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7. Lasalocid sodium 

First draft prepared by 
Zonghui Yuan, Wuhan, Hubei, China 

and 
Lynn G. Friedlander, Rockville, MD, USA 

Identity 
International Non-proprietary Name (INN): lasalocid sodium 

Synonyms: Lasalocid sodium A; Lasalocid sodium; Lasalocid sodium salt;  
Ro 2-2985 (lasalocid A); Ro 2-2985/001; Avatec; Avatec 150G;  
Avatec 15% cc; Avatec 20% cc; X-537A (lasalocid A) 

IUPAC Names: Sodium6-[(3R,4S,5S,7R)-7-[(2S,3S,5S)-5-ethyl-5[(2R,3R,6S)-5-ethyl-5-hydroxy-
6-methyltetrahydro-2H-pyran-2-yl)]tetrahydro-3-methyl-2-furyl)]-4-
hydroxy-3,5-dimethyl-6-oxononyl)]-2,3-cresotate 

Chemical abstract Service No: 25999-20-6 

Structural formula:  

 
 

Molecular formula: C34H53O8Na 
Molecular weight of the salt: 612.78  

Other information on identity and properties 
Degree of impurity 

Lasalocid homologues: Lasalocid B, Lasalocid C, Lasalocid D, Lasalocid E.  
Lasalocid homologues B, C, D and E make up no more than a total 
of 10% of the total weight of the active substance. 

Other impurities:  Heavy metals, sulphated ash, C18 fatty acid methyl ester, oleic acid 
Melting point:  180°C 
Solubility:  0.5 g/L water; 2.0 g/L ethanol 95%; 500 g/L chloroform; 93 g/L acetone 
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Residues in food and their evaluation 

Conditions of use 

Lasalocid, a divalent polyether ionophore antibiotic, is produced by Streptomyces lasaliensis, 
and recommended as a medicinal feed additive for continuous use to control coccidiosis in 
poultry species. It is a broad spectrum anticoccidial agent approved to protect against 
Eimeria species in broilers and replacement pullets, turkeys, pheasants and quails. The 
mechanism of action of lasalocid and other ionophores has been extensively investigated and 
reported. Like other carboxylic polyether ionophores, lasalocid disturbs ionic homeostasis, 
leading to osmotic lysis of coccidia. 

Lasalocid is not approved for use in laying birds as it partitions into fat (egg yolks) at high 
concentrations. For completeness, a section on contamination of eggs is included in this 
evaluation.  

Dosage 

Lasalocid is approved for continuous use in broilers, replacement pullets, turkeys, guinea 
fowl, pheasants, partridges, quail, rabbits, cattle and sheep at concentrations of 75 to 
125 mg/kg of lasalocid sodium in feed as a pre-mix containing 20% lasalocid sodium.  

Pharmacokinetics and metabolism 

Pharmacokinetics in laboratory animals 

Mice 
In a GLP-compliant study, [14C]lasalocid sodium in 30% ethanol was administered to 13 male 
and 13 female CD-1 mice via oral gavage at 1 mg/kg/day for 7 days (Hawkins, Elsom and 
de Salis, 1987a). Five animals of each sex constituted the control group and were untreated. 
Urine, faeces and cage wash were collected daily. Four hours after the final dose, animals 
were sacrificed and their livers harvested and pooled. The radioactivity was detected with 
liquid scintillation following combustion. Within 24 h after the first dose, approximately 97% 
of the dose was recovered in excreta and cage wash. By 4 h after the last dose, approximately 
77% of the dose was recovered in the faeces, 1% in the urine and 2.6% in cage wash. 
Radioactivity in pooled liver samples was approximately 2.1 µg equivalents/g fresh tissue. 

In another GLP-compliant study, a single dose of 1 mg/kg [14C]lasalocid sodium was 
administered to 35 male Charles River CD-1 mice via oral gavage (Laurencot et al., 1979a). 
Five mice were sacrificed at 15 and 30 minutes, and 1, 3, 6, 24 and 48 h after dosing. The 
following samples were collected and assayed for radioactivity by liquid scintillation 
following combustion: whole blood, brain, carcass, faeces, fat, heart, kidney, large intestine, 
large intestine contents, liver, small intestine, small intestine contents, spleen, stomach, 
stomach contents, thymus and urine. Urine and faeces were collected from each animal 
according to their withdrawal time-point and assayed. Excreta from 48 h withdrawal animals 
were collected as two 24 h samples. The highest levels of radioactivity within the contents of 
the gastrointestinal tract were found after 15 minutes, 3 and 6 h for the stomach, small 
intestine and large intestine, respectively. Peak concentrations in gastrointestinal tissues 
were: stomach 5.4 µg/g, 6.3% of treatment radioactivity, 15 minutes post-dose; small 
intestine 2.6 µg/g, 14.4% of treatment radioactivity, 3 h post-dose; and large intestine 
1.6 µg/g, 3.3% of treatment radioactivity, 6 h post-dose. Radioactivity in whole blood peaked 
at 0.62 µg/ml, 1.4% of treatment radioactivity, 15 minutes after dosing. The whole blood 
elimination half-life was 3 h and by 24 h no radioactivity was detectable in blood. Radio-
activity was seen in all remaining tissues, with highest concentrations identified in liver at 
3.49 µg/g, 17.6% of treatment radioactivity, 1 h post-dose, and heart at 0.41 µg/g, 0.26% of 
treatment radioactivity, 1 h post-dose. Radioactivity was only detectable in the liver 
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(0.06 µg/g) by 48 h post-dose. Approximately 95% of the treatment radioactivity was 
recovered in faeces collected within 24 h of dosing; a further 2% was recovered in 24–48 h 
faeces. Less than 1% of treatment radioactivity was recovered in 0–24 h urine. No radio-
activity was detectable in 24–48 h urine. 

In a similar study conducted in compliance with GLP, [14C]lasalocid sodium was 
administered to 40 male Charles River CD-1 mice via oral gavage at 1 mg/kg/day for 7 days 
(Laurencot et al., 1980). Five mice were sacrificed at 0.25, 0.5, 1, 3, 6, 24 and 48 h after 
treatment. The following samples were collected and assayed for radioactivity by liquid 
scintillation following combustion: whole blood, brain, carcass, faeces, fat, heart, kidney, 
large intestine, large intestine contents, liver, small intestine, small intestine contents, spleen, 
stomach, stomach contents, thymus and urine. Urine and faeces samples were collected from 
each animal according to their withdrawal time and assayed. Urine and faeces samples were 
collected from the mice sacrificed at 48 h as two separate samples for the periods 0–24 h and 
24–48 h withdrawal, respectively. Radioactivity in whole blood peaked at 0.69 µg/ml, 0.23% 
of treatment radioactivity at the 30-minute withdrawal. The whole blood elimination half-life 
was 3 h. By 24 h withdrawal, no radioactivity was detectable in blood. Excluding the gastro-
intestinal tissues, highest tissue concentrations were found in liver at 2.64 µg/g, or 1.95% of 
treatment radioactivity, at 3 h withdrawal; heart at 0.37 µg/g, or 0.04% of treatment 
radioactivity, at 30-minute withdrawal; lung at 0.33 µg/g, or 0.03% of treatment 
radioactivity, at 1 h withdrawal; thymus at 0.21 µg/g, or 0.004% of treatment radioactivity, at 
1 h withdrawal; kidneys at 0.19 µg/g, or 0.05% of treatment, at 0.5-3 h withdrawal, and 
spleen at 0.12 µg/g, or 0.004% of treatment radioactivity, at 1 h withdrawal. By 48 h 
withdrawal, excluding the gastrointestinal tissues and contents, radioactivity was only 
detectable in liver at 0.09 µg/g and in kidneys at 0.001 µg/g. Approximately 13–14% of the 
total treatment radioactivity, i.e. 91–98% of the daily treatment radioactivity, was recovered 
in faeces collected within 24 h of dosing. Approximately 94% of the total treatment 
radioactivity was recovered in faeces within 24 h following the final dose and a further 2% 
was recovered in the 24–48 h faeces. Less than 1% of treatment radioactivity was recovered 
in the urine. 

A single dose of 1 mg/kg [14C]lasalocid sodium in aqueous ethanol was administered to 5 
male and 5 female CD-1 mice via oral gavage in compliance with GLP (Westheimer and 
Hutchinson, 1978a). Excreta were collected during the 24 h pre-dose period and at 4, 8, 12, 24, 
48 and 72 h post-dose. Within 24 h post-dose, approximately 95% and 92% of radioactivity 
had been recovered in faeces for males and females, respectively. Approximately 2% and 3%, 
respectively, were additionally recovered in 24–72 h faeces. For males, the sampling period 
with the highest faecal excretion, approximately 58% of treatment radioactivity, was 8–12 h. 
For females, the greatest recovery, approximately 49% of treatment radioactivity, was in the 
4–8 h faeces samples. Less than 1% of the radioactivity administered was recovered in urine 
for each sex. 

