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ABSTRACT 

Smith, Christina Renee, Development and validation of toxicological methods for 
cognitive stimulants in traditional and alternative matrices. Doctor of Philosophy 
(Forensic Science), December, 2021, Sam Houston State University, Huntsville, Texas. 

Attention-deficit/hyperactivity disorder (ADHD) is a neurological disorder that 

arises from a lack of dopamine in the brain. Patients with this disorder have an increased 

level of dopamine reuptake transporters in the brain which leads to a lack of dopamine in 

the synapse. The dopamine deficiency leads to inability to pay attention, lack of focus 

and boredom. Medications work to combat this disorder by blocking dopamine reuptake 

transporters thus increasing dopamine and speeding up brain activity. One of the main 

medications prescribed to treat ADHD is methylphenidate. Methylphenidate has two 

chiral centers which gives rise to four stereoisomers: the threo- and erythro- 

configurations of the dextro- and levo-methylphenidate enantiomers. The threo-

methylphenidate configuration is known to be responsible for the pharmaceutical effects, 

specifically the d enantiomer as the l enantiomer has been proven to be toxic. 

Methylphenidate is typically sold as a racemic mixture of threo-methylphenidate with 

both the d and l enantiomer present. Due to the differing effects of the enantiomers, it is 

important to separate the enantiomers to better understand the pharmacodynamic and 

pharmacokinetics (PD/PK) of these medications. Methylphenidate is metabolized to 

ritalinic acid and, in the presence of ethanol, can break down to ethylphenidate. There are 

minimal comprehensive methods that separate the enantiomers of methylphenidate and 

its metabolites. To bridge the gap in knowledge, this study aims to analyze these 

cognitive stimulants in traditional and alternative matrices across multiple analytical 
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platforms. Additionally, stability of these analytes needs to be assessed to better 

understand proper handling conditions of forensic toxicology specimens.  

To better understand cognitive stimulants, such as methylphenidate, this study 

sought to develop analytical methods that can be used for the quantification of these 

analytes. Additionally, proof of applicability was conducted to demonstrate method 

validity. The main goals of this study were to 1) develop and validate a method for the 

chiral separation and analysis of d,l-methylphenidate, d,l-ethylphenidate and ritalinic acid 

in blood using liquid chromatography-tandem mass spectrometry (LC-MS/MS); 2) 

develop and validate an achiral method for d,l-methylphenidate, d,l-ethylphenidate, 

lisdexamfetamine, and amphetamine in oral fluid using LC-MS/MS with application of 

the method to authentic oral fluid samples; 3) develop and validate a method for the 

chiral separation and analysis of d,l-methylphenidate, d,l-ethylphenidate and d,l-ritalinic 

acid in blood using supercritical fluid chromatography (SFC) coupled to LC-MS/MS and 

apply the method to authentic postmortem blood samples; and 4) assess long- and short-

term stability of d,l-methylphenidate, d,l-ethylphenidate and ritalinic acid in blood. 

A method was developed, optimized and validated for quantification of d,l-

methylphenidate, d,l-ethylphenidate, and ritalinic acid in blood using LC-MS/MS. Chiral 

separation of the enantiomers was achieved using an Agilent Chiral-V column and this 

method was considered acceptable per validation guidelines with the exception of ion 

suppression/enhancement. However, the deuterated internal standards compensated for 

this as well as reproducibility of the effects. This method proved to be suitable for chiral 

separation without the need for hazardous and costly derivatizing agents traditionally 

used for separating enantiomers. 
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A method was developed, optimized, and validated for quantification of 

methylphenidate, ethylphenidate, lisdexamfetamine and amphetamine in oral fluid using 

LC-MS/MS. This method was considered sensitive and acceptable per validation 

guidelines except for ion suppression/enhancement. Similar to the blood method, the 

deuterated internal standard compensated for this phenomenon. For proof of applicability, 

this method was applied to 4 authentic oral fluid samples collected from college students 

alongside self-reported medication use. Both lisdexamfetamine and amphetamine were 

detected in the samples, as expected from subject surveys. This method demonstrates that 

oral fluid can be used as an alternative forensic toxicology matrix for detection of 

cognitive stimulants.  

A method was developed and optimized for quantification of d,l-methylphenidate, 

d,l-ethylphenidate and d,l-ritalinic acid in blood using SFC-MS/MS. Method validation 

was conducted and was deemed acceptable. This method was applied to 49 authentic 

postmortem samples in which the enantiomers of the analytes were quantified and 

compared to results achieved from an achiral assay. Of the 49 samples, d,l-ritalinic acid 

was detected in all 49 samples, d-methylphenidate was detected in 29 samples, l-

methylphenidate was detected in 15 samples, d-ethylphenidate was detected in 5 samples 

and l-ethylphenidate was detected in 1 sample. This technique offers an alternative way 

to achieve chiral separation of analytes. 

Lastly, the stability of d,l-methylphenidate, d,l-ethylphenidate, and ritalinic acid 

were assessed over a 9 month period. Storage under frozen temperatures (-20ºC) was the 

only condition in which all analytes remained stable. A follow up study was conducted to 

assess methylphenidate degradation and determined that methylphenidate degrades to 
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ritalinic acid under non-frozen conditions. This study demonstrates the importance of 

understanding proper sample handling and storage conditions as well as time of analysis 

for unstable drugs where quantification may be of important toxicological value.  

The developed analytical methods herein offer chiral separation and 

quantification of methylphenidate and other cognitive stimulants in blood and oral fluid 

through various analytical techniques. As the potential for cognitive stimulant abuse and 

misuse is rising, it is important to analyze these analytes in forensic toxicology samples. 

Data from these studies can be useful for laboratories to better understand chiral analysis, 

alternative matrices and stability of these analytes for proper detection, quantification, 

and interpretation. 

KEY WORDS: Chiral separation, Methylphenidate, Cognitive stimulants, LC-MS/MS 
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CHAPTER I 

INTRODUCTION 

Attention-deficit/hyperactivity disorder (ADHD) is the most common 

neurobehavioral diagnosis for children under 18 year of age (1). Globally, ADHD affects 

1.5-5% of the population with approximately 3.5% of children and 1.4-3.6% of adults, 

respectively, being diagnosed (2-4). ADHD is characterized by three core symptoms: 

hyperactivity, impulsivity and inattention. These symptoms can be exhibited as boredom, 

lack of focus, or difficulty hearing or focusing. Patients can be classified as 

predominantly hyperactive/impulsive or predominantly inattentive. There is occasionally 

a third subclass which combines the first two (1, 5-7). The symptoms by subclass are 

summarized in Table 1.1.
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Table 1.1.* Subclasses of attention-deficit/hyperactivity disorder and the symptoms commonly associated  

Subclasses of ADHD Symptoms associated 

Inattention 

• Lack of attention to detail – commonly makes mistakes 
• Lack of sustained attention 
• ‘Not listening’ when being spoken to 
• Inability to finish chores and tasks – not organized 
• Losing things that are necessary for tasks 
• Easily distracted 
• Forgetful in daily tasks 

Hyperactivity/impulsivity 

• Constant fidgeting with something, tapping hands or feet, squirming, pacing, inability to sit still 
• Feeling restless or agitated 
• Lack of engagement in leisure activities quietly 
• Always ‘on the go’ 
• Excessive talking 
• Difficulty waiting one’s turn 
• Interrupting or intruding others 

Areas of impairment Examples associated 

Health problems, psychiatric comorbidities 

• Learning or coordination disorders 
• Speech or language disorders 
• Mood, anxiety, tic disorders 
• OCD or autism scale 
• Overweight, obesity, metabolic disorders 
• Accidents (including driving) and safety issues 
• Suicidal ideations 

Functional impairment • Low self-esteem (undetermined sense of well-being) 
• Unable to regulate emotions 

Academic or occupational challenges 
• Underperformance 
• Being held back in school or repeating classes – related to inattention 
• Special education needs 
• School expulsion or drop out 

Social/interpersonal problems • Inadequate social skills 
• Long term issues with family/intimate relationships 

*Table 1.1 adapted from Jaeschke et al. (8)  
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Studies demonstrate that ADHD is expressed in genders differently. Males are 

three times more likely to be diagnosed with ADHD. Males are more likely to display 

symptoms that align with the hyperactive/impulsive subclass with aggressive behaviors 

and a higher probability of having problems with the law (9, 10). Females are more likely 

to fall into the inattentive subclass and potentially struggle with mental health and eating 

disorders (10). Though typically diagnosed in children, ADHD has a neurodevelopmental 

origin that can manifest into adulthood (11-14) with 60-80% of ADHD symptoms 

persisting in adults (9). Though some studies show that only 1.4-3.6% of adults are 

affected by ADHD, other studies have stated that this number may be closer to 4-4.5% 

(15, 16). Starting at a young age, children with ADHD display difficulty in forming 

relationships due to social anxiety, aggressive attitude, and impulsive behavior. School-

age children display slower rates of processing information which leads to poor academic 

performance, including low standardized test scores and grades. Studies show these 

students also have a higher chance of dropping out of school (9, 17). As children enter 

adolescence, patients with ADHD express low self-esteem that can strain social 

relationships or increase chance for substance abuse or problems with the authority, such 

as law enforcement (9). Moving into adulthood, ADHD symptoms can manifest into poor 

job performance, lower socioeconomic status, and prolonged social issues, especially in 

marriages or relationships (18). To avoid issues in adolescence and adulthood, treatment 

and diagnosis during childhood are important (19). However, diagnosis of this condition 

is difficult due to varying symptomology of each subclass. For diagnosis within a 

subclass, patients must display a minimum of six symptoms (5 if over the age of 17) for 

longer than 6 months in addition to functional impairment in certain settings (1, 7, 20). In 
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addition to the criteria, ADHD can be underdiagnosed due to overlap of symptoms with 

other disorders such as anxiety, borderline personality disorder, oppositional defiant 

disorder, or multiple personality disorder (21, 22). For proper diagnosis, clinicians need 

to understand the specific area of impairment for their patient to determine the best 

treatment (8). 

To understand treatment, the neurology behind ADHD must first be understood. 

Parts of the brain responsible for ADHD are the prefrontal cortex, caudate and 

cerebellum. These parts of the brain are responsible for the regulation of emotion, 

behavior, thoughts, and attention. With ADHD, these parts of the brain display reduced 

activity or immature formation (23, 24). These areas of the brain are maintained by 

neurotransmitters (NT), such as dopamine (DA) and norepinephrine (NE), that interact 

with each other utilizing the receptors or transports on the ends of the neurons (25-28). 

ADHD comes from a reduced amount of DA receptors in various brain regions (17). 

Research indicates that MPH binds to the dopamine transporter in the pre-synaptic cell 

which inhibits DA from being taken back into the cell, thus creating an increase in DA 

and leading to quicker brain activity (29-33). Studies show that ADHD may arise from a 

polymorphism in the genes that code some DA receptors and transmitters which reduce 

functionality (34). Ultimately, for optimal brain performance, there needs to be a balance 

of DA and NE. With imbalance, ADHD arises. Medications are prescribed to balance 

these NTs in the brain. 

ADHD Treatment 

There are two common ways that ADHD is treated: drug therapy or behavioral 

therapy (or a combination of the two). Treatment early in childhood reduces issues and 
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manifestations that may persist into adulthood (9). In many cases, drug therapy is more 

effective than behavioral therapy. In 1999, there was a study conducted called the 

Multimodal Treatment Study of Children with ADHD that evaluated the two treatments 

for ADHD (35). This study confirmed that drug therapy is more effective than behavioral 

therapy in controlling ADHD symptoms and that there is no additive effect when both 

therapies are being practiced. In other studies, it has been observed that behavioral 

therapy is just as effective as low dosages of stimulants, making it preferable (7). The 

type of therapy conducted is selected based on each patient and the severity of their 

symptoms and needs.  

The Food and Drug Administration (FDA) has approved two types of medications 

to treat ADHD via drug therapy: stimulants (methylphenidate and amphetamine) or non-

stimulants (atomoxetine and extended-release α2 agonists (guanfacine and clonidine)) 

(19). Table 1.2 summarizes stimulant and non-stimulant medications and adverse side 

effects associated with them. Both stimulant medications come in immediate- and 

extended-release forms with equal efficacy (36, 37). Though extended-release tablets are 

more expensive, they prove to be more beneficial regarding convenience, confidentiality 

at work or school, compliance, driving performance, and reduced potential for abuse (38-

41). In the case that neither stimulants or non-stimulants can be used, tricyclic anti-

depressants, immediate-release α2 agonist, and bupropion have all been used as off-label 

ways to treat ADHD (19). As the stimulants are the main interest of this study, those are 

the only class of treatments that will be discussed in detail.
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Table 1.2. A summary of formulations, strengths and adverse effects of stimulant and non-stimulant medications used to treat ADHD 
Brand Name (Generic) 

Duration of Action Dosages available Adverse effects 

Stimulant 
Adderall® (amphetamine and dextroamphetamine salts) 

4-6 hours 
5, 7.5, 10, 12.5, 15, 20 30 mg 

IR tablet Insomnia, anorexia, abdominal pain, weight loss, headache, irritability, 
emotional liability, anxiety, increased blood pressure, dry mouth, nausea, 

vomiting, diarrhea 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adderall XR® (amphetamine, dextroamphetmine salts) 
10-12 hours 

5, 10, 15, 20, 30 mg 
ER capsule 

Vyvanse® (lisdexamfetamine) 
12 hours 

20, 30, 40, 50, 70 mg 
Capsule 

Dexedrine® (dextroamphetamine) 
4-5 hours 

5, 10 mg 
IR capsule 

5, 10, 15 mg 
ER capsule 

ProCentra® (dextroamphetamine) 
4-5 hours 

5mg/5mL 
Oral solution 

Ritalin® (methylphenidate) 
3-4 hours 

5, 10, 20 mg 
IR tablet 

Methylin™ (methylphenidate) 
3-4 hours 

5, 10, 20 mg 
IR tablet 

2.5, 5, 10 mg 
Chewable tablet 

5mg/5mL, 10mg/5mL 
Oral solution 

Ritalin LA® (methylphenidate) 
8-10 hours 

10, 20, 30, 40 mg 
ER capsule 

Ritalin SR® (methylphenidate) 
8 hours 

20 mg 
ER tablet 

Concerta® (methylphenidate) 
12 hours 

18, 27, 36, 54 mg 
ER tablet 

Metadate CD® (methylphenidate) 
8 hours 

10, 20, 30, 40, 50, 60 mg 
ER capsule 

Metadate ER® (methylphenidate) 
8 hours 

20 mg 
ER tablet 

Methylin ER™ (methylphenidate) 
8 hours 

10, 20 mg 
ER tablet 

Daytrana® (methylphenidate) 
Dependent 

10mg/9 hr, 15mg/ 9hr, 20mg/9 hr, 
30mg/9 hr 

Transdermal patch 
Quillivant XR® (methylphenidate) 

12 hours 
25mg/5mL 

ER powder for suspension 
Focalin® (dexmethylphenidate) 

6 hours 
2.5, 5, 10 mg 

IR tablet 
Focalin XR® (dexmethylphenidate) 

12 hours 
5, 10, 15, 20, 25, 30, 35, 45 mg 

ER capsule 

(continued) 
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Brand Name (Generic) 
Duration of Action Dosages available Adverse effects 

Non-stimulant 

Strattera (atomoxetine) 
10-12 hours 

10, 18, 25, 40, 60, 80, 100 mg 
IR capsule 

Decreased appetite, nausea, vomiting, fatigue, insomnia, abdominal pain, 
dry mouth, constipation, somnolence, urinary retention, dysuria, erectile 

dysfunction, dysmenorrhea 
α2 agonists 

Kapvay® (clonidine) 
4-6 hours 

0.1 mg 
ER tablet 

Somnolence, fatigue, upper-respiratory tract infection, dry mouth, 
bradycardia, irritability, midsleep awakenings, sore throat, insomnia, 

nightmares, constipation, increased body temperature, ear pain, nausea, 
lethargy, dizziness, hypotension, headache 

Intuniv® (guanfacine) 
24 hours 

1, 2, 3, 4 mg 
ER tablet 

Bupropion 
Wellbutrin (bupropion) 

6-8 hours 
75, 100 mg 

IR tablet 
Dizziness, tachycardia, anorexia, constipation, nausea, vomiting, 
irritability, sedation, rash, weight gain/loss, impotence, menstrual 
complaints, dry mouth, akinesia, bradykinesia, abnormal dreams, 

hyperhidrosis, headache, migraine, insomnia, tremor, agitation, confusion, 
hostility, fatigue, upper-respiratory complaints, blurry vision, auditory 

disturbance, anxiety, impaired concentration 

Wellbutrin SR (bupropion) 
8-12 hours 

100, 150, 200 mg 
SR tablet 

Wellbutrin XL (bupropion) 
24 hours 

150, 300 mg 
ER tablet 

Tricyclic antidepressants 
Norpramin® (desipramine) 

8-12 hours 
10, 25, 50, 75, 100, 150 mg 

IR tablet 
Hypotension, hypertension, palpitations, heart block, myocardial 

infarction, stroke, arrhythmias, tachycardia, ventricular fibrillation, sudden 
death, hallucinations, disorientation, delusions, anxiety, restlessness, 
agitation, nightmares, numbness, paresthesia of extremities, ataxia, 

tremors, extrapyramidal symptoms, peripheral neuropathy, dry mouth, 
blurred vision, urinary retention, suicidal ideation, manic episode, 

insomnia, panic attacks, constipation, nausea, vomiting, anorexia, diarrhea, 
dysgeusia, heartburn, weight gain, hyperhidrosis, erectile dysfunction, 

ejaculation dysfunction 

Tofranil(TM) (imipramine) 
8-12 hours 

10, 25, 50 mg 
IR tablet 

Abbreviations: extended release (ER), immediate release (IR); table adapted from Sharma et al. (19)
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Stimulants 

Methylphenidate (MPH) and amphetamine (AMP) are both Schedule II drugs 

under the Controlled Substances Act in the United States due to their use in medical 

settings but potential for abuse. Both of these types of stimulants are approved by the 

FDA for treatment of ADHD at all age groups (20). Effective doses, per FDA guidelines, 

are typically exceeded in adults to achieve appropriate response. However, there is little 

data to understand the safety and efficacy of these higher doses (43). Stimulants work to 

inhibit DA and NE reuptake in the brain via inhibition of the dopamine transporter (DAT) 

and norepinephrine transporter (NET). Amphetamine has the capability to enter the 

presynaptic terminal via DAT and NET and release DA and NE into the synapse (44-46). 

In addition, these medications inhibit monoamine oxidase, the enzyme that metabolizes 

these NTs (28). Overall, stimulants work to balance DA and NE in the brain.  

Issues arise with the safety of long-term AMP or MPH use as they are ranked 8th 

and 13th for substances known to cause dependence and 6th and 12th for substances known 

for causing physical harm, respectively (47). There are also concerns with the fairness of 

stimulant use in school performance due to an increase in memory function which, in 

turn, would increase academic performance (48). On the other hand, there are reports that 

long-term use of these medications lead to memory impairment (24). Lastly, research 

indicates that these stimulants affect physical growth (36, 49-51). Despite these concerns, 

both MPH and AMP have proven to be effective for long-term ADHD treatment (39). 

When taken as prescribed, there have been no data to suggest inhibition of DAT and NET 

in the area of the brain that is responsible for reward (52), reducing the risk of 

dependence. In fact, ADHD treatment with these medications, when initiated at a young 
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age, reduces risk of substance abuse later in life (53-55). Other long-term effects of these 

medications are decrease in emergence of other disorders (such as anxiety, oppositional 

defiant disorder (ODD), etc.), reduction of aggressive behaviors, and decreased social 

anxiety (56, 57). Though these stimulants work by increasing the ability to concentrate 

for academic performance, these medications do not enhance learning or improve 

academic and occupational performance in children and adults, respectively, in an unfair 

way (58, 59). Cognition impairment has only been reported in animals (60) and is not 

problematic if taken as prescribed in ADHD patients (19). Overall, these medications 

work to limit the effects and symptoms of ADHD without enhancing other effects in the 

body.  

Methylphenidate 

As this stimulant is the focus of this study, this medication will be discussed in 

detail in the following sections. The most common prescriptions that contain both 

enantiomers of MPH (racemic) are Ritalin®, Concerta®, Metadate® and Daytrana®. The 

main prescription that contains only d-threo-MPH (the most active enantiomer) is 

Focalin® (20). Formulations include transdermal patches (provides greater 

bioavailability) (7) and immediate- and extended-release oral dosages at various 

strengths. MPH works to increase DA concentrations while DA is being actively released 

in the brain, such as during complex cognitive actions (61). When comparing MPH to 

AMP, MPH has a reduced risk of dependency and potential to cause physical harm (47) 

due to slower uptake, slower clearance and reduced potential for drug-drug interactions 

(62, 63).  
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Amphetamine 

The most commonly prescribed amphetamine-based medications are Adderall 

XR® (amphetamine) and Vyvanse® (lisdexamfetamine) (19). Both isomers of 

amphetamine are active. Amphetamines are metabolized by CYP1A2, CYP2C9, 

CYP2D6, and CYP3A4 (63). Due to CYP2D6 genetic polymorphisms, metabolic rates 

vary among individuals (slow vs. fast metabolizers) and amphetamine concentrations 

may be increased in certain ethnicities (39). Both prescriptions have risk for abuse, 

dependency and toxicity if not used as prescribed (64). Adderall XR® is more likely to be 

abused than Vyvanse® due to quicker release and absorption of amphetamine which 

increases euphoria (40, 41). 

Non-stimulants 

Stimulants are not suitable for 30% of patients being treated with ADHD (65, 66). 

Lack or minimal response to medications, intolerable side effects, medical disorders and 

family medical history, or familial avoidance of stimulants are all reasons stimulants are 

not effective or desired for treatment (19). Non-stimulants are prescribed mainly as 

Atomoxetine (Strattera), extended-release α-2 agonist clonidine (Kapvay®) and 

guanfacine (Intuiniv®). These medications are not discussed in detail herein as they are 

not the focus of this study, but their formulations and adverse effects are summarized in 

Table 1.2. When comparing stimulants (MPH) to non-stimulants (atomoxetine), there are 

no direct comparison studies and all data are based on meta-analyses (7, 39, 40, 67, 68). 

