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Chapter 3:  Mood Disorders: Major Depression and Bipolar Disorders 

 
 Jamie is a 28 year old woman who was recently divorced 

after a 6 year marriage. She remembers feeling depressed during most of 

her high school years, especially during her senior year when she sought 

help following a suicide attempt. Jamie had an unremarkable childhood, 

her parents both worked but she was rarely alone during her pre high 

school years. She has two younger brothers; both appear without 

symptoms of depression and she has always had several close friends.  

After graduating from college with a degree in interior design Jamie has 

held several jobs and is now employed with an architectural firm.  She 

enjoys her job but feels it is getting more stressful and contributing to her 

overwhelming fatigue. 

 After Jamie’s suicide attempt she was prescribed 

medication which she took regularly for about a year.  The medication 

appeared to work somewhat, but she still felt depressed and the drug made 

her drowsy and interfered with her concentration at work. Since her 

diagnosis Jamie has gained over 50 lbs and she no longer swims or runs; 

activities she enjoyed throughout college.  She now reports that she 

doesn’t look forward to evenings with friends, travel, or even visiting her 

parents or brothers; all things she did when she was married. She spends 

her hours after work watching television and talking with girlfriends on 

the phone. She gets little pleasure from reading and finds she is often 

distracted by extreme loneliness and sadness.  Although Jamie has had no 

other suicide attempts she has contemplated it frequently since her divorce 

as the only solution to her pain. During these periods she finds herself 

soothed by chocolate which she blames for her weight problem. 

 

 Jamie’s case is not untypical. She has done well in her job, has a number of close 

friends, and is relatively healthy. In fact, most of her co workers and friends would not 

consider her to be depressed. She is seeking help again now because she wants more from 

her life. She is tired of being alone and would like to begin dating and hopefully find 

another romantic partner.  She doesn’t like being with herself and feels no one else would 
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like to be with her either. She also hopes that treatment will help her loose weight since 

attempts at dieting have failed.   

  

 Depression is the most common of the psychological disorders affecting the lives 

of nearly everyone. It affects us because we are either among the many who live with 

depression or because it affects family members or close friends.  Nearly one out of every 

10 adults each year is diagnosed with depression and many more may go undiagnosed.  

The lifetime prevalence (at least one occurrence during one’s lifetime) is as high as 17%, 

affecting about 24% of all women and 12% of all men. Depression can occur at any age, 

but it first appears most frequently in late adolescence and early adulthood.  It contributes 

significantly to suicide risk, which is the third leading cause of death in adolescents and 

young adults. Depression is also a major contributor to substance use disorders (for 

instance, alcohol, methamphetamine, cocaine, and opiate abuse) and to eating disorders 

including obesity and bulimia. Because depression adversely affects the lives of so many, 

it is no surprise to learn that the economic impact of depression on the productivity of our 

workforce and to our healthcare systems is estimated to exceed $40 billion annually.  On 

the other hand, the sales of prescription drugs to treat depression are escalating and now 

exceed $20 billion each year.   

 This chapter discusses several severe mood disorders emphasizing major 

depressive disorder and bipolar disorder.  We will examine their diagnostic criteria, 

their pathology, and the pharmacological approaches to their treatment.  Other depressive 

disorders, including dysthymic disorder, are not discussed here because their pathology 

and treatment do not differ significantly from that of major depressive disorder.    
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Major Depressive Disorder  

Defining and Diagnosing Depression 

 The point at which someone who is experiencing symptoms of depression 

becomes diagnosed with major depressive disorder is never clear and will vary 

depending on who is making the clinical judgment.  This is because the symptoms of 

depression are subjective and assessing them through patient interviews can be 

challenging. The diagnostic criteria for depression, and for all other psychiatric disorders, 

are presented in the Diagnostic and Statistical Manual of Mental Disorders (DSM). The 

DSM, published by the American Psychiatric Association, is widely accepted as the 

standard guide for defining and diagnosing all recognized behavioral and psychological 

disorders. Presently the DSM is in its 4
th

 text revision (DSM-IV-TR).   

 The diagnostic criteria for major depressive disorder (unipolar depression) 

require that an individual experience at least five of the following symptoms on most 

days during the 2-week period leading to the diagnosis:  

1. A depressed mood for most of the day.  This may be characterized by a persistent 

sadness or irritability, a tendency to cry easily, and a feeling of hopelessness and 

discouragement.  Some patients describe their mood as “gray” meaning it lacks 

any change in emotion. 

2. A diminished interest and pleasure in most activities. This includes recreational 

activities that were previously enjoyed (e.g., golf, tennis, or skiing) as well as 
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social activities with friends and family. Depression may also contribute to a 

diminished interest is sexual activity. 

3. A significant change in appetite and weight.  Although appetite and weight often 

increase during depressive episodes, some may experience a diminished appetite 

and unwanted weight loss.  In some cases carbohydrate cravings may occur and 

this could be associated with serotonin depletion.  As we saw in Chapter 1, 

carbohydrate diets can contribute to increases in serotonin synthesis and 

availability. 

4. Either insomnia or hypersomnia.  A disruption in normal sleeping patterns is 

common in all types of depression as well as in non depressed individuals. 

Because sleeping difficulties can be caused by many things including diet, alcohol 

consumption, medication, a lack of physical activity, and stress their prevalence in 

depression is not surprising. Chronic sleep problems, whether insomnia or 

hypersomnia, can exacerbate other symptoms of depression making them even 

more debilitating. 

5. Motor agitation or retardation that is observable by others. Often patients don’t 

recognize these changes in their behavior.  Increased agitation or lethargy may be 

more noticeable by others. Pacing, frequent urges to get up and move about, or 

the inability to complete tasks are examples of behavioral agitation. The inability 

to initiate activities, excessive sleep, or sitting for hours at a time are examples of 

behavioral retardation. 

6. Fatigue or diminished energy. Very common in depression, these symptoms are 

often described as a lack of motivation or excessive tiredness and are clearly 
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related to other symptoms listed here.  Some patients experience such extreme 

fatigue they may spend much of their day inactive or in bed. 

7. A diminished ability to think or to concentrate.  Concentration may be frequently 

disrupted by thoughts of guilt or remorse or the urge to move. Depression makes 

most activities and work difficult contributing to a loss of productivity and the 

enjoyment most of us get from work and our leisure activities. 

8. Feelings of helplessness, worthlessness, or guilt. Depressed individuals often 

describe their lives as worthless and without significant meaning. In addition, they 

feel that their efforts rarely result in gratification. Efforts to do well in school or 

work begin to diminish leading to even less gratification and less future effort.    

9. Recurrent thoughts of suicide or an attempted suicide. Most everyone has thought 

of suicide at some point in their life but depression is often associated with 

persistent suicide thoughts and plans. Suicide attempts are a clear sign of 

depression and must always be taken seriously. Over 30,000 people commit 

suicide each year making it the third leading cause of death among our youth.   

  

 We all experience these symptoms from time to time throughout our lives. They 

can be associated with the loss of a significant other, the breakup of a relationship, or 

with the unexpected termination of employment.  Depression associated with significant 

changes in one’s life does not typically escalate into a major depressive disorder even 

though it can be disruptive and make normal daily activities difficult. This reactive 

depression is relatively transient, often disappearing on its own within a few weeks or 

months without treatment.  Moreover, reactive depression tends to be intermixed with 
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periods of normal mood.  Major depressive disorder is much more persistent and 

debilitating, and although it can go into a remission, during a depressive episode there is 

little or no relief from its symptoms.   

 Major depressive disorder is often accompanied by anxiety. The anxiety may be 

related to an unrealistic fear of public or open places as in agoraphobia, for example, or 

it may be generalized in that there are no particular contexts or occasions that bring it 

about. Generalized anxiety can be acute and is often associated with greatly elevated 

sympathetic activity. In these instances it is difficult to know whether the feelings of 

anxiety follow the elevated sympathetic response or contribute to it.  We mention anxiety 

here because when depression occurs with significant anxiety it may be treated 

differently than when depression is the only or primary feature of the disorder.  Anxiety 

disorders and their treatment will be discussed in a later chapter. 

 

Pathology of Major Depressive Disorder: Monoamine Hypothesis 

 

 Most of the evidence available today suggests that abnormalities in the 

serotonergic and/or noradrenergic systems, including the brain structures that they 

innervate, underlie severe depression.  Beginning in the 1960 researchers began to 

speculate that these neurotransmitter systems were involved in depression since drugs 

that were effective in its treatment altered neurotransmitter availability and breakdown. 

Likewise, drugs that depleted neurotransmitter availability could cause depression-like 

symptoms. These observations led to the prominent monoamine hypothesis of 

depression. According to this hypothesis, deficiencies in the monoamine (single amine 
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group in their molecular structure) neurotransmitters dopamine, norepinephrine, and/or 

serotonin would be sufficient to cause depression. Some of the earliest evidence for this 

hypothesis came from observations of patients being treated for high blood pressure with 

the drug Reserpine. As you recall from Chapter 1, Reserpine not only reduces blood 

pressure, it also blocks the vesicular transport of monoamine neurotransmitters into 

synaptic vesicles. Left in the terminal button, these monoamines get degraded by MAO 

resulting in a depletion of available neurotransmitters. One serious side effect observed in 

patients being treated with Reserpine is depression.  This drug-induced depression 

disappears quickly once Reserpine treatment is discontinued.  Although Reserpine is not 

used as an antihypertensive today, it is still used in animal studies to examine the effects 

of amine depletion on behavior.  

