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 #55&56 DRUGS TO TREAT DEPRESSION, ANXIETY AND BIPOLAR DISORDER: I & II 
 
 
What is depression? 
Depression is a clinical disorder that is manifested by a variety of symptoms that likely represent 
several neurochemical/neuropathological disorders in the brain.   
 
*There are no reliable biological/biochemical diagnostic tests to determine the cause of depression.    
A substantial number of depressed patients (up to about 40%) show elevated activity of the 
hypothalamic-pituitary-adrenal axis (elevated plasma cortisol). 
 
There are various theories, factors and changes associated with depression that include: 

a) Genetic factors –interactions with environment 
b) Pharmacogenetics - different P450 metabolizers, variants of the 5-HT2A receptor or 5HT 

transporters may affect response to antidepressant medications  
c) Neuroanatomical –neuroimaging and post mortem studies indicate regional changes   
d) Neuroendocrine – increased activity in HPA axis associated with depression and 

antidepressants normalize HPA function. 
e) Neurotrophic factors such as BDNF (brain derived neurotrophic factor) 
f) Neurotransmitter and signal transduction (receptors and 2nd messenger systems for 

monoamines) 
g) Alterations in monoamines (primarily 5-HT and NE) as well as other neuronal systems 

containg dopamine, acetylcholine, opiates, GABA or CRF. 
     
Simple Take Home Message on Depression & Antidepressant Medications 
 
1. Currently, depression is conceived of as a disorder involving deficiency in serotonin and/or 
norepinephrine neurotransmission – This is supported by the “monoamine hypothesis of 
depression” proposed in the 1950’s  (reserpine depletion of monoamines or tryptophan deficient 
diets invoke or precipitate depression, while drugs that increase serotonin or other monoamines 
alleviate depression).  
 
2. Currently - All clinically effective antidepressant medications act on serotonin (5-HT) and/or  
norepinephrine (NE) systems. Dopamine also may contribute to the effects of some 
antidepressants.    
  
Important Caveat in Theory & Treatment:  
 

- The therapeutic efficacy of all classes of antidepressants is not immediate, but requires 
repetitive administration over a prolonged period of time (at least 2-3 weeks before 
improvement starts) suggesting that compensatory changes such as receptor 
desensitization, regulation of hormone responses and neurotrophic factors (e.g. BDNF) 
and subsequent increases in synaptic connectivity may be required for the therapeutic 
effects of these drugs.    
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3. Side effects of antidepressant drugs can occur upon drug administration or shortly thereafter prior 
to the onset of antidepressant efficacy. These will be dependent on the specific pharmacological 
profile of the given drug (i.e. the propensity of the drug to interact with any number of target 
receptors at clinical concentrations of drug). 
 
4. The majority of data suggest that there is no appreciable difference in the antidepressant 
efficacy between the classes of drugs or among the different drugs within any class (e.g. SSRIs).   
 
 Overview of Classes of Antidepressant Drugs   
 
 
 
 
 
  
 

 
 

                     (from  Katzung & Trever’s Pharmacology   Examination and Board Rev.   7th ed. pp255)    
        
 
                                                                                     

A. TRICYCLIC Antidepressants (TCAs) 
 

These are the “older antidepressants”,   
- also referred to as the 1st generation  antidepressants 
-structurally related to the phenothiazine antipsycotics 

 - tricyclic antidepressants can be either tertiary or secondary  amines (see figure below) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(from  Katzung ‘s  Basic & Clinical  Pharmacology .  10th ed. pp476)    
 

 
 



Pharmacology & Therapeutics                                         Drugs to Treat Depression, Anxiety & Bipolar Disorder: I & II 
January 18, 2013  G. Battaglia, Ph.D. 

3 

Therapeutic Sites of Action  
TCAs  produce  mixed blockade of both 5-HT and NE transporters (blocks reuptake of respective 
amines) 
          

 
 

 
(source for same fig indicated on pg 6 )  

 
 
 
 
 
Representative TCAs 
 
Imipramine (Trofanil)  - the prototype TCA that blocks reuptake of both 5-HT and NE,   
tricyclic antidepressants such as imipramine are demethylated to secondary amines (e.g. 
desipramine). 
 
Desipramine (Norpramine) – a secondary amine, and active metabolite of imipramine, that 
preferentially blocks the reuptake of NE  
 
Amitriptyline (Elavil)  - 5-HT and NE reuptake inhibitor that is demethylated to nortriptyline,  
 
Nortriptyline (Pamelor ) -  an active preferential  NE vs 5-HT uptake inhibitor. 
 
Others TCAs that you should recognize: 
 

- Clomipramine (Anafranil) – preferential NE vs 5-HT uptake blockade 
- Doxepin (Sinequin ) – preferential NE vs 5-HT uptake blockade, very sedating 

 
 
Pharmacokinetics 
 

- high lipid solubility  
- large volume of distribution (Vd) 
-      rapid absorption 

- serum concentrations peak within a few hours 
- significant first pass metabolism 
- half-life of 8-36 hours (active metabolites of imipramine and amitriptyline) 
 -   high protein binding 
-   substrates of CYP2D6  (which exhibits genetic polymorphisms)  
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Prominent Side Effects of TCAs         
 
In addition to blocking monoamine transporters, the tricyclic antidepressants produce 
three prominent side effects by antagonist actions at three targets: 
 
1) alpha-1 adrenergic receptors, 2) M1muscarinic receptors & 3) H-1 histamine receptors.  
 
These non-selective effects of the TCAs produce several aversive side effects such as: 
1) postural (orthostatic) hypotension,  
2) cardiotoxicity, 
3) confusion with memory dysfunction 
4) excessive sedation and fatigue 
5) weight gain.   
 
Tricyclic antidepressants are not recommended for elderly patients (65+ years) because of their 
liability for inducing a toxic and confused state. 
 
