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Renal Physiology 

Physiol-04A13/98B1 Describe the concept of renal clearance and its use to estimate glomerular 
filtration rate 

1. Clearance is the amount of substance cleared from the plasma per unit time. This is particularly 
relevant to the kidney, where most of its important functions involve the clearance of 
substances from the plasma at the glomerulus into the nephron.  

a. Units: mL/min (volume/time) 
𝐂𝐥𝐞𝐚𝐫𝐚𝐧𝐜𝐞 = 𝐠𝐥𝐨𝐦𝐞𝐫𝐮𝐥𝐚𝐫 𝐟𝐢𝐥𝐭𝐫𝐚𝐭𝐢𝐨𝐧 + 𝐬𝐞𝐜𝐫𝐞𝐭𝐢𝐨𝐧 − 𝐫𝐞𝐚𝐛𝐬𝐨𝐫𝐩𝐭𝐢𝐨𝐧 

 
2. Renal Clearance and GFR: 

a. Glomerular filtration is the process by which substances are cleared from the plasma 
into the urine. This is due to the balance of Starling’s forces that occur across the 
glomerular membrane: 

𝐍𝐅𝐏 = 𝐤[(𝐏𝐜 − 𝐏𝐢) −  𝛔(𝛑𝐜 − 𝛑𝐢)] 

b.  Normal value = 125mL/min = 180L/day. 
c. Importance: most of the kidney function relies on glomerular filtration. Hence GFR is a 

useful measure of overall nephron function. 
i. Water and fluid balance 

ii. Acid-base balance 
iii. Toxin and waste removal 
iv. Electrolyte balance 

 
3. Measurement of GFR: 

a. Principle: involves the measurement of clearance of certain tracers from the renal 
plasma flow. 

b. Properties of the ideal tracer: 
i. Filtered freely at the glomerulus 

ii. Not reabsorbed, secreted, metabolised or synthesised by the kidney 
iii. Non-toxic 
iv. Easy to administer 
v. No effect of kidney function. 

c. Derivation: 

amount tracer filtered (Pt) =  plasma conc (P)x GFR 
amount tracer in urine (Ut) =  urine conc (C)x urine vol (V − mL/min) 

Pt =  Ut 

𝐆𝐅𝐑 =  
𝐔𝐕

𝐏𝐭

 

d. Inulin: ideal tracer which satisfies the above criteria. 

𝐆𝐅𝐑 =  
𝐢𝐧𝐟𝐮𝐬𝐢𝐨𝐧 𝐫𝐚𝐭𝐞

𝐏𝐒𝐒

=  
𝐞𝐱𝐜𝐫𝐞𝐭𝐢𝐨𝐧 𝐫𝐚𝐭𝐞

𝐏𝐒𝐒

=  
𝐔𝐕

𝐏
  

e. Creatinine:  
i. by product of muscle breakdown, used as an estimate of GFR. Produced at a 

constant rate in most people by metabolism of muscle creatine 
ii. Tends to over-estimate as it is secreted to a small degree in the PCT (10-20%) 

 
Physiol-00B8/98A5 Describe the factors governing glomerular filtration rate 
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1. Glomerular filtration rate is the amount of plasma filtered through the glomerular membrane 

per unit time. 
a. Normal value 125 mL/min 
b. Measurement: inulin (accurate) or creatinine (estimate) 

i. tracer which is freely filtered 
ii. not secreted, reabsorbed, synthesised or metabolised 

iii. non-toxic 
 

2. Factors determining GFR: 
 

𝐍𝐅𝐏 = 𝐤[(𝐏𝐜 − 𝐏𝐁) −  𝛔(𝛑𝐜 − 𝛑𝐁)] 

Where, k = filtration coefficient (hydraulic conductivity x area) 
  σ = reflection co-efficient (relative permeability to albumin, 0-1, 1 = non leaky) 
  π = oncotic pressure (pressure due to non-diffusible solutes) 
  PG = glomerular capillary hydrostatic pressure 

PB = bowman’s capsule pressure  
  πC = plasma oncotic pressure 
  πB = Bowman’s oncotic pressure (usually 0) 
 

a. K factors: ↓K  ↓GFR 
i. Glomerular membrane permeability (conductivity): ↓ in nephritic syndrome 

ii. Glomerular membrane surface area: ↓ in chronic renal failure  ↓ number of 
nephrons 

iii. Angiotensin II  contraction Mesangial cells  ↓glomerular surface area 
b. PC factors: ↑PC  ↑GFR 

i. ↑ Renal blood flow  direct correlation to afferent arteriole pressure 
ii. ↑ Systemic blood pressure (but autoregulation within 70-170mmHg) 

iii. Arteriolar tone: 
1. afferent arteriole tone: 

a. adrenaline, ATII: ↑tone  ↓flow  ↓PC  ↓GFR 
b. ANP, NO, PG: ↓ tone  ↑flow  ↑PC  ↑GFR 

