Excretory System

I. Composition & Function

a. Kidneys- removes substances from blood and forms urine

b. Ureters-transports urine away from kidneys to bladder

c. Bladder- serves as reservoir

d. Urethra- leads urine to outside of the body

II. Osmoregulation (water balance of the blood, tissue, or cytoplasm)

a. Osmoregulators

i. Maintain a concentration of solutes in their body fluid different from the environment.

b. pressure-driven filtration system – ultra filtration
i. The unusually high blood pressure in the circulatory system (capillary beds) can be used to push blood through a filter → selective based only on size.

ii. Useful molecules are reabsorbed

iii. Water is reabsorbed as the filtrate passes through a long tube.

iv. The filtrate is excreted as urine.

v. The process occurs in the kidney
III. Kidney Organization

a. 3 basic functions 

i. Water balance- about 2 L per day of water is lost through perspiration, urine and breathing.

ii. Waste removal- normal metabolism produces wastes that must be removed.

iii. Blood pH- by removing or conserving H+ the kidney can maintain blood pH.

b. The basic unit of the kidney is the nephron (Each of the two kidneys contains 1.25 million nephrons)

c. The reddish brown kidneys are located in the lower back (posterior wall of abdominal cavity)

d. The kidney is divided into an outer renal cortex and an inner renal medulla.

e. A series of tubule leads from the medulla to ureter. The ureter transports urine from the kidney to the urinary bladder.

f. Blood flow to the kidney

i. Blood enters the kidney through a branch of the aorta called the renal artery.

ii. Branches of the renal artery within the kidney produce arterioles.

iii. Each arteriole leads to a network of capillaries called a glomerulus (fxn: filters blood by ways of fenestrated structures in the capillaries) where its surrounded by a capsule called Bowman’s capsule
iv. Blood leaves the capillaries of the glomerulus through an arteriole and enters capillaries in the medulla, where they collect as much of the water that was lost through the glomerulus. (proximal convoluted tubule, loop of Henle, & distal convoluted tubule)
v. Venules from the capillaries lead to the renal vein, which exits the kidney and returns blood to the inferior vena cava.

g. Functions of the kidney

i. Filtration
I. Molecules are filtered from the blood as blood pressure forces the blood through a filter --fenestrated
II. Proteins and large molecules cannot pass through the walls. Water and small solutes do pass through.

III. Filtered molecules would be lost if they were not reabsorbed.

ii. Reabsorption

I. Useful substances recaptured from filtrate.

II. Most of the water and dissolved solutes that enter the glomerulus are returned to the blood.

III. In humans 1000 and 2000 L of blood passes through the kidneys per day. About 180 L of water leaves the blood but most is reabsorbed, and only about 1.5 L of urine is produced

IV. Reabsorption of glucose, amino acids and other molecules is driven by active transport.

V. Reabsorption of water occurs by osmosis by reabsorbing salt.

VI. When the concentration of some substances in the blood reaches a certain level, the substance is not reabsorbed; it remains in the urine. This regulates the levels of several nutrients in the blood.

iii. Secretion

I. Because filtration is not selective, some things must be removed from the blood on purpose.

II. Certain ions, drugs, and organic molecules not removed by filtration are transported from the blood to the filtrate.

III. This is similar reabsorption but in the opposite direction.

iv. Excretion

I. The urine is eliminated  (95% water, urea, uric acid, amino acids and electrolytes)

II. Potentially harmful substances are eliminated by the kidney

III. Urine also contains nitrogenous wastes from the metabolism of protein.

IV. It may also contain excess K+, H+, and other ions. Eliminating H+, helps maintain the pH of the blood

V. Excretion of excess water maintains the blood volume and pressure.

IV. Structure of the kidney

a. The glomerulus is enclosed inside Bowman’s capsule. Pressure on the blood in the capillaries forces fluid and solutes through capillaries forces fluid and solutes through capillary walls into Bowman’s capsule. This is filtration.
b. Fluid flows from the capsule to the proximal tubule in the renal cortex.

i. Most of the salt (NaCl) and water filtered into the capsule is reabsorbed immediately across the walls of the proximal tubule.

ii. Microvilli increases surface area to help facilitate

iii. This occurs by active transport of NA+ out of the filtrate into the blood.

iv. Water follows both because of osmosis

c. From the proximal tubule, the fluid then enters the loop of Henle.

d. Water travels down the descending limb into the renal medulla and back up the ascending limb back into the cortex.

i. The loop of Henle removes or reabsorbs salt (active transport) and water (concentration gradient) from the urine

e. From there, the fluid enters the distal tubule in the cortex.

