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Susan began her day as she always had. She rose early before her 

husband, started the coffee, and headed to the shower. She was 

rehearsing how she would conduct her sales meeting later in the 

morning when she began to feel as if someone, or something, had 

taken control of her body. Her heart rate jumped from a normal 65 

to over 150 bpm in an instant. Her respiration was strained and 

she could not get air into her lungs. She grabbed the bathroom 

counter as she began to lose balance in a spinning room. Her skin 

felt cold and clammy, but at the same time she felt as if she were 

burning alive. A terror like she had never experienced 

overwhelmed her as she realized she must have had a heart attack 

and was now dying. She tried to scream out to her husband, but 

could not even make a sound. She was paralyzed with fear knowing 

she was going to die in her bathroom. Susan felt as though an hour 

had passed when she realized that her breathing was now under 

her control. She took long deep breaths as her racing heart slowed 

back towards normal. Susan got up from the floor not even 

remembering the fall. At that moment her husband walked in 

carrying her morning coffee. She then realized this had all 

occurred in just a few minutes. What she didn’t yet know was that 

this was only the first of many episodes to follow.  

 

 

 Susan had just experienced her first panic attack. Like over 6 million other 

Americans each year her attack was not preceded by warning or even noticeable anxiety.  

Another 7 million people suffer from generalized anxiety, an additional 8 million from 

post traumatic stress disorder, over 2 million from obsessive compulsive disorder, and 

many others from various debilitating phobias. In all, over 40 million persons in the U.S. 

alone currently suffer from some form of anxiety disorder making them the most 
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prevalent of all of the psychological disorders.  In this chapter we will examine the 

pathology and the pharmacological treatment of several of the most prevalent anxiety 

disorders. But first, let us begin by reviewing the neurobiology of normal fear and 

anxiety.  

 

Biological Bases of Fear and Anxiety 

 Fear is an adaptive emotional response that involves changes in behavior, 

autonomic reactivity, hormonal activity, and in humans, the body sensations of these 

changes. These components of fear are integrated by several neural structures and glands 

and they provide animals with the ability to adapt to potentially life-threatening 

circumstances.  In addition, specific changes to these structures enable animals to learn 

about stimuli that are predictive of danger, thus providing them with the ability to avoid 

altogether situations that may be harmful. Several structures are critically important to 

fear responses. These include the amygdala, the hypothalamus, the thalamus, and several 

areas within the cortex.  

 The amygdaloid nuclei are part of the limbic system and are located deep within 

the temporal lobes (Figure 1).  They, or more specifically structures within the 

amygdaloid complex, receive sensory information about potentially threatening stimuli 

and initiate the various components of the fear response. The central nucleus of the 

amygdala sends information to a number of other brain structures including the 

hypothalamus, which controls the hormonal component of the fear response, and to the 

pons and medulla which control various fear response such as freezing, facial expression, 

and heart and respiration rates. Other brainstem structures receive neural input from the 
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amygdala and control autonomic and cortical arousal.  The amygdala, therefore, is the 

most important brain structure for the integration of sensory information and for the 

initiation of fear responses to it.  Damage to the amygdala has long been known to disrupt 

emotional behavior. In fact, bilateral destruction of the amygdala was used early on to 

control psychiatric patients who did not respond to pharmacological treatment.  

 

 

 

Figure 1: Coronal section of the human brain revealing the amygdaloid nuclei located 

deep within the temporal lobes.  

 

 

 Several cortical areas are also important for fear as well as for other emotional 

responses.  Two areas within the prefrontal cortex; the ventromedial prefrontal cortex and 

the orbitofrontal cortex are particularly important (Figure 2).  These prefrontal areas 

receive input from the thalamus, the ventral tegmentum, and the amygdala. They send 

output to the cingulate cortex, the hypothalamus, and inhibitory signals to the amygdala.  

These structures function to integrate emotional content from stimuli and to organize and 

guide our behavior in response to them.  In humans the prefrontal cortices additionally 

guide and control our emotional behavior in social contexts. Damage to these areas 

severely affects judgment in social situations and how an individual anticipates 

consequences of their behavior.  The prefrontal areas would therefore be involved in 
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interpreting fear producing stimuli and in regulating or inhibiting fear responses in non 

threatening contexts.  

 

 

 

Figure 2: Ventral view of human brain. The ventromedial cortices lie adjacent to the 

midline on both halves of the brain. The orbitofrontal cortices lie above the eye orbits 

and adjacent to the ventromedial areas.  

 

 

 The prefrontal cortices also send input to and receive output from the cingulate 

cortex which is located deep within the central fissure above the corpus callosum (Figure 

3). The cingulate cortex also receives sensory information about body states during 

emotional responses. The emotion of fear for example is represented as a set of 

physiological and behavioral responses including high heart rate, changes in respiration, 

posture, facial expression, muscle tension, and blood flow. These changes all contribute 

to the sensory information that is essentially mapped into the cingulate cortex and 

perceived as the feeling of fear.  Damage to the cingulate does not disrupt the 

physiological state of an emotion but it does disrupt our subjective feeling and our 

awareness of it.   
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 When we experience fear a cascade of physiological events results in changes in 

posture, facial expression, heart rate and blood flow, respiration, and cortical arousal. 

These changes allow animals to either flee from or confront the emotion causing 

stimulus.  When the emotional stimulus can be ignored the prefrontal cortices send 

inhibitory signals to the amygdala which in turn shuts off output to structures that cause 

these adaptive changes.  

 

 

Figure 3: The cingulate cortex lies deep within the central fissure above the corpus 

callosum.  

 

 

 Anxiety differs from fear in that an emotion causing stimulus does not need to be 

present to experience the emotion. Anxiety occurs when one perceives an expectation of 

a vague and uncertain threat as opposed to a specific danger. For instance, one may 

experience anxiety in preparation for an important exam. Anxiety also persists for 

extended durations once initiated and no specific pattern of behavior is motivated to 

terminate it. And, unlike fear, anxiety is not accompanied by specific postures or facial 

expressions.  The physiological components of anxiety, however, are essentially identical 

to those of fear. Increases in autonomic activity lead to increased heart rate, blood 

pressure, muscle tension, and respiration. Additionally, anxiety is characterized by 
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increased cortical arousal and vigilance. Anxiety makes it difficult to concentrate on 

other tasks and activities and it contributes to disturbances in normal sleep patterns.  

 Both fear and anxiety are normal adaptive responses to specific and diffuse threats 

to our wellbeing. These emotional responses consist of physiological and behavioral 

changes that enable animals to more effectively deal with threat and uncertainty.  When 

fear begins to occur to non threatening stimuli or anxiety is excessive and persists for 

extended periods of time, however, these emotions can become debilitating and they may 

contribute to cardiovascular diseases and to compromised immunity.  As we will see, the 

distinctions between normal fear and anxiety and pathological anxiety are not always 

clear.  In the following sections we describe several of the most debilitating of the anxiety 

disorders. 

 

Panic Disorder  

 The diagnosis of panic disorder requires the repeated and unexpected occurrence 

of panic attacks and at least one month of persistent worry about having other attacks or 

about the consequences of these attacks. Often the persistent worry is about whether an 

individual will actually die during an impending panic attack. According to the DSM-IV-

TR, panic attacks are discrete periods of intense fear during which four or more of the 

following symptoms occur: 

1. Heart palpitations or accelerated heart rate.  Nearly everyone experiences the 

feeling of their heart beat occasionally, but during a panic attack these palpitations 

are intense sensations of accelerated heart rate. These palpitations may contribute 

to other symptoms and a fear of an imminent heart attack.  
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2. Sweating. Sweating that occurs in the absence of exertion or excessively high 

temperatures.  

3. Trembling or shaking. Feelings of trembling or shaking with fear. This may occur 

with the sensation of being immobile or frozen in place.  

