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The depletion profiles of olaquindox and its six major metabolites, including O1

(N1-deoxyolaquindox), O2 (deoxyolaquindox), O3 (2-carboxamide-3-methylquinoxaline-

N4-oxide), O4 (2-carboxymethylaminocarbonyl-3-methylquinoxaline-N4-oxide), O5 (2-

carboxymethylaminocarbonyl-3-methylquinoxaline), and O6 [3-methyl-quinoxaline-2-

carboxylic acid (MQCA)] were studied with a sensitive and accurate HPLC-UV method

in pigs and broilers after oral administration of olaquindox at the rate of 50mg kg−1

feed for 14 consecutive days. Five medicated pigs and six medicated broilers and one

control animal for each time point were anesthetized and killed at different time points

(6 h and 1, 3, 7, and 14 days for pigs and 6 h and 1, 3, 5, and 7 days for broilers)

after ingestion of the medicated feed ceased and samples of muscle, liver, kidney, and

fat were collected. The samples were assayed using a liquid chromatographic method.

Mean concentrations of O2 (deoxyolaquindox) metabolite residues in all tissues of pigs

were higher than other metabolite residues at each time point. MQCA was detected at

lower concentrations and eliminated more rapidly than deoxyolaquindox (calculated t1/2

1.78–2.28 days vs. t1/2 2.04–2.46 days). The elimination half-lives of deoxyolaquindox

residue in broilers’ liver and kidney tissues (t1/2 >4 days) were much longer than those

in pigs. Thus, the use of olaquindox in poultry is clearly inappropriate, as significant drug

residues will occur without a withdrawal time. The results that deoxyolaquindox occurs at

higher concentrations in kidney tissue and is more persistent than other residues in edible

tissues of pigs which indicate that deoxyolaquindox is the most relevant marker residue

and should be monitored in the routine surveillance of olaquindox-related residues in

foods of animal origin.

Keywords: olaquindox, metabolites, residue depletion, deoxyolaquindox, MQCA

INTRODUCTION

Olaquindox (OLQ) has been used as antimicrobial growth promotants (AGPs) for decades
to improve feed efficiency and control pig dysentery and bacterial enteritis in young pig.
Metabolism studies in rats, chickens, and pigs illustrated that OLQ rapidly converted into
monooxy and deoxy metabolites in vivo, which could be further biotransformed via hydrolysis
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to 3-methyl-quinoxaline-2-carboxylic acid (MQCA) (1, 2).
MQCA was designated as the marker residue for OLQ based
on the studies submitted by the sponsor and consideration
of the metabolism of the drug (3). Since 1998, OLQ and
another quinoxaline antibacterial dug [carbadox (CBX)] have
been withdrawn from the market in European Union due
to health concerns over possible carcinogenic and mutagenic
effects of the drugs and their desoxy metabolites (4). In 2018,
due to potential risks to the quality of animal products and
public health safety, OLQ was banned for food animals in
China. According to the need of regulation, European Reference
Laboratory (Fougeres-France) proposed for DCBX, QCA, and
MQCA in meat a recommended concentration of 10 µg
kg−1 as a minimum requirement for analytical methods in
2007 (5).

Up to now, a number of methods reported for monitoring
the residues of OLQ have focused on MQCA, including high-
performance liquid chromatography with ultraviolet detection
(HPLC-UV) (6, 7), GC-ECD (or GC-MS) (8, 9), and LC-
MS/MS (10–13). However, these methods always concentrated
on the parent drug and MQCA in the absence of residue
depletion studies, and none of them described the simultaneous
determination of OLQ and its major metabolites in a single run.

In our laboratory, work on the disposition of 3H-olaquindox
in pigs, broilers, rats, and carp has been recently carried out
by using LC/MS-IT-TOF-v.ARC (14). The metabolic pathway
of OLQ in pigs and broilers is summarized in Figure 1. The
results revealed that the concentration of deoxyolaquindox was
higher than those of other metabolites in liver and kidney
tissues of pigs and broilers after being fed with a diet containing
3H-olaquindox 50mg kg−1 for 14 consecutive days, while,
MQCA, the previously designated marker residue, could be
detected up to 3 days in the liver and kidney tissues of pig.
Therefore, it is reasonable to doubt that whether MQCA is a
suitable marker for monitoring carcinogenic metabolites of OLQ.
According to the VICHGL 46 guideline, all themajormetabolites
including that comprising ≥100 µg kg−1 or ≥10% of the total
residue in a tissue sample should be examined to select the
marker residue for monitoring the total residue in the target
animal (15).

