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Mechanism of Action MPH: Insights 
from PET Imaging Studies

(Volkow et al. J Att Dis. 2002;(suppl)1)

– Because DA enhances task-specific neuronal 

signaling and decreases noise, MPH-induced 

increases in DA could improve attention and 

decrease distractibility

– Since DA modulates motivation, the increases in 

DA would also enhance the saliency of the task 

facilitating the “interest it elicits” and thus 

improving performance
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Methylphenidate Increases Dorsal 
ACC & DLPFC in Patients with ADHD

Bush et al. Archives of General Psychiatry. in press

MPH-OROS Higher than Placebo at 6 Weeks

daMCC

daMCC DLPFC

Parietal
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Teacher SSRS Social Skills
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Methylphenidate Formulations 
Medication Formulation Release %

IR/ER
Isomers

d,l
Duration

Ritalin®  (IR) Tablet 100/0 1:1 ~ 4 hours

Methylin® Chewable Chewable
Tablets 

100/0 1:1 ~ 4 hours

Methylin® Oral Solution Oral Solution 100/0 1:1 ~ 4 hours

Focalin® (IR) Tablet 100/0 1:0 ~ 4 hours

Ritalin LA® Capsule 50/50 1:1 ~ 8 hours

Metadate CD® Capsule 30/70 1:1 ~ 8 hours

Focalin XR® Capsule 50/50 1:0 ~ 8-10 hours

Cotempla XR-ODT® ODT 30/70 1:1 ~ 8-12 hours

Quillichew ER® Chewable Tablet 30/70 1:1 ~ 8-10 hours

Concerta® Capsule 22/78 1:1 ~  12 hours

Quillivant XR® Oral Solution 20/80 1:1 ~ 10-12 hrs

Aptensio XR® Capsule 37/63 1:1 ~  12 hours

Adhansia XR® Capsule 20/80 1:1 ~ 13-16 hrs

Daytrana® Patch N/A 1:1 6-16 hours

Jornay PM® Delayed Release 
Capsule

0/100 1:1 Start  8-10 hrs
Duration ~ 10-12 hrs
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Example of Strong 
PK/PD Link

www.fda.gov

Swanson, James M., et al. "A comparison of 
once-daily extended-release 
methylphenidate formulations in children 
with attention-deficit/hyperactivity disorder 
in the laboratory school (the Comacs Study)." 
Pediatrics 113.3 (2004): e206-e216.

Gonzalez, M. A., et al. "Methylphenidate bioavailability 
from two extended-release formulations." International 
journal of clinical pharmacology and therapeutics 40.4 
(2002): 175-184.

MCD = Metadate CD
CON = Concerta
PLA = placebo

Metadate CD

Concerta

Fasting conditions, 
Healthy volunteers

For doses of MPH, differences in PK 
from 0-3 hours is reflected in the 
SKAMP ratings

* and †: statistically significance 
between active treatments
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Long Acting MPH formulations
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Two MPH 20/80 IR/ER Formulations
Markedly Different PK Profiles
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Individual PK Plots in a Single
50/50 IR/ER MPH Delivery Formulation
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Clinical Ratings of ADHD Symptoms (ADHD-RS)

P=0.04*

P=0. 03
P=0.001 P<0.001

Week

OROS-MPH mg/day

Placebo mg/day

1

36.0

36.0

2

58.7+17.8

66.3+12.8

3

72.6+26.5

82.2+22.4

4

77.9+29.6

92.2+23.8

5

81.3+31.0

94.9+25.5

6  

80.9+31.8

96.8+25.9

Biederman et al Biol psych  2006
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Pharmacological Dissociation Between The Robust Effects 
Of Methylphenidate On ADHD Symptoms And Weaker 
Effects On Working Memory

Biederman et al. Eur Neuropsychopharmacol 2011
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*FDA approved for ADHD. Courtesy of T. Wilens, MD.