4. Sensations of shortness of breath or breathing restriction. Feeling as if one cannot 

get enough air in each breath. Respiration rate may increase to compensate for a 

lack of sufficient oxygen and this can lead to dizziness and other symptoms of 

mild hypoxia. 

5. Feelings of choking.  The sensation of shortness of breath may also be related the 

sensations of choking or the feeling of tightening of the neck and airway.  

6. Chest pain. Chest pains or abnormal chest sensations may be associated with 

higher than normal heart rates and palpitations. These sensations may also 

contribute to a fear of an imminent heart attack. 

7. Nausea or abdominal distress. 

8. Dizziness, fainting, or lightheadedness. Can be symptoms related to hypoxia 

caused by breathing difficulties. 

9. Derealization or depersonalization. Feelings of unreality or being detached from 

oneself.  

10. Fear of losing control. The inability to calm oneself or control the intensity of 

feeling. One may feel as if they are going crazy or mad. 

11. Fear of dying. A common fear during panic attacks that can be exacerbated or 

confirmed by other symptoms such as high heart rate, palpitations, chest pains, 

and breathing difficulties. 
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12. Parasesthesia. Numbness or tingling sensations typically of the limbs and face.  

13. Chills or hot flushes.  

 

 Panic attacks can, and often do, happen without warning or without situational 

triggers although after recurrence they may begin to occur in specific situations or places. 

For the diagnosis of panic disorder, however, the attacks must be unexpected or uncued, 

at least initially. Panic disorder may also be associated with a phobic avoidance that 

makes it difficult for people to be in crowded places, on public transportation, in theatres, 

or in places where escape might be difficult or embarrassing if and when a panic attack 

occurs.  This phobia of experiencing a panic attack in inescapable situations is referred to 

as agoraphobia. Individuals with agoraphobia experience intense anxiety when they find 

themselves in, or even anticipate situations where a panic attack might occur and they 

often develop a phobic avoidance of these situations as a result. The phobic avoidance 

behavior may mitigate anxiety, but it often contributes significantly to other problems. In 

severe cases, agoraphobia can be so debilitating that an individual may find it impossible 

to leave the confines of their own home or room. 

 

Posttraumatic Stress Disorder 

 A significant number of individuals who experience severe stress associated with 

a disaster, an accident, military combat, rape, or who witness a horrific crime may 

continue to experience stress and anxiety through intrusive memories or dreams of these 

traumatic events. About 11% of the rescue and recovery
 
workers after the 9/11 attacks on 

the World Trade Center in New York continue to be traumatized by their memories and 
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many of these individuals could not continue to live and work in New York City.  About 

8% of the population, over 24 million people, in the United States will experience 

posttraumatic stress disorder at some point during their lifetime. The DSM-IV-TR lists 

the following criteria for a diagnosis of posttraumatic stress disorder (PTSD):  

1. The person experienced, witnessed, or was confronted with an event or events that 

involved actual or threatened death or serious injury to them or others and the 

person’s response involved intense fear, helplessness, or horror.  

2. The traumatic event is persistently experienced as intrusive recollections, dreams, 

or feelings as if the event were recurring. 

3. Persistent avoidance of stimuli associated with the trauma indicated by efforts to 

avoid thoughts, activities, places, or people associated with the event. 

4. Persistent symptoms of increased arousal indicated as difficulties with sleep, 

outbursts of anger, difficulty concentrating, hypervigilance, or exaggerated startle 

responsiveness. 

5. These disturbances have occurred for at least one month and cause significant 

distress or impairment in social, occupational, or other areas of functioning. 

 

Pathology of Posttraumatic Stress Disorder 

 Stress causes profound changes to structures in the brain that regulate fear and 

anxiety. Among these changes are significant decreases in both hippocampal and 

prefrontal cortex volumes and an increase in dendritic density and activity in the 

amygdala. The decreases in hippocampal volume, particularly in the region of the dentate 

gyrus, are a result of increased glucocorticoid and catecholamine release during the stress 
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response. Decreases in the volume of the medial prefrontal cortex may also be related to 

increased glucocorticoid and catecholamine activity.  As a result, stimuli associated with 

traumatic events cause enhanced amygdala responsiveness that is not suppressed by 

cortical inhibition.  Recent functional neuroimaging studies confirm that the medial 

prefrontal cortex is hypoactive in PTSD patients. Additionally, PTSD patients 

demonstrate heightened responses in the amygdala following exposure to trauma-related 

stimuli (Karl et al., 2006; Miller et al., 2006; Shin et al., 2006).  It is believed that 

heightened amygdala responsiveness to emotional stimuli and hypoactive inhibitory input 

from descending prefrontal cortical regions underlies posttraumatic stress disorders. 

Evidence for decreased GABA inhibitory activity in PTSD patients comes from a recent 

study comparing the ability of the GABAA antagonist flumazenil to bind to GABA 

receptors in PTSD patients with normal control subjects. Radioactively labeled (
11

C) 

flumazenil was injected into both groups of subjects and measured using PET scans. 

Significantly decreased densities of GABAA receptors were found in PTSD patients.  
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Figure 4: Areas with decreased GABAA receptor binding in PTSD patients are indicated 

in yellow. From Geuze et al., 2008. 

 Animal studies also confirm that stress hormones and the catecholamines 

contribute to neuronal atrophy and degeneration in the hippocampus, whereas stress 

manipulations cause enhanced dendritic branching and growth in the amygdala. These 

structural changes lead to enhanced emotionality in laboratory animals and seem to 

parallel those changes observed in humans with PTSD (Bremner, 1999; Vyas et al., 

2002).  

 

Figure 5: Magnetic resonance image (MRI) comparing brain volumes of a patient with 

PTSD with a normal subject. Enlarged lateral ventricles in the right image correspond 

with decreases in hippocampal volume. From Bremner, (1999). 

 

  

Generalized Anxiety Disorder 

  Mark is a first year law student who has recently sought help for 

insomnia. He complains that on most nights he just cannot “shut off his 

brain”.  His mind shifts rapidly between assignments and projects he has 

not yet completed and the constant worry about his financial and medical 

conditions. Like many students Mark has borrowed from several student 

loans but his debt will not be unmanageable since he already holds the 

promise of a position at his father’s law firm. This security, however, 

provides little respite from his fret about finances. Mark’s medical 

concerns commenced when his father was diagnosed with prostate cancer 

several years earlier. Now Mark has noticed that he too has every 

symptom of an enlarged prostate. While lying awake much of the night he 

frequently makes bathroom visits that are pointless and the assurances 

from his doctors that there are no signs of enlargement only convince 

Mark that they are missing something even more serious.  Often Mark’s 
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anxiety seems unrelated to anything explicit. In these cases the feelings of 

anxiety and dread are just as intense even though they have no particular 

focus.  

  While Mark had little trouble getting through college with his 

unrelenting worries, he is now having difficulty in law school. More and 

more frequently he is finding that his anxiety interrupts his attention 

during class and his concentration while studying.  On several occasions 

he has been embarrassed when professors called on him to comment and 

he had no idea what the preceding discussion was about.  Pushing aside 

the incessant worrying during his study time is also getting much more 

difficult. Mark is now beginning to agonize about whether he will flunk 

out of law school and disappoint his parents even further.  

 It turns out that Mark has a much longer history of worrying about 

pleasing his parents than his latest academic concerns. While in high 

school Mark was preoccupied with his athletic and academic 

competencies even though he was a good student earning an athletic 

scholarship for track. He fought his less-than-perfect performances and his 

fear of competition with countless hours of training.  During his high 

school years Mark was diagnosed with depression and prescribed an 

antidepressant. After diligently following the prescription for almost a 

year he eventually discontinued it because it made him feel too lethargic. 

Mark claims he has never felt depressed, but only anxious and concerned 

about his future. 

