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INTRODUCTION 

The monographs on the residues of the eight compounds contained in this volume were 
prepared by the Thirty Eighth Meeting of the Joint FAO/WHO Expert Committee on Food 
Additives (JECFA), which was held in Geneva, 21 - 31 January 1991. JECFA has 
evaluated veterinary drugs at previous meetings, including the 12th1,26th2,27th3,32nd4, 
34th5 and 36th6 meetings. In response to a growing concern about mass-medication of 
food producing animals and the implications for human health and international trade, 
a joint FAO/WHO Expert Consultation on Residues of Veterinary Drugs was convened 
in Rome, in November 19847. Among the main recommendations of this consultation 
were the establishment of a specialized Codex Committee on Residues of Veterinary 
Drugs (CCRVD) and the periodic convening of an appropriate body to provide 
independent scientific advice to this Committee and to the member countries of FAO and 
WHO. At its first session in Washington D.C. in November 1986, the newly-created 
CCRVD reaffirmed the need for such a scientific body and made a number of 
recommendations and suggestions to be considered by JECFA8. In response to these 
recommendations, the Thirty-Second JECFA meeting was entirely devoted to the 
evaluation of residues of veterinary drugs in foods. Subsequently, the 34th, 36th and the 
38th meetings of JECFA were also devoted only to evaluation of veterinary drugs. 

The fourth session of the CCRVD was held in Washington D. C. during October 1989. 
They revised the priority list of veterinary drugs requiring evaluation. The drugs 
evaluated during the 38th meeting of JECFA included these compounds. 

The present volume contains summary monographs of the residue data on all eight of 
the compounds on the agenda. The three anthelmintics were considered for ovine, 
bovine and porcine species. The bovine included lactating cows. All three of these 
anthelmintics had not been previously evaluated by the Committee. 

One of the three antimicrobial agents (sulfadimidine) had previously been evaluated by 
the Committee. The remaining two had not. They were considered in the current 
evaluation for porcine and bovine species, including lactating cows. 

The one B-adrenoceptor blocking agent had not been previously evaluated by the 
Committee. It was considered for bovine and porcine species. Three tranquilizers were 
also evaluated, primarily for use in swine. 

The pertinent information in each monograph was discussed and appraised by the entire 
Committee. The monographs are presented in a uniform format covering identity, 
residues in food and their evaluation, metabolism studies, radiolabeled residue depletion 
studies, residue depletion studies, methods of residue analysis, and a final appraisal of 
the study results. More recent publications and documents are referenced, including 
those on which the monograph is based. A summary of the JECFA evaluations from the 
32nd to the present 38th meeting is included in Annex 1. 

The assistance of Dr. R. Livingston and Dr. N. Weber, both of the United States Food 
and Drug Adminstration, and of Dr. R. Heitzman, a private consultant, in preparing these 
monographs is gratefully acknowledged. 
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AZAPERONE 

IDENTITY 

Chemical: 

Synonyms: 

Structural formula: 

1-(4-fluorophenyl)-4-[4-(2-pyridinyl)-1-piperazinyl]-
1 -butanone 

CAS-1649-18-9; Stresnil™ or Suicalm™ 

C GH2CH2CH2 

Molecular formula: C19H22FN30 

Molecular weight: 327.40 

OTHER INFORMATION ON IDENTITY AND PROPERTIES 

Pure active ingredient: 

-Sum of impurities: maximum 0.5% (TLC) 
-Color and clarity of solution: a 5% solution in dichloromethane is clear and 

colorless to slightly yellow. Transmittance not less than 80%. 
-Loss on drying: 0.5% max. 
-Sulphated ash: 0.1% max. 
-Assay: between 98.5 and 101.5%, calculated on the dry basis (non-aqueous 

titration) 

Appearance: 

Melting point: 

Solubility: 

Almost white to slightly yellow powder 

92 - 95° 

Very slightly soluble in water (5mg/100ml), but readily soluble in 
several organic solvents. 

Ultraviolet maxima: 243 + 2 nm and 312 + 2 nm 
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RESIDUES IN FOOD AND THEIR EVALUATION 

CONDITIONS OF USE 

General 

Azaperone is a neuroleptic sedative used in pigs. With the advent of intense swine 
production practices, the use of neuroleptic agents has become wide-spread. A number 
of factors has contributed to the use of these agents. These include the following: 
dominant (hierarical) behavior; porcine stress syndrome, especially in some swine 
breeds; use of sedative drugs for minor surgery; and grouping of animals for transport. 
It is clear that these drugs are used not only for economic and technical reasons, but 
they are also being used for the well being of the animal for behavior modification. The 
most commonly observed behavior effects are seen on the reduction of aggression. 
Although butyrophenone derivatives such as azaperone are used for sedation in pigs, 
other compounds being developed for use in swine include phenothiazine derivatives 
such as chlorpromazine, propionylpromazine and acepromazine. 

Dosage 

Doses used for the reduction of transport stress are as low as 0.4 mg/kg IM. Treatment 
reduces mortality, weight loss and loading stress for piglets, slaughter pigs, and adult 
boars. However, the information supplier hastened to point out that azaperone is not 
approved for slaughterhouse transport as residues may exceed the MRL within very 
short withdrawal periods. This will be evaluated later under the section dealing with 
residue depletion studies. Azaperone is said to reduce mortality by 21% if administered 
as soon as clinical signs appear under circumstances where stress leads to heart 
overload in swine. The dose for this treatment is again 0.4 mg/kg IM. The conditions 
of excitable behavior, cyanosis, rapid breathing, and elevated temperature were 
reversed. A dose of 2 mg/kg IM is used to prevent and cure fighting and aggressive 
behavior in smaller animals. After treatment these animals have a reduced level of 
fighting. However, in adult boars the decreased level of fighting was only reduced during 
sedation. The 2 mg/kg IM dose is also used for aggressive sows to aid in the 
acceptance of their piglets. This is also the recommended dose for a number of 
obstetrical indications in sows including: excitation during parturition, obstetrical aid, 
inversio vaginae, and prolapse of the uterus or increased contractions. 

METABOLISM 

Swine 

The metabolism of azaperone has been studied both in vitro and in vivo. In the in vitro 
studies, the 16,000 x g supernatant fraction from pig liver was used and the same tritium 
labeled drug was employed as described later for whole animal residue studies. The 
identical procedure to that used for preparing rat liver drug metabolizing fractions was 
employed. Those studies will be reviewed later. The substrate solution contained 11.8 
HQ of 3H-Azaperone in 0.5 ml of 0.286% tartaric acid. After a one hour incubation at 37°, 
the reaction was stopped on ice, the pH was lowered to 1.7, the solution was centrifuged 
and the supernatant was put through an organic solvent extraction scheme. The 
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fractions were purified by thin-layer chromatography, eluted, and identified by a gas 
chromatographic, mass spectrometric method (Meuldermans et al., 1973a). 

Three major metabolic pathways were observed in the in vitro studies in pigs. They 
were: 

1. Reduction of the butanone to yield azaperol (11%) 
2. Oxidative N-dearylation (17%) 
3. Hydroxylation of the pyridine ring (12%) 

The primary differences between what was observed in the pig and what was seen in the 
rat were the dramatic differences in relative amounts of the various metabolites. The 
reductive pathway of the butyrophenone predominated to a greater degree in the pig 
than in the rat. In addition, the reduced N-dearylated metabolite was found in much 
higher amounts in the pig than in the rat. However, approximately twice as much 
azaperol was found in the rat liver incubation mixture as was found in the swine liver 
mixture. Figure 1 and figure 2 show the metabolic disposition of azaperone and the 
relative amounts of the various metabolites (Meuldermans et al., undated). It must be 
kept in mind that the quantities of various metabolites are the result of specific in vitro 
incubation conditions and may not mimic in absolute terms what may be observed in 
vivo. 

Rats 

Comparative in vitro metabolism information was developed in male Wistar rat liver 
fractions. As described above for swine, a 16,000 x g supernantant fraction was 
prepared. In this instance, 12.3 ¡JQ of tritiated azaperone in 0.5 ml of a 0.286% tartaric 
acid solution was prepared for the substrate. The incubation and extraction conditions 
were the same as used for the swine liver preparations and metabolites were identified 
by mass spectrometry (Meuldermans et al., 1973b). The primary metabolites were 
azaperol (22%), 5 hydroxy (pyridine ring) azaperone (15%), 5 hydroxy (pyridine ring) 
azaperol (7%), and 4-fluoro-g-oxobenzenebutanoic acid (8%). The main metabolic 
pathways in rat liver under the conditions of the experiments were: 

1. Reduction of the butanone to yield azaperol 
2. Hydroxylation of the pyridine ring 
3. Oxidative N-dealkylation 
4. Oxidative N-dearylation 

As mentioned above, and can be seen by examination of the comparative metabolism 
in figure 2, most of the metabolites are observed in both species; however, significant 
differences may be observed in the quantities of particular metabolites (see table 2). It 
again bears repeating that the observed results should be viewed as being formed in 
vitro and are the result of a specific set of reaction conditions. 
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In a study to determine the excretion and metabolism of azaperone in rats, three groups 
of five 250 g male Wistar rats were injected subcutaneously with tritiated azaperone at 
a dose of 1 mg/kg. Urine and feces were collected at intervals over a 96 hour period 
and metabolites were determined by reverse isotope dilution methods after extraction 
with methanol in the case of feces (Heykants et al., 1971 a). Table I gives a summary of 
the excretion data. 

Table I. Excretion of Total Radioactivity after 1 mg/kg Subcutaneous Dose 
of Azaperone to Male Wistar Rats 

Time % in Urine % in Feces 

0 - 2 4 h 9.4 51.4 
24-48 h 7.6 21.2 
0 - 96 h 22.2 78.5 

Six metabolites were detected, some of which have subsequently not been confirmed 
with more sophisticated methods such as mass spectroscopy employed in the studies 
outlined above. This study did report 13% of the excreted radioactivity was unchanged 
azaperone (primarily in the feces). Of the reported metabolites, up to 50% represented 
N-dearylation and up to 15% N-dealkylation. Interestingly, this early metabolism article 
did not identify azaperol as a metabolite. 

Another study of the pharmacokinetics and tissue distribution of tritiated azaperone in 
250 g male Wistar rats after subcutaneous injection of various doses was also reported. 
The doses varied from 0.08 to 80 mg/kg. Tritiated drug with specific activities of 13.5 or 
50 mCi/mM was dissolved in 0.01 M tartaric acid. The rats were sacrificed at various 
times from 0.25 to 32 hours after injection and blood, brain and liver samples were 
analyzed for radioactivity using liquid scintillation counting techniques (Heykants et a]., 
1971 b). 

Peak concentrations of radioactivity in blood, brain and liver occurred at 0.5 h after 
treatment. Elimination from blood and brain (Ke = -0.9-1 h "1) and liver (Ke = -0.4 h"1) 
were calculated. Only 1% of peak levels were detected in brain and blood at 8 h after 
treatment; whereas, 25% of peak levels were detected in liver at this same time. The 
uptake and elimination of azaperone was similar in brain and blood where ratios of 
0.3-0.9 were observed with the absolute concentration in brain being 2-6 x higher than 
blood based on the relative tissue volumes. Because of the slower elimination from liver, 
the liver to blood ratio was >100. 

An experiment was designed to compare the excretion of azaperone by the oral route 
to that observed earlier by the subcutaneous route. In this study, two groups of five 250 
g male Wistar rats were given a single 1 mg/kg oral dose of tritiated azaperone (76 
/jCi/mg) dissolved in 0.01 M tartaric acid. Urine and feces were collected separately for 
96 hours. The rats were then sacrificed and tissues were collected. Residue 
concentrations were determined by liquid scintillation spectrometry and metabolites were 
determined by reverse isotope dilution techniques after various extractions (Heykants, 
1973). Table II is a summary of the excretion data. 
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Table II. Excretion of Total Radioactivity after a 1 mg/kg Oral Dose of 
Azaperone to Male Wistar Rats 

Time % in Urine % in Feces 

0 - 24 h 13.7 70.3 
24-48 h 1.9 6.7 
0 -96 h 16.2 80.7 

The results show great similarity to those seen when rats were given azaperone by the 
subcutaneous (SC) route with the present result being only 6% lower for urinary 
excretion than seen previously by the SC route. The metabolite pattern was reported to 
be qualitatively similar to that observed by the SC route; however, the amount of 
unchanged drug was greater in the case of the oral dosing. The tissue drug residue 
amounts remaining in the carcass after 96 hours was less than 1% of the administered 
drug with the drug equivalent concentrations (ppb) as follows: blood 5.6, liver 33.9, lung 
10.9, brain 5.2, kidney 27.3, heart 30.2, fatty tissue 4.1, muscle 7.1, gonads 8.3. 

A further study of the pharmacokinetics of3H-azaperone (75/L/Ci/mg) involved pregnant 
female Wistar rats. This report describes results of a 1 mg/kg SC dose administered to 
six female Wistar rats (390_± 20 g) two days before expected delivery. One rat each was 
sacrificed at 1 /4,1/2,1, 2, 4, and 8 hours after injection and the following tissues were 
removed: maternal blood, brain, liver, muscle and fat along with placenta and foetus. 
Total residue was determined by liquid scintillation spectrometry and unchanged drug 
was determined by an extraction procedure involving hexane/ether (9/1) after the 
homogenate was brought to pH 8.5 with a phosphate buffer. The author claims that the 
procedure had an efficiency of 9 7 ± 2.5% for the parent compound. He further states, 
that the efficiency of the procedure was also checked using a reverse isotope dilution 
technique which demonstrated that more than 90% of the counts in the organic solvent 
was unchanged azaperone (Heykants, 1974). Table III shows the results of the 
radiotracer study along with the estimate of unchanged drug determined by the method 
outlined above. 
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Table III. Levels of Total Radioactivity(*) Percent Unchanged DrugC) and 
Unchanged Drug (#) in Various Organs of Female Rats, Placenta 
and Foetus as a Function of Time 

Hours 

0.25 

0.5 

8 

Plasma Placnta Foetus Brain Liver Muscle Fat 

0.098a 0.079 0.052 0.196 0.467 0.044 0.341 
92.8% 86.2 92.7 97.0 31.8 99.0 88.4 
0.090b 0.068 0.048 0.190 0.149 0.044 0.300 

0.148 0.298 0.175 0.396 1.629 0.118 0.492 
77.8 80.8 88.5 86.2 14.9 90.6 83.3 
0.115 0.241 0.155 0.318 0.243 0.107 0.410 

0.134 0.479 0.260 0.370 1.741 0.193 0.611 
53.3 76.7 73.2 84.0 13.7 76.6 97.4 
0.071 0.357 0.190 0.311 0.239 0.148 0.595 

0.095 0.377 0.246 0.195 1.565 0.177 0.523 
38.4 64.0 52.4 73.5 11.4 69.3 98.0 
0.036 0.241 0.129 0.143 0.178 0.123 0.513 

0.060 0.176 0.168 0.086 1.323 0.083 0.373 
14.8 37.1 24.2 56.3 8.7 54.2 83.7 
0.009 0.065 0.047 0.048 0.115 0.045 0.312 

0.048 0.110 0.114 0.036 1.095 0.036 0.135 
7.9 16.2 12.1 36.2 5.9 40.8 78.1 

0.004 0.018 0.014 0.013 0.065 0.015 0.105 

These results show that levels of radioactivity peak in all tissues, plasma and placenta 
at 1 hour after dosing with rapid elimination of residues from all tissues except liver. No 
accumulation of azaperone and its metabolites was observed in the placenta or the 
foetus. Levels of residue in placenta and foetus were higher than maternal plasma and 
muscle. It is clear that liver is the site of significant metabolism of the drug as 
demonstrated by the low percentage of parent drug present throughout the residue 
depletion period. 

A final metabolism study in the rat was reported as part of the research in pigs in which 
the reduced metabolite of azaperone was identified as azaperol. The large similarity of 
this metabolite to the parent compound prompted the researchers to investigate its 
kinetics and its metabolism back to the parent drug. Four groups of five female Wistar 
rats weighing about 150 grams were administered a 10 mg/kg intravenous dose of 
azaperol and a group was sacrificed at each of the following times after treatment: 15, 
30, 60, and 90 minutes. A gas-liquid chromatographic (GLC) method was used to 
determine the concentrations of azaperol and azaperone in tissues (Rauws et aj., 1976). 
Table IV gives the results of that experiment. 
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Table IV. Azaperol and Azaperone Concentrations in Organs of Female Wistar 
Rats after IV Administration of a 10 mg/kg dose of Azaperol 

Concentration (/L/g/g)* 

Organ Compound 15 min 30 min 60 min 90 min 

Liver Azaperol 0.65 0.47 0.33 0.16 
Azaperone 0.01 0.01 <0.01 -

Kidney Azaperol 1.44 0.92 0.22 <0.01 
Azaperone 0.13 <0.05 - -

Brain Azaperol 1.18 0.54 0.13 <0.02 
Azaperone 0.06 <0.01 - -

* Values are means of 5 animals 

The half-life of azaperol was about 15 minutes in brain and kidney, but about 45 minutes 
in liver. The authors remarked that the rats appeared drowsy for some time after having 
been given the azaperol. They found the sedative effect of azaperol very interesting. 
They also were quite confident that the azaperone was real and not a contaminant in the 
preparation because the purity of the azaperol was carefully checked by thin-layer 
chromatography. 

The authors followed up their observation of the sedative effect of azaperol in the rat 
experiment by carrying out some preliminary pharmacological experiments to compare 
azaperol with azaperone. They employed a 1967 screening method published by 
Campbell and Richter which used male Swiss mice. Doses ranging from 1..6 to 200 
mg/kg were given to the mice by IP injection. The results of the study are reported in 
table V: 
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Table V. Comparison of Threshold Doses for Seditive Effects of 
Azaperone and Azaperol on Male Swiss Mice (IP injection) 

Azaperone Azaperol 
Symptom (mg/kg IP) (mg/kg IP) 

Rosis 1.6 6.25 
Decreased spontaneous activity 1.6 6.25 
Flaccidity 6.25 25 
Decreased respiration frequency 12.5 25 
Decreased body temperature 1.6 50 
Head drop 12.5 50 
Ataxia (general) 3.1 6.25 
Ataxia (on rotating rod) 3.1 12.5 
Analgesia (hot plate) 3.1 12.5 

This study demonstrated that azaperol did possess pharmacological effects but was less 
potent than azaperone in all parameters studied. The potency of azaperone, when 
compared to azaperol, showed the former to range from 4 to 30 times more potent than 
the latter. However, it should be kept in mind, that in at least three of the above tests, the 
threshold listed for azaperone was the lowest dose tested. 

TISSUE RESIDUE DEPLETION STUDIES 

Radiolabeled Residue Depletion Studies 

Swine 

The first of two studies discussed in this section is a pilot study in which the tissue 
distribution of azaperone and its metabolites was determined at 4, 8 and 16 hours after 
administration of a 1 mg/kg intramuscular dose. Three 18 kg male Belgian Landrace 
pigs were used and tissues were collected at sacrifice after administration of sodium 
pentobarbital (30 mg/kg, IV). The drug was administered as a 10 mg/ml solution of 
H-azaperone in 0.1 M tartaric acid. The position of the tritium atom was in the benzene 

ring, ortho to the carbonyl group (Heykants et al., 1971 a; Heykants & Marsboom 1971 b). 

A fourth male pig (35 kg, Belgian Landrace) was employed to determine the absorption, 
excretion, and tissue distribution of a single IM dose, identical in all respects as outlined 
above. Jugular vein blood was collected at 5,10,15,30 and 45 minutes and 1, 2, 4, 8, 
16 and 24 hours post dosing. Urine and feces were obtained separately for each of the 
following time intervals: 0-4 h, 4-8 h, and 8-24 h after dosing. The animal was slaughtered 
24 hours after administration of the dose. Again, sodium pentobarbital was administered 
prior to sacrifice (Heykants & Marsboom 1971b). 

Table VI shows the total residue results as well as the amount of unchanged drug in the 
tissues. Unchanged drug was determined by reverse isotope dilution which employed 
a procedure involving recrystallization to constant specific activity. The total radioactivity 
(TR) and unchanged drug (UD) are presented in /L/g/gram wet tissue. TR decreased 
rapidly and were very low in all tissues by 16 hours with the exception of lung, kidney and 
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liver. The latter tissue continued to have TR at 0.230 ppm at 24 hours after dosing. 
Muscle showed relatively low residues throughout the study but kidney initially had the 
highest TR, probably due to the fact that at early times, the urine in the kidney was the 
main excretory route. 

Table VI. Total Radioactivity (TR) and Unchanged Drug (UD) in Swine Tissues 
after Administration of a 1 mg/kg dose of H Azaperone given IM 
(in n/g wet tissue) 

Tissue 4 hr 8 hr 16 hr 24 hr 
TR UD JR UD IB UD JR UD 

Brain 0.107 0.012 0.091 0.013 0.029 * 0.023 * 

Heart 0.087 * 0.057 * 0.012 * * * 

Lung 0.541 0.035 0.308 0.027 0.111 0.013 0.058 0.008 
Kidney 1.485 0.042 0.630 0.025 0.111 0.006 0.075 0.004 
Liver 0.873 0.043 0.922 0.058 0.298 0.038 0.230 0.012 
Sm. Intestine 0.167 0.019 0.118 0.021 0.037 * 0.020 * 

Lg. Intestine 0.135 0.020 0.157 0.016 0.045 * 0.028 * 

Muscle 0.069 0.015 0.040 * 0.004 * * * 

Subcut. Fat 0.282 0.060 0.117 0.040 0.068 * 0.028 * 

The percentage of unchanged drug in kidney at 4,8,16, and 24 hours was 2.8%, 4.0%, 
5.4%, and 5.3%, respectively. The percentage of unchanged drug in liver at these same 
times was 4.9%, 6.3%, 12.8%, and 5.2%. 

In a plasma pharmacokinetics study, peak plasma total residue levels of about 0.7 g/ml 
were achieved at 45 to 60 minutes after dosing. The initial elimination half-life from 1 to 
4 hours after dosing was 1.5 hours. The half-life for total residue elimination after 4 hours 
was 6 hours. The levels of unchanged drug peaked at 30 minutes followed by an initial 
rapid disappearance (t1 /2 = 20 minutes) at 30 to 60 minutes after dosing followed by 
a slower phase (t1/2 = 2 1/2 h) thereafter. The percentage of unchanged drug 
decreased rapidly from 88% at 5 minutes to 13% 60 minutes after drug administration. 

Excretion of 86.81% of the administered dose occurred in the urine during the first 24 
hours with 82.76% occurring in the 8 to 24 hour time frame. A total of 0.66% of the dose 
was recovered in the feces along with the large and small intestines. After including an 
additional 1.79% of the dose found in the bladder at autopsy, a total of 89.26% of the 
dose was accounted for. 

In a total residue depletion study, eight swine (breed and sex not given, although other 
studies in this report used Belgian landrace pigs) were given a single IM injection in the 
left ham with 4 mg/kg 3H Azaperone. The radiolabel was at the 2-position in the 
fluorophenyl ring as in the previous work. The specific activity of the injected material 
was 54.5 Ci/mg and was greater than 98% pure as determined by three TLC systems. 
The animals weighed 15 to 25 kg and were kept in metabolism cages that permitted 
collection of urine and feces. Two animals were slaughtered at each of the following 
times: 2 h, 24 h, 48 h, and 72 h (Lange, 1976). Tissues were collected and residue 
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levels were calculated (details of the analysis were not given). The results are 
summarized in Table VII. 

Table VII. Tissue Residue Levels (mg/kg) of 3H Azaperone in Swine 
Administered One 4 mg/kg Dose IM 

Time 2 h 24 h 48 h 72 h 

Liver 3.674 0.698 0.441 0.228 
Kidney 11.019 0.625 0.204 0.124 
Fat 1.217 0.166 0.071 0.104 
Skin 1.324 0.263 0.064 0.037 
Muscle 0.588 0.041 0.020 0.013 
Inj. Site 173.9 60.4 44.4 5.8 
Plasma 1.650 0.088 0.044 0.031 

t1 /2 a (2-24h) - 7h, t1/2 B (24-72h) = 32h 

Other than injection site, kidney tissue initially contained the largest amount of total 
residue. At 48 and 72 hours, the largest concentration of residue was found in liver if 
injection site is again held separate. The depletion data indicate an initial rapid depletion 
followed by a slower phase as indicated in table II. 

The amount of unchanged drug and azaperol in liver, kidney, and injection site are 
presented in table VIII. The following results are calculated from reverse isotope dilution 
assays of methanol extracted tissues and do not represent values obtained by common 
regulatory assay techniques. 

Table VIII. Total Residue (TR), Azaperone (AZ) and Azaperol (AZOL) 
Determined as ppm H-Azaperone Equivalents, (4mg/kg IM single 
dose) 

Time Liver Kidney 
(hours) IR AZ AZOL IB AZ AZOL 

2 3.674 0.072(2.0) 0.678(18.4) 11.011 0.298(2.7) 1.290 
24 0.698 0.023(3.3) 0.056(8.0) 0.625 0.026(4.2) 0.038 
48 0.441 0.015(3.4) 0.027(6.1) 0.204 .014(6.9) 0.013 
72 0.228 0.011(4.8) 0.009(3.9) 0.124 0.005(4.0) 0.034* 

The values in parenthesis( ) show the % of the metabolite in the total residue. * - This 
value contains one unexpectedly high value. 

The percentage of parent compound in the total residue remains small and fairly 
constant during the depletion in liver, whereas the amount of azaperol is a much larger 
percentage at very short times but remains aboet tgice as high as parent azapebone in 
liver and as high as parent in kidney. Dhese results suggest that either lifer or kidney 
coeld serve as a target tissue and that either parent azaperone or its reduced metabolite, 
aza'erol, could serve as the marker residue. Note that at very short times (2 h 
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withdrawal), azaperol appears to be present at nine to four times greater concentration 
than the parent compound in liver and kidney, respectively. 

The results from the above two studies gives information that will be useful in determining 
regulatory strategy for the control of residues if one is needed. It is clear that kidney 
would be the target tissue at very short times after administration and that azaperol, the 
reduced metabolite of azaperone is present at much higher concentrations at these 
times. Alternatively, if a required total residue concentration must be monitored at 24 
hours or more, post dosing, then liver would become the target tissue and azaperone 
or azaperol could serve as a marker residue. The short times in which kidney would be 
employed is for use of this sedating drug in pigs traveling to market to offset the stress 
syndrome often observed under these conditions. Such use is not approved for 
azaperone in any country. 

A final total residue study by a French veterinary doctoral candidate confirmed the earlier 
drug work by Heykants and provided some additional data points not seen in the other 
studies. He used 20 kg swine and a 0.4 mg/kg IM dose. This study employed single 
animals (Large White X Blanc de I, Quest X Pietrain) at each time point and the same 
tritium labeled radiotracer with a specific activity of 86.8 mCi/mg. Table IX summarizes 
the residue results (AUBE, 1977). 

Table IX. Residue of 3H-Azaperone in Swine Tissue in ppm Equivalents 

Tissue 15 min 30 min 1 hr 2 hr 4 hr 24 hr 

Liver 140 229 2.06 0.97 0.3 0.017 
Kidney 1.17 18.7 8.33 2.14 0.95 1.0 
Brain 0.26 0.61 0.71 0.47 0.04 0.047 
Lung 4.25 3.73 8.12 0.84 0.16 — 

Heart 3.5 3.39 1.18 1.45 0.9 0.06 
Adrenal 3.52 1.90 0.9 52 — ~ 

Spleen 4.47 3.12 3.59 1.52 0.66 0.044 
Inj.Site 24.9 21.9 15.9 12.4 3.54 0.006 

These results confirm the earlier observations that kidney is the best candidate tissue for 
detecting residues at times up to 24 hours post administration. It also shows the 
significant amounts of residue remaining at the injection site at short times after dosing. 

Other Residue Depletion Studies 

In this section, a number of residue studies will be examined to demonstrate the residue 
picture seen under field and laboratory conditions in which the residues of azaperone 
and azaperol are measured with regulatory-type methods rather than the radiotracer 
techniques employed in the studies outlined above. 

In the first report, the results of two experiments that were run two months apart are 
combined. Mixed breed female and castrated males of the Yorkshire type weighing 21 
to 36 kg were administered azaperone as a single injection of 2.2 mg/kg in the left ham. 
Two groups of control animals were included with one group slaughtered for each 
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experiment. Animals were slaughtered at 1, 2, 4, 12, 24, 48, and 72 hours post 
treatment. Residues of the parent compound azaperone were quantitated using a gas 
chromatograph with an AFID detector. The limit of detection was 10 ppb (Lange, 1978). 
Table X is a summary of the results of those experiments. 

Table X. Azaperone Residues in ppb in Pig Liver after a single 
of 2.2 mg/kg 

Time Study Average 
Post-Dose No. Residue Level 

control 1 < 10 
control 2 < 10 
1 hour 2 10.21 
2 hours 1 22.03 
4 hours 2 18.24 
12 hours 1 < 10 
24 hours 1 < 10 
48 hours 1 < 10 
72 hours 1 < 10 

In a series of experiments carried out for the Government of the Netherlands, studies 
were designed to answer a number of questions regarding residues in slaughter weight 
pigs including a small survey of slaughter house swine tissues (Rauws and Oiling, 1978). 
The results of two experiments were combined and reported in the first table below 
which examined the depletion of azaperone and azaperol in 100 kg Dutch Landrace 
pigs. The 0.4 mg/kg dose was administered IM behind the ear. As will be discussed 
later, azaperol was found in earlier metabolism experiments to be the major metabolite 
of azaperone in tissues. An investigational procedure employing a gas chromatograph 
with an AFID detector (20 ppb lower limit of detection) was used to determine residues 
in the kidneys, which had been selected as the target tissue. The results in table XI show 
the relationship of azaperone to azaperol with time and demonstrates the significant 
contribution of azaperol. Two animals were slaughtered at each time point. 

Table XI. Azaperone and Azaperol Residues in Pig Kidneys after a single 0.4 
mg/kg IM injection of Azaperone 

Time-Hrs Azaperone Azaperol % Azaperol 
Post Dose -Qem 

0.25 0.20 0.55 73 
1 0.07 0.30 82 
2 0.07 0.20 74 
3 0.06 0.30 83 
4 0.07 0.15 68 

A subsequent experiment by these same authors, part of which they included with the 
data in table XI, presents residue results in other tissues at short times after 
administration of the drug. As seen in table XI, the levels of azaperol are always higher 
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than the parent compound. The results are summarized in table XII and again point to 
kidney as a target tissue for detecting residues, particularly at short withdrawal times. 
The types of animals and conditions were the same as described in the experiments 
above. 