Overall, stimulants are typically favored for treatment due to efficacy in managing 

symptoms. However, some studies have shown that stimulants and non-stimulants are 

equally effective. Discrepancies may be due to differences in study methodology or 
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outcome measurements. Additionally, many of these studies or analyses were conducted 

over a short period of time, but non-stimulants take weeks to reach their full effects (69-

71). Further studies need to be conducted to address efficacy and effectiveness when 

comparing stimulant and non-stimulant medication treatment therapies. Ultimately, each 

patient requires individual assessment as responses to medications or treatments vary 

among the individual. Clinicians are responsible for understanding each patient suffering 

with ADHD and choosing the best plan of treatment based on their symptoms, severity, 

and physical or mental needs.  

Abuse of Cognitive Stimulants – College Students 

As already mentioned, ADHD is not a disorder only observed in children. 

Symptoms of ADHD can persist and manifest into adulthood adding strain on 

relationships, academic or job performance, and behavioral control. ADHD is the fastest 

growing disability on the college campus (72). At the collegiate level, this disorder 

typically manifests as increased anxiety, mood disorders and poor performance in school. 

To combat this, stimulants are usually prescribed to this population to help increase 

alertness, awareness, and the ability to pay attention. However, stimulants do not increase 

ability to learn and apply knowledge (57, 58, 73-79), they only work to help individuals 

focus on tasks at hand and improve their listening skills.  

The mainstay medications prescribed to treat ADHD in adults are MPH, AMP, 

and lisdexamfetamine with MPH being the most prescribed (19, 80-84). Studies indicate 

that 3-5% of college age students are prescribed stimulants and approximately one-third 

of those students admit to giving or selling their prescribed medication to someone else 

for non-medical use (85). This displays the potential for misuse and abuse of these 
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stimulant medications at the college level. From 2003-2017, the National Survey on Drug 

Use from Monitoring the Future reported that misuse of methylphenidate among college 

students increased from 1.4 to 5.7% over this time frame (86). Wilens et al. conducted a 

review of the literature and concluded that stimulant misuse among college students 

ranged anywhere from 5-35% (87). Numerous other studies also report misuse and abuse 

of cognitive stimulants across college campuses. McCabe et al. conducted a survey 

among 9,000 undergraduates and found that 5% of students misuse stimulants and often 

co-abuse other substances (88). McCabe et al. published an additional study where 

10,000 students across 119 colleges were asked to self-report medication use. Lifetime 

non-prescribed stimulant use among this population was 6.9%. Among this population, 

past-month stimulant use was 2.1% (89). Their findings indicate that white male students 

who participate in a panhellenic organization (fraternity/sorority) or students with low 

grade point averages were among those with the highest use/misuse (89). Babcock et al. 

analyzed a group of 283 students and 17% reported MPH misuse (90). Low et al. 

surveyed a group of 150 undergraduates and found that 35% misused MPH or AMP 

without a prescription. Among those, 80% claimed the misuse was for performance 

enhancement. When compared to students who did not report misuse, those who misused 

stimulants also reported illicit stimulant use such as cocaine or ecstasy (91). White et al. 

used a web-based survey to determine that 16% of undergraduate students (out of 1,025) 

misused stimulants (92). Lastly, 1.3% of students ranging from 18-25 years of age had 

misused ADHD stimulants in a study conducted by Kroutil et al. (93). Other studies 

conducted analyze the illicit distribution of stimulant medications at the college level. 

Wilens et al. analyzed a group of 98 adults with ADHD (mean age – 21) and found that, 
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within the last 4 years, 11% of individuals had sold their prescribed medications. Among 

this group, people who sold their medications were also more likely to misuse their 

prescription (94). In another study, McCabe et al. found that 23% of the college age 

respondents were asked by someone else to distribute their medications for non-

prescribed use (95). Lastly, Upadhyaya et al. surveyed 334 college students and found 

that 29% have sold their prescribed ADHD medication (96). These data indicate that 

stimulant use is a concern among college age students. With accessibility increasing in 

this population, there is a need for better monitoring of these medications. Misuse and 

abuse of these medications can lead to unwanted and adverse effects, especially when 

taken for non-medical purposes. 

Methylphenidate 

Prevalence 

Methylphenidate is the most commonly prescribed psychostimulant to treat 

ADHD (97). Due to its high potential for abuse, questions arise around the concern of its 

illicit use (98). MPH misuse has increased among adolescents in the past decade. As 

stated previously, there was also an increase in methylphenidate use among college 

campuses (86) as indicated by several surveys into MPH misuse and distribution on 

college campuses. As MPH has approved medical use and is a risk of abuse, it is 

imperative for forensic toxicologists to detect these analytes in various matrices. MPH 

should be routinely screened for and methods are needed for drug detection and 

quantification in traditional and alternative forensic specimens.  
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Pharmacology 

MPH, belonging to the class of phenylethylamines, was first synthesized in 1944 

and has the chemical name methyl-2-phenyl-2-(piperidin-2-yl)-acetate (Figure 1.1) (99, 

100). MPH has two chiral centers which produces four stereoisomers with d-threo-MPH 

being the most active (see chirality section). MPH acts as an agonist against the DAT and 

NAT (99, 101) and its pharmacological activity comes from the direct inhibition of these 

transporters. The main mechanism of MPH is to boost the dopaminergic transmission in 

the brain by extending the activity of DA in the synapse. MPH has been shown to block 

>50% of DAT in the brain which increases DA in the space. When ADHD is being 

treated with MPH, the number of available binding sites for DA is reduced which 

alleviates the symptoms of ADHD (8, 102, 103). Studies show that MPH can produce a 

3-4 fold increase of DA and NE in the brain (104). MPH has the highest affinity for DAT 

as compared to NAT. MPH does not have any effect on the serotonin transporter (SERT) 

(105-107). When comparing to SERT, MPH has a 2200 times higher affinity for DAT 

and a 1300 times higher affinity for NAT (108). Additionally, MPH works to increase the 

dopaminergic activity in the brain which increases central nervous system function which 

leads to for both behavioral and cognitive changes (109). 
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Figure 1.1. Structure of methylphenidate (chiral centers indicated by *) 

Chirality 

As stated, MPH has four configurational isomers. Due to two chiral centers, there 

are four stereoisomers of MPH: erythro [(d-(2R:2’R) and l-(2S:2’S)] and threo [[(d-

(2R:2’R) and l-(2S:2’S)] (Figure 1.2) (8). When MPH was first synthesized, the original 

formulations were racemic mixtures of 80% d,l-erythro-MPH and 20% d,l-threo-MPH 

(110-112). It was later discovered that the stimulant effect comes from the threo-MPH 

isomer. Since then, medications were formulated as a racemic mixture of d,l-threo MPH 

(112, 113). Additionally, it has been shown that the d enantiomer, specifically, is 

responsible for pharmaceutical effects of this medication (112, 114, 115). As such, more 

recent prescription drug formulations only contain d-threo-MPH which is the most potent 

form (112, 114). In the brain, isomers distribute differently (116). The d enantiomer has 
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the highest affinity for DAT and NAT (giving it the pharmaceutical effect) while the l 

enantiomer has the lowest binding affinity on DAT and NAT (106, 117, 118). 

O

CH3
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H

NH

O

CH3

O

 

Figure 1.2. The enantiomers of MPH (left: l-threo-methylphenidate; right: d-threo-
methylphenidate) 

Pharmacokinetics 

After oral ingestion of MPH, it is quickly absorbed from the gastrointestinal tract 

and buccal mucosa (82) and undergoes large first pass metabolism effects. Bioavailability 

in humans is low ranging from 11-53% (82, 100, 112). MPH is highly lipophilic and 

exhibits low protein binding (15%), so it is rapidly distributed into the tissues (Volume of 

distribution: 5-6 L/kg) (45, 82, 111, 114, 119). Studies indicate that MPH concentrations 

in the brain are 8x higher than blood (82). MPH has a short half-life (2-3 hours) with 50% 

of MPH is excreted in urine within 8 hours of administration with 90% clearance within 

48 hours post-administration. (120). Only <1-2% of MPH is unchanged in urine (108, 

113). MPH is metabolized in the liver by endoplasmic reticulum human carboxylesterase 

1A1 (CES1A1) to its inactive metabolite, ritalinic acid (RA) (Figure 1.3) through de-
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esterification (113). This is an enantioselective process as CES1A1 has a higher affinity 

for l-MPH than d-MPH which leads to an increase of d-MPH plasma concentrations and 

longer half-life (114). In mice, hydroxylated metabolites produce pharmacological effects 

but not in humans (100). Another animal study showed that para-hydroxy-MPH 

undergoes de-esterification and glucuronidation to produce para-hydroxy-ritalinic acid 

glucuronide (8). If MPH undergoes microsomal oxidation, 6-oxo-MPH (an inactive 

metabolite) may be formed and further metabolized to 6-oxo-ritalinc acid through de-

esterification (108). In the presence of ethanol, ethylphenidate (EPH) is produced (see 

ethylphenidate section). For the purpose of this study, only RA and EPH metabolites will 

be analyzed. 

 

Figure 1.3. Structure of ritalinic acid (chiral centers indicated by *) 

There are no major differences in the PK patterns of MPH between children and 

adults (100, 112, 121). However, there are some reports of PK differences between 

genders that indicate women exhibit lower MPH bioavailability and decreased clearance 

of MPH in the brain (122, 123). MPH has the potential to interact with other drugs when 

co-administered with gastric modulators, proton pump inhibitors or H2 blockers (124). In 
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addition, when beverages are >40% alcohol, ethanol has contributed to a quicker release 

of MPH in the extended-release formulations. (113). In a study done by Zhu et al., 14 

healthy volunteers (age 22-42) were given d,l-MPH (40 mg) or d-MPH (20 mg) with or 

without ethanol (0.6 g/kg) (125). Interactions with ethanol increased the maximum 

concentration (Cmax) in plasma of d-MPH from d,l-MPH by 35%. For the enantiopure d-

MPH, ethanol increased the Cmax by 27%. Additionally, MPH also displayed stronger 

stimulant effects when taken with ethanol (125). MPH can have adverse effects if taken 

with other drugs or substances. It is important to make sure these medications are taken 

as prescribed to ensure proper pharmacological activity. 

Methods 

There are a wide range of published analytical methods that were developed in 

multiple matrices using various instrumentation. Table 1.3 summarizes methods reported 

in literature. From an analytical standpoint, MPH has been analyzed most traditionally 

using liquid chromatography-tandem mass spectrometry (LC-MS/MS) and gas 

chromatography-mass spectrometry (GC-MS). MPH has been isolated from biological 

matrices by protein precipitation, liquid-liquid extraction, dilution, solid-phase extraction, 

and solid-phase dispersive extraction. The human biological matrices that have been 

analyzed include hair, urine, blood, plasma, oral fluid, and exhaled breath. Of the 

methods that have been developed, very few separate the enantiomers of MPH. 

Enantiomeric separation can occur by using a chiral derivatizing agent, as typically seen 

in GC analysis. For LC, a chiral column can be used to separate the enantiomers of chiral 

compounds. These LC columns are packed with a special protein that selectively binds to 

one enantiomer and allows for separation.  Ramos et al. isolated d,l-MPH in human 
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plasma with LLE. The enantiomers were separated using LC-MS/MS with an Astec 

Chiorbiotic chiral column and a LOQ of 87 pg/mL (129). In another study with plasma, 

d,l-MPH and d,l-EPH were isolated by LLE and the enantiomers were separated with 

LC-MS/MS utilizing an Astec Chirobiotic V2 chiral column (126). The LOQ for this 

method was 0.025 ng/mL. Chiral separation of d,l-MPH and d,l-RA in blood was also 

achieved following SPE and separation with a Chiral-AGP column on LC-MS/MS with a 

0.5 ng/g LOQ (127). The enantiomers of d,l-MPH have also been studied in non-human 

models such as mouse brain (128), and rat plasma (62) (with d,l-EPH) using LC-MS/MS 

and ultra-fast liquid chromatography-mass spectrometry (UFLC-MS/MS), respectively. 

The previously mentioned methods on LC-MS/MS all utilized a chiral column to separate 

the enantiomers of d,l-MPH. For some of the methods that analyzed MPH on GC-MS, 

derivatizing agents were required to detect separate, detect and quantify d,l-MPH (130, 

132). LLE and protein precipitation (PP) are commonly used to isolate MPH and its 

metabolites from biological matrices. However, SPE proves to be a better alternative for 

extraction as it uses less solvent and reduces matrix interferences, making it suitable for 

LC-MS/MS analysis. There are few methods that separate the enantiomers of MPH, EPH, 

and RA using SPE and LC-MS/MS. Due to the pharmacological differences of the 

enantiomers, it is critical to separate these enantiomers in various biological matrices to 

better understand the activity of these analytes. Table 1.3 summarizes analytical methods 

in literature that quantify MPH and RA in various human and animal matrices.
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Table 1.3. Analytical methods for quantification of MPH and RA in human and animal biological matrices reported in literature 

Matrix Analyte Chiral Separation 
Mechanism ISTD Extraction Instrument 

Calibration 
Range 

(ng/mL)1 

LOQ 
(ng/mL)1 Other Analytes Reference 

BL 
MPH  MPH-d9 

PP LC-MS/MS 
0.2-30 0.2  (134) 

RA RA-d10 10-1500 5 

BL 
*d,l-MPH 

Chiral column 
d,l -MPH-d10 

SPE LC-MS/MS 0.2-500 ng/g 0.5 ng/g  (127) 
* d,l -RA d,l -RA-d10 

BL MPH  Cyclizine SPE GC-NPD 100-2000   (135) 

PL *d,l -MPH Chiral column d,l -MPH-d9 LLE LC-APCI-
MS/MS 0.087-26.1 0.087  (136) 

PL 
MPH  MPH-d9 

PP LC-MS/MS 
0.2-30 0.1  (134) 

RA RA-d10 10-1500 2.5 

PL * d,l -MPH Chiral column d,l -MPH-d3 LLE LC-MS/MS 0.025-25 0.025 d,l -EPH (126) 

PL MPH   LLE GC-MS 0.072-18.25 0.072  (137) 

PL MPH  MPH-d9 PP LC-MS/MS 0.5-100 0.5  (138) 

PL 
MPH  d,l -MPH-d4 PP LC-MS/MS 

0.05-20   (139) 
RA 0.15-60 

PL MPH  EPH PP GC-MS  2  (129) 

PL MPH   LLE HPLC-
fluorescence 1-80 1  (140) 

PL * d,l -MPH Derivatization d,l -MPH-d3 LLE GC-MS 0.75-100 0.75  (132) 

PL MPH  EPH SPE GC-NPD 5-100 2  (131) 

PL MPH   PP LC-MS/MS 0.035-40   (141) 

PL * d,l -MPH 
* d,l -RA Chiral column 5-hydroxyindole acetic acid PP HPLC-UV 25,000-250,000 25,000  (62) 

PL (rat) 
* d,l -MPH 

Chiral column 
d,l -MPH-d9 

LLE LC-MS/MS 1-500 1 d,l -EPH (142) 
d,l l-RA d,l -RA-d10 

PL (rat, 
rabbit, 
dog) 

* d,l -MPH Chiral column (C6H5)(C5H10N)CH(COOCD3) LLE LC-MS/MS 1.1-1087.5 1.1  (143) 

  (continued) 
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Matrix Analyte Chiral Separation 
Mechanism ISTD Extraction Instrument 

Calibration 
Range 

(ng/mL)1 

LOQ 
(ng/mL)1 Other Analytes Reference 

UR 
MPH   SPE LC-MS/MS  0.5  (144) 
RA 

UR * d,l -MPH Derivatization d,l -MPH-d5  GC-MS 0-1000 10  (130) 

UR MPH  d,l -AMP-d5 and 
d,l -methamphetmine-d5 LLE GC-MS   22 sympathomimetic 

amines (133) 

UR MPH   SPDE LC-MS/MS 0.5-200 0.5 Methamphetamine (145) 

UR 
MPH  Levallorphan SPE GC-MS    (146) 
RA 

UR 
MPH  RA-d5 Dilution LC-MS/MS 

2-150 2 Amphetamine and 4-
hydroxyamphetamine (147) 

RA 40-3000 40 

UR 
MPH  Mepivacaine Dilution LC-MS/MS 

100-1000 nM 100 nM  (146) 
RA 500-5000 nM 500 nM 

UR 
MPH  AMP-d6 Dilution LC-MS/MS 5-5000 100  (148) 
RA 

OF MPH  Propranolol LLE LC-MS/MS 2.5-90 2.5 Fenproporex, 
Diethylpropione (149) 

OF 
MPH  MPH-d9 

PP LC-MS/MS 
1-500 0.1  (134) 

RA RA-d10 0.25-125 1 

OF 
MPH  d,l -MPH-d9 

Dilution LC-MS/MS 0.5-75 0.5  (150) 
RA d,l -RA-d10 

OF 
MPH  d,l -MPH-d4 PP LC-MS/MS  

0.7  (139) 
RA 0.2 

OF MPH  MPH-d9 PP LC-MS/MS 0.5-100 0.5  (138) 

Exhaled 
breath 

MPH    LC-MS/MS  
7 pg/filter  (139) 

RA 4 pg/filter 

Hair 
MPH  MPH-d9  Stirring LC-MS/MS 1-100 pg/mg 1pg/mg  (151) 
RA 

Hair MPH  MDMA-d5 LLE LC-MS/MS 0.5-500 pg/mg 0.5 pg/mg 
 

(152) 

(continued) 
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Matrix Analyte Chiral Separation 
Mechanism ISTD Extraction Instrument 

Calibration 
Range 

(ng/mL)1 

LOQ 
(ng/mL)1 Other Analytes Reference 

DBS MPH  MPH-d10 PP LC-MS/MS 0.2-25 0.2  (153) 
Mouse 
brain * d,l -MPH Chiral column  PP to SPE LC-MS/MS 0.5-100 7.5  (128) 

Abbreviations: methylphenidate (MPH), ritalinic acid (RA), blood (BL), plasma (PL), urine (UR), oral fluid (OF), protein 
precipitation (PP), solid-phase extraction (SPE), liquid-liquid extraction (LLE), solid-phase dispersive extraction (SPDE), liquid 
chromatography-tandem mass spectrometry (LC-MS/MS), gas chromatography-mass spectrometry (GC-MS), atmospheric pressure 
chemical ionization (APCI), nitrogen phosphorus detector (NPD), high performance liquid chromatography-ultraviolent (HPLC-UV)  
*chiral separation 
1units are in ng/mL unless otherwise specified
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Cases 

MPH and RA were detected and quantified in antemortem and postmortem case 

samples in literature and summarized in Table 1.4. Though typically analyzed in clinical 

studies, MPH was also analyzed in forensic settings such as driving under the influence 

of drugs (DUID) and postmortem autopsy cases. Joseffson et al. conducted a study that 

analyzed MPH in various matrices in both clinical and forensic settings (134). In the 

DUID cases, MPH and RA were trace-22 ng/mL and 55-2080 ng/mL in blood, 

respectively. In the driving cases, additional drugs of abuse were also detected including 

amphetamine, THC and diazepam (134). In the ten postmortem cases, MPH and RA were 

trace-95 ng/mL and 15-974 ng/mL in blood, respectively. Similar to DUID, there were 

additional drugs of abuse detected in these samples (see Table 1.4) (134). In another 

DUID study, urine samples were tested from drivers who expressed drowsiness and 

hyperactivity (146). Six samples were analyzed and MPH was found at concentrations of 

3.4 µM to >100 µM. There has only been at least one MPH toxicity death reported in 

literature. In this case, the decedent had 331 MPH pills that were unaccounted for. MPH 

was found at 1100 ng/mL in peripheral blood and 980 ng/mL in central blood (135). The 

medical examiner ruled this an accidental death due to acute MPH intoxication. MPH 

continues to be a forensic concern as MPH is detected in a variety of settings. Many 

clinical studies analyze MPH in biological samples after controlled administration. 

Arvidsson et al. analyzed blood, breath and oral fluid samples after oral 20 mg MPH 

tablet in 12 subjects (139). Including the pre-dose sample, blood samples were collected 

at 18 time-points over 24 hours. The l enantiomer of MPH was detected in 5 out of 12 

subject’s plasma while d-MPH was detected in all samples for at least 15 hours. Both 
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enantiomers of RA were detected in all plasma samples (n=18/subject, first sample 

collection 0.5 hours post-administration) for every post-dose sample. In plasma, the 

concentrations of d- RA and l-RA were higher than the corresponding d-MPH and l-MPH 

concentrations, respectively (mean: 25-fold and 315-fold, respectively). In exhaled breath 

(n=14 samples/subject, first collection 0.5 hour post-administration), MPH was detected 

in 87% of samples while RA was only detected in 1%. In five subjects, MPH was 

detected in breath samples up to 24 hours after the dose though a consistent concentration 

pattern was not observed. MPH was detected in all oral fluid samples (n=10 

samples/subject, first collection 1.5 hour post-administration) for up to 8 hours. (139). 

