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• 9:15-10:45AM Welcome and Session I:
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a.)What’s New in Psychopharmacology ;b.) Updated
Antidepressant Drug Drug Interactions

• Chemical Health Associates, Inc.

Agenda

• mernort@ gmail.com
• M addie M arsh BS Psychology,

• 10:45-11:00AM Break
• 11:00-12:30PM c.)Neurobiology of Depression;

• Pharm D Candidate

d.) Antidepressants; Session II e.) Anti-Psychotics

• University of Georgia College of Pharmacy

• 12:30-1:30PM Lunch
• 1:30-3:00 PM; Session III f.) ADHD Psychopharmacology
and Medications; g.) SUDS/Trauma Psychopharmacology

Psychopharmacology Update 2022:
A Comprehensive Look at the Neuroscience of
Antidepressant Medications- Psychiatric Disorders
Session I

• 3:00-3:15PM Break
• 3:15-4:45PM h.) CBD/Ketamine Psychopharmacology
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The Pharmacist’s Guide To Opioid Use Disorders
The Pharmacist’s Guide To Opioid Use Disorders
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Basic points we’ll cover
today:

The Future of
Behavioral
Medicine –
Digital
Phenotyping?

• What’s New In Psychopharmacology
• Updated Antidepressant Drug Drug
Interactions
• Neurobiology of Depression
• Antidepressants
• Antipsychotics
• ADHD Psychopharmacology and
Medications
• SUDS/Trauma Psychopharmacology
• CBD/Ketamine Psychopharmacology
• Questions
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M indStrong
• Mindstrong has developed and patented a biomarker panel that measures brain
function from interaction patterns captured passively and continuously from
human-computer interfaces found in ubiquitous mobile technology.
• “The science in your smartphone”
• How you use your smartphone—typing, swiping, scrolling—is a new way to
measure things like your mental health symptoms.
• Passive & objective. Measure your mental health symptoms automatically with
your smartphone.
• Personalized care. Your measurements are shared with your clinical team so
they can provide more personalized care.
• Improving through information. By adding these measurements to your care
plan, you can easily track your progress over time.
https://mindstrong.com/our-services/
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So What’s New in
Psychopharmacology?

M arch 14, 2022

•

Aduhelm (aducanumab-avwa) injection to treat Alzheimer’s disease. This drug
is the first therapy for Alzheimer’s that targets the fundamental disease
pathophysiology. Granted accelerated approval by the FDA. June 2021.

•

Azstarys (serdexmethylphenidate and dexmethylphenidate): CNS stimulant
capsule to treat ADHD in people 6 and older. June 2021.

•

Caplyta (lumateperone): antipsychotic approved to treat type 1 or 2 bipolar
depression. CAPLYTA is the only FDA-approved treatment for depressive
episodes associated with bipolar I or II disorder (bipolar depression) in adults as
monotherapy and as adjunctive therapy with lithium or valproate. December
2021.

•

Kloxxado (naloxone hydrochloride) nasal spray to treat opioid overdose was
approved in April 2021. 8 mg is a higher dose than Narcan (4 mg)

•

Lybalvi (olanzapine and samidorphan): tablet to treat schizophrenia and
bipolar 1 disorder. Antipsychotic + antagonist. June 2021.

•

Nurtec ODT (rimegepant) orally disintegrating tablets, originally approved in
2020 to treat acute migraine, received approval in 2021 to help reduce the
frequency of migraine attacks in patients with episodic migraines.

•

Qelbree (viloxazine) capsules to treat attention deficit hyperactivity disorder
(ADHD) in patients aged 6 to 18. Qelbree is one of a few approved
nonstimulant medications for ADHD. Selective norepinephrine reuptake
inhibitor. April 2021.

•

Qulipta (atogepant) tablets to help reduce the frequency of migraine attacks in
patients with episodic migraines. CGRP receptor antagonist. September 2021.

•

Quviviq (daridorexant): approved to treat insomnia. Daridorexant is a dual
orexin receptor antagonist that blocks the binding of neuropeptides orexins,
which is connected to sleep/wake regulation. The drug is thought to turn down
overactive wakefulness, as opposed to sedating the brain. January 2022.