 
TCAs can produce additive CNS depression with other CNS depressants such as: alcohol, 
barbiturates, opiates and benzodiazepines. 
 
TCA Overdose - extremely hazardous (ingestion of only a 2 wk supply may be lethal) 

Manifestations include:  
- agitation & delirium  
- respiratory depression and circulatory collapse 
- hyperpyrexia 
- cardiac conduction defects and severe arrhythmias  
 

 
The prominent side effects and toxicity of the TCAs resulted in attempts to develop drugs that 
produced comparable therapeutic efficacy of TCAs in treating depression but with a less 
adverse side effect profile. 

 
This led to the development of: 
 
(1) selective serotonin reuptake inhibitors (SSRIs),  
 
    (2) selective serotonin and norepinephrine reuptake inhibitors (SNRIs) and  
 

(3) mixed action drugs targeting sites other than (or in addition to), the    
monoamine transporters.   

 
B.  Selective Serotonin Reuptake Inhibitors (SSRIs) 

- fewer adverse effects than the tricyclic antidepressants (TCAs) 
 
Therapeutic Sites of Action 
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- selective blockade of  the reuptake of 5-HT (SERT) in forebrain projection areas(e.g. cortex, 
hypothalamus, etc) as well as in midbrain regions containing 5-HT cell bodies (e.g. raphe nuclei).  

 
 
 
 
 
 
 
 
 
 
 
 
The SSRIs are structurally distinct form the tricyclics and are not chemically related or chemical 
"look-alikes" to each other. Thus, if a patient does not respond to one SSRI, they may respond to a 
different SSRI.  
 
However, despite having a better side effect profile than the tricyclics, there are no substantial 
overall differences in antidepressant efficacy among the SSRIs, or between SSRIs and TCAs or 
other drugs used to treat depression.  
 
SSRIs share the property of being “selective” (but not exclusive) blockers of 5-HT transporters and 
primarily differ in:  
 
- affinity to block 5-HT transporters  
 
- selectivity  for 5-HT transport blockade (versus other transporters or receptors) 

 
- pharmacokinetics (the half lives of the parent compound and active metabolites). 
 
 
 
SSRIs also are used to treat a variety of other disorders including 
- anxiety disorders,  
- eating disorders,  
- pre-menstrual dysphoric disorder (PMDDD, PMS)  
- obsessive compulsive disorder (OCD). 
 
 
FDA Approved SSRIs 
 
- Fluoxetine (Prozac) – the first FDA approved and prototype SSRI (1987), the least 5-HT 

selective, long half life  (1-4 days) and longer acting (7-15 days) demethylated active 
metabolite, norfluoxetine resulting in considerable drug accumulation.  However, this 
pharmacokinetic reality is not accompanied by any deleterious effect. Major consideration in 
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switching to MAOIs.  
 
Additional SSRIs developed after fluoxetine 
 
- Paroxetine (Paxil )  - the highest affinity for the 5-HT transporter , no active metabolites 
 
- Sertraline  (Zoloft)  - high protein binding, has desmethyl active metabolite 
 
- Citalopram (Celexa) – the most selective of the racemic SSRIs for the 5-HT transporter, 

 also has an active desmethyl metabolite  
 

- Escitalopram (Lexapro),  -  the S(+) isomer of () citalopram  that has the highest selectivity 
for the 5-HT transporter  

   
- Fluvoxamine  (Luvox) -  greater likelihood of drug-drug interactions due to inhibition of 

more metabolic enzymes (CYP1A2, 2C19, 2D6  & 3A4),  active metabolites, shorter half live 
(4-10hrs) than other SSRIs 

 

 
Pharmacokinetics 
 

Bioavailability - ranges 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 (1-4days) and its active 
metabolite (7-15 days) 
 
 
 
Side Effects of SSRIs 
– often occur prior to the onset of antidepressant efficacy and will depend on; 

 

a) the pharmacological profile of the specific drug (its propensity to interact with sites other than 
5-HT uptake sites) and 

 

b) the dose of drug  
 
 
SSRIs can be stimulatory and anxiogenic (paroxetine in particular) during the first week of use.  
(These compounds thus should be taken in the morning as opposed to before going to sleep, and 
started at low doses which can be increased gradually). 
 
-  often induce sexual dysfunction (loss of libido, impotence, anorgasmia).  
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- may inhibit certain hepatic cytochrome P450 (CYP) enzymes that could lead to an elevation in     
plasma levels (thus toxicity) of other drugs that are catabolized by these liver enzymes. 

 
 
SSRI Discontinuation Syndrome 
 
*SSRIs should NOT be stopped Abrubtly  - the dose should be tapered down over time 
Abrupt discontinuation of the SSRIs may result in a cluster of symptoms that could include the 
following:  
- dizziness, nausea, fatigue, headache, insomnia, restlessness, unstable gait and shock like 

sensations (rare).  
More apparent with short acting SSRIs (paroxetine  > fluvoxamine > sertraline > citalopram  >> 
fluoxetine). 
 
C.  The Serotonin and Norepinephrine Reuptake Inhibitors (SNRIs) 
 

– these drugs exhibit the combined blockade of 5-HT/NE as exhibited by the TCAs but in 
the absence of many of the adverse effects of the latter.  

– minimal effects on the major CYP isoenzymes in contrast to SSRIs ( e.g. fluoxetine) 
 
Venlafaxine  (Effexor)  
 
- a 5-HT and NE reuptake inhibitor. It is approved by the FDA for the treatment of both unipolar 
depression and generalized anxiety disorder (GAD).  
 
Side Effects  
- sexual dysfunction 
-      hypertension 
 
Desvenlafaxine (Pristig) –  the desmethyl metabolite of venlafaxine, received FDA approval in 
2008 
          - metabolism by Phase II rather than Phase I metabolism 
 
Duloxetine (Cymbalta) – a more balanced blocker of 5-HT and NE reuptake.  Received FDA 
approval in 2004 for treatment of major depressive disorder (MDD) and treatment of peripheral 
neuropathic pain associated with diabetic neuropathy.  
 