When analyzing RA, the plasma to oral fluid ratio was 32 with a higher concentration in 

plasma. To note, this same ratio was 1.8 for MPH. As with many drugs of abuse, 

impairing effects are likely if not taken as prescribed. When comparing forensic cases to 

clinical ones, there are similar concentrations reported. Of the postmortem cases 

described, MPH concentrations were often within the therapeutic range. Though MPH 

may be detected in forensic casework, it may or may not be found in concentrations that 

contribute to intoxication or toxicity. The only exception was the single MPH toxicity 

case in which MPH was at a concentration of 1100 ng/mL (135).  Even if MPH does not 

contribute to cause of death, the abuse of this drug may lead to unwanted adverse effects.
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Table 1.4. Antemortem and postmortem concentrations of MPH and RA reported in literature 

Analyte Case 
Type N Age Sex Concentration 

(ng/mL)1 Matrix Other Analytes Detected Case Notes Reference 

MPH AM 5 10-
17 4M, 1F 7.2-22 BL  Clinical study (134) 

RA 303-470 
MPH AM 5 18-

45 3M, 2F 6.2-13 BL  Clinical study (134) 
RA 193-484 

MPH 
AM 10 20-

35 9M, 1F 
trace-22 

BL 
Amphetamine, paracetamol, 
THC, diazepam/nordiazepam 

fluoxetine, tramadol 
DUID (134) 

RA 55-2080 

MPH 

AM 7 14-
57 3M, 4F 

trace-23 

BL 

Biperidene, carbamazepine, 
propiomazine, risperidone, 

sertraline, zolpidem, modafinial, 
duloxetine, enalapril, olanzapine 

Therapeutic drug monitoring - 
prescription of Concerta® or Ritalin® (134) 

RA 60-3900 

MPH 
AM  12  

22-
42  

 
6M, 6F 

l-MPH in detected in 5 
subjects, d-MPH 

detected in all BL  20 mg dose of MPH (139) 

RA RA detected in all 
samples 

MPH AM 1  F 2.04-15.72 
 (over 9.5 hours) PL  17.5 mg dose of Ritalin (MPH) (140) 

MPH AM 1  F 460-4020 nM UR  25 mg dose of MPH (146) 

MPH AM 6   3.4 uM to >100 uM UR  Drivers who expressed drowsiness 
and hyperactivity (146) 

MPH 
AM 5 10-

17 4M, 1F 
16-88 

OF  Clinical study (134) 
RA 9.3-17 

MPH 
AM 5 18-

45 3M, 2F 
18-49 

OF  Clinical study (134) 
RA 6.4-22 

MPH 
AM 111  6-12   3.5-61.3 

OF  149 samples collected from children 
with ADHD (150) 

RA 2.6-47.0 

MPH AM 12 22-
42 6M, 6F  

Detected in all OF 
samples OF  20 mg dose of MPH (139) 

MPH AM 19 21-
34 

10M, 
9F 

Initial: 7  
Second peak: 9.3 

(Ritalin) 
Initial: 3.4 

Second peak: 5.9  
(Concerta) 

OF  20 mg dose of Ritalin and 10 mg 
dose Concerta (154) 

(continued) 
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Analyte Case 
Type N Age Sex Concentration 

(ng/mL)1 Matrix Other Analytes Detected Case Notes Reference 

MPH 
AM 12 22-

42 6M, 6F 

Detectable in 87% of 
samples Breath  20 mg dose of MPH (139) 

RA Detectable in 1% of 
samples 

MPH 
AM 

7   150-10,400 pg/filter 
Breath  80-400 mg dose of MPH (155) 

RA 3 35-360 pg/filter 

MPH AM 1 26 F 1 pg/mg Hair  
Suspect was acting violently and 

charged with assault - claims drink 
was spiked with Ritalin 

(152) 

d-MPH 
l-MPH 
d-RA 
l-RA 

PM 12 26-
49 8M, 4F 

5-58 ng/g 
ND-48 ng/g 
24-782 ng/g 

30-1174 ng/g 

BL (femoral) 

Benzodiazepines, methadone, 
morphine, codeine, pregabalin, 
oxycodone, methamphetamine, 
amphetamine, zopiclone, THC, 

ethanol, cocaine, anabolic 
steroids, GHB, heroin 

No cause of death related to MPH (156) 

MPH 
RA PM 10 25-

49 8M, 2F trace-95 
15-974 BL (femoral) 

Morphine, 6MAM, tamoxifen, 
THC, amphetamine, 

buprenorphine, diazepam, 
nordiazepam, norbuprenorphine, 

7-amino-clonazepam, 
quetiapine, 

dihydropropiomazine, 
hydroxizine, mirtazapine, 
paracetamol, venlafaxine, 

citalopram, 7-amino nitrazepam, 
carbamazepine 

Autopsy (134) 

MPH PM 1 62 F 

1100 

980 

3600 

800 

1 mg 

BL 

(peripheral) 

BL (central) 

Liver 

Vitreous 

humor 

Stomach 

contents 

 

Prescribed 10 mg tablets of MPH to 
be taken twice a day 

Prescription was filled 12 days prior 
to death 

331 of 360 were missing 

(135) 

Abbreviations: methylphenidate (MPH), ritalinic acid (RA), blood (BL), plasma (PL), urine (UR), oral fluid (OF), antemortem 
(AM), postmortem (PM), male (M), female (F), driving under the influence of drugs (DUID), not detected (ND) 
1units are in ng/mL unless otherwise specified
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Alterative matrices – oral fluid 

Oral fluid (OF) has emerged as an alternative biological matrix in both forensic 

and clinical settings. OF offers quick and non-invasive sample collection that can be 

conducted on-site. OF allows for reduced biohazard waste (compared to blood) and may 

reflect recent drug use (compared to urine) without the need for medically-trained or 

same-sex collectors. OF collection has been incorporated into drug treatment, workplace, 

pain management, and DUID programs (157). There are a few techniques for OF 

collection: passive drool, salivary stimulation, or collection devices. Collection devices 

usually contain a pad that absorbs a set volume of OF in a few minutes. A buffer is then 

used to stabilize the drugs (157). According to the Recommendations for Toxicological 

Investigations of Drug-Impaired Driving and Motor Vehicle Fatalities – 2017 Update, 

when investigating DUID cases, blood and oral fluid are the preferred specimens for 

collection (158). However, comprehensive analytical methods are needed for drug 

detection in oral fluid. There have been few LC-MS/MS methods that have analyzed 

MPH in OF. Mariotti et al. analyzed MPH (with fenproporex and diethylpropione) using 

LLE with a 2.5 ng/mL LOQ (149). Mulet et al. analyzed MPH and RA in OF with a LOQ 

of 0.5 ng/mL. This method was applied to 111 OF samples collected from children 

diagnosed with ADHD and MPH and RA were 3.5-61.3 and 2.6-47.0 ng/mL, respectively 

(150). Arvidsson et al. developed a method for MPH and RA (LOQ: 0.7 and 0.2 ng/mL, 

respectively) in OF using PP and applied it to 12 subjects who ingested a 20 mg MPH 

tablet (139). Lastly, MPH was analyzed in OF samples in two clinical studies between 

two age groups and MPH concentrations were 16-88 ng/mL (age: 10-17 years) and 18-49 

ng/mL (age: 18-45 years) (134). As MPH is commonly prescribed and also abused, both 
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clinical and forensic laboratories should include such cognitive stimulants in their 

analytical scope of testing for OF. 

Alternative instrumentation – supercritical fluid chromatography 

With the ever-changing field of forensic toxicology, there needs to be alternative 

and novel ways to detect drugs of abuse that offer improvements in efficiency. 

Supercritical fluid chromatography (SFC) is a type of chromatography that utilizes a 

supercritical fluid as the mobile phase. A supercritical fluid is a substance at a 

temperature and pressure above its critical point. This supercritical fluid possesses 

characteristics of both a liquid and a gas (159). Due to the combination of these gas-like 

transfer properties and liquid-like solvation patterns, SFC proves to be promising 

instrument for chromatographic separation (160, 161). Carbon dioxide (CO2) is the most 

common mobile phase used in SFC (159, 161). CO2 has a low critical temperature and 

pressure but is non-toxic and easily affordable (160). Due to the polarity of CO2, an 

organic modifier such as methanol (MeOH), ethanol or acetonitrile, is commonly added 

to the mobile phase to increase elution strength. Additives may also be used to improve 

peak shape for strongly polar compounds such as amines. The advantages of SFC when 

compared to LC are increased speed, better selectivity and higher efficiency (159). With 

the mobile phase being at a supercritical point, diffusion is higher than that of a liquid 

(used in LC) so SFC is faster than LC. Additionally, there is a lower viscosity of the 

mobile phase which improves SFC efficiency. SFC has been known to play a role in 

chiral separations due to the normal-phase HPLC environment that SFC has with a non-

polar mobile phase. As compared to LC, SFC offers shortened analysis time, reduced 

solvent consumption, and improved retention time reproducibility (159). Also, SFC can 
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be coupled to GC and LC with other detectors such as Fourier transform infrared 

spectrometer or flame ionization detectors which allows for broad application (161). 

MPH and EPH have been analyzed using SFC though the methods are limited. In 

a study by Desfontaine et al. MPH was analyzed in a study with 38 compounds 

(benzodiazepines, narcotics, stimulants, antidepressants, anesthetics, beta-blockers, 

antipsychotics and antihistamines) that was comparing SFC columns for the best peak 

shape. The SFC mobile phase was CO2/MeOH with a 10 mM ammonium formate (AMF) 

additive (162). In another study by Desfontaine et al. the matrix effects of plasma and 

urine were tested on both SFC and LC for a variety of drugs, including MPH. Both 

matrices underwent a clean-up procedure (dilution for urine and protein precipitation for 

plasma) and a selective sample preparation (solid-phase extraction). The SFC mobile 

phase was CO2/10 mM AMF with 98:2 MeOH:H20. This study concluded that matrix 

effects are reduced with SFC compared to LC, especially when SPE is used (163). 

Novakova et al. assessed MPH and 110 other doping agents and found that UHPSFC-

MS/MS was more sensitive for 32% of these agents when compared to UHPLC-MS/MS 

(164). Perrenoud et al. tested 92 pharmaceutical drugs, including MPH with an SFC 

mobile phase of CO2/MeOH. This study found that addition of 20 mM ammonium 

hydroxide as an additive can help improve peak shape of some analytes (165). Lastly, 

EPH was analyzed with 40 novel psychoactive substances (NPS) (pyrovalerones, 

benzofurans, phenidates, phenidines) to test which additive pairs best with CO2 for 

enantiomeric separation. In this study, 88% of NPS tested were enantio-separated with 

SFC as compared to only 36% with LC. Similar to previous studies, they indicated that 

MeOH was best paired with CO2 in the mobile phase to assist with enantioseparation 
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(166). As chiral derivatization for GC or chiral columns for LC are costly and time 

consuming, SFC may be a viable technique for chiral separation of MPH and EPH 

enantiomers. SFC offers improved sensitivity, peak shape, and matrix effects.  

Stability  

Stability of analytes is important to study and understand to ensure proper 

analysis of samples. If analytes are not stable in various matrices under certain 

conditions, inaccurate quantification values may be reported. Analyte degradation can 

occur so samples need to be properly stored during transportation and before analysis to 

ensure accurate reporting. Also, time before analysis plays a crucial role in the stability of 

analytes. Stability studies can give valuable data for various storage conditions and how 

long analytes remain stable in those conditions over a specified amount of time. There 

have been stability studies analyzing MPH. Thomsen analyzed MPH for one month in 

blood at ambient temperature, 4ºC, -20ºC and -80ºC. The enantiomers of MPH remained 

stable in all conditions with the exception of ambient temperature (127). Secilir et al. 

conducted a stability study in plasma and saliva and found that MPH was stable at -20ºC 

for one month but not at 5ºC for 48 hours (138). Ramos et al. found that d-MPH is not 

stable at ambient temperature for 24 hours while l-MPH remained stable for >24 hours 

(136). Stability has been conducted with various freeze-thaw cycles and MPH has 

remained stable (62, 126, 132, 137) in them all. There have been few studies that have 

analyzed MPH over a long period of time. Thomsen et al. and Leis et al. analyzed MPH 

at -20ºC for 17 and 30 days, respectively. MPH remained stable in both studies (127, 

137). Zhang et al. analyzed MPH at this same condition for six months and found that 
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MPH remained stable during this time (62). Other than the study by Zhang et al. there is a 

lack of long-term stability studies for MPH. 

Ethylphenidate 

Prevalence 

Ethylphenidate was first synthesized as an internal standard when analyzing MPH 

PK (129) (Figure 1.4). In more recent years, it has emerged as a NPS under the street 

name “Nopaine”(130). NPS, or “legal highs,” are drugs sold as “research chemicals” and 

typically labeled “not for human consumption” (131, 132). There has been an alarming 

increase in NPS use over the last decade (133). Though identified over 50 years ago, EPH 

did not appear on a drug forum until 2010 (134) and was first reported to the EMCDDA 

Early Warning System in 2011 (135). EPH was first controlled in 2012-2013 by some 

European states and in 2015 under a Temporary Class Drug Order in the United Kingdom 

(136-139). EPH is not controlled in the United States though it could be considered an 

analog of MPH which would make it a Schedule II substance. Though EPH is 

metabolized from MPH in the presence of alcohol, there have been reports on internet 

forums that EPH is being abused as a standalone compound for its stimulant effects, 

making it of importance on the forensic radar.  
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Figure 1.4. Structure of ethylphenidate (chiral centers indicated by *) 

Between August 2010 and February 2015, there were 198 user reports on EPH 

internet forums and social media sites with  (140). Ho et al. found that there were 83 

internet sites (based out the UK) that sold illicit EPH with at least one other NPS (140). 

This demonstrates that EPH can no longer solely be considered a biomarker for 

MPH/alcohol use as it is being abused as an emerging designer drug. Internet sites were 

selling EPH as powders, crystals, or pellets with a maximum dose of 10 kg, 5 kg, and 50 

mg, respectively. The recommended dose is 30 mg. The main route of administration 

reported was insufflation. EPH user reports indicate co-administration with many other 

substances including benzodiazepines, alcohol, other stimulants, cannabis, other sedatives 

or hypnotics, and GHB. Like with other stimulants, EPH users often self-medicate with 

benzodiazepines to reduce undesirable effects during crash phase (141). The most 

reported effect was euphoria followed by elation (140). When assessing use of EPH for 
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academic performance, some reports stated it was a good study aid (142) while others say 

the euphoria was distracting (143). Users who reported EPH use as a study aid stated it 

was similar to MPH (142, 144, 145). Among the 198 forums, there were 688 reports of 

unwanted effects with the top three being nasal pain, anxiety, and palpitations. After 

effects included the desire to use again and lethargy (140). Soussan et al. found 44 user 

reports of EPH use from March 2011 to March 2014. EPH was reported to be used for 

recreational use, cognitive enhancement and increase in social interaction experiences. 

Similar to Ho et al., many users reported nasal pain after insufflation, anxiety, increased 

blood rate, and profuse sweating. Half of the users in the Soussan et al. study also 

reported the desire to reuse (146). Though there were mixed reviews on the strength of 

the effects, users reported EPH effects similar to those of cocaine, amphetamine, 

mephedrone, pentedrone, 3,4-methylenedioxymethamphetamine and 

methylenedioxypyrovalerone (142-145). Though there are few analytical studies 

encompassing EPH, it is considered a NPS with high potential for recreational abuse. As 

such, analytical methods are needed to detect and quantify EPH as it is not just a 

metabolite of MPH but a designer drug that can be ingested alone. 

Pharmacology  

EPH, or (2R:2’R,2S:2’S)-α-phenyl-2-piperidineacetic acid ethyl ester is an active 

metabolite of MPH produced in vivo in the presence of alcohol (14) (147-149). The 

central nervous activity of EPH was first reported in 1961 and it was discovered that, in a 

mouse model, EPH was 80% more potent than MPH (150). When comparing to MPH, 

EPH has displayed a 16-fold higher affinity for DAT than NAT which increases the 

potential for abuse and addiction (151, 152). Due to the similar structure of MPH, EPH 
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has 2 chiral centers giving rise to 4 stereoisomers. Like MPH, all catecholaminergic 

activity is due to d-EPH (14). EPH may serve as a biomarker for evidence of concomitant 

MPH and ethanol use (121, 125, 149, 153). Since EPH has been reported to have more 

selective neurochemical actions than MPH, there is potential for EPH to act as a 

therapeutic agent for ADHD by more selectively targeting DAT (83, 106, 107). 

Pharmacokinetics 

In vivo, EPH is formed from MPH in the presence of alcohol (192, 193). Illicit 

MPH use usually involves the consumption of alcohol (88, 116, 194) leading to the 

production of EPH. EPH has similar effects as MPH with increased concentration and 

decreased inattentiveness. Physiologically, EPH increases heart rate, blood pressure and 

can lead to insomnia, sweating and loss of appetite (194). Given their structural 

similarity, the Vd of EPH might be expected to be similar to MPH, though little data are 

published to support this. Like RA, this metabolism is catalyzed enantioselectivity by the 

CES1A1 enzyme in the liver via transesterification (83, 188, 195, 196, 197). In the 

presence of alcohol, CES1A1 metabolism slows down which increases d-MPH in plasma, 

producing the euphoric effects that humans feel. Therefore, the effects from EPH do not 

happen due to EPH itself, but due to an increase in parent drug concentrations (83, 114, 

198, 199). This pathway is like that of cocaine. In the presence of alcohol, cocaine is 

metabolized to cocaethylene but ethanol increases the concentration of parent cocaine 

which increases the stimulant effects (200). Due to the common co-abuse of MPH and 

ethanol, it is relevant to study EPH in forensic cases. 
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Methods  

There are few analytical methods for detection and quantification of EPH in 

human matrices. These methods are summarized in Table 1.5. Of those methods that have 

been developed, there are few that are enantioselective. Zhu et al. developed a chiral 

method for the separation of EPH enantiomers in plasma using LLE (126). The 

enantiomers were separated using an Astec Chirobitoic V2 chiral column on a LC-

MS/MS with 0.025 ng/mL LOQ. EPH has been studied in other matrices such as serum 

(200, 201), hair (201, 202), blood (203) and urine (201). More recently, screening 

techniques targeting NPS and designer stimulants that include EPH were developed for 

blood (204, 205) using LC-MS/MS. In the screen by Giorgetti et al., EPH LOQ was 0.51 

ng/mL (204). With EPH emerging as an NPS as well as a biomarker for MPH use in 

forensic and clinical settings, methods are needed to detect and quantify this analyte. In 

an effort to understand pharmacological properties of the enantiomers and to assist with 

forensic toxicological data interpretation, there remains a need for chiral separation of 

EPH enantiomers in biological matrices. 
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Table 1.5. Analytical methods for quantification of EPH in human and biological matrices as reported in literature 

Matrix Analyte 
Chiral 

Separation 
Mechanism 

ISTD Extraction Instrument 
Calibration 

Range 
(ng/mL)1 

LOQ 
(ng/mL)1 

Other 
Analytes Reference 

BL EPH   PP LC-MS/MS 1-250   (203) 

PL *d,l -EPH Chiral 
column 

d,l -MPH-
d3 LLE LC-MS/MS 0.025-25 0.02 d,l -MPH (126) 

PL (rat) *d,l -EPH Chiral 
column MPH-d9 LLE LC-MS/MS 1-500 1 d,l -MPH 

d,l -RA (142) 

PL d,l -EPH  MPH-d3 SPE LC-MS/MS 0.05-5 <0.05   
Serum EPH  MPH-d3 SPE LC-MS/MS 5-1000 5  (200) 

Serum EPH 
  SPE GC-MS  10 

5-APB,  
5-MAPB, 
 5-EAPB,  

RA 
 

(201) 

  PP LC-MS/MS  5 

 UR EPH 
  SPE GC-MS  10 
  PP LC-MS/MS  5 

Hair EPH   Wash LC-MS/MS  5 
  SPE GC-MS  0.2 

Hair EPH    LC-MS/MS 10-500 pg/mg 10.3 pg/mg 97 other NPS (202) 

Abbreviations: methylphenidate (MPH), ritalinic acid (RA), ethylphenidate (EPH), blood (BL), plasma (PL), urine (UR), 
liquid chromatography-tandem mass spectrometry (LC-MS/MS), gas chromatography-mass spectrometry (GC-MS), protein 
precipitation (PP), liquid-liquid extraction (LLE) solid-phase extraction (SPE) 
*chiral separation 
1units are in ng/mL unless otherwise specified
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Cases 

There have been few reports cases associated with ethylphenidate intake. Of those 

that have been reported, most of them are postmortem cases in which EPH was detected. 

In an effort to study EPH formation, Markowitz et al. administered two 10 mg MPH 

tablets to six volunteers followed by ingestion of ethanol (196). EPH was detectable in 

plasma of all subjects at a mean concentration of 0.43 ng/mL, establishing EPH as a 

metabolite of MPH after ethanol ingestion. In an antemortem case of EPH toxicity, EPH 

was found in concentrations of 0.24 and 0.98 ng/mL in serum and urine, respectively, 

after ingesting 500 mg of EPH (206). From a postmortem standpoint, Maskell et al. 

reviewed seven fatalities associated with EPH (200). Of the seven cases, six blood 

samples were positive for other drugs. In the single EPH toxicity case, EPH was 2180 

ng/mL in blood (200). Krueger et al. had two cases in which EPH was detected in 

autopsy cases following a routine screen of the organs and biological fluids. EPH was 

found in combination with other drugs in both cases (203). Lastly, Parks et al. conducted 

a study of postmortem cases in Scotland from 2013-2014 and found 19 cases with 

detectable EPH at concentrations of 8-2000 ng/mL (207). In every case, other drugs of 

abuse were detected with EPH. Of those 19, the cause of death in five of those was 

directly related to EPH toxicity. These data are summarized in Table 1.6. In postmortem 

samples, EPH was present at higher concentrations compared to antemortem samples. In 

the postmortem EPH toxicity case in which EPH was the only drug suspected, the 

concentration was 2180 ng/mL compared to the antemortem single EPH case at 0.24 

ng/mL in plasma. Additionally, EPH concentrations in antemortem cases were higher 

than when detected with other drugs (range: 30-1370 ng/mL). These cases indicate that 
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EPH toxicity can be fatal, especially when taken in combination with other drugs of 

abuse. This makes it necessary to have analytical methods to quantify EPH in various 

matrices. 
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Table 1.6. Antemortem and postmortem concentrations of EPH reported in literature 

Analyte Case 
Type N Age Sex Concentration 

(ng/mL)1 Matrix Other Analytes Notes Reference 

EPH AM 1 21 M 
0.24 Serum 

 Reported using 500 mg of 
EPH over several hours (206) 

0.98 UR 

EPH AM 6 24-32 3M, 3F 0.43 
(mean Cmax) 

PL  10 mg MPH (x2) + 0.6 g/kg 
ethanol 30 minutes later (196) 

EPH PM 1 38 M 23 BL (femoral) Fentanyl, norfentayl, pregabalin, RA Routine screen (203) 

EPH PM 19 20-54 14M, 5F 8-2000 BL (femoral) Benzodiazepines, opiates, methadone 

Postmortem autopsy 
findings; 

EPH was cause of death in 5 
cases 

(207) 

EPH  PM 7  23-49   

2180 

BL (femoral)  

 COD: EPH toxicity (200) 

1370 Benzoylecgonine, sertraline, diphenhydramine COD: hanging (200) 

870 Dothiepin, methiopropamine, ethanol COD: hanging (200) 

110 Methadone, EDDP, zopiclone, sertraline, aripiprazole, 
dehydroaripiprazole, 2-aminoindane, ethanol 

COD: methadone and 2 
amino toxicity (200) 

140 
Morphine, codeine, ketamine, cocaine, 

benzoylecgonine, venlafaxine, o-
desmethylvenlafaxine 

COD: heroin toxicity (200) 

30 Methiopropamine, 5APB/6APB COD: mixed drug toxicity (200) 

110 Diazepam, nordiazepam, temazepam, oxazepam, 
morphine, codeine COD: multiple drug toxicity (200) 

EPH PM 1 32 M 

110 

180 

130 

980 

20 

BL (femoral) Methadone, EDDP, morphine, fentanyl, MPH, RA 

Routine screen (203) 

Liver 
 

Pericardial fluid  

UR Methadone, EDDP, morphine, fentanyl, MPH, RA 

Stomach 
contents 

Methadone, EDDP, morphine, MPH 

Abbreviations: ethylphenidate (EPH), blood (BL), plasma (PL), urine (UR), antemortem (AM), postmortem (PM), male (M), 
female (F), cause of death (COD) 
1units are in ng/mL unless otherwise specified
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Stability 

There are few methods that have analyzed stability of EPH and its enantiomers. 