•

Zimhi (naloxone hydrochloride) injection to treat opioid overdose was
approved as a single-shot injection in October 2021. Higher dose of naloxone –
5 mg/0.5 mL

Antidepressants

https://w w w.fda.gov/m edia/155227/dow nload

Merrill Norton Pharm.D.,D.Ph.,ICCDP-D
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Agomelatine - A
Possible New
Type of
Anti-Depressant

• Acts on Melatonegic MT 1 ,
MT 2 5-HT 2B and 5-HT 2C
receptors
• 5-HT receptors are found
in platelets, the linings of
heart values, and blood
vessels of the
cardiovascular system.
• Believed to regulate
pituitary release of
melatonin activity
• Reduces sedation as a
result of retina activity

SpravatoTM (Esketamine
Nasal Spray) CIII

• Increase dopamine
release
• Depression has
dysfunctional releases of
NE and DA in prefrontal
cortex which creates
learned helplessness and
chronic stress{anxiety}
• Medication stabilizes
melatonin in midbrain
and NE/DA in PFC
• Offsets jetlag effects

•

SPRAVATOTM is a non-competitive N-methyl D-aspartate (NMDA) receptor
antagonist indicated, in conjunction with an oral antidepressant, for the
treatment of treatment-resistant depression (TRD) in adults

•

Nasal Spray: 28 mg of esketamine per device. Each nasal spray device
delivers two sprays containing a total of 28 mg of esketamine.

•

Adults Induction Phase Day 1 starting dose: 56 mg

•

Weeks 1 to 4:

•

Administer twice per week Subsequent doses: 56 mg or 84 mg

Maintenance Phase
Weeks 5 to 8:
•

• Increases norepinephrine
release

Administer once weekly 56mg or 84mg

Week 9 and after
Administer every 2 weeks 56 mg or 84 mg

3/14/22
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Efficacy and Tolerability of Combination Treatments for
Major Depression: Antidepressants plus SecondGeneration Antipsychotics vs. Esketamine vs. Lithium

Epidiolex
(Cannabidiol
100mg/ml Oral
Solution)
Possible
Anti-Depressant????

Gustavo H. Vazquez, Anees Bahji, Juan Undurraga, Leonardo Tondo,
Ross J. Baldessarini
Journal of Psychopharmacology
Volume 35, Issue 8, Pages 890-900 (July 2021)
DOI: 10.1177/02698811211013579
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Brexanolone
(Zulresso)

13

Comparative efficacy and acceptability of 21
antidepressant drugs for the acute treatment of adults
with major depressive disorder: a systematic review and
network meta-analysis

• The U.S. Food and Drug Administration approved Zulresso (brexanolone)
injection for intravenous (IV) use for the treatment of postpartum depression
(PPD) in adult women. This is the first drug approved by the FDA specifically
for PPD.
• Zulresso will be available only through a restricted program called the Zulresso
REMS Program that requires the drug be administered by a health care
provider in a certified health care facility. The REMS requires that patients be
enrolled in the program prior to administration of the drug. Zulresso is
administered as a continuous IV infusion over a total of 60 hours (2.5 days).
Because of the risk of serious harm due to the sudden loss of consciousness,
patients must be monitored for excessive sedation and sudden loss of
consciousness and have continuous pulse oximetry monitoring (monitors
oxygen levels in the blood). While receiving the infusion, patients must be
accompanied during interactions with their child(ren). The need for these
steps is addressed in a Boxed Warning in the drug’s prescribing information.
Patients will be counseled on the risks of Zulresso treatment and instructed
that they must be monitored for these effects at a health care facility for the
entire 60 hours of infusion. Patients should not drive, operate machinery, or
do other dangerous activities until feelings of sleepiness from the treatment
have completely gone away.

Andrea Cipriani, MD, Prof Toshi A Furukawa, MD, Georgia Salanti, PhD,
Anna Chaimani, PhD, Lauren Z Atkinson, MSc, Yusuke Ogawa, MD, Prof
Stefan Leucht, MD, Henricus G Ruhe, PhD, Erick H Turner, MD, Prof Julian
P T Higgins, PhD, Prof Matthias Egger, PhD, Nozomi Takeshima, MD, Yu
Hayasaka, MD, Hissei Imai, MD, Kiyomi Shinohara, MD, Aran Tajika, MD,
Prof John P A Ioannidis, MD, Prof John R Geddes, MD
The Lancet
Volume 391, Issue 10128, Pages 1357-1366 (April 2018)
DOI: 10.1016/S0140-6736(17)32802-7
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Figure 2

The most effective antidepressants for
adults revealed in major review- 2018

The Lancet
Volume 391, Issue
10128, Pages 13571366 (April 2018)
DOI:
10.1016/S01406736(17)32802-7
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• Researchers ranked drugs by effectiveness and acceptability after eight weeks of treatment. Several drugs were
more effective and were stopped by fewer people than others:
• Escitalopram (Lexapro)
• Paroxetine (Paxil)
• Sertraline (Zoloft)
• Agomelatine (Vodoxan Europe and Australia - not in US.. yet!!!)
• Mirtazapine (Remeron and Remeron Soltab)
A Cipriani, et al. Comparative efficacy and acceptability of 21 antidepressant drugs for the acute treatment of adults
with major depressive disorder: a systematic review and network meta-analysis. The Lancet. Feb 2018.