Rats 
In a GLP-compliant study using rats, [14C]lasalocid sodium in aqueous ethanol was 
administered to 5 male and 5 female CD Sprague-Dawley rats via oral gavage at 
1 mg/kg/day for 7 days (Hawkins, Elsom and de Salis, 1987b). Three animals per sex 
constituted the control group and were untreated. Urine and faeces were collected daily. 
Four hours after the final dose, animals were sacrificed and their livers harvested and 
pooled. Within 24 h after the first dose, approximately 67% of the dose was recovered in 
excreta. Radioactivity in pooled liver samples was approximately 3.6 µg equivalents/g fresh 
tissue. 

In another GLP-compliant study, a single dose of 1 mg/kg [14C]lasalocid sodium was 
administered to 35 male Charles River CD rats via oral gavage (Laurencot et al., 1979b). Five 
rats were sacrificed at 0.25, 0.5, 1, 3, 6, 24 and 48 h after dosing. The following samples were 
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collected and assayed for radioactivity by liquid scintillation following combustion: whole 
blood, brain, carcass, faeces, fat, heart, kidney, large intestine, large intestine contents, liver, 
small intestine, small intestine contents, spleen, stomach, stomach contents, thymus and 
urine. Urine and faeces samples were collected from each animal according to their 
withdrawal and assayed. Excreta from 48 h withdrawal animals were collected as two 24 h 
samples. The highest levels of radioactivity within gastrointestinal tissues were: stomach at 
5.86 µg/g, 2.8% of treatment radioactivity, 30 minutes post-dose; small intestine at 2.57 µg/g, 
6.6% of treatment radioactivity, 3 h post-dose; and large intestine at 1.03 µg/g, 1.0% of 
treatment radioactivity, 6 h post-dose. Radioactivity in whole blood peaked at 0.05 µg/ml, 
0.12% of treatment radioactivity, 3 h after dosing. The whole blood elimination half-life was 
4.8 h. By 48 h, no radioactivity was detectable in blood. Radioactivity was seen in all 
remaining tissues, with highest concentrations identified in liver at 2.85 µg/g, 10.0% of 
treatment radioactivity, 6 h post-dose, and thymus at 0.15 µg/g, 0.003% of treatment 
radioactivity, 1 h post-dose. Forty-eight hours post-dose, radioactivity was only detectable in 
liver at 0.09 µg/g, 0.38% of treatment radioactivity, and heart at 0.001 µg/g, 0.0003% of 
treatment radioactivity. Approximately 86% of the treatment radioactivity was recovered in 
faeces collected within 24 h of dosing. A further approximately 9% was recovered in the 24–
48 h faeces. Less than 1% of treatment radioactivity was recovered in the urine. 

In a non-GLP study, a single dose of 1 mg/kg [14C]lasalocid sodium in aqueous ethanol 
was administered to 5 male and 5 female CD rats via oral gavage (Westheimer and 
Hutchinson, 1978b). Excreta were collected during the 24-h pre-dose period and at 4, 8, 12, 
24, 48 and 72 h post-dose. Within 24 h post-dose, approximately 81% and 59% of 
radioactivity had been recovered in faeces for males and females, respectively. 
Approximately 11% and 28%, respectively, were additionally recovered in 24–72 h faeces. 
For both sexes, the sampling period with the highest faecal excretion was 12–24 h. Less than 
1% of the radioactivity administered was recovered in urine for each sex. 

In another non-GLP experiment, a single dose of 1 mg/kg [14C]lasalocid sodium was 
administered to 5 male CD rats, in which the stomach and upper part of the common bile 
duct had been previously cannulated, and a gastric catheter had been inserted for the 
continuous infusion of sodium taurocholate (Laurencot et al., 1978). Bile was collected pre-
dose and 0–2, 2–4, 4–6, 6–8, 8–12, 12–24 and 24–48 h post-dose. Excreta were also collected 
pre-dose and at 0–4, 4–8, 8–12, 12–24 and 24–48 h post-dose. At 48 h, animals were sacrificed 
and the following tissues were collected: carcass, gastrointestinal tract tissue, gastrointestinal 
tract contents, and liver. Within 48 h post-dose, approximately 60.9% of the treatment 
radioactivity was absorbed and approximately 96% of this (approximately 58.7% of the 
treatment radioactivity) was subsequently recovered in bile. Approximately 1% of the 
treatment radioactivity was absorbed and subsequently recovered in urine within 48 h. 
Almost all of the absorbed radioactivity was recovered in the bile, whence it would be 
eliminated back into the intestinal tract and subsequently end up in the faeces. 
Approximately 1% was retained in the tissues and eliminated in the urine. 

Pharmacokinetics in food-producing animals 

Chickens 
A mass balance study in compliance with GLP was conducted with [14C]lasalocid sodium in 
chickens to determine the pattern of elimination (Hawkins et al., 1987). Following a 7-day 
pre-treatment phase, two groups of three male and three female 7-week-old Cobb broiler 
chickens received [14C]lasalocid sodium at either 0 or 127 mg/kg in the diet for 7 days. 
Excreta were analysed by liquid scintillation counting following combustion. Within 8 days 
withdrawal of the test diet, 77.5% of the treatment radioactivity was recovered in combined 
excreta. 
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In an earlier non-GLP compliant mass balance study, twelve 33-day old female Cornish 
Cross chickens received unlabelled lasalocid sodium at 75 mg/kg in the feed (equivalent to 
5 mg/chicken/day) for 16 days, after which time the birds were treated with [14C]lasalocid 
sodium via oral capsules at 5 mg/day for 3 days (Laurencot et al., 1973). Blood samples were 
taken at administration of the first capsule, at 2 and 24 h after the first and second 
administrations, and at 2, 6, 24, 48, 72, 96 and 120 h after the third administration. Two hours 
after the third capsule administration, one pair of birds was sacrificed and excreta were 
collected. Remaining pairs of birds were sacrificed at 24-h intervals. Radioactivity was 
measured by liquid scintillation following combustion. It was found that systemic absorption 
and elimination was rapid. Peak blood concentrations of radiolabelled material (5.62 µg/ml) 
were observed at 2 h after dosing and a blood elimination half-life of ca. 3 h was calculated. 
Forty-eight hours after dosing, concentrations of radiolabelled material in blood had 
decreased to 0.04 µg/ml. Within 24 h of dosing, approximately 94.3% of the treatment 
radioactivity had been recovered in the combined excreta. Overall total radioactivity 
recovery was 98.1%. 

In a GLP-compliant study, five groups of 3 male and 3 female 25-day old broiler chickens 
received [14C]lasalocid sodium, via twice-daily capsule administration, at doses equivalent to 
dietary supplementation at 125 mg/kg of feed for 7 days (MacLellan et al., 2003). The 
[14C]lasalocid sodium contained lasalocid A, the major homologue, as well as the 
homologues B to E. Excreta and cage wash samples were collected daily from one group 
throughout the treatment period and for the 7-day withdrawal period. Plasma samples also 
were collected from this group at various intervals as 15 minutes, 30 minutes, 1, 2, 4, 8, 24, 72, 
120, 168, 216, 264, 312 and 336 h post-first dose. After 7 days withdrawal, birds were 
sacrificed and liver, kidney, skin-with-fat, and breast/thigh muscle were harvested. Tissues 
were assayed for total radioactive residues (TRR) and were also subjected to marker residue 
(lasalocid A) analysis. The nature of the radioactivity within excreta was also investigated 
using HPLC. Three groups of birds underwent interim sacrifices after 1, 3 and 5 days 
withdrawal, and their edible tissues subjected to TRR analysis. The final group of birds was 
sacrificed at 0 days withdrawal, edible tissues subjected to TRR analysis and the source of 
the radioactivity present investigated by HPLC.  

Following the first dose, the concentration of radioactivity in plasma increased, reaching a 
mean of 1.30 µg equiv/ml at 2 h post-dose, before declining to 0.35 µg equiv/ml at 8 h post-
dose, immediately prior to administration of the second dose. Between 24 h and 7 days after 
the first dose, the mean concentration of radioactivity in plasma increased steadily from 
0.43 µg equiv/ml to 0.56 µg equiv/ml, declining thereafter to 0.003 µg equiv/ml at 336 
hours, i.e. 14 days after the first dose, or 7 days withdrawal following the final dose. The 
excretion of total radioactivity was rapid, with >99% of the excreted radioactivity being 
recovered by 168 h post-first dose, approximately 16 h after the last administration. At this 
time, a mean of 89.7% of the total radioactivity had been recovered from excreta and cage 
wash. By 336 h post-first dose, 90.6% of the administered dose had been recovered in the 
excreta, cage wash and feather wash.  

