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Abstract : Methylphenidate (MPD) is a chiral drug with stimulant action, used for the
treatment of attention deficit hyperactivity disorder (ADHD) and narcolepsy. It has been used
improperly and illegally, as it is assumed to improve cognitive performance. It was established
a method of determining methylphenidate isomers in human plasma by separating racemic
methylphenidates from the mixture using high performance liquid chromatography (HPLC)
with a diode/UV detector. The separation was performed on a Chirobiotic V2 column, a
mobile phase of methanol/ammonium acetate (92:8, V/V; 20 mM pH 4.1) and flow rate of 1
mL min-1; retention times were 7.0 and 8.1 min for l-MPD and d-MPD, respectively, detected
at 215 nm. The HPLC method was validated via linearity, precision, accuracy and recovery.
The method was suitable for separation and determination of enantiomers of methylphenidate
in human plasma and is considered precise and accurate.
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Introduction
Methylphenidate (MPD) is a piperidine derivative, methyl phenyl(piperidin-2-yl)acetate, related to
amphetamines. It is a sympathomimetic that is heterogeneously distributed in the brain, with higher
concentrations in the striatum, cerebral cortex, and cerebellum. The pharmacological mechanism of action is
dopamine reuptake inhibition, without increasing neurotransmitter release1-2. MPD contains two chiral centers,
being a mixture of four stereoisomers, the (d,l)-threo and (d,l)-erythro forms. The racemate(d,l)-threo-MPD
(Ritalin, Concerta®) is used to treat attention deficit hyperactivity disorder (ADHD) and narcolepsy3, being
marketed as a racemic mixture (50:50) of d-threo-(R, R)- and l-threo-MPD (S,S)-MPD4-5 (Fig. 1).
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Studies on the chirality of methylphenidate in humans report that pre-systemic metabolism and
clearance of (d,l)-threo-MPD is an enantioselective process resulting in higher plasma concentrations, longer t½
and higher pharmacological activity of d-threo-MPD compared to l-threo-MPD. This is due to the preference of
carboxylesterase for l-threo-MPD. The half-life of racemic methylphenidate is 2-4 hours with a 3-5-hour
duration of action. The predominant metabolic path generates ritalinic acid, an inactive product formed by
esterification mediated by the enzyme carboxylesterase-14-5.It is well known that the enantiomers can cause
different pharmacological and pharmacokinetic effects; therefore, clinical and pharmacological studies of
enantiomeric forms are of the utmost importance6.

The development of analytical methods that can assist in the identification, quantification, control and
monitoring of chiral drugs in biological fluids is increasingly necessary. Several methods have been used to
analyze plasma methylphenidate; notable among them is high-performance liquid chromatography with a diode
array detector7-8.
Advanced chromatographic techniques enable the detection of substances of interest, as well as the
determination of plasma concentrations, in populations ranging from patients to athletes, professionals and
students. As such, chromatography can be a technological alternative for both clinical and non-therapeutic
assessment and monitoring9. This method may be an important pathway in the context of drug addiction and
abuse10-15, toxicity investigations and forensic applications16-17.
This study is aimed to develop and validate a bioanalytical method for enantiomeric determination of
methylphenidate in human plasma using HPLC-DAD/UV.