Table XII. Concentrations of Azaperone and Azaperol (in ppm) in Swine 
Tissues After a single 0.4 mg/kg IM Injection of Azaperone 

Azaperone Azaperol 
15 min 1 hour 15 min 1 hour 

Kidney 0.20 0.07 0.55 0.30 
Liver 0.03 0.03 0.21 0.17 
Brain 0.03 0.02 0.17 0.13 
Muscle <0.02 <0.02 0.03 0.04 

Another experiment carried out by the same authors addressed the issue of tissue 
pasteurization. Tissues obtained from the 15 minute and 1 hour slaughter time groups 
dosed with 0.4 mg/kg were used along with a 15 minute slaughter time group dosed 
with 4 mg/kg IM. Whole kidneys were vacuum packed and pasteurized (30 minutes at 
80°). One hundred gram portions of minced liver were canned and pasteurized (1 hr at 
80 ). Injection sites (100 g portions) were minced twice, mixed, canned and pasteurized 
(1 hr at 80°). Ham and presumably bacon were cured and processed to canned ham 
and bacon, respectively. The authors indicate that the variations of the ratios of the 
residues in pasteurized tissue to fresh tissue were large, probably due to the low residue 
concentrations; however, as seen in table XIII, the comparison of residues did not show 
any significant or consistent changes. 

Table XIII. Ratio of Residue Concentration in Pasteurized Tissues to 
Concentration in Fresh Tissues 

Tissue Azaperone Azaperol 

Kidney 1.3 1.2 
Liver 0.9 1.0 
Muscle (bacon) 0.9 0.8 
Inj. Site 1.1 0.9 

These same authors reported that random samples of kidneys obtained from Dutch pigs 
fattened in the summer of 1975 in Noord-Brabant, showed 22 of 27 samples to be 
positive for azaperone residues. The mean concentration of azaperone in the positive 
animals was reported as 0.12 ± 0.05 ppm and 0.30 ± 0.26 ppm for azaperol. In another 
part of the study, pigs imported from the Federal Republic of Germany, showed no 
residues of azaperone. Instead, residues of propiopromazine, another widely used 
tranquilizer, were found. In a subsequent study, virtually the same picture of the use of 
tranquilizers in pigs from both countries was reported (Oiling et al., 1980). An exception 
in this case was that many Dutch pigs also tested positive for propiopromazine. This 
information is given merely to indicate the nature of the problem some years ago in point 
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that farmers apparently felt the need to protect their animals from being damaged from 
the stress syndrome 'Malignant Hyperthermia' during transport to market. 

Another study (in German) also examined urinary excretion, and tissue residues 
including injection site at 2 and 4 hours after dosing. Ten market weight ( -100 kg) 
Dutch Landrace pigs (7 females, 3 males) were given an IM dose of azaperone (0.4 
mg/kg) in the ham. Five animals were slaughtered at 2 hours and 5 were slaughtered 
at 4 hours after administration of the drug. A capillary gas chromatographic method 
using a nitrogen-phosphorous detector was used for the analysis (Arneth 1985). Table 
XIV shows the tissue concentration of residues of both parent compound and azaperol. 

Table XIV. Azaperone (AZ) and Azaperol (AZOL) in ppm in Swine Tissues after 
a single 0.4 mg/kg Dose 

AZ AZOL AZ AZOL 

Inj. Site* 14.1 3.04 13.4 6.76 
Kidney 0.048 0.21 0.032 0.13 
Liver - 0.078 0.003 0.040 
Diaphragm 0.030 0.11 0.015 0.064 
Loin* 0.16 0.063 0.009 0.032 
Top of Leg 0.018 0.021 0.008 0.047 
Belly 0.073 0.041 0.013 0.030 
Back Fat* 0.273 0.134 0.123 0.048 
Spare Rib Fat* 5.69 2.16 4.26 1.99 
Blood 0.007 0.012 0.009 0.014 
Urine3 0.397 1.56 0.28 0.84 

* Results in these tissues were highly variable. Animal to animal variation was 
more than 100 fold in some cases. This variability was confined primarily to fat and inj. 
site. 

a Urine values at 2 hours were from 3 animals, at 4 hour from 1 animal. 

The results show that the concentration of the metabolite azaperol, in general, is greater 
than the parent compound. The exception is in fat, loin and injection site where parent 
compound is greater. 

This same author reported the results of a residue depletion study in urine that 
demonstrates the detection of drug use up to 72 hours post administration. The results 
are shown in table XV. Residues of azaperol average slightly higher than azaperone, but 
this does vary in animals. 
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Table XV. Azaperone and Azaperol Residues in ppb in Urine of 100 kg Pigs 
at Various Times after a 0.4mg/kg dose 

Compound Time after Administration 

Azaperone 
Azaperol 

3 h 6_h 9_h 24 h 48 h 72 h 

142 74 54 31 3 2 
195 87 69 35 6 8 

METHODS OF ANALYSIS FOR RESIDUES IN TISSUES 

Several methods are available to determine residues of azaperone in swine tissues. 
Some of these methods have been developed as part of general screening methods for 
the detection of tranquilizers which are widely used in the transport of pigs to market to 
avoid the stress syndrome, malignant hyperthermia, which decreases meat quality and 
may lead to premature death in pigs prior to slaughter. Other methods have been 
developed as part of the metabolic and residue studies early in the research phase on 
the drug. These latter methods have been refined and surpassed by those that have 
been primarily developed for regulatory purposes. This section will focus on those 
methods that have regulatory significance. 

In 1976, methods for azaperone and azaperol were published that involved extraction 
and chromatography. These methods then used a final extract for thin-layer or gas-
liquid chromatography and even mass spectrometry (Rauws et al., 1976). The method 
involved homogenization of tissue and grinding with an equal mass of ignited sand and 
a subsequent amount of sodium sulfate to produce a flowable powder. This powder was 
extracted with petroleum ether in a Soxhlet apparatus for 3.5 hours and the extract was 
extracted with 0.02M sulfuric acid. The acid extract was made alkaline and extracted 
with dichloromethane. After evaporation of the organic solvent, the residue was 
dissolved in light petroleum ether (LPE) and placed on a small alumina column which 
was subsequently washed with LPE and benzene. Azaperone and azaperol were eluted 
with diethyl ether which was then evaporated. The residue was taken up in an 
appropriate solvent for the type analysis that was to be conducted. 

Extracts in dichloromethane were used for TLC with acetone employed as the 
developing solvent. Azaperone and azaperol exhibited Rf values of 0.57 and 0.4, 
respectively. After removing the appropriate spot from the TLC plate and eluting the 
substrate with acetone, the evaporated acetone residue was available for GLC or MS. 

Gas-liquid chromatography was accomplished using a Varían Aerograph 1440 with an 
alkali flame ionization detector. The glass column was prepared with OV-17 on 
Gaschrom Q. The retention times of azaperone and azaperol were 11 and 13 minutes, 
respectively. A detection limit of 2 ng and overall recovery of 65 + 10% were reported. 

Mass spectrometry of azaperone and azaperol was carried out with a Varían MAT CH 
5 instrument via the direct inlet. The molecular ion peaks of 329 for azaperol and 327 for 
azaperone were clearly observable as were several other major mass peaks. However, 
the only one discussed was a pyridine containing fragment with m/e = 107 and it was 
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clearly the most abundant mass in the spectrum of both compounds. Additional 
performance characteristics of the MS method were not given. 

A recent article describes a thin-layer chromatographic screening method for several 
tranquilizers including azaperone, propiopromazine and carazolol. This method was 
designed to determine the presence of tranquilizers used just prior to transport to the 
slaughter house. It can be used for the detection of the compounds in pig meat and 
kidney tissue. The method employs a solid phase extraction and two dimensional TLC 
(Haagsma et al., 1988). 

the procedure involves digesting a ground 20 gram tissue sample with 1 M sodium 
hydroxide at 93d for 1 hour. After cooling, the mixture is extracted with diethyl ether and 
the ether extract, together with LPE, is then passed onto a pretreated silica gel column 
and dried. The analytes are then eluted by means of a dilute methanol-hydrochloric acid 
solution. Reduction of the eluate volume by evaporation, followed by centrifugation, 
yielded a supernatant that was then available for TLC. Precoated, 20 x 20 cm HPTLC 
plates were used to prepare twelve 5 x 5 cm plates after a cleaning-development 
procedure. A 5 I sample is applied at a position in the lower left corner of the plate 
about 1 cm from each side. A mixture containing standards is also applied to each plate. 
The plate is first developed with solvent system I containing dichloromethane-
acetone-25% ammonia (100:100:5 v/v/v), dried, turned 90P and developed with solvent 
system II which contained n-butanol-acetic acid-water (80:20:100, v/v/v). Azaperone 
and azaperol along with carazolol are observable under the 254 nm UV light and 
propiopromazine is detected by viewing under a 366 nm UV light. Azaperone and 
azaperol have Rfs of 0.7, 0.4 in solvent system I and 0.3, 0.3 in solvent system II, 
respectively. The detection limit for azaperone/azaperol is 50 ppb. Other performance 
characteristics of the method were not reported except the potential interference by 
other tranquilizers including their Rf values in solvent system I as follows: carazolol 0.14, 
acepromazine 0.26, propiopromazine 0.36, azaperol 0.40 (from previous study), 
chlorpromazine0.43, haloperidolO.51, xylazine (rompun) 0.60, and azaperone 0.68. The 
authors stated that the two-dimensional chromatographic system is not suitable to detect 
all seven tranquilizers. Finally, there is no indication that this method has undergone any 
collaborative study. 

In a study carried out to determine the usefulness of the method, 18 slaughter-weight 
pigs (110 kg, 6 animals for each drug) were injected with the recommended dose (0.4 
mg/kg in the case of azaperone). Two animals were slaughtered at each of the following 
times: 2h, 5h, and 8h, after treatment. Tissues collected included: kidney, injection site 
(IM behind the ear) and pillar of the diaphragm. Residues of azaperone/azaperol were 
detected in all tissues at, all times, with the exception of 8h diaphragm tissue. A similar 
result was obtained for propiopromazine; however, carazolol was only detected at the 
injection site at all times and not in the other tissues. 

Another method is one that is based on gas-liquid chromatography after an extraction 
clean-up procedure. The procedure involves the isolation of azaperone from swine liver. 
Liver tissue is homogenized with 10 N sodium hydroxide and chloroform. After 
centrifugation, the chloroform layer is decanted and then extracted with 1 N sulfuric acid. 
The aqueous acid extracts are made basic and the solution is extracted with hexane, 
which is subsequently evaporated, and the residue is taken up in methanol and this 
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solvent is again evaporated, followed by a final solubilization of residue in methanol. This 
solution is now ready for GLC analysis. The gas chromatograph was equipped with an 
alkali flame ionization detector. The glass column was packed with 3% OV-17 Gas 
Chrom Q. The same procedure is proposed for the GCMS confirmatory procedure 
down to the methanolic solution for injection; however, information on the mass 
spectrometer was not given. Only examples of the m/e ion counts were reported 
(Lange, 1978). 

The GLC method has a claimed limit of determination of 10 ppb in liver and the GC-MS 
confirmatory procedure a 15 ppb limit of detection. The performance characteristics of 
the two methods were not included and the methods did not undergo method trial or 
other collaborative trial. 

A final method to be discussed employs HPLC and was developed to detect and 
quantitate the use of illegal tranquilizers including azaperone for monitoring programs 
in The Netherlands. Swine kidneys are the target tissue for this method, which is 
designed as a multiresidue method for the following tranquilizers: carazolol, 
acepromazine, propiopromazine, chlorpromazine, haloperidol, xylazine, and azaperone. 
The method also detects the metabolite, azaperol. The initial sample work up uses a five 
gram kidney sample that is homogenized and then is vigorously mixed with acetonitrile. 
After centrifugation, the sample extract is mixed with a sodium chloride solution and 
pressed through a Sep-Pak C18 cartridge, which is subsequently eluted with an acidic 
acetonitrile solution and the eluate is partially evaporated. The remaining solution is 
washed with hexane and centrifuged. The lower aqueous layer is isolated and a portion 
is injected into the HPLC instrument. The HPLC system employed an automatic 
sampler, a solvent-delivery system, an UV-VIS detector, a fluorescence detector, and a 
double pen recorder. A guard column of Bondapak C18 preceded the analytical column 
which was also prepared from Bondapak C18 material (Keukens and Aerts, 1989). 
The mean recovery and limit of determination for the method as it performed for the 
seven tranquilizers and the metabolite azaperol is given in table XVI. 

Table XVI. Recoveries and Limit of Determination of Tranquilizers and 
Carazolol in Swine Kidney Samples 

Druq Fortification Mean Coefficient of Limit (ppb) 
(q/kq) recovery (%) variation (%) of deter. 

Carazolol 10 99 5.3 0.3* 
Xylazine 40 52 18.9 4 
Haloperidol 20 95 7.6 2 
Acepromazine 20 101 8.2 2 
Propionylpromaz. 20 95 6.7 4 
Chlorpromazine 20 93 13.4 6 
Azaperone 20 99 8.8 1 
Azaperol 2* 

number of samples = 10 
* based on fluorescence detection 
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With the exception of xylazine, the recoveries were excellent even at these low 
concentrations. Likewise, the precision was also very good. In addition, the 
exceptionally low level of determination permits detection of the drugs if they have been 
used for animals being transported to market. The authors also report that of more than 
40 other veterinary drugs and other human tranquilizers, only perphenazine and 
promazine showed UV peaks near propionylpromazine and these drugs are not 
expected in veterinary use. They further reported that this method has been tested in 
a routine monitoring program with more than 1000 analyses run with 30 
samples..."analyzed per day without technical problems." Finally, they state that the 
method was also applicable to injection sites, plasma and liver samples. 

APPRAISAL 

This review has outlined the residue, metabolism, and analytical methods for azaperone 
in swine. The results demonstrate that kidney is the target tissue in terms of total residue 
as well as for assayable residue at times between 1 and 24 hours after dosing. 
Thereafter, liver appears to be the tissue of interest. This is said with discrepancies 
noted in reviewing the differences in the various total residue studies concerning the total 
residue depletion in kidney and liver. It is also apparent that regulatory authorities have 
developed methods for kidney since this tissue has the highest assayable levels of 
azaperol and azaperone at the short withdrawal times during which the drug would have 
been used for the prevention of stress related illness during transport to slaughter 
facilities. The determination of residues at the injection site also offers the potential for 
residue determination at short withdrawal times if it is observable. The availability of 
modern, rapid, sensitive analytical methods for screening slaughter pigs for residues of 
tranquilizers including azaperone will readily permit the the detection, quantitation and 
confirmation of residues of this drug when used illegally just prior to transport. 
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CARAZOLOL 

IDENTITY 

Chemical: 

Synonyms: 

Structural formula: 

4-(2-hydroxy-3-isopropyl-amino-propoxy)-carbazole, 
1- (carbazol -4-y l -oxy)-2-hydroxy-3- isopropy lam ¡no-
propane, 

1-(4-carbazolyloxy)-3-(isopropylamino)-2-propanol 

Carazolol 

H 

0CH9CHCH9NHCH(CH3)2 

OH 

Molecular formula: C18H22N202 

Molecular weight: 298.34 

OTHER INFORMATION ON IDENTITY AND PROPERTIES 

Pure active ingredient: Carazolol (98.0 to 102% by titrimetric assay with respect to 

dry substance) 

Appearance: Pale yellow crystalline powder. 

Melting point: 135°-138° 

Solubility: Water practically insoluble 
Chloroform slightly soluble 
Ethanol (96%) soluble 
Acetone soluble 
Methanol very soluble UV maxima: 286 ± 1 nm 

Storage: Should be stored in tightly closed containers free from light. 
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RESIDUES IN FOOD AND THEIR EVALUATION 

CONDITIONS OF USE 

Carazolol is a B-blocking agent used as a tranquiliser to prevent stress in animals and 
humans. It is most widely used in pigs to ameliorate stress when they are transported 
thus preventing losses due to death and deterioration of the meat quality. It is also used 
in female pigs to relieve the stress of parturition and in male pigs to placate and prevent 
frenzy during mating. A less widespread use is in the prevention of reproductive 
stresses in dairy cows. The drug may alleviate stress during calving and may also have 
a positive effect on conception rate. 

The dose for pigs is 10 ¡jg per kg BW administered as an intramuscular (IM) injection 
behind the ear. The dose used in the cattle in the research studies cited was either 5 mg 
intravenously (IV) or 10 mg IM to cows weighing approximately 500 kg. 

The full effects of the drug are obtained about 20-30 minutes after intramuscular injection 
and within 5 minutes after intravenous administration. The effects are maintained for 8-
12 hours in the pig and for about 4 hours in cattle. 

METABOLISM 

Pharmacokinetics 

Pigs 

Two castrate male pigs were cannulated in the left jugular vein. 24 hours later they were 
each injected intramusculary behind the ear (left or right ear not specified) with 10 ¡ug per 
kg BW 14C-Carazolol (SA 24.37 /jCi per mg). Blood samples were collected at intervals 
for 30 hours and the total radioactivity in the blood was determined as concentration 
equivalents of Carazolol. The sensitivity of the assay was 0.05 ¡jg per kg. The activity 
of samples collected after 5 hours was below the sensitivity of the method (Rudloff, 
1982). The results are shown in figure 1. In both animals Carazolol is absorbed rapidly 
with peak concentrations in the blood seen at 10 minutes. Thereafter the concentration 
falls rapidly and is not detectable 5 hours after administration. 
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Figure 1. Carazolol Kinetics in the Blood of Pigs. 
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Three further castrate male pigs weighing 57, 58 and 63 kg, were administered a dose 
of 10 fjg per kg BW 14C-Carazolol and urine and faeces collected for either 4 hours (1 
pig) or 6 hours (2 pigs). Tissues were collected at slaughter and the radioactivity in the 
tissues was measured. 

The total activity excreted in the urine and faeces and expressed as a percentage of 
original dose was 47.5% at 4 hours after administration and 56.3% and 58.0% in the two 
pigs killed 6 hours after administration. About 25% original dose was excreted in the 
urine within 4.5 hours of administration (Rudloff, 1982). 

The concentrations Q^g/kg) in the urine and bile collected at the time of slaughter are: 

Withdrawal time (hours) 
4 6 6 

Urine 185 159 201 
Bile 143 242 374 

The concentrations in the tissues are given later in table VI. After absorption, cumulation 
of the substance takes place particulary in the liver, lungs, kidney and spleen. Relatively 
lower concentrations are found in the fat and muscle. Nevertheless all the values are 
higher than in blood. A further interesting observation was that activity was present in 
the stomach contents and also in faeces when the faeces were sampled just 10 minutes 
after administration. This indicates that Carazolol appears to be able to cross the 
epithelia at high blood concentrations. 
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Cattle 

A series of experiments were conducted in Germany (Steinhart, 1987) to investigate the 
pharmokinetics in the blood and milk of dairy cattle following either IV or IM 
administration of Carazolol using the commercially available preparation. 

In experiment 1,5 mg Carazolol were administered IV to three cows and IM to two cows. 
The injections were made at 12 noon and samples of serum and milk were collected for 
7 hours and 20 hours respectively. The concentrations of Carazolol were determined 
by the HPLC method (Rudolph and Steinhart, 1987, Rudolph, 1988) and the results are 
shown in table I. The lower limit of detection of the method is 0.3 /jg/L. No measurable 
amount of residues were found in serum at 3 hours WT or in milk at 20 hours WT. There 
was considerable variation in the profiles of the cows and may be the result of problems 
incurred during the injection of the drug. If one assumes that the results for cows 
numbered 1 and 5 are erroneous because of injection problems then the half lives of 
Carazolol in serum are in the range 3.7 to 8.3 minutes (see table I). 

Table I. Kinetics of Carazolol in serum and milk of dairy cattle. 

WT cow 1 cow 2 cow 3 COW 4 cow 
(h:min) 530 kg 520 kg 540 kg 470 kg 430 

-ÜY1 -ÜVX -ÜM1 _(1MJ 

Serum: 

:05 20.1 8.3 13.4 2.5 ND 
:10 7.5 5.4 5.6 2.7 0.8 
:15 49.4 2.8 1.8 2.0 1.5 
:30 12.4 0.9 0.3 0.7 1.0 

1:00 1.6 0.7 ND ND 0.4 
2:15 0.7 ND ND ND ND 
3:00 ND ND 
4:00 ND 
7:00 ND 

Milk: 

4:00 1.3 3.3 3.2 1.8 2.8 
18:00 ND 0.4 1.4 ND ND 
20:00 ND ND ND ND ND 

Half life in serum (min): 

? 3.8 7.1 8.3 ? 

In another experiment reported by Steinhart, (1987), (No. 5) and Rudolph (1988) to 
investigate blood kinetics of Carazolol, three cows were injected IV with 5 mg Carazolol 
and serum sampled were prepared at various intervals after administration of the drug. 
The concentration of Carazolol was determined by the HPLC method of Rudolph and 
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Steinhart (1987). 5 days later the same cows were given 10 mg Carazolol as an IM 
injection and the concentration of Carazolol again determined in serum samples. The 
results are shown in table II. As in experiment 1 one of the animals, No. 8, produced 
strange results which again might be caused by incorrect injection into a vein. 

Table II. Kinetics of Carazolol in Serum of Dairy Cows. (Results 
expressed as m g Carazolol per L) 

WT cow 13 cow 6 cow 8 cow 13 cow 6 cow 8 
(min) 561 kg 505 kg 570 kg 562 kg 504 kg 572 kg 

-ÜY1 m. m. -Í1MI -0Ml -ÜM1 

5 10.4 14.2 0.9 4.1 ND 14.8 
10 5.3 8.6 4.5 5.1 6.5 20.3 
20 4.8 6.7 7.2 5.6 5.8 21.4 
30 2.8 2.9 26.1 7.2 7.6 18.2 
40 2.3 4.9 15.0 8.2 10.4 17.2 
60 3.2 3.8 19.8 5.3 7.7 6.9 

Half life (min) 

17.6 18.5 ? 111.7 22.4 

ND is not detectable (<0.05 ¿xg/L) 

Three further experiments (numbers 2, 3 and 4) were carried out to investigate the 
excretion of Carazolol into milk of dairy cows administered IV or IM doses ranging 
between 2.5 mg and 10 mg. 

One cow weighing 530 kg was administered increasing doses of Carazolol IV on three 
separate occasions (see table III). The concentration of Carazolol in milk collected 2.5 
hours and 17 or 18 hours after injection are shown in table III. The residues of Carazolol 
in the milk were dose dependent at 2.5 hours WT and no residues were detectable 
( < 0.05 /x g/L) at 17 or 18 hours WT. 

Table III. Concentrations of Carazolol Oxg/L) in milk after IV injection. 

Dose (mg) 2.5 hours WT 17 or 18 hours WT 

5.0 2.40 ND 
3.5 1.14 ND 
2.5 0.58 ND 

ND is not detected (<0.05/xg/L) 

Seven cows were injected IV with 2.5 mg Carazolol and milk collected at 2.5 hours and 
18 hours after injection. The concentration of Carazolol in the milk (by HPLC method) 
was 1.67 ± 0.52 (mean ± SD) m g/L, n = 7 at 2.5 hours WT. In six cows no residues 
were detected at 18 hours WT, a seventh cow had residues of 0.26/xg/L. 
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Five cows were administered 5.0 mg Carazolol IV and two days later administered 10 mg 
Carazolol IM Milk samples were collected at 2.5 hours and 18 hours after each injection. 
No residues were detectable by the HPLC method in the samples collected 18 hours 
after either injection. The residues (mean ± SD) at 2.5 hours were 1.96 ± 0.56 M g/L 
after IV injection and 3.72 ± 1.15/ig/L after IM injection. 

Metabolism in Food and Laboratory Animals. 

General 

Lipophilic beta-receptor blockers undergo extensive metabolism (Riess et al, 1975) 
which usually includes; Glucuronidation of the hydroxyl group of the side chain; 
hydroxylation and subsequent glucuronidation; oxidative desamination; cleavage of the 
ether link to form a phenol; n-dealkylation. 

There is little information available on the metabolism of Carazolol in animals. Limited 
information on three metabolites in urine is provided for the pig and human but there is 
no information on metabolism in cattle or in laboratory species other than the dog. 

There are two sets of residue data in the pig. The first gives the total residues using 
radiometric methods but without giving an indication of concentrations of either parent 
drug or individual metabolites. The second set of data uses an HPLC method which 
measures parent drug (in urine three other metabolites were measured) but gives no 
indication of the total residues in the edible tissues. The metabolism studies reported do 
not provide evidence for a possible marker substance. 

Pig 

Rudolph (1988) developed an HPLC method to measure the concentrations of three 
metabolites; Carazolol-monoglucuronide, Carazolol-lactateandCarazolol-acetate. The 
lower limits of detection (/xg/L) for the metabolites were Carazolol-gluc, 0.48 as 
Carazolol; Carazolol-La, 5.5; Carazolol-Ac, 3.5. He used the method to investigate the 
metabolism of Carazolol in the urine of pigs after IM administration of 10^g/kg Carazolol 
to sows and collecting urine for 4.5 hours after injection. The results are shown in table 
IV. 
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Table IV. Residues of Carazolol and metabolites in pig urine. 

Sow 
No. 

Caraz. 
ua/L %dose 

Caraz.-Gluc 
ua/L %dose 

Caraz.-La 
ua/L %dose 

Caraz.-Ac Total 
ua/L % dose 

I 15.4 0.77 9.4 0.47 20.4 1.02 trace 2.3 

II 19.4 0.88 10.9 0.50 16.0 0.73 trace 2.1 

III 9.8 0.56 16.5 0.94 24.6 1.41 trace 2.9 

IV 18.4 0.92 5.6 0.28 24.3 1.21 trace 2.4 

V 11.3 0.53 24.5 1.14 123.8 5.76 trace 7.4 

(The residues are all expressed as equivalents of Carazolol) 

The residues found in the Rudolph study can be compared with the total residue values 
from a radiometric study (Rudloff, 1982). In the radiometric study 25% of the original 
dose is excreted in the urine in 4.5 hours, and from the values in the above table one has 
to conclude that the majority of residues in pig urine are not identified. 

Bartsch et al. (1979), carried out a radiometric study and used the same dose and 
withdrawal time (2 hours) as Rudolph and Steinhart (1987). The residues in tissues 
reported in the two studies are compared in table V. The results for HPLC method have 
to treated with caution because only one pig was used. Whereas there is evidence that 
the majority of residues in muscle tissue are parent drug, only 15% and 21% of the 
residues are Carazolol in liver and kidney respectively. The other residues are 
unidentified but Rudolph and Steinhart (1987) claim that treatment of the tissues with 
glucuronidase failed to liberate Carazolol and concluded that the Carazolol-glucuronide 
was not present in the three tissues. 

Table V. Residues (/ig/kg) in pigs by radiometric or HPLC methods. 

14C-Caraz. 14C-Caraz. Caraz.-HPLC HPLC/14C-Caraz. 
(5) (6) (5) (1) 

Liver 28.4 33.7 ±11.7 5.1 0.15 

Kidney 17.5 20.9 ± 6.0 4.4 0.21 

Muscle 2.1 2.5 ± 0.8 2.9 1.14 

14C-Carazolol measured by Bartsch et al. (1979), using six pigs. One pig gave very low 
values (see table VI) and if omitted, the values are indicated in the second column of 
figures. 
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Dog 

The metabolism of 14C-Carazolol was investigated in 24-hour urine study from dogs 
(Hindermayr et al, 1977). The drug was administered by IV injection and 31% of the 
original radioactivity was recovered in the urine over a 24 hour withdrawal period. The 
metabolites identified were those formed by: 

Oxidative desamination — > side chain carboxylic acid 

Hydroxylation > phenol group 

Glucuronidation > 2-propyl-glucuronide 

Human 

Two humans weighing, 72 kg and 88 kg were each given an oral dose of 5 mg Carazolol 
and their urine collected for 4.5 hours. The residues of Carazolol and three metabolites 
were measured by an HPLC method (Rudolph and Steinhart, 1987). 

Human Caraz. Caraz.-Gluc Caraz.-La Caraz.-Ac Total 
% dose % dose % dose % dose % dose 

A 0.34 6.62 6.18 0.55 13.7 

B 0.18 8.82 9.7 1.11 19.8 

Less than 0.5% of the drug is excreted as parent drug and a significant quantity is 
excreted as the glucuronide and lactate. No total residues were measured and no other 
metabolites identified. 

TISSUE RESIDUE DEPLETION STUDIES 

Radiolabeled Residue Depletion Studies 

Pig 

14C-Carazolol (SA. 29.3 /xCi/mg - purity >96%) in 0.9% saline was administered 
intamusculary behind one ear at a dose of 10 Mg/kg BW to 10 castrate male pigs 
weighing 40 - 50 kg and the total residues, as equivalents of Carazolol, were determined 
in the tissues of pigs slaughtered 2, 8 and 16 hours after dosing (Bartsch et al, 1979). 
The results are shown in table VI. 
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Table VI. Total Residues frxg Carazolol equiv. per kg or L) of 14C-Carazolol 
in pigs. 

WT 

Tissue 

2 hours 
n = 6 

2 hours 
n = 5 

8 hours 
n = 2 

16 hours 
n = 2 

Muscle 1.77 ± 0.78 2.00 ± 0.57 0.35, 0.44 0.14, 0.02 

Liver 28.4 ± 16.8 33.7 ±11.7 2.8, 6.8 16.2, 6.2 

Kidney 17.5 ± 9.9 20.9 ± 6.2 2.3, 5.0 4.7, 2.7 

Fat 3.7 ± 3.6 4.3 ± 3.6 12.5, 14.8 0.03, 0 

Inj. site 8.8 ± 12.0 10.2 ± 12.8 0.6, 11.6 2.4, 18.1 

Brain 1.4 ± 1.3 1.62 ± 1.16 0, 0.09 0.6, 0.2 

Lungs 41.1 ± 20.8 49.3 ± 5.8 5.5, 11.9 8.1, 5.1 

Contents 
small 
intestine 

227 ± 60 272 ± 110 20.8, 43.2 75, 75 

Bile 290 ± 185 344 ± 148 229, 355 188, 209 

Serum 4.9 ± 4.0 5.9 ± 3.6 0.24, 2.6 0.56, 0.34 

The radioactivity in 1 ml serum or 0.2 ml urine was determined following the addition of 
hydroxylamine hydrochloride and toluene scintillation fluid. The radioactivity in faeces 
and tissues was determined by oxidation and measuring the activity of the C02 

produced. The detection limit was 0.05Mg/kg. 

