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Monographs containing summaries of relevant data and toxicological
evaluations are available from WHO under the title:

Toxicological evaluation of certain veterinary drug residues in food. WHO
Food Additives Series, No. 34, 1995.

Residues monographs are issued separately by FAO under the title:

Residues of some veterinary drugs in animals and foods. FAO Food and
Nutrition Paper, No. 41/7, in press.

INTERNATIONAL PROGRAMME ON CHEMICAL SAFETY

The preparatory work for toxicological evaluations of food additives
and contaminants by the Joint FAO/WHO Expert Committee on Food
Additives (JECFA) is actively supported by certain of the Member States
that contribute to the work of the International Programme on Chemical
Safety (IPCS).

The International Programme on Chemical Safety (IPCS) is a joint venture
of the United Nations Environment Programme, the International Labour
Organisation, and the World Health Organization. One of the main
objectives of the IPCS is to carry out and disseminate evaluations of the
effects of chemicals on human health and the quality of the environment.




Introduction

A meeting of the Joint FAO/WHO Expert Committee on Food Additives
was held at WHO headquarters, Geneva, from 15 to 24 November 1994.
The meeting was opened by Dr M. Mercier, Director of the International
Programme on Chemical Safety, on behalf of the Directors-General of
the Food and Agriculture Organization of the United Nations and the
World Health Organization.

Dr Mercier noted that many of the veterinary drugs that would be
considered at the meeting had a long history of use. As requested by the
Committee at its fortieth meeting, manufacturers should provide
evaluation reports on such substances when data meeting current
standards are not available; otherwise Acceptable Daily Intakes (ADIs)
and Maximum Residue Limits (MRLs) cannot be established. Dr Mercier
also noted that the assessment of microbiological risk resulting from
residues of antimicrobial drugs is very difficult because of the lack of
validated procedures for estimating the risk, and he hoped that further
progress could be made at the present meeting. Further studies will be
needed, and clear recommendations to governments and/or industry for
further work should enable advances to be made in this area.

The six previous meetings of the Committee to consider veterinary drug
residues in food (Annex 1, references 80, 85, 91, 97, 104, and 110) had
been held in response to the recommendations of the Joint FAO/WHO
Expert Consultation held in 1984 (1). The present meeting' was convened
in response to the recommendation made at the forty-second meeting of
the Committee that meetings on this subject should be held annually
(Annex 1, reference 710). 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:

(a)to elaborate further principles for evaluating the safety of residues of
veterinary drugs in food and for establishing ADIs and 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);

(b)to evaluate the safety of residues of certain veterinary drugs (see
section 3 and Annexes 2 and 3); and

(c)to discuss matters of interest arising from the report of the Eighth
Session of the Codex Committee on Residues of Veterinary Drugs in
Foods (2).

' 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 42 previous mestings of the Joint FAO/WHO Expert
Committee on Food Additives (Annex 1).
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General considerations

Principles governing the safety evaluation of residues of
veterinary drugs in food

In making recommendations on the safety of residues of veterinary drugs
in food, the Committee took into consideration the principles contained
in Principles for the safety assessment of food additives and
contaminants in food (Annex 1, reference 76), in the thirty-second,
thirty-fourth, thirty-sixth, thirty-eighth, fortieth, and forty-second reports
of the Committee (Annex 1, references 80, 85, 91, 97, 104, and 110) and
in the report of the Joint FAO/WHO Expert Consultation on Residues of
Veterinary Drugs in Food (7).

Modification of the agenda

Apramycin, imidocarb and ractopamine were removed from the agenda
because information for their review was not provided.

Enrofloxacin and azaperone were added to the agenda for both toxico-
logical and residues evaluation and dexamethasone was added for
residues evaluation.

Evaluation of veterinary drugs with a long history of use

The Codex Committee on Residues of Veterinary Drugs in Foods has
established criteria for selecting compounds for inclusion on its list of
substances proposed for evaluation by the Joint FAO/WHO Expert
Committee on Food Additives (2, 3). From the Expert Committee’s
deliberations on a variety of veterinary products that meet the Codex
Committee’s criteria, it has been apparent that, for certain products with
a long history of use, toxicological or chemical residue data have been
provided that do not meet modern standards for analysis, but none the
less may be useful in the safety assessment of residues in human food.
Accordingly, at its fortieth meeting (Annex 1, reference 104), the Expert
Committee developed a scientifically acceptable approach for evaluating
the safety of these products. However, at its present meeting, the
Committee recognized that there may be some difficulty in identifying
drugs that qualify for evaluation using this approach.

The Committee identified some typical examples of situations where
products might be considered as drugs having a long history of use. A
drug may have been originally developed as a human therapeutic agent,
but later been used as a veterinary drug in single or companion animals
and finally in food-producing animals. This evolution of veterinary use
may have occurred over more than a decade with the use in food-
producing animals emerging relatively recently. Examples of products in
this category include [-agonists and tranquillizers. Data may be
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inadequate for drugs with a long history of use where no sponsor has
exclusive commercial rights to a product and where a veterinary drug was
registered before requirements for toxicological and residue data were
established (in many countries, around 1980) by drug registration
authorities.

The Committee recognized that for veterinary drugs with a long history
of use, the toxicological data were likely to have been generated in the
early stages of drug development and would, therefore, be assessed by
the Committee on the basis of guidelines described in its fortieth report
(Annex 1, reference 104). However, when a new use for such a drug was
proposed, the Committee expected that new data would be generated
according to modern protocols for toxicological and residue studies. The
Committee noted, for example, that residue data originally submitted for
the evaluation of residues in food-producing animals may have
contained, as a minimum, data on metabolism and depletion and
information on methods of analysis for residues. Where a new use was
being proposed, more comprehensive residue data would be required,
including data on total residues obtained in radiometric studies and
information on bound residues.

The Committee recommended that, if it is desired that a veterinary drug
be evaluated under the procedures described in the report of its fortieth
meeting for a veterinary drug with a long history of use, this should be
stipulated by the sponsor when the dossier is submitted. The Committee,
however, reserves the right to decide which substances qualify as drugs
with a long history of use.

The Committee recognized that individual sponsors are often reluctant to
generate data for veterinary drugs for which they do not have exclusive
commercial rights. Nevertheless, the Committee requires adequate data
to establish an ADI and to recommend appropriate MRLs. The
Committee encourages the establishment of consortia to provide the
necessary resources to generate the required data. Groups that might be
considered include drug sponsors, government agencies and manufac-
turers’ groups or associations.

Veterinary drugs identified for priority consideration

Most of the veterinary drugs that are reviewed by the Committee are
originally placed on the agenda because they have been identified as
drugs requiring priority attention by the Codex Committee on Residues
of Veterinary Drugs in Foods. To be placed on the priority list of the
Codex Committee, a veterinary drug must satisfy several criteria. One
criterion has been that the sponsor must undertake to provide a dossier on
the compound for review by the Expert Committee. However, the Codex
Committee criteria have been revised recently (2), and the submission of
a dossier is no longer an absolute requirement.
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Nevertheless, even when submission of data was required, substances
have sometimes had to be removed from the agenda, because dossiers
were not available. This occurred again at the present meeting and delays
consideration of other drugs of equal priority on which data could have
been supplied.

Clearly, the Expert Committee cannot evaluate substances without
adequate data being made available for review in a timely manner. The
Expert Committee therefore supports efforts to develop more effective
procedures to ensure that adequate dossiers will be available on
substances that are placed on the priority list. There is a strong need for a
joint commitment by the Secretariat of the Expert Committee, the Codex
Committee and a sponsor or consortium (see section 2.3) to generate the
necessary data. The Committee stressed the necessity for drug sponsors
to provide in a timely fashion all relevant available information on
veterinary drugs addressing the end-points of concern.

Veterinary drugs used in aquaculture

Veterinary drugs are used in aquaculture in finned fish, eels, molluscs and
crustacea. Such use may result in residues of these veterinary drugs being
present in the edible tissues of these species. The Committee therefore
recognized the need for establishing some general guidelines for the
safety evaluation of drug residues resulting from aquaculture production.

Consumption

The human consumption of farmed fish and prawns, for example, seems
to vary considerably and accurate food intake data are difficult to obtain
at the international level. In order to protect all segments of the
population, MRLs for these food commodities should be based on the
food intake values noted in the thirty-fourth report of the Committee
(Annex 1, reference 85), although this report does not specifically refer to
food items produced by aquaculture. In the European Union, MRLs for
fish are based on a daily intake of 300 grams of muscle and skin in natural
proportions (4). This food intake value is the same as that used by the
thirty-fourth Committee for recommending MRLs in muscle tissue of
food-producing animals and should be considered as an alternative to
meat consumption. The Committee agreed that this is an appropriate
value to use for recommending MRLs for veterinary drugs used in
aquaculture.

2.5.2 Residue analysis in aquaculture

In its review of certain veterinary drugs used in aquaculture, the
Committee noted that during treatment with drugs such as oxolinic acid,
flumequine and oxytetracycline, there are high concentrations of residues
of these drugs in the skin of fish. Because the rate of depletion of
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veterinary drugs from muscle is generally more rapid than from skin, the
concentration of drug residues in skin may be higher than in the
corresponding muscle at the recommended withdrawal period. The
Committee recognized that muscle is the main edible tissue in fish, but
that it is often consumed in combination with skin in natural proportions.
Therefore, when analysing farmed fish for residues of veterinary drugs,
analyses should be carried out on samples of muscle and skin in natural
proportions. The size of the samples should be large enough so that the
contribution of residues from the skin and muscle tissue is representative
of the whole fish.

The Committee did not have sufficient data on residues of veterinary
drugs in food items produced by aquaculture. The Committee
recommended, as an interim measure, to use for residue analysis only
those tissues that are normally consumed. In addition, the Committee
requested information from national authorities on procedures used for
the control of residues of veterinary drugs in food produced by
aquaculture.