2. efferent arteriole tone: 
a. ATII, adrenaline: ↑↑tone  ↓flow  ↓PC  ↓GFR 
b. ANP: ↑tone  ↑flow  ↑PC  ↑GFR 
c. NO, PG: ↓ tone  ↑flow  ↑PC  ↑GFR 

iv. Higher at afferent arteriole (60mmHg) than efferent arteriole (58mmHg) 
c. PB factors: ↑PB  ↓GFR 

i. Urinary obstruction 
ii. Capsule oedema 

iii. Normally 15mmHg 
d. σ factors: ↓σ  ↑leak albumin 

i. nephrotic syndrome  ↓plasma oncotic pressure  ↑ πB  ↑GFR 
e. πC factors: ↑ πC  ↓GFR 

i. hypoalbuminaemia  liver failure, nephrotic syndrome 
ii. higher at efferent (33mHg) than afferent (21mmHg) 
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Physiol-05B10 Describe the forces acting across the glomerular capillary membrane. Explain how 
afferent and efferent arteriolar tone affect glomerular filtration rate 

1. The glomerular capillary membrane is responsible for the selective permeability of renal plasma 
ultrafiltrate into the Bowman’s space of the nephron. The glomerulus consists of 3 cell types: 
a. Capillary endothelial cells: afferent arteriole  glomerular tuft  efferent arteriole. 

Fenestrated endothelium with pores 70-90nm wide 
b. Basement membrane 
c. Epithelial cells of Bowman’s capsule: 

i. Podocytes have foot processes with interdigitate to form filtration slits 25nm wide 
1. Mesangial cells: Stellate cells, located between endothelium and basal 

lamina. They contract and regulate filtration, absorption and secretion 
The glomerular capillaries are supplied by the afferent arteriole and drained by the efferent 
arteriole. 
 

2. Forces acting across the glomerular membrane:  

𝐍𝐅𝐏 = 𝐤[(𝐏𝐜 − 𝐏𝐁) −  𝛔(𝛑𝐜 − 𝛑𝐁)] 

Where, k = filtration coefficient (hydraulic conductivity x area)  
  σ = reflection co-efficient (relative permeability to albumin, 0-1, 1 = non leaky) 
  π = oncotic pressure (pressure due to non-diffusible solutes) 
  P = hydrostatic pressure 

C = glomerular capillary 
B = Bowman’s capsule 

a. Normal values: unlike other capillary membranes, net filtration pressure is normally only 
in one direction due to the high hydrostatic capillary pressure (short branches off 
intralobular renal arteries), and low Bowman’s capsule pressure.  

i. Afferent end 
NFP = Pc(60) – PB(15) - πc(21) = 24mmHg 

ii. Efferent end: lower PC, higher πc due to fluid leaving the capillary, concentrating the 

remaining protein. 
NFP = Pc(58) – PB(15) - πc(33) = 10mmHg 

 
3. Arteriolar tone: 
Arteriole Tone Agent GFR Mechanism 

Afferent ↑ Ang II, adenosine, 
adrenaline 

↓  ↓PC (Ohm’s law) 

↓ PG, NO,ANP ↑  ↑PC (Ohm’s law) 
Efferent ↑↑ Ang II ↓ ↓renal BF  ↓PC  

↑ ANP ↑ Associated with 
afferent dilation  
↑ renal BF 

↓  ↑ ↑PC (Ohm’s law) 

 
4. Feedback mechanisms: the GFR is well autoregulated within renal MAP range 70-170mmHg. This 

autoregulation is due to two mechanisms controlling arteriolar tone: 
a. Myogenic mechanism: ↑PC  reflex myogenic vasoconstriction  ↓renal flow  

↓GFR 
b. Tuboglomerular feedback  ↑Na load 

i. Sensor: ↑GFR  ↑Na reabsorption at macula densa cells in DCT 
ii. Controller: macula densa  ↑Na/K pump  adenosine release  ↑Ca2+  

iii. Effector: ↑Ca2+  contraction afferent arteriole  ↓GFR 
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Physiol-98B3 Describe the process of tuboglomerular feedback 

1. Tuboglomerular feedback is the mechanism whereby glomerular filtration rate is autoregulated 
in order to deliver relatively constant amounts of filtrate to the glomerulus, despite changes in 
renal MAP. Through this mechanism, GFR is maintained near 125mL/min within renal MAP of 
70-170mmHg.  
 

