SEROTONIN - THE KEY TO THE PSYCHEDELIC EXPERIENCE: 

The brain chemical these drugs increase, serotonin, is the same brain chemical that LSD, PCP and other psychedelic drugs mimic in order to produce their hallucinogenic effects ". . . psychedelic agents mimic the effects of serotonin." And remember that psychedelic agents are "a class of compounds with no demonstrated therapeutic use, a history of extensive abuse, and the ability to provoke psychosis. Yet many brain researchers value the psychedelic agents above any of the other psychoactive drugs" because "the research into psychedelic drugs has already enriched our understanding of how the brain regulates behavior." (Dr. Solomon Snyder, DRUGS AND THE BRAIN) Just how much will these brain researchers learn from our experience with these drugs designed to specifically increase serotonin, the same brain chemical the psychedelic agents mimic to produce their effects? 

We know that these drugs interfere with serotonin metabolism (demonstrated by levels of the serotonin metabolite 5HIAA). It is not serotonin that is low in these disorders, it is this by product 5HIAA, which indicates the level of serotonin metabolism, that is low in depression, suicide, etc. Yet as serotonin (5HT) goes up serotonin metabolism (5HIAA) generally comes down. We already have studies demonstrating at what percentage each of these drugs increase 5HT and decrease 5HIAA. Now learn the results first of elevated levels of serotonin (5HT) and secondly the results of decreased levels of serotonin metabolism (5HIAA): 

Elevated 5HT (serotonin) levels:
#1 schizophrenia, psychosis, mania, etc.
#2 mood disorders (depression, anxiety, etc.)
#3 organic brain disease - especially mental retardation at a greater incident rate in children
#4 autism (a self-centered or self-focused mental state with no basis in reality)
#5 Alzheimer's disease 
#6 old age 
#7 anorexia
#8 constriction of the blood vessels
#9 blood clotting
#10 constriction of bronchials and other physical effects

Lower 5HIAA (serotonin metabolism) levels:
#1 suicide (especially violent suicide)
#2 arson 
#3 violent crime
#4 insomnia
#5 depression
#6 alcohol abuse 
#7 impulsive acts with no concern for punishment
#8 reckless driving
#9 dependence upon various substances
#10 bulimia
#11 multiple suicide attempts
#12 hostility and more contact with police
#13 exhibitionism
#14 arguments with spouses, friends and relatives
#15 obsessive compulsive behavior
#16 impaired employment due to hostility, etc. 

All are exactly what patients and their families have continued to report to be their experience on these drugs since Prozac was introduced! These individuals are frantically searching for answers while this research sits right under our noses. Although this is a totally different picture than pharmaceutical marketing departments would have us believe, marketing claims and reality rarely have much in common. 

Researchers tell us that five, ten or twenty years later it is not uncommon to find we have another thalidomide on our hands. Raising 5HT (serotonin) and lowering 5HIAA (serotonin metabolism) in such a high number of people can produce very serious, extensive and long term problems for all of society. Even more frightening for the future of our society is the rapidly rising widespread accepted practice of prescribing these drugs to small children and adolescents. This crucial medical research must be addressed openly, without delay, rather than remain buried in seldom read medical research documents as has been the case in the past with other mind-altering medications, once thought to be safe, which were subsequently prohibited by law.

Some information included in the book (424 pgs):
...serious long-term adverse physical and psychiatric side effects produced by elevated levels of serotonin ...reported after effects: withdrawal, memory loss, sleep disorders, panic and anxiety attacks (adrenalin rushes), impaired concentration, bi-polar, diabetes, MS symptoms, mania, chronic fatigue, severe rebound depression, symptoms of Cushings Syndrome - moon face, looking or feeling pregnant, inability to handle stress, mood swings, etc. 
...learn the cause of depression, manic-depression, panic, anxiety, OCD, psychosis, schizophrenia, etc.- understand mental illness as never before. ...why False Memory Syndrome is so often being induced by these drugs and breaking up relationships ...reports of compulsions for alcohol, sweets, NutraSweet sweetened drinks, spending and sex 

Diet and spiritual living will control depression. 
Feeling down?  Try these ideas before you expose yourself to the risks of  physiological and psychological damage which can result from the side effects of antidepressant medications. Because of the risks associated with many of these drugs, Pharmacotherapy should be considered as a last resort. 

Prozac and its clones (other S.S.R.I. drugs) have become popular for treating depression and other disorders. The use seems to have exceeded the standard taught in some medical schools: "Not a single happy day in six months." or "So depressed that they cannot get out of bed for several days."  First several points about the comments  to follow. 1) Many of the reports I've seen indicate that Prozac use has been associated with eating disorders a bit more often than its use has been associated with reducing them. 2) Former users reports I've seen indicate that: The longer you are on this class of drug, the more time you will need to gradually taper off.  Rapid withdrawal has reportedly caused symptoms worse than those for which the drug was originally prescribed. Statements I make with respect to Prozac below will generally apply to all psychotropic medicines in general and to SSRI drugs in particular.   (SSRI=Selective Serotonin Reuptake Inhibitor; including Prozac [Fluoxetine], Paxil [Paroxetine], Zoloft [Sertraline], Luvox [Fluvoxamine], Effexor  [Venlafaxine], Serzone [Nefazodone], Anafranil [Clomipramine], Celexa [Citalopram], Fenfluramine, Phentermine, {Fen-Phen}, Redux, Zyban (Wellbutrin), and others.) 

Now to my main points. How I've dealt with depression without medication. I don't know who you are or the root cause of your depression, so I will cover several situations. Pick the ones that apply.  If the concepts below work for you, or if you haven't accurately tried all of them, you are not an appropriate candidate for drug therapy. 

A) Guilt. Because of some dumb or wrong thing that I did. Particularly if someone else was harmed or wronged. To absolve guilt requires full repentance: 1) Recognize the sin of commission (what I did wrong) or omission (what I should have done that I didn't). 2) Remorse for the mistake. 3) [This is important] Make Restitution to those who have been wronged to whatever extent is possible. Confess to the wronged party and ask their forgiveness. 4) Resolve to do it right hereafter. Go to the appropriate authority in your church, confess to him, and ask the church to forgive you also. After all of this has been done, a person is entitled to feel good about themselves again, and this cause for depression is gone. More details about this process are explained in the book "The Miracle of Forgiveness" by Spencer W. Kimball, available from Deseret Book Company or from Barnes and Noble. 

B) Bad Situations Created by Others. Several years ago my family sold a business that had been founded in 1917 by my Grandfather. For 70 years he, then my father and uncles had built a reputation of honest business dealings and prompt payment of obligations. I got a big lesson while working there in my late teens when we were having a discussion about whether we should pay for some unsatisfactory material. My Grandfather stopped the discussion with the statement "My credit rating is worth more that a $2,000 disputed bill. We will pay the bill, and then complain to them about the quality. If they don't fix it, the next load can come from their competition. Most of their other customers probably don't pay as fast as we do, so if they don't fix it, they will be the loser in the end."  When the business was sold, the family did not check out the buyer as thoroughly as he should have been checked out, because he put on an impressive act.  The sales contract called for annual payments, but none were received after the first. The buyer used the credit of the business to borrow as much money as possible, shunt some of it off to numbered Swiss bank accounts, and invest the rest in Real Estate speculation that went bad. He defrauded suppliers by not paying them. He then put the business into bankruptcy defrauding my family, and several banks, of millions of dollars. I could have been a wealthy heir. I finally realized that He could cause me to be depressed over what he did only if I allowed it. I decided that I could get on with my life, make my own fortune by honest dealings, forgive him and let God deal with him (he never asked or apologized), and feel good about what I did as opposed to what anyone else did or didn't do. 

C) Happenstance. Two stories. 1) Several years ago my favorite uncle was flying his aeroplane home from a convention near Seattle. With him he had his pregnant wife and another couple. The aeroplane disappeared. There was an extensive search conducted by the Civil Air Patrol in which members of the family participated, but to no avail. The search was eventually called off after several months of looking. Seven years later, some hunters looked up and saw the aeroplane hanging upside down in some trees. The bodies were hanging upside down inside from the seat belts. One of  his older daughters came to live with my parents. His other children went to live with other relatives. We asked ourselves, "Why did God let this happen?" [The loss of this Uncle was one of the reasons that the business needed to be sold.]   2) In 1969 while I was in the Army a weapon was discharged a foot from my ear. There has been a LOUD ringing in the ear ever since. It has never stopped, not for 29 years! If I concentrate on something, I can sometimes 'tune' it out with my brain, but it is always there. Why did God let this happen to me? 

I then remembered that I had learned in my church that a) we had existed before we came to this earth, 2) we will exist after we leave this life, and 3) we are here as a learning and testing experience. God gave us all the agency to make decisions for ourselves, and see the consequences in our own lives and the lives of others. To learn, new situations (to us) would be presented. Solving an unfamiliar situation is a problem. By solving the problem, we learn something, probably something important. Somehow we will be able to deal with the situations, and learn. The correct question, with respect to these situations is "What does God want me to learn from this?" "Can I share the wisdom gained from the experience of solving the problem with my children and my fellow men?" When I then went to the hospital and saw the other poor fellows who had been injured much worse than I was, I then became thankful that my trial was so trivial. 

D) Activity. Studies have shown that in many cases aerobic exercise and activity in general can do more to relieve depression than the so-called antidepressant drugs.  Click here to read more about it. 

E) Chemistry and Biology. I've heard and seen it reported by others, and have myself noticed a connection between what is being eaten and mood.  There are a number of books on the subject.  Research in the field of nutrition and mood is ongoing, but the existing publications present important concepts even if the science presented in them needs refinement. A particular problem with many is an inability of the body's regulatory system (pancreas/insulin) to consistently accurately control the blood sugar levels when large amounts of refined sugar are ingested. I'm told that artificial sweeteners are not the answer either as they can fool the body's regulatory system. Persons whose systems have particular difficulty in this regard are often known as hypoglycemic. The propensity to hypoglycemia is sometimes associated with a genetic weakness, and that weakness is also associated with a propensity to alcoholism and a propensity for adult-onset diabetes. If you have any blood relatives who abuse alcohol, you may be at particular risk. (When I was in my late teens, I made the decision to totally abstain from alcohol because there were known alcoholics in some of my ancestral lines, which meant that I was at particular risk of becoming an alcoholic.) The shifts in blood sugar level affect mental functioning and mood. I have been told of cases where a person was prescribed Prozac when the real problem was inappropriate diet (and eating habits) for their body. Their Prozac therapy was not successful. Click here for a questionnaire to see if you may have hypoglycemia or go to: http://www.webplace.ca/hg/quest.html#adult. To check on hypoglycemia in children and adolsescents go to http://www.webplace.ca/hg/quest.html#child. 