 The consideration of the monoamine neurotransmitters as factors in depression 

was also reasonable given their distributions throughout the limbic system and frontal 

cortex—areas known for their roles in behavioral arousal, emotion, and motivation. 

Because Reserpine non-specifically depletes monoamine neurotransmitters, the earliest 

versions of the monoamine hypothesis could not distinguish which of the monoamine 

neurotransmitters were involved in behavioral depression nor could they suggest how 

these deficiencies caused it.   

 Since its inception, the monoamine depletion hypothesis has generated 

considerable support and it is presently the most widely accepted account of the 

pathology of depression.   And although this hypothesis has undergone revision there is 

still no consensus about its details. Depression may actually result from several different 

alterations in the structure and function of monoamine neurotransmitter systems and in 
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their target neuronal structures.  It is becoming increasingly clear, however, that 

depression is a neurological disease that may be reversible or partially reversible by 

pharmacotherapy in many patients.  

 

Revised Monoamine Hypothesis of Depression 

 One observation that has plagued the monoamine hypothesis since its beginning 

has been that even though antidepressant treatment produces rapid changes in 

neurotransmitter availability, the symptoms of depression do not disappear as quickly. 

The lag time between drug-induced changes in neurotransmitter availability and any 

corresponding changes in symptoms may be two weeks or longer.  If depression were 

merely the result of monoamine depletion, we would expect more rapid improvement. 

What kinds of neuronal changes might take longer to be expressed? 

 The most recent revisions to the monoamine hypothesis propose that depression 

may be a consequence neural degeneration in the hippocampus and in the frontal cortex 

caused by monoamine neurons in these areas failing to produce sufficient amounts of 

tropic or growth factors.  One protein that has received considerable attention is brain-

derived neurotropic factor (BDNF) which is a nerve growth factor essential for normal 

cell survival, receptor growth, and for the growth of new neurons.   Brain-derived 

neurotropic factor acts within the cell nucleus to maintain normal cell functioning and to 

facilitate synaptic growth by signaling the expression of new receptor sites. The synthesis 

of brain derived neurotropic factor is dependent on a series of cellular events beginning 

with the influx of Ca
++

 upon activation of monoamine metabotropic receptors. Ca
++

 in 

turn activates second messengers which regulate the transcription of BDNF from the 
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cell’s DNA.  The second messenger mediating BDNF transcription appears to be a 

protein called CREB which stands for cyclic adenosine monophosphate (or cAMP) 

response element binding protein (Tao et al., 1998).  In summary, down regulation of 

monoamine neurons may lead to further down regulation of an essential growth factor in 

neurons in the hippocampus and the frontal cortex. This down regulation disrupts 

neuronal signaling and plasticity and may lead to cellular degeneration.  

 

 

 

Figure 1:  The neurotropic factor BDNF regulates receptor growth and expression. 

Activation of monoamine metabotropic receptors allows for the influx of Ca
++

 which 

activates second messenger systems and an increase in CREB and BDNF synthesis. 

BDNF is essential for the expression of new receptors, cell maintenance, and cell 

survival. 

 

 Downregulation of monoamine activity also occurs as a result of neuronal 

inhibition by autoreceptors. As you recall from Chapter 2, autoreceptors both on the soma 

and on terminal buttons regulate neuron excitability and the amount of neurotransmitter 
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synthesized and released from the terminal button. Patients with major depression may 

have increased numbers of these autoreceptors which may contribute to decreases in both 

serotonin and norepinephrine release. Chronic treatment with antidepressants 

downregulates these autoreceptors resulting in increased post synaptic activity (Levin et 

al., 2007).   

 How do depressed patients get down regulated BDNF transcription and the 

cascade of neuronal consequences resulting from it? There are several possibilities 

including genetic pre dispositions to autoreceptor expression and to down regulated 

BDNF transcription or to the CREB activity which regulates it.  Evidence to support this 

comes primarily from animals that have been genetically altered to not express the BDNF 

gene (knockout mice). These animals demonstrate depression-like behavior and a 

resistance to antidepressant treatment. Both of these effects are consistent with the idea 

that BDNF downregulation contributes to depression and that antidepressant treatment 

can reverse it (Monteggia et al., 2007). Additionally, environmental stress has been 

shown to contribute to BDNF downregulation.  Animals exposed to stressors including 

maternal separation or forced swimming show decreased CREB and BDNF activity 

suggesting that chronic stress may contribute to behavioral depression by altering BDNF 

transcription from DNA (Nair et al., 2007).  The stress hormone contributing to BDNF 

down regulation and to cell damage appears to be the glucocorticoid, cortisol (Haynes et 

al., 2004; Schule et al., 2006). 

 Evidence for decreased or down regulated synthesis of BDNF in depression 

comes from both animal and human studies. For example, patients with depression have 

low levels of BDNF in their blood when compared to non depressed subjects and those 
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patients with recurring depression have even lower levels (Lee et al., 2006, 2007; Post, 

2007; Yoshida et al., 2007).  Antidepressant therapy acts to both down regulate pre 

synaptic autoreceptors and to stimulate the formation of BDNF, reinstating normal cell 

functioning and growth.  The lag time between the initiation of antidepressant treatment, 

and the neuronal adaptations resulting from it, correspond well with improvements in 

mood.  

 

Figure 2:   BDNF levels in depression (mean pg/mL +- SE). Blood plasma levels of 

BDNF decrease as the severity of depression increases.  (From Lee et al., 2006) 

 

 Animal studies continue to play an important role in pharmacology research and 

drug development.  Experimental methods and the measurement of behaviors indicative 

of depression have also become more standardized.  For example, chronic mild stress, 

forced swimming, and the removal of the olfactory bulbs have all been effectively used to 

induce behavioral symptoms of depression.  These symptoms include decreases in forced 

swim time, decreases in sexual behavior, depressed appetite, and impairments in learning 

and memory (see Figure 3).  In addition to inducing behavioral depression these 

manipulations have been shown to suppress the synthesis of BDNF in several brain 

regions.  Chronic, but not acute, treatment with antidepressant drugs appears to reverse 
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both the down regulation of BDNF synthesis and the symptoms of depression in these 

experimental animals (Grønli et al., 2006; Khundakar et al., 2006; Rogóz et al., 2005).  

 

Figure 3: Antidepressants significantly decrease immobility in a forced swim challenge 

with laboratory rats (data from Porsolt et al., 1977). 

 

 It appears that all antidepressants have the ability to downregulate autoreceptor 

expression and to activate the second messenger systems which lead to BDNF synthesis. 

These neuronal adaptations may be the critical mechanisms of antidepressant action 

(Blom et al., 2002; Nibuya et al.;, 1998; Thome et al., 2000; Thomas et al., 2003; 

Tiraboschi et al., 2004).  Long-term, but not acute, antidepressant treatment may act to up 

regulate BDNF transcription and synthesis by activating CREB directly or by increasing 

Ca
++

 influx which then activates CREB. Increases in BDNF activity promote the growth 

and expression of postsynaptic serotonin receptors thereby enhancing serotonergic 

neurotransmission (Altar, 1999; Koponen et al., 2005).   
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Pharmacological Treatment of Major Depressive Disorder 

 In the following sections we begin to review the history and the evolution of drug 

development and the pharmacological treatment of depression. The first drugs used to 

treat depression were introduced in the late 1950s well before their mechanisms of action 

were understood.  As the monoamine neurotransmitters and their pathways were being 

described in the 1960s drugs were becoming used both as research tools to investigate the 

functions of neurotransmitter systems as well as for therapy for a variety of behavioral 

disorders. This interrelationship between drug development and neuroscience research 

continues to the present.  

 

Tricyclic Antidepressants 

 The tricyclic category of antidepressant drugs all share a common three-ring 

molecular structure from which they derive their name and classification.  Discovered in 

the late 1950s these drugs were first used unsuccessfully to treat schizophrenia.  Their 

ability to treat major depression was discovered quite by accident in hospitalized patients.  

The tricyclic antidepressants include about 8 compounds each marketed under different 

brand names. Imipramine, the first tricyclic antidepressant produced, is currently 

marketed under several brand names including Imipramin, Deprinol, and Tofranil. Other 

tricyclics, their common brand names, and their pharmacokinetics are included in Table 

1. These drugs differ only slightly in their molecular structure and their mechanisms of 

antidepressant action are all essentially the same. They differ only in their relative 

specificities for different monoamine neurotransmitters and in their side effects on 

acetylcholine and histamine receptors. 



 14 

 

   Imipramine 

 

   Amitriptyline 

 

Figure 4: Tricyclic Antidepressant Chemical Structure 

 

 

Mechanisms of Tricyclic Antidepressant Action 

 All tricyclic antidepressants bind effectively to the reuptake transporter proteins 

for both norepinephrine and serotonin. By competitively binding to transporter proteins 

they interfere with the normal reuptake of these neurotransmitters thereby increasing the 



 15 

duration they remain in the synaptic gap.  The longer neurotransmitters remain in the 

synapse, the longer they may exert their effects on pre and post synaptic receptors.   

Because blocking reuptake of neurotransmitters is an immediate effect of antidepressant 

treatment and their effects on symptoms of depression, if they occur at all, are often 

delayed by several weeks, it is believed that their antidepressant effects result from 

synaptic adaptations and neuronal growth following the downregulation of pre synaptic 

autoreceptors and the upregulation of BNDF synthesis (see Figure 6).   