Excreta had a larger number of unidentified components and homologues. Up to five 
unidentified components were detected in excreta, as well as up to three homologues. The 
major component in excreta from birds of both sexes at both the 24 h and 168 h sampling 
times was lasalocid A, constituting 9.6–10.6% of the administered radioactivity, 
approximately 75–83% TRR. Up to 3 components, believed to be homologues of lasalocid, 
chromatographed after lasalocid A, representing from 0.10–0.53% of the administered dose, 
approximately 0.8–4.1% TRR, as well as up to 5 more polar unidentified components, 
representing from 0.04–0.56% of the administered dose, approximately 0.3–4.4% TRR, were 
also detected. Lasalocid A was the major residue identified in all tissues; up to seven 
unidentified components also were detected in tissues, although two of these were likely to 
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have been homologues of lasalocid. Metabolic profiles were generally similar for each tissue 
and also between sexes. 

In a non-GLP compliant study, thirty (15 male and 15 female) 3-day old Cornish Cross 
(White Mountain × Vantress) chickens received feed containing 125 mg/kg unlabelled 
lasalocid sodium for 34 days, after which 12 birds of each sex received feed containing 
132 mg/kg [14C]lasalocid for 21 days and the remaining birds continued on unlabelled 
medicated feed as a positive control (Laurencot, Crowley and Gonzales, 1977). After 21 days, 
all birds were maintained on non-medicated feed for a 0- to 5-day withdrawal period. At 
0 days withdrawal, radioactivity concentrations in blood were approximately 4.4 µg/ml. 
After 3 and 5 days withdrawal, blood contained concentrations above 0.1 µg/ml and 
0.07 µg/ml, respectively.  

Turkeys 
The distribution and elimination of [14C]lasalocid sodium was studied in compliance with 
GLP in growing turkeys after dietary administration at a concentration of 127 mg/kg for 
14 days, followed by a drug withdrawal period of up to 5 days (Hawkins et al., 1986). Sixteen 
10-week-old turkeys (8 males, 8 females) were individually housed during the treatment and 
withdrawal periods. The average weight of the female turkeys during treatment was 7.1 kg 
and the average daily lasalocid dose was 6.1 mg/kg bw. The average weight of the male 
birds was 8.9 kg and the average daily lasalocid dose was 4.7 mg/kg bw. Excretion of 
radioactivity in the first 24 h following administration of [14C]lasalocid sodium was fairly 
rapid, with means of 57.5% and 56.7% eliminated for male and female birds, respectively. 
After 14 days of administration, 83.5% of the dose was excreted by a male turkey and 80.2% 
by a female turkey sacrificed at 120 h after the last [14C]lasalocid administration. Elimination 
of radioactivity in excreta was mainly completed within 48 h after drug withdrawal. The 
concentration of radioactivity derived from [14C]lasalocid and its metabolites found in whole 
blood reached a plateau between Days 3 to 13 of treatment, at 0.51 ±0.09 mg/L in male birds 
and 1.04 ±0.46 mg/L in female birds. The higher concentration of radioactivity in the female 
turkeys may reflect the higher daily [14C]lasalocid intake on a bodyweight basis. Mean 
concentrations of radioactivity declined rapidly during withdrawal, from 0.50 mg/L at 8 h 
down to 0.04 mg/L at 120 h in the female turkeys. 

Comparative pharmacokinetics and metabolism 

In a non-GLP compliant experiment to compare the metabolic profiles in the faeces and 
livers resulting from oral administration of [14C]lasalocid sodium to target food animal 
species (chicken, turkey and swine) and to species used to assess compound toxicity (rat, 
mouse and dog), the faeces and livers from these species were extracted in methanol, 
fractionated in hexane or chloroform, and analysed by thin layer and high performance 
liquid chromatography along with liquid scintillation counting (Laurencot, Weiss and Elsom, 
1987). The samples generated in separate studies were lyophilized prior to being analysed in 
the study. It was found that the metabolic profiles of all six species showed qualitative 
similarities. Pig, dog and rat had the greatest similarity in faecal metabolites, while the 
chicken and turkey were similar to each other (see Table 7.1). For the livers, the chicken and 
turkey showed the greatest similarity. The major component found in the livers and faeces of 
all six species was intact lasalocid. Due to the similar metabolism and metabolites formed, 
this study demonstrates that the animals used in the toxicology studies were exposed to the 
same metabolites as humans who consume lasalocid and metabolites in edible tissues. 
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Table 7.1. Radioactivity in liver and faecal fractions collected from various species, as indicated 

% of total radioactivity 

pig turkey chicken dog rat mouse Fraction 

liver faeces liver faeces liver faeces liver faeces liver faeces liver faeces 

I 71.7 30.6 52.5 22.4 49.7 32.2 32.2 20.7 15.4 17.9 24.2 27.8 

II 28.3 69.4 47.5 77.6 50.3 67.8 67.8 79.3 84.6 82.1 75.8 72.2 

III 9.5 38.3 5.6 28.4 26.3 17.6 21.0 42.3 35.3 68.6 28.7 30.2 

IV 18.8 31.1 41.9 49.2 24.0 50.2 46.8 37.0 49.3 13.5 47.1 42.0 

V 2.6 3.8 <5.9 2.1 2.3 16.7 2.9 13.4 1.7 1.1 <2.2 3.9 

VI 17.5 19.1 36.3 43.5 28.0 44.7 47.6 21.1 32.9 10.2 37.8 36.3 

VII 2.8 1.4 5.2 0.7 4.5 1.8 24.0 0.5 9.1 0.5 8.2 2.1 

VIII 4.9 6.0 14.1 22.5 10.7 29.2 11.8 15.2 16.3 5.9 27.8 17.5 

IX 1.5 1.9 1.7 5.0 3.6 1.0 3.3 1.6 1.0 0.4 <1.4 1.3 

lasalocid A 6.2 33.2 3.8 10.0 11.4 12.0 18.1 32.2 31.9 43.7 28.1 22.1 

Tissue residue depletion studies 

Radiolabelled residue depletion studies 

Chicken 
In a GLP-compliant study, three groups of 3 male and 3 female 25-day-old broiler chickens 
received [14C]lasalocid sodium, via twice-daily capsule administration, at doses equivalent to 
dietary supplementation at 125 mg/kg for 7 days (MacLellan et al., 2003). The [14C]lasalocid 
sodium contained lasalocid A, the major homologue, as well as homologues B to E. Two 
groups of birds were slaughtered at each of 1, 3, 5 and 7 days withdrawal following starting 
after 7 days of continuous treatment, and edible tissues such as liver, kidney, skin-with-fat, 
and muscle (composite of breast and thigh) were collected and analysed for total radioactive 
residues (TRR) using liquid scintillation and for the marker residue (lasalocid A) using a 
validated high performance liquid chromatography method with fluorescence detection 
(HPLC/FL). The final group of birds was dosed as detailed above, but at a higher test 
compound specific activity. These birds were sacrificed at 0 h withdrawal. Samples of edible 
tissues were collected and processed for TRR and radio-chromatographic analysis. The 
nature of the radioactivity present in composite samples of edible tissues was investigated 
using HPLC. 

The concentrations of total radioactivity and the mean concentrations of lasalocid A are 
listed in Table 7.2. No residues in excess of 20 µg/kg were found in liver, kidney or skin-
with-fat samples after 7 days withdrawal. No residues greater than 20 µg/kg were found in 
muscle samples at any time except at 0 day withdrawal. 

Lasalocid sodium A was the major residue in all tissue extracts from both sexes. Up to 
seven unidentified components were detected in tissues, although two of these are likely to 
be homologues of lasalocid. The metabolite profiles were generally similar for all tissues and 
between sexes. Table 7.2 shows the calculated marker to total residue ratios in the edible 
tissues. The major component in liver was lasalocid A, representing 175–294 µg/kg, or 21.4–
23.4% of TRR. Seven other components were detected, representing 10–163 µg/kg, or 1.2–
16.0% of TRR. In male livers, one of these was a homologue of lasalocid, and in female livers 
two were lasalocid homologues. In kidney samples from male birds, six components were 
identified. The major component was lasalocid A, representing 125 µg/kg, or 31.1% of TRR. 
The remaining components represented 7–48 µg/kg, or 1.8–12.0% of TRR. One of these was a 
homologue of lasalocid. In female kidney samples, only two components were detected. The 
major component was lasalocid A, representing 0.119 mg/kg (50.3% TRR); the other 
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unidentified component represented 27 µg/kg (11.5% TRR). Three components were 
detected in muscle samples. The major component was lasalocid A, representing 31–
51 µg/kg (53.7–55.7% TRR). The other unidentified components represented 617 µg/kg (8.8–
18.4% TRR). Six components were detected in samples of skin-with-fat. The major 
component was lasalocid A, representing 342 µg/kg (53.1% TRR) in males and 73 µg/kg 
(50.2% TRR) in females. The other components represented 356 µg/kg (0.8–8.7% TRR). In 
both sexes, one of these was a homologue of lasalocid. 

