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We have first reported the modification of ractopamine electrodeposition films. In this paper, the
electrochemical oxidation of ractopamine in different pHs and conditions at the bare glassy carbon
electrode. The bare glassy carbon electrode also exhibits a promising enhanced electroanalytic activity
towards the oxidation of ractopamine. Different methods were used for the formation of poly-
ractopamine films and the deposition on electrode. Cyclic voltammograms (CVs), Linear sweep
voltammetry (LSV) and Electrochemical impedance spectroscopy (EIS) are used for the determination
of ractopamine and the apparent diffusion coefficient values for these compounds at different
concentration as it gives some information about the kinetics of charge transfer during the redox
reactions of these compounds. Finally, we have studied the surface morphology of the modified
electrode using atomic force microscopy (AFM), which revealed that ractopamine is coated on ITO.

Keywords: Ractopamine, Modified electrodes, Drug Analysis, Electroanalysis, Electrochemical,
Electrodeposition.

1. INTRODUCTION

Ractopamine (RAC) is a p-adrenergic agonist (f-agonist) which at repartitioning doses has
been found to increase muscle growth and decrease fat deposition in different animal species [1-6].
RAC is widely used in swine, cattle, and turkeys as a feed additive to increase feed efficiency and
carcass leanness by inhibiting fat production, stimulating lipolysis, and increasing protein synthesis [7-
8]. Paylean® is the brand name of the swine feed. It is an orally active compound that can be directly
added to swine diets. The primary function of RAC is to increase the energy consumed by the animal
S0 as to increase carcass muscle growth and decrease fat tissue growth. Because lean tissue growth
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requires less energy than fat tissue growth, pigs fed Paylean achieve increased growth rates and better
feed efficiency relative to conventionally raised ones. Research by animal scientists has found that
when swine are fed a constant dietary Paylean concentration, carcass lean and bodyweight growth
responses peak shortly after commencing supplementation and then slowly decline. The results of this
study suggest that the most significant changes associated with the use of repartitioning doses of RAC
in pigs involve the endocrine glands and the male lower urinary tract. The lesions observed in prostate
and urethral epithelium can be considered as adaptative reversible lesions induced by RAC treatment.
The role of RAC in the determinism of eosinophilic infiltration in lymphoid organs and in the ovary of
gilts remains to be clarified [9].

Under most combinations of health status and pricing scheme, adjusting the Paylean
concentration in the hog feed proved to be profitable relative to a constant concentration. Thus, it is
shown that ignoring the desensitizing potential of chemical inputs in biological production could result
in economic loss [10]. RAC is an Association of Racing Commissioners International class 3 drug and
is not recognized as a therapeutic medication in racing animals [11]. It has considerable potential for
illegal use in humans and show and performance animals because it may have the ability to
significantly affect performance via its £ -adrenergic agonist properties and its anabolic activities [12-
13]. This is the first reported case of arterial, cardiac, and skeletal muscle damage associated with
ractopamine [14]. This risk is based on potential for adverse cardiovascular and nervous system effects
associated with £ -agonist overdose.

Although RAC was approved as a pig feed supplement in 1999 by the U.S. Food and Drug
Administration (FDA) Center for Veterinary Medicine, and subsequently by regulatory officials in
Brazil, Venezuela, Colombia, Guatemala, Philippines, etc., many countries in Asia and Europe have
not licensed to use it as a repartitioning agent, for its possible adverse effects on human health by
carry-over from RAC-treated animals to human diet [15-16]. Therefore, a rapid, selective and
reproducible survey method would be useful in order to determine of RAC. Different methods such as
enzyme-linked immunosorbent assay (ELISA) [17-20], high-performance liquid chromatography
(HPLC) [21-23], surface plasmon resonance (SPR) [24], gas chromatography—mass chromatography
(GC-MS) [25] and liquid chromatography-tandem mass chromatography (LC-MS/MS) [26-29], have
been developed for screening and confirmatory determination of RAC in feeds, animal tissues and
urine, milk, etc. However, in the clean-up step, most of them used the conventional solid-phase
extraction technique, which shows a lack of selectivity and specificity, so that a large amount of matrix
interferences are eluted simultaneously with the target analyte. Electrochemical methods [30-41], such
as amprometric biosensors have been extensively employed for determination of RAC for their
simplicity, highly selective and intrinsic sensitivity. This paper discusses the electrochemical
polymerization of RAC films. It was interesting to study the electrochemical oxidation of RAC in
different pHs and conditions. In addition, the observed behavior and reactions from RAC have been
estimated by digital simulation of cyclic voltammograms (CVs) and electrochemical impedance
spectroscopy (EIS).
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2. EXPERIMENTAL