Zhang et al. analyzed EPH in rat plasma at ambient temperature (4 and 24 hours), -80ºC 

(30 days), and for three freeze-thaw cycles (62). EPH was considered stable under these 

conditions. Additionally, Zhu et al. conducted a stability study in human plasma for EPH. 

The enantiomers of EPH remained stable at room temperature (4 hours), in the 

autosampler after processing (4ºC, 24 hours) and for three freeze-thaw cycles (126). To 

the authors knowledge there are no long-term EPH stability studies. As previously 

mentioned, stability studies are necessary to understand storage, handling conditions, and 

proper analysis time to ensure accurate quantification values.  

Statement of the Problem 

Due to the increase in prescribed stimulant medications among young adults, 

there is a potential for abuse among this population. As the purpose of these stimulants is 

to speed up brain activity, there is an increased risk that they may be misused or abused 

in an academic setting. As previous studies show, there is a likelihood that these 

prescriptions may be illicitly diverted. Due to the potential for abuse, it is important to 

monitor cognitive stimulants in clinical and forensic settings. This study aims to address 

analytical gaps in the literature by developing enantioselective separation techniques for 

analysis of MPH and its metabolites in various biological samples. As EPH is produced 

from MPH in the presence of alcohol, which is commonly co-abused with MPH, this 

analyte is of importance as well. Additionally, as EPH is emerging as a NPS, it is 

important to monitor this analyte as it may be used illicitly and its presence may not 

necessarily indicate MPH intake. This study seeks to provide validated analytical 
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methods that can be used in clinical and forensic laboratories to detect and quantify 

MPH, EPH, RA, and other cognitive stimulants in blood and oral fluid using liquid 

chromatography-tandem mass spectrometry. Additionally, this study addresses pressing 

issues of MPH stability in an effort to understand analyte degradation and to ensure 

proper storage and handling of forensic samples for accurate quantification and data 

interpretation. 
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Abstract 

Drugs such as methylphenidate (MPH) are commonly prescribed for Attention-

Deficit/Hyperactivity Disorder but may be abused recreationally. Erythro-MPH is 

associated with pharmacological effects and is present as dextro (d) or levo (l) 

configuration, with the d configuration being more potent. However, many medications are 

sold as a racemic mixture and thus analytic separation of isomers is essential. MPH 

metabolizes into ritalinic acid (RA) as well as ethylphenidate (EPH) in the presence of 

ethanol. Chiral analysis poses challenges to researchers. Due to limited assays, this project 

aimed to develop a method that separates and quantifies the enantiomers of MPH and EPH 

as well as RA in blood. Methods such as this are critical to understanding the 

pharmacokinetics of chiral cognitive stimulants. This method uses solid-phase extraction 

and analysis by liquid chromatography-tandem mass spectrometry (LC-MS/MS) and was 

fully validated. The linear range for MPH and EPH was 0.5-200 ng/mL and 0.5-500 ng/mL 

for RA. Limit of detection (LOD) was 0.1 ng/mL (with the exception of RA with an LOD 

of 0.5 ng/mL) and the limit of quantification was 0.5 ng/mL, despite significant matrix 

effects. Extraction recovery was >79%. Bias was -4.8 to -12.7% and maximum within-run 

precision was ±12.5% for all analytes. The optimized and validated technique offers chiral 

separation of the threo-enantiomers of d,l-MPH, d,l-EPH and RA and quantification in 

blood utilizing LC-MS/MS. 

KEY WORDS:  Methylphenidate, Cognitive stimulants, Chiral analysis, LC-MS/MS, 

Solid-phase extraction, Method validation
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Introduction 

Attention-deficit hyperactivity disorder (ADHD) is a neural brain disease that 

results from a dopamine deficiency in the synapse of the brain. Patients with ADHD have 

lower dopamine levels due to increased reuptake transporters. Consequently, decreased 

dopamine in the brain leads to inattention, boredom, and lack of focus; thus, making it 

hard for patients to pay attention. Medications combat this disorder by blocking 

dopamine reuptake transporters in the brain which leads to increased dopamine in the 

synapse (1-5). One of the main medications to combat this disorder is Ritalin® (6, 7). The 

active ingredient in Ritalin is methylphenidate (MPH), a cognitive stimulating drug that 

speeds up brain activity (8). In more recent years, MPH use and abuse have increased 

making it more relevant when performing toxicology casework (9). Methylphenidate has 

two chiral centers which gives rise to four stereoisomers: the d and l configurations of the 

threo- and erythro- isomers (10). Studies show that threo-MPH is responsible for the 

pharmaceutical effects of methylphenidate (11). The d-enantiomer is predominately 

responsible for medicinal uses (12-17). However, this medication is typically sold as a 

racemic mixture of threo-MPH with both d and l enantiomers present (2). As MPH 

breaks down, the inactive metabolite ritalinic acid (RA) is produced (18, 19) by the CES1 

gene in the liver (20). In the presence of ethanol, MPH is converted to ethylphenidate 

(EPH) (21). Both RA and EPH also contain chiral centers giving rise to multiple 

stereoisomers and enantiomers. Due to the differing effects of the enantiomers, it is 

important to study the pharmacodynamics and pharmacokinetics (PD/PK) of this drug (6, 

15, 22). For this reason, methods need to be developed, optimized, and validated for 

chiral separation and quantification of these enantiomers.  
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There has been extensive research analyzing MPH and its metabolite, RA, using 

liquid chromatography-mass spectrometry (LC-MS/MS) in blood (23), plasma (23-28), 

urine (18, 29, 30), oral fluid (8, 23, 25, 27, 31), breath (29), and dried blood spots (32). 

MPH and RA were isolated from these matrices through a variety of extraction 

techniques such as liquid-liquid extraction (LLE) (26), protein precipitation (23, 25, 28, 

32), or a simple dilution (8, 18, 24, 30). However, these methods were not 

enantioselective and did not separate the enantiomers of these analytes. Alternatively, 

there have been methods conducted that have analyzed the enantiomers of MPH using 

LLE (6, 15) and solid-phase extraction (SPE) (22, 33, 34) for sample preparation. These 

extraction techniques have been used to isolate d,l-MPH from urine (34), brain tissue (33) 

and traditional matrices such as plasma (6, 15, 34) and blood (22). Of note, Markowitz et 

al. analyzed ethylphenidate formation in human plasma and urine after consumption of 

MPH and ethanol. Though separation was non enantioselective, this method quantified 

MPH, EPH and RA using SPE and LC-MS/MS (34). Thomsen et al. analyzed d,l-MPH 

and RA in blood utilizing SPE following a protein precipitation (22) with a linear range 

of 0.5 - 500 ng/g. This method was applied to 12 postmortem samples in which d,l-MPH 

and RA were all detected. However, this study did not analyze EPH. There have been few 

enantioselective methods that have analyzed MPH and both metabolites, RA and EPH. 

Additionally, LLE is more commonly used to isolate these analytes from various 

matrices. To the authors knowledge, this is the first known method to extract and quantify 

RA, as well as the enantiomers of MPH and EPH in blood using SPE and LC-MS/MS in 

a single assay. For enantioselective separation, crime laboratories typically use 

derivatization. Due to the harmful nature of derivatizing agents, as well as the expense, 
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this method aims to separate these enantiomers utilizing a chiral LC column containing 

vancomycin. The use of vancomycin proves to be cost effective and efficient to achieve 

baseline separation of d,l-MPH and d,l-EPH. 

Materials and Methods 

Chemicals and reagents 

Ethanolic solutions of d,l-threo-ethylphenidate and ritalinic acid and methanolic 

solutions of d,l-methylphenidate and internal standards (ISTDs), d,l-threo-

methylphenidate-d10 and d,l-threo-ritalinic acid-d10 were purchased from Lipomed 

(Cambridge, MA, US). Individual enantiomeric standards were not available to assess 

separately. Defibrinated bovine blood with potassium oxalate and sodium fluoride 

preservatives was purchased from Quad Five (Ryegate, MT, US) and stored at 4°C. 

Solid-phase extraction was performed utilizing DAU Clean-Screen (130 mg, 3 mL) SPE 

columns (United Chemical Technologies, Bristol, PA, US) on an SPEWare System 48™ 

CEREX Pressure Processor (Baldwin Park, CA, US). A BiotageTurboVap LV 

Evaporator (Charlotte, NC, US) equipped with nitrogen gas was used for solvent 

evaporation. Trifluoroacetic acid (99.5%) and ammonium acetate (LC-MS Ultra) were 

from Fisher Scientific (Hanover Park, IL, US) and acetic acid was from Mallinckrodt 

Pharmaceuticals (St. Louis, MO, US). Deionized water, ammonium hydroxide and LC-

MS grade methanol (>99.9%) used in sample preparation, extraction and mobile phase 

preparation were purchased from J.T. Baker (Center Valley, MA, US). Dibasic sodium 

phosphate and monobasic sodium phosphate were from Sigma-Aldrich (St. Louis, MO, 

US). 
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Preparation of standard solutions 

All analytes were prepared as stock standards in methanol at a concentration of 

100,000 ng/mL. ISTD stock standards were prepared in methanol at 10,000 ng/mL. 

Mixed methanolic solutions were prepared via serial dilution, resulting in concentrations 

of 5, 10, 50, 100, 500, 1000, 2000, 5000 ng/mL. When fortified in blood, the following 

concentrations were produced: 0.5, 1, 5, 10, 50, 100, 200, 500 ng/mL. Quality controls 

(QC) were prepared in solution at three concentrations. For MPH, EPH and RA, the low 

and medium QCs were 15 and 250 ng/mL, respectively. The high QC was 1500 and 4000 

ng/mL for MPH/EPH and RA, respectively. When fortified in blood, the low and medium 

QCs for MPH, EPH and RA were 1.5 and 25 ng/mL, respectively. The high QC was 150 

and 400 ng/mL for MPH/EPH and RA, respectively. A mixed methanolic internal 

standard solution was prepared at 100 ng/mL (10 ng/mL in blood). All solutions were 

stored at -20°C in amber vials. 

Solid-phase extraction 

Blood (250 µL) was fortified with 25 µL of calibrator or QC solution. All samples 

and negative controls were fortified with 25 µL of ISTD. Phosphate buffer (100mM, pH 

6, 1mL) was added to all samples and vortexed. The mixtures were centrifuged 

(2000rpm, 10 min) before loading onto the SPE column pre-conditioned with methanol 

(1 mL) and phosphate buffer (1 mL). After sample loading, the SPE columns were 

washed with acetic acid (0.1 M, 1 mL) and methanol (1 mL). The columns were dried 

under nitrogen at maximum pressure for 10 min. Analytes were eluted with 2% 

ammonium hydroxide in methanol (2 mL). The solutions were evaporated to dryness 

under nitrogen at 50°C. Samples were reconstituted in 100 µL mobile phase (2:98) before 
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being transferred to LC autosampler vials. A total of 1 µL was injected onto the LC-

MS/MS.  

Instrumentation 

Liquid chromatography 

Analysis was performed on an Agilent 1290 Infinity II Liquid Chromatograph 

coupled to an Agilent 6470 Triple Quadrupole Mass Spectrometer (Santa Clara, CA). 

Separation of analytes was achieved using an Agilent Poroshell Chiral-V column (2.7 

µm, 2.1 x 100 mm) with a Poroshell 120 EC-C18 (2.7 µm, 2.1 x 5 mm) guard held at 

35°C. An isocratic elution was used with mobile phase A:B at 2:98 at a 0.6 mL/min flow 

rate. Aqueous mobile phase (A) was deionized water. Organic mobile phase (B) consisted 

of 0.0125% trifluoroacetic acid (v/v) and 0.025% ammonium acetate (w/v) in methanol. 

Total run time was 4 min. 

Mass spectrometry  

Positive mode electrospray ionization was used. Analytes were detected with 

multiple reaction monitoring (MRM) with one transition for quantification and one 

transition for qualification per compound. The gas temperature and gas flow were set at 

300°C and 5 L/min, respectively. The nebulizer was at 45 psi. The sheath gas was at 

350°C with a flow of 11 L/min. The capillary voltage was at 3500 V. The optimized 

MS/MS parameters are summarized in Table 2.1.
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Table 2.1. Optimized acquisition parameters for analyte quantification 

Analyte Retention Time 
(min) 

Precursor Ion 
(m/z) 

Quantifier Ion 
(m/z) 

Qualifier Ion 
(m/z) Paired Internal Standard 

RA 0.66 220.1 84.0 56.1 RA-d10 
l-MPH 1.09 234.1 84.1 56.0 l-MPH-d10 
d-MPH 1.36 234.1 84.1 56.0 d-MPH-d10 
l-EPH 0.98 248.2 84.1 56.0 l-MPH-d10 
d-EPH 1.12 248.2 84.1 56.0 d-MPH-d10 

d-MPH-d10 1.40 244.2 93.1 61.1 - 
l-MPH-d10 1.12 244.2 93.1 61.1 - 

RA-d10 0.65 230.1 93.1 61.1 - 
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Method validation  

Method validation was performed according to the Standard Practices for Method 

Validation in Forensic Toxicology published by the AAFS Standards Board (ASB) as a 

guideline (ANSI/ASB Standard 036) (35). Calibration models were determined using 8 

non-zero calibrators over 5 days using different sources of blood. Linearity was assessed 

using the least squares model and considered acceptable when R2 > 0.99. Limits of 

detection (LOD) and limits of quantification (LOQ) were analyzed in triplicate over three 

days in three different sources of blood. LOD were evaluated in terms of signal to noise 

ratio of ≥3 and ion ratios (within ±20%). LOQ were considered acceptable with signal to 

noise ratio of ≥10 and bias and precision within ±20%. 

Bias and precision were evaluated at three QC concentrations in triplicate over 5 

days. Bias was considered acceptable within ±20%. Within-run and between run 

precision (% coefficient of variation, CV) were calculated at each QC concentration and 

considered acceptable within ±20%. Carryover was assessed on three days by injecting a 

blank matrix sample immediately after injection of the highest calibrator. Carryover was 

considered negligible if peaks were below the method’s LOD. 

Endogenous interferences were determined by injection of extracted blank matrix 

with ISTD from 5 sources. Negative control samples were fortified with ISTD only and 

examined for the presence of d0 analytes. Exogenous interferences (10,000 ng/mL) were 

fortified into low QC samples (n=3) and extracted following the described procedure. 

The compounds evaluated included Δ⁹-tetrahydrocannabinol, alprazolam, amobarbital, 

amphetamine, amitriptyline, butalbital, caffeine, carbamazepine, carisoprodol, cocaine, 

codeine, cotinine, cyclobenzaprine, dextromethorphan, diazepam, diphenhydramine, 
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hydrocodone, hydromorphone, ketamine, methadone, nicotine, nordiazepam, oxazepam, 

oxycodone, pentobarbital, phencyclidine, phenobarbital, propoxyphene, secobarbital, 

tetrahydrocannabinolic acid, tramadol, and zolpidem. Interferences were considered 

negligible if there were no interfering peaks and if the targeted QC analytes (MPH, RA, 

EPH) quantified within ±20%. 

Matrix effects (ion suppression/enhancement) were determined using post-

extraction addition using low and high QCs in 10 sources of matrix. Matrix effects were 

calculated by dividing the mean response of the post-extraction fortified samples by the 

mean response of the neat standards. Extraction recovery was determined using post-

extraction addition in 5 sources of matrix at 10 ng/mL. Recovery was calculated by 

dividing the mean response of the post-extraction fortified samples by the mean response 

of the pre-extraction fortified samples. Matrix effects were considered acceptable within 

±25% 

A 1:10 dilution of high QC was performed in triplicate. Short-term stability was 

assessed in triplicate at low and high QC concentrations under the following: processed 

autosampler (4°C, 48 hours), refrigerated (4°C, 48 hours) and room temperature (20°C, 

24 hours). Dilution and stability were considered acceptable if bias was within ±20%. 

Results and Discussions 

Method development  

Extensive method development sought to optimize an extraction with minimal 

interferences and maximal instrument response for the analytes of interest. Due to the 

focus of this study being enantiomeric separation, various LC columns were used to 

achieve this. Ultimately, Agilent Poroshell Chiral-V allowed for separation all three 



83 
 

 

analytes as well as full enantiomeric separation of d,l-MPH, d,l-EPH and d,l-MPH-d10. 

The vancomycin protein within the column contains 18 chiral centers, 5 aromatic rings 

and 3 cavities in which the enantiomers can get trapped (by stereoselectivity) leading to 

separation (36). This protein is suggested for use when performing reverse-phase LC 

separation of amines. Chromatographic separation was initially investigated using mobile 

phase A as 0.1% formic acid in water and mobile phase B as 0.01% in methanol. During 

this optimization, alternative additives, including ammonium formate, trifluoroacetic acid 

and ammonium acetate, were evaluated in attempt to separate the enantiomers. In 

addition, acetonitrile was also investigated as the organic solvent mobile phase. Of all 

mobile phase compositions analyzed, high organic mobile phase compositions allowed 

for separation of the enantiomers of d,l-MPH and d,l-EPH. Ultimately, trifluoro acetic 

acid (0.0125%, v/v) and ammonium acetate (0.025%, w/v) in methanol was selected as 

described by Zhu et. al (6). Mobile phase A consisted of unmodified deionized water. 

The final composition used was mobile phase A:B at 2:98 using an isocratic elution. This 

allowed for near baseline resolution of the MPH and EPH.  

A method to simultaneously extract both the alkaline and acidic analytes was 

investigated using various SPE columns, aqueous and organic washes, and elution 

solvents. Ultimately, the UCT DAU-Clean Screen columns successfully extracted the 

target analytes from blood. Various elution solutions were analyzed, including 

dichloromethane with isopropyl alcohol, methanol and ethyl acetate with multiple 

percentages of ammonium hydroxide. Ultimately, 2% ammonium hydroxide in methanol 

was chosen as it resulted in the highest analytical recoveries. Lastly, the reconstitution 

volume and injection volume were optimized. Samples (extracted as described above) 
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were reconstituted in mobile phase at 100, 500, or 1000µL and injected at a range of 1-

10µL. Peak shape and area were considered when determining optimal conditions. A 

small reconstitution volume (100µL) with a small injection volume (1µL) resulted in the 

best peak shape and response while minimizing matrix effects and allowing for 

reinjection, if necessary. 

Method validation 

Least squares regression was used with 8 (RA) and 7 non-zero calibrators (MPH 

and EPH). All calibration curves resulted in R2 values of ≥0.997 using a 1/x weighting. 

Analyte response was linear from the LOQ to 500 ng/mL for RA and from the LOQ to 

200 ng/mL for MPH and EPH. The method currently presented displays a linear range 

that is inclusive to concentrations found in literature. Thomsen et al. reported a sum 

concentration of 5-89 ng/g of methylphenidate (22) while Josefsson et al. and Schulz et. 

al reported a range of 10-60 ng/mL and trace-95 ng/mL (23, 37). These ranges have all 

been reported to be within therapeutic concentrations in living subjects. Calibration data 

from five days are summarized in Table 2.2 for RA, MPH, and EPH. 

Table 2.2. Summary of limit of detection (LOD), limit of quantitation (LOQ), linear 

range, and mean values of R2, slope and y-intercept for all five analytes in blood 

Analyte LOD 
(ng/mL) 

LOQ 
(ng/mL) 

Calibration 
Range (ng/mL) 

R2 

(n=5) 
Slope 
(n=5) 

Y-intercept 
(n=5) 

RA 0.5 0.5 0.5 - 500 0.9987 1.4251 0.1757 
l-MPH 0.1 0.5 0.5 - 200 0.9991 1.6902 0.5403 
d-MPH 0.1 0.5 0.5 - 200 0.9979 1.7523 0.5773 
l-EPH 0.1 0.5 0.5 - 200 0.9991 1.5672 0.4154 
d-EPH 0.1 0.5 0.5 - 200 0.9979 1.9742 0.6102 

 

The LOD and LOQ were 0.1 and 0.5 ng/mL for MPH and EPH, respectively. The 

LOD and LOQ were 0.5 ng/mL for RA. The LOD and LOQ were determined to be 
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acceptable for this study as they encompass the vales found in literature. These 

LOD/LOQ values are comparable to the study done by Thomsen et al. who obtained a 

LOQ of 0.5 ng/g (22). At the LOQ over three days, bias ranged from -3.1 to -17.2 % and 

precision were 1.8 to 16.9 %CV. Bias and precision results for three QC concentrations 

are summarized in Table 2.3 and were considered acceptable. For all analytes, bias was 

<±12.7%. Between-run precision was 3.6 to 6.9 %CV. Maximum within-run precision 

was 4.7 to 12.5 % CV. 