Side Effects 
- may elevate liver enzymes 
- may worsen narrow angle glaucoma 
- may cause sexual side effects of urinary hesitancy 
- may produce drug interactions via effects on CYP2D6 
- may produce discontinuation syndrome  
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D. Mixed Action or “Atypical” Antidepressants (not for the treatment of atypical depression) 
 
Mirtazapine (Remeron) is an alpha2-adrenergic receptor antagonist.  
 
Mechanism of Action  
- blockade of  presynaptic alpha2 receptors on both noradrenergic and serotonergic nerve    

terminals that leads to an increase in  NE and 5-HT neurotransmission. 
 
-   also blocks postsynaptic 5-HT2A, 5-HT2C, 5-HT3  and H1 histamine receptors that likely 

contributes more to the “side effects” than therapeutic effects of the drug. 
 
Side Effect Profile 
 
- highly sedating at low doses, should be administered before sleep 
- stimulatory at higher doses  
- can induce weight gain 
- does not produce sexual dysfunction,  
- does not produce nausea or GI problems,  
 
Noradrenergic-Serotonergic Interactions and the role of alpha2 adrenergic receptors relevant to 
antidepressant drug action 
 
In 5-HT Cell Body Regions (Raphe Nuclei): Release of norepinephrine activates l-adrenergic 
receptors on 5-HT perikarya  and enhances the firing rate of 5-HT neurons, resulting in increased  
release of  5-HT from nerve termninals in forebrain regions. This is illustrated below: 
 
 
(figure from GB) 
 
 
 
 
 
Therefore, drugs that increase synaptic NE in regions containing 5-HT perikarya, will also increase     
5-HT release from terminals in forbrain regions.  
 
This could be accomplished by:  
- blockade of NE transporters (NET) to elevate synaptic NE and/or 
- antagonists of the inhibitory alpha2 adrenergic autoreceptors on noradrenergic terminals.   

       

In limbic and cortical regions (i.e. forebrain regions): 
 
Alpha2-adrenergic receptors function as inhibitory autoreceptors on both noradrenergic & 
serotonergic nerve terminals.  
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Activation of these alpha2 adrenergic autoreceptors would result in a decreased release of 
norepinephrine from noradrenergic terminals and a decreased release of 5-HT from serotonergic 
terminals.  
 
Therefore, drugs that are antagonists at alpha2 adrenergic receptors, such as mirtazepine, would  
increase the release of norepinephrine and 5-HT from their respective nerve terminals.  
 
 
 
 
 

 
 
 
 
(from B.G. Katzung and A.J. Trevor, Examination and Board Review Pharmacology, 7th ed.  page 270) 

 
Vilazodone (Viibryd) 
 
- received FDA approval for treating unipolar depression in January 2011 
 
Mechanism of Action 
 
-high affinity selective blockade of 5-HT uptake and high affinity partial agonist at 5-HT1A receptors 
 
Side Effects 
 
Diarrhea, 
Nausea 
Vomiting  
Insomnia 
 
** does not produce weight gain or sexual dysfunction   
 
Bupropion (Wellbutrin; Zyban) 
  
Bupropion is marketed under two trade names: Wellbutrin (as an antidepressant) & Zyban 
(reduces craving for nicotine probably by acting as a noncompetitive antagonist of nicotinic 
acetylcholine receptors). It is also available in a sustained release form and as the generic 
compound. 
 
Mechanism of Action –  preclinical studies indicate that its antidepressant mechanism of action may 
involve desensitization of both 5-HT1A serotonin receptors and 2 adrenergic receptors, although a 
primary mechanism of action remains to be determined. 
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FYI –  Remember: FDA approval only requires demonstration that a drug is safe and efficacious, its 
mechanism of efficacy does not need to be determined for approval.  
 
 
Side Effects  - profile of side effects that differ from the other antidepressants,  
 
- devoid of: 
  anticholinergic, antihistaminergic and otrthostatic hypotensive effects 
 
Similar to some of the selective serotonin reuptake inhibitors (SSRIs), bupropion has an 
"energizing" or stimulating effect and should be taken in the A.M.  
 
May decrease the seizure threshold in susceptible individuals and is contraindicated in individual 
with a prior history of eating disorders.  
 
Bupropion has a relatively favorable side effect profile:  

-  weight loss rather than weight gain,  
- does not interfere with sexual function (as reported for vilazodone).  
 

 
Nefazodone (Serzone) -  a 5-HT2A serotonin receptor antagonist and 5-HT reuptake inhibitor. 

Side Effect Profile -  mildly sedating but does not interfere with sexual function, other effects 
include nausea, dry mouth and increased appetite. 

Nefazodone is chemically related to the antidepressant drug, trazodone (Desyrel), which is highly 
sedating and currently is marketed primarily as a hypnotic drug.  

 

***Serzone has been removed from the market due to potential liver toxicity, although the   
generic (nefazodone) is still available.  

 
 
 
 
E.  The Monoamine Oxidase Inhibitors (MAOIs) 
 
Monoamine oxidase (MAO) is the principal enzyme responsible for the metabolism of 5-HT, NE 
tyramine and dopamine. There are two types of MAO, MAO-A and MAO-B that differ in their 
substrate specificity and regional distribution in brain and periphery.  
 
The MAOIs are effective antidepressants, particularly in the treatment of atypical depression 
(hyper-somnolence and hyperphagia with depressed mood).   
 
 



Pharmacology & Therapeutics                                         Drugs to Treat Depression, Anxiety & Bipolar Disorder: I & II 
January 18, 2013  G. Battaglia, Ph.D. 