3/14/22
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The most effective antidepressants for adults revealed
in major review- 2018

Updated Antidepressant Drug to Drug Interactions

A m ajor review of 522 antidepressant trials found that all of the 21 drugs studied perform ed better than placebo, in
short-term trials m easuring response to treatm ent. How ever, effectiveness varied w idely.

The review provides new evidence w hich m ay help people decide w hich antidepressant to choose first-line for
m oderate to severe depression. How ever, it did not assess antidepressants com pared to other treatm ents such as
cognitive behavioural therapy, or treatm ents in com bination. Though there are som e concerns over item s not
reported by individual trials, this review is likely to be reliable. It is extensive, included only placebo controlled double
blind trials and searched successfully for unpublished trials.

A Cipriani, et al. Comparative efficacy and acceptability of 21 antidepressant drugs for the acute treatment of adults with major depressive
disorder: a systematic review and network meta-analysis. The Lancet. Feb 2018.
3/14/22
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Drug To Drug
Interactions

3/14/22

Theophylline or methadone: Offer
citalopram or sertraline (sertraline may
increase methadone levels).

NSAIDs (non-steroidal anti- inflammatory
drugs): Try to avoid SSRI’s – but if no suitable
alternatives can be identified, offer gastroprotective medicines (e.g. omeprazole)
together with the SSRI5,11. Consider
mirtazapine, moclobemide or trazodone

Drug To Drug
Interactions

Warfarin or heparin: Do not
normally offer SSRI’s. Consider
mirtazapine.

Dr. Merrill Norton Pharm.D.,D.Ph.,ICCDP-D

‘Triptan’ drugs for migraine: Do not offer
SSRI’s, offer mirtazapine or trazodone.
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Clozapine: Consider citalopram or sertraline
(small to modest increases in plasma
clozapine levels may occur, particularly with
sertraline)

3/14/22

Dr. Merrill Norton Pharm.D.,D.Ph.,ICCDP-D

20

20

Drug To Drug
Interactions
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Aspirin: Use SSRI’s with caution, if no
suitable alternatives can be identified,
offer gastro-protective medicines
together with the SSRI. Consider
trazodone when aspirin is used as a single
agent, alternatively consider mirtazapine

Why Does the Current Antidepressant
Pharmacotherapy Not Work for Over 45% of
Patients?

Monoamine-oxidase B inhibitors, e.g.
selegiline or rasagiline: inhibitors, e.g.
selegiline or rasagiline: Do not normally
offer SSRI’s, offer mirtazapine or
trazodone
Dr. Merrill Norton Pharm.D.,D.Ph.,ICCDP-D
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Serotonin

The Neurobiology of Depression

Norepinephrine

Neurotransmitter
Deficiency
Hypotheses of
Depression

Dopamine
Gamma-aminobutyric acid (GABA)
Brain-derived neurotrophic factor (BDNF)
Somatostatin

3/14/22
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1. Neural Circuitry of Depression

Acetylcholine
Neurotransmitter
Excess
Hypotheses of
Depression

Mayberg’s model limbic-cortical dysregulation (1997)

Substance P

Some mechanisms involving limbic structures (Krishnan
and Nestler, 2008)

Corticotrophin Releasing
Hormone (CRH)
3/14/22
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Specific role of the subgenual Anterior Cingulate Cortex
(later, Drevets et al., 2008))
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• Implication of several brain regions and circuits
regulating emotion, reward and executive
functions:
• Structural findings in post-mortem studies &
neuroimaging: ê grey matter & ê glial density in
PFC & hippocampus

Depression and
dysfunctional
changes in
“limbic” regions

-> cognitive impairments in depression

• BUT: findings are not consistent, common
problem: co-morbid diagnosis, medication history
-> limited evidence for cause-effect relation
• Functional: activity in amygdala and subgenual
cingulate cortex correlated with dysphoric
emotions