On the basis of the above observations and guidelines and
as a continuation of our research program on the residue
depletion of OLQ (14), more residue depletion research should
be performed to address the issues related to the target
tissue and marker residue of OLQ. In the present study,
a sensitive and accurate HPLC-UV method was established
for simultaneous determination of OLQ and its six main
metabolites (named O1, O2, O3, O4, O5, and O6) in the
liver, kidney, muscle, and fat tissues of pigs and broilers.
Moreover, residue depletion studies of OLQ in pigs and broilers
were investigated to characterize the kinetics of OLQ and its
main metabolites in edible tissues, which could provide basic
data for the food safety evaluation related to OLQ. To our
knowledge, this is the first time that a full residue depletion
study is performed for the major metabolites of OLQ in pigs
and broilers.

MATERIALS AND METHODS

Chemicals and Reagents
The analytical standards of OLQ, O1, O2, O3, O4, O5, and
O6 (>97% purity) were provided by the Institute of Veterinary
Pharmaceuticals (Huazhong Agricultural University, Wuhan,
People’s Republic of China). Individual stock standard solutions
(1,000 µg ml−1) of all analytes were prepared by dissolving each
standard in methanol (MeOH). The mixed standard solution
(20 µg ml−1) was prepared by combining 2.0ml of each stock
standard and diluting with MeOH to obtain a final volume of
100ml. The stock solutions were stored in amber vials at −20◦C
and stabilized for 2 months. The mixed standard solution was
stored in an amber vial at 4◦C and stabilized for 1 month.
Distilled water was further purified by passing through a Milli-
Q Plus apparatus (Millipore, Bedford, MA, USA). HPLC-grade
MeOH and acetonitrile (MeCN) were purchased from Tedia
(Fairfield, OH, USA). Other chemicals, including formic acid and
metaphosphoric acid, were of analytical reagent grade.

Animals and Sampling
The use of animals and all experimental protocols in this study
were in accordance with the guidelines of the Committee on the
Care and Use of Laboratory Animals of China. Thirty healthy
castrated crossbred (Large White × Landrace) pigs (60-day
old, 18–20 kg) were purchased from the Breeding Pig Testing
Center (Wuhan, China) and housed in six 8m × 10m pig pens.
Thirty-five 14-day-old Cobb 500 broilers were purchased from
Charoen Pokph and Group (Wuhan, China) and kept in stainless
steel cages. The animal houses were maintained at 25 ± 2◦C
room temperature with 45–65% relative humidity. The animals
were allowed to acclimate for 7 days before our experiments
were conducted. A standard ration based on corn and soybean
was fed twice a day. The components in the standard ration
for pigs included corn (63%), soybean (27%), bran (6%), and
premix (4%), and for broilers, the components included corn
(61.4%), soybean (30%), soybean oil (0.6%), carp powder (3%),
and premix (5%). Tap water was available ad libitum. The animals
were randomly divided into a control group (n = 5 for both
pigs and broilers) and a test group (n = 25 and 30 for pigs and
broilers, respectively). The control groups were fed with standard
ration without OLQ. The treatment groups were provided with
medicated feed contained a standard ration premixed with OLQ
at a level of 50mg kg−1 diet for 14 consecutive days. At different
time points (6 h and 1, 3, 7, and 14 days for pigs and 6 h and 1, 3,
5, and 7 days for broilers), one control animal and five medicated
pigs and six medicated broilers were anesthetized with propofol
and killed after the last dosing. Samples of liver, kidney, muscle,
and fat (skin) were collected. All the collected samples were cut
with scissors into small pieces, homogenized and immediately
transferred into labeled plastic bags for storage at−20◦C pending
further analysis.

Sample Preparation
Each tissue sample (5.0 ± 0.1 g) was thawed and weighed out
into a 50-ml polypropylene centrifuge tube. Ten milliliters of 5%

Frontiers in Veterinary Science | www.frontiersin.org 2 April 2021 | Volume 8 | Article 638358

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Zhang et al. Tissue Depletion of Olaquindox

FIGURE 1 | The proposed metabolism pathway of olaquindox in pigs and broilers.