  

 Generalized anxiety disorder (GAD) typically emerges in early adolescents or 

adulthood as it did with Mark, but it can occur in children. The lifetime prevalence of 

GAD is about 5% of the population and about 7 million people suffer from it at any given 

time. It is not uncommon for GAD to disappear for several years and to reoccur during 

times of stress. The DSM-IV-TR criteria for a diagnosis of generalized anxiety disorder 

are as follows:  

1. Excessive anxiety and worry occurring for more days than not for at least 6 

months. The anxiety and worry are exaggerated far out of proportion for the 

perceived threat or peril. For instance, a child or adolescent may worry about their 

athletic or academic performance when they are in fact doing quite well. An adult 

may worry unnecessarily about an illness they or a family member may or may 
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not actually have.  During the course of the disorder the focus of anxiety or worry 

often shifts from one concern to another or there may be no specific focus at all. 

2. Difficulty in controlling the worry. The worry and anxiety repeatedly interrupt 

their daily activities and work. These interruptions are difficult or impossible to 

quell and may persist for hours at a time. 

3. The focus of the anxiety or worry is not about an impending panic attack, being 

embarrassed, of being alone, or any other phobia. The anxiety is not associated 

with social phobia or agoraphobia. In addition, the anxiety is not related to a 

specific person, place, or activity. Rather, the anxiety is much more general and 

often diffuse. In fact, intense anxiety can arise with no apparent focus.  

4. The anxiety, worry, or physical symptoms cause clinically significant distress or 

impairment in social or occupational functioning.  Anxiety and constant worry 

make normal social and occupational difficult if not impossible. Normal activities 

and concentration are interrupted frequently. Sleep disturbances, headaches, and 

gastrointestinal symptoms are also common. 

 

Pathology of Generalized Anxiety Disorder 

 Generalized anxiety disorder does not appear to be heritable and there is no 

identifiable gene linked with it. However, a number of studies have reported associations 

with genes for MAOA (Tadic et al., 2003) and the serotonin transporter (Stein et al., 

2006), but conclusions about the role of specific genes in the disorder are at the present 

unwarranted. It has also been suggested that GAD and major depression share a common 

etiology with some individuals more prone to depression, some to anxiety, and others 
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share features of both disorders. Researchers have found strong associations between the 

co occurrences of major depression and generalized anxiety in large twin studies 

suggesting a common genetic risk (Kendler, 1996; Kendler et al., 2007). Generalized 

anxiety disorder also co occurs with other anxiety disorders--particularly social phobias, 

PTSD, and panic disorder. 

 Several neurotransmitter systems have also been implicated in GAD with 

particular interest focused on the inhibitory neurotransmitter gamma amino butyric acid 

(GABA).  A number of studies have found deficiencies in GABA receptor expression in 

patients with GAD.  Researchers have further shown that messenger RNA (ribonucleic 

acid) which transcribes the GABA receptor is also deficient and that these deficiencies 

can be restored following treatment with GABA agonist (Rocca et al., 1998).  

Furthermore, GABA has long been known to exert inhibitory effects on nuclei within the 

amygdala and the hypothalamus. Both of these structures are implicated in the regulation 

of anxiety.  

 Studies with laboratory animals provide additional support for the role of GABA. 

One animal model of generalized anxiety utilizes an elevated maze with two enclosed 

and two exposed (open) arms. Researchers measure the latency to leave an enclosed arm 

and enter an exposed arm to receive food (inhibitory avoidance) as a measure of anxiety 

(c.f. Graeff et al., 1998; Zangrossi et al., 1997).  Experimental animals tend to prefer 

maze arms that have protective sides over the exposed arms and leave to explore or 

retrieve food only after some hesitation.  Drugs that are known to reduce anxiety in 

humans also decrease the latency to leave enclosed arms and increase time spent in 

exposed arms in the elevated maze.  Microinjections of GABA agonists directly into 
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hypothalamic structures which innervate the amygdala also decrease latencies to leave 

enclosed arms.  This suggests that both GABA activity in the amygdala, and anxiety, are 

regulated by the hypothalamus (Bueno et al., 2007). Animal models have also been useful 

in the identification and development of numerous anxiety producing (anxiogenic) and 

anti anxiety (anxiolytic) substances (see Figure 6).  

 The neurotransmitters serotonin and norepinephrine have also been implicated in 

generalized anxiety. However, because generalized anxiety and depression can often be 

difficult to disassociate the specific roles that these neurotransmitters play in anxiety has 

been difficult to corroborate even though antidepressants are often prescribed to alleviate 

generalized anxiety. Using animal models such as the elevated maze may be a useful way 

to clarify the interaction between serotonergic and GABAergic systems in anxiety.  

Results from several such studies suggest that serotonergic neurons in the dorsal raphe 

nucleus, which project to the forebrain, are involved in the regulation of anxiety (Pobbe 

et al., 2005; Sena et al., 2003).  These ascending neurons receive inhibitory input from 

GABA neurons in this region of the brainstem (Lemos et al., 2006). 
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Figure 6: Elevated PLUS maze used to measure anxiety in laboratory animals. Latencies 

to leave enclosed arms and the amount of time spent exploring open arms are measures 

of anxiety. 

 

 

Figure 7: In an animal model of anxiety, GABA agonists increase time spent in exposed 

arms of an elevated maze. BNC210 is an experimental drug being developed as an 

anxiolytic. Diazapam is an anxiolytic and a GABA agonist. Reprinted with permission 

from Dr. Sue O’Connor, Bionomics Ltd. (2007). 

 

 To summarize, evidence from both human and animal studies suggests that 

GABA dysfunction underlies generalized anxiety disorder.  Several different mechanisms 

including decreased GABA receptor expression may be involved. Drugs that enhance 

GABA activity are effective in alleviating the symptoms of generalized anxiety and they 

decrease latencies to leave enclosed arms of an elevated maze.  Serotonin 5-HT1A 

agonists are also prescribed for GAD, but whether they act specifically on anxiety-

regulating mechanisms or whether they act indirectly by treating comorbid depression is 

unknown. Serotonin (5-HT1A) agonists do decrease latencies to leave enclosed arms in 

elevated mazes in an animal model of anxiety, suggesting serotonin involvement in the 

dorsal raphe nucleus. 
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Pharmacological Treatment of Panic and Generalized Anxiety Disorders 

 From the preceding discussion it should be no surprise that GABA agonists would 

be effective in alleviating many of the symptoms of both panic and generalized anxiety. 

In fact, long before the discovery of the neurotransmitter GABA pharmacologists had 

discovered a class of drugs known for their anxiolytic and sedative effects. Only much 

later would they become known as GABA agonists. In 1903 several chemists working at 

the Bayer laboratories announced their discovery that barbital, a derivative of barbituric 

acid, had sedative properties in animals. This product was called barbital and it was 

introduced a year later under the trade name Veronal. Veronal was the first among a long 

list of barbiturate drugs, including Phenobarbital, which were widely used until the 1960s 

as anti anxiety and sedative inducing drugs. 

 Barbiturates 

 The barbiturate drugs are all powerful central nervous system depressants and 

prior to their introduction only a few substances were known to induce sedation and quell 

anxiety. These substances included the narcotic opium and various preparations of 

alcohol. Much later, in the mid 1800s, bromide and chloral hydrate were introduced to 

bring on sleep and as anesthetics for surgery.  With the discovery of barbiturates a new 

era of psychopharmacology began. Drugs could now be developed to produce profound 

changes in neural functioning and behavior.   