Here are the diet concepts that have been working for me. Before I adopted these eating habits, I had mood swings, periodic depression, and was becoming overweight. My weight is now consistently at an appropriate level. The concepts that I follow are: 

1) Animal products and meat in moderate amounts.  Fish only from uncontaminated water---avoid fish from water contaminated with agricultural or industrial chemical runoff. 

2) Avoid drinks and foods that contain refined sugars (dextrose, sugar, corn syrup, etc.). 

3) Avoid drinks and foods that contain artificial sweeteners (nutrasweet, saccharin). 

4) Avoid drinks and foods that contain caffeine (No coffee, No black or green tea, No soft drinks containing caffeine such as Cola, Dr. Pepper, Mountain Dew, Mr. Pibb, Jolt, etc.). 

5) Lots of 100% juice drinks. Orange Juice, Grapefruit Juice, Low Salt V-8 Juice, etc. Read the label carefully to be sure that undesired things have not been added. 

6) Avoid artificial color and artificial flavor. 

7) Lots of, and a wide variety of vegetables and fruits. Lots of Carrots, Onions, Potatoes, Broccoli, Beans, Romaine Lettuce, Tomatoes, Parsley, Beets, etc. 

8) Avoid frying food. Cook by steaming or microwaveing. If you cook by boiling, keep the water and make soup with it--most of the vitamins will have leached out into the water. 

9) Avoid added fats. Salad dressings are mostly fat--eat the salad dry (if you have a weight problem) or use a small amount of a beneficial oil such as olive oil.    Most foods eaten by or available to Americans already have plenty of fat in them to meet nutritional needs for fat. 

10) Animal fats tend to cause heart disease, hydrogenated vegetable oils (solid at room temperature) tend to cause cancer. Studies have shown that olive oil is the best for long term health. 

11) I've read that people who use or have used Prozac or other SSRI drugs may exhibit a particular sensitivity to some animal products (meat, etc.) because of interactions to the residual levels of drugs in the meat that were used by the farmer, and interactions to the elevated levels of adrenalin they may be in the meat that the animal's system created while it was being slaughtered. I've heard that some former Prozac users have had to become vegetarians because of this. 

12) I understand that there have been studies that indicate that Prozac inhibits the body's ability to use the nutrients and enzymes from the food. Besides sound diet, you will likely need nutritional supplements. (If an advertisement covers the paper at the last link, minimize the ad screen to see the desired page.) 

13) If you have a weight problem, it is my understanding that it is not the amount of food, but the genetic heritage, composition of the diet and the activity level that defines body size. Simply reducing food quantity will result in the body defending itself by reducing the metabolism rate and the need for food.  Changing the proportions of the various things in your diet, and your activity level, forever, will redefine your size, forever.  The change took 10 months for me. 

14) My dietary concepts started with a document  known as the "Word of Wisdom" that people of my religion have accepted as scripture.  The Seventh-day Adventists also have some good teachings and positions with regard to this subject. In any event, the recommendation to use wisdom and moderation in all things is sound advice.  It is my personal religious belief that God (through the Holy Spirit) can and will speak to each of us through inspiration about things that pertain to our own personal responsibility or stewardship.  Any substance that affects the functioning of the brain will inhibit our ability to receive God's communication to us (inspiration), will not inhibit our our ability to receive communication from the devil, and will inhibit our ability to have the judgment to know the difference or care.  The person who uses drugs or other psychotropic substances to control mood may be cutting himself off from God. 

F) Mood and Social Standing or Attitude. A study at UCLA showed that serotonin levels, and consequently attitude and mood, are dependent on social standing (Newsweek, Dec29, 1997/ Jan. 5, 1998, page 80, column 1). If a person's mood is not being disrupted by inappropriate diet, environmental pollutants, drugs, or medications, then their perception of their relationships with others will have a lot to do with whether they feel depressed. Realization that perceptions of others attitude can only have as much effect on you as you permit it to, and coming to terms with God, his forgiveness, and his love for you can put things in their proper perspective. If you believe in the church that you are associated with, be involved. If you don't have a church that works for you, you are welcome to check out the Church that has worked for me. 

I became interested in this subject when my little brother died of a heart attack which appeared to be a side effect of his use of Prozac and other drugs that affect serotonin. I've learned a lot from  Ann Blake Tracy, PhD. and her book and from letters received by the International Coalition for Drug Awareness.  I will appreciate comments.  Send them to drugaware@hotmail.com. 

Geocities has graciously provided this web space in exchange for the ads that appear at the head and tail of this page. As I can not preview the ads, I take no position with respect to the vendors or products offered. If you determine that they are appropriate for you, you can buy them by clicking on the links. Enjoy your visit 
Alcohol Cravings Induced via Increased Serotonin

By: Ann Blake Tracy, Director, ICFDA 

There is an alarming connection between alcoholism and the various prescription drugs that increase serotonin. The most popular of those drugs using these drugs.are: PROZAC, ZOLOFT, PAXIL, LUVOX, SERZONE, EFFEXOR, ANAFRANIL, and the new diet pills, FEN-PHEN and REDUX. For seven years numerous reports have been made by reformed alcoholics (some for 15 years and longer) who are being "driven" to alcohol again after being prescribed one of these drugs. And many other patients who had no previous history of alcoholism have continued to report an "overwhelming compulsion" to drink while using these drugs.

 (A few personal accounts: #1 A young woman, a recovering alcoholic, reported that during the eight month period she had been using Prozac she found it necessary to attend AA meetings every day in order to fight off the strong compulsions to begin drinking again. #2 In the Southeastern United States a middle aged psychologist, also a recovering alcoholic, after being prescribed Prozac, found herself needing to attend AA meetings morning, noon, and night to keep from destroying the sobriety she had achieved. #3 A young father, who was Mormon and had never before in his life used alcohol, found himself drinking Ever Clear and exhibiting bizarre as well as violent behavior, after being prescribed Prozac and Ritalin. #4 A young mother who had never used alcohol before began drinking large amounts within weeks of being prescribed Prozac and quickly found herself committed to a mental institution due to the psychotic behavior that resulted. Added to her Prozac prescription were anti-psychotic meds and electric shock treatments. She then began to experience seizures and was started on anti-seizure meds. #5 A concerned neighbor reported her friend was drinking straight Vodka on a regular basis after being prescribed Zoloft. #6 A daughter reported her father, sober for 15 years, began drinking again on Prozac. The consistant report from these patients has been an "overwhelming craving or compulsion" for alcohol.)

For some time we did not have specific medical documentation to help us understand why this was happening. Could it be that Prozac, Zoloft, Paxil, etc., being mood altering substances, were removing the inhibitions that individuals had placed upon themselves to stop their additions? But beyond this mood altering effect of Prozac, etc., there seemed to be a physiological cause for this alcoholic obsession as well. There were reports of people who rarely drank before Prozac, etc., consuming excessive amounts of alcohol after starting usage of these various drugs. For example we have the case of a young newly wed in Southern Utah who was given Prozac for a hormonal imbalance. Before that time she would have two or three social drinks a year, yet soon after being prescribed Prozac she began bringing alcohol home by the case. Many similar reports followed.

Could it be that because these drugs have such a strong adverse effect upon the pancreas [Manufacturer's warnings include such side effects as hypoglycemia, diabetes and pancreatitis.] they are producing a potent disruption in the body's blood sugar balance? This would in turn cause a "craving" for alcohol as the body reaches out for a "quick fix" to raise the blood sugar level thus triggering a vicious self-perpetuating cycle as the alcohol pushes the blood sugar level even lower after the brief high it produces. This means that those suffering a tendency toward alcoholism or any other blood sugar disorder would suffer the most disastrous repercussions of Prozac, etc., (including psychosis, suicidal ideation and violence) much faster than most. Patient reports support this conclusion.

In November of 1994 Yale published a study that gave us one answer to the alcohol cravings associated with these drugs. The study demonstrated that an increase in brain levels of either of two neurotransmitters (brain hormones), serotonin or noradrenalin, produces: #1 a craving for alcohol, #2 anger, #3 anxiety. They found this to be especially true for those who have a history of alcoholism. All of the drugs listed above are designed in one way or another to increase serotonin which in turn also increases noradrenalin. Anyone who has a history of alcoholism should heed the warning contained in these reports. And anyone who has developed a problem with alcoholism while using these drugs deserves answers as to why they have experienced such an overwhelming compulsion to drink.

America already has an estimated 10 -15 million alcoholics. To increase that number with a reaction from prescription drugs which causes a compulsion to drink is a tragedy! What a sad state of affairs that drugs which are actually being promoted as a treatment for alcoholism have the potential to create alcohol craving behavior. This is not only frightening, but absurd. It is heart-rending to listen to those who have had years of sobriety destroyed almost overnight or those who have never touched alcohol before Prozac, yet began drinking compulsively due to a medication prescribed by doctors unfamiliar with this connection. By chemically inducing an overwhelming urge to drink this effect also causes patients to mix alcohol with these powerful drugs. When alcohol and drugs are combined, one can compound the effects of the other so the resulting impairment is far worse than if the two were taken separately...even small amounts, mixed with some medicines, will deaden your senses or change your perceptions which can lead to psychotic behavior, seizures, etc. Those in this situation need to be made aware that they are not alone, and that this is a common report which is now substantiated by medical documentation. They also need to understand that it is possible to very gradually withdraw from these drugs and overcome these adverse drug reactions.

Chapter 2. How One Little Molecule Can Do So Much

If you are the kind of person who likes to ask "Why?" "How does it work?" "Who says so?" and "Can you prove it?" this chapter will give you some answers. Question number one undoubtedly is, "What is serotonin?"

Serotonin is a neurotransmitter, a specialized molecule that allows nerve cells to communicate and interact with each other. Without neurotransmitters we would be unable to think, perceive, move, or even live. Serotonin also does double duty in the cardiovascular and gastrointestinal systems. It helps regulate the expansion and contraction of blood vessels and the function of platelets, the blood cells that cause blood to coagulate and close a wound. It also causes smooth muscles to contract, such as the abdominal muscles that aid digestion by pushing food through the GI tract.