(w/v) metaphosphoric acid in 20% (v/v) methanol was added to
the sample and mixed for at least 1min by a vortex mixer. After
centrifugation at 4,500× g for 10min under 5◦C, the supernatant
was removed into another tube, and the tissue in the tube was
extracted again following the above procedure. The supernatants
were combined into a 50-ml polypropylene centrifuge tube and
defatted with 3ml hexane. The sample extraction was ready for
the cleanup procedure. The HLB cartridge (60mg, 3ml) (Waters
Corp., Milford, MA, USA) was preconditioned with 3ml of
MeOH followed by 3ml of water. The extract was added to the
HLB cartridge and allowed to flow using gravity. The column
was washed with 3ml of 0.5% formic acid in 5% MeOH (v/v)
and dried by purging air for at least 10min. Then the analyte
was eluted with 6ml of 90% MeOH (v/v) at a flow rate of 1.0ml
min−1 into a 10-ml tube. The collected elute was evaporated
to dryness under a stream of nitrogen at 45◦C (N-EVAPTM

112 NITROGEN EVAPORATOR). The residue was reconstituted
in 1ml of 20% MeOH and filtered through a 0.22-µm nylon
Millipore chromatographic filter. A 40-µl aliquot was used for
HPLC analysis.

Chromatographic Conditions
The liquid chromatographic separation was performed in a
Waters 2695 HPLC system coupled with a Waters 2487
UV detector. Chromatographic separation was achieved on a
ZORBAX SB-C18 column (250mm× 4.6mm i.d., 5µm; Agilent

Technology, USA) coupled with a C18 guard column at a flow
rate of 1.0ml min−1 at 30◦C in a column oven. Gradient elution
was used for the separation. Initially, the gradient was held for
5min at 85%mobile phase A (0.6% formic acid in water) and 15%
mobile phase B (acetonitrile). The gradient conditionwas stepped
to 10% mobile phase A and 90% mobile phase B in 20min. The
latter condition was maintained for 3min. The UV detector was
set at a wavelength of 320 nm for all of the compounds, and the
injection volume was 40 µl.

Method Validation
The developed method was fully validated according to the EU
Commission Decision 2002/657/EC (16). Essential parameters in
validating an analytical procedure, such as specificity, linearity,
sensitivity, accuracy, precision, and analyte stability, were
evaluated to determine the robustness of the developed method.

Specificity
The specificity was measured by analyzing 20 blank pigs’
or broilers’ liver, kidney, muscle, and fat samples using
the abovementioned method to evaluate possible endogenous
interferences. The results were evaluated based on the presence
of interfering substances around the analyte retention time.

Calibration Curve and Linearity
The calibration curves were built by spiking blank sample
extracts with selected seven concentration levels (20–1,000 µg
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L−1 for O1–O6, 30–500 µg L−1 for OLQ). The analyses were
performed in triplicate. The standard curve regression equation
and correlation coefficient were estimated via linear regression
using the resultant drug chromatographic peak area (X) and
the corresponding drug concentration (Y). The calibration
curves constructed on five separate days were analyzed to
evaluate the linearity of each curve. Slope, intercept, and
correlation coefficient were calculated for each standard curve.
Unknown concentrations were calculated from the equation of
the calibration curve.

Limits of Detection and Limits of Quantification
The limit of detection (LOD) was defined as the lowest
concentration of that residue in the sample which can be
detected. It is calculated as the mean value of the matrix blank
readings plus three standard deviations of the blank (signal-to-
noise ratio, S/N = 3:1). The limit of quantification (LOQ) was
the lowest fortified sample for which precision and accuracy were
determined and found acceptable.

Accuracy and Precision
The precision of the method (RSD, %) based on intra-day
repeatability was assessed by replicate measurements (n =

6) from three spiked tissue samples at three different levels
(1, 2, and 4 times of the LOQ). The between-day precision
of the method was established using spiked samples at the
same concentrations. Five replicates determination of each
concentration was conducted over a period of five consecutive
days. Accuracy was verified by measuring the recoveries from the
spiked blank samples at three concentration levels (1, 2, and 4
times of the LOQ) and five replicates at each fortification level.

