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ABSTRACT

Ractopamine is a [3;-adrenergic agonist, which reduces fat deposition and promotes muscle growth in
animals for meat production. In the European Union countries, systematic monitoring and control of
this contaminant residue is regularly performed by use of validated analytical methods of detection in
different biological materials. The aim of the present study was to assess persistence of ractopamine
in retina as a pigmented tissue by determination of its residues using UPLC-MS/MS as a quantitative
confirmatory method after pig exposure to a ractopamine dose of 0.51 mg/kg b.w. Experimental group
(n=9) of pigs were orally administered ractopamine for 28 days and then randomly sacrificed (n=3) on
days 1, 3 and 8 of treatment discontinuation, whereas control animals (n=3) were left untreated. Study
results showed mean ractopamine residue concentrations of 110.36 pwg/kg, 67.11 pg/kg and 89.93 pg/kg
on days 1, 3 and 8 after withdrawal, respectively, indicating high accumulation of ractopamine in retina
despite alow dose applied. These data pointed to high affinity of ractopamine for binding to the pigmented
segment of the eye, thus supporting the use of pigmented tissues as matrices in the regulatory monitoring
of this B;-adrenergic agonist.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Ractopamine is a phenethanolamine with [3,-adrenergic ago-
nist properties. [3,-agonists were originally designed and used
for smooth muscle relaxation, i.e. as bronchodilators in the treat-
ment of pulmonary conditions, and as tocolytics. Meanwhile,
ractopamine was shown to reduce fat deposition through a direct
action on adipose tissue, causing an increase in the rate of lipolysis
and a decrease in lipid synthesis [1] and thus promoting mus-
cle growth in swine [2]. Literature data show that ractopamine
feed concentrations of 10-20 mg/kg of feed and feeding duration of
about 30 days result in significant improvements in carcass char-
acteristics [3-6].

Ractopamine was approved by the U.S. Food and Drug Admin-
istration for use in finishing swine in 1999. Due to a number food
poisoning cases caused by clenbuterol, the European Union banned
the use of ractopamine as well as of other [3-agonists [7]. There-
fore, systematic monitoring and control of this contaminant residue
throughout the manufacture of foods of animal origin in accor-
dance with regulations and using validated analytical methods of
detection are necessary.
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While screening of livestock tissue residues can be done
inexpensively using rapid immunochemical tests, accurate quan-
tification and confirmation require the sensitivity and specificity
of mass spectrometry coupled with a chromatographic procedure
[4]. Confirmatory methods for [3-agonists have been performed
by gas chromatography-mass spectrometry (GC-MS) or tandem
mass spectrometry (GC-MS/MS) and liquid chromatography-mass
spectrometry (LC-MS) or tandem mass spectrometry (LC-MS/MS)
[8]. Ultra performance liquid chromatography tandem mass spec-
trometry (UPLC-MS/MS) is one of the most efficient methods in
determination of ractopamine [9,10], because of the high resolu-
tion and rapid separation of UPLC and the selectivity and sensitivity
of MS/MS detection [11]. Fragmentation pathway of ractopamine
is shown in Fig. 1.

Literature data show that generally (3-agonists accumulate in
high concentrations in pigmented tissues such as retina, and that
their accumulation in retinal tissue is particularly useful in iden-
tifying residues at long withdrawal times (weeks to months) after
administration of the drug [12-15]. Previous research in the field
by many investigators refers mainly to clenbuterol and there is
not enough data about the accumulation of ractopamine residues
in retina of farm animals in comparison with other matrices
such as liver, kidney, muscle and fat [10,16-18,29]. There are
only few study reports on ractopamine determination in retina
[4,19-23].
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Fig. 1. Fragmentation pathway of ractopamine.

The aim of the present study was to assess persistence of
ractopamine residues in retina as a pigmented tissue using
UPLC-MS/MS as a quantitative confirmatory method after pig
exposure to a low ractopamine dose.

