbadox is a relatively
short-lived intermediate between carbadox and QCA. No NOEL could be identified
for carbadox, desoxycarbadox or hydrazine in long-term studies in rodents treated
in the diet. Because of the genotoxic and carcinogenic nature of carbadox,
desoxycarbadox and its possible metabolite hydrazine, the Committee was not able
to establish an ADI or to determine a safe concentration of total residues in the
absence of any threshold.

An evaluation of carbadox residues was completed in 1998 which resulted in
codification of a revised tolerance for residues of carbadox and its metabolites of
carcinogenic concern in edible tissues and their risk to the consumer (Food and
Drug Administration, 1998). That document referred to the review of the Committee
at its thirty-sixth meeting and stated that the end-points of toxicological concern for
carbadox and its metabolites were their genotoxicity and carcinogenicity. The studies
of genotoxicity, the long-term studies of toxicity and carcinogenicity summarized in
Table 2 and a study of toxicity in monkeys given repeated doses were reviewed.
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From the results of these studies, ‘no residue’ levels were determined from S0 values
for the carcinogenic compounds carbadox, desoxycarbadox and hydrazine. The S0
values were transformed to Sm values to correct for human food intake. ‘No residue’
of a compound is considered to remain in edible tissue when the residue of
carcinogenic concern in the total diet does not exceed the S0. The S0 is defined as
the concentration of total residue of carcinogenic concern of the test compound in
the total diet of test animals that corresponds to a maximum lifetime risk of cancer in
the test animals of 1 in 1 million. The S0 values were calculated for carbadox and
each of its carcinogenic metabolites from a low-dose linear statistical model, as
106 ng/kg for carbadox, 61 ng/kg for desoxycarbadox and 11 ppb (µg/kg) for
hydrazine. The lowest value of 61 ng/kg obtained for desoxycarbadox was designated
as the S0 of carbadox residues. The Sm is the permitted concentration of residues of
carcinogenic concern in a specific edible product (Food and Drug Administration,
1998).

The S0 values were calculated with 99% confidence limits by use of the one-hit
linear extrapolation model (for review, see Calabrese, 1983) on the basis of hepatic
tumours in male and female rats combined. The result obtained with the model was
more conservative than that found with the Mantel Bryan extrapolation (for review,
see Calabrese, 1983), anticipating an S0 of 680 ng/kg with 99% confidence limits
and a 10–6 risk for desoxycarbadox (L. Friedlander, personal communication, 2003).
As further details of the assignment of S0 values (e.g. studies included) were not
available, the results of the extrapolations could not be confirmed independently.

Because the total human diet is not derived solely from food-producing animals,
a correction for food intake is made to determine the concentrations of residues of
carcinogenic concern that should be permitted in edible animal tissue. Given a total
daily diet of 1500 g for humans, up to 500 g are assumed to be due to the consumption
of meat, with 300 g comprised of muscle, 100 g comprised of liver, 50 g comprised
of kidney and 50 g comprised of fat. Thus, for each edible tissue the Sm is calculated
on the basis of the lowest S0 for desoxycarbadox, as shown in Table 3.

At the time of the review, no regulatory analytical method was available to monitor
carbadox residues of carcinogenic concern at the level of the S0 and Sm in muscle
and liver of pigs. The results of a study of carbadox residues in porcine tissue

Table 3. Consumption figures and calculated Sm values for total carbadox-derived
residues of carcinogenic concern in edible pig tissues

Tissue Consumption (g)  Fraction of total diet S0 Sm
(ng/kg) (ng/kg)

Muscle 300 1/5 61 305
Liver 100 1/15 61 915
Kidney 50 1/30 61 1830
Fat 50 1/30 61 1830

S0, concentration of total residue of carcinogenic concern of the test compound in the total
diet of test animals that corresponds to a maximum lifetime risk of cancer in the test animals
of 1 in 1 million; Sm, permitted concentration of residues of carcinogenic concern in a
specific edible product (Food and Drug Administration, 1998)
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subjected to digestion with either pepsin or pancreatin and with a more sensitive
detection method indicated the presence of desoxycarbadox at concentrations that
substantially exceeded the Sm value in liver throughout the experimental period of
15 days after withdrawal. When the concentration of the marker residue, QCA, had
fallen below the MRL of 30 µg/kg, the concentration of residues of desoxycarbadox
in liver still exceeded the established Sm by a factor of 4–5 (Heird, 2002/2003).
Therefore the MRL of 30 µg/kg for liver recommended by the Committee at its thirty-
sixth meeting is inadequate to monitor the absence of residues of carbadox of
carcinogenic concern.

