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Introduction to Cognitive 
Psychopharmacology



Neural networks modulated by fast–
signaling neurotransmitters

o Connectivity of neuronal networks in cerebral cortex, hippocampus 
and striatum is mediated by fast signaling transmission 

o Glutamate (excitatory) ionotropic receptors: NMDA, AMPA, Kainate

o Gamma aminobutyric acid (inhibitory; GABA): GABA-a, GABA-b



Neuronal networks modulated by slow-
modulatory neurotransmitters

o Acetylcholine: nicotinic, muscarinic

o Dopamine: D1-D5

o Noradrenaline: alpha 1, 2; beta 1, 2

o Serotonin (5-hydroxytryptamine; 5-HT): 5-HT1a, 5-HT1b, 5-HT2a, 
etc.



Neuropeptides
o Very slow modulators/co-transmitters

o Cholecystokinin(CCK) co-transmitter for DA: 
CCK-A, CCK-B

o Neuropeptide Y co-transmitter for NA: 
NPY1R, NPY2R

o Vasoactive intestinal polypeptide (VIP) co-
transmitter for Ach: VPAC1, VPAC2

o Oxytocin, Vasopressin: OXTR, V1-V3



Disorders of 
Wakefulness Musacchio, J. (2012)



Neurotransmitters

1. Cholinergic Stimulation
 

Mesopontine projections/ARAS → thalamus 

2. Catecholamine augmentation (e.g., dopamine, norepinephrine, epinephrine)
 

Ventral tegmental nucleus → limbic structures, striatum, frontal cortex

3. Glutamate system modulation
 

Antagonism/agonism of NMDA-, GABA- receptors -> widespread through 
neocortex

Wakefulness



1. Cholinergic Stimulation
  Alterations in cholinergic transmission implicated in delirium, fluctuations in DLB, 
cognitive deficits in severe TBI 
 

 Rx: Acetylcholinesterase inhibitors, choline, nicotine/derivatives

2. Catecholamine augmentation (e.g., dopamine, norepinephrine, epinephrine)
  

Low levels of DA/NE implicated in decreased arousal, sleep latency, REM sleep 
 

 Rx: Amantadine, bromocriptine, apomorphine, desipramine

3. Glutamate system modulation
 

Positive modulation of GABA has paradoxical effect for some DOC 
 

 Rx: Zolpidem, baclofen, memantine, riluzole
 

Cognitive enhancers

Wakefulness



▷ Modafinil/Armodafanil

o Inhibition of DA and NE transporters

o FDA indications: Excessive daytime sleepiness related to narcolepsy, 
shift work sleep disorder, adjunct treatment for OSA

o Off-label considerations:

o Cognition in Chronic Fatigue Syndrome, MS, other 
autoimmune/inflammatory conditions

o Fatigue in MS, PD
 

Psychopharmacology

Wakefulness



Disorders of 
Attention

Caye et al (2018)



Background

Attention

Vigilance

Selectivity

ArousalOrienting

Dividing 
Resources

Attention



▷ Methylphenidates/amphetamines

o FDA indications: ADHD and narcolepsy

o Off-label considerations:

o Inattention (moderate to severe TBI)

o Apathy/amotivation (degenerative 
diseases)

o Hyper-somnolence (DLB or AD)
 

Psychopharmacology



Noradrenergic treatment in Alzheimer Disease

Forest plot of noradrenergic drugs on global cognition. 



Disorders of 
Executive Function
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▷ α2-Adrenergic agonists 

o Improve working memory, behavioral inhibition, attention

o E.g., Clonidine, Guanfacine

o FDA indications: Hypertension

o Off-label considerations:

o Hyperactivity/impulsivity (ADHD)

o Behavioral disinhibition (Intellectual disabilities)

o Agitation, inattention, restlessness (dementia)
 

Psychopharmacology

Executive Function



▷ Pramipexole, ropinirole

Increase DA transmission in brainstem and cortical/subcortical pathways

o FDA indications: Parkinson disease, Restless leg syndrome

o Off-label considerations:

o Apathy/executive dysfunction

o Working memory (Parkinson) but mixed evidence
 

Psychopharmacology

Executive Function



Disorders of 
Memory Lv et al (2018)



▷ Rivastigmine, galantamine, donepezil

o FDA indications: Alzheimer’s disease dementia, Parkinson disease 
dementia

o Side effects: GI disturbance (switch to patch) and vivid dreams 
(switch to AM). Watch heartrate. 

o Off-label considerations:

o Chronic cognitive deficits (TBI)

o cognitive impairment (post-stroke)

o Fluctuations/cognition (DLB)
 