2. Materials and methods
2.1. Chemicals and apparatus

Ractopamine hydrochloride (Sigma-Aldrich-Chemie, Stein-
heim, Germany) was used for animal treatment and method
validation. Ractopamine-D5-hydrochloride (RIKILT, Wageningen,
The Netherlands) was used as internal standard. Protease Type
XIV from Streptomyces griseus (Sigma-Aldrich-Chemie, Steinheim,
Germany) was used for sample analysis. All solvents were of HPLC
grade. Screen Dau solid phase extraction columns (500 mg, 6 mL)
used for clean up were from Amchro (Hattersheim, Germany).
Filtration and centrifugation of samples were performed on Ami-
con Ultra Centrifugal Filters Ultracell 10 K (Millipore, Carrigtwohill,
Ireland). The analyses were performed on UPLC/MS/MS Xevo® TQ-S
(Waters, En Yvelines Cedex, France).

2.2. Animals and sampling procedure

The study was performed on 12 male pigs (9 treated and 3
controls), Zegers hybrid type, 55 kg body weight, farm-bred and
kept under the same conditions. Experimental group animals (n=9)
were randomly divided into 3 groups and treated with ractopamine
hydrochloride in a dose of 1 mg daily (absolute) per os for 28
days (0.51 mg/kg b.w.). Capsules filled with pure ractopamine
hydrochloride standard admixed to feed were daily administered
orally to experimental animals. Three animals were left untreated
and served as a control group. After 28 days of treatment, treated
animals were placed on control diet (without ractopamine) and
on days 1, 3 and 8 of treatment withdrawal they were sacrificed
in groups of 3. Control animals were sacrificed on day 8 after
experimental animal treatment withdrawal. Eyeballs of treated and
control animals were collected after slaughtering and stored at
—25°C prior to analysis for ractopamine residues. All experiments

were performed according to the Croatian Animal Protection Act
(Official Gazette of the Republic of Croatia 135/06) [24].

2.3. Sample preparation and clean up

After dissecting the retina from the eye, the retinal tissue was
weighed in ground centrifuge tube. Then, ten times retina’s weight
of TRIS-buffer (pH 8) was added to the tube and homogenized
with the potter. After homogenization, 1g of retina suspension
was weighed, 10 mL of TRIS-buffer and internal standard were
added and the mixture was homogenized again with ultrasonic
homogenizer. Subsequently, 100 L of protease solution (50 mg/mL
in water) was added; the samples were vortexed and incubated
overnight at 50-60 °C. The next day the samples were centrifuged
for 10 min at 4°C and 3000-4000 rpm. The upper layer was taken
to a new tube and the centrifugation residue was extracted two
times with 1 mL phosphate buffer (pH 6), whereas centrifugation
was repeated each time. The supernatants were combined and pH
was adjusted at 6. The samples were then loaded to SPE cartridges
conditioned with 2 mL of methanol, 2 mL of water and 2 mL of phos-
phate buffer pH 6, respectively. Cartridges were then washed with
1 mLof 1 Maceticacid and evaporated to dryness followed by wash-
ing with 2 mL of methanol and evaporating to dryness. The elution
was performed with 6 mL of mixture consisting of ethyl acetate and
ammonia at a 97:3 ratio. The samples were evaporated to dryness
under stream of nitrogen at 35 °C. The residues were then dissolved
in 200 pL of HPLC mobile phase consisting of 0.1% formic acid in
water/0.1% formic acid in acetonitrile at a 95:5 ratio.

2.4. Liquid chromatography tandem mass spectrometry
conditions

The UPLC separation was performed on Acquity HSS C18
columns (150 x 2, 1.8 wm particle size) at a flow rate of 0.45 mL/min
and temperature 40 °C. The mobile phase consisted of constituent
A (0.1% formic acid in water) and constituent B (0.1% formic acid
in acetonitrile). The gradient elution program was employed as
follows: 0-5min 95% A, 15min 50% A, 17 min 50% A, 18 min 10%
A, 19min 10% A, 20min 95% A and 25min 95% A. The injec-
tion volume was 10 L. The mass spectrometry was performed
on Xevo® TQ-S with conditions as follows: electrospray ioniza-
tion, positive polarity, capillary voltage 0.65 kV, source temperature
150°C, desolvation temperature 550 °C, cone gas 20L/h, desolva-
tion gas 1200 L/h, and collision gas 0.1 L/h. The mass spectrometer
was operated in multiple reaction monitoring mode, the proto-
nated molecular ion of ractopamine at m/z=302.2 (cone 20V)
being the precursor ion. Four product ions at m/z=284.2 (collision
energy 12V), m/z=164.2 (collision energy 14V), m/z=121.2 (col-
lision energy 22V), and m/z=107.1 (collision energy 32V) were
monitored. Ractopamine-d5 as internal standard was measured
by recording of two transitions: 307.1>167.2 (cone 20V, collision
energy 18V) and 307.1>289.3 (collision energy 12V). Although
only two product ions are needed for ractopamine quantifica-
tion and confirmation four product ions were monitored to obtain
more identification points. Quantitation was performed with most
intensive transition (m/z 302.2 — 164.2) versus internal standard
monitored (ractopamine-D5, m/z=307.1>167.1) and extrapola-
tion using a six-point calibration curves.

