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1. Introduction

A meeting of the Joint FAO/WHO Expert Committee on Food Additives

was held at Food and Agriculture Organization of the United Nations (FAO)

Headquarters, Rome, from 21 to 27 February 2002. The meeting was opened

by Mr Kraisid Tontisirin, Director, Food and Nutrition Division, FAO, on

behalf of the Directors-General of FAO and the World Health Organization

(WHO). Mr Tontisirin stressed the importance of the meeting of the Com-

mittee, which would address the following general issues. The Conference

on international food trade beyond 2000: Science-based decisions,

harmonization, equivalence and mutual recognition, held in October 1999

(1), recognized the necessity to ‘update and to harmonize between [the

Joint FAO/WHO Expert Committee on Food Additives] JECFA and [the

Joint Meeting on Pesticide Residues] JMPR all the common principles of

the toxicological evaluation of food chemicals (e.g., natural constituents,

additives, contaminants, residues of pesticides and residues of veterinary

drugs) and publish this information in a single consolidated document’. In

response to this recommendation, FAO and WHO have initiated a joint project

to update and consolidate the principles and methods for the risk assess-

ment of chemicals in food, which was discussed at this meeting (section

2.2).

Mr Tontisirin noted that the Committee would be responding to a discussion

paper on risk analysis (2) that was considered by the Codex Committee on

Residues of Veterinary Drugs in Foods at its Thirteenth Session (3). He

stressed that close cooperation between the Expert Committee and the Codex

Committee was a fundamental requirement for general acceptance of the

work of the Joint FAO/WHO Expert Committee on Food Additives. Such

cooperation would require definition of areas of responsibility for each Com-

mittee, transparent rules and procedures, and effective communication. The

comments provided by the Committee to the discussion paper (section 2.1)

would be instrumental for improving the risk analysis of residues of veteri-

nary drugs.

Thirteen meetings of the Committee had been held to consider veterinary

drug residues in food (Annex 1, references 80, 85, 91, 97, 104, 110, 113,

119, 125, 128, 134, 140 and 146) in response to the recommendations of

a Joint FAO/WHO Expert Consultation held in 1984 (4). The present meet-

ing1  was convened in response to a recommendation made at the fifty-

1 As a result of the recommendations of the first Joint FAO/WHO Conference on Food
Additives held in 1955 (FAO Nutrition Meeting Report Series, No. 11, 1956; WHO
Technical Report Series, No. 107, 1956), there have been 57 previous meetings of
the Joint FAO/WHO Expert Committee on Food Additives (Annex 1).
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fourth meeting of the Committee that meetings on this subject should be

held regularly (Annex 1, reference 146). The Committee’s purpose was to

provide guidance to FAO and WHO Member States and to the Codex

Alimentarius Commission on public health issues pertaining to residues of

veterinary drugs in foods of animal origin. The specific tasks before the

Committee were:

— to elaborate further principles for evaluating the safety of residues of

veterinary drugs in food, for establishing acceptable daily intakes

(ADIs), and for recommending maximum residue limits (MRLs) for

such residues when the drugs under consideration are administered

to food-producing animals in accordance with good practice in the

use of veterinary drugs (see section 2); and

— to evaluate the safety of residues of certain veterinary drugs (see sec-

tion 3 and Annex 2).

2. General considerations
2.1 Risk assessment principles

The Codex Committee on Residues of Veterinary Drugs in Foods, at its

Thirteenth Session, considered a discussion paper on principles and meth-

ods for risk analysis (2). Annex I of that discussion paper relates to the

policy for recommending MRLs for veterinary drug residues in food. The

Codex Committee decided to forward the Annex to FAO and WHO, so that

they could take it into consideration in a joint project to update and consoli-

date principles and methods of risk assessment, and also to the Joint FAO/

WHO Expert Committee on Food Additives, so that it could review the

Annex and relay its comments to the Codex Committee. The Expert Com-

mittee reviewed the Annex at its present meeting.

Many of the issues that are raised in the Annex have already been ad-

dressed by the Expert Committee, and its considerations are recorded in the

reports of previous meetings. However, those considerations are not written

in the context of risk analysis. In making decisions about risk management,

therefore, the Codex Committee and other interested parties sometimes find

it difficult to understand the risk assessment principles being used by the

Expert Committee.

The procedures for risk assessment change with new scientific knowledge.

In addition, there is increasing recognition that assessment procedures should

be harmonized for various classes of chemicals and among scientific groups.

Therefore, FAO and WHO have initiated a project to update principles and
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methods for the assessment of chemicals in food (section 2.2). The aim of

this long-term project will be to review the principles and procedures used

by the Joint FAO/WHO Expert Committee on Food Additives and the Joint

Meeting on Pesticide Residues and reaffirm those that remain valid in view

of current scientific knowledge. It will also facilitate the incorporation of

new scientific tools, approaches and knowledge into risk assessments of

chemicals in food. Furthermore, it will attempt to harmonize, to the extent

possible, risk assessment procedures for different classes of chemicals in

food and the approaches used by FAO/WHO expert committees with those

of other bodies assessing the risk of chemicals in food. This project will be

instrumental in defining future policy for risk assessment of residues of vet-

erinary drugs in foods and other chemicals that may be found in foods

The Expert Committee intends to provide a concise response to the issues

raised in Annex I of the discussion paper of the Committee on Residues of

Veterinary Drugs in Foods. Thus, a working paper addressing the list of

questions in the Annex will be prepared by the Joint Secretariat with assis-

tance from members of the FAO expert roster and the WHO expert panel.

While it is likely that the Committee will be able to provide definitive infor-

mation on current policy with regard to many of the issues that have been

raised, the responses to some will depend on the conclusions of the project.

As risk assessment is a dynamic process, these procedures are subject to

constant change.

2.2 Project to update principles and methods for the risk assess-
ment of chemicals in food

The Committee recognized the importance of this Project. It recommended

that it consist of a wide-ranging review, based on existing guidance but no

preconceptions. The Committee recommended that the Project:

— give clear guidance on risk assessment procedures;

— compile a list of all food-related risk assessment activities conducted

by other organizations and review them to reduce duplication;

— harmonize, to the extent appropriate, its activities with similar activi-

ties of other organizations, in addition to JECFA and JMPR; and

— emphasize the need for appropriate quality assurance systems.

2.2.1 Risk assessment practices

The Committee suggested that use of the term ‘safety’ factor be reconsid-

ered. The application of such factors in risk assessments should be distin-

guished from actions taken by risk managers, who may apply additional
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factors on the basis of public or political concerns. The Committee agreed

that careful consideration should be given to the issue of vulnerable groups,

such as the young, the elderly and immunosensitive individuals. Guidance

should also be developed on the incorporation of information on genetic

polymorphisms into risk assessments. When probabilistic methods are used,

advice about the proportion of the population to be protected might be re-

quired from risk managers. The activities of the International Programme

on Chemical Safety (IPCS) should be reviewed in this respect, including the

use of data-derived factors (5).

The Committee recommended that application of ‘food factors’ (the maxi-

mum intakes of various animal products) and other methods for assessing

food consumption be re-evaluated. Examples of considerations relating to

intake include (but are not limited to) harmonization of the ways in which

dietary intake is measured by JECFA and by JMPR, guidance on an appro-

priate theoretical ‘food basket’, guidance on allocations of an ADI for com-

pounds used both as a pesticide and a veterinary drug, and guidance on the

appropriateness of statistical modeling for estimating exposure, particularly

when the available data are limited. The Committee also recommended that

the Project provide guidance on designing sampling plans for deriving intake

data.

The Committee suggested that the establishment of an acute reference dose

is appropriate for some veterinary drugs, such as slow-release, injectable

formulated drugs or implants, and that the on-going work in this respect for

pesticide residues by JMPR and other organizations is relevant to veterinary

drugs.

The Committee recognized that it had a clear mandate from the Codex

Committee on Residues of Veterinary Drugs in Foods to harmonize risk

assessment and risk management practices associated with the develop-

ment of MRLs, particularly with regard to the activities of the Expert Com-

mittee and JMPR. The Committee requested that the Project include re-

evaluation and further development of risk assessment principles to provide

guidance for these activities. It noted that some flexibility should be allowed

in the choice of options for risk reduction, as patterns of use change. The

Committee has already identified several cases in which appropriate guid-

ance is needed: target tissues for residue control programmes and for food

products in international trade, harmonization of MRLs for the same tissue

in different food animals when the relative amounts of residues differ, har-

monization and/or extrapolation of MRLs to minor food animal species from

data for major food animal species, statistical and other computational ap-

proaches for recommending MRLs, and the use of factors to correct for

low recovery with an analytical method when establishing MRLs.



5

The following general considerations were recommended:

— guidance on how and when quantitative risk assessment procedures

should be used;

— alternative approaches to risk assessment, such as decision-trees and

tiered approaches; and

— harmonization of approaches for carcinogens and non-carcinogens.

The Committee recognized the need to take into consideration other routes

and sources of exposure and the possibility of combining the ADIs for com-

pounds that act by a similar mechanism.

The Committee urged that guidance be given for quantifying uncertainty in

risk parameters and exposure and for using modelling techniques, such as

for identification of thresholds and of population dose–response relation-

ships, in risk assessments.

2.2.2 Other considerations

The Committee suggested that additional guidance be provided for the sub-

mission of data, although caution should be exercised in deciding to add

further toxicological testing requirements. The guidelines should represent

a structured approach and be descriptive rather than prescriptive. Recogni-

tion of other international sources of guidance and harmonization with exist-

ing guidelines were encouraged. The Committee suggested that tiered ap-

proaches be considered in assessing the need for generation of toxicologi-

cal data, and that use of decision-trees might be helpful.

The Committee recognized the limitations of current neurotoxicity testing

strategies, particularly with regard to species differences, and suggested

that the review being undertaken by JMPR and the approaches of other

organizations to addressing the developmental neurotoxicity of pesticides

be considered. The Committee urged that the range of observations in test-

ing protocols for neurobehavioural assessment be expanded.

A tiered approach would allow inclusion of immunotoxicological end-points

in traditional toxicity studies. Thus, special tests for immunotoxicity would

be required only when there was some indication that such toxicity was

present.

The Committee noted the importance of validating new toxicological mod-

els. Information used for the determination of toxicological end-points should

be ‘fit-for-purpose’. Guidance should be developed on what constitutes a

validated toxicological test protocol or system.



6

The Committee recommended that the Project include a clear statement

about the use of experimental animals. The goal should be to reduce, refine

and, where possible, replace animal testing. Account should be taken of the

fact that any alternative methods must be validated. Guidance should be

provided on the validation and use of biomarkers and of use of the results of

experiments in new sciences, such as proteomics, in risk assessments.

The Committee pointed out the need for better guidance in the design and

interpretation of studies of kinetics, including toxicological evaluation of

metabolites and isomers, and the important issues associated with sampling

plans and analytical methods for the generation of data on residues. In or-

der to address the needs of residue control programmes in developing coun-

tries, guidance should be given on alternatives to current analytical methods

which are suitable for regulatory purposes. Guidance should also be given

on relevant factors or protocols for evaluating method performance (includ-

ing consideration of environmentally acceptable solvents and reagents),

appropriate use of economical screening tests that may provide less defini-

tive information than quantitative or confirmatory methods, and the role of

uncertainty considerations in analytical methods. Harmonization in this area

is an important consideration.

2.2.3 Toxicological and microbiological end-points

The Committee recommended that the IPCS ‘mode-of-action framework’

(6) and testing strategies for genotoxicity and carcinogenicity that are being

developed, such as those by the International Life Sciences Institute, be

considered. Recent advances in reproductive and developmental toxicity

testing by national and international organizations are also relevant to the

project.

The Committee suggested that the current decision-tree approach for evalu-

ating the potential effects of veterinary drug residues on human intestinal

microflora be reviewed. Furthermore, as the potential occurrence of anti-

microbial resistance due to veterinary use of antimicrobial agents is an emerg-

ing concern, the Committee recommended that guidance be provided on

testing protocols, laboratory methods, sampling design and post-marketing

surveillance to assist in assessing the risk for antimicrobial resistance in

human intestinal flora. The efforts of other groups working on these issues

should be taken into account.

2.2.4 Human data

The Committee recommended that the Project consider providing more

guidance on the use of human data, including observational studies of ex-

posed individuals. The guidance should include the design and interpretation
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of studies in humans, including clinical trials, epidemiological studies and

post-approval monitoring.

3. Comments on residues of specific veterinary
drugs

The Committee considered one antimicrobial agent, cefuroxime, for the first

time. It reconsidered three anthelmintic agents, six antimicrobial agents,

four insecticides, and one production aid. The recommendations on these

substances and details of further information required are summarized in

Annex 2.

3.1 Anthelmintic agents

3.1.1 Doramectin

Doramectin is a member of the avermectin class of compounds, which

includes abamectin and ivermectin. It is a semisynthetic avermectin that

has close structural similarity to abamectin and ivermectin. It is used as an

endoparasitic agent in non-lactating cattle.

Doramectin was previously evaluated by the Committee at its forty-fifth

meeting (Annex 1, reference 119), when it established an ADI of

0–0.5 µg/kg bw on the basis of a NOEL of 0.1 mg/kg bw per day for

mydriasis in a 3-month study in dogs treated by gavage, and using a safety

factor of 200. An additional safety factor of 2 was applied because

doramectin was not tested in CF-1 mice, which is the test animal most

sensitive to the neurotoxic effects of this family of drugs. The 1997 JMPR

concluded that the sensitivity to avermectins of CF-1 mice was due to a

genetic variation that causes reduced expression of P-glycoprotein in the

blood–brain barrier (7). The JMPR further concluded that the results of

studies with CF-1 mice were not appropriate for establishing ADIs for

avermectins.

P-glycoprotein was expressed in the brain and jejunum of all species stud-

ied. P-glycoprotein is a cell membrane protein that acts to remove a wide

variety of lipophilic compounds from cells, including avermectins. In the

capillary endothelium of the central nervous system, it serves as a func-

tional component of the blood–brain barrier. In intestinal epithelium, P-gly-

coprotein can limit intestinal absorption of a range of compounds.

The Committee at its fiftieth meeting (Annex 1, reference 134) accepted

the conclusions of the JMPR and considered that it was no longer neces-

sary to apply an additional safety factor of 2 for avermectins and milbemycins

that had not been tested in CF-1 mice. Doramectin was re-evaluated by the
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Committee at its present meeting in order to determine whether removal of

the additional safety factor of 2 was appropriate. On the basis of the

Committee’s decision taken at its fiftieth meeting, the present Committee

concluded that use of an additional safety factor of 2 in establishing the ADI

for doramectin was no longer necessary.