11 

These drugs bind to the mitochondrial enzyme, MAO, either reversibly (no chemical bond) or 
irreversibly (forming a covalent bond with the enzyme)  
 
Inhibition of MAO (by either type of interaction) results in an increased amount of NE and  
5-HT available for release when the neuron depolarizes ("fires").   
 
Irreversible MAOIs 
 

- Phenelzine  (Nardil) - inhibits both MAO-A and MAO-B 
 
- Tranylcypromine (Parnate) -  inhibits both MAO-A and MAO-B.   
 
- Selegiline (l-deprenyl;Eldepryl),– preferential MAO-B inhibitor; a transdermal patch of 

selegiline, (Emsam), was approved by the FDA in February 2006 for the treatment of major 
depression  

 
Once an irreversible inhibitor binds to MAO, the cell must replace the inactivated enzyme.  This 
synthetic process requires 10-14 days.  
 
 
Reversible  MAOIs 
 In contrast, a reversible inhibitor or monoamine oxidase (a “RIMA”), such as moclobemide, is 
uncoupled from the enzyme.  Once a RIMA is discontinued, MAO activity recovers completely in  
24-48 hours. 
 
Reversible inhibition of MAO (RIMA) does not result in aversive dietary interactions if the RIMA 
is taken an hour before or two hours after eating foods with a high tyramine content.   
 
Prominent Adverse Effects; 
 
The major problem with MAOIs is that they can lead to potentially lethal 1) dietary and 2) drug 
interactions.  These scenarios include; Hypertensive Crisis & The Serotonin Syndrome 
 
The Emsam patch, at the lowest dose (6 mg/24 hr), does not require a modified diet as for the 
other irreversible MAOIs 
 
Hypertensive Crisis 
-characterized by a major elevation in BP because of the increased catecholaminergic activity that 
results. 
-may result in a ruptured aneurysm and stroke 
 
Hypertensive crisis may be brought on by: 
- ingestion of foods containing high concentrations of tyramine (e.g., aged cheeses, liqueurs, 

cured meats)    
- use of  certain drugs [e.g., cocaine, “ecstasy” (MDMA), certain opioids (such as fentanyl or 

meperidine),  
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- over the counter “cold medications” containing sympathomimetics (e.g. pseudoephedrine ).   
 
The Serotonin Syndrome 
a syndrome characterized by the following: 
- myoclonus, autonomic dysfunction, hyperactive reflexes, disorientation, unstable BP 
 
Should avoid drugs (e.g., the SSRIs) that lead to a major increase in 5-HT activity because a 
serotonin syndrome can result. Although by using RIMAs one can avoid aversive dietary 
interactions, the patient is still vulnerable to negative drug interactions. 
 
 
Summary of Antidepressant Drugs and Drug Classes 
Tricyclic 
antidepressants 
(TCAs) 

Selective 
Serotonin 
reuptake 
inhibitors 
(SSRIs) 

5-HT/NE 
reuptake 
inhibitor (SNRI) 

Atypical  
(Mixed Action) 
Antidepressants 

Monoamine oxidase 
inhibitors (MAO-I) 

Imipramine Fluoxetine Duloxetine Bupropion Tranylcypromine 
Amitriptyline Paroxetine Venlafaxine Mirtazapine Phenelzine 
Doxepin Sertraline Desvenlafaxine   Nefazodone Moclobemide 

(reversible MAO-I) 
Desipramine Fluvoxamine  Trazodone Selegiline 
Nortyptaline Citalopram  Vilazodone  
Clomipramine Escitalopram    
 
Why do ALL antidepressants (Tricyclics, SSRIs or Mixed Action) have a delayed onset of 
action (i.e. delayed efficacy) ? 
 
While the antidepressants may block reuptake of neurotransmitters or inhibit their metabolism (via 
MAOIs) within minutes of clearing the GI system, antidepressant efficacy requires  2-3 weeks or 
longer. This suggests that antidepressant efficacy requires induction of one or more time-dependent 
compensatory changes to occur.  
 
These can include: 

1. The need to overcome auto-inhibitory receptor effects (see fig below). 
 
2. Neuroadaptive changes in post-synaptic receptor signaling that occur subsequent 

to increased levels of 5-HT (or NE) in the synaptic cleft (e.g. desensitization of  
-adrenergic receptors & 5-HT1A serotonin receptors).  
 

3. Potential compensatory changes in gene transcription (e.g. BDNF, trkB, CREB), 
neurogenesis and structural changes in various brain regions.  

 
 
Desensitization of the 5-HT1A inhibitory  
Autoreceptor on serotonergic perikarya 
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(both figures from GB) 
 
 
 
 
 
 
Additional Considerations in Using  
 
 
 
 
 
 
Other Considerations with Antidepressant Medications 
 

1. Switching between SSRIs (or Tricyclics) and MAOIs 
 

From SSRI to MAOI 
- Consideration of the half-life of the parent compound and any bioactive metabolite. 

Should wait a minimum of 5 half lives before starting the MAOI.   
  

From MAOIs (irreversible) to SSRI  
- Inhibition of MAO may persist long after these drugs are detectable in plasma(i.e. 

pharmacokinetic parameters are not very useful ). Effects may persist from 7 days   
(tranylcypromine) to 2-3 weeks (phenylzine) after discontinuation.   

 
2. 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 offsrping.  
 
- Some studies indicate SSRI withdrawal symptoms in newborns 
 
 

3. Use of Antidepressants in Children and Adolescents 
 

- FDA black box warning of increased potential for suicidal thoughts in young patients 
taking SSRIs 

  
- preclinical studies indicating long-term behavioral consequences of SSRI 

administration prior to maturation 
 

4. Pharmacokinetic Considerations: 
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Interaction of SSRIs with various drugs such as TCAs, benzodiazepines and 
antipsychotics are metabolized by cytochrome P450 isozymes – SSRIs can inhibit 
enzyme activity. 