« Monoamine Hypothesis »
• Decreased monoamine function in the brain

2. The Role of
Monoamines

Dr. Merrill Norton Pharm.D.,D.Ph.ICCDP-D

• Inhibiting neuronal reuptake (SSRIs (selective serotonin
reuptake inhibitors))
• Inhibiting degradation (monoamine oxidase inhibitors
(MAOI) -> tranylcypromine (Jatrosom))
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• Antidepressant effects of iproniazid (irreversible and
nonselective monoamine oxidase inhibitor (MAOI), discovered in
the 1950, originally used as medication against tuberculosis) &
imipramine (first tricyclic antidepressant, originally meant to be
used as a neuroleptic to treat schizophrenia)
• Modern antidepressants = designed to increase monoamine
transmission acutely by:

• !! Caution with simplistic “localization of
function” approach to examine limbic structures
3/14/22

• Monoamine neurotransmitters and neuromodulators
include serotonin, dopamine, norepinephrine and
epinephrine
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3. Neurotrophins and Neurogenesis
• Neurotrophic factors: neurodevelopmentally expressed growth factors that also regulate plasticity
within adult brain

4. Neuroendocrine
and Neuroimmune
Interactions

« BDNF hypothesis »
• Brain-derived Neurotrophic Factor = abundantly expressed in adult limbic structures
• Preclinical studies show

• Several forms of stress reduce BDNF-mediated signaling in the hippocampus
• Chronic treatment with antidepressants increase BDNF-mediated signaling

• Hypothalamic-pituitary-adrenal
(HPA) axis dysfunction
• “Cytokine hypothesis”

Post-mortem data from depressed humans
Decrease in the amount of BDNF in the
hippocampus
Increase in the NAc
3/14/22
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Dysfunctional Hypothalamic-pituitary-adrenal (HPA) axis

(a) Hypothalamic-pituitary-adrenal (HPA) axis dysfunction

•

Chronic administration of glucocorticoids can lead to depressionlike symptoms in rodents

•

Excess in glucocorticoids can reduce subgranular zone proliferation
(one of two major zones of adult neurogenesis) and produce
atrophic changes in hippocampal subregions
• this could lead to hippocampal volume reduction seen in
depression
Hypercortisolemia is manifest at many levels in depressed patients

•

• Early adverse experiences play a preeminent role in the development
of mood and anxiety disorders
• Association mediated by corticotropin-releasing factor (CRF)
system?
• Evidence from preclinical studies (rats, non-human primates):
increased CRF may be the persisting neurobiological
consequence of stress early in development

CRH = Corticotropin-releasing hormone
ACTH = adrenocorticotropic hormone
3/14/22
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5. Epigenetic Mechanisms
• Epigenetics -> study of heritable changes in gene expression or cellular phenotype, caused by mechanisms
other than changes in the underlying DNA sequence
• E.g. DNA methylation and histone modification -> alteration of gene expression without altering the
underlying DNA sequence
• Epigenetic changes -> mechanisms by which environmental experiences can modify gene function in
absence of DNA sequence changes
• -> might help to explain largely inconsistent genetic association studies of depression
• Epigenetic modifications in the pathophysiology of depression ?
• Covalent changes to DNA (e.g. DNA methylation)
• Post-translational modifications of histone N-terminal trials (e.g. acetylation and methylation)
• Non transcriptional gene-silencing mechanisms (e.g. RNAs)

3/14/22
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Antidepressant Medication Classifications
Purpose

36
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• Antidepressant medications are used to treat a
variety of mental health conditions including
depression, bipolar illness, and anxiety
disorders.
• Most antidepressants must be taken for a
period of 3 to 4 weeks to begin to reduce or
take away the symptoms of depression, but a
full therapeutic effect may not be present for
several months.

3/14/22
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Tricyclics & quatracyclics

SSRIs — Selective Serotonin Reuptake Inhibitors

Antidepressant
Classifications

37

• citalopram

Celexa

Antidepressant
Classifications

• escitalopram Lexapro
• fluoxetine
Prozac, Prozac Weekly, Sarafem
• fluvoxamine Luvox
• paroxetine

Paxil, Paxil CR

• sertraline

Zoloft

• vilazodone

Viibryd

• vortioxetine (Brintellix) 2016-Renamed Trintellix

Dr. Merrill Norton Pharm.D.,D.Ph.ICCDP-D
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Elavil
Asendin