 

Figure 5: Imipramine significantly increased BDNF synthesis in all hippocampal areas 

examined. Data from Russo-Neustadt et al., (1999). 

 

Side Effects of Tricyclic Antidepressants 

 While the antidepressant action of the tricyclic antidepressants appears to be their 

effects on reuptake mechanisms, they also block both histamine and acetylcholine 

receptors to some extent. Histamine blockade (an antihistamine effect) produces 

drowsiness and fatigue in most patients. This antihistamine effect can be minimized to 

some degree by taking it at night rather than early in the day.  If insomnia and agitation 

are part of the complex of symptoms this may actually be an attractive side effect.  In 

addition, tricyclic antidepressants block acetylcholine receptors and may cause dry 

mouth, dizziness, hypotension, constipation, blurred vision, and difficulties with 

concentration and memory formation.  While all of these cholinergic effects are 

unwanted they are experienced to varying extents by patients. Some patients may find 

that their effectiveness and their relatively low cost outweigh their annoying side effects 

while others may find them intolerable. 
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 Overdosing with tricyclic antidepressants can, and does, occur and may lead to 

seizures, cardiac arrhythmias, severe hypotension, and even death. Unintentional 

overdose would be quite rare, however, since there is a relatively wide therapeutic index 

(AD50 to LD50) for these drugs. The toxic effects of the tricyclics drugs are typically seen 

at doses exceeding ten times their normal dose (i.e., 1000 mg or more).   

 

 Tricyclic Antidepressants 

Drug Name 

Common Trade 

Names Half-life hours 

Amiltriptyline Elavil 10-28 

Desipramine Norpramin 24 

Doxepin Sinequan 8-24 

Imipramine Tofranil, Imipramin 10-20 

Nortriptyline Pamelor 36 

Protriptyline Triptil, Vivactil 74 

Trimipramine Surmontil 7-23 

 

Table 1: Tricyclic Antidepressants 

 

Monoamine Oxidase Inhibitors (MAOIs) 

 Monoamine oxidase inhibitors (MAOIs) were also developed in the late 1950s 

and found by coincidence to function as antidepressants. Iproniazid, the first MAOI, was 

actually developed to treat tuberculosis.  Unexpectedly, Iproniazid was observed to have 

mood-elevating and psychostimulant effects and was soon after recruited to treat major 

depression.  Because of often severe and even life-threatening side effects, and newer 

alternatives for pharmacotherapy, these drugs have only limited usefulness today.  

 

Mechanisms of MAOI Antidepressant Action 
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 Monoamine oxidase is produced by all monoamine neurons and functions to 

deaminate (remove the amine group) these neurotransmitters within the terminal button.  

The amount of monoamine available for storage and release is therefore regulated by 

MAO. Monoamine oxidase inhibitors (MAOIs) prevent this oxidative reaction resulting 

in increased availability of these neurotransmitters for storage and release. There are two 

subtypes of monoamine oxidase which preferentially deaminate different monoamines: 

Monoamine oxidase-A (MAOA) deaminates norepinephrine, dopamine, and serotonin 

while MAO-B demanites dopamine and phenylanine, but has less specificity for 

norepinephrine and serotonin. The early MAOIs inhibited both MAO-A and MAO-B 

equally but newer MAOIs have been developed to be more specific in attempts to reduce 

their side effects. Monoamine oxidase inhibitors are typically irreversible meaning that 

once they deactivated MAO the enzyme remains unavailable in the terminal button until 

it has been replaced. The resynthesis of MAO may take as long as several weeks. 

Reversible MAOIs have been developed but they are not commercially available in the 

United States. Presumably the MAO inhibiting effect could be more carefully regulated 

by dose with reversible MAOIs (see Table 2). 

 As with the tricyclic antidepressants, the lag time from initial treatment to the 

observation of therapeutic effects, if observed, is typically about two weeks which 

corresponds to the time for synaptic adaptations resulting from downregulated 

autoreceptor expression and to upregulated BDNF synthesis.   

 

 

Side Effects of MAOI Antidepressants 
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 The MAOIs all have significant and sometimes serious side effects including 

sedation and fatigue, dizziness, movement disorders including tremors, blurred vision, 

decreased libido, dry mouth, and weight gain.  A more serious side effect may occur if 

MAOIs are taken with foods containing tyramine (derived from the amino acid tyrosine), 

an amine formed as a by product of fermentation. Foods such as cheese, yogurt, aged 

meats, certain breads, wine, and even some fruits contain tyramine which is normally 

deaminated in the liver by MAO. However, MAOIs deactivate even liver MAO resulting 

in excess levels of tyramine which may increase norepinephrine storage and release. 

Excessive norepinephrine activity can cause severe headaches, sweating, nausea, and a 

hypertensive crisis which can cause a stroke.   

 A newer selective MAOI called selegiline was approved in an oral formulation by 

the FDA in 2003 for treating Parkinson’s disease and again in 2006 as a skin patch for 

treating major depression. Selegiline acts primarily on MAO-B so it increases dopamine 

storage and release without interacting with tyramine-containing foods as significantly as 

do nonselective MAOIs. At higher doses selegiline also inhibits MAO-A producing its 

antidepressant effect.  The other side effects associated with nonselective MAOIs 

including dry mouth, decreased libido, weight gain, and fatigue do not appear to be as 

bothersome with selegiline. 
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 Monoamine Oxidase Inhibitors (MAOIs) 

Drug Name 

Common Trade 

Names Selectivity 

Isocarbazid Marplan MAO-A, MAO-B 

Phenelzine Nardil MAO-A, MAO-B 

Selegiline Eldapril MAO-B 

Tranycypromine Parnate MAO-A, MAO-B 

   

Note: Because these MAOIs are irreversible, elimination half-life does not affect their clinical 

effectiveness. 

 

Table 2: Monoamine Oxidase Inhibitors (MAOIs) 

 

Serotonin Specific Reuptake Inhibitors (SSRIs) 

 By the late 1970s researchers were beginning to distinguish between the behavior 

stimulating and mood elevating effects of antidepressants which acted on both the 

noradrenergic and serotonergic systems. It was believed that the behavior stimulating 

effects were mediated by blocking norepinephrine reuptake while the mood enhancing 

effect was mediated by serotonin.  In attempts to target these systems individually 

research focused on developing drugs to specifically enhance serotonin (or 5-HT) 

neurotransmission while at the same time minimizing effects on histamine and 

acetylcholine receptors which mediated most of the troublesome side effects.  In 1988, 

after over ten years of pharmacology research, fluoxetine (Prozac) was approved for the 

treatment of major depression.  Since the development of Prozac a number of similar 

compounds have been developed and approved for the treatment of depression as well as 

other psychological disorders (see Table 3).  These drugs are known as second 

generation antidepressants. These drugs differ considerably from the first generation 

MAOIs and tricyclics in their mechanisms of antidepressant action as well as their effects 
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on histamine and acetylcholine receptors. Additionally, second generation antidepressants 

were developed specifically for treating depression unlike the MAOIs and tricyclics 

which were developed to treat other diseases and only later identified for their 

antidepressant effects. With the development of these second generation compounds 

came the first significant advance in the 30 year history of treating depression with drugs. 

 

Mechanisms of SSRI Antidepressant Action 

 As their name implies, SSRIs were developed to specifically inhibit the reuptake 

of serotonin by competitively binding with the serotonin transporter protein. This 

competitive binding effectively blocks the reuptake of a significant amount of 

extracellular serotonin leaving it available to engage pre and post synaptic receptor sites 

for longer durations.  The SSRIs do not specifically target subtypes of serotonin 

receptors, so they effectively increase serotonin activity at 5-HT1, 5-HT2, and 5-HT3 

receptor types. Recall from Chapter 2 that the 5-HT1 receptor types function both as 

metabotropic postsynaptic receptors and as inhibitory autoreceptors. It is believed that the 

antidepressant effects of SSRIs are primarily mediated by the 5-HT1A receptor types 

while some of their adverse side effects may be mediated by 5-HT2 receptors. 

Specifically, the 5-HT1A autoreceptor is believed to be over expressed in major 

depression resulting in excessive inhibition of serotonergic neurons in the raphi nucleus, 

amygdala, and hippocampus. Chronic treatment with SSRIs leads to downregulation of 

these inhibitory autoreceptors and a corresponding increase in serotonergic activity.   

Selectively blocking the effects of SSRIs on 5-HT2 receptors may enhance the 
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effectiveness of SSRI treatment and decrease some unwanted side effects (Levin et al., 

2007; Marek et al., 2005; Parsey et al., 2006).   

 In summary, SSRIs increase serotonergic activity by blocking the reuptake 

transporter leaving serotonin in the synapse for longer durations. Increases in serotonin 

activity results in neuronal adaptations and downregulation of 5-HT1A autoreceptors. The 

5-HT2 type receptors may mediate many of the troubling side effects associated with 

SSRI use. Research employing selective 5-HT2 antagonists in combination with SSRIs 

further confirms the role of 5-HT1 receptors in major depression and provides promise for 

an even more effective therapy with reduced side effects. Drugs with this property will be 

described in the next section. 

 

Figure 6: 5-HT1A autoreceptors may be over expressed in depression contributing to 

decrease serotonin activity. SSRIs downregulate inhibitory 5-HT1A autoreceptors in 

several regions of the brain including the hippocampus, raphe nucleus, and the amygdala.  