i. In the distal tubule, more salt and water is reabsorbed.

ii. Overall, the filtrate gets more concentrated. 

f. The distal tubules from several nephrons connect to the collecting duct which in turn empties into the renal pelvis.

i. In the collecting duct, more water is removed and the filtrate becomes quite hypertonic to the blood and body fluid.

g. The renal pelvis drains urine into the ureter.
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V. Excretion of nitrogenous wastes

a. Animals metabolize amino acids which contain nitrogen.

b. This produces nitrogenous wastes that are toxic and must be eliminated.

c. When amino acids are metabolized, ammonia (NH3) is formed. Ammonia is very toxic and must be diluted with lots of water
VI. Regulation
a. The kidneys control the concentration of urine to maintain water balance.
b. By changing the amount of water eliminated or conserved, blood volume and blood pressure can also be maintained by the kidneys.

i. The kidneys excrete hypertonic urine when the body needs to conserve water.

ii. The kidneys excrete hypotonic urine when too much water has been ingested.

iii. Antidiuretic hormone (ADH)

I. The hypothalamus in the brain produces ADH and it is secreted by the pituitary.

II. Sensors in the hypothalamus monitor the concentration of the blood.

III. If the body loses water, the concentration of the blood increase (becomes more salty). The sensors detect this and trigger the thirst sensation and the release of ADH.
a. High ADH makes the collecting ducts reabsorb more water

IV. If the blood concentration decreases (becomes less salty), ADH secretion is inhibited and more water is excreted in urine and less is reabsorbed. 

VII. Kidney disorders

a. Diabetes
i. Type I
a. Also called insulin dependent, juvenile or early onset diabetes.

b. Approximately 10% of people with diabetes have type 1 diabetes.

c. The immune system attacks the part of the pancreas that produces insulin. Without insulin, blood sugar is abnormally high.
ii. Type II
a. Also called insulin independent, adult, or late onset diabetes.

b. About 90% have type II diabetes, which occurs when the pancreas does not produce enough insulin or when the body does not effectively use the insulin that is produced. 
c. Type II diabetes usually develops in adulthood, although increasing numbers of children are being diagnosed.

d. A diet high in sugar can cause the body to become less sensitive to insulin. This causes a chronic, high blood sugar.

II. High blood sugar causes increased sugar in the urine. This in turn causes more water to enter the urine by osmosis. The end result is increased urine production (and resulting water loss)
iii. Diabetes factors

I. Approximately 80% of people with diabetes will die as a result of a heart disease or stroke.

II. The onset of type II diabetes may be prevented or delayed, through increased physical activity, healthy eating, weight loss, not smoking and stress reduction.

III. Risk Factors

a. Being:

i. A member of a high risk group (Aboriginal, Hispanic, Asian, South Asian, or African descent)

ii. Overweight (especially if you carry most of your weight around your middle)

b. Having:

i. A parent, brother or sister with diabetes

ii. Health complications that are associated with diabetes

iii. Given birth to a baby that weight more than 4 kg (9lbs) 

iv. Has gestational diabetes (diabetes during pregnancy)

v. Impaired glucose tolerance or impaired fasting glucose

vi. High blood pressure

vii. High cholesterol or other fats in the blood

IV. Signs and symptoms of diabetes include the following

a. Unusual thirst

b. Frequent urination

c. Weight change (gain or loss)

d. Extreme fatigue or lack of energy

e. Blurred vision

f. Frequent or recurring infection

g. Cuts and bruises that are slow to heal

h. Tingling or numbness in the hand or feet

V. How is diabetes treated?
a. Physical Activity: Regular physical activity helps your body lower blood glucose levels, promotes weight loss, reduces stress and enhances overall fitness.

b. Nutrition: What, when, and how much you eat all play an important role in regulation blood glucose levels.

c. Weight Management: Maintaining a healthy weight is especially important in the management of type 2 diabetes

d. Medication: Type 1 diabetes is always treated with insulin. Type 2 diabetes is managed through physical activity and meal planning  and may require medications and or insulin to assist your body in making or using insulin more effectively 

e. Lifestyle Management: Learning to reduce stress levels in day to day life can help people with diabetes better manage their disease.
f. Blood pressure: High blood pressure can lead to eye disease, heart disease, stroke and kidney, so people with diabetes should try to maintain a blood pressure level at or below 130/80.

iv. Kidney stones

v. Minerals crystallize from the blood and form tiny stones.

vi. If the stones become large enough they can block the ureter and/ or uretha.
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