The Committee has not to date used the approach of extrapolating irreversible
effects of chemicals at low doses for which thresholds have not been identified to a
‘virtually safe dose’ by using mathematical models, such as the one-hit linear model
or the Mantel Bryan model, in evaluating residues of veterinary drugs in food. The
models used for extrapolating to a ‘virtually safe dose’ have been criticized on several
bases, such as lack of validity, the absence of consistent low-dose linearity in
experimental systems, arbitrary selection of the slope in the Mantel Bryan probit
analysis, the considerable diversity of predictions in the very low dose range with
variations of several orders of magnitude, insufficient recognition of the effects of
pharmacokinetics, and lack of consideration of individual variation in susceptibility
within the human population. Although such estimates of risk have substantial
inherent uncertainties, the one-hit low-dose extrapolation model is assumed to be a
conservative approach, as it is least likely to result in underestimation of carcinogenic
risks in humans and has been reported to show the closest fit to human response
rates derived from epidemiological studies (Calabrese, 1983).

3. COMMENTS

In a study of developmental toxicity, carbadox was administered orally to pregnant
rats at a dose of 0, 10, 25, 50 or 100 mg/kg bw per day on days 8–15 of gestation.
None of the treated dams died. Maternal body-weight gain was significantly
decreased in a dose-related manner at all doses; weight gain recovered after
cessation of treatment, except in animals at the highest dose. The animals were
killed on day 21 of gestation, and their fetuses were removed surgically. Carbadox
was embryotoxic and fetotoxic, as indicated by a dose-related reduction in fetal
body weight, which was statistically significant at doses of 25 mg/kg bw per day and
higher. The number of live fetuses and the resorption rate in dams at doses of
50 mg/kg bw per day or less were not different from those of the control group.
Embryolethality occurred at the highest dose, the percentage of late resorptions
being 82% and the number of live pups being reduced by more than 80% when
compared with controls. At the highest dose, carbadox induced external, skeletal
and internal malformations at rates of 47%, 45% and 28%, respectively. The
abnormalities recorded were short tail, kinky tail, brachygnathia, ectrodactyly, club
foot, generalized oedema, fused vertebrae and hydrocephaly. Carbadox was
considered to be embryotoxic and fetotoxic as a consequence of its strong maternal
toxicity and to be teratogenic in rats. The NOEL was 10 mg/kg bw per day for
embryotoxicity and 50 mg/kg bw per day for teratogenicity. An NOEL for maternal
toxicity could not be identified. The Committee noted that the NOELs for
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developmental toxicity in this study were well above the NOEL of 2.5 mg/kg bw per
day found in the studies of reproductive toxicity in rats previously evaluated by the
Committee.

No new experimental data on the metabolism of carbadox or on the genotoxicity
or carcinogenicity of carbadox and its metabolites were provided. The Committee
was aware of an evaluation based on linear extrapolation to estimate a ‘virtually
safe dose’ for carbadox and its metabolites of carcinogenic concern. This estimate
was made on the basis of the incidence of hepatic tumours in rats in long-term
studies of carcinogenicity previously evaluated by the Committee. The evaluation
resulted in codification of tolerance for residues of carbadox and the metabolites of
carcinogenic concern in edible tissues and their risks to the consumer. The Committee
did not consider this approach appropriate owing to the substantial inherent
uncertainties involved.

The results of a recent study of residues of carbadox in pigs indicated longer
persistence of substantial amounts of the carcinogenic metabolite desoxycarbadox
in liver at the time when the concentration of the marker residue, QCA, fell below
the MRL of 0.03 mg/kg and to the end of the experiment 15 days after withdrawal.

4. EVALUATION

Carbadox was reviewed by the present Committee primarily on the basis of new
information on residue levels, which indicated that the metabolite desoxycarbadox
was present in edible tissues even at the end of the 15-day experimental withdrawal
period. The Committee confirmed that the information previously submitted indicated
that both carbadox and desoxycarbadox should be regarded as carcinogens that
act by a genotoxic mechanism. Although the Committee was aware that linear
extrapolation has been used to estimate a ‘virtually safe dose’ of carbadox, the
Committee concluded that it was not possible to identify a dose of carbadox that
poses an acceptable risk to consumers. The Committee therefore did not establish
an ADI for carbadox.

5. REFERENCES

Calabrese, E.J., ed. (1983) Principles of Animal Extrapolation, New York: John Wiley & Sons,
pp. 555–574.

Food and Drug Administration (1998b) Mecadox  10 type A medicated article (carbadox).
Freedom of information summary, supplement to NADA No. 041-061, Washington DC.

Heird, C.E. (2002/2003) Concentration and depletion of carbadox, deoxycarbadox and
quinoxaline-2-carboxylic acid (QCA) in tissue and rendered material of growing swine after
consumption of carbadox at 50 g/ton of feed. Unpublished report from Southwest Bio-
Labs, Inc. Submitted to WHO by Phibro Animal Health, Fairfield, New Jersey, USA.