Experimental
Materials and reagents
The following reagents were used: methylphenidate (Cerriliant, USA), acetonitrile, cyclohexane (Vetec,
Brazil).Methanol, acetic acid, ammonium acetate, sodium bicarbonate and sodium carbonate (J. T. Baker,
USA). All reagents were of analytical or HPLC grade. The water was purified with a quality 18Ω - System
ElgaPurelab Option (Brazil). Reference standards were of> 98% purity. A stock solution of methylphenidate
racemate (Cerriliant, USA) was prepared in methanol, at a concentration of 1000 μg mL -1.
Sample preparation
Blank plasma samples from healthy volunteers (not treated with methylphenidate) were obtained from
the Blood Center of the Federal University of Ceará, Brazil (HEMOCE-UFC). Blank plasma samples and
quality controls were treated as follows: 500-L aliquots of human plasma were alkalinized with 50 L of
sodium carbonate buffer (1 mole L-1), extracted with 2 mL of cyclohexane in a shaker (WARMNEST ®,
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Curitiba-PR, Brazil)for 2 minutes and centrifuged in a Rotofix 32 (HETTICH ZENTRIFUGEN ®, Germany) at
6,000 rpm for 10 minutes. The organic phase was separated, transferred to conic tube,and evaporated dry under
vacuum to give a residue, which was reconstituted in 100 L of methanol and transferred to a vial, from which
25-L aliquot was injected into the chromatograph.
Chromatographic conditions
The chromatographic analysis employed a system comprised of an AcellaHPLC (Thermo Scientific,
USA) with an auto-injector, coupled to a PDA/UV visible detector with variable wavelength. ChromQuest 5.0
(Thermo Scientific) was used for data collection and processing of chromatograms.
The analytical chiral chromatography column used for the separation of methylphenidate enantiomers
were resolved on a CHIROBIOTIC V2 column (150 x 4.6 mm) packed with 5-μm particles (Sigma-Aldrich,
USA) using a C18 guard column (Phenomenex, USA) for isocratic conditions. The mobile phase consisted of
methanol/ammonium acetate (92:08, V/V, 20 mM, pH 4.1). The flow rate was 1
mL min-1 and the injection volume was 25 L. UV detection was made at 215 nm.
All mobile phases mixtures were filtered through a vacuum-pump filtration system (GAST, USA),
PTFE membrane (0.45-0.47 m) (Pall, Brazil) and homogenized in an ultrasound bath (Q335D model,
QUIMIS, Brazil).
Validation
The method developed for the analysis of enantiomers of methylphenidate in human plasma has been
validated in accordance with the recommendations of National Health Surveillance Agency (Brazil)18 for the
validation of bioanalytical methods. This included testing for selectivity, specificity, linearity, precision and
accuracy.
Calibration curves were obtained using 25 L of each standard solution (1000, 800, 400, 200, 100, and
50 μg mL-1) rac-methylphenidate in methanol and 500 uL of the free drug plasma concentration. We obtained
solutions for each isomer the following concentrations: 1.25, 2.5, 5.0, 10.0, 20.0 and 25.0 μgof each isomer mL
plasma, which underwent the same preparation procedure as the samples.
The quality control samples (CQ) were used to validate and monitor the method performance. The high
concentration quality control (HQC) was 80 % of the highest concentration calibration curve (20 µg of each
isomer mL-1 plasma), low concentration quality control (QCL) was two times the quantification limit (2.5 µg of
each isomer mL-1 plasma) and the medium quality control (CQM) was 10 µg of each isomer mL -1 plasma.
Specificity of the method was assessed by direct comparison of the areas of the peaks of
methylphenidate injected directly in mobile phase and spiked post extraction into extracts originating from six
different sources of human plasma. The linearity of the method was determined by the analysis of plasma
samples spiked with the increasing analyte concentrations (in triplicate) in relation to the ones used for the
construction of the calibration curve.
The methylphenidate recovery was evaluated in triplicate (2.5, 10 and 20 g mL-1 plasma of each
isomer), by comparing the areas of the peaks obtained after plasma extraction with the areas of the peaks
obtained when the standards were spiked into blank human plasma extracts 19.
The quantification limit (LOQ) was obtained by the analysis in quintuplicate of plasma samples spiked
with methylphenidate racemate solution, at concentrations as low as 1.25µg mL-1human plasma of each isomer.
The LOQ was defined as the lowest plasma concentration of each stereoisomer analyzed with defined precision
and accuracy (error of 20 % or lower).
The precision and accuracy were determined by analyzing plasma samples spiked with three
concentrations of methylphenidate isomers (2.5, 10 and 20 μg mL -1plasma for each isomer).Precision was
established using the Relative Standart Deviation (RSD%). Intra-assay and inter-assay precision and accuracy
were evaluated in a single day or on three consecutive days, respectively, using the quality controls. High
quality control (HQC) comprised 20 μg of each isomer per ml plasma; medium quality control (MQC)
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comprised 10 μg of each isomer per ml plasma; low quality control (LQC) comprised 2.5 μg of each isomer per
ml plasma. Precision was evaluated based on the variation Relative Standart Deviation (RDS%), and accuracy
was based on the Relative Standard Error (RSE).
Aliquots of each spiked plasma sample were stored at – 20 ºC and analyzed in replicate experiments
(n=5) using a calibration curve for intra-assay evaluation. Aliquots of each spiked plasma sample were analyzed
in replicate experiments on three consecutive assays for inter-assay evaluation (n=15), using a calibration curve
for each assay.