 The barbiturates all share a common molecular structure which contains the 

barbital nucleus shown in Figure 7. The main difference between these drugs is their half 

life which can range from several hours for Thiopental to over 100 hours with 
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Phenobarbital. The short-acting, highly fat soluble barbiturates like Thiopental can induce 

sleep or anesthesia within 20-30 seconds when administered intravenously. The longer 

acting drugs have much lower fat solubility and may take up to an hour to produce an 

effect. The duration of action of the lower fat soluble barbiturates such as Phenobarbital 

can be as long as 12 hours. Several common barbiturates and their half-lives are 

presented in Table 1.  Over 50 different barbiturates have been marketed; many are no 

longer available in the U.S. 

 

Barbital                                        Phenobarbital 

Figure 8: All barbiturates share a common barbital nucleus. 

 

 

Barbiturates and their Half-lives   

Drug Name Trade Name 

Half-life 

hours Present Use 

Amobarbital Amytal 10-40 Anesthesia, sedation 

Butabarbital Butisol 30-40 Sedation, seizures 

Methohexital Brevital 1-2 Short duration anesthesia 

Pentobarbital Nembutal 20-50 Anesthesia, sedation 

Phenobarbital Luminal 25-120 Sedation, seziures 

Secobarbital Seconal 20-40 Anesthesia, sedation 

Thiopental Pentothal 2-5 Short duration anesthesia 
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Table 1:  Several common barbiturates, their respective half-lives, and their present uses. 

Many different barbiturates were used to some extent to control anxiety before 

benzodiazepines and SSRIs became available.  

 

 The barbiturates produce behavioral effects that can be indistinguishable from 

alcohol intoxication.  At lower doses they cause drowsiness and sedation in addition to 

disruptions in motor and cognitive abilities. At higher doses, or with barbiturates that are 

highly fat soluble, they induce sleep or a state of anesthesia. The anxiolytic effects of 

barbiturates cannot be separated from these effects, thus limiting their usefulness during 

most daytime activities. Because barbiturates disrupt REM (rapid eye movement or 

dream) sleep, their use in treating insomnia is also limited.  

 Barbiturates have a very narrow therapeutic index and when combined with other 

GABA agonists, such as alcohol, they can suppress respiratory centers in the brainstem 

and have lethal consequences. Suicide by barbiturate and alcohol consumption was not at 

all uncommon prior to their largely discontinued used in the late 1960s.  In spite of these 

disadvantages, barbiturates were extensively used to treat anxiety disorders, insomnia, 

muscle spasms, convulsions, and induce anesthesia before other safer drugs became 

available.  The barbiturate sodium Amytal (amobarbital) was used in psychiatry to induce 

a hypotonic state during psychoanalysis called an Amytal interview. It was presumed 

that Amytal would increase a patient’s ability to recall and verbalize repressed memories 

making psychotherapy more effective.  And, in forensic science it has a long history of 

use as a “truth serum” to elicit confessions from crime suspects.  This use became 

disputed when it was recognized that false memories could easily be coerced from 

drugged suspects. Nonetheless, amobarbital has allegedly been used on al Qaeda 
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prisoners detained in Afghanistan and Cuba. Evidence obtained with the use of drugs is 

not allowed in U.S. courts, however (People v. Cox, 271 N.W.2d 216 (1978)). 

 

Mechanisms of Barbiturate Action 

 The barbiturates bind effectively to a specific subtype of receptor on the GABAA 

receptor complex called the barbiturate site. The GABA A receptor is an ionotropic 

receptor which controls the influx of Cl
-
 ions. This receptor has five membrane spanning 

regions which include two α, two β, and one γ subunits, with other configurations 

possible. These subunits make up the Cl
-
 ion channel illustrated in Figure 8. In addition to 

a site for the neurotransmitter GABA there are four distinct receptor sites distributed on 

these subunits that selectively bind to GABA agonists: a barbiturate site, a 

benzodiazepine site, an alcohol site, and a steroid site. When any of these receptors are 

bound to a specific agonist, the neurotransmitter GABA binds to its receptor more 

effectively and for longer durations, producing greater hyperpolarization of postsynaptic 

membranes. Hyperpolarization reduces the likelihood of postsynaptic cells producing an 

action potential, thus reducing the firing rate of receiving neurons.  GABA antagonists 

(e.g., picrotoxin) bind effectively to other receptor sites and produce convulsant effects 

by inhibiting the binding of GABA. All barbiturates, however, are presumed to act by 

binding to the barbiturate site on the GABA A receptor complex.  Unlike other GABA 

agonists, however, barbiturates can open the Cl
-
 channel and hyperpolarize postsynaptic 

membranes in the absence of GABA.  

 One of many mysteries of psychopharmacology is why these receptor subtypes 

have evolved on the GABA A receptor.  Although they were named after the drugs that 
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have high affinities for them it would certainly be presumptuous, if not mistaken, to 

assume they were waiting for these drugs to be discovered. The identification of a natural 

ligand called diazepam binding inhibitor (DBI), which prevents benzodiazepine binding 

and produces anxiety-like effects, has only partially resolved this mystery.  To date, other 

natural ligands for these receptors have not been identified. 

 

Figure 9: GABA receptor complex. Several drugs including the barbiturates, 

benzodiazepines, and alcohol act to facilitate GABA binding and chlorine influx.  

 

 

Side Effects of Barbiturates 

 The use of barbiturates to treat anxiety and insomnia has largely been 

discontinued because of severe side effects.  At anxiolytic doses barbiturates cause 

confusion, impaired judgment, retarded reflexes, loss of muscle coordination, and 

impaired speech--effects similar to alcohol intoxication.  Because of these intoxicating 

effects, most normal activities including driving, work, and study are greatly impaired.  

 When prescribed as a sedative to treat insomnia the barbiturates disrupt normal 

sleep cycles including REM sleep. A few nights of REM deprivation may produce 

symptoms including irritability, aggressiveness, and poor concentration. After a week or 
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more of REM deprivation symptoms may escalate to delusions, hallucinations, and other 

symptoms of psychosis. When barbiturates are suddenly discontinued for sleep REM 

rebound occurs resulting in significantly increased durations of REM sleep.  

 Tolerance and dependence also occur rapidly to barbiturate use. Tolerance is 

mainly a result of increased liver metabolism and GABA receptor downregulation.  Both 

of these mechanisms also decrease the effectiveness of other GABA agonist drugs—a 

phenomenon referred to as cross tolerance.  In addition, tolerance to a barbiturate’s 

sedating and anti seizure effects occurs more rapidly than to its respiratory suppressing 

effects. This difference in the rate of tolerance acquisition decreases the therapeutic index 

making a barbiturate overdose more likely. Physical dependence on barbiturates makes 

discontinuation difficult for most long-term users and can lead to seizures caused by an 

excitable rebound of CNS activity.  

 The barbiturates have also been linked to fetal abnormalities and cognitive 

impairments that are similar to those seen with Fetal Alcohol Syndrome (FAS). Female 

patients using barbiturates to control seizures or other disorders should be advised to 

suspend medication early in their pregnancy. Other drugs with a lower risk of adverse 

fetal effects may be more appropriate. Finally, combining barbiturates with other GABA 

agonists such as alcohol can accidentally cause respiratory depression and death. The 

CO2-sensitive respiratory center located in the medulla contains GABA A receptors that 

regulate respiration in response to increased CO2 levels. Excessive GABA inhibition 

decreases medulla responsiveness to CO2 and depresses respiration.  

 

 Benzodiazepines 
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 The introduction of barbiturates in the early 1900s ushered a promise that drugs 

could be developed to alleviate symptoms of behavioral disorders by altering brain 

chemistry. Epileptic seizures, severe anxiety, debilitating insomnia, muscle spasms, and a 

variety of other ailments were for the first time treated effectively and humanely.  

Surgical anesthesia which to this point was induced by vapors of ether or chloroform was 

also dramatically improved with the introduction of barbiturates. For nearly 50 years the 

barbiturates were the choice of treatment for these disorders and for surgical anesthesia. 

