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What is depression?

Depression is not a disease in the classic sense,

- it is a collection of signs and symptoms that likely 
represent several neurochemical/neuropathological 
disorders in the brain.

Some contributing factors in depression (not mutually exclusive) 
include:

• Genetic factors – interactions with environment

• Pharmacogenetics - different P450 metabolizers, variants of the 5-HT2A 
receptor or 
5-HT transporters may affect response to antidepressant medications 

• Neuroanatomical – neuroimaging and post mortem studies indicate 
regional changes in receptors 

• Neurotransmitter and signal transduction changes (monoamines and 2nd

messenger systems)

• Neuroendocrine – increased activity in hypothalamic/pituitary/adrenal 
(HPA) axis associated with depression and antidepressants normalize HPA 
function. 
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So, depression can involve changes in various parameters such as:

• Acetylcholine, opiates, GABA  

• CRF (corticotropin releasing factor) & CRF receptors 

• second messengers

• gene transcription 

• neurotrophic factors (e.g. BDNF)

• Endocannabinoid Systems

• Monoamines (e.g. serotonin, norepinephrine or dopamine)

Simple Take Home Message on Depression & 
Antidepressant Medications

• Currently, all clinically effective antidepressant drugs act on:
serotonin (5-HT) and norepinephrine  (NE) systems. 

• Currently, depression is considered to involve a 
deficiency/dysfunction in brain serotonin and/or norepinephrine 
neurotransmission.  (supported by the amine hypothesis of 
depression)

“Ancient” Origin of the Amine Hypothesis of Depression

1950s – Depletion of amines by reserpine (used to treat hypertension and 
schizophrenia)  was found to induce depression in these patients.

Hypothesis: Depression must be be associated with decreased function of 
amine dependent synaptic transmission

Paradox: The pharmacological effects of tricyclic antidepressants (TCAs) 
and monoamine oxidase inhibitors (MAOIs) were prompt, yet

- Clinical Improvement of Depression took Weeks or Months.
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**Implication:

The therapeutic efficacy of  is not immediate.

Patients have to take antidepressant medications for at least 2-3 weeks 
before the Onset of Therapeutic Improvement

For all Antidepressant Drugs:

The Therapeutic Efficacy of Antidepressant Medications is likely 
mediated by one or more time-dependent antidepressant-induced 
compensatory changes that occur, rather than to any immediate 
effects of the drug on its target sites (e.g. transporters, receptors etc.)

One Major Compensatory Mechanism Implicated in the Delayed 
Onset of Therapeutic Efficacy – 5-HT1A Receptor Desensitization

* For antidepressants to elevate serotonin levels in forebrain regions (e.g. 
hypothalamus,cortex, etc)  there is a need to first overcome the effects of auto-
inhibitory receptors on 5-HT cell bodies in midbrain raphe nuclei (i.e. need to 
desensitize the somatodendritic 5-HT1A autoreceptors)

Therapeutic Efficacy of Antidepressants Likely Requires Other 
Compensatory Changes to Occur

-Neuroadaptive changes in postsynaptic receptors and signaling that occur 
subsequent to increasing the levels of 5-HT or NE in the synaptic cleft 

(e.g. desensitization of beta adrenergic receptors, postsynaptic 5-HT1A & 5-HT2A

receptors, etc.) 

-Potential compensatory changes in gene transcription (e.g. BDNF, trkB, CREB)
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Classification of Antidepressant Drugs

The Tricyclic Antidepressants (TCAs)
(also referred to as the “first generation”  or “older” antidepressants)

• Imipramine (Trofanil®) – the first and prototype TCA

• - 3 ring compounds (tricyclic) chemically similar to the phenothiazine 
compounds being used to treat schizophrenia (except for the substitution of 
Nitrogen for Sulfer in central ring) 

• 1958 – Imipramine was observed to elevate mood

Chemical Structures of Various Tricyclic Antidepressants 

(tertiary and secondary amines)

tertiary

secondary
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Other Clinically Used TCAs

• Amitriptyline (Elavil®) a 5-HT and NE reuptake inhibitor that is 
demethylated to nortriptyline.