2.1. Materials

Ractopamine (Aldrich) was used as received. All other chemicals used were of analytical grade
and used without further purification pH 7.0 (0.1 M Na;HPO, and 0.1 M NaH,PO,) Phosphate buffer
solutions (PBS), pH 1.0 H,SO, solutions and pH 11 KOH buffer were used as supporting electrolyte.
Aqueous solutions were prepared using doubly distilled deionized water and then deaerated by purging
with high purity nitrogen gas for about 20 min before performing electrochemical experiments. Also, a
continuous flow of nitrogen over the aqueous solution was maintained during measurements.

2.2. Apparatus

Cyclic voltammetry (CVs) and Linear sweep voltammetry (LSV) were performed in an
analytical system model CHI-1205A potentiostat. A conventional three-electrode cell assembly
consisting of an Ag/AgCI reference electrode and a Pt wire counter electrode were used for the
electrochemical measurements. The working electrode was glassy carbon electrode (GCE; area 0.07
cm?). In these experiments, all the potentials have been reported versus the Ag/AgCl reference
electrode. The morphological characterizations of the films were examined by atomic force
microscopy (AFM) (Being Nano-Instruments CSPM5000). Electrochemical impedance spectroscopy
(EIS) measurements were performed using an IM6ex Zahner instrument (Kroanch, Germany). All the
solutions were purged with high purity nitrogen gas for about 20 min before performing
electrochemical experiments. Also, a continuous flow of nitrogen over the aqueous solution was
maintained during measurements. All the experiments were carried out at room temperature (=~ 25°C).

2.3. Preparation of ractopamine modified electrodes by electrodeposition

Prior to modification, glassy carbon electrode (GCE) was polished with 0.05 um alumina on
Buehler felt pads and then ultrasonically cleaned for about a minute in water. Finally, the electrode
was washed thoroughly with double distilled water and dried at room temperature. The
electropolymerization of ractopamine was done by electrochemical oxidation of ractopamine (1
mg/ml) on the glassy carbon electrode using pH 1.0 H,SO, buffer. It was performed by consecutive
cyclic voltammetry over a suitable potential range of -0.2 to 1.3 V; scan rate 100 mVs * for 20 cycles.
The optimization of poly-ractopamine growth potential has been determined by various studies with
different electrodeposition(or electropolymerization) potentials.

3. RESULTS AND DISCUSSIONS

3.1. Electrochemical characterizations of ractopamine in different pH

The electrochemical properties of ractopamine at a glassy carbon electrode were investigated
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using cyclic voltammetry in aqueous solutions having pH values between 1 and 11. Figure 1 (A) to (F)
showed the cyclic voltammetric of baer glassy carbon electrode obtained in various pH aqueous
solution containing ractopamine (1 mg/ml), scan rate = 100 mVs *. Figure (A) in low pH (pH 1.0)
response of oxidation process resulted in irreversible oxidation peak about 985 mV. (B) to (F) in pH
3.0 to 11 showed that the peak potentials shifted to the negative potentials by increasing pH. Exhibited
of oxidation process produced irreversible peak. Figure (F) showed pH 11 results, the initial stage was
similar irreversible oxidation process about 433 mV.
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Figure 1. Cyclic voltammograms of the bare glassy carbon electrode transferred to various pH
solutions containing ractopamine (1 mg/ml) (A) 1; (B) 3; (C) 5; (D) 7; (E) 9; (F) 11. Scan
rate100 mvs™.

Figure 2 revealed in pH 1.0 oxidation of ractopamine. In first segment, this is expected because
of the participation of proton(s) in the oxidation reaction of ractopamine for two-electron process.
There is a direct relation between ractopamine oxidation and glucuronide conjugation in animals.
Glucuronic acid is attached via a glycosidic bond to the ractopamine, and the resulting glucuronide,
which has a much higher water solubility than the original ractopamine, is eventually excreted by
the kidneys. Glucuronide conjugation is a process that animals use to assist in the drugs, excretion of
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toxic substances and other lipid substances that cannot be used as an energy source [20, 24,42-43].
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Figure 2. Ractopamine oxidation process.