Comments on residues of specific
veterinary drugs

The Committee evaluated for the first time the safety and residues of
four antimicrobial agents. It re-evaluated the safety and residues of one
B-adrenoceptor-blocking agent, three antimicrobial agents and one
tranquillizing agent, and the residues of one glucocorticosteroid. The
recommendations made with regard to these compounds are given in
Annex 2, while details of further toxicological studies and other
information required or desired are given in Annex 3.

Toxicological monographs or monograph addenda were prepared on all
the substances considered in this section, except oxolinic acid and
dexamethasone. Residues monographs or monograph addenda were
prepared on all the substances.

References are provided in the toxicological assessment of oxolinic acid
in this report because a toxicological monograph was not prepared,
which would normally contain such references.

pB-Adrenoceptor-blocking agent

3.1.1 Carazolol

Carazolol is a nonspecific B-adrenoceptor-blocking agent, primarily
used in pigs to prevent sudden death due to stress during transport. It had



previously been evaluated at the thirty-eighth meeting of the Committee
(Annex 1, reference 97), when a temporary ADI of 0-0.1 pg per kg of
body weight was established. At that time, additional data were requested
concerning the pharmacological no-effect level in humans, which were
provided for the present meeting.

Toxicological data

The Committee considered results from clinical trials in healthy human
volunteers and in patients suffering from sympatheticotonia, hyper-
tension, angina pectoris, cardiac arrhythmia, chronic bronchitis or
asthma. Because pharmacological effects were observed at all dose
levels, no-effect levels were derived from these results by extrapolation.
For this purpose, a linear relationship was assumed between the observed
pharmacological effects and the logarithm of the administered dose. The
Committee noted that this approach resulted in a conservative estimate of
the no-effect levels.

Several of the studies that were submitted were considered to be
inadequate for the calculation of a no-effect level, owing to the absence
of a clear dose-effect relationship or because only a single dose level was
used.

In an ergometric exercise test in 12 healthy human volunteers, the effect
on cardiac function was determined following administration of a single
oral dose of 5 or 7.5 mg of carazolol per person. From the dose-response
curve, a no-effect level of 10 pg per kg of body weight was extrapolated.

Patients suffering from either chronic bronchitis or asthma showed
reductions in vital capacity and forced expiratory volume 2 hours after
administration of a single oral dose of 0.1 or 0.7 mg of carazolol per
person (5 individuals per dose group). Based on these results, corrected
for the apparent differences in the starting values of both parameters
between the two dose groups, the overall no-effect level was 0.5 pg per kg
of body weight.

The Committee recognized that humans with chronic bronchitis or
asthma are highly sensitive to the effects of carazolol. It also recognized
that this subgroup forms a substantial part of the general population and
that adequate allowance should be made for variation between
individuals.

The Committee noted that the previous temporary ADI of 0-0.1 pg per kg
of body weight provided a margin of safety of 100 in relation to the no-
effect level of 10 ug per kg of body weight derived from data in healthy
volunteers. It also noted that the no-effect level of 0.5 pg per kg of body
weight derived from studies in highly sensitive individuals suffering
from chronic bronchitis or asthma provided a margin of safety of 5.
The Committee concluded that these values provided adequate allowance
for variation between individuals and therefore established an ADI of
0-0.1 pg per kg of body weight.



Residue data
At its thirty-eighth meeting, the Committee had reviewed the results of
various residue-depletion studies on carazolol:

— a radiometric study of the pharmacokinetics and excretion of
carazolol in pigs;

— two pharmacokinetic studies in cattle;

— metabolism studies in pigs, dogs and humans;

— two radiometric residue-depletion studies in pigs;

— two residue-depletion studies in pigs; and

— aresidue-depletion study in cattle.

The Committee had also reviewed information on a high-performance
liquid chromatography (HPLC) method of analysis.

At the thirty-eighth meeting, the Committee recommended temporary
MRLs for carazolol of 5 pg/kg for muscle and fat and 30 pg/kg for liver
and kidney in both cattle and pigs and requested the results of the
following studies for evaluation:

1. Radiometric studies on the concentrations of carazolol and its
metabolites as proportions of the total residue in pigs and cattle over
a 24-hour period.

2. Nonradiometric studies on carazolol residues in pigs, using suitable
analytical methods, over a 24-hour period.

No new data were submitted for cattle at the present meeting. However,
results were available from a nonradiometric residue-depletion study in
which carazolol was administered by intramuscular injection in the neck
at a dose of 10 pg per kg of body weight to 16 pigs. Groups of four
animals were slaughtered at 2, 12, 18 and 24 hours after injection, and
samples of muscle, kidney, fat, liver, skin and tissue at the injection site
were taken for determination of carazolol by HPLC with fluorometric
detection and a limit of quantification of 2 ug/kg of tissue. The limits of
detection were approximately 0.2 pg/kg for muscle, kidney and skin,
0.7 pg/kg for liver, and 0.6 pg/kg for fat. The residues at 2 hours after
injection were 56.8, 1.8, 6.9, 9.9, 1.8 and 2.5 pg/kg in the injection site,
muscle, kidney, liver, fat and skin, respectively. Carazolol was depleted
rapidly from all tissues and all samples were at the limit of quantification
at 12 hours after dosing. Residues in muscle and fat were at the limit of
detection at 12 hours after injection.

Maximum Residue Limits

At its present meeting, the Committee noted that the metabolites/residues
other than carazolol have been demonstrated not to contribute
significantly to the B-adrenoceptor-blocking activity of the residues.
Based on the ADI of 0-0.1 ug/kg for parent carazolol established by the
Committee, the permitted daily intake is 6 pg for a 60-kg person.

The Committee established MRLs for carazolol based on the concen-
trations determined at 2 hours after administration in the HPLC study in
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pigs, which were 1.8 pg/kg for muscle, 9.9 pg/kg for liver, 6.9 pg/kg for
kidney, and 1.8 pg/kg for fat. It concluded that the residue concentrations
would be below the MRLs when the drug is used according to the
approved conditions of use. Using the concentrations of carazolol
determined by HPLC at 2 hours after dosing and adding at least three
statistical standard deviations, the Committee recommended MRLS in
pigs of 5 pg/kg for muscle and fat/skin, and 25 pg/kg for liver and kidney,
expressed as parent drug. These MRLs would result in a daily maximum
intake of 5.5 ug of carazolol, based on a daily food intake of 300 g of
muscle, 100 g of liver, and 50 g each of kidney and fat.

The Committee did not recommend MRLs for cattle.

The issue of the safety of the injection site is of particular importance for
drugs such as carazolol that have no or very short withdrawal periods.
The main residue at the injection site is likely to be parent drug; in the
HPLC residue study the average concentration of carazolol at 2 hours
after injection was 56.8 pg/kg.

The Committee noted that the concentration of residues of carazolol at
the injection site 2-4 hours after injection was in the range 30-100 pg/kg.
If 300 g of muscle tissue was ingested from this site, this could result in
consumption of 30 pg of carazolol, well in excess of the maximum ADI
of 6 ug per day, which was based on the acute pharmacological effects of
carazolol. The Committee recommended that registration authorities
should pay particular attention to the potential risk of residues of
carazolol in tissue at the injection site. Considering the potential risk, the
Committee concluded that the use of carazolol in pigs to reduce stress
during transport to slaughter is inconsistent with the safe use of
veterinary drugs in food-producing animals.

Antimicrobial agents

The Committee examined the results of in vitro antimicrobial activity
studies using relevant human gut microflora to calculate ADIs for some
of the antimicrobial agents that were reviewed. The equation used for
deriving these ADIs is based on Annex 5 of the report of the thirty-eighth
meeting of the Committee (Annex 1, reference 97), in which an equation
was provided for the derivation of temporary ADIs. At its forty-second
meeting (Annex 1, reference 710), the Committee concluded that this
approach could also be used for the establishment of final ADIs.

The upper limit of the ADI is derived as follows:

Concentration without

Upper limit of effect on human gut flora (ug/ml) X Daily faecal bolus (g)

ADI =

(ug/kg of body weight) Fraction of oral X Safety factor X Weight of
dose biocavailable human (60 kg)



The concentration without effect on human gut flora, the fraction of oral
dose bioavailable, and the safety factor may vary, depending upon
the circumstances relating to the particular veterinary drug under
consideration. The reasons for using particular factors are given in the
individual evaluations.

The average weight of the daily faecal bolus is known to vary widely
among individuals from 150 g to over 400 g per day; in addition, drug
concentrations in the rectum are greater than in the more proximal
portions of the colon. In estimating the ADIs in this report, the
Committee adopted a very conservative approach, assuming the average
weight of the daily faecal bolus was 150 g.

3.2.1 Dihydrostreptomycin and streptomycin

Both dihydrostreptomycin and streptomycin were previously evaluated at
the twelfth meeting of the Committee (Annex 1, reference /7). An ADI
was not established for either compound at that time.

The two compounds are aminoglycoside antibiotics, and are closely
related in structure. They are used for treatment of bacterial infections
in food-producing animals.

Dihydrostreptomycin is formed by reduction of streptomycin. The
pharmacokinetic properties, toxicological profile, and spectrum of
antimicrobial and biological activity of the two compounds are similar.
Therefore, data on the two compounds were considered together for the
purpose of establishing a single ADI. The Committee noted that the two
compounds are generally considered together in the published literature,
including the report of its twelfth meeting.

Toxicological and microbiological data

The Committee considered toxicological data on both compounds,
including the results of pharmacokinetic, acute and short-term toxicity,
and teratogenicity studies, as well as the results of ototoxicity and clinical
studies. The Committee also reviewed an evaluation report on each
compound (Annex 1, reference 104), together with the results of chronic
toxicity and in vitro microbiological studies on dihydrostreptomycin.

Both streptomycin and dihydrostreptomycin are poorly absorbed follow-
ing oral administration and most of the dose is recovered unchanged in
the faeces in humans and domestic animals.