Toxicological data

No new data were provided to the Committee. The literature was reviewed

for published information on the toxicity of avermectins that was considered

relevant to this evaluation. The Committee reviewed information on the

mechanism of the toxicity of ivermectin in a subpopulation of collie dogs and

observations of its toxicity in a subpopulation of Murray Grey cattle. The

Committee also considered a published review of the relative sensitivities of

mice, rats, rabbits, dogs and non-human primates to avermectins. The rela-

tive potencies of doramectin, ivermectin and abamectin were also consid-

ered. The Committee examined information about variants of the human

gene that codes for P-glycoprotein and reviewed observations in humans in

this respect.

The genetic basis for the sensitivity of collie dogs to the neurotoxic effects

of ivermectin was studied in four males and three females previously iden-

tified as sensitive to ivermectin and in six which showed no marked sensitiv-

ity. Sensitive animals were identified as those which exhibited typical clini-

cal signs of toxicity to the central nervous system after receiving ivermectin

at an oral dose of 120 µg/kg bw. The levels of P-glycoprotein expression

were similar in sensitive and insensitive test animals; however, a specific

variant of the gene coding for P-glycoprotein was identified in the sensitive

animals that caused production of a severely truncated, non-functional form

of P-glycoprotein. The Committee noted that the sensitivity of CF-1 mice to

the toxicity of avermectins has also been linked to a variant of the gene

responsible for expression of P-glycoprotein. When the levels or functional-

ity of P-glycoprotein are reduced, avermectin compounds may penetrate

the blood–brain barrier and may be more extensively absorbed by the gas-

trointestinal tract.

Sensitivity to the toxicity of avermectin B1 was observed in a herd of Murray

Grey cattle in Australia in 1985. Eight of 312 cattle treated with ivermectin

at a therapeutic dose of 120–200 µg/kg bw by injection showed symptoms

of hypersensitivity. The average concentration of avermectin B1a in brain

tissue from the affected animals was 56 µg/kg, while that in brain tissue

from a normal animal was 4 µg/kg. No adverse reactions occurred in 83

additional Murray Grey cattle from other areas of Australia, which were

tested for sensitivity to avermectins by treating them with at least twice the

normal therapeutic dose of avermectin B1.
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The Committee evaluated the relative potencies of doramectin, ivermectin

and abamectin by comparing the NOELs reported for reproductive and de-

velopmental toxicity in rats and rabbits and in 90-day studies of toxicity in

dogs treated orally. These were the only studies with which such a compari-

son could be made. On the basis of these data, the Committee concluded

that the potencies of these compounds are similar.

Eleven variants of the human gene coding for P-glycoprotein were identi-

fied in a sample population of 461 white volunteers in Germany. One of the

variants was correlated with decreased levels of P-glycoprotein expression

in the duodenum. Volunteers with this variant gene showed enhanced

bioavailability of an oral dose of digoxin, having a steady-state concentration

that was 38% higher than that in volunteers without the variant gene. The

difference was statistically significant. Whether this variant could result in

enhanced bioavailability of orally administered avermectins is unknown. No

studies of variations in the gene coding for P-glycoprotein in populations of

other ethnic groups have been reported. The Committee noted that, although

the effects resulting from variation in the human gene coding for P-glyco-

protein are modest, the evidence to date does not exclude the possibility that

a subpopulation of humans sensitive to the toxic effects of avermectins ex-

ists.

Ivermectin has been administered to several million human patients in Af-

rica and Latin America since its introduction in 1987 as the main treatment

for onchocerciasis at a recommended dose of 150 µg/kg bw administered

once every 12 months. The adverse reactions that have been observed in

treated patients have been described as allergic or inflammatory responses

resulting from killing of microfilariae, referred to as the ‘Mazotti reaction’.

No signs of acute central nervous system toxicity have been reported.

Ivermectin is now considered safe for use in pregnant women, on the basis

of the finding of P-glycoprotein in human placentae and in human fetuses by

week 28 of gestation and the absence of adverse effects to the fetus when

pregnant women were inadvertently treated with ivermectin.

The pharmacokinetics of orally administered ivermectin was studied in 12

healthy male volunteers of unspecified race. A single dose at a therapeutic

level of 12 mg (150–200 µg/kg bw) resulted in an average maximal plasma

concentration of 46 ng/ml and an average time to maximum concentration

in plasma of 3.6 h. No adverse clinical signs were reported.

An ADI for doramectin of 0–1 µg/kg of bw was established on the basis of

a NOEL of 0.1 mg/kg bw per day for mydriasis in a 3-month study in dogs

treated by gavage, with a safety factor of 100. The Committee noted that

removal of the twofold safety factor resulted in an ADI that still provided an

adequate margin of safety for all other toxicological end-points of doramectin.
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The Committee also noted that the resulting ADI for dormectin is 150–200

times lower than the human therapeutic dose of the related compound

ivermectin.

The Committee took special note of the available information on reduced

expression of P-glycoprotein in humans, which results in increased

bioavailability of substrates for this transporter. However, the effects on the

bioavailability of avermectins and their ability to penetrate the blood–brain

barrier are unknown. The Committee recommended that human popula-

tions continue to be monitored for possible genetic predisposition to sensitiv-

ity to avermectins.

An addendum to the toxicological monograph was prepared, summarizing

the data that had become available since the previous evaluation.

3.1.2 Ivermectin

Ivermectin is widely used as a broad-spectrum drug against nematode and

arthropod parasites in food-producing animals. In human medicine, it is used

mainly for the treatment of onchocerciasis. Ivermectin was previously con-

sidered by the Committee at its thirty-sixth, fortieth, and fifty-fourth meet-

ings (Annex 1, references 91, 104, and 146). At its fortieth meeting, the

Committee established an ADI of 0–1 µg/kg bw and recommended MRLs

of 100 µg/kg for liver and 40 µg/kg for fat as ivermectin B1a. At its fifty-

fourth meeting, the Committee evaluated data on residues in milk after topi-

cal application of the drug to dairy cows and recommended a temporary

MRL of 10 µg/kg for whole milk, also expressed as ivermectin B1a. The

Committee noted that the limit of detection and limit of quantification of the

assay had not been provided and requested that data for validation of the

method be made available for evaluation in 2002. Additionally, the Commit-

tee requested the results of studies in which ivermectin was given by routes

of administration other than topical. Information on the performance of the

analytical method was provided to the Committee at its present meeting,

with, although not requested, a new study of residues.

Residue data

A study of depletion of residues in milk that was conducted in compliance

with GLP, in which eight lactating Holstein dairy cows received a single

topical administration of pour-on ivermectin at a dose of 0.58 mg of active

ingredient per kg bw. Milk samples were collected before treatment (day 0)

and at approximately 12-h intervals on days 1–9 after treatment. A single

morning sample was collected on day 10.

The concentrations of ivermectin increased after treatment, reaching a peak

after 3–4 days, but declined during the final 5 days of the study. Although all



1 1

the milk samples collected from the treated animals contained detectable

residues throughout the study, none of the samples collected on days 9 and

10 had concentrations that exceeded the temporary MRL of 10 µg/kg.

Analytical methods

Two analytical methods were submitted for evaluation. Both involved sepa-

ration by high-performance liquid chromatography (HPLC) and detection

of derivatized compounds (parent ivermectin, 22,23-dihydroavermectin B1a,

and the internal standard, avermectin B1a) by fluorescence. Milk samples

were prepared with addition of the internal standard, and ivermectin and the

internal standard were extracted from the milk into an organic solvent sys-

tem, derivatized and dissolved for isocratic HPLC separation with fluores-

cence detection.

In one method, linearity was demonstrated over a concentration range of

0.78–25 ng/ml (r2 > 0.9995). The limit of detection was calculated to be

0.02 ng/ml (mean blank value plus three times the standard deviation), and

the limit of quantification was identified as 0.78 ng/ml, reflecting the possi-

bility of validation at this level. The accuracy and precision were 99% and

≤ 13.5%, respectively. The recovery was 88% at the limit of quantification,

declining to 65% at a concentration of 25 ng/ml. The specificity of the method

in the presence of other veterinary drugs was not described, and no data

were provided to demonstrate the stability of the analyte on storage.

The Committee at its fifty-fourth meeting estimated a range of acceptable

performance for a similar method of 5–50 µg/kg. Although a description of

the analytical method was not submitted for the current evaluation, data

supporting the calculated limit of detection of 0.1 ng/ml were provided. As

the limit of quantification was set at 10 times the limit of detection, the limit

of quantification for this assay was established at 1 ng/ml. The validating

laboratory obtained a recovery of 87% and a precision of 3% at the limit of

quantification.

The Committee concluded that the two methods could be recommended for

routine monitoring of milk samples for ivermectin. It noted, however, that

the internal standard used in both methods, ivermectin B1a, is a component

of an approved veterinary drug, and there was therefore potential for con-

tamination of the milk with ivermectin B1a before sampling.

The Committee recommended an MRL of 10 µg/kg for cows’ milk, ex-

pressed as ivermectin B1a.
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3.1.3 Tiabendazole (thiabendazole)

Tiabendazole (thiabendazole) is a benzimidazole compound used both as a

broad-spectrum anthelmintic in various animal species and for the control of

parasitic infestations in humans. It was evaluated by the Committee at its

fortieth meeting (Annex 1, reference 104). An ADI of 0–100 µg/kg bw was

established on the basis of reduced body-weight gain in a 2-year study in

rats and reduced fetal weight in a study of developmental toxicity in rats, by

applying a safety factor of 100 to the NOEL of 10 mg/kg bw per day. At its

forty-eighth meeting (Annex 1, reference 128), the Committee reviewed

the results of supplementary studies that allowed it to confirm its earlier

evaluation. The NOELs in the 12-month study in dogs, the 2-year study of

toxicity in rats and the two-generation study of reproductive toxicity in rats

were all 10 mg/kg bw per day, identical to the NOEL that had served as the

basis for the ADI. The Committee applied a safety factor of 100 and con-

firmed the ADI of 0–100 µg/kg bw established at its fortieth meeting.

As tiabendazole is also used as a fungicide in plant protection, its toxicity

was evaluated by the 1970 and 1977 JMPR (8,9). At the 2000 JMPR (10),

at which the residue and analytical aspects of tiabendazole were evaluated,

the Meeting concluded that its toxicological profile included effects of con-

cern that might indicate a need for an acute reference dose (acute RfD).

The Meeting recommended that tiabendazole be considered further by the

Joint FAO/WHO Expert Committee on Food Additives, which had con-

ducted the most recent toxicological assessment of this chemical.

The Committee did not receive new data for establishing an acute RfD for

tiabendazole. All the data considered had been evaluated and summarized

previously by the Committee, at its fortieth and forty-eighth meetings. Those

data were re-evaluated by the Committee at its present meeting, when it

focused on aspects relevant for establishment of an acute RfD. In addition,

the Committee consulted the literature for recently published information on

the toxicity of tiabendazole and considered those relevant for this evalua-

tion.

The studies of the acute toxicity of tiabendazole given orally, which gave

LD50 values > 2000 mg/kg bw, did not provide any indication of effects. The

only substance-specific clinical sign relevant for acute exposure in studies

with single or repeated doses was emesis in dogs (NOEL, 40 mg/kg bw per

day). The common side-effects reported in humans receiving therapeutic

doses (≥ 25 mg/kg bw twice daily for 1–10 days) included anorexia, nausea,

vomiting and dizziness. However, these effects were poorly described and

did not allow identification of a NOEL. In a study in volunteers, in which

controls were given a placebo, a dose of 125 mg of tiabendazole twice a day

for 24 weeks (equivalent to 3.6 mg/kg bw per day for a 60-kg person) did

not cause significant changes in subjective side-effects.
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In the report of its fortieth meeting, the Committee noted renal injury in

mice given tiabendazole for 1–7 days. The renal toxicity of tiabendazole in

mice was investigated In a number of published studies, after single or re-

peated oral administration. Although renal toxicity was observed in the studies

with repeated doses, these results were considered of limited value for es-

tablishing an acute RfD because of the high doses used (1200, 1800 or 2400

mg/kg bw per day in the diet) and their long duration (13–44 weeks). In the

studies with single doses, mice received 0, 125, 250, 500, 1000 or 2000 mg/

kg bw by gavage. Renal toxicity, mainly in the proximal tubules, was ob-

served at doses of 250 mg/kg bw and higher and consisted of histopatho-

logical changes including mitochondrial swelling. The toxic effects were

due to the parent compound and were most severe 2–3 days after dosing;

after that time, tissue repair processes began. All the effects except tubule

dilatation were either fully or partly reversed within 10 days of administra-

tion. These studies showed that tiabendazole is taken up by proximal tubule

epithelial cells in the renal cortex and ultimately causes necrosis of those

cells. The lowest dose of 125 mg/kg bw was the NOEL for acute renal

toxicity in mice.

Haematotoxicity was observed in studies with repeated oral doses in rats

and dogs, lasting 4 and 13 weeks in rats and 14 and 53 weeks in dogs.

Analysis of blood samples from week 4 or 6 showed changes indicative of

anaemia, which were occasionally seen early in studies rather than at the

end. Related histopathological changes in the spleen and/or bone marrow

were observed at the same and lower doses. As it cannot be excluded that

histopathological changes indicative of anaemia could occur after one or a

few doses, they were considered relevant for assessing acute exposure.

The NOELs in rats and dogs were 9 and 10 mg/kg bw per day, respec-

tively.

In a study with volunteers, 50 men received an oral dose of 125 mg of

tiabendazole twice a day for 24 weeks (equivalent to 3.6 mg/kg bw per day

for a 60-kg person), and 50 other men were given a placebo. Tiabendazole

did not affect haematological parameters after 4, 12 or 24 weeks of treat-

ment. However, owing to a number of shortcomings, no NOEL could be

identified in this study. In particular, it was not possible to perform histo-

pathological examinations, which in animals appeared to provide more sen-

sitive indicators of haematotoxicity than the haematological parameters.

In a study of developmental toxicity in rabbits, changes related to hydro-

cephalus were observed after oral doses of tiabendazole of 120 mg/kg bw

per day and higher (NOEL, 24 mg/kg bw per day). In another study with

rabbits, no such effects were observed at oral doses of up to 600 mg/kg bw

per day (NOEL, 150 mg/kg bw per day). In mice, teratogenic effects were

observed after a single oral dose on day 9 of gestation, which consisted of
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deformed limbs at doses of 480 mg/kg bw and higher (NOEL, 270 mg/kg

bw) and fusion of vertebrae and ribs at 240 mg/kg bw and higher (NOEL,

130 mg/kg bw). Tiabendazole was not teratogenic in rats in doses up to

80 mg/kg bw, the highest tested.

Increased resorption rates were observed in mice and rabbits but not in

rats. In mice, the NOELs for this effect were an oral dose of 700 mg/kg bw

per day when the animals were exposed on days 7–15 of gestation and

1400 mg/kg bw when they were given a single oral dose on day 9 of gesta-

tion. Rabbits showed increased resorption rates at oral doses of 120 mg/kg

bw per day and higher, with a NOEL of 24 mg/kg bw.

The overall NOEL for developmental toxicity, including teratogenicity, was

24 mg/kg bw per day.