 
 
II. DRUGS TO TREAT ANXIETY DISORDERS 

 
The long-term pharmacotherapy of primary anxiety disorders utilizes: 
 

1. SSRI or SNRI class of drugs used to treat depression or 
 
2. Buspirone, a 5-HT1A receptor partial agonist 

 
   

Since the anxiolytic efficacy for any of the drugs above is not immediate, sedative-hypnotic 
benzodiazepines are co-administered for the initial interim period to control the anxiety until the 
delayed therapeutic efficacy of the SSRIs, SNRIs or buspirone is achieved.  Patients can then be 
weaned from the benzodiazepines over a period of time. 

 
Benzodiazepines Commonly used to Treat Anxiety Disorders: 
Alprazolam (Xanex), clonazepam (Klonopin) and lorazepam (Ativan) are the most commonly 
used benzodiazepines in conjunction with SSRIs, SNRIs or buspirone  for initial anxiolytic effects 
 
 
Drugs Effective in Treating Specific Types of Anxiety Disorders (not to be momorized) 
 
Generalized anxiety disorder (GAD):  venlafaxine,duloxetine, paroxetine and escitalopram 
have been FDA approved for GAD, although other SSRI and TCAs may be effective; 
buspirone (a 5-HT1A receptor agonist),  benzodiazepines such as lorazepam or clonazepam 
 
Panic disorder:  SSRIs considered 1st line (fluoxetine, sertraline paroxetine and venlafaxine), 
Benzodiazepines: alprazolam (widely used but may cause rebound anxiety), clonazepam (longer 
acting) 

 
 
 

Social anxiety disorder (SAD): best treated with SSRIs or MAOIs, FDA has approved sertraline, 
paroxetine and venlafaxine (SNRI) for this disorder. Duloxetine also may be effective.  

 
Post-traumatic stress disorder (PTSD):  generally treated with SSRls (paroxetine and sertraline 
have FDA approval for PTSD); adding an antipsychotic to the SSRIs may prove beneficial in some 
patients while MAOIs or TCAs make sometimes work for PTSD.   

 
Obsessive-compulsive disorder (OCD): SSRls (fluvoxamine, fluoxetine, sertraline and paroxetine), 
the SNRI venlafaxine and the TCA, clomipramine, are drugs of choice for OCD.   
 
 Prominent Adverse Effects of Benzodiazepines: 

-sedation, mental confusion, ataxia, antereograde amnesia, 
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- physical dependence and tolerance with chronic use,  

 
- rebound anxiety and withdrawal symptoms upon abrupt discontinuation (these 

may   include insomnia, irritability, nausea, twitching, tinnitus, arasthesias 
and delirium). 

SSRIs, SNRIs – same as indicated previously for these classes of drugs 
 
Buspirone (Buspar)  
- partial 5-HTIA receptor agonist, FDA  approval for generalized anxiety disorder (GAD).  
- but less effective than the SSRIs for GAD and of questionable therapeutic efficacy  
-    very low bioavailability, antagonist at D2 dopamine receptors 
-     side effects include headache, dizziness and nausea 
 
The therapeutic response to buspirone (as for SSRIs or SNRIs) requires prolonged treatment (> 2 
weeks). This is likely due to time-dependent desensitization of 5-HT1A receptors required for its 
anxiolytic efficacy and is due to its partial agonist activity at this receptor. 
 
Drug Combination Strategy –SSRI treatment of  anxiety exhibits the same time delay to achieve 
therapeutic effects as observed for depression . Therefore, benzodiazepines combined with an SSRI 
(or buspirone) can reduce the initial anxiety and increase compliance with SSRI therapy, 
Benzodiazepines should be tapered down to avoid withdrawal problems. 
Time-dependent desensitization of 5-HT1A inhibitory autoreceptors on 5-HT neurons  
. 
 
 
 
 
 
 
 
 
 
Schematic of 5-HT neuronal projection and representative postsynaptic cell (a hypothalamic cell in this example) 
(figure from GB) 
 
 
Mechanism of Action of Benzodiazepines: The therapeutic efficacy of the benzodiazepines as 
anxiolytics and sedatives is due to their potent effects on GABAA receptor-mediated inhibition. 
Binding to sites on GABAA receptors that  increases the affinity of GABAA for its binding site on 
the receptor, benzodiazepines can increases 
the frequency of opening of chloride 
channels and inhibition of neuronal firing. 
As shown below, the receptors for 
benzodiazepine are located on GABAA 
receptor subunits.  
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 (From: Trevor and Katzung’s Pharmacology, Examination and Board review, 6th ed.,page 205)  
 
III. DRUGS TO TREAT BIPOLAR DISORDER  
 
Bipolar Disorder is a primary affective disorder (aka manic-depressive illness) that causes 
dramatic mood swings.  

- nearly 5.7 million adults have bipolar disorder 
- a long-term disorder that usually develops in adolescence or early adulthood 

that needs careful management throughout ones lifetime 
 
The “high” episodes can include either elevated (euphoric), expansive (unceasing or 
indiscriminate enthusiasm) or irritable moods (labile moods altering between euphoria and 
dysphoria) that change to moods that are sad or hopeless (the depressive episode). 
The pharmacotherapy of bipolar disorder is quite different from that for unipolar depression. 
The use of SSRIs alone is contraindicated as it may trigger a manic reaction in bipolar patients (this 
occurs in bipolar patients misdiagnosed as having unipolar depression).  
 
 
 
 
 
 
 

 

 

 

(fig from Katzung & Trevor’s  Pharmacology, Examination & Board Rev. 7th ed.,  pp247) 

 
Bipolar Disorder can be treated with:  
 
(A) Lithium   
 
(B) anticonvulsant drugs such as sodium valproate and carbamazepine as well as another 
anticonvulsant, lamotrigine that more recently received FDA approval for maintenance treatment of 
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bipolar disorder. 
 