2. Anatomy: the tuboglomerular feedback is controlled by the Juxtaglomerular apparatus: 
a. Macula densa cells (chemoreceptors) 
b. Renal afferent arteriole endothelial cells 

 
3. Feedback loop 
Component ↓renal MAP ↑renal MAP 

GFR ↓ ↑ 

Na/Cl load to TALH/DCT ↓ ↑ 

Macula densa (sensor) ↓Na reabsorption ↑Na reabsorption 

Na/K ATPase pump ↓ ↑ 

Transmitter  ↓ adenosine, ↑NO  ↓Ca2+ ,↑cGMP ↑adenosine ↑Ca2+  

Afferent arteriole dilates  constricts 

GFR ↑ ↓ 
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Physiol-06B11/00A7 List the hormones that regulate tubular reabsorption and describe their action 
and site of action 

 
1. Hormones are chemical messengers secreted by ductless glands which act on specific cell 

receptors usually distal to their site of release. Tubular reabsorption refers to the process of 
uptake of substances from the tubular lumen into the tubular cells. This can be passive 
(diffusion, or facilitated) or active (primary or secondary). 

 
Hormone Trigger Site Action 

Ang II β1, local baroreceptors 
 renin-angiotensin 
system 

PCT 
Afferent arterioles 
Adrenal 
Hypothalamus 

↑Na reabsorption (direct action) 
Afferent arteriolar vasoconstriction  ↓GFR 
↑aldosterone  ↑Na reabsorption DCT 
↑thirst, ↑ADH 

ANP Atrial stretch CD 
Hypothalamus 
JGA 
Renal arterioles 

↓ Na reabsorption (direct, small effect) 
↓ADH release 
↓renin release  ↓AngII, aldosterone 
↑KF, Afferent dilation, efferent constriction 
 ↑GFR 

ADH ↑Osmolality 
↓ intravascular volume 

CD (V2 R) Insertion of aquaporin channels  ↑water 
reabsorption 
↑ urea reabsorption  ↑medullary osm 

Aldosterone Ang II, ACTH, ↑K  CD (principle cells) ↑ENaC channels, Na/K ATPase activity  
↑Na reabsorption, K excretion 

Adrenaline SNS stimulation PCT ↑ Na reabsorption PCT 
↑ renin release (β1 effect) 

PTH ↓Ca2+  
β-adrenergic 

PCT 
DCT 

↓phosphate reabsorption 
↑Ca2+ reabsorption 

Vitamin D PTH PCT ↑Ca2+ reabsorption via TRP-V5 channel 

Calcitonin ↓Ca2+  PCT/DCT ↓Ca2+ reabsorption 
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Physiol-94A3 Explain the mechanisms involved in sodium handling by the kidney 

1. Sodium is the main cation in the ECF and its homeostasis is dependent on kidney filtration, 
reabsorption, and excretion. It is also the most important solute involved in water handling by 
the kidney. This maintains plasma sodium in a normal range of 135-145mmol/L, and intracellular 
sodium is 10mmol/L.  
 

2. Sodium handling in the kidney:  
𝐮𝐫𝐢𝐧𝐚𝐫𝐲 𝐍𝐚 = 𝐟𝐢𝐥𝐭𝐞𝐫𝐞𝐝 𝐍𝐚 − 𝐫𝐞𝐚𝐛𝐬𝐨𝐫𝐛𝐞𝐝 𝐍𝐚 + 𝐬𝐞𝐜𝐫𝐞𝐭𝐞𝐝 𝐍𝐚 

a. Filtration: 90% of plasma Na+ (26000mEq/day) is freely filtered through the glomerular 
membrane 

b. Reabsorption: >99% reabsorbed (25850mEq/day). Active transport supplied by Na/K 
ATPase in the basolateral membrane. 

 
 

 
c. Secretion: small amounts secreted (<150mEq/day). 

 
3. Control of sodium handling: several mechanisms act to ↑ Na reabsorption when body Na levels 

are low (and vice-versa). 
a. GFR: ↑GFR  ↑filtered load to tubules  ↑Na urine 

i. PC –renal blood flow, afferent/efferent arteriolar tone  
ii. PB – ureteric obstruction 

iii. πc – hypoalbuminaemia 
b. Hormonal: 
Hormone Effect Mechanism 

Aldosterone ↑ Na reabsorption CD 
principle cells 

Steroid receptor  ↑ expression of ENaC, ↑ activity Na/K 
ATPase  ↑ passive Na reabsorption powered by Na/K 
ATPase.  