Table 2.3. Summary of bias, between-run precision, and maximum within-run precision 

in blood at three quality control (QC) concentrations over the linear range 

Analyte Bias 
(%, n=15) 

Between Run 
Precision 

(%CV, n=15) 

Maximum Within 
Run Precision (%CV, 

n=5)  
LQC1 MQC2 HQC3 LQC MQC HQC LQC MQC HQC 

l-MPH -10.1 -7.9 -8.9 5.5 4.1 4.9 7.5 4.9 7.6 
d-MPH -10.7 -6.4 -8.6 6.0 5.6 5.2 8.9 5.2 8.9 
l-EPH -12.7 -10.3 -10.3 5.0 3.6 4.8 8.7 4.7 7.3 
d-EPH -11.5 -7.1 -10.2 6.9 6.9 5.9 12.5 5.6 9.4 

RA -9.5 -4.8 -7.1 5.6 5.0 6.1 5.4 9.1 4.7 
1Low QC concentration: 1.5 ng/mL 
2Medium QC concentration: 25 ng/mL 
3High QC concentration: 150 ng/mL (MPH and EPH), 400 ng/mL (RA) 

 
Matrix effects ranged from -48.2 to 48.7% at the low concentration and -55.6 to 

24.2% at the high concentration. RA displayed ion suppression while MPH and EPH 

exhibited enhancement. Recovery ranged from 78.6 to 89.8% for all analytes at a 

concentration of 10 ng/mL. When assessing matrix effects, though the values fall out of 

the recommended ±25% range as suggested in the validation standard, the deuterated 

ISTD compensated for this phenomenon and was considered appropriately matched. 

Additionally, matrix effects were considered acceptable as the %CV values demonstrated 

reproducibility. Similarly, Thomsen et al. also observed matrix effects in blood for some 
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analytes while Zhu et al. experienced no matrix effects in plasma (6, 22). Whole blood 

consists of proteins, cells and other endogenous components that contribute to enhanced 

matrix effects. Therefore, these values were considered acceptable for this method. These 

data are summarized in Table 2.4. 

Table 2.4. Matrix effects (%) at two quality control (QC) concentrations (n=10) and 

recovery at a concentration of 10 ng/mL in blood for all five analytes 

Analyte 
Matrix Effects 

(%CV) Recovery 
(%, n=5) LQC1 HQC2 

RA -48.3 (14.3) -55.6 (10.6) 89.8 
l-MPH 44.5 (6.4) 20.4 (10.3) 84.0 
d-MPH 24.0 (6.3) 4.8 (11.2) 89.0 
l-EPH 44.6 (6.4) 21.6 (10.3) 88.1 
d-EPH 48.7 (6.7) 24.2 (9.9) 78.6 
RA-d10 -47.2 (13.4) -54.7 (10.8) 89.5 

l-MPH-d10 44.7 (6.3) 19.5 (9.1) 88.3 
d-MPH-

d10 28.6 (6.4) 4.8 (11.7) 80.2 
1Low QC concentration: 1.5 ng/mL 
2High QC concentration: 150 ng/mL (MPH and EPH), 400 ng/mL (RA) 

 

Endogenous interferences were evaluated in blank blood. No analyte peaks or 

interfering peaks were detected in the blank samples. Negative samples, with ISTD only, 

were evaluated for presence of d0 analytes and no peaks were detected. Common drugs 

of abuse were evaluated for interferences by evaluating 32 basic, acidic and neutral 

drugs. The LQC samples successfully quantified within ±20% (range: -20.0 to -11.5%) 

demonstrating selectivity of the method. No carryover was observed as analytes were 

evaluated to determine if they met or exceeded LOD criteria. Dilution integrity bias was -

19.11 to 5.5% for all analytes and was acceptable.  



87 
 

 
 

For processed sample stability in the autosampler, bias ranged from -16.8 to -

6.0% and were considered acceptable, as described in Table 2.5. For room temperature 

stability, RA was considered stable at the high concentration for 24 hours while the 

enantiomers of MPH and l-EPH demonstrated instability at both concentrations at 24 

hours. At the high concentration, d-EPH was considered stable for 24 hours but was 

considered unstable at the low concentration. Overall, bias ranged from -54.7 to 35.5% 

for all analytes. For refrigerated stability, RA remained stable for 48 hours while d,l-

MPH and l-EPH were unstable after 48 hours Like room temperature, d-EPH remained 

stable for 48 hours at the high concentration but unstable at the low concentration. 

Overall bias ranged from -27.8 to -2.5% for all analytes. When analyzing stability of 

these compounds, a general trend can be observed when comparing to a long-term study 

conducted by Smith et al. The same analytes in blood were stored under refrigerated and 

room temperature conditions over a nine-month period at a low (15 ng/mL) and high (150 

ng/mL) concentration (38). The results are comparable as they reported short-term 

stability (~1 week) when blood was stored under refrigeration. They also noted MPH and 

EPH degradation at room temperature and increasing RA concentrations. Their study 

confirmed MPH breaks down to RA when blood was not stored under frozen conditions. 

The rate of degradation varies slightly between the two studies and may be due to age of 

blood source and difference in concentrations. Given these data, storage conditions play 

an important role in preserving analyte concentration in blood.
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Table 2.5. Fortified and processed sample stability at the low QC and high QC in blood 

stored under various conditions. Bold numbers indicate values outside of acceptable 

range (±20%) 

 Stability (%Bias, n=3) 

Analyte 
Autosampler 

(Processed, 24h, 
4°C) 

Room 
Temperature 
(24h, 24°C) 

Refrigerator 
(48h, 4°C) 

 LQC1 HQC2 LQC HQC LQC HQC 
RA -6.0 -6.3 35.5 15.2 -11.9 -2.5 

l-MPH -10.6 -6.5 -54.7 -44.3 -22.6 -24.8 
d-MPH -8.3 -6.7 -54.0 -40.2 -27.8 -23.8 
l-EPH -16.6 -9.8 -37.4 -30.6 -23.4 -21.2 
d-EPH -16.8 -10.3 -28.6 -19.0 -21.9 -18.7 

1Low QC concentration: 1.5 ng/mL 
2High QC concentration: 150 ng/mL (MPH and EPH), 400 ng/mL (RA) 

 
Conclusion 

The present method was developed and optimized for the chiral separation and 

detection of d,l-MPH and its metabolites, d,l-EPH and RA. The method was validated 

following ASB/ANSI Standard 036. Calibration models, LOD, LOQ, bias and precision, 

interferences and carryover were considered acceptable. Despite ion enhancement and 

suppression, internal standards compensated appropriately, and matrix effects were 

reproducible and did not negatively impact LOQ. Dilution integrity was sustained for all 

analytes a factor of 1:10. Lastly, all analytes were stable in the autosampler after 

processing.  

The major goal of this study was to separate the enantiomers of d,l-MPH and d,l-

EPH and quantify them individually. With this, future studies assess the 

pharmacokinetics and pharmacodynamics of these enantiomers in the body. Additionally, 

metabolism studies can be conducted to better understand the breakdown of each parent 

drug enantiomer to its metabolites. This is the first method (to our knowledge) that 
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separates and quantifies the enantiomers of d,l-MPH and d,l-EPH with RA in the same 

assay in blood using LC-MS/MS.  
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CHAPTER III 
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Abstract 

Oral fluid is an alternative matrix that has proven to be useful for detection of 

drugs. Oral fluid is easy to collect, non-invasive, and may indicate recent drug use. There 

are limited methods available that analyze cognitive stimulants in oral fluid. Cognitive 

stimulants are used to treat attention-deficit/hyperactivity disorder (ADHD), a 

neurological disorder that emerges from lack of dopamine in the brain. To combat this 

disorder, medications inhibit dopamine reuptake by blocking transporters in the brain. 

Though commonly diagnosed in children, ADHD may extend beyond adolescence and 

abuse of medications in college students is not uncommon. The goal of this study was to 

develop and validate a quantitative method for methylphenidate, ethylphenidate, 

lisdexamfetamine and amphetamine in oral fluid using liquid chromatography-tandem 

mass spectrometry (LC-MS/MS). The linear range was 0.5-100 ng/mL (with the 

exception of lisdexamfetamine at 5-500 ng/mL). Bias and between-run precision were 

considered acceptable at ±11.0% bias and ±12.2%CV. No interferences or carryover were 

observed and dilution integrity was sustained at a factor of 1:10. This validated method 

was applied to four authentic oral fluid samples collected with a Quantisal® device from 

college students. Lisdexamfetamine and amphetamine were quantified at 5.8 ng/mL and 

6.0-78.8 ng/mL, respectively. This is the first known method to quantify these analytes in 

oral fluid using LC-MS/MS and may give rise to interpretive value in a forensic 

toxicology setting. 

KEY WORDS:   Cognitive stimulants, LC-MS/MS, Oral fluid 
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Introduction 

Attention-deficit/hyperactivity disorder (ADHD) is neurological disorder that 

arises from dopamine deficiency in the synapse. In the brain, dopamine levels are 

decreased due to an increase of reuptake transporters which leads to inattention, boredom, 

and lack of focus. This inability to pay attention leads to ADHD diagnosis. Medications 

work to combat this disorder by blocking dopamine reuptake transporters in the synapse 

which leads to an increase in dopamine, speeding up brain activity (1-6). There are many 

medications that are prescribed to treat ADHD. Common medications include Ritalin®, 

Adderall®, Vyvanse®, and Concerta® among others. The active ingredients in these 

medications are methylphenidate (MPH) (Ritalin® and Concerta®), amphetamine (AMP) 

(Adderall®, Adzenys®, and Mydayis®), and lisdexamfetamine (LDX) (Vyvanse®) (7-9). 

Depending on the severity of the disorder, prescriptions can be short-, intermediate- or 

long-acting stimulants and can last 3-12 hours. There are also long-acting non-stimulants 

such as Strattera® or Intuniv® that can last 12-24 hours (10, 11). Cognitive stimulants are 

traditionally prescribed in children but ADHD has been classified as the fastest growing 

disability on the college campus (12). From 2003-2017, the National Survey on Drug Use 

from Monitoring the Future showed that misuse of methylphenidate in college aged 

students rose from 1.4% to 5.7% (13). These medications have a high potential for abuse 

at the collegiate level as the stimulant effect can increase attention and combat boredom 

in the classroom and speed up brain activity for tests. Due to this recent trend, it is 

important for forensic scientists to detect these cognitive stimulants in biological 

matrices.  
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There is limited research analyzing cognitive stimulants in oral fluid utilizing 

liquid chromatography-tandem mass spectrometry (LC-MS/MS). Though blood and urine 

are traditional matrices in forensic toxicology, oral fluid has emerged as a viable 

alternative matrix. Oral fluid collection is quick, non-invasive and has limited biohazard 

risks (14, 15). Methylphenidate has been detected in oral fluid after ingestion of MPH 

medications in clinical settings. Josefsson et al. collected oral fluid from 5 adult and 5 

adolescent patients with known ADHD that were prescribed 36-72 mg/day MPH dose 

(16). OF was collected 6 hours after intake and mean MPH concentrations were 44 

ng/mL in adolescents and 34 ng/mL in adults (16). Similarly, Marchei et al. dispensed a 

20 mg tablet of MPH and maximum concentrations (Cmax) in oral fluid were 16.2-87.3 

ng/mL (17). In a clinical application, Mulet et al. collected 149 oral fluid samples from 

children diagnosed with ADHD and MPH concentrations were 3.5-61.3 ng/mL (18). 

Among the few methods that have been validated in oral fluid using LC-MS/MS, the 

limit of detection (LOD) and the limit of quantification (LOQ) has ranged from 0.1-0.5 

ng/mL and 0.1-2.5 ng/mL, respectively (16-20). Like MPH, lisdexamfetamine was 

detected, with its metabolite d-amphetamine (AMP), after ingestion of a cognitive 

stimulant medication. Comiran et al. validated a method for LDX and AMP detection 

with a LOQ of 1 ng/mL. A single 70 mg tablet of LDX was administered and oral fluid 

concentrations of LDX and AMP were 16.3 ng/mL and 131.6 ng/mL, respectively, two 

hours post-administration (21). Following the same study design in a follow-up 

pharmacodynamic and pharmacokinetic study of LDX and d-AMP, subjects were given a 

single 70 mg tablet of MPH (22). OF was collected at 16 time points over 72 hours and 

the Cmax of LDX and AMP were 15.4 ng/mL and 363 ng/mL, respectively (22). Similarly, 
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Bottcher et al. validated a method for LDX and applied this method (LOD: 0.0059 ng/mL 

and LOQ: 0.0072 ng/mL) to 102 samples (average dose of 68 mg). Concentrations of 

LDX and AMP were 0.01-2895 ng/mL and 2-8410 ng/mL, respectively (23). Due to the 

limited assays, comprehensive methods need to be developed and validated for detection 

and quantification of these analytes in oral fluid. 

Additionally, due to the ease of collection, oral fluid testing includes the potential 

of on-site testing which may be advantageous for driving under the influence of drugs 

(DUID) cases. Zanacaro et al. collected oral fluid samples from drivers and MPH was 

detected from 3-18.2 ng/mL (20). Non-traditional cognitive stimulants related to ADHD 

were also detected in drivers. Ethylphenidate (EPH), typically considered a metabolite of 

MPH in the presence of alcohol, has also been detected as a novel psychoactive substance 

(NPS) in French drivers from 2016-2020 (24). Due to limited methods detecting these 

cognitive stimulants in oral fluid, the aim of this study was to develop and validate a 

comprehensive method for MPH, EPH, LDX and AMP in oral fluid using LC-MS/MS. 

Additionally, this method was applied to four authentic oral fluid samples from college 

students to demonstrate forensic applicability. This is the first method to the author’s 

knowledge that analyzes all four analytes in a single assay using oral fluid.  

Materials and Methods 

Chemicals and reagents  

Certified reference standards d,l-methylphenidate and d,l-ethylphenidate, and 

deuterated internal standard, d,l-methylphenidate-d10, were purchased from Lipomed 

(Cambridge, MA). Certified reference standards lisdexamfetamine dimesylate and (±)-

amphetamine and deuterated internal standard (ISTD), amphetamine-d11, were 
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purchased from Cerilliant Corporation (Round Rock, TX). Dibasic and monobasic 

phosphate solids used to prepare phosphate buffer (100 mM, pH 6) were purchased from 

Sigma Aldrich (St. Louis, MO). Deionized water was produced in-house using a 

Millipore Direct-Q® 3UV (Burlington, MA). Hexane, ethyl acetate, methanol and acetic 

acid were purchased from J.T Baker (Center Valley, MA). Ammonium hydroxide used 

during extraction was from Mallinckrodt Pharmaceuticals (St. Louis, MO). LC-MS grade 

acetonitrile and additive formic acid (>99.5%) used in mobile phase were purchased from 

Fisher Scientific (Hampton, NH). LC-MS grade ammonium formate was purchased from 

Millipore Sigma (Burlington, MA). Quantisal™ extraction buffer was acquired from 

Immunalysis Corporation (Pomona, CA).  

Standard preparation 

Standard preparation 

Drug reference standards were prepared in methanol with the highest calibrator 

mix at 5000 ng/mL. An additional 8 calibrators were prepared via serial dilution at 1000, 

500, 250, 100, 50, 20, 10 and 5 ng/mL, resulting in concentrations of 500, 100, 50, 25, 

10, 5, 2, 1, 0.5 ng/mL when fortified in oral fluid. ISTD mix was prepared at 100 ng/mL 

in methanol, resulting in 10 ng/mL in oral fluid. For MPH, EPH and AMP, quality 

control (QC) mixes were prepared at concentrations of 1875, 375 and 75 ng/mL. When 

fortified in oral fluid, final concentrations were 75, 15, and 3 ng/mL. For LDX, QC mixes 

were prepared at concentrations of 6250, 1875, and 375 ng/mL. When fortified in oral 

fluid, final concentrations were 250, 75, and 15 ng/mL.  
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Extraction 

For calibrators and controls, pooled oral fluid (250µL) was mixed with 3 parts 

Quantisal™ oral fluid buffer (total: 1mL) and fortified with the mixed working standards 

(25µL for calibrators or 10µL for QCs). All samples were fortified with ISTD mix 

(25µL), diluted with phosphate buffer (100mM, pH 6, 2mL), and loaded onto CEREX® 

Clin II SPE columns (Baldwin Park, CA) on a SPEWare System 48™ CEREX® Pressure 

Processor (Baldwin Park, CA). Columns were washed with 1mL deionized water, 1mL 

acetic acid (1M), dried under nitrogen, then washed with 1mL each of hexane, ethyl 

acetate and methanol. Analytes were eluted with 80:20 dichloromethane:iso-propyl 

alcohol with 5% ammonium hydroxide (1mL). Samples were dried under nitrogen (50ºC) 

using a Biotage TurboVap LV Evaporator (Charlotte, NC). Analytes were reconstituted 

in 100 µL of mobile phase (90:10 5mM ammonium formate and 0.01% formic acid in 

deionized water: 0.1% formic acid in acetonitrile) for analysis.  

Instrumentation 

Sample analysis was performed on an Agilent Technologies 1290 Infinity II 

liquid chromatograph coupled to an Agilent Technologies 6470 Triple Quadrupole Mass 

Spectrometer (Santa Clara, CA). Analytes were separated using an Agilent Poroshell EC-

C18 (2.1 x 100 mm, 2.7 µm with a matching guard. Separation was achieved using a 

gradient elution compromised of (A) 5mM ammonium formate and 0.01% formic acid in 

deionized water and (B) 0.1% formic acid in acetonitrile. The LC method was a gradient 

elution with a starting mobile phase ratio of A:B 40:60 with an increase to 90%B within 8 

minutes. The total run time was 10 minutes with an injection volume of 10 µL. Source 

conditions were positive mode electrospray ionization, drying gas temperature 350°C, 
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drying gas flow 13 L/min, nebulizer pressure 35 psi, sheath gas temperature 400°C, 

sheath gas flow 12 L/min, and capillary voltage 1500V. Analytes were detected with 

multiple reaction monitoring (MRM) with one transition for quantification and one 

transition for qualification per compound (Table 3.1).



 

 

105 

Table 3.1. Optimized mass spectral parameters for cognitive stimulant quantification 

Analyte Retention 
Time (min) 

Precursor 
Ion (m/z) 

Quantifier 
Ion (m/z) 

Qualifier 
Ion (m/z) 

Collision 
Energy (V) 

Fragmentor 
Voltage (V) 

Internal 
Standard 

Methylphenidate 2.94 234.1 84.1 56 21 102 MPH-d10 
Ethylphenidate 3.43 248.2 84.1 56 21 107 MPH-d10 
Amphetamine 1.93 136.1 119 91 5 61 AMP-d11 

Lisdexamfetamine 1.52 264.2 84.1 56 25 107 AMP-d11 
Methylphenidate-d10 2.89 244.2 93.1 61.1 25 97 - 

Amphetamine-d11 1.89 147.2 130.1 70.0 5 61 - 
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Method validation 

The quantitative method was validated using ANSI/ASB Standard 036: Standard 

Practices for Method Validation in Forensic Toxicology (25) as a guideline to address the 

following parameters: calibration model, limit of detection (LOD), lower limit of 

quantitation (LLOQ), precision, bias, ionization suppression/enhancement, processed 

sample stability, carryover, interference and dilution integrity.  

Calibration models were determined using 8 non-zero calibrators (6 non-zero 

calibrators for LDX) fortified in five different sources of oral fluid over five days. 

Coefficients of determination values (R2) were considered acceptable if R2>0.99. Bias 

and precision (both within-run and between-run) were evaluated over three runs at three 

concentration levels (low: LQC, medium: MQC and high: HQC quality controls) in 

triplicate. Bias and precision were considered acceptable within ±20%.  

Limit of detection (LOD) was determined in three different sources of oral fluid 

over three days. Analytes were assessed by peak shape, retention time reproducibility, ion 

ratios (±20%), and signal-to-noise ratios (S/N >3). Lower limit of quantitation (LLOQ) 

was assessed with the same guidelines as LOD with the addition of acceptable bias and 

precision (±20%bias or %CV, respectively) and S/N>10. 

Ionization suppression/enhancement was evaluated using post-extraction addition 

of LQC and HQC in 10 different sources of blank oral fluid. Matrix effects (%) were 

calculated by comparison of analyte peak area in the post extraction samples to peak area 

in neat samples. Acceptable matrix effects were within ±25%. Ion enhancement and 

suppression are indicated by positive and negative results, respectively. 
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Processed sample stability was analyzed by reinjection LQC and HQC (n=3) 

extracts that were stored in the autosampler (4ºC) for 48 hours. Stability was determined 

by comparison of fresh (t0) and processed (t48) concentrations. Analytes were considered 

stable with acceptable bias (±20%). 

Carryover was determined by comparison of analyte signal in the reinjection of a 

blank samples following the injection of the highest calibrator to the signal in the LOQ. 

Carryover was negligible if the reinject signal was <10% of the LOQ. Blank and negative 

(blank fortified with ISTD) oral fluid sources (n=5) were analyzed for target analytes to 

assess matrix and stable isotope interferences. A high concentration sample (without 

ISTD) was analyzed for deuterated compounds to ensure that non-deuterated analytes did 

not interfere with ISTD components. When determining interferences of commonly 

encountered drugs, four mixes of basic, neutral, and acidic drugs at 0.1 mg/mL in oral 

fluid were fortified into LQC samples. Compounds included in the interference mixes 

were Δ⁹-tetrahydrocannabinol, alprazolam, amobarbital,  amitriptyline, butalbital, 

caffeine, carbamazepine, carisoprodol, cocaine, codeine, cotinine, cyclobenzaprine, 

dextromethorphan, diazepam, diphenhydramine, hydrocodone, hydromorphone, 

ketamine, methadone, nicotine, nordiazepam, oxazepam, oxycodone, pentobarbital, 

phencyclidine, phenobarbital, propoxyphene, secobarbital, tetrahydrocannabinolic acid, 

tramadol, and zolpidem. Accurate quantification of target analytes in LQC (±20%) 

indicate no quantitative interferences. For any sample that exceeded the working range, 

dilution integrity was assessed at a factor of 1:10. Dilution integrity was considered 

acceptable with bias values within ±20%.  
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Authentic samples 

For proof of applicability, oral fluid samples (n=4) were anonymously collected 

from students at Sam Houston State University (Huntsville, TX) with Quantisal® devices 

following written informed consent (SHSU Protocol# IRB-2019-225). Before collection, 

subjects provided self-reported use of cognitive stimulant medication use and time of last 

use. All Quantisal devices turned blue within 5 min. The blue marker indicated that a 

sufficient amount of OF had been collected for analysis. After collection, samples were 

stored under refrigerated conditions (4°C), extracted and quantified using the methods 

above.  