Stability
The stability of the analytes was assessed under various
conditions by using standard solutions, the post-preparation
samples and the spiked tissue samples (liver, kidney, muscle and
fat of pigs and broilers). The stability of standard solutions was
evaluated for 1, 2, and 4 weeks at−20◦C. The short-term stability
for the postpreparation samples was evaluated after 1, 6, and 24 h
storage at 4◦C in the dark, and long-term stability was assessed
after 1, 3, and 7 days storage at−20 ◦C in the dark. For the spiked
tissue samples, the stability of the analytes was evaluated for 2
and 4 weeks at 4◦C and for 1 and 3 months in the deep freezer at
−20◦C in the dark. Also, the freeze-thaw stability was evaluated
after four successive freeze-thaw cycles (−20 to 20◦C).

Statistics
Chemical structure was built by ChemDraw 19.0. Data analysis
was performed using GraphPad Prime 7.0. Tissue depletion
analysis was using the Microsoft Excel.

RESULT AND DISCUSSION

Sample Pretreatment
The sample extraction and cleanup procedure are very important
for residue analysis in edible tissues. Though the residue
depletion studies of radiolabeled OLQ in pigs showed that no
bound residues appeared to be present in tissues, most applied

procedures for extraction of the marker residue of OLQ, MQCA
from tissues based on acid hydrolysis, alkaline hydrolysis or
enzymatic digestion (10–13). Acidic hydrolysis and alkaline
hydrolysis procedures require a great caution because of narrow
range of pH values, thus a relatively low absolute recovery
is anticipated and hence the method precision may also be
affected. It was reported that pH had a great impact on the
recovery. MQCA and QCA recoveries were low at pH >3 when
liquid-liquid extraction (LLE) was used (9). Additionally, because
quinoxaline-N-oxides are liable to degradation either in alkaline
or acidic environment, a mild sample pretreatment procedure is
employed to avoid the transformation of analytes. In this study,
the sample preparation was according to the previously method
(7), 5% (w/v) metaphosphoric acid in 20% (v/v) methanol was
used as extraction solvent which could liberate the carboxylic
compounds (O4, O5, and O6), as well as remove the protein.
The results demonstrated that higher recoveries of all the analytes
were obtained without noticeable degradation.

Solid phase extraction (SPE) was essential for clean-up of the
tissue samples in order to effectively purify the tissue extracts
for multiple components analysis. OLQ was biotransformed into
a series of deoxylation, oxidation and hydrolysis metabolites,
which were differ in polarity and chemical properties. In
the present study, when Oasis HLB was chosen for the SPE
procedure, 5% (w/v) metaphosphoric acid was used for pH
adjustment to 2–3, and washing solvent was found to effectively
remove the interferences and provide sample clean-up without
eluting the analytes. The same as in the HPLC mobile phase,
addition of formic acid could suppress ionization of the
carboxylic compounds, which could prolong the retention time
on the C18 column and improve the peak shapes of the analytes.

Method Validation
The specificity of the method was assessed by preparation and
analysis of 20 blank pigs’ or broilers’ liver, kidney, muscle, and
fat samples. The results did not show any significant endogenous
interference near the retention time of the products for all
analytes (Figure 2). The calibration curves were linear with
coefficients (r2) >0.99 for all analytes. In this method, the LOD
of 5 µg kg−1 for O1 and O2, and 10 µg kg−1 for OLQ, O3, O4,
O5, and O6 was established in all pigs’ and broilers’ tissues. The
LOQ of O1 and O2 was 10 µg kg−1 in liver, kidney, muscle,
and fat tissues of pigs and broilers, and that of O3, O4, O5,
and O6 was 20 µg kg−1, while that of OLQ was 30 µg kg−1.
Intraday RSD and interday RSD were 2.6–8.65% and 3.5–12.56%,
respectively. The absolute recovery was calculated by comparing
the observed concentration with the spiked concentration. The
study indicated that the mean recoveries ranged from 63.5 to
91.5% for all the analytes. Regarding the storage stability of the
analytes, the standard solutions of these analytes in MeOH were
stable for at least 14 days when stored at −20◦C in the dark. The
postpreparation samples were stable for 24 h at 4◦C and for 7 days
of storage at −20◦C in the dark. For short-term stability test, the
analytes in spiked tissue samples (liver, kidney, muscle, and fat)
were stable for 2 weeks at 4◦C in the dark. For long-term stability,
the analytes were found stable for 3 months of storage at −20◦C
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FIGURE 2 | The chromatograms of blank samples from pigs: (A) liver, (B) kidney, (C) muscle, (D) fat, and corresponding blank samples spiked with olaquindox and

its main metabolites (40 µg kg−1): (E) liver, (F) kidney, (G) muscle, (H) fat.

in the dark, and they were stable after four freeze-thaw cycles
from−20◦C to room temperature.