• Doxepin (Sinequin® ) – 5-HT and NE reuptake inhibitor, very sedating due 
to blockade of H1 histamine receptors

• Desipramine (Norpramine®) – an active metabolite of imipramine that 
preferentially blocks noradrenergic reuptake.

• Nortriptyline (Pamelor® ) – preferential  NE vs 5-HT uptake blocker, a 
metabolite of desipramine

• Clomipramine (Anafranil®) - preferential  NE vs 5-HT uptake blocker

Pharmacokinetics of the TCAs

- high lipid solubility

- rapid absorption (serum concentrations peak within a few 
hours)

- significant first pass metabolism

- half live of 8-36 hrs (some have active metabolite)

- high protein binding

- large volume of distribution (Vd)

Therapeutic Sites of Action: TCAs Block the Reuptake of Serotonin 

and Norepinephrine from Respective 5-HT and NE Terminals
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5-HT/NE Selectivity Profile for the TCAs
(tertiary vs secondary amines)

• Tertiary amines produce comparable blockade of  NE and 5HT reuptake or 
slightly favor 5-HT blockade. 

• Secondary amines are relatively NE-selective

• Tertiary amines (e.g. imipramine, amitryptiline) have greater  side-effects 
than secondary amines (e.g. desipramine, nortryptiline)

• TCAs also have prominent actions at other sites due to their 

low selectivity for 5-HT/NE uptake sites versus other 
receptors

• TCA actions at sites other than 5-HT & NE transporters 
result in the many side effects attributed to this class of 
antidepressant. 

The Potential for “Side Effects” is Dependent on the 
Drugs Relative Affinity for Various  Sites of Action

(*true for TCAs as well as for all drugs)
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Tricyclic Antidepressant Major Side Effects

• Anticholinergic (“dry mouth”, memory impairment, confusion, blurred 
vision, constipation, urinary hesitency )

• Anti-1-adrenergic (orthostatic hypotension)

• Anti-histaminergic (sedation)

• Also:

– weight gain & sexual disturbances

TCA Caveats & Concerns

• **TCAs should not be prescribed for elderly (65+) patients

• TCAs used with other CNS depressants (alcohol, barbiturate, opiates, 
benzodiazepines) may produce additive CNS depression

• TCA  Overdose – ingestion of only a 2 wk supply can be lethal !

Manifestations can include:

• agitation & delerium, 

• respiratory depression and circulatory collapse

• Hyperpyrexia 

• Cardiac conduction defects & severe arrhythmias

Second Generation & Third Generation Drugs

Developed to capitalize on the therapeutic efficacy of the TCAs 
with an attempt to reduce the side effects produced by TCAs. 

These drugs include:

amoxepine  and  maprotiline

trazadone    and  bupropion

nefazadone  and  mirtazepine

venlafaxine  and  duloxetine 

& the SSRIs
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The Selective Serotonin Reuptake Inhibitors- SSRIs

- ease of use

- versatility; also used to treat anxiety,OCD, eating disorders 
&  pre-menstrual dysphoric disorder (PMDD) 

- relative safety profile and fewer side effects (with respect to 
the TCAs)

The dominant class of clinically prescribed antidepressants due to:

Note the greater number of sites of action of TCAs 
relative to the SSRIs (or other AD drugs)

The Serotonin Selective Reuptake Inhibitors (SSRI’s)

Target Site of Action

• Selective (not exclusive) blockade of 5-HT reuptake
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Clinically Prescribed 5-HT Selective Reuptake Inhibitors (SSRI’s)

• Fluoxetine (Prozac®): first FDA approved prototype SSRI released in the market 
in 1988 (sales of $2 billion in 2000); long half-lives of both parent drug and active 
metabolite (norfluoxetine), least 5-HT selective SSRI 

• Sertraline (Zoloft®):  less interference with P450’s, has desmethyl metabolite.