(C)  atypical antipsychotics have also received FDA approval for use in treatment of acute mania 
or mixed episodes. Olanzepine and aripiprazole are two atypical antipsychotics that have received 
FDA approval for maintenance treatment of bipolar disorder. 
 
Risperidone and quetiapine (also atypical antipsychotics) have been shown to be useful to control 
manic episodes.   
 
*Mood stabilizers may need to be continued for an extensive period of time (years) 
 
 

A. LITHIUM  in the Treatment of Bipolar Disorder   
 

- continues to be the first-line treatment for bipolar disorder 
 
- proven effective in all phases of the illness, devoid of autonomic blocking effects and 

of  
activating or sedating effects  
 

- only drug proven to reduce suicide in bipolar patients 
 

*Lithium may take days to weeks to produce a full therapeutic effect   
 

Mechanism of Action:   
 
The exact mode of action of lithium in Bipolar Disorder is unclear. However, lithium produces a 
number of pharmacological effects: 
- can effect electrolytes and ion transport 

Li+ acts like Na+. Li+ can substitute for NA+ in generating action potentials. Influx during 

depolarization is extremely rapid; efflux is 10-25 times slower than Na+. 

- can effect neurotransmitters and their release 

- seems to enhance the effects of serotonin 

- may decrease norepinephrine and dopamine turnover (may be relevant to antimanic effects)  

-  may augment synthesis of acetylcholine 

 

The most accepted mechanism of action for the therapeutic effects of lithium involves effects 

mediated on second messenger enzymes affecting neurotransmitter action 

- lithium inhibits a number of enzymes involved in inositol recycling (inositol monophosphatase 

& inositol polyphospate1-phosphatase) resulting in depletion of substrate for IP3 production. 

(shown in the next figure). 

- lithium also may:(a) affect specific isozymes of protein kinase C (activated by DAG), (b) alter G 

protein function via shifts in phosphorylation and (c) uncouple receptors from their G proteins 
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 Reductions in intracellular levels of inositol also have been postulated to underlie the mechanism of 

anti-bipolar effects of carbamazepine and sodium valproate. 

 

. 

 

 

 

 

 

 

   (fig from Katzung, Basic and Clinical Pharmacology, 10ed., chapt 29, pp470) 

 

Increasing recent evidence suggests a role for GSK-3 (glycogen synthase kinase-3) in mediating the 

therapeutic effects if lithium. 

- GSK-3 regulates over 40 proteins that include structural, metabolic and signaling proteins as 

well as transcription factors.  

- Lithium inhibits GSK-3 at concentrations within the effective range for the drug and has been to 

antagonize dopamine signaling via its Akt/GSK-3 pathway.  

- Most drugs used for the treatment of bipolar disorder regulate GSK-3 

  

Pharmacokinetics of Lithium  

-    readily and appreciably absorbed from the GI tract (peak levels in 0.5-2 hrs) 

-    no appreciable protein binding  

- no metabolism, excretion is entirely in urine  

- half-life of   20 hrs 

- Li+ has a narrow therapeutic window; 450 mg t.i.d. (1350 mg/day) produces a plasma 

concentration between 0.6 - 1.4 meqlL.  

- changes in body water can alter plasma levels of the drug 

- toxic effects are seen with plasma levels > 1.4 meqlL. 
 
Some adverse side effects and complications of lithium: 
 
- Slurred speech, fine tremor 
- Nausea and fatigue in the initial weeks of treatment despite normal serum concentrations  
-     Excessive thirst and urination (nephrogenic diabetes insipidus); renal toxicity. 
- Lithium inhibits thyroid hormone secretion (hypothyroidism) 
-     Edema and weight gain 
- Confusion and ataxia associated with Li+ toxicity 
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- Can induce /exacerbate psoriasis or cause acne 
 

Other Considerations: 
 
Use of lithium requires monitoring to maintain appropriate serum concentrations (0.6-1.2 meq/L 
for acute treatment and 0.6-0.7 mEq/L for maintenance) and avoid toxicity (>1.4 mEq/) 
 
As Li+ is excreted unchanged by the kidneys, patients with renal impairment and the elderly require 
dosage adjustment. Renal function and thyroid function should be monitored in patients taking 
lithium.  
 
Common drug interactions; 
 
- Thiazides, NSAIDs, ACE inhibitors and furosemide can increase serum lithium  
-     Theophylline and caffeine can lower lithium levels (via increase in clearance) 

  
- Lithium has been shown to have protective effects against suicide and self-harm in treating   

depression in patients with bipolar disorder.  
 
-    Lit+ can enhance the efficacy of antidepressants for the treatment of unipolar depression 
  
Pregnancy 
- lithium levels may be altered during pregnancy and after delivery 
 
- Lithium use during pregnancy has been associated with congenital cardiac abnormalities  
 
- Lithium toxicity in newborns (lethargy, cyanosis, poor suck and Moro reflexes, cardiac   

abnormalities) 
 
 
B.  THREE ANTICONVULSANTS  used to treat Bipolar Affective Disorder 
 
- these anticonvulsant drugs work as mood stabilizers in bipolar disorder 
- * recent FDA black box warning on all anticonvulsants for a potential increased risk of    

suicide 
 
 

1.  Valproic Acid; Sodium Valproate (generic, Depakene and Depakote) 
-  the active form of the drug is thought to be the valproate ion, as sodium valproate it is fully ionized 

at body pH 
 
Pharmacological Effects: 
-  GABA reuptake inhibitor that may increase GABA content in synapse or mimic its affects at 
postsynaptic receptors.  
 
- influences 2nd messenger enzymes such as GSK-3 
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-     blocks sustained high frequency neuronal firing rates (antiepileptogenic effect). 
 
 
Pharmacokinetics 
 
-   highly protein bound (90%); displaces protein bound phenytoin resulting in an increase in       
phenytoin free fraction and potential toxicity. 
 