Results and Discussion 

Method validation 

Calibration models for MPH and EPH were quadratic (1/x weighting) and 

achieved R2 values of >0.995 and >0.997, respectively. Calibration models for AMP and 

LDX were quadratic (1/x weighting) and achieved R2 values of >0.998 and >0.999, 

respectively. For MPH, EPH and AMP, LOD and LOQ were 0.25 and 0.5 ng/mL, 

respectively. Linear ranges were 0.5-100 ng/mL for these analytes. For LDX, LOD and 

LLOQ were both 5 ng/mL with a linear range of 5-500 ng/mL. These data are 

summarized in Table 3.2. The calibration ranges were sufficient to encompass 

concentrations found in literature (16-18, 21). Though Comiran et al. detected d-AMP at 

a higher concentration than the current study (131.6 ng/mL) (21), dilution integrity was 

sustained at a factor of 1:10 in HQC with bias within ±7.3% for all analytes that may fall 

out of the calibration range. LOD and LLOQ values were comparable to those found in 
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literature (17, 19-21) and were determined to be acceptable for this method at 0.25 and 

0.5 ng/mL, respectively (with the exception of LDX at 5 ng/mL for both LOD and LOQ).  

Table 3.2. Calibration parameters, LOD, and LOQ for stimulants in oral fluid 

Analyte LOD 
(ng/mL) 

LLOQ 
(ng/mL) 

Calibration 
range 

(ng/mL) 

Weighting 
(curve fit) 

Mean R2 
(n=5) 

Methylphenidate 0.25 0.5 0.5-100 1/x 
(linear) 

0.995 

Ethylphenidate 0.25 0.5 0.5-100 1/x 
(linear) 

0.997 

Amphetamine 0.25 0.5 0.5-100 1/x 
(quadratic) 

0.998 

Lisdexamfetamine 5 5 5-500 1/x 
(quadratic) 

0.999 

Abbreviations: limit of detection (LOD), lower limit of quantitation (LLOQ) 

Bias ranged from -11.0 to -1.4% for all analytes at all three concentrations. 

Incorporating all concentration levels, between run precision ranged from 6.1 to 12.2 

%CV for all analytes. Maximum within-run precision was 14.5, 15.7 and 14.0 %CV for 

LQC, MQC, and HQC, respectively. All bias and precision data were considered 

acceptable as all fell within ±20 %bias and %CV, respectively. The data for precision and 

bias are summarized in Table 3.3.
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Table 3.3. Precision and bias validation results for stimulants in oral fluid 

 Bias (%, n=15) Between-run precision 
(%CV, n=15) 

Maximum within-run precision 
(%CV, n=5) 

Analyte LQC MQC HQC LQC MQC HQC LQC MQC HQC 
Methylphenidate -1.4 -6.7 -7.3 8.7 6.0 7.9 3.7 2.5 14.0 
Ethylphenidate -7.2 -11.0 -6.2 8.6 5.3 10.4 12.6 4.7 14.0 
Amphetamine 6.1 2.7 -7.7 8.0 10.3 12.2 14.5 15.7 6.2 

Lisdexamfetamine -7.3 -7.7 -2.6 6.1 7.9 10.1 8.7 6.8 13.7 
Abbreviations: low quality control (LQC): 3 ng/mL (except LDX: 15 ng/mL), medium quality control (MQC): 15 ng/mL (except 
LDX: 75 ng/mL), high quality control (HQC): 75 ng/mL (except LDX: 250 ng/mL) 
Replicates of LLOQ were n=9 for bias and between-run precision
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Ion suppression/enhancement data were analyzed at two concentrations and are 

summarized in Table 3.4. At the low concentration, ion suppression was observed for all 

analytes (except LDX) at a range of -95.3 to -37.3%. LDX displayed ion enhancement at 

40.9%. At the high concentration, MPH, EPH and MPH-d10 displayed ion suppression at 

-15.3, -86.4 and -14.9%, respectively. Ion enhancement was observed for AMP, LDX, 

and AMP-d11 at 14.9, 101.3 and 16.6%, respectively. Though there was ion 

suppression/enhancement observed outside the acceptable range (±25%), target analytes 

had comparable matrix effects with matched deuterated ISTD at both concentrations. 

Additionally, LOD values were not affected and matrix effects were reproducible in ten 

sources of oral fluid (0.3 to 14.2%CV in LQC and 3.5 to 11.3 %CV in HQC). To solve 

the solution of increased matrix effects, Immunalysis, which manufactures the 

Quantisal™ devices, suggests performing a sample clean up in oral fluid. This may help 

to prevent interference from the extraction buffer that is present (14). This phenomenon 

has been seen in additional studies which describe the potential for increased 

interferences from buffers when performing LC-MS/MS analysis (14). 

Table 3.4. Matrix Effects (%) for stimulants in oral fluid 

Analyte LQC (n=10) %CV HQC (n=10) %CV 
Methylphenidate -48.1a 3.3 -15.3 7.8 
Ethylphenidate -95.3a 1.4 -86.4a 8.2 
Amphetamine -46.7a 14.2 14.9 8.4 

Lisdexamfetamine 40.9a 8.4 101.3a 3.5 
Methylphenidate-d10 -49.9a 0.3 -14.9 11.3 

Amphetamine-d11 -37.3a 13.5 16.6 11.0 
Abbreviations: low quality control (LQC): 3 ng/mL (except LDX: 15 ng/mL), high 
quality control (HQC): 75 ng/mL (except LDX: 250 ng/mL) 
aion enhancement/suppression exceeding acceptable range (±25%) 

 
All analytes were considered stable in the autosampler (4°C, 48 hours) with bias 

ranging from -13.2 to 8.7% and -17.0 to -9.1% in the LQC and HQC, respectively. No 
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carryover or interferences (qualitative or quantitative) were observed in blank, negative 

or fortified samples.  

Authentic sample analysis 

Summary of the results are presented in Table 3.5. Analytical findings support 

self-reported medication use. For samples 2-4, all subjects took a medication with 

amphetamine as the active ingredient and concentrations ranged from 6.0-28.6 ng/mL. 

Sample 1 was positive for lisdexamfetamine (5.8 ng/mL) and its’ metabolite 

amphetamine at 78.8 ng/mL. There has been extensive research done on the detection and 

pharmacokinetics of lisdexamfetamine and amphetamine in plasma (26-40) but Comiran 

et al. has studied LDX pharmacokinetics in oral fluid. After taking a single dose of 

Vyvanse® (70 mg), oral fluid, plasma and urine were collected and analyzed for detection 

and quantification of LDX and AMP analytes. In the one-compartmental analysis 

performed, their study showed that LDX reached a maximum concentration of 8.27 

ng/mL (1.5 hours post-administration) while d-AMP reached a maximum concentration 

of 286.76 ng/mL (4.2 hours post-administration) (22). Detection for LDX began at 1 hour 

for the subjects but detection time is short (5 hours). AMP was detected in OF as early as 

0.25 hours  with a half-life of 11 hours. Due to the pH difference between plasma and 

saliva, basic compounds get trapped in saliva and compounds like AMP accumulate 

which increase the concentration of this analyte in OF (22). Though the current study did 

not analyze the PD/PK of these analytes, the values reported are consistent to those found 

in literature with LDX being at a lower concentration than AMP. MPH was not detected 

in any of the samples, but this method is suitable to detect MPH at concentrations similar 
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to those found in literature. A blank, LOQ and authentic sample extracted ion 

chromatogram are displayed in Figure 3.1.



 
 

 
 

114 

 

 

Figure 3.1. Extracted Ion Chromatogram for a blank (A), LOQ (B) and authentic sample (C) for all analytes 
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In this study, based off the self-reports, two students were non-compliant. Subject 

2 reported taking more Adzenys than prescribed and Subject 3 took lower doses and less 

frequently than prescribed. However, detected concentrations appear within expected 

concentrations from single-dose clinical studies assessing cognitive stimulants in oral 

fluid. This method can be used in future studies to implicate potential abuse of these 

drugs on college campuses. This method provides the potential for assessing ADHD 

medication abuse and misuse in college populations through positive detection of non-

prescribed medications paired with self-report surveys. Additionally, this analytical 

method was used to detect LDX and AMP in oral fluid proving it to be a useful matrix in 

the analysis of drugs of abuse in a forensic toxicology setting.  

Table 3.5. Summary of authentic oral fluid sample data 

Sample Number Medication 
Ingested 

Analyte detected Concentration 
(ng/mL) 

1 Vyvanse Lisdexamfetamine 5.8 
  Amphetamine 78.8 
2 Adzenys Amphetamine 28.6 
3 Adderall Amphetamine 6.0 
4 Mydayis Amphetamine 24.2 

 

Conclusion 

Oral fluid proves to be a promising alternative matrix for forensic toxicology as 

collection is quick and non-invasive. Additionally, oral fluid samples can be used in a 

variety of clinical and forensic settings. With the recent rise in cognitive stimulant abuse, 

it is important to develop methods to detect such stimulant drugs of abuse in order to 

provide interpretive value and assess drug compliance versus recreational use. This is the 

first method, to the author’s knowledge, that presents a quantitative method for multiple 
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cognitive stimulants in oral fluid. This method was fully validated and verified by 

analysis of samples collected from college students.  
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Abstract 

Supercritical fluid chromatography is a technique that analyzes temperature labile 

compounds, those with moderately low weight as well as chiral compounds. 

Methylphenidate (MPH) is a chiral compound with two chiral centers. MPH has two 

metabolites, ethylphenidate (EPH) and ritalinic acid (RA) which are also both chiral 

compounds. MPH is sold as a racemic mixture. The d- enantiomer of threo-MPH is 

responsible for medicinal effects. Due to the differing effects of the enantiomers, it is 

important to analyze the enantiomers individually to better understand their effect on the 

body. This method utilizes SFC and solid-phase extraction to separate and analyze the 

enantiomers of MPH, EPH and RA in postmortem blood. The linear range for MPH and 

EPH was 0.25-25 ng/mL and 10-1000 ng/mL for RA in blood. Bias ranged from -8.6 to -

1.8% and precision was within 15.4% for all analytes. Following method validation, this 

technique was applied to the analysis of 49 authentic samples previously analyzed with 

an achiral method. Quantitative results for RA were comparable to achiral technique 

while there was loss of MPH and EPH over time. The l:d enantiomer ratio was calculated 

and MPH demonstrated greater abundance of the d enantiomer. Lastly, a short-term 

stability study was performed, indicating MPH instability over time. This is the first 

known method to separate and quantify the enantiomers of all three analytes utilizing 

SFC and SPE. 

KEY WORDS:    Cognitive stimulants, Supercritical fluid chromatography, Chiral 

separation
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Introduction 

Supercritical fluid chromatography is a type of chromatography that utilizes a 

supercritical fluid in the mobile phase. A supercritical fluid is a substance that is 

maintained above both its critical temperature and pressure (1). At this critical point, 

these substances display chemical properties of both a liquid and a gas (2, 3), as a 

gaseous substance can be used for separation like gas chromatography (GC) but can 

withstand high pressures seen in liquid chromatography (LC). Carbon dioxide is a 

common supercritical fluid selected due to its high speed, efficiency, low viscosity, and 

high diffusivity (1-4). Studies have demonstrated that this type of chromatography is 

good for analysis of low to moderate weight compounds, temperature labile compounds, 

and chiral compounds (1, 3). For a better understanding of SFC, there are several reviews 

that go into the theory and applications (2, 5-9). 

Ritalin (methylphenidate) is a cognitive stimulating drug that is used to treat 

attention-deficit hyperactivity disorder (ADHD), a neural brain disease characterized by 

boredom, and difficulty hearing and listening (10). The lack of dopamine in the brain 

leads to inattention, hyperactivity and impulsivity. Methylphenidate (MPH) combats 

ADHD by blocking dopamine reuptake centers which increase dopamine in the synapse 

and speeds up brain activity (10-12). Structurally, MPH has two chiral centers. These two 

centers give rise to four stereoisomers: MPH: erythro [(d-(2R:2’R) and l-(2S:2’S)] and 

threo [[(d-(2R:2’R) and l-(2S:2’S)] (13). Threo-MPH has been shown to be responsible 

for the therapeutic effects of this medication, specifically the d- enantiomer while 

erythro-MPH produces toxic effects (10, 11, 14, 15). However, this medication is 

typically sold as a racemic mixture of threo-MPH with both enantiomers present. When 
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MPH is metabolized by the CES1 gene in the liver, its inactive metabolite ritalinic acid 

(RA) is produced (10, 16). In the presence of ethanol, MPH undergoes transesterification 

to produce ethylphenidate (EPH) (17, 18). Both metabolites also contain chiral centers 

which give rise to stereoisomers for these compounds as well. In one study, EPH was 

found at concentrations of 1 ng/mL and 8 ng/mL in whole blood in two suicide cases who 

had overdosed due to MPH and alcohol co-ingestion (19). Lately, studies have also 

shown that EPH can be purchased over the internet for recreational use (20, 21). 

Studies have investigated the metabolism of MPH, EPH and RA drugs and the 

differing effects of these enantiomers (18, 22-25). With the enantiomers acting differently 

within the body, additional studies are needed to understand the pharmacokinetics and 

pharmacodynamics of these analytes. Due to prevalence in both medical and recreational 

settings, separation and analysis of these enantiomers needs to be investigated. Very few 

chiral methods exist to detect MPH enantiomers. Of those, only one study determined the 

MPH enantiomers and the metabolite, RA, in whole blood. This was the only case that 

utilized a solid-phase extraction (SPE) with a human biological matrix (10). Other chiral 

methods have determined the enantiomers of MPH (11, 14, 16) and EPH (16) utilizing 

liquid-liquid extraction from plasma (11, 16). Another chiral technique was developed 

utilizing SPE; however, the matrix of interest was mouse brain tissue (14). There are no 

studies that analyze all three analytes enantioselectively using blood. Though SFC has 

been used to analyze chiral compounds, it has not been used for MPH, EPH and RA. 

Due to a lack of comprehensive techniques in the literature, this study sought to 

develop, optimize, and validate a method for the extraction, separation, and quantification 

of d,l-MPH, d,l-EPH, and d,l-RA  from whole blood using SPE and SFC. As proof of 
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concept, the quantitative results from the chiral technique in this study were  applied to 

49 postmortem samples and the quantification values were compared to those obtained by 

a previously validated method that analyzed these same analytes without enantiomeric 

separation (26).  

Materials and Methods 

Chemicals and reagents 

Methanolic d,l-erythro-methylphenidate, d,l-erythro-ethylphenidate, d,l-erythro-

ritalinic acid and internal standards, d,l-d9-threo-methylphenidate and d,l-d10-threo-

ritalinic acid, were purchased from Cerilliant (Round Rock, TX, USA). The pure 

enantiomers d-threo- methylphenidate and l-threo-methylphenidate were obtained from 

Sigma Aldrich (St Louis, MI, USA). Bond Elut Ceritfy SPE columns (130 mg, 10 mL 

cartridge, 120 µm particle size) were purchased from Agilent Technologies (Santa Clara, 

CA, USA). Methanol, 2-propanol, potassium dihydrogen phosphate, potassium 

hydroxide, glacial acetic acid, and formic acid were purchased from Merck (Darmstadt, 

Germany). Purified water came from a Milli-Q water system by Millipore Sigma 

(Burlington, MA, USA). 

Preparation of standard solutions 

A stock solution of each standard was prepared at 10,000 ng/mL in methanol. 

Mixed methanolic solutions for calibrators were prepared via serial dilution. When 

fortified in blood, the following concentrations of the combined racemate were produced: 

0.25, 0.75, 2.5, 7.5, and 25 ng/mL for MPH and EPH and 10, 30, 100, 300, 1000 ng/mL 

for RA. Quality controls were prepared independently via serial dilution. When fortified 

in blood, the quality control concentrations were: 0.5 ng/mL (low) and 20 ng/mL(high) 
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for MPH and EPH and 20 ng/mL (low) and 800 ng/mL (high) for RA. A methanolic 

internal standard (ISTD) solution was prepared at 1000 ng/mL which resulted in a 

concentration of 100 ng/mL when fortified in blood. All solutions were stored in amber 

vials at -20°C. 

Solid-phase extraction 

Blood (250 µL) was fortified with 25 µL of calibrator or QC solution. Calibrators, 

quality controls, negative controls, and case samples were fortified with 25 µL of ISTD 

solution. Phosphate buffer (100 mM, pH 6.0, 1 mL) was added to all samples and 

vortexed to mix. The SPE columns (non-polar C8 sorbent and strong cation-exchange 

sorbent) were pre-conditioned with methanol (1 mL) and phosphate buffer (1 mL). 

Samples were centrifuged (2000 rpm, 10 min) before loading onto the SPE column. 

Columns were washed with 1mL each of acetic acid (0.1M) and methanol. Analytes were 

eluted with 2% ammonium hydroxide in methanol (2 mL). The eluates were evaporated 

to dryness under nitrogen and reconstituted in 0.2% trifluoroacetic acid (TFAA) in 

methanol (100µL).  

Instrumentation 

Supercritical fluid chromatography/liquid chromatography 

Analysis was performed on an Agilent 1260 Infinity SFC Control Module 

coupled to an Agilent 1260 Infinity II liquid chromatograph. The SFC back-pressure 

regulator was held at 60°C and 120bar. Analytes were separated on an Agilent Poroshell 

Chiral-V column (2.1x100mm, 2.7µm). The column temperature was held at 20°C. 

Separation was achieved with mobile phase utilizing supercritical CO2 (A) and 0.2% 

TFAA in methanol (B) at a flow rate of 1.8mL/min. Separation was achieved using 
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gradient elution starting at 75:25 (A:B) for 4.5min. Mobile phase B was increased to 40% 

over 0.75 min at a flow rate of 1.35 mL/min. These conditions were held for 0.75 min. 

Mobile phase B was then reduced to 12% over 0.2 min and the flow rate was increased to 

1.8 mL/min for an additional 1.5 min. The total run time was 7.7 min. A solution of 

methanol:deionized water (diH20) (85:15) with 0.1% formic acid was mixed with column 

eluent at a flow rate of 0.3 mL/min prior to entering ESI chamber. A total of 3 µL was 

injected onto the SFC-MS for analysis. 

Mass spectrometry  

Detection of the analytes was performed on an Agilent Ultivo Triple Quadrupole. 

Electrospray ionization was operated in positive mode. Multiple reaction monitoring 

(MRM) was used to detect the analytes. One transition for quantification and one 

transition for qualification was used. Data acquisition and analysis were performed using 

Agilent MassHunter Workstation (Santa Clara, CA, US). The gas temperature was at set 

at 175°C with a gas flow of 13 L/min. The nebulizer was at 20 psi. The sheath gas 

temperature was at 300°C with a flow of 12 L/min. The nozzle voltage was set at 2000 V 

and the capillary voltage was at 6000 V. 

Method validation 

A fit-for-purpose validation in blood was carried out following international 

guidelines (27). The validation parameters evaluated included calibration model, 

linearity, bias, precision, matrix effects, and recovery.  

Calibration models were evaluated using 5 non-zero calibrators over 5 days. 

Linearity was determined using the least squares model and an R2>0.99 was considered 

acceptable. 
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Bias and precision were determined at two different QC concentrations in 

triplicate over 5 days. The low QC was 0.5 ng/mL (MPH and EPH) and 20 ng/mL (RA). 

The high QC was 20 ng/mL (MPH and EPH) and 800 ng/mL (RA). Bias (%) and 

precision (coefficient of variation, %CV) were considered acceptable within ±20%. 

Within-run and between-run precision were calculated for both QC concentrations. 

Recovery was determined by taking the mean response of the extracted samples 

compared to the mean response of the post-extraction fortified samples. Matrix effects 

were determined by taking the mean response of post-extraction fortified samples 

compared to the mean response of neat standards. Matrix effects were considered 

acceptable when they fell within ±25%. Five different sources of blood were used for 

these experiments. Recovery and matrix effects were assessed at 500 ng/mL.  

Analysis of authentic samples 

Authentic samples were included under the approval of the regional ethics committee 

in Linköping (Dnr: 2018–186/31). A total of 49 blood samples were collected that had 

reported methylphenidate, ethylphenidate or ritalinic acid concentrations from an achiral 

routine method at National Board of Forensic Medicine in Linköping, Sweden (26) with 

limit of quantitation of 0.2 ng/g and 10 ng/g for MPH and RA, respectively. The samples 

were originally analyzed using the achiral method between January 2019 and November 

2019 and reanalyzed at different times after the original analysis. 
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Results and Discussions 

Method development 

The shortage of previously published methodology for chiral separation using 

SFC prompted some method development to ensure high sensitivity and adequate 

enantioselective separation. The Agilent Poroshell Chiral-V column and Phenomenex 

Lux Amylose column were utilized to try and obtain the best resolution. Separation was 

investigated using methanol or acetonitrile as mobile phase B. Varying percentages (0.1-

0.5%) of trifluoroacetic acid, triethylamine, and ammonium formate were used as 

additives. Several gradients were evaluated with varying starting compositions to achieve 

optimal resolution of enantiomers for all 6 analytes. The Chiral-V column and the 

gradient described in 2.4.1 resulted in the best enantiomeric separation while keeping 

column and instrument pressures to a minimum. Chromatograms from an extracted 

calibrator are shown in Figure 4.1. Full baseline resolution was obtained for the 

enantiomers of MPH and EPH and near baseline resolution was obtained for RA. 

