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RENAL PHYSIOLOGY
Danil Hammoudi.MD

Functions

Regulating blood ionic composition
Regulating blood pH
Regulating blood volume
Regulating blood pressure
Produce calcitrol and erythropoietiny p
Regulating blood glucose
Excreting wastes
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Regulating blood volume and composition

Urine production maintains homeostasis

Excreting waste products
Urea
Creatinine
Uric acidUric acid

Filtration
Blood pressure 

Basic processes of urine formation

p
Water and solutes across glomerular capillaries 

Reabsorption
The removal of water and solutes from the filtrate

Secretion
Transport of solutes from the peritubular fluid into the tubular 
fluid 
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Filtration in the kidneys modified by carrier mediated 
transport

Carrier Mediated Transport

transport
Facilitated diffusion
Active transport
Cotransport
Countertransport

C i  i  h    i  (T )Carrier proteins have a transport maximum (Tm)
Determines renal threshold

Accomplished via diffusion, osmosis, and carrier-
di d 

Reabsorption and secretion

mediated transport
Tm determines renal threshold for reabsorption of 
substances in tubular fluid
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An Overview of 
Urine Formation

Figure 26.9

Figure 26.10  Glomerular Filtration

Figure 26.10
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Figure 26.10  Glomerular Filtration

Figure 26.10a, b

Amount of filtrate produced in the kidneys each minute

Glomerular filtration rate (GFR)

Factors that alter filtration pressure change GFR
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A drop in filtration pressure stimulates Juxtaglomerular 
 (JGA)

Factors controlling the GFR

apparatus (JGA)
Releases renin and erythropoietin

The Response 
to a 
Reduction in Reduction in 
the GFR

Figure 26.11b
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Figure 26.11  The Response to a Reduction 
in the GFR

Figure 26.11a

Produces powerful vasoconstriction of afferent 

Sympathetic activation

arterioles
Decreases GFR and slows production of filtrate

Changes the regional pattern of blood flow
Alters GFR

Stimulates release of renin by JGA
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Glomerular filtration produces fluid similar to plasma 
without proteins
Th  PCT b b  60 70% f h  fil  d d 

Reabsorption and secretion at the PCT

The PCT reabsorbs 60-70% of the filtrate produced 
Reabsorption of most organic nutrients
Active and passive reabsorption of sodium and other ions
Reabsorption of water

Secretion also occurs in the PCT

Animation: Early Filtrate ProcessingPLAY

Animation: Glomerular filtrationPLAY

Figure 26.12  Transport Activities at the 
PCT

Animation: Proximal Convoluted TubulePLAY

Figure 26.12
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The loop of Henle and countercurrent 
multiplication

Countercurrent multiplication Countercurrent multiplication 
Between ascending and descending limbs of loop
Creates osmotic gradient in medulla
Facilitates reabsorption of water and solutes before the 
DCT DCT 
Permits passive reabsorption of water from tubular fluid

Figure 26.13  Countercurrent Multiplication 
and Concentration of Urine

Figure 26.13a
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Figure 26.13  Countercurrent Multiplication 
and Concentration of Urine

Figure 26.13b

Figure 26.13  Countercurrent Multiplication 
and Concentration of Urine

Figure 26.13c



4/21/2009

11

DCT performs final adjustment of urine

Reabsorption and secretion at the DCT

Active secretion or absorption

Absorption 
Tubular cells actively resorb Na+ and Cl-

I  h  f  t i   h d  i  ( t d) In exchange for potassium or hydrogen ions (secreted) 

Figure 26.14  Tubular Secretion and Solute 
Reabsorption at the DCT

Figure 26.14
Animation: Distal Convoluted TubulePLAY
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Figure 26.14  Tubular Secretion and Solute 
Reabsorption at the DCT

Figure 26.14c

Reabsorption and secretion along the 
collecting system

Water and solute loss is regulated by aldosterone and 
ADH
Reabsorption

Sodium ion, bicarbonate, and urea are resorbed
Secretion 

pH is controlled by secretion of hydrogen or bicarbonate 
ions
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Control of urine volume and osmotic 
concentration

Urine volume and osmotic concentration are regulated 
by controlling water reabsorption

Precise control allowed via facultative water reabsorption

Figure 26.15  The Effects of ADH on the 
DCT and Collecting Ducts

Figure 26.15
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Figure 26.15  The Effects of ADH on the 
DCT and Collecting Ducts

Figure 26.15a, b

Removes solutes and water 

Function of the vasa recta

Balances solute reabsorption and osmosis in the medulla
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A Summary 
of Renal 
Function

Figure 26.16a

Figure 26.1
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Figure 26.2

Figure 26.3
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Figure 26.4

Figure 26.5
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Figure 26.6

Figure 26.7
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Figure 26.8

Figure 26.9
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Figure 26.10

Figure 26.11
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Figure 26.12

Figure 26.13
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Figure 26.14

Table 23.1.1
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Table 26.1.2

Table 26.2.1
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Table 26.2.2



4/21/2009

25



4/21/2009

26



4/21/2009

27

Characteristics of Urine

Volume = 1 to 2 liters / day
Color = yellow or amber (red from beets)
Turbidity = Transparent
Odor = aromatic (asparagus gives another distinct 
odor))
pH = 4.6 to 8.0
Specific gravity (density) – more dense with solutes.
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Filtered or Reabsorbed
Substance Plasma Urine

Proteins 200 g 0.1 g
Bicarbonate 4.6 g 0
Glucose 3 g 0
U 4 8 25 Urea 4.8 g 25 g
Uric acid 0.15 g 0.8 g
Creatinine 0.03 g 1.6 g

Normal Constituents of Urine

Urea – from metabolism of amino acids
Creatinine – from creatine metabolism
Uric acid – from catabolism of nucleic acids
Urobilinogen – breakdown of hemoglobin
Hippuric acid, indican, and ketone bodies
Other substances and inorganic molecules
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Abnormal Constituents of Urine
Albuminuria
GlucosuriaGlucosuria
Hematuria
Pyuria
Ketonuria (Ketosis)
Bilirubinuria
Casts
Renal calculi
Microbes

Words
Glomerulonephritis (Steptococcus)
Pyelonephritis
Cystitis
Polycystic disease
Renal failure
UTI’s
Azotemia
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More Words
Intravenous Pyelogram (IVP)
Uremia
Urethritis
Enuresis
Nocturnal enuresis
Micturition
Incontinence

More Words

Lithotripsy
Dysuria
Polyuria
Nocturia
Anuria
Oliguria
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Regulation-Mineralocorticoids

Sti li f  R i  S ti

Regulation-Mineralocorticoids

Stimuli for Renin Secretion

1. blood pressure

2. serum Na

3. blood volume

4. ANS stimulation
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Regulation-Mineralocorticoids

Regulation-Mineralocorticoids

Actions of Angiotensin II

1. Direct arteriolar vasoconstrictor

2 Stimulus to aldosterone secretion2. Stimulus to aldosterone secretion
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