• Paroxetine (Paxil®):  highest affinity for 5-HT transporters, no active metabolites

• Citalopram (Celexa® ): highly selective SSRI, active desmethyl metabolite

• Escitalopram (lexapro®) the S(+) isomer of citalopram 

• Fluvoxamine (Luvox®): shorter half live than other SSRIs, no active metabolite, 
first approved for obsessive –compulsive disorder (OCD)

*All have nearly equivalent therapeutic efficacies in treating depression; some also 
useful in treating anxiety disorders

SSRI Pharmacokinetics

• Bioavailability - from 50% (paroxetine) to  > 90% (fluvoxamine)

• Protein Binding  - ranges from 50%(escitalopram)  to 95 % (sertraline)

• Plasma half-lives  - all SSRIs range from 15-50 hrs, except for 

fluoxetine (2-4 days) and its active metabolite (7-15 days)

The SSRIs do not share any common structural motif

The SSRIs differ primarily with respect 
to:

1. Affinity for the 5-HT transporter

2. Pharmacokinetics –half life of parent 
drug and/or active metabolite (if 
any) & inhibitory effects on CYP 
isozymes

3. Selectivity for the 5-HT transporter   
vs other transporters, receptors or 
target sites
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SSRI Selectivity will influence the side effect profile:

• As SSRI dose increases, other target sites may be affected

• Remember - SSRIs are selective, not specific, in their 5-HT 
reuptake blockade; their effects at other sites may contribute 
to their side effects

Common & Major Side-Effects of SSRIs

- can occur prior to the onset of therapeutic efficacy - these can 
include:

• Nausea
• Anxiety 
• Insomnia
• Sexual Dysfunction (loss of libido, impotence, anorgasmia)

• Potentially lethal when combined with MAOIs (5-HT 
syndrome) 

SSRI Discontinuation Syndrome

- abrupt discontinuation of the SSRIs may produce a cluster of symptoms 
including:

• Dizziness
• Nausea
• Fatigue
• Headache
• Insomnia
• Restlessness
• Unstable gait

The SSRI Discontination Syndrome is more prominent with shorter acting SSRIs
(paroxetine  > fluvoxamine > sertraline > citalopram >> fluoxetine)
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The Serotonin/Norepinephrine Reuptake Inhibitors 
(SNRIs)

- Drugs that inhibit both Serotonin and Norepinephrine  reuptake

- similar sites of action as the TCAs but with a better overall side effect profile

Desvenlafaxine (Pristig®) - the desmethyl active metabolite of venlafaxine 
(Effexor®); also a 5-HT and NE reuptake inhibitor;  Received official FDA 
approval in March of  2008.

Venlafaxine (Effexor®): 5-HT and NE reuptake inhibitor; FDA approved for 
unipolar depression and generalized anxiety disorder (GAD)  

- minimal effects  on the major CYP 

isoenzymes relative to the SSRIs  

- fewer side-effects than the TCA’s but  

can induce:

- nausea

- anxiety & dizziness

- sexual dysfunction 

- hypertension

Clinically Prescribed SNRIs

Clinically Prescribed SNRIs

• Duloxetine (Cymbalta® ) – 5-HT and NE reuptake inhibitor; 

FDA approval in 2004 for major depressive disorder and treatment of 
peripheral neuropathic pain (may be effective in treating fibromyalgia 
which is often associated with depression)

Side Effects include:

- nausea

- dry mouth

- decreased appetite

- insomnia 

- dizziness
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Other SNRIs you make likely choose to use: 

• Desvenlafaxine (Pristig®) - the desmethyl active metabolite of 
venlafaxine (Effexor®); also a 5-HT and NE reuptake inhibitor; 

• - Received official FDA approval in March of  2008.