After parenteral administration of either drug to laboratory or target
animals, peak plasma levels are reached within about one hour.

After parenteral administration of aminoglycoside antibiotics to humans,
including dihydrostreptomycin and streptomycin, approximately 80% of
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the dose is recovered in the urine. However, no metabolites have yet been
identified. The elimination half-life after therapeutic doses is 2 hours in
adults and 5-6 hours in neonates, owing to their lower glomerular
filtration rate. Dihydrostreptomycin and streptomycin, in common with
other aminoglycoside antibiotics, can be detected in the kidney after
depletion from plasma. Residues can be detected in the urine for several
weeks after treatment, which suggests that the two drugs accumulate in
the kidney.

Accumulation also occurs in the perilymph of the inner ear and both
streptomycin and dihydrostreptomycin are known to be ototoxic at
therapeutic doses. The risk of ototoxic effects is increased when renal
function is compromised.

Placental transfer occurs and fetal serum concentrations range from
20-40% of maternal serum levels.

Single oral doses of dihydrostreptomycin and streptomycin salts were
slightly toxic to experimental animals. The median lethal dose (LDsg)
for dihydrostreptomycin in mice ranged from 12.5 g per kg of body
weight for the hydrochloride to over 30 g per kg of body weight for the

- sulfate. For streptomycin, the LDs, in mice ranged from 8.75 g per kg of

body weight for the calcium chloride complex to 25 g per kg of body
weight for the sulfate.

Parenteral administration of streptomycin at doses of 50-100 mg per kg
of body weight per day to dogs for 20 days resulted in renal damage
within 1-2 weeks, and three out of five animals developed ataxia.

Ototoxicity was examined in a 90-day study in guinea-pigs treated orally
with 40 mg of dihydrostreptomycin per kg of body weight per day.
Interpretation of the histopathological data was hampered by inadequate
fixation of the cochlea; however, no hearing loss was reported. In a
further 90-day study in cats treated orally with 40 mg of dihydro-
streptomycin per kg of body weight per day, no treatment-related effects
were observed and vestibular function was normal. The no-observed-
effect-level (NOEL) in this study was 40 mg per kg of body weight
per day.

In a series of studies with streptomycin in monkeys, subcutaneous
injection of 25 mg per kg of body weight per day for 66 days caused
anaemia. After intravenous administration of 25-50 mg per kg of body
weight per day in three divided doses for 5 days, transient impairment of
hepatic function was observed. After parenteral administration (by
intramuscular, subcutaneous or intravenous injection) of 100-200 mg per
kg of body weight per day for 5 days, proteinuria was observed in
addition to hepatic impairment. Parenteral doses of 25 mg per kg of body
weight per day or more for 5 days caused fatty changes in the liver and to
a lesser extent in the kidney. There was no decrease in liver glycogen.
These changes were reversible and had disappeared by 66 days after the
last injection.



No adverse effects were observed in target animal safety studies in which
cattle, sheep and pigs were treated intramuscularly with 30 mg per kg of
body weight per day each of dihydrostreptomycin and benzylpenicillin
for 5 days (three times the therapeutic dose), or 10 mg per kg of body
weight per day of each drug for 15 days (three times the recommended
duration of treatment).

Limited information was available on the genotoxicity of dihydro-
streptomycin and streptomycin. Streptomycin gave conflicting results in
in vitro chromosomal aberration tests.

In a 2-year toxicity study in rats, dihydrostreptomycin was administered
in the diet to groups of 35 males and 35 females. Drug concentrations
were adjusted weekly to give dose levels of 1, 5 or 10 mg per kg of body
weight per day. Ten animals from each group (five of each sex) were
killed at 6 months and 12 months; the remaining animals were killed at 2
years. After 6 months, a slight (but not dose-related) decrease in body-
weight gain was observed in all treated males. At 18 months and
2 years, the body weights of males dosed with 10 mg per kg of body
weight per day were slightly lower than those of controls. The incidence
of tumours in treated groups at 2 years was no higher than in controls.
The survival rate among the treated animals ranged from 12 to 17 out of
25. Although this study did not meet current standards regarding the
number of animals used, the Committee concluded that it was adequate
for the purpose of evaluating the carcinogenic potential of dihydro-
streptomycin. The NOEL was 5 mg per kg of body weight per day, based
on the decrease in body-weight gain observed in males at the highest dose.

The Committee concluded that the question of carcinogenic potential of
streptomycin had been satisfactorily assessed in the 2-year oral toxicity
study with dihydrostreptomycin in rats, since the chemical structure,
pharmacokinetic properties and toxicity profile of the two compounds are
almost identical.

A number of studies were available in which pregnant mice were treated
parenterally with streptomycin at doses of up to 250 mg per kg of body
weight per day on various days covering days 9-16 of gestation. Body
weights were reduced in both males and females of the F, generation at
the lowest dose, and vestibular function was impaired at the highest dose.
Streptomycin crossed the placental barrier and was identified in the tissue
fluids of embryos from treated dams. There was no effect on litter size,
and no fetal malformations were observed at any dose.

Daily intramuscular injection of either dihydrostreptomycin or strep-
tomycin to pregnant guinea-pigs at doses of 25-200 mg per kg of body
weight per day caused abortions or death. No abortions were produced
with either drug at a dose of 10 mg per kg of body weight per day. There
was evidence of placental damage at this dose level with both
compounds, but no teratogenic effects were produced. Vestibular and
auditory function were normal in animals of the F, generation.

11
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No teratogenic effects were observed in pregnant rabbits treated orally
with 5 or 10 mg of dihydrostreptomycin per kg of body weight per day
on days 6-18 of gestation. However, no maternal toxicity was observed at
these doses, indicating that the dose levels may not have been high
enough to exclude teratogenic potential.

The Committee examined a literature review on pregnancy outcomes in
206 women given parenteral streptomycin or dihydrostreptomycin for
tuberculosis. The dose administered, where stated, was 1-2 g daily or
twice weekly, with total doses ranging from 2 to 202 g. Other drugs were
given concomitantly for tuberculosis in 162 cases. The only
abnormalities observed were of the inner ear in 35/207 infants (a rate of
approximately one in six). These consisted of vestibular dysfunction and
varying degrees of hearing loss. Hearing loss occurred in the high-
frequency range first, i.e. before the frequencies associated with normal
speech were affected.

The Committee considered that the data in animals and humans indicated
that the effects of dihydrostreptomycin and streptomycin on the inner ear
of fetuses were a manifestation of fetotoxicity. The Committee concluded
that these compounds were not teratogenic.

No studies were available on either compound on fertility, perinatal or
postnatal effects. Dihydrostreptomycin has been used in veterinary
medicine to preserve semen, as well as for the treatment of intrauterine
infections and orchitis in humans. In these situations, no adverse effects
on reproduction have been reported. However, these data did not
adequately address the potential for effects on fertility or reproduction.

Minor renal tubular dysfunction, such as urinary casts and minor degrees
of albuminuria, occurs occasionally in humans treated with streptomycin.
However, severe renal damage (proximal tubular necrosis) is rare and
renal effects are usually reversible on cessation of therapy.

In a study in dogs, dihydrostreptomycin administered in the feed at a dose
equivalent to 50 pg per kg of body weight per day caused the develop-
ment of resistance in the lactose-fermenting coliforms of the intestinal
flora. The Committee considered that this study was not appropriate for
extrapolation to effects in humans. The dog was considered to be a more
sensitive species than humans for these effects because of its shorter
intestinal length compared to body mass, and reduced potential for
dilution of intestinal contents with other food and intestinal secretions
and reduced absorption by intestinal epithelial cells.

Dihydrostreptomycin and streptomycin have a similar spectrum of
antimicrobial and biological activity. Accordingly, the Committee used
the results of im vitro antimicrobial activity studies on dihydro-
streptomycin to calculate the upper limit of a hypothetical temporary
ADI for combined residues of both compounds as follows:



Concentration without

Upper limit of effect on human gut flora (ug/ml) X Dalily faecal bolus (g)

hypothetical =

temporary ADI Fraction of oral X Safety factor X Weight of
dose biocavailable human (60 kg)
32 X 150
1 X1 %X 60

= 80 pg per kg of body weight

It took the following factors into account:

® Factors to account for the range of MICs needed to allow for sensitive
bacteria, anaerobic environment, bacterial density and pH: the
Committee considered that the MIC values measured at high cell
density (107 bacteria/well) and under anaerobic conditions were more
representative of conditions occurring in the human gut than those
measured at lower cell density (10° bacteria/well). Data were available
on 17 species, including the 10 most common genera of the human gut
flora, with 5-11 strains tested per species. The most sensitive species
were Bifidobacterium spp. An MICy, value for dihydrostreptomycin
of 32 ug/ml (equivalent to 32 ng/g) was selected as the concentration
without effect on the human gut flora.

® Availability: the Committee noted that no information was available
on the binding of drug residues to gut contents. It therefore took a
conservative approach, assuming that the availability of orally
ingested dihydrostreptomycin and streptomycin to the colonic micro-
flora was 100%.

® Variability among exposed individuals: the Committee noted that the
colonic flora is relatively stable and that variability between
individuals is similar to that within a particular individual. It also
noted that other values selected for this calculation were conservative
and already incorporated an adequate margin of safety. A safety factor
of 1 was therefore selected.