An Isomeric Form of MPH
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SODAS d-MPH: DAT Occupancy (PET) by Hour and Dose 

20 mg
30 mg
40 mg

Spencer et al. In Press J Clin Psych
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Amphetamine Formulations 

Medication Formulation Release %
IR/ER

Isomers
d,l

Duration

Dexedrine®
Zenzedi® 

Tablet 100/0 1:0 ~ 4-6 hours

Dexedrine
Spansules®

Capsules unknown 1:0 ~ 6 hours

Adderall® (IR) Tablet 100/0 3:1 ~ 4-6 hours

Evekeo® Tablet 100/0 1:1 ~ 4-6 hours

Evekeo ODT® ODT 100/0 1:1 ~ 4-6 hours

Procentra® Oral Solution 100/0 1:0 ~ 4-6 hours

Adzenys XR ODT® ODT 50/50 3:1 ~  12 hours

Adzenys ER® Liquid Oral Solution 50/50 3:1 ~  12 hours

Dyanavel XR® Oral Solution unknown 3.2:1 ~ 13 hours

Adderall XR® Capsule 50/50 3:1 ~ 12 hours

Mydayis® Capsule 33/33/33 3:1 ~ 16 hours

Vyvanse® Capsule Prodrug 1:0 ~ 13 hours

Vyvanse Chewable® Tablet Prodrug 1:0 ~ 13 hours



www.mghcme.org

18

Best 
Response

(Percent)

Dextroamphetamine Methylphenidate Equal response to 
either stimulant

Meta-analysis of Within-Subject Comparative Trials 
Evaluating Response to Stimulant Medications 

0
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25% 23%

52%50 6 studies
N=274

Spencer et al. Arch of Gen Psych 2001
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18-Month Summary of Symptom Improvement 
With MAS XR 20, 40, and 60 mg/day

Results of Short-term and 18 Months of
Long-term Open-Label Extension Study

*P<.05 by 1-sample t test of mean change from baseline of long-term study.

Wilens T. Presented at: 157th Annual APA Meeting; May 1-6, 2004; New York, NY.

Subthreshold

ADHD
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Triple Bead MAS  (Mydayis®)
Wigal et al. 2018
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LDX Chemistry

LDX

Site of cleavage

l-lysine d-amphetamine
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LDX in Adult ADHD: ADHD-RS Total Scores (ITT Population) 

A more negative change in ADHD-RS total score indicates greater improvement.
LS=least squares; SE=standard error of the mean.
*P<.0001 (adjusted Dunnett’s test compared with placebo following ANCOVA with baseline score as covariate).

30 mg/d LDX 50 mg/d LDX 70 mg/d LDXPlacebo
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Stimulant Tx of Executive Function
Lisdexamfetamine in Adult ADHD + GEC > 65

Adler et al. JCP 2013
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Controlled Trial of Lisdexamfetamine
Collisions
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Adverse Effects of Stimulants

• Adverse effects (AEs) are similar for all stimulants

− Decreased appetite

− Insomnia

− Headache

− Stomachache

− Irritability/rebound phenomena

• Rates of these AEs may be high prior to any medical 
intervention; thus, baseline levels should always be 
obtained

Wilens T, Spencer T. In: Child and Adolescent Psychiatric Clinics of North America. Philadelphia, Pa: 

Saunders Press; 2000:573-604.
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Contraindications

• Hypersensitivity to amphetamine
• Monoamine Oxidase Inhibitors

Warnings and Precautions

• Serious Cardiovascular Events
• Increase blood pressure
• Psychiatric Adverse Events
• Seizures
• Peripheral Vasculopathy, including Raynaud’s phenomenon
• Long-Term Suppression of Growth
• Serotonin Syndrome

Adverse Reactions Mydayis® 
FDA Approved Labeling

Black Box

• Drug Abuse Dependence
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Gutgesell H, et al. Circulation. 1999:99:979-982.
Schubiner H, et al. J Atten Disord. 2006;10:205-211.

Screening for Cardiac Risk: AHA Guidelines

• Medical history
− Personal congenital or acquired cardiac disease history
− Family history of cardiac disease (<50 years of age)
− Palpitations, chest pain, fainting, seizures, post-exercise 

symptoms
− Ask about other medications (including OTC)

• Routine medical exam
• Monitor BP and pulse at baseline and follow-up, 

especially in adults
• ECG is reasonable but not mandatory 
• Routine check of Holter, ECHO is not necessary
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Medication for ADHD and Criminality
(Lichtenstein et al. NEJM  2012: 367:2006-2014)

Swedish national registers (N= 25,656 with ADHD-about 50% on medications)
Ca. 40% of convictions related to drug offenses (Tx OR=0.6).  No difference in type of 
ADHD medication (stimulants, nonstimulants) or level of crime.  

Women-41% reduction
Men- 32% reduction
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