2.5. Validation process

Validation was carried out according to the Commission
Decision 2002/657/EC [25] by an alternative approach of matrix
comprehensive in-house validation by means of a factorial design.
The software used for factorial design and calculation was InterVal
Plus (quo data, Gesellschaft fiir Qualititsmanagement und Statistik
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Fig. 2. Typical UPLC-MS/MS-MRM-chromatogram of blank retina sample.
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Table 1
Recovery, repeatability and in-house reproducibility in determination of ractopamine retinal residues.

Spiked ractopamine concentration (jg/kg) Recovery (%) Obtained concentration (g/kg) s (ng/kg) RSD (%) swr® (ng/kg) RSD (%)
2.0 92.7 1.854 0.087 4.3 0.185 9.3
25 93.5 2.337 0.109 4.3 0.209 8.4
3.0 94.0 2.820 0.130 43 0.235 7.8
3.5 94.3 3.301 0.152 4.3 0.262 7.5
4.0 94.6 3.784 0.174 43 0.292 73
5.0 95.0 4.750 0.217 43 0.363 7.3
6.0 95.3 5.718 0.261 4.3 0.435 7.3
7.0 95.5 6.685 0.304 4.3 0.508 7.3
8.0 95.6 7.648 0.348 43 0.581 73

10.0 95.8 9.580 0.435 43 0.727 7.3

12.0 95.9 11.508 0.522 4.3 0.874 7.3

16.0 96.1 15.376 0.696 4.3 1.168 73

20.0 96.2 19.240 0.870 43 1.463 7.3

2 s;: repeatability standard deviation.
b swr: in-house reproducibility standard deviation.

GmbH, Dresden, Germany). In validation process, decision limit
(CCa), detection capability (CCRB), precision, recovery, repeata-
bility, in-house reproducibility, matrix effect, specificity and
ruggedness were studied.

3. Results and discussion
3.1. Method validation

In validation process, no interference on the ractopamine iden-
tification was found owing to the highly specific MRM acquisition
method and the use of an appropriate deuterated internal standard
of ractopamine. Fig. 2 shows typical MRM chromatogram of a blank
retina sample.

The results of method repeatability, in-house reproducibility
and recovery are shown in Table 1.

The average recoveries ranged from 92.7% to 96.2%, showing
good repeatability and in-house reproducibility. The RSD values
were below 10%, with repeatability determination value of 4.3%
and in-house reproducibility determination values ranging from
7.3% t0 9.3%.

The method described resulted in relevant decision limit
(CCat) and detection capability (CC(), with values of 2.576 and
3.027 pg/kg, respectively. According to all study parameters, the
method met the validation criteria set for quantitative residue anal-
ysis methods in the European Union [25]. The successful validation
of this method and its application to real samples demonstrated its

Table 2
Concentrations of ractopamine determined in retina by UPLC-MS/MS on days after
withdrawal.

Group Withdrawal Animal mark Ractopamine residues®
time (days) (ng/kg)
Treated 1 3T 55.84+0.25
4T 132.35+1.20
6T 142.88 +0.84
3 2T 96.15+2.05
5T 86.64+3.10
9T 18.55+0.21
8 1T 89.40+1.56
7T a
8T 90.45+1.20
Control 1C n.d.
2C n.d.
3C n.d.

2 Sample destroyed on processing.

b Repeatability standard deviations calculated on the basis of two parallel analy-
ses.

¢ Not detected.

efficiency for veterinary control of ractopamine as a [3-agonist in
retina.