About thirty neurotransmitters have been identified, some of them very specialized and others with a range of job duties in different parts of the brain and nervous system. Along with acetylcholine, dopamine and norepinephrine, serotonin is among the most significant in terms of the number and importance of the functions it helps carry out. In fact, the nerve cells that release and receive serotonin extend throughout the brain and down to the spinal chord. This serotonin system is the largest single system in the brain, influencing a broad range of basic functions from movement to mood. 

All these different neurotransmitters work together in processing our thoughts, sensory perceptions, decisions, and actions. Although the cortex, the wrinkled "gray matter" of the brain, is in charge of making all "executive" decisions, the brain seems to function as a sort of democracy. Many different centers in the brain take part in processing basic information that helps to determine when we eat and sleep, whether we feel pain, whether our energy, mood, and motivation levels are up or down. The multiple neurotransmitters and the different processing centers provide a system of checks and balances. It's safe to assume that more than one neurotransmitter and one group of nerve cells are involved in carrying out each of the brain's many complex tasks. This way, one can pitch in and try to "cover" when another isn't doing its job. One of serotonin's major roles is to modulate or control the effects of other neurotransmitters. Basically, this means it can influence the relative importance or priority of the messages sent by other neurotransmitters, giving them a green, red, or yellow light. This helps to explain why serotonin can have such pervasive effects on our mood and behavior, yet does not act alone. In the words of Thomas Carew, a Yale researcher, "Serotonin is only one of the molecules in the orchestra. But rather than being the trumpet or the cello player, it's the band leader who choreographs the output of the brain."

The Lock and the Key to the Mystery

Like people, the body's organs and cells have to communicate with each other in order to function and to survive. As their language, they use a great variety of specialized chemical messengers that include the neurotransmitters and the hormones. Serotonin and other messenger molecules pass signals from one cell to another by interacting with special gatekeeper molecules called receptors. It is a lock and key system, in which each messenger molecule can unlock and activate only a specific receptor type. When a messenger molecule attaches to the proper receptor, the receptor triggers a series of responses within the cell, which may then release its own messengers to pass the information on to yet other cells. Serotonin is known to unlock at least 14 different receptor "subtypes," each thought to have a distinct role in influencing our moods, impulses, appetites and motivation.

Many common diseases are caused or aggravated by too much or too little activity by one or more of the body's many messenger molecules. This is true of conditions as varied as breast cancer, Parkinson's disease and hay fever. Drugs to treat these disorders often achieve their effects by mimicking the shape of a messenger molecule and "tricking" the receptor into responding. Others block the receptor and prevent it from interacting with its usual messenger molecule. Still others affect some part of the process by which the body produces the messenger molecule and then breaks it down after it is used. For example, Prozac, Zoloft and Paxil are "serotonin reuptake inhibitors," also referred to as SRIs or SSRIs. Normally, serotonin is pumped back into the nerve cell that released it after it is used once. These drugs interrupt that process so that more serotonin is available to reach the target receptors. Most of the serotonin-active drugs act to increase the availability or activity of serotonin in the brain.

All of this is test tube-based theory. Does it really explains what happens when the drug reaches our bodies and brains? Probably, but there is some reason to doubt. Some "weak" serotonin reuptake inhibitors are just as good at relieving depression as more powerful SRIs. An antidepressant called tianeptine used in France actually has the opposite effect of Prozac--it increases reuptake or removal of serotonin--yet is quite effective in relieving depression. Perhaps all we can say with any certainty is that these drugs "tweak" an ailing serotonin system, stimulating it to normalize its functioning. Unfortunately, the power of that tweak can also cause changes in other neurochemical systems, producing imbalances and side effects.

How Do We Know?

As you may have guessed, there is no good way to know what a chemical is doing, in real time, within the brain of a living person. Sophisticated techniques to study the brain's chemistry in action are now being used in animals, but these are too invasive to be used in human volunteers. Our current understanding of serotonin is based on animal studies, on autopsies of disease and suicide victims, and on more limited studies of human volunteers with serotonin-related conditions.

Many people are uncomfortable with animal experimentation, yet neurotransmitter research is one of the areas in which it provides invaluable help in understanding the brain and treating its disorders. Typically, rats are given a serotonin-active drug or diet, their behavior is observed, then they are killed and their brains are studied.

Autopsies of people provide important information, especially in understanding the role of serotonin in suicide and Alzheimer's disease. Clinical studies involving patients can obtain good data by analyzing the level of serotonin metabolite (its chemical breakdown product) in the spinal fluid or other "markers" of serotonin activity in the blood. Some studies give a serotonin-active treatment to volunteers, and then use verbal or written questionnaires to find out the impact on their mood or appetite. All these studies have limitations, but taken together, they provide an impressive body of evidence to show serotonin's importance to our daily functioning. 

Serotonin Does Not Act Alone

We mentioned the fact that the brain puts more than one neurochemical system in charge of each aspect of mood, behavior, movement, and mental activity. Norepinephrine, also called noradrenaline, is believed to have a secondary role in setting our moods. In the brain's "wiring circuits," the norepinephrine system seems to run fairly parallel to the serotonin system, suggesting some different and some overlapping functions. A few drugs that act mainly on the norepinephrine system are quite effective in treating depression. In the realm of mood, norepinephrine is an "activating" chemical. It is released in response to stimulants such as coffee and amphetamines, in response to stress, and in anxiety attacks. In contrast, serotonin activity is believed to promote a feeling of calm and well-being.

Serotonin's Source

Where does serotonin come from? It is synthesized in different parts of the brain and body, where it can be stored or released. The most important raw ingredient is an amino acid called tryptophan. Amino acids are the building blocks of protein, and tryptophan is found in abundance in all high-protein foods, such as dairy products, eggs, meat and fish. Vegetarians also have many good sources for tryptophan, including seeds, nuts, and a number of vegetables. When these foods are digested, their amino acids, including tryptophan, enter the bloodstream and are carried to tissues that will use them to synthesize the body's own proteins and other essential molecules, including serotonin.

Some dramatic experiments with animals and human volunteers have demonstrated how dependent we are on dietary tryptophan for our moods. Animals who are deprived of tryptophan will show noticeable behavior changes, becoming much more aggressive. In one study, healthy men were given one of two amino acid "cocktails" to drink as their meal. One mixture contained no tryptophan; the other contained tryptophan as well as other dietary amino acids. It was a double-blind "is-it-Coke-or-Pepsi" type of experiment. Neither the volunteers nor the researchers knew which cocktail was which until the study was over. The results? The men who drank the mixture without tryptophan had remarkable deteriorations in mood on that day. On the day they were given the "normal" amino acid mixture, their moods did not change in any significant way.

So will a cheeseburger make you cheerful? Should you load up on protein in order to feel better? Although it is true that tryptophan comes from protein, not from fats or carbohydrates, you actually need a well-timed carbohydrate meal or snack in order to increase the amount of tryptophan reaching your brain. How this works--and how you can use it for your benefit--will be explained later in chapter 8. 

You may be wondering why people take an antidepressant drug to increase serotonin availability to the brain. Why not just take serotonin itself? The answer is that serotonin cannot pass from the bloodstream into the brain. The brain controls and limits the number of substances passing into it, somewhat like a nation that guards its borders, allowing only a certain number of "foreigners" to enter. This "border check" is called the blood-brain barrier. The blood vessels which carry oxygen and nutrients to the brain have less permeable walls than the vessels that "service" the rest of the body. This is a safety feature. If we drink, eat or inhale something toxic, our brains have a better chance of continuing to function. The brain, of course, welcomes the amino acids it needs to function, but they can pass out of the blood into the brain only very slowly and in relatively small numbers.

Serotonin in Sickness and in Health

Health is more subtle and complex than disease, and much less well understood. The list of disorders in which serotonin abnormalities are believed to be a major factor keeps expanding. It includes mania, depression, anxiety, personality disorders, suicide, impulsive acts of violence and aggression, obsessive-compulsive behavior, some types of sexual problems, alcoholism, eating disorders, sleep disturbances, and perhaps schizophrenia and Alzheimer's disease. In addition, serotonin abnormalities underlie migraine, cluster headache and other forms of chronic headache. It is also thought to contribute to some cardiovascular conditions, including Raynaud's disease and hypertension.

Because the list is so long and includes such extremes of behavior, from mild anxiety to murderous aggression, some researchers have suggested that a better way of understanding serotonin in health and disease is to focus on its normal roles in regulating mood, impulse and appetite. When serotonin functioning is thrown out of balance, the impact can be felt in any number of ways. Depending on genetics and environment, that imbalance might make itself known as migraines, bingeing, anxiety, obsessive-compulsive behavior, depression or out-of-control impulsiveness.

Mood

Low moods and low serotonin go together--a finding that has been confirmed in study after study for several decades. Most of these studies are based on patients--people who are significantly ill and have sought medical treatment. Yet all the evidence suggests that the normal role for serotonin is to balance and adjust our normal mood shifts--somewhat like the bass/treble knob on your stereo. It has a role in "habituation," the process in which the brain learns that a particular recurring sensation is not all that important and should be ignored. When the serotonin system is functioning normally, it helps us keep a steady frame of mind in the face of all the things happening to us and around us. It helps us "tune out" the unimportant stuff and respond in a balanced way to the things that do matter. 

We would like to be happy and carefree all the time, but there are times when it's appropriate to be sad, cautious or worried. Serotonin helps establish that response and our corresponding activity and impulse level. Twenty thousand years ago, it may have been appropriate to be subdued and listless all winter long, or when the weather didn't permit us to hunt or gather food. It isn't now, yet many of us still respond powerfully to season, weather and time of day. Or react too sensitively to stress and to other triggers in our over-civilized lives. Our serotonin system becomes less active in response to environmental influences, and we then get the mood-food-migraine symptoms. However, you can take counterbalance the impact of environmental factors and daily stresses on the serotonin system. Some food and lifestyle choices will depress serotonin functioning, while others will enhance it.

Motivation

Motivation is difficult to define, but we all know when we have it, or when we don't. Being "down" for any reason seems to rob us of our motivation. We know we should go out, call a friend, get busy, do something. We know that activity and exercise makes us feel better, but we can't shake the low mood and the lack of motivation. We stay in front of the tv or in bed, maybe with a carton of ice cream to comfort us.

In animals, serotonin has been shown to have an important role in initiating movement. Serotonin seems to be the "switch" regulating movement versus sensory perception. Have you ever noticed that a cat or dog will "freeze" to listen to a sound or to watch a bird or squirrel? At that moment when the animal holds still and uses its senses, serotonin activity drops. When the animal moves again, serotonin activity returns. We often think of ourselves as doing "ten things at once" but we humans also tend to freeze when we want to pay attention to something important.

