Fat, Hormones and Brain

An incredible 65.2 percent of the U.S. population is considered to be "overweight" or "obese." According to the Centers for Disease Control and Prevention (CDC), obesity and overweight status is determined in adults by finding a person's "Body Mass Index" or BMI.

In the old days, people used to think fat tissue was a passive organ," said Rexford S. Ahima, an endocrinologist at the University of Pennsylvania. "Now it's obvious that it makes and secretes more hormones and proteins than probably any other.  It's at the center of a very complex system. It coordinates how much we eat, how much energy we burn, how the immune system works, how we reproduce. 

The more scientists learn about fat, the more intimidating it becomes. Because fat is so vital to survival, nature has created a complex system of overlapping feedback loops that make it very difficult to override the body's imperative to store energy.

The pivotal discovery came in 1994, when scientists identified a hormone produced by fat cells that they dubbed Leptin. Among other things, Leptin tells the brain how much fat is in the body. That raised the hope that it could be used as an anti-obesity drug, but that has yet to pan out. Still, the discovery revealed for the first time a direct communication link between the brain and fat cells.

That insight spawned a new wave of research that led to the identification of other fat signals and the new paradigm for the role of fat in the body. Scientists now call fat an "endocrine organ," akin to the thyroid and adrenal glands that orchestrate many body functions.

"But it's probably the biggest endocrine organ in the body," said Jeffrey M. Friedman of the Rockefeller University in New York, who led the team that discovered Leptin. "Fat tissue plays such a vital role for the survival of any species that it should really come as no surprise that it would be involved in such dynamic regulation."

Scientists have long known, for example, that fat cells play a role in synthesizing sex hormones such as estrogen, which enables the cells to regulate the reproductive process. That explains, for example, why ballerinas, female professional athletes and other women who are very thin often stop menstruating.

"If a female doesn't have enough energy stored, the pregnancy can be in jeopardy and so reproduction is shut down. The body is waiting for more favorable conditions," Friedman said.

But far beyond simply monitoring energy reserves, fat cells are the hub of a complex communication system that regulates many metabolic functions, continuously telling the brain how much energy the body has left, signaling muscles when they can burn fat, instructing the liver and other organs when to replenish fat stores, and controlling the flow of energy in and out of cells.

What is Fat?

Fat (adipose tissue) is made up of fat cells. You can think of a fat cell as a tiny plastic bag that holds a drop of fat. Fat cells are large cells that have very little cytoplasm, only 15 percent cell volume, a small nucleus and one large fat droplet that makes up 85 percent of cell volume. One amazing fact is that fat cells do not multiply after puberty -- as your body stores more fat, the number of fat cells remains the same. Each fat cell simply gets bigger!

During digestion, fats from food are broken down into their parts and then reassembled in intestinal cells. They then pass into the lymphatic system and eventually flow into the bloodstream.

After another round of breakdown and reassembly (with the help of insulin), the fat molecules make it into fat cells.

The body can also turn carbohydrates or protein from food into fat, but it is less efficient and much more difficult than simply drawing on dietary fat as a source. Given the choice, the body will break down carbohydrates for immediate energy needs and reserve the fat in fat cells for energy use when other energy sources are depleted. 

Where's the Fat?

Fat is found in several places in your body. Generally, fat is found underneath your skin (subcutaneous fat). There's also some around visceral organs.  In addition to fat tissue, some fat is stored in the liver, and an even smaller amount in muscle.  

Where fat is concentrated in your body depends upon whether you are a man or woman:

An adult man tends to carry body fat in his chest, abdomen and buttocks, producing an "apple" shape.

An adult woman tends to carry fat in her breasts, hips, waist and buttocks, creating a "pear" shape.

The difference in fat location comes from the sex hormones estrogen and testosterone. Fat cells are formed in the developing fetus during the third trimester of pregnancy, and later at the onset of puberty, when the sex hormones "kick in." It is during puberty that the differences in fat distribution between men and women begin to take form. 

Body mass index 

Health professionals often use body mass index, or BMI, as a measure of body composition in adults.

BMI is based on a ratio of weight to height. Physicians combine BMI with information about additional risk factors, such as cigarette smoking, triglyceride and cholesterol levels, and family history of heart disease, to understand a patient’s risk for obesity-associated diseases.

