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• Review therapeutic uses of the stimulants

• Relate structure to activity 

• Describe developments in designer stimulants

Learning Objectives
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ADHD

• Attention Deficit/Hyperactivity Disorder (ADHD) is present in 6 million 
children (9.8%)
• 4 males: 1 female
• ~4% of adults

• 62% take medications
• Stimulants represent the most common and effective medications

https://www.cdc.gov/ncbddd/adhd/data.html
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ADHD Pathophysiology

• Decreased brain volume in multiple brain regions
• Right prefrontal cortex
• Caudate nucleus
• Anterior cingulate gyrus
• Cerebellum

• Genetically-mediated depletions in serotonergic, 
cholinergic, and especially dopaminergic function

• Stimulants have been shown to improve cortical 
thickening and can normalize dopaminergic 
function 

DiPiro JT, ed. Pharmacotherapy: A Pathophysiologic Approach. 8th ed. McGraw-Hill Medical; 2011.
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ADHD Treatments

• Stimulants
• Methylphenidate
• Amphetamines

• Non-stimulants
• Atomoxetine and viloxetine
• Bupropion
• Clonidine and Guanfacine
• Antipsychotics
• Tricyclic Antidepressants
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Therapeutic Stimulants

• First line therapies
• Response rate up to 85% in children, 65% in adults

• All stimulants are equally efficatious

• Rapid improvement in many areas
• Hyperactivity
• Impulsivity
• Improvement of aggression
• Peer relations
• Family dynamics
• Academic performance

7

Methylphenidate

• Inhibits reuptake of dopamine and norepinephrine

• FDA-approved for ADHD and narcolepsy
• Off label for bipolar disorder, stroke, MDD, and others

• Schedule II
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Methylphenidate
Methylphenidate (C-II)

Short Acting 
Onset: 20-60 m inutes

Duration: 3-5 hours

• Ritalin®
• M ethylin® chew, oral suspension

• Focalin® (dexm ethylphenidate)

Interm ediate Acting
Onset: 1 hour 

Duration: 3-8 hours 

• M etadate ER®, M ethylin ER®, Ritalin SR®

Long Acting
Onset: 1 hour 

Duration: 8-12 hours

• Concerta® (20IR/40ER/40ER; OROS, osm otic release oral system )
• Daytrana® (Transderm al, controlled release) 

• M etadate® CD (30IR/70ER)
• Ritalin® LA (50IR/50ER; SODAS, spheroidal oral drug absorption system )
• Aptensio® XR (40IR/60ER) 
• Quillichew® (30IR/70ER)
• Quillivant® (20IR/80ER)

• Focalin® XR (dexm ethylphenidate)
• Cotem pla® XR ODT (25IR/75ER) 
• Jornay® PM  (delayed release, extended release); adm inistered QPM  
   (onset ~8-10 hours after adm inistration)

Longer Acting
Onset: 1 hour 

Duration: 12-16 hours

• Azstarys® (30% IR dexm ethylphenidate; 70% serdexm ethylphenidate 
prodrug)

• Adhansia® XR (20IR/80ER)

S tu tzm an  D L , D o p h e id e  J, P liszka  S R . A tte n tio n  D e fic it  H yp e ractiv ity  D iso rd e r. In : D iP iro  JT , Y e e  G C , H a in e s S T , N o lin  T D , E llin g ro d  V L , P o se y  L . e d s. D iP iro ’s  P h a rm a co th era p y : A  P a th o p h ysio lo g ic  A p p ro a ch , 1 2 th  E d itio n . M cG raw  H ill; 2 0 2 3 .
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Azstarys® (serdexmethylphenidate and dexmethylphenidate)

Azstarys. Package Insert. Corium Inc.

10

Concerta® (serdexmethylphenidate and dexmethylphenidate)

Rosen H, Abribat T. The rise and rise of drug delivery. Nat Rev Drug Discov. 2005;4(5):381-385.
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Amphetamines

• Increase the release of catecholamines 
(dopamine and norepinephrine) from 
presynaptic terminals

• Release norepinephrine release in both CNS 
and periphery
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Amphetamines

Amphetamines (C-II)
Short Acting 
Onset: 20-60 minutes
Duration: 6 hours

• Adderall® IR (mixed salts)
• Dexedrine®, DextroStat®, Procentra® (solution), Zenzedi®
• Evekeo® tablets, ODT (1:1 d to l amphetamine sulfate base)

Intermediate Acting
Onset: 60-90 minutes 
Duration: 6-8 hours 

• Dexedrine spansule® (dextroamphetamine, sustained release 
capsule = spansule)

Long Acting
Onset: 1 hour 
Duration: 8-12 hours

• Adderall® XR (50IR/50ER)
• Vyvanse® (lisdexamfetamine), Vyvanse chewable
• Dyanavel® XR (3:1 d to l amphetamine sulfate suspension)
• Adzenys® XR-ODT (50IR/50ER)

Longer Acting
Onset: 1 hour 
Duration: 12-16 hours

• Mydayis® (triple bead formulation; pH dependent technology)

S tu tzm an  D L , D o p h e id e  J, P liszka  S R . A tte n tio n  D e fic it  H yp e ractiv ity  D iso rd e r. In : D iP iro  JT , Y e e  G C , H a in e s S T , N o lin  T D , E llin g ro d  V L , P o se y  L . e d s. D iP iro ’s  P h a rm a co th era p y : A  P a th o p h ysio lo g ic  A p p ro a ch , 1 2 th  E d itio n . M cG raw  H ill; 2 0 2 3 .
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• Insomnia

• Decreased appetite, weight loss

• Abdominal pain, nausea

• Headache

Stimulant ADRs
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Brain Chemistry

Epinephrine Norepinephrine Dopamine Serotonin
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• Increase brain penetration

• Maximize pleasure centers

• Increase potency

Goals of a drug designer
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Phenethylamines

Phenyl Ethyl Amine
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MAO

Phenethylamines

Dopamine
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Phenethylamine Derivatives

Amphetamine Methamphetamine Pseudoephedrine

Mescaline MDMA Bupropion
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Valente MJ, Guedes de Pinho P, de Lourdes Bastos M, Carvalho F, Carvalho M. Khat and synthetic cathinones: a review. Arch Toxicol. 2014;88(1):15-45.

“Bath Salts”

NOVEL 

PSYCHOACTIVE

SUBSTANCES (NPS)
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https://www.cfsre.org/nps-discovery/trend-reports

Pentylone

N,N Dimethylpentylone
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Novel Psychoactive Stimulants

Nature Reviews Neuroscience 4, 13-25 (January 2003)
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• Mechanism(s)
• ↑ presynaptic release of catecholamines 
• Inhibit breakdown of neurotransmitters (e.g. MAOi)
• Inhibit catecholamine reuptake (DAT, NAT, SERT)
• Direct agonist at post-synaptic receptors

NPS: Mechanisms of Action
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