Psychopharmacology

Memory



▷ Memantine

o Non-competitive NMDA-receptor antagonist

o FDA indications: Moderate/Severe AD

o Off-label considerations:

o Prevention of cognitive dysfunction in patients receiving whole-brain 
radiotherapy

o Preventing migraines
 

Psychopharmacology

Memory



FDA Approved Medications for Alzheimer’s Disease

1993 1997 2000

rivastigmine
(Exelon®)

tacrine
(Cognex®)

donepezil
(Aricept®)

2001

galantamine
(Razadyne®)

2003

memantine
(Namenda®)

• Cholinesterase-inhibitors (ChE-I): donepezil, rivastigmine, 
galantamine, tacrine* (no longer clinically used)

• All FDA approved for treatment of mild to moderate AD dementia

• Donepezil also FDA approved for treatment of severe AD dementia (2006)

• Galantamine available as a generic since 2009; donepezil, rivastigmine since 
2010

• NMDA (glutamate) receptor antagonist: memantine

• FDA approved for treatment of moderate to severe AD dementia (generic 
2015)

2021*

aducanumab
(Aduhelm®)

2023

lecanemab
(Leqembi®)

* Accelerated approval (not traditional/full approval)

Courtesy of Gad Marshall, MD

2024

donanemab
(Kisunla®)



Lecanemab (BAN2401): 
Mechanism of Action

• Anti-amyloid monoclonal 
antibody

• Targets soluble Aβ oligomers and 
protofibrils with high selectivity 
(thought to be more toxic than 
monomers or insoluble fibrils)

Amyloid targeting 
therapies for Alzheimer 
Disease

Panza et al. 2019



Clinical Dementia Rating



Clarity AD: Adverse Events

van Dyck et al. N Engl J Med 2022



Clarity AD: Adverse Events

van Dyck et al. N Engl J Med 2022; Reish et al. N Engl J Med  

2023

• 2.4% of anticoagulated participants developed macrohemorrhages

• 3 deaths occurred in open label extension in the context of ARIA-H or 

ARIA-E
• 1 participant was anticoagulated

• 1 participant received thrombolytic treatment for acute stroke

• 1 participant was not anticoagulated



Amyloid PET



Glucagon-Like Peptide-1 (GLP-1) receptor agonists



GLP-1 receptor agonists





GLP-1 receptor agonists



GLP-1 receptor agonists



GLP-1 receptor agonists
• A meta-analysis of 5 RCTs comprising 7,732 adults with T2DM did not observe any 

effect on cognition, as measured via mini-mental state examination (MMSE) or 
Montreal cognitive assessment (MoCA), of GLP-1RAs over several months com- pared 
with the baseline. 

• A pooled analysis of 3 longer-term RCTs following 15,820 patients with T2DM up to 3.8 
years showed a reduced risk of dementia for semaglutide and liraglutide compared 
with placebo. The same paper also included a nested case-control component of 
120,054 patients with T2DM followed for 7.4 years and observed a lower association 
between dementia and exposure to GLP-1RAs compared with other antidiabetics. This 
finding was further supported when pooled with further observational data to a total 
of 210,521 people with T2DM up to 7.4 years on any GLP-1RA. 

• Four RCTs in Parkinson’s disease looking at both motor and non-motor outcomes, but 
results were inconsistent depending on the different scales used within the same trial; 
overall, one showed a more beneficial profile, while the other three did not find any 
consistently positive effect. 



Nootropics

Apoaequorin (Prevagen) – purported to act like calmodulin

• A total of 218 participants, ages 40 to 91, with self- reported memory concerns 
were enrolled in the 90-day study.  Study is posted on company website but does 
not seem to have undergone peer review. 

• Non-standard memory tests were employed with a reported benefit in cognition 
compared to placebo. Not clear how many participants had MCI or AD

• “This product is not intended to diagnose, treat, cure or prevent any disease.”

Nootropics are “cognitive enhancers”



ANTICHOLINERGICS

Medications with cognitive side effects

Antihistamines
Diphenhydramine

Hydroxyzine

Antidepressants
TCAs

SSRIs (paroxetine)

Antimuscarinics
Oxybutynin

Antipsychotics
Typical and atypical

Antiparkinsonian
Benztropine

Trihexyphenidyl

Skeletal muscle 
relaxants

Cyclobenzaprine

Antispasmodics
Loperamide



Differential impact of anti-
cholinergic bladder medications 
on cognitive function



Trospium: Of the six studies that investigated trospium use, no cognitive decline was detected among overactive bladder 

patients with and without baseline cognitive impairment. 