MacIntosh, A., Lauriault, G. & Neville, G.A. (1985) Liquid chromatographic monitoring of the
depletion of carbadox and its metabolite desoxycarbadox in swine tissues. J. Assoc. Off.
Anal. Chem., 68, 665–671.

Vilim, A. & Lambert, G. (2001) Health risk assessment: Carbadox in swine. Human Safety
Division, Bureau of Veterinary Drugs, Health Products and Food Branch, Ottawa: Health
Canada.

Yoshimura, H. (2002) Teratogenic assessment of carbadox in rats. Toxicol. Lett., 129, 115–
118.



lxi
ANNEX 1

REPORTS AND OTHER DOCUMENTS RESULTING FROM PREVIOUS
MEETINGS OF THE JOINT FAO/WHO EXPERT COMMITTEE ON FOOD

ADDITIVES

  1. General principles governing the use of food additives (First report of the Joint
FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Report
Series, No. 15, 1957; WHO Technical Report Series, No. 129, 1957 (out of print).

  2. Procedures for the testing of intentional food additives to establish their safety for
use (Second report of the Joint FAO/WHO Expert Committee on Food Additives).
FAO Nutrition Meetings Report Series, No. 17, 1958; WHO Technical Report
Series, No. 144, 1958 (out of print).

  3. Specifications for identity and purity of food additives (antimicrobial preservatives
and antioxidants) (Third report of the Joint FAO/WHO Expert Committee on Food
Additives). These specifications were subsequently revised and published as
Specifications for identity and purity of food additives, Vol. I. Antimicrobial
preservatives and antioxidants, Rome, Food and Agriculture Organization of the
United Nations, 1962 (out of print).

  4. Specifications for identity and purity of food additives (food colours) (Fourth report
of the Joint FAO/WHO Expert Committee on Food Additives). These specifications
were subsequently revised and pyÇlmìhed a}tspecifications for identity and purity
of food additives, Vol. II. Food colours, Rome, Food and Agriculture Organization
of the United Nations, 1963 (out of print).

  5. Evaluation of the carcinogenic hazards of food additives (Fifth report of the Joint
FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Report
Series, No. 29, 1961; WHO Technical Report Series, No. 220, 1961 (out of print).

  6. Evaluation of the toxicity of a number of antimicrobials and antioxidants (Sixth
report of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition
Meetings Report Series, No. 31, 1962; WHO Technical Report Series, No. 228,
1962 (out of print).

  7. Specifications for the identity and purity of food additives and their toxicological
evaluation: emulsifiers, stabilizers, bleaching and maturing agents (Seventh report
of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition
Meetings Series, No. 35, 1964; WHO Technical Report Series, No. 281, 1964
(out of print).

  8. Specifications for the identity and purity of food additives and their toxicological
evaluation: food colours and some antimicrobials and antioxidants (Eighth report
of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition
Meetings Series, No. 38, 1965; WHO Technical Report Series, No. 309, 1965
(out of print).

  9. Specifications for identity and purity and toxicological evaluation of some
antimicrobials and antioxidants. FAO Nutrition Meetings Report Series, No. 38A,
1965; WHO/Food Add/24.65 (out of print).

10. Specifications for identity and purity and toxicological evaluation of food colours.
FAO Nutrition Meetings Report Series, No. 38B, 1966; WHO/Food Add/66.25.

11. Specifications for the identity and purity of food additives and their toxicological
evaluation: some antimicrobials, antioxidants, emulsifiers, stabilizers, flour
treatment agents, acids, and bases (Ninth report of the Joint FAO/WHO Expert
Committee on Food Additives). FAO Nutrition Meetings Series, No. 40, 1966;
WHO Technical Report Series, No. 339, 1966 (out of print).
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12. Toxicological evaluation of some antimicrobials, antioxidants, emulsifiers,

stabilizers, flour treatment agents, acids, and bases. FAO Nutrition Meetings
Report Series, No. 40A, B, C; WHO/Food Add/67.29.

13. Specifications for the identity and purity of food additives and their toxicological
evaluation: some emulsifiers and stabilizers and certain other substances (Tenth
report of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition
Meetings Series, No. 43, 1967; WHO Technical Report Series, No. 373, 1967.

14. Specifications for the identity and purity of food additives and their toxicological
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FAO Nutrition Meetings Series, No. 44, 1968; WHO Technical Report Series, No.
383, 1968.
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sweetening agents. FAO Nutrition Meetings Report Series, No. 44A, 1968; WHO/
Food Add/68.33.