An anxious person or animal often becomes hyperalert to sights and sounds, perhaps forcing their low serotonin even lower! Reduced serotonin activity could be the common link between depressed mood and the apathy, the lack of interest in moving and doing, that so often comes over us when we are low. Some people, when they are seriously depressed, will have a physical slowing of speech, movement, and responsiveness that can be quite noticeable to others around them.

Impulse Control and Aggression

On a results level, serotonin seems to have a very important role in inhibiting impulsive behavior and action. We generally think of inhibition as an undesirable trait. However, without inhibitions, we would quickly ruin relationships, lose jobs, and quite possibly land in jail! We would certainly eat and drink and act on sexual or aggressive impulses with no thought for the consequences.

Of course, none of us are born knowing how to behave ourselves. We learn to control our impulses in response to rewards and punishments handed out by parents, siblings, teachers, and playmates. Although normal impulse control is a complex, learned behavior, abnormal impulse control is now believed to be related to poor serotonin system functioning. Children and adolescents who have a history of poor impulse control--excessive aggressiveness, setting fires and antisocial behavior--have been found to have abnormally low serotonin levels. Extreme forms of impulsive or aggressive behavior--violence against others or self (suicide, self-mutilation) also show a strong link with low serotonin availability in the brain. 

On an everyday, law-abiding level (no guns, knives or fists), aggression is difficult to define and quantify. We often think of it as a wholly negative quality, but in fact appropriate expression of aggression is an essential survival and success skill. Because of the difficulty of defining and studying complex character traits, it is not known whether healthy levels of aggressiveness and assertiveness are also regulated by serotonin, yet many researchers believe this is a reasonable assumption.

Appetite

On an everyday level, serotonin controls appetite. The sight, smell or expectation of food stimulates serotonin release in the hypothalamus, a part of the brain known to regulate feeding and sleep. As eating begins, serotonin continues to rise, until it registers in the hypothalamus as the experience of satisfaction or satiety. That "full" feeling in your stomach actually comes from your brain!

Even though a half-dozen other brain chemicals are known to be involved in regulating appetite and food intake, the influence of serotonin is impressive. In experiments, if you increase serotonin availability or activity you will tend to reduce food consumption. If you decrease serotonin system activity you will tend to increase food consumption.

Alcohol and nicotine cravings

Alcohol may be our oldest medicinal and recreational drug. Millions of people "self-medicate" anxiety or depression with a drink. How many old movies have you watched in which Humphry Bogart or some other poker-faced tough guy poured a few belts or got downright drunk in order to deal with fear, loss or confusion? You don't have to be "alcoholic" to have problems with alcohol. You may be drinking more than you would like, more than you consider healthy, yet find that you crave alcohol to smooth or lift your mood in the same way that other people crave chocolate or potato chips. In both cases, low serotonin availability may excite the craving. Drinking alcohol temporarily raises serotonin levels, then lowers them. As a treatment for feeling low, booze brings us even lower.

The evidence linking smoking to serotonin is more limited. The brain has specific receptors which interact with nicotine and which are responsible for the symptoms of craving and withdrawal that make quitting so difficult for smokers. It has been speculated that serotonin may make a contribution as well through its role in controlling craving and impulse. In experiments with animals, nicotine will increase serotonin activity in some parts of the brain. Also, serotonin-active treatments will decrease the frequency with which rats "give themselves" nicotine. No one has yet trained a rat to hold a cigarette and puff, but once they are given nicotine, they are hooked. They will run through a maze, work a treadmill or push a lever over and over--in effect, "walk a mile for a Camel"--to get another dose! A particular type of serotonin receptor is thought to have a role in reinforcing the stimulating and gratifying effects of stimulants such as caffeine and nicotine.

As most smokers, ex-smokers and their significant others know all too well, the toughest part of quitting is dealing with the mood and appetite changes they experience. People trying to quit cold-turkey will become very irritable, and either sudden or slow nicotine withdrawal will increase appetite and food cravings. Virtually every ex-smoker will gain a few pounds, and for many people this is the biggest deterrent to stopping. The fact that the mood-and-food symptoms of smokers attempting to quit match those of serotonin-deficient conditions suggests that nicotine does interact with the serotonin system in complex, not-fully-understood ways. If you are a smoker who would like to quit but have not been able to do so, following the dietary guidelines in Part 3 may help make your mood and food symptoms more tolerable. You should expect a short-term weight gain, however, and postpone any dieting until after you have your moods and eating habits back to normal.

Drug Abuse

If "low" serotonin makes you feel "low," will "high" serotonin make you feel "high"? Well, in a way, yes, but it's temporary, dangerous and illegal! Several abused drugs are known to act on the serotonin system. MMDA (Ecstasy) is a very powerful serotonin-active drug. Although it may have effects on other neurochemical systems, it produces its feelings of euphoria and tranquility primarily through its action on serotonin receptors. Several hallucinogenic drugs, including LSD and psilocybin, resemble the serotonin molecule so closely that they are also believed to produce their psychedelic effects by acting on serotonin receptors.

Much evidence links serotonin abnormalities to alcoholism and other substance abuse. Substance abusers do have lower levels of serotonin activity, and serotonin-active drugs decrease alcohol and drug abuse both in humans and in rats--who are not so different from us after all! However, the degree of improvement varies greatly from individual to individual. It is thought that low serotonin may contribute to substance abuse through serotonin's effects on impulse control, food and fluid intake, and on mood. Anxiety, depression, and poor impulse control are often part of the profile and the problems underlying alcohol and drug abuse.

Heart and Blood Flow

Serotonin is found in platelets, the blood cells that clump together to close wounds, and it helps them do this important job. It also has complex roles in regulating blood flow to the brain, heart, and gastrointestinal tract. It regulates blood vessel elasticity and can act as either a vasodilator (causing vessels to expand) or a vasoconstrictor (causing vessels to narrow), depending on where and when it is released.

Because of its complex action in controlling blood flow and blood pressure, serotonin abnormalities are also thought to have a role in a number of other cardiovascular conditions, including some forms of hypertension (high blood pressure). These include peripheral vascular diseases, which are circulatory problems involving the blood vessels in the extremities, the hands and feet, and sometimes the lower legs as well. One of these, Raynaud's disease, is characterized by numbness, discoloration, and pain in the fingers or toes on exposure to cold. Although it is called a disease, it usually does not require treatment, though it can sometimes interfere with activities. Serotonin appears to be involved in some forms of hypertension (high blood pressure). Ketanserin, a serotonin-active drug that acts to lower serotonin availability, has been used to lower blood pressure. 

Migraine and Other Chronic Headache

Serotonin is believed to have a major role in causing migraine headache, cluster headache, and possibly tension headache. In persons who are prone to migraine, there is a defect in a specific type of serotonin receptor that normally causes blood vessels to constrict. Because of this defect, different irritating triggers can cause vessels supplying blood to the brain to expand (dilate), putting pressure on surrounding tissues and causing pain and tenderness. Antidepressants are often, but not always effective in preventing these headaches. Some people will find that their migraines will miraculously go away if they take Prozac, while others will get the worst migraines they've ever had.

In general, low brain serotonin levels are associated with increased sensitivity to pain, and chronic pain sufferers appear to have reduced serotonin functioning. Serotonin is known to have an effect on pain awareness, in part by controlling the release of a pain-signalling brain chemical called substance P.

Gastrointestinal Effects

Serotonin causes the smooth muscle of the gut to contract when it is released by the nerves supplying the muscle. Contractions of the abdominal smooth muscles are involved in normal digestion and in nausea and vomiting. There is an important practical application for this fact. Serotonin-active drugs are being developed that will help cancer patients avoid or minimize the nausea and vomiting that are often the most unpleasant side effects of chemotherapy.

Sleep-Wake Cycle

Serotonin activity in the brainstem is highest while we are wide awake and absent during REM sleep, the period of sleep in which we are actively dreaming. During REM sleep, when serotonin function is close to nil, we are temporarily paralyzed, since serotonin is necessary for initiating voluntary muscle movement. This is an important "safety feature" provided by serotonin, since without it we would attempt to act out our dreams, hurting ourselves and possibly others. As we wake up in the morning, serotonin activity increases, providing us with "get-up-and-go," literally and figuratively. Since sleep and mood are both regulated by serotonin, mood problems tend to bring sleep problems with them, either insomnia or hypersomnia (oversleeping). People with low serotonin have been found to spend less time in non-REM sleep, the longest part of the normal sleep cycle. Restless leg syndrome, the annoying muscle twitches and restlessness that interfere with sleep, has also been related to low serotonin functioning.

During the night, serotonin is metabolized by the brain to create melatonin, a very important neurohormone you may have read about it. Between them they regulate the sleep-wake cycle, keeping us alert during the daylight hours and allowing us to sleep at night.

Mental Functioning

During periods of depression and anxiety, people do poorly on tests of mental functioning, such as memory and concentration. These results are paralleled in experiments with animals who are given a serotonin-depleting drug or diet. It is not clear whether serotonin has a direct role in mental functioning. It may be that a decline in motivation and attention, rather than in actual mental ability, is the explanation for why low mood states and poor mental functioning seem to go together. On a practical level, it hardly matters. When our mood is depressed, so is our mental performance.

Another neurotransmitter called acetylcholine is generally believed to have the leading role in memory. However, serotonin may take the "best supporting" role nomination, with a strong secondary influence on our ability to learn and remember. Animals can still learn and use memory when given treatments that deplete either acetylcholine or serotonin levels. However, a treatment that deprives them of both neurotransmitters will result in profound loss of memory and learning skills.

Serotonin functioning decreases in old age and with Alzheimer's Disease. Autopsies have shown a drop in the number of serotonin receptors. At this point, it is believed that low serotonin functioning may be responsible for the mood and behavior problems of Alzheimer's victims, who are often anxious and depressed and may become very aggressive and impulsive in the later stages of the disease. Antidepressants have been reported effective in improving mood and behavior for these patients, potentially a very great benefit for them and for their caregivers.

Can You Have Too Much of Such a Good Thing?

If too little serotonin is linked with depression, anxiety, bulimia, bingeing, insomnia, out-of-control aggression, migraine, and alcoholism, then do you want to have as much as serotonin in your system as possible? If we are talking about natural approaches to increasing your body's serotonin's supply, then the answer is yes, if you are currently troubled, however slightly, by negative moods or bingeing. However, an overdose or combined action of serotonin-active drugs can be quite serious.