• clomipramine

Anafranil

• desipramine

Nopramin

• doxepin

Sinequan

• imipramine

Tofranil

• maprotiline
• nortriptyline

Ludiomil
Aventyl, Pamelor

• protriptyline

Vivactil

• trimipramine

Surmontil

Dr. Merrill Norton Pharm.D.,D.Ph.ICCDP-D
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Antidepressant
Classifications

Antidepressant
Classifications

SNRIs — Serotonin Norepinephrine Reuptake
Inhibitors
• desvenlafaxine
• duloxetine

Pristiq
Cymbalta

• levomilnacipran
• venlafaxine

Fetzima
Effexor, Effexor ER

Monoamine Oxidase (MAO) Inhibitors
• isocarboxazid

Marplan

• phenelzine

Nardil

• Selegiline
Generic
• transdermal patch EMSAM
• tranylcypromine

39

Parnate

40
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In the
Pipeline
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• amitriptyline
• amoxapine

• ALKS 5461-combination of Suboxone and
Samido
• “Triple Reuptake Inhibitors” a.k.a. SNDRIs
(Serotonin-Norepinephrine-Dopamine
Reuptake Inhibitors)

Psilocybin

• Ketamine nasal spray - approved 2019
• Psilocybin Mushrooms

Dr. Merrill Norton Pharm.D.,D.Ph.ICCDP-D
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Psilocybin – “Magic Mushrooms”

“teonanacatl” or flesh of the
Gods

What is Psilocybin?

Used by indigenous cultures –
Mazotec in Mexico. In 50s, Maria
Sabina shares with Gordon
Wasson who reports experience
in LIFE magazine.

• Psilocybin is a form of mushrooms that contain
hallucinogenic properties.
• Also known as magic mushrooms, psilocybin is classified
by the DEA as a Schedule 1 Controlled Substance.

1959 Albert Hoffman synthesizes
psilocybin
1962 Good Friday Experiment =
Mystical Experience can be
prompted by Psilocybin

• Hallucinogenic mushrooms have, historically, been used
by several cultures during their religious rituals.

Positive outcomes for end of life
anxiety, depression, anxiety, OCD,
nicotine & alcohol addiction .
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How is Psilocybin Consumed?

Psilocybin Testing in
the Army

• Eaten – While the mushrooms are usually dried
prior to sale and/or consumption, they can be
eaten raw or cooked like regular mushrooms.
• Drank – Heated with water to make a tea or a
soup.

Psilocybin is detectable for 1-2 days following
ingestion.

• Smoked – The mushroom is ground into a fine
powder and often smoked on top of marijuana.

The Army does not test for psilocybin on a regular
basis.
Special procedures MUST be followed during a test for
psilocybin.
Contact your local ASAP for assistance and guidance
for psilocybin testing.
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Similar Molecules

How Do They Work?

• https://thethirdwave.com

47
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How do they work?

Psilocybin Study with Cancer Patients

• 51 Patient with lifethreatening cancer.

Increased
connectivity.

• 80% decreases in anxiety and
depression & improvement in
attitude, mood, relationship&
spirituality
• TRAIT anxiety decreases!

Parts of the brain that
don’t usually speak to
each other connect.

•

49

(Griffiths, et al. 2016)
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Quality of Life and Death Acceptance
• Dr. Merrill Norton
Pharm.D.,D.Ph.,ICCDP-D
• Clinical Associate Professor
• University of Georgia
College of Pharmacy
• Athens, Georgia
• mernort@uga.edu

Psychopharmacology Update 2020:
A Comprehensive Look at the Neuroscience of
Psychotropic Medications- Anti-Psychotics
Session II
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Conventional Antipsychotics / First Generation
Antipsychotics (FGA)
• chlorpromazine
Thorazine
• fluphenazine
Prolixin, Permitil, Anatensol,
Prolixin Decanoate
• haloperidol
Haldol, Haldol Decanoate
• loxapine
Loxitane
• mesoridazine
Serentil
• molindone
Moban
• perphenazine
Trilafon
• pimozide
Orap
• thioridazine
Mellaril
• thiothixene
Navane
• trifluoperazine
Stelazine

Antipsychotics/Neuroleptics

53
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In The Research Hopper

Novel / Atypical Antipsychotics / Second Generation
Antipsychotics (SGA)
• Asenapine
Saphris
• Clozapine
Clozaril, Fazaclo
• iloperidone
Fanapt
• olanzapine
Zyprexa, Zyprexa Zydis
•
•
•
•
•

paliperidone
quetiapine
Risperidone
ziprasidone
lurasidone

2016

2017
• Vraylar (cariprazine) approved 2015bipolar/schizophrenia

Invega, Invega Sustenna
Seroquel, Seroquel XR
Risperdal, Risperdal Consta
Geodon
Latuda

