Lesson 9 Water & Energy



Osmosis (9.2)
Osmosis is crucial for understanding fluid balance and cooking. The converse relationship between salt & sugar as it applies to Osmosis. Osmosis is the diffusion of water through a selectively permeable membrane. 
· An adult body contains approximately 40 liters of water and 2/3rds of water is found inside of cells. 
· Some cells like muscle cells and epithelial cells contain 70-80% water. While other like fat cells and bones cells contain less than 20% water.

Extracellular Fluid Compartment
· 1/3 of our bodies water is contained in the extracellular fluid compartment.
· The extracellular fluid compartment consists of the intervascular compartment (cardiovascular system), the lymphatic system, & the interstitial fluid compartment. 
· The extracellular fluid compartment also includes; sweat, tears, gastric juices, spinal fluid, fluid between joints. 
· To function properly, the body must maintain the correct amount of water in each type of cell and compartment. 
· The ability of water to move freely and accurately between compartments is crucial.

Chemistry Golden Rule #3: Water molecules move toward compartments with the highest concentration of solutes, by controlling the amounts of solutes within each compartment, the body can control the amount of water inside and outside of cells.

Osmosis
Osmosis is the diffusion of water through a selectively permeable membrane. The body maintains the balance of compartmental fluids by controlling concentrations of ions in each compartment. 
1)  With equal numbers of solute particles on both sides of the semipermeable membrane, the concentrations are equal, and the tendency of water to move in either direction is about the same. 
2) Now additional solute is added to side B. Solute cannot flow across the divider (in the case of a cell, its membrane). 
3) Water can flow both ways across the divider, but has a greater tendency to move from side A to side B, where there is a greater concentration of solute. The volume of water becomes greater on side B, and the concentrations on side A and B become equal. 
To control the movement of water, the cells direct the movement of major minerals. Most notably; sodium, potassium, & magnesium. Although chloride, phosphorus, & sulfate also play a role. These minerals, called salts, dissociate when placed in water into ions with either positive or negative charges. Water molecules are immediately drawn to them, these charged ions are called electrolytes (i.e. table salt, when placed in water, dissociates into sodium and chloride). 

Functions of Water in The Human Body (9.3)
· The most important role water plays in the body is the transportation of nutrients and waste. Water felicitates the transportation of nutrients to the cells and waste to the kidneys for production of urine and elimination. Urine itself is mostly water with suspended body waste.
· Water also participates in chemical reactions, water is actually the by-product of energy metabolism. This water is called ‘metabolic water’ (water generated during metabolism). 
· The amount of metabolic water produced per day depends on your physical activity level. 

How Water Regulates Body Temperature
· Water also regulates body temperature, during exercise, blood rushed to the surface of the skin carrying the heat generated from the metabolic reactions in your cells. The blood capillaries near the surface of your skin, dilate, allowing more blood to flow through them. This increase in blood flow allows more heat to dissipate thus, cooling down your core. The heat can escape by crossing through the skin and through the sweat glands. 

Sweat
· For warmed interstitial water to be continuously pulled up to the surface of the skin, water molecules need to evaporate. If the air it too humid, the heated body water remains trapped in the body, consequently heat stroke can occur.  







The Role of The Kidneys (9.4)

Kidneys
· A human body is composed of 50-70% water and the percentage of water in the body, varies by at least two factors; Age (newborn, elderly person) and Sex & Body Consumption (subcutaneous fat in males/females). 

Eliminating Waste
· Each minute the kidneys receive nearly 5 cups of blood, from which they make about 1mL of urine per minute. 
· The kidneys receive blood from the heart via the renal artery, waste is removed from the blood and the cleaned blood leaved the kidneys via the renal vein. The waste, along with water, reaches the bladder via the ureter. 
Controlling Blood Pressure
· In addition to eliminating waste, the kidneys also control, blood volume, blood pressure and the solute concentration of body fluids. Blood plasma is about 92% water. The volume of this fluid compartment, influences blood pressure, the greater the amount of fluid, the greater the amount of pressure on the walls of the blood vessels. Conversely, low blood volume leads to low blood pressure. 
· The kidneys themselves are controlled by secretions from the posterior pituitary gland located in the brain and the adrenal glands that sit on top of the kidneys. The pituitary gland secretes ‘antidiuretic hormone (ADH)’ and the adrenal glands secrete ‘aldosterone’. These two hormones control the volume of urine and its solute concentration. 
· One way to lower blood pressure is to increase potassium and magnesium intake while reducing sodium intake. 
· Cells that are more richly populated with electrolytes, have the capacity to lower blood volume by drawing water out of the extracellular fluid compartments and in to the intracellular compartments (DASH diets, Dietary Approaches to Stop Hypertension). 

Posterior Pituitary
The posterior pituitary gland releases antidiuretic hormone when blood volume is low or when the concentration of sodium in blood plasma is high. In both cases water must be conserved either to increase blood pressure or to dilute the concentrated extracellular solution.   
Adrenal Glands
The adrenal glands secrete aldosterone, aldosterone signals the kidneys to reduce the elimination of sodium in urine and because water always follows ions, water is conserved as well. Furthermore, both ADH and Aldosterone promote the elimination of potassium, an intercellular ion. By doing so they encourage water to remain in the extra cellular compartment and not migrate into body cells.

