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A residue depletion study was performed with high-performance liquid chromatography (HPLC) to
determine a withdrawal period of imidocarb (IMD) in swine tissues. The drug was administered
intramuscularly (im) at the dose of 2.0 mg kg-1 of body weight (bw) once a day for 3 days. Samples
of muscle, fat, liver, kidney, and injection site muscle from 5 pigs were collected on 7, 14, 28, and 56
days after the last administration. Quantitative analysis of IMD was conducted by HPLC-UV at 260
nm after liquid-liquid extraction. The limit of detection (LOD) of the method was 0.1 µg g-1 for liver
and kidney and 0.05 µg g-1 for muscle and fat, respectively. Mean recoveries of IMD in all fortified
samples at a concentration range of 0.1-25 µg g-1 were 69.5-89.3%, with a coefficient of variation
(CV) below 13.3%. In swine, the highest drug levels occurred in liver and kidney during the whole
study period, suggesting that these tissues are targets for residues. IMD concentrations in all examined
tissues were below the accepted maximum residue limits (MRLs) recommended by the Committee
for Veterinary Medical Products (CVMP) of the European Medical Evaluation Agency (EMEA) at 54
days post-treatment.
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INTRODUCTION

Imidocarb (IMD) is a chemotherapeutic and chemoprophy-
lactic agent belonging to the family of carbanilide derivatives
[3,3′-bis(2-imidazolin-2-yl)-carbanilide] with antiprotozoal ac-
tivity. The structure is shown in Figure 1. IMD is usually
administered as dipropionate salt (IMDP) and has been suc-
cessfully used as a therapeutic or prophylactic agent against
babesiosis in cattle (1-3), lambs (4), sheep (5), horses (6), and
dogs (7, 8) and also commonly used against anaplasmosis in
bovine (9, 10), against ehrlichiosis in dogs (11, 12), against
leishmaniasis in mice (13), against theileriosis in cattle (14, 15),
and against eperythrozoonosis in sheep (16).

Eperythrozoonosis is an important intercurrent disease and
an emerging swine disease that has spread throughout all
provinces in China in recent years, which has been proven to
relate to the reproductive failure in sows, icteroanemia in pigs

of various ages, and poor performance in chronically affected
swine. Recently, it was reported that IMDP had showed a
favorable kinetic profile in swine, such as rapid absorption, wide
distribution, long half-life of elimination, and acceptable bio-
availability (17) and had a chemotherapeutic efficacy against
eperythrozoonosis in swine at the dosage of 2.0 mg kg-1 body
weight (bw) intramuscularly (im) or intravenously (iv) (18).
However, little is known about its residue depletion in swine
following im administration. Therefore, the objective of this
study was to obtain the residue data of IMDP in swine tissues
and establish a reasonable drug withdrawal period that is safe
for human consumption.

MATERIALS AND METHODS

Reagents and Materials. IMDP injection (5 g/100 mL) oil formula-
tion was kindly provided by Qilu Animal Health Products Corp. Ltd.
(Jinan, Shandong, China). Acetonitrile (ACN) and methanol from Fisher
Scientific (Fair Lawn, NJ) were high-performance liquid chromatog-
raphy (HPLC)-grade. Trifluoroacetic acid was obtained from J.T. Baker
(Phillipsburg NJ), and Tris(hydroxymethyl)aminomethane was pur-
chased from Promega Corp. (Madison, WI). Subtilisin Carlsberg was
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from Sigma (Poole, Dorset, U.K.). All other chemicals used as reagents
in the assay (analytical grade) were obtained from Beijing Chemical
Reagent Corp. (Beijing, China). Water was obtained from a Simpak 2
system (Millipore Corporation, Bedford, MA) during the whole study.
Before HPLC analysis, all solutions were filtered through a 0.45 µm
hydrophilic polypropylene membrane filter (Pall Corp., East Hills, NY).

Tris buffer (1 M) was prepared by adding 121.14 g of Tris into 800
mL of water, and then the volume was made up to 1000 mL when
dissolved. It was passed through a 0.20 µm membrane and degasified
before use. Buffer was stored at 4 °C and used within a week after
preparation.

Standard. The IMD reference standard (98% purity) was supplied
by the China Institute of Veterinary Drug Control (Beijing, China). A
stock solution of 1000 µg mL-1 was prepared by dissolving 10 mg of
IMD standard in 10 mL of water. The solution was stored at 4 °C and
was stable for at least 1 month. Working standard solutions of IMD
were prepared by diluting the standard solution with the mobile
phase.

Sample Analysis. A previously described extraction method was
used to measure IMD in the different matrices analyzed (19), with some
minor modifications. Briefly, the sample (8 g) was homogenized in 16
mL of 1 M Tris (pH 10.5, F ) 1.03 g mL-1). Homogenized sample
(15.3 g, corresponding to 5 g of original tissue) was weighted with a
fresh tube, digested by incubation with 10 mg of subtilisin, vortex-
mixed for 1 min, and placed in a thermostatic bath for 1 h at 56 °C,
mixing every 10 min to ensure complete degradation of the tissue. After
enzymatic digestion, the sample was adjusted to pH 1 with 2 mL of 6
M HCl, vortex-mixed for 2 min, and centrifuged (8000g for 15 min).
Supernatant was decanted with a fresh tube, added to 5 g of NaCl,
basified with 4 mL of 10 M NaOH, extracted twice with 20 mL of
hexane/isoamyl alcohol (3:2, v/v) by shake mixed for 10 min,
ultrasonicated for 20 min at 40 °C, and centrifuged (8000g for 15 min).
The organic phases were pooled and re-extracted with 2 mL of 1 M
HCl by vortex mixing for 1 min, ultrasonicated for 20 min at 40 °C,
and centrifuged (8000g for 15 min). The acidified aqueous phase was
collected and filtered through a 0.45 µm nylon syringe filter. Extracts
(20 µL) was analyzed by HPLC (Waters 2695, Milford, MA) using a
mobile phase of 0.1% trifluoroacetic acid in water/acetonitrile at a fan
88:12 (v/v) ratio (17) at a flow rate of 1 mL min-1 on a 150 × 4.6 mm
column (5 µm, XBridge C18 RP column, Waters, Milford, MA),
equipped with an appropriate guard column. The column temperature
was maintained at 30 °C, and the UV detector (Waters 2487, Milford,
MA) was set at 260 nm (20).

Analyte Recovery Studies. To test the stability of the HPLC system
and the feasibility of the detection method for IMD in swine tissues, a
fortifying test was conducted on muscle, fat, liver, and kidney at
different fortification levels. The precision (inter- and intraday) of the
method was assessed using five replicates of control and fortified
samples at three fortification levels on 3 different days.

Method Calibration. The calibration curves were prepared with the
peak areas and the working standard solution concentration. The
standard curve for IMD was constructed with standard working solution
concentrations of 0.01, 0.05, 0.1, 0.5, 1.0, 5.0, 10.0, and 50.0 µg
mL-1.

Animals Treatment. A total of 25 clinically healthy cross-bred
(Duroc × Landrace × Yorkshire) pigs weighing 19-21 kg were

Figure 2. Chromatograms of (A) liver, (B) kidney, (C) muscle, and (D)
fat: (a) blank of the sample and (b) spiked sample. A (a) Fortification at
2.5 µg g-1, B (a) fortification at 1.0 µg g-1, C (a) fortification at 1.0 µg
g-1, and D (a) fortification at 0.5 µg g-1.

Table 1. Mean Recoveries and Precisions of IMD in Fortified Tissue
Samples (n ) 5)

sample
fortification
(µg g-1)

recovery (%)
(mean ( SD)

intraday
CVa (%)

interday
CV (%)

liver 0.2 87.62 ( 1.35 1.54 5.23
2.5 83.90 ( 1.77 2.11 4.99

25.0 80.40 ( 3.41 4.24 7.36
kidney 0.2 86.02 ( 3.35 3.90 5.69

1.0 84.91 ( 2.20 2.59 4.71
5.0 81.49 ( 3.71 4.55 8.24

muscle 0.1 85.41 ( 4.70 5.50 7.66
1.0 82.81 ( 5.92 7.22 4.83
3.0 81.43 ( 2.38 2.91 6.05

fat 0.1 80.26 ( 3.32 4.14 8.51
0.5 74.56 ( 4.18 5.61 7.77
1.0 69.49 ( 3.61 5.20 13.44

injection muscle 0.1 89.33 ( 1.81 2.03 7.66
1.5 85.65 ( 3.78 4.41 5.87
5.0 80.11 ( 3.27 4.08 6.98

a CV ) coefficient of variation.
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used for treatment. The animals had not received any treatment in
the last month prior to the study. They were bred in experimental
cages, had access to tap water from drinking nipples, and were fed
ad libitum on a conventional feed without antibiotics during the
whole study. All pigs were ear-tagged, and the site of injection at
the back of the ear was sheaved and marked with indelible ink.
They were acclimated to experimental conditions for at least 1 week
prior to initiation of the study. Five animals were kept as the control.
A total of 20 animals were weighed on the same day and injected
3 times on the right marked injection site of the neck at a dose of
2.0 mg kg-1 bw within 24 h intervals. Groups of five pigs were
slaughtered by captive-bolt stunning and exsanguinations at 7, 14,
28, and 56 days after the last dose. The tissues were collected from
each pig: a 300-400 g (approximate) core at a radius of 7.5 cm
from injection sites 2 and 3 for residue analysis; the entire liver;
both kidneys; 250-500 g of muscle from the left semimembranosus/
semitendinosus muscles, and 100-300 g of subcutaneous fat. Tissues
were transferred to a -20 °C freezer immediately after collection.
Then, they were thawed for processing to produce a homogeneous
ground sample and stored at -80 °C until analysis.

RESULTS AND DISCUSSION

Method Validation. Under the adopted analytical conditions,
IMD eluted with a retention time of about 10 min and the other
peaks on the matrix were completely separated from IMD. The
calibration curve of the detector response was linear over the
selected concentration range (0.01-50 µg mL-1). The correla-
tion coefficients (R) of standard curves were 0.9999. The limit
of detection (LOD) and the limit of quantification (LOQ) of
the HPLC method were defined on the basis of signal-to-noise
(S/N) ratios of 3:1 and 6:1, respectively (21). In this depletion
study, the LOD and LOQ were 0.1 and 0.2 µg g-1 for liver and
kidney and 0.05 and 0.1 µg g-1 for muscle and fat, respectively.
The typical chromatograms of IMD standard, blank, and fortified
samples are shown in Figure 2. IMD was well-detected by this
HPLC method with UV detection at 260 nm, which indicated
high selectivity of the method. To evaluate the accuracy and
reproducibility of the method, fortified samples at three different
concentrations on 3 different days for each tissue were assessed

Table 2. Residue Concentrations of IMD in Swine Tissues after Three Intramuscular Injections at a Dose of 2.0 mg kg-1 bw with 24 h Intervals (n ) 5) (µg
g-1)

liver kidney muscle fat injection muscle

7 days 9.245 ( 3.634 2.253 ( 1.193 0.778 ( 0.604 0.38 ( 0.21 0.864 ( 0.413
14 days 5.378 ( 1.520 0.884 ( 0.039 0.209 ( 0.089 0.084 ( 0.032a 0.285 ( 0.134
28 days 2.719 ( 1.201 0.577 ( 0.456 NDb ND 0.121 ( 0.083
56 days 0.823 ( 0.174 ND ND ND ND

a Average value of three pigs. b ND ) not detected.

Figure 3. Plot of withdrawal time calculation for swine liver at the time when the one-sided 95% upper tolerance limit was below the MRL of 2.0 µg g-1.

Figure 4. Plot of withdrawal time calculation for swine kidney at the time when the one-sided 95% upper tolerance limit was below the MRL of 1.5 µg
g-1.
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using blank swine tissues spiked with IMD. Concentrations
added to tissues, percentages of recovery, and inter- and intraday
coefficients of variation of the analytical method are reported
in Table 1. The validation parameters obtained for the analytical
procedure selection for detecting IMD in swine tissues were in
good agreement with the validation criteria recommended by
the European Union and ensured that these procedures were
suitable for the intended purpose.

Residue Depletion Study. In this residue study, the incurred
swine tissues were collected from 20 pigs, which were divided
into five groups randomly. Mean concentrations with SD of IMD
in liver, kidney, muscle, fat, and injection muscle from swine
administered im 3 times at a dose of 2.0 mg per kg of bw in 3
consecutive days and slaughtered at 7, 14, 28, and 56 days post-
treatment were summarized in Table 2. In muscle and fat
samples, IMD was not detected at 28 and 56 days post-treatment.
Higher residue concentrations of IMD were detected in muscle
samples from injection sites than that in semimembranosus/
semitendinosus muscle samples, and the average the residue
concentrations was 0.121 ( 0.083 µg g-1 at 28 days post-
administration. At 7 days post-administration, the average IMD
concentrations of 9.245 ( 3.634 µg g-1 in liver and 2.253 (
1.193 µg g-1 in kidney were measured. At 56 days post-
treatment, the average concentrations of IMD in liver tissue
declined to 0.823 ( 0.174 µg g-1 and all of the concentrations
of IMD in all collected kidney samples were not detected. The
depletion curve (Figures 3 and 4) was prepared with the average
residue concentrations in swine liver and kidney samples and
the withdrawal time. The comparison of two curves clearly
showed that the rates of IMD residue elimination from liver
and kidney were similar from 7 to 28 days post-administration.

These results suggest that the highest levels of the drug in
swine occur in the liver and kidney, indicating that these are
target tissues for IMD residue, which is consistent with the data
reported for sheep, horses, and cows (22-25). Although the
concentrations of IMD in swine muscle were always lower than
the liver and kidney concentrations, muscle proved to have some
importance as a storage tissue for IMD.

In 1998, the European Medical Evaluation Agency (EMEA)
published the conclusions and recommendations of the Com-
mittee for Veterinary Medical Products (CVMP) with the
provisional maximum residue limits (MRLs) (expiry 1.1.2002)
for IMD in edible tissue of cattle and sheep as 0.300 µg g-1 for
muscle, 0.050 µg g-1 for fat, 2.0 µg g-1 for liver, 1.5 µg g-1

for kidney, and 0.05 µg g-1 for milk (26-28). Even if no MRLs
had been established for the edible tissues of swine, the existing
MRLs for cattle and sheep may be extrapolated to swine,
according to the guidance on the establishment of MRLs for
many animal species. As shown in Table 2 and Figures 3 and
4, the concentrations of IMD residues in kidney, muscle, fat,
and injection muscle from swine im administered 3 times at a
dose of 2.0 mg kg-1 of bw with 24 h intervals were below the
MRLs at 14 days of withdrawal time, except for the residue in
liver at 40.3 days. Because of the limited number of test animals,
high animal individual variability, and potential hazards to
human health, the withdrawal periods were established on the
basis of MRLs using the statistical method (95% tolerance limit
and 95% confidence) stated in the guidance (29), which were
53.9 days for liver and 33.4 days for kidney. Because the time
points do not make up a full day, the withdrawal periods have
to be rounded up to the next day. Therefore, the longest
withdrawal time of 54 days for liver and 34 days for kidney
can be selected as the conclusive withdrawal time to guarantee
consumer safety. This prolonged drug persistence in the animal

body may be ascribable to resistance to biotransformation
(17, 22, 31) and strong binding to nuclear components, thus
causing the formation of large deposits, especially to DNA in
tissues with higher DNA content (primarily in liver and
kidney) (17, 19, 23). Moreover, the affinity and capacity of the
binding with DNA is much higher when compared to other
macromolecules, including R1-acid glycoprotein, bovine serum
albumin (BSA), or hemoglobin (19, 22). This high drug
concentration maintained in target tissues may supply the animal
body with delivery reservoirs for the continuous release of IMD
and produce low plasma concentrations at later stages of
treatment (24, 25).

In conclusion, an HPLC-UV method was introduced for the
determination of IMD in swine liver, kidney, muscle, fat, and
injection muscle. The results indicate the tissue distribution and
residue depletion characteristics of IMD in swine tissues after
multiple im dosing, which can provide a scientific basis for
administering IMD in clinical practice and recommending a
rational withdrawal period and safety assurance for human food
consumption. The residue levels in swine tissue were already
below the MRLs established at the second sampling for muscle,
fat, and injection muscle and depleted to less than the MRLs in
kidney within 34 days after dosing, while 54 days were needed
to attain tolerable concentrations in the liver.
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