 In the 1960s, however, the treatment of anxiety disorders was revolutionized by 

the introduction of the benzodiazepines which were discovered in 1954 in laboratories at 

the pharmaceutical company Hoffman-LaRoche. In 1960 the first benzodiazepine was 

released as Librium which was quickly followed by Valium. Since then over 2000 

benzodiazepines have been synthesized and approximately 30 have been marketed for 

their anxiolytic and hypnotic properties. Not all of these are currently available for use in 

the U.S. Once the benzodiazepines became available they rapidly replaced the older 

barbiturates and became the most widely prescribed psychoactive drugs in the world.  

 The benzodiazepines all share a common three-ring molecular structure that 

largely determines their activity.  The main differences are the specific molecules that are 

attached at the methyl (CH3) sites and the Cl site on the rings shown in Figure 9. 

Substitutions on the CH3 sites are typically with hydrogen molecules (H or H2) and at the 

Cl sites typically nitrogen dioxide (NO2).  All of the benzodiazepines have the same 

mechanism of action regardless of their specific molecular structures. The major 

differences are their half lives and their fat solubility, which determines how quickly they 

enter the brain.  
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Librium (chlordiazepoxide)      Valium (diazepam) 

Figure 10: The molecular structure of several common benzodiazepines. All of the 

pharmacologically active benzodiazepines share a common 3-ring nucleus. Substitutions 

with hydrogen molecules at the CH3 sites and nitrogen dioxide (NO2) at the Cl site are 

common structural arrangements for many of the benzodiazepines. 

 

 The half lives of benzodiazepines can range from a few hours with the ultra short-

acting anesthetic Versed (midazolam) to several days with the longer acting anxiolytic 

Valium (diazepam).  The effective half-lives of Valium and most other longer-acting 

drugs are extended by their active metabolite nordiazepam. Several common 

benzodiazepines and their respective half-lives are presented in Table 2.  The longer and 

intermediate acting benzodiazepines are typically prescribed for anxiety and seizure 

disorders while the shorter acting drugs are most often used for insomnia and for surgical 

anesthesia.  
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Benzodiazepines and their Half-lives   

Drug Name Trade Name Half-life hrs FDA Approved Uses 

Long-Acting    

Diazepam Valium 20-50  

Anxiety, seizures, 

muscle spasms 

Chlordiazepoxide Librium 24-48 

Anxiety, alcohol 

withdrawal 

Flunitrazepam Rohypnol 16-35 

Insomnia, but not 

approved in the U.S. 

Clonazepam Klonopin 30-40 Panic disorder, seizures 

Intermediate    

Lorazepam Ativan 10-20 Anxiety, seizures 

Alprazolam Xanax 12-15 

Generalized anxiety, 

panic disorder 

Short-Acting    

Midazolam Versed 2-4 

Sedation, pre-operative 

anxiety 

Oxazepam Serax 3-21 

Anxiety, alcohol 

withdrawal 

Triazolam Halcion 2-5 Insomnia 

Antagonists    

Flumazenil Romazicon 1-2 

Overdose--reverses 

benzodiazepine effects 
 

Table 2: Several common benzodiazepines and their half lives. Long- acting drugs have 

an intermediate active metabolite, nordiazepam.  

 

Mechanisms of Benzodiazepine Action 

 Benzodiazepines all bind to the benzodiazepine site on the GABAA receptor 

complex illustrated in Figure 8.  As with the barbiturates, benzodiazepines alter the shape 

of the GABAA receptor protein so GABA has a greater affinity for its site. When the 

inhibitory neurotransmitter GABA binds to its receptor the chlorine channel opens and 

allows for the influx of Cl
-
 ions, thereby hyperpolarizing the cell and making it less likely 

to fire.  The anxiolytic and sedative effects of the benzodiazepines are mediated by 

GABAA receptors in the frontal cortex, the hippocampus, and several limbic structures 

including the amygdala.  Because the benzodiazepines do not open chlorine channels on 
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their own, as do the barbiturates, the amount of neural inhibition they can produce 

depends on the availability of GABA.  

 Not all benzodiazepines function as agonists on the GABAA receptor complex. 

The benzodiazepine flumazenil is a potent antagonist of benzodiazepines by 

competitively binding to the benzodiazepine site. In cases of suspected benzodiazepine 

overdose flumazenil effectively competes with and displaces other benzodiazepines at the 

receptor site. As a result, flumazenil reverses the anxiolytic, sedating, and motor effects 

caused by benzodiazepines. In large doses flumazenil can produce anxiety, increases in 

muscle tone, and convulsions—effects opposite to those produced by other 

benzodiazepines. 

 

Figure 11: PET image showing decreased neural activity throughout the brain after 

benzodiazepine treatment.  Red and orange colors indicate more neural activity than the 

yellow, green, and blue colors. From Volkow (NIMH). 

 

 

 

Side Effects of Benzodiazepines 

 Because the benzodiazepines cannot open Cl
- 
channels on their own, as do the 

barbiturates, they are less likely to contribute to respiratory depression. Lethal overdose 

by benzodiazepines is therefore quite rare unless combined with alcohol or another 
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GABA agonist.  In combination with alcohol the benzodiazepines can cause a serious and 

sometimes fatal interaction by enhancing GABA neurotransmission.  Other side effects of 

these drugs include marked sedation, cognitive impairments, retarded motor movements, 

and slurred speech—all effects observed with barbiturates and alcohol.   

 When combined with alcohol the benzodiazepine Rohypnol (flunitrazepam) 

produces euphoria, sedation, and amnesia.  Because of these effects, Rohypnol has 

allegedly been used to facilitate date rape in a number of sexual assault cases. Prior to 

1998 the drug Rohypnol, which is used in England and Mexico for the short-term 

treatment of insomnia, was colorless, tasteless, and could rapidly be dissolved in drinks. 

Consuming this cocktail would bring about sedating and amnesiac effects within about 15 

to 20 minutes. Since 1998 a blue dye has been added to alert the presence of this drug in 

spiked beverages. Nevertheless, the FDA has not approved Rohypnol for use in the 

United States.  

 When used for the extended treatment of insomnia the benzodiazepines disrupt 

normal sleep cycles and REM sleep and discontinuation may cause rebounds in REM 

sleep, insomnia, and in anxiety. These effects are mediated by benzodiazepine receptor 

downregulation. Tolerance and dependence, also mediated by the downregulation of 

benzodiazepine receptor sites, occurs rapidly and may make discontinuation difficult for 

many patients. Although long-term use may cause physical dependence, there is little 

evidence from either human or animal studies that the benzodiazepines are addictive. 

This conclusion may be somewhat surprising since both benzodiazepines and alcohol 

share similar mechanisms of action.  Perhaps the addictive potential of GABAergic drugs 

depends on how rapidly they enter the brain and on their ability to significantly increase 
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dopamine activity in the mesolimbic system.  The benzodiazepines are absorbed 

relatively slowly when compared with alcohol.  In support of this hypothesis, the self-

administration of benzodiazepines by laboratory animals is both variable and non robust 

when compared to other abused drugs (Griffiths et al., 1991). A high rate of drug self-

administration by animals is considered to be a reliable method of determining a drug’s 

addictive potential. 

 In summary, the benzodiazepines represent a significant advance in the 

pharmacological treatment of anxiety disorders, seizures, muscle spasms, and insomnia 

compared with their predecessors, the barbiturates.  All benzodiazepines agonize GABA 

neurotransmission by their activity on specific sites on the benzodiazepine receptor 

complex. Increases in inhibitory GABAergic activity decrease the firing rate of neurons 

in the frontal cortex, the hippocampus, and limbic structures assumed to underlie anxiety 

disorders. The benzodiazepines are safer than their predecessors and are rarely lethal by 

themselves in overdose. Their side effects are essentially the same as alcohol intoxication 

and the barbiturates including sedation, cognitive impairment, retarded motor activity, 

and slurred speech.  Although the benzodiazepines can cause physical dependence with 

long-term use, they have little or no addictive potential.  