Serotonin Syndrome

Serotonin syndrome is an emergency condition caused by an overdose or accumulation of serotonin-active drugs. The symptoms include confusion, agitation, profuse sweating, high fever, and muscle rigidity. It is not easily diagnosed, particularly when the sufferer's confusion and agitation make it difficult to identify the underlying cause. Treatment involves administering fluids plus medication to control blood pressure, which is usually high. Usually the syndrome resolves within a few days, but it has been fatal in a very few cases.

Serotonin syndrome has occurred when an individual has been taken off a particular type of antidepressant known as monoamine oxidase inhibitors (MAOIs) and then started on a different antidepressant within two weeks, before the MAOI has ceased to act. Although very effective for depression and migraine, MAOIs are now rarely prescribed because they require special dietary restrictions to avoid toxic food-drug interactions. Occasionally, serotonin syndrome will occur someone who is taking multiple serotonin-active drugs for different medical conditions. The abused drug MMDA (Ecstasy) can cause serotonin syndrome at doses normally taken by abusers.

Healthy individuals taking an antidepressant at prescribed doses are not at risk, but serotonin syndrome has occurred in frail elderly persons who have been prescribed too high a dosage for their age, weight, and general health. If the dietary supplement L-tryptophan becomes available again in the future, you should not take it along with a serotonin-active drug unless your doctor advises you to do so. 

Too Thin--Too Much Serotonin?

Some researchers believe that self-starvation or anorexia may be related to elevated serotonin in certain parts of the brain. Several studies have reported that anorexics have higher levels of serotonin metabolite in their spinal fluid, implying a higher level of serotonin activity, both during their fasting and purging episodes and after long-term weight restoration. Since serotonin produces a feeling of fullness or satiety after eating, individuals with higher serotonin activity might have too little appetite or feel full after eating very little. A role for some type of serotonin abnormality is likely, since sufferers are often depressed, anxious, and obsessive, which are all serotonin-associated problems.

Chemistry + Events = Mood + Behavior

It's currently fashionable to see our personalities, our diseases and our problems as more or less determined by genes and hormones. To a large extent, this is because researchers are discovering so much so fast about the chemistry of life and disease. But we should never forget that the other half of the equation--our environment, our lifestyles and our experiences--has just as great an influence. There certainly are some inherited tendencies that are absolute. Blue-eyed parents will produced blue-eyed children. If a mother or father has Huntingdon's disease, the children who inherit the gene will inevitably develop the disease. For the most part, though, our genes and our hormones only program our tendencies. Serotonin abnormalities do seem to be inherited. How they play out depends upon our daily experiences and our environment. We certainly can't control everything that happens to us. But we can choose a lifestyle that acts to stabilize and enhance serotonin functioning, so that our mood, food or migraine symptoms become much more manageable and less frequent.

Secrets of Serotonin by Carol Hart
St. Martin's Press, 1996. 290 pp. $5.99. Copyright ©1996 Lynn Sonberg Book Associates. Reprinted with permission. For private use only, not to be reprinted.

Histamine and serotonin

The most important vasoactive mediators that are stored in mast cell and basophil granules are histamine in man, as well as serotonin or 5-hydroxytryptamine in rodents. They both are also present in human platelets. Histamine is stored in mast cells and basophils largely complexed to mucopolysaccharide (glycosaminoglycans) such as heparin. Histamin has diverse functions including primary, local dilation of small wessels; widespread arteriolar dilatation; local increased vascular permeability by contracting endothelial cells; the contraction of nonvascular smooth muscle; chemotaxis for eosinophils; and blocking T lymphocyte function. A number of different cells of the body have receptors for histamine. These can be of three types -- H1, H2, and H3. The H1 receptors mediate acute vascular effects together with smooth muscle constriction in the bronchi (histamine act as a ''spasmogen'') and the stimulation of eosinophil chemotaxis. In constrast, the H2 receptors mediate a number of anti-inflammatory effects, including the inhibition of eosinophil chemotaxis, but cause the vasodilatation. The H3 receptor is mainly involved in the control of histamine release by different producing cells. 

Serotonin is also capable of increasing vascular permeability, dilating capillaries and producing contraction of nonvascular smooth muscle. Most serotonin is stored in the gastrointestinal tract and central nervous system but a large amount is also stored in the dense granules of platelets. 

Serotonin and the Suicidal Brain 
Kevin Malone, M.D. and J. John Mann, M.D.
Suicide is the eighth leading cause of death in the United States and is among the three leading causes of death for those aged 15 to 34 years. For every person in the U.S. who dies by suicide, 10 people attempt suicide but survive. Suicide attempts are the most serious complication of Major Depressive Disorder, and, in up to forty percent of cases, attempts precede completed suicide.  

Recent studies in Finland and England suggest that, while Major Depression is a recognizable and treatable disorder, only a small fraction of suicides with Major Depression received adequate antidepressant treatment prior to their deaths. Data from our own studies confirms that most depressed suicide attempters receive inadequate antidepressant treatment. Clinicians cannot easily predict which patients with Major Depression will attempt suicide and which depressives will not. This difficulty also perplexes and demoralizes the families of depressed, suicidal patients that must deal with the consequences of suicidal thoughts and actions.  

Dr. John Mann directs the Federally-funded Mental Health Clinical Research Center for the Study of Suicidal Behavior, which was established in 1989. Located at the New York State Psychiatric Institute/Columbia Presbyterian Medical Center, the Research Center is uniquely dedicated to conducting suicide research across the life cycle in order to better understand the behavioral, biological, and genetic mechanisms underlying suicidal behavior. 

Because clinical characteristics such as severity of depression so poorly differentiate depressed suicide completers and attempters from depressed nonattempters, we have suggested that a "trait-related suicidal threshold" exists. In vulnerable (low threshold) patients this threshold is exceeded easily following the onset of a depressive episode; the inability to suppress or contain suicidal thoughts then leads to a suicidal act. Because suicidal acts vary in their severity, we have proposed further that suicidal acts closely resembling completed suicide are more likely to provide behavioral and biological clues that define the suicidal threshold
Since 1976 several studies have reported lower levels of the major metabolite of the neurotransmitter serotonin in the spinal fluid of suicide victims. We and others also have reported that, in depressed patients, prolactin release in response to the serotonin-releasing drug fenfluramine is more blunted in suicide attempters than in nonattempters. More recently, we have reported that depressed patients whose suicidal acts most closely resemble completed suicide (i.e. more medical damage as a consequence of the suicidal act) have both lower spinal fluid serotonin metabolite levels and a more blunted prolactin response to fenfluramine compared to depressed patients whose suicidal acts inflict minimal medical damage. As we predicted, no differences were found between the groups in other neurotransmitter metabolites or hormonal levels, nor were there any meaningful differences in clinical characteristics such as age, sex, or severity of depression. 

This reduction of serotonergic function did not relate to how recently the suicide attempt had been made, which in many cases was several months earlier, and thus it appears to represent a biological trait. Our evidence to date therefore suggests that an underlying serotonin dysfunction may be associated with more serious suicidal behavior and may play a major role in defining the suicidal threshold.  

While these biochemical tests provide us with potentially useful information about alterations in brain serotonin activity in suicidal patients, they give us no information about whether any specific brain regions may be responsible. For this answer, we referred to our colleague in the MHCRC, Dr. Victoria Arango, who conducts neurochemical studies on suicide victims' brains that families donated. In these brains, she has identified alterations in serotonergic neuron projections to specific regions of the frontal cortex (the most sophisticated area of the brain and involved in the regulation of mood and impulsiveness).  

As clinicians, we then wondered if we could devise a method that would capture a direct image of normal brain response to serotonin release in live, normal subjects. If this were possible, we could apply such technology to visualizing regional serotonin responses in depressed and suicidal patients. To this end, we used positron emission tomography (PET), a new brain imaging technique that can visualize regional brain metabolic activity. We found that serotonin release increased brain metabolic activity in the same region of the prefrontal cortex that Dr. Arango found to be abnormal. The procedure marked the first report of imaging regional serotonin responses in a live human brain.  

We recently applied this methodology to depressed patients, predicting that they would have an impaired prefrontal cortical response to serotonin release. Prefrontal brain response was reduced indeed in all depressed patients compared with normal subjects. This study provides the first visualization of the serotonin deficiency hypothesis of depression, which was originally proposed in 1965. We are now conducting brain-imaging and genetic studies on depressed patients who made serious suicide attempts.  

Much work still needs to be done. Research of this kind will improve detection of high risk patients and will create novel treatment options. The exciting developments in probing the brain constitute work in progress, and we are currently seeking more depressed and suicidal patients to volunteer for the investigation. Moreover, publicizing the problem is more likely to encourage investment in solutions.  

Further reading:  