Characteristics of OLQ Residues Depletion
in Pigs and Broilers
OLQ has been proved to be effective in control pig dysentery
and bacterial enteritis, and it is restricted to use only in young
pigs. However, extra label use of drugs often occurs in China,
thus the hazard residues related to OLQ in broilers should also be
concerned to ensure the food safety. In this study, a comparative

study on the tissue depletion of OLQ and its six main metabolites
in pigs and broilers were performed.

The mean residue concentrations of OLQ and its main
metabolites in the edible tissues (liver, kidney, muscle, and
fat) of pigs and broilers after being fed with OLQ for 14
consecutive days were presented in Table 1. The results showed
that OLQ eliminated rapidly from the tissues of pigs and broilers
postremoval of medicated feed. OLQ and its main metabolites
residues were all found in liver and kidney tissues of pigs and
broilers at 6 h postremoval of medicated feed. After that, OLQ
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TABLE 1 | Concentrations of olaquindox and its metabolites in edible tissues of pigs (n = 5) and broilers (n = 6) at different days after being fed with olaquindox for 14

consecutive days.

Tissue Time (days) Compounds (µg kg−1)

OLQ O1 O2 O3 O4 O5 O6

Pigs

Liver 0.25 112.4 ± 38.1 86.2 ± 25.3 317.1 ± 75.3 60.5 ± 10.4 137.6 ± 8.5 106.4 ± 11.0 126.5 ± 15.3

1 ND ND 182.4 ± 46.2 ND 44.2 ± 10.8 80.6 ± 11.0 81.6 ± 12.4

3 ND ND 86.5 ± 22.8 ND ND ND 43.8 ± 10.5

7 ND ND 23.6 ND ND ND ND

14 ND ND ND ND ND ND ND

Kidney 0.25 142.3 ± 30.6 121.1 ± 39.5 934.0 ± 125.9 67.4 ± 39.7 737.6 ± 99.2 253.4 ± 41.1 402.8 ± 71.3

1 ND 85.5 ± 17.3 625.8 ± 112.0 ND 280.9 ± 49.9 129.4 ± 22.8 230.0 ± 33.1

3 ND ND 293.6 ± 55.0 ND 72.5 ± 15.0 48.5 ± 12.8 101.0 ± 16.3

7 ND ND 111.0 ± 24.6 ND ND ND 45.6 ± 11.5

14 ND ND ND ND ND ND ND

Muscle 0.25 68.4 ± 15.5 39.6 ± 10.4 96.1 ± 21.2 31.5 ± 8.4 21.3 ± 0.8 36.2 ± 6.4 67.6 ± 11.3

1 ND ND 62.8 ± 10.5 ND ND ND 42.2 ± 8.8

3 ND ND 29.2 ± 7.5 ND ND ND ND

7 ND ND ND ND ND ND ND

Fat 0.25 57.5 ± 18.1 36.6 ± 6.8 63.7 ± 16.2 ND ND 32.3 ± 5.4 52.6 ± 10.3

1 ND ND 42.9 ± 11.2 ND ND ND ND

3 ND ND ND ND ND ND ND

Broilers

Liver 0.25 298.9 ± 53.6 178.1 ± 32.3 133.3 ± 28.8 56.5 ± 13.8 51.1 ± 12.6 62.7 ± 12.9 80.6 ± 19.8

1 136.2 ± 35.0 52.9 ± 10.9 81.1 ± 20.1 ND 29.2 ± 7.8 44.1 ± 7.9 67.3 ± 12.2

3 ND ND 58.6 ± 11.9 ND ND ND 27.3 ± 7.5

5 ND ND 43.6 ± 9.7 ND ND ND ND

7 ND ND ND ND ND ND ND

Kidney 0.25 253.4 ± 43.6 170.1 ± 41.6 105.0 ± 21.9 73.5 ± 21.3 48.7 ± 14.2 61.6 ± 21.9 106.6 ± 31.3