3.2. Electroanalysis characterizations of ractopamine
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Figure 3. Linear sweep voltammetry (LSV) of bare glassy carbon electrode in pH 1 H,SO, buffer with
various concentrations of ractopamine : (a) 0; (b) 0.005; (c) 0.01; (d) 0.05; (e) 0.1 and (f) 0.5
mg/ml. The inset shows the plot of current versus concentration of ractopamine.

The electroanalytic oxidation efficiency of baer glassy carbon electrode in the absence and
presence of different concentration ractopamine was investigated using Linear sweep voltammetry
(LSV). Figure 3 showed the baer glassy carbon electrode deposition in pH 1.0 H,SO, aqueous
solutions (curve a). Different concentration of ractopamine electroanalytic oxidation showed in curve
(b) 0.005; (c) 0.01; (d) 0.05; (e) 0.1 and (f) 0.5 mg/ml. Curve (b) to (f) showed that the gorwing current
peak by increased concentration of ractopamine. The response of sensitivity and correlation coefficient
were 729.54 pA (mg/ml)™* cm? and R?= 0.992.
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3.3. Electrodeposition of ractopamine modified electrode
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Figure 4. Cyclic voltammograms of bare glassy carbon electrode in pH 1.0 H,SO, buffer containing
ractopamine (1 mg/ml) at the potential range of -0.2 to 1.3 V, scan rate at 100 mVs * for 20
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Figure 5. Electrodeposition of ractopamine.

Figure 4 showed the electropolymerization of ractopamine (1 mg/ml) by electrochemical
oxidation on glassy carbon electrode using pH 1.0 H,SO, buffer. It was performed by consecutive
cyclic voltammogram over a suitable potential range of -0.2 to 1.3 V; scan rate = 100 mVs *. The
growth of the cyclic voltammogram current exhibiting a redox couple with a formal potential of E® =
302 mV and 553 mV (vs. Ag|AgCl). The increase in peak current at the redox couple indicates that
film formation occurred. Ractopamine modified films could also be synthesized in strong acidic
aqueous solutions using consecutive cyclic voltammetry on indium tin oxide (ITO) electrodes that had
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been modified. Electrodeposition of ractopamine process as in Figure 5. In the following experiments,
each newly prepared film on glassy carbon electrode has been washed carefully in deionized water to
remove the loosely bounded ractopamine on the modified glassy carbon electrode. It was then
transferred to different aqueous solution for the other electrochemical characterizations.

3.4. Electrochemical impedance spectra (EIS) of ractopamine
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Figure 6. Electrochemical impedance spectra (EIS) of (a) bare electrode and (b) ractopamine modified
electrode in pH 7.0 PBS containing 5 x 10° M [Fe(CN)]**, amplitude: 5 mV. The inset
displayed the equivalent circuit (Randles model) was used to fit Nyquist diagrams.

Electrochemical Impedance Spectroscopy (EIS) is a powerful diagnostic tool that you can use
to characterize limitations and improve the performance of biosensor. There are some fundamental
value sources of electron transfer resistance (Re:), double layer capacity (Cq), electron-transfer kinetics
and diffusion. The plot of the real component (Z') and the imaginary component Z"” (imaginary)
resulted in the formation of a semicircular Nyquist plot. This type of impedance spectrum is an
analytic of a surface-modified electrode system in which the electron transfer is slow and the
impedance is controlled by the interfacial electron transfer at high frequency. By applying physically-
sound equivalent circuit models wherein physiochemical processes occurring within the biosensor are
represented by a network of resistors, capacitors and inductors, you can extract meaningful qualitative
and quantitative information regarding the sources of impedance within the biosensor. EIS is useful for
research and development of new materials and electrode structures, as well as for product verification
and quality assurance in manufacturing operations. Figure 6 showed the results of EIS for different
modified electrodes in the presence pH 7.0 PBS of equimolar 5 mM [Fe(CN)¢]* . The Faradaic
impedance spectra, presented as Nyquist plots (Z''vs. Z') for the bare and poly-ractopamine modified
electrodes. The bare electrode exhibited almost a straight line (curve a) with a very small depressed
semicircle arc (Ret = 266 (Z'/QQ)) represents the characteristics of diffusion limited electron-transfer
process on the electrode surface. On the same conditions, the poly-ractopamine modified electrode
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(curve b) shows like a depressed semicircle arc (Re = 9708 (Z'/ 2)) clearly indicated the higher
electron transfer resistance behavior comparing with bare electrode. The most common and simplest
model fitted to EIS spectra of electrochemical behavior is a simplified Randle’s model shows in inset.
It constitutes a distributed element which can only be approximated by an infinite series of simple
electrical elements.