Emesis and effects on the kidney, haematopoietic system and development

were considered relevant end-points for establishing an acute RfD. The

most sensitive effect was haematotoxicity, specifically histopathological

changes in the spleen and bone marrow indicative of anaemia, for which

almost identical NOELs were found in rats (9 mg/kg bw per day) and dogs

(10 mg/kg bw per day). Using these NOELs and a safety factor of 100, the

Committee established an acute RfD of 100 µg/kg bw, the same value as

the ADI. In view of the lack of appropriate data for this effect after single

doses, the acute RfD is based on data from studies of repeated administra-

tion, and hence may be conservative. The results of a study designed spe-

cifically to generate data after a single dose might allow refinement of the

estimated acute RfD.

An addendum to the toxicological monographs, summarizing information

relevant to the acute toxicity of tiabendazole, was prepared.

3.2 Antimicrobial agents

3.2.1 Cefuroxime

Cefuroxime is a cephalosporin antibacterial agent with activity against a

range of gram-positive and gram-negative bacteria. The sodium salt is used

in veterinary medicine for the treatment of mastitis and is available in two

formulations, both applied by intramammary infusion: one for the treatment

of clinical mastititis in lactating cattle and the second for the treatment of

sub-clinical mastitis in dry cows and to prevent new infections during the

dry period. Cefuroxime is also used in human medicine, as either the sodium

salt or the 1-acetoxyethyl ester (known as cefuroxime axetil). Cefuroxime

has not previously been evaluated by the Committee.
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Toxicological data

The Committee considered the results of studies on pharmacokinetics and

metabolism, acute and short-term toxicity, genotoxicity, fertility, reproduc-

tive and developmental toxicity, toxicity to the kidney and liver, microbiologi-

cal safety and studies in humans. Many of the older studies were available

as summary reports only and thus could not be assessed, nor was it possible

to determine whether the studies had been carried out according to appro-

priate standards for study protocol and conduct. The newer studies on

genotoxicity and microbiological activity were carried out according to ap-

propriate standards.

Cefuroxime, when administered as cefuroxime sodium, was poorly absorbed

from the gastrointestinal tract of humans after oral administration. When

injected into rats and humans, cefuroxime was widely distributed throughout

the body. Metabolism was negligible in rats, dogs and humans; however, the

Committee noted that significant transformation occurred after

intramammary treatment of cows with cefuroxime sodium. Elimination oc-

curred rapidly, largely in the urine, in rats, rabbits, dogs and humans and also

in food-producing animals. A small proportion was excreted in the bile of

rats and dogs. More absorption occurred after oral administration of

cefuroxime axetil in rats, dogs and humans. The ester was rapidly hydro-

lysed in the intestinal mucosa and blood to yield cefuroxime, acetaldehyde

and acetic acid. Thus, the spectrum of toxicity of cefuroxime axetil in vivo

would be the same as that of cefuroxime.

In a study conducted according to good laboratory practice (GLP), eight

lactating dairy cows (weighing 402–599 kg) were given [14C]cefuroxime

sodium by intramammary infusion after each of three successive milkings at

a nominal dose of 250 mg per quarter per treatment, for a total dose of 3000

mg. Approximately 95% of the dose administered to two cows held in meta-

bolic cages was accounted for, with 78% in milk, 10% in urine, 4.6% in

faeces and 2.4% in the cage wash. The concentration of cefuroxime equiva-

lent (0.10 mg/kg) in blood peaked 24 h after treatment and declined steadily

to 0.01 mg/kg at 196 h. The concentrations were higher in the plasma frac-

tion (0.13 mg/kg at 24 h) than in serum. The elimination appeared to follow

a biphasic model, suggesting distribution in a body compartment other than

blood or plasma. Elimination was primarily in milk (75–82%) and urine (6–

14%). Parent compound accounted for about 20% of the residue in urine,

while the remaining residues were found in three unidentified polar fractions

separated by liquid chromatography. Parent compound also accounted for

about 20% of the total residues in milk during and immediately after treat-

ment, declining to about 6% several days after treatment and later to < 2%.

The Committee considered that factors other than metabolism, such as com-
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pound instability, might have accounted for much of this depletion from milk;

however, no data were available to confirm this hypothesis. At slaughter 7

days after the third dosing, no antimicrobiologically active residues were

extracted from the kidney, the edible tissue with the highest concentration

of radiolabelled residues. About 60% of the radiolabel was extractable from

kidney, but very little co-eluted in chromatographic analysis with the parent

compound.

Cefuroxime sodium was of low acute toxicity when given orally, and it was

not lethal at single oral doses of up to 10 000 mg/kg bw in mice and rats.

The main adverse effect seen was diarrhoea. Parenteral administration by

the subcutaneous, intramuscular, intraperitoneal or intravenous route of sin-

gle doses of up to 2000 mg/kg bw was also well tolerated in mice, rats, cats,

dogs and cynomolgus monkeys. Rabbits were the most sensitive species to

the acute toxicity of cefuroxime.

In short-term studies of toxicity, rats were given parenteral doses of

cefuroxime sodium for periods of 29–91 days (50–1500 mg/kg bw per day)

and 26 weeks (50–750 mg/kg bw per day). Reductions in erythrocyte count,

haemoglobin concentration and erythrocyte volume fraction were observed

consistently at doses of 100–1500 mg/kg bw per day, and decreased serum

protein concentrations were detected in some studies in animals given doses

of 375–1500 mg/kg bw per day. The only pathological change, apart from

inflammation and haemorrhage at the injection site, was swelling of the

caecum at doses of 250–1500 mg/kg bw per day. No effects were seen at

50 mg/kg bw per day given for 26 weeks.

Dogs were given cefuroxime sodium parenterally for periods of 10–35 days

(at 50–540 mg/kg bw per day) and 26 weeks (at 50–450 mg/kg bw per

day). Body-weight loss was observed at 250 and 500 mg/kg bw per day for

35 days, but body weight was not affected at any dose during the 26-week

study. Haemoglobin concentrations were reduced at 150 and 450 mg/kg bw

per day for 26 weeks, and lower serum iron concentrations were found at

450 mg/kg bw per day. One animal given 450 mg/kg bw per day developed

severe haemolytic anaemia after 12 weeks. The pathological changes in

other dogs were restricted to inflammatory reactions at the injection site.

No effects were found at a dose of 50 mg/kg bw per day for 26 weeks.

Dogs were treated orally with aqueous solutions of cefuroxime axetil, pro-

viding a dose of 0, 100, 400 or 1600 mg/kg bw per day as cefuroxime, for 27

weeks. Treatment-related effects were seen only at 1600 mg/kg bw per

day. Body-weight gain was retarded. Erythrocyte count, haemoglobin con-

centration and erythrocyte volume fraction were reduced, and the reticulo-

cyte count was increased. Clotting times were prolonged, the concentra-
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tions of coagulation factor VII and plasma total protein, albumin and choles-

terol were reduced, and the concentration of triglycerides was increased.

The weight of the kidneys was increased in males, but there was no histo-

logical change attributable to cefuroxime. The NOEL was 400 mg/kg bw

per day.

Cynomolgus monkeys were given cefuroxime sodium by intramuscular in-

jection at a dose of 0, 150 or 450 mg/kg bw per day for 28 days. Soft faeces

were reported in some animals in each treatment group, but no further de-

tails were available. At the highest dose, the erythrocyte count and haemo-

globin concentration were reduced during the initial stages of the study.

Inflammation at the injection site was the sole pathological finding.

Assays covering an adequate range of genotoxic end-points were conducted

with cefuroxime sodium. The results were negative, with the exception of

those of an assay for chromosomal aberration in vitro in the absence of

metabolic activation, but effects were seen only after prolonged exposure.

The Committee concluded that this result, when taken in conjunction with

the negative results in a test for micronucleus formation in the bone marrow

of mice treated intraperitoneally, was not of biological significance. It con-

cluded that cefuroxime does not pose a genotoxic hazard.

No long-term studies of toxicity had been carried out with cefuroxime. The

drug has no significant genotoxic activity and is not chemically related to

known carcinogens. Furthermore, cefuroxime was poorly absorbed from

the gastrointestinal tract. No neoplastic or preneoplastic lesions were ob-

served in 26-week studies in rats and dogs given repeated parenteral doses.

Under the circumstances, the Committee concluded that studies of

carcinogenicity were unnecessary.

Multigeneration studies of reproductive toxicity and peri- and postnatal tox-

icity were carried out in mice (800–3200 mg/kg bw per day) and rats (200–

800 mg/kg bw per day) treated subcutaneously. Fertility and reproduction in

parental animals and postnatal development of the offspring were unaf-

fected at any dose. In studies of developmental toxicity in mice (800–

6400 mg/kg bw per day) and rats (200–1600 mg/kg bw per day) treated

subcutaneously, there was no effect on fetal development.

Rabbits received cefuroxime at intramuscular doses of 50–400 mg/kg bw

per day during gestation and/or until 6 weeks after parturition. A dose-re-

lated increase in the mortality rate of does was observed at all doses, with

diarrhoea occurring before death. This effect was probably due to distur-

bances of the gut flora, a recognized phenomenon in rabbits given antimi-

crobial agents. There were no effects on fetal development or postnatal

growth and survival at any dose.
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Special studies designed to identify potential renal toxicity were undertaken

in rats (given single doses of up to 3000 mg/kg bw and up to 1800 mg/kg bw

per day for 1 week), rabbits (given single doses of up to 300 mg/kg bw and

100 mg/kg bw per day for 4 weeks) and dogs (given single doses of 1000

mg/kg bw and up to 500 mg/kg bw per day for 1 week). There was no

evidence of renal toxicity.

In a special study to investigate hepatic toxicity in dogs, the concentrations

of a range of serum liver enzymes were not affected by doses of cefuroxime

of 100 and 300 mg/kg bw per day for 10 days.

Few toxic side-effects have been reported in humans treated with cefuroxime

sodium or cefuroxime axetil. Gastrointestinal disturbances are frequent,

particularly after oral dosing, and irritation and pain commonly occur at sites

of injection. Hypersensitivity reactions are relatively uncommon, and cen-

tral nervous system toxicity is rare. Increased serum concentrations of liver

enzymes and blood urea nitrogen and anaemia and other haematological

abnormalities are observed occasionally. These changes are mild and are

generally regarded as inconsequential. In elderly patients with renal failure,

which impedes the elimination of cefuroxime, higher systemic concentra-

tions have been associated with reversible encephalopathy. The limited in-

formation on effects of use during pregnancy did not indicate any adverse

effects on developing fetuses or newborns.

The most relevant study for determining a toxicological NOEL was the 27-

week study in dogs given cefuroxime axetil orally. Owing to the rapid con-

version of the axetil ester to cefuroxime, the effects observed were likely to

be due to the latter. Studies in which cefuroxime sodium was given by

parenteral injection are less relevant for assessing the acceptable intake of

cefuroxime in food. Hence, the NOEL for toxicity was 400 mg/kg bw per

day. A safety factor of 100 was considered appropriate in view of the exist-

ing information on the compound, which has a long history of use. There-

fore, an ADI of 0–4 mg/kg bw could be established on the basis of the

toxicological data.

Microbiological data

As noted above, oral administration of cefuroxime axetil at therapeutic doses

of 2.5–8 mg/kg bw per day to human patients or volunteers resulted in

gastrointestinal disturbances. The signs and symptoms included soft faeces,

nausea, a bloated feeling and diarrhoea. Further investigation showed that

these overt signs were associated with decreased numbers of bacteria or, in

extreme cases, elimination of certain colonic flora. In a few subjects, there

was evidence of overgrowth of pathogenic bacteria or yeasts, suggesting
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disruption of the protective barrier effect in the colon. The populations of

colonic flora returned to normal within 7–14 days after cessation of treat-

ment.

Cefuroxime has been tested for its inhibitory activity against microorgan-

isms representative of the human colonic microflora. The most sensitive

species were Bifidobacterium spp., with a minimum inhibitory concentra-

tion (MIC50)
1  of 8 mg/ml at an inoculum density of 109 colony-forming

unites (CFU)/ml. It has been shown that the activity of cefuroxime is re-

duced when large inocula are used or when two or more organisms are

combined in co-culture, possibly due to the production of b-lactamase. In an

in-vitro model of the gut that mimics the conditions found in the human

colon, cefuroxime at very high concentrations inhibited the growth of two of

10 co-culture combinations of bacteria from the human gastrointestinal tract.

These results indicate that the intestinal microflora can protect themselves

from the antimicrobial effects of cefuroxime, thus affording protection to

the overall gut ecosystem.

A decision-tree for evaluating the potential effect of veterinary drug residues

on human intestinal microflora was developed by the Committee at its fifty-

second meeting (Annex 1, reference 140) and is reproduced in Figure 1. At

its present meeting, the Committee used the decision-tree to answer the

following questions in its assessment of cefuroxime:

1. Does the ingested residue have antimicrobial properties?

Yes. The parent compound is present as a residue and has been

shown to have antimicrobial activity. Significant transformation oc-

curred after intramammary treatment of cows with [14C]cefuroxime

sodium, but the degradation products were not identified, and their

antimicrobial activity is unknown.

2. Does the drug residue enter the lower bowel?

Yes. Cefuroxime sodium is poorly absorbed in mammals, including

humans. As approximately 1% of an oral dose of cefuroxime was

absorbed systemically in humans, most of an oral dose enters the

intestines.

3. Is the ingested residue transformed irreversibly to inactive

metabolites by chemical transformation, metabolism mediated by

the host or by the intestinal microflora in the bowel and/or by

binding to intestinal contents?

1 Minimum concentration of an antimicrobial agent that completely inhibits the growth
of 50% of cultures of a particular microorganism, as judged by the naked eye



20

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

Assess the effects of veterinary drug residues, including metabolites,
on the microflora of the human gastrointestinal 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.

Yes No

No

Conclude that the drug residue
will not affect the intestinal
microflora and use toxico-

logical data to derive the ADI.

Is the ingested residue transformed irreversibly to inactive
metabolites by chemical action, host metabolism or

intestinal microflora metabolism in the bowel and/or by
binding to intestinal contents? Sections 1b–d

Yes

Conclude that the drug residue
will not affect the intestinal

microflora and use toxicological
data to derive the ADI.

YesNo

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 toxicological data is sufficiently low to

protect the intestinal microflora? Section 1e

Yes

Conclude that the drug residue
will not affect the intestinal

microflora and use toxicological
data to derive the ADI.

No

Do data 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 tract? Section 1f

Determine which is (are) 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
specifically to adverse effects on human health should be considered.

YesNo

Conclude that the drug
residue will not affect

the intestinal microflora
and use toxicological

data to derive the ADI.