The concentrations of residues in one of the six pigs in the group slaughtered two hours 
after dosing were very much lower and different from the values for the other five pigs. 
This may have been due to incomplete administration of the dose. The results for this 
pig are not included in the second column of values. 

The highest concentration of residues in tissues were in the liver, kidney and lungs with 
much lower levels in the muscle, fat and brain. The values were highest at 2 hours after 
dosing except in the fat where the maximum value was at the 8 hour time point. 
Residues were present in all the tissues at 16 hours after dosing. There is no information 
on the identity of the residues but taking into account the extensive metabolism of beta-
receptor blockers one might assume that much of the residues are metabolites and not 
parent drug. 
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14C-Carazolol (SA. 24.4 /xCi/mg - purity >96%) in 0.9% saline was administered 
intamusculary behind one ear at a dose of lO^g/kg BW to 3 castrate male pigs and the 
total residues, as equivalents of Carazolol, were determined in the tissues of pigs 
slaughtered 4 and 6 hours after dosing (Rudloff, 1982). The results are shown in table 
vu. w 

Table VII. Total Residues (fig Carazolol equiv. per kg or L) of 14C-Carazolol 
in pigs. 

WT 4 hours 6 hours 6 hours 
(63 kg) (58 kg) (57 kg) 

Tissue 

Muscle (loin & chop) 0.18-0.36 0.23 - 0.48 0.47-2.12 

Liver 39.1 25.1 25.3 

Kidney 18.4 15.1 15.5 

Fat 1.3 1.0 0.2 

Injection site 9.1 5.1 3.0 

Brain 3.4 1.1 2.3 

Lungs 24.7 23.5 29.0 

Contents of stomach 18.5 8.8 58.1 

The radioactivity in faeces and tissues was determined by oxidation and measuring the 
activity of the C02 produced. The detection limit was 0.05/ig/kg. 

The dose of Carazolol used in the two studies is the same and therefore the results from 
the two radiometric are combined to give more time points. The depletion curves for the 
edible tissues are shown in figure 2. 
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Figure 2. Depletion of Carazolol in Edible Tissues of the Pig. 
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Other Residue Depletion Studies 

Pigs 

A castrate male pig weighing 80 kg was injected IM with Carazolol at a dose of 10/xg/kg 
BW. Samples were collected from six sites in the liver, three in the kidney and in two 
sites in the filet and the residues of Carazolol were determined by the HPLC method 
Rudolph and Steinhart, (1987). The values in ug/kg were: Muscle, 2.7, 3.0; Liver, 5.1 
± 1.4; Kidney, 4.4 ± 1.0. Thus, there is some evidence of uneven distribution of the 
residues of parent drug within an organ. 

Rudolph (1988) reported that the concentration of incurred residues of Carazolol in pig 
livers and kidneys was unchanged after storage for four months at -18°. 

Eight pigs (90 -100 kg) were injected IM with Carazolol at a dose of 10/xg/kg BW and 
slaughtered at 1.75 hours after injection. The Carazolol content in the kidneys was 
measured and the mean ± SD uncorrected for recovery was 17 ± 4/xg/kg. Correcting 
for recovery gave a mean value of 19/xg/kg. (Engelsma and Simons, 1985). 

Cattle 

Twelve cows were collected in a slaughterhouse and injected either IM with 10 mg 
Carazolol or in an abdominal vein with 5 mg Carazolol. The cows were slaughtered at 
various time intervals after injection and samples of liver, kidney, muscle and fat collected 
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for analysis of Carazolol by the HPLC method of Rudolph & Steinhart (1986). The 
weights of the cows, their treatment and the results for residues of Carazolol are given 
in table VIII. 

Table VIII. Residues of Carazolol in cattle by HPLC method. Oig/kg) 

WT Weiaht Muscle Liver Kidney Fat 
(hours) IM IV IM IV IM IV IM IV IM IV 

2.75 255 215 8.8 5.5 31.5 19.0 44.6 86.9 <3.5 7.5 

4.5 203 198 7.7 7.8 35.3 15.9 63.9 38.1 <3.5 3.6 

7.75 241 243 4.2 5.9 10.0 10.2 22.9 18.9 <3.5 <3.5 

14.0 227 256 3.8 4.1 12.4 13.1 20.2 16.1 <3.5 <3.5 

18 221 272 1.7 1.4 3.5 5.8 15.3 8.5 <3.5 <3.5 

23.5 232 250 <1.3 <1.3 7.5 5.5 6.8 7.9 <3.5 <3.5 

The residues after IM and IV do not essentially differ at the two doses used. The 
sponsors combined the results and calculated the mean elimination half lives of 
Carazolol. The values were; muscle, 8.9 hours; liver, 7.8 hours and kidney, 4.9 
hours. 

METHODS OF ANALYSIS FOR RESIDUES IN TISSUES 

General 

There are several methods used by various countries for detecting and determining 
residues of carazolol in porcine and bovine tissues (usually kidney) and fluids. Carazolol 
is extracted from tissues or fluids, purified by chromatography using mini-columns, TLC 
or HPLC and measured by UV or fluorescence. The lower limits of detection are in the 
low j ig /kg o r ^ g / L range. 

HPLC 

Much of the data on residues of Carazolol submitted by the sponsors was obtained 
using the HPLC method developed by Rudolph (1988) and Rudolph and Steinhart 
(1987). This method is suitable for routine monitoring of animals and fresh meat. An 
outline of the main stages of the method is shown in the flow diagram: 

Sample (usually liver or kidney) 50g 

Extract with acetonitrile-methanol-ammonia 

Centrifuge, decant and dry 
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Dissolve in NaOH 

Extract with diethyl-ether 

Kieselgel chromatography, eluting with methanol-ammonia 

Dry 

Dissolve in NaOH 

Extract with diethyl-ether 

Dry ether phase 

Dissolve in 0.5 ml methanol 

H PLC (20 /x I) by fluorescence with excitation at 245nm and emission at 345nm; 
Column, Spherisorb ODS II; Mobile phase, acetonitrile-1.25% aqueous 
ammonia-dioxane, (90:10:2) 

The recoveries for pig liver tissues spiked with 1 to 15.5 Mg/kg was 74 - 88% with a 
correlation coefficient (r = 0.9999) for linearity of mass versus response. Similar values 
for recovery were observed with muscle and kidney. The lower limit of detection is 0.48 
H g/kg for tissues. 

An H PLC method (Van Ginkel et al, 1989) for detecting tranquilisers and Carazolol was 
used by the Netherlands in a surveillance programme. Positive results could be 
confirmed by an additional two-dimensional TLC method although often was not 
necessary. Pig kidney was homogenised and made alkaline with NaOH before 
extraction with diethyl ether. The ether extract was applied to a Baker 10 SPE cartridge 
column and after washing with organic solvents was eluted with acetonitrile-water-
ammonia into NaOH. The Carazolol is extracted into hexane and an aliquot applied to 
a reverse phase SAS-Hypersil column. The mobile phase was acetonitrile-water-
ammonium acetate and the eluate monitored at 235nm in the UV region. The limit of 
detection was < 1 M g/kg. 

The fraction suspected of containing the Carazolol was spotted on a TLC plate and run 
in two dimensions using 1) acetone-dichloromethane-ammonia (40:60:1, v/v/v) and 2) 
acetone-25% ammonia (100:0.1, v/v). The Carazolol spots were detected after spraying 
with vanillin-phosphoric acid and heating at 120° for 5 minutes. 

Arneth (1990) has developed another HPLC method which detects 5 tranquilizers and 
Carazolol in pig kidneys or urine. 5 g fresh tissue is homogenised in acetonitrile and 
centrifuged. The clear supernatant is diluted with aqueous ammonia an an aliquot 
placed on an OCTYL solid phase mini-column. The analytes are eluted from the column 
in ammoniated-methanol. After drying and redissolving in the mobile phase (for HPLC) 
an aliquot was analysed on HPLC. The column was a LiChrospher 60 RP-select B, the 
mobile phase was 0.05M phosphate buffer/tetrahydrofurane/acetonitrile (60:5:35, 
v/v/v). A fluorescent detector was used with emission measured at 345nm and 
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excitation at 245nm. Recoveries for Carazolol (mean ± SD) from spiked samples were 
urine (spike = 15/xg/L) 78 ± 8.0%, kidney (spike = 10 Mg/kg) 77 ± 14%. 

TLG 

A TLC method using fluorescent detection was developed (Ellens et al., 1982) for 
detecting Carazolol in pig kidneys. The lower limit of detection is 1 Mg/kg. 40 g pig 
kidney were cut up and homogenised in alkaline diethyl-ether. The supernatant was 
dried, taken up in acetone and put on a 1 g silica mini-column. The eluate with acetone-
methanol was dried and back extracted between acid-ether-alkali-ether. The dried 
extract was dissolved in methanol and an aliquot run on TLC plates (silica gel). The 
plates were developed in chloroform:methanol:25% ammonia (150:15:0.5, v/v/v) and 
the spots viewed under short wave UV light. The spots could be quantitated using a 
fluorodensitometer with excitation at 313nm and emission at 354nm. Contents of 1 
Mg/kg give a clearly positive result. 

The positives were confirmed by a second TLC analysis. The extract was dansylated 
and the derivatives run on high performance TLC plates in two dimensions. The mobile 
phases were 1) chloroform:acetone (9:1, v/v); 2) ethyl acetate:n-hexane:dichloro-
methane (150:20:40, v/v/v). The plate is viewed under short-wave UV light. A sensitivity 
of 1 Mg/kg is claimed. 

The method was evaluated using six pigs injected IM with Carazolol at a dose of 5 - 50 
Mg/kg BW. The pigs were transported to the slaughterhouse and samples of muscle, 
liver and kidneys collected for analysis. No time interval is indicated but the pigs were 
killed within a few hours of the administration of Carazolol. All the kidneys were positive 
in both TLC systems, five of the six livers were positive and all the muscles (loins) were 
negative. 

Mini-column Chromatography 

Engelsma and Simons (1985) developed a simple method for routine screening of 
Carazolol in pig kidneys. 20 g kidney was homogenised, mixed with NaOH and heated 
for 1 hour. After cooling Carazolol was extracted with diethyl-ether and an aliquot of the 
extract run through two mini-columns in series. The first column was a C-18 bonded 
reversed phase cartridge and the second column a Sep-Pak silica cartridge. The 
Carazolol was eluted from the silica cartridge with methanol/HCI. The fluorescence 
spectra (excitation 245nm) was recorded from 300-400nm and the amount of Carazolol 
determined by iteration with a standard curve. Blank values for untreated pigs were 0.1 -
0.3/xg/kg and recoveries from kidneys using 5,10 and 15Mg/kg spikes were 87 - 88% 
with CVs 3.1 - 3.7%. The lower limit of detection was at least 1 Mg/kg. 

A mean value of 1 9M g/kg (see above) was recorded for Carazolol in the kidneys of eight 
pigs slaughtered 1.75 hours after dosing. This value is higher than other results using 
TLC or HPLC and is similar to the value found in the radiometric studies. This method 
may determine several Carazolol metabolites either because they are unresolved in the 
mini-columns or some of the metabolites may be hydrolysed to Carazolol in the heating 
with alkali stage. 
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FEBANTEL 

IDENTITY 

Chemical: Dimethyl [[2-(2-dimethyloxyacetarnido)-4-

(phenylthio)phenyl]imidocarbonyl]dicarbamate 

Synonyms: RINTAL; ORATEL ; CAS 58306-30-2 

Structural formula: 

H NCOOCHo 1 / / J 

.N-C 
\ 

NHCOOCH3 

N-COCH2OCH3 
I 3 

H 

Molecular formula: C ^ H ^ N ^ S 

Molecular weight: 446.48 

OTHER INFORMATION ON IDENTITY AND PROPERTIES 

Pure active ingredient: 98.0-102.0% Febantel, based on dry substance. 

Appearance: White crystals 

Melting point: 129-130° 

Solubility: 1-2 ppm in water at pH 5-9 

Octanol/Water Partition Coefficient: Logbw 2.9, 2.8, 2.6 (pH 5, 7, 9) 
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RESIDUES IN FOOD AND THEIR EVALUATION 

CONDITIONS OF USE 

General 

Febantel is a broad spectrum anthelmintic used for the treatment of gastrointestinal 
parasitism in cattle, sheep and swine. The recommended therapeutic doses for cattle, 
sheep and swine are 10, 5 and 5 mg/kg, respectively. 

Dosages 

Febantel is administered orally as a suspension, a paste (45.5%) or as a feed additive. 

METABOLISM 

General 

For background studies on the metabolism of febantel in rats and sheep, the guanidino 
carbon was labelled with 14C and 13C. The specific activity was approximately 44 
mCi/mM, and the radiochemical purity was greater than 98.5% as shown by thin-layer 
chromatography. (Weber, etal, 1976) 

All other metabolism and total residue depletion studies were conducted with 
[l4C-phenylthio] febantel. Specific activity was approximately 40 mCi/mM, and the 
radiochemical purity was greater than 98.0%. Radiopurity of febantel of specific activity 
39.99 mCi/mM showed no significant losses (> 98.0%) during an 8 month storage 
period. The specific activity of [14C] febantel was lowered by addition of cold drug 
substance and subsequent repurification to give a specific activity of 10.1 mCi/mM and 
a radiopurity of > 99.0%. After storage of [14C] febantel over a 4 month period at -70° as 
a solid or in ethanol, no significant loss of radiopurity was observed. (Waggoner, 1987a) 

To support metabolite identification, reference standards corresponding to suspected 
metabolites and degradation products have been synthesized and their identity 
confirmed by spectral data. The reference standards were utilized in all metabolism 
studies with the target species and rats. (Waggoner, 1987b) 

Febantel cyclizes rapidly in vivo to yield fenbendazole, oxfendazole and oxfendazole 
sulfone as its main metabolites. There is some evidence that parent febantel and 
febantel sulfoxide are present in liver tissue at short withdrawal times; however, their 
concentrations are too low for either to serve as a marker residue. Studies with 
14C-guanidino labelled febantel do not quantitatively measure the benzimidazole 
metabolites and should be used only to identify the metabolites. 

Rat 

The pharmacokinetics of febantel was investigated by administering either oral, 
intravenous or intraduodenal doses of [14C-guanidino] febantel to Sprague-Dawley SPF 
male rats. Within 48 hours after oral dosing of 5 mg drug per kg body weight, 
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approximately 25 - 30% of the administered dose was excreted in urine and 
approximately 70% was excreted in feces. Rate of absorption was rapid as shown by 
peak levels in blood serum within one hour after dosing. From intravenous and 
intraduodenal doses, approximately 70% of the dose was eliminated via the bile. During 
the first 48 hours after an oral dose, excretion of residues was measured in the respired 
air. Less than l% of the dose was found, indicating that 14C-guanidino carbon was not 
transformed to volatile products or carbon dioxide. Depletion of total drug-related 
residues was observed in tissue to a maximum of 10 days after a single oral dose of 5 
mg/kg and is summarized in Table I. Liver contained the most residue at all withdrawal 
intervals. (Weber, etal, 1977a) 

Table I. Total Drug-related residues (in n g/kg) in rat tissue after oral dosing. 

Time 
(Days) Liver Kidney Muscle Fat 

0.1 800 220 35 280 
0.3 600 155 22 230 
1 250 34 3 22 
3 115 11 3 <4 
6 60 5 <1 <4 
10 18 3 <1 <4 

For comparative metabolism purposes, four male and four female Charles River Wistar 
rats [Crl:(WI)Br] were administered [14C-phenylthio] febantel, orally at a dose of 25 
mg/kg/day for seven days. Urine was collected daily and pooled by sex for investigation 
of metabolic profile. Approximately 20 - 25% of residues in urine were conjugated as 
demonstrated by glucuronidase/ sulfatase enzyme studies. Components in urine were 
characterized by thin-layer chromatography and comparison of Rf values to those of 
authentic analytical standards. Urinary excretion in males and females accounted for 
approximately 17 and 24%, respectively, of the administered dose. A summary of 
components found in male and female urine is given in Table II. Those metabolites 
Identified compared against authentic standards by thin-layer chromatography are given 
in Table III. No significant qualitative differences were observed between male and 
females. (Leeling et al, 1986a) 

In another study 4 male and 4 female Wistar rats, of identical breeding to rats in the urine 
study, were administered [14C-phenylthio] febantel as a single oral dose of 25 mg/kg. 
The animals were sacrificed one hour after dosing. Livers were removed, pooled by sex 
and investigated for residues of febantel. Livers were subjected to hydrolysis in the 
presence ofglucuronidase/sulfatasepriorto extraction and characterization by thin-layer 
chromatography. Results are summarized in Table II indicating the number and levels 
of metabolites found in liver. Identified metabolites are shown in Table IV. Residues of 
febantel, BAY h 5156 (fenbendazole) and BAY h 6817 (fenbendazole sulfone) were 
detected in liver but not urine for rats. (Leeling et al, 1986b) 
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Table II. Metabolites of febantel found in rat urine and liver. 

% of Total Number of Metabolites 
Residue Urine Liver 
Found Male Female Male Female 

>10 3 3 3 2 
5-10 1 3 2 2 
1-5 9 2 7 7 
<1 21 33 6 12 

Total 35 41 18 23 

Figure 1, below, is a schematic representation of febantel metabolites. The molecule has 
substituted groups at the X and R locations with the nature of these groups determining 
the metabolite. The R is either COOCH3 or H and X is a sulfur, a sulfoxide or a sulfone. 
See the following tables III to IX. 

Figure 1 

Table III. Identification of metabolites of febantel in rat urine. 

% of Total Residue 
in Urine 

Metabolite R X Male Female 

BAY h 7828 COOCH3 SO 27 36 
BAY k 8449 H SQ 18 14 
BAY k 1236* COOCH, S 13 8 
BAY k 7648 H SO 10 13 

aA para-hydroxy substituted phenyl metabolite. 
(Note: See figure 1 for R and X) 



- 43 -

Table IV. Identification of metabolites of febantel in rat tissue. 

% of Total Residue 
in Liver 

Metabolite R X Maie Female 

FebanteP _ _ 3 1 
BAY h 5156? COOCH3 S 22 37 
BAY h 7828 COOCH3 SO 3 3 
BAY k 6817 COOCH3 so2 12 8 
BAY k 1236 COOCH3 SP 27 23 
BAY i 6057 H s 0 <1 
BAY k 7648 H so 0 0 
BAY k 8449 H so2 3 2 

Tarent drug 
bFenbendazole 
cPara-hydroxyphenyl substituted 
(Note: See figure 1 for R and X) 

Sheep 

Studies were initially conducted to identify metabolites in urine, feces and blood serum. 
Three female lambs were administered a single 5 mg/kg dose intraruminally. Pooled 
samples of urine and feces, each collected over a 3 day interval after dosing, were 
investigated for metabolites. Blood serum was investigated for metabolite content at two 
intervals after dosing, 8 and 12 hours. Up to 30 components were found in urine. 
Approximately 30% of total residues in urine was conjugated as shown by 
glucuronidase/sulfatase enzyme hydrolysis. Results of components found in urine are 
shown in Table V. At least 15 components were found in feces. The major components 
are also summarized in Table V. Up to 18 components were found in blood serum, and 
the major ones are also summarized in Table V. (Maul, et al, 1977a) 

Table V. Metabolites of febantel found in sheep urine, feces and blood 
serum. 

% of Total Residue Found 
Blood 

Metabolite R X Urine Feces Serum 

FebanteP _ _ 0 30 0 
BAYk 1236P COOCH, S 20 15 0 
BAY h 5156 COOCH3 s 7 17 12= 
BAY h 7828 COOCH3 so 11 3 35 
BAY h 6817 COOCH3 so2 4 6 35 
BAY i 6057 H s 0 0 0 
BAY k 7648 H so 10 0 <1 
BAY k 8449 H so2 1 0 <1 
Uread - - 1 - -
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a Parent drug 
b Para-hydroxyphenyl substituted 
c Maximum level found 
d Formed from guanidino carbon 
(Note: See figure 1 for R and X) 

Cattle 

One male and one female beef calf were administered a single oral dose of 
[l4C-phenylthio] febantel at 7.5 mg drug per kg body weight. Tissues were collected after 
0.75 day withdrawal. Liver was then investigated to determine a metabolic profile. Results 
are summarized in Table VI. Greater than 90% of total drug-related residues was readily 
extractable from liver. (Leeling et al, 1986c) 

Table VI. Metabolites of febantel found in bovine liver -0.75 day withdrawal. 

% of Total Residue Found 

Metabolite R X Male Fem 

FebanteP _ _ 3 6 
BAY h 5156? COOCH3 S 41 30 
BAY h 7828 COOCH3 s o 4 10 
BAY h 6817 COOCK3 so2 15 14 
BAY k 6057 H s >1 >1 
BAY k 7648 H s o 3 >1 
BAY k 8449 H so2 >1 0 
Unidentified - - 6 12 

a Parent drug 
bFenbendazole 
(Note: See figure 1 for R and X) 

Liver from a female calf treated orally with a single 7.5 mg/kg dose and sacrificed at a 
10 day withdrawal interval was investigated for the characterization of metabolites. A 
more rigorous extraction was needed in order to solubilize the residues. Nearly 90% of 
total residues were extracted by a soxhlet extraction utilizing acetic acid:water (1:9 v/v). 
Metabolites were then separated and detected by HPLC utilizing UV. Results for a 10 
day withdrawal interval are given in Table VII. Values are for two separate samples. For 
kidney at a 10 day interval, BAY h 5156 and BAY k 8449 represented 10 and 16% of total 
residues, respectively, although each metabolite was less than 0.05 ppm. (Waggoner, 
1986a) 



- 45 -

Table VII. Metabolites of febantel found in bovine liver at 10 day withdrawal. 

Metabolite R % of Total Residue Found 

FebanteP 
BAY h 5156? 
BAY h 7828 
BAY h 6817 
BAY i 6057 
BAY k 7648 
BAY k 8449 

COOCH, 
COOCH3 
COOCH, 

H 
H 
H 

S 
SO 
S02 
S 
SO 
SO, 

0 
<1-4 
3-9 
1-13 
0 
3-7 
12-35 

a Parent drug 
bFenbendazole 
(Note: See figure 1 for R and X) 

Recovery of total drug-related residues for 10 day liver was found initially to be 70.1%. 
The 10 day liver sample was reinvestigated with an emphasis to account for all 
radioactivity in the sample. Utilizing an identical extraction procedure as described 
previously, aqueous 10% acetic acid followed with methanol, quantitative (actually 104%) 
accountability was obtained from liver containing 2.65 ppm total drug-related residues. 
(Waggoner, 1987c) 

Metabolic profiles were also determined for 0.75 and 10 day bovine fat, containing 0.9 
and 0.1 ppm, respectively, of total drug-related residues, and quantitative recovery was 
obtained. Results are summarized in Table VIII. (Waggoner, 1987c) 

Table VIII. Metabolites of febantel found in bovine fat. 

% of Total Residue Found 

Metabolite R X 0.75 Davs 10 Days 

BAY h 5156 COOCH3 S 6 28 
BAY h 7828 COOCH, SO 6 82 
BAY h 6817 COOCH3 S02 11 0 
BAY i 6057 H S 8 0 
BAY k 7648 H SO 0 0 
BAY k 8449 H S02 12 0 

(Note: See figure 1 for R and X) 

Approximately 90% of total drug-related residues were readily solubilized from liver 
following a 0.75 day withdrawal interval, with solvents such as aqueous acetonitrile. In 
contrast, only 15% of total drug-related residues could be solubilized with the same 
solvent system following a 10 day withdrawal interval. Other attempts to extract 10 day 
liver with methanol or ethyl acetate solubilized only 15 - 20% of total residue. The best 
extraction procedure for solubilizing the highest amount of total residue was soxhlet 
extraction with aqueous 10% acetic acid using fresh solvent for each of three 24-hour 
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extractions which resulted in a maximum of 90% of total drug related residues solubilized 
from liver following a 10 day withdrawal interval; however, typical amounts of solubilized 
residue were actually in the 60 - 70% range. (Waggoner, 1987d) 

It was therefore concluded that approximately 30 - 40% of total drug-related residues in 
10 day liver was bound in some unknown way and required more vigorous conditions 
(heat, polar solvent and time) for the solubilization. Comparison of metabolic profiles for 
liver following a 0.75 day withdrawal interval were demonstrated between the two 
analytical procedures used; (I) aqueous acetonitrile extraction followed by thin-layer 
chromatographic detection of metabolites and (2) aqueous 10% acetic acid soxhlet 
extraction followed by HPLC radiochemical detection of metabolites. For both 
procedures, the metabolic profiles were qualitatively identical with small differences 
quantitatively. It was found that the levels of methylcarbamoyl ester fenbendazole 
metabolites were slightly lower from the acetic acid extraction, probably due to 
hydrolysis under the more drastic conditions, lower pH and higher temperatures. For 
example, levels of BAY k 8449 from aqueous acetic acid extraction represented 5-10% 
of total drug-related residues but only 0.3% from aqueous acetonitrile extraction. 
(Waggoner, 1986a) 

In summary, approximately 80% of total drug-related residues were bound to tissue of 
10 day liver, and normally, all but approximately 30% of total drug-related residue could 
be extracted with aqueous 10% acetic acid at elevated temperature. Unidentified residue 
consisted of many metabolites probably retaining intact benzimidazole ring structures 
that were reversibly bound to tissue. (Waggoner, 1986a) 

Swine 

A single dose of 5 mg/kg of the 14C-(guanidino) febantel was administered orally to each 
of three animals. One animal was sacrificed at 10, 20 and 30 days. The serum 
concentrations calculated as febantel equivalents peak at about 1500 ppb within 1-2 
hours. The concentrations declined slightly up to 24 hours after administration. 
Thereafter, the activity declined with a half life of 12 to 15 hours. In the interval up to 10 
days after administration 30-50% of the activity was eliminated in the urine and 40-60% 
in the feces. (Weber, et al, 1977b) 

In another study three animals were dosed with 5 mg/kg of 14C-(guanidino) febantel. 
The major metabolites in urine, feces and serum were identified. The results are 
summarized in Table IX. All values represent the time of 0 - 48 hours. (Maul, et al, 
1977b) 
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Table IX. Metabolites of febantel found in swine urine, feces and serum. 

% of Total Residue Found 

Blood 
Metabolite R X Urine Feces Sert 

FebanteP _ _ 0 24 _ 

BAY k 1236̂  COOCH3 S 3 8 -

BAY h 5156 COOCH3 S 5 35 5 
BAY h 7828 COOCIÍ3 SO 4 2 25 
BAY h 6817 COOCH3 S02 1 3 22 
BAY i 6057 H s <1 4 -

BAY k 7648 H so 21 <1 6 
BAY k 8449 H so2 16 <1 13 
Uread 

- - 26 - 21 

a Parent drug 
b Para-hydroxyphenyl substituted 
c Formed from guanidino carbon 
(Note: See figure 1 for R and X) 

In a study with 14C-ring labelled febantel no obvious differences in major metabolites and 
amount (except for labelled urea) could be detected on comparing the metabolism after 
administration of (U-14C-phenyl ring)- and (14C)guanidino- labelled drug. As expected, 
radioactive urea was not detected after administration of the ring-labelled drug. (Maul, 
1980) 

TISSUE RESIDUE DEPLETION STUDIES 

Radiolabeled Residue Depletion Studies 

Sheep 

Three female sheep were administered a single dose of [14C-guanidino] febantel, BAY 
Vh 5757, intraruminally equivalent to 5 mg drug per kg body weight. Within 4 days, 
approximately 85% of the dose had been excreted, 19% in urine and 66% in feces. 
Maximum levels in urine occurred between 12-24 hours after dosing. Maximum levels 
of total residues in blood serum were 400 - 700 ppb occurring within 12-24 hours after 
dosing. After 15 days, levels had fallen to the 5 - 10 ppb range. One animal was 
sacrificed at each of the three withdrawal intervals; 4, 8 and 15 days. The levels of total 
drug-related residues are summarized in Table X. 
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Table X. Total Drug-Related Residues of Febantel in Sheep. 

Time Tissue (ppb) 
(Days) Liver Kidney Muscle Fat 

4 5,000 235 35 100 
8 2,500 75 10 15 
15 300 45 <10 <10 

It was concluded from this study that the rate of absorption was relatively slow as shown 
by peak levels in blood serum occurring between 12-24 hours. The highest residues 
occurred in liver at all withdrawal intervals, and levels observed in the remaining tissues 
were generally less than one-tenth the amount found in liver at all withdrawal intervals. 
(Weber, et al, 1976) 

Cattle 

For all total residue depletion studies, animals were administered a single oral dose of 
drug, [14C-phenylthio] febantel. Initial studies were conducted by dosing animals at two 
rates, 7.5 and 12.0 mg drug per kg body weight. Additional studies were then 
conducted by administering a 7.5 mg/kg dose and sacrifice of the treated animals at 
0.75 and 10 days after dosing. For establishing a total residue depletion curve for beef 
cattle receiving a single oral dose of 7.5 mg/kg, data from all three studies were 
summarized in a single format. A summary of total drug-related residues in bovine tissue 
for 0.3 - 42 days withdrawal is given in Table XI. Total residue levels depleted to less than 
0.1 ppm in kidney, muscle and fat within 14 days after dosing. The highest level of 
residues occurred in liver at all withdrawal intervals. The rate of absorption was relatively 
slow as shown by peak levels in all tissues found at the 0.75 day withdrawal interval. The 
rate of absorption in cattle compared favorably to that found previously for sheep. 
(Waggoner, 1986b) 

Table XI. Total Drug-Related Residues of Febantel in Bovine Tissue 

ppm (SD)a 

Time Tissues 
(Days) Liver Kidney Muscle Fat 

0.3 3.4 (.3) 0.6 (.2) 0.1 (.04) 0.4 (.1) 
0.75 10.7 (.2) 2.7 (.1) 0.6 (.1) 1.0 (.3) 
10 2.5 (.9) 0.2 (.07) <.1 <.1 
14 0.8 (.3) <.1 <.1 <.1 
28 0.3 (.07) <.1 <.1 <.1 
42 0.1 (.02) <.1 <.1 <.1 

aDose 7.5 mg/kg; SD= ± standard deviation 

In another study eight beef cattle were administered a single oral dose of 7.5 mg 
febantel/kg body weight which corresponded to the maximum dose anticipated under 
normal use. Two animals (1 male and 1 female) were sacrificed at each of the following 
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withdrawal intervals: 10, 12, 14 and 16 days. Total drug-related residues were then 
determined in liver, kidney, muscle and fat. These data are summarized in Table XII. 
(Waggoner, 1987d) 

Table XII. Total Drug-Related Residues of Febantel in Bovine 

ppm* 
Time Tissue 
(Days) Liver Kidney Muscle Fat 

10 1.9 0.1 <.1 0.2 
12 1.5 <.1 <.1 <.1 
14 1.1 <.1 <.1 <.1 
16 0.9 <.1 <.1 0.1 

* Each value is an average of one male and one female. 