Taking into account the hypothetical temporary ADI based on
antimicrobial activity and the available toxicological information, the
Committee concluded that the most sensitive effects caused by
dihydrostreptomycin and streptomycin were those observed with
dihydrostreptomycin in the 2-year oral toxicity study in rats, where the
NOEL was 5 mg per kg of body weight per day. Based on this NOEL and
using a safety factor of 200, the Committee established a temporary ADI
of 0-30 pg per kg of body weight for the combined residues of both
dihydrostreptomycin and streptomycin. The ADI was rounded to one
significant figure, consistent with accepted rounding procedures (Annex
1, reference 91, section 2.7).
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Residue data

Streptomycin and dihydrostreptomycin are active against a wide range of
Gram-negative organisms and some Gram-positive pathogens in cattle,
horses, pigs, sheep and humans. There are numerous preparations
containing dihydrostreptomycin alone or in combination with either
streptomycin or other antibiotics for veterinary use. The combination of
penicillin and dihydrostreptomycin is widely used in the treatment of
mixed infections involving both Gram-negative and Gram-positive
organisms (e.g. mastitis in dairy cattle). The preparations under
consideration were administered intramuscularly at a dose of
approximately 10 mg of streptomycin/dihydrostreptomycin per kg of
body weight per day or injected into the bovine mammary gland over a
wide range of doses. The length of treatment depends on the resolution of
the infection; however, in the case of preparations containing procaine
benzylpenicillin and dihydrostreptomycin, treatment should not exceed
3-5 days.

Dihydrostreptomycin and streptomycin were previously reviewed at the
twelfth meeting of the Committee (Annex 1, reference /7), at which time
the recommended MRLs were: meat —1000 pg/kg; milk —200 pg/kg; and
eggs —500 ug/kg.

At the present meeting, streptomycin and dihydrostreptomycin were
evaluated together because their pharmacokinetic and residue patterns
are similar and because their residues are not distinguished from each
other by either microbial inhibition assays or enzyme immunoassay
methods.

Both drugs were absorbed rapidly from the site of intramuscular injection
in cattle, sheep and pigs and were thought to be distributed in the
extracellular fluids. They were cleared rapidly from the blood. After
intramuscular injection, peak plasma levels were reached within 0.5-1.7
hours, and the half-life was 1.4-4.9 hours. Following parenteral
administration of °*H-labelled dihydrostreptomycin, the drug was
excreted rapidly in the urine of pigs and cattle. The values of the apparent
volume of distribution in both species agreed (21% and 23% of body
weight) with estimates for extracellular fluid. These results, together with
the lack of activity in both saliva and lacrimal fluids, indicate that
dihydrostreptomycin neither equilibrates with intracellular fluids nor
accumulates intracellularly. There was a good correlation between the
antimicrobial activity and concentration of residues in the blood and
urine of pigs and cattle. In the case of intramammary injections
containing dihydrostreptomycin, the drug was excreted at varying rates
into the milk, depending on the formulations used.

There was very little information on the metabolism of either compound
in farm animals, although the drugs are probably not substantially
metabolized. No evidence was presented of interconversion of
streptomycin and dihydrostreptomycin in tissues of farm animals.



There were no radiodepletion studies reported to determine the total
residues in tissues.

Numerous residue studies were presented in which cattle, sheep and pigs
were administered a variety of preparations containing unlabelled
streptomycin or dihydrostreptomycin intramuscularly at the recom-
mended doses. The residues were measured by either a microbial
inhibition assay or an enzyme immunoassay. These methods do not
distinguish between the two compounds and cross-reactions may occur
with possible metabolites. After intramuscular administration of two
preparations containing both dihydrostreptomycin and procaine
benzylpenicillin, residue levels in cattle were highest and most persistent
in the kidney (see Table 1).

Residue levels in muscle, liver and fat decreased fairly rapidly to below
the limit of detection (0.03-1 mg/kg, depending on the tissue and study).
There was wide variability in the disappearance of the residues,
depending mainly on the formulation of the preparation. Dihydro-
streptomycin persisted at the injection site in cattle, sheep and pigs in low
amounts (ranging from below 0.8 mg/kg to 5.6 mg/kg) for 3 weeks but
was below 0.8 mg/kg in all animals at 4 weeks.

Table 1

Total residues (mg of dihydrostreptomycin per kg) in kidney tissues of cattle,
sheep and pigs given two preparations (A and B) containing a combination of
dihydrostreptomycin and procaine benzylpenicillin

Withdrawal Preparation Total residues®
time (days)
Cattle Sheep Pigs
7 A 10.5 15.8 12.6
B 11-56° 4.0-4.2 9-26°
14 A NM NM NM
B 5-19 1.0-1.5 1.4-4.3
18 A <1 <1 <1
B NM NM NM
21 A NM NM NM
B 1.8-2.0 0.05-0.9 1.0-1.9
28 A NM NM NM
B <0.4-0.5 <0.8 <0.4

NM: not measured.

2 Values were measured by a microbial inhibition assay for preparation A and

immunoassay for preparation B.
b Samples were collected on day 6.

by an enzyme
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Residues of dihydrostreptomycin and streptomycin in the milk of cattle
treated with a variety of intramuscular and intramammary preparations
containing dihydrostreptomycin were measured by an enzyme
immunoassay, a receptor-binding assay or microbial inhibition assays.
The residue levels decreased below the MRL recommended at the twelfth
meeting of the Committee (200 ug/kg; Annex 1, reference 17) between
3 and 15 milkings after drug administration, depending on the formu-
lation of the preparation. The Committee recommended that kidney,
muscle and milk should serve as target tissues for dihydrostreptomycin
and streptomycin residues.

A residue-depletion study was reported, in which laying hens were
administered a single intramuscular injection of 100 mg of dihydro-
streptomycin per kg of body weight. Residue levels were above
500 pg/kg in whole egg for at least 8 days after drug administration.
Laying hens were also administered the drug in the drinking-water at
a level of 1 g/l (equivalent to 100 mg per kg of body weight) for
5 consecutive days. Residue levels in eggs were below the limits of
detection (300 pg/kg for albumin, 3000 pg/kg for yolk), which suggested
that dihydrostreptomycin was poorly absorbed from the gastrointestinal
tract.

No data were presented on the bioavailability of bound residues.

Methods of analysis

The analytical microbial inhibition assays and enzyme immunoassay
methods for measuring residues of streptomycin and dihydrostrep-
tomycin are adequate for screening purposes, with detection limits well
below 1 mg/kg for tissues. In milk the enzyme immunoassay methods
have claimed limits of detection of 5-20 pg/l, whereas in the microbial
inhibition assays the limits of detection are 100-200 pg/l. Although many
data were available, neither method was fully validated nor was the
enzyme immunoassay performed according to Good Laboratory Practice
standards. The Committee noted that the quantification limits of the
HPLC and thin-layer chromatography (TLC) methods reported in the
literature for measuring aminoglycoside residues in animal tissues were
20 npg/kg for streptomycin and 40 pg/kg for dihydrostreptomycin in
muscle and kidney and 10 pg/kg and 20 pg/kg respectively in milk.
An analytical method based on liquid chromatography and mass
spectrometry was reported for measuring residues in bovine kidney with
limits of quantification of 440 pg/kg and 320 pg/kg for streptomycin and
dihydrostreptomycin, respectively.

Maximum Residue Limits

Based on the temporary ADI of 0-30 pg/kg for streptomycin and
dihydrostreptomycin established by the Committee, the permitted daily
intake of the parent drugs and/or their equivalents is 1800 g for a 60-kg
person.



The following factors were taken into account in estimating the MRLs:

® The temporary ADI, which was based on a toxicological end-point.

¢ The limits of detection or quantification of the analytical methods.

® The marker residue for edible tissues and milk is the sum of the
streptomycin and dihydrostreptomycin residues.

® The ratio of the marker residues to the total residues is uncertain,
although it was predicted that there is little metabolism of either drug
and the ratio may be close to unity.

The Committee recommended temporary MRLs of 500 pg/kg for muscle,
liver and fat and 1000 pg/kg for kidney in cattle, sheep, pigs and
chickens, and 200 pg/l for milk in cattle, expressed as the sum of the
concentrations of streptomycin and dihydrostreptomycin. If the recom-
mended values are used for the MRLs and account is taken of the factors
mentioned above, the theoretical maximum intake of residue of strepto-
mycin and dihydrostreptomycin, based on ingestion of 300 g of muscle,
100 g of liver, 50 g each of kidney and fat and 1.5 1 of milk, is 575 ug per
day.

Insufficient data were available to maintain the MRL of 500 pg/kg for
residues in eggs set at the twelfth meeting of the Committee.

The following information is required for evaluation in 1997:

1. Information to assess the potential for effects on fertility and perinatal
and postnatal toxicity.

2. An evaluation report or results of experimental studies on the
metabolism of dihydrostreptomycin and streptomycin.

3. Data on residues of streptomycin and dihydrostreptomycin in eggs.

4. Results of studies to determine the relationship between the anti-
microbial activity of the residues and their concentration, as measured
by specific chemical methods.

3.2.2 Enrofloxacin

Enrofloxacin had not been previously evaluated by the Committee. It is a
quinolone antimicrobial that is most effective against Gram-negative
bacteria and is used for treating respiratory, gastrointestinal and urinary
tract infections in cattle, pigs and poultry. Enrofloxacin acts via the
inhibition of DNA gyrase (EC 5.99.1.3).

Toxicological and microbiological data

The Committee considered toxicological data on enrofloxacin, including
the results of acute, short-term and long-term toxicity studies and studies
on carcinogenicity, reproductive and developmental toxicity, mutageni-
city, metabolism and residues. It also considered information on
antimicrobial effects and observations in humans following treatment
with ciprofloxacin, the major metabolite of enrofloxacin.
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In rats orally dosed with 5 mg per kg of body weight of radiolabelled
enrofloxacin, 75% of the dose was absorbed. Enrofloxacin was rapidly
absorbed and distributed to all tissues, with the highest levels in the liver
and kidneys. Enrofloxacin was rapidly excreted via the urine and bile.
The urine contained mainly unchanged parent drug and the de-ethylated
compound, ciprofloxacin. Approximately 40% of the dose was excreted
in the bile, primarily as unchanged enrofloxacin. Similar results were
obtained with all species of animals tested.

Enrofloxacin is a relatively stable molecule. It is primarily metabolized in
the liver, with the main metabolite in all species being ciprofloxacin,
proQably formed by oxidative dealkylation. In rats four other metabolites
were identified, each accounting for less than 2% of the total residue.