If emergence of antimicrobial
resistance is the issue,

conduct a test either in vitro
(continuous culture of faecal
inocula) or in vivo (human

flora-associated rodent
model): challenge the model

system with an antibiotic-
resistant species and
determine the drug

concentration that does not
select for resistance in

comparison with a control
(no drug). Use the no-effect
dose of the drug to derive

the ADI. Section 2d

If barrier disruption is the issue, conduct a
preliminary test to determine the MIC of

the drug against 100 strains of the
predominant flora and then take the

geometric mean MIC of the most sensitive
genus or genera to derive an ADI with the

formula. Other gut-simulation model
systems may also be used to establish a

NOEC to derive an ADI. Section 2b

A more realistic ADI can be derived with a
test in vitro (continuous culture of faecal

inocula) or in vivo (human flora-associated
rodent model): challenge the model

system with appropriate species (e.g. C.
difficile, Salmonella, Enterococcus, E. coli)
and determine the drug concentration that
does not alter the shedding characteristics

of the organisms in comparison with a
control (no drug).

If the issue for the drug
class is a change in a

specific microbiological
metabolic activity that is
directly linked to adverse
effects on human health,
conduct a test either in

vitro (continuous culture of
faecal inocula) or in vivo
(human flora-associated
rodent model) to deter-

mine the drug concentra-
tion that does not alter that
activity in comparison with
a control (no drug). Use
the no-effect dose of the
drug to derive the ADI.

Section 2e

  �



2 1

No specific information was available on the metabolism of cefuroxime

by intestinal microflora. Cefuroxime undergoes negligible metabo-

lism in rats, dogs and humans; however, intestinal microflora have the

potential to deactivate cefuroxime, as they have β-lactamase enzymes.

As there was no direct evidence that cefuroxime is metabolized to

inactive metabolites by the intestinal microflora, it was assumed that

microbiological activity is retained in the human gastrointestinal tract.

4. Do data on the effects of the 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?

No. A number of studies, including those conducted to establish MIC50

values, experiments with co-cultures, investigations of β-lactamase

activity and effects of pH and studies with volunteers, have indicated

that cefuroxime may have adverse effects on the intestinal microflora.

5. Do clinical data from therapeutic use of the class of drugs in

humans or data from in-vitro or in-vivo model systems indicate

that effects could occur in the gastrointestinal microflora?

Yes. Gastrointestinal effects are the most commonly reported ad-

verse reactions to therapeutic use of cefuroxime in humans; they

include diarrhoea, nausea, vomiting and abdominal pain.

6. Determine the most sensitive adverse effect(s) of the drug on the

human intestinal microflora.

The available data indicate that disruption of the colonization barrier

is the main concern with regard to cefuroxime, rather than emer-

gence of resistance. In clinical practice, cefuroxime is used to treat

patients with acute sinusitis, otitis media, chronic bronchitis or skin or

urinary-tract infections, as it is active against many typical aerobic

gram-positive and gram-negative bacteria associated with these in-

fections. There is always concern about decreased susceptibility to

antimicrobial agents with increasing resistance; however, cefuroxime

is not indicated for use against the predominant anaerobic bacteria

commonly associated with the human gastrointestinal tract, and the

antimicrobial resistance of such organisms has not been reported.

7. If disruption of the colonization barrier is the concern, deter-

mine the MIC of the drug against 100 strains of predominant

intestinal flora and take the geometric mean MIC of the most

sensitive genus or genera to derive an ADI using the equation

developed at the forty-seventh meeting of the Committee (Annex
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1, reference 125). Other model systems may be used to establish

an no-observed-effect concentration to derive an ADI.

Evaluation of the MIC50 values for relevant gastrointestinal microflora

provides a figure of 8 µg/ml for Bifidobacterium spp. This value can

be used to calculate a microbiological ADI, as follows:

Upper limit of ADI   =

where:

MIC50 = minimum inhibitory concentration for 50% of strains of the

most sensitive relevant organism. The MIC50 for the most sensitive

relevant genus of the gut flora was 8 µg/ml (8 µg/g) for

Bifidobacterium spp.

MCC = mass of colonic contents; a value of 220 g, determined by the

Committee at its forty-seventh meeting (Annex 1, reference 125),

was used in the calculation.

FA = available fraction of the dose: the microbiologically active resi-

due is cefuroxime. As only about 1% of an oral dose of cefuroxime

was systemically absorbed in humans, the fraction of the dose avail-

able to the gastrointestinal microflora is 100%. Thus, the value in the

equation is unity (1).

SF = safety factor: the magnitude of the safety factor depends on the

quality and quantity of the microbiological data available. A value of 1

is appropriate when extensive relevant microbiological data are avail-

able, as in the case of the current assessment. Thus, the safety factor

should be unity (1).

BW = body weight: a value of 60 kg has been adopted for an adult.

Hence,

Upper limit of ADI   =

Upper limit of ADI    =    29 µg/kg bw

The Committee noted that there is significant transformation of cefuroxime

in cattle, which does not occur in laboratory animals or humans, and the

toxicological activity of the majority of the residue has not been character-

ized. Therefore, the Committee established a temporary ADI of 0–30 mg/kg

bw on the basis of the MIC50 for Bifidobacterium spp., pending the results

MIC50  x  MCC

8 µg/g x 220 g

 1 x 1 x 60 g

 FA x SF x BW
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of studies to (1) identify the residues in milk and clarify whether the resi-

dues other than parent compound are due primarily to metabolism or to non-

metabolic decomposition of parent cefuroxime; and (2) characterize the

toxicological significance of non-parent residues in milk. This information

should be provided for evaluation in 2004. The ADI is based on a microbio-

logical end-point and is significantly lower than it would be if it were based

on a toxicological end-point. An extra safety factor was not applied to ac-

count for the fact that the ADI is temporary, because the concern is the

possible toxicity of the transformation products rather then their antimicro-

bial activity.

A toxicological monograph was prepared.

Residue data

In the study in cattle described above, milk was collected twice daily for

7 days after the last dosing, the cows were killed after the morning milking

on day 7, and liver, kidney, muscle and fat were sampled for analysis. Three

replicate test portions were combusted, and radiolabelled residues were de-

termined by scintillation counting. The limits of detection, expressed as

cefuroxime equivalents, were as follows: milk, 0.009 mg/kg; muscle,

0.020 mg/kg; fat, 0.060 mg/kg; liver and kidney, 0.015 mg/kg. In addition,

milk from all animals and the kidneys from four animals were tested for

antimicrobial residues in an agar diffusion assay with a limit of detection of

0.06 mg/kg. Pooled milk extracts from the first, second, third, fifth, seventh,

ninth, eleventh and thirteenth milkings were analysed for cefuroxime by

liquid chromatography–mass spectrometry (LC–MS).

The total concentrations of residues in tissue samples, measured as

cefuroxime equivalents, had declined to near or below the limits of detection

7 days after the final dosage. No residues were detected in fat or muscle

samples, and the concentrations in liver and kidney were 0.035 ± 0.011 mg/

kg and 0.10 ± 0.05 mg/kg, respectively. No antimicrobial residues were

found with the agar diffusion assay in the kidney extracts. In milk, the con-

centrations of residues depleted rapidly over several days after treatment,

the highest concentrations being found immediately after the third treat-

ment. The concentration of total residues was 270 ± 88 mg/kg at the first

milking after the third treatment, 38 ± 15 mg/kg at the second milking and 16

± 6.7 mg/kg at the third milking; the concentrations were < 1.0 mg/kg at the

sixth and subsequent milkings and < 0.1 mg/kg at the tenth and subsequent

milkings. About 20% of the total residue in the first and second pooled milk

samples was shown by LC–MS to be parent compound, the proportion de-

clining to 12% at the third milking. Parent compound was not detected at

subsequent milkings. The agar diffusion method showed higher concentra-
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tions of residues with antimicrobial activity than did LC–MS, but the dilu-

tions used made the results less reliable.

In a study, which did not comply with GLP, of residue depletion with unla-

belled cefuroxime, four lactating dairy cows each received an intramammary

infusion of 250 mg of cefuroxime sodium per udder quarter after each of

three successive milkings, for a total dose of 1 g per animal per treatment.

The cows were slaughtered in groups of two 12 and 24 h after the third

treatment, and samples of liver, kidney and skeletal muscle were collected

and analysed by an agar diffusion assay with a limit of detection of 0.01 mg/kg.

After 12 h, the concentrations of residues of cefuroxime detected in kid-

neys from the two animals were 0.12 and 0.06 mg/kg, and those in liver

were 0.09 and 0.04 mg/kg. No residues were detected in the muscle sam-

ples or in any of the tissue samples collected from the animals slaughtered

24 h after treatment.

In a subsequent study, conducted according to GLP, two groups of 10 lac-

tating cows received cefuroxime sodium into all four quarters of the udder

at a dose of 250 mg per quarter per treatment at three successive milkings.

Milk samples were taken from each cow for 15 days after the last treat-

ment and tested for antimicrobial residues by an agar diffusion technique

with a limit of detection of 0.01 mg/kg. Some samples that contained high

antimicrobial activity were also analysed by paper chromatography with

bioautographic detection, to confirm that the response in the agar diffusion

assay was due only to cefuroxime residues. Apart from several high values

in the first group, which were attributed to cross-contamination, the results

for the two groups were substantially consistent. A high initial concentration

of residues (6.6– 94 mg/l) was found at the first milking, which declined to

< 0.01–2.6 mg/l by the third milking, < 0.01–0.21 mg/l (mean, 0.05 ± 0.05

mg/l) by the fifth milking and ≤ 0.01 mg/l at subsequent milkings. These

findings were consistent with those of the study conducted with radiolabelled

material.

A statistical comparison of the concentrations of parent compound deter-

mined in the residue depletion study with [14C]cefuroxime with the concen-

trations of residues with antimicrobial activity determined in the agar diffu-

sion assay indicated that parent compound accounted for the antimicrobial

activity.

Two studies were conducted according to GLP to determine residues of

cefuroxime in tissues of cows treated at the end of a lactation period. In the

first study, two dairy cows were treated with cefuroxime sodium by infu-

sion of 375 mg as cefuroxime into each udder quarter, for a total dose of

1.5 g per animal, and slaughtered 7 days after infusion. No antimicrobial

residues were detected in samples of skeletal muscle, liver, kidney, subcuta-
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neous fat, omental fat or renal fat. In the second study, three dairy cows

received cefuroxime according to the same regimen as in the first study and

were slaughtered 7 days after infusion. No antimicrobial residues were de-

tected in samples of liver, kidney or muscle. An agar diffusion assay with a

limit of detection of 0.01 mg/kg was used to analyse samples in both stud-

ies.

Effect on starter cultures

A series of studies was conducted to demonstrate the inhibitory effect of

cefuroxime on pure and mixed starter cultures used in the dairy industry for

production of cheese, fermented milk products and yoghurts. Some pure

and mixed cultures were found to be susceptible to cefuroxime, susceptibil-

ity being measured as the time required to reduce the pH of the milk to the

required range. Experiments with two representative mixed cultures sug-

gested that significant inhibitory effects that exceed the International Dairy

Federation guidelines did not occur at concentrations of cefuroxime < 0.05

mg/kg.

Analytical methods

Two screening tests representative of those used to detect antimicrobial

residues in milk were evaluated for their ability to detect residues of

cefuroxime. A concentration of 0.04 mg/kg was detected in both tests, but

only a few samples were used, and contemporary standards for test kit

validation (12) were not met.

An LC assay was described for the determination of cefuroxime residues

in milk at concentrations of 0.005–0.100 mg/kg. The method included pro-

tein precipitation, centrifugation, solid-phase extraction with a C-18 car-

tridge and gradient liquid chromatographic analysis on a C-18 column, with

ultraviolet detection at 274 nm. The analytical recovery was > 60%, with

relative standard deviations of < 5% within the analytical range. The limits

of detection and quantification were not reported, but the performance met

the required quantitative criteria at the lowest calibrated concentration

(0.005 mg/kg).

A method based on LC–MS was reported for the analysis of cows’ milk

and for cattle muscle, liver, kidney and fat. The analytical recovery was

>90% for residues in milk and 85–110% for residues in tissues. The limit of

quantification was 0.010 mg/kg for milk and 0.050 mg/kg for all tissues,

with relative standard deviations of < 15% at the concentrations tested. The

calibration range was 0.005–0.100 mg/kg for milk and all edible tissues.

The method is based on solid-phase extraction as the primary clean-up and

appeared to be suitable for use in a residue laboratory equipped with the
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required instrumentation. Residues were found to be stable for at least 1 month

in tissues stored at –20 o C.

Maximum residue limits

In recommending MRLs, the Committee took into account the following

factors:

— The ADI of 0–30 mg/kg bw results in a maximum intake of 1800 mg

for a 60-kg person.

— The primary residue in milk that has microbiological activity is the

parent compound, cefuroxime, which is therefore the appropriate

marker residue in milk.

— The available data were not sufficient to permit establishment of MRLs

for edible tissues.

— A suitable analytical method is available for analysis of cefuroxime

residues in cows’ milk.

On the basis of the above considerations, the Committee recommended a

temporary MRL of 50 mg/kg for cefuroxime in cows’ milk. No MRLs were

recommended for tissues. The MRL is temporary because the ADI is tem-

porary.

The recommended temporary MRL would result in a maximum daily intake

of 75 mg on the basis of a daily intake of 1.5 kg of milk.

3.2.2 Dihydrostreptomycin and streptomycin

Dihydrostreptomycin and streptomycin were evaluated by the Committee at

its twelfth, forty-third, forty-eighth and fifty-second meetings (Annex 1, ref-

erences 17, 113, 128 and 140). At its forty-eighth meeting, the Committee

established a group ADI of 0–50 µg/kg bw for the combined residues of

dihydrostreptomycin and streptomycin. At its forty-third meeting, the Com-

mittee recommended the following temporary MRLs in cattle, pigs, sheep

and chickens: 500 µg/kg for muscle, liver and fat, 1000 µg/kg for kidney and

200 µg/kg for cow’s milk. At its fifty-second meeting, the Committee rec-

ommended that the temporary status of the MRLs be deleted and, taking

into account the fact that the limit of quantification of the bioassay is higher

than that of the HPLC assay, increased the MRLs for muscle, liver and fat

of cattle, pigs, sheep and chickens to 600 µg/kg. The temporary MRL of

1000 µg/kg for kidney from cattle, pigs, sheep and chickens was recom-

mended as the MRL for that organ. The temporary MRL for residues in

milk was retained, pending receipt of information on validation of the method.

That information was provided for evaluation at the present meeting. Addi-
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tionally, the sponsor provided data on depletion of residues of dihydrostrep-

tomycin and streptomycin in sheep’s milk and requested that the temporary

MRL of 200 mg/kg for cows’ milk be extended to sheep’s milk.

Residue data

Studies of depletion of residues in milk, which complied with GLP, were

conducted in cows and sheep. The animals received an intramuscular injec-

tion of dihydrostreptomycin:streptomycin (50:50) at a dose of 10 mg of ac-

tive ingredient per kg bw once daily for 3 consecutive days. Milk samples

were collected before treatment and at approximately 12-h intervals at

eight consecutive milkings after the final dose. In both cows’ and sheep’s

milk, the highest concentrations of incurred residues were found in samples

collected 12 h after the final treatment. They declined thereafter and, in

cows’ milk, were below the limit of quantification (0.05 mg/ml) in all samples

collected more than 36 h after the final treatment. In sheep’s milk, the con-

centrations of residues of dihydrostreptomycin and streptomycin were be-

low the limit of quantification of the method in all samples collected more

than 48 h after the final treatment.