 

 Third- generation anxiolytics 

Partial GABA agonists 

 In attempts to minimize the side effects of sedation and cognitive impairment 

associated with the benzodiazepines, a number of partial GABAA agonists have been 

investigated. A partial agonist has a high affinity for the GABAA receptor, but has much 
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less of an effect on the ability of GABA to bind than do full GABAA agonists. As you 

may recall, GABAA agonists alter the configuration of the GABAA receptor slightly, thus 

making it more structurally compatible for GABA. Partial agonists appear to produce 

even more subtle structural changes than do full agonists such as the barbiturates and 

benzodiazepines. Several partial GABAA agonists have been investigated but are no 

longer being pursued for use in the U.S. These include etizolam which is available in 

Europe, imidazenil, pazinaclone, and bretazenil. In both human and animal studies these 

drugs appear to have similar anxiolytic effects, but lower sedative and cognitive 

impairing effects than do the benzodiazepines. In addition, they appear less likely to 

induce tolerance and dependence (Mirza, 2006; Pinna et al., 2006; Sanna et al., 2005).  

The reasons for pharmaceutical companies not pursuing these alternatives aggressively 

may be due in part to the increased interest in SSRIs for treating anxiety disorders.  

However, interest in partial GABA agonists has continued with the development of 

several drugs used to treat insomnia. These drugs are discussed in the chapter on sleep 

disorders.  

 

Serotonin 5-HT1A agonists 

 Because serotonin receptors are located through the brain regions known to be 

involved in anxiety it should not be surprising to learn that serotonin agonists have 

anxiolytic properties. Genetically engineered 5-HT1A knockout mice lacking 5-HT1A 

receptors in the hippocampus, the amygdala, and the frontal cortex demonstrate 

exaggerated fear and anxiety compared to normal mice when tested in an elevated maze 

(Overstreet et al., 2003). In addition to increased behavioral anxiety these mice have 
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elevated autonomic activity including increased heart rate and body temperature 

analogous to that observed in anxious humans. Injections of diazepam do not eliminate 

these stress responses suggesting that interactions between GABAergic and serotonin 5-

HT1A receptors are involved in anxiolysis (Pattij et al., 2002).  Although several 5-HT1A 

agonists have been shown to have anxiolytic effects, buspirone is the only one approved 

for anxiety at this time. 

Buspirone (BuSpar)  

 Buspirone is a member of the azapirone group of 5-HT1A partial agonist drugs 

that were originally developed for their potential as antidepressants. And, although 

buspirone is used occasionally for the treatment of depression, it has not been approved 

by the FDA for this use. Buspirone is an effective anxiolytic however, which has been 

established in numerous human and animal studies. In an extensive review of 36 clinical 

trials involving nearly 6000 participants, buspirone was shown to be more effective than 

a placebo and as effective as benzodiazepines in treating generalized anxiety disorder 

(Chessick et al., 2007).  

 The agonistic effects of buspirone on 5-HT1A receptors result in downregulation 

or desensitization of these presynaptic autoreceptors and a corresponding increase in 

serotonin synthesis and release (Hensler, 2003).  Typically it takes two or three weeks for 

buspirone to become effective—a time course similar to the adaptive changes observed in 

serotonin receptors. Because of the delay in its therapeutic effects, buspirone is not as 

useful as the benzodiazepines for treating acute anxiety. Buspirone is typically better 

tolerated than benzodiazepines and causes less sedation and fewer cognitive and motor 
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inhibiting effects. Additionally, buspirone does not cause dependence and there is no 

evidence for an abuse potential.  

 

GABAB and GBH receptor agonists 

Gamma-Hydroxybutric Acid (GBH) 

 Gamma-Hydroxybutric Acid (GBH) is only discussed here because if it’s 

historical significance and the recent discovery of a GBH receptor, not because it is 

currently used as an anxiolytic drug.  In the 1960s, GBH was used in general anesthesia, 

as an anxiolytic, and as a sedative for the treatment of insomnia.  More recently GBH has 

been used recreationally and in athletics to enhance muscle growth through increased 

synthesis of growth hormone.  In some cases GBH has been reportedly used as a potent 

hypnotic to facilitate rape. Because GBH is odorless and colorless it is difficult to detect 

and it could easily be dissolved in beverages and consumed without detection. GBH is 

also difficult to detect in urine samples, so the incidence of its use as a date rape drug 

remain largely unknown.  Because it is now restricted, GBH use to facilitate rape is 

presumed to be quite rare.  

 Gamma-Hydroxybutric Acid is a naturally occurring metabolite of GABA found 

in small amounts in both plant and animal tissues. Until quite recently GBH was believed 

to exert its sedating effects solely through the GABAB metabotropic receptor—a less 

common form of the GABA receptor distributed throughout the brain and spinal cord. It 

is now known that GBH also binds to a separate and specific presynaptic G protein-

coupled receptor (GBHR) that regulates adenyl cyclase activity and ultimately 

neurotransmitter release (Snead, 2000; Ticku et al., 2008; Carter et al., 2009).  At the 
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present there is no consensus about whether the behavioral effects of GBH are mediated 

by GABAB receptor agonism, the newly identified GBH receptor, or a combination of 

both. 

   

Alternatives to drug therapy for anxiety disorders 

 The treatment of anxiety disorders with non traditional pharmacotherapy has a 

long and controversial history. Although dozens of herbal remedies for anxiety have been 

utilized, only valerian and inositol are discussed here because there is some scientific 

evidence for their effectiveness.  

 

Figure 12: Valeriana officinalis 

 

Valerian (Valeriana officinalis) 

 The herb valerian, which is extracted from the root of the valerian plant, has a 

history dating back to Hippocrates who may have been the first to describe its sedating 

and anxiolytic properties. Controversy about the evidence for these effects continues to 

the present. This controversy will continue until research on valerian is replicated by 
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well-controlled clinical trials. The majority of the literature on the effectiveness of 

valerian has been either promoted by the herbal supplement industry or has been based on 

poorly designed studies or anecdotal evidence. 

 In a recent review of the research on the anxiolytic effects of valerian researchers 

Miyasaka et al., (2007) found that only one study utilized random assignment of subjects 

into treatment conditions and included a placebo control. In this particular study patients 

were randomly assigned to one of three treatment groups receiving valerian, diazepam, or 

a placebo. After 4 weeks of treatment the groups receiving valerian and diazepam scored 

lower on a subset of questions allegedly measuring the psychic symptoms of anxiety as 

measured by the Hamilton Anxiety scale compared to the placebo group (Questions 1-6 

in Figure 13).  These results were confounded, however, by the fact that overall Hamilton 

anxiety scores decreased in all three treatment groups (Andreatini et al., 2002), 

suggesting that both valerian and benzodiazepines were no more effective than a placebo, 

at least in these patients. The relative lack of well designed clinical trials, as well as 

reliable measures of anxiety in humans, continues to make conclusions about valerian’s 

effectiveness in difficult at best.  Additionally, there are few objective studies that 

examine valerian’s effects on inhibitory avoidance or forced swimming in experimental 

animals. As we saw earlier, animal studies are particularly useful in corroborating human 

studies when outcome measures are largely subjective.  
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Figure 13: Hamilton Rating Scale (from Hamilton, 1959). According to Hamilton 

questions 1-6 address psychotic anxiety while questions 7-14 address somatic anxiety. 
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 In the author’s laboratory we isolated several active compounds in the valerian 

root extract including GABA and valerenic acid. We compared the effectiveness of 

valerian with the known anxiolytic diazepam and samples of the active compounds 

extracted from valerian root using the elevated plus maze. In this study female rats were 

randomly assigned to receive either an injection containing valerian root extract, 

diazepam, or saline. After 30 minutes these animals were placed in the center of the plus 

maze suspended 4 feet above the floor. The time these animals spent exploring open arms 

of the maze is shown in Figure 11. In this experiment valerian extract was as effective as 

diazepam in increasing exploration—a measure of a drug’s anxiolytic effects (Murphy et 

al., 2010).  
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Figure 14: A comparison of the anxiolytic effects of valerian root extract, diazepam, 

valerenic acid, and GABA in female rats using the elevated plus maze (Murphy et al., 

2010).  