Results and discussion
Method development
The method developed to analyze methylphenidate isomers in plasma samples used liquid-liquid
extraction with cyclohexane in approx. 1 hour 20-21. Elution was achieved at reasonable retention times, 7.0 and
8.1 min for L-MPD and D-MPD, respectively22 (peaks 1 and 2, Fig. 2). The reverse-phase chromatographic
method was adequate in the conditions reported.

Validation
Linearity - LOQ. -The wavelength most suitable for compound quantification was 215 nm. Calibration curves
were constructed by correlating the area and concentration using six concentrations ranging from 1.25 to 25.0
μgmL-1 plasma for L-and D-MPD.Simultaneous assays were run and quantification was found to be linear on
five separate days. The linearity was satisfactory for both enantiomers; coefficients of correlation were R≥0.997
and R´≥0.987. The recovery method was 80% for L-MPD and 75% for D-MPD.
Precision and accuracy - Precision was established where RDS was 9.1 and 11.9 for L-MPD and D-MPD,
respectively. Accuracy was verified by the following RSE values 8.2 and -1.7 for L-MPD and D-MPD,
respectively. The results are not only within established acceptable limits of ±20%(Table 1),but also the values
found are below ± 15% (Table 2).
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Table 1: Precision and accuracy results for the limit of quantification (LOD)
Limit of Quantification (LOQ) = 1.25 μg of each isomer/ml plasma
L-MPD

D-MPD

9.1
11.9
Precision (RSD%)
8.2
-1.7
Accuracy (RSE)
RSD% (Relative Standart Deviation) = (standard deviation /mean) * 100; RSE = [(Conc experimental - Conc
real) / Conc. Real] x 100
Table 2: Enantiomeric method of plasma methylphenidate validation parameters
Intra-assay (N=5)
D-MPD
L-MPD
D-MPD
Precision (RSD%)
Accuracy (RSE)
6.6
6.4
-7.92
3.12
LQC
4.2
5.7
-2.1
0.1
MQC
4.7
5.5
-11.7
-4.6
HQC
Inter-assay (N=15)
11
12.9
-8.5
-1.7
LQC
12.9
14.5
-6.4
5.5
MQC
3.9
7.6
-10,.9
-7.7
HQC
LQC (Low Quality Control - 2.5 mg / ml); MQC (Medium Quality Control - 10 μg / ml); HQC (High Quality
Control - 20 μg / ml); RSE (Relative Standard Error) = [(Conc experimental - Conc real) / Conc. Real] x 100;
RSD% (Relative Standart Deviation) = (standard deviation / mean) * 100
L-MPD

This method for separation of methylphenidate enantiomeric will be of utmost importance in
pharmacokinetic studies. These would enable to further understand the role (toxicity or therapeutic effect) of
each of the isomers. Additionally, this method with a quantification limit of 1.25 μg mL -1 for each isomer in
plasma could be an interesting alternative for the identification and monitoring in case of poisoning by
methylphenidate as well as in possible forensic investigations23-24, doping or drugs abuse11.

Conclusions
We have established a high performance liquid chromatography/UV method for the separation and
quantification of methylphenidate enantiomers in human plasma. The method is fast, accurate and precise. This
HPLC-UV method can be adapted to liquid chromatography-mass spectrometry (LC-MS), allowing for higher
efficiency in the quantitative determination of enantiomers of methylphenidate for the purpose of therapeutic
drug monitoring.
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