Analytical methods

Data were provided on validation of an HPLC method with fluorescence

detection after post-column derivatization for cows’ and sheep’s milk. Ad-

ditionally, the HPLC method for analysis of tissue residues of dihydrostrep-

tomycin and streptomycin, previously reviewed by the Committee at its

fifty-second meeting, was revised and submitted for review, with data on

validation for cattle, sheep and pig tissues.

Analytical method for determination of residues in milk

Milk samples from untreated animals were fortified with dihydro-strepto-

mycin and streptomycin at various concentrations. The samples were ex-

tracted, and, after solid-phase extraction, the eluate was analysed by HPLC

with post-column derivatization and fluorescence detection.

Data were provided on performance for both analytes in cows’ and sheep’s

milk. The mean percentage recovery of the tested concentrations was > 90%

for both analytes in cows’ milk and > 76% in sheep’s milk. The analytical

precision (< 12%) and linearity of the calibration curve (r2 > 0.98) were

acceptable for all concentrations of both analytes in cows’ and sheep’s

milk. The limit of quantification for milk from both species was 0.05 mg/ml

on the basis of acceptable recovery and precision with samples fortified at

0.05 mg/ml. When the limit of quantification was calculated by statistical

approaches, it was consistent with the value given above. The specificity of

the method was demonstrated by extracting cows’ and sheep’s milk from



2 8

six sources and by evaluating the effects of related compounds on the re-

covery and precision of the extraction process.

Analytical method for determination of residues in tissues

Revised data on the mean recovery and precision of the method for cattle,

sheep and pig tissues were provided that support use of the method over a

concentration range of 0.25–5.0 mg/kg for both analytes. All of the valida-

tion parameters were judged to be acceptable, and, as a result, the revised

method was considered ‘rugged’.

Maximum residue limits

The submitted HPLC method with fluorescence detection met the perfor-

mance criteria for the analysis of dihydrostreptomycin and streptomycin in

cows’ and sheep’s milk and was judged to be acceptable for routine moni-

toring of such milk samples.

Although the study of residue depletion in sheep’s milk had not been re-

quested by the Committee, it provides the data needed to recommend an

MRL for the combined residues of dihydrostreptomycin and streptomycin in

sheep’s milk. Therefore, the Committee recommended that the temporary

designation for cows’ milk of 200 µg/kg, measured as the combined resi-

dues of dihydrostreptomycin and streptomycin, be removed and that the

MRL of 200 mg/kg be extended to sheep’s milk for the combined residues

of dihydrostreptomycin and streptomycin.

3.2.3 Lincomycin

Lincomycin is a lincosamide antibiotic produced by Streptomyces

lincolnensis. It is used alone or in combination with other drugs in poultry

and pigs for oral treatment of bacterial enteric infections, control of respira-

tory infections and growth enhancement. The maximum recommended oral

dose is 50 mg/kg bw in chickens and 13 mg/kg bw in pigs.

Lincomycin was evaluated by the Committee at its fifty-fourth meeting

(Annex 1, reference 146), when it established an ADI of 0–30 mg/kg bw

and recommended the MRLs identified in Table 1.

At its fifty-fourth meeting, the Committee requested the following informa-

tion:

1. Data from residue depletion studies in cattle, sheep and chickens

which show that lincomycin is the major microbiologically active resi-

due in the edible tissues.
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2. Data from residue depletion studies showing that lincomycin is the

major microbiologically active residue in chickens’ eggs.

3. The results of a residue depletion study in which GC–MS is used to

analyse residues in chickens’ eggs.

New studies with broiler chickens and pigs were provided for evaluation at

the present meeting and were used by the Committee to review the above

MRLs for chickens and pigs.

Maximum residue limits

Chickens: Three types of residue depletion study, all involving administra-

tion of medicated drinking-water, were reviewed by the Committee:

— a study with [14C]lincomycin, which was reviewed by the Committee

at its fifty-fourth meeting;

— a study in which the depletion of lincomycin was determined by GC–

MS, in which a combination of lincomycin hydrochloride and

spectinomycin sulfate was given to 1–2-day-old chicks at a dose of

61 mg/kg bw per day as lincomycin for 7 days, followed by 7 days of

non-medicated water and a second treatment for 7 days with 20 mg/kg

bw as lincomycin; and

— two similarly designed studies in which chickens were treated with

lincomycin at doses of 2.3–7.1 mg/kg bw and in which depletion of

antimicrobial activity was determined in a microbiological inhibition

test (Micrococcus luteus; ATTC 9341).

Using the results of these studies, the Committee recalculated all the doses

of lincomycin or its salts used in the studies, where necessary, as milligrams

of free active lincomycin base per kg bw per day. It also estimated param-

Table 1
Maximum residue limits for lincomycin recommended by the Committee at
its fifty-fourth meeting

Species MRL (mg/kg)

Muscle Liver Kidney Fat Milk

Cattl 100a 500a 1500a 100a 150
Pigs 100 500 1500 100
Sheep 100a 500a 1500a 100a

Chickensb 100a 500a 1500a 100a,c

a Temporary
b The Committee was unable to recommend an MRL for chicken eggs.
c Skin/fat
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eters of the depletion of residues for each study by linear regression analy-

sis of the data, on the basis of equation 1:

where Ct is the predicted concentration of the residue at a given withdrawal

time, t, a is the concentration extrapolated to zero withdrawal time, and b is

a rate constant describing depletion. For all studies and all calculations, t

was expressed in hours. A relationship was established between the con-

centrations of residues extrapolated to zero withdrawal time and the applied

doses, and was tested for linearity.

An acceptable linear relationship was found over the entire dose range be-

tween the administered dose and the concentration of residue extrapolated

to zero withdrawal time for residues in liver and kidney. As all the param-

eters estimated according to equation 1 fitted the same relationship, irre-

spective of the way in which the residues were determined (radioactivity,

chromatographic behaviour and mass spectra, antimicrobial activity), the

Committee concluded that parent lincomycin is the only residue with signifi-

cant antimicrobial activity. It also concluded that the ratio of parent drug to

total residue in liver and kidney was similar.

For skin/fat and muscle, no relationship was found between the adminis-

tered dose and the residue concentrations extrapolated to zero withdrawal

time, because the concentrations of lincomycin in these two tissues were

generally low and the kinetics of depletion could usually not be followed

with the available analytical methods. However, the concentrations in skin/

fat were always significantly higher than those in muscle.

Pigs: The Committee reviewed four reports of two similarly designed stud-

ies. Four groups of young pigs were treated with lincomycin hydrochloride

hemihydrate at an average concentration of 48, 110 or 210 mg/kg of feed as

lincomycin free base equivalents for 7 consecutive days. Depletion of resi-

dues was studied with a validated GC–MS method. A linear dose–response

relationship was found for residues in all tissues, with the statistical method

used for the data on chickens. In an additional study, in which pigs received

the drug at a concentration of 79 mg/kg of feed, residues were measured in

skin/fat, in addition to the four standard tissues, by the same GC–MS method.

The results obtained in this study generally fitted the dose–response rela-

tionship established in the previous study. On this basis, the results obtained

for skin/fat in this study were extrapolated to the highest concentration (210

mg/kg of feed) used in the previous study, to allow direct comparison of the

results of the two studies.

The results of these new studies confirmed that – in contrast to the situation

in chickens – the concentrations of residues in kidney were typically at least

         log10 Ct  =  log10 a + b + t                                   [1]
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three times higher than those in liver. The residue concentrations in muscle

were higher than expected from the limited data available to the Committee

at its fifty-fourth meeting. At comparable doses, the concentrations of residues

in muscle and in skin/fat were also higher in pigs than in chickens.

Recommended maximum residue limits

In reviewing the MRLs recommended at its fifty-fourth meeting, the Com-

mittee at its present meeting took into account the following factors:

— The ADI of 0–30 mg/kg bw allocated by the Committee at its fifty-

fourth meeting was based on a microbiological end-point. This ADI is

equivalent to an acceptable maximum daily intake of 1800 µg of

antimicrobially active residues of lincomycin for a 60-kg person.

— Parent lincomycin is the only residue with significant antimicrobial

activity in tissues of chickens and pigs.

— Kidney and liver contain the highest concentrations of residues in

chickens and pigs; however, the new studies confirmed that the con-

centrations of residues in kidney and liver are similar in chickens but

differ by a factor of three in pigs.

— The new studies suggest that the MRLs for skin/fat of chickens and

for muscle of pigs should be higher than those recommended at the

fifty-fourth meeting. The MRLs for fat could be maintained for both

species, provided that a separate MRL was recommended for skin

with adhering fat in pigs in order to reflect the high concentrations

found in the skin of that species.

— For residue control programmes, it would be appropriate to harmo-

nize the MRLs for chicken and pig tissues as far as possible.

— The temporary MRLs for tissues of cattle and sheep should be with-

drawn, as the requested information was not provided.

— No data were provided on lincomycin residues in chickens’ eggs.

On this basis the Committee recommended the following MRLs:

Table 2
Maximum residue limits of lincomycin recommended by the Committee at
its present meeting

Species MRL (mg/kg)

Muscle Liver Kidney Fata Milk

Cattle 150
Pigs 200 500 1500 100
Chickens 200 500 500 100

a The MRLs for fat that were recommended at the fifty-fourth meeting of the Committee
were maintained. A separate MRL of 300 µg/kg for skin with adhering fat in pigs was
recommended in order to reflect the high concentrations found in the skin of that species.
For consistency, an MRL of 300 µg/kg for skin with adhering fat in chickens was also
recommended.
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Daily consumption of 100 g of liver, 50 g of kidney, 300 g of muscle and 50 g

of fat of pigs and 1500 g of cows’ milk would result in a theoretical maxi-

mum daily intake of 415 µg per person per day or 23% of the ADI for a

person with a body weight of 60 kg.

The temporary MRLs for muscle, liver, kidney and fat of cattle and sheep

were not retained.

3.2.4 Neomycin

The Committee considered two requests with regard to neomycin. The first

was from the Codex Committee on Residues of Veterinary Drugs in Foods

at its Thirteenth Session (3) for additional consideration of the recommen-

dations made by the Committee at its fifty-second meeting (Annex 1, refer-

ence 140) to increase the MRLs for neomycin, thereby allowing practical

withdrawal times after administration of injectable formulations. The sec-

ond request, from a sponsor, was for consideration of a proposal to increase

the MRL for neomycin in milk. If approved, it would permit shorter with-

drawal times after administration of intramammary formulations.

The Committee confirmed that the recommended MRLs for tissues made

at its fifty-second meeting were appropriate in respect to human safety. It

noted that a request from the Codex Committee on Residues of Veterinary

Drugs in Foods to its Member States at its Twelfth Session, to provide infor-

mation to the Secretariat of the Expert Committee on the registration of

injectable neomycin products and how they are used in relation to Good

Practice in the Use of Veterinary Drugs (12), had resulted in disappointingly

few responses. The Committee further noted that use of neomycin for in-

jectable administration to food animals had been withdrawn in some coun-

tries and was under review in others. In addition, the sponsor that submitted

data in support of the injectable formulation no longer defended this use.

The Committee considered a published study (13) in which nephrotoxicity

and ototoxicity were reported in calves. It indicated that the toxicoses may

have resulted from parenteral doses that were lower than those recom-

mended for clinical use. However, the Committee concluded that the toxic-

ity of veterinary drugs to target animals represents an animal welfare issue

that falls outside its mandate.

The Committee considered the proposal to increase the MRL for milk but

did not recommend any change. In arriving at its recommendation, the Com-

mittee took the following factors into account:
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— Limited information was available on the registration of injectable

neomycin products and their use with respect to good veterinary prac-

tice.

— New toxicological data on neomycin which may lead to changes in

the ADI are scheduled for evaluation by the Committee at a subse-

quent meeting.

The Committee therefore recommended that the MRLs for neomycin that

it established at its fifty-second meeting be reviewed at a subsequent meet-

ing, when it would make any necessary change to the ADI. It also recom-

mended that the Codex Committee review the dosage forms of neomycin

that should be supported.

3.2.5 Oxytetracycline

Oxytetracycline is a broad-spectrum antibacterial agent which is used to

combat certain bacterial diseases in fish. At its fiftieth meeting, the Com-

mittee established a group ADI of 0–30 mg/kg bw for tetracycline, oxytet-

racycline and chlortetracycline and recommended a temporary MRL of

0.2 mg/kg for fish muscle (Annex 1, reference 134). At its fifty-fourth meet-

ing, the Committee decided to extend this temporary MRL, pending the

results of a residue depletion study and information on validation of the

analytical method for fish, for evaluation in 2002 (Annex 1, reference 146).

Residue data

The usual form of oxytetracycline that is incorporated into medicated fish

feed is the mono-alkyl trimethyl ammonium salt.

A pilot study was conducted in which northern pike (Esox lucius) weighing

an average of 53 g were given feed containing 8.2 mg of oxytetracycline

equivalent per gram, providing an estimated dose of 100 mg/kg bw per day.

The mean water temperature was 14 o C. Analysis of samples collected on

days 2, 4 and 8 after the last treatment showed that the concentration of

residues in fillet (skin removed) was more than twice the temporary MRL

of 0.2 mg/kg, even at the last sampling time.

A residue study conducted according to GLP was reported, in which juve-

nile coho salmon (Oncorhynchus kisutch) weighing 13–62 g were given a

commercial feed containing 7.9 mg of oxytetracycline equivalent per gram,

providing 79 mg/kg bw per day, for 10 consecutive days. The mean water

temperature was 6 o C. Fish were collected on days 1, 4, 8, 14 and 19 after

treatment. Samples of fillet with skin were analysed by an HPLC method

with a limit of detection of 0.005 mg/kg and a limit of quantification of 0.018

mg/kg. The oxytetracycline concentration decreased from 0.21–2.0 mg/kg
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on day 1 to < 0.02–0.06 mg/kg on day 19, with a terminal half-time of

4.9 days.

In another study conducted according to GLP, walleye (Stizostedion vit-

reum; mean weight, 59 g) were given feed containing oxytetracycline equiva-

lent at 2 mg/g of feed at a dose of 82 mg/kg bw per day for 10 days. The

mean water temperature was 18 o C. Fish were sampled on days 1, 2, 3, 7,

9, 11 and 14 after the last treatment, and samples of fillet with skin were

analysed by an HPLC method with a limit of detection of 0.007 mg/kg and

a limit of quantification of 0.024 mg/kg. The mean concentration of oxytet-

racycline residue decreased from 0.72 mg/kg on day 1 to 0.30 mg/kg on day

14, with a terminal half-time of 10.5 days. The mean concentration in fillet

was more than 1.5 times the temporary MRL of 0.2 mg/kg after 14 days’

withdrawal.

