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 NO DISCLOSURES

 UNLABELED USE DISCLOSURE

 This CME/CE activity may include discussion of products or devices that are not currently labeled for use by the 

FDA.  It is my responsibility to disclose to the audience that I will be discussing off-label or investigational uses 

(any uses not approved by the FDA) of products or devices. CME Outfitters, LLC, and the faculty may not 

endorse the use of any product outside of the FDA-labeled indications. Medical professionals should not utilize 

the procedures, products, or diagnosis techniques discussed during this activity without evaluation of their patient 

for contraindications or dangers of use.
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HEAT MAP



SUICIDE RATE BY COUNTY IN THE US

Suicide rate by county in the US
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DEPRESSION EPIDEMIOLOGY

 Lifetime prevalence: 12% worldwide.

 Onset at any age, but the age of onset peaks in the 20’s

 1.5-2 times as prevalent in women than men during reproductive years.

 No ethnic or socioeconomic differences.

 Lifetime prevalence in the elderly: <10%

 Depression can increase mortality for patients with other comorbidities such as diabetes, stroke, and 

cardiovascular disease.



DEPRESSION EPIDEMIOLOGY



DEPRESSION GENETICS

 1st degree relatives are 2-4 times more likely to have MDD.

 Concordance rate for monozygotic twins in <40% and dizygotic twins is 10-20%



COURSE AND PROGNOSIS

 If left untreated, usually self-limiting but can last from 6-12 months

 Increased frequency as the djisorder progresses.

 Subsequent Major Depressive Episode in 50-60% within the first 2 years after the 1st episode

 15% of patients with MDD eventually commit suicide

 60-70% of patients improve with antidepressants and psychotherapy TOGETHER



HISTORY OF ANTIDEPRESSANTS

 A search for a Tuberculosis CURE

 IPRONIAZID AND ISONIAZID



HISTORY OF ANTIDEPRESSANTS

 Treatment ultimately failed to cure patients of TB

 Researchers noticed the beneficial effects the drugs had on Mental States

 Tricyclic’s and Monoamine Oxidase inhibitors (MAOI) emerged

 First tested on people with Schizophrenia BUT showed better results with Depression

 Imipramine was 1st therapeutic approved as an antidepression drug in 1959



HISTORY OF ANTIDEPRESSANTS

SIDE EFFECTS



TRICYCLIC ANTIDEPRESSANTS AND THE NEUROTRANSMITTERS

❑ Serotonin, Norepinephrine, Dopamine, antihistaminic, anticholenergic



HISTORY OF ANTIDEPRESSANTS

❑ The prevailing theory of Antidepressants was born!

❑ Most Psychiatrists are taught and/or teach this theory 

❑ Depression is due to a decrease of Serotonin, Norepinephrine, and/or Dopamine in the brain



HISTORY OF ANTIDEPRESSANTS

❑ Tryptophan → Serotonin

❑ Tyrosine → Norepinephrine and Dopamine

❑ Experiment done on normal subjects restricting Tryptophan or Tyrosine

❑ The Tryptophan group got Depressed especially in vulnerable individuals

Fernstrom JD, Wurtman RJ, Hammarstrom-Wiklund B, et al, Diurnalvariations in plasma concentrations of tryptophan, tyrosine, and other neutral amino acids: effect of dietary protein intake.  Am J Clin 

Nutr, 1979;32:1912-22



HISTORY OF ANTIDEPRESSANTS

❑ Second Generation Antidepressants

❑ Selective Serotonin Reuptake Inhibitors (SSRI’s)

❑ 1st SSRI PROZAC, Late 1987’s, Perceived to not be as effective for severe depression as the 1st generation 

❑ Wellbutrin approved 1989

❑ Developed Serotonin Norepinephrine Reuptake inhibitors (SNRI’s)

❑ Venlafaxine 1993



HISTORY OF ANTIDEPRESSANTS



STAR D TRIAL

❑ Sequenced Treatment Alternatives to Relieve Depression (STAR D)

❑ Collaborative study on the treatment of depression, Funded by the National Institute of Mental Health

❑ Focused on treatment of depression where the first prescribed antidepressant proved inadequate



STAR D TRIAL

❑ Enrolled 4,041 outpatients with nonpsychotic depression at 23 psychiatric and 18 primary care sites

❑ Completed in 2006
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STAR D TRIAL

 After receiving citalopram (level 1), participants without sufficient symptomatic benefit are eligible for randomization to level 2 
treatments, which entail four switch options (sertraline, bupropion, venlafaxine, cognitive therapy) and three citalopram augment 
options (bupropion, buspirone, cognitive therapy). 