Single oral or topical doses of enrofloxacin were slightly toxic to
experimental animals (LDs, = 500-5000 mg per kg of body weight). In
mice, single intravenous doses were moderately toxic (LDs, = 220 mg per
kg of body weight). .

In a 90-day study in rats in which enrofloxacin was administered in the
feed, chronic degenerative changes in the auricular cartilage were seen at
doses equal to 150 and 577 mg per kg of body weight per day. Treatment-
related morphological changes in the spermatozoa and atrophy of the
testicular tubules were observed in males at 577 mg per kg of body
weight per day. These effects were not observed in the group treated at a
dose equal to 36 mg per kg of body weight per day.

A special study was performed to assess further the morphological
changes in the reproductive tract observed in male rats in previous
studies. Male rats were administered enrofloxacin in the feed at dose
levels equal to 10, 38 or 615 mg per kg of body weight per day for
90 days, followed by a 90-day recovery period. Statistically significant
decreases in epididymal weights were seen at 91 days in the groups given
38 and 615 mg per kg of body weight per day. The testes/body weight
and epididymides/body weight ratios were significantly lower than in
controls at 615 mg per kg of body weight per day. In addition, two of
30 rats showed bilateral testicular atrophy after the 90-day recovery
period. Abnormal spermatozoa were observed at 615 mg per kg of body
weight per day at days 14 and 91 but not at the end of the 90-day recovery
period. The NOEL for testicular toxicity in this study was 10 mg per kg
of body weight per day.

To assess effects on testicular toxicity and articular cartilage in young
dogs, a 90-day study in 3-4-month-old dogs was performed in which
enrofloxacin was administered orally at dose levels equal to 3, 9.6 or
75 mg per kg of body weight per day. All treated animals except those
given the lowest dose showed degeneration of the articular cartilage. The
testes/body weight ratio for treated animals was consistently higher than
for controls, although this was not statistically significant. In addition, in
all four male dogs in the highest-dose group and one of four in the lowest-



dose group, marked dilatation of the seminiferous tubules and focal areas
of single-layer spermatogonial cells or vacuolated epithelium in the
tubules were considered beyond normal limits. Tt could not be determined
whether the testicular changes observed in the lowest-dose group were
treatment-related or due to the fact that the animals were not fully mature.
Therefore, the Committee was not able to derive a NOEL for this study.
The Committee noted that no such effects were observed in 12-13-
month-old dogs dosed orally with enrofloxacin at up to 52 mg per kg of
body weight per day for 90 days.

A 90-day study was performed in 3-month-old male dogs dosed orally
with enrofloxacin at levels equal to 0.3, 0.6, 1.2 or 92 mg per kg of body
weight per day to investigate further the testicular effects of enrofloxacin
observed in the earlier study with 3-4-month-old dogs. At the
termination of the study, testicular weights were determined and testes
and epididymides collected for histopathological assessment. No other
tissues were examined. Testicular weights and testes/body weight ratios
were higher than those of controls at 0.3, 0.6 and 1.2 mg per kg of body
weight per day. In addition, lameness was seen in the highest-dose group
after 2-3 days of treatment. This effect was not seen at 1.2 mg per kg of
body weight per day. One of four dogs in the highest-dose group also had
bilateral testicular degenerative changes. The NOEL for lameness in this
study was 1.2 mg per kg of body weight per day.

A 90-day study with a 90-day recovery period was conducted, in which
3-month-old male dogs were dosed orally with enrofloxacin at levels
equal to 0.3 or 1.2 mg per kg of body weight per day to investigate the
possibility of testicular effects being delayed until after the animals
reached sexual maturity. After the recovery period, gross and
microscopic examination of testes and epididymides showed no evidence
of toxicity. Testes and epididymides from all treated animals appeared
mature and contained normal, mature spermatozoa. There was no
evidence of delayed testicular toxicity at either dose level. The NOEL in
this study was 1.2 mg per kg of body weight per day.

Enrofloxacin was not carcinogenic in mice dosed orally at levels equal to
323, 1100 or 3520 mg per kg of body weight per day in a 2-year
toxicity/carcinogenicity study. Intrahepatic and extrahepatic bile duct
hyperplasia was seen in males in the mid-dose group and in both sexes in
the highest-dose group. The NOEL was 323 mg per kg of body weight
per day.

On the basis of a long-term toxicity/carcinogenicity study in which rats
were dosed orally at levels equal to 41, 103, 338 or 856 mg per kg of body
weight per day, the Committee concluded that enrofloxacin was not
carcinogenic in this species. However, a NOEL could not be determined
for the bile duct hyperplasia observed in this study. The NOEL for bile
duct hyperplasia in further limited long-term studies with enrofloxacin in
rats was 2.9 mg per kg of body weight per day.
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A two-generation reproductive toxicity study in rats was performed with
enrofloxacin administered in the feed at doses up to a level equal to
630 mg per kg of body weight per day. An increase in the length of
gestation, and reductions in the number of litters, litter size and number
of implants in the parental and first filial generations were observed in the
highest-dose group. Survival and growth rates were significantly
decreased in the progeny of these animals. Alterations in the morphology
of the spermatozoa were noted in males in the highest-dose group in both
the parental and first filial generations and were considered the primary
cause for the adverse effects on fertility. The NOEL for reproductive
effects in this study was 165 mg per kg of body weight per day.

An additional two-generation reproductive study was performed in rats in
which enrofloxacin was administered in the feed at doses equivalent to
6.25, 15 or 100 mg per kg of body weight per day. The purpose of the
study was to determine whether the drug affected gonadal function and
mating behaviour in treated males or reproductive parameters in females,
and to monitor growth and development of the offspring of the parental
and first filial generation. Administration of enrofloxacin caused a
reduction in mean epididymal weights at the highest dose and alterations
in sperm morphology at 15 and 100 mg per kg of body weight per day. No
effects on fertility or reproductive performance were noted. The NOEL
was 6.25 mg per kg of body weight per day.

A special fertility study was performed in sexually mature male rats, in
which enrofloxacin was given in the diet at a dose equivalent to 375 mg
per kg of body weight per day for 90 days. The purpose of the study was
to determine the timing of the onset of spermatic dysmorphogenesis and
to ascertain whether functional fertility was restored during a 90-day
recovery phase. Administration of enrofloxacin caused a significant
decrease in male fertility, food consumption and body-weight gain.
Testes weights were increased during treatment, but were lower than in
controls at the end of the recovery period. Treatment-related dys-
morphogenic changes in the spermatozoa were seen by week 3 and these
changes were partially reversible, since functional fertility returned to 13
of 15 previously treated males. Six of these animals demonstrated
varying degrees of atrophy of the seminiferous tubules and other
degenerative alterations.

In a teratology study in rats, enrofloxacin was administered by gavage at
doses of 50, 210 or 875 mg per kg of body weight per day on days 6-15
of gestation. Maternal toxicity was observed at 210 and 875 mg per kg of
body weight per day. Although food consumption was higher than in
controls in the highest-dose group, mean maternal weight gain was
significantly lower in these animals. Fetal weights and litter size were
significantly lower and the number of fetal resorptions and post-
implantation losses was higher in the highest-dose group. Fetal weights
were also significantly lower in the mid-dose group. Skeletal
examination of fetuses in the mid- and highest-dose groups revealed



delayed skeletal ossification, which correlated with the decreased fetal
weights. No teratogenic effects were observed. The NOEL in this study
was 50 mg per kg of body weight per day.

In in vitro genotoxicity tests, enrofloxacin gave equivocal results in a
forward-mutation test in mammalian cells and positive results in
chromosomal aberration tests. Negative results were obtained in in vivo
genotoxicity tests, including bone marrow micronucleus, sister
chromatid exchange and bone marrow chromosomal aberration tests. The
Committee concluded that enrofloxacin is not genotoxic.

The potential for adverse effects on the human gastrointestinal flora was
considered from summary data. The results of in vitro MIC investi-
gations using ciprofloxacin and strains representative of the human gut
flora were submitted for assessment. Escherichia coli was found to be the
most sensitive bacterium, with an MICs, value of 0.015 pg/ml (equivalent
to 0.015 pg/g).

In calculating the ADI, the Committee used the formula developed at the
thirty-eighth meeting of the Committee (Annex 1, reference 97):

Concentration without

Upper limit effect on human gut flora (ug/mi) X Daily faecal bolus (g)

of temporary =

ADI Fraction of oral X Safety factor X Weight of
dose biocavailable human (60 kg)

(0.015 x 20) x 150
0.12 x 10 X 60

= 0.6 ug per kg of body weight

It took the following factors into account:

® TFactors to account for the range of MICs needed to allow for sensitive
bacteria, anaerobic environment, bacterial density and pH: since the
MIC for E. coli was determined using an inoculum density of 10°
bacteria/ml, a factor of 20 was used to account for the higher density
of bacteria in the human intestine. For example, MIC values for
Enterobacteriaceae and Pseudomonas aeruginosa increased 8-32-
fold when the inoculum density was increased to 107 bacteria/ml.

¢ Availability: the fraction of the dose available to the gut microflora
was derived from studies of ciprofloxacin in humans. In human
volunteers who had received two oral doses of 50 mg of ciprofloxacin,
the faecal concentration was found to be 80 mg/kg. In 150 g of faeces,
this corresponds to 12% of the orally ingested dose.

® Variability among exposed individuals: an additional safety factor of
10 was used to account for the possible variation in absorption between
ciprofloxacin and enrofloxacin, uncertainty relating to the biliary
excretion of enrofloxacin, and variability between individuals.
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In view of the absence of information on the effects on enrofloxacin on
microorganisms obtained from the human intestine, a temporary ADI of
0-0.6 ug per kg of body weight was established, based on the results of
the limited summary data on microbiological tests on ciprofloxacin. The
Committee noted that the temporary ADI provided an adequate margin of
safety in relation to the NOEL of 1.2 mg per kg of body weight per day
for testicular toxicity in dogs.