3.2. Ractopamine retinal concentrations

In the literature, accumulation of (3-agonists in pigmented tis-
sues is explained by the action of electrostatic forces that are
formed between the positive-charged drug molecules and neg-
ative groups of melanin polymers as well as by Van der Waals’
forces on the aromatic ring conjugates and melanin aromatic indol
nucleus. Furthermore, some studies suggest that the interaction
between drug and melanin may also be based on charge transfer
from drug as a potent electron donor to melanin [26]. Earlier stud-
ies with clenbuterol showed delayed elimination of residues from
retina [13,27,28] and report on the usefulness of retinal tissue in
the control of B-agonist illegal use in farm animals.

In our study, ractopamine residues were determined in retina
samples from animals slaughtered on days 1, 3 and 8 after 28 days of
continuous ractopamine treatment. The mean (£SD) ractopamine
concentrations in retina on days after treatment discontinuation
are shown in Table 2.

After seven-day ractopamine treatment with 20 mg/kg rac-
topamine in a diet, Churchwell et al. [21] determined low levels
of ractopamine in a range of 0.5-3 ng/g and found the concentra-
tions of unconjugated ractopamine in ovine and bovine retina to
be slightly increased over 7-day withdrawal period. The authors
conclude that retina can serve as a longer-lived marker of rac-
topamine exposure in livestock (relative to serum, urine, or liver)
[21]. Treatment of pigs with 10 mg of ractopamine per day for 10
days resulted in a high amount of ractopamine residues detected
in retina (19,480ng/g), indicating high affinity for the analyte
due to the large number of [-agonist receptors in this tissue
[19]. Another study assessing ractopamine accumulation in ocu-
lar tissue was conducted on cattle and turkeys [23]. After seven
days of ruminant treatment with ['4C] ractopamine in a dose of
0.90 mg/kg, there was no detectable ractopamine residue in whole
eye homogenates obtained on days 2, 4 and 6 of withdrawal. On
the other hand, studies in turkeys fed a diet containing 7.5, 22.5
and 30 mg/kg of [14C] ractopamine for seven days revealed that rac-
topamine residues could be detected in retina/choroid/sclera and
cornea/iris tissue, while there were no detectable residues in aque-
ous humor. The highest mean concentrations of ractopamine were
found in retina/choroid/sclera tissue from animals fed a diet con-
taining 30 mg/kg [14C] ractopamine, i.e. 251 + 51 ng/g for male and
255 + 60 ng/g for female animals.

Our study also showed high mean ractopamine residue concen-
trations of 110.36 pwg/kg, 67.11 pg/kg and 89.93 pg/kg on days 1,
3 and 8 of withdrawal, respectively, indicating high accumulation
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Fig. 3. Typical UPLC-MS/MS-MRM-chromatograms of retina sample on day 1 (A) and day 8 of withdrawal (B).

of ractopamine despite a low dose applied (0.51 mg/kg b.w.). The
highest ractopamine concentration of 142.88 ng/g was determined
inretina sample from day 1 after withdrawal, while the lowest con-
centration of 18.55 ng/g was determined in retina sample from day
3 after withdrawal. In the control group of animals ractopamine
was not detected.

Study results revealed a large concentration variation on the
same day after withdrawal per animal, with the ractopamine
residues on day 8 after withdrawal to be still significant. Other stud-
ies also pointed to large variation in ractopamine concentration in
different matrices, e.g. lung and liver tissues [18]. Fig. 3 presents
UPLC-MS/MS-MRM-chromatograms of confirmatory analysis of
ractopamine in pig retina samples on days after withdrawal.

Our future studies will be focused on the assessment of rac-
topamine accumulation in pig retina over a longer period after
treatment, i.e. attempting to identify the period following admin-
istration of the usual anabolic dose of ractopamine when it cannot
be detected in this matrix anymore.

4. Conclusion

Our study results revealed high residual ractopamine levels in
retinal tissue of treated pigs, pointing to its high binding affin-
ity in the pigmented segment of the eye and supporting the use
of pigmented tissues as matrices in the regulatory monitoring of
the 3;-adrenergic agonist ractopamine misuse. Our results also
showed ractopamine residues to persist in high concentration in
retinal tissue 8 days of withdrawal, suggesting that this matrix

could be used in the control of this agent misuse at a longer period
after treatment.
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