3.5. Different scan rate studies
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Figure 7. Cyclic voltammogarms of ractopamine modified electrode in pH 1.0 H,SO, buffer different
scan rate from 10 mVs™ to 3000 mVs™, respectively. Calibration curve for data showed lpa &
loc VS. Scan rate.

Figure 7 showed that the poly ractopamine on a glassy carbon electrode had one chemically
reversible redox couple at 301 and 584 mV in the pH 1.0 agueous H,SO, solution when cyclic
voltammetry was performed at different scan rates ( 10 to 3000 mV/s™). The anodic and cathodic peak
currents of both the film redox couples which have increased linearly with the increase of scan rates.
The calibration curve for data showed Iy, & Ipc VS. scan rate. The ratio of I4/l,c has demonstrated that
the redox process has not been controlled by diffusion. This behavior perhaps occurs because of a
reversible electron transfer process involving the poly-ractopamine layer, with a proton exchange
process occurring along with the electron transfer process. However, the AE, of each scan rate reveals
that the peak separation of composite redox couple increases as the scan rate is increased.

3.6. Morphological characterization of ractopamine

The surface morphology of poly ractopamine modified electrode has been examined using
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AFM. Here the AFM studies could furnish the comprehensive information about the surface
morphology of nanostructure on the 1TO surface. In prior to modification, ITO surfaces were cleaned
and ultrasonicated in acetone-water mixture for 15 min and then dried. The AFM parameters have
been evaluated from 1000x1000 nm and 20000x20000 nm surface area. Further, three different
thickness ractopamine modified films (A) 5, (B) 10 and (C) 20 cycles by cyclic voltammogarms on
ITO modified electrodes were characterized using AFM.
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Figure 8. AFM images of different thickness ractopamine modified films (A) 5, (B) 10 and (C) 20
cycles by cyclic voltammogarms on ITO electrode.
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From Figure 8, it is significant that there are morphological differences between both the films.
The top views of nanostructures (A) shows uniformly deposited homogeneously dispersed ractopamine
on this electrode. We can see the existence of nanostructures in obvious manner with the average size
range of 7.3 nm. The other amplitude parameters such like roughness average (sa) for acetaminophen
film (1000x1000 nm) was found as 1.25 nm. The root mean square roughness was found as 1.55 nm.
The poly ractopamine of 10 cycles in Figure 8 (B) reveals that the poly ractopamine had covered more,
average size range of 16.8 nm, roughness average (sa) of 2.39 nm and the root mean square roughness
of 3.7 nm. Comparison of (A), (B) and (C) reveals, these results in could be explained as the increase
in deposition of ractopamine presence 20 cycles. We can clearly see that the immersed poly
ractopamine on surface.

4. CONCLUSIONS

We have demonstrated application of the baer glassy carbon electrode for determination of
ractopamine. This feature provides a favorable clinical diagnosis for the electroanalytic oxidation of
ractopamine at baer glassy carbon electrode. High sensitivity and stability together with very easy
preparation bar glassy carbon electrode as promising candidate for constructing simple electrochemical
sensor for ractopamine determination. The experimental methods of Cyclic voltammetry (CVs) and
Linear sweep voltammetry (LSV) with biosensor integrated into the bare glassy carbon electrode
which are presented in this paper, provide an opportunity for qualitative and quantitative
characterization, even at physiologically relevant conditions. Preparation of ractopamine modified
electrodes showed stable response. The AFM results have shown the difference thickness between 5 to
20 cycles practopamine modified films morphological data. Therefore, this work establishes and
illustrates, in principle and potential, a simple and novel approach for the development of a biosensor
which is based on the glassy carbon electrode and ITO electrodes.
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