 

Table 7.2. Concentrations (µg/kg) of total radioactive residues (TRR) and lasalocid sodium A residues 
(Marker Residue – MR) in tissues of chickens dosed with [14C]lasalocid sodium at 125 mg/kg for 7 
days 

Kidney Liver Muscle Skin-with-fate With-

drawal 

time (h) TRR MR 
MR:TR 
ratio (%) 

TRR MR 
MR:TR 
ratio (%) 

TRR MR 
MR:TR 
ratio (%) 

TRR MR 
MR:TR 
ratio (%) 

0 (1) 395 122 40.6 1223 234 22.4 80 41 55.2 432 208 51.8 

24 172 <24.5 14.2 838 73.9 8.6 20 <LOD NA 112 <32.7 28.3 

72 97 <21.6 27.0 558 49.7 9.5 15 <LOD NA 70 <22.9 33.9 

120 68 <29.4 85.8 325 <37.4 13.2 12 <LOD NA 55 <23.0 38.8 

168 20 <LOD – 135 <LOD – 2 <LOD – 20 <LOD – 

NOTES: (1) 0-hour in this context is defined as 16 hours after administration of the final capsule dose. As twice-daily capsule 
administration was used to simulate continuous administration in the feed, this time interval (16 h after administration of ½ of 
the total daily dose) was judged to be equivalent to sacrifice at a 0-day withdrawal (following continuous feeding).  
(2) LOQ = 5 µg/kg. NA = not applicable. MR:TR is MR:TRR ratio. 
 

Using a LC-MS method, lasalocid A was confirmed to be the marker residue in the liver, 
kidney and skin-with-fat of male and female birds. Additionally, it was shown that none of 
the homologues of lasalocid eluted with lasalocid A. 

In a study conducted in compliance with GLP, two groups of 3 male and 3 female 7-week-
old Cobb broiler chickens received [14C]lasalocid sodium at either 0 or 127 mg/kg in the diet 
for 7 days, before being maintained for an 8 h withdrawal period, after which birds were 
slaughtered and their livers removed (Hawkins et al., 1987). Radioactivity in liver samples 
was analysed by liquid scintillation counting following combustion and HPLC. It was found 
that at 8 h withdrawal, concentrations of radioactivity in the individual liver samples ranged 
from 950–2600 µg equivalents [14C]lasalocid sodium/kg fresh tissue with the pooled sample 
assaying at 2010 µg/kg. The concentration of lasalocid sodium equivalents in the pooled 
liver sample was 94 µg/kg fresh tissue. Using the pooled values, the calculated marker to 
total ratio was 4.7% at 8 h withdrawal, consistent with the ratio determined at 24 h for liver 
in the study discussed above (MacLellan et al., 2003). 

In a non-GLP compliant study, 30 (15 male + 15 female) 3-day-old Cornish Cross (White 
Mountain × Vantress) chickens received feed containing 125 mg/kg unlabelled lasalocid for 
34 days, after which 12 birds of each sex received feed containing 132 mg/kg [14C]lasalocid 
for 21 days and the remaining birds continued on unlabelled medicated feed (Laurencot, 
Crowley and Gonzales, 1977). After 21 days, all birds were returned to non-medicated feed 
for a 0- to 5-day withdrawal period. Two birds were slaughtered on 0 day withdrawal, 3 
birds on Days 1 and 2, 4 birds on Day 3, and 5 birds on Day 4 and Day 5 withdrawal. Tissues 
were harvested from each bird. At 0 withdrawal, the highest tissue concentrations were 
found in the liver at 11930 µg/kg and kidney at 2500 µg/kg. Radioactivity concentrations 
rapidly decreased in tissues. After 3 days withdrawal, liver, kidney and skin-with-fat 
contained concentrations above 100 µg/kg. After 5 days withdrawal, concentrations in liver 
and kidney were 1150 and 130 µg/kg, respectively (see Table 7.3). 
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Table 7.3. Concentrations of residues of [14C]lasalocid equivalents (µg/kg) in tissues from chickens 
fed 125 mg/kg [14C]lasalocid sodium for 21 days, followed by a drug withdrawal period 

Concentration of [14C]lasalocid equivalents (µg/kg) Withdrawal 

day fat kidney liver breast muscle leg + wing muscle skin-with-fat 

0 860 2 480 11 930 610 720 1 590 

1 140 360 2 630 60 80 220 

2 60 230 1 720 30 40 130 

3 60 170 1 590 30 30 110 

4 50 190 1 370 30 30 90 

5 40 130 1 150 20 20 70 

 
In another non-GLP compliant study, twelve 33-day-old female Cornish Cross chickens 

received unlabelled lasalocid sodium at 75 mg/kg in the feed (equivalent to 5 mg/day) for 
16 days, after which birds were administered [14C]lasalocid sodium via oral capsules at 
5 mg/day for 3 days (Laurencot et al., 1973). Two hours after the third capsule 
administration, one pair of birds was slaughtered and both edible and non-edible tissues 
were harvested. Remaining pairs of birds were sacrificed at 24 h intervals. The nature of the 
radioactivity in the liver samples also was investigated. Radioactivity was detected by liquid 
scintillation counting in each edible tissue, with highest concentrations found at 2 h in all 
tissues. At 2 h withdrawal, concentrations of radioactivity in liver were 10.28 µg/g. At 48 h 
post-dose, concentrations of radioactivity were below 0.1 µg/g in all edible tissues, except 
liver at 0.40 µg/g. By 120 h post-dose, concentrations in liver had decreased to 0.19 µg/g, of 
which 0.15 µg/g was found in the ethanol-insoluble liver fraction. The results suggest 
incorporation of radioactivity into natural liver constituents. 

Turkeys 
A GLP-compliant residue depletion study was conducted in growing turkeys after dietary 
administration at 127 mg/kg of [14C]lasalocid sodium in feed for 14 days, followed by a drug 
withdrawal period of up to 5 days (Hawkins et al., 1986). Sixteen 10-week-old turkeys (8 
males, 8 females) were individually housed during the treatment and withdrawal periods. 
The average weight of the female turkeys during treatment was 7.1 kg and the average 
lasalocid dose was 6.1 mg/kg bw/day. The average weight of the male birds was 8.9 kg and 
the average lasalocid dose was 4.7 mg/kg bw/day. The concentration of intact lasalocid, as 
measured by HPLC, and total radioactivity were determined in the edible tissues at 
slaughter during the 5-day withdrawal period (six birds at 8 h and two birds each at 24, 48, 
72, 96 and 120 h withdrawal). The bile and liver contained the most radioactivity at all time-
points (see Table 7.4). At 8 h, the concentrations of radioactivity were 2590–4180 µg/kg in 
liver, 360–510 µg/kg in kidney, 20–50 µg/kg in muscle and 150–460 µg/kg in skin-with-fat. 
After 120 h withdrawal, concentrations were 850–890 µg/kg in liver, 70–90 µg/kg in kidney, 
<20 µg/kg in muscle, and 70–110 µg/kg in skin-with-fat. 

Concentrations of intact lasalocid in muscle, abdominal fat and liver were <25 µg/kg 
(LOD) at all sacrifice times. In kidneys, only one bird sacrificed at 8 h had a detectable level 
(27 µg/kg). In skin-with-fat, two birds had detectable lasalocid levels. One turkey sacrificed 
at 8 h withdrawal had a concentration of 170 µg/kg and another turkey sacrificed at 96 h had 
a concentration of 110 µg/kg. 
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Table 7.4. Concentrations (µg/kg) of total radioactivity in tissues of turkeys dosed with [14C]lasalocid 
sodium at 127 mg/kg for 14 days 

 Withdrawal time (hours) 

 8 24 48 72 96 120 

Number of birds 6 2 2 2 2 2 

Abdominal fat (µg/kg) 160 80 100 120 130 120 

Kidneys (µg/kg) 430 200 170 120 120 80 

Liver (µg/kg) 3380 1430 1490 1040 1100 870 

Muscle (µg/kg) 30 <LOD <LOD <LOD <LOD <LOD 

Skin-with-fat (µg/kg) 300 160 110 100 140 90 

NOTES: LOD = 25 µg/kg 

Residue depletion studies with unlabelled drug 

Chickens 
A study in compliance with GLP was conducted to determine the residues of lasalocid A in 
tissues of broiler chickens administered lasalocid sodium at a dosage of 130 mg/kg in feed 
for 6 weeks (Croubels, 2010a). Forty-eight healthy Ross broiler chickens (24 male, 24 female) 
were allotted to the study. Birds were slaughtered after 0, 1, 2 and 3 days drug withdrawal. 
Each withdrawal group contained 12 chickens (6 male, 6 female) and samples of liver, 
kidney, muscle (breast) and skin-with-fat were collected at sacrifice. Lasalocid A 
concentrations in tissues were determined using a validated LC-MS/MS method with 
electrospray ionization. The method had a limit of quantification (LOQ) of 5.0 µg/kg in all 
tissues. The concentrations of lasalocid A in edible tissues are summarized in Table 7.5. 

