Biology 12 – Unit 3 B The urinary System



      Name _________________________

Lab – The Kidney & Urine Formation



  /38 marks
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Background
Deep inside the abdominal cavity, just below the rib-cage, 2 bean-shaped kidneys about the size of a bar of soap remove nitrogenous wastes and excess salts from 200 L of blood every day. The primary function of the kidneys is to produce urine, but they also have several other secondary functions that are involved with maintaining homeostasis. In addition to filtering wastes from the blood and producing urine, the kidneys maintain our blood pressure, electrolyte balance (salt balance), and pH balance of the blood. The kidneys also produce erythropoietin, a hormone that stimulates the production of new red blood cells when blood oxygen levels are low. Renin, another vital hormone produced by the kidneys, controls blood-pressure by regulating arterial blood volume. Finally, the kidneys are important in the production of Vitamin D, a hormone which increases the reabsorption of calcium from the nephron into the blood. On top of each kidney there is an adrenal gland which secretes several other important hormones into the blood.
Each kidney is protected by a tough outer covering of specialized connective tissue called the renal corpuscle. Inside, the kidney is divided into 3 major regions: the renal cortex (outer region), the renal medulla (middle region), and the renal pelvis (innermost region). In the kidney urine formation takes place within millions of tiny tubules called nephrons. Within the renal medulla the collecting ducts of many nephrons lie in parallel to produce specialized triangular or cone shaped areas called the renal pyramids. Sections of the renal cortex, called renal columns, down in between each renal pyramid. Tiny urine droplets form in each nephron and travel down collecting ducts which converge and empty into the renal calyces. In turn, the renal calyces then empty urine into the renal pelvis and ultimately the ureters and urinary bladder. The upper part of each nephron i.e. glomerulus, proximal convoluted tubule (PCT), and distal convoluted tubule (DCT) lie within the renal cortex. The Loop of Henle dips down into the renal medulla and maintains a hypertonic environment in the medulla to facilitate water reabsorption from the filtrate.
The kidneys receive blood from the renal arteries, which branch directly from the abdominal aorta. Despite their relatively small size (compared to other organs), the kidneys receive 20% of the total cardiac output of blood each time the heart beats. The renal arteries branch several times and eventually lead to afferent arterioles vessels that deliver blood to the glomeruli (glomerulus sing.). The glomeruli are tiny capillary “knots” that are leaky to small molecules and solutes that are dissolved in the blood such as salts and electrolytes (NaCl, K+, Ca2+, etc), glucose, amino acids, nitrogenous wastes and water. Non-filterable blood components, i.e. the components of blood that are too large to be filtered out of the blood in the glomerulus such as plasma proteins and the formed elements of blood, continue on through systemic circulation via the efferent arteriole and peritubular networks that surround each nephron before returning to the heart.
Blood pressure within the afferent arterioles and glomeruli is significantly higher than all other arterioles and capillaries within the body and is the driving force that begins the process of urine formation. The increased pressure within the glomeruli forces the filterable components of blood out of circulation and into the Bowman’s capsule, the beginning of the nephron. Within the nephron selective reabsorption of amino acids, glucose, water and salts and excretion of nitrogenous wastes, certain medications such as Penicillin, and excess H+ or HCO3- occurs and ultimately urine is produced.
Purpose
To explore kidney anatomy and relate it to the process of urine formation.
Materials
	· Scalpel

· Forceps

· Scissors
	· Probe

· Dissecting Pan

· Masking Tape
	· Pen

· Dissecting Pins


Procedure
1. Collect a kidney specimen. Rinse it well under cold water.

2. Lay the kidney flat on the table on top of some paper towel so that the renal hilus (indentation) is on the left. Examine the renal hilus and try to identify the renal artery, renal vein and ureter.

3. Using a sharp knife, your instructor will make a frontal section all the way through to the renal hilus. When finished open your kidney like a book and rinse it well under cold water, pat dry.

* Safety – Never hold the kidney in your hand while trying to slice through it. You risk slipping and seriously cutting your hand.
4. Using the dissecting pins label each of the following structures on your kidney specimen. Have the teacher check them off for marks. (6 marks, ½ mark each)
	( Renal Pelvis

( Renal Medulla

( Renal Cortex

( Renal Pyramid
	( Renal Column

( Calyx
( Ureter

( Renal Capsule
	( Hypertonic

( Hypotonic

( Renal Artery

( Renal Vein




Results

1. Label the parts of the kidney that you identified on your specimen. (6 marks ½ mark each)
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2. Complete the attached diagram of the nephron by labelling each of the indicated sections below.  For each section of the nephron you identify, briefly describe its contribution to urine formation. Using arrows show what molecules are excreted into the nephron from the blood stream and what is reabsorbed from the nephron back into the blood for each of these sections. (10 marks)

i. Glomerulus/Bowman’s Capsule

ii. Proximal Convoluted Tubule (PCT)

iii. Loop of Henle (Ascending & Descending Loop)

iv. Distal Convoluted Tubule (DCT)

v. Collecting Duct


Discussion (16 marks)
1. Compare and contrast the components of blood within the afferent arteriole and the efferent 
   arteriole. What is the same/different? (3 marks)
2. How do the hormones aldosterone and ADH affect urine formation? What condition(s) trigger 
    their release? (4 marks)
3. How do the kidneys work to maintain homeostasis? Provide a detailed description for 3 
    examples. (6 marks)

4. What are diuretics? Provide 2 examples and explain how each affects urine formation. (3 marks)
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