• ABT-126 nAChR agonist

Atypical Antipsychotics – Third Generation Antipsychotics (TGA)
• aripiprazole
Abilify, Abilify Discmelt, Generic (2015)
• Brexpiprazole Rexulti (Abilify metabolite)

• Encenicline nAChr partial agonist
• NW-3509 Voltage gated Na++ Channel
modulator

• ADX-1149 mGlu positive allosteric
modulator

• Nuplazid (pimavanserin)

• ALKS DA,5HT,mu receptor antagonist
• Aripiprazole Lauroxil Depot Abilify

• Syntocinon(Nasal Spray)

• Selective Serotonin Inverse Agonist

• CEP-26401 Irdabisant
• H3 antagonist

55
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Vraylar (cariprazine)

Nuplazid (pimavanserin)

• Cariprazine, sold under brand names
Vraylar in the US and Reaglia in
Europe, is atypical antipsychotic which
is used in the treatment of
schizophrenia and bipolar mania. It
acts primarily as a D 3 receptor and a D 2
partial agonist with high selectivity for
the D 3 receptor.

• Pimavanserin, sold under the brand
name Nuplazid, is an atypical
antipsychotic which is approved for the
treatment of Parkinson's disease
psychosis and is also being researched
for the treatment of Alzheimer’s
disease psychosis, schizophrenia,
agitation, and major depressive
disorder

Dr. Merrill Norton Pharm.D.,D.Ph.,ICCDP-D
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Syntocinon [Oxytocin] (Nasal
Spray)

Antipsychotics/Neuroleptics

• All studies suggested that intranasal
oxytocin administered as adjunct to
antipsychotic drugs improves positive
and negative symptoms, as assessed
by the Positive and Negative Syndrome
Scale (PANSS), significantly more than
placebo.

Antipsychotics (neuroleptics) are most frequently used for persons who
experience psychotic symptoms as a result of having some form of
schizophrenia, severe depression or bipolar disorder.

Dr. Merrill Norton Pharm.D.,D.Ph.,ICCDP-D
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Antipsychotics/Neuroleptics
Antipsychotic
2019 Efficacy
Study

• Positive treatment response to antipsychotic medications allows many
with severe and disabling mental disorders to live and function in the
community, often relatively normally. This positive response may
include thoughts that are more rational, decreased psychosis, paranoia
and delusions, behavior that is more appropriate, and the ability to
have relationships and work.

61

• Sulpiride(Europe), clozapine, amisulpride(Europe), and
olanzapine were associated with significantly greater
reduction of depressive symptoms; aripiprazole was
associated with the greatest improvement in quality of
life, and thioridazine with improvement in social
functioning (n = 89 studies, 19,683 participants, n = 10
studies, 3341 participants; and n = 16 studies, 4370
participants, respectively).
• Compared with placebo, amisulpride, risperidone,
olanzapine, paliperidone, and haloperidol were found
to be more effective than other drugs in reducing
positive symptoms (n = 117 studies; 31,179 participants;
21 antipsychotic). Clozapine, amisulpride, olanzapine,
and (to a lesser extent) zotepine and risperidone
reduced negative symptoms significantly more than
many other drugs (n = 132 studies; 32,015 participants;
21 antipsychotics).
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Schizophrenia - Symptoms
Positive Symptoms (Type I)
Hallucinations
Delusions (bizarre, persecutory)
Disorganized Thought
Perception disturbances
Inappropriate emotions

Prevalence
Rates across
the Lifespan

FUNCTION

Cognition
New Learning
Memory
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Negative Symptoms ( Type II)
Blunted emotions
Anhedonia
Lack of feeling

Mood Symptoms
Loss of motivation
Social withdrawal
Insight
Demoralization
Suicide
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Pharmacology
of
Schizophrenia

• The dopamine hypothesis
• Initial Evidence:
• First antipsychotics (chlorpromazine) found
to block D2 dopamine receptors
• Some modern antipsychotics (Clozapine)
block D4 dopamine receptors
• Drugs that increase dopamine release
(cocaine, amphetamines, Parkinson’s meds)
can cause psychotic symptoms (particularly
positive symptoms)