 

Table 7.5. Mean concentrations (µg/kg) of lasalocid A residues in edible tissues of chickens given 
feed containing lasalocid sodium at 130 mg/kg for 42 days 

Mean concentration of lasalocid A (µg/kg) 
Withdrawal period 

muscle  kidney liver skin-with-fat 

0 days 447 ±144 1050 ±339 1840 ±385 1040 ±282 

1 day 65 ±103 128 ±194 244 ±329 106 ±165 

2 days 23 ±23 61 ±70 138 ±131 37 ±54 

3 days 8.4 ±2.7 26 ±11 72 ±56 10 ±3.8 

 

An earlier study was conducted in compliance with GLP to provide residue depletion 
data of lasalocid sodium in muscle, liver, kidney and skin-with-fat from chickens fed a test 
diet containing 15% lasalocid sodium at ca. 125 mg/kg of feed for 42 consecutive days, 
followed by a drug withdrawal period (McLellan and King, 2006). Thirty broiler chickens (15 
male and 15 female) were allotted to five groups. They were fed a starter diet containing ca. 
138 mg/kg lasalocid sodium for 21 days until the first sacrifice. Groups of 6 birds were 
slaughtered at each of 0 (on-feed), 24, 72, 120 and 168 h following withdrawal from the test 
diet. A non-medicated finisher diet was fed during the withdrawal period. The 
concentrations of lasalocid A were determined using a validated HPLC procedure with 
fluorimetric detection. Recoveries using this method were 81.0%, 87.0% and 88.4% of actual 
concentration in liver, kidney and muscle, respectively. Recovery for skin-with-fat was 
68.5%, slightly below the 70% criteria, but was deemed acceptable due to the tight coefficient 
of variation (9.4%). Data for skin-with-fat were reported without correction for recovery 
values. The limit of quantification (LOQ) for the method in all tissues was 20 µg/kg. It was 
shown that concentrations of lasalocid A in liver were less than 100 µg/kg in all individual 
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birds at 24 h withdrawal. Residues of lasalocid A in kidney, muscle and skin-with-fat were 
less than 50, 20 and 100 µg/kg, respectively, in all individual birds by 24 h withdrawal (see 
Table 7.6). 

 

Table 7.6. Mean concentration (µg/kg) of lasalocid A in tissues of chickens given feed containing 
lasalocid sodium at ca. 130 mg/kg for 42 days 

Mean concentration of lasalocid A (µg/kg) Withdrawal time 

(hours) Liver Kidney Muscle Skin-with-fat 

0 1301 734 201 446 

24 57 < 25 < LOQ < 22 

72 76 < 28 < LOQ < 21 

120 < 25 < LOQ < LOQ < LOQ 

168 < 31 < LOQ < LOQ < LOQ 

NOTES: LOQ = 20 µg/kg (all tissues) 

 

An early non-GLP compliant residue trial was conducted to quantify lasalocid elimination 
from the skin-with-fat and internal fat of chickens fed lasalocid sodium (MacDonald, 
Kaykaty and Popick, 1977). Chickens were fed from Day 18 to 59 with feed containing 
125 mg/kg of lasalocid sodium, and then subjected to a 5-day withdrawal interval. Ten birds 
each were slaughtered after 0, 1, 2, 3, 4 or 5 days withdrawal, at which time skin-with-sub-
cutaneous fat and internal fat were excised, collected, and frozen immediately, pending 
analysis. Tissues were assayed for lasalocid using a bio-autographic method that could 
detect residues present at 10 µg/kg. It was found that mean lasalocid concentrations at 0 
withdrawal in internal fat and skin-with-fat were 120 and 150 µg/kg, respectively. At 1 day 
withdrawal, concentrations decreased to 90 and 80 µg/kg, respectively, and at 2 days 
withdrawal, to 0 and 9 µg/kg, respectively. Thereafter, no lasalocid was detectable in either 
fat type. 

In a non-GLP compliant experiment, one pen of 64 broilers were fed lasalocid sodium at a 
concentration of 125 mg/kg for 42 days, followed by a drug withdrawal period (Mathis, 
2011). Three male and three female birds were slaughtered after 3, 24, 48, 72, 120, 168 and 
240 hours withdrawal. Skin with adhering fat and breast muscle samples were collected from 
each bird and submitted for analysis of lasalocid A residues using validated LC-MS/MS 
methods (LOQ = 1 µg/kg). Lasalocid A residues depleted rapidly with an alpha depletion 
phase between 3 and 24 hours withdrawal in both skin-with-fat and muscle. Subsequently, 
residue depletion in the beta depletion phase was much slower and measurable lasalocid A 
concentrations were still detectable at 240 hours withdrawal in both tissues. Lasalocid A 
concentrations in all skin-with-fat samples were below 300 µg/kg by 24 hours after drug 
withdrawal. Residues of lasalocid A were below 60 µg/kg in all muscle samples by 24 hours 
withdrawal. 

Turkeys 
A study was performed in accordance with GLP to provide residue depletion data for 
lasalocid A in muscle, kidney, liver and skin-with-fat of growing turkeys provided feed 
containing 130 mg/kg lasalocid sodium for 112 days, followed by a withdrawal period 
(Dibb-Fuller, 2008). Groups of six birds (3 male and 3 female) were slaughtered at 0, 72, 120, 
168 and 240 h following drug withdrawal. Tissues were analysed for lasalocid A using a 
validated LC-MS/MS method with LOQ of ca. 50 µg/kg for liver and skin-with-fat, ca. 
25 µg/kg for kidney and ca. 10 µg/kg for muscle. Lasalocid A residues in liver, kidney, 
muscle and skin-with-fat were below the LOQ in each tissue after a 3-day withdrawal 
period. 
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Quail 
A residue depletion study in quail (non-GLP compliant) was conducted in which lasalocid 
sodium was administered to farmed quail at a dietary concentration of 90 mg/kg for 27 days 
(Angold and Klünter, 2000). After this time, the test diet was replaced with a non-medicated 
diet and birds were maintained for a 9-day withdrawal period. On days 27, 30, 33 and 36, 
one male and one female were randomly selected from six sections of the quail farm. One 
breast muscle with skin was taken from each bird. Samples from the 2 birds from each 
section were combined so that, for each of the 4 tissue sampling times there were 
6 composite muscle samples and 6 composite skin samples. Samples were frozen prior to 
transport for analysis. Tissue samples were analysed for lasalocid A by HPLC with a LOQ of 
20 µg/kg. At 0 withdrawal, the concentration of lasalocid A in muscle samples was 
39.5 µg/kg. By Day 30 (3 days withdrawal), only 1 muscle composite had a residue at 
25 µg/kg or greater than the LOQ. The concentration of lasalocid A in skin was 298 µg/kg at 
Day 27 (i.e. 0 withdrawal), but rapidly decreased to 30.8 µg/kg by Day 33 (6 days of 
withdrawal). 

Methods of analysis for residues in tissues 
Methods based on high performance liquid chromatography with tandem mass 
spectrometry (LC-MS/MS) and high performance liquid chromatography with fluorimetric 
detection (HPLC/FL) were developed and validated in compliance with GLP. 

High performance liquid chromatography with tandem mass spectrometry 

Determination of lasalocid in chicken tissues 
A LC-MS/MS method was developed and validated in accordance with GLP for the 
quantitative determination of lasalocid in the muscle, liver, kidney, skin-with-fat and 
abdominal fat of chicken (Croubels, 2010b; Powell, 2011a, b, 2012). Tissues were extracted 
with methanol:water (90:10, v/v) followed by hexane formic acid partition. The hexane layer 
was evaporated and re-constituted in acetonitrile. Final extracts were analysed for lasalocid 
A by LC-MS/MS. Method performance parameters are provided in Table 7.7. 
 

Table 7.7. Summary of the performance of the LC-MS/MS method for the determination of lasalocid 
A residues in chicken tissues 

Assay parameter Liver Kidney Muscle Skin-with-fat 

Linearity r2 >0.9960 >0.9967 >0.9948 >0.9930 

LOD (µg/kg) 0.56 0.70 0.60 0.67 

LOQ (µg/kg) 5.0 5.0 5.0 5.0 

concentration 1 97.2 ±9.1 104.8 ±18.2 99.0 ±11.3 102.6 ±4.7 

concentration 2 97.8 ±2.7 99.8 ±7.6 95.0 ±6.0 107.4 ±9.8 
Interday accuracy 
±precision (%) 

concentration 3 97.7 ±3.0 103.1 ±7.3 87.0 ±20.3 93.2 ±7.4 

NOTES: Concentrations 1, 2 and 3 are, respectively, 10, 20 and 40 µg/kg for muscle; 25, 50 and 100 µg/kg for kidney; and 50, 
100 and 200 µg/kg for liver and for skin-with-fat. 

Selectivity/specificity: The specificity of the method for lasalocid A was demonstrated with 
respect to lasalocid homologues (B, C, D and E) and possible interference from other 
endogenous compounds with the same retention time as lasalocid A and the internal 
standard, sodium nigericin. 