• Milnacipran – a 5-HT and NE reuptake inhibitor with slight preference for NE; 
approved for use as antidepressant in other countries but not in US; clinical trails 
indicated results comparable or superior to imipramine/SSRIs; no significant anti 
histaminergic, adrenergic or anticholinergis effects.

shown to effective in treating pain in Lupus patients. 

* Phase III studies on 5/22/07 demonstrated significant efficacy in treating 
fibromyalgia syndrome (which is often associated with depression)

The Mixed Action Antidepressants

Nefazadone (Serzone®), 
Mirtazapine (Remeron®) &

Bupropion (Wellbutrin®)

and….. Vilazodone (Viibyrd®) – FDA approved January 2011.

- also referred to as “Atypical” antidepressants due to their  “atypical” sites of 
action

- does not mean that they are to be used to treat Atypical depression

Mixed Action Antidepressants 

• Nefazadone (Serzone®): a 5-HT reuptake inhibitor and  a 5-HT2A receptor 
antagonist; chemically related to the highly sedating antidepressant drug 
trazadone (Desyrel®) introduced in the 1980’s.

- mildly sedating;

- doesn’t affect sexual function 

- perhaps less effective than other AD 

- good antipanic/anti-anxiety drug

**Serzone® removed from market

due to potential liver toxicity;

(still available as the generic drug)
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Mixed Action Antidepressants

• Mirtazapine (Remeron®): 2-adrenergic receptor antagonist (enhances NE 
& 5-HT release via blockade of these inhibitory receptors on NE  & 5-HT 
terminals) 

• also blocks 5-HT2A/2C serotonin receptors and H-1 histamine receptors

• Side Effects

• highly sedating at low doses, but
stimulatory at higher doses

• weight gain

- does not produce
sexual dysfunction
nausea or GI problems

Mixed Action Antidepressants 

• Bupropion (Wellbutrin®): no clearly established target site(s) of action; 
recent preclinical data indicate its antidepressant efficacy may involve 
desensitization of 5-HT1A serotonin and 2 adrenergic receptors.

- also marketed as Zyban® for quitting smoking

- devoid of significant anticholinergic, antihistaminergic or orthostsatic 
hypotensive effects

- weight loss rather than weight gain

- least likely of the AD to cause sexual dysfunction

• may have “energizing” or stimulatory effects

• potential seizure risk at high doses

Vilazodone (Viibyrd®): FDA approved  on January 17, 2011 for the 
treatment of major depressive disorder

• Vilazodone combines 2 different mechanisms

• serotonin reuptake inhibiton  & 5-HT1A 

receptor partial agonist

• negligible affinity for other 5HT receptors such 

as 5-HT1D, and 5-HT2A or 5-HT2C

- did not cause significant weight gain

- does not decrease sexual desire/function 

- considered to be well tolerated

Side Effects : mild but can include  diarrhea,nausea, somnolence, sleepiness, 
abnormal dreams, dizziness, tremor restlessness and dry mouth.
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The Monoamine Oxidase Inhibitors (MAOIs)

- effective antidepressants, particularly in atypical depression
(i.e. depression characterized by hypersomnolence and hyperphagia)

Mechanism of Action:
- Inhibits the enzymes (MAO-A & MAO-B) that metabolize 
the monoamines & tyramine 

- May produce irreversible or reversible enzyme inhibition

Chemical Structures of Some MAOIs

Irreversible

Irreversible

Reversible

The Irreversible Monoamine Oxidase Inhibitors

Phenelzine (Nardil®)

Tranylcypromine (Parnate®)

• These have a long duration of action;  10-14 day washout required

Potentially fatal interactions with drugs or foods rich in tyramine (e.g. cheese, 
wine) due to sympathomimetic action of tyramine.  Tyramine is normally 
degraded by MAO in the liver.