Residue data

Enrofloxacin has a wide spectrum of antimicrobial activity. It is
administered either orally or parenterally to cattle and pigs at doses of
2.5-5 mg per kg of body weight and orally to poultry at 10-12 mg per kg
of body weight. There is some use in lactating dairy cows and laying
hens. The normal treatment period is 3-5 days.

Enrofloxacin is rapidly absorbed from the gut in cattle and poultry, with
plasma concentrations reaching peak values within 8 hours. The route of
excretion in farm animals has not been investigated.

The metabolism of enrofloxacin was studied in farm animals and rats,
using the “C-labelled compound. The main residues were parent drug
and ciprofloxacin except in poultry muscle and skin, where only parent
drug was present. This is in contrast to bovine tissue, where ciprofloxacin
was the most abundant residue.

The depletion of the total residues of [2-"*C]enrofloxacin was measured
in calves, pigs, chickens and turkeys. There were large standard
deviations of the means for the residue concentration values for most
tissues. The rate of depletion was not constant during the elimination
phase. However, except in the case of bovine liver, the residue
concentrations were below 500 ug/kg in all edible tissues by the third day
after the last drug administration. The residues were most persistent in
poultry skin and bovine liver and kidney tissues.

Residues of enrofloxacin and ciprofloxacin were measured by an HPLC
method in the edible tissues, milk and eggs of farm animals following
oral or parenteral administration of multiple doses of enrofloxacin,
as recommended by the sponsors. Residues were also measured at
the injection site following parenteral administration. In calves, the
concentrations of ciprofloxacin and enrofloxacin residues were below
100 pg/kg in all tissues at 3 days after dosing. Enrofloxacin was adminis-
tered by intravenous injection to lactating dairy cows for 5 consecutive
days at a dose of 2.5 mg per kg of body weight in one study and
5 mg per kg of body weight in a second study. The concentration of both
residues in the milk decreased rapidly and enrofloxacin was not detect-
able after day 2, whereas ciprofloxacin was not detectable (limit of
detection 2 pg/kg) in samples collected from day 5 onwards. Pigs received
enrofloxacin orally at a dose of 2.5 mg per kg of body weight for
3 consecutive days. The concentrations of residues of enrofloxacin and



ciprofloxacin were low (the highest levels were 290 pg/kg and 100 ug/kg
respectively in kidney) 1 day after dosing and decreased rapidly, so that
at day 3 withdrawal ciprofloxacin was not detected and enrofloxacin was
found only in the liver and kidney tissues. No residues were detected at
7 or 14 days withdrawal nor were any residues detected following
administration of enrofloxacin in the feed. In chickens given enrofloxacin
in the drinking-water at a dose of 41 mg/l, residues in the liver depleted
rapidly to about 200 pg/kg over a 3-day period after treatment. In broilers
administered enrofloxacin in their drinking-water at a dose of 25 mg/l,
the concentration of residues was about 20 ug/kg in skin at 2 days after
dosing and below the limit of detection (10 ug/kg) in eggs at 10 days after
dosing. When the recommended dose of 50 mg/l of drinking-water was
administered, the residues were higher and persisted for a longer period.
For example, enrofloxacin and ciprofloxacin residue levels in skin were
120 pg/kg and 20 pg/kg respectively at day 4, 100 pg/kg and 20 pg/kg at
day 7, and 50 pg/kg and below the limit of detection at day 10. Residues
of enrofloxacin but not ciprofloxacin were detected in liver tissue of
broilers for at least 17 days after dosing.

Methods of analysis

The analytical methods used by the sponsor are based on homogenization
of tissue and extraction of both enrofloxacin and ciprofloxacin into an
organic phase. The extract may be further purified and dissolved in the
HPLC mobile phase. After resolution by HPLC, the residue levels are
measured by either ultraviolet or fluorescence detection. Recently these
methods have been improved by using a mobile phase containing
tetrabutylammonium bisulfate in water and acetonitrile and changing the
HPLC conditions. These methods have a claimed limit of detection of
1 pg/kg and a limit of quantification of 10 ug/kg for most tissues.

Maximum Residue Limits

Based on the temporary ADI of 0-0.6 ug/kg for enrofloxacin established
by the Committee, the permitted daily intake of parent drug and/or its
equivalents is 36 pg for a 60-kg person.

In reaching its decision on MRLs, the Committee considered the
following factors:

® The temporary ADI was based on a microbiological end-point.

® The quantification limits of the analytical methods (10 pg/kg for
enrofloxacin and ciprofloxacin in tissues and 5 pg/kg in milk).

® The marker residue for tissues is the sum of the enrofloxacin and
ciprofloxacin residues. Ciprofloxacin is the marker residue for bovine
milk.

¢ Neither the ratio of marker residues to total residues nor the
percentage of total residues associated with antimicrobial activity was
known.
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Since enrofloxacin and ciprofloxacin account for only 20% of total
residues in pig liver, the intake of antimicrobially active residues could be
up to five times the concentration of the marker residues.

The Committee noted that even if the MRLs were based on the limits of
quantification of the most sensitive analytical methods multiplied by a
factor of 2, the intake of marker residues from muscle, liver, kidney, fat,
milk and eggs would be 39 ug (Table 2), which is close to the maximum
ADI of 36 ug.

However, the Committee noted that the hypothetical MRLs based on the
limits of quantification of the analytical method would not take into
account any antimicrobial activity of the significant fraction (up to 80%)
forming the remaining residues. It therefore concluded that it was not
possible to allocate MRLs to enrofloxacin.

The following information is required for evaluation in 1997:

1. Detailed reports of the in vitro MIC investigations of enrofloxacin that
were submitted for evaluation.

2. Information on the effects of enrofloxacin and ciprofloxacin on
specific genera of microorganisms obtained from the human intestine.

In addition, the Committee required that the results of studies to
determine the antimicrobial activity of the residues other than
enrofloxacin and ciprofloxacin be submitted for review as soon as they
become available.

Table 2
Minimum residue levels of enrofloxacin that could be considered as a basis for
MRL calculations®

Tissue Theoretical MRL Theoretical maximum
(g/kg)” dally intake (ug)
Muscle 40 12
Liver 40 4
Kidney 40 2
Fat 40 2
Milk 10 15
Eggs 40 4

2 Based on a dalily intake of 0.5 kg of meat made up of 0.3 kg of muscle, 0.1 kg of liver, 0.05 kg of
kidney and 0.05 kg of fat, 1.5 kg of milk, and 0.1 kg of egg.

® Based on the limit of quantification for the sum of enrofloxacin and ciprofloxacin residues in tissues
and for ciprofloxacin residues in milk, multiplied by a factor of 2.
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3.2.3 Gentamicin

Gentamicin had not previously been reviewed by the Committee. It is an
aminoglycoside antibiotic that is effective against a wide variety of
microorganisms.

Toxicological and microbiological data

The toxicological data considered by the Committee included the results
of studies on pharmacokinetics and metabolism, of acute and short-term
toxicity studies, and of studies on reproductive toxicity, teratogenicity,
genotoxicity and antimicrobial activity. The Committee also considered
information from a variety of special studies and observations in humans.

Gentamicin, in common with other aminoglycoside drugs, is poorly
absorbed from the gastrointestinal tract. Parenteral doses are mainly
distributed into the extracellular fluid, although there is significant
penetration into the cortex of the kidney and the inner ear. There is
negligible metabolism of the drug and unchanged gentamicin is excreted
rapidly, mostly in the urine.

Single oral doses of gentamicin were slightly toxic in rodents (LDs, =
8000-10 000 mg per kg of body weight), which supports the view that the
drug is largely unabsorbed when administered by this route. In contrast,
gentamicin was highly toxic in mice, rats, guinea-pigs and dogs when
given intravenously (LDs, = 37-67 mg per kg of body weight) and
moderately toxic when administered by the intramuscular, subcutaneous
and intraperitoneal routes (LDs, = 213-893 mg per kg of body weight).

A number of studies was available in which gentamicin was administered
by the intramuscular and subcutaneous routes to rats at doses of up to
200 mg per kg of body weight per day and dogs at doses of up to 100 mg
per kg of body weight per day for periods of up to 12 months and to
monkeys at doses of up to 75 mg per kg of body weight per day for
3 weeks. The kidney was the primary target organ in each species, with
effects being observed predominantly in the renal cortex. The major
findings were an increase in interstitial nephritis and toxic nephrosis
in the proximal convoluted tubules. The latter was characterized by a
dose- and time-dependent progression from loss of brush borders of the
epithelium, to cloudy swelling of the tubules, the presence of casts and
proteinaceous material, desquamation of epithelial cells and necrosis.
These changes were associated with a profound impairment of renal
function and, in extreme cases, death of severely affected animals.
Special studies in rats suggested that the nephrotoxicity may be
associated with disruption of lysosomal function. Nephrotoxicity has
been observed in humans treated with gentamicin.

Toxic effects on the inner ear have been reported following exposure to
aminoglycosides, including gentamicin. There were no clear indications
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of ototoxicity in the general toxicity studies; however, in a special study
in monkeys, gentamicin administered at doses of up to 50 mg per kg of
body weight per day caused a reduction in the number of hair cells and
the thickness of sensory epithelium in structures of the ear, as well as a
functional loss in hearing. Observations in humans have revealed
auditory or vestibular toxicity after therapeutic administration of
gentamicin.

In 3-month studies in rats and dogs, gentamicin administered orally at
doses of up to 116 and 60 mg per kg of body weight per day, respectively,
caused virtually no systemic effects. Soft stools or diarrhoea were
observed in both species, and dogs in the highest-dose group showed
interstitial nephritis. The NOELs were 19 mg per kg of body weight per
day in rats and 10 mg per kg of body weight per day in dogs.