 

Side Effects of SSRI Antidepressants 

 All antidepressants thus far have had significant side effects and the SSRIs are not 

going to be an exception. As mentioned above most of the side effects including sexual 
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dysfunction in males, decreased libido, gastrointestinal problems, decreased appetite, 

insomnia, and agitation are primarily mediated by the 5-HT2 receptor types. Additionally, 

a life-threatening condition referred to as serotonin syndrome, which is a toxic reaction 

caused by excessive serotonin activity, may occur. Symptoms of serotonin syndrome 

include disorientation, confusion, visual disturbances, severe agitation, mania, 

hypertension, hyperthermia, cold sweats, and diarrhea.  In severe cases serotonin 

syndrome can lead to a coma and perhaps death. This syndrome is most probable when 

SSRIs are taken with other medication that can increase serotonin activity, including all 

non SSRI antidepressants and St. John’s Wort, an herbal remedy for depression (Izzo, 

2004). However, serotonin syndrome can also occur as an overdose to any SSRI taken 

alone.  

 In recent years there has been a considerable attention surrounding cases of 

suicide in children and adolescents taking SSRIs. In fact, in early 2004 the Food and 

Drug Administration (FDA) issued a warning that antidepressant drugs significantly 

increased the risk of suicide ideation and suicidality in children and adolescents. In 2007 

this warning was revised to included warnings about increased risks of suicide ideation 

and attempts in young adults ages 18 to 24. Additional language was added stating that 

scientific data did not show this increased risk in adults older than age 24, and that adults 

ages 65 and older taking antidepressants actually have a decreased risk of suicidality.  

The contribution of SSRIs to suicidality is quite small (e.g., Tiihonen et al., 2006) and not 

all studies have found it (e.g., Nilsson et al., 2004). In a recent analysis of all research 

published between 1988 and 2006 investigators found no significant difference in 

suicidality between adolescents with major depression taking antidepressants and those 
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taking placebos. Antidepressants were found to be more effective than placebos in 

treating symptoms of depression, however (Bridge et al., 2007).  

 Since the regulatory warning regarding SSRI and suicide risk was issued, SSRI 

prescriptions rates for adolescents have dropped significantly (about 22% for 2003-2004). 

During this same time researchers report a concerning increase in suicides by this age 

group. In the U.S., suicide rates among youth increased by 14% between 2003 and 2004 

corresponding drop in prescription rates (Gibbons et al., 2007).   

 

 

Figure 7:  Suicide rate among youth in the U.S. (5-19 years of age). From Gibbons et al., 

(2007). 

 

 Clearly the debate about whether antidepressants can increase suicide ideation and 

attempts will continue with mixed results well into the future. Suicidality is a common 

symptom of major depression in all age groups and must always be considered sincerely 

in any treatment program. 
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Serotonin Specific Reuptake Inhibitors (SSRIs) 

Drug Name Brand Name Half-life 

Citalopram Celexa 23-45 hrs 

Escitalopram Lexapro 27-32 hrs 

Fluoxetine Prozac 24-48 hrs * 

Fluvoxamine Luvox 9-28 hrs 

Paroxetine Paxil 24 hrs 

Sertraline Zoloft 22-36 hrs 

  

* active 

metabolite 

 

Table 3: Serotonin Specific Reuptake Inhibitors (SSRIs) 

 

Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs) 

 The most recent additions to the antidepressant arsenal come from attempts to 

minimize drug side effects, shorten the lag time in therapeutic effectiveness, as well as to 

increase the range of symptoms treated.  Depression often includes both depressed mood 

and depressed behavior. For instance, overwhelming fatigue, excessive sleepiness, and 

prolonged sleep duration can be quite common in depressed patients. Increasing 

noradrenergic activity promotes arousal by enhancing the activity of the reticular 

activating system. While drugs that target norepinephrine more specifically, such as 

amphetamine, are not affective in treating depression, the SNRIs, which block the 

reuptake of both serotonin and norepinephrine, are.  Additionally, because the 

antagonism of acetylcholine and histamine receptors, and increasing the activity of 5-

HT2-3 receptors, mediate most of the troublesome side effects of antidepressants, new 

dual-action drugs are being designed to evade these receptor effects.  
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Mechanisms of SNRI Antidepressant Action 

 The SNRIs all differ considerably in their effects on serotonin and norepinephrine 

neurons and several also increase dopamine activity to some extent. Duloxetine 

(Cymbalta) was approved in 2004 for treating depression and neuropathic pain. Its 

mechanisms of action include blockade of the serotonin and norepinephrine reuptake 

transporters as well as the reuptake transporter for dopamine. Dopamine activity in the 

frontal cortex may also be increased indirectly by increasing noradrenergic activity to 

those neurons.  

 Because duloxetine does not antagonize 5-HT2 and 3 receptors, as do the other 

SNRIs, sexual dysfunction in men and decreased libido in both sexes may still occur. In 

addition, duloxetine can cause nausea, intestinal upset, hypertension, and sedation.   

 

Mirtazepine 

 Mirtazepine (Remeron) is a unique antidepressant that increases noradrenergic 

and serotonergic activity by blocking both noradrenergic -2 and 5-HT1A autoreceptors 

that normally decrease neurotransmitter synthesis and release.  Mirtazepine also 

antagonizes 5-HT2-3 postsynaptic receptors, thereby decreasing some of the most 

troublesome sexual side effects associated with SSRIs.  

 

Nefazodone  

Nefazodone (Serzone) not only blocks the reuptake transporters for both serotonin 

and norepinephrine; it also acts as a 5-HT2-3 antagonist. By blocking 5-HT2-3 receptors 

the side effects associated with SSRI treatment are minimized. In particular, the adverse 
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effects on sexual functioning and libido are reduced with nefazodone when compared to 

SSRI antidepressants (Clayton et al., 2006).  Because of a risk of liver toxicity, however, 

Nefadodone was withdrawn in Canada in late 2003 and it was subsequently discontinued 

in the United States in 2004. Nefazadone it is still available under other brand names in 

some countries.  

 

 With the major difference between the SSRIs and the SNRIs being their 

effects on norepinephrine reuptake, these drugs appear to contribute to the same neuronal 

adaptations as other antidepressants.  And, although their side effects may not be as 

bothersome, they are no more effective than any of the other antidepressants that we have 

already mentioned. Ultimately all antidepressant contribute to upregulation of BDNF 

synthesis and the neuronal growth and adaptation that it promotes.  Several additional 

dual action antidepressants are listed in Table 4.  

 

Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs) 

Drug Name Brand Name Receptor Effects Half-life 

Duloxetine Cymbalta NE, 5-HT, & DA reuptake blockade 12 hours 

Mirtazepine Remeron 

Blocks α-2 NE & 5-HT1 

autoreceptors, and 

5-HT2-3 antagonism 20-40 hours 

Nefazodone Serzone
+
 

NE & 5-HT reuptake blockade, and 

5-HT2-3 antagonism 12 hours* 

Venlafaxine Effexor 
NE & SE reuptake blockade, DA 

reuptake blockade is weak 3-7 hours* 

 

+
 No longer 

available in the 

US or Canada  

* Active 

metabolite 

 

Table 4: Serotonin (SE)-Norepinephrine (NE) Reuptake Inhibitors (SNRIs) 
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Atypical Antidepressants 

 Not all antidepressants alter the availability or the activity of serotonin and 

norepinephrine as the antidepressants thus far discussed do. Because their mechanisms of 

action don’t follow this traditional approach, these drugs are often referred to as atypical 

antidepressants.  Originally the SNRIs were classified as atypical because of their 

effects on both norepinephrine and serotonin but now they are classified by their dual 

mechanisms of action. There are a few atypical antidepressants that are available today.  

Only one of these, bupropion, will be discussed in any detail. Others are listed in Table 5. 

 

 

Bupropion  

Bupropion has been approved for the treatment of depression (as Wellbutrin) and 

to diminish cravings associated with smoking cessation (as Zyban).  Bupropion is as 

effective as other antidepressants but its mechanism of action is quite different. 

Bupropion acts primarily as a selective dopamine reuptake inhibitor by blocking the 

dopamine transporter protein. It acts to a lesser extent to inhibit the reuptake of 

norepinephrine (Stahl et al., 2004). Bupropion also acts as an antagonist on acetylcholine 

nicotinic receptors. Because bupropion does not act on serotonergic receptors it has few 

of the side effects associated with SSRIs and SNRIs.  In fact, bupropion may act to 

enhance sexual functioning and libido and may be used with SSRIs to augment their 

effectiveness and to diminish their side effects (Clayton et al., 2004). Interestingly, 

although bupropion does have stimulant properties, it does not possess the reinforcing 

properties or the abuse potential associated with other dopamine-norepinephrine agonists 
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such as amphetamine and cocaine.  Perhaps this is due to its relatively slow absorption 

rate and to its lower occupancy of transporter sites compared to these abused drugs. 

Notable side effects caused by buropion include restlessness, agitation, motor tics 

or tremors, decreased appetite and weight loss, abdominal discomfort, and rare seizures.  

Because of these effects bupropion is not used with patients exhibiting anxiety, panic 

disorder, or manic episodes.  