Storage stability: Lasalocid A was stable in methanol at ca. -15°C for at least 225 days. 
Lasalocid A was stable in acetonitrile and a working solution for at least 115 days, and stable 
in tissue extracts during analysis, in tissue extracts stored at +2– +8°C for 3 days, and in 
chicken tissues (liver, kidney, skin-with-fat) during storage at <-70°C for at least 6 months, 
and 8 months (kidney). 
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Determination of lasalocid A in turkey tissues 
A LC-MS/MS method was developed in compliance with GLP to determine the marker 
residue, lasalocid A, in edible tissues of turkeys (Ferguson, 2008). Tissues were extracted into 
methanol:water (90:10, v/v) followed by hexane partition. Final extracts were analysed by 
LC-MS/MS in the multiple reaction monitoring mode. Lasalocid was quantified as lasalocid 
A, relative to a non-extracted matrix calibration line. Method performance parameters are 
summarized in Table 7.8. 

 

Table 7.8. Summary of the performance of the LC-MS/MS method for the determination of lasalocid 
A residues in turkey tissues 

Assay parameter Liver Kidney Muscle Skin-with-fat 

Linearity r2 >0.9988 >0.9986 >0.9992 >0.9987 

LOD (µg/kg) 4.68 0.45 0.81 6.14 

LOQ (µg/kg) 50 25 10 50 

concentration 1 94.4 ±6.8 87.9 ±9.4 94.6 ±7.5 90.6 ±5.9 

concentration 2 88.0 ±8.8 86.5 ±8.4 87.3 ±7.5 93.4 ±9.0 
Interday accuracy 
±precision (%) 

concentration 3  89.9 ±9.8 87.0 ±11.4 87.1 ±7.6 97.2 ±8.0 

NOTES: Concentrations 1, 2 and 3 are, respectively, 10, 20 and 40 µg/kg for muscle; 25, 50 and 100 µg/kg for kidney; and 50, 
100 and 200 µg/kg for liver and for skin-with-fat. 

 
Selectivity/specificity: Control tissue samples were shown to have no significant interfering 

substances eluting at or near the retention time of lasalocid A in each tissue, showing that the 
assay was specific for the test item examined. Small peaks were observed from the injection 
of ca. 1.5 ng/ml solutions of antibiotics (enrofloxacin, tetracycline, amoxicillin and 
lincomycin-spectinomycin) and the anticoccidial maduramicin. Injection of solution 
standards result in a worst-case level of possible interference, as samples did not undergo the 
extraction process. The calculated concentrations for all injected standards were ca. 1.5% of 
the actual concentration injected (ca. 1.5 ng/ml). All responses were less than the lowest 
lasalocid calibration standard (ca. 0.025 ng/ml) and below all tissue LOQs for this study. The 
liver, kidney, muscle and skin-with-fat tissues used for this study were shown to have no 
interferences >30% LOQ at the retention time of lasalocid. 

Storage stability: Liver, kidney, muscle and skin-with-fat samples were stable following 
storage at room temperature for ca. 4 h, for 3 freeze/thaw cycles and during storage under 
autosampler conditions, ca. 4°C for ca. 72 h. The standard solutions were stable for 60 days at 
ca. 100 µg/ml and 34 days at ca. 0.5 to 5.0 µg/ml. Solvent and matrix calibration lines at ca. 
0.025 to 1.5 ng/ml were stable for ca. 72 h. However, preparation of fresh working standards 
on each day analyses are conducted is recommended, where possible. All solutions were 
stored at ca. 4°C in the dark when not in use. The results from the extended storage stability 
indicate that lasalocid is stable for at least 4 months (liver and skin-with-fat) and 2 months 
(kidney and muscle). All samples were analysed following frozen storage (ca. -20°C). 

High performance liquid chromatography coupled with fluorescence detection 

Determination of lasalocid A in chicken tissues 
An HPLC method using fluorescence detection, written in ISO 78/2 format, was developed 
in compliance with GLP to determine the marker residue (lasalocid A) in edible tissues of 
chickens (Sanderson et al., 2003). This method involved extraction into methanol:water (13:2, 
v:v) followed by basification and liquid-liquid partition using hexane:toluene (1:1, v:v). The 
resulting extract was then evaporated and re-dissolved in acetonitrile:ammonium acetate 
buffer (55:45, v/v). The final extracts were analysed by HPLC using a mobile phase 
consisting of acetonitrile (A):ammonium acetate buffer 125 mM, pH 4.75 (B) with gradient 
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elution. All reagents used during the analysis were of analytical grade. Samples were stored 
at ca. -20°C pending analysis. Method performance parameters are summarized in Table 7.9. 

 

Table 7.9. Summary of the performance of the HPLC method for lasalocid in chicken tissues 

Assay parameter Liver Kidney Muscle Skin-with-fat 

LOD (µg/kg) 1.60 2.03 0.44 0.55 

LOQ (µg/kg) 20 20 20 20 

20 µg/kg 82.9 ±2.5 88.4 ±2.4 72.6 ±3.0 78.1 ±7.7 

40 µg/kg 71.4 ±21.9 86.0 ±8.7 75.0 ±5.0 89.4 ±2.7 

100 µg/kg 82.5 ±11.9 87.7 ±5.2 79.8 ±5.6 92.4 ±6.4 

Interday accuracy 
±precision (%) 

400 µg/kg 85.7 ±8.0 87.3 ±5.8 83.1 ±6.1 92.8 ±2.4 

 
Specificity: Control tissue samples were shown to have no significant interfering 

substances eluting at or near the retention time of lasalocid A in each tissue, showing that the 
assay was specific for the test item examined. Interference of other ionophores with the 
retention time of marker residue, lasalocid sodium, was not investigated. It is considered 
unlikely that poultry species will receive concomitant ionophore therapy whilst receiving 
lasalocid sodium. It is expected that inadvertent co-administration of ionophores, while 
possible, would result in overt target animal toxicity. The presence of broiler chicken muscle, 
liver or kidney was found to have no effect on the response for lasalocid A and only a slight 
positive effect at a low concentration of lasalocid A in skin-with-fat. 

Storage stability: Lasalocid A was stable in solvent (acetonitrile:water, 75:25 v:v) stored at 
ca. 4°C for ca. 12 weeks. It was stable in tissue samples during 1, 2 and 3 freeze/thaw cycles, 
in tissue samples stored at ambient temperature for ca. 3 hours and in tissue extracts stored 
at ca. 8°C for ca. 24 hours. 

This method also was validated in compliance with GLP for assay of liver and skin-with-
fat from pheasant at concentrations in the range ca. 5 to 500 µg/kg for all tissues 
(Macpherson and Davidson, 2004). All matrix samples were quantified against a non-matrix 
calibration line in the range equivalent to ca. 20 to 500 µg/kg (ca. 130 to 3300 ng on-column). 
Samples were prepared at ca. 100, 50, 20 and 100 µg/kg for liver, kidney, muscle and skin-
with-fat, respectively. The mean recoveries were all between 75.2 and 88.9% (target 70–110%) 
with coefficients of variation of 2.6% to 14.4% (target of 15% for concentration of 100 µg/kg 
and 20% for concentration >10 µg/kg but <100 µg/kg). The mean results from the extended 
storage stability study indicate that lasalocid A is stable in all edible tissues for a period of 
eight months when stored at ca. -20°C (McLellan, King and Coyle, 2007). 

Contamination of eggs with lasalocid  

Lasalocid carry-over in eggs 

Lasalocid A residues were determined in eggs from 161 egg producers in Northern Ireland 
using a liquid chromatography-electrospray ionization mass spectrometry method with LOD 
and LOQ of 0.3 and 1.0 µg/kg, respectively (Kennedy et al., 1996). Carryover of lasalocid 
from manufacture of medicated broiler and turkey feeds to unmedicated layer feed in local 
feed mills was identified as the possible source of the residues in eggs. Of the egg samples 
tested from the 161 egg producers, ca. 66% of the eggs contained measurable lasalocid 
residues (>0.3 µg/kg), with 58.4% above the LOQ. Only 3.7% of the eggs surveyed had a 
lasalocid concentration above 40 µg/kg, while 96.7% were negative for lasalocid using 
40 µg/kg as a cut-off concentration. 

The study also was designed to examine this possibility of contamination of feed via 
carryover by feeding meal containing various low levels (0.1–5.0 mg lasalocid/kg feed) to 
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laying hens for 16 days, followed by a withdrawal period of 10 days. Lasalocid carry-over 
into subsequent batches of feed was also examined by manufacturing an initial batch of feed 
containing 125 mg lasalocid/kg, followed by blank batches of feed. Carry-over using feed 
mill manufactured pre-mixes was also examined. It was found that eggs contained 
measurable lasalocid residues starting the first day after feeding with contaminated feed. The 
concentrations reached a plateau after ca. one week. The lasalocid concentrations in eggs had 
a very strong correlation with the lasalocid concentration in the feed. Birds fed with feed 
containing the highest contamination level (5 mg/kg) produced eggs that contained 
concentrations of lasalocid greater than 200 µg/kg during the treatment period. By 10 days 
withdrawal, this concentration had rapidly depleted down to LOQ. Investigations of the 
carry-over during feed manufacture showed that a low level of lasalocid (ca. 1 mg/kg feed) 
persisted for the next nine batches of feed manufactured, starting with the third batch. This 
level of contamination would produce lasalocid residues of ca. 50 µg/kg in eggs. Carry-over 
during the manufacture of a lasalocid pre-mix persisted for only the next 5 batches of pre-
mix manufactured and was less than 1 mg/kg in all compounded feeds. 