Ang II ↑ Na reabsorption PCT Direct effect 

ADH ↑ Na reabsorption in CD Direct effect (minor compared to water) 

ANP ↓ Na reabsorption Direct (↑cGMP  ↓E NaC transport) 

PGE2  ↓ Na reabsorption Direct (inhibits Na/K ATPase) 

 
c. Neural: 

i. Sympathetic stimulation β1 receptors  ↑renin release  ↓GFR  ↓Na 
filtration and loss in urine. 

d. Local: 
i. Glomerulotubular feedback: matching of GFR to Na reabsorption whereby 

↑GFR  ↑Na reabsorption (constant fraction filtered Na is reabsorption). This 
is due to 2 mechanisms: 

Site Transporter Mechanism 

PCT (60%) 
 

Na/glucose 
Na/H 
Na/ammonium 
Na/amino acid 
Na/Pi 
Na/lactate 

Symport 
Exchanger 
Exchanger 
Symport 
Symport 
Symport 

TALH (30%) Na/K/2Cl 
Na/H 

Symport 
Exchanger 

DCT (7%) Na/Cl Symport 

CD (3%) E NaC Passive diffusion (main 
controlling mechanism) 
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1. ↑GFR  ↑amino acid, glucose filtered  ↑Na symport reabsorption 
2. ↑GFR  ↑πc peritubular capillaries  ↑ solute, water movement from 

lateral ECF surrounding tubulular cells  ↑gradient for Na reabsorption 
ii. Tuboglomerular feedback: 

1. ↑ filtered load Na to DCT (macula densa)  release of adenosine  
↑Ca2+  afferent vasoconstriction  ↓GFR  ↓Na filtration. 
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Physiol-08B16/07B12 Discuss the role of the kidney and mechanisms in regulating potassium 
homeostasis. 

1. Potassium (K+) is the most important intracellular anion in the body. As the cell membrane is 
relatively permeable to it, K+ is critical in the normal resting cell membrane potential and hence 
functions of excitable tissues (especially cardiac and neural).  

a. Normal plasma K = 3.5-5.5mmol/L 
b. Intracellular K = 150mmol/L 
c. RMP varies between -60mV (pacemaker cells) to -90mV (conducting myocytes) 

 
2. Potassium handling in the kidney: 

𝐮𝐫𝐢𝐧𝐚𝐫𝐲 𝐊 = 𝐟𝐢𝐥𝐭𝐞𝐫𝐞𝐝 𝐊 − 𝐫𝐞𝐚𝐛𝐬𝐨𝐫𝐛𝐞𝐝 𝐊 + 𝐬𝐞𝐜𝐫𝐞𝐭𝐞𝐝 𝐊 
 

a. Filtration:  600mEq/day freely filtered through glomerular membrane 
 

b. Reabsorption: passive transport, constant at 560mEq/day 
Site Transporter Mechanism 

PCT  60%  K channels Passive paracellular 
diffusion 
Na/K ATPase contributes 

TALH 30% Na/K/2Cl Cotransport 

DCT type A 
intercalated 

H/K ATPase Only active in K 
depletion 

 
c. Secretion: varies according to K levels, normal 50mEq/day. 

Site Transporter Mechanism 

DCT Passive Powered by Na/K 
ATPase 

CD Principle 
cells 

Passive Powered by Na/K 
ATPase 

 
3. Control of potassium homeostasis: K reabsorption is constant and is not involved in renal K 

control. Secretion is the mechanism by which K homeostasis is controlled. Normally, potassium 
is controlled so that: 

Dietary K intake = K excretion 
Factor Effect Mechanism  

Plasma K ↑ secretion Direct ↑Na/K ATPase pump in CD  ↑ K secretion 
Direct ↑aldosterone secretion from adrenal 

Aldosterone ↑ secretion ↑Na/K ATPase pump, ↑K (ROMK) insertion luminal 
membrane  ↑K secretion down conc gradient 

↑ GFR ↑ secretion Washes away luminal K to maintain concentration gradient 
for passive secretion.  

Plasma pH ↓pH  ↓secretion Acidosis inhibits Na/K ATPase 
H moves inside cells in exchange for K 

Filtrate Na Minimal effect ↑ Na  ↓Na reabsorption CD via ENaC  ↓K secretion 
↑ Na  ↑GFR  ↑ flow  ↑K secretion 
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Physiol-04A16/01B6/99A4 Explain how the kidney handles glucose. Describe the physiological 
consequences of glycosuria 

 
1. Glucose is an important carbohydrate monosaccharide.  It is the basic unit for carbohydrate 

metabolism, and exerts significant intravascular osmotic pressure, holding fluid within vessels. 
 

