Chapter 7: Nutrients Involved in Fluid and Electrolyte Balance
Chapter 7: Nutrients Involved in Fluid and Electrolyte Balance

Fluid: a substance composed of molecules that move past one another freely.  Fluids are characterized by their ability to conform to the shape of whatever container holds them 

· Between 50-70% of a healthy adult’s body weight is fluid - as we age it becomes less and less
· About 2/3 of our body fluid is held within the walls of our cells and is called Intracellular fluid 
· When cells lose their fluid, they shrink and die; and when they take in too much, they swell and burst 

· Extracellular fluid: fluid outside our cells, either in body tissue (flows between the cells), as the liquid portion of blood (plasma; causes your blood to drip), or as digestive fluids 
· Lean tissue, such as muscle, are more than 70% fluid, whereas fat tissue is only between 10% and 20% fluid 
· Males have more muscle tissue, therefore more fluid 
· Water in our bodies is not pure, it contains a variety of dissolved substances called solutes: 4 include: sodium, potassium, chloride, and phosphorous 
· Mineral salts are called electrolytes: a substance that disassociates in solution into positively and negatively charged ions and is thus capable of carrying an electrical current
· Ion: any electrically charged particle, either positively or negatively charged
· Sodium and potassium are positively charged, and chloride and phosphorous are negatively charged 
· Water as a solvent (transports substances): a substance that is capable of mixing with and breaking apart a variety of compounds.  Water is an excellent solvent
· Blood volume is the amount of fluid in blood.
· Fluids help maintain body temperature: water content of our bodies protects us from high environmental temperature/ body fluids are our primary coolant
· Fluids protect and lubricate our tissues: body fluids act as lubricants, protect our organs and tissues from injury / saliva moistens the food we eat/ fluid filled lines our stomachs
· Our cell membranes are permeable to water; water flows easily through them, our cell membranes are not fully permeable to electrolytes
· Electrolytes enable our nerves to respond to stimuli: initiated at the membrane because of a change in the degree of electrical charge
· Depolorization: changes that allow an influx of sodium into the cell, causing the cell to become less negatively charged
· Action potential: electrical signal that is propagated along nerve and muscle cells
· Repolarization: cells returning to normal, release of potassium
· Electrolytes signal our muscles to contract: our muscles to stimulation of nerve cells, electrolytes, specifically sodium and potassium play a key role in generating nerve impulses in response to stimuli.  Calcium is an electrolyte that stimulates muscle contraction
· Thirst mechanism: a cluster of nerve cells in the hypothalamus that stimulate our conscious desire to drink fluids in response to an increase in the concentration of salt in our blood or a decrease in blood pressure and blood volume
· Our body’s command centre for fluid intake is a cluster of nerve cells in a part of the brain called the hypothalamus 
· Our thirst mechanism prompts us to feel thirsty when it is stimulated by: increased concentration of salt, reduction in blood volume and blood pressure, dryness in the tissues of the mouth and throat 
· Once the hypothalamus detects such changes, it stimulates the release of a hormone that signals the kidneys to reduce urine flow and return more water to the bloodstream
· Mechanisms that allow us to prevent a loss of body fluid and help avoid dehydration: kidneys secrete an enzyme that triggers blood vessels throughout our body/ water is drawn out of the salivary glands in our mouths in an attempt to further dilute the concentration of substances in our blood
· We tend to drink until we are no longer thirsty, but in fact the amount of fluid we consume may not be enough to achieve fluid balance
· Metabolic water: the water formed as a byproduct of our body’s metabolic reactions
· Water that is formed during metabolic react
· Ions contributes about 10% to 14% of the water we need each day 
We lose fluids through urine, sweat, exhalation, and feces


-We excrete most of our water through the kidneys in the form of urine/ when we consume more water than we need, the kidneys process this excess fluid and excrete it in the form of dilute urine


-During times when we need to conserve body water, sodium concentration of our extracellular fluid increases

· Our kidneys also respond to massive changes in fluid balance and blood pressure
· A drop in blood pressure signals the kidneys to retain more water and reduce urine output/ retaining sodium in the kidneys also helps retain water 
· Insensible water loss: water lost from our skin in the form of sweat and from our lungs during breathing 
· Under normal resting conditions, our insensible water loss is less than 1 litre of water each day, during heavy exercise or in hot weather, we can lose up to 2 litres of water per hour
Certain situations can cause a significant loss of fluid from our bodies:

