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Summary with comments:

· Energy is the brain’s first priority. Comment: Life depends on redundant mechanisms to insure food intake—the evaluation of food from visual through ingestional is controlled by final neuralcircuits in the brain. Brain neurochemistry is less important than the understanding that we need 51 nutrients to survive and that the three macronutrients are necessary for survival.

· Thirst and Salt appetite. Angiotensin is BOTH a blood-borne hormone and brain neurotransmitter involved in raising blood pressure. Note that peptides have a dual function in the body. When deprived of salt, aldosterone is released, together with angio causes salt appetite. In any event, the body hates low body sodium. Comment: Sodium appetite is used extensively in cuisine construction. Low salt food sucks.

· Taste and Chemoreception.

· Oral and gut receptors are integrated in single cells of the nucleus tractus solitarius (NTS). Nutrients are detected in the mouth and gut and liver. This has obvious implications—even the cells in the brain receiving this information are located together. You may fool the tongue with low fat food, but are you really going to fool your stomach which has many receptions for energy evaluation (not!).

· Taste cells look for toxicity primarily via bitterness perception. The more bitter, the more your going to die upon digestion.

· Frontal Cortex is involved in motivated behaviors behind taste. Much more on this later, this involves the Rolls Effect and Sensory Specific Satiety—and arousal mechanism of food perception. Basically, when you eat too much of one food the brain gets bored and wants you to switch to another food with different sensory parameters. And it does it by reducing the amount of pleasure during ingestion. And now you know why they have smorgasbord-eating houses. This area, known as the OFC (orbital frontal cortex) integrates oral nasal and gut chemoreception plus visual stimuli—input goes to the memory and pleasure areas of the brain.

· Glucoreceptors are widely distributed in the limbic system. Why? Sugar is scarce in the environment and when you find it—it can signal Vitamin C, quick energy and most importantly, sugar spikes insulin, which helps store fat on the body…a very valuable survival mechanism. Remember that the brain runs on glucose and burning fat or protein to get glucose is expensive metabolically and a waste. Sugar is good. 

· Olfaction has genetically coded chemoreceptors. New research shows about 1000 olfactory receptors for odorants with just about infinite capability in detecting the 300,000 or so environmental odors. Taste has about 4-6 special tastes but aroma is near 1000 coded G proteins. The combination of odorant chemical structure and temporal aspects of olfactory stimulation code for that odor. Read this again slowly if you are confused. New research suggests that some classes of odorants have been pre-programmed in the brain for special significance. Wild stuff. Think of the significance.

· Olfactory circuits reverberate. This means, once you smell the neural activity keeps happening and waiting for some significant event to occur.

· Appetites and Preferences

· Monoamine neurochemicals affect feeding circuits. Norepinephrine (selective attention) and serotonin (satiety—mostly inhibitory) fire as a function of AROUSAL. These neurons branch to thousands of others. Serotonin may need the gut hormones to work properly (CCK, Bombesin, etc.).

· The three major macronutrients are more or less regulated: NPY for carbo, galanin for fat and GHRH for protein. (Actually you need to throw in leptin and about two dozen other peptides—but hey, this is not my paper.)

· Opioid peptides have a special role in prolonging a GOOD meal. People use desserts to prolong a meal—sugar and fat both cause and increase in endorphins. Hyde noted that salt and crunch can have special addictive properties on their own—they may activate other circuits of pleasure directly (perhaps dopamine, but…).

· When you find a good food source the brain remembers where you found it. This is actually insightful as I pointed this out years ago to many guffaws. Nutrients release certain peptides and neurotransmitters that increase memory formation. Studies show that just ingesting glucose after memorizing a list can aid recall 30%. So eat AFTER study not before! Acidic fibroblastic growth factor is released after a meal and aids memory. Other papers also show that CCK released in the gut upon absorption of nutrients also increases and strengthens memory pathways.

· Satieties and Aversions

· Secreted by the gut CCK is the prototypic satiety peptide. Affecting the Vagus nerve as well as working in the brain it promotes satiety after meals—meal termination.
· Three peptides have a special relationship to fat intake: insulin, leptin and enterostatin. Insulin is released in anticipation of feeding and is actively transported into the brain to interact with the peptides NPY (carbo appetite) and Galanin (fat appetite). Insulin tells the body to stop eating by reducing these two peptides. Overweight people are insensitive to insulin. Leptin is secreted by fat cells and reaches the brain telling the status of fat levels. High leptin less eating—but some people are not responsive. Enterostatin released by fat in the gut slows ingestion and the animal can stop eating before eating too much.
· Much more on the above in another summary. It is actually much more complex than the simple model above.
· Appetite Suppressants:

· In general, tryptophan in foods can boost serotonin which inhibits intake especially of carbos.

· Amphetamines increase dopamine and norepi n the hypothalamus which inhibits feeding.

· PPA stimulates alpha 1 noradrenergic receptors in the PVN.

Mesolimbic Dopamine Reward theory (not quite right!)

· States dopamine in medial forebrain bundle mediates food reward and also escape behavior (non reward)

· Dopamine release can be conditioned to taste and smell.

· Weight loss increases this release of dopamine (dieting gets much harder if food is more rewarding).

· Acetylcholine tracts can reduce dopamine output.

· GABA, Opioids and Glutamic acid all play a role in the food reward.

· Note: Latest research suggests: dopamine in MFB is for wanting a stimulus, opioids and benzodiazepine receptors are more the subjective feeling of pleasure. Sweet foods release DA in the nucleus accumbens (part of MFB). Thus food conditioning is simple: once you learn to like a food, when hungry dopamine is released and you want to eat that food again.

· There is a strong cholinergic input to the MFB, specifically the Ventral tegmental area.

· Studies sow that low dopamine and high ACh in the Nucleus accumbens creates that taste aversion. Periodic bingeing is quite rewarding in the brain. Also note that bingeing really puts the food into fat very efficiently. 