 

 Atypical Antidepressants  

Drug Name Brand Name Receptor Effects Half-life 

Amoxapine Asendin Blocks norepinephrine reuptake 8 hours* 

Bupropion 
Wellbutrin 

Zyban 

Blocks dopamine reuptake, 

partially blocks norepinephrine 

reuptake, blocks nACh receptors 10-14 hours* 

Maprotiline Ludiomil 

Blocks norepinephrine reuptake 

(NRI) 51 hours 

Reboxetine 

Norebox, 

Edronax 

Blocks norepinephrine reuptake 

(NRI) 13 hours 

Trazodone Desyrel 
Blocks 5-HT reuptake, blocks 5-

HT2 receptors 3-9 hours 

   
*active 

metabolite 

 

Table 5: Atypical Antidepressants 

 

How effective are antidepressants? 

 There is little doubt that treating major depression with medication is effective 

and literally tens of thousands of scientific articles support their use. However, it is also 

well known that not all patients respond to medication.  Most available research suggests 

that as many as 40% of patients with major depression will not respond to initial 

antidepressant therapy and for others the effectiveness of medication can diminish over 

time.   This rate of non-responding is certainly high but it can be misleading since many 
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patients who, after initial therapy, were labeled as non-responders do in fact respond to a 

different antidepressant (Rosack, 2002; Ruelaz, 2007).   

 Another complication in interpreting the effectiveness of antidepressants is the 

observation that many placebo-treated patients improve throughout their initial treatment 

period.  Well-designed studies on the effectiveness of medication must include placebo 

controls to rule out effects not attributable to the drugs being investigated.  According to 

Kirsch and Sapirstein (1998), placebos accounted for about 75% of antidepressant 

effectiveness in the19 clinical trials they investigated. They concluded that the remaining 

25% might be attributable to active placebo effects as opposed to antidepressant effects.  

Active placebo effects include perceptible side effects of a drug that do not contribute to 

its clinical effectiveness. For example, sedation, dry mouth, and dizziness may lead 

patients to believe their medication is working because these side effects are common 

with antidepressants. Consequently, they might report fewer, less severe symptoms than 

patients taking inert placebos which do not cause these effects.   

 Clearly not all researchers are as critical of antidepressant effectiveness.  More 

recent research comparing the effectiveness of antidepressants vs. placebos in over 7000 

patients found that antidepressants provided a more sustained treatment effect for major 

depression than did placebos, which tend to loose their effectiveness quickly (Papakostas 

et al., 2006). In summary, methodological issues continue to plague research on the 

efficacy of antidepressants but the vast majority of research confirms their effectiveness 

when compared for sustained, not merely short-term, outcomes.  Clearly the debate on 

whether antidepressants are significantly more effective than placebos will continue into 

the future.  Urgently needed are better objective methods to measure treatment outcomes 
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and more standardized double blind research methodologies incorporating active 

placebos. At present, outcomes are measured in human studies using a number of 

subjective depression rating scales which can reveal inconsistent outcomes. 

 

St. John’s Wort (Hypericum perforatum) 

 

 

 Are there effective herbal treatments for major depressive disorder? Perhaps the 

most extensively studied and the most widely used herbal product for the treatment of 

depression is St. John’s Wort, which is the common name for the flowering plant 

Hypericum perforatum. Extracts from the yellow Hypericum flower have been used for 

centuries to treat a variety of conditions including psychological disorders, pain, and even 

malaria.  More recently the Hypericum extract has become available over the counter in 

tablet form.   

 St. John’s Wort is widely proclaimed to be an effective antidepressant and a 

number of studies seem to support its use for the treatment of mild to moderately severe 

depression.  It must be pointed out however, that research comparing the effectiveness of 

St. John’s Wort with traditional antidepressants and placebos is inconsistent at best. 

Recent analyses of large numbers of published studies (a meta analysis) tend to conclude 

that St. John’s Wort is effective for the short-term treatment of mild depression but not 
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for the chronic treatment of severe depressive disorder. For instance, investigators have 

found St. John’s Wort to be more effective than placebos and about as effective as 

traditional antidepressants (Kasper et al., 2006; Linde et al., 2005).  Other research has 

suggested that St. John’s Wort may be even more effective than traditional antidepressant 

medication. For instance, a recent study found that St. John’s Wort was more effective 

than fluoxetine (Prozac), but not more effective than a placebo in decreasing symptoms 

of depression as measured by depression inventories (Fava et al., 2005). Knowing that the 

vast majority of studies find antidepressants to be more effective than placebos makes the 

interpretation of this study particularly difficult. And to further complicate this picture, 

evidence from long-term studies has found St. John’s Wort to be ineffective for major 

depressive disorder when compared to traditional antidepressants (Gelenberg et al., 2004; 

Shelton et al., 2001).  The National Institute for Health (NIH) also sponsored a large 

study of St. John’s Wort by the Hypericum Depression Trial Study Group (Davidson et 

al., 2002). In this study the effects of Hypericum, the SSRI sertraline, and an active 

placebo were compared.  The results of this study are presented in Figure 8 which reveals 

that Hypericum was not as effective as sertraline when depression symptoms are 

measured by the Hamilton Rating Scale for Depression (a widely used inventory to 

measure depression severity).  The results also reveal that all three groups improved over 

the 8 week treatment phase, including the placebo treated patients. This observation is 

typical in studies of antidepressant effects and it further illustrates the difficulty of 

separating placebo from treatment effects in clinical trials.  
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Figure 8: Hamilton Rating Scale for Depression (HAM-D) total mean score by treatment 

week. Higher scores indicate greater severity of symptoms. (From Davidson, 2002). 

 

 In animal studies, Hypericum appears to have effects similar to traditional 

antidepressants. That is, Hypericum decreases immobility time in forced swimming tasks 

and it protects animals from the behavioral effects of acute stressors in learned 

helplessness and escape tasks (Butterweck, 2003; Zanoli et al., 2002).  

 

Mechanisms of St. John’s Wort Antidepressant Action 

 Evidence suggests that St. John’s Wort increases serotonin and norepinephrine 

activity but not by acting on reuptake transporters as do the SSRIs and SNRIs discussed 

above. Rather, it appears to inhibit the reuptake and the vesicular storage of monoamine 

neurotransmitters resulting in more being available in the synapse. Because the active 

ingredient of St. John’s Wort, Hyperforin, does not appear to bind with either the 
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reuptake transporters or the vesicular transporter proteins its mechanism of action may be 

to increase intracellular sodium concentrations, which in turn interfere with reuptake and 

contribute to a Reserpine-like effect on storage vesicles (Müller, 2003; Roz et al., 2004).  

Hyperforin also increases the extra cellular concentrations of both GABA and glutamate 

by the same mechanisms.  The putative antidepressant effects of St. John’s Wort are 

believed to be mediated by its effects on both serotonin and norepinephrine availability 

(Müller, 2003; Roz et al., 2002; Zanoli, 2004).   

 In summary, St. John’s Wort appears to be more effective than inert placebos for 

the short-term treatment of mild to moderately severe depression—an effect observed in 

numerous human and animal studies. Whether St. John’s Wort is more effective than an 

active placebo for severe depression or for extended treatment durations is uncertain. 

Patients report fewer and less severe side effects with St. John’s Wort compared to 

traditional antidepressants; the most common being gastrointestinal upset, sedation, 

restlessness, sexual dysfunction, and headache. The effects of St John’s Wort appear to 

be mediated by enhanced neurotransmitter release and reuptake inhibition. Because St. 

John’s Wort also enhances the synthesis of the liver enzyme CYP3A4, which is involved 

in the metabolism of most drugs, it can decrease the duration of action and the 

effectiveness of other medication. Finally, St. John’s Wort can contribute to serotonin 

syndrome when it is combined with other antidepressant medication (Izzo, 2004).  
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Bipolar Disorders 

 

 

 Rick was a completely normal high school kid. He was class president 

during his senior year and a member of the basketball team. He graduated 

as the only male valedictorian that year and was looking forward to 

attending a small, prestigious liberal arts college in the fall. Like most 

other kids his age, Rick experienced a full range of emotions including a 

bout of depression after a year-long relationship with his girlfriend ended.  

This depression disappeared quickly and he was seeing someone else 

within a few months. During the summer following graduation Rick 

experienced his first significant symptoms. While working for his father in 

a family owned business Rick made frequent trips for business purchases 

out of town. On this particular trip he failed to return from his 3 hour 

drive and ended up staying in an out of town hotel. For the next few days 

he went on spending sprees charging clothing and sports equipment on his 

father’s business card. He returned a few days later after spending over 

$10,000. This first manic episode lasted a little over two weeks.  During 

that time he slept very little, demonstrated bouts of anger and hostility, 

and talked enthusiastically about his new plans to open a clothing store of 

his own.  This episode revealed behavior that was so uncharacteristic of 

Rick that his parents made arrangements for a psychiatric evaluation.  He 

was not diagnosed with acute mania at that time, however. Rather, his 

psychiatrist reasoned that his behavior was completely normal—he was 

simply displaying some anxiety about attending college in a few months.  

 Midway through his first semester at college Rick experienced his first 

severe depression. He stopped attending classes, slept for much of each 

day, rarely showered or changed clothes, and even attempted suicide by 

alcohol ingestion. On that occasion he consumed nearly a fifth of vodka 

before blacking out. Fortunately he was taken to the hospital before 

respiratory depression killed him.  Rick remained in a depressed mood for 

several more months and often self-medicated with marijuana. During 

Christmas break he was prescribed Prozac and this appeared to help. 