· Illnesses that involve fever, coughing, vomiting, diarrhea, and a runny nose
· Traumatic injury, internal hemorrhaging, blood donation, and surgery
· Exercise increases fluid loss via sweat and respiration 
· Environmental conditions that increase fluid loss, include high altitudes, cold and hot temps and low humidity, such as in a desert or flying in an airplane
· Pregnancy and Breastfeeding: mother’s fluids are continually diverted to the fetus
· Consumption of diuretics: substances that inrease fluid loss via urine- can result in dangerously excessive fluid loss- common diuretics involve coffee, tea, cola, and other caffeine containing beverages, as well as prescription medications for high blood pressure and other disorders 
Water: we can only survive for one to two days without water 
How much water should we intake: depends on age, body size, health size, physical activity 

· DRI for adult men aged 19-50: 3.7 litres of total water per day, this includes aprox. 3 litres (13 cups) as total beverages, which includes drinking water/ and for women 19-50: 2.7 litres of total water, this includes about 2.2 litres or 9 cups, as total beverages, including drinking water
· Drinking 8 glasses of fluid each day is recommended for most people/ athletes may require more fluid than the current recommendations 
Sources of Drinking water: carbonated water, mineral water, spring water, bottled water

· Both spring water and mineral water come from protected underground sources
· Mineral water contains 500 mg per litre or more dissolved solids, whereas spring water has less than 500 mg per litre of dissolved solids
· Distilled water and bottled water producded by deionization or reverse osmosis contain no more than 10 mg per litre of dissolved minerals and are referred to as purified water
· Bottled water is no safer than tap water: bottled water is considered a food and is regulated under Canada’s Food and Drugs Act and monitored by federal inspectors from the Canadian Food Inspection Agency/ In Canada, labels must indicate how the bottled water has been treated- carbonated, demineralized, and so on- and must give the location and source of the water/ Bottled water even may come directly from the tap/ People just think bottled water takes better because it was treated with chlorine 
What Happens if We Drink Too much Water?

· drinking too much water is very rare, but it can occur in some people that have a mental illness and have an uncontrollable urge to drink large quantities of water; this illness usually doesn’t lead to any major health problems because their kidneys are able to process this excess water
· certain illnesses can cause increases in levels of a hormone that stimulates reabsorption of water by the kidneys; when this occurs, over-dehydration and dilution of sodium result; Dilution of sodium, also called hyponatremia causes headaches, confusion, seizures, and coma
What Happens if we don’t drink enough water?

· Leading causes of deaths around the world is dehydration: Symptoms: thirst, discomfort, and loss of appetite
· Generally due to some form of illness or gastrointestinal infection that causes diarrhea and vomiting
Sodium: people commonly think that the word sodium and the word salt are interchangeable, but in fact, salt, or ‘sodium chloride’ is about 40% sodium and 60% chloride by weight

· People have come to believe that sodium is harmful to the body, which is not true: sodium, is an essential nutrient that our body needs to function optimally
Functions of Sodium: it is the major positively charged electrolyte in the extracellular fluid, its exchange with potassium allows us to maintain proper fluid balance, blood pressure, and acid-base balance.  Sodium also assists with the transmission of nerve signals and aids in muscle contraction, sodium also assists in the absorption of certain nutrients, such as glucose

Recommended Dietary intake for Sodium: AI for sodium= 1.5 g (1500 mg) per day for adult men and women aged 19-50/ the UL (Tolerable Upper Intake Level) is 2.3 g per day

· In a 2004 survey, on average, Canadians consume 3092 mg of sodium daily
· 90% of  the sodium added during food processing is in the form of salt, 10% comes from other sodium-containing compounds added for flavour, food safety, or preservation. 
· Examples of Sodium Containing ingredients: 1. Sodium benzoate: prevents growth of yeasts and bacteria, in fruit juices, jams, etc. 2. Sodium bicarbonate (baking soda): used as a leavening agent; helps release carbon dioxide when baking, 3. Sodium caseinate: thickener and binder in coffee whiteners, non dairy whipped toppings, desserts, etc, 4. Sodium propionate: preservative and mould inhibitor in baked goods, cheese, gelatin, etc. 5. Sodium nitrite or nitrate: agent use to preserve foods and prevent spoilage. 6. Monosodium glutamate: flavour enhancer 
What happens if we consume too much sodium?

· High blood pressure is a common consequent of consuming too much sodium, yet this is unclear and controversial
· Eating excess sodium can cause an increased excretion of calcium in some people, which in turn may increase risk for bone loss, yet this is also controversial
· Excess sodium does in fact cause bloating, as water is pulled from inside the cells into the extracellular space in an attempt to dilute the excess sodium

Hypernatremia: abnormally high blood sodium concentration (clinically: greater than 145 millimoles per litre of blood).  It is usually caused by a rapid intake of high amounts of sodium.  People with congestive heart failure or kidney disease are more prone to this condition than healthy people.  It is a dangerous condition because it causes abnormally high blood volume, leading to swelling of our tissues and raising blood pressure to unhealthy levels 


What happens if we don’t consume enough sodium?  This is rare in North America 
considering our diets.