 

Mechanisms of Valerian Action 

 Despite the fact that research on valerian’s anxiolytic properties is fragile, 

evidence that the herb acts as a GABAA receptor agonist suggests that valerian at least 

has anxiolytic potential. Specifically, valerian, and its main constituent valerenic acid, 

were both shown to induce neuronal inhibition in experimental animals in a manner 

similar to, by slightly less potent than, the GABAA agonist muscimol. Valerian 

apparently potentiates the inhibitory effects of GABA by binding to specific subunits on 

the GABAA receptor complex (Khom et al., 2007; Yuan et al., 2004).  Whether the 

neuronal inhibiting effects of valerian are sufficient to produce an anxiolytic effect in 

people remains to be demonstrated in clinical studies.  We will examine valerian again in 

the section on sleep disorders. 

 

Figure 15: Percent decrease in neuronal activity in rat brainstem following treatment 

with the GABAA agonist muscimol, valerian, or valerenic acid (VA). (From Yuan et al., 

2004). 
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 Inositol is a natural isomer (a molecule made up of the same elements as another 

but in a different structural arrangement) of glucose and it is a precursor to several of the 

phosphate-based second messengers. Found in a variety of foods including bran cereals, 

nuts, and fruits including oranges and melons inositol (myo-inositol) is also synthesized 

by the body and is a member of the vitamin B complex. Inositol has been reputed to treat 

panic disorders, generalized anxiety, obsessive compulsive disorder, and depression. 

Evidence for these effects is sparse relative to the abundance of research supporting the 

effectiveness of traditional anxiolytic drugs for these disorders. 

 

                Glucose                                       Inositol 

Figure 16: Inositol (C6H12O6) is a structural isomer of glucose (C6H12O6). 

 

 A few studies have shown inositol to be more effective than a placebo and as 

effective as fluoxamine (an SSRI) in treating panic disorder and in reducing the severity 

of anxiety as measured by the Hamilton Rating Scale (Benjamin et al., 1995; Palatnik et 

al., 2001).  Why the researchers did not compare inositol with either barbiturates or 

benzodiazepines is unclear. As with valerian, inositol research often lacks the kinds of 

scientific rigor which makes conclusions about its effectiveness speculative. Furthermore, 

the mechanisms of action that underlie the putative effects of inositol have yet to be 
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described, although inositol is involved in second messenger systems in many neural 

pathways including serotonin.  

 

 In summary, alternatives to drug therapy for anxiety disorders have been proposed 

and some experimental evidence supports their use. Both valerian and the glucose isomer 

inositol have limited experimental support for treating anxiety and panic disorder, but the 

mechanism of action of valerian on GABAA receptors is at least consistent with is alleged 

anxiolytic effects. The mechanisms of action of inositol, however, remain elusive 

although inositol does function in the second messenger systems of most neurons, 

including neurons that are known to underlie anxiety.  Because neither of these 

substances cause significant side effects, or interact measurably with other anxiolytic or 

antidepressant drugs, their sensible use is not discouraged.  In fact, as a first treatment 

attempt they might not only be effective, but they are better tolerated and cause 

appreciably fewer side effects than prescription anti anxiety medication.  

 

Obsessive Compulsive Disorder (OCD) 

 

 Obsessive Compulsive Disorder, OCD, is an anxiety disorder characterized by 

recurrent, unwanted thoughts (obsessions) and repetitive behaviors (compulsions). 

Obsessions may consist of thoughts of contamination or infection, repeated self-doubt, a 

need for order, aggressive impulses to hurt someone or shout out an obscenity, or sexual 

imagery. Compulsions which may include hand washing, counting, checking, cleaning, 

or hoarding miscellaneous items are often performed with the anticipation of preventing 

obsessive thoughts or making them go away. Performing these repetitive behaviors 
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appears to only provide temporary, if any, relief.  Not performing these behaviors, 

however, tends to increase one’s anxiety and obsessive thoughts. Patients with OCD 

recognize that their obsessions and compulsions are excessive and unreasonable, but this 

recognition does little to subdue their anxiety.  

 Obsessive Compulsive Disorder (OCD) typically emerges in early adolescents or 

adulthood, but it can occur in children. The lifetime prevalence of OCD is about 2.5% of 

the population and over 2 million people suffer from it at any given time. The prevalence 

of OCD is about equal for males and females, but may be more prevalent among males in 

the child population. The majority of patients with OCD experience cycling periods with 

and without symptoms and experience the most debilitating symptoms during times of 

stress.  

 The DSM-IV-TR criteria for a diagnosis of obsessive compulsive disorder are as 

follows:  

1. Either obsessions or compulsions.  Obsessions are recurrent and persistent 

thoughts, impulses, or images that marked anxiety or distress. In addition, 

these obsessions are not simply worries about real-life problems and the 

patient realizes that the obsessive thoughts are a product of their own mind 

and not imposed by another. Compulsions are repetitive behaviors that the 

person feels driven to perform and are aimed at preventing or reducing 

distress or some dreaded event.  

2. The person recognizes that the obsessive thoughts and compulsive behaviors 

are excessive and unreasonable.  
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3. The obsessions and compulsions cause marked distress, are time consuming, 

and they significantly disrupt a person’s normal routine, occupational 

functioning, and their social activities. 

 

 Carl, a 24 year old college student, began seeing a psychologist 

at his girlfriend’s request because of his persistent checking 

behavior. Once they began living together she was shocked by his 

inability to sit through a television show, a complete dinner, or even 

a conversation without getting up to check to be sure the kitchen 

stove was off or to lock the door to their apartment. During the night 

Carl would often get up to verify that everything was off and secure. 

Carl even insisted that they leave the theatre in the middle of a movie 

because he was certain that the door to their apartment was left open. 

Reassuring him that she had checked was of little use once he began 

obsessing about it. 

 Carl’s obsessions appear to have begun in high school when he 

became obsessed with arranging and rearranging things in his room. 

At first his parents encouraged his cleanliness and the order of his 

personal things. When he went off to college they assumed his 

behavior would change in the presence of roommates who would 

likely be much messier than he. While Carl wasn’t obsessed with the 

disorder of their shared dorm room his obsessions about his own 

possessions persisted.  Carl was meticulous about the folding and the 

order of clothes in his small closet and drawers.  He also became 

concerned about the shared sink in their room. He spent hours 

washing and disinfecting the shared area where his roommate shaved 

and brushed his teeth.  Any amount of hair or toothbrush splatter in 

the sink or on the counter repulsed him.   

 After several months Carl was granted a request to move into a 

single dorm room.  In his single room Carl was aware that his 

excessive concern about order was unusual.  He was even 

embarrassed when others commented about how clean and orderly 

everything was.  At one point prior to friends coming to visit, he 

actually disorganized everything to make his dorm look “normal”.  

Carl found this to be so distressing that he spent their entire visit 

rearranging again rather than playing cards.  Living in the shared 

space of dormitories was getting more and more difficult for Carl. 

His obsessions over the sanitary conditions of the showers, the many 

door knobs, and the shared kitchen space distracted him much of the 

time. He was also concerned about leaving his dorm room door 

unlocked and needed to check it frequently throughout the day.  By 

his senior year Carl had moved into a small but new apartment. 
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Within a few months his girlfriend joined him only to be stunned by 

his unusual behavior.   