Unfortunately, within a few months he experienced another manic 

episode.  Throughout this episode he became so euphoric and enthusiastic 

about finding religion he did little else but publicly proclaim his religious 

faith and try to convince others of his special relationship with God. Rick 

could speak in the center of campus for hours at a time. After several days 

of exhibiting this behavior he was asked by the administration to leave 

college. His parents had him re evaluated and he was finally diagnosed 

with bipolar disorder. His medication was switched to lithium which may 

have helped to terminate this second manic episode. Rick stayed at his 

parent’s home for the remainder of the year and worked intermittently at 

the family business. He stopped taking lithium after about 6 months and 

quickly returned to a severely depressed state. This episode of depression 

lasted about 3 months and was followed by about a month of relatively 
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normal mood. Just about the time when his family thought they had seen 

the worst of his condition Rick entered another manic state. As with his 

prior manic episode he began to have delusions about his special 

relationship with God and used every opportunity to demonstrate his 

newly found religiosity.  Rick was convinced to go back on lithium and 

antidepressants.  However, after several months of intermittent use he 

abandoned lithium for alcohol and marijuana.  His life ended several 

months later in a fatal one-car accident that was suspicious of suicide.  

 Rick’s case is not untypical. His first symptoms came as acute mania when 

he was 18 years old. This episode was followed within a few months by an 

episode of depression. The diagnosis of depression and its treatment with 

an SSRI may have actually hastened his second manic episode where he 

exhibited some psychosis. Non compliance with lithium is also quite 

common and can lead to an even more severe depression with an 

increased risk of suicide.  

  

Defining and Diagnosing Bipolar Disorders 

 Bipolar disorders are distinguished from other depressive disorders by the 

presence of either manic or hypomanic episodes. During a manic episode a person 

experiences an excessive elevation in mood and euphoria often accompanied by extreme 

enthusiasm and energy. These manic episodes may also be characterized by psychotic 

features such as delusional beliefs and hallucinations. Hypomanic episodes are similar, 

but less severe than manic episodes. They are noticeable changes that impair social and 

occupational functioning, but do not include psychotic features or require hospitalization. 

These mood changes must be present for at least 4 days to be diagnostic. The depression 

associated with bipolar disorders is essentially indistinguishable from major depressive 

disorder and may be confused with it until a manic or hypomanic episode appears. 

Unfortunately misdiagnosis and treatment with antidepressants may actually promote 

manic symptoms and therefore worsen a patient’s condition.  It has been estimated that as 

many as 30% of patients with bipolar disorders are inappropriately treated with 

antidepressants without mood stabilizing medication.  
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 Bipolar disorders occur with equal frequency in men and women and typically 

presents in late adolescence or early adulthood. As many as 6 million people (about 2.5% 

of the population) in the United States are diagnosed with a bipolar disorder each year. 

The lifetime prevalence of these disorders may be as high as 4.4% of the population when 

we consider its various forms and severity (Merikangas et al., 2007). 

 The diagnostic criteria for bipolar disorders are complicated by the presence or 

absence of manic and depressive features as well as their appearance and severity upon 

diagnosis. The disorders include Bipolar I disorder, Bipolar II disorder, and Cyclothymia. 

The DSM-IV-TR criteria for Bipolar I disorder require that a patient exhibit at least one 

manic or mixed episode.  Often, but not required for a Bipolar I diagnoses, are 

occurrences of major depressive episodes. If a patient has not yet presented a major 

depressive episode it is presumed that they eventually will.  Most often the first manic 

episode immediately precedes or follows a period of major depression. The episodes of 

either mania or depression can vary in duration but typically the depressive episodes are 

shorter than a bout of unipolar depression, lasting 3-4 months. Manic episodes typically 

last from a few days to several weeks.  If an individual experiences four or more episodes 

of either depression or mania during the period of a year the condition is referred to as 

rapid cycling bipolar disorder.  

 The distinctions between Bipolar I disorder, Bipolar II disorder, and Cyclothymia 

are more of symptom severity than of their presence. A diagnosis of Bipolar II disorder 

requires that at least one major depressive episode and one or more occurrences of 

hypomania have been presented. Bipolar II disorder does not require that a full-blown 

manic episode has occurred and it is more prevalent than Bipolar I disorder. Between 
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periods of depression and hypomania individuals with Bipolar II disorder may function 

normally, whereas those with Bipolar I disorder are more likely to experience continued 

social and occupational difficulties.  Cyclothymia is characterized by the presence of 

hypomanic episodes intermixed with periods of mild to moderate depression, not meeting 

the criteria for a major depressive disorder. These bouts of depression and hypomania 

must be present for at least 2 years without remission. Cyclothymia, and subthreshold 

bipolar disorder, may be the most prevalent accounting for 2.4% of the 4.4% lifetime 

prevalence for these disorders (Merikangas et al., 2007). 

 

Diagnostic Criteria for Manic Episode 

1. A distinct period of abnormally elevated, expansive, or irritable mood lasting at 

least one week. During these periods an individual may become more inspired and 

creative than normal. In fact, a large number of prominent scientists and writers 

claim much of their most productive work came during manic episodes. 

Compliance with medication schedules can become problematic as some patients 

prefer these manic episodes to more normal and less creative periods. It is not 

uncommon for an individual to switch from an enthusiastic euphoric mood to 

irritability, particularly when their wishes are frustrated or denied. 

2. During the mood disturbance at least three of the following symptoms must have 

occurred:  

a. Inflated self-esteem or grandiosity. Characterized by an inflated sense of 

self-confidence individuals may embark on huge unrealistic projects such as 

writing a novel, composing a symphony, or profess expertise in areas where 
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they have no special knowledge. Grandiose delusions of identity are also 

common including having a special relationship with God or some other 

religious figure.  

b. Decreased need for sleep. Individuals may either just wake much earlier 

than normal or go for days without sleep or feeling tired.  

c. Excessive talking. Manic speech is typically loud, rapid, erratic, and difficult 

to interrupt. The speech may be dramatic or jovial with excessive gestures 

and movements. If in an irritable mood, the speech may be critical or even 

hostile. 

d. Racing thoughts or ideas. Along with excessive talking an individual may 

describe their thoughts as racing and shifting among several simultaneous 

themes as if switching television channels rapidly.  These racing and 

shifting thoughts contribute to the fast, erratic, and incoherent speech 

mentioned above. 

e. Distractibility by irrelevant or unimportant stimuli. For instance, an 

individual may become preoccupied with room furnishings or external noise 

making concentration difficult. In some cases it may be impossible to attend 

to relevant stimuli further diminishing ones ability to converse and attend to 

work.  

f. Increase in goal-directed social, work related, or sexual activity. Increases 

in sexual interest and activity are quite common. As well, individuals may 

become overly social with colleagues, friends, and family.  Taking on 
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considerably more work or obligation than normal is also characteristic of 

mania. 

g. Excessive involvement in pleasurable activities that have potentially painful 

consequences. This would include buying sprees, sexual promiscuity, or 

irrational business decisions. Excessive self-confidence and grandiosity 

may lead to poor and irrational decisions about purchases and business 

decisions without appropriate consideration of their financial consequences. 

Additionally, an enhanced sexual drive may lead to promiscuous, frequent 

sexual activity with little regard for health or legal consequences. 

3. The mood disturbance is sufficient to cause marked impairment in occupational 

functioning or in usual social activities and relationships with others. Most often 

bipolar disorders are only recognized by family, friends, and colleagues and they 

may only be recognized after considerable damage to relationships has already 

occurred. In severe instances of mania hospitalization may be required to prevent 

individuals from further harming others or themselves. 

 

Diagnostic Criteria for Mixed Episode 

The criteria are met for both a manic and major depressive episode if these symptoms 

occur nearly every day for at least one week.  The symptoms of a full-blown manic 

episode and major depression may alternate rapidly every few days or symptoms of 

both may be present together. Mixed episodes are being recognized with more 

frequency and are now considered to be a relatively common expression of bipolar 

disorder. In fact, many patients present symptoms of depression during manic 
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episodes even if they are not severe enough to be considered a mixed episode or 

major depression.  

 

Pathology of Bipolar Disorders 

 Of all of the psychological disorders, perhaps the least is known about the 

pathology underlying bipolar disorders. Because of the nature of the disorders, cycling 

between manic and depressive episodes, the pathology must embody dynamic 

perturbations in neural structures and function.  And, unlike the pathology of depression 

which was largely revealed by an understanding of antidepressant drug action, relatively 

little has been learned about the pathology of bipolar disorders from mood stabilizing 

drugs.  Research continues to describe both genetic and structural correlations with 

bipolar disorders that may eventually reveal better clues to its evasive pathology.  

 

Genetic Determinants of BPD 

 It has long been known that there are strong genetic contributions to bipolar 

disorders.  These disorders occur much more frequently when there is a family history of 

the disease and heritability studies suggest that the concordance rate among genetically 

identical (monozygotic) twins approaches 70% compared to a rate of approximately 12% 

for dizygotic twins.  Genetic studies have found evidence for bipolar genes on a number 

of chromosomes, but as of yet there is no consensus about how many genes are involved 

or about their locations (Cassidy et al., 2007; Hamet et al., 2005).  Recent attention has 

focused on the genes responsible for coding the serotonin transporter (5-HTT) and brain-

derived neurotropic factor (BDNF) may be implicated in both major depression and 
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bipolar disorders. Specifically, polymorphisms resulting in decreased expression of the 

serotonin transporter gene have been shown to be strongly correlated with both suicide 

ideation and the incidence of major depression in individuals experiencing major life 

stress (Canli et al., 2006; Caspi et al., 2003). A number of other studies have found strong 

correlations between the expression of the BDNF gene and bipolar disorders suggesting 

that decreased BDNF synthesis may predispose individuals for these diseases (Lohoff et 

al., 2005; Müller et al., 2006; Nakata et al., 2003). However, not all studies have 

replicated these findings suggesting that it may be too early to conclude that there is a 

causal association between genotypes for the expression of serotonin transporters, BDNF 

synthesis, and the susceptibility to bipolar disorders (Kato, 2007).  