In a study that complied with GLP, two groups of northern pike with aver-

age weights of 110 and 120 g, respectively, received trout feed containing

oxytetracycline equivalent at 2.7 mg/g or slow-sinking walleye feed con-

taining 3.3 mg/g, providing estimated doses of 66 and 87 mg/kg bw per day,

for 10 days. The mean water temperature was 14 o C. Samples of fillet

without skin were analysed by the same HPLC method used in the preced-

ing study. The mean concentration of oxytetracycline residue in fillets of

fish fed the trout feed decreased from 0.20 mg/kg on day 11 to 0.07 mg/kg

on day 20, with a terminal half-time of 5.9 days. The concentration in the

group given slow-sinking walleye feed decreased from 0.31 mg/kg on day

11 to 0.13 mg/kg on day 20, with a terminal half-time of 6.7 days.

Analytical methods

An HPLC method was validated for the analysis of oxytetracycline in fillets

from six species of fish: walleye, channel catfish (Ictalurus punctatus),

striped bass (Morone saxatilis), white sturgeon (Acipenser

transmontanus), Atlantic salmon (Salmo salar) and rainbow trout

(Oncorhynchus mykiss). There was no claim of compliance with GLP. At

concentrations of 100–5000 µg/kg, the method showed acceptable preci-

sion (0.9–5.8 %) and recovery (83–90%).

The method was further validated for the analysis of oxytetracycline in

fillets of coho salmon and northern pike in a study that complied with GLP.

At concentrations of 0.01–4.0 mg/kg, the method showed good recovery

(90–99%) and precision (coefficient of variation, < 10%). The limits of de-

tection and quantification were 0.002–0.006 mg/kg and 0.006–0.022 mg/kg,

respectively, for the various fish species. The precision of the method for

samples of coho salmon (0.12 mg/kg) and northern pike (0.18 mg/kg) with

incurred residues was shown to be acceptable (2.0 and 5.1%) at concentra-
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tions that exceeded the temporary MRL of 0.2 mg/kg. Oxytetracycline was

stable in the working solution for 14 days and in fortified fillet extracts for 4

days under typical conditions of analysis, with only 2–3% fluctuation. The

method was suitable for use in a residue laboratory.

A study conducted to evaluate the relationship between the HPLC method

and a microbial inhibition assay with Bacillus cereus (ATCC 11778) for

determination of oxytetracycline in fillets of rainbow trout showed similar

results with the two methods.

Maximum residue limits

In recommending MRLs, the Committee took into account the following

factors:

— An HPLC method validated for the analysis of oxytetracycline

residues in fillets from eight species of fish at concentrations includ-

ing the MRL of 0.2 mg/kg was available.

— Some of the studies of residues were conducted at concentrations

that included the temporary MRL of 0.2 mg/kg for muscle and in-

volved analysis of muscle with adhering skin in normal proportions.

The present Committee removed the temporary designation recommended

at its fifty-fourth meeting and recommended an MRL of 0.2 mg/kg for fish

muscle. This MRL applies only to oxytetracycline.

3.2.6 Thiamphenicol

Thiamphenicol was evaluated by the Committee at its forty-seventh and

fifty-second meetings (Annex 1, references 125 and 140). At its forty-

seventh meeting, the Committee established a temporary ADI of 0–6 mg/kg

bw on the basis of a toxicological end-point and a safety factor of 200 and

recommended temporary MRLs of 40 mg/kg for muscle, liver, kidney and

fat, expressed as the parent drug, from poultry and cattle. The results of

residue depletion studies with radiolabelled and unlabelled thiamphenicol for

identification of the marker residue and of target tissues in poultry, pigs and

cattle were requested.

The Committee at its fifty-second meeting established an ADI of 0–5 mg/kg

bw on the basis of a microbiological end-point. In addition, the temporary

MRLs for poultry and cattle were withdrawn because the data submitted

only partly addressed the Committee’s request at its forty-seventh meeting.

Temporary MRLs were recommended for pig, of 50 mg/kg in muscle and

fat, 100 mg/kg in liver and 500 mg/kg in kidney, and for fish, of 50 mg/kg in

muscle with adhering skin. The MRLs were designated as temporary, pend-

ing the results of a study with radiolabelled drug in pigs to determine the
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relationships between total residues and free and conjugated thiamphenicol

in all tissues, and a validated analytical method for tissues from all animal

species which includes an enzymatic hydrolysis step to allow determination

of the sum of thiamphenicol and thiamphenicol conjugates as free

thiamphenicol.

As no information was submitted for consideration at the present meeting,

the Committee did not extend the temporary MRLs.

3.3 Insecticides

3.3.1 Cyhalothrin

Cyhalothrin was evaluated by the Committee at its fifty-fourth meeting (An-

nex 1, reference 146), when it established a temporary ADI of 0–0.002 mg/kg

bw by applying a safety factor of 500 to the lowest-observed-effect level

(LOEL) of 1 mg/kg bw per day for induction of liquid faeces in dogs in a 26-

week study. The high safety factor was used to compensate for the ab-

sence of a NOEL in this study. The ADI was designated as temporary

because the Committee was concerned that neurobehavioural effects had

not been adequately investigated. The Committee required the results of

studies appropriate for identifying a NOEL for neurobehavioural effects in

laboratory animals, to be submitted for evaluation in 2002.

The required information had not been received by the time of the present

meeting. The Committee was informed that a study of neurobehavioural

effects in rats had been initiated but had been terminated before completion

as a result of an unacceptably high occurrence of infections in the animals in

both control and treated groups. No useful information could be obtained

from this study.

The Committee at its present meeting reconsidered the toxicological data

that it had evaluated at its fifty-fourth meeting in order to decide whether to

extend the temporary ADI.

Toxicological data

In relation to the request for studies of neurobehavioural effects, the Com-

mittee noted that some of the parameters that would usually be investigated

in a functional observational battery of tests had been addressed in several

of the studies that were available. The Committee also noted that the exist-

ing toxicological studies should have revealed any severe effects on certain

other parameters that would be covered in a functional observation battery.

However, the Committee concluded that those parameters would not have

been investigated as thoroughly and with as much precision as would be the

case in a special study designed to include a functional observational battery
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of tests to investigate neurobehavioural effects. The Committee therefore

concluded that it was not possible to identify a NOEL for neurobehavioural

effects.

The Committee extended the temporary ADI, pending the results of studies

appropriate for identifying a NOEL for neurobehavioural effects in labora-

tory animals. The results of these studies are required for evaluation in 2004.

Maximum residue limits

A temporary MRL of 20 µg/kg for sheep liver was recommended by the

Committee at its fifty-fourth meeting (Annex 1, reference 146), and infor-

mation on validation of the analytical method to confirm the limit of quantifi-

cation of 10 µg/kg were required for evaluation in 2002. The MRLs for

other tissues were made temporary because the ADI was temporary.

No new data on residues were submitted for consideration at the present

meeting, although the sponsor suggested that the MRL for sheep liver could

be increased to 50 µg/kg, which would obviate the need for validation of the

analytical method at a concentration of 10 µg/kg. The Committee concluded

that it would not be appropriate to increase the temporary MRL for sheep

liver to 50 µg/kg, because this would result in a theoretical maximum daily

intake that exceeded the temporary ADI.

The Committee extended the temporary MRL of 20 µg/kg for sheep liver

and repeated its request for validation of the analytical method to confirm

the limit of quantification of 10 µg/kg, for evaluation in 2004. The temporary

MRLs for other tissues were also extended, pending reconsideration of the

temporary ADI in 2004.

3.3.2 Cypermethrin and ααααα-cypermethrin

Cypermethrin can be used as a pesticide as a 45:55 cis:trans isomer prod-

uct, whereas currently available formulations of cypermethrin for use as a

veterinary drug consist of an 80:20 cis:trans isomer ratio. The ADI for

45:55 cis:trans cypermethrin established by the Committee at its forty-sev-

enth meeting is 0–50 µg/kg bw, and that for α-cypermethrin is 0–20 µg/kg

bw (Annex 1, reference 125).

α-Cypermethrin consists of two cis isomers only. Information on metabo-

lism and residues indicates that there is no interconversion of cis to trans

isomers and that trans isomers deplete more rapidly from treated animals

than cis isomers. Consequently, the residues found after veterinary treat-

ment with cypermethrin and α-cypermethrin may consist only of cis iso-

mers, and the source of the residues might be difficult to determine. The

Committee drew the attention of national authorities to the possible diffi-
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culty in determining whether residue concentrations comply with the rec-

ommended MRLs, since the MRLs for cypermethrin and α-cypermethrin

residues in fat (the target tissue) are different.

Cypermethrin

Cypermethrin was first reviewed by JMPR in 1979 and 1981 (14,15). MRLs

have been recommended for a wide range of crops, meat and milk products

and feed commodities. Whereas cypermethrin has been used on horses,

deer, goats and sheep, a 45:55 cis:trans cypermethrin for use on cattle,

sheep and poultry was evaluated by the Committee at its forty-seventh

meeting, when it established an ADI of 0–50 µg/kg bw (Annex 1, reference

125). The Committee recommended temporary MRLs for cattle, sheep

and poultry of 200 µg/kg for muscle, liver and kidney, 1000 µg/kg for fat, 50

µg/kg for cows’ milk and 100 µg/kg for eggs, expressed as the parent drug.

The Committee at its forty-seventh meeting required the following informa-

tion for further elaboration of MRLs:

— The results of residue depletion studies with radiolabelled cypermethrin

that extended beyond the recommended withdrawal times for the

drug in its topical formulation, and in which depletion of the total

residues and of the parent drug were determined.

— Evidence that interconversion of isomeric forms does not occur dur-

ing metabolism in the target species.

— Further information on validation of the analytical methods, particu-

larly data on derivation of the limits of detection and quantification.

The Committee at its fifty-fourth meeting (Annex 1, reference 146) was

provided with a new study in sheep treated orally with cypermethrin, and

not with a study of sheep treated topically with the currently available 80:20

cis:trans isomer preparation, as had been requested. No information was

submitted in response to the second request. In response to the third re-

quest, a suitable analytical method for measuring the sum of isomers in

mixtures of cypermethrin with a GC method was submitted. The Commit-

tee noted that no information was made available for the toxicological evalu-

ation of 80:20 cis:trans cypermethrin. Therefore, the temporary MRLs rec-

ommended for all animal tissues and milk were not extended.

The following data were submitted for evaluation by the present Committee

to support use of cypermethrin as a sheep ectoparasiticide:

— a final report on the residue depletion study in sheep treated orally

that was evaluated at the fifty-fourth meeting;
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— a study on the depletion rate and metabolic fate of [14C]α-cypermethrin

in sheep after topical application; and

— a new study on residues in sheep treated topically with non-

radiolabelled cypermethrin.

The final report of the study submitted to the Committee at its fifty-fourth

meeting, in which sheep were treated orally with cypermethrin, was not

evaluated because it did not meet the Committee’s request at its forty-sev-

enth meeting for a study of animals treated topically with the 80:20 cis:trans

isomer preparation.

In answer to the request for demonstration of lack of interconversion of the

two isomeric forms, the sponsors presented a complete study on the me-

tabolism of a-cypermethrin. Extensive metabolism was found in liver and

kidney, and no interconversion from cis to trans was demonstrated. Previ-

ous studies in rats also indicated no interconversion between the cis and the

trans forms of cypermethrin and rapid elimination of the trans form.

In the new study with unlabelled cypermethrin, which was conducted ac-

cording to GLP, female Suffolk-cross sheep weighing 50–60 kg were treated

with a formulation of cypermethrin containing 75–85% cis isomer at a rate

of 1 ml/kg bw, equivalent to 12 mg/kg bw. The drug was applied by pin-

stream application to the backline, directly onto the skin of each sheep.

Samples of muscle, liver, kidney and subcutaneous fat were collected 7, 14,

21 and 28 days after treatment. Residues of cypermethrin were found in fat

7 and 14 days after treatment and measured by a GC method with ECD.

The highest concentration, 34 µg/kg, was found in fat 7 days after treat-

ment; by 21 and 28 days after treatment, the concentrations in fat were

below the limit of quantification of 10 µg/kg. The concentrations in liver,

muscle and kidney were below the limit of quantification at all times after

treatment.

When it evaluated cypermethrin at its forty-seventh meeting, the Committee

considered only the 45:55 cis:trans isomeric mixture and the recommended

use of cypermethrin as an ectoparasiticide. Therefore, no toxicological

evaluation of the 80:20 isomeric mixture has been performed. As α-

cypermethrin consists essentially of the more toxic cis isomers, the Committee

agreed at its present meeting to apply the ADI of 0–20 µg/kg bw for α-

cypermethrin established at its forty-seventh meeting to the 80:20 ispmeric

mixture of cypermethrin.

The Committee considered the following factors in recommending MRLs

for cypermethrin:
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— An ADI of 0–50 µg/kg bw, equivalent to 0–3000 µg for a 60-kg per-

son, has been established for 45:55 cis:trans cypermethrin. The ADI

of 0–20 µg/kg bw established for α-cypermethrin can be used in

setting MRLs for cypermethrin, as α-cypermethrin consists entirely

of the more toxicologically significant cis isomer of cypermethrin.

No studies have been provided on the toxicity of 80:20 cis:trans

cypermethrin.

— Cypermethrin can be used as a pesticide or as a veterinary drug.

— The parent drug cypermethrin is the only appropriate marker residue

in tissues.

— The concentration of cypermethrin is highest in fat, which is a suit-

able marker tissue.

— No new residue depletion studies have been provided, and the esti-

mated proportions of the marker compound in tissues are those used

by the Committee at its forty-seventh meeting. These are: muscle,

30%; liver, 10%, kidney, 5% and fat, 80%.

— The metabolism of cypermethrin and α-cypermethrin is similar.

— No conversion of cis to trans isomers has been demonstrated for α-

cypermethrin, and a similar situation is expected to exist for cyper-

methrin, because: the metabolic fate of cypermethrins is similar and

there is no evidence of interconversion; in laboratory animals (rats),

the major metabolites correspond to the isomeric form administered;

and trans isomers, even when formed in small quantities, are quickly

metabolized and depleted from animals and are not detectable.

— Validated methods were not described for cypermethrin, although

methods have been described for α-cypermethrin.

— The MRLs for fat are based on the studies with a pour-on formula-

tion reviewed by the Committee at its fifty-fourth meeting.

— MRLs for muscle, liver and kidney are recommended on the basis of

the limit of quantification (10 µg/kg), as the concentrations 7 days

after treatment were above the limit of quantification only in fat.

The recommended MRLs for sheep, as cypermethrin, are: 20 µg/kg for muscle,

liver and kidney and 200 µg/kg for fat.

On the basis of food factors, the theoretical maximum intake of residues is

73 µg/day.