To calculate your BMI, measure your height in inches and weight in pounds. Multiply weight by 703. Then divide the result by height, and finally divide that result again by height. Or go online to a BMI calculator at www.nhlbisupport.com/bmi. Experts group BMI into these categories:

• Underweight: BMI below 18.5

• Normal: BMI between 18.5 and 24.9

• Overweight: BMI between 25.0 and 29.9

• Obesity: BMI of 30.0 and above

Many professionals also consider waist size along with BMI in their assessment. Wrapping a measuring tape snugly around the waist gives a measure of the circumference, which hints at the amount of abdominal fat. Too much abdominal fat, when out of proportion to total body fat, can raise alarm. Disease risk increases when the waist measures more than 40 inches in men and more than 35 inches in women.

Physicians today usually suggest weight loss to those who are obese and to those who are overweight and have two or more associated risk factors.

How does fat cause problems?  http://www.usc.edu/hsc/info/pr/hmm/04winter/fat.html
The portal theory.

The portal theory suggests that visceral fat—fat within the trunk and middle of the body—secretes free fatty acids that flow into the liver through the portal vein, the vein that carries blood from the abdominal organs to the liver. Too much fat may mean too many free fatty acids. Too many free fatty acids coming through the portal vein seem to make the liver produce too much glucose.

With so much glucose, the body pumps out more insulin to try to control the sugar’s high levels. Over time, this might contribute to insulin resistance.

“Normally, insulin should suppress the release of glucose, but when so much glucose is being released that insulin can’t properly suppress it, that’s tantamount to insulin resistance,” Bergman says. The portal theory also fits with the finding that visceral fat seems linked to more health complications than fat in the hips and thighs.

The ectopic fat theory

Proposes that fat poses a problem when it gets into places it is not supposed to be. Such sites include muscle, liver and pancreatic tissue. Recent research has shown that fat accumulation where it is out of place is linked to severe insulin resistance. Scientists believe that this type of fat storage might damage nearby cells.

The endocrine organ theory 

Fat cells themselves produce substances that may be harmful in excess.

Scientists have come to know that fats act through hormones. Rather than being inactive blobs, fat cells have a complex secret life, emiting hormones such as: 

Plasminogen activator inhibitor-1 (PAI-1)

Estradiol (E2)

Leptin, 

resistin, 

Adiponectin 

Interleukin-6 

Tumor necrosis factor alpha (TNFa)

Angiotensin
All have important roles in the body.

e.g. Adinopectin: Affects the liver and muscles. It regulates glucose metabolism through actions on peripheral tissues. It is now apparent that adiponectin also acts on the brain to reduce body weight and improve glucose metabolism.  
This hormone lowers blood glucose by blocking its production in the liver and by increasing the burning of glucose by muscle to make energy - like newborn “brown fat”.  It activates part of the same signaling pathway in muscles that is activated by exercise.

Adiponectin levels fall as fat levels rise. Because the hormone affects how sensitive cells are to insulin, scientists believe it helps explain how obesity increases the risk for diabetes. "It's been pretty well established now that levels of this protein are a good measurement of insulin sensitivity," said Philipp Scherer, a cell biologist at the Albert Einstein College of Medicine in New York who identified the substance.

Drugs that affect adiponectin, therefore, may help prevent or treat diabetes. 

e.g. Leptin:  Is thought to help keep fat stores in check by sending messages to the hypothalamus in the brain to indicate a sense of fullness and satisfaction during meals, signaling individuals to stop eating.

Leptin is made by the body's fat and, therefore, women who are particularly thin, such as athletes with rigorous training programs or women on very restrictive diets, produce less Leptin.

In extreme cases, the woman's body enters a state of 'negative' energy balance and her reproductive system shuts down to prevent a pregnancy and conserve energy.

This is called hypothalamic amenorrhoea or dysfunction. These women also risk bone loss because of the resultant lack of female hormones, which can lead to osteoporosis and an increased risk of fractures.

Twice-daily injections of Leptin restored menstruation in female athletes who had become so lean that their periods had stopped. This could eventually prove beneficial to patients, 1) with anorexia nervosa, 2) competing athletes with brittle bones, and 3) to approximately 30% of women whose fertility problems can be attributed to hypothalamic dysfunction.

e.g tumor necrosis factor-alpha and interleukin-6: fat has the power to mimic the effects of the body's immune system, in particular by provoking an inflammatory response.

"There's a growing realization about the convergence of the medical problems associated with obesity and chronic inflammation, which wasn't appreciated for a long time but is coming to the fore scientifically," Lazar said. "Where does the inflammation come from? Surprise: It's the fat cells themselves."

But not from the fat cells alone. Scientists recently discovered that fat tissue is comprised of far more than just fat cells -- it is a complex amalgamation that includes key immune system cells called macrophages. Macrophages and fat cells produce powerful substances called tumor necrosis factor-alpha and interleukin-6, which help regulate the immune system.