 After two visits to the university psychologist Carl was referred 

to a psychiatrist at the university hospital for medication. Following 

a brief visit Carl was prescribed Zoloft which he continues to take 

today. His obsessive symptoms of anxiety have improved, but his 

ritualistic checking has not. Carl’s symptoms seem to come and go 

over time and are most severe when he is under stress.  

 

 

Assessment of Obsessive Compulsive Disorder 

 

 One of the most common assessment tools for diagnosing the severity of OCD is 

the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) (Goodman et al., 1989).  This 

ten-item scale is presumed to measure both obsessive and compulsive symptoms. It is 

mentioned here because it is often used to evaluate the effectiveness of treatment 

medication as well as the effectiveness of cognitive behavioral therapy.  
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 Researchers are also interested in developing animal models of OCD to both 

study its underlying pathology as well as to investigate drug effectiveness. Several animal 

models have been proposed that involve inducing OCD symptoms with drugs (e.g., 

quinpirole) which increase dopamine activity in the striatum and produce compulsive 

checking-like and hoarding behaviors in animals (e.g., Fernandez et al., 2003; Joel, 2006; 

Szechtman et al., 1998).  Drugs that effectively decrease OCD symptoms in human 

patients appear to diminish OCD-like symptoms in animals as well.   
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Figure 17: Yale-Brown Obsessive Compulsive Scale (Y-BOCS). 

Psychological inventory used to measure the severity of obsessive and 

compulsive symptoms for OCD. From Goodman et al., (1989). 

 

Pathology of Obsessive Compulsive Disorder 

 

  Of all of the anxiety disorders, OCD has the clearest connection to abnormal 

neuroanatomy and function. The prevailing view of OCD argues that it is a biological 

disease involving neural dysfunction in circuitry between the orbitofrontal cortex, the 

cingulate gyrus, the caudate nucleus, the globus pallidus, and the thalamus. This neural 

circuit forms a loop where dopamine hyperactivity in the caudate nucleus inhibits the 

globus pallidus which normally suppresses thalamic activity. Excessive dopamine 

inhibition in the globus pallidus is presumed to disrupt the normal inhibitory control the 

globus pallidus has over the thalamus. Increased activity in the thalamus of OCD patients 

produces increased activity in the orbitofrontal cortex via the cingulate gyrus.  This 

proposal is supported by several neuroimaging studies (Saxena et al., 1998) and 

volumetric studies of these structures (Atmaca et al., 2007). Furthermore, OCD patients 

who had been successfully treated with SSRI medication showed normalized functioning 

in the caudate nucleus compared to patients treated for depression (Saxena et al., 2003).  

A number of patients with severe OCD have benefited from surgically disrupting the 

excitatory input from the cingulate gyrus to the frontal cortex by a procedure known as a 

cingulotomy which severs this connection. Surgical intervention is only an option when 

patients don’t respond to medication. 
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Figure 18: Neural structures implicated in obsessive compulsive disorder (top). 

Normally thalamic activity suppresses activity in the orbitofrontal cortex via the 

cingulate gyrus. In OCD hyperactivity in the caudate nucleus suppresses inhibitory input 

from the globus pallidus to the thalamus. This results in an increase in activity in the 

thalamus, cingulate gyrus, and orbitofrontal cortex (bottom). 
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Pharmacological Treatment of Obsessive Compulsive Disorder 

 

 The observation that symptoms of OCD are dissipated with serotonin agonists 

(SSRIs & SNRIs) has led to the hypothesis that serotonin dysfunction underlies this 

disorder. It is important to note, however, that there is little evidence for serotonin 

dysfunction in OCD (Westenberg et al., 2007).  There is also little agreement about 

which serotonin receptors may be involved when symptoms are improved (Lin, 2007).  It 

does appear however that it is serotonin reuptake inhibition that mediates the 

effectiveness of treatment even with the dual serotonin-norepinephrine reuptake 

inhibitors. There is a growing consensus that serotonin agonists are initially effective in 

50 to 60% of OCD patients.  Non responders may eventually respond to another 

serotonin agonist or to combinations of drug and cognitive behavioral therapy.  

 Patients who respond to treatment with serotonin agonists also reveal decreases in 

blood flow to the thalamus compared to patients who don’t respond to drug treatment—a 

finding consistent with thalamic hyperactivity contributing to OCD symptoms (Ho Pian 

et al., 2005). Treatment with the serotonin agonist fluvoxamine has also been shown to 

increase dopamine (D2) receptor availability in the caudate nucleus. This secondary 

effect of serotoninergic activity is presumed to normalize hyperexcitability in the caudate 

nucleus and the thalamus (Moresco et al., 2007).  
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Pharmacotherapy for Obsessive Compulsive Disorder 

Drug Name Trade Name Class  

Clomipramine Anafranil SNRI  

Fluoxetine Prozac SSRI  

Fluvoxamine Luvox SSRI  

Paroxetine Paxil SSRI  

Sertraline Zoloft SSRI  

    

    

 

Table 3: FDA approved medication for the treatment of obsessive compulsive 

disorder. Other serotonin agonists may be equally effective, but are used off 

label.  

  

 In conclusion, OCD is a serious and debilitating condition that affects a 

significant portion of the population.  Disruptions in neural circuits between the caudate 

nucleus, globus pallidus, and the thalamus appear to cause increased activity in the 

cingulate gyrus and the orbitofrontal cortex.  Evidence supporting this hypothesis comes 

from numerous imaging and surgical studies as well as animal models of OCD.  While 

there appears to be evidence for a genetic contribution to OCD, there is little agreement 

on the details of its underlying pathology or on the details of serotonin involvement.  

Drugs that increase serotonin activity, however, do effectively decrease symptoms in 

many patients and they appear to normalize hyperexcitability in the caudate nucleus and 

the thalamus. 
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Chapter 4: Glossary of terms in bold 

 

 

Panic disorder experiencing repeated and unexpected panic attacks as well as anxiety 

about impending attacks.  

 

Posttraumatic Stress Disorder (PTSD) a severe stress disorder brought about by an 

extreme traumatic experience.  

 

Generalized Anxiety Disorder Chronic worry about events with no specific threat. 

Characterized by restlessness, fatigue, difficulty with concentration, and sleep 

disruptions. 

 

Anxiolytic a drug or substance that is used to treat anxiety. 

 

Anxiogenic a drug or substance that induces or exacerbates anxiety. 

 

Elevated maze an apparatus used to evaluate the effects of drugs on anxiety responses in 

laboratory animals. Designed with two enclosed and two open arms and suspended about 

three feet above the ground. The proportion of time spent in open arms is a measure of a 

drug’s anxiolytic effect. 

 

Amytal interview an interrogation of a witness after the administration of sodium amytal 

(truth serum). Evidence obtained under the influence of such drugs is not admissible in 

court. 

 

Convulsant a drug or substance that can induce seizures or convulsions in subjects. 

 

Cross tolerance tolerance developed to one drug may be expressed to other similar-

acting drugs that the patient has not had before. 

 

Fetal Alcohol Syndrome a severe developmental disorder caused by fetal exposure to 

alcohol or other similar-acting drugs. 

 

partial agonist a drug that binds to and agonizes a receptor but with less intensity than a 

full agonist. 

 

valerian an herbal remedy promoted to treat insomnia and anxiety. Derived from the root 

of valerian plants. 

 

Inositol a derivative of the glucose molecule with putative anxiolytic properties. 

 

Obsessive Compulsive Disorder (OCD) a severe psychological disorder characterized 

by the persistence of unwanted thoughts or disturbing images. Compulsive, often 

ritualistic, behaviors may also occur in attempts to mitigate the obsessive thoughts. 
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Cingulotomy surgically disrupting the excitatory input from the cingulate gyrus to the 

frontal cortex. Occasionally used to treat drug resistant obsessive compulsive disorder. 

 

  

     