Selegeline (l-deprenyl;Eldepryl®) – a preferential MAO-B inhibitor; 
Emsam® is the transdermal patch of selegiline; FDA approved for the 
treatment of major depresson.  Emsam at the lowest dose does not require a 
modified diet as for the other irreversible MAOIs. 
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The Reversible Monoamine Oxidase Inhibitors 
(RIMAs)

Meclobemide (Aurorix)
- shorter duration of action than irreversible MAOIs 
- less likely interactions with foods rich in tyramine (still avoid large amounts) 
- avoid treatment with sympathomimetics (e.g. pseudoephedrine)
- should not be taking another antidepressant (e.g. SSRIs)

Side effects  of MAOIs (reversible or irreversible) may include: 
– agitation,
– confusion,
– sleep disturbances, 
– dizziness, headache, nausea

Major Concerns with the Monoamine Oxidase Inhibitors 
(MAOI’s)

Serotonin Syndrome (myoclonus, autonomic dysfunction, hyperactive 
reflexes, unstable BP, hyperthermia, disorientation)

- 5-HT syndrome due to interactions with drugs that lead to a major 
increase in serotonin  (e.g. SSRIs + MAOI)

Hypertensive Crisis (Potentially Lethal )

- major elevation in BP and potential for ruptured aneurism and stroke 

–this may be produced by dietary and/or drug interactions
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Additional Considerations in the use of 
Antidepressant Drugs

- Medication Switching

- Interactions with metabolizing enzymes (CYP isozymes)

- Use during pregnancy or prior to maturation

Switching from an SSRI (or other antidepressant) to an MAOI

From: SSRI, TCA, Venlafaxine, Nefazadone, Bupropion or Mirtazepine

To: a Monoamine Oxidase Inhibitor (MAOI)

Strategy
Discontinue the SSRI, TCA (or other drugs) by tapering down. Wait for 2 weeks 
(washout) before safely beginning the MAOI. ( a minimum of 5 half lives).

*Same strategy in switching from fluoxetine, but will need longer washout due to 
the longer (3-5 day) half-life of  fluoxetine and its active metabolite (7-15 day 
half life).
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Switching from the MAOIs to other Antidepressants

From: Irreversible MAOI or reversible MAOI

To: SSRIs, TCAs, SNRIs, nefazadone, mirtazeopine, bupropion

Strategy

Discontinue the irreversible MAOI and wait until at least a 2 week washout 
before beginning new medication. 

Discontinue reversible MAOI and wait 48 hours before beginning new 
medication

SSRI Interactions with Cytochrome P450 Enzymes

SSRI Cytochrome P450 Enzymes Inhibited

Citalopram  2D6

Escitalopram 2D6

Fluoxetine 2D6,      2C9/10,  2C19,   3A3/4

Fluvoxamine 1A2,            2C9/10,  2C19,   3A3/4

Paroxetine 2D6

Sertraline 2D6 

Take Home Message: Fluvoxamine & Fluoxetine most likely to produce interactions 
with other drugs

SSRI-induced inhibition of P450 may affect the metabolism 
of  other drugs using the same isozymes
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Use of Antidepressants During Pregnancy 

- Recent studies indicate that paroxetine may cause cardiovascular defects in 
babies’ hearts.

Paxil taken during the first trimester increases  (1.5-2 x ) the chances of a 
heart defect (holes in the walls of the chambers of the heart) in offspring. 

- Some studies indicate SSRI withdrawal symptoms in newborns

- Some pre-clinical data suggest potential long-term neurochemical deficits in 
offspring.

Use of Antidepressants in Children and Adolescents 

- FDA issued a black box warning for increased suicidal thoughts in 
young  patients taking SSRIs

- Preclinical studies indicating long-term behavioral consequences of  
SSRI administration prior to maturation.

The Antidepressant Challenge Remains !

To develop a drug(s) or treatment strategy to more rapidly alleviate 
depression while maintaining a relatively benign side effect profile. 