Please contact Dr. Kevin Malone at (212) 960-5571, or write to him at P.O. Box 28, New York State Psychiatric Institute, 1051 Riverside Drive, NY, NY, 10032. 
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A central premise in the ³catecholamine hypothesis² of attention-deficit/hyperactivity disorder (ADHD) is that dopamine (DA) dysfunction leads to clinical symptoms. The hypothesis arises, in part, from the clinical efficacy of methylphenidate, as well as evidence from brain imaging studies that suggest reduced activity in frontal-striatal regions. The theory, however, overlooks the phenotypic complexity of the disorder and the possible interactions between the dopamine and serotonin (5-HT) neurotransmitter systems.
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ADHD is a heterogeneous disorder manifesting itself in various behavioral dimensions including inattention, hyperactivity, and impulsivity often co-occurring with other child behavioral disorders including comorbid oppositional defiant disorder and conduct disorder. It is likely that different neurotransmitter systems and the relative balance between them have varying degrees of influence over these behavioral dimensions. Variation in genes involved in these neurotransmitter systems are likely to mediate this delicate balance and have an effect on the function of these chemicals in the brain. The purpose of this review is to discuss the neurobiology of ADHD in light of a serotonin hypothesis. A review of human and animal studies in support of a role for serotonin in ADHD and related behaviors is presented. A discussion is included of the interaction between the serotonin and dopamine neurotransmitter systems in the context of dopamine-mediated behaviors and possible implications for ADHD. 
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Although serotonin has been studied less thoroughly in the neurobiology of ADHD, its role in the pathophysiology of this disorder has become an area of intense investigation recently. Considerable evidence suggests a role for this neurotransmitter in the etiology of behavioral disorders characterized by disinhibition including alcohol abuse, suicide, bulimia, antisocial personality disorder, conduct disorder, and aggression. As ADHD is a behavioral disorder largely characterized by deficits in inhibition and is a well-known precursor for many adult disorders of impulse control, a role for 5-HT in ADHD has been hypothesized. Indeed, there is mounting evidence from both human and animal studies that serotonergic neurotransmission is necessary for mediating several of the behaviors present in ADHD. 
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Both direct and indirect measures of central serotonergic function have been assessed in children with disruptive behavior disorders. Cerebrospinal fluid levels of the serotonin metabolite 5-hydroxyindoleacetic acid or responses in pharmacological challenge tests indicate abnormal serotonergic function. Results from such studies, however, have been inconsistent. Some show reduced central 5-HT function, whereas others indicate higher 5-HT function (Kruesi et al., 1990; Pine et al., 1997). Peripheral measures of blood serotonin have been reported as reduced in children with ADHD (Spivak et al., 1999). Although psychostimulant medications appear to be most effective in the treatment of ADHD, there is some evidence that certain serotonin-enhancing agents including tricyclic antidepressants and selective serotonin reuptake inhibitors (SSRIs) are also effective in reducing symptoms in these children. Often these may be used as second-line agents for patients who do not respond adequately to stimulants. 
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A growing number of animal studies suggest the involvement of serotonin in mediating behaviors such as attention, impulsivity, and hyperactivity. Rodents that had a greater degree of serotonin utilization in the frontal cortex performed worse on a task measuring attention and impulsivity (Puumala and Sirvio, 1998). A recent study of a mouse model of ADHD provided evidence linking serotonin to the control of hyperactive behavior (Gainetdinov et al., 1999). In this study, the researchers developed a strain of hyperactive mice by knocking out the gene responsible for the dopamine transporter (DAT-KO). 
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In the absence of the dopamine transporter, there is an increase in extracellular levels of dopamine which is thought to lead to the increased locomotion seen in the knockout mice. Treatment of the mice with psychostimulant drugs produced a calming effect not seen in wildtype mice. Furthermore, this reduction in hyperactivity was not associated with changes in extracellular levels of dopamine in the striatum (Fig. 1, experiment 1). The results suggest that the response to these drugs is through a mechanism other than blockade of the DAT, as the transporter is not present in the knockout mice. 
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The researchers then treated the same mice with several serotonergic drugs. These included both SSRIs and serotonin precursors, and both produced a calming effect in the mice that was independent of any changes in dopamine levels (Fig. 1, experiment 2). The authors suggest that serotonin neurotransmission plays a role in mediating the hyperactive behavior in these mice. 
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Additional animal studies have suggested that specific serotonin receptors may be involved in impulsive and hyperactive behaviors. Investigations with knockout mice that lack the 5-HT1B receptor show increased cocaine acquisition and alcohol intake, as well as hyperactivity and aggressive behavior (Brunner et al., 1999). This receptor is expressed in a variety of brain regions including areas involved in motor control such as the striatum and cerebellum. In an earlier study, Saudou and colleagues (Saudou et al., 1994) developed homozygous knockout mice also lacking the 5-HT1B receptor gene and assessed for various behaviors. When wildtype and knockout mice were treated with the 5-HT1B agonist RU 24969, stimulation of locomotor activity was observed in the wildtype mice that was absent in the mutant mice, suggesting that the hyperlocomotor effect of this agonist was mediated by 5-HT1B receptors. Rats treated with the same 5-HT1B agonist in another report showed a dose-dependent increase in locomotor hyperactivity (Rempel et al., 1993). 
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There is a considerable amount of interaction between the dopaminergic and serotonergic neurotransmitter systems (Kelland and Chiodo, 1996). One hypothesis for the involvement of 5-HT in the development of ADHD is the regulatory control of 5-HT over DA neurotransmission. Disruption of the 5-HT system will disrupt the DA system and affect DA-mediated behaviors. 
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5-HT neurons send projections to DA cell bodies located in the midbrain regions including the substantia nigra and ventral tegmental area. In addition, they project to DA terminals present in the striatum, nucleus accumbens, and prefrontal cortex. The 5-HT innervation of dopaminergic cell bodies and terminals allows for the functional regulation by 5-HT of both DA neuronal firing and DA release. Results from electrophysiological and neurochemical studies on rodents have generally shown that 5-HT exerts an inhibitory influence on midbrain dopamine cell bodies. 5-HT influence over DA release in terminal regions, however, is less clear as both inhibitory and excitatory effects have been observed (Kelland and Chiodo, 1996). 
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Different 5-HT receptor subtypes mediate the regulation of 5-HT over DA neurotransmission and include the 5-HT1A, 5-HT1B, and 5-HT2A receptors. Certain 5-HT1B and 5-HT1A agonists have been shown to increase striatal DA release whereas the 5-HT1B antagonist, GR 127935, inhibits 5-HT-induced dopamine release. These results provide some evidence for a facilitatory role for 5-HT over DA in the striatum. Alternatively, the 5-HT2A receptors that are located on DA neurons inhibit DA firing while antagonism of 5-HT2A releases DA from this inhibition (Kapur and Remington, 1996).

As a consequence of the complex interaction between these two neurotransmitter systems, 5-HT is likely to influence DA-mediated behaviors. The experiments on DAT-KO mice suggest that the calming effects observed after psychostimulant and SSRI treatments occur by increasing 5-HT levels. These higher levels of serotonin then balance the high DA levels that result from the absence of DAT. 
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Although the 5-HT system is likely to be involved in motor activity, it remains unclear which specific 5-HT receptors are involved in motor control. Evidence from pharmacological studies has suggested that striatal 5-HT2A receptors regulate stimulant-induced dopamine release and hyperactivity (O¹Neill et al., 1999). Treatment of rodents with selective 5-HT2A antagonists attenuates the locomotor stimulating effects of amphetamine and cocaine by preventing the increase in dopamine release that causes hyperactivity (O¹Neill et al., 1999). The 5-HT2A receptor, therefore, must be activated in order to mediate the effects of dopaminergic agents. Similarly, several studies have demonstrated the hyperlocomotor effects of 5-HT1A/1B agonists (Kelland and Chiodo, 1996), which are most likely mediated via 5-HT1B receptors. Results such as these provide evidence for a facilitatory role for 5-HT in DA function and DA-mediated behaviors. This appears to be inconsistent with the hypothesis that 5-HT is inhibitory to DA function and DA-induced behavior. 
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The ability of 5-HT to exert both facilitatory and inhibitory influences over DA neurotransmission, thus varying the degree of influence over DA-mediated behaviors, is a complex issue and may be a function of both the brain region studied, the drugs used, and the 5-HT receptor subtypes involved. Needless to say, there is an abundance of evidence demonstrating that dopaminergic neurotransmission is functionally regulated by serotonin, which has important implications for 5-HT in controlling the behavior commonly exhibited in ADHD. 
[image: image13.png]


To date, there have been no molecular genetic studies demonstrating specific serotonin genes as risk factors for ADHD, yet future research in this area is warranted. Although the mode of inheritance of ADHD is unknown, it is likely to be polygenic based on its modest relative risks and high population prevalence. The individual risk contribution per gene, therefore, may be quite small. This has been one of the greatest challenges in ADHD genetics research. Furthermore, identifying a gene as a risk factor for ADHD does not help clarify the aspect of the disorder to which that gene contributes. Do defects in dopamine genes contribute to the inattention component of ADHD while serotonin genes determine the impulsive component? Are dopamine and serotonin both contributing factors in the hyperactivity displayed by children with ADHD? What genes in these systems account for the high proportion of children who exhibit comorbid disruptive behaviors disorders and aggression? There are no definitive answers to these complicated questions, but it is probable that a delicate balance exists between these two neurotransmitter systems and that this balance is necessary to maintain normal behavior in childhood. 
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The future of dissecting the genetics of ADHD lies in a shift from searching for risk-enhancing genes for ADHD as a disorder per se toward searching for genes contributing to the symptoms of the disorder in a quantitative approach. A notion such as this would lead to the hypothesis that a higher genetic load would lead to greater symptom severity. This approach could help identify which genes contribute to particular symptoms of ADHD. For example, examination of a group of children with high levels of impulsive symptoms might identify a serotonin gene as a risk factor, whereas that gene may not be detected if inattention was measured. Waldman and colleagues (1998) adopted this kind of approach, showing that the hyperactive-impulsive symptoms rather than the inattention symptoms of ADHD were associated with a greater loading of the DAT1 high-risk allele and that this association increased with symptom severity. 
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In conclusion, there is accumulating neurobiological evidence pointing toward a role for the serotonin system in ADHD. The strongest support from existing data suggests that serotonin is responsible, at least in part, for mediating the hyperactive and impulsive components of ADHD behavior. Genes involved in serotonin receptor function, metabolism/biosynthesis, and reuptake are good candidates for future molecular genetic studies of ADHD. Thus the existing view of ADHD as a ³dopaminergic disorder² will broaden toward the inclusion of serotonin as a contributing factor in its etiology.

The Health Report: 11 August  2003  - Serotonin Syndrome 

[This is the print version of story http://www.abc.net.au/rn/talks/8.30/helthrpt/stories/s919991.htm] 

Norman Swan: Thanks and welcome to the program.

Today on The Health Report: Doctors are being alerted to the under-recognised side effects of anti-depressants and other medications, which if they’re used together, can mess with the nerve transmitter, serotonin.

Plus horse riding, football and the spine: where do the dangers really lie?

A relatively new term has emerged over the last few years. It’s called the serotonin syndrome, and no, it’s not the title of another anti-psychiatry self-help book. The serotonin syndrome is very real and often occurs by accident when medications or herbs that affect this brain transmitter, are taken at the same time.

Someone who’s recently written warning doctors about it, is Associate Professor Nick Buckley, of the Australian National University.

Nick Buckley: The serotonin syndrome is a series of symptoms that are due to excessive serotonin in the brain.

Norman Swan: So just describe what happens to someone who’s got it.

Nick Buckley: There’s a spectrum of mild serotonin toxicity, people will be a little bit jumpy, a little agitated, have difficulty sleeping, their muscle reflexes will be brisk, their heart rate may be a little fast; they may feel flushed and sweat a little bit. As the amount of serotonin goes up, they will have more and more signs and symptoms of toxicity, to the point where they become very, very jumpy, startle incredibly easily, have very rigid arms and legs, their temperature will go up, they will be sweating profusely, they will be very confused, they may have seizures and ultimately occasionally they may die.