A multigeneration reproductive toxicity study in rats showed no adverse
effects on reproductive parameters after intramuscular injections of 5 or
20 mg of gentamicin per kg of body weight per day. Teratogenicity
studies in mice, rats, guinea-pigs and rabbits did not identify any
potential for the production of fetal abnormalities. However, fetotoxic
effects, in the form of fetal deaths in mice (10 mg per kg of body weight
per day) and rats (50 mg per kg of body weight per day) and reduced birth
weight in rats (75 mg per kg of body weight per day), were observed after
parenteral dosing.

Positive results were obtained in some in vitro genotoxicity studies, but
none of these was considered adequate to evaluate the genotoxicity of
gentamicin. There were no carcinogenicity studies available on
gentamicin. Toxicity studies of up to one year’s duration in experimental
animals revealed no preneoplastic or neoplastic lesions. The Committee
considered the data to be inadequate to assess fully the carcinogenic
potential of gentamicin.

Data on the effect of gentamicin on human gut flora were not available.
However, in vitro data were presented on MICs for over 600 clinical
isolates of anaerobic bacteria, including some species representative of
the microbial flora in the human gastrointestinal tract. Many of the
organisms were found to be resistant to gentamicin; Eubacterium spp.
were the most sensitive, with MIC values in the range of 0.1-25 ug/ml
(MICs, = 0.8 pg/ml, equivalent to 0.8 pg/g) at an inoculum density of
10°-10" colony-forming units/plate.

In view of the poor absorption of gentamicin from the gastrointestinal
tract and the reported occurrence of diarrhoea in experimental animals,
the Committee considered that the most likely limiting factor to the
consumption of residues would be effects on human gut microflora. In
calculating the ADI, the Committee used the formula developed at its
thirty-eighth meeting (Annex 1, reference 97):



Concentration without

Upper limit effect on human gut flora (ug/ml) X Daily faecal bolus (g)

of temporary =

ADI Fraction of oral X Safety factor X Weight of
dose bioavailable human (60 kg)

(0.8 X 2) X 150
1 X 1 X 60

= 4 ug per kg of body weight

The Committee took the following factors into account:

® Factors to account for the range of MICs needed to allow for sensitive
bacteria, anaerobic environment, bacterial density and pH: the
Committee concluded that a factor of 2 was required to account for the
relatively low inoculum density used in the in vitro studies.

® Availability: the Committee noted that absorption of gentamicin after
oral dosing is very poor. It therefore took a conservative approach,
assuming that the availability of ingested gentamicin to bacteria in the
gastrointestinal tract was 100%.

® Variability among exposed individuals: MIC data on more than
600 clinical isolates of anaerobic bacteria were available. The
Committee noted that the colonic flora is relatively stable and that
variability among individuals is similar to that within a particular
individual. In addition, it recognized that other values selected for this
calculation were conservative and already incorporated an adequate
margin of safety. A safety factor of 1 was therefore adopted.

In view of the absence of information on the effects of gentamicin on
microorganisms obtained from the human intestine and the need for
further genotoxicity studies, the Committee established a temporary ADI
of 0-4 ug per kg of body weight based on the results of microbiological
testing of clinical isolates, with a request for further information, An
additional safety factor was not used to account for the temporary status
of the ADI because conservative factors were used in deriving the
temporary ADI. The Committee noted that the lowest NOEL based on
toxicological studies was 10 mg per kg of body weight per day, which is
more than 2000 times the temporary ADI based on a microbiological
end-point.

Residue data

Gentamicin, an aminoglycoside antibiotic produced by fermentation of
Micromonospora purpurea, is a mixture of basic, water-soluble com-
pounds containing the aminocyclitol 2-deoxystreptamine and two addi-
tional amino sugars. The three major components are designated C i, C»
and C,;, but minor components which may be present in formulations
include A, B, B and X. Gentamicin is normally formulated as the sulfate
salt and 1s used for the treatment of a variety of bacterial infections in
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pigs, poultry, cattle and horses. Various formulations of gentamicin have
been produced for use in food-producing animals. Some of these are in
combination with other antibiotics, including benzylpenicillin, ampicillin
and cloxacillin.

Pharmacokinetic studies in beagle dogs, 1-day-old chicks and 3-month-
old pigs were available. Radiometric studies in dogs showed that residue
levels were approximately 400 times higher in the kidney cortex than in
skeletal muscle. In 1-day-old chicks treated by subcutaneous injection,
gentamicin reached peak levels in blood within 30 minutes and was
rapidly excreted, with levels in blood declining to 50% 2 hours after
dosing. The drug was rapidly distributed throughout the tissues, reaching
peak levels in the kidneys 24 hours after treatment. There were
insufficient details to evaluate the pharmacokinetic data in pigs.

Residue levels in the kidneys of 6-week-old pigs were determined by
total radioactivity, radioimmunoassay and antimicrobial assay following
intramuscular or oral administration of [3H]gentamicin. All the assays
produced similar results, suggesting no significant loss of antimicrobial
activity. Residues of gentamicin were also determined by total radio-
activity in the tissues of 3-day-old piglets following a single intra-
muscular injection of 5 mg of gentamicin (see Table 3). However, in the
6-week-old piglets, which received the oral dose via their drinking-water,
residues were more persistent in the liver than in the kidneys. A further
study, in which 3-day-old piglets were given a single oral dose estimated
at 3.6 mg of ["H]gentamicin per kg of body weight, demonstrated that
residues persisted for up to 11 days in the kidneys and 6 days in the liver,
but showed little distribution into muscle tissue.

Three studies were conducted in 3-day-old piglets, which were given a
single oral dose of 5 mg of unlabelled gentamicin. Similar residue levels
of gentamicin in the kidneys were found at all sampling dates in healthy
animals and animals with colibacillosis in the first and second studies,
indicating that the health status of the piglets had no significant effect on
residue depletion. In the third study, where kidney, liver, muscle and fat
samples were collected from healthy animals and analysed 1, 3, 6, 9, 11
and 14 days after treatment, only one liver sample (collected at day 3)
contained detectable residues. Residues in kidney samples were below
the detection limit of 0.08 mg/kg at day 14. No muscle or fat samples
contained detectable residues.

Two studies on administration of gentamicin to calves were available,
one of which was complicated by the death of experimental animals
during the study. Data were considered for the surviving 19 calves in this
study (see Table 4). In the second study, in which animals received

- gentamicin by combined intramuscular injection and oral administration

(4 mg per kg of body weight by each route, followed after 12 hours by an
additional 4 mg per kg of body weight orally), residues were shown
to persist in kidney from one calf at a concentration of 0.47 mg/kg at
100 days after treatment.



Table 3
Total residues {mg of gentamicin per kg) in tissues of 3-day-old piglets given a
single intramuscular dose of [°H]gentamicin at 5 mg®

Withdrawal Total residues®
time (days)
Kidney Liver Muscle Fat
14 0.68 0.42 <0.02 <0.02
0.12°
28 0.18 0.1 <0.02 <0.02
<0.02°
35 0.07 0.06 <0.02 <0.02
<0.02°
42 0.05 0.04 <0.02 <0.02
<0.02°
49 0.02 0.02 <0.02 <0.02
<0.02°

? For tissues at 14 days and 49 days withdrawal time, values are means for two animals and one animal
respectively; all other values are means for three animals.

b Based on five replicate assays per tissue sample.

¢ Injection site.

Table 4

Residues (mg of gentamicin per kg) in tissues of calves given a single combined
oral and intramuscular dose of gentamicin,® as determined by cylinder plate
assay

Withdrawal Total residues®
time (days)
Kidney Liver Muscle
7 >10 3.6 0.7
NM®
30 2.0 0.8 BD
BD°®
60 1.1 0.6 BD
BD®
70 0.9 0.3 BD
NM®
80 0.6 0.3 BD
NM®

BD: below the limit of detection (0.05 mg/kg); NM: not measured.

# 4 mg per kg of body weight by each route, followed after 12 hours by an additional 4 mg per kg of
body weight orally.

P For tissues at 7 and 60 days withdrawal time, values are means for five animals; all other values are
means for three animals.

¢ Injection site.
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Ten residue-depletion studies were performed in dairy cattle, given
gentamicin by intramuscular injection (one study), intramammary
infusion (three studies) or intrauterine infusion (six studies). Milk was
free of detectable residues at 60-84 hours following intramuscular or
intramammary treatment, while no detectable gentamicin residues were
found in milk collected at the first milking (6-12 hours) following
intrauterine administration. Residues of gentamicin were detected in
the kidneys at 30 days after intramammary and intrauterine treatment.
Table 5 shows the residue levels found in milk collected from dairy cows
receiving gentamicin by intramammary infusion after each of three
successive milkings.

Residue-depletion studies in 1-day-old chicks treated with 0.2 mg of
gentamicin by subcutaneous injection showed tissue concentrations
of residues of gentamicin after 7 days withdrawal, of 0.10 mg/kg in skin
and fat, 1.1 mg/kg in liver and 3.3 mg/kg in kidney (limit of detection
0.08 mg/kg). Residues in muscle were below the limit of detection
(0.16 mg/kg) at day 7.

With respect to analytical methods, the Committee reviewed details of a
radioimmunoassay and a cylinder plate assay. The cylinder plate assay,
which uses Staphylococcus epidermidis ATCC 12228 as the test
organism, had a claimed limit of detection of 0.01 mg/l for gentamicin
residues in milk and 0.04-0.16 mg/kg in tissues. A number of

Table 5

Residues (mg of gentamicin per litre) in milk collected from five normal lactating
cows given an intramammary infusion of 50 mg of gentamicin sulfate and
100000 IU of procaine benzylpenicillin into each quarter at each of three
successive milkings

Withdrawal Residues
time (hours)
Cow 1 Cow 2 Cow 3 Cow 4 Cow 5

12 2.30 2.63 1.21 2.84 1.63
24 0.25 0.25 0.26 0.61 0.16
36 BD* 0.06 BD? 0.10 BD?
48 BD® BD® BD" BD® BD?
60 BD® BDP BD" BD® BD?
72 BDP BD° BD® BD" BD®

BD: below the limit of detection (0.05 mg/l).
2 Residue levels were below the limit of detection in pooled samples from all four quarters.
® Residue levels were below the limit of detection in each individual sample.
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commercially available test kits are claimed to be suitable for screening
milk and tissue samples for gentamicin residues at concentrations below
1 mg/l and 1 mg/kg, respectively. While no multi-laboratory validations
have been reported, a liquid chromatography method has recently been
described that meets the performance criteria of the Codex Committee on
Residues of Veterinary Drugs in Foods. A recently developed method
based on liquid chromatography and mass spectrometry should be
suitable for confirming the presence of gentamicin residues in tissues, but
the equipment is not currently available in all regulatory laboratories.