 Those who receive cognitive therapy (switch or augment options) at level 2 without sufficient improvement are eligible for 
randomization to one of two level 2A switch options (venlafaxine or bupropion). 

 Level 2 and 2A participants are eligible for random assignment to two switch options (mirtazapine or nortriptyline) and to two augment 
options (lithium or thyroid hormone) added to the primary antidepressant (citalopram, bupropion, sertraline, or venlafaxine) (level 3). 

 Those without sufficient improvement at level 3 are eligible for level 4 random assignment to one of two switch options 
(tranylcypromine or the combination of mirtazapine and venlafaxine). The primary outcome is the clinician-rated, 17-item Hamilton 
Rating Scale for Depression, administered at entry and exit from each treatment level through telephone interviews by assessors 
masked to treatment assignments. 

 Secondary outcomes include self-reported depressive symptoms, physical and mental function, side-effect burden, client satisfaction, 
and health care utilization and cost. Participants with an adequate symptomatic response may enter the 12-month naturalistic follow-
up phase with brief monthly and more complete quarterly assessments.
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STAR D TRIAL

 In conclusion, about 50 percent of participants in the STAR*D study became symptom-free after two 

treatment levels. Over the course of all four treatment levels, almost 70 percent of those who did not 

withdraw from the study became symptom-free.



BARRIERS TO TREATMENT



WHAT’S NEXT



SUBOPTIMAL OUTCOMES



THEORETICAL MODELS FOR DEPRESSION

❑ Monoamine Hypothesis

❑ Inflammatory Hypothesis

❑ Opioid System Hypothesis

❑ Glutamate Hypothesis

❑ Gaba Hypothesis

❑ Acetylcholine Hypothesis 



MONOAMINE DEFICIENCY THEORY



MONOAMINE DEFICIENCY THEORY



A STRESSED BRAIN
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A STRESSED BRAIN



A STRESSED BRAIN



SHORTCOMINGS 



HOW TO INTERPRET SCALES FOR DEPRESSION

 Montgomery-Asberg Depression Rating Scale (MADRS)

 The MADRS scoring instructions indicate that a total score ranging from 0 to 6 indicates that the patient is in the normal 

range (no depression), a score ranging from 7 to 19 indicates “mild depression,” 20 to 34 indicates “moderate depression,” a 

score of 35 and greater indicates “severe depression,” and a total score of 60 or greater indicates “very severe depression.

 Hamilton Rating Scale for Depression

 Scoring is based on the 17-item scale and scores of 0–7 are considered as being normal, 8–16 suggest mild depression, 17–
23 moderate depression and scores over 24 are indicative of severe depression [3]; the maximum score being 52 on the 17-
point scale.

 Beck Depression Inventory (BDI)

 Measures of 0–9 indicates that a person is not depressed, 10–18 indicates mild-moderate depression, 19–29 indicates 
moderate-severe depression and 30–63 indicates severe depression.

https://www.mdcalc.com/calc/4058/montgomery-asberg-depression-rating-scale-madrs
https://academic.oup.com/occmed/article/65/4/340/1377801#:~:text=Scoring%20and%20interpretation,-The%20scale%20is&text=Scoring%20is%20based%20on%20the,on%20the%2017%2Dpoint%20scale.


INFLAMMATION THEORY 
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INFLAMMATION THEORY 
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INFLAMMATION THEORY 



INFLAMMATION THEORY 



OPIOID HYPOTHESIS



OPIOID HYPOTHESIS
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OPIOID HYPOTHESIS



OPIOID HYPOTHESIS



OPIOID HYPOTHESIS

 Opiate like Agents

• Alkermes 5461: (buprenorphine and naloxone) + samidorphan

• Buprenorphine + Mu opioid receptor (MOR) antagonist

• Decreases risk of addiction, Kappa antagonism decreases dynorphin level, increases DA

• Phase two trials of add on to SNRI or SSRI showed 5-8 point MADRS drops (1)

• 2/3 Phase III have failed

• Tianeptine (Mu opiod agonist, glutamate modulation) approved in MDD in
France (2)

• Low dose buprenorphine for suicidal thoughts/behavior (3)
 DA = Dopamine; SNRI = Serotonin-norepinephrine reuptake inhibitor; SSRI = Selective serotonin reuptake inhibitor; MADRS =, Montgomery-Asberg Depression Rating Scale. Fava M et al. Am J Psychiatry. 