-  inhibits metabolism of the anticonvulsants phenytoin, phenobarbital and carbamazepine (toxic 

levels of these agents thus can be reached). 
 
Adverse Effects and Toxicity of Valproate 
 
- nausea, vomiting, diarrhea (can avoid by giving valproic acid with food or as enteric coated 

Depakote) 
- abdominal pain and heartburn 
- may produce a fine tremor, weight gain, increased appetite and hair loss   
- hepatotoxicity that may be severe (especially for those under 2 yr); pancreatitis 
- teratogenic (neural tube defect, cardiovascular, urogenital, craniofacial and skeletal 

malformations and decreased IQ in offspring)  
- some reports of blood dyscrasias (e.g. agranulocytosis) 
 
2. Carbemazepine (generic, Tegretol ) 
-  a tricyclic compound that may be used alone or in combination with lithium in refractory patients 
 
Pharamcological Effects: 
 
- reduces Na+ influx and depresses synaptic transmission; 
- reduces release of norepinephrine and excitatory amino acids such as glutamate 
- adenosine receptor agonist (caffeine is an adenosine receptor antagonist) 
 
Pharmacokinetics 
- medium protein binding (70-80%) 
 
- strong inducer of various CyP450 enzymes that are likely to increase the metabolism of other 

drugs    
  
 
Side/Toxic Effects 
- GI reactions (gastric distress, diarrhea, etc) 
- Dermatological reactions (rashes) 
- Ataxia and other neurological reactions 
- Rare, but serious & sometimes fatal blood dyscrasias (bone marrow suppression)  
- Increased risk of suicidality 
- Increased risk of neural tube defect (Spina Bifida;about 0.9%) if used during prgnancy   
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- *Overdose of the drug presents a major medical emergency and should be managed like    
overdoses of tricyclic antidepressants. 

 
FDA ALERT (12/12/07) – dangerous and even fatal skin reactions (Stevens Johnson syndrome & 
toxic epidermal necrolysis) can be cause by carbamazepine therapy; significantly more common 
patients with a particular human leukocyte antigen (HLA) allele HLA-B*1502 occurring almost 
exclusively in individuals of Asian ancestry. 
 

3. Lamotrigine (Lamacital )  - an anticonvulsant that was approved in 2003 for the long-term 
maintenance treatment of bipolar disorder and may be helpful in depression. No generic 
lamotrigine in the USA. Dose of lamotrigine is most often between 100 and 200 mg/day (up to 600 
mg/day). 
 

-    chemically unrelated to any other anticonvulsant or mood regulating medication. 
-    it seems to be effective in about two-thirds of people with bipolar mood disorders that have not        

responded to lithium or other mood-stabilizers 

-     has had been successful in controlling rapid cycling and mixed bipolar states in people who 
have  not received adequate relief from lithium, carbamazepine and/or valproate. 

Pharmacological Effects:  

-    has significantly more antidepressant potency than either carbamazepine or valproate 

-    may inhibit release of glutamate (excitatory a.a.) and inhibit voltage sensitive Na+ channels 
resulting in  stabilization of neuronal membranes that mediate presynaptic transmitter release of 
excitatory amino acids. 

Side Effects - relatively benign side-effect profile that include: 

- dizziness & headache, 
- double vision & blurred vision 
- unsteadiness 
- sleepiness 
- rash  
- vomiting         
 
Other Adverse Effects/Interactions: 

 
-  birth defects (increased risk of cleft lip or palete during 1st trimester)  
 
- alcohol may increase the severity of the side-effects of lamotrigine 
 
-     oral contraceptives can lower the plasma level of lamotrigine by as much as 50% 
 
- carbamazepine-induced enzymes (i.e. CYP3A4) can facilitate the metabolism of lamotrigine. 
     
- valproate has the ability to double plasma levels of lamotrigine 
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-    also can cause Stevens-Johnson syndrome (1 in 1000 patients) 
 
 
 
C.  ATYPICAL ANTIPSYCHOTICS  Used  to Treat Bipolar  Disorder 
 
1. Risperidone (Risperidal) -  an atypical antipsychotic approved in 2003 by the FDA for the 
treatment of the mixed and manic states associated with bipolor disorder.  
 
Mechanism of Action 
- antagonist at D2 dopamine and 5-HT2 serotonin receptors as well as 5-HT7 receptors 
 
Common Side Effects: 
drowsiness & fatigue, increased appetite, anxiety, heartburn, akathesia, insomnia, low blood 
pressure, muscle stiffness & pain, minimal to marked weight gain. 
 
 
2. Ziprasadone (Geodon) – an atypical antipsychotic used in the treatment of bipolar disorder  

Side Effects:  tired or sleepy, upset stomach, constipation or diarrhea, feeling dizzy, rash, 
restlessness, tremor or shuffling  
Drug Interactions: 
 -  carbamazepine (Tegretol) can reduce the effectiveness of Ziprasadone.  
 

-  no reported interaction problems between Ziprasadone  and Lithium or oral contraceptives. 

 
 
3. Olanzapine (Zyprexa) – an atypical antipsychotic that is FDA approved for the treatment of 

Bipolar Disorder, recent FDA approval of  generic olanzapine    
 
Drug Interactions  
- Carbamazepine may increase the metabolism of olanzapine thus making it less effective. 
 
- Common side effects are: sleepiness, dizziness and dry mouth  
 
 
4. Quetiapine (Seroquel ) - an atypical antipsychotic that received an initial indication in 2004 to 

treat the manic phase of bipolar disorder either alone or as an adjunct to lithium or 
divalproex; in 2006 received FDA approval to treat Bipolar Disorder.  

 
Seroquel XR approved on November 16, 2007 for use in acute and maintenance treatment of 

schizophrenia.   
 