ααααα-Cypermethrin
α-Cypermethrin was first reviewed by the Committee at its forty-seventh

meeting (Annex 1, reference 125). It consists of two of the four cis isomers
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present in cypermethrin. In reaching its decision on MRLs for α-cyper-

methrin, the Committee took the following factors into consideration:

— An ADI of 0–20 µg/kg bw was assigned by the Committee at its

forty-seventh meeting, equivalent to a maximum theoretical daily in-

take of 0–1200 µg for a 60-kg person.

— The parent drug was identified as the marker residue, and fat, milk

and eggs as the target tissues.

— The metabolism of the two isomers forming α-cypermethrin is simi-

lar to that of the other six isomers in cypermethrin, but the absence of

interconversion of the cis forms to the trans forms was not fully

demonstrated.

— As the metabolism and residue depletion studies were insufficient,

very conservative estimates of the percentage of total residues rep-

resented by the marker compound were proposed for all food spe-

cies.

— Adequate information on residues was provided by studies conducted

with non-radiolabelled compounds in the recommended formulations.

— Analytical methods were available but required validation.

The temporary MRLs recommended for cattle, sheep and poultry were

500 µg/kg in fat, 100 µg/kg in muscle, liver and kidney, 25 µg/kg in cows’

whole milk and 50 µg/kg for eggs, expressed as parent drug.

The Committee at its forty-seventh meeting requested the following infor-

mation:

— the results of residue depletion studies with radiolabelled α-cyper-

methrin in sheep and chickens that extended beyond the recommended

withdrawal times of the drug in its topical formulation; depletion of

the total residues and of the parent drug should be determined;

— reassessment of the the residue depletion study with radiolabelled α-

cypermethrin in cattle to determine depletion of total residues and of

parent drug;

— evidence that interconversion of the isomeric forms does not occur

during metabolism in the target species; and

— further information on validation of the analytical methods, particu-

larly data on derivation of the limits of detection and quantification.

As the information required was not provided, the Committee at its fifty-

fourth meeting did not extend the temporary MRLs (Annex 1, reference

146). Similar data were requested for evaluation at the fifty-eighth meeting.
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Two new studies with radiolabelled drug, one each in sheep and cattle, were

submitted for evaluation by the Committee. Both were conducted in ac-

cordance with GLP. No new studies in poultry were provided. One addi-

tional report was provided on analytical methods.

Metabolism

[14C] α-Cypermethrin was formulated at a nominal concentration of 15 g/l

and was applied topically to eight steers (weighing 140–190 kg) and to eight

lactating cows (510–560 kg) along the mid-dorsal line. The cows were treated

after the morning milking. The mean dose achieved was 3 mg/kg bw, which

was more than three times the recommended dose. The study was con-

ducted in two phases, in accordance with GLP. In the study in sheep, α-

cypermethrin was formulated at a nominal concentration of 12.5 g/l and

was applied topically to six animals of each sex (weighing 28–39 kg) on

either side of the spine and around the rump at a dose of 15 mg/kg bw.

The metabolite profile was defined in tissues and in cows’ milk, and the ratio

of parent drug to total radiolabelled residues (TRR) in edible tissues was

investigated after various withdrawal times. The depletion rates of α-

cypermethrin residues in edible tissues from the cattle were determined

beyond the recommended 14-day withdrawal time for tissues and 0 day for

milk after a single topical application. In sheep, the measurements extended

beyond the recommended withdrawal time of 7 days for pour-on products.

Interconversion of the cis to trans isomeric form of α-cypermethrin was

also studied.

The results showed that α-cypermethrin applied topically to steers, lactat-

ing cows and sheep underwent phase-I oxidative hydroxylation at the phe-

nyl ring and hydrolysis at the ester linkage to produce 3-phenoxybenzoic

acid and its conjugates. The ester hydrolysis products were further oxidized

to 3-phenoxybenzoic acid (3-PBA) and 4´-hydroxy-3-phenoxybenzoic acid

(4´-OH-3-PBA). These compounds contain a free carboxylic and a free

hydroxyl moiety, respectively, which undergo phase-II metabolism to form

glutamic acid and sulfate conjugates. In a study with oral administration to

cows, the metabolic fate of α-cypermethrin was the same as that after

topical application. Conversion from the cis to the trans configuration did

not occur in milk or tissues.

In the cattle, α-cypermethrin was the main metabolite in omental and back

fat, milk and the only sample of muscle analysed. Extensive metabolism

was also shown to have occurred in liver and kidney, where the main

metabolite was 3-PBA glutamate. Other metabolites tentatively identified

were 3-PBA, 4´-OH-3-PBA and 3-PBA-4-O-sulfate. A number of unknown
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extractable and bound residues were also detected in liver and kidney. In

sheep, the cis isomeric form of α-cypermethrin was the main compound in

fat tissues and muscle. The main metabolite in liver was 4-OH-α-

cypermethrin, and the main one in kidney was 3-PBA-glutamate. A number

of unknown extractable and bound residues were also detected.

Residue studies

Cattle: The results of the new study were consistent with those of the

limited previous studies, although the concentrations of residues were con-

siderably higher. The proportion of the TRR represented by α-cypermethrin

in this study was similar to that in cows treated orally. In milk, the maximum

concentration and depletion followed the same pattern as in the earlier stud-

ies. The mean TRR concentration was highest in fat tissues, followed by

kidney, liver and muscle. In fat tissues, the TRR reached a maximum value

at 21 days (not between 7 and 14 days as in the previous studies). In kidney,

liver and muscle, the peak values were found at 14, 7 and 7 days, respec-

tively, but the concentrations of radiolabel were low. No marked differ-

ences were found at subsequent times, in most cases owing to high variabil-

ity, but the TRR concentrations decreased with time after treatment. The

extraction efficiencies were 70–99% of the TRR for fat, 47–84% for liver,

50–66 % for kidney and 82–96% for milk.

TRR were detected at all times after treatment in all tissues. The maximum

concentrations, as determined by HPLC radioanalysis, were < 35 µg/kg in

kidney and muscle, 650 µg/kg in back fat, 420 µg/kg in omental fat and

83 µg/kg in milk. No [14C] α-cypermethrin was detected in liver. The per-

centages of parent drug in relation to total residues were: 84 ± 17% in back

fat, 91 ± 10% in omental fat, 90% in muscle (only one sample), 16 ± 13% in

kidney and 86 ± 6% in milk.

In a residue depletion study with a GC–ECD method, the concentrations of

α-cypermethrin residues changed over time in the same way as in the stud-

ies with radiolabelled material. The concentrations were below the limit of

quantification (50 µg/kg) in kidney and muscle 3 days after treatment and at

later sampling times. In milk, the concentrations at 13 milking times be-

tween 60 and 126 h were similar to those measured by radioanalysis. The

maximum concentrations measured by GC–ECD were: < 50 µg/kg in kid-

ney, muscle and liver, 710 µg/kg in back fat, 340 µg/kg in omental fat and 89

µg/kg in milk,. The percentage of the TRR represented by α-cypermethrin

in the TRR, calculated from GC–ECD analyses of α-cypermethrin, were

lower: 76 ± 44%, 70 ± 16% and 73 ± 13 % in back fat, omental fat and milk,

respectively. In both types of fat, α-cypermethrin accounted for an average

of 71 ± 33% of the TRR, which is lower than the 87 ± 11% seen with

HPLC radioanalysis of the fat samples.
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Sheep: The mean TRR reached maximum values after 4 days in all tissues

except muscle (2 days), then declined with time. Because of high variability,

the results generally showed no marked differences at subsequent times.

[14C] α-cypermethrin depleted slowly from fats. The percentages of

radiolabelled residues that were extracted were 88–95% of the TRR from

fat, 85–99% from muscle, 49–82% from kidney and 43–90% from liver.

The maximum concentrations of α-cypermethrin residues, as determined

by HPLC radioanalysis, were 1300 µg/kg in back fat, 310 µg/kg in omental

fat, 22 µg/kg in kidney and < 20 µg/kg in muscle and liver. The percentages

of parent drug in relation to TRR were 85 ± 5% for back fat, 83 ± 17% for

omental fat, 62 ± 23% for muscle, 9 ± 6% for liver and 6 ± 8% for kidney.

In a residue depletion study with a GC–ECD method, the concentrations of

α-cypermethrin residues changed over time in the same way as in the stud-

ies with radiolabelled material. The concentrations were below the limit of

quantification (20 µg/kg) in kidney, liver and muscle at all sampling times.

The maximum concentrations determined by GC–ECD were 1400 µg/kg in

back fat, 220 µg/kg in omental fat and < 20 µg/kg in muscle, kidney and liver.

The percentage of the TRR represented by α-cypermethrin, calculated from

GC–ECD analyses of α-cypermethrin, were lower: 85 ± 20% in back fat

and 59 ± 18% in omental fat. In 16 samples of both types of fat, α-

cypermethrin accounted for an average of 72 ± 23% of the TRR. In this

study, fat residues were detected later after dosing than in previous studies

in sheep given pour-on treatments with non-radiolabelled α-cypermethrin.

The Committee concluded that the methods reported are suitable for deter-

mining α-cypermethrin in fat tissues of cattle and sheep and in cows’ milk.

The limits of quantification of the GC–ECD method were 20 µg/kg for sheep

tissues, 50 µg/kg for cattle tissues and 10 µg/kg for cows’ milk.

The following factors were taken into account in recommending MRLs for

α-cypermethrin in cattle and sheep tissues and cows’ milk.

— An ADI of 0–20 µg/kg bw has been established, which is equivalent

to a maximum theoretical intake of 0–1200 µg for a 60-kg person.

— The metabolism of α-cypermethrin is similar in cattle and sheep tis-

sues.

— The new studies indicate that the parent drug, α-cypermethrin, is the

only appropriate marker residue in tissues and in cows’ milk.

— The target tissue in cattle and sheep is fat. For calculation of the

theoretical maximum intake of residues, the ratios of α-cypermethrin

to total residues in cattle and sheep are 0.75 in fat and muscle, 0.10 in

liver and kidney and 0.95 in milk.
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— Suitable methods are available for determining residues in muscle

and fat tissues and in cows’ milk.

— The MRLs for liver and kidney are based on the limits of quantifica-

tion of the GC–ECD method, which are 50 mg/kg for cattle and 20 mg/

kg for sheep.

On the basis of the available data, the following MRLs are recommended

for α-cypermethrin in cattle and sheep tissues and cows’ milk: muscle, liver

and kidney, 100 µg/kg; fat, 1000 µg/kg; and cows’ milk, 100 µg/kg, measured

as α-cypermethrin. No information was provided for poultry. On the basis

of food consumption factors, the theoretical maximum intake of residues is

400 mg/day.

3.3.3 Phoxim

Phoxim was evaluated by the Committee at its fifty-second meeting (Annex

1, reference 140), when it established an ADI of 0–4 mg/kg bw and tempo-

rary MRLs of 20 mg/kg in muscle, liver and kidney and 400 mg/kg in fat of

cattle, pigs, sheep and goats. The Committee requested the following infor-

mation for evaluation at the present meeting:

— results of studies with radiolabelled phoxim to determine the propor-

tion of the total residues accounted for by the marker residue in rumi-

nants and pigs after topical application of formulated product;

— results of residue depletion studies conducted in accordance with GLP

in cattle and sheep given the currently recommended treatments; and

— validation of available analytical methods for detection of phoxim resi-

dues in tissues of cattle, sheep and goats and in cows’ milk.

The Committee received data on the metabolism and residues of [14C]phoxim

in sheep tissues, validation of the method for determination of phoxim in

sheep tissues, data on residues of phoxim in sheep tissues after dipping, an

investigation of the specificity of the routine analytical method and valida-

tion of the method of analysis for determination of phoxim in pig tissues.

Phoxim is an ectoparasiticide of the organophosphate group and is used for

the control of Psoroptes, Sarcoptes and Chorioptes mites, biting and suck-

ing lice, sheep keds, flies, ticks and fly maggots in wounds. The species for

which registrations have been granted include cattle, pigs, sheep, goats and

horses, but some countries exclude use of phoxim in lactating animals.

Metabolism

Sheep: Proposed pathways for the metabolism of phoxim were reported in

the previous evaluation (Annex 1, reference 140). The study submitted for
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evaluation at the present meeting on the metabolic fate of [14C]phoxim in

sheep complied with current GLP. Five male and five female Clun X Suffolk

sheep aged 15–16 months and weighing 50 ± 10 kg received the drug by

topical or intravenous administration. They were killed in groups of one male

and one female 4 and 8 h after intravenous administration and 7, 21 and 28

days after topical application. Urine and faeces were collected after intra-

venous administration until slaughter and after topical application for 0–8 h,

8–24 h and thereafter at 24-h intervals up to 7 days. Tissue samples were

collected at slaughter. Radiolabel was measured by liquid scintillation count-

ing.

The total residue recovered from the application site represented 42–64%

of the applied dose. That recovered from urine over the 7 days represented

7.2–12% and that from faeces was 0.7–2.6%; the total recovery of radiola-

bel, including that in the cage wash, over the 7 days represented 64–85% of

the applied dose. The proportion excreted in urine appeared to decrease

slowly as a function of time, but that excreted in faeces remained stable.

Nine metabolites were detected by an HPLC method in urine collected for

7 days after topical administration. Out of these, five were not identified.

The cyanoxim glucuronide, z-cyanoxim and cyanoxim sulfate appeared to

be the major metabolites, representing 59–74% of all metabolites. No par-

ent phoxim was recovered in urine. The metabolic pattern after intravenous

administration was similar to that observed after topical application, except

that the proportion of z-cyanoxim in urine was smaller than that after topical

application.

Residue data

The concentrations of total residues in sheep tissues after a single topical

application of [14C]phoxim at 25 mg/kg bw were 0.37–1.6 mg/g in liver,

< 0.06–0.40 mg/g in kidney, 0.06–0.14 mg/g in muscle, 0.15–1.8 mg/g in

subcutaneous fat and 0.10–2.1 mg/g in omental/parietal fat, expressed as

phoxim equivalents. The respective values after intravenous administration

of [14C]phoxim at 1 mg/kg bw were 0.21–0.64, 0.27–0.60, 0.12–0.45, 0.28–

0.42 and 0.47–0.57 mg/g of tissue.

The concentrations of phoxim in sheep tissues after a single topical applica-

tion of [14C]phoxim at 25 mg/kg were very low in liver, kidney and muscle

and ranged from 0.12 to 1.5 mg/g in subcutaneous fat and from 0.06 to 1.5

mg/g in omental/parietal fat. Phoxim could not be detected in liver (< 2.0

mg/kg), and the concentrations in kidney were very low after a single intra-

venous administration of 1 mg/kg. The concentrations in muscle and subcu-

taneous and omental/parietal fat were 0.22–0.38 and 0.07–0.41 mg/g, re-

spectively, 4 and 8 h after administration.
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The ratio of TRR to phoxim was 1.1–1.7 in fat, 1.4–3.0 in muscle and 6.9–

58 in kidney after topical application. Because the metabolites were found

to have little or no toxicological effect, phoxim was considered to be the

only residue of significance. This was assumed to be true for pigs and sheep

as well.