1 101.6 ± 16.9 49.7 ± 8.2 71.9 ± 15.6 ND 27.9 ± 6.2 40.6 ± 12.5 72.5 ± 23.5

3 ND ND 57.7 ± 18.7 ND ND 24.2 ± 8.5 38.5 ± 11.0

5 ND ND 40.5 ± 12.8 ND ND ND ND

7 ND ND ND ND ND ND ND

Muscle 0.25 75.7 ± 26.3 48.6 ± 20.0 68.1 ± 30.9 ND ND ND 28.4 ± 12.3

1 ND 23.3 ± 8.6 28.4 ± 6.5 ND ND ND ND

3 ND ND ND ND ND ND ND

Fat 0.25 51.8 ± 9.2 38.2 ± 11.3 37.6 ± 12.2 ND ND ND 23.1 ± 10.3

1 ND ND ND ND ND ND ND

3 ND ND ND ND ND ND ND

ND, less than the LOQ or not detected.

and its mono deoxy metabolite (O1) eliminated quickly and
could not be detected after 1 day postmedication. A maximum
concentration of 934.0 µg kg−1 for the deoxy metabolite (O2)
was found in the kidney of pigs at 6 h, which declined to 111.0
µg kg−1 at the withdrawal time of 7 days. In pig liver tissues,
the concentration of O2 decreased from 317.1 µg kg−1 at 6 h
to 86.5 µg kg−1 at 3 days postremoval of medicated feed and
was below the quantification limit after 7 days. The designated
marker residue (O6) also could be detected at the withdrawal
time of 7 days in pig kidneys with a concentration of 45.6 µg
kg−1, while in pig liver tissues, it lasted only for 3 days with a
concentration of 35.8 µg kg−1. OLQ and the residues of its main

metabolites were relatively less in pig muscle and fat tissues with
concentrations ranging from 21.3 to 96.1 µg kg−1. At 3 days
postmedication, O2 was the only residue that could be detected
in the muscle and fat tissues of pigs. Two oxidation metabolites
(O4 and O5) were found at relatively high concentrations in
pig kidney tissues at 6 h postmedication (737.6 and 253.4 µg
kg−1, respectively), but they eliminated rapidly and could not be
detected at 7 days postmedication.

In broilers, all analytes could be detected in liver and
kidney. However, there were obvious differences between broilers
and pigs. The parent drug was the primary residue presented
in liver and kidney samples at 6 h postmedication, in which
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FIGURE 3 | The depletion plots of mean concentrations of O2 and O6 in the edible tissues of pigs and broilers slaughtered at different days following continuous

feeding of olaquindox for 14 days (mean ± SD): (A) O2, (B) O6 in pig tissues; (C) O2, (D) O6 in broiler tissues.

TABLE 2 | The elimination half-lives of O2 and O6 in the tissues of pigs and

broilers after being fed with olaquindox for 14 consecutive days.

Tissue Elimination half-life (days)

Pigs Broilers

O2 O6 O2 O6

Liver 2.04 1.78 4.47 1.71

Kidney 2.46 2.28 4.84 1.93

Muscle 1.63 – – –

the concentration was 298.9 and 253.4 µg kg−1, respectively.
The residue with the next highest concentration was O1
in liver and kidney tissues, which was about 170 µg kg−1

at the same time point. However, both of them eliminated
quickly from the tissues and could not be detected at the
withdrawal time of 3 days. As in pigs, the deoxy metabolite
(O2) residues in broiler tissues were still more persistent than
other metabolites. After 5 days, O2 residue remained 43.6
and 40.5 µg kg−1 in liver and kidney, respectively, while
the others were not found in any other tissue. O6 residues
in broiler tissues were less than those in pigs. A maximum
concentration of 106.6 µg kg−1 was found in broiler kidneys,
and it decreased below the limit of quantification after 3
days postmedication.

The depletion plots of mean concentrations of O2 and O6
in the liver, kidney, muscle, and fat tissues of pigs and broilers
are illustrated in Figure 3. The elimination half-lives (t1/2k) of