Physiologically one study showed that use of extended release trospium chloride 60 mg daily for 10 days was undetectable 

in cerebrospinal fluid samples. 

Concurrently, there was no decline in performance on tests of memory and recall detected before and after trospium administration.



Cognitively normal older adults taking 1 or more medications with medium or high AC activity (referred to as AC+ participants [n = 52]) showed poorer cognition 
than those not taking these medications (referred to as AC− participants [n = 350]), including a lower score on the Weschler Memory Scale–Revised Logical 
Memory Immediate Recall (P = .04 [A]), the Trail Making Test Part B (TMT-B) (P = .04 [B]), and an executive function composite (P = .04, with transient ischemic 
attack, myocardial infarction, and diabetes as additional covariates [C]). Glucose hypometabolism, as measured by the fluorodeoxyglucose F 18–positron emission 
tomographic (FDG-PET) standardized uptake value ratio (SUVR), was also observed in the bilateral hippocampus (P = .02, with anxiety as an additional covariate 
[D]) and in a global cortical region of interest of AC+ participants (n = 43) relative to AC− participants (n = 286), generated from an analysis of cognitively normal 
participants who show greater glucose metabolism than participants with AD from the full ADNI 1 cohort (P = .03, with other vascular conditions and concussion as 
additional covariates [E]). Error bars indicate SD. (JAMA Neurol. 2016;73(6):721-732. doi:10.1001/jamaneurol.2016.0580)



CONCLUSION: Overall, our findings do not support increased dementia risk associated with 2nd 

generation antihistamine use. Lower dementia rates in patients with acute rhinitis treated with 

corticosteroids might be associated with the protective effects of corticosteroids rather than the 

harmful effects of sgAHs.  (Intranasal steroids use in patients with AR was associated with a slight 

decrease in dementia risk (P < 0.007))



OTHER MECHANISMS

Medications with cognitive side effects

Barbiturates
Butalbital
Primidone

Non-
benzodiazepine 

hypnotics
Zolpidem

Benzodiazepines Antiepileptic drugs
Topiramate

Calcium channel 
blockers(?)

Amlodipine
Nifedipine

Pain medications

Narcotics 

Corticosteroids Sulfonamides



Cannabis
Distribution of cannabinoid CB1 and CB2 receptors



Cannabis

o Evidence of acute impairment of learning and memory, 
attentional control, motor inhibition and emotion processing

o Magnitude of impairment/persistence may depend on the 
frequency and duration of use, length of abstinence, and age of 
onset

o Decrease motivation/apathy 







Line graphs indicate specific alterations during acute use 
as compared to neurobiological state in individuals with 
cannabinoid use disorder, including during periods of 
abstinence. 



Subjective drug effects assessed with the 5D-ASC questionnaire 720 min after, the second, substance 
administration. LSD significantly increased all scale scores compared to Pla and Ket + LSD (all p < 0.0001, corrected), 
except for anxiety ( p > 0.7, corrected). Ket = 5-HT2A antagonist ketanserin

Methods. acute effects of LSD (100 μg) alone and in 
combination with the 5-HT2A antagonist ketanserin 
(40 mg) on cognition, employing a double-blind, 
randomized, placebo-controlled, within-subject design 
in 25 healthy participants. Executive functions, cog- 
nitive flexibility, spatial working memory, and risk-
based decision-making were examined by the 
Intra/Extra-Dimensional shift task (IED), Spatial 
Working Memory task (SWM), and Cambridge 
Gambling Task (CGT) of the Cambridge 
Neuropsychological Test Automated Battery. 
Results. Compared to placebo, LSD significantly 
impaired executive functions, cognitive flexibility, 
and working memory on the IED and SWM, but did 
not influence the quality of decision-making and risk 
taking on the CGT. Pretreatment with the 5-HT2A 
antagonist ketanserin normalized all LSD-induced 
cognitive deficits. 

Psychedelics - Serotonin: LSD





Chronic ayahuasca users showed significant cortical thickness 
differences in midline structures of the brain, with thinning in the 
posterior cingulate cortex (PCC). Values in the PCC were inversely 
correlated with the intensity and duration of prior use of 
ayahuasca and with scores on self-transcendence, transpersonal 
feelings and spirituality. 



Review by neurotransmitter/medication target

• Noradrenaline
• Wakefulness, vigilance, attention, anxiety
• Role in cognition
• Benefit in ADD and neurodegenerative disease

• Acetylcholine
• Attention 
• Acetylcholinesterase inhibitors
• Anticholinergics

• GABA
• Benzodiazepines

• Cannabinoid
• Endocannabinoids and role in memory

• Serotonin 
• LSD and psilocybin 
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