Hyponatremia: low blood sodium levels (less than 136 milliequivalent per litre of blood) 
can occur in active people who drink large volumes of water and fail to replace sodium.  
Symptoms include: headaches, dizziness, fatigue, nausea, vomiting, and muscle cramps.  
If untreated, it can lead to seizures, coma, and death 

Potassium: is the major positively charged electrolyte in the intracellular fluid/ it is found in both plants and animals


Functions of Potassium: works together with sodium to maintain proper fluid balance/ 
also plays a major role in regulating the contraction of muscles and transmission of nerve 
impulses and it assists in maintaining blood pressure/ eating a diet rich in potassium helps 
lower blood pressure


- natural forms of potassium such as in fruits and vegetables, reduces bone loss


How Much Potassium so we Consume?

· AI for potassium  is 4.7 g per day

What Happens if we Consume too much Potassium?

· Hyperkalemia: a condition in which blood potassium levels are dangerously high and occurs when potassium is not excreted efficiently from the body.  Severe hyperkalemia can alter the normal rhythm of the heart, resulting in heart attack and death

What Happens if we don’t Consume Enough Potassium?

· Potassium deficiency is very rare
· not uncommon among people who have serious medical disorders: kidney disease, diabetic acidosis, and other illnesses can lead to potassium deficiency
· Also, people with high blood pressure who are prescribed diuretic medications to treat their disease are at risk for potassium deficiency
· Hypokalemia: a condition in which blood potassium levels are dangerously low- extreme dehydration, vomiting, and diarrhea can cause hypokalemia 
Chloride: negatively charged ion that we obtain almost exclusively in our diets from consuming sodium chloride, or table salt


Functions of chloride: assists with maintenance of fluid balance, aids in preparing food for further digestion, works with white blood cells of our body during an immune response to help kill bacteria, and assists in the transmission of nerve impulses/ found in some fruits and vegetables


How much should we consume? 


AI : 2.3 grams per day


What happens if we consume too much?

· leads to hypertension in salt-sensitive individuals

What happens if we don’t consume enough?
· most people consume more than enough chloride 
· can result in extreme dehydration and frequent vomiting/ often occurs in people with eating disorders who regularly vomit
Phosphorous: major intracellular negatively charged electrolyte/ most commonly found combined with oxygen in the form of phosphate

Functions: works with potassium inside the cell to maintain proper fluid balance, plays a key role in bone formation; about 85% of our body’s phosphorous is stored in our bones, plays a key role in creating energy for our bodies, regulates many biochemical reactions by activating and deactivating enzymes, it is part of our genetic materials including deoxyribonucleic acid (DNA) and RNA, an dis a component in cell membranes and part of the lipoproteins


How much should we consume? RDA: 700 mg per day/ milk meats and eggs are good sources of phosphorous

· we absorb the phosphorous from animal sources more readily than from plant sources
· the phosphorous in plant foods, such as beans, cereals, nuts, is found in the form of phytic acid: the form of phosphorous stored in plants, we are still able to absorb up to 50% of the phosphorous found in plant foods

What happens if we consume too much? People suffering from kidney disease and taking too many vitamin D supplements or too many aluminum containing antacids can suffer from high blood phosphorous levels, can cause muscle spasms and convulsions


What happens if we don’t consume enough? Rare. People that do not get enough include premature infants, older adults with poor diets, and people who abuse alcohol- symptoms include bone pain, muscle weakness, and dizziness

What disorders are related to fluid and electrolyte imbalance:

Dehydration: serious health problem that results when fluid excretion exceeds fluid intake

· commonly occurs as a result of heavy exercise or exposure to high environmental temperatures/ relatively small losses of water, equal to 1% to 2% change in body weight, result in symptoms such as thirst, discomfort and loss of appetite 
· More severe water losses (3% to 5%) result in symptoms that include sleepiness, nausea, flushed skin and problems with concentration
· Severe water losses (greater than 8%) can result in delirium, coma and death 
Heartstroke: a potentially fatal response to high temperature characterized by failure of the body’s heat regulating mechanisms.  Symptoms include rapid pulse, reduced sweating, hot dry skin, high temperature, headache, weakness, and sudden loss of consciousness (Commonly called sunstroke)- Can occur when body’s core temperature rises above 37.8 c or 100 F

Overhydration: dilution of body fluid. It results when water intake or retention is excessive

Hypertension: high blood pressure/ chronic condition characterized by above average blood pressure readings, specifically systolic blood pressure of more than 140 mm Hg or diastolic blood pressure of more than 90 mmHg when measured in a doctor’s office or higher than 135/85 mm Hg when measured at home


What causes hypertension: For about 95% of people who have it, the causes are unknown.  This type is referred to as primary or essential hypertension, for the other 5%, causes may include kidney disease, sleep apnea, and sensitivity to salt


What can be done to reduce hypertension? 