Maximum Residue Limits

Based on the temporary ADI of 0-4 pg per kg of body weight established
by the Committee using a microbiological end-point, the permitted daily
intake of gentamicin would be 240 g of antimicrobially active
gentamicin residues contributed by 500 g of food-animal tissues together
with 1.5 1 of milk in the diet of a 60-kg person. This is expressed as parent
drug, as there was no indication of significant metabolism.

The Committee recommended temporary MRLs for gentamicin of
100 pg/kg for muscle and fat, 200 pg/kg for liver, and 1000 pg/kg for
kidney in both cattle and pigs, as well as 100 pg/l for cows’ milk,
expressed as parent drug.

The temporary MRL allocated to milk takes into account the limit of
quantification of current analytical methods. No MRLs were assigned
to poultry or eggs because appropriate data were not available. The
temporary MRLs recommended above would result in a daily maximum
intake of 255 ug of gentamicin residues based on a daily food intake of
300 g of muscle, 100 g of liver, 50 g each of kidney and fat, and 1.5 1 of
milk (Annex 1, reference 85).

The following information is required for evaluation in 1997:

1. Results of studies on the effects of gentamicin on specific genera of
microorganisms obtained from the human intestine.

2. Additional data to assist in the assessment of carcinogenic potential,
which should include:

(a)results of genotoxicity assays for gene mutations in mammalian
cells and chromosomal aberrations in vitro and in vivo; and

(b)details of an investigation on possible structural similarities
between gentamicin and known carcinogens.

3. A validated chemical analytical method with a limit of quantification
below the MRL recommended for milk.

3.2.4 Neomycin

The aminoglycosides as a group were evaluated at the twelfth meeting
of the Committee (Annex 1, reference 17). At that time, no ADI was
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established because of a lack of adequate toxicological and residue data
and the Committee recommended that if aminoglycosides were used they
should not be allowed to give rise to detectable residue levels in human
food. Since then, data specific for neomycin have become available.

Toxicological and microbiological data

The Committee considered toxicological data on neomycin, including the
results of acute, short-term, and long-term toxicity studies, as well as
studies on pharmacokinetics, reproductive and developmental toxicity,
genotoxicity, carcinogenicity, effects in humans and antimicrobial
activity. An evaluation report, as requested for veterinary drugs with a
long history of use (Annex 1, reference 104), was also provided.

Neomycin is poorly absorbed after oral administration, whereas after
parenteral administration it is readily bioavailable. Oral absorption in
calves was estimated at 1-11%, depending on the age. In humans up to
3% of an oral dose was recovered in the urine, indicating low absorption.
In cows and ewes, 45-55% of the neomycin present in blood was bound
to plasma proteins, and the remainder was present in non-ionized form
and was distributed to the extracellular fluid. Neomycin is mainly
excreted unchanged in the faeces after oral administration and in the
urine after parenteral administration.

Single oral doses of neomycin were slightly toxic (LDs, = approximately
2250 mg per kg of body weight) in mice, whereas single intravenous
doses were highly toxic (LDs, < 100 mg per kg of body weight).

Nephrotoxic effects were observed in mice and guinea-pigs following
repeated subcutaneous administration of 30-300 mg of neomycin per kg
of body weight per day and 10-60 mg of neomycin sulfate per kg of body
weight per day, respectively. Similar effects were observed in dogs after
repeated intramuscular administration of 24-96 mg of neomycin per kg
of body weight per day. No kidney damage was observed in dogs given
100 mg per kg of body weight per day orally for 6 weeks. Ototoxicity was
observed after repeated parenteral administration of neomycin at dose
levels of 25-150 mg per kg of body weight per day in guinea-pigs and
20-80 mg per kg of body weight per day in cats. No ototoxic effects were
observed in guinea-pigs dosed orally with up to 10 mg of neomycin
sulfate per kg of body weight per day for 90 days. Auditory function was
not affected in cats administered neomycin orally at 6.25, 12.5 or 25 mg
per kg of body weight per day for 1 year; however, histopathological
examination revealed changes in the organ of Corti at all dose levels.

The Committee concluded that, although ototoxicity was observed in the
I-year study in cats at the lowest dose tested (6.25 mg per kg of body
weight per day), this study was inadequate for the safety evaluation of
neomycin because of serious shortcomings in the histological technique
and the absence of a clear dose-related effect. However, the Committee
accepted the NOEL of 10 mg of neomycin sulfate per kg of body weight



per day (equivalent to 6 mg of neomycin per kg of body weight per day)
for ototoxicity from the study in guinea-pigs.

Only a limited number of mutagenicity studies were available, which had
been poorly performed. The available in vitro genotoxicity tests indicated
that neomycin causes chromosomal aberrations.

Tumour incidences were not increased in a 2-year toxicity and carcino-
genicity study in which rats were administered neomycin orally at dose
levels of up to 25 mg per kg of body weight per day. In the highest-dose
males only a slight, but statistically insignificant, impairment of hearing
was observed. Because the Committee regarded this effect as treatment-
related, the NOEL was 12.5 mg per kg of body weight per day.

In a multi-generation reproductive toxicity study in rats in which
neomycin was administered orally, no effects on reproductive parameters
were observed at dose levels of up to 25 mg per kg of body weight per
day, which was the highest dose used. A teratogenicity study with an
unconventional protocol was conducted in the second generation (Fa)
female rats from the reproductive toxicity study. Neomycin was
administered in the feed at 6.25, 12.5 or 25 mg per kg of body weight per
day from days 0-6 and 16-20 of gestation; from days 6-15 of gestation,
dose levels were raised to 62.5, 125 or 250 mg per kg of body weight per
day. No malformations, fetotoxicity or maternal toxicity were observed.

Hypersensitivity reactions of the skin have been observed in humans
following therapeutic treatment with neomycin. In addition, nephrotoxic
and ototoxic effects have been observed after oral therapeutic use of
neomycin.

From several in vitro microbiological studies with different bacteria,
mostly isolated from humans, an MICs, value of 64 ug/ml was derived for
the most relevant sensitive species (Escherichia coli and Lactobacillus
spp.) under conditions of high inoculum density. In germ-free mice
inoculated with human gut flora, the NOEL for antibacterial activity was
125 mg per kg of body weight per day. Studies on the effect of neomycin
on human gut flora in patients revealed effects at oral doses of 30 mg per
kg of body weight per day and above.

Using the formula developed at the thirty-eighth meeting of the
Committee (Annex 1, reference 97), the Committee calculated a
hypothetical temporary ADI based on antimicrobial activity as follows:

Concentration without

Upper limit effect on human gut flora (ug/ml) X Daily faecal bolus (g)
of hypothetical =
temporary ADI Fraction of oral X Safety factor X Weight of
dose bicavailable human (60 kg)
64 X 150
14X 1 X 60

= 160 pg per kg of body weight
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It took the following factors into account:

® Factors to account for the range of MICs needed to account for
sensitive bacteria, anaerobic environment, bacterial density and pH:
the MICs, value of 64 pg/ml was measured in the most relevant
sensitive species under conditions of high inoculum density. No
adjustment was deemed necessary.

® Availability: the Committee concluded that the experimental data
were inadequate to correct for inactivation of neomycin as a result of
binding to gut contents. It therefore took a conservative approach,
assuming that the availability of ingested neomycin to organisms in
the gastrointestinal tract was 100%.

® Variability among exposed individuals: a substantial amount of MIC
data covering a variety of organisms, including anaerobes isolated
from the human gut, was available. In addition, the Committee
considered that the applied safety factor for the availability of
neomycin to the gut flora was conservative. It therefore adopted a
safety factor of 1.

In reviewing the available toxicological and antimicrobial data and in
considering the hypothetical temporary ADI based on antimicrobial
activity, the Committee concluded that the toxicological data provided
the most appropriate end-point for the evaluation of neomycin.

Only a limited set of genotoxicity tests was available, with gene mutation
studies in eukaryotic cells being absent. The available data indicated that
neomycin causes chromosomal aberrations. However, the Committee
noted that the long-term study in rats did not provide evidence for a
carcinogenic potential of neomycin.

In view of the deficiencies in the genotoxicity data, the Committee
established a temporary ADI of 0-30 pg per kg of body weight for
neomycin, based on the NOEL for ototoxicity in the guinea-pig and a
safety factor of 200.

Residue data

Neomycin has been used for more than 40 years as a human therapeutic
agent for bacterial gastrointestinal infections. Neomycin sulfate has been
used worldwide for over 35 years for treating bacterial gastrointestinal
infections in cattle, sheep, goats, swine and poultry. It is also employed in
the treatment of mastitis. Neomycin sulfate is available in various
formulations, including premixes (for administration in the feed), water-
soluble preparations and preparations for intramammary infusion.

Neomycin sulfate is used at dose levels of 10-20 mg per kg of body
weight in cattle (150-350 mg per quarter when administered by intramam-
mary infusion), 10 mg per kg of body weight in sheep, 10-15 mg per
kg of body weight in pigs and 10-30 mg per kg of body weight in pouliry.
The duration of treatment with neomycin sulfate is 3-10 days for poultry
and up to 14 days for larger animals.