Norman Swan: How often do you see it?

Nick Buckley: Well in the mildest form, very commonly. Those minor serotonergic side effects are commonly found in say one in ten people who are on serotonergic drugs. When people take an overdose of those drugs, it would be seen in half the people who take an overdose of those drugs, you would see significant serotonergic signs and symptoms, and these are among the more common drugs taken in overdose.

Norman Swan: And it’s probably a fairly new phenomenon, isn’t it, because in the old days, nobody was taking drugs which affected serotonin very much.

Nick Buckley: No-one was taking them very much. The syndrome goes back to the ‘50s, with the monoamine oxidase inhibitor.

Norman Swan: These are very old-fashioned, or these days old-fashioned, anti-depressants.

Nick Buckley: Yes, they’re very rarely used now because they had all sorts of interaction problems with food, particularly. But they also did cause this serotonin syndrome, when mixed with other drugs, or with certain foods, and so yes, the first reports date from the 1950s. I think at that stage people were not so clear what was causing the abnormal symptoms and signs, but certainly the fact that people got these strange drug interactions and reacted badly was well-known.

Norman Swan: People might think that it’s just the modern Prozac-like drugs which stop serotonin being taken up by the nerves, and therefore it increases in concentration, but the old-fashioned anti-depressants do it similarly, and there are drugs on the market which people don’t realise actually act a bit like serotonin.

Nick Buckley: Yes, the ones that you see that it’s very easy to pick the diagnosis is when they’re taking drugs with serotonin in the name, or monoamine oxidase inhibitors. But there are a range of drugs which have serotonin-like effects, or interact with the serotonin transporters that are not regarded as being serotonergic by the general public, but even many doctors.

Norman Swan: So give us some examples of surprises.

Nick Buckley: Well probably the best examples are, there are a couple of painkillers, including pethidine and tramadol, which are quite widely available, that have serotonergic effects as well as their pain killing effects. Another good example would be St John’s wort, which is a herb which acts through serotonergic mechanisms. Ecstasy would be another good example, and LSD, of illicit drugs that people may not realise may interact with their normal medications.

Norman Swan: And nutritional supplements, and L-Tryptophan?

Nick Buckley: L-Tryptophan certainly has caused some very severe problems. It’s not widely available but it was widely available, going back about 15 years ago, it was commonly used as a sort of natural sleeping tablet.

Norman Swan: And anti-migraine drugs? The list goes on. Anti-smoking medications?

Nick Buckley: The anti-migraine drugs are more a theoretical concern. There’ve actually been no really severe cases due to the anti-migraine drugs, but that may be to do with the frequency of their use. Certainly there have been none of the very life-threatening cases due to them.

Norman Swan: So when do people get into strife? What’s the commonest situation?

Nick Buckley: The very nasty situations are when they take a monoamine oxidase inhibitor and almost any of the other drugs.

Norman Swan: So taking two serotonin-like drugs without realising that they’re going to add together, or even multiply each other’s effects.

Nick Buckley: Yes, it’s a multiplying effect. I think about this with sort of a bathtub analogy that essentially the amount of serotonin in the synapse reflects how much is going in and how much is coming out, and if you think of a bathtub with lots of taps and lots of plugholes, you could plug up half the holes, you get a bit of a rise in the water, if you plug up all the holes, which is what happens when you combine two different sorts of drugs, then you get a really life-threatening situation. So when people take these drugs in therapeutic use, just one drug, they tend to be just plugging up a few of the holes, or turning on a few of the taps. It’s when you combine two drugs with different mechanisms that you get into the really serious situations.

Norman Swan: Is it treatable?

Nick Buckley: Yes, very much so. It’s very unusual for people to get severely unwell who arrive in hospital in time.

Norman Swan: Can it often be confused with something else?

Nick Buckley: If the history of the drug ingestion was not there, that is that people didn’t realise they were on serotonergic drugs, there are many things it would resemble.

Norman Swan: Such as?

Nick Buckley: Infections of the brain, other drug-related problems, alcohol withdrawal, any cause of an agitated delirium, or an agitated confusional state could superficially look like this. There is no particular thing that would make someone say ‘This is definitely serotonin syndrome’, other than this all occurring in the setting of someone taking those medications, and then the penny drops, and it suddenly becomes clear what the problem is.

Norman Swan: Can you give a serotonin blocker?

Nick Buckley: You can certainly give serotonin blockers in practice. The most important thing is just supportive care. 

Norman Swan: Stop all the drugs and just watch what happens.

Nick Buckley: Stop all the drugs, watch what happens, make sure the person doesn’t harm themselves while they’re confused, give them fluids and so on.

Norman Swan: So what sort of questions should consumers ask of their GPs?

Nick Buckley: I think this is all part of a general thing, that when consumers are using a medication, they should look closely at the consumer medicine information sheet, and particularly at the drug interactions that are listed in there. That’s the best way that consumers can protect themselves from drug interaction, is to be aware of them and all these new drugs certainly have good quality consumer medicine information that tells them all the real and even many of the theoretical drug interactions.

Norman Swan: And the message for general practitioners?

Nick Buckley: I think be aware of the syndrome, and minimise the use of non-psychiatric drugs with serotonin effects, such as pethidine and tramadol, where there are alternatives that are equally good, but don’t have this drug interaction problem.

Norman Swan: Nick Buckley, who’s Associate Professor of Clinical Pharmacology and Toxicology at the Australian National University in Canberra.
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What is Serotonin and What Does It Do?

What is Serotonin? 

Also called 5-hydroxytryptamine (5-HT), serotonin is a monoamine neurotransmitter. It is found throughout the body, with only a relatively small portion present in the brain. It cannot cross the blood-brain barrier and must be produced within the brain through a process described below. The original meaning of the word serotonin is a serum that gives tone. It referred to the serotonergic action outside of the CNS - causing contraction of smooth muscle. Yet, within the central nervous system it is involved in functions such as arousal, thermoregulation, mood, appetite, sleep and pain regulatory systems. Serotonin's effects are normally inhibitory. It diminishes appetite, sexual behavior and suppresses pain perception. Its absence has been correlated with an increase of aggressive behavior. There is a strong correlation between serotonin levels and aggression, irritability, and impulsivity (validated by diverse psychological tests such as the Buss-Durkee Hostility inventory). Also, serotonin levels have been correlated with disordered eating patterns and sleep disorders. A close relationship has been found between the serotonergic system and the noradrenergic system; the areas where they interact appear to greatly influence an individual's behavior. The relationship functions as seen in the following table (Siever, 1997):
	
	
	
	Serotonin

	
	
	Underreactive 
	
	Overreactive

	
	Underreactive 
	Reduced responsiveness, inward-directed aggression. 
	
	Withdrawn, ruminative or obsessional symptoms.

	Norepinephrine
	
	
	
	

	
	Overreactive 
	External aggression, risk taking, excessive reactivity to environment, novelty seeking. 
	
	Heightened reactivity associated with anxiety symptoms, phobic, avoidant, anxiety-related personality traits. 


Where Does It Act?

60 to 75% of the brain's 5-HT is found within the nine main serotonergic nuclei. The first of these is found on the ventral surface of the pyramidal tract. The second is found at the nucleus raphe obscurans, at the raphe at the level of the hypoglossal nucleus. The third receptor nucleus is found at the level of the facial nerve nucleus, surrounding the pyramidal tract. The fourth nucleus is located at the floor of the fourth ventricle, dorsal to the abducens nuclei. A small fifth nucleus is found at the pontine raphe nucleus while below the ependyma, towards the rostrum of the fourth ventricle, a sixth nucleus is located. An important and relatively large seventh nucleus is located above and between the longitudinal fasiculi at the central substantia grisea. The medial raphe nucleus includes the eighth serotonergic receptor nucleus. The ninth group is found at the medial lemniscus nucleus, it includes fibers from the mesencephalic raphe towards the neostriatum.(Essman, 1980) 
The following image illustrates the circuit in the rat's brain:
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The aforementioned nuclei are part of diverse pathways that form the serotonergic circuit. The ascending [image: image19.png]Serotonin



pathways are as follows: There is a medial pathway that originates at the mesencephalic raphe nuclei and the pontine raphe region and innervates the hypothalamus and the preoptic region. It also allows innervations to the nucleus suprachiasmaticus, some amygdaloid nuclei, the ventral region of the lateral geniculate body, septal and preoptic areas, anterior culliculi and the hippocampal formation. There is also a lateral ascending pathway originating at the mesencephalic raphe nuclei and innervating the mesocortex and neocortex. Then a far lateral pathway, (also originating at the mesencephalic raphe nuclei), projects to the extrapyramidal motor nuclei. A cerebral innervation pathway originates at the mesencephalus and the pons. The descending fibers originate mainly at the nucleus raphe obscurus and the nucleus raphe pallidus, as well as at the third serotonergic nucleus, and they extend many collaterals towards the gray matter of the spinal chord; the lumbosacral section receives a particularly large number of fibers. On a side note, it should be mentioned that many of the serotonin cell bodies in the medulla oblongata are innervated by norepinephrine-containing nerve terminals. Morphologically speaking, there are two main kinds of serotonergic axonal fibers, the D and the M systems. The D system, which originates at the median raphe nucleus, is formed by thin axonal fibers. The M system projects from the median raphe nucleus and is formed by thick axonal fibers (Hockman, 1976). 

Nine different types of serotonergic receptors have been identified: 5-HT 1A, 1B, 1D, 1E, 1F, 2A, 2B, 2C and 5-HT 3. 

· How Does It Work? 

Serotonin is produced within the neurons. It is a result of the hydroxylation of a tryptophan molecule by tryptophan hydroxylase, followed by the decarboxilation of the resulting 5-hydroxytryptophan by 5-htp decarboxylase. The original tryptophan molecule is an amino acid that cannot be produced within the body; it must be ingested. After the 5-HT has been produced at the soma of the neuron and enveloped in vesicles at the Golgi apparati, they are carried by axoplasmic transport to axonal varicosities, or swellings of the axon. If the axon is part of the D system, it will release the 5-HT freely to diffuse out to the neighboring regions; it does not form a definite synapse. If the axon is part of the M system, it will release the 5-HT into a synaptic cleft, where it will travel to the postsynaptic membrane at which 5-HT receptors 1B, 1D, 1E, 1F, 2A, 2B, 2C and 5-HT 3 will attach to it. The release of 5-HT may occur under resting conditions. The attachment of the serotonin to the receptors will produce an inhibitory action upon the postsynaptic cell (IPSP) in two ways: metabotropically and ionotropically. The metabotropic process includes receptors 1B, 1D, 1E, 1F, 2A, 2B, and 2C. It hyperpolarizes the postsynaptic cell indirectly via a metabolic process initiated by the attachment of the 5-HT. The ionotropic receptor, 5-HT 3, directly controls a chloride channel and therefore produces direct IPSPs. Within the presynaptic cell, monoamine oxidase will deactivate serotonin if the levels are too high. Another autoregulatory process is that of negative feedback. The 5-HT1A receptor is a presynaptic receptor that detects high levels of serotonin at the synaptic cleft. It will discontinue the release of 5-HT if the levels are too high. After a certain time has passed, the serotonin is reabsorbed by the presynaptic cell through the process of reuptake (Carlson, 2001). 