Radiolabelled residue depletion studies 

A GLP-compliant residue depletion study was conducted to investigate the magnitude and 
nature of residues in eggs following three-daily oral administration of [14C]lasalocid sodium 
in gelatine capsules to 24 laying hens for 12 consecutive days (King and Coyle, 2005). The 
total quantity of lasalocid sodium administered (radiolabelled plus cold) simulated a daily 
dosage of 125 mg/kg, the highest authorized feeding level. Eggs were collected from all 
birds on the day prior to the first dose administration, daily during the dosing period and for 
14 days following the final dose administration. In addition, eggs from birds 13 to 24 were 
collected on Days 17 and 21 following the final dose administration. TRRs were determined 
in the egg yolk and albumin from birds 1 to 12 and in the whole egg from birds 13 to 24 by 
combustion and liquid scintillation counting. 

Six randomly selected whole egg samples from 13 day post-first morning dose (2 days 
post-last morning dose), 10 samples from 19 days post-first morning dose (8 days post-last 
morning dose) and 8 samples from 20 days post-first morning dose (9 days last-morning 
dose) were analysed by HPLC for metabolic profiling. Ten randomly selected whole egg 
samples from 11 days post-first morning dose (0 days post-last morning dose), 19 days 
(8 days post-last morning dose), 21 days post-first morning dose (10 days post-last morning 
dose) and the 8 samples collected from 20 days post-first morning dose (9 days post-last 
morning dose) were analysed for the marker residue, lasalocid A, using a LC-MS/MS 
method. One whole egg sample from bird 17 collected at 20 days post-first morning dose 
(9 days post-last morning dose) was subjected to LC-MS/MS analysis to identify the 
metabolites present at >10% of the extracted radioactivity. Test portions from six randomly 
selected whole egg samples from 13 days post-first morning dose (2 days post-last morning 
dose) were initially analysed by HPLC within a week of collection. Additional material from 
these samples was stored at -20°C and re-analysed after acceptance of the final data 
(105 days following initial analysis) to document the incurred storage stability of lasalocid 
sodium in whole egg samples. All whole egg samples were analysed for marker residue 
analysis within one month of collection. 

Total radioactivity in albumin: Throughout the dosing period, mean concentrations of TRR 
ranged from 0.036 µg equiv/g (range: 0.002–0.167 µg equiv/g) at 1 day post-first morning 
dose administration to 0.283 µg equiv/g (range: 0.142–0.407 µg equiv/g) at 11 days post-first 
morning dose administration. Throughout the 12-day dosing period, the highest mean 
concentration of TRR in albumin was 0.291 µg equiv/g (range: 0.087–0.644 µg equiv/g) at 
9 days post-first morning dose administration. At 17 days post-first morning dose 
administration (6 days post-last morning dose administration), the mean concentration of 
TRR was 0.002 µg equiv/g (range: 0.001–0.005 µg equiv/g). By 20 days post-first morning 
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dose administration (9 days post-last dose administration), the mean concentration of TRR 
was 0.001 µg equiv/g (range: 0.001–0.003 µg equiv/g) and continued to decrease slowly to 
0.001 µg equiv/g (range: 0.001–0.002 µg equiv/g) by 25 days post-first morning dose 
(14 days post-last morning dose administration). 

Total radioactivity in egg yolk: Throughout the dosing period, the lowest mean 
concentration of TRR (0.024 µg equiv/g; range: <0.001–3.7 µg equiv/g) was observed at 
1 day post-first morning dose administration. The highest mean concentration of TRR 
(32.6 µg equiv/g; range: 24.5–40.8 µg equiv/g) throughout the dosing period was observed 
at 11 days post-first morning dose administration. At 12 days post-last morning dose 
administration, the mean TRR concentration in egg yolk was 33.5 µg equiv/g (range: 21.2–
38.9 µg equiv/g). The mean concentration was on a plateau starting 7 days post-first dose 
administration and continuing on the plateau until 14 days post-first dose administration 
(3 days post-last morning dose administration). Mean concentrations then steadily decreased 
throughout the subsequent drug withdrawal time period. By 9 days post-last morning dose 
administration (20 days post-first morning dose administration), the mean concentration of 
TRR had decreased to 1.2 µg equiv/g (range: 0.57–2.43 µg equiv/g). By 25 days post-first 
morning dose administration (14 days post-last morning dose administration), the mean TRR 
concentration had decreased to 0.14 µg equiv/g (range: 0.06–0.44 µg equiv/g). 

Total radioactivity in whole eggs: Throughout the dosing period, the lowest mean 
concentrations of TRR (0.037 µg equiv/g; range: 0.001–0.23 µg equiv/g) was observed at 
1 day post-first morning dose administration. The highest mean concentration of TRR 
(12.5 µg equiv/g; range: 9.9–15 µg equiv/g) throughout the dosing period was observed at 
11 days post-first dose administration. At 12 days post-first morning dose administration 
(1 day post-last morning dose administration), the mean TRR concentration in whole egg 
was 11.2 µg equiv/g (range: 9.0–14.3 µg equiv/g). The mean concentrations reached a 
steady-state starting 7 days post-first morning dose administration. The plateau 
concentrations continued until 14 days post-first morning dose administration (3 days post-
last morning dose administration) when mean concentrations steadily decreased throughout 
subsequent withdrawal times. By 20 days post-first morning dose administration (9 days 
post-last morning dose administration), mean concentrations of TRR had declined to 0.38 µg 
equiv/g (range: 0.14–0.83 µg equiv/g). By 32 days post-first morning dose administration 
(21 days post-last morning dose administration), mean concentrations of TRR had decreased 
to 0.008 µg equiv/g (range: 0.004–0.022 µg equiv/g). Egg yolk accounted for the majority of 
the radioactive residues, which is not surprising given the lipophilicity of lasalocid (and 
common to other ionophores). 

Marker residue in eggs: Results of the analysis of the egg samples showed a decline in the 
amount of lasalocid detected as the time from last dose increased. The average concentration 
of lasalocid detected at 11 days post-first dose (0 days post-last morning dose) was 
6206 µg/kg. This declined to 460 µg/kg at 19 days post-first morning dose (8 days post-last 
morning dose), 128 µg/kg at 20 days post-first morning dose (9 days post-last morning dose) 
and 61 µg/kg at 21 days post-first morning dose (10 days post-last morning dose). Lasalocid 
A was identified as the major residue in each egg matrix (albumin, yolk and whole egg) by 
LC-MS/MS analysis. While [14C]lasalocid A was found to make up the greatest portion of the 
residue, a number of hydroxylated and oxidized metabolites also were present. Lasalocid A 
was detected at each egg collection time-point and was therefore selected as the marker 
residue. 

Ratio of marker residue to TRR: The mean ratio of marker residue to TRR in whole egg was 
49.8 ±6.9% (range: 40.3–60%), 48.3 ±5.8% (range: 40.6–58.1%), 35.7 ±23.9% (range: 10.8–90.5%) 
and 26.2 ±7.4% (range: 14.7–35.9%) at 0, 8, 9 and 10 days post-last dose, respectively. 
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Residue depletion studies with unlabelled drug 

In a non-GLP compliant study, laying hens received simulated cross-contaminated feed at a 
ratio of 2.5%, 5% and 10% of the highest dose level of lasalocid (125 mg/kg feed) and 
monensin (125 mg/kg feed) authorized for broilers (Vandenberge et al., 2012). For the 
lasalocid experiment, the laying hens were randomly divided into three groups of 18 laying 
hens, housed in laying pens of 3 birds each. Experimental feed at the 3 cross-contamination 
levels was administered during the 14-day treatment period, followed by a depletion period 
of 17 days during which the birds received blank feed. Eggs were collected daily. Ten whole 
eggs were pooled, with the remainder being separated into whites and yolks. Analysis of the 
samples was conducted on a regular basis with lasalocid A being analysed using a LC-
MS/MS method. For all egg matrices, the method LOQ for lasalocid A was 2 µg/kg. 
Concentrations of lasalocid residues in egg for the 2.5% and 5% (1.12 and 6.25 mg 
lasalocid/kg feed, respectively) groups reached a plateau concentration at Day 7 and at 
Day 9 for the 10% group 12.5 mg lasalocid/kg feed, although the 5% and 10% groups did not 
reach a distinct plateau. Residue concentrations at the plateau were ca. 300, 600 and 
1200 µg/kg for the 2.5%, 5% and 10% groups, respectively. The residue concentrations in 
whole egg were below LOQ (2 µg/kg) by depletion Day 13 for the 2.5% group and at 
depletion Day 17 for the 5% and 10% groups. Residue concentrations in the egg matrices 
(whole egg, egg white and egg yolk) demonstrated that the highest lasalocid A residues were 
found in egg yolk, followed by whole egg. Very low concentrations of lasalocid A were 
found in egg white. This pattern is similar to the results found previously and confirmed that 
lasalocid is transferred to a high degree to eggs, as all three groups contained lasalocid 
residues exceeding 150 µg/kg during the treatment and early depletion phases. After 
depletion for 7 days, whole eggs from all three cross-contamination groups contained 
residue concentrations of 150 µg/kg. 