 
2. Handling: 

a. Filtration: freely filtered at the glomerulus 
b. Reabsorption: completely reabsorbed in the PCT under normal conditions.  

i. Secondary active transport 
1. Na/K ATPase pump basolateral membrane moves Na out of tubular cell 

 peritubular capillary. 
2. Tubular Na moves into PCT cell down concentration gradient. 
3. Glucose transport coupled to Na transport via SGLT-1/2 co-transporter 

in luminal membrane.  
ii. Facilitated diffusion: from tubular cell  peritubular capillary via GLUT-2. 

c. Glucose reabsorption is saturable, with tubular maximum reabsorption (TMAX) = 300-
375mg/min, due to limits of SGLT1 transporter. 

i. Filtered load > TMAX  glycosuria 
ii. Filtered load < TMAX  complete reabsorption. 

iii. At normal GFR 125mL/min  threshold glucose 10-12mmol/L 
iv. Splay: nephrons display heterogeneity in individual glucose TMAX. Thus the actual 

plasma glucose threshold (10-12mmol) is lower than the predicted threshold: 
375mg/min ÷125mL/min = 300mg/dL = 16.7mmol/L 

 
3. Glycosuria consequences: 
Consequence Mechanism Clinical effects 

Diuresis (osmotic) Glucose exerts a high osmotic load within the tubule  prevents 
passive water reabsorption in the TALH and the DCT/CD. 

Dehydration 

Electrolyte loss Osmotic load prevents electrolyte (potassium, sodium) 
reabsorption in PCT, CD  hypokalaemia, hyponatraemia. 

↓K: arrhythmias 

Impaired 
concentrating ability 

Impaired diffusion solutes out of TALH  ↓medullary 
concentration  ↓ gradient for counter-current multiplier 

Diuresis 

Metabolism ↓circulating glucose  fat metabolism catabolic ketone   Catabolism 

Infection Glucose substrate in urine  ↑risk infection UTI 

 
Physiol-03B14/99B4/95A9 Outline the role of the kidney in the regulation of body water 

1. The kidney plays a crucial role in water volume and osmolality homeostasis through its ability to: 
a. Receive large volumes of renal blood flow (1250mL/min, 25% CO) 
b. Excrete urine of varying concentrations: 30-1400mosm/L. 

 
2. Renal handling of water: 
Part Fate Notes 

Glomerulus 180L filtered/day Freely filtered at glomerulus 

PCT 65% reabsorbed Passive with solutes – isotonic. 

Descending LH 15% reabsorbed Passive down concentration gradient due to ↑medullary osm  
isotonic 

Ascending LH Impermeable Na/Cl/K secondary active reabsorption  hypotonic 

DCT 8-19% 20% filtered water (36L/day) reaches DCT 
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CD reabsorbed Reabsorption depends on Vasopressin. 

Thus between 1-12% filtered water excreted. 

 
3. Mechanisms of Water control: filtration and reabsorption of water is determined by a pressure 

and osmolarity feedback system: 
a. Filtration: GFR kept constant at around 125mL/min in between MAP 70-170mmHg 

i. Myogenic mechanism: ↑PC  reflex myogenic vasoconstriction  ↓renal flow 
 ↓GFR 

ii. Tuboglomerular feedback  ↑Na load 
1. Sensor: ↑GFR  ↑Na reabsorption at macula densa cells in DCT 
2. Controller: macula densa  ↑Na/K pump  adenosine release  

↑Ca2+  
3. Effector: ↑Ca2+  contraction afferent arteriole  ↓GFR 

b. Reabsorption: the kidney can vary urine output between 0.5L/day (1400mosm/L) and 
23L/day (30mosm/L). 

Hormone Sensor Mechanism 

ADH Low pressure stretch 
receptors 
Osmoreceptors detect > 
280mosm/L  

Released form posterior pituitary 
Binds V2 R in CD  ↑cAMP  insertion aquaporin 
channels  ↑ water reabsorption in DCT (down 
medullary conc gradient) 
↑urea transporters  ↑ urea reabsorption into 
medulla  ↑ concentration 

RAS SNS stimulation β1  
JG cells baroreceptor 

Renin  cleaves angiotensinogen  Ang I  Ang II 
Vasoconstriction  ↓GFR / filtration water 
↑Na reabsorption PCT 
↑ thirst, ADH 
↑aldosterone  ↑Na reabsorption, concentrate urine 

ANP Atrial stretch (↑volume) ↓ADH and RAS 
↑GFR: arteriole tone, ↑KF  
Direct ↓Na reabsorption CD 

 
c. Obligatory urine loss: necessary excretion of solutes in the urine  

i. Solute load: 700mosm/day and maximum urine osmolarity is 1400mosm/L  
500mL/day urine maximal concentration. 