Swine 

Tissue levels in swine were determined 10, 20 and 30 days following oral administration 
of 5 mg/kg of febantel. The results are summarized in Table Hill. (Weber et al, !977b) 

Table XIII. Total drug-related residue of febantel in swine. 

ppm 
Time Ticsue 
(Davs) Liver Kidney Muscle Fat 

10 .35 .06 <.01 
20 .15 .02 <.01 -

30 .06 <.01 <.01 -

Other Residue Depletion Studies (with Unlabelled Drug) 

Sheep 

Residue levels of BAY h 5156, BAY h 7828 and BAY h 6817 were determined in plasma 
and tissue of sheep after receiving a 5 mg/kg dose of febantel intraruminally. Residue 
levels represented the sum of the above three metabolites expressed as "BAY h 5156 
equivalents". Results are summarized in Table XIV. (Raemsch, 1977) 
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Table XIV. Residue levels of BAY 
tissue (in ppma) 

Sample 1 3 

Plasmab 0.2 0.02 
Liver* 6.8 -

Kidney 1.2 -

Muscle 0.4 -

Fat 0.8 -

5156 equivalents in sheep plasma and 

Days 
7 14 21 

2.2 0.2 <.1 
<.1 <.1 <.1 
<.1 <.1 <.1 
<.1 <.1 <.1 

aValues are corrected for background and recovery from appropriate tissue. 
b Average mean of nine animals per interval. 
cAverage mean of three animals per interval for each tissue. 

Cattle 

Residue levels of BAY h 5156, BAY h 7828 and BAY h 6817 were determined in tissue 
of cattle receiving a single oral dose of febantel at 10 and 20 mg/kg. Residue levels 
represent the total of the three metabolites and were expressed as "febantel equivalents". 
Results are summarized in Table XV. 

Table XV. Residue levels of febantel (BAY Vh 5757) equivalents in bovine 
tissue ppnf-b 

Tissue 7 

20 mg/kg dose 

Liver 1.5 
Kidney 2 
Muscle 0.1 
Fat 0.2 

Days 
14 21 

0.2 
0.1 
0.2 
<.1 

<.1 
<.1 
<.1 
<.1 

10 mg/kg dose 

Liver 0.8 <.1 0.2 
Kidney 0.1 <.1 <.1 
Muscle 0.2 <.1 <.1 
Fat 0.2 <.1 <.1 

a Values are corrected for background and recovery for the appropriate tissue; 
average mean values for three animals per interval. 

b Values represent measurement of BAY h 5156 equivalents converted to 
febantel equivalents using a molecular weight factor. 
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In another study bovine calves, male and female, were each administered a single oral 
dose of Febantel 45.5% Oral Paste corresponding to a dose of 7.5 mg drug/kg body 
weight, the maximum dose. Three animals each were sacrificed at the following 
withdrawal intervals; 4, 7, 9, 11, 14, 16 and 18 days. Livers were sampled and frozen 
immediately. Analyses livers were conducted for BAY k 8449 with a liquid 
chromatographic procedure. Results are summarized in Table XVI. (Waggoner, 1987e) 

Table XVI. Residue levels of BAY k 8449 in bovine liver. 

Withdrawal Interval Animal ppm BAY k 8449 
(Days) Sex Individual Mean 

4 M 0.17 0.24 
F 0.32 
M 0.22 

7 M 0.2 0.21 
F 0.25 
F 0.18 

9 M 0.17 0.16 
F 0.21 
M 0.11 

11 F 0.13 0.11 
F 0.11 
M 0.10 

14 M 0.07 0.14 
F 0.12 
F 0.22 

16 M 0.06 0.08 
F 0.08 
F 0.09 

18 M 0.04 0.06 
F 0.07 
M 0.07 

Swine 

Three groups of 3 pigs were treated for 6 days with an oral dose of 5 mg/kg per day of 
febantel in a granulated formulation. Groups of 3 pigs were sacrificed 6,14 and 28 days 
after the last administration and the concentrations of the main metabolites -
fenbendazole, fenbendazole sulphoxide and fenbendazole sulphone - were measured 
in the edible tissues. The fenbendazole and fenbendazole sulphoxide were converted 
to the sulphone by selective oxidation. The results are summarized in Table XVII. 
(Raemsch and Dorn, 1982) 
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Table XVII. Individual tissue concentrations (ppb) in pigs 6, 14 and 28 days 
after the last oral dose. 

Day Pia No. Liver Kidney Muscle Fat 

12 287 124.3 <5 <5 27.6 
291 105.3 <5 <5 12.8 
294 978.5 25.2 7.6 259.7 

20 283 295.5 7.4 <5 40.9 
288 256.7 11.4 <5 8.6 
293 211.2 21.9 <5 8.6 

28 284 51.8 <5 <5 10.1 
286 21.8 <5 <5 5.6 
289 98.0 <5 <5 7.3 

METHODS OF ANALYSIS FOR RESIDUES IN TISSUES 

Sheep 

An analytical residue method was initially developed for measuring levels of fenbndazole 
sulfone (BAY h 6817) in liver. Two other metabolites of febantel were included in the 
procedure by oxidizing the corresponding sulfide (BAY h 5156, fenbendazole) and 
sulfoxide (BAY h 7828, fenbendazole sulfoxide) with aqueous permanganate to BAY h 
6817 which was quantitated utilizing spectrophotometry. The method consisted of 
homogenization of tissue in pH 7.0 buffer, extraction of the three metabolites with 
benzene, partitioning of the metabolites into dilute acid, oxidation of metabolites to BAY 
h 8617, partitioning into chloroform and quantitation by fluorescence:298 nm excitation 
and 335 nm emission. Recoveries from kidney, muscle and fat fortified with 0.1 ppm 
BAY h 5156 (the sulfide) ranged from 66 - 90%. Recoveries from liver fortified with 0.5 
ppm BAY h 5156 averaged 77%. Background levels for all tissues were less than 0.01 
ppm. (Raemsch, 1976) 

Cattle 

The analytical residue method as described for sheep was also utilized for analyzing the 
same metabolites in bovine tissue; liver, kidney, muscle and fat. Recoveries from liver 
fortified with 0.5 ppm BAY h 5156 averaged 89%, whereas recoveries from the remaining 
tissues each fortified at 0.1 ppm BAY h 5156 ranged from 55 - 74%. (Hopkins and 
Rafferty, 1977) 

A liquid chromatographic analytical residue method was developed in order to measure 
residues of BAY k 8449 in ¡¡ver. The method consists initially of a digestion of liver tissue 
in 12 N HCI at 90° for 16 hours, neutralization, partitioning of the desired residue into 
dichloromethane, cleanup by column chromatography over Sephadex LH-20, 
subsequent analysis of the desired eluate fraction from the column by HPLC utilizing 
detection by UV at 254 nm. Background levels for liver from untreated bovine were 0.01 
ppm or less. Recoveries from liver fortified at 0.1 and 0.2 ppm were 41 46% (n = 3) and 
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51 - 59% (n ~ 5), respectively. Liver taken from each of three bovine, at a 10 day 
withdrawal interval, that had been administered a single oral 7.5 mg/kg dose of 
[l4C-phenylthio] febantel was analyzed for levels of BAY k 8449 utilizing the described 
procedure. For each liver sample, the following residue levels were found (total residues 
based on 14C assay, BAY k 8449 as determined by liquid chromatography, both values 
in ppm); 2.8, .22; 3.2 .29 and 1.5, .15. It was concluded that approximately 10% of the 
total drug-related residues could be measured as BAY k 8449. (Waggoner and 
Bowman, 1986) 

The HPLC conditions in the analytical procedure for BAY k 8449 were revised in order 
to shorten the retention time of febantel, febantel sulfoxide and febantel sulfone and to 
minimize tissue interferences. Liver from febantel-treated animals was analyzed, but 
none of the intact febantel residues were found at a sensitivity of 0.01 ppm. (Waggoner, 
1987f) 

Analyses of bovine liver were conducted for levels of BAY k 8449 from animals orally 
dosed with 7.5 mg [14C] febantel/kg body weight and sacrificed at 10, 12, 14 and 16 
days withdrawal interval. Two liver samples each from a male and female animal were 
analyzed at each withdrawal interval. Levels of BAY k 8449 found with the liquid 
chromatographic analytical residue method and corresponding levels of total 
drug-related residues determined by radioassay are summarized in Table XVIII. 
(Waggoner, 1987d) 

Table XVIII. Total Drug-Related Residues and BAY k 8449 in Bovine Liver. 

Withdrawal Total BAY k 8449 
Interval Drug-Related Found % of 
(Days) Residues (ppm) mn Total Residue 

10 Male 2.11 0.25 11.8 
Female 1.60 0.20 12.5 

12 Male 1.63 0.15 9.2 
Female 1.39 0.16 11.5 

14 Male 1.17 0.13 11.1 
Female 1.07 0.14 13.1 

16 Male 0.76 0.08 10.5 
Female 0.98 0.13 13.3 

Over a withdrawal period of 10 -16 days, BAY k 8449 accounted for an average of 11.6% 
of total drug-related residues which remained constant over the withdrawal period 
investigated varying from 9.2 -13.3%. Recovery of BAY k 8449 from liver fortified at 0.12 
ppm averaged 74%. 

A gas chromatographic procedure for separation of BAY k 8449 with a capillary column 
and detection by selected ion monitoring with mass spectrometry was reported. The 
procedure consisted of extraction, cleanup by solvent partitioning and column 
chromatography and initial separation and detection with HPLC/ UV following the 
analytical residue method in by liquid chromatography. For the confirmatory procedure, 
the BAY k 8449 fraction which was normally dissolved in mobile phase prior to analysis 
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by H PLC was, instead, dissolved in ethyl acetate for preparation of a trimethylsilyl 
derivative for subsequent analysis by mass spectrometry. (Waggoner, 1987g) 

Fenbendazole 

A cold residue study was also conducted by administering a single oral dose of 
fenbendazole as a 10% paste to each of six beef cattle at a dosage of 5 mg drug/kg 
body weight (5.2 - 6.7 mg/kg range). Three animals each were sacrificed at 4 and 8 days 
withdrawal after treatment. Livers were sampled from each animal and immediately 
stored frozen. Analyses for levels of BAY k 8449 were then conducted with the liquid 
chromatographic. Levels of BAY k 8449 in liver from a 4 day withdrawal interval ranged 
from 0.12-0.18 ppm and from an 8 day withdrawal interval ranged from .09 -0.18 ppm 
averaging 0.15 and 0.13 ppm, respectively. It was, therefore, demonstrated that residues 
of BAY k 8449 can be found from either febantel or fenbendazole treated cattle. 
(Waggoner, 1987h) 

APPRAISAL 

(See Annex 2 for a combined appraisal of Febantel, Fenbendazole and Oxfendazole). 
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FENBENDAZOLE 

IDENTITY 

Chemical: Methyl 5-(phenylthio)-2-benzimidazolecarbamate, 

Synonyms: HOE 881, CAS 43210-67-9 

Structural formula: 

Molecular formula: C ^ H ^ l s ^ S 

Molecular weight: 299.35 

OTHER INFORMATION ON IDENTITY AND PROPERTIES 

Pure active ingredient: 

Contains not less than 98.0 to 101.0%, calculated with reference to the dried substance. 
The by-products are equal or less than 1.0% (sum) and less than or equal to 0.5% 
(individual) for derosal (benzimidazole-2-carbamic acid, methyl ester) , chloroderosal 
(5(6)-chloro-2-benzimidazole-carbamic acid, methyl ester), aminophenylmercaptoaniline, 
nitrophenylmercaptioaniline, and 1 -amino-2,4-dithiophenylbenzole. 

Appearance: Light, brownish-gray, crystalline powder. 

Melting point: 233 ° (with decomposition). 
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Solubility: Insoluble in water (approximately 10-40 ppb); insoluble or 
only slightly soluble in the usual solvents; freely soluble in 
DMSO. 

Octanol/Water Partition Coefficient: Logbw 3.9 

RESIDUES IN FOOD AND THEIR EVALUATION 

CONDITIONS OF USE 

General 

Fenbendazole is an anthelmintic used for the treatment of gastrointestinal parasitism in 
many mammalian species ( e.g. cattle, sheep, goats, horses and pigs). Fenbendazole 
has a broad spectrum of activity against all stages of gastrointestinal nematodes 
including larval stages, cestodes and lungworms. It is administered as a single 
therapeutic dose or over several days in divided doses depending on the species. 

Dosage 

Typical single therapeutic doses for cattle, sheep, goats, horses and pigs are 5-10, 5.0, 
5.0, 5-10 and 5.0 mg/kg, respectively. Also, 3 mg/kg daily for 3 consecutive days or 9 
mg/kg for 3-12 consecutive days. 

METABOLISM 

General 

Fenbendazole is metabolized by oxidation of the sulfur molecule, hydroxylation of the 
phenyl ring and degradation of the carbamate to the amine. All radiolabeled studies in 
this report have been conducted with 14C labelled at the 2-imido position. In all species 
studied, the main residues found in edible tissues are the parent drug (fenbendazole), 
fenbendazole sulfoxide (oxfendazole) and oxfendazole sulfone (HOE 5151). Metabolism 
and safety studies using 14C-fenbendazole in mammals have demonstrated that blood 
levels and excretion half-lives are longer in ruminants than in monogastric animals. 
(Kellner et al, I974) 

Rat 

Rats were given 10, 50 and 100 mg/kg of fenbendazole by stomach tube. Blood was 
taken from three rats of each dose group at the same test time and the blood was 
pooled to obtain serum. Fenbendazole was not detected in any of the sera at a level of 
0.25 ¡jg/m\. (Duwel and Hajdu, 1974a) 

Male and female Wistar rats were dosed with 10 mg/kg 14C-fenbendazole. The blood 
levels peaked 5-7 hours post administration at a level of 0.19 fjg/m\ and depleted with 
a half-life of 6 ± 1 hours. The amount excreted in the urine and feces was 7.8 and 
90.6%, respectively. Liver was the only tissue that had measurable levels of radioactivity. 
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The level at 7 and 14 days post administration was 0.06 and 0.01-0.02 ¡jg/g, 
respectively. (Kellner and Christ, 1973) 

Cattle 

The oral administration of 5.3 mg/kg 14C-fenbendazole in a 2% suspension to a lactating 
cow resulted in slow absorption with a peak in blood levels of 0.52 f jg/m\ and 0.71 
¡jg/m\ in serum occurring 28-30 hours post-administration. After this time, the levels 
were lower in the milk than in serum. The predominant half-life in blood, serum and milk 
was 15 hours. Almost 77% of the applied dose was recovered with the feces, 14% with 
urine, and 0.3% in the milk. Excretion was as rapid as elimination from blood and serum 
(Kellner and Christ, 1975) 

Twenty-four hours after two cows had each been given a single oral dose of 10 mg/kg 
fenbendazole in the form of a 2.5% aqueous suspension, the metabolites of the 
compound in the liver were examined. The radioactivity of the liver was distributed 
among the original substance (79% and 83%) and three metabolites (2% and 1%: 6% 
and 4%; and 8% and 7%). (Klopffer, 1977) 

Metabolism studies in bovine liver tissue, seven days after dosage with 14C-fenbendazole 
at 10 mg/kg revealed two major drug-related residues: fenbendazole and its sulfoxide 
metabolite (oxfendazole). Both substances were present in an unconjugated form. In 
addition, two minor metabolites of a more polar nature were evidenced but not identified. 
(Hoffman, 1980) 

Sheep 

Sheep were given fenbendazole at 5.0 mg/kg as a suspension. Blood levels peaked 
between 6 and 24 hours at levels of approximately 0.2-0.4 ¡jg/m\. (Duwel and Hajdu, 
1974a) 

Two sheep were given 14C-fenbendazole at 5 mg/kg in a 2% starch suspension. The 
highest blood levels in the two sheep were 0.32 and 0.24 ¡jg/g and occurred 2-2.3 and 
1.3 days, respectively. The half lifes from blood were 26 and 22 hours, respectively. The 
amount excreted in the urine and feces averaged 7 and 94.8%, respectively. (Kellner 
and Christ, 1973) 

In sheep about 10-20% of the excretion is in the urine and the remainder is in the feces. 
About 50-75% of the urine extract contained a metabolite, which differs from the 
compound in its hydroxyl group in the phenyl ring. Mainly unchanged compound is 
excreted in the feces. (Klopffer, 1973) 

Swine 

Three pigs were given 5 mg/kg 14C-fenbendazole orally as a 2.5% aqueous solution. 
Urinary and fecal samples were incubated with enzymes to split any conjugates. 
Evaluation of isotope excretion in all three animals showed that 30-35% of the 
administered radioactivity was recovered in the first three days in the urine and 50-60% 
in the feces. Six different substances were detected in the urine and five in the feces 
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along with the original compound in each case. Parent fenbendazole was only 1% in 
urine and 37-52% in feces. (Klopffer, 1975) 

TISSUE RESIDUE DEPLETION DATA 

Radiolabeled Residue Depletion Studies 

Cattle 

14C-Fenbendazole was given orally to six lactating dairy cows in doses of 10 mg/kg body 
weight as a 2.5% suspension. Serum levels as well as the excretion in urine and milk 
were examined. The maximum serum levels were ca. 1.6/jg/ml, and they were reached 
between 23 and 32 hours after drug administration. The highest milk levels, 1.29 ± 
yL/g/ml, were found at the second and third milking; one week after administration they 
had dropped to <0.01 / jg/ml. Excretion in milk was 0.27 to 0.48% of the dose. Renal 
elimination was 14 to 18% of the dose. Tissue levels in two of the cows are summarized 
in Table I. (Kellner et al, 1977) 

Table I. Tissue levels (pg/g) 25 hours after oral administration of 10 mg/kg 
14C-fenbendazole in two dairy cows. 

Cow 2 Cow 3 
Liver 

Homogenate 17.1 ± 0.5 18.6 ± 0.4 
Biopsy 1 * 11.9 ±2 .6 19.1 ± 4.1 
Biopsy 2 * * 19.6 ± 1.6 23.3 ± 4.8 

Kidney 3.68 ± 0.03 5.63 ± 0.06 

Muscle 1.01 ± 0.02 1.33 ± 0.02 

Fat 
Subcutaneous 1.36 ± 0.04 2.84 ± 0.08 
Kidney 3.64 ± 0.49 4.89 ± 0.38 

* Biopsy 1 = before animals were sacrificed 
**Biopsy. 2 = biopsy on exenterated liver of sacrificed animal 

14 C-Fenbendazole was administered orally as an aqueous suspension to 6 cattle 
weighing 200-300 kg at a dose level of 10 mg/kg body weight. The residues in kidneys, 
liver, muscle and fat based on radioactivity were determined in two animals each after 
7, 14 and 30 days. The tissue residue levels are summarized in Table II. (Kellner and 
Eckert, 1978) 
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Table II. Tissue residue levels (jjg/g) in cattle administered 
14C-fenbendazole at 10 mg/kg. 

Withdrawal Tissue Concentrations 
(Days) Liver Kidney Muscle Fat 

7 9.92 1.86 0.03 0.033 
7 12.6 2.0 0.046 0.050 
14 2.34 0.30 0.004 0.014 
14 2.66 0.49 <0.004 0.012 
30 0.97 0.078 <0.004 0.008 
30 1.05 0.11 <0.004 0.014 

Milk and serum levels of fenbendazole and its metabolites in cows treated orally with 7.5 
mg/kg body weight fenbendazole as a 10% suspension or 1.5% pellets were 
determined. A HPLC method quantitated each of the compounds shown in Figure 1. 

Figure 1. Fenbendazole and Metabolites 
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Metabolites HOE 2542 and HOE 7391 were not detected in any of the samples. The 
trials demonstrated that markedly more fenbendazole was absorbed in the animals given 
pellets than after administration of the suspension. The levels of fenbendazole in milk 
peaked between 24 and 32 hours. The levels in milk showed large variations between 
animals, but generally the oxfendazole level exceeded the fenbendazole level. The 
sulfone level frequently was comparable to the lower of the fenbendazole or oxfendazole 
level. The maximum level of all three added together exceeded 1 / jg/g. All three 
compounds were below their detection limits 4 days post administration. (Tiefenbach 
et al, 1984) 

Sheep 

No labeled studies of fenbendazole were reported in sheep. 

Swine 

14C-Fenbendazole was administered to swine to determine its depletion from tissues and 
the elimination of fenbendazole and its metabolites in urine and feces. Five groups 
containing three pigs each were administered 3 mg/kg 14C-fenbendazole as 2.5% 
suspension on each of three successive days Three additional pigs were used as 
controls. The treated groups were slaughtered on days 0.25,1,7, 11 and 21 following 
administration of the third daily dose. The control group was slaughtered after all other 
groups had been killed. The blood levels peaked at 0.83 jL/g/ml at ca. 6 hours after the 
third dose and was less than 0.1 /i/g/ml at 24 hours. The percent of dose eliminated in 
the urine and feces after three weeks post-administration was 45 and 30, respectively. 
The tissue levels are summarized in Table III. (Bevill et al, no date) 

Table III. Tissue levels of fenbendazole and metabolites in swine with a dose 
at 3 mg/kg for three days. 

Withdrawal Tissue Concentration (/jg/g) 
Time Liver Kidney Muscle Fat 

6 hours 10.55 3.95 1.07 1.47 
24 hours 10.18 4.30 0.52 0.59 
7 days 0.63 0.06 0.01 0.01 
11 days 0.39 0.03 0.01 0.02 
21 days 0.11 0.02 0.01 0.01 

Other Residue Depletion Studies (with Unlabeled Drug) 

Cattle 

Two groups of three cows each were given 7.5 and 10.0 mg/kg fenbendazole as a 
suspension. The levels of fenbendazole were determined in the serum and milk. The 
results are summarized in Table IV. (Duwel and Hajdu, 1974b) 
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Table IV. Fenbendazole levels (¿/g/ml) in milk and serum of cows. 

Withdrawal 7.5 mg/kg 10.0mg/kg 
(Hours) Serum Milk Serum Milk 

1 0.13 0.15 
2 0.24 0.20 
4 0.30 0.26 
6 0.17 0.16 
8 0.07 0.22 
24 0.90 0.20 0.94 0.27 
30 0.92 0.27 0.97 0.22 
48 0.66 0.25 0.79 0.28 
54 0.55 0.18 0.59 0.28 
72 0.18 0.10 0.28 0.20 
78 0.13 0.05 0.24 0.13 
96 0.13 0.01 0.07 0.07 
102 0.02 0 0.06 0 
120 0 0 0.06 0 

Twelve cattle were dosed with 10 mg/kg fenbendazole suspension. Three animals were 
slaughtered at withdrawal times of 2, 5, 7 and 14 days post dosing. The tissues were 
analyzed by a fluorometric method for fenbendazole. The results are summarized in 
Table V. (Duwel and Hajdu, 1974c) 

Table V. Fenbendazole levels in tissue of cattle dosed with 10 mg/kg. 

Tissue Concentrations (/ug/g) 

Withdrawal Liver Kidney Muscle Fat 
(Days) 

2 8.4 1.04 0.47 0.95 
2 8.1 0.74 0.22 0.48 
2 7.1 0.77 0.32 1.10 

5 1.17 <0.1 <0.1 <0.1 
5 1.49 <0.1 <0.1 <0.1 
5 8.3 <0.1 0.40 1.31 

7 0.14 <0.1 <0.1 <0.1 
7 0.67 <0.1 <0.1 <0.1 
7 0.14 <0.1 <0.1 <0.1 

14 <0.1 <0.1 <0.1 <0.1 
14 <0.1 <0.1 <0.1 <0.1 
14 <0.1 <0.1 <0.1 <0.1 
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Three cattle were administered 7.5 mg/kg body weight fenbendazole in 1.5% pellets. 
Residue analyses of fenbendazole and its metabolites were performed 7 days after 
treatment and the following arithmetic means were calculated (/L/g/g): (Damm, 1985) 

HOE 8105 HOE 5151 HOE 881 

muscle ND ND 0.09 
fat ND ND 0.11 
kidney 0.12 ND 0.18 
liver 1.92 0.08 1.29 

ND = Not detected, below detection limit 
HOE 2542 was not detected at all. 

Sheep 

Fifteen sheep were administered 5.0 mg/kg fenbendazole orally as a suspension. Three 
animals each were slaughtered at withdrawal times of 2, 5, 7, 14 and 21 days post 
administration. The tissue levels of fenbendazole as measured fluorometrically are given 
in Table VI. (Duwel and Hajdu, 1974a) 

Table VI. Tissue concentrations of fenbendazole in sheep. 

Withdrawal Tissue Concentration (jjg/g) 
Time (Days) Liver Kidney Muscle Fat 

2 3.85 0.37 0.27 0.75 
5 1.09 0.1 0.16 0.1 
7 0.91 0.1 0.1 0.2 
14 0.2 0.1 0.1 0.1 
21 0.1 0.1 0.1 0.1 

Three sheep were administered 5 mg/kg body weight of fenbendazole as 1.5% pellets 
on five consecutive days. Residue analyses of fenbendazole and its metabolites were 
performed 7 days after the last dose was administered and the follow arithmetic means 
were calculated {¡jg/g): (Damm, 1985) 

HOE 8105 HOE 5151 HOE 881 

muscle 0.07 0.10 0.13 
fat 0.06 0.10 0.33 
kidney 0.18 0.28 0.51 
liver 7.30 0.72 4.03 

HOE 2542 was not detected at all. 
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Goat 

Three goats were administered 5 mg/kg fenbendazole by means of a nasal stomach 
tube. The milk from the goats was analyzed for fenbendazole by a fluorometric method 
with a detection level of 0.01 /jg/ml of milk. The results are summarized in Table VII. 
(Watt and Hajdu, 1975) 

Table VII. Milk concentration of fenbendazole from goats. 

Withdrawal Concentration of Fenbendazole in ¿/g/ml of milk 
(Hours) Animal #1 Animal #2 Animal 

5 0.16 0.07 _ 

22 0.20 0.10 0.10 
30 0.30 0.08 -

47 0.18 0.05 0 
54 0.07 0.02 -

70 0 0 0 " 
78 0 0 -

94 0 0 0 

Swine 

Four piglets, ca. 20-25 kg body weight, were administered 1 mg/kg each on five 
consecutive days. Serum levels for fenbendazole were determined between 2 and 144 
hours post-administration. Tissue levels were determined at 144 hours. The levels in 
serum varied between the detection limit and 0.37 /jg/ml; at the time of sacrifice, 144 
hours after the start of the trial, serum levels could no longer be measured. The results 
of the tissue assays are summarized below: (Duwel and Hajdu, 1976) 

Liver 0.32 - 0.67 ¡jg/g 
Kidney 0.31 - 0.35 fjg/g 
Muscle 0.26 - 0.85 p/g/g 
Fat 0.24 - 0.52 pg/g 

Four groups of three pigs (ca. 25 kg) were treated with 5 mg/kg fenbendazole and 
slaughtered at 2, 5, 7 and 14 days post dosing. The tissues were analyzed by a 
fluorometric method. The average results are summarized in Table VIII. (Duwel and 
Hajdu, 1975) 
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Table VIII. Tissue levels (yg/g) of fenbendazole in swine. 

Withdrawal Liver Fat Kidney Muscle 
(Days) 

2 0.67 0.20 0.53 0.22 
5 0.25 0.15 <0.1 <0.1 
7 0.28 <0.1 <0.1 <0.1 
14 0.11 <0.1 <0.1 <0.1 

The fate of residues of fenbendazole and its metabolites in swine was examined after 
relatively long periods of administration at a low dosage via medicated feed. The 
following mean values were determined one and five days after discontinuation of the 
fenbendazole feed (data in [jg/g; detection limit: 0.05 ^g /g) (Duwel, 1986) 

Duration Dissection Liver Kidney Fat Muscle 
of Dosina fdavs after) 

30 Days + 1 HOE 8105 0.28 0.05 0.08 ND 
HOE 5151 0.23 0.07 ND ND 
HOE 881 0.40 0.16 ND 0.05 

+ 5 HOE 8105 0.13 0.06 0.07 ND 
HOE 5151 0.06 0.06 ND ND 
HOE 881 0.21 0.09 ND ND 

60 Days + 1 HOE 8105 0.15 0.09 0.04 ND 
HOE 5151 ND ND ND ND 
HOE 881 0.06 0.09 0.06 ND 

+ 5 HOE 8105 0.05 0.08 0.13 ND 
HOE 5151 ND ND ND ND 
HOE 881 0.10 0.06 ND 0.07 

90 Days + 1 HOE 8105 ND 0.05 ND ND 
HOE 5151 0.05 0.05 0.06 ND 
HOE 881 0.09 0.05 0.06 ND 

+ 5 HOE 8105 0.07 ND ND ND 
HOE 5151 ND ND ND ND 
HOE 881 0.06 ND ND ND 

120 Days + 1 HOE 8105 0.11 0.07 0.06 ND 
HOE 5151 ND ND ND ND 
HOE 881 0.18 ND ND ND 

+ 5 HOE 8105 0.05 0.08 ND ND 
HOE 5151 ND ND ND ND 
HOE 881 0.07 0.08 ND ND 
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During the 30, 60, 90 or 120-day administration period of medicated feed, a mean 
compound intake of 0.2 to 0.3 mg fenbendazole/kg body weight per day was calculated. 
The study findings showed that, when administered in medicated feed for a period 
lasting from 30 up to a maximum of 120 days, no accumulation of fenbendazole was 
observed in host tissues and, during the study period from 1 to 5 days after 
discontinuation of the medicated feed, residues were found to be considerably reduced. 