Serotonin and Drugs

The drugs used in relation to serotonin act on it mainly in the following ways: Interfering with reuptake; deactivating serotonin before release from the presynaptic cell; interfering with the process of serotonin synthesis; interfering with the binding of 5-HT to its postsynaptic receptors or presynaptic receptors; or substituting the 5-HT to bind with the receptors. The following image might help to understand how drugs act on neurotransmitters:
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What exactly is an anxiety disorder? 

The DSM-IV defines generalized anxiety disorder based on diagnostic categories using signs and symptoms. [image: image20.png]


Thus, generalized anxiety disorder (GAD) has the key component of worry, with associated symptoms of restlessness, fatigue, impaired concentration, irritability, muscle tension, and sleep disturbance. Diagnostic categories that share core symptoms are grouped as disorders. The core symptom in anxiety disorders is the excessive experience of anxiety, which can manifest itself in different forms such as panic, avoidance, intrusive experiences, or patterns of cognition. Anxiety, however, is not unique to anxiety disorders. The majority of patients with major depression experience pathological anxiety as a symptom. Confusion arises as terms like anxiety can encompass different experiences and observed behaviors. Thus nervousness, tension, irritability, agitation, restlessness, worry, and somatization all describe overlapping or equivalent experiences for individuals. 

How Does Anxiety Manifest Itself in the Brain?

Several neurotransmitters mediate the different components of anxiety, including excitatory amino acids such as glutamate, inhibitory amino acids such as gamma-aminobutyric acid (GABA), and monoaminergic neurotransmitters such as catecholamines and indoleamines. Different aspects of the anxiety response are mediated by various neurotransmitters in anatomically distinct areas. Thus, imprinting of emotionally traumatic memories is mediated, in part, by norepinephrine's action through the beta-adrenergic receptors in the amygdala. The development of conditioned fear is mediated by dopamine-1 receptors in the amygdala, leading to facilitation of declarative memory associatons through the hippocampus (Ninan, 1999). 

Serotonin and Anxiety

The neurons located in the dorsal and median raphe nuclei of the brain stem are the primary source of serotonin production in the brain. The serotonergic system has been implicated in the alterations in appetite, energy, sleep, mood, libido, and cognitive functioning seen in anxiety and affective disorders. Additionally, serotonin is important in regulating anxiety as well as impulsiveness in suicidal and other violent acts. The role of serotonin in anxiety is supported by its modulatory effects on the locus coeruleus and its dense projections to the amygdala. Decreased serotonin activity is associated with depression, and the most effective antidepressants have been shown to enhance the functioning of serotonin. Low activity of serotonin may permit the dysregulation of other neurotransmitters, including norepinephrine. These two systems are linked so closely that notable changes in one are reflected in the other; interactions between these systems appear to be reciprocal. The precise nature of the reciprocal interaction can vary, and the activity of norepinephrine at presynaptic serotonergic terminals may lead to a decreased release of serotonin, whereas its activity at postsynaptic adrenoreceptors may lead to an increase in the release of serotonin (Ninan P, 1999). 
What’s the Functional Anatomy of Anxiety?

It is important to consider environmental and physiological anxiogenic stimuli to obtain an understanding of how the placebo effect might alter the serotonergic system. So then, what might cause one to be anxious and what is the functional anatomy of anxiety? Fear might be a good starting point for this discussion, because fear is a normal response to threat. Anxiety may be explained in terms of unwarranted or inappropriate fear. The protective response to threat is an evolutionarily maintained, unconditioned response "hard wired" in the brain. The fear/anxiety response does not have to be learned and includes defensive behaviors, autonomic arousal, hyperalgesia, potentiation of somatic reflexes, and activation of the stress axis through the hypothalamic pituitary-adrenal axis. An amygdala-based neurocircuit has been proposed to mediate the fear and anxiety response. The amygdala is central to registering the emotional significance of stimuli and the development of emotional memories (Johnson et.al., 1995). 

Life-threatening challenges result in the permanent imprinting of the experience in the emotional circuits through the amygdala, capturing the full emotional memory of the experience. Associated cues are stored through the declarative memory circuits involving the hippocampus. This allows for associated cues to trigger the emotional memory of trauma, bringing it to conscious awareness (conditioned fear). 

The medial prefrontal cortex is reciprocally connected with the amygdala, allowing for self-imposed regulation of affect and modulation of autonomic and neuroendocrine function. This allows for the cognitive control of the anxiety response. New memories with more benign associations can result in the extinction of emotionally traumatic memory. The potential cues for triggering the anxiety response include psychological threat, novelty, social or performance situations, cognitive mechanisms, and conditioned associative memories. Thus, in panic attacks, the fear is of imminent death; in social phobia, the concern is with embarrassment; in PTSD, the emotional memory of the trauma; in OCD, the intrusive obsessional ideas; and in GAD, anxiety, there are not conditioned specific triggers (considered free-floating)(Johnson et. al.,1995). 

The large available data base on the physiology and pathophysiology of anxiety has led to the development of several neuroanatomic models of anxiety disorders. One of the most well known models was proposed by Gray, who postulated the presence of several distinct neuroanatomic circuits modulating different aspects of the anxiety reaction. In this model, anticipatory anxiety is proposed to be analogous to the state of behavioral inhibition seen in animals who are presented with a threat. In this state, the animal stops what it is doing and becomes vigilant for any sign of danger. He summarized data from animal studies to conclude that this state is activated in the presence of stimuli associated with punishment or non-reward or in the presence of novel stimuli. The actual experience of punishment or non-reward activates a different system, he called the "fight or flight" system, in which the animal responds with species-specific defensive reactions such as biting, striking, hissing, or attempting escape. This system is proposed to be most similar to the panic reaction. Evidence was presented from animal studies suggesting that the primary anatomic elements of this system include the septohippocampal areas, the locus coeruleus, and the median raphe nucleus. The theory was that the primary function of the septohippocampal formation is to act as a comparator, which assesses stimuli for the presence of danger. This comparator function is continually working at a low level when the organism is not in the presence of threat, but when threat is detected the septohippocampal system will activate the behavioral inhibition circuit, which reciprocally will cause increased monitoring of sensory stimuli for evidence of threat as well as inhibition of ongoing behavioral programs. Activation of the raphe nucleus would, in part, initiate enhanced serotonergic inputs to the hippocampus that allows an increase flow of information through this system (Johnson et. al., 1995). 

The hippocampus has the densest concentration of GABA receptors and it is speculated that this may be the site of anxiolytic action for the benzodiazepines in general anxiety states. Anxiolytic drugs that affect the behavioral inhibition system might then act by either reducing the serotonergic inputs into the hippocampal septal formation. This action would have the effect of lowering hippocampal activation. 

How Can Anxiety Be Treated?

GAD has been shown to respond to treatment with benzodiazepines, and there are is some data available that examines the function of this system in patients with this anxiety disorder. Patients with GAD have been found to have abnormally low levels of peripheral lymphocyte benzodiazepine receptors, which normalize after treatment with benzodiazepines. This suggests that GAD might be associated with an abnormal down regulation of benzodiazepine receptors, although the expected decrease in response to benzodiaepines has not been found (Johnson et. al., 1995). 

The neurotransmitters of interest are those tied to currently available pharmacologic treatments - benzodiazepines, serotonin-1A agonists such as buspirone, and antidepressant medications affecting norepinephrine and serotonin. The response to pharmacologic treatments and their time course in relieving symptoms through a reverse engineering approach indicate the relevance of these neurotransmitters in anxiety (Cowely, 1991). 
The recognition of the anxiolytic potency of barbiturates and subsequently benzodiazepines has led to the benzodiazepine receptor mediated model of anxiety. The benzodiazepines act mainly through the GABA-A receptor subtype by potentiating GABA transmission. GABA is a ubiquitous neurotransmitter, involved in the majority of inhibitory synapses in the brain. Thus, GABA suppresses neural firing, inhibiting or regulating other neurotransmitters including serotonin, norepinephrine, and dopamine. It accomplishes this by decreasing their turnover in limbic areas - the amygdala as well as the locus ceruleus and raphe nuclei (Cowely, 1991). The following is an example of how neurotransmitter control may have an anxiolytic effect:
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In addition to their anxiolytic effect, benzodiazepines also have sedative, muscle relaxant, and amnesic effects, as well as the potential for dependence. These effects can contribute to reducing symptoms of anxiety, such as insomnia tension, but also result in side effects such as delayed reaction time, forgetfulness, and dependence/withdrawal symptoms seen with chronic use.

Benzodiazepines provide powerful and rapid relief from the symptoms of anxiety. High-potency benzodiazepines, in particular, have also demonstrated syndromal benefits in GAD, panic disorder, and social phobia. Most studies have limited their use to durations from several weeks to a few months. However, benzodiazepines are not effective in major depression, which is a relevant issue given the high comorbidity of major depression in all the anxiety disorders. There is some suggestion that benzodiazepines may even potentiate or aggravate depression. The usefulness of the benzodiazepines has been limited by their potential for tolerance, dependence, and psychomotor and cognitive impairment. Patients who are treated for periods longer than two weeks or so may experience a withdrawal syndrome if therapy is discontinued abruptly. This syndrome is characterized by anxiety, dysphoria, depersonalization, hyperacusis, and unsteadiness. The risk of physical dependence increases with higher doses and longer durations of treatment (Ninan, 1999). 

Cognitive impairment associated with benzodiazepine therapy may be problamatic in older patients, and it may be magnified when these agents are used in combination with other sedatives, such as alcohol. Buspirone is a partial agonist of the serotonin receptor and the only one in its class available in the United States. It has demonstrated efficacy in GAD, but not in other anxiety disorders, nor does it have a powerful antidepressant effect profile. 
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