2016 May 1;173(5):499-508 1. 2. Alamo C, Rev Psiquiatr, Salud Ment (Engl Ed). 2019 Jul-Sep; 12(3):170-186. 3. Yovell Y, e tl. J. Am J Psychiatry. 2016 May 1;173(5):491-8.



GLUTAMATE HYPOTHESIS AND GABA HYPOTHESIS

 Glutamate is the new kid on the block

 One of the most prolific Neurotransmitters

 Where did it come from?

 -Naturally from protein containing foods such as cheese, milk, mushrooms, meat, fish and vegetables

 -Probably is recycled converting to Glutamine→Glutamate

 -Maybe coming from the Krebs cycle



GLUTAMATE HYPOTHESIS AND GABA HYPOTHESIS

 KREBS CYCLE
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GLUTAMATE HYPOTHESIS AND GABA HYPOTHESIS

DISSOCIATIVE DRUGS WORK ON THE GLUTAMATE RECEPTORS OF THE BRAIN

DISSOCIATIVE HALLUCINOGENIC TRANQUILIZER

 Ketamine Derivative of PCP First Synthesized in 1963 and approved by the FDA in 1970

 PCP Developed in 1950’s for general Anesthesia

 DXM cause PCP-like hallucinations and confusion at higher doses
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GLUTAMATE HYPOTHESIS AND GABA HYPOTHESIS

Quick Inventory of Depressive Symptomatology (QIDS)

https://www.mdcalc.com/calc/1845/quick-inventory-depressive-symptomatology-qids#:~:text=Rates%20depression%20symptoms%20via%20self,as%20QIDS%2DSR%2D16.


GLUTAMATE HYPOTHESIS AND GABA HYPOTHESIS

S-Ketamine is considered the active 

enantiomer

Isolated and packaged as Spravato

For depression, looking at concentrations 

of 50-100ng/ml

Loss of responsiveness at about 20 fold 

higher concentrations 2000ng/ml

Elimination ½ life 3 hours



OFF-LABEL USE FOR KETAMINE

DEPRESSION

ANXIETY

PTSD

PAIN CONDITIONS such as CRPS (COMPLEX REGIONAL PAIN SYNDROME)

SPRAVATO ON LABEL FDA APPROVAL FOR DEPRESSION AS ADJUNCT ONLY



OFF-LABEL USE FOR KETAMINE

What we know is useless, what we don’t know can do us great harm.

THE MECHANISM FOR THE ANTIDEPRESSANT ACTION IS UNKNOWN!

Numerous Theories 



MECHANISM OF ACTION

MECHANISM OF ACTION

 Ketamine is what scientists call a "dirty drug," meaning it doesn't just target one system in your 

brain, but dozens.

 Ketamine interacts with many binding sites such as NMDA, AMPA, opioid, monoaminergic, cholinergic, nicotinic, 

and muscarinic receptors.



MECHANISM OF ACTION

MECHANISM OF ACTION

 There are two major types of glutamate receptors in the brain - NMDA receptors (N-methyl-d-aspartate) and 

AMPA receptors (α-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid).

 AMPA receptors typically eliciting a rapid response after the glutamate binds

 Experiments have confirmed that the rapid antidepressant-like effects require activation of AMPA receptors, not 

inhibition of NMDA receptors.

 Rasenick showed that people with depression have higher numbers of G proteins packed into lipid rafts.

 SSRI Receptors accumulate in lipid rafts, forcing out G proteins and causing them to become active again. With Medications, 

this movement out of the rafts was gradual and took a days to complete.

 Ketamine moved G proteins off lipid rafts, where they were inactive, the ketamine set these proteins up to start 

producing more of the chemical messenger — in just 15 minutes — which could account for their rapid action. 

http://www.jneurosci.org/content/28/12/3042.short


MECHANISM OF ACTION

MECHANISM OF ACTION



MECHANISM OF ACTION

MECHANISM OF ACTION

 A recent article points out that co-transmission of glutamate and monoamines is a very frequent phenomenon in 

the CNS 

 This view is supported by the finding that raphe neurons, the main source of serotonergic fibers projecting to 

almost all brain regions, are immunopositive for glutamate 

 They contain the vescicular glutamate transporter VGLUT3 

 When grown in microcultures, approximately 60% of serotonergic raphe neurons evoke AMPA/kainate-mediated 

excitatory post synaptic potentials (EPSPs), indicating that most of these neurons in addition to 5-HT use 

glutamate as a co-transmitter



MECHANISM OF ACTION

MECHANISM OF ACTION



MECHANISM OF ACTION

MECHANISM OF ACTION

Ultimately changes in critical local neuronal circuits converge via 

enhanced synaptic neural plasticity and neuronal 

synchronization, especially in areas involved in mood and 

behavior, to produce rapid antidepressant effects.