METHODS OF ANALYSIS FOR RESIDUES IN TISSUES 

Fenbendazole can be determined in serum and milk at a level of 0.25 ^g /m l by 
fluorometry. The serum or milk is extracted with ether and subsequently centrifuged. 
Part of the ether is evaporated, the residue is mixed with ethanol and measured on the 
fluorometer. (Duwel and Hajdu, 1974b) 

Fenbendazole and its metabolites can be determined in serum and milk by HPLC. Two 
ml serum is mixed with internal standard and ammonia and extracted with diethyl ether. 
The ether extract is concentrated to dryness, taken up in solvent and separated by 
HPLC. 

Two ml milk is mixed with internal standard and other protein removed with methanol. 
The supernatant is concentrated to dryness, the residue divided between ammonia 
solution and ether, and then between n-hexane and acetonitrile. The acetonitrile phase 
is concentrated to dryness, taken up in solvent and separated by HPLC. (Uihlein and 
Hack, 1979) 

The method detects side by side the metabolites HOE 8105, HOE 5151, HOE 2542 and 
the sum of HOE 881 and HOE 7391. Detection limits are: 

HOE 881 HOE 8105 HOE 5151 HOE 2542 

Serum 150ng/ml 10ng/ml 10ng/ml 10ng/ml 
Milk 50 ng/ml 50 ng/ml 10ng/ml 10ng/ml 

Fenbendazole can be determined in cattle and sheep tissue by fluorometry. The tissue 
is homogenised with methanol and subsequently centrifuged. The supernatant is 
evaporated until dry, mixed with phosphate buffer pH 7 and extracted with ether. After 
the ether extract has been evaporated the residue is mixed with chloroform and placed 
on a silica gel column. It is then eluted with chloroform; the eluate is evaporated until 
dry, mixed with ethanol and measured in the fluorometer. The limit of measurement is 
reported to be 0.1 ¡jg/g tissue. (Duwel and Hajdu, 1974a and 1974c) 

A method has been developed for the determination of fenbendazole at 0.8 ¡jg/g 
concentration levels and above. Fenbendazole is extracted from homogenized tissues 
with ethyl acetate. The dried extract is then partitioned between hexane and acetonitrile 
to remove lipid components. The acetonitrile phase is evaporated, and the residue is 
dissolved in methanol and assayed quantitatively for fenbendazole by reverse phase 
high pressure liquid chromatography. The lower limit of sensitivity of the method is 
approximately 0.02 ¡jg/g fenbendazole, which is equivalent to about twice the response 
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of control tissue. The method has been validated by interlaboratory studies. (Hoechst, 
1983a) 

Confirmation of fenbendazole in bovine liver is accomplished by further purifying the 
acetonitrile residue in the above method by thin-layer chromatography. The zone of 
interest is excised and eluted. The isolated fenbendazole is transformed to a benzyl 
derivative by phase transfer alkylation. Quantitation of the isolated derivative is 
performed by H PLC. (Hoechst, 1983b) 

APPRAISAL 

(See Annex 2 for a combined appraisal of Febantel, Fenbendazole and Oxfendazole). 
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OXFENDAZOLE 

IDENTITY 

Chemical: Methyl (5-phenylsuf¡nyl)-2-benz¡midazole carbamate 

Synonyms: CAS 53716-50-0 

Structural formula: 

H 

s 
II 
o 

N —C—OCH 

O 
II 

'3 

Molecular formula: C^H^OjNaS 

Molecular weight: 315.34 

OTHER INFORMATION ON IDENTITY AND PROPERTIES 

Pure active ingredient: 

Oxfendazole active ingredient contains not less than 97.0% of C^H^QjI^S, calculated 
on a dried basis, not more than 2.0% of methyl(5-phenylsulfonyl)-2-benzimidazole 
carbamate, and not more than 1.0% of any other individual foreign related substance. 

Appearance: White-gray powder. May have a slight color. 

Melting point: 245-265 ° (with decomposition) 

Solubility: Solubility in water is 3.11 - 4.63 mg/L 

Octanol/Water Partition Coefficient: Logbw 1.953 ±0.162 

RESIDUES IN FOOD AND THEIR EVALUATION 

CONDITIONS OF USE 

General 

Oxfendazole is an anthelmintic used for the treatment of gastrointestinal parasitism in 
cattle, sheep and horses. Oxfendazole has a broad spectrum of activity against all 
stages of gastrointestinal nematodes including larval stages, cestodes and lungworms. 
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The recommended therapeutic doses for cattle, sheep and horses are 4.5, 5.0 and 10.0 
mg/kg, respectively. Treatments are seldom repeated at intervals less than about eight 
weeks in length. Sheep tend to be treated somewhat more frequently than cattle due to 
grazing pattern. Treatment of sheep varies from one curative treatment per year to 
about 3 or 4 treatments per year where pasture contamination is high and climate is 
favorable. Only in rare circumstances are sheep treated more than four times per year. 
Cattle and horses receive even fewer treatments per year. 

Dosages 

Several formulations of oxfendazole have been developed for the treatment of food 
producing animals. These formulations include suspensions (22.5%, 9.06% 4.53% and 
1.812%), a paste (185 g/kg) and pellets (5 gm/kg). All the formulations are for oral 
administration and the 22.5 % suspension is also for intraruminal administration. 

METABOLISM 

General 

The absorption, distribution, metabolism, excretion and tissue residues of oxfendazole 
in cattle, sheep, and horses have been extensively studied using 14C-oxfendazole and 
are qualitatively similar in all three species. Oxfendazole is primarily excreted in the feces 
following oral and intravenous administration. Orally administered oxfendazole is 
well-absorbed by cattle and sheep. The extent of oral absorption by horses has not 
been studied but is expected to be high. The parent drug (1) is the major component 
present in the plasma following oral administration of oxfendazole and the thioether (2) 
and the sulfone (3) are the only other metabolites of any significance. Urine contains 
little unchanged oxfendazole and no thioether or sulfone are present. The major 
metabolites in the urine are the free amine (4) and the 4'-hydroxylated compounds 
present as free phenols or as glucuronides (5). (See Figure 1) 

For all species, liver is the tissue with the highest drug-related residue and is the tissue 
from which the residue depletes most slowly. The extractable portion of the residue 
present in liver consists of oxfendazole, the thioether (fenbendazole), and the sulfone. 
A large portion of the residue present in liver is non-extractable and the proportion of the 
non-extractable residue increases with the time post dose. Studies have demonstrated 
that the bound residue has low bioavailability. 
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Figure 1. Structure of oxfendazole and its metabolites 

X = S, SO, OR, S02 

5 
H 

R = H, SO3H or glucuronide 
X = s, SO, 0rSO2 
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Studies of the metabolism of oxfendazole in the rat demonstrate that the rat is exposed 
to the same metabolites that are present in the edible tissues of cattle, sheep, and 
horses treated with oxfendazole. 

Rat 

Following IV administration of 3H-oxfendazole (6 mg/kg) to rats, 50% of the radioactivity 
was excreted in the urine and 38% in the feces. Following oral administration of 
3H-oxfendazole to rats, 52% of the radioactivity was excreted in the urine and 41% in the 
feces. Based on urinary excretion data and on the area under the plasma concentration 
versus time curve following oral and IV administration, orally administered oxfendazole 
is completely absorbed. (Tomlinson, 1974a) 

The radioactivity present in plasma up to 24 hours following oral administration of 
14C-oxfendazole (6 mg/kg) could be extracted completely into organic solvents . 
Oxfendazole, the sulfone, and the thioether together accounted for all the radioactivity 
present in the plasma. Based on the area under the 0-24 hour plasma concentration 
versus time curves, oxfendazole, the sulfone, and the thioether constituted 29%, 71%, 
and less than 1% respectively of the radioactivity present. (Tomlinson et al, 1986) 

Sheep 

Following IV administration of 14C-oxfendazole at a dose of 6 mg/kg to sheep, 
radioactivity depleted from the plasma with a half life of approximately 14 hours. 
Approximately 26% of the radioactivity was recovered in the urine and 63% was 
recovered in the feces. Following oral administration of a solution of 14C-oxfendazole at 
a dose of 6 mg/kg the concentration of radioactivity in the plasma reached a maximum 
at 8 hours after dosing and depleted from the plasma with a half life of 28 hours. 
Approximately 22% of the orally administered radioactivity was recovered in the urine 
and 64% was recovered in the feces. Based upon urinary excretion data an average of 
85% of the oxfendazole administered as a solution was absorbed. (Tomlinson, 1974b). 

Following oral administration of 14C-oxfendazole to sheep, up to 24 hours after dosing 
the organic extractable portion of the radioactivity present in the plasma varied from 75% 
to 90% . During the first 24 hours after dosing the organic extractable portion of the 
radioactivity consisted exclusively of oxfendazole, the thioether (figure 1, 2), and the 
sulfone (figure 1, 3). The relative amounts of these components varied with time. Two 
hours after oral administration of oxfendazole 70% of the extractable material was 
oxfendazole, 8% was the sulfone, and 22% was the thioether. Twenty-four hours after 
dosing 56% of the extractable material was oxfendazole, 21% was the sulfone and 23% 
was the thioether. (Tomlinson, 1976a) 

Approximately 8% of the radioactivity in the urine was unchanged oxfendazole. The 
thioether and sulfone metabolites of oxfendazole were not present. Approximately 16% 
of the urinary radioactivity was free amine material (figure 1,4). Approximately 70% of 
the urinary metabolites of oxfendazole consisted of 4'-hydroxylated compounds present 
either as free phenols or as glucuronide or sulfate conjugates (figure 1, 5). (Tomlinson, 
1976a) 
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Cattle 

Following IV administration of l4C-oxfendazole at a dose of 6 mg/kg to cattle, 
radioactivity depleted from the plasma with a half life of approximately 20 hours. On 
average, 27 ± 4.5% of the radioactivity administered IV as 14C-oxfendazole was 
recovered in the urine and 78 ± 3% was recovered in the feces. Following oral 
administration of a solution of 14C-oxfendazole at a dose of 6 mg/kg the concentration 
of radioactivity in the plasma reached a maximum approximately 24 hours after dosing 
and depleted from the plasma with a half life of approximately 22 hours. On average 21 
± 4% of the radioactivity administered orally as C-oxfendazole was recovered in the 
urine and 65 ± 4.5% was recovered in the feces. Based upon urinary excretion data an 
average of 77% of the oxfendazole administered orally as a solution was absorbed. 
(Tomlinson and Bidlack, 1976) 

Studies in calves comparing a solution to a drench suspension of oxfendazole showed 
that the vehicle affects the absorption. The peak plasma concentration post drench 
formulation was 66% of that achieved after the solution; both peaks occurred 24-hours 
post-administration. (Tomlinson and Bidlack, 1974) 

The composition of the radioactivity present in plasma and urine of cattle following oral 
administration of 14C-oxfendazole has been examined. The organic extractable portion 
of the plasma contained 89% of the total drug equivalents present in the plasma during 
the 0-24 hour period. During this period the organic extractable portion of the 
radioactivity consisted exclusively of oxfendazole, the thioether (figure 1, 2), and the 
sulfone (figure 1, 3). The relative amounts of these components varied with time. 
Unchanged oxfendazole was the predominant species circulating in the plasma 2 hours 
after oral administration although the thioether and the sulfone were also present. 
Twenty-four hours after dosing 43% of the extractable material was oxfendazole, 34% 
was the sulfone and 23% was the thioether. (Tomlinson, 1977a) 

Urinary metabolite profiles showed that very little oxfendazole was excreted unchanged. 
The sulfone and thioether metabolites of oxfendazole have not been detected in urine. 
Approximately 22% of the urinary radioactivity was free amine material (figure 1,4). The 
remaining 68% of the urinary metabolites of oxfendazole consisted of 4'-hydroxylated 
compounds present either as free phenols or as glucuronide or sulfate conjugates 
(figure 1,5). (Tomlinson, 1977a) 

Approximately 12 hours following oral administration of 14C-oxfendazole to lactating 
cattle at a dose of 2.5 mg/kg, the 4C-residue in milk reached a maximum concentration 
of approximately 5 ppm . The residue depleted from milk with a half-life of 18 hours. Of 
the 1 % of the dose that was excreted in the milk, approximately 93% was excreted during 
the first 72 hours. On the average 50% of the residue present in the milk collected 0-72 
hours after dosing could be extracted into chloroform and of this 70% was unchanged 
oxfendazole and the remainder consisted of the thioether and the sulfone. (Tomlinson 
et al, 1977) 

A study was conducted comparing the tissue and blood residue levels from cattle treated 
with either oxfendazole or fenbendazole. The study involved two groups of six calves 
each which were in the weight range of 280-310 kg bw. One group was treated with 
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oxfendazole at 4.5 mg/kg by intraruminal injection. The other group recieved 
fenbendazole (Panacur) at 5.0 mg/kg by oral administration. Two animals (one for each 
sex) from each treatment group were sacrificed at 8, 14, or 21 days after dosing. 
Samples of liver, kidney, muscle, and fat were collected from each animal, and blood 
was taken prior to dosing and at 24 hours post dosing. Concentrations of oxfendazole 
and the two metabolites were measured in the plasma samples. The quantification limit 
of the assay was stated to be 10 ppb. The assay results are summarized in Table I. 
(Spires, 1988a) 

Table I. Average concentrations (in ppb) of oxfendazole, oxfendazole 
sulfone, and fenbendazole in plasma obtained from cattle 24 hours 
after: a) a single intraruminal injection of oxfendazole suspension 
at a dose of 4.5 mg/kg, and b) a single oral 5.0 mg/kg dose of 
fenbendazole. 

Treatment Oxfendazole Oxfendazole Sulfone Fenbendazole 

Oxfendazole 241 ± 69 76 ± 13 97 ± 37 
Fenbendazole 175 ± 39 41 ± 7 109 ± 23 

Another study involved three groups of cattle which were arranged and treated as 
follows: 

Group 1. Five calves (180-220 kg, both sexes) were treated with oxfendazole 
9.6% suspension at the rate of 4.5 mg/kg as an oral drench. 

Group 2. Five calves (180-220 kg, both sexes) were treated with oxfendazole 
9.6% suspension at the rated of 4.5 mg/kg as an intraruminal 
injection. 

Group 3. Six calves (160-220 kg, both sexes) were treated with fenbendazole 
at the rate of 4.5 mg/kg (dosage form unspecified). 

Blood samples from each animal were collected prior to treatment and at 4, 8, 12, 
24,36,48,72,120 and 168 hours post dosing. The results of the assays for oxfendazole, 
fenbendazole and the sulfone metabolite are given in Table II and also as graphs in 
Figure 2. (Nguomo et al, 1984) 
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Table II. The mean concentration (jug/ml) in plasma of oxfendazole (OXF), 
fenbendazole (FBZ) and oxfendazole sulfone (OXFS) after 
administration of fenbendazole and oxfendazole orally and 
oxfendazole intra-ruminally to cattle. 

Fenbendazole 
orally (n=6) 

Oxfendazole 
orally (n = 5) 

Oxfendazole intra-
ruminally (n = 5) 

Hours FBZ OXF OXFS FBZ OXF OXFS FBZ OXF OXFS 

0 - - - - - - - - -

4 0.01 0.02 0.01 0.01 0.02 - 0.01 - -

8 0.04 0.05 0.03 0.04 0.06 0.01 0.03 0.02 -

12 0.08 0.07 0.05 0.06 0.07 0.03 0.05 0.08 0.03 
24 0.11 0.12 0.10 0.80 0.17 0.07 0.11 0.18 0.06 
36 0.08 0.13 0.11 0.10 0.20 0.12 0.09 0.18 0.09 
48 0.05 0.08 0.05 0.07 0.11 0.12 0.08 0.12 0.10 
72 0.02 0.03 0.02 0.02 0.06 0.13 0.03 0.06 0.13 
96 0.01 0.02 0.01 0.01 0.02 0.07 0.01 0.03 0.07 
120 - 0.01 - 0.03 0.01 0.03 0.01 0.02 0.02 

Horse 

Twelve hours following oral administration of 14C-oxfendazole to horses at a dose of 10 
mg/kg the concentration of 14C in the plasma reaches a maximum of 1 microgram 
equivalent per ml. Total radioactivity depletes from the plasma with a half life of 26 hours. 
Of the dose administered, 84.4% is excreted in the feces and 6.8% is excreted in the 
urine. (Tomlinson et al, 1981) 

Following oral administration of oxfendazole to horses, oxfendazole, fenbendazole (2, 
figure 1), and oxfendazole sulfone (3, figure 1) are present in the plasma. The 
concentrations of oxfendazole, fenbendazole, and oxfendazole sulfone in horse plasma 
following oral administration of oxfendazole are much lower than those in bovine or 
sheep plasma following administration of a similar dose. Based on data for the area 
under the plasma concentration vs time curves the relative amounts of oxfendazole, 
fenbendazole, and oxfendazole sulfone in horse plasma are 1.4,1, and 7.7 respectively. 
Therefore, in the horse, the concentration of oxfendazole sulfone in the plasma relative 
to that of oxfendazole and fenbendazole is much higher than in cattle or sheep. In view 
of this, the extractable residue in horse liver is expected to consist primarily of 
oxfendazole sulfone rather than of oxfendazole. (Marriner and Bogan, 1985) 
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Figure 2. Plasma levels of oxfendazole (a), fenbendazole (b) and the sulfone 
(c) in cattle treated with fenbendazole (4.5 mg/kg) or with 
oxfendazole (4.5 mg/kg). Measurements are by an HPLC assay. 
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TISSUE RESIDUE DEPLETION DATA 

Radiolabeled Residue Depletion Studies 

Rat 

Following oral administration of 14C-oxfendazole to rats, liver was the tissue with the 
highest and slowest depleting residue. Of the residue present in liver a significant portion 
could not be extracted into organic solvents. At 0.5 hours and 24 hours post dose, 41% 
and 93% respectively of the residue was protein-bound. Although the exact composition 
of the residues present in liver varied with time, oxfendazole, the thioether, and the 
sulfone together comprised approximately 98% of the extractable portion. Since studies 
in cattle showed that liver and milk from treated animals contain oxfendazole, the 
thioether, the sulfone, and protein-bound materials (liver only), and since the same 
components are found in the circulatory system and/or liver of rats, it is clear that the rat 
is a good model for evaluation of the toxicological potential of the residues to which 
humans will be exposed. (Tomlinson et al, 1986) 

Sheep 

Two studies have been conducted to determine the total drug-related residue present 
in tissues following oral administration of 14C-oxfendazole to sheep. In study DM 
76-Sh-2778, twelve sheep each received a single 6 mg/kg dose of 14C-oxfendazole 
through a rumen tube. One animal was slaughtered on days 10,13, 23, 25, 30, and 38 
days post dosing and three animals were slaughtered 58 and 70 days post dosing. 
Radioassay of the tissues gave the results shown in Table III. (Tomlinson, 1976b) 

Table III. Total radioactivity (ppm) in tissues of sheep following oral 
administration of a single 6 mg/kg dose of 14C-oxfendazole. 

Time Total Residue 
(Days) Muscle Fat Kidney Liver 

10 0.030 0.195 1.085 2.479 
13 0.080 0.070 0.011 2.580 
23 0.006 0.041 0.044 0.218 
25 0.002 0.020 0.019 0.194 
30 0.002 0.009 0.023 0.223 
38 0.003 0.013 0.017 0.134 
58 0.002 0.005 0.007 0.065 
70 0.001 0.004 0.006 0.048 

In a second study, four sheep each received a single 6 mg/kg dose of l4C-oxfendazole 
through a rumen tube. One animal was slaughtered on days 3, 7, 14, and 21 post 
dosing. Radioassay of tissues are summarized in Table IV. (Runkel et al, 1978) 
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Table IV. Concentrations of total drug-related residue in tissues from sheep 
following oral administration of oxfendazole at a dose of 6 mg/kg 
of body weight 

Time Total Residue (ppm) 
ÍDavs) Muscle Fat Kidney Liver 

3 0.35 0.68 1.55 17.1 
7 0.02 0.02 0.14 7.34 
14 0.01 0.01 0.04 1.31 
21 0.01 0.01 0.02 0.27 

These studies showed that at all times after dosing, liver is the tissue with the highest 
drug-related residue and the tissue from which the residue depletes most slowly. Based 
on data obtained from study table IV, the total residues present in the liver during the 
period of 3 to 21 days after dosing deplete with a half life of approximately 3 days. 

Examination of the residues present in the liver of treated animals showed that 3,7,14, 
and 21 days after administration of oxfendazole approximately 76%, 61%, 41%, and 7% 
respectively of the total residue was extractable. At these times, unchanged oxfendazole 
represented 49%, 82%, 57%, and approximately 70% respectively of the extractable 
residue. (Massey, 1988a) 

Studies of the non-extractable (bound) residues present in the liver indicate that they are 
are only 8% as bioavailable as oxfendazole. (Tomlinson, 1976c). 

Following oral administration of 14C-oxfendazole to ewes at a dose of 5 mg/kg, < 1% of 
the dose was excreted in the milk. The composition of the drug related material in the 
milk has not been examined. (Brebion et al. no date) 

Cattle 

Twenty-four feeder calves approximately 6 months of age and 160-210 kg in weight were 
dosed orally once with a suspension of 14C-oxfendazole at the rate of 5 mg/kg. The 
doses were calculated on the basis of individual animal weights and were administered 
directly into the rumen using a 50 ml syringe and a piece of Tygon tubing. The animals 
were held in metabolism cages for the first seven days and then in pens for the duration 
of the study. 

Oxfendazole was labeled in the C-2 position of the imidazole ring. Formulations with 
three different levels of radioactivity were used. The activities were 0.0193,0.05176, and 
0.4634 mCi/ml, and the higher two activity formulations were used in the animals at the 
two longer withdrawal times. 

The calves were sacrificed in groups of 6 (half males and half females) at 7,14, 21, and 
28 days post dosing. Samples of muscle, liver, kidney and fat were collected and frozen 
until assayed. All tissues were assayed for total radioactivity and liver was assayed for 
combined oxfendazole, fenbendazole and oxfendazole sulfone. The later assays are by 
an HPLC method which includes an oxidation step and actually measures oxfendazole 
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sulfone. The average total residue levels are shown below in Table V. (Matin and 
Tsina, 1979) 

Table V. Total radioactivity (ppm) in tissues of calves treated with a single 
5.0 mg/kg oral dose of 14C-oxfendazole 

Days Post 
Dosinq Muscle Liver Kidney Fat 

7 0.041 
(±0.011) 

5.348 
(±1.243) 

0.954 
(±0.183) 

0.040 
(±0.013) 

14 0.010 
(±0.004) 

2.372 
(±0.562) 

0.249 
(±0.059) 

0.009 
(±0.005) 

21 0.005 
(±0.002) 

1.245 
(±0.196) 

0.097 
(±0.025) 

0.011 
(±0.002) 

28 0.004 
(±0.001) 

0.723 
(±0.160) 

0.056 
(±0.014) 

0.010 
(±0.004) 

The liver tissues were assayed for oxfendazole sulfone by H PLC. The average residue 
levels were 1.116, 0.026, 0.005, and 0.003 ppm at 7, 14, 21, and 28 days post dosing. 
The HPLC assay has a claimed level of reliable measurement of 0.002 ppm. (Matin and 
Tsina, 1978a) 

Examination of the residue present in the liver of treated animals (6) showed that 3 days 
after administration of oxfendazole 76% of the total residue was extractable and that of 
the extractable residue approximately 68% was oxfendazole, 12% was the thioether, and 
15% was the sulfone. For the residue present 7 days after dosing 23% was extractable 
and of the extractable residue 55% was oxfendazole, 6% thioether, and 8% sulfone. 
(Matin et al, 1977) 

Cattle (Dairy) 

A suspension of 14C-oxfendazole, labeled at the 2-position of the imidazole ring was 
administered by gavage (2.5 mg/kg) to three mature, lactating cows. Absorption and 
excretion were monitored by measuring the isotope concentrations in milk, plasma, urine 
and feces. At 22 days post-administration one of the animals was sacrificed and the 
drug residues in liver, kidney, muscle and fat were determined. The concentrations of 
drug equivalents in the milk are presented in Table VI. Aliquots of the 0-24, 24-48, and 
48-72 hours milk pools were extracted and their metabolite contents characterized by 
TLC. The extractable fraction constituted about 50% of the total radioactivity through the 
72 hour period. The composition of the extractable fraction is 70% oxfendazole and 30% 
reduced or oxidized metabolites in the 0-24 hour pool. The principal metabolite in the 
48-72 hour pool is the oxidized species, 2 (methoxycarbonylamino)-5-phenylsulfonyl 
benzimidazole. (Tomlinson, 1977b) 
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Table VI. Total 14C-oxfendazole residues in milk following a single oral dose 
(2.5 mg/kg) to lactating cows. 

Time Period Milk Residue Concentration 
(ppm) 

(days) Ihrs) Averaqe ±SD 

0 0 0 0 
1 0-12 0.407 0.084 
1 12-24 0.490 0.139 
2 24-48 0.363 0.121 
3 48-72 0.171 0.083 
4 72-96 0.067 0.043 
5 96-120 0.024 0.017 
6 120-144 0.011 0.008 
7 144-168 0.005 0.003 
8 168-192 0.002 0.001 
9 192-216 0.001 0.001 
10 216-240 0.001 0.001 
11 240-264 0.002 0.001 
12 264-288 0.002 0.000 
13 288-313 0.001 0.001 

Horse 

The total drug related residue present in the edible tissue of horses 10, 20 and 41 days 
after administration of 14C-oxfendazole at a dose of 10 mg/kg was determined . Based 
on the data obtained (Table VII) liver is the tissue with the highest concentration of 
residue and from which the residue depletes most slowly. Ten days after dosing less 
than 1% of the residue in the liver is unchanged oxfendazole. (Tomlinson et al, 1981) 

Table VII. Residues in tissues (ppm) obtained from horses treated with 
oxfendazole (10 mg/kg) 

Days Post-
Dose Liver Kidney Muscle Fat 

10 4.461 0.104 0.097 0.048 
20 0.843 0.012 0.002 0.009 
30 0.464 0.014 0.001 0.009 

Other Residue Depletion Studies (with Unlabeled Drug) 

Sheep 

A study was conducted to obtain residue data to allow a withdrawal period to be 
established for sheep treated with oxfendazole. In this study 20 sheep were given a 
single 6 mg/kg oral dose of oxfendazole. Groups of four sheep (two males and two 
females) were slaughtered at 3, 7,14, 21, and 30 days after dosing. The concentration 
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of oxfendazole in the liver collected from each animal at slaughter was determined by an 
HPLC method that has a sensitivity of 0.05 ppm. The mean levels of oxfendazole at 3, 
7,14, 21, and 30 days in liver were 7.86, 3.15, 0.26, 0.08 and <0.05 ppm. In the same 
study four sheep were dosed with 14C-oxfendazole at 6 mg/kg. Both total residue and 
unchanged oxfendazole were measured. The results are summarized in Table VIII. 
(Runkel, et al, 1978) 

Table VIII. Total radioactivity and unchanged oxfendazole in liver (ppm) after 
oral administration of 14C-oxfendazole to sheep at the dose of 6 
mg/kg body weight. 

Days Post-Dosing Sheep ID Number Total Residue Oxfendazole 

3 37 17.1 6.38 
7 36 7.34 3.67 
14 35 1.31 0.31 
21 38 0.26 ND 

ND = not detected 

Cattle 

A study was conducted to obtain residue data to allow a withdrawal period to be 
established for cattle treated intraruminally with a 22.5% suspension of oxfendazole at 
a dose of 4.5 mg/kg. In this study 36 cattle were dosed with oxfendazole. Groups of six 
cattle (three males and three females) were slaughtered at 7, 8, 9,10,12, and 14 days 
after dosing. The individual concentrations of oxfendazole, the thioether (fenbendazole), 
and the sulfone in the liver collected from each animal at slaughter were determined by 
a high performance liquid chromatography-assay which has a quantification limit of 0.005 
ppm for each analyte. The results of this study are summarized in Table IX. (Spires, 
1988b) 

Table IX. Concentrations (ppm) of oxfendazole, fenbendazole, oxfendazole 
sulfone and total metabolites in liver collected from cattle following 
intraruminal administration of a 22.5% suspension of oxfendazole 
at a dose of 4.5 mg/kg. 

Days Post Concentration (ppm) 
Dosing Oxfendazole Fenbendazole Sulfone Sum of Metab. 

7 0.042 0.077 0.006 0.125 
8 0.032 0.071 0.005a 0.108 
9 0.009b 0.023 0.005b 0.037 
10 0.036b 0.017a 0.005b 0.058 
12 0.005b 0.009a 0.006b 0.020 
14 c 0.006b 0.005b 0.016 
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Some values below the quantification limit of the assay. 
b Most values below the quantification limit. 

All values below the quantification limit of the assay. 

Cattle fDairvl 

In one study, six lactating cows were administered oxfendazole at a dose of 5.0 mg/kg. 
The concentration of oxfendazole in the milk collected over various intervals was 
determined by an HPLC method which has a sensitivity of 0.005 ppm. Mean 
concentrations of oxfendazole are summarized in Table X. (Matin and Tsina, 1978b) 

Table X. Concentration (ppm) of oxfendazole in milk of lactating cows 
following oral administration of 5 mg/kg of oxfendazole. 

Mean ± SD 

0.109 ± 0.032 
0.208 ± 0.068 
0.324 ± 0.109 
0.426 ± 0.155 
0.290 ± 0.110 
0.186 ± 0.086 
0.071 ± 0.037 
0.022 ± 0.015 

a 

a 

3 All values below the quantification limit of the assay. 

Bioavailability 

Cattle 

A study was conducted to compare the bioavailability of the 22.5% suspension, the 
9.06% suspension, the paste, and the pellets (20). The results of this study showed that 
the 22.5% suspension administered orally, the 9.06% suspension and the pellets are no 
more bioavailable than the 22.5% suspension administered intraruminally. However, the 
paste appeared to be more bioavailable than the 22.5% suspension. No significant 
difference in the bioavailability of the 9.06%, the 2.265%, and the 1.812% is expected. 
(Massey, 1988b) 

A study was conducted with the bound residue fraction of the oxfendazole total residue 
in cattle liver using the Gallo-Torres bioavailability model. The study was designed to 
evaluate the bioavailability of the bound residue fraction of liver (Formulation A) relative 
to the bioavailability of 14C-oxfendazole as a spike in control liver tissue (Formulation B). 
The study was divided into two parts. The first involves the dosing of a steer with 
14C-oxfendazole in order to obtain liver tissue containing bound residues of oxfendazole 
and the extraction of the liver tissue to remove non-protein bound residues. The second 

Time Post-Dose 
(hours) 

4 
8 
12 
24 
36 
48 
60 
72 
84 
96 
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part consists of the actual conduct of the Gallo-Torres bioavailability experiment with the 
bile duct-cannulated rats. 

