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Functions
• Regulating blood ionic composition
• Regulating blood pH
• Regulating blood volume
• Regulating blood pressure
• Produce calcitrol and erythropoietin
• Regulating blood glucose
• Excreting wastes

Urinary excretion rate = Filtration rate Urinary excretion rate = Filtration rate --ReabsorptionReabsorption rate + Secretion raterate + Secretion rate
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Figure 26.1



Fluid Balance













OSMOLARITY, 
HYDROSTATIC, ONCOTIC 
THOSE WHO DECIDE 
WHICH WAY FLUIDS GO
• 2 X NA + = INDEX OF EC OSMOLARITY

• OSMOLALITY=
2[NA +K ] + BUN/2.8 GLUCOSE/18

WHEN ECF OSMOLARITY INCREASES CELLS SHRINK
WHEN ECF OSMOLARITY DECREASES CELLS  SWELL

IN  A NORMAL WORLD [H2O] INTRACELLULAR  = EC [H2O ]
CAN KILL GIVING IV WATER CELL BURST NO NA IN WATER.



Body Fluid Compartments

• Total body water - 50-60 % of body weight
– decrease with age, gender and obesity

• Intracellular  water - 40% of body weight
– 75 trillion cells
– Similar composition in different species

• Extracellular water - 20% of body weight
– % is important in fluid therapy
– Transcellular accounts for ~ 1-2 liters



• BODY WATER DEFICIT =DESIRED TBW – CURRENT  TBW

• DESIRED TBW=measured serum Na+ x current TBW 
NORMAL SERUM Na+

• CURRENT TBW = 0.6 X  CURRENT BODY WEIGHT [KG]



Serum Values of 
Electrolytes

Cations (+) Concentration
Sodium 135 – 145 mEq/L
Potassium 3.5 - 4.5 mEq/L
Calcium 9-10.5 mg/dL
Magnesium 1.5 - 2.5 mEq/L

Anions (-)
Chloride 95 – 107 mEq/L
CO2 24 – 30 mEq/L
Phosphate 2.5 - 4.5 mEq/L
HCO3 22 – 26 mEq/L



Daily Requirements 
for Electrolytes

• Sodium: 1-2 mEq/kg/d
• Potassium: 0.5-1 mEq/kg/d
• Calcium: 800 - 1200 mg/d
• Magnesium: 300 - 400 mg/d
• Phosphorus: 800 - 1200 mg/d



Function Mechanism Affected Elements

•Waste Excretion Glomerular filtration
Nitrogenous products of protein 
metabolism
(urea, Cr)

Tubular secretion
Organic acids (urate)
Organic bases (Cr)

Tubular catabolism

Drugs (antibiotics, diuretics)
Peptide hormones 
(most pituitary hormones, insulin, 
glucagon)

•Electrolyte Balance Tubular NaCl absorption Volume status, osmolar balance

Tubular water reabsorption Osmolar balance

Tubular K secretion
Potassium concentration

Tubular H secretion Acid-base balance

HCO3 synthesis and reabsorption

Tubular Ca, Mg, PO4 transport Ca, Mg, PO4 homeostasis



•Hormonal Synthesis Erythropoietin production 
(cortex) Red blood cell mass

Vitamin D activation Calcium homeostasis

Renin production (JG 
apparatus)

Vascular resistance, 
aldosterone secretion

•Blood Pressure 
Regulation Altered sodium excretion ECF volume

Renin production Vascular resistance

•Glucose Homeostasis Gluconeogenesis (from 
lactate, pyruvate, amino 
acids) 

Glucose supply 
maintained in prolonged 
starvation



Osmolality and Osmotic 
Pressure
• Fluid concentration (osmolality) 

create osmotic pressure (pull)
• Normal 

– Serum osmolality 275 to 295 mOsm/L
– Urine osmolality



Osmotic / oncotic 
pressure

H2O

PP Intracellular Interstitial Intravascular

Colloidal Osmotic 
Pressure

Na
Diffusion allows Na to 
move freely between 

intravascular and 
interstial spaces



Body Systems 
Controlling Fluid and 
Electrolyte Balance

• Renal

• Endocrine
– ADH
– Aldosterone

• Gastrointestinal



Components of Glomerular Filtration 
Barrier

1. Capillary endothelial cells
2. Glomerular basement membrane
3. Visceral epithelial cells (podocytes)

Filtration is based on charge and pore size.



• Regulating blood volume and 
composition

• Excreting waste products
– Urea
– Creatinine
– Uric acid

Urine production maintains 
homeostasis



• Filtration
– Blood pressure 
– 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 

Basic processes of urine 
formation



• Filtration in the kidneys modified by 
carrier mediated transport
– Facilitated diffusion
– Active transport
– Cotransport
– Countertransport

• Carrier proteins have a transport 
maximum (Tm)
– Determines renal threshold

Carrier Mediated Transport



• Accomplished via diffusion, osmosis, 
and carrier-mediated transport

• Tm determines renal threshold for 
reabsorption of substances in tubular