Solute Amount mmol/day 

Na 100-150 

K 70-100 

Cl 150 

urea 400 
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Physiol-08A15 Describe how the kidney establishes the medullary concentrating gradient 
Physiol-03A16 Describe the functions of the loop of Henle, including the physiological mechanisms 
involved 

1. The loop of Henle is the portion of the nephron between the PCT and DCT that is responsible for 
creating an interstitial medullary osmotic gradient necessary for the control of urine 
concentration.  

2. Anatomy: 
a. Position: 

i. Cortical nephrons 85% – short LH, cortical interstitium low Na, passive diffusion 
Na out of tALH. 

ii. Medullary nephrons 15% - long LH, extend into renal medulla, active pump 
Na/Cl/K out of TALH. 

b. Parts: 
Part Permeable Impermeable 

Descending Water Solutes 

Ascending Solutes (active transport) Water 

 
3. Counter current multiplier: structure and function of LOH allows formation of hypertonic 

medullary interstitium. 
 

Location Process Result 

TALH Na/K/2Cl secondary active transport of 
solute into interstitium 

↑interstitial osm 
↓tubular osm 

PCT Tubular fluid flows from PCT  DLH Isotonic fluid in DLH 

DLH Water exits lumen into conc interstitium ↑tubular osm at base of LH 

tALH Impermeable to water 
Hypertonic water moves up the ALH 
Hypotonic water moves into DCT 

↑tubular osm at base 
↓tubular osm near DCT 
Gradient between top and bottom of 
LH 

Repetition of process sets up gradient 30  1400mosm/L (at tip of loop)  

a. Concentration of urine: in the presence of ADH, the DCT/CD is permeable to water. 
When the CD descends into the medulla  water flows into medullary interstitium  
concentration of urine to 1400mosm/L.  

b. Dilution of urine: tubular DCT fluid is 100mosm/L which is further diluted in DCT/CD by 
reabsorption of Na, Cl  dilution to 30msosm/L.  

4. Counter current exchanger: structure and function of the peritubular vessel (vasa recta) enables 
maintenance of the medullary concentration gradient. Without the exchange system, the 
medullary vessels would wash away the concentration gradient with their blood flow.  

a. Structure: lines the LH and is permeable to both water and solutes. 
b. Function: 

i. Water moves from descending  ascending limb  
ii. Solutes (Na, urea) move from ascending  descending limb. 

5. Role of urea: 
a. Reabsorption into the interstitium accounts for a significant part of the medullary 

osmolarity (along with electrolytes). 
i. PCT: 50% reabsorbed coupled to Na. Thus, 50% urea left in tubular fluid  high 

[urea]. 
ii. Medullary CD: urea transporter under control of ADH  passive reabsorption of 

urea into medulla  contributes 600/1400mosm/L of osmolarity. 
Without ADH  ↓concentration medulla  ↓concentrating ability of urine.  
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Physiol-09B13/06A14/02A6/95B2 Explain the physiological processes that cause oliguria in response 
to hypovolaemic shock 

1. Hypovolaemic shock is a state whereby the body is unable to meet the metabolic demands of 
tissue due to inadequate intravascular volume. This is characterised by ↓cardiac output, blood 
pressure, and multi-organ failure. Oliguria is defined as urine production < 0.5mL/kg/hour, and is 
the primary mechanism for retaining water and Na in hypovolaemic shock. This is a response 
mediated by neuroendocrine and local mechanisms which aim to ↓ urine output by: 

a. ↓ GFR, renal blood flow 
b. ↑ Na and water reabsorption 

 
2. Sensors: 
System Mechanism Location Result 

Osmoreceptors Discharge linearly > 280mosm/L Hypothalamus Release ADH posterior 
pituitary 

High Pressure 
Baroreceptors 

Reduce discharge with ↓MAP and 
↓pulse pressure 

Carotid sinus, aortic 
arch 

↓ SNS, ↑PNS at 
vasomotor centre  

Low pressure 
baroreceptors 

Discharge at 10% intravascular 
depletion 

Great veins, RA, 
pulmonary artery 

↓ inhibition of ADH 
secretion 

Intra-renal 
receptors 

↓ MAP  ↓renal PP  ↓ afferent 
arteriolar pressure  ↑firing 

Juxtaglomerular cells 
in afferent arteriole 

Release renin 

Macula densa ↓MAP  ↓renal PP  ↓GFR  
↓filtered Na load  ↓Na/K ATPase 

Macular densa cells 
in DCT 

Afferent arteriole dilation 
 maintain GFR 

 
3. Effectors: 
System Mechanism Effect 

Sympathetic 
(neural) 