Part 1. The "dosed" liver tissue evaluated in the study (Formulation A) was 
obtained from a beef-breed steer 209 kg in weight. The animal was administered a single 
4.5 mg/kg dose of l4C-oxfendazole by injection through the paralumbar fossa on the left 
side of the animal using a 15 ga x 3.5 inch needle and a syringe. A total of 58 cc of the 
dosing solution were injected. The tracer had a specific activity of 18.69/jCi/mg and was 
98% radiochemical^ pure. The concentration of the dosing solution was 13.45 mg/ml 
and the vehicle was PEG 400: 0.5 N HCI v/v. A blood sample was collected 24 hours 
after dosing and assayed as verification of closing. Seven days post dosing the calf was 
killed. The entire liver was collected, cut up, homogenized, and stored frozen. The level 
of total radioactivity present in the liver was 2.94 ppm. 

The liver tissue was prepared for the Gallo-Torres experiment in 50 g aliquots by placing 
it in a blender and partitioning it between pH 8 phosphate buffer and three portions of 
ethyl acetate (ETOAc). The organic extracts were discarded, the aqueous liver 
suspension centrifuged, and the supernatant discarded. The liver pellet was then 
resuspended in water and centrifuged a second tine. The radioactivity in each of the 
fractions is shown below as the percent of total DPM. Total DPM was determined by 
adding the DPM in the ethyl acetate extractions to that for the aqueous homogenate. 

Fraction % of Total DPM 

First ETOAc extraction 4.32 
Second ETOAc extraction 2.6 
Third ETOAC extraction 0.89 
First aqueous wash 7.86 
Second aqueous wash 1.0 

Total extractables 16.7% 
Total nonextractable residue 83.3% 

The liver pellet was resuspended in water then freeze-dried. The dried liver was then 
ground to a fine powder. The dose (Formulation A) was prepared by suspending the 
powdered liver in water (1:4). 

Formulation B (liver spiked with l4C-oxfendazole) was prepared with livertissue obtained 
from a control animal. The control liver was subjected to the same extraction and 
lyophilization procedure as done for Formulation A. The control liver powder that was 
obtained was suspended in water (1:4) and frozen. On the morning of the experiment 
the suspension was thawed and spiked with 14C-oxfendazole to yield a formulation with 
approximately the same DPM (90,000) per gram as that of Formulation A. 

Part 2. Charles River rats weighing between 200 and 400 grams were prepared 
for the experiment in groups of two or four. The rats were anesthetized and cannulas 
were surgically inserted into the bile duct and the stomach to allow the collection of bile 
and reinfusion of 0.052 M sodium taurocholate. They were housed in individual 
metabolism cages and were dosed with either Formulation A or B after regaining 
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consciousness. The doses were administered by intubation into the stomach using a 
syringe. Each rat was dosed twice with approximately four grams of Formulation A or 
B with an interval of two hours between doses. Food was offered to the rats after the 
second dose. 

The urine, feces and bile produced by each rat was collected during the dosing period 
and in 24 hr periods thereafter. Forty-eight hours after the second dose the rats were 
killed, and the liver and Gl tract were removed. Total radioactivity was determined in 
urine, feces, bile, liver, intestinal tissue, carcass, and intestinal contents. The 
measurements for urine and bile were done by direct scintillation counting while the other 
samples were combusted and carcase and intestinal tissues were solubilized followed 
by scintillation counting. 

A total of 14 rats were prepared and dosed as described. Of these, ten survived for 48 
hours after dosing, and the data from nine of the rats are tabulated in the results. Poor 
accountability of radioactivity was obtained with one of the rats, and it was not included 
in the study report. The results of the experiment are summarized in tables XI and XI!. 

Table XI. Absorption and Recovery of Radioactivity Present in Protein-Bound 
14C-Oxfendazole Derived Residue (Formulation A) 

Rat Number 
1 6 11 12 Averaae %CV 

% Dose Absorbed 3.95 10.79 13.45 7.16 8.84 47.0 
% Not Absorbed 93.22 91.82 85.59 94.61 91.31 4.4 
% Dose Recovered 97.17 102.6 99.04 101.77 100.15 2.5 

Table XII. Absorption and Recovery of Radioactivity Present in Liver Spiked 
with C-Oxfendazole (Formulation B) 

Rat Number 
7 9 10 13 14 Averaae %CV 

% Dose Absorbed 89.47 58.57 62.90 63.79 74.53 69.85 17.8 
% Not Absorbed 8.18 35.79 28.25 27.95 18.13 23.66 45.2 
% Dose Recovered 97.65 94.36 91.15 91.74 92.66 93.51 2.8 

These results show that the average absorption of of the protein bound residue was 
8.84% whereas the average absorption of 14C-oxfendazole was 69.85%. These values 
yield a relative bioavailability of 12.6% (8.84/69.85). In other words, the oral 
bioavailability in rats of the protein-bound residue present in the liver of cattle treated with 
oxfendazole is only about 13% of that of oxfendazole. (Massey, 1988c) 
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Sheep 

One group of rats was gavaged with a suspension of sheep liver flour containing bound 
14C-oxfendazole residue, a second group was gavaged with a suspension of liver flour 
spiked with free 14C-oxfendazole. The 1 C concentrations in plasma, bile, urine, feces 
and tissues were examined and comparisons of isotope bioavailability were drawn 
between the test dose and the control dose. These comparisons indicated that the 
bound 14C-oxfendazole administered to the rats is only 8% as bioavailable as 
oxfendazole. (Tomlinson, 1976c). 

METHODS OF ANALYSIS FOR RESIDUES IN TISSUES 

The oxfendazole residue in calf liver can be measured by an HPLC method combined 
with fluorescence detection. The residue measured by this method represents a 
combined level of the parent drug and its thioether and sulfone metabolites. 
Oxfendazole and its two metabolites are extracted from liver homogenate with ethyl 
acetate. Oxfendazole and oxfendazole thioether are oxidized to oxfendazole sulfone with 
40% peracetic acid. The HPLC assay has a claimed level of reliable measurement of 
0.002 ppm. (Matin and Tsina, 1978a) 

Oxfendazole, oxfendazole sulfone, and fenbendazole in liver tissue of cattle can be 
simultaneously quantitated by HPLC. The method involves the ethyl acetate extraction 
of a 20 g sample to which an internal standard has been added. Hexane is added to an 
aliquot of the ethyl acetate extract and the mixture is partitioned with 3N HCI. The 
aqueous layer is then separated, made basic with 10 N NaOH, and extracted with a 
mixture of ethyl acetate and hexane (6:1). The organic extract is evaporated to dryness, 
and the residue is prepared for chromatography by dissolving it in methanol-water (3:1). 
A reverse-phase column is used for the chromatography with 18-40% acetonitrile in 0.01 
M NaH2P04 as the mobile phase. UV detection at 295 nm is used, and the method is 
stated to have a sensitivity of 5 or 10 ppb for each compound. Recoveries determined 
by the spiking of control liver tissue at the 5 ppb level averaged 84% for oxfendazole, 
104% for oxfendazole sulfone and 108% for fenbendazole. (Fass et al, 1988) 

A HPLC method utilizing UV detection for quantitation measures oxfendazole in milk to 
levels as low as 0.005 ppm. (Matin and Tsina, 1978c) 

A HPLC method utilizing UV detection measures residual oxfendazole in sheep liver, 
kidney, muscle and fat tissues. The initial step involves extraction of the compound from 
liver, kidney and muscle homogenates with ethylacetate, and from fat with acetone. With 
this technique oxfendazole can be measured to levels as low as 0.05 ppm in sheep 
tissues. (Matin and Tsina, 1978d) 

APPRAISAL 

(See Annex 2 for a combined appraisal of Febantel, Fenbendazole and Oxfendazole). 
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PROPIONYLPROMAZINE 

IDENTITY 

Chemical: 

Synonyms: 

Structural formula: 

1 [10[3-(dimethylamino)-propyl]-10H-phenothiazin-2-yl]-1-
propanone. 

Propiopromazine 

/ \ 
H3C CH3 

C20H24N2OS Molecular formula: 

Molecular Weight: 340.6 

OTHER INFORMATION ON IDENTITY AND PROPERTIES 

Pure Active Ingredient: 

In veterinary preparations the phosphate or hydrochloride salt is used and formulated 
as a 1% aqueous injectable solution. 

Propionylpromazine is slightly yellow crystalline powder, 

o 

Appearance: 

Melting Point: 69-70 

RESIDUES IN FOOD AND THEIR EVALUATION 

CONDITIONS OF USE 

Propionylpromazine is used as a neuroleptic to combat stress in pets and farm animals. 
The main use is to combat stress in the transport of pigs especially during transport to 
the slaughterhouse, thereby reducing the incidence of death or a deterioration in the 
quality of the meat. 

Dosage 

Propionylpromazine may be administered as an injection of a 1 % aqueous solution of the 
salt either intravenously (IV), subcutaneously (SC) or intramusculary (IM). 
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The dose varies with the route of administration and the species. 

Dose (mg Propionylpromazine per kg) 

Species IV IM SC 

Horse 
Cattle 
Pig 

0.05-0.1 
0.1 -0.2 
0.2 -0.3 

0.05-0.1 
0.1 -0.2 
0.3 -0.5 

0.2-0.5 
0 .5 -2 

METABOLISM 

Pharmacokinetics 

50 mg Propionylpromazine was injected IM to a horse and the concentration of 
Propionylpromazine measured in plasma samples collected at intervals for an 11 hour 
period (Park et al., 1989). The concentrations were measured by gas chromatography 
using a nitrogen-phosphorous detector. The LLD was 0.2 ¡JQ/L. 

The peak concentration (5.2 ¡JQ/L) was seen at 30 minutes WT decreasing to 1.26 / jg /L 
at 11 hours WT. No other pharmacokinetic parameters were determined. 

Metabolism in Animals 

Information on the metabolism of Propionylpromazine in animals is limited to one study 
in a horse (Park et al., 1989) and the possibility that the sulphoxide may be a metabolite 
in the pig (Arneth, 1986). 50 mg Propionylpromazine was injected IM to one horse and 
the urine examined for parent drug and metabolites. The time of the urine collection is 
not stated. After enzyme hydrolysis the parent drug urine and three metabolites were 
identified by gas chromatography - mass spectrometry (GCMS). The metabolites were 
2-(1-hydroxypropyl)promazine, 2-(1-propenyl)promazine and 7-hydroxy-
Propionylpromazine. 

No N-demethylated or sulphoxidated metabolites of Propionylpromazine were observed 
in the horse but Arneth (1986) found very small amounts of the sulphoxide especially in 
spare rib tissue. Exposure of Propionylpromazine to light and air also results in the 
formation of minute quantities of the sulphoxide (Haagsma et al, 1988) and thus the 
presence of this metabolite may be due to an artifact. 

TISSUE RESIDUE DEPLETION STUDIES 

There are no radiolabeled residue depletion studies available. 

Other Residue Depletion Studies with unlabeled Propionylpromazine. 

There was no specific study to measure the distribution of residues in animals, the two 
sets of results given below are data derived in the testing of chromatographic methods 
for measuring Propionylpromazine. 
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Six female and six castrate male Dutch Landrace pigs weighing 100 kg were injected 
deep into the muscle behind an ear with 0.5 mg Propionylpromazine per kg BW. The 
animals were slaughtered in groups of four (2M and 2F) at 2, 8 and 24 hours after 
injection. The concentrations of Propionylpromazine was measured by densiometric 
TLC in four tissues and the results are detailed in table I. (Oiling, Stephany and Rauws, 
1981). There is a tendency for the concentrations in kidney and liver samples of the 
female pigs to be higher than those in the male samples. 

Table 1. Propionylpromazine concentrations (ji g/kg) in pig tissues. 

WT Sex Kidney Liver Brain Diaphraam Injection Site 
(hours) (ma total) 

2 F 340 260 210 50 28.7 
2 F 340 300 200 30 10.2 
2 M 90 80 210 70 24.0 
2 M 90 70 130 50 23.6 

8 F 150 200 190 50 15.0 
8 F 150 240 130 30 21.4 
8 M 50 80 190 60 18.5 
8 M 110 170 180 60 22.1 

24 F 50 240 40 <10 4.6 
24 F 40 370 50 10 7.4 
24 M 40 120 50 10 8.3 
24 M 80 190 100 20 2.6 

Also in the same paper female Wistar rats were administered Propionylpromazine in the 
tail vein at a dose of 4 mg/kg BW. The mean values ± SD for the residues in the rats are 
shown in Table II. 

Table II. Propionylpromazine (mg/kg) in rat tissues after IV injection of 4 
mg/kg BW 

WT n Kidney Liver Brain 
(hours) 

0.2 4 16.2 ± 4.8 1.3 ± 0.4 5.6 ± 1.3 
0.5 4 9.9 ± 3.2 1.2 ± 0.2 5.4 ± 0.8 
1.0 4 7.0 ± 3.0 1.1 ± 0.3 2.7 ± 0.4 
2.0 4 3.3 ± 1.5 0.6 ± 0.2 0.6 ± 0.2 

A second study investigated the residues of several tranqilizers in pigs 8 hours after IM 
injection. Propionylpromazine was administered to three pigs at a dose of 0.5 mg/kg 
BW. The presence but not the quantity of residues of Propionylpromazine were 
determined by a TLC method with a LLD of 60 g/kg. The pigs were slaughtered at 2, 
5 and 8 hours after injection and Propionylpromazine was found to be present at the 
injection site and in the kidneys in each of three pigs. Propionylpromazine was present 
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in the diaphragm muscle in the pigs at 2 and 5 hours WT but not in the muscle of the pig 
killed at 8 hours WT (Haagsma, Bathelt and Engelsma, 1988). 

METHODS OF ANALYSIS FOR RESIDUES IN TISSUES 

Three types of chromatographic methods are used by at least six EEC Member States 
to screen for residues of Propionylpromazine in food-producing animals. The most 
widely used technique is HPLC for residues in muscle or kidney tissues, one country 
uses TLC and another GLC. The LLD of the methods is 4 g/kg for TLC, 0.1-50 g/kg 
for HPLC and 1 0 - 5 0 g/kg for the GLC method. Between 5 and 20 g of sample is 
needed for an analysis. (EEC Handbook, Residues in Food Producing animals and their 
products: Reference materials and methods, Ed. R.J.Heitzman, to be published). 

A TLC procedure was described (Haagsma et al, 1988) for the detection of 
Propionylpromazine and other tranqilizers and carazolol in pig muscle and kidney with 
a detection level of 25 g/kg. 20 g of tissue are ground up with alkali and extracted with 
ether. After washing with petroleum ether the extract is run through a silica gel solid 
phase extraction (SPE) column and the Propionylpromazine eluted with methanol. The 
volume was reduced and any precipitate removed before applying the majority of the 
extract to an HPTLC plate. The plate was developed in two dimensions using 1) 
CH2CI2 :acetone:25% ammonia: :100/100/5 v /v and 2) n-butanol:acetic 
acid:water::80:20:100 v/v. The spots were viewed under UV light. 

An older TLC method was reported by Oiling et al., (1981 ) for the specific determination 
of Propionylpromazine in pig tissues. 5 to 10 g of liver, kidney, muscle or brain tissue 
was ground with sand and extracted with solvent/solvent partition systems. An aliquot 
was run on a monodimensional polyamideTLC plate using cyclohexane:CHCI3:ammonia 
(14 mol per L)::90:20:20:0.25 v/v/v/v. The LLD was 2 - 20 g/kg. 

An HPLC method was reported for measuring Propionylpromazine and othertranqilizers 
and carazolol in pig kidneys with a level of detection of 4 g Propionylpromazine per kg 
(Keukens and Aerts, 1989). The procedure involves extracting 5 g kidney with 
acetonitrile, rapid sample clean-up with a SepPak C18 cartridge and HPLC with UV or 
fluorescent detection. The mean recoveries of Propionylpromazine using a 20 g/kg 
spike were 95% with a CV = 6.7% for 10 tests. The method was tested in a routine 
monitoring programme on more than 1000 samples and 30 samples per day could be 
analysed. The method was claimed to be successfully applied to injection sites, plasma 
and liver samples. The possible use of a diode array detector will improve the specificity 
of the method. 

A GLC method was used to measure Propionylpromazine concentrations in plasma of 
a horse with a lower limit of detection of 0.2 g/L. (Park et al., 1989). Hartvig et al., 
(1980) also describe a GLC method for plasma with an LLD of 10 - 20 g/L but 
unfortunately nowhere in the publication is the species used mentioned. 

APPRAISAL 

There is insufficient information available on the pharmacokinetics, metabolism and 
depletion of the residues to establish a meaningful MRL. There are good monitoring 
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methods for detecting the presence of residues of Propionylpromazine in treated pigs 
and it should be possible to control some conditions of use, e.g. over short withdrawal 
times in pigs. 
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SPIRAMYCIN 

IDENTITY 

Chemical: 

Synonyms: 

Structural formula: 

H,C' 

Spiramycin 

CAS 8025-81-8; Foromacidin; Sequamycin; Selectomycin; 
Rovamycin; Provamycin 

N(CH3)2 
CH, 

^ » HO N(CH3)2 

OH 

CHO 

Molecular formula: 

Molecular weight: 

Spiramycin I (C43H73N2°13)-°-R : -R = -H 

Spiramycin II (C43H73N2013)-0-R : -R = -COCH3 

Spiramycin III (C43H73N2013)-0-R : -R = -COC2H5 

Spiramycin I 843.07 

Spiramycin II 885.11 

Spiramycin III 899.14 

OTHER INFORMATION ON IDENTITY AND PROPERTIES 

Pure active ingredient: 

Appearance: 
Melting point: 
Solubility: 

Optical rotation: 
UVmax: 
pH: 

White or faintly yellowish powder 
128-137° 
Barely soluble in water, freely soluble in acetone, alcohol and 
methanol, sparingly soluble in ether 
[a]S(20,D) = -80° (c = 1 in methanol) 
231 nm (ethanol) 
8.5-10.5 (0.5% solution) 
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Related compounds: Spiramycin II < 5.0 % 
Spiramycin III <10 .0% 

Other compounds: < 2.0 % 

Microbiologic potency (min) 3200 lU/mg 

(Budavari, 1989; Pascal, 1986) 

RESIDUES IN FOOD AND THEIR EVALUATION 

CONDITIONS OF USE 

General 

Spiramycin is a macrolide antibiotic produced by certain strains of Streptomyces 
ambofaciens. It is extracted from culture media and then concentrated, filtered and 
purified. Spiramycin is a mixture of three components named Spiramycin I, II and III. 
Spiramycins II and III are, respectively, the monoacetic and monopropionic esters in 
position 4 of the macrocyclic lactone ring of Spiramycin I, as shown above. Spiramycin 
exhibits bacteriostaticactivityagainststaphylococci.aerobicandanaerobicstreptococci, 
corynebacteria, Clostridia as well as mycoplasma, rickettsia and Toxoplasma gondii. It 
is practically without activity against Esherichia coli and Pseudomonas aeruginosa. 
Spiramycin induces a bacteriopause characterized by persistence of bacteriostasis after 
removal of the antibiotic. The mechanism of action of spiramycin, as with other 
macrolide antibiotics, is via competitive binding at the 50 S ribosome and inhibition of 
bacterial protein synthesis. Spiramycin is indicated for the treatment and prevention of 
pneumopathies, enteropathies, mastitis, metritis, omphalitis, omphalophlebitis, arthritis 
and foot-rot in cattle and, in pigs, for the treatment and prevention of pneumopathies, 
pig-house cough, infectious gastroenteritis, swine erysipelas, mastitis, prevention of 
neonatal infections in piglets and atrophic rhinitis. 

Dosage 

The following is provided for product and dosing information for the use of spiramycin 
in cattle and swine. 

For use in cattle, the following two water soluble products are provided as the adipic acid 
salts. 

Spiramycin 
Monomethylacetamide 
Benzyl alcohol 
Water for injection 

SUANOVIL 20® 
60 x106 IU 
49 g 
4.16g 
100 ml 

SUANOVIL L.A. 
100 x 106 IU 
49 g 
1 9 
100 ml 

1 IU is approximately = 0.3 g of spiramycin base expressed in relation to the WHO 
standard titering 3200 lU/mg. 

The dosing regimen for young cattle is 100 000 lU/kg (10 ml/100 kg of Suanovil L.A.®) 
twice at 48 hour intervals and for metaphylaxis, a single injection of 100 000 IU/kg.; for 
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calves, 75 000 lU/kg (5 ml/40 kg of Suanovil 20 ®) and for adult cattle (mastitis and 
foot-rot) 30 000 lU/kg (5 ml/100 kg of Suanovil 20 ®). The sponsor recommends a dose 
of 75 000 lU/kg for other species. (Suanovil 20 and Suanovil L.A. are registered 
trademarks of RHONE MERIEUX). 

Spiramycin for use in animal feed, primarily for prevention and treatment of Enzootic 
Pneumonia in swine, is provided in the form of a salt of embonic acid and is sometimes 
referred to as the embónate form. Spiramycin embónate is available as two different 
premixes: SPIRAMIX 200® and SPIRALAC 200®. The formulations are as follows: 

SPIRAMIX 200® 
Spiramycin (embónate) 64 MILI 
Corn meal q.s.p. 100 g 

SPIRALAC 200® 
Spiramycin (embónate) 64 MIU 
Lactose q.s.p. 100 g 

The antibiotic is incorporated in feed at a rate of 200 to 400 ppm as spiramycin 
embónate. Depending on the rate of feed intake which varies with the weight of the 
animal, the corresponding dose to pigs will be 30 000 IU/kg/d to 50 000 IU/kg/d (i.e. 
9.5 mg/kg/d to 16 mg/kg/d) for 7 days. (SPIRAMIX 200 and SPIRALAC 200 are 
registered trademarks of RHONE POULENC ANIMAL NUTRITION). 

METABOLISM 

In data submitted, the statement is made that spiramycin can be converted into 
neospiramycin (structure not given) in the tissues and particularly in the liver. It is further 
stated that neospiramycin exhibits similar antibacterial activity to spiramycin. The 
reference is to a nonpublic document that has no number, date or author. 

TISSUE RESIDUE DEPLETION STUDIES 

Radiolabeled Residue Depletion Studies 

No radiolabel residue depletions studies were submitted by the sponsor. 

Residue Depletion Studies with Unlabeled Drug 

Cattle 

Eighteen young bovines, 6 males and 12 females, were used in the study. The animals 
received two injections of Suanovil 20 by intramuscular injection at 100,000 lU/kg BW 
at 48 hour intervals. The animal ranged in weight from 177 to 350 kg and included both 
sexes. Groups of three animals were sacrificed at 14, 21, 28, 35, 42 and 49 days after 
the final administration. Only males were sacrificed at post treatment days 14 and 21 
while only females were slaughtered on days 28, 35, 42, and 49. Most (12) of the 
animals were of the Charolais breed or cross with four Limousin, a Normand and a Pie 
Rouge completing the animal breeds. 
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Spiramycin was determined in samples collected from the liver, kidney, muscle and 
injection site at all sacrifice times. Fat was assayed for spiramycin beginning on day 28 
and heart was sampled beginning on day 35. Both spiramycin and neospiramycin 
concentrations in the tissues were determined using high-performance liquid 
chromatography. Mean recovery of spiramycin was 75.5, 84.7 and 97% from muscle, 
liver and kidney, respectively. Mean recovery of neospiramycin was 82.8, 72.0 and 
80.3%. The limit of detection was estimated to be 0.05 lU/g, with quantification limits 
of 0.1 lU/g in muscle and liver and 0.2 lU/g in liver for both spiramycin and 
neospiramycin. The results are shown in Table I. Neospiramycin concentrations were 
expressed in spiramycin equivalents by applying a correction factor of 0.88 which 
corresponds to the ratio between neospiramycin titre (4100 IU/mg) and the spiramycin 
titre (4656 IU/mg). The total concentration of spiramycin was then expressed in [jg/g 
of spiramycin in relation to the 1962 WHO standard titering 3200 IU/mg (Sanders and 
Delepine, 1990 a). 

Table I. Concentration of Spiramycin ( j i g / g ) in muscle, injection sites, liver, 
kidney and fat (mean ± standard deviation). 

Concentration of Spiramycin (¡ig/g) 
Time Muscle Injection Injection Liver Kidney Fat 

Site 1 Site 2 

Day-14 0.09 ±0.02 20.91 ±14.05 35.12± 14.91 0.48±0.09 0.47±0.15 NS 
Day-21 < 0.06 10.23± 6.59 10.30± 4.89 0.30±0.13 0.17±0.05 NS 
Day-28 < 0.03 0.47± 0.38 0.60± 0.04 0.14±0.03 0.05±0.02 ND 
Day-35 < 0.03 0.11 ± 0.07 0.31 ±0.13 <0.12 < 0.03 * 

Day-42 ND 0.13± 0.06 0.16± 0.12 < 0.12 < 0.03 <0.03 
Day-49 ND 0.05 ± 0.08 0.04 ± 0.05 < 0.06 ND ND 

ND = Not detected (< 0.015/xg/g) 
NS = Not sampled 
* = 0.05 + 0.06 

From the edible tissues other than injection site, residues were highest and were 
quantitated in liver for 28 days after treatment and detected in liver for 49 days. 
Detectable, although not quantifiable, residues were present in muscle, kidney and fat 
at days 35, 42 and 42, respectively. Not surprisingly, residues of the antibiotic were 
highest and persisted longer at the injection sites, although after 35 days, they were 
below 0.16 ppm. Although not shown here, residues of neospiramycin were 
approximately the same concentrations as spiramycin. 

Residues of spiramycin in milk were determined following intramuscular administration 
of 30,000 lU/kg BW Suanovil 20 to six dairy cows. 

Milk samples were collected before administration of the Suanovil 20 and at each milking 
following administration for 25 milkings. The spiramycin concentrations in the milk were 
determined using the microbiological agar diffusion method with Micrococcus luteus. 
The quantification limit was 0.2 lU/ml equivalent to 0.062/xg/ml of spiramycin expressed 



- 1 0 1 -

in relation to the 1962 WHO standard titering 3200 lU/mg. The mean concentrations are 
presented in Table II (Moulin & Sanders, 1989 a). 

Table II; Concentration of spiramycin in milk (mean ± standard deviation). 

Milking Concentration (/ig/ml) 

1 16.54 ± 7.50 
2 10.00 ± 3.18 
3 5.27 ± 1.62 
4 2.74 ± 0.90 
5 1.50 ± 0.40 
6 1.06 ± 0.25 
7 0.74 ± 0.15 
8 0.57 ± 0.09 
9 0.43 ± 0.08 
10 0.40 ± 0.05 
11 0.32 ± 0.06 
12 0.30 ± 0.06 
13 0.24 ± 0.10 
14 0.19 ± 0.03 
15 0.16 ± 0.03 
16 0.14 ± 0.03 
17 0.09 ± -

18-25 ND 

ND = Not detected (< 0.06/¿g/ml) 

Forty-two female Friesian/Holstein calves, aged 8-15 days, were used in a study. Calves 
were acclimated for one week. The animals were divided into three groups. Group 1 (4 
calves) served as control animals. Group 2 (22 animals) recieved 25 mg spiramycin per 
kg body weight daily for seven days, in the feed. Group 3 (16 animals) were treated with 
spiramycin (25 mg/kg BW) plus oxytetracycline (40 mg/kg BW), in the feed, for seven 
days. Samples were collected and assayed microbiologically (Pascal et al., 1990a). The 
results are presented in Table III. 

Table III. Spyramycin Tissue Concentrations Oxg/g) in Calves Recieving 
Spiramycin, 25 mg/kg BW per day, for 7 consecutive days, Alone 
or in Combination with Oxytetracyline, 40 mg/kg BW per day 

Days Post- Liver Kidney Muscle Fat 
Treatment 

3 9.17 13.7 0.2 0.15 
7 3.03 5.3 <0.1 <0.1 
14 1.1 1.7 <0.1 <0.1 
24 0.2 <0.1 <0.1 ND 
35 <0.1 ND ND ND 

ND = Not detected 
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Swine 

Fifteen pigs, 10-12 weeks of age, recieved 25 mg spiramycin per kg BW per day 
intramuscularly for three consecutive days. Three animals were slaughtereed at each 
sacrifice time. Tissue samples were collected from liver, kidney, muscle, fat, skin, heart 
and brain. Samples were analyzed using a microbiological assay with Micrococcus 
luteus (May and Baker, 1967). The results are summarized in Table IV. 

Table IV. Spiramycin Tissue Concentrations Oxg/g) in Pigs Recieving 
Intramuscular Spiramycin^ 25 mg/kg BW per day for 3 consecutive 
days 

Days Post- Liver Kidney Muscle Fat Skin Heart Brain 
Treatment 

1 9.01 21.59 0.29 0.03 0.11 0.32 0.04 
3 2.26 4.75 0.20 0.09 0.20 0.20 * 

5 0.68 1.24 0.05 0.05 0.07 0.10 * 

7 0.49 0.48 * 0.04 0.04 0.07 * 

14 * 0.04 * * * * * 

* = Less than the assay sensitivity of 0.025 n g/g 

A series of residue studies were conducted in 25 to 30 kg male and female Large White 
X Landrace pigs to determine the tissue residues of spiramycin following oral 
administration of spiramycin embónate. In each study, three animals were slaughtered 
at each sacrifice time. The dose is indicated in each table. Analysis of spiramycin and 
its active metabolites in tissues was conducted using the agar diffusion method with 
Sarcina lútea ATCC 9341 as the test organism. Results are summarized in Tables V and 
VI and are relative to the WHO standard titrating 3200 lU/mg (Pascal et al., 1990b). 