· be physically active for 30-60 minutes on most days of the week
· choose more vegetables, fruit, low fat dairy, whole grains, lean meat, poultry and fish
· eat less salt
· drink less alcohol, limit yourself to one to two drinks a day or less
· if you are overweight, try losing about 10 pounds
· Unfortunately, it is impossible to know who is sensitive to sodium, as there is not an easy test for sodium sensitivity
· the Canadian Hypertension Education Program estimates that 30% of Canadians are salt sensitive: those whose blood pressure increases when sodium intake is high
· Hypertension is called the “silent killer” because often there are no obvious symptoms of this disease 
· the Canadian Hypertension Education Program estimates that 90% of Canadians will experience hypertension at some point in their lives 
Neuropsychiatric Disorders

· Electrolyte imbalances can cause in nervous function that result in psychiatric disorders
· Low levels of magnesium, hypokalemia, and chronic hyponatrium can be associated with conditions of apathy and depression
· High blood levels of calcium can also cause depression 
· A variety of electrolyte imbalances can cause confusion, delirium, and psychosis, including hyponatremia, excessive blood calcium, and low blood calcium 
· Electrolyte disorders can also impair cognitive function, diminishing a person’s capacity to think, concentrate, solve problems, and remember information
Muscle Disorders:

· Muscle function is altered by electrolyte imbalances of the changes in nervous system function that occur with these imbalances
· Seizures: uncontrollable muscle spasms caused by increased nervous system excitability that can result from electrolyte imbalances
· Muscle Cramps: involuntary, spasmodic, and painful muscle contractions that last for many seconds or even minutes
· Hypernatrium that occurs with dehydration is known to cause cramps, as are other electrolyte imbalances 
Professor’s Notes: This unit has emphasized the importance of having a stable balance of fluids and electrolytes in the body, for proper functioning of nerves, muscles, etc. The negative and positive charges on the electrolytes within cells and in the fluid outside of cells mean that the overall charge is neutral. Although it is unusual to have imbalances of the electrolytes in the blood, this may happen in people who have kidney disease. Most people would benefit from reducing their intakes of packaged, processed foods, which are high in sodium and low in potassium, and replacing these foods with fresh fruits, vegetables, meats and dairy products to lower their sodium intakes and raise their potassium intakes, protecting against chronic hypertension.

b. Identify four nutrients that function as electrolytes in our bodies: sodium, potassium, chloride and phosphorous 
c. Discuss three functions of water in our bodies: dissolving and transporting substances, accounting for blood volume, regulating body temp, and cushioning and lubricating body organs and tissues
d. Describe how electrolytes assist in the regulation of fluid balance: by controlling the movement of fluid into and out of cells
e. Explain three ways in which our bodies gain fluids and three ways in which we lose fluids:  through consuming beverages and foods and through metabolism /We lose fluid through urine, sweat (insensible water loss), exhalation, and feces
f. Define the term ‘diuretic’ and give three examples of diuretics: diuretic: 
g. Discuss the physical changes that occur to trigger our thirst mechanism: hypothalamus stimulates release of hormone that signals the kidneys to reduce urine flow and return more water to the bloodstream/ water is drawn out of the salivary glands in our mouths in an attempt to further dilute the concentration of substances in our blood
h. Describe the major sources of sodium in the diet.
i. Define hyponatremia and identify factors that can cause this condition: low blood sodium levels (less than 136 milliequivalent per litre of blood) can occur in active people who drink large volumes of water and fail to replace sodium.  Symptoms include: headaches, dizziness, fatigue, nausea, vomiting, and muscle cramps.  If untreated, it can lead to seizures, coma, and death 
j. Give examples of food sources of potassium, chloride and phosphorus: fruits and vegetables 
k. Identify four symptoms of dehydration: thirst, discomfort and loss of appetite, if severe:  sleepiness, nausea, flushed skin and problems with concentration, and more severe: coma and possible death
l. Define hypertension and list three ways we can change our lifestyle to reduce hypertension:  chronic condition characterized by above- average blood pressure readings, to change our lifestyles you should, lose weight if you are overweight, be physically active on most days of the week, eat less salt, eat more veg and fruits, stop smoking if you have high blood pressure and drink less alcohol