Renal: 
α1: afferent/efferent vasoconstriction  ↓GFR 
β1: renin secretion by JG cells  ↑Ang II 
CVS: vasoconstriction of renal vessels  ↓renal BF 
CNS: stimulation of thirst 

 
↓ GFR  ↓ filtrate volume 
↑SVR, ↑CO  maintenance 
of MAP at expense of renal BF 
↑ fluid intake 

Local 

Myogenic ↓ renal BF  ↓ renal a pressures  relaxation of 
arterioles to maintain GFR 

GFR maintained 70-170mmHg 
MAP 

Tuboglomerular 
feedback 

↓MAP  ↓renal PP  ↓GFR  ↓filtered Na load  
↑NO  afferent arteriole dilatation  

Hormonal 

ADH V2 receptors in CD  insertion aquaporin channels 
ADH-urea receptors in CD  ↑urea reabsorption  
↑medullary osmolality 
Direct peripheral vasoconstriction 

Water reabsorption in CD 
↑medullary concentration 
gradient 
Urine osm ↑ to 1400mosm/L 

Ang II Renin cleaves angiotensinogen  Ang I  Ang II (lungs) 
CVS: Peripheral vasoconstriction 
Renal:  
efferent >> afferent vasoconstriction  ↓GFR 
↑Na reabsorption in PCT 
CNS: stimulate thirst, ADH 
Endo:  
sensitisation to catecholamines 
↑aldosterone 

 
↑SVR  ↑MAP 
 
↓GFR  ↓filtration urine 
Na and water retention 
↑fluid input 
 
Mechanisms above 

Aldosterone Nuclear hormone  ↑ENaC channels in principle cells, 
↑activity Na/K ATPase 

↑water, Na reabsorption 
↑K excretion 
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Physiol-10A11 Describe the changes that occur in the urine and the plasma with renal dysfunction.  

1. Renal dysfunction encompasses a broad spectrum of diseases in which there is abnormal 
function of any part of the nephron – the glomerulus, tubules or interstitium. The kidney has a 
range of functions which include: 

a. Water balance 
b. Acid-base balance 
c. Waste and toxin accumulation 
d. Electrolyte balance 
e. Endocrine functions – erythropoesis, calcium metabolism and renin-angiotensin system. 
Renal dysfunction can affect these individual functions, causing changes in plasma and urine. 

 
2. Pathophysiology: the kidney function is carried out by the collective work of many (2 million) 

nephrons. Renal dysfunction is characterised by loss of functional nephrons.  
a. Most commonly, this involves a ↓GFR  measured by creatinine clearance. 
b. As nephron function is lost, the remaining nephrons undergo compensatory change. This 

involves hypertrophy of blood vessels, glomeruli and tubular cells  ↑tubular fluid flow 
in remaining nephrons. 

 
 

Dysfunction Mechanism Plasma change Urine change 

Water balance: nephrons lose the ability to concentrate or dilute urine according to fluid status 
demands. This is due to rapid flow of tubular fluid preventing water and solute reabsorption 

Concentrating 
urine 

↓ reabsorption water due to 
high tubular flows 
↓ counter current pumping 
mechanism 

Volume depletion  
Hypotension 
Hyperosmolarity 

Oliguria (<0.5mL/kg/day) 
Osmolality approaches 
plasma 
 

Diluting urine ↓reabsorption of solutes, 
urea due to high tubular 
flows 

Volume overload 
Peripheral oedema 
Hypertension 
Hypo-osmolality 

Maximal volume approaches 
GFR 
Osmolality approaches 
plasma 

Nephrotic 
syndrome 

Filtration of plasma proteins 
at the glomerulus  
hypoalbuminaemia 

Hypoalbuminaemia 
Peripheral oedema 
Intravascular depletion 

Proteinuria (>3g/24 hours) 

Diabetes 
insipidus 

Failure of kidney’s to respond 
to ADH  cannot 
concentrate urine 

Volume depletion 
Hypotension 
Hyperosmolarity 

Hypotonic urine 
Polyuria 

Acid-base balance: each day, the kidneys normally excrete 50-80mmol metabolic acids > metabolic 
bases. Thus, normally, acid-base balance is achieved through the excretion of H+ (PCT, DCT, CD) and 
the reabsorption of HCO3

- (PCT 90%, DCT 10%)  
Acidosis Inability to excrete H+ ions. 