Table V. Spiramycin Tissue Concentrations in Pigs Receiving spiramycin 16 
mg/kg/day for 7 days 0¿g/g) 

Days Post- Liver Kidney Muscle Fat 
Treatment 

0.5 6.26 ± 1.26 8.90 ± 1.75 0.12 ± 0.01 < 0.10 
3 1.44 ± 0.24 1.30 ± 0.56 < 0.10 < 0.10 
7 0.58 ± 0.19 0.23 ± 0.07 < 0.10 < 0.10 
10 < 0.30 < 0.15 * < 0.10 
15 < 0.30 < 0.15 * * 

20 < 0.30 < 0.15 * * 

* = not determined 
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Table VI. Spiramycin Tissue Concentrations in Pigs Receiving Spiramycin, 25 
mg/kg/day for 7 days (^g/g) 

Days Post- Liver Kidney Muscle Fat 
Treatment 

7 1.45 ± 0.40 0.56 ±0.11 <0.10 <0.10 
10 0.89 ± 0.35 0.19 ± 0.05 * < 0.10 
20 < 0.30 < 0.15 * * 

* _ = not determined 

Excretion and tissue concentration of spiramycin were studied in the pig following 
administration by the oral (4 animals) or the subcutaneous (10 animals) route. The 
results are summarized below in Table VII. Sample concentrations are the average of 
two pigs per sacrifice time (Ferriot and Videau, 1971). 

Table VII. Spiramycin Concentrations in the Tissues of Pigs Treated with Oral 
and Subcutaneous Spiramycin 

Route Time Dose Concentration of Spiramycin in/xg/ml or g 
of After mg/kg 

Adm. Dosina Liver Bile Kidny MGa Luna Intb Muscle 

Oral 24 h 50 19.00 37.50 30.00 12.00 10.75 14.00 1.25 
24 h 100 56.25 217.5 67.50 33.75 44.25 62.50 1.85 

SC 24 h 12.5 8.25 100.0 29.00 13.50 12.75 4.50 1.65 
24 h 25 19.25 155.0 55.00 24.75 37.50 13.25 0 
24 h 50 52.50 345.0 112.5 42.50 81.25 50.00 6.0 

48 h 50 27.50 67.50 77.50 147.5 22.50 13.75 0 
8 d 50 18.25 - - - - - -

a MG = Mesenteric ganglion 
b Int = Intestine 

As expected, the parenteral dose proved to have significantly greater bioavailability than 
the oral route at an equivalent dose (50 mg/kg, at 24 h). However, the relatively high 
levels of spiramycin residues in organs and bile by the oral route is somewhat surprising. 
Concentrations in muscle by both routes is much lower than in the other tissues and 
deplete rapidly by comparison but can be detected at 24 hours after dosing by either 
route. The concentrations of antibiotic remain at bactericidal or bacteriostatic levels for 
at least 48 hours post treatment in the case of parenteral dosing. High levels of residue 
(18 ppm) were detected in liver 8 days after treatment. 
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Poultry 

Thirteen broilers, weighing approximately 1.2 kg each, were treated with 300 ppm 
spiramycin in the feed for ten days. The average daily intake of spiramycin was 
calculated to be 43 mg. The birds were slaughtered immediately following removal of 
the medicated feed and at 1, 3, 5 and 8 days post-treatment. Samples of liver and 
muscle were analyzed with a microbiological assay using Micrococcus luteus, ATCC 
9341 (Benazet and coll., 1960). The results are presented in Table VIII. 

Table VIII. Spiramycin Tissue Concentrations 0*g/g) in Broilers Recieving 
Spiramycin 300 ppm in the Feed, for 10 consecutive days 

Days Post-Treatment Liver Muscle 

0 3.78 0.19 
1 1.67 0.08 
3 0.89 0.04 
5 0.21 <0.02 
8 <0.02 <0.02 

Note: The assay sensitivity = 0.02ng/g 

METHODS OF ANALYSIS FOR RESIDUES IN TISSUES 

General 

Microbiological and high performance liquid chromatographic methods have been 
employed for the determination of spiramycin concentrations in plasma, serum, tissues 
and milk. 

The microbiological agar diffusion method uses Micrococcus luteus ATCC 9341 as the 
test organism. Serum samples are analyzed following dilution with phosphate buffer, as 
needed. Agar plates are prepared using Difco #9 medium and seeded with the test 
organism. Standards are prepared in blank serum. Cylinders are placed on the seeded 
plates and 200/x I of material, sample or standard, is added. The diffusion continues for 
1 hour at ambient temperature and then for 18 hours at 30°. Zones of inhibition are 
quantitated by extrapolation from standards. The method has a quantitation limit of 
0.1«IU/ml (Huetetal. 1988). 

Milk samples are prepared in much the same way as serum samples. Samples may be 
analyzed directly or following dilution with phosphate buffer. Plates are prepared using 
Difco #9 medium and are seeded with Micrococcus luteus. Samples (250^1 ) are 
placed into the test cylinders. Following diffusion for 0.5 hours at ambient temperature, 
the plates are incubated for 18 hours at 37°. Zones of microbial inhibition are measured 
and the concentration of spiramycin in the samples determined by extrapolation to 
known standards. The quantitation limit in milk is 0.2 IU/ml (Moulin and Sanders, 1989 
b). 
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High performance liquid chromatography (HPLC) has been used to measure spiramycin 
concentrations in plasma. Test samples and standards prepared in blank plasma are 
processed through C2 cassettes using 4% acetonitrile. A 5*t reversed phase LiChroCart 
RP 8 column, 125 mm X 4 mm, with an RP 8 precolumn is used for the separation. 
Samples are eluted with sulfuric acid, 0.5%, and acetonitrile (79:21, v/v). A UV detector 
monitors sample elution at 231 nm. The method is linear from 0.2 to 104 lU/ml with 
average recoveries of approximately 85%. The limit of quantitation in plasma is 0.2 IU/ml 
(Mourot and Sanders, 1988). 

Determination of tissue concentrations of spiramycin and neospiramycin were also 
determined using reversed phase HPLC. Test tissues and standards prepared in blank 
tissues are extracted with chloroform and the extracts are processed through cassettes 
by eluting with chloroform. A 5n reversed phase LiChroCart RP 8 column, 125 mm X 4 
mm, with an RP 8 precolumn is used for the separation. Samples are eluted with 0.5% 
sulfuric acid and acetonitrile (80:20, v/v). A UV detector monitors sample elution at 
231 nm. The method is linear for concentrations between 0.2 and 10 lU/g and recovery 
of spiramycin from extracted standards is 75.5%, 84.7% and 97% for muscle, liver and 
kidney, respectively. Recovery of neospiramycin is 82.8%, 72% and 80.3%. The 
quantitation limit was 0.1 lU/g in muscle and kidney and 0.2 in the liver. The limit of 
detection was estimated to be 0.05 lU/g (Sanders and Delepine, 1990 b). 

APPRAISAL 

Residues of spiramycin were highest in cattle liver after intramuscular injection other than 
injection site with detectable residues (<0.06 ppm) through 49 days after treatment but 
with quantifiable residues (0.14 ppm) persisting only through day 28. In pigs, a similar 
situation exists with liver retaining the greatest concentrations of residue. Residues in 
swine liver deplete to below the limit of quantitation (<0.30 ppm) after 10 to 20 days 
depending on the oral dose received. However, the situation for residues resulting from 
injection of spiramycin shows a much different picture with much larger amounts of 
residue (18 ppm) observed at 8 days after treatment. A residue depletion study 
extending beyond 8 days for residues resulting from injection of spiramycin in pigs was 
not submitted for review by the sponsor. However, it is likely that residues may persist 
as long in swine as they do in cattle for the injectable form of the drug.but there is little 
indication from the information presented that the injectable form of the drug is likely to 
be used in market weight pigs. Thus, liver is the target tissue for quantitation of residues 
of spiramycin in both cattle and swine and the parent compound or microbiologically 
active residues resulting from its use may serve as the marker residue. 

The quantitation of spiramycin residues for more that 8 days (16 milkings) is notable; 
however, concentrations of the antibiotic were well below 1 ppm after 4 days (8 
milkings). 

Methods for residue analysis in edible tissues of swine and cattle as well as milk are 
available for the determination of spiramycin and neospiramycin, although significant 
information on the latter compound was not available from the sponsor. However, it is 
claimed that neospiramycin (de+ectable by HPLC) has antibiotic activity with a potency 
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similar to the parent compound. As mentioned above, the detection of neospiramycin 
may serve as a partial confirmation that the parent antibiotic has been used but a more 
definitive confirmatory procedure such as mass spectrometry was not presented. The 
molecular mass of the antibiotic (843.07 to 899.14) would require relatively sophisticated 
mass spectrometric instrumentation. A microbiological assay for spiramycin in feeds 
was adopted by the E.E.C. committee of experts (JOCE of 6.9.84, L 238/34 to 38). 
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TYLOSIN 

IDENTITY 

Chemical: [4R-(4R*,5S*,6S*,7R*,9R*,11 E,13E,15R*,16R*)]-15-{[(6-
deoxy-2,3-di-0-methyl-b-D-allopyranosyl)oxy]methyl}-6-
{[3,6-dideoxy-4-0-(2,6-dideoxy-3-C-methyl-a-L-ribo-hexo 
pyranosyl)-3-dimethylamino-b-D-glucopyranosyl]oxy}-16-
ethyl-4-hydroxy-5,9,13-trimethyl-2,10-dioxooxacyclohexa 
deca-11,13-diene-7-acetaldehyde. 

Synonyms: 

Structural formula: 

Tylan, Tylon, CAS-1401 -69-0 

O 

Molecular formula: C^H^NO^ 

Molecular weight: 916.14 

OTHER INFORMATION ON IDENTITY AND PROPERTIES 

Pure active ingredient: 

Tylosin represents not less than 80% of the total area of all the peaks observed 
bytheHPLC method, excluding the solvent front. Tylosin, desmycosin, macrocin 
and relomycin represent not less than 95% of the total area of all the peaks 
observed by the HPLC method excluding the solvent front. 
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Tylosin and the related compounds included above are characterized by the 
following structure and table found below: 

Compound R I R 2 r 3 

Tylosin (A) -CHO -CH3 Mycarose 
Desmycosin (B) -CHO -CH3 -H 
Macrocin (C) -CHO -H Mycarose 
Relomycin (D) -CH2OH -CH3 Mycarose 
Dihydrodesmycosin -CH2OH -CH3 -H 

Appearance: 

Melting point: 

Solubility: 

UV Absorption: 

pH Stability: 

White crystalline solid 

128-132° 

Slightly soluble in water, 5 mg/ml at 25°. Soluble in lower alcohols, 
esters and ketones, in chlorinated hydrocarbons, benzene, ether. 

Maximum at 282 nm. Extinction coefficient, E1% at 282 nm is 245. 

Solutions are stable at pH 4-9. Below pH 4, another active 
compound, desmycosin is formed. 

RESIDUES IN FOOD AND THEIR EVALUATION 

CONDITIONS OF USE 

General 

Tylosin is used exclusively in veterinary medicine and has never been used in human 
medicine. It has a broad spectrum of activity, being active against most Gram-positive 
bacteria and mycoplasmas, but is also active against some Gram-negative organisms, 
and members of the Chlamydia group. It is ineffective against the Enterobacteriaceae. 
Tylosin can be administered in feed, drinking water, or injected intramuscularly. It has 
been used in broiler and replacement chickens for the prevention and treatment of 
chronic respiratory disease, in broilers to improve weight gain and feed efficiency, and 
in layers to improve feed efficiency and increase egg production. In pigs and cattle, 
tylosin has been used for increased weight gain and improved feed efficiency. Tylosin 
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in feed is used to prevent and treat swine dysentery and to reduce the incidence of liver 
abscesses in cattle. As a treatment for infectious sinusitis and prevention of the 
respiratory form of the disease, tylosin is used in turkeys. For therapeutic purposes, 
injectable tylosin is used in sheep and goats. 

Dosage 

The dosage forms of tylosin include feed premixes, soluble powders, and formulations 
for intramuscular injections. In broiler chickens, the recommended dosage of tylosin 
varies greatly with the desired benefits. For increasing weight gain and improving feed 
efficiency, a dose of 5-55 ppm in the feed is recommended. A similar dose of 22-55 ppm 
in feed is used for increased egg production in layers. For prevention, treatment, and 
control of chronic respiratory disease in broilers, the use level is 880-1100 ppm in feed, 
20 or more times the dose recommended for production claims. 

In pigs, for use as a production aid, the dose is 10-100 ppm in the feed. For both 
prevention and treatment of swine dysentery, 40-100 ppm in the feed is recommended. 
Tylosin is used in cattle at a dose level of 50-100 mg per animal per day for increasing 
weight gain, improving feed efficiency, and reducing the incidence of liver abscesses. 

Soluble powders are added to the drinking water at the use rate of 0.5 g/liter for 
treatment of respiratory disease in broilers, replacement chickens, and turkeys. Pigs 
receive 0.25 g/liter to aid in the treatment of swine dysentery. For prevention of 
pneumonia associated with bovine respiratory mycoplasma and Pasture!la multocida, 
calves are treated with 1.0 g/animal twice daily. 

Intramuscular injections of tylosin (5-10 mg/kg body weight/day) are used to treat 
pneumonia, foot rot, diptheria, metritis, and acute mastitis in cattle and for arthritis, 
pneumonia, erysipelas, and dysentery in pigs. Sheep and goats are treated with 10 
mg/kg body weight/day for contagious agalactia and caprine pleuropneumonia. 

METABOLISM 

Food Animals 

Swine-Metabolism and Excretion 

Studies were conducted with 14C tylosin to determine the metabolic fate in swine tissues. 
The lactone ring (position unspecified) of tylosin was labeled with 14C to avoid any of the 
uncertainty associated with studies using tritium. Analysis by TLC showed the 
radiopurity of labeled tylosin to be 88.5% tylosin factor A and the specific activity was 
0.462^Ci/mg. One castrated male pig, which weighed 59 kg, was conditioned on feed 
containing 100 mg/kg unlabeled tylosin for two weeks. Following conditioning, the 
labeled feed containing 110 mg of 1 C tylosin per kg, was fed twice daily for three days. 
This resulted in a dose of 3.3 mg tylosin/kg body weight/day. Each dose contained 45.7 
/i Ci. The pig was sacrificed within 4 hours after the last dose and samples of muscle, 
liver, kidney, backfat, brain, lung, spleen, heart, pancreas, and intestinal contents 
collected for assay (Sieck et al., 1978b). The assay results for muscle, liver, kidney and 
backfat are listed in table I. 
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Feces. Of the tylosin excreted by swine, 99% was found in the feces and 1% in the 
urine. The total extractable radioactivity was 85% for swine feces. Samples of feces 
were extracted with solvents that included water, methanol, heptane, chloroform, and 
butanol. Extracts were further purified by column chromatography in preparation for 
TLC. 

Tylosin factor A is extensively metabolized in swine with the primary metabolic pathway 
being chemical reduction of tylosin factor A at the aldehyde group to tylosin factor D, the 
major metabolite excreted. TLC analysis showed 33% of total radioactivity to have 
similar chromatographic mobility as tylosin factor D, 8% in the same zone as 
dihydrodesmycosin (DDM), and 6% with similar mobility as tylosin factor A. These data 
show factor D as the major 14C tylosin residue in swine feces. At least ten minor 
metabolites representing 5% or less of total residues are present in swine excreta. No 
factor B was identified in the metabolic profile for swine or rat. Identification of tylosin 
factor D and DDM was confirmed by mass spectroscopy. 

Liver. In swine liver, total extractable 14C residue was made up of at least four major 
metabolites with no single major tissue metabolite present. Of total residues recovered 
by TLC, 15% had Rf values close to that of tylosin factor C and dihydrodesmycosin. 
Dihydrodesmycosin has microbiological activity with an estimated potency of 31% of 
that of tylosin factor A, making it detectable by microbiological assays for tylosin (Sieck 
et al., 1978b). 

Additional metabolite profile 

Tissues from the total residue study for swine reported later in the section on 
radiolabeled residue depletion studies (see Table II) were also used to profile the major 
metabolites in swine tissue. Three pigs were used and treated as described on page 110 
(Mertz et al.. 1982). 

Feces. A series of extractions and repeated TLC procedures were used to identify 
dihydrodesmycosin and tylosin factors A and D in feces. Structural identity was stated 
as confirmed for these compounds with mass spectroscopy, although the spectral data 
were not provided. 

Liver. Multi-step TLC procedures confirmed the presence of dihydrodesmycosin in 
swine liver. After considering that only 60% of total radioactivity was extractable from 
liver, if none of the DDM was in the bound residue, then it represents approximately 4% 
of total residue. Tylosin factor A was present and estimated to be about 5% of total 
extractable residue. Using the TLC procedures, presence of tylosin factor D in liver 
could not be confirmed. 

Toxicological Test Species 

Rats 

Four male rats weighing approximately 200 g were preconditioned on unlabeled tylosin 
at a dose level of approximately 10 mg/kg of body weight for 3 days. On the fourth 
through the eighth day, each rat was dosed (10 mg/kg) by gavage with 2 ml of the 
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solution containing 14C tylosin. The specific activity of the labeled tylosin was 0.223 
H Ci/mg. Urine and feces were collected and the animals were sacrificed four hours after 
the last dose. Samples of feces and tissue were ground and combusted to C02 and 
counted by liquid scintillation counting. Rat feces was subjected to an elaborate scheme 
of solvent extraction and two column chromatographic procedures similar to that 
employed for swine feces prior to thin layer chromatography in which known factors of 
tylosin and its metabolites were identified (Sieck et al., 1978b). 

In rat feces, 10% of total 14C residues had a similar chromatographic mobility as tylosin 
factor D, 6% was found within the same zone as factor A, and 4% had the same mobility 
as factor C and DDM. These results show that the profile of metabolites in rat feces 
differs from that of swine feces. Metabolites in rat liver were not characterized because 
the total radioactivity and residues were too low to allow measurement of individual 
compounds. 

Tissues from these four rats were combusted, counted and were used to calculate the 
total residue for comparison with similar data from one pig (see table I). 

Table I. Comparison of Net Radioactivity (Total Residues) in Tissues of 
Swine1 and Rats2 

Swine Rats 
Tissue Net ppm Sensitivity Net ppm 

Muscle 0.013 0.012 * 

Liver 0.178 0.004 0.234 
Kidney 0.183 0.006 0.175 
Fat 0 0.006 0.078 

* - Results not given 
1 - Swine recieved feed containing 110 mg 14C-tylosin/kg twice per day 

for three days 
2 - Rats were given 14C-tylosin orally by gavage at a dose of 10 mg/kg for 

five days 

Comparison of Rats with Swine 

Residue concentrations in rat kidney and liver were strikingly similar to those reported 
in swine, in both cases approximately 0.2 ppm. Absorption of tylosin may be different, 
however, because in the case of swine, the dose was only one third that given to rats. 

There are quantitative differences in the metabolic profile for swine and rat feces, 
although the qualitative analysis appears similar. Metabolites in rat are predominantly 
more polar compounds, as evidenced by the relative amounts that partitioned into 
butanol or chloroform. Of the residues in rat feces, only 33% partitioned into chloroform 
and 56% into butanol, while 63% of the residues from swine feces partitioned into 
chloroform and 18% partitioned into butanol. The 14C residues in swine liver have similar 
chemical characteristics to the metabolites excreted by swine and rat as evidenced by 
similar liquid-liquid partitioning and column chromatographic characteristics. Because 
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the metabolic profile in rat liver was not obtainable from this study, a complete 
comparison between rats and swine can not be made beyond the similarities outlined 
here (Sieck et al., 1978b). 

TISSUE RESIDUE DEPLETION STUDIES 

Radiolabeled Residue Depletion Studies 

Swine 

Depletion of total residue of 14C tylosin was studied in three male pigs. The pigs, 
weighing from 66 to 69 kg, were fed a ration containing 110 mg of 14C tylosin per kg, 
twice daily, for four days, resulting in a dose of approximately 3.2 mg/kg body 
weight/day. All the test animals were sacrificed within 4 hours following the last dose. 
Labeling with 14C was in the lactone ring. Preparation of the tylosin dose required 
solubilizing the labeled drug in methanol, followed by dilution with pH 6.5 phosphate 
buffer and distilled water. The mean specific activity of the solutions fed to the pigs was 
0.504 ^Ci/mg. Due to limitations in the analytical TLC method, it was difficult to 
determine the radiochemical purity of the 14C tylosin but it was estimated as 90% or 
better. Following slaughter, samples of muscle, liver, kidney, and fat tissues were 
collected to assay for 4C content. The 14C content of tissues was determined by 
combustion, addition of solvents and liquid scintillation solution, followed by counting 
with a scintillation counter (Sieck et al., 1978a). 

Table II shows the results of the total residue depletion study. 

Table II. Total 14C Radioactivity, Expressed as ppm Tylosin Equivalents in 
Tissues of Pigs at Four Hours After the Final Dose. 

Tissue Control Treated Meanf± SD) 

Muscle 0.011 0.026 0.011 0.023 0.020 ±.008 
Liver 0.013 0.273 0.231 0.213 0.239 ±.031 
Fat 0.021 0.035 0.039 0.036 0.037 ±.002 
Kidney 0.0003 0.245 0.152 0.139 0.179 ±.058 

Results in table II show that total residues of tylosin following oral dosing were greatest 
in liver and kidney, with mean levels of 0.24 ppm for liver and 0.18 ppm for kidney within 
four hours of the last tylosin treatment. 

Because liver had the highest concentration of tylosin residues, further analysis was 
conducted to characterize the 14C residues. The results are presented later in the 
monograph under the metabolism section. Of the total 14C residue, only 60% was 
extractable from the liver. A series of organic extractions, separations, and column 
chromatography were used for sample clean-up before analysis by TLC. After TLC, the 
plates were evaluated by radioautography. Evaluation of the 4C residue recovered from 
the TLC plates showed 8.6% (5% of total 14C residue) had chromatographic mobility 
similar to tylosin factor A, 10.4% (6% of total 14C residue) was found in the same zone as 
factor D, and 11.6% (7% of total 14C residue) migrated to the same zone as 
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dihydrodesmycosin and factor C. The remainder of total 14C radioactivity was not 
attributed to any of the five major tylosin factors. 

Residue Depletion Studies with Unlabeled Drug 

Cattle-Oral-Microbiological Analysis 

The objective of this study was to follow decline of tylosin residues in tissues following 
oral dosing of calves with tylosin tartrate. Calves weighing 36 to 45 kg and no more than 
10 days of age were given tylosin tartrate in milk replacer for 14 days at a dose level of 
1 g/animal twice a day. The calculated dosage rates ranged from 22.2 to 27.8 mg/kg 
calf given twice daily. A total of 28 calves were used for the study, 5 controls and 23 
treated animals. Three calves were slaughtered within 1 hour of the last dose and the 
remainder slaughtered in groups of three at 1,3, 5, 7, 9, and 12 days withdrawal. Liver, 
kidney, and lean muscle were analyzed for tylosin residues by a microbiological cylinder 
plate procedure, sensitive to 0.1 ppm, using Sarcina tutea (ATCC 9341) as the test 
organism. Table III summarizes the residue results. (Handy and Matsuoka, 1978). 

Table III. Tylosin Residues in Calves Following Oral Dosing with Tylosin, 
Mean (± SD) in ppm as Determined by Microbiological Assay. 

Withdrawal 
Time (Days) Kidney Liver Muscle 

0(1 hour) 3.5(±2.2) 7.5(±5.7) 0.2(±0.06) 
1 3.0(± 1.1) 5.5(± 1.2) 0.2(±0.06) 
3 0.6(±0.3) 1.6(±0.3) NSR 
5 NSR 0.1 (±0.06) NSR 
7 NSR 0.2(±0.15) NSR 
9 NSR 0.1 
12 NSR NSR 

NSR = No Significant Residue (<0.1 ppm) 

These results showed that residues were higher and persisted longest in liver. In young 
calves that received 1 g tylosin in milk replacer twice a day for 14 days, residues in all 
tissues depleted to below the detection limit of 0.1 ppm by 12 days post-treatment. 

Cattle-lnjection-Microbiological Analysis 

The results of two nearly identical studies are presented, the main difference being the 
frequency and amount of drug given per day. The objectives of these studies were to 
follow residue decline at the injection site, in liver, and kidney, and then use those data 
to determine the withdrawal time. In the first study, calves (sex and breed not specified) 
received intramuscular injections twice daily for five days at the dose rate of 8.8 mg/kg 
of body weight. A total of 33 calves weighing approximately 227 kg each were used, 5 
controls and 27 treated animals. Three calves were slaughtered at 0, 7,10, 14, 21, 28, 
35, 42, and 49 days past the last treatment (Matsuoka and Johnson, Undated a). 
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In a second study, calves (sex and breed not specified) weighing approximately 227 kg 
received intramuscular injections once daily for five days at the dose rate of 17.6 mg/kg 
of body weight. Twenty-five calves were used, 4 controls and 21 treated animals. 
Slaughter withdrawal times were 0, 14, 21, 35, 42, and 49 days post-treatment 
(Matsuoka and Johnson, Undated b). 

For both studies, liver, kidney, and muscle from the final injection sites were analyzed for 
tylosin residues. Tylosin activity was determined by an agar plate microbiological assay 
using Sarcina tutea. Results of the tissue residue withdrawal studies appear in the table 
IV below. 

Table IV. Tylosin Microbiological Residues in Three Calves Per Withdrawal 
Time, Mean in ppm(± SD). 

Study 1 Study 2 
(4 mg/lb Twice Daily) (8 mg/lb Once Daily) 

Time Inj. Site Kidney Liver Inj. Site Kidney Liver 
Days (Muscle) (Muscle) 

0 1800(±43) 44.1 (±9.0) 7.7(±3.9) 7633 ±1387 17.4(±3.3) 10.0(±3.1) 
7 11.0(±4.5) 6.0(±0.8) 0.31 (±0.09) 
10 6.4(±5.9) 2.9(±0.4) 0.20(±0.03) 
14 4.7(±2.5) 1.7(±0.5) 0.16(±0.06) 4.3(± 1.5) 0.33(±0.06) 0.16(± .06) 
21 1.7(± 1.1) 1.8(±0.7) < 0.1 0.99(±0.35) 0.11 (±0.02) < 0.1 
28 0.6(±0.87) 0.18(±0.14) < 0.1 0.57(±0.30) < 0.1 0.11(±.01) 
35 0.19(±0.12) < 0.1 0.11(±0.01) ND < 0.1 
42 ND ND 0.11 (±0.02) ND < 0.1 
49 ND < 0.1 

ND = Not detected 

In both studies, residue persisted longest at the injection site and it was not until 42 to 
49 days that all samples were below the assay sensitivity of 0.1 ppm. Residues at the 
injection site persisted longer in calves that had been treated with the higher dose once 
per day compared to the animals that were dosed twice daily. Of the other tissues, 
tylosin residues were highest and depleted most slowly in kidney with residues below the 
quantitation limits at 28 to 35 days withdrawal. However, a comparison of the kidney 
values shows an unexplainable striking difference, although it may be because of 
variations in drug uptake relating to the dose level and whether it was administered once 
or twice daily. 

Cattle-lnjection-HPLC Analysis 

The purpose of this study was to follow residue depletion in calves after an intramuscular 
injection with tylosin. Crossbred calves (breeds unspecified) weighing approximately 
240 kg were injected with 10 mg/kg body weight per day for five days. After the last 
treatment, calves (3 males and 3 females) were sacrificed and tissue collected at 0 (6 
hours), 3, 7, 14, and 21 days withdrawal. Muscle, fat, liver, kidney, and injection site 
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were analyzed for tylosin. Analysis of samples was by H PLC with detection at 280 nm. 
The method has a limit of quantitation of 0.05 ppm and limit of detection of 0.02 ppm in 
tissue (Moran et al., 1990a). 

The residue data are summarized in table V. 

Table V. Tylosin Residues in Six Calves Per Withdrawal Time Following 
Intramuscular Injection, Mean (± SD) in ppm by HPLC Analysis. 

Withdrawal 
Time (Days) 

0 
3 
7 
14 
21 

Muscle 

0.47(±0.14) 
0.28(±0.27) 

ND 
ND 
NA 

Fat 

0.23(±0.10) 
ND 
ND 
NA 
NA 

Liver 

1.96(±0.35) 
0.17(±0.03) 

BQ 
ND 
NA 

Kidney Inj Site-Day 5 

7.79(±4.31) 
0.46(±0.08) 
0.07(±0.01) 

BQ 
ND 

1337(±598) 
32.3(±12.3) 
2.75(±1.25) 
1.43(±1.01) 
0.29(±0.18) 

BQ = Below quantitation limits 
NA = Not analyzed 
ND = Not detected 

As expected, the results obtained by HPLC analysis resulted in lower reported values of 
tylosin residues than obtained by the microbiological method, although the dose in this 
study is about half of that used above in study 2, table IV. However, the observed 
depletion trend was similar with depletion occurring most slowly at the injection site. Of 
the other tissues, kidney appears to be the most likely target tissue with residues 
persisting through seven days post-treatment. At the final withdrawal time for this study, 
21 days, the injection site still contained quantifiable levels of tylosin residue, although 
the other tissues had depleted to below 0.02 ppm. 

Cattle-lnjection-Milk-Microbiological Analysis 

The purpose of this study was to quantitate the tylosin in milk and determine the milk 
withholding time necessary after treatment. Five cows (breed not given) were injected 
with tylosin at a dosage rate of 8.0 mg/lb body weight daily for five days. Milk was 
sampled shortly following the final injection (referred to as time 0 below, but exact time 
not specified) and also at 48, 72, 84, 96, 108, 120, 132, and 144 h after the last 
treatment. Analysis was by microbiological plate assay, with a sensitivity of 0.025 ppm, 
using Sarcina lutea as the test organism (Eli Lilly, 1973). The results in table VI show the 
depletion of tylosin in milk. 
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Table VI. Tylosin Residues in Milk Following Intramuscular Injection, Mean 
± SD in ppm, as Determined by Microbiological Assay. 

Sampling Time (hours) Mean of Five Cows 

0 0.75 ± 0.45 
48 0.35 ± 0.21 
72 0.14 ± 0.08 
84 0.08 ± 0.08 
96 0.05 ± 0.08 

108-144 No Activity 

At 108 hours following the last tylosin injection, residues were no longer detectable in 
milk. 

Swine-lnjection-HPLC Analysis 

This study was conducted to determine the levels of tylosin residues following the 
administration of tylosin via intramuscular injection in growing pigs. Approximately 8 
week old crossbred pigs (20 males and 20 females, breeds unspecified) weighing 
approximately 25 kg were injected with a dose of 10 mg/kg body weight into muscle 
tissue at various sites for five consecutive days. Following the final treatment, four pigs 
were sacrificed at practical zero (6 hours), and 3, 7, and 14 day withdrawal periods. 
Muscle, skin, fat, liver, kidney, and injection site tissue samples were analyzed for the 
presence of tylosin. Samples were analyzed by HPLC, using a method with limits of 
quantitation to 0.05 ppm and limits of detection to 0.02 ppm (Moran et al., 1990d). 