A residue depletion study with non-radiolabelled phoxim in 11 male and 11

female Suffolk-cross sheep was conducted in compliance with current GLP.

The animals were killed 7, 21, 28, 35 and 49 days after treatment. Two of

the animals served as untreated controls. The tissue concentrations of phoxim

were monitored by a validated HPLC method, which is described below.

Phoxim residues were not found in any of the liver samples. The concentra-

tions in kidney obtained from four sheep killed 7 days after treatment were

35, 31 and 31 mg/kg and one value below the validated limit of quantifica-

tion. One kidney sample obtained 21 days after treatment had traces of

phoxim at a level below the validated limit of quantification, and no phoxim

was detected in the other kidney samples. The values in muscle were 190,

75, 85 and 89 mg/kg 7 days after administration. Traces of phoxim were

found in three muscle samples after 21 days and in two samples 28 days

after treatment, but all these values were below the validated limit of quan-

tification. Phoxim was found in omental/parietal fat 7 days after administra-

tion, the concentrations in four animals being 1.1, 1.1, 1.6 and 1.8 mg/kg.

Traces of phoxim were found in all fat samples collected at all slaughter

times after 7 days, but all of the concentrations were below the validated

limit of quantification.

Methods of analysis

Three studies were provided for evaluation of the analytical methods used

to detect phoxim residues in tissues: one for sheep tissues, one for pig tis-

sues and one of the potential interference from other veterinary drugs in a

sample. The studies were performed in compliance with current GLP.

The chromatographic system consisted of HPLC with gradient separation

and ultraviolet absorption detection at 281 nm. Separation was performed

on a reversed-phase C18 column, and the solvent system was based on

acetonitrile and water. The method was appropriately validated. Initially,

the analyte was extracted from tissue with acetonitrile or hexane, followed

by a clean-up procedure on silica solid-phase extraction cartridges. The

study was performed with fortified sheep or pig tissue. The limits of detec-

tion were 2.0 mg/kg in liver, 3.0 mg/kg in kidney, 5.5 mg/kg in muscle and

3.0 mg/kg in fat. The limit of quantification was validated at 25 mg/kg in

liver, kidney and muscle and at 200 mg/kg in fat. These values represent

one-half the recommended MRLs for sheep.
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The specificity of the analytical method was determined with 14 veterinary

drugs. None was shown to interfere with determination of phoxim in the

appropriate tissues. The method was also validated for pig tissues, the only

difference being that the limit of quantification for fat was set at 350 mg/kg.

Maximum residue limits

In view of the new data submitted, the Committee recommended MRLs

based on the following considerations:

— The ADI of 0–4 mg/kg bw per day corresponds to a maximum daily

intake of 0.24 mg for a 60-kg person.

— The marker residue is parent phoxim.

— The metabolites were considered to be of no toxicological signifi-

cance and were therefore not taken into account in determining the

MRL.

— The target tissue in all species is fat.

— A suitable analytical method is available for monitoring compliance

with the proposed MRLs.

— The additional data received by the Committee allowed it to establish

MRLs only for sheep, pigs and goats.

— As no new data were provided on cattle, temporary MRLs were

recommended.

The Committee recommended MRLs for edible tissues of sheep, pigs and

goats of 50 mg/kg in muscle, 50 mg/kg in liver, 50 mg/kg in kidney and

400 mg/kg in fat, expressed as phoxim. Temporary MRLs of 50 mg/kg in

muscle, 50 mg/kg in liver, 50 mg/kg in kidney, 400 mg/kg in fat and 10 mg/kg

in milk were recommended for cattle and in cows’ milk. On the basis of

food consumption factors, a theoretical maximum daily intake of 57.5 µg

was calculated for an adult weighing 60 kg.

The Committee requested a residue depletion study in cattle, conducted in

compliance with GLP, to be made available by 2004.

3.4 Production aid

3.4.1 Melengestrol acetate

Melengestrol acetate is a progestational steroid used as an animal feed ad-

ditive to improve feed efficiency, increase the rate of gain and suppress

estrus in beef heifers. Temporary MRLs were recommended by the Com-

mittee at its fifty-fourth meeting of 5 µg/kg for cattle fat and 2 µg/kg for

cattle liver (Annex 1, reference 146). In reaching its decisions, the Commit-

tee took into consideration a number of factors, including:
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— An ADI of 0–0.03 µg/kg bw was established, which is equivalent to a

maximum ADI of 1.8 µg for a 60-kg person.

— Only fat and liver contain concentrations of the marker residue that

are quantifiable on a routine basis; methods with limits of quantifica-

tion > 0.3 µg/kg are unlikely to permit quantification of residues in

muscle from animals treated with recommended doses of melengestrol

acetate.

— The sponsors did not submit an analytical method suitable for moni-

toring purposes.

Therefore, the Committee recommended temporary MRLs and requested

information on an analytical method suitable for quantifying residues of

melengestrol acetate in liver and fat tissue.

A validated HPLC–MS method for determining melengestrol acetate residues

in cattle fat and liver was submitted. The validation study was conducted in

accordance with GLP but was not inspected for compliance. In the assay

for fat, a 5-g sample was dissolved and extracted with 10% ethyl acetate

and hexane with heating, partitioned into acetonitrile and further purified by

solid-phase extraction. The concentrations of residue were measured by

gradient reversed-phase HPLC with MS detection (positive-mode

electrospray ionization). The melengestrol acetate ion was monitored (m/z

396.9–397.6). Trideuterated melengestrol acetate was used as an interna1

standard. The assay for melengestrol acetate in liver was similar, differing

only in the amount of tissue required (6 g) and the extraction process.

The following criteria were evaluated: acceptability of standard curves, range

of quantification, accuracy, repeatability and reproducibility, specificity and

‘ruggedness’. On the basis of the recovery of melengestrol acetate from

fortified samples, the accuracy of the assay was acceptable. The mean

recoveries were 95% (coefficient of variation, 14%) for fat and 100% (co-

efficient of variation, 16%) for liver. The coefficients of variation for re-

peatability and reproducibility of analysis were < 16% for both tissue types.

The analytical performance for samples with incurred residues was similar

to that for fortified samples. No false-positive results were obtained with

tissue samples from five different animals, and there was no positive bias to

data obtained at lower concentrations.

The limits of detection and quantification were estimated for both assays.

Those of the assay for liver were 0.38 µg/kg and 0.89 µg/kg, respectively,

and those of the assay for fat were 0.42 µg/kg and 1.0 µg/kg, respectively.

Given the estimates of the limit of quantification, the lowest level of fortifi-

cation used for liver (1.0 µg/kg) approximated the computed limit of quanti-
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fication, whereas the lowest level used for fat (2.6 µg/kg) was greater than

the computed limit of quantification. The estimated limits of quantification

for melengestrol acetate in fat and liver were 20% and 50% of the tempo-

rary MRLs for cattle fat and liver.

The Committee concluded that the analytical method submitted had been

validated for monitoring compliance with the MRLs. The Committee rec-

ommended MRLs of 5 µg/kg for cattle fat and 2 µg/kg for cattle liver.

4. Future work

The Committee recommended that cypermethrin and α-cypermethrin be

placed on the agenda of a future meeting which would consider establishing

a single ADI and recommending MRLs for the more toxic cis isomers that

would apply to all isomeric mixtures used as a veterinary drug. MRLs for

residue control purposes could be recommended for the sum of isomers, as

routine residue control methods do not ensure separation of the cis and

trans isomers.

5. Recommendations

1. Recommendations relating to specific veterinary drugs, including ADIs

and MRLs, are given in section 3 and Annex 2.

2. In view of the continuing need for evaluations of veterinary drugs,

meetings of the Joint FAO/WHO Expert Committee on Food Addi-

tives should be held regularly for this purpose.
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Annex 2
Recommendations on compounds on the
agenda and further information required

Anthelmintic agents

Doramectin

Acceptable daily intake: 0–1 µg/kg bw

Residues: The MRLs that were recommended at the

forty-fifth and fifty-second meetings

(WHO TRS1  864, 1996 and WHO TRS

893, 2000, respectively) were not

reconsidered and were maintained.

Ivermectin
Acceptable daily intake: 0–1 µg/kg bw (established at the fortieth

meeting of the Committee (WHO TRS

832, 1993))

Residue definition: Ivermectin B
1a

Recommended maximum residue limits (MRLs)a

Species Milk
(µg/kg)

Cattle 10

aThe MRLs that were recommended at the fortieth meeting of the Committee (WHO

TRS 832, 1993) were not reconsidered and were maintained.

Tiabendazole (thiabendazole)
Acceptable daily intake: 0– 100 µg/kg bw (established at the

fortieth meeting of the Committee

(WHO TRS 832, 1993))

Acute reference dose: 100 µg/kg bw

Residues: The MRLs that were recommended at

the fortieth meeting (WHO TRS 832,

1993) were not reconsidered and were

maintained.

1 TRS: Technical Report Series
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Antimicrobial agents
Cefuroxime

Acceptable daily intake: 0–30 µg/kg bw (temporary)a

Residue definition: Cefuroxime

Recommended maximum residue limits (MRLs)

Species Milk
(µg/kg)

Cattle 50b

a Results of studies to (1) identify the residues in milk and clarify whether the residues other

than parent compound are due primarily to metabolism or to non-metabolic decomposition

of parent cefuroxime and (2) characterize the toxicological significance of non-parent

residues in milk are required for evaluation in 2004.
b The recommended MRL is temporary because the ADI is temporary.

Dihydrostreptomycin and streptomycin
Acceptable daily intake: 0–50 µg/kg bw (group ADI for

dihydrostreptomycin and streptomycin

established at the forty-eighth meeting of

the Committee (WHO TRS 879, 1998))

Residue definition: Sum of the concentrations of

dihydrostreptomycin and streptomycin

Recommended maximum residue limits (MRLs)a

Species Milk
(µg/kg)

Cattle 200
Sheep 200

a The MRLs that were recommended at the fifty-second meeting of the Committee
(WHO TRS 893, 2000) were not reconsidered and were maintained.

Lincomycin
Acceptable daily intake: 0–30 µg/kg bw (established at the fifty-

fourth meeting of the Committee (WHO

TRS 900, 2001))

Residue definition: Lincomycin
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Recommended maximum residue limits (MRLs)a

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

Cattle 150
Pigs 200 500 1500 100
Chickens 200 500  500 100

a The temporary MRLs for muscle, liver, kidney, and fat of cattle and sheep that were
recommended at the fifty-fourth meeting of the Committee (WHO TRS 900, 2001)
were not extended.

b The MRLs for fat that were recommended at the fifty-fourth meeting of the Commit-
tee were maintained. A separate MRL of 300 mg/kg for skin with adhering fat in
pigs was recommended in order to reflect the high concentrations found in the skin
of that species. For consistency, an MRL of 300 mg/kg for skin with adhering fat in
chickens was also recommended.

Neomycin
Acceptable daily intake: 0–60 µg/kg bw (established at the forty-

seventh meeting of the Committee (WHO

TRS 876, 1998))

Residues: The MRLs that were recommended by

the Committee at its fifty-second meeting

were maintained. The Committee decided

to reconsider these MRLs at a subsequent

meeting, when it would make any neces-

sary changes to the ADI.

Oxytetracycline
Acceptable daily intake: 0–30 µg/kg bw (group ADI for

tetracycline, oxytetracycline and

chlortetracycline; established at the

fiftieth meeting of the Committee (WHO

TRS 888, 1999))

Residue definition: Oxytetracycline, expressed as parent drug

Recommended maximum residue limits (MRLs)a

Species Muscle
(µg/kg)

Fish 200

a The MRLs that were recommended in cattle, pigs, sheep, poultry, and giant tiger
prawn (Penaeus monodon) at the fiftieth meeting of the Committee (WHO TRS
888, 1999) were not reconsidered and were maintained. The MRL applies only to
oxytetracycline.
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Thiamphenicol

Acceptable daily intake: 0–5 µg/kg bw (established at the fifty-

second meeting of the Committee (WHO

TRS 893, 2000))

Residues: The temporary MRLs in muscle, liver,

kidney and fat of pigs and muscle of fish

were not extended because the informa-

tion requested at the fifty-second meeting

(WHO TRS 893, 2000) was not provided.

Insecticides
Cyhalothrin

Acceptable daily intake: 0–2 mg/kg bw (temporary)a

Residue definition: Cyhalothrin

Recommended maximum residue limits (MRLs)b

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

Cattle 20 20 20 400 30
Pigs 20 20 20 400
Sheep 20 20 20 400

a Results of appropriate studies to establish a no-observed-effect level (NOEL) for
neurobehavioural effects in laboratory animals are required for evaluation in 2004.

b The recommended MRLs are temporary because the ADI is temporary. In addition,
results of the validation of the analytical method for sheep liver to demonstrate a
limit of quantification of 10 mg/kg are required for evaluation in 2004.

Cypermethrin

Acceptable daily intake: 0–50 mg/kg bw (established at the forty-

seventh meeting of the Committee (WHO

TRS 876, 1998))

Residue definition: Cypermethrin

Recommended maximum residue limits (MRLs)a

Species Muscle Liver Kidney Fatb

(µg/kg) (µg/kg) (µg/kg) (µg/kg)

Sheep 20 20 20 200

a The ADI established at the forty-seventh meeting (WHO TRS 876, 1998) was for a
45:55 cis:trans mixture. Information provided to the Committee at the present meet-
ing was for an 80:20 cis:trans mixture for topical use. Because the cis isomer is
more toxic than the trans isomer, the Committee compared the theoretical maxi-
mum daily intake for the 80:20 cis:trans mixture with the ADI for a-cypermethrin,
which consists only of cis isomers.
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ααααα-Cypermethrin
Acceptable daily intake: 0–20 mg/kg bw (established at the forty-

seventh meeting of the Committee (WHO

TRS 876, 1998))

Residue definition: α-Cypermethrin

Recommended maximum residue limits (MRLs)

Species Muscle Liver Kidney Fat Milk

(µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg)

Cattle 100 100 100 1000 100

Sheep 100 100 100 1000

Phoxim
Acceptable daily intake: 0–4 mg/kg bw (established at the fifty-

second meeting of the Committee (WHO

TRS 893, 2000))

Residue definition: Phoxim

Recommended maximum residue limits (MRLs)

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

Cattlea 50 50 50 400 10
Pigs 50 50 50 400
Goats 50 50 50 400
Sheep 50 50 50 400

a Temporary MRLs, pending the receipt of information on a GLP-compliant study on
residue depletion in cattle, which is required for evaluation in 2004

Production aid
Melengestrol acetate

Acceptable daily intake: 0–0.03 mg/kg bw (established at the

fifty-fourth meeting of the Committee

(WHO TRS 900, 2001))

Residue definition: Melengestrol acetate

Maximum residue limits (MRLs)

Species Liver Fat
(µg/kg) (µg/kg)

Cattle 2 5
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