Water Deficiency & Toxicity (9.5)
· Fluid and electrolyte imbalance can occur from water deficiency and toxicity. This sudden imbalance overwhelms the capacity of our kidneys to maintain fluid and electrolyte homeostasis. Deficiencies can be mild to severe, vomiting and diarrhea can lead to excessive water loss, which can cause dehydration but more severe cases such as, hyponatremia, requires electrolytes to be replenished. Hyponatremia causes severe headaches, confusion, and seizures. This occurs when water leaves the intravascular and interstitial compartments and migrates into cells.   
· There is no upper limit (Ul) for water but water intoxication can result from over consuming plain water after prolonged physical activity. Water intoxication occurs when excessive amounts of plain water is consumed in a short time period or when the kidneys have difficulty filtering water from blood. 
· Extreme thirst and reduced urine production are side effects of Ecstasy. Water intoxication causes Hyponatremia. Water moves into cells, symptoms can escalate from headaches, confusion, seizure, and coma to death. 

What is Metabolism (9.6)

· [bookmark: _Hlk531091881]Metabolism: is the sum of all chemical reactions that occur in the body, a high or low metabolism, is the rate at which these reactions occur and can be ‘anabolic’ or ‘catabolic’. 
· Anabolic chemical reactions build stuff and therefore require energy input, these pathways use small simpler compounds to build larger more complex compounds. 
· Catabolic pathways breakdown compounds into smaller pieces. The breakdown of glucose, glycerol, fatty acids, & amino acids releases energy. Part of this energy is lost as height, the rest of it is transferred over to ‘adenosine triphosphate (ATP)’, ATP is the energy currency of the cell. 
· 


Liver requires approximately 380 kcal/day to function:
· Build glycogen (lesson 4)
· Synthesize Cholesterol (lesson 5)
· Make VLDLs (lesson 5)
· Synthesize 11 non-essential amino acids (lesson 6)
· Convert ammonia to urea (during deamination of amino acids) (Lesson 6) 
· Convert retinol into other vitamin A forms (lesson 7)
· Convert vitamin D3 into an intermediate form (lesson 7) 
· Energetically this is a very demanding organ
Kidneys require approximately 140 kcal/day to function:
· Convert inactive vitamin D into the active form
· Process 5 cups of blood per minute to make urine
· Most energetically expensive organ of the body


Energy Input and Output (9.8)
· Energy input comes from carbohydrates, lipids, & protein. If we base this on the AMDR’s, the bulk should come from carbohydrates, followed by lipids, and then protein, energy in must equal energy out for individuals wanting to maintain a stable weight. The outlet includes; the energy used for physical activity, the energy used to digest and absorb the food, and the energy used to run your basic metabolic needs. 
[bookmark: _Hlk531096024]
BMR (Basel Metabolism Rate) 
· Basel Metabolism: is the energy needed to maintain life when the body is at rest. 
· The BMR is measured after fasting and resting for 12 hours, this is because energy must be spent in order to make chemical digestion of food possible. The BMR calculates the energy spent for breathing, circulating blood and maintaining organ functions. 
· It does not calculate the energy spent for physical activity, digestion of food, and absorption and processing of nutrients.

Mechanical Digestion
· Muscle digestion is costly, to keep food moving, requires an input of energy for the muscles to contract. The muscles are being constantly phosphorylated by ATP, further more, the stomach churns the food for extended periods of time to break up the chyme before it enters the small intestine, this is why we get tired after eating a big meal. 
Thermic Effect of Food (TEF) 
· The thermic effect of food is the estimated amount of energy required to process food and consumes about 10% of our total choleric intake. Processing includes; digestion, absorption, transportation, metabolizing the nutrients.
· For example, once absorbed, fructose is delivered to the liver and converted to glucose, which is then used to make glycogen, all this work requires an input of ATP.


Total Caloric Intake & Weight
· The weight of a person remains stable in cases where energy expenditure is balanced with energy intake. Weight gain occurs in cases where energy intake exceeds energy expenditure and weight loss occurs in cases where energy expenditure exceeds energy intake. 
Factors that influence BMR
· Body composition, sex, body surface area, & age.
· Muscle tissue, being packed with mitochondria, is more metabolically active than fat tissue, thus the more muscle tissue you have relative to fat, the higher your BMR.
· Men on average have higher muscle mass than women and as such have higher BMR’s.
· Growing children have high BMR’s, while elderly people have lower BMR’s. 
· Tall people have a greater body surface area therefore, a tall slender person who weighs 150 pounds has a higher metabolic rate than a shorter person who also weighs 150 pounds, due to the greater body surface area of the taller person. Furthermore, to maintain body temperature, the taller the individual, the more calories to burn to replace heat that is lost. 
· An individuals BMR can also be determined by the environment.

Genes and Environmental Factors (9.9)

· Our BMR is largely genetically determined but the environment plays a role as well.
The role of the environment on development
· Development of human sweat glands, for example, babies are born with non-functional sweat glands which begin to mature over the course of the babies first year. The hotter the climate in which the baby is born, the more of these sweat glands become functional. The colder the climate, the fewer the number of functional adult sweat glands. People with more functional swear glands have less of a risk of dying from heat stress because they can cool the body more efficiently. Thus, our earliest environment sets the stage for how well we sweat. 

Fetal Environment & BMR 
· Fetal environments can potentially set the BMR, the idea that caloric intake during pregnancy can affect BMR’s has been studies for several decades. Known as the ‘Thrifty Gene Theory’, it is hypothesized that fetuses deprived of calories lower their BMRs because they predict an environment of food scarcity.
Quality of Diet
· The quality of one’s diet can play a role, nutrients can and do effect gene expression. This is called epigenetics, the study of how the environment can alter gene expression. 
· Nutrigenomics is the study of how food can affect gene expression.
· Nutrigenetics is the study of how genes influence how nutrients are metabolized. 
· What your eat can and does change you. 
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