Target Sites of Action 
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Antagonist actions at: D1& D2 dopamine receptors, alpha1-adrenoreceptors, 5-HT1A & 5-HT2 
serotonin receptors and H1-histamine receptors (thought to mediate its sedative properties).  

 
 
Prominent Pharmacokinetics 
- low bioavailability  
- short-half life  (6 hrs)   
 
Side Effects  
- dry mouth, sedation (most common), sleepiness and constipation  
 
Less common: abnormal liver tests, dizziness, upset stomach, risk of development of tardive 

dyskinesia with prolonged use 
 
Rare  – serious and life-threatening development of the neuroleptic malignant syndrome (NMS) 
 
Neuroleptic Malignant Syndrome: 
- Clinical manifestations of NMS are hyperpyrexia, muscle rigidity, altered mental status, and 

evidence of autonomic instability (irregular pulse or blood pressure, tachycardia, diaphoresis, and 
cardiac dysrhythmia). 

 
 

5. Aripipazole (Abilify) – approved in 2002 for mixed and manic episodes in bipolar patients; 
more recently approved as “add on” option (to antidepressants) in unipolar depression 
 
- mechanism of action different from other atypical antipsychotics (e.g. olanzapine, quetiapine,   

ziprasidone) 
 
- is a partial agonist at D2 dopamine receptors and 5-HT1A serotonin receptors and retains its         

5-HT2 antagonist properties 
  
-     has moderate affinity for histamine and alpha adrenergic receptors, but no appreciable 

anticholinergic effects. 
 
Pharmacokinetics 
- good bioavailability (90%) 
 
- metabolized primarily by CYP 3A4 and 2D6 , thus plasma concentrations of aripipazole may 

be increased by fluoxetine or paroxetine and decreased by carbamazepine  
 
 
 
Side Effects 
 Common: akathesia, headache, unusual tiredness or weakness, nausea, constipation, trouble      

sleeping, restlessness and blurred vision,   
  
Rare: neuroleptic malignant syndrome 
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6.  Combination Medications & Others 
 
Symbyax – a combination medication of olanzapine & fluoxetine approved for the treatment of 

bipolar disorder    
 
   Side Effects: Dizziness, drowsiness, diarrhea, dry mouth, constipation, increased appetite, weight 

gain or trouble sleeping 
 
  - may also cause significant weight gain and a rise in your blood cholesterol (or triglyceride) levels 
 
Drug Interactions 
- serious (possibly fatal) interactions may occur with pimozide, sibutramine, thioridazine if used 

concurently or < 5 weeks after Symbyax is discontinued.  
 
-MAO inhibitors should be stopped at least 2 weeks prior to Symbyax or not started until 5 weeks 

after Symbyax  
 
(Note: On March 1, 2004, the US Food and Drug Administration "asked all manufacturers of 

atypical antipsychotic medications to add a Warning statement describing the increased risk 
of hyperglycemia and diabetes in patients taking these medications.) 

 
The Benzodiazepines  
 –  may also be used instead of, or in addition to, antipsychotics to treat the acute manic 

phase in bipolar disorder.  
 
Diazepam (Valium ) Lorazepam (Ativan ) & Clonazepam (Klonopin)  
 
-    diazepam has more rapid onset and longer long half-life   
-    lorazepam does not undergo Phase I metabolism 
 
Non-Pharmacologic  Therapeutic Approaches: 
 
Bipolar Disorders -Electro-convulsive shock therapy (ECT).  Also requires repeated application 
(approx 6 over 2 weeks) before improvement is observed. Can be very effective for severe manic or 
depressive episodes. 
 
Anxiety Disorders - Behavioral modification, Biofeedback 
 
 
IMPORTANT DRUGS MENTIONED IN PARTS I & II 
 
 Tricyclic antidepressants (TCAs) 
 Imipramine  (Tofranil®) 

Amitriptyline  (Elavil®) 
Clomipramine  (Anafranil®) 
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Desipramine  (Nopramin) 
Doxepin  (Sinequan) 
   

 SSRIs 
 Citalopram (Celexa®) and  
 S-Citalopram (Lexapro®) 

Fluoxetine (Prozac®) 
Fluvoxamine (Luvox) 
Paroxetine (Paxil®) 
Sertraline (Zoloft®) 

 
  
 Atypical antidepressants 
 Bupropion (Wellbutrin®, Zyban®) 
 Mirtazapine (Remeron®) 

Nefazodone (Serzone®) 
 Vilazodone (Viibryd®) 
  
 Norepinephrine/serotonin reuptake inhibitors (SNRIs) 

Venlafaxine   (Effexor®) 
Desvenlafaxine (Pristig®) 

 Duloxetine   (Cymbalta®) 
  
 MAOIs (monoamine oxidase inhibitors) 
 
 Irreversible:   Phenelzine (Nardil®) 
    Tranylcypromine ( Parnate®) 
    Selegiline (l-deprenyl); Eldepryl®, Emsam® ) 
   
 Reversible (RIMA): Moclobemide  (Manerix®, in Canada) 
 
Benzodiazepines  
 
 Alprazolam  (Xanex®) 
 Clonazepam (Klonopin®) 
 Diazepam (Valium®) 
 Lorazepam (Ativan®) 
 
 
5-HT1A receptor agonist 
 
 Buspirone (Buspar®) 
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Three Classes of Drugs (and one Combo) to Treat Bipolar Disorder 
 
1. Lithium  (Eskalith®) 

 
2. Anticonvulsants 
 Carbamazepine  (Tegretol ) 
 Lamotrigine       (Lamacital )   

Valproic acid   (Depakene®, Depakote ) 
 
3. Atypical Antipsychotics 

Aripipazole  (Abilify) 
 Olanzapine  (Zyprexa) 
 Quetiapine   (Seroquel ) 
 Risperidone (Risperidal) 
 Ziprasidone  (Geodon) 

 
**Combination Drugs 

 
    Olanzapine and fluoxetine (Symbyax) 

 
 