3/14/22
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Pharmacology
of
Schizophrenia

• Modern evidence
• Some schizophrenics show increased
dopamine release in response to
amphetamines
• Evidence of extra D3 & D4 dopamine
receptors in the nucleus accumbens
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Brain
Abnormalities

68

Prefrontal Cortex (PFC)

Disorganization
in the
Hippocampus

• Evidence that the PFC is underactive in
many people with schizophrenia
• Called “hypofrontality”
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Integrating Schizophrenia Theories

Hypofrontality
MORE Hypofrontality

Integrating
Schizophrenia
Theories

Initial
Brain Damage
Mesocortical
System

Glutamate neurons

Glutamate neurons

fail to excite GABA

• PFC fails to excite DA neurons in the midbrain
• Underactive DA neurons in the midbrain create
further underactity in the PFC; more negative
symptoms are produced
• PFC fails to inhibit the release of dopamine in the
nucleus accumbens, making this area overactive;
positive symptoms are produced

fail to excite Mesocortical

neurons in VTA

DA neurons

Mesolimbic

• PFC is underactive (hypofrontality), perhaps
because of abnormal brain development,
negative symptoms produced

System
Mesolimbic
System overactivates

71

(VTA)
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Heritability

Concordance
rate:

MZ (Identical
Twins)

DZ (Fraternal
Twins)

46%

14%

Other Factors
beyond
Genetics that
Appear to be
Important

• Viral Exposure: influenza, rubella, toxoplasma
gondii (toxoplasmosis), herpes, Lyme disease,
polio, measles (prenatal and postnatal exposure)
• Cause could be viruses themselves OR
• Cause could be mother’s immune system
response to the viruses
• Birth Complications
• Prenatal hypoxia seen more often in the birth
histories of people diagnosed with
schizophrenia
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Dopamine Neural Pathways

1
4
3

Dopamine
Neural
Pathways

2

1.)Behaviors-Pleasure
2.)Euphoria-Addiction
3.)M ovement-Parkinson’s Disease-EPS
Fig.8
4.)Perception-Psychosis
76
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79

80
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Psychosis is a thought disorder characterized by disturbances
of reality and perception, impaired cognitive functioning,
and inappropriate or diminished affect (mood).

Psychosis

PHARMACOTHERAPY
OF PSYCHOSIS

Psychosis denotes many mental disorders.

Schizophrenia is a particular kind of psychosis characterized
mainly by a clear sensorium but a marked thinking
disturbance.
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Levodopa

PsychosisProducing
Drugs

CNS
stimulants

A thought disorder.

• Cocaine
• Amphetamines
• Khat, cathinone, methcathinone

Schizophrenia

Apomorphine
It may involve visual and auditory hallucinations, delusions, intense
suspicion, feelings of persecution or control by external forces
(paranoia), depersonalization, and there is attachment of excessive
personal significance to daily events, called “ideas of reference”.

Phencyclidine
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The disorder is characterized by a divorcement from reality in the
mind of the person (psychosis).
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Positive Symptoms:

Schizophrenia

Hallucinations, delusions, paranoia, ideas of
reference.

The
Dopaminergic
System

Negative Symptoms:
Apathy, social withdrawal, anhedonia, emotional
blunting, cognitive deficits, extreme
inattentiveness or lack of motivation to interact
with the environment.
These symptoms are progressive and nonresponsive to medication.
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Tyrosine
Tyrosine

Dopamine Synapse
DOPAMINE RECEPTORS
• There are at least 5 subtypes of receptors:

L-DOPA

Dopamine
System

DA

• D1 and D5: mostly involved in
postsynaptic inhibition.
• D2, D3, and D4: involved in both pre- and
postsynaptic inhibition.
D2: the predominant subtype in the brain
- regulates mood, emotional stability in the
limbic system and movement control in the
basal ganglia.
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Dopamine Reuptake System

91
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Serotonergic Pathways and Innervation
o Correlation between DA affinity and antipsychotic
efficacy has become weaker as a result of recently
developed atypical antipsychotic medications that
also show substantial affinity for 5HT2 receptors

Schizophrenia
- Serotonin
Hypothesis

o Alteration of 5-HT transmission in the brains of
schizophrenic patients have been reported in postmortem studies and serotonin-agonists challenge
studies
o There are widespread and complex changes in the
5-HT system in schizophrenics patients
o These changes suggest that 5-HT dysfunction is
involved in the pathophysiology of the disease
Hypo = hypothalamus
SN = substantia nigra
Thal = thalamus
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Serotonin-Glutamate-Dopamine Interactions