Inability to reabsorb HCO3
- 

ions 

Acidosis when GFR < 20% 
normal 
Can be anion gap (uraemia) 
or non-anion gap (renal 
tubular acidosis) 

Alkaline urine (high in 
bicarbonate) 

Compensatory 
acid-base 
balance 

Inability to excrete H+ 
(acidosis) or HCO3

- (alkalosis) 
  

Waste accumulation 
Urea, 
creatinine 

Inability to excrete urea, 
creatinine. 
Creatinine levels rise after 

Uraemia  
↑creatinine 
Metabolic acidosis with 

↓urea, creatinine 
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50% loss nephrons anion gap 

Drugs Inability to excrete drugs 
(usually ↓GFR  ↓filtration) 

Drug toxicity ↓drug in urine 

Electrolyte balance 
Na Inability to excrete salt Usually normal due to 

equivalent water retention 
Normal Na concentration 
Reduced overall Na 

K Inability to excrete K (DCT) Hyperkalaemia ↓K urine 

Endocrine function 
Calcium ↓Vit D 

Secondary ↑PTH 
Hypocalcaemia 
Hyperphosphataemia 
Osteomalacia 

↑ urinary Ca, ↓PO4  

Erythropoesis ↓EPO Anaemia (normocytic) Nil 

RAS 
stimulation 

Pre-renal dysfunction  
↓GFR  ↑ renin 
Secondary 
hyperaldosteronism  reset  

Hypertension 
Compensatory ↑renal Na 
and water excretion 
 

 

Abnormal urine solutes: 
Nephrotic Damage of glomerular 

membrane 
Hypoalbuminaemia 
Peripheral oedema 

Proteinuria (>3g/24 hours) 

Nephritis Damage of glomerular 
membrane 

Hypertension Red cell casts 
Proteinuria 

Diabetes ↑glucose filtration above 
tubular maximum 

Hyperglycaemia 
Hyperosmolarity 
Hypotension, volume 
depletion 

Glycosuria 
Ketonuria 
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Physiol-07A12 Explain the physiological principles underlying the use of peritoneal dialysis in a 
patient with chronic renal failure with this dialysate solution.  
Na 132 mEq/L  Mg 0.5 mEq/L  
K 0 mEq/L  Lactate 40 mEq/L  
Cl 96 mEq/L  glucose 2.5 g%  
Ca 3.5 mEq/L   

1. Dialysis is the process by which blood is run against a semi-permeable membrane, with dialysing 
fluid on the other side of the membrane. This ‘artificial kidney’ somewhat fulfils the roles of 
water, electrolyte, waste and acid-base balance in patient with renal failure. 
Peritoneal dialysis uses the peritoneal membrane as the dialysing membrane. Dialysing fluid is 
pumped into the peritoneum, and drained again by a catheter.  

 

2. Principles: the semi-permeable membrane has pores which allow selective movement of small 
ions and solutes, whilst largely preventing the movement of larger proteins. The processes 
involved are: 

a. Osmosis – the net diffusion of water across a selectively permeable membrane from an 
area of low (hypotonic) to high (hypertonic) solute concentration. The rate depends on 
the difference in tonicity. 
 

b. Diffusion – the net movement of solute across a selectively permeable membrane from 
an area of high to low solute concentration. There are two factors controlling this: 

i. Concentration gradient – Fick’s law 

𝐃𝐢𝐟𝐟𝐮𝐬𝐢𝐨𝐧 =  
𝐒𝐨𝐥 𝐱 𝐀 𝐱 ∆𝐏

√𝐌𝐖𝐱𝐓
 

 
c. Filtration - Electrochemical gradient: Donnan effect. Impermeable proteins (anions) 

create an oncotic pressure which opposes the hydrostatic pressure of the fluid. 
 

d. Solvent drag – the movement of water across the membrane brings solutes with it. This 
is important for the movement of small solutes – urea and creatinine.  

Solute Uraemic plasma Dialysate 

Na (mEq/L) 142 132 

K (mEq/L) 7 0 

Cl (mEq/L) 100 96 

Ca (mEq/L) 2 3.5 

Mg (mEq/L) 1.5 0.5 

Lactate (mEq/L) 40 40 

Glucose 2g% 2.5g% 

3. Important processes: 
a. Water movement: relatively fast compared to diffusion. The dialysing fluid is hypertonic 

(400msosm/L), so that excess fluid is removed. This is the equivalent of urine excretion. 
b. Solutes: solutes requiring greater excretion are present in lesser amounts in the fluid to 

↑ concentration gradient and rate of removal (e.g. K). 
c. Glucose: is present in high concentrations in the dialysing fluid to ↑osmolality. 

However, it can be absorbed across the membrane  hyperglycaemia 
d. Lactate: provided for conversion to bicarbonate in the liver  acid – base balance. 