Table VII summarizes the tissue residue results. 

Table VII. Tylosin Residues in Four Pigs Per Withdrawal Time Following 
Intramuscular Injection, Mean (± SD) in ppm by HPLC Analysis. 

Time 
(days) Muscle Fat Skin Liver Kidney 

Inj Site 
Day 5 

0 0.092 
±0.033 

0.067 
±0.024 

0.061 
±0.012 

0.355 
±0.209 

0.669 
±0.235 

6.38 
±2.34 

3 ND ND ND ND ND 0.148 
±0.070 

7 ND ND ND ND ND ND 

14 NA NA NA NA NA ND 

NA = Not analyzed 
ND = Not detected 
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Residues were highest and persisted longest at the injection site. Of the other tissues, 
kidney contained the most tylosin at zero withdrawal but residues were undetectable in 
all but the injection site by the second sampling point at 3 days withdrawal. Using the 
HPLC analytical method for tylosin, following administration of an intramuscular injection 
of 10 mg tylosin/kg for five days, all tissue residues had depleted to below the detection 
limits of 0.02 ppm by seven days withdrawal. 

Swine-lnjection-Microbiological Analysis 

In this study, tylosin residues were determined following intramuscular injections of 
tylosin given twice daily for three days with the objectives of measuring tylosin depletion 
and establishing a withdrawal time. Twenty-four pigs weighing approximately 110 kg 
received the injections which contained 8.8 mg tylosin per kg of body weight. An 
additional six animals served as controls. Groups of three pigs were slaughtered at 0, 
2, 4, 7, 14, 21, 28, and 35 days after the final injection. Liver, kidney, muscle, and 
injection site tissues were collected and assayed by a microbiological method (Matsuoka 
and Johnson, Undated c). The results are summarized in table VIII. 

Table VIII. Tylosin Microbiological Residues in Three Pigs Per Time Following 
Intramuscular Injection, Mean (± SD) in ppm. 

Time Inj Site Kidney Liver 
(Days) (Muscle) 

0 2740(±3061) 30.6(±6.6) 5.2(±2.4) 
7 0.92(±0.16) 0.17(±0.05) 0.53(±0.71) 
14 0.87(±0.64) <0.1 <0.1 
21 0.12(±0.04) ND ND 
28 ND 

ND = Not detected 

Residues persisted longest at the injection site, but had depleted to below the 
quantitation limits of 0.100 ppm by 28 days following the final injection. As observed in 
the other studies with injectable forms of tylosin, residues in kidney at zero withdrawal 
were higher than in liver, although in both tissues tylosin depleted to below quantitation 
limits in 14 days post-treatment. 

Swine-Oral-Drinking Water-HPLC Analysis 

The objective of this study was to monitor tylosin in swine tissue following administration 
of 0.5 g tylosin/L in the drinking water for 10 days. Pigs geighing approximately 30 kg 
and approximately 8 weeks old were supplied the medicated water as their only source 
of water. Following treatment, groups of six pigs (3 males and 3 females) were sacrificed 
and tissues collected at practical zero (6 hour), 2, and 5 days withdrawal. Muscle, skin, 
fat, liver, and kidney tissue were analyzed for tylosin using an HPLC assay (Moran et al., 
1990e). 
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Analysis of tissues revealed only one sample with detectable tissue residue, kidney 
tissue from one male pig at zero withdrawal which contained 20.7 ppb tylosin. In all the 
other tissues from groups of six pigs sacrificed at 0, 2, and 5 days of withdrawal, tylosin 
residues were below the detection limits of 0.020 ppm. 

Swine-Feed-HPLC Analysis 

This study was conducted to follow tissue residues in pigs receiving tylosin when 
administered in the feed at the rate of 200 g tylosin/ton for 28 days. Pigs weighing 
approximately 20 kg received the medicated feed and then groups of six pigs (3 males 
and 3 females) were sacrificed for tissue collection at practical zero (6 hours), 2, 4, and 
7 days withdrawal. Muscle, skin, fat, liver, and kidney tissue samples were analyzed 
using a HPLC method (Moran et al., 1990f). 

Tylosin residues were not detected in any tissue samples at the detection limits of 0.020 
ppm at any of the withdrawal times tested, including the practical zero-time of 6 hours. 

Swine-Feed-Microbiological Analysis 

The objective of this study was to determine the amount of tylosin added to feed which 
will result in residues in swine tissue, when swine receive tylosin in the feed during the 
last two weeks before slaughter. Subjects used for the study were crossbred "Danish 
Landrace" and "Yorkshire" pigs, weighing approximately 76 to 89 kg. Treatments 
consisted of four groups of four pigs (3 groups of 4 hogs and 1 group of 4 sow-pigs) 
subjected to 0, 100, 200, or 400 ppm tylosin added to the feed. Pigs weighing 
approximately 90 kg were given the medicated feed for 17 days and slaughtered about 
3 hours after the final feeding. Samples of kidney, liver, and tenderloin were analyzed 
for tylosin using a microbiological method employing Micrococcus luteus as the test 
organism (Madsen and Mortensen, 1986). The results are summarized in table IX. 

Table IX. Tylosin Residue in Pig Tissue Following Consumption in the Feed 
During the Final Two Weeks before Slaughter, Mean (± SD) in ppm. 

Ppm in feed Kidney Liver Tenderloin 

0 NG NG NG 
100 NG NG NG 
200 0.03(±0.02) 0.03(±0.01) NG 
400 0.04(±0.01) 0.05(±0.01) NG 

NG = Not given 

When feed containing 200 ppm tylosin was fed to pigs for 17 days, tylosin levels in both 
liver and kidney were 0.03 ppm when measured by microbiological analysis (method 
sensitivity unspecified). The highest residue level observed was 0.05 ppm in liver after 
consuming 400 ppm tylosin in feed. Results of this zero withdrawal study (3 hours past 
the last feeding) using a microbiological analytical method do not show appreciably 
higher tissue residues than were reported using HPLC methodology. In the study 
reviewed above in which swine received 200 g tylosin/ton of feed (approx. 200 ppm) for 
28 days, no residue was detected in any tissue at the HPLC method sensitivity of 0.02 
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ppm (Moran et al., 1990Í). Using either analytical method, tylosin residues in tissue were 
barely detectable at zero withdrawal following consumption of up to 400 ppm tylosin in 
feed. 

Chickens-Oral-Drinkina Water-HPLC Analysis 

The objective of this study was to determine tylosin residue in chicken tissues following 
administration of tylosin in the drinking water of broiler chickens. Chickens weighing 
approximately 1 kg were provided drinking water containing 0.5 g/L tylosin ad libitum 
for 8 days. Chickens were sacrificed at 0 (6 hour), 1, 5, and 10 day withdrawal periods. 
Muscle, skin, fat, liver, and kidney samples were collected and analyzed for tylosin using 
H PLC methodology with detection at 280 nm. Detection limits for the assay were 20 ppb 
and the limit of quantitation was 50 ppb (Moran et al., 1990b). 

The analytical results showed that tylosin residues were below the limits of quantitation 
for all samples at all withdrawal times except for one liver sample that contained 83.4 ppb 
tylosin at zero (6 hours) withdrawal. Overall, the results suggest that use of 0.5g/L 
tylosin in drinking water could be a candidate for zero withdrawal but the current study 
failed to provide conclusive results. Without metabolism data in chickens, it is not 
possible to determine if tylosin A, which is measured by the H PLC assay, should be the 
marker residue and the marker to total ratio is unknown. 

Chickens-Oral-Feed Premix-HPLC Analysis 
This study is analogous to the one above in which tylosin was administered in drinking 
water. Chickens weighing approximately 1 kg were fed chicken ration containing 1000 
ppm tylosin ad libitum for 7 days. Birds were sacrificed at the same times as the 
previous study and analysis was by the same method. Results showed the tylosin 
concentration to be detectable but below the limits of quantitation in one liver sample at 
practical-zero (6 hours) withdrawal. Analysis of all other tissues showed no detectable 
tylosin (Moran et al., 1990c). 

Chickens-Oral-Drinking Water-Microbiological Analysis 

In this study, the objective was to measure residual tylosin in chicken tissue after 
administration of 5 g tylosin tartrate/gallon drinking water for seven days. Twelve 
Smitherman-cross cockerels, 12 weeks old, were limited to 100 ml of medicated drinking 
water to ensure consumption of the treated water in a 24 hour period. Two chickens 
were sacrificed at 0, 24, 48, 72, 96, and 168 hours following the end of the treatment 
period. Liver, kidney, heart, gizzard, fat, skin, and muscle were collected and analyzed 
for tylosin by a microbiological method (Berkman et al., undated). 

At zero withdrawal (exact number of hours unspecified), liver contained 1.03 ppm and 
kidney had 0.432 ppm tylosin. No residues were found above the sensitivity of the assay 
(0.360 ppm in kidney and 0.344 ppm in liver) after 24 hours withdrawal. 

Chickens-Lavers-Oral-Feed Premix-Microbioloaical Analysis 

The objective of this study was to determine the tissue residue of tylosin phosphate (feed 
grade) in chickens following oral administration in feed for seven days. Seventy-four 
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leghorn hens, 16 months of age, received feed containing 1000 grams tylosin phosphate 
per ton for seven days. Fifteen hens were killed at 72, 96,120,144, and 168 hours after 
removal of medicated feed and residues were assayed by a microbiological assay (Eli 
Lilly, undated). 

Tissue residues were detected in two livers at 72 hours and all other samples were 
negative for tylosin residues at the assay sensitivity of 0.3 to 0.5 ppm for liver. 
Apparently, no tissues were collected for analysis at zero withdrawal. 

Chickens-Eggs-Microbiological Analysis 

In this study, tylosin residues in eggs were measured after administration of the following 
treatments to laying hens: 1) five g/gallon drinking water for seven days, 2) 25 mg/kg 
subcutaneously in the neck, and 3) 100 mg/kg via crop intubation. Forty Heisdorf and 
Nelson hens (average weight 2219 g) were divided into four groups to include ten birds 
for each of the three treatments and another ten birds for controls. Eggs were pooled 
for analysis by microbiological methods (Richards and Berkman, 1960). The results are 
summarized in table X. 

Table X. Tylosin Residues in Chicken Eggs as Determined by 
Microbiological Assay. 

Tmt. ppm Tylosin at Test Day Number 

1 2 3 4 5 6 7 8 9 10 11 
1 0.141 0.150 0.494 0.712 0.609 0.141 0.420 0.804 0.508 0.353 0.141 
2 0.141 0.282 0.141 0.247 0.155 0.141 0.141 
3 0.141 4.794 0.353 0.240 0.522 0.141 0.141 

In the birds that received tylosin as 5 g/gallon of drinking water for 7 days (Treatment 1), 
residues of tylosin as high as 0.8 ppm were found in eggs. Residues decreased to the 
detection limit of 0.141 ppm at four days past the final treatment (Day 11 of the study). 
In Treatment 2, where layers received a single injection of 25 mg/kg tylosin given 
subcutaneously, residues above the sensitivity of the assay (0.141 ppm) persisted for 
6 days post-treatment. After Treatment 3, where layers received a single treatment of 
100 mg/kg by crop intubation, residues peaked at 4.8 ppm on the second day after 
treatment but depleted to 0.141 ppm, the sensitivity of the method, at six days 
post-treatment. These results show that oral or injectable administration of tylosin to 
layers results in significant residues in the eggs. 

Turkeys 

This study was for the purpose of following tylosin in turkeys after treatment with 5 
g/gallon in the drinking water for seven days. Fifteen Broad Breasted Bronze turkeys, 
6 months old, average weight 11.3 kg, received the medicated water. Three turkeys 
were euthanized for tissue collection at 0, 24, 48, 72, and 96 hours post-treatment. 
Samples of skin, lean muscle, heart, liver, kidney, gizzard, and fat were analyzed by a 
microbiological assay (Richards et al., undated). 
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At zero withdrawal (exact number of hours unspecified), the livers of two birds averaged 
0.385 ppm tylosin, and 0.240 ppm tylosin was measured in the fat of 1 of 3 birds. All 
other tissues were negative except the skin of the same bird. At 24 hours, no tissues 
contained assayable residue except two birds with residues in skin that averaged 0.26 
ppm. By 48 hours withdrawal, tylosin residues were below the assay sensitivity limits of 
0.154 ppm in skin, 0.360 ppm in muscle, 0.176 ppm in heart, 0.350 ppm in liver, 0.177 
ppm in gizzard, 0.178 ppm in kidney, and 0.160 ppm in fat. 

Bound Residues/Bioavailability 

Results from the radiolabel residue study conducted in swine, indicated that only 60% 
of total liver residues were extractable. No studies were presented that characterized the 
bound residue or indicated that attempts were made to hydrolyze the bound residue 
(Sieck et al., 1978a). 

METHODS OF ANALYSIS FOR RESIDUES IN TISSUES 

Residue depletion studies for tylosin have been conducted using both microbiological 
and chemical analytical methods. The microbiological methods measure activity and 
results reflect the total concentration of active anti-microbial compounds. These 
methods would account for tylosin A as well as the other related tylosin factors. Some 
studies were conducted using an HPLC method which only quantifies tylosin factor A. 
Results for studies using the HPLC assay are likely to show lower levels of tylosin 
residues. 

Microbiological Method 

Several revisions for the microbiological method for tylosin have occurred over the years. 
An agar plate method is used to determine tylosin residues in animal tissues. Samples 
are extracted with methanol and centrifuged. The supernatant liquid is extracted with 
chloroform, the extract evaporated to dryness, and then the residue redissolved in 1:1 
water:methanol. This solution is placed in wells in an agar test medium. Micrococcus 
luteus , ATCC 9341 (formerly Sarcina lutea) is the test organism. Activity is quantified 
by measuring the average diameters of the zones of inhibition of the samples and 
comparing with standards. Total microbiological activity is expressed as tylosin 
equivalents. In the residue studies reviewed in this monograph, the quantitation limits 
were approximately 0.1 ppm (Wicker and Coleman, 1989). 

HPLC Method 

High performance liquid chromatography has been used to determine tylosin residues 
in cattle tissues and milk. Tylosin is extracted from tissues by homogenizing with a 
methanol/acetonitrile mixture. After centrifugation, the supernatant liquid is purified by 
salt precipitation, pH adjustment, and partitioning with carbon tetrachloride. Tylosin is 
extracted from the supernate with chloroform, followed by evaporation to dryness, and 
resolubilizing the residue in methanol and water. Tylosin factor A is determined by HPLC 
using UV detection at 280 nm. The validated limit of quantitation of this method is 0.05 
ppm in all tissues including milk and the limit of detection is 0.01 to 0.02 ppm, depending 
on tissue type. Ruggedness of tho method was tested by using different lots of HPLC 
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columns and two HPLC systems. Recovery from swine kidney and liver tissue ranged 
from 56 to 63% when spiked with 0.05 to 0.2 ppm tylosin and 62.4 to 75.8% for milk over 
the range tested. The precision was evaluated and a range of 6.5 to 12.3% relative 
standard deviation (RSD) in liver and 2.5 to 7.1% RSD in kidney is reported. The method 
gave a linear response over the range tested (0.25 to 20.0 g/ml). Virtually no 
interference was seen from the tissue matrix (information on liver and fat controls not 
given) and the method separates tylosin from desmycosin. However, chromatograms 
from tissues containing incurred tylosin residues from animals administered the drug 
were not reported (Moran, 1990 a). 

This same HPLC method has also been adapted to swine tissues as well as chicken 
tissues. Validation data similar to that reported for cattle tissue are also reported for 
these other species. Their specific references are as follows: Swine (Moran 1990 b) and 
Chicken (Moran 1990 c). 

APPRAISAL 

A total residue study using 14C tylosin in swine indicated that either liver or kidney might 
be the target tissue. Residue studies using unlabeled tylosin in swine and cattle showed 
that the target tissue may differ depending on the method of administration. For 
injectable forms of tylosin, other than injection site, residues were higher and depleted 
most slowly in kidney, indicating that it might be the target tissue. Following oral dosing, 
liver contained higher residues, suggesting that it should be the target tissue for oral 
dosage forms. 

Oral dosing results in lower tissue residues than injectable forms and should require 
shorter withdrawal times. For production uses, where the dosage may be lower than for 
therapeutic applications, residue was undetectable in poultry even at zero withdrawal. 

Residue studies with layers and milk cows indicate that tylosin passes into milk and eggs 
and would only be usable with suitable withdrawal periods. 

Although tylosin is extensively metabolized, no single metabolite appears to be in a 
greater concentration in tissue than the parent compound, thus suggesting that it be the 
marker residue. Preliminary studies showed tylosin concentration in swine liver to be 
approximately 5% of the total extractable residue. Only 60% of total radioactivity was 
extractable from swine liver. 

The microbiological method of analysis would be sensitive to any active metabolites such 
as dihydrodesmycosin that result from metabolism of tylosin in the animal. Thus, the 
microbiological methods should detect more tissue residue than a chemical method that 
determines only tylosin. However, these microbiological methods with quantitation limits 
at 0.100 ppm are not as sensitive as the HPLC method for tylosin which quantifies to 0.05 
ppm. Either method may be suitable for regulatory purposes, but a direct comparison 
should be made between the two to enable meaningful comparisons between the 
residue studies conducted using microbiological analysis with data obtained by the 
HPLC method. 
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Until radiolabel studies to determine total residue and metabolism are conducted in all 
the species, it is difficult to interpret the many studies that show little or no tylosin 
residue. We cannot conclude that tylosin residue is absent until convincing scientific 
evidence shows that we are monitoring the appropriate marker residue. Even in swine, 
if a withdrawal time must be determined, the total residue and metabolism studies should 
be conducted with sampling at sufficient time intervals to follow total residue depletion 
to the safe concentration. As inferred above, the amount of bound residues and their 
steady state levels are also unknown at this time. 

Following oral dosing with tylosin, residue depletion appears to be rapid. After injection 
of tylosin, residue tends to be higher in both kidney and liver, and it persists at the 
injection site. 

REFERENCES 

Berkman, R.N., Branscum, A & Richards, E.A. Undated. Tylosin residue studies in 
chickens. Experiment No. VPR-41 -418. Unpublished report, Lilly Research Laboratories, 
Greenfield, Indiana. Submitted to FAO by Eli Lilly and Co. 

Eli Lilly, (1973). Tylosin milk residue experiment. Experiment No. VPR-207-766. 
Unpublished report, Lilly Research Laboratories, Greenfield, Indiana. Submitted to FAO 
by Eli Lilly and Co. 

Eli Lilly, (Undated). Tylosin chicken tissue residue study. Experiment No. VPR-192-418. 
Unpublished report, Lilly Research Laboratories, Greenfield, Indiana. Submitted to FAO 
by Eli Lilly and Co. 

Handy, P.R. & Matsuoka, T. (1978). Tylosin tissue residues in calves following oral 
feeding of tylosin tartrate. Experiment No. 659-G128-45. Unpublished report, Lilly 
Research Laboratories, Greenfield, Indiana. Submitted to FAO by Eli Lilly and Co. 

Madsen, A, and Mortensen, H.P. 1986. Large quantities of tylosin in the feedstuff for 
swine during the last two weeks before slaughter. National Institute of Animal Science, 
Denmark. Announcement No. 623.. 

Matsuoka, T. & Johnson, W.S. (Undated a). Injection site and tissue residue in cattle 
following injection of tylosin. Experiment No. 659-G112-272. Unpublished report, Lilly 
Research Laboratories, Greenfield, Indiana. Submitted to FAO by Eli Lilly and Co. 

Matsuoka, T. & Johnson, W.S. (Undated b). Injection site and tissue residue in cattle 
following injection of tylosin. Experiment No. 659-G 112-295. Unpublished report, Lilly 
Research Laboratories, Greenfield, Indiana. Submitted to FAO by Eli Lilly and Co. 

Matsuoka, T. & Johnson, W.S. (Undated c). Injection site and tissue residue in swine 
following injection of tylosin. Experiment No. 659-G112-281. Unpublished report, Lilly 
Research Laboratories, Greenfield, Indiana. Submitted to FAO by Eli Lilly and Co. 



- 1 2 6 -

Mertz, J.L., Graper, L.K., Sieck, R.F. & Shuey, E.W. (1982). 14C Tylosin Tissue 
Residue Study in Swine. Experiment ABC-0016. Unpublished report, Lilly Research 
Laboratories, Greenfield, Indiana. Submitted to FAO by Eli Lilly and Co. 

Moran, J.W. (1990 a). Determination of tylosin in cattle tissues and milk using 
high-performance liquid chromatography. Procedure AM-AA-CA-R142-AA-791. 
Unpublished report, Lilly Research Laboratories, Greenfield, Indiana. Submitted to FAO 
by Eli Lilly and Co. 

Moran, J.W. (1990 b). Determination of tylosin in swine tissues using high-performance 
liquid chromatography. Procedure AM-AA-CA-R138-AA-791. Unpublished report, Lilly 
Research Laboratories, Greenfield, Indiana. Submitted to FAO by Eli Lilly and Co. 

Moran, J.W. (1990 c). Determination of tylosin in chicken tissues using 
high-performance liquid chromatography. Procedure AM-AA-CA-R142-AA-791. 
Unpublished report, Lilly Research Laboratories, Greenfield, Indiana. Submitted to FAO 
by Eli Lilly and Co. 

Moran, J.W., Coleman, M.R., Thomson, T.D. & Cochrane, R.L. (1990 a). The 
determination of tylosin residue in tissues following administration of Tylan 200 by 
intramuscular injection to weaned calves. Experiment No. T1Z709002. Unpublished 
report, Lilly Research Laboratories, Greenfield, Indiana. Submitted to FAO by Eli Lilly and 
Co. 

Moran, J.W., Coleman, M.R., Thomson, T.D. & Cochrane, R.L. (1990 b). The 
determination of tylosin residue in tissue following administration of Tylan soluble in 
drinking waterto broiler chickens. Experiment No. T1Y709002. Unpublished report, Lilly 
Research Laboratories, Greenfield, Indiana. Submitted to FAO by Eli Lilly and Co. 

Moran, J.W., Coleman, M.R., Thomson, T.D. & Cochrane, R.L. (1990 c). The 
determination of tylosin residue in tissue following administration of Tylan premix to 
broiler chickens. Experiment No. T1X709002. Unpublished report, Lilly Research 
Laboratories, Greenfield, Indiana. Submitted to FAO by Eli Lilly and Co. 

Moran, J.W., Coleman, M.R., Thomson, T.D. & Cochrane, R.L. (1990 d). The 
determination of tylosin residues in tissue following administration of Tylan 200 by 
intramuscular injection to growing pigs. Experiment No. T1Z709001. Unpublished 
report, Lilly Research Laboratories, Greenfield, Indiana. Submitted to FAO by Eli Lilly and 
Co. 

Moran, J.W., Coleman, M.R., Thomson, T.D. & Cochrane, R.L. (1990 e). The 
determination of tylosin residues in tissue following administration of Tylan soluble in 
drinking water of growing pigs. Experiment No. T1Y709001. Unpublished report, Lilly 
Research Laboratories, Greenfield, Indiana. Submitted to FAO by Eli Lilly and Co. 

Moran, J.W., Coleman, M.R., Thomson, T.D. & Cochrane, R.L. (1990 f). The 
determination of tylosin residues in tissue following administration of Tylan premix in 
growing ration to pigs. Experiment No. T1X709001. Unpublished report, Lilly Research 
Laboratories, Greenfield, Indiana. Submitted to FAC by Eli Lilly and Co. 



- 127 -

Richards, E.A. & Berkman,.R.N. (1960). Tylosin residues in eggs. Experiment No. 
VPR-87-418. Unpublished report, Lilly Research Laboratories, Greenfield, Indiana. 
Submitted to FAO by Eli Lilly and Co. 

Richards, E.A., Berkman, R.N. & Rosebrock, D.W. (Undated). Tylosin residue 
studies in turkeys. Experiment No. VPR-101-418. Unpublished report, Lilly Research 
Laboratories, Greenfield, Indiana. Submitted to FAO by Eli Lilly and Co 

Sieck, R.F., Graper, L.K., Giera, D.D., Herberg, R.J. & Hamill, R.L. (1978 a). 14C 
Tylosin tissue residue study in swine. Unpublished report, Lilly Research Laboratories, 
Greenfield, Indiana. Submitted to FAO by Eli Lilly and Co. 

Sieck, R.F., Graper, L.K., Giera, D.D., Herberg, R.J. & Hamill, R.L. (1978 b). 
Metabolism of tylosin in swine and rat. Unpublished report, Lilly Research Laboratories, 
Greenfield, Indiana. Submitted to FAO by Eli Lilly and Co. 

Wicker,A.L. & Coleman, M.R. (1989). Microbiological Determination of Tylosin in 
Tissue. Procedure AM-AA-CA-R130-AB-755. Unpublished report, Lilly Research 
Laboratories, Greenfield, Indiana. Submitted to FAO by Eli Lilly and Co. 



- 129 -
ANNEX 1 

SUMMARY OF J EC FA EVALUATIONS OF VETERINARY DRUG RESIDUES 
FROM THE 32ND MEETING TO THE PRESENT 

The attached table summarizes the veterinary drug evaluations conducted by JECFA at 
the 32nd (1987), the 34th (1989), the 36th (1990) and the 38th (1991) Meetings. These 
meetings were devoted exclusively to the evaluation of veterinary drug residues in foods. 
Please see the Reports for those meetings. 

Some notes regarding the table: 

The 'Status' column refers to the ADI and indicates if 'NO' ADI was 
established, if a 'full' ADI was given, or if the ADI is TEmporary. 

Where an MRL is temporary, it is so indicated by '(TE)'. 

Several compounds have been evaluated more than once. The data given 
is for the most recent evaluation. 

The residue on which the MRL is based is not given and should be 
obtained from the Reports for the individual meetings. Residues used to 
calculated MRLs include parent drug, a metabolite, a marker compound 
and total drug-related residue. 
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ANNEX 2 

COMBINED APPRAISAL 
FEBANTEL, FENBENDAZOLE AND OXFENDAZOLE 

The three anthelmintics (febantel, fenbendazole and oxfendazole) are metabolized and 
excreted in mammalian species in a similar manner. However, a difference in blood 
levels and excretion half-lives are longer in ruminants than in monogastric animals. The 
use of all three anthelmintics result in the same major residues in the edible tissues: 
fenbendazole, oxfendazole and oxfendazole sulfone. Liver is the target tissue in all 
species studied. Given a liver tissue sample of unknown history that contained the three 
major residues, it is not possible to determine which of the three anthelmintics was given 
to the animal prior to slaughter. This is especially true at practical withdrawal times likely 
to be followed for an anthelmintic. The three anthelmintics are also used in dairy cows. 
The same three residues are found in milk as in the edible tissues. In milk from a treated 
animal, it is also not possible to determine which drug was administrered from the 
residue pattern in the milk. 

Based on the metabolism and excretion studies using the three anthelmintics, it is not 
practical to set MRLs for each specific drug. Although the ADI for each of the three 
drugs may be different, this difference may be due solely to the solubility of the drugs 
resulting in differences in their bioavailability. For example, oxfendazole is 12.7 times 
more bioavailable than fenbendazole in the dog as measured by totaling oxfendazole, 
fenbendazole and oxfendazole sulfone in plasma overtime. In rats the three compounds 
were not detectable (lower limit 10 ppb) in plasma when fenbendazole was given. The 
levels exceeded 1 ppm when oxfendazole was given. The calculated difference in 
bioavailability was 22.7. 

Another reason for setting the MRLs for all three anthelmintics at the same levels, 
depending on the tissue, is the nature of the residues at withdrawal times that are likely 
to be followed in practice. At short withdrawal times, a large amount of the drug-induced 
residue is readily extractable from the tissues with organic solvents. Within a week the 
extractable residues have been excreted and the major portion of the remaining residues 
are the protein-bound residues. Studies with oxfendazole demonstrate that these bound 
residues are not bioavailable. 

The MRLs for the three anthelmintics were set on the basis of the total of the three major 
residues found in edible tissues: fenbendazole, oxfendazole and oxfendazole sulfone. 
Chemical assay methods exist that can quantitate all three residues separately or the 
residues can all be oxidized to oxfendazole sulfone and measured as one marker 
residue. The latter may be preferable as the method would require only one standard 
reference material. 
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Annex 3 

RECOMMENDATIONS ON COMPOUNDS 

Acceptable Daily Intake (ADI) 
for humans and other 

Substance toxicological recommendations 

Anthelmintic Drugs 

Febantel 0-10 / jg per kg body weight1 

Fenbendazole 0-25 ¡jg per kg body weight1 

Oxfendazole 0- 4 ¡jg per kg body weight1 

Antimicrobial Agents 

Spiramycin 0-5 ¡jg per kg body weight1 

Sulfadimidine 0-4 ¡jg per kg body weight1 

Tylosin Not allocated^ 

Recommended 
Maximum 
Residue 
Limit (MRU 

Group MRL2,3: 
Muscle, fat and kidney: 

(cattle, sheep, pigs) 
100 ^ g / k g 

liver: (cattle, sheep 
and pigs) 500 fjg/kg 

Milk: (cattle) 
100 ng /L 

Muscle: (cattle and 
pigs) 50 ¡Jg/kg2 

Liver: (cattle and 
pigs) 300 ¡jg/kg2 

Kidney: (cattle and 
pigs) 200 A/g/kg2 

Milk: (cattle) 
150 ^g/L 2 

See thirty-fourth 
report of JECFA4 

No MRLs allocated6 

B-Adrenoceptor Blocking Agent 

Carazolol 0-0.1 ¡jg per kg body weight1 Muscle and fat: 
(cattle and pigs) 
5 pig/kg2 

Liver and kidney: 
(cattle and pigs) 
30 ¡jg/kg2 
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Tranquilizers 

Azaperone Not allocated |5 No MRLs allocated |6 

Chlorpromazine Not allocated ,7 No MRLs allocated ,7 

Propionylpromazine Not allocated i7 No MRLs allocated ,7 

Temporary acceptance. 

Temporary MRL. 

Group MRL for febantel, fenbendazole and oxfendazole individually or in 
combination. The MRL value is the sum of the residues of fenbendazole, 
oxfendazole and oxfendazole sulfone, calculated as oxfendazole sulfone. 

WHO Technical Report Series, No. 788, 1989. 

Insufficient toxicological information was available to establish an ADI. 

MRLs were not established because an ADI was not allocated. 

Insufficient information was available to establish an ADI or MRL. 
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