Serotonin-Dopamine Interactions
Prefrontal Cortex
Striatum
GABA/ACh
Limbic
System

Serotonin (5-HT)

Median
Raphe

Motor Outputs

NMDA
antagonists
increase the
firing of DA in
limbic areas

Dopamine
(DA)
Striatum
Limbic
System

Glutamate
Serotonin
(5-HT)
GABA

Ventral Tegmental Area
(A10)

Substantia Nigra
(A9)

Dorsal
Raphe

5-HT2A antagonists restore dopaminergic
function in the prefrontal cortex

Prefrontal
Cortex

Blockade of D 2 receptors
by conventional APDs
causes EPS

Ventral Tegmental Area
(A10)
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NMDA antagonists elevate extracellular brain
levels of 5-HT in the prefrontal cortex

Dopamine (DA)

GABA
Glutam ate

NMDA antagonists reduce burst
firing of VTA DA neurons

5-HT 2A antagonists
release dopamine from
inhibition and decrease
EPS

5-HT2 antagonists block the
effects of NMDA antagonists

Median
Raphe

Substantia Nigra
(A9)

Dorsal
Raphe
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Neurological Side Effects of Antipsychotics
REACTION

FEATURES

TIME OF MAXIMAL RISK

PROPOSED MECHANISM

TREATMENT

Acute dystonia

Spasm of muscles of tongue, face, neck,
back; may mimic seizures; not hysteria

1 to 5 days

Unknown

Antiparkinsonian agents are diagnostic
and curative

Akathisia

Motor restlessness; not anxiety or
"agitation"

5 to 60 days

Unknown

Reduce dose or change drug:
antiparkinsonian agents,b
benzodiazepines or propranololc may
help

Parkinsonism

Bradykinesia, rigidity, variable tremor,
mask facies, shuffling gait

5 to 30 days

Antagonism of dopamine

Antiparkinsonian agents helpful

Neuroleptic malignant
syndrome

Catatonia, stupor, fever, unstable blood
pressure, myoglobinemia; can be fatal

Weeks; can persist for days
after stopping neuroleptic

Antagonism of dopamine
may contribute

Stop neuroleptic immediately:
dantrolene or bromocriptined may
help: antiparkinsonian agents not
effective

Perioral tremor ("rabbit"
syndrome)

Perioral tremor (may be a late variant of
parkinsonism)

After months or years of
treatment

Unknown

Antiparkinsonian agents often help

Tardive dyskinesia

Oral-facial dyskinesia; widespread
choreoathetosis or dystonia

After months or years of
treatment (worse on
withdrawal)

Excess function of
dopamine hypothesized

Prevention crucial; treatment
unsatisfactory

a. M any drugs have been claimed to be helpful for acute dystonia. Among the most commonly employed treatments are diphenhydramine hydrochloride, 25 or 50 mg intramuscularly, or benztropine mesylate, 1 or 2 mg intramuscularly or slowly
intravenously, followed by oral medication with the same agent for a period of days to perhaps several weeks thereafter. b. For details regarding the use of oral antiparkinsonian agents, see the rest of slides c. Propranolol often is effective in relatively low
doses (20-80 mg per day). Selective beta1-adrenergic receptor antagonists are less effective. d. Despite the response to dantrolene, there is no evidence of an abnormality of Ca2+ transport in skeletal muscle; with lingering neuroleptic effects, bromocriptine
may be tolerated in large doses (10-40 mg per day).
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Antipsychotic
Adverse Drug
Effects (ADE)

Medication-Induced
Symptoms Treatment
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ØTardive Dyskinesia (TD) - involuntary muscle
movements that may not resolve with drug
discontinuation - risk approx. 5% per year
ØNeuroleptic Malignant Syndrome (NMS):
Characterized by severe muscle rigidity, fever,
altered mental status, autonomic instability,
elevated WBC, CPK and LIVER FUNCTION
ENZYMES. Potentially fatal.
ØExtrapyramidal side effects (EPS): Acute
dystonia, Parkinson syndrome, Akathisia
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Anticholinergics such as benztropine,
trihexyphenidyl, diphenhydramine

Agents for EPS

Questions ???????

Dopamine facilitators such as
Amantadine

Beta-blockers such as propranolol

Need to watch for anticholinergic SE
particularly if taken with other meds
with anticholinergic activity i.e. TCAs
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