Renal Physiology Objectives

BIO416L   


Renal and Urinary System Anatomy

Identify the general structure and role of the renal cortex, renal medulla, renal pelvic space, ureter, bladder, urethra, podocytes, and the juxtaglomerular apparatus including the specialized juxtaglomerular arteriole cells and the distal tubule macula densa.

Describe in sequence the tubular segments through which ultrafiltrate flows after it is formed at Bowman’s capsule to when it enters the renal pelvis. 

Describe in sequence the blood vessels through which blood flows when passing from the renal artery to the renal vein, including the glomerular capillaries, peritubular capillaries, the vasa recta and the afferent and efferent arterioles.

Renal Function

State normal body osmolarity values.

Calculate, graph and describe the processes of filtration, reabsorption, secretion and excretion. Predict how changes in filtration, reabsorption or secretion will affect renal excretion of any solute.

Define clearance.  Calculate clearance for any solute given urine flow rate and urine concentration (excretion rate) and plasma concentration. Calculate and explain why the clearance rate for inulin or creatinine is equal to the glomerular filtration rate.

Calculate and demonstrate graphically the renal threshold (RT) and transport maximum (T max) for any solute given the GFR and information about renal handling. 

Diagram and describe the cellular mechanisms for the transport of glucose, amino acids, water, urea, Na+, K+, Cl-, H+, HCO3-, CO2, O2, and NH4+ across tubular epithelia, including transport mechanisms (protein type and energy source), chemical reactions involved, specifics as to what part of the nephron is involved, and any specializations in regulation (such as hormonal regulation of transporter availability).

Renal blood flow/GFR regulation                   

List typical values for cardiovascular blood flow, renal blood flow and glomerular filtration rate. Describe the relative resistances of the afferent and efferent arterioles and the effects on renal blood flow and GFR of selective changes in each.

Predict the change in renal blood flow and GFR caused by increased ANG II, ANP, NE or NO.

Describe the myogenic and tubuloglomerular feedback mechanisms that mediate the autoregulation of renal plasma flow and glomerular filtration rate.  Identify the range for autoregulatory control.

Urine Concentration and Dilution

Describe and diagram the mechanism of the loop of Henle countercurrent multiplier in producing a high renal interstitial fluid osmolarity. Include specific cellular transport mechanisms.

Identify intake and loss routes for body water and predict the changes in body fluid volume and osmolarity caused by a net water loss or gain.   Predict how each of these disturbances would alter the rate of urine production and the osmotic composition of the urine.

Identify the stimuli that cause ADH release and describe the control mechanisms for each.

Identify the tubular section and cellular mechanism by which ADH increases permeability to water.  Describe the role of ADH, along with renal interstitial osmolarity, in production of a dilute or concentrated urine.

Ion Balance and Regulation of Extracellular Fluid Volume 

Identify the normal range for ICF and ECF Na+.  Describe and diagram the tubular sites and cellular mechanisms of Na+ reabsorption.

Describe the receptors involved in the monitoring of ECF volume (e.g., high pressure baroreceptors and low pressure cardiopulmonary stretch receptors), and diagram the neural reflex regulation of renal Na+ and water reabsorption and excretion.

Diagram the formation and generation of angiotensin II, beginning with renin.  Identify factors that can promote renin release.  Describe the role of the renin-angiotensin-aldosterone system in the regulation of systemic arterial blood pressure.

Describe the regulation of Na+ reabsorption along the nephron, including the effects of sympathetic nerves, angiotensin II, aldosterone, and atrial natriuretic peptide.

Identify the normal range for ICF and ECF K+.  Define the role of extracellular K+ in maintaining normal nerve and muscle function. 

Diagram the tubular sites and cellular mechanisms of K+ reabsorption and secretion. Describe the factors that regulate K+ secretion and their mechanisms of action. 

Map completely the physiological responses to any combination of osmolarity and blood volume levels (listed in Fig 20-2 and described Ch.20. See Fig. 20-17 as an example.) 


- Cardiovascular response to blood pressure changes


- Response to osmolarity changes (ADH and thirst)


- Response to blood volume changes

Na+ regulation and aldosterone mechanism

Renin-Angiotensin-Aldosterone pathway

Actions of Ang II

Acid-Base Balance

Identify the normal range of pH values, and the upper and lower limits compatible with life. 

Identify and describe the cellular mechanisms and major sites of reabsorption (and secretion) of HCO3- along the nephron. Describe the adjustments in filtered load and HCO3- reabsorption (H+ secretion) by alterations in systemic acid-base balance. 

Describe net acid excretion by the kidneys, the importance of urinary buffers, and the production and excretion of ammonium. 

Given a sudden increase or decrease in pH, identify the magnitude and the time course of the compensations that act to minimize change in pH of the body fluids, including buffers, respiratory adjustments and renal adjustments. Modify the equation for CO2+H2O( … for each situation.

From blood values (for CO2, pH, etc.), identify metabolic and respiratory acid-base disturbances.  Describe the processes that lead to acid-base disturbances and list common causes.
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