Fat probably evolved a close connection to immune function because the body needs energy when it is fending off threats, scientists say.

But a surplus of fat cells and macrophages probably triggers unnecessary inflammation, which most likely explains at least part of why obesity increases the risk for so many diseases, including cancer, heart disease and diabetes.

As fat mass increases, this is associated with a systematic stress response and inflammatory response, and that exhibits itself in a variety of diseases.

e.g resistin:  Also appears to play a crucial role in insulin sensitivity and energy storage.  "It's clearly important, but its exact mechanisms are still something we're trying to understand," said Mitchell A. Lazar, an endocrinologist at the University of Pennsylvania School of Medicine who discovered the hormone. "So far we haven't found net changes in energy storage -- weight is not affected in a significant way by either too much or too little resistin."

Response of fat cells to hormones

Fat cells seem to respond to hormones, too. Scientists recently showed that some lean women may accumulate abdominal fat during times of stress in response to the stress hormone cortisol, for example. Researchers have long known that people who have diseases characterized by a larger-than-normal release of cortisol tend to have a lot of abdominal fat. Fat cells in the central region of the body tend to grow in response to the hormone.

Leptin & colon cancer

http://blog.wired.com/wiredscience/2007/04/fat_cell_hormon.html
Following up on research showing that colon cancer cells are unusually receptive to Leptin, a hormone released by fat cells, scientists have found that Leptin appears to nourish the disease.

The more fat cells a person has, the more Leptin will be in their bloodstream.

The San Diego team wanted to find further evidence of the link by watching what happened to human cancer cells exposed to the hormone.

In a laboratory, they added the hormone to different varieties of cancer cell.

Growth was stimulated in all the cell lines - and in two out of three tested, the hormone also hampered the usual process of programmed death that allows the body to replace normal cells, but which often malfunctions in cancers.

The results, said lead investigator Kim Barrett, may explain why obese people have unusually high risks of developing colon cancer, and could help guide drug development. Left unsaid, but hopefully intended, is the insight the findings provide into the importance of eating well.

Membranes – the Working Surface of Your Brain is Made from Fatty Acids

http://www.fi.edu/brain/fats.htm
The membranes of neurons – the specialized brain cells that communicate with each other – are composed of a thin double-layer of fatty acid molecules. Fatty acids are what dietary fats are composed of. When you digest the fat in your food, it is broken down into fatty acid molecules of various lengths. Your brain then uses these for raw materials to assemble the special types of fat it incorporates into its cell membranes.

Protective Myelin is 70% Fat

Myelin, the protective sheath that covers communicating neurons, is composed of 30% protein and 70% fat. One of the most common fatty acids in myelin is oleic acid, which is also the most abundant fatty acid in human milk and in our diet.

Monosaturated oleic acid is the main component of olive oil as well as the oils from almonds, pecans, macadamias, peanuts, and avocados.

Fatty Acids in Breast Milk Help Myelination. Human and animal studies show that nutrition has a big influence on myelination, especially for nursing infants. DHA (docosahexaenoic acid) and AA (arachidonic acid) are both crucial to the optimal development of the brain and eyes. During pregnancy the mother supplies the developing fetus with these fatty acids, and she continues to provide this important brain food to her infant through breast milk.

Specific deficits of essential fatty acids in fetal umbilical cords at birth correlate to low birth weight, small head circumference, and low placental size. This is significant, because birth weight and head size are associated with growth factors that influence later development of the central nervous system and cognitive ability.

Essential Fatty Acids

To build brain cells you need fatty acids. Two kinds of fatty acids are considered "essential," which means you must get these essential fatty acids (EFAs) from the food you eat. Your body cannot manufacture them.

The first essential fatty acid you need is Alpha-linolenic acid (ALA). ALA is the foundation of the "omega-3" family of fatty acids. Food sources of omega-3 ALA include flax seeds, chia seeds, walnuts, sea vegetables, and green leafy vegetables.

The second essential fatty acid you need is Linoleic acid (LA). LA is the foundation of the "omega-6" family of fatty acids. Food sources of omega-6 LA include expeller cold-pressed sunflower, safflower, corn, and sesame oils.

How You Make DHA

From ALA and LA, your brain can make (docosahexaenoic acid) DHA and (arachidonic acid) AA the longer chained fatty acids that are incorporated in its cell membranes. These more complex fatty acids are also available, preformed, directly from food.

This is important, because the brain's ability to assemble these fatty acids can be compromised by stress, infections, alcohol, excess sugar, and vitamin or mineral deficiencies – factors common today.
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