 

Anatomical Determinants of BPD 

 Bipolar disorders are also associated with structural abnormalities in several brain 

regions.  Individuals who have had the disease for longer periods of time and have had 

recurrent episodes of mania have significantly enlarged lateral ventricles compared to 

those who have had only one episode or compared to healthy control subjects 

(Strakowski et al., 2002; Strakowski et al.,2005). Enlarged ventricles are believed to be 

indicative of the loss of neural tissue from surrounding brain structures. As neural 

degeneration occurs, ventricles gradually enlarge to occupy that space. Functional 

imaging studies suggest that the areas most afflicted in bipolar disease include the 

prefrontal cortex, the amygdala, and the striatum. 
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Figure 9: Ventricular volumes in bipolar disorder (from Strakowski et al., 2002) 

 

 The structural degeneration observed in bipolar patients is consistent with the 

abnormalities in BDNF synthesis described earlier in major depression. Decreases in 

BDNF levels have also been shown to be associated with the severity manic episodes in 

bipolar patients (Machado et al., 2007).  Furthermore, treatment with antidepressants as 

well as several mood stabilizers increases BDNF synthesis and contributes to 

neurogenesis in the hippocampus as well as in other brain structures implicated in 

depression (Castren et al., 2007; Duman et al., 2006; D’Sa, et al., 2002; Laeng et al., 

2004; Post, 2007).   

 In summary, genetic studies have strongly implicated several genes controlling 

the expression of the serotonin transporter and BDNF synthesis in both major depression 

and bipolar disorders. While it may be premature to link the expression of specific genes 

to predispositions for bipolar disorders, pharmacological evidence is mounting to support 

this argument. Antidepressants and mood stabilizing drugs do contribute to the 

expression of serotonin transporters and to increased levels of BDNF in animals and 

humans. These adaptations have also been associated with neurogenesis in affected 
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neural structures and to improvements in the symptoms of these diseases. In the 

following section we examine several drugs used in the treatment of bipolar disorders.  

 

Pharmacological Treatment of Bipolar Disorders 

 Perhaps one of the most intriguing events in the history of psychopharmacology 

was John Cade’s discovery of the antimanic properties of lithium in 1948.  At that time 

lithium was widely used as a substitute for salt in patients with high blood pressure and 

heart disease. Its medical use was quickly discontinued because it was toxic and 

occasionally lethal.  Lithium was also found in several tonics used in Europe for a variety 

of ailments.  

 John Cade believed that mania was caused by an excessive amount of a normal 

byproduct of metabolism. To test this idea he collected urine from manic patients and 

injected it into guinea pigs. He reasoned the excess byproduct would be found in their 

urine. The urine from manic patients was certainly more toxic than that of normal people 

or from those suffering from other diseases, but it did not have manic effects. Cade 

isolated urea as the toxic compound in urine and continued to believe this to be the 

substance that caused mania despite the fact that his animals did not exhibit any signs of 

it. To determine urea’s toxic levels Cade needed to dissolve urea in different 

concentrations to test them for toxicity and manic-inducing properties. After many 

unsuccessful attempts to dissolve urea he found it was most soluble as lithium urate. 

Unfortunately the lithium urate solutions did not cause manic responses in his guinea pigs 

either. Still not dissuaded by lack of evidence supporting his urea hypothesis, Cade 

persisted to believe that some substance excreted in the urine (most likely urea) caused 
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manic episodes in his patients and the lithium subdued them. To evaluate the effects of 

lithium in his toxic compound he also injected animals with lithium carbonate. This 

compound caused his animals to become lethargic for several hours. In Cade’s own 

words, “it may seem a long way from lethargy in guinea pigs to the control of manic 

excitement, but as these investigations had commenced in an attempt to demonstrate 

some possibly excreted toxin in the urine of manic patients, the association of ideas is 

explicable".  Cade was now in a position to test the effects of lithium on his manic 

patients.  One of his patients was described as "a little wizened man of 51 who had been 

in a state of chronic
 
manic excitement for five years . . . amiably restless, dirty,

 

destructive, mischievous, and interfering".  Several days after lithium treatment 

commenced his patient was "more settled, tidier, less disinhibited, and less distractible". 

Other patients apparently responded similarly (Cade, 1949). 

 Although lithium carbonate treatment continued to gain support around the world, 

it was not approved by the FDA for the treatment of mania until 1970. One can wonder 

whether approval might have occurred much sooner had the simple compound been of 

any commercial value.  

 

Figure 10: John Cade 
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Lithium  

 Lithium (Li
+
) is a light alkali metal with properties similar to those of sodium 

(Na
+
), including its ability to substitute for sodium in ion exchange across neural 

membranes. Because it is highly reactive in air and water sodium is rarely found in its 

elemental form. Lithium carbonate (Li2CO3) is one of the most common natural 

compounds of lithium and this compound is also its pharmacologically active form. 

However, lithium citrate and lithium sulfate are also available pharmacologically. These 

compounds are sold under several brand names but they all have the same 

pharmacological properties.  

Pharmacokinetics of Lithium 

 Lithium carbonate is easily absorbed into the blood stream but it crosses the blood 

brain barrier relatively slowly. Lithium is not metabolized by liver enzymes so it is 

excreted by the kidneys in compound form intact. It has an elimination half-life of 

approximately 18-30 hours. The therapeutic dose of lithium falls within a very narrow 

index and it is quite toxic and even lethal above these levels. Blood levels between 0.6 

and 1.5 mEq/L (milliequivalents per liter of blood) are typically therapeutic.  The higher 

range is typically used to treat acute mania whereas blood levels between 0.6 and 1.0 

mEq/L are used for maintenance.  

 Dosages causing blood levels to rise above 1.5mEq/L are often toxic and can 

produce severe side effects including nausea and vomiting, abdominal pain, ataxia, 

tremors, slurred speech, and cognitive difficulties.  Lithium toxicity can also occur if 

there is a sudden loss of salt either through excessive sweating or a decrease in dietary 
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salt intake as these may cause in an increase in the lithium/sodium ratio and hence blood 

levels of lithium. The long-term use of lithium may also contribute to significant weight 

gain, thyroid disease, skin rash, kidney dysfunction, and compromised immune function. 

Because of these troublesome side effects patients often discontinue taking their 

medication. Suddenly suspending medication can also have severe consequences by 

dramatically increasing one’s risk of suicide or suicide attempts. A recent study reported 

a 16 fold increase in suicide attempts in patients who suddenly discontinued lithium 

therapy (Yerevanian et al., 2007).  

 

Pharmacodynaics of Lithium 

 While lithium carbonate may be the simplest compound used to treat 

psychological disorders its mechanisms of action remain paradoxically elusive.  In 

normal individuals lithium taken in pharmacological doses has few discernable effects 

beyond some occasional abdominal discomfort. In patients with bipolar disorder it has 

remarkable effects on both the incidence and severity of manic and depressive episodes. 

It is also known to be an effective antidepressant and to decrease suicide ideation and 

attempts in patients with major depressive disorder (Guzzetta et al., 2007).  

 Evidence accumulated over the past several years supports an argument that 

bipolar disorders, as well as major depressive disorder, result from downregulated BDNF 

synthesis and the resulting cascade of neurodegenerative effects occurring in the 

hippocampus and frontal cortex (Brunello et al., 2003; Einat et al., 2003; Hashimoto et 

al., 2004). Lithium has been shown to increase BDNF activity in these brain regions and 

to reverse degeneration by gene activation of protein synthesis (Brunello, 2004; Mai et 
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al., 2002). Furthermore, lithium both reverses BDNF downregulation and a mania state 

induced in animals by d-amphetamine (Frey et al., 2006). Lithium also appears to 

increase serotonergic activity in the cortex and hippocampus by agonizing 5-HT1B 

autoreceptors and 5-HT1B heteroreceptors on dopaminergic neurons (Chenu et al., 2006). 

This later effect is believed to mediate lithium’s anti-manic properties, perhaps by 

stabilizing the activity of central dopamine neurons.  To summarize these effects, lithium 

treatment appears to reverse the neural degeneration in the hippocampus and frontal 

cortex caused by down regulated BDNF synthesis.  Increases in BDNF contribute to gene 

activation and to cellular adaptations leading to increased cortical serotonergic and 

dopaminergic activity during the depressive phase of bipolar disorder and a stabilization 

of dopamine activity during the manic phase (Berk et al., 2007). These alterations are 

currently believed to mediate the antidepressant and anti-manic properties of lithium. 

 Lithium continues to be regarded as the “gold standard” for the treatment of 

bipolar disorders despite its relative toxicity and high incidence of side effects.  For these 

reasons other drugs are replacing lithium as the principal drug for the management of 

bipolar disorders. Many of these newer drugs have also been utilized as anticonvulsants 

to treat seizure and anxiety disorders. These drugs may be used alone to treat acute mania 

or in combination with antidepressants to treat cycling bipolar disorders.  