16. Specifications and criteria for identity and purity of some flavouring substances
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WHO Technical Report Series, No. 445, 1970.
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agents, and certain other substances. FAO Nutrition Meetings Report Series,
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Meetings Report Series, No. 46B, 1970; WHO/Food Add/70.37.
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agents. (Fourteenth report of the Joint FAO/WHO Expert Committee on Food
Additives). FAO Nutrition Meetings Series, No. 48, 1971; WHO Technical Report
Series, No. 462, 1971.
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24. Specifications for the identity and purity of some extraction solvents and certain
other substances. FAO Nutrition Meetings Report Series, No. 48B, 1971; WHO/
Food Add/70.40.

25. A review of the technological efficacy of some antimicrobial agents. FAO Nutrition
Meetings Report Series, No. 48C, 1971; WHO/Food Add/70.41.

26. Evaluation of food additives: some enzymes, modified starches, and certain other
substances: Toxicological evaluations and specifications and a review of the
technological efficacy of some antioxidants (Fifteenth report of the Joint FAO/



lxiii
WHO Expert Committee on Food Additives). FAO Nutrition Meetings Series, No.
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ANNEX 2

ABBREVIATIONS USED IN THE MONOGRAPHS

ADI acceptable daily intake
bw body weight
ECG electrocardiogram
F0 parental generation
F1 first filial generation
F2 second filial generation
FAO Food and Agricultural Organization of the

United Nations
GLP good laboratory practice
IPCS International Programme on Chemical Safety
JECFA Joint FAO/WHO Expert Committee on Food

Additives
LOEL lowest-observed-effect level
MIC minimum inhibitory concentration
MRL maximum residue limit
NOEL no-observed-effect level
NTE neuropathy target esterase
QCA quinoxaline-2-carboxylic acid
WHO World Health Organization
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ANNEX 4

RECOMMENDATIONS ON COMPOUNDS ON THE AGENDA AND
FURTHER INFORMATION REQUIRED

Antimicrobial agents

Neomycin

Acceptable daily intake: The ADI of 0–60 µg/kg bw (established at  the
forty-seventh meeting of the Committee (WHO
TRS 876, 1998)) was maintained.

Residue definition: Neomycin

Recommended maximum residue limits (MRLs)a

Species Liver Kidney Milk
(µg/kg) (µg/kg) (µg/kg)

Cattle 500 10 000 1500

a The MRLs of 500 µg/kg for cattle muscle and fat and all other MRLs recommended at
the forty-seventh meeting of the Committee (WHO TRS 876, 1998) were maintained.

Flumequine

Acceptable daily intake: The ADI established at the forty-eighth meeting
of the Committee (WHO TRS 879, 1998) was
withdrawn.

Residue definition: The MRLs for cattle, pigs, sheep, chickens
and trout established at previous meetings
(WHO TRS 879, 1998; WHO TRS 900, 2001)
were withdrawn.

Antiprotozoal agent

Imidocarb

Acceptable daily intake: 0–10 mg/kg bw (established at the fiftieth
meeting of the Committee (WHO TRS 888,
1999))

Residue definition: Imidocarb free base
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Recommended maximum residue limits (MRLs)

Species Fat Kidney Liver Milk Muscle
(µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg)

Cattle 50 2000 1500 50 300

Insecticides

Deltamethrin

Intake considerations: The Joint FAO/WHO Expert Meeting on
Pesticide Residues performed a dietary risk
assessment and estimated that the theoretical
intake of deltamethrin residues from pesticide
use would account for 25% of the ADI,
equivalent to 150 µg (FAO Plant Production
and Protection Paper No. 172, 2002). The
sum of the theoretical concentrations of
deltamethrin residues from use as a veterinary
drug and as a pesticide use would be no more
than 415 µg, equivalent to 68% of the ADI.

Residue definition: The Committee affirmed that the MRLs
recommended at the fifty-second meeting
(WHO TRS 893, 2000) were compatible with
the ADI.

Dicyclanil

Acceptable daily intake: 0–0.007 mg/kg bw (established at the fifty-
fourth meeting of the Committee (WHO TRS
900, 2001))

Residue definition: Dicyclanil

Recommended maximum residue limits (MRLs)

Species Muscle Liver Kidney Fat
(µg/kg) (µg/kg) (µg/kg) (µg/kg)

Sheep 150 125 125 200
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Trichlorfon (metrifonate)

Acceptable daily intake: The Committee amended the ADI for
trichlorfon from 0–20 µg/kg to 0–2 µg/kg bw

Residue definition: The Committee confirmed the MRL for cows’
milk and the guidance levels for muscle, liver,
kidney and fat of cattle recommended at the
fifty-fourth meeting (WHO TRS 900, 2001).

Production aid

Carbadox

Acceptable daily intake: The Committee confirmed the opinion,
expressed at its thirty-sixth meeting (WHO
TRS 799 1990), that an ADI could not be
established.

Residue definition: The Committee decided to withdraw the MRLs
of carbadox recommended at the thirty-sixth
meeting (WHO TRS 799 1990).