Plasticity is change through growth and reorganizations

Has a weak effect on opiate receptors and one study showed that 

when opiate receptors are blocked they didn’t experience anti-

depressive effects

Brain Derived Neurotrophic Factor- key molecule involved in 

plastic changes related to learning and memory



MECHANISM OF ACTION

MECHANISM OF ACTION



MODALITIES - KETAMINE

Ultimately changes in critical local 

neuronal circuits converge via 

enhanced synaptic plasticity and 

neuronal synchronization, especially 

in areas involved in mood and 

behavior, to produce rapid 

antidepressant effects.



MECHANISM OF ACTION

MECHANISM OF ACTION



MECHANISM OF ACTION

MECHANISM OF ACTIONOn mouse nerve cells, dendritic 
spines (red arrows, top panel) 
disappeared after corticosterone 
treatment (middle panel). Some 
spines regrew (blue arrows, 
bottom panel) after the mice got 
a ketamine shot. Images taken at 
75x magnification.



MECHANISM OF ACTION

MECHANISM OF ACTION▪ Ketamine IV for depression 0.5 mg/kg, but some patients may respond to doses as low as 

0.1 mg/kg, and others may require up to 0.75 mg/kg. The ketamine dose is conventionally 

administered across 40 minutes; however, safety and efficacy have been demonstrated in 

sessions ranging between 2 and 100 minutes in duration



SIDE EFFECTS

MECHANISM OF ACTION▪ A low dose will create a mellow high with mild visual hallucinations, heightened senses, 

and numbness. A higher dose might cause vivid hallucinations, trouble moving, short-term 

memory loss, and feeling like you’re having an “out-of-body” experience. This could lead 

to:

▪ Uncontrolled eye movement

▪ Tears

▪ Dilated pupils

▪ More saliva

▪ Stiffened muscles

▪ Nausea



CAN KETAMINE CAUSE ADDICTION

MECHANISM OF ACTION
 Two clinical trials -- one looking at Cocaine addiction and the other at alcohol dependency -- showed that people 

who were prescribed ketamine, alongside therapy, had a better outcome than those who had therapy without 

ketamine treatment.

 The people who had cocaine addictions got ketamine through an IV for 5 days, in addition to 5 weeks of 

mindfulness relapse prevention therapy.

 The people who were dependent on alcohol got ketamine through an IV during the second week of a 5-week 

motivational enhancement therapy session.

 In both studies, the researchers concluded that ketamine lowered the chances of restarting or relapsing into 

addiction.

https://www.webmd.com/drug-medication/video/changes-in-how-new-drugs-are-tested


KETAMINE ABUSED

MECHANISM OF ACTION

 When it’s abused, ketamine can be an Psychologically addictive substance. But when it’s administered by a 

professional as a form of depression treatment, ketamine does not appear to be addictive. Special care is given to 

the dosage, frequency, and method the ketamine is administered in so that patients are safe and protected from 

any possibility of addition.

 Ketamine myths are still alive and well in our culture, but as people learn more about the real benefits of the drug, 

perceptions are shifting. Education is the only way we can successfully inform people about the benefits of 

ketamine.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6236511/


GLUTAMATE HYPOTHESIS AND GABA HYPOTHESIS

CLASSIC HALLUCINOGENS AND BEYOND-WORKS ON THE SEROTONIN RECEPTORS OF THE BRAIN

 Psilocybin

 lysergic acid diethylamide (LSD)

 Marijuana

 dimethyltryptamine (DMT)

 Mescaline

 Ayahuasca

 251-NBOMe Synthetic hallucinogen LSD + MDMA

 Toad Venom

 Salvia



NOVEL POSSIBILITIES TO TREAT DEPRESSION



NOVEL POSSIBILITIES TO TREAT DEPRESSION

 Microdosing: One definition is approximately 1/5 to 1/20 of a recreational dose. (From anecdotal 

experience this is accurate, as a medium-strength dose of psilocybin is 2 to 3 grams of dried 

mushrooms, and a microdose is typically around 0.1 grams – 0.5 grams (100mg – 500mg).

https://journals.sagepub.com/doi/full/10.1177/0269881119857204
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NOVEL POSSIBILITIES TO TREAT DEPRESSION



RECEPTOR POTENTIAL
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