Injection volume was also optimized for this method (1- 7µL) with consideration to peak 

shape, peak area, and separation. An injection volume of 3 µL enabled the quantification 

of 0.25 ng/mL for MPH and EPH with sustained peak shape and separation. An 

individual standard for each enantiomer of MPH was obtained. These analytes were run 

as neat standards using the instrumentation as described above. These standards were 

used to determine the elution order of the d and l enantiomer of MPH. As previous 

literature has shown, the l enantiomer eluted first followed by the d enantiomer (10).  
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Figure 4.1. Final optimized chromatography of all analytes 

Method validation 

Calibration curves were constructed with 1/x weighting and resulted in R2 values 

≥ 0.99. The linear range for MPH and EPH was 0.25-25 ng/mL and 10-1000 ng/mL for 

RA. Bias was -8.6 to -1.8% for all analytes. Maximum within-run and between-run 

precision was 15.4% and 12.0%, respectively. All of these met validation criteria and 

were considered acceptable. The lowest calibrator was considered the lower limit of 

quantification. The LQC and HQC were 0.5 and 20 ng/mL for d,l-MPH and d.l-EPH, 

respectively. For RA, The LQC and HQC were 20 and 800 ng/mL, respectively. Analyte 

recovery was >80% for all analytes. Matrix effects were -5.2 to -10.8% for MPH and 

EPH. The d-enantiomer of RA was the only analyte that fell out of the acceptable ±25% 

range with 26% ion suppression. However, its matched deuterated internal standard 

exhibited similar matrix effects and therefore was deemed acceptable. These results are 

summarized in Table 4.1.  
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Table 4.1. Linear range, bias, precision (within-run and between run), and matrix effects 

of all analytes 

Analyte 
(Matched 

ISTD) 

Linear 
Range 

(ng/mL) 

Bias (%) Within-run 
precision 
(Max, %) 

Between run 
precision 

(%) 

Matrix effects 
% 

(IS %) 
  LQC HQC LQC HQC LQC HQC  

l-RA 
(d10-lRA) 

10-1000 -7.4 -0.8 15.2 6.9 11.4 7.9 -24.3 
(-6.6) 

d-RA 
(d10-dRA) 

10-1000 -8.6 -1.7 15.4 11.0 12.1 8.6 -26.5 
(-13.8) 

l-MPH 
(d9-lMPH) 

0.25-25 -6.8 -4.3 12.0 8.0 9.8 7.8 -10.8 
(5.8) 

d-MPH 
(d9-dMPH) 

0.25-25 -4.7 -1.4 12.5 6.6 11.6 9.8 -7.6 
(11.6) 

l-EPH 0.25-25 -3.7 -3.1 14.1 10.2 10.9 7.8 -7.6 
d-EPH 0.25-25 -1.8 0.8 13.2 7.0 10.4 9.1 -5.2 

 

Authentic samples 

Authentic case samples (n=49) that were previously analyzed by an achiral 

method (26) were selected for quantitative analysis. The quantitative values for each 

enantiomer are summarized in Table 4.2. 

Table 4.2. Summary of the number of positive cases in postmortem blood with the 

quantitative value of each enantiomer from the chiral analysis 

Analyte Positive Cases Mean (Range) 
Concentration (ng/mL) 

l-RA 49 343 (<LOQ-3419) 
d-RA 49 436 (17-5410) 

l-MPH 15 6 (<LOQ-20.5) 
d-MPH 29 28.5 (<LOQ-358.2) 
l-EPH 5 2.5 (0.62-8.2) 
d-EPH 1 <LOQ 

 

From the table it can be noted that both enantiomers of RA were present in all the 

cases. At least one enantiomer of MPH was present in 29 cases while at least one 
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enantiomer of EPH was present in 5 cases. All 5 cases had ethanol present in blood 

suggesting that EPH may be a result of alcohol co-administration rather than originating 

from an intake of EPH (28). The quantitative values from the initial achiral analysis are 

summarized in Table 4.3. 

Table 4.3. Summary of the number of positive cases with the quantitative value of each 

enantiomer from the achiral analysis 

Analyte Positive 
Cases 

Mean (Range)  
Concentration (ng/mL) 

RA 49 805 (29-5900) 
MPH 37 35 (0.6-400) 
EPH 7 3 (0.5-10) 

 
Percent difference was calculated between the two methods using total 

quantitative values (l+d) from the chiral results compared to those initially obtained with 

the achiral technique. When comparing the two techniques, the quantitative results were 

comparable for RA with an average of 7.3% difference and a range between -40% and 

+28%. For MPH 12 cases that originally had low, but quantifiable concentrations were 

negative with the chiral method. The range in difference was –82% to +17% with a mean 

value of -33% and a possible explanation being instability of MPH. Smith et al. 

conducted a short-term stability study to assess the degradation of MPH at multiple 

conditions. MPH metabolized to RA within one week and 48 hours at room temperature 

and elevated temperatures, respectively, suggesting instability (29). 

The cases had storage times between 1 and 11 months. In Figure 4.2, the percent 

difference between the analyses of MPH is depicted as a function of storage time. There 

was a negative correlation suggesting that time is a relevant factor even though samples 

could be stored for up to three months before showing greater losses of MPH. 
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Figure 4.2. Percent difference of the achiral and chiral analysis of MPH as a  
function of time 

Next, the l:d ratio was calculated using the samples in which both enantiomers 

were present. The results of this analysis are summarized in Table 4.4. In most cases, 

methylphenidate is sold as a racemic mixture of threo-MPH. This study found the d 

enantiomer to be in higher abundance than the l enantiomer for MPH accounting for 84% 

of the total concentration of MPH. This may be due to preferential metabolism of the l 

enantiomer (23). However, for RA, the d and l enantiomers were similar in 

concentrations. When comparing the total concentration values, RA was found to be 

approximately 5x or higher in authentic blood samples as compared to MPH. This work 

is consistent with that of Thomsen and colleagues who found RA to be in higher 

abundance than MPH (10). Time between drug intake and sampling/death may play a 

role in the enantiomeric difference of l and d ratios but metabolism studies need to be 

performed in the future to understand the differences of these enantiomers in blood.  
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Table 4.4. Summary of the number of positive cases and the l/d ratio for the enantiomers 

of RA and MPH 

Analyte Number of cases l/d ratio 
Mean (Range) 

l-RA 49 0.68 (0.07-1.84) d-RA 
l-MPH 15 0.14 (<0-0.38) d-MPH 

 

Conclusions  

We have, for the first time, explored SFC to separate and quantify the 

enantiomers of MPH, EPH and RA in blood. We conclude that SFC-MS/MS successfully 

separated the enantiomers of MPH, its major metabolite RA as well as the minor 

metabolite EPH with a comparatively short chromatography. Full baseline resolution was 

achieved for the enantiomers of MPH and EPH and near baseline separation for RA 

enantiomers. In addition, the quantification of the analytes showed good accuracy and 

acceptable precision. The linear ranges covered the concentrations typically found, 

although some samples required dilution for accurate RA quantification. The SFC-

MS/MS method provides some insight into the prevalence of d and l enantiomers in 

biological samples and the possible instability of these compounds. Methylphenidate is 

sold as a racemic mixture of threo-MPH enantiomers. However, in blood we found that 

d-MPH accounted for 84% of the total concentration of MPH. Our lab is currently 

investigating this breakdown as part of a long-term stability study of these analytes.  
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CHAPTER V 

Short- and Long-Term Stability of Methylphenidate and its Metabolites in Blood4 
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Abstract 

Methylphenidate is a medication used to combat attention-deficit/hyperactivity 

disorder by speeding up brain activity. Methylphenidate has two chiral centers; however, 

d-threo-methylphenidate is responsible for its effects. Few studies have analyzed 

methylphenidate and its metabolites, ritalinic acid and ethylphenidate, in blood. Stability 

studies are crucial in a forensic setting to provide insight on ideal storage conditions and 

analysis time. In this study, d,l-methylphenidate, d,l-ethylphenidate and ritalinic acid 

were analyzed at two concentrations (15 and 150 ng/mL) over 5 months at room 

temperature (~25°C), refrigerated (4°C), frozen (-20°C), and elevated (35°C) 

temperatures. Analytes were analyzed using a validated liquid-chromatography mass 

spectrometry method. Ritalinic acid concentrations increased 53% at 25°C after 24h 

while d- and l-methylphenidate concentrations dropped 18.1% and 20.6%, respectively. 

Additionally, d- and l-ethylphenidate concentrations decreased 22.3% and 28.8%, 

respectively. All analytes were stable at 4°C for one week (±17% change). At -20°C, all 

analytes were stable for 5 months. At 35°C, l-ethylphenidate remained stable for 24h 

(14.4% loss) at the high concentration while ritalinic acid increased 244%. Losses of 

64.1%, 68.7% and 27.2% were observed for d-methylphenidate, l-methylphenidate and d-

ethylphenidate, respectively. Due to this, a follow up study was designed to assess the 

breakdown of methylphenidate. The short term experiment assessed d,l-methylphenidate 

at two concentrations for one month in the same conditions. As methylphenidate 

decreased, ritalinic acid concentrations rose. At 25°C, it took two weeks for 

methylphenidate to metabolize completely into ritalinic acid. In refrigerated and frozen 
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temperatures, methylphenidate did not completely metabolize to ritalinic acid. In elevated 

temperatures, methylphenidate broke down to ritalinic acid within two weeks. Due to 

this, it was concluded that d,l-methylphenidate breaks down in the blood to its metabolite 

ritalinic acid and may make data interpretation difficult if  samples are not properly 

stored. The optimal storage for these analytes is recommended at -20°C. 

KEY WORDS: Cognitive stimulants, Stability, Chiral Separation, LC-MS/MS 
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Introduction 

Methylphenidate (MPH) is a cognitive stimulant used to treat attention-

deficit/hyperactivity disorder. Due to its ability to inhibit dopamine reuptake, MPH allows 

for an increase in dopamine which leads to increased brain stimulation and improved focus 

(1-5). MPH is the most prescribed medication to combat this disorder (6, 7). Though it has 

medicinal uses, it also has a high potential for recreational abuse, making it applicable in a 

forensic setting (8). MPH contains two chiral centers, giving rise to four stereoisomers. 

The d enantiomer of the threo-isomer is responsible for the pharmaceutical effects of MPH 

(9-14). Due to the differing effects of the enantiomers, it is important to study the 

pharmacodynamic and pharmacokinetic properties of this drug (6, 12, 15). MPH breaks 

down into its inactive metabolite, ritalinic acid (RA) by CES1A1 in the liver (16-18). In 

the presence of alcohol, MPH will also produce ethylphenidate (EPH) (19). EPH was first 

identified 50 years ago as an internal standard for laboratory assays when studying 

methylphenidate. It was then later discovered that EPH is an active metabolite of MPH 

(20-22). EPH has displayed greater affinity for the dopamine transporter when compared 

to MPH making it have a high potential for addiction (23, 24). EPH has been reported to 

be sold online or in headshops under various street names such as “nopaine” (25, 26). Given 

its similarity of structure, EPH is expected to act the same was as MPH in the body, making 

it of forensic interest (27).  

Stability is a significant aspect to consider in a forensic setting. It is important to 

understand the stability of drugs in various matrices so analysis can be performed in a 

timely fashion, to ensure accurate quantitative results and ultimately aid in data 

interpretation. Previous studies have assessed short-term stability of MPH alone and with 
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its metabolites in various matrices. One study found that MPH in plasma was stable for 5 

freeze thaw cycles (if analysis is within 0.5h) (28). In this same study, MPH was stable in 

blood for 6h at room temperature and the derivatized extract of MPH was also stable at 

4°C for 10 days (28). Zhu et al. found MPH to be stable in plasma on the benchtop at 

ambient temperature for 4h, through 3  freeze-thaw cycles and for 24h at 4°C in the 

autosampler (6). Wargin et al. found the half-life of MPH in plasma to be 42.76h (29) while 

Seçilir et al. noted the optimal storage condition is at -20°C after collection (30). Thomsen 

et al. examined MPH and RA stability in blood and found that analytes were stable on the 

benchtop for 6h, through two freeze-thaw cycles, and for 17 days at -20°C. Additionally, 

the extracts were stable at ambient temperature for 24 hours (15). Similarly, MPH and RA 

were analyzed in both blood and plasma and found to be stable for 3  months at -20°C and 

through 5 freeze-thaw cycles. After protein precipitation, MPH and RA were stable in the 

autosampler at 10°C for 3 days and at -20°C for one week. MPH and RA were found to be 

unstable when left at ambient temperature (31). Few studies investigated EPH as its 

stability is assumed to be comparable to MPH due to structural similarities (25, 32). In 

plasma, the enantiomers of EPH were found to be stable on the benchtop at ambient 

temperature for 4h, after 3 freeze-thaw cycles, and at 4°C in the autosampler for 24h (6). 

Though these studies have assessed stability of these analytes over a short period of time, 

to our knowledge, no studies have analyzed the stability of these analytes over a long period 

of time. This will be the first method to analyze the stability of RA, d,l-MPH and d,l-EPH 

using liquid chromatography-mass spectrometry (LC-MS/MS).  

As limited long-term stability data exist, this study aimed to analyze d,l-MPH, d,l-

EPH and RA in blood stored in four temperature conditions: room temperature (~25°C), 
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refrigerated (4°C), frozen (-20°C) and elevated temperature (35°C) for up to 5 months. In 

addition, separate experiments were designed to model MPH degradation to RA in fortified 

blood samples. To our knowledge, this is the only validated method in literature to analyze 

all 5 analytes in blood by LC-MS/MS.  

Materials and Methods  

Chemicals and reagents 

Methanolic solutions (1 mg/mL) of d,l-methylphenidate and internal standards, 

d,l-threo-methylphenidate-d10 and d,l-threo-ritalinic acid-d10 and ethanolic solutions of 

d,l-threo-ethylphenidate and ritalinic acid were purchased from Lipomed (Cambridge, 

MA, US). Defibrinated bovine blood with sodium fluoride and potassium oxalate 

preservatives was purchased from Quad Five (Ryegate, MT, US) and stored at 4°C. DAU 

Clean-Screen (130 mg, 3 mL) columns (United Chemical Technologies, Bristol, PA, US) 

were utilized for solid-phase extraction (SPE) on a SPEWare System Pressure Processor. 

A Biotage TurboVap LV (Charlotte, NC, US) equipped with nitrogen gas was used for 

evaporation. For the mobile phase, trifluoroacetic acid (99.5%) and ammonium acetate 

(LC-MS Ultra) were purchased from Fisher Scientific (Hanover Park, IL, US). Acetic 

acid was purchased from Mallinckrodt Pharmaceuticals (St. Louis, MO, US) and LC-MS 

grade deionized water was purchased from Honeywell (Charlotte, NC, US). Ammonium 

hydroxide and LC-MS methanol (>99.9%) used in sample preparation, extraction and in 

the mobile phase were from J.T. Baker (Center Valley, MA, US). Dibasic sodium 

phosphate and monobasic sodium phosphate were from Sigma-Aldrich (St. Louis, MO, 

US). BD Vacutainer™ tubes (10mL, 16 x 100mm) without preservative were acquired 

from VWR (Radnor, PA, US). 
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Preparation of standards in blood 

All analytes were prepared as stock standards in methanol at a concentration of 

100,000 ng/mL. Mixed methanolic solutions were prepared via serial dilution, resulting 

in concentrations of 5, 10, 50, 100, 500, 1000, 2000, 5000 ng/mL. When fortified in 

blood, the following concentrations were produced: 0.5, 1, 5, 10, 50, 100, 200, 500 

ng/mL. Quality controls (QC) were prepared separately in the same way as mixed 

methanolic solutions resulting in the following concentrations: 15 ng/mL (low), 250 

ng/mL (medium) and 4000 ng/mL (high) for RA and 1500 ng/mL (high) for MPH and 

EPH. When fortified in blood, the following concentrations were produced: 1.5 ng/mL 

(low), 25 ng/mL (medium) and 400 ng/mL (high) for RA and 150 ng/mL (high) for MPH 

and EPH. A mixed methanolic internal standard solution (ISTD) of d,l-methylphenidate-

d10 and d,l-ritalinic acid-d10 was prepared at 100 ng/mL, resulting in 10 ng/mL when 

fortified in blood. All solutions were stored at -20°C in amber vials. 

For long-term stability, all analytes were prepared at 100,000 ng/mL in methanol. 

Blood (100mL) was fortified to a final concentration of 15 ng/mL or 150 ng/mL MPH, 

EPH, and RA to represent low quality control (LQC) or high quality control (HQC), 

respectively. Fortified blood aliquots (~5 mL) were distributed into vacutainer tubes and 

stored at: room temperature (~25°C), refrigerated (4°C), frozen (-20°C) and elevated 

temperature (35°C). Temperatures were monitored by thermometer or digital sensors. 

After preparation, samples from each tube were immediately analyzed (T0) and then in 

triplicate after 24h, 48h, 72h, 1wk, 2wk, 3wk, 6wk, 2mo, 3mo, 4mo,and 5mo.  
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For short term stability, LQC and HQC blood was prepared with only MPH and 

then distributed into separate vacutainers at the same temperature settings. For this study, 

8 time points were analyzed in duplicate (T0, 24h, 48h, 72h, 1wk, 2wk, 3wk, 4wk).  

Extraction 

For quantification, blood (250 µL) was fortified with 25µL of calibrator or QC 

solution. All samples were fortified with 25 µL of ISTD solution, diluted with 1 mL 

phosphate buffer (100mM, pH6), and centrifuged (2000rpm, 10min). SPE columns were 

conditioned with methanol (1mL) and phosphate buffer (1mL) before the sample was 

loaded. The columns were washed with acetic acid (0.1M, 1mL) and methanol (1mL) 

before drying under nitrogen. Analytes were eluted with 2% ammonium hydroxide in 

methanol (2mL) and evaporated to dryness at 50°C. Samples were reconstituted in 100 

µL of mobile phase and transferred to autosampler vials. A total of 1 µL was injected 

onto the LC-MS/MS. 

Instrumentation 

Liquid chromatography 

Analysis was performed on an Agilent 1290 Infinity II Liquid Chromatograph 

coupled to an Agilent 6470 Triple Quadrupole Mass Spectrometer (Santa Clara, CA). An 

Agilent Poroshell Chiral-V column (2.7 µm, 2.1 x 100 mm) with a Poroshell 120 EC-C18 

(2.7uL, 2.1 x 5 mm) guard was used for separation of analytes. Column temperature was 

held at 35°C. Analyte separation used an isocratic elution with mobile phase A:B at 2:98 

at 0.6 mL/min. Aqueous mobile phase (A) was deionized water. Organic mobile phase 

(B) consisted of 0.0125% trifluoroacetic acid (v/v) and 0.025% ammonium acetate (w/v) 

in methanol. Total run time was 4 minutes. 
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Mass spectrometry  

Electrospray ionization in positive mode was used. Multiple reaction monitoring 

(MRM) was used for analyte detection using with one transition each for quantification 

and qualification. The ion transitions and retention times are listed in Table 5.1. The gas 

temperature and gas flow were set at 300°C and 5 L/min, respectively. The sheath gas 

temperature and flow were 350°C and 11 L/min, respectively. The capillary voltage was 

3500 V with the nebulizer at 45 psi. Data acquisition and analysis were performed using 

Agilent MassHunter Workstation software (Santa Clara, CA).  

Table 5.1. Retention time and precursor ions with quantitative (top) and qualitative 

(bottom) product ions for all five analytes and three internal standards  

Analyte Retention time 
(min) 

Precursor Ion 
(m/z) 

Product Ion 
(m/z) 

d-MPH 1.372 234.1 84.1 
56.0 

l-MPH 1.104 234.1 84.1 
56.0 

d-EPH 1.140 248.2 84.1 
56.0 

l-EPH 0.994 248.2 84.1 
56.0 

RA 0.656 220.1 84.0 
56.1 

d-MPH-d10 1.409 244.2 93.1 
61.1 

l-MPH-d10 1.126 244.2 93.1 
61.1 

RA-d10 0.654 230.2 93.1 
61.1 

 

Method validation 

This study utilized a previously validated method that used the AAFS Standards 

Boards (ASB) Standard Practices for Method Validation in Forensic Toxicology as a 
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guideline (33). Briefly, the linear range for RA was 0.5-500 ng/mL. For MPH and EPH, 

the linear range was 0.5-200 ng/mL. The LOD was 0.5 ng/mL for RA and 0.25 ng/mL for 

MPH and EPH. Bias ranged from -12.7% to -4.8% for all analytes. Between-run 

precision was 3.6% to 6.9%CV for all analytes while maximum within-run precision was 

4.7% to 12.5%CV (34).  

Stability  

The mean of the concentrations from the initial time point (T0) was used as a 

baseline for each stability study. At each time point, the samples were extracted and 

analyzed following the procedure mentioned above. From the established baseline, 

stability was assessed as a %difference from this value by dividing the calculated 

concentration at each time point by the baseline concentration. The baseline 

concentration is displayed at 100% on the graphs. All concentration losses and gains are 

displayed on the graph as a change from 100%. Stability was considered acceptable 

between ±20%. The results of this study are summarized in Table 5.2. Due to the results 

of the long-term stability, an additional short-term stability experiment was executed to 

assess potential MPH degradation to RA. Due to this, QCs were made with only MPH 

and analyzed on the same method. MPH, EPH and RA were all monitored for 

quantification. For this study, MPH stability was assessed as a %difference from the 

established baseline. The results of this study are summarized in Table 5.3.
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Table 5.2. Summary of data for MPH, EPH and RA stability at the LQC (15 ng/mL) and HQC (150 ng/mL). Data are displayed as 

%difference from 100% with the corresponding timepoint at which the analyte was deemed unstable.  

 Room 
temperature 
(~25°C) 

Refrigerated 
(4°C) 

Frozen (-20°C) Elevated (35°C) 

 LQC HQC LQC HQC LQC HQC LQC HQC 
d-MPH -18.1 

(24h) 
-20.1 
(24h) 

-50.5 
(2wk) 

-54.8 
(2wk) 

-16.7 
(5mo) 

-14.3 
(5mo) 

-66.1 
(24h) 

-64.1 
(24h) 

l-MPH -20.6 
(24h) 

-41.5 
(24h) 

-50.9 
(2wk) 

-56.0 
(2wk) 

-16.4 
(5mo) 

-16.9 
(5mo) 

-70.7 
(24h) 

-68.7 
(24h) 

d-EPH -22.3 
(48h) 

-21.0 
(48h) 

-41.4 
(2wk) 

-47.1 
(2wk) 

-13.6 
(5mo) 

-13.4 
(5mo) 

-26.7 
(24h) 

-27.2 
(24h) 

l-EPH -28.8 
(72h) 

-35.4 
(72h) 

-34.8 
(2wk) 

-53.5 
(2wk) 

-18.5 
(5mo) 

-12.1 
(5mo) 

-47.5 
(48h) 

-46.8 
(48h) 

RA +52.8 
(24h) 

+35.8 
(24h) 

+40.8 
(1wk) 

+36.6 
(1wk) 

+18.5 
(5mo) 

+17.7 
(5mo) 

+116.7 
(24h) 

+143.5 
(24h) 
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Table 5.3. Summary of data for MPH only at the LQC (15 ng/mL) and HQC (150 ng/mL). For MPH, data are displayed as 

%difference from 100% with the corresponding timepoint at which the analyte was deemed unstable. For RA, data are displayed as a 

%difference from 0% due to no RA being present in the T0 samples. The timepoint at which RA became quantifiable is indicated.  