Determination of lasalocid in chicken eggs 

A method for the determination of lasalocid in chicken eggs was validated in compliance 
with GLP (Cairns and Davidson, 2005). Samples of control whole chicken egg were fortified 
with lasalocid as appropriate. The samples were then extracted using organic solvents, 
followed by dilution. The final extracts were analysed by LC-MS/MS. The assay LOQ for 
lasalocid in whole chicken eggs was determined to be 10 µg/kg and the assay LOD was 
determined to be 0.09 µg/kg. The method is applicable to residues of lasalocid A in eggs, 
with good linearity in the range of 10 to 750 µg/kg. All reagents used during the analysis 
were of analytical grade from commercial sources. The inter-day accuracy was 78–84% with 
precision of 3–5.6%. No interferences were found at the retention time for lasalocid. Matrix 
effects were examined on several occasions and did not exceed ±15%. 

Specificity: In a GLP-compliant study, to demonstrate the specificity of the above method 
for the analysis of lasalocid A in chicken eggs and to evaluate the stability of lasalocid A in 
chicken eggs when stored at ca. -20°C for ca. 1 month, samples of control chicken egg were 
fortified with lasalocid over a concentration range of ca. 0.05 to 2.0 ng/ml (Ferguson, 2007). 
The samples were then extracted using organic solvents, followed by centrifugation and then 
dilution. Final extracts were analysed by the LC-MS/MS method. The specificity of the assay 
was examined by extraction and analysis of aliquots of whole egg with and without 
lasalocid. In addition, the method was assessed to determine if other commonly used 
anticoccidials would interfere. Individual aliquots of control whole egg were fortified with 
maduramicin, salinomycin, robenidine, semduramicin, monensin, narasin and nicarbazin, 
and analysed using the method. The effects of storing samples frozen at ca. -20°C were 
investigated by preparing quality control samples with lasalocid at ca. 300 µg/kg. The 
storage stability was determined after ca. 1 month of frozen storage. Samples were thawed 
and assayed together with freshly prepared fortified samples.  
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No interference from commonly used anticoccidials was observed at the retention time of 
lasalocid. Lasalocid was stable in chicken whole eggs for a period of ca. one month when 
stored at ca. -20°C. Post-storage analysis of samples fortified with ca. 300 µg/kg was -12% of 
the mean fresh recovery samples analysed on the same day. 

Stability: Lasalocid was stable in whole eggs when subjected to three freeze/thaw cycles. 
Post-freeze/thaw assay of samples fortified at 300 and 600 µg/kg were 19.6% and 7.6% less 
than the baseline concentration for lasalocid, respectively. Lasalocid was not stable in whole 
eggs at 300 and 600 µg/kg when stored at 4°C for 17 h prior to assay. Post-72 h autosampler 
stability analysis of samples fortified at 300 and 600 µg/kg were 27.9% and 36.3% greater 
than the baseline concentration for lasalocid, respectively. Lasalocid sodium was found to be 
stable in solvent solutions for at least 24 day. 

Appraisal 
Following oral administration to poultry species, lasalocid sodium is rapidly absorbed and 
detected in the peripheral circulation. Peak concentrations in blood are observed within two 
hours, with a half-life of three hours. Distribution is widespread and rapid with lasalocid 
detected in all edible tissues. Metabolism in each tissue is significant, with 5–7 unidentified 
polar metabolites produced. Excretion of the parent moiety and metabolites is rapid and 
primarily via the faeces, with ca. 94% of an administered radioactive dose reported as 
recovered in combined excreta 24 h after the final dose.  

Residue depletion studies conducted in poultry identify lasalocid A as marker residue in 
all edible tissues. Ratios of marker to total residues in each edible tissue have been 
determined in chickens at 0-day withdrawal as 0.22 in liver, 0.41 in kidney, 0.55 in muscle 
and 0.52 in skin-with-fat. Skin-with-fat and liver are identified as principal target tissues with 
comparatively minimal amounts of incurred residues being observed in muscle and kidney 
following repeated oral administration. Residue depletion studies in turkeys confirm 
lasalocid A as the marker residue in each of the proposed target tissues. On this basis, the 
same MRLs may be proposed for all poultry species. 

LC-MS/MS methods have been developed and validated by several laboratories for the 
marker residue studies in chickens and turkeys. These state-of-the-art methods have a LOQ 
in the range of 1 to 5 µg/kg in all tissues and are considered acceptable for routine residue 
surveillance programs. A validated high performance liquid chromatographic analytical 
method using fluorescence detection, with a LOQ of 20 µg/kg in all edible tissues, is also 
available for use during routine residue surveillance programmes in poultry. 

An estimated dietary intake (EDI) of 80 µg/person per day was calculated, based on 
median residues from a 1-day withdrawal, and is equivalent to 26.7% of the upper bound of 
the ADI (see Table 7.10). 
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Table 7.10. The estimated dietary intake of lasalocid sodium residues in chicken tissues 

Median residue concentration (µg/kg) Estimated daily intake (µg) 

Tissue 
Withdrawal Day 0  Withdrawal Day 1  

MR:TR 

ratio 

Food 

basket 

(kg) 
Withdrawal 

Day 0  

Withdrawal 

Day 1  

Liver 1705.0 123.9 0.22 0.100 775.0 56.3 

Kidney 867.3 50.0 0.41 0.050 105.8 6.1 

Muscle 401.2 25.0 0.55 0.300 218.8 13.6 

Skin-with-fat 1017.1 41.7 0.52 0.050 97.8 4.0 

Total intake = 1197.4 80.0 

% of ADI = 399.1% 26.7% 

NOTES: MR:TR ratio is the ratio of marker residue to total residues. 

 

The estimated dietary intake of lasalocid residues from chicken tissue is illustrated in 
Figure 7.1. 

 

Figure 7.1. The estimated dietary intakes of lasalocid sodium residues from chicken tissues 
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The tolerance limits for lasalocid residues in edible tissues of chicken are demonstrated in 
Figure 7.2. 

  

  
Figure 7.2. Tolerance limit considerations for lasalocid sodium residues in chicken tissues 
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Maximum Residues Limits 
In recommending MRLs for lasalocid in poultry food commodities, the Committee 
considered following factors: 

• An ADI of 0–5 µg/kg of bodyweight was established by the Committee. The upper 
bound of the ADI is equivalent to 300 µg lasalocid sodium for a 60 kg person. 

• Where information on approved veterinary uses was provided, withdrawal times were 
in the range 0 to 7 days. 

• Lasalocid sodium is extensively metabolized in poultry, although the metabolites were 
not identified. 

• Lasalocid A is a suitable marker residue in all edible tissues of poultry. 

• Lasalocid A represents, conservatively, 22% of lasalocid sodium in liver, 41% in 
kidney, 55% in muscle, and 52% in skin-with-fat in chicken. 

• The extension of MRLs to turkey and quail and the extrapolation of MRLs to pheasant 
are appropriate as depletion data were available, the marker residue was demonstrated 
and information was available on authorized uses. 

• Validated LC-MS/MS and HPLC methods were provided and considered suitable for 
routine monitoring of lasalocid A as marker residue in poultry tissues. 

The Committee recommended MRLs for lasalocid sodium determined as lasalocid A in 
chicken, turkey, quail and pheasant tissues. 

The MRLs recommended for chicken, turkey, quail and pheasant tissues are based on the 
upper limit of the one-sided 95% confidence interval over the 95th percentile (UTL 95/95) for 
the 1 day post-treatment data from the unlabelled residue depletion study in chicken. 

The recommended MRLs for chicken, turkey, quail and pheasant are 1200 µg/kg in liver, 
600 µg/kg in kidney, 400 µg/kg in muscle and 600 µg/kg in skin-with-fat. An EDI of 
80 µg/person per day was calculated, based on median residues for a 1-day withdrawal in 
chicken, and are equivalent to 27% of the upper bound of the ADI. 

No information was available for the use of lasalocid in ducks, including approved uses. 
According to the sponsor, the compound is not registered for use in laying hens. It is 
therefore not appropriate to recommend MRLs for eggs. 
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