 

Valproic Acid (Valproate, Depakote)  

 Valproic acid was introduced in 1994 and approved as an anticonvulsant to treat 

seizure disorders, acute mania, and migraine headaches.  While its mechanisms of action 

are not completely understood, valproic acid does stimulate BDNF synthesis and alter the 
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activity of several neurotransmitters including GABA and dopamine. In animal studies 

valproic acid increases the number and synaptic growth of GABAergic neurons and it 

inhibits GABA reuptake thereby elevating its inhibitory effects (Eckstein-Ludwig et al., 

1999; Laeng et al., 2004). Valproic acid also increases dopamine release in the prefrontal 

cortex but apparently not in the nucleus accumbens (Ichikawa et al., 2005). It may also 

protect and stimulate the neuronal growth of dopaminergic neurons through the 

neurotropic effects of BDNF (Chen et al., 2006; Wang et al., 2007). The anticonvulsant 

and anti manic actions of valproic acid may also be mediated by its inhibitory effects on 

the glutamate NMDA receptor. Excessive glutamate activity is believed to underlie both 

mania and seizures and it can contribute to neuronal degeneration. Valproic acid inhibits 

NMDA receptor activity and may therefore protect against glutamate excitotoxicity 

(Chuang, 2005; Gobbi et al., 2006). 

 Valproic acid is typically better tolerated than lithium and is often more effective 

for rapid cycling patients. Its most notable side effects include sedation, tremor, ataxia, 

nausea, and weight gain.  

 

Gabapentin (Neurontin) 

 Gabapentin was approved in 1993 for the treatment of seizures, but it became a 

popular alternative to valproic acid and lithium for the off-label (non FDA approved) 

treatment mania associated with bipolar disorders. It has also been used to treat anxiety 

and it has been found to be effective in the management of neuropathic pain. 

Gabapentin was designed to both structurally and functionally mimic the neurotransmitter 

GABA. And, although gabapentin increases levels of GABA in the brain, its direct 
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effects on GABA neurons remain unclear.  Several presumed mechanisms of action have 

been suggested and these may contribute to its anti seizure and anti manic effects.  

 Gabapentin decreases the influx of calcium into neurons by inhibiting a subset of 

voltage-dependent calcium channels (Cheng et al., 2006; Rogawski et al., 2004). As a 

result, glutaminergic activity, which is known to mediate seizure and manic episodes, is 

decreased in the cortex (Cunningham et al., 2004; Czapinski et al., 2005).  Gabapentin 

also increases GABA mediated inhibition at GABAA receptors in the hippocampus as 

well as in other brain regions (Cheng et al., 2006).  It is unknown whether these diverse 

effects all share a common underlying mechanism. Gabapentin has a side effect profile 

that is similar to that of valproic acid. It may cause bothersome sedation, dizziness, 

ataxia, tremors, nausea, and weight gain.   

 A large number of antimanic and anticonvulsant drugs are currently available for 

treating bipolar disorders. Often these drugs are used in combination with other antimanic 

and antidepressant drugs.  Most of these drugs are in the anticonvulsant category and are 

used to treat seizures and are not all approved by the FDA for the treatment of bipolar 

disorders. The off-label use of these drugs for treating mania associated with bipolar 

disorders is often controversial because of a lack of research demonstrating their 

effectiveness (Mack, 2003). The newest drug approved by the FDA for bipolar disorder is 

aripiprazole (Abilify) which acts as a partial agonist at dopamine D2 and serotonin 1A 

receptors. Abilify is also approved for schizophrenia and acute mania. However, a recent 

study found it to be no more effective than a placebo and it contributed to rather sever 

side effects (Thase et al., 2008). At lower doses aripiprazole may also be used to augment 

antidepressant therapy (Philip et al., 2008). A number of drugs currently approved for 
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bipolar disorder are presented in Table 6 with their common brand name, presumed 

mechanisms of action, half-life, and FDA approved use. 

 

Table 6: Mood stabilizers and anticonvulsants  

Mood Stabilizers and Anticonvulsants  

Drug Name 

Brand 

Name 

Mechanism of 

Action Half-life  FDA approved use 

Lithium 

Lithium 

Carbonate 

Serotonin 

agonist, 

dopamine agonist 

18-30 

hours acute mania 

Valproic Acid 

Valproate, 

Depakote 

Glutamate 

antagonist, 

dopamine agonist 

9-16 

hours 

acute mania, seizure 

disorders, migraine 

Gabapentin Neurontin 

Glutamate 

antagonist, 

GABA agonist 5-7 hours 

seizure disorders, 

neuralgia (pain) 

Pregabin Lyrica GABA agonist 5-7 hours neuralgia (pain) 

Lamotrigine  Lamictal 

Glutamate 

antagonist 33 hours 

bipolar disorders, 

seizure disorders 

Oxcarbazepine Trileptal 

Glutamate 

antagonist 2-9 hours seizure disorders 

Topiramate Topamax 

Glutamate 

antagonist, 

GABA agonist 21 hours 

seizure disorders, 

migraine 

Quetiapine Seroquel 

Dopamine 

antagonist  6-7 hours 

acute mania, 

schizophrenia 

Carbamazepine Tegretol 

Glutamate 

antagonist 

12-17 

hours 

acute mania, seizure 

disorders 

Aripiprazole Abilify 

Dopamine D2 

agonist, 

serotonin 1A 

agonist 75 hours 

Schizophrenia, acute 

mania, bipolar 

maintenance 

Zonisamide Zonegran 

Sodium & 

calcium channel 

blockade, 

dopamine agonist 

(?) 63 hours seizures disorders 
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Chapter 3: Glossary of terms (bold in text) 

 

 

 

Brain derived neurotropic factor (BDNF) a nerve growth factor essential for normal 

cell survival, receptor growth, and for the growth of new neurons. 

 

CREB  (cyclic adenosine monophosphate [or cAMP] response element binding 

protein)  a second messenger activated by metabotropic receptors responsible for 

transcribing brain derived neurotropic factor from a cell’s DNA.   

 

Upregulation a process that results in an increase in synaptic activity by increasing 

neurotransmitter synthesis, its release, and/or the availability if its receptors. 

 

Downregulation a process that results in a decrease in synaptic activity caused by 

decreasing neurotransmitter synthesis, its release, and/or its receptor availability. 

 

Tricyclic antidepressant an antidepressant characterized by its three-ring molecular 

structure.  

 

Deaminate an enzymatic reaction that deactivates a neurotransmitter by removing an 

essential amine chemical group from its molecular structure. 

 

Monoamine oxidase inhibitor (MAOI) an antidepressant that blocks the activity of the 

degrading enzyme monoamine oxidase in the synaptic gap of monoamine 

neurotransmitters. 

 

First generation drug the first class of drugs used to treat a particular psychological 

disorder.  

 

Second generation drug a class of drugs that have supplemented or replaced first 

generation drugs and differ significantly in their mechanism of action. 

 

Atypical drug a class of drug that differs significantly in its mechanism of action from 

other medication for a particular psychological disorder. 

 

Serotonin syndrome a toxic reaction caused by excessive serotonin activity. Symptoms 

may include disorientation, confusion, visual disturbances, agitation, and mania. 

 

Manic episode a period of at least one week of excessively elevated mood, euphoria, or 

enthusiasm that may be interrupted by outbursts of anger or irratibility. 

 

Hypomanic episode a period of elevated, expansive, or irritable mood lasting at least 4 

days. Less severe than a manic episode. 
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Rapid-cycling a condition where periods of depression and mania in bipolar disorder 

cycle at least four times in a year.  

 

Neurogenesis the cellular process that contributes to neuronal growth  

 

Antimanic a drug used to treat bouts of mania or hypomania. 

 

Anticonvulsant a drug used to treat seizure disorders. Occasionally used to treat 

symptoms of bipolar disorder. 

 

Major depressive disorder a severe mood disorder during which a person experiences 

depressive episodes without intermittent bouts of mania.  

 

Bipolar disorder a severe mood disorder characterized depressive and manic episodes.  

 

Dysthymic disorder a moderately severe mood disorder that is characterized by length 

episodes of depression (at least 2 years).  

 

Reactive depression a period of depression associated with a significant life event such 

as a loss of a spouse or significant other, loss of financial resources, or significant stress. 

 

Agoraphobia fear of being in open places where a panic attack may occur and from 

which it would be difficult to escape or help would be unavailable.  

 

Monoamine hypothesis the proposal that deficiencies in the monoamine 

neurotransmitters dopamine, norepinephrine, and/or serotonin cause depression. 

 

Lag time the delay of about 10 to 14 days between the onset of medication and 

observations of symptom relief in depression.  

 

Transcription a step in the process of expressing the activity of genes for the building of 

a specific protein.  

 

Psychostimulant a drug that increase or stimulates cortical activity and arousal. Cocaine 

and amphetamines are psychostimulants. 

 

Suicide ideation thoughts suicide and/or planning suicide attempts.  

 

Suicidality attempts, both successful and unsuccessful, at committing suicide.  

 

Active placebo a psychologically inactive drug that has some peripheral side effects 

which patients may recognize and thereby assume they are receiving actual treatment. 

For example, they may cause minor dry mouth, dizziness, or blurred vision. 

 

Neuropathic pain pain associated with damage to, or overuse of, nerves. Neuropathic 

pain may be associated with certain types of cancer, autoimmune disorders, or trauma. 