 Room temperature (~25°C) Refrigerated (4°C) Frozen (-20°C) Elevated (35°C) 
 LQC HQC LQC HQC LQC HQC LQC HQC 

d-MPH -25.9  
(48h) 

-30.4 
(48h) 

-26.9 
(2wk) 

-28.7 
(1wk) 

+6.5 
(1mo) 

+1.3 
(1mo) 

-53.1 
(24h) 

-61.1 
(24h) 

l-MPH -34.5 
(48h) 

-32.6 
(48h) 

-29.6 
 (1wk) 

-29.6 
(1wk) 

+2. 
 (1mo) 

+0.8  
(1mo) 

-60.3  
(24h) 

-67.4 
(24h) 

RA +7.2 
(1wk) 

+15 
(24h) - +6.2 

(48h) - - +7.2 
(1wk) 

+15  
(24h) 
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Results 

Long term stability  

Stability at room temperature 

Graphs displaying analyte stability when stored at room temperature are found in 

Figure 5.1A and Figure 5.2A. At low and high concentrations, d- and l-MPH 

demonstrated instability after 24 hours with 18.1 and 20.6% loss from T0, respectively, in 

the LQC and 20.1 and 41.5% loss from T0, respectively, in the HQC. The d- and l-EPH 

enantiomers were stable for 48 and 72h, respectively, with 22.3 and 28.8% loss from T0 

in the LQC and 21 and 35.4% loss from T0 in the HQC. RA concentrations increased 

(from T0) as much as 53% after 24h and 205% by 5 months (indicated on the graphs as 

153 and 305%, respectively).  

Stability at refrigerated temperature 

Graphs displaying analyte stability when stored at refrigerated temperature are 

found in Figure 5.1B and Figure 5.2B. At low and high concentrations, d- and l-MPH 

demonstrated instability after two weeks with 50.5 and 50.9% loss, respectively, in the 

LQC and 54.8 and 56% loss, respectively, in the HQC. The d- and l-EPH enantiomers 

also demonstrated instability after two weeks with 41.4 and 34.8% loss in the LQC and 

47.1 and 43.5% loss in the HQC, respectively. RA demonstrated stability for at least 72 

hours with a 17 and 16% gain in the LQC and HQC, respectively. RA concentrations 

increased 40.8 and 36.6% in the LQC and HQC, respectively, after one week and 

increased as much as 79.4% by 5 months. 
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Stability at frozen temperature 

Graphs displaying analyte stability when stored at frozen temperature are found in 

Figure 5.1C and Figure 5.2C. At low and high concentrations, d- and l-MPH 

demonstrated stability for 5 months with only a maximum loss of 16.7 and 16.4% loss, 

respectively, in the LQC and 14.3 and 16.9% loss, respectively, in the HQC. The d- and l-

EPH enantiomers were also stable for 5 months with a maximum of 13.6 and 18.5% loss 

in the LQC and 13.4% and 12.1% loss in the HQC, respectively. RA concentrations 

remained stable for 5 months with a maximum gain of 18.5% and 17.7% in the LQC and 

HQC, respectively. 

Stability at elevated temperature  

Graphs displaying analyte stability when stored at elevated temperature are found 

in Figure 5.1D and Figure 5.2D. At low and high concentrations, d- and l-MPH 

demonstrated instability after 24 hours with 66.1 and 70.7% loss, respectively, in the 

LQC and 64.1 and 68.7% loss, respectively, in the HQC. The d- and l-EPH enantiomers 

demonstrated instability after 24 and 48h, respectively, with 26.7 and 47.5% loss in the 

LQC and 27.2 and 46.8% loss in the HQC. RA concentrations increased as much as 

1143% after 24h and 242% by 5 months.
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Figure 5.1. MPH, EPH and RA stability at the LQC (15 ng/mL) at room temperature (~25°C ) (A), refrigerated temperature (4°C ) (B), 
frozen temperature (-20°C) (C) and elevated temperature (35°C) (D) 
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Figure 5.2. MPH, EPH and RA stability at the HQC (150 ng/mL) at room temperature (~25°C ) (A), refrigerated temperature (4°C ) 
(B), frozen temperature (-20°C) (C) and elevated temperature (35°C) (D) 
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MPH short term stability  

Stability at room temperature 

Graphs displaying analyte concentrations over time when stored at room 

temperature are found in Figure 5.3A and Figure 5.4A. At low and high concentrations, 

d- and l-MPH demonstrated instability after 48 hours with 25.9 and 34.5% loss, 

respectively, in the LQC and 30.4 and 32.6% loss, respectively, in the HQC. In the LQC 

containing 15 ng/mL MPH only, RA was present at 7.2 ng/mL after one week and rose to 

9.5 ng/mL by one month. The enantiomers of MPH fully degraded within two weeks. In 

the HQC containing 150 ng/mL MPH only, RA was quantified at 15 ng/mL after 24 

hours and increased to 126 ng/mL by one month. By one month, d-MPH was 2.2 ng/mL 

while l-MPH had fully degraded after 3 weeks. 

Stability at refrigerated temperature 

Graphs displaying analyte concentrations over time when stored at refrigerated 

temperature are found in Figure 5.3B and Figure 5.4B. At low concentrations, d- and l-

MPH demonstrated instability after two weeks and one week with 26.9 and 21.3% loss, 

respectively. At the high concentrations, d- and l-MPH demonstrated instability after one 

week 28.7 and 29.6% loss, respectively, in the HQC. In the LQC, RA never rose into 

quantifiable range. In the HQC, RA was present at 6.2 ng/mL within 48 hours and 

increased to 70.1 ng/mL by one month. The enantiomers of MPH remained in 

quantifiable range for one month in both low and high concentrations.  
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Stability at frozen temperature 

Graphs displaying analyte concentrations over time when stored at frozen 

temperature are found in Figure 5.3C and Figure 5.4C. At low and high concentrations, d- 

and l-MPH demonstrated stability for 1 month with ±15.1% difference from the target 

concentration. In the LQC, RA never rose into quantifiable range. In the HQC, RA was 

quantified at 5.4 ng/mL at one month. The enantiomers of MPH remained in quantifiable 

range for one month in both low and high concentrations.  

Stability at elevated temperature  

Graphs displaying analyte concentrations over time when stored at elevated 

temperature are found in Figure 5.3D and Figure 5.4D. At low concentrations and high 

concentrations, d- and l-MPH demonstrated instability after 24 hours with 53.1 and 

60.3% loss, respectively, in the LQC and 61.1 and 67.4% loss, respectively, in the HQC. 

In the LQC, RA was present at 7.2 ng/mL after one week and rose to 9.5 ng/mL by one 

month. The enantiomers of MPH fully degraded within two weeks. In the HQC, RA was 

15 ng/mL after 24 hours and increased to 126 ng/mL by one month. By one month, d-

MPH was 2.2 ng/mL while l-MPH had fully degraded after 3 weeks.
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Figure 5.3. MPH and RA concentration vs time at the LQC (15 ng/mL MPH) at room temperature (~25°C ) (A), refrigerated temperature 
(4°C ) (B), frozen temperature (-20°C) (C) and elevated temperature (35°C) (D) 
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Figure 5.4. MPH and RA concentration vs time at the HQC (150 ng/mL MPH) at room temperature (~25°C ) (A), refrigerated 
temperature (4°C ) (B), frozen temperature (-20°C) (C) and elevated temperature (35°C) (D)
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Discussion 

When assessing stability, MPH and EPH degradation occurred within days at 

room temperature, within a week in refrigeration, and within one day for elevated 

temperatures. MPH, EPH, and RA were considered stable when blood was stored under 

frozen conditions. While RA also displayed instability, samples resulted in increasing RA 

concentrations over time.  

In the frozen and refrigerated temperatures, both enantiomers of MPH and EPH 

demonstrated the same stability pattern. In frozen conditions, the enantiomers were stable 

for the entire 5 month study. In refrigerated temperatures, the enantiomers of both 

analytes remained stable for at least one week. When assessing elevated temperatures, 

only l-EPH remained stable for at least 24 hours. Additionally, d and l-EPH remained 

stable, at 48 hours and 72 hours, respectively, for a longer period at room temperature as 

compared to MPH (<24 hours). These data show that of the enantiomers, l-EPH is the 

most stable though all the enantiomers responded similarly throughout the study. As 

predicted in previous studies, this study demonstrates that EPH stability is similar to that 

of MPH (25, 32).  

During experiments with all analytes, RA concentrations rose. Overall, the long-

term and short-term trends for MPH were very similar. For room temperature, MPH and 

EPH both displayed instability and degradation within 48 h. These results are similar to 

those of Josefsson et al. that found MPH to be unstable at room temperature (31). 

Additionally, MPH was only stable in blood or plasma at ambient temperature for 4h or 

6h in other studies (6, 15, 28). Zhu et al. found EPH to be stable for 4 h at ambient 

temperature (6). RA also displayed instability with increasing concentrations over this 
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time as observed with Josefsson et al. (31). Though there was minor variability when 

analyzing refrigerated temperatures, the enantiomers of MPH and EPH only remained 

stable for one week in our study. Zhu et al demonstrated MPH and EPH stability at 4°C 

for 24 h (6). In our short-term study, d-MPH remained stable for two weeks. When 

assessing frozen temperatures, all analytes remained stable throughout our study. The 

results of this study agree with Thomsen et al., Lin et al., and Joseffson et al. (15, 28, 31). 

Elevated temperatures resulted in degradation within 24 hours for all analytes in our 

study with the exception of l-EPH. Overall, the optimal storage condition for these 

analytes in blood is under frozen temperatures. This study shows that these analytes 

remain stable for at least 5 months in this condition and agrees with the results of Seçilir 

et al (30). As seen with the room temperature and refrigerated temperature, the RA 

concentrations increased in our study while MPH and EPH concentrations decreased. It 

was hypothesized that the concentration of RA  increased due to breakdown of MPH to 

RA in the blood. The short-term stability study used samples that only contained MPH. 

During these experiments, RA was produced in MPH-fortified blood. In the LQC, the RA 

concentrations remained at <LOQ in both refrigerated and frozen temperatures. In the 

HQC, RA was detected and quantified within 48 h at 4°C. This value increased over the 

time of the study while the value of MPH decreased. At -20°C, RA was quantifiable 

within one month. At room temperature, RA was detectable within one week and 24 

hours for the LQC and HQC, respectively.  At elevated temperatures, RA became 

quantifiable within 24 hours and MPH fell to <LOQ within one week for LQC and 2 

weeks for HQC. Overall, these data demonstrate that RA can be produced in samples 

containing MPH. When analyzing toxicological samples, RA concentrations may be 
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inaccurate as the concentrations could be a result of MPH breakdown and thus makes 

MPH concentration interpretation more difficult. This shows why keeping forensic 

samples in correct storage conditions can be vital to quantification of samples.  

Conclusion 

 This study analyzed d,l-MPH, d,l-EPH and RA in blood over a 5 month period. 

The results found that frozen temperature is the optimal storage condition for these 

analytes. All analytes remained stable within this study. Additionally, a short-term 

stability study analyzing MPH alone displayed the metabolite, RA, in the fortified blood 

samples. This is important as quantitation values may be inaccurate in forensic samples 

due to breakdown products. This study shows the importance of stability studies and 

gives useful information on storage conditions for these analytes in blood.  
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CHAPTER VI 

CONCLUSIONS 

With the rise of cognitive stimulant abuse along with the emergence of NPS, there 

are problems at hand when it comes to analysis of these drugs. Toxicologists must keep 

up with these emerging trends as the drug community and drug market are constantly 

evolving and users continue to seek new mechanisms for achieving euphoria, increasing 

focus, and beating a drug test. To overcome these issues, analytical methods must be 

developed to detect and quantify drugs of abuse in various biological matrices. 

Additionally, isomeric and enantiomeric drugs such as methylphenidate (MPH) may have 

varying effects on the body and must be enantiomerically separated to better understand 

their pharmacodynamic and pharmacokinetic (PD/PK) properties. The current study 

offers valuable information on chiral separation of MPH, ethylphenidate (EPH), as well 

as ritalinic acid (RA), using a chiral column, solid-phase extraction (SPE) and liquid 

chromatography-mass spectrometry (LC-MS/MS). It offers an alternative 

chromatographic technique, supercritical fluid-mass spectrometry (SFC-MS/MS), as a 

different approach to chiral separation and analysis. Chiral columns are more effective, 

cost efficient, and require less hazardous chemicals compared to derivatizing agents. 

Similarly, SPE requires less solvent consumption and is more selective than traditional 

liquid-liquid extraction. This current study also presents an analytical technique to detect 

common ADHD medications in oral fluid (OF). OF is a rapid, non-invasive matrix that 

allows for on-site collection. OF may indicate recent drug use and has applicability to 

driving under the influence of drugs (DUID) cases due to its simple collection. This on-

site collection can be used in both clinical and forensic settings to detect use of these 
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cognitive stimulants, especially on college campuses where studies indicate rising abuse. 

The current study provides a method that allows for detection of cognitive stimulants in 

oral fluid and applicability is shown by analysis of authentic samples from college 

students currently prescribed these medications. Lastly, stability studies are important to 

understand accurate quantitative values when assessing toxicological findings, especially 

with emerging NPS. It is important to know if drugs are unstable or if absence of a 

finding may indicate degradation. The current study conducted a five-month stability 

study on these cognitive stimulants and found that they were only stable at frozen 

temperatures (-20ºC) for this period. At elevated and ambient temperatures, MPH 

degraded to ritalinic acid and if not properly handled or stored, inaccurate quantitative 

values may be obtained. With the use of the analytical methods described above, the 

clinical and forensic toxicology communities can develop viable approaches to properly 

detect and analyze cognitive stimulants in various biological matrices, including blood 

and oral fluid. Additionally, as EPH is emerging as an NPS, the techniques in this study 

can provide valuable information to the forensic community about this drug and others 

alike. This study aimed to address analytical gaps in the literature by developing 

enantioselective separation techniques for analysis of MPH and its metabolites, EPH and 

RA, in various biological samples. This study provided validated analytical methods to 

detect and quantify MPH and other cognitive stimulants using LC-MS/MS for blood and 

oral fluid and SFC-MS/MS for blood. Lastly, this study analyzed MPH instability to 

better understand degradation to address proper storage and handling of forensic samples 

to ensure accurate quantification for data interpretation. As EPH is recognized as 

biomarker for MPH as well as a NPS, additional research needs to be done to understand 
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the PD/PK of this analyte and its enantiomers and the effect it has on the body. 

Additionally, the current study can be used to better understand potential abuse of 

cognitive stimulants on the college campus. Due to ease of collection of oral fluid, this 

method can be used to quantify common medications that may be used illicitly on college 

campuses.  
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APPENDIX A 

 
Date: Sep 17, 2019 9:11 PM CDT  
 
TO: Christina Smith Madeline Swortwood  
FROM: SHSU IRB  
PROJECT TITLE: ADHD Medication Abuse and Misuse and Its Implications on College 
Students - Sample Collection  
PROTOCOL #: IRB-2019-225  
SUBMISSION TYPE: Initial  
ACTION: Approved  
DECISION DATE: September 16, 2019  
ADMINITRATIVE CHECK-IN DATE: September 16, 2020  
EXPEDITED REVIEW CATEGORY: 3. Prospective collection of biological specimens 
for research purposes by noninvasive means.  
7. Research on individual or group characteristics or behavior (including, but not limited 
to, research on perception, cognition, motivation, identity, language, communication, 
cultural beliefs or practices, and social behavior) or research employing survey, 
interview, oral history, focus group, program evaluation, human factors evaluation, or 
quality assurance methodologies.  
 
Greetings,  
 
The above-referenced submission has been reviewed by the IRB and it has been 
Approved. Because this study received expedited review and the IRB determined that a 
renewal submission is not needed, this decision does not necessarily expire; however, you 
will be receiving an email notification on the anniversary of this study approval, which 
will be on September 16, 2020 ( NOTE: please review the reminder information below 
regarding Study Administrative Check-In). This study approval is based on an 
appropriate risk/benefit ratio and a project design wherein the risks have been minimized. 
All research must be conducted in accordance with this approved submission.  
 
Since Cayuse IRB does not currently possess the ability to provide a "stamp of 
approval" on any recruitment or consent documentation, it is the strong 
recommendation of this office to please include the following approval language in 
the footer of those recruitment and consent documents: IRB-2019-225/September 
16, 2019/September 16, 2020.  
 
Please remember that informed consent is a process beginning with a description of the 
project and insurance of participant understanding followed by a signed consent form. 
Informed consent must continue throughout the project via a dialogue between the 
researcher and research participant. Federal regulations require each participant receive a 
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copy of the signed consent document.  
 
Modifications: Please note that any revision to previously approved materials must be 
approved by this committee prior to initiation. Please submit a Modification Submission 
through Cayuse IRB for this procedure.  
 
Incidents: All UNANTICIPATED PROBLEMS involving risks to subjects or others and 
SERIOUS and UNEXPECTED adverse events must be reported promptly to this office. 
Please submit an Incident Submission through Cayuse IRB for this procedure. All 
Department of Health and Human Services and sponsor reporting requirements should 
also be followed.  
 
Study Administrative Check-In: Based on the risks, this project does not require 
renewal. Rather, you are required to administratively check in with the IRB on an annual 
basis. September 16, 2020 is the anniversary of the review of your protocol. The 
following are the conditions of the IRB approval for IRB-2019-225 ADHD Medication 
Abuse and Misuse and Its Implications on College Students - Sample Collection.  
 
1. When this project is finished or terminated, a Closure submission is required.  
 
2. Changes to the approved protocol require prior board approval ( NOTE: see the 
directive above related to Modifications).  
 
3. Human subjects training is required to be kept current at citiprogram.org by renewing 
training every 5 years.  
 
Please note that all research records should be retained for a minimum of three years after 
the completion of the project. If you have any questions, please contact the Sharla Miles 
at 936-294-4875 or irb@shsu.edu. Please include your protocol number in all 
correspondence with this committee.  
 
Sincerely,  
 
 
Donna M. Desforges, Ph.D.  
Chair, Committee for the Protection of Human Subjects  
PHSC-IRB 
  

https://shsu.cayuse424.com/
https://shsu.cayuse424.com/
https://about.citiprogram.org/en/homepage/
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APPENDIX B 

 

Informed Consent 

My name is Christina Smith, and I am a doctoral student of the Department of 

Forensic Sciences at Sam Houston State University. I would like to take this opportunity 

to invite you to participate in a research study to examine the use of ADHD medications 

on college campuses using oral fluid (saliva). I am conducting this research under the 

direction of Dr. Madeleine Swortwood. We hope that data from this research will inform 

us about drug use trends. You have been asked to participate in the research because you 

are a SHSU student and we are looking at the use of ADHD medications among a college 

population. 

The research is relatively straightforward, and we do not expect the research to pose 

any risk to any of the volunteer participants. If you consent to participate in this research, 

you will be asked to swab your mouth with a small pad to collect oral fluid (saliva). Any 

data obtained from you will only be used for the purpose of generalizing drug trends. 

Under no circumstances will you or any other participants who participated in this 

research be identified. In addition, your data will remain confidential. This research will 

require about 15 minutes of your time. Participants will be paid or otherwise 

compensated for their participation in this project by small incentives such as blue books, 

scantrons, pens or pencils, or candy.  

Your participation in this research is voluntary. Your decision whether or not to 

participate will involve no penalty or loss of benefits to which the subject is otherwise 

entitled, and the subject may discontinue participation at any time without penalty or loss 

of benefits to which the subject is otherwise entitled. If you have any questions, please 

feel free to ask me using the contact information below. If you are interested, the results 

of this study will be available at the conclusion of the project. 

If you have any questions about this research, please feel free to contact me, Christina 

Smith, or Dr. Madeleine Swortwood. If you have questions or concerns about your rights 
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as research participants, please contact Sharla Miles, Office of Research and Sponsored 

Programs, using her contact information below.  
Christina Smith 
Dept. of Forensic Science 
Sam Houston State 
University 
Huntsville, TX  77341 
Phone: (936) 294-4319 
E-mail: crs040@shsu.edu 

Dr. Madeleine Swortwood 
Dept. of Forensic Science 
Sam Houston State 
University 
Huntsville, TX  77341 
Phone: (936) 294-4319 
E-mail: mjs079@shsu.edu 

Sharla Miles 
Office of Research and Sponsored 
Programs 
Sam Houston State University 
Huntsville, TX 77341 
Phone: (936) 294-4875 
Email: irb@shsu.edu 

Christina Smith 
Dept. of Forensic Science 
Sam Houston State 
University 
Huntsville, TX  77341 
Phone: (936) 294-4319 
E-mail: crs040@shsu.edu 

Dr. Madeleine Swortwood 
Dept. of Forensic Science 
Sam Houston State 
University 
Huntsville, TX  77341 
Phone: (936) 294-4319 
E-mail: mjs079@shsu.edu 

Sharla Miles 
Office of Research and Sponsored 
Programs 
Sam Houston State University 
Huntsville, TX 77341 
Phone: (936) 294-4875 
Email: irb@shsu.edu 

 

I understand the above and consent to participate. 

I do not wish to participate in the current study.  
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APPENDIX C 

Oral Fluid Survey – ADHD Medication  

1. Have you ever taken one of the following medications? Circle all that apply 
Adderall 

Vyvanse 

Ritalin 

Concerta 

Dexedrine 

Other: please list _________________________ 

2. When is the last time you took one of these medications? How much did you 
take? 

Name of medication: _____________________ 

Time of last dosage: _______________________ 

Amount taken: __________________ 

3. How often do you take these medications? (i.e.: daily, weekly, for 
midterms/finals) 

4. Are you prescribed one of these mediations by a physician? Circle one: yes    or    
no 

If yes, at what dosage?  

  

 

 

This information is confidential and anonymous. 

The information on this survey cannot be used to identify you. 
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