OLQ and its main metabolites were determined in individual
tissues assuming a single compartment model and first-order
kinetics. The last three time-point data were fit to the first-order
rate equation Ct = C0 e−kt, where Ct were the concentrations
of OLQ and its main metabolites on day t, C0 was the initial
concentration, elimination rate constant (k) was the slope of
the linear regression equation for the log-transformed residue
concentration (ln C) against time, and the half-life of elimination
(t1/2k) was calculated from the equation t1/2k = ln 2/k for each
tissue. The calculated t1/2k of O2 and O6 in the kidney tissue
of pigs were 2.46 and 2.28 days, respectively, which was longer
than that in liver tissues. The results we obtained were similar
to the previous study (14); they found that the radioactivities
could be detected in the liver and kidney until 14 days, but
a higher amount of radioactivities could be detected in the
kidney. Therefore, they indicated kidney as the target tissue of
OLA residues in pigs. An elimination half-life of 1.63 days for
O2 in muscle of pigs was also obtained. The calculated t1/2k
of O6 in the liver and kidney of broilers (1.71 and 1.93 days,
respectively) was similar to that of pigs. However, the elimination
half-lives of O2 in the liver and kidney of broilers were 4.47
and 4.84 days, respectively, which were much longer than those
of pigs (Table 2). The work by Tan et al. also demonstrates
that O2 persisted the longest time in the kidney with a half-
life of 3.59 days in broilers, and thus O2 was recommended
as the marker residue of OLQ (14). The elimination rates of
olaquindox-related residues in pig tissues were found to be in
the following order: kidney < liver < fat and muscle. Similar
trends were found in broilers, but the difference in elimination
rate between liver and kidney was not apparent. The multiple
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residue depletion data indicated that kidney and liver could be
more appropriate target tissues and O2 was the most relevant
marker residue for OLQ related residue monitoring. Similar
situations have been found in another quinoxaline antibacterial
drug, carbadox (CBX). Quinoxaline-2-carboxylic acid (QCA)
was designated as the marker residue for CBX (1). However, later
studies showed that desoxycarbadox, the suspect carcinogen,
persisted in animal tissues when the concentration of QCA had
reached the MRL. Accordingly, JECFA concluded that QCA
was not a suitable marker residue for CBX in 2003 (17). A
later study demonstrated that QCA was not a suitable marker
residue for CBX, and the deoxy metabolites, desoxycarbadox,
should be monitored for the regulation of CBX in food animal
production (12).

The results of this residue depletion study demonstrated that
the elimination half-lives of O6 in broiler liver and kidney
tissues were similar to those of pigs, but the O6 concentrations
were lower than those in pig tissues. O2 concentrations in
broiler tissues were also much lower than those in pig tissues,
while much longer elimination half-lives of O2 (>4 days) were
found in kidney and liver tissues. For this reason, the use of
OLQ in broilers is apparently inappropriate, as significant drug
residue will occur. Moreover, it has been reported that the main
toxicities of OLQ were hepatotoxicity and nephrotoxicity (18,
19). In China, many clinical cases report that poultry are more
susceptible than pigs to poisoning after OLQ administration.
In this study, it was found that the residue level of the parent
drug and its mono deoxy metabolite (O1) in the liver and
kidney of broilers was significantly higher than that in pigs,
while deoxyolaquindox concentrations were much lower in
broilers’ tissues than those in pig tissues. The results indicated
that the enzymatic metabolism in pigs had greater reducing
capacity and could reduce the nitrogen-oxygen group of OLQ
more rapidly and effectively than in broilers. Meanwhile, the
concentrations of two oxygenated metabolites (O4 and O5)
in pig tissues were also found higher than those in broiler
tissues. Since the compound with carboxyl group may be highly
polar and thus easily excreted from tissue, we deduce that the
oxidase in pigs, which can biotransform the hydroxyl group
into carboxyl group, is more effective than that in broilers. The
metabolic pathways of OLQ, either by deoxylation into deoxy
metabolites or by oxidation into carboxyl metabolites, could
be seemed as a detoxification process. From this perspective,
it should be stressed that the use of OLQ as AGP in broilers
is inappropriate.

CONCLUSION

The results of this study demonstrated that OLQ was
biotransformed into six major metabolites through in vivo
reduction, hydrolysis, and oxidation processes in pigs and
broilers after being fed with OLQ for 14 consecutive days. The
depletion studies showed that the deoxyolaquindox occurred
at higher concentrations and was more persistent than other
residues in edible tissues. MQCA, the previously designated
marker residue, was detected at lower levels and eliminated
faster than deoxyolaquindox in all detected tissues. Thus,
deoxyolaquindox is the most relevant marker residue. Moreover,
because the elimination half-lives of deoxyolaquindox residue in
broilers liver and kidney tissues are much longer than those in
pigs. Thus, the use of OLQ should also be forbidden in broilers,
due to the presence of significant drug residues. All these findings
can help to establish more reasonable and effective standards for
residual markers of OLQ, which is crucial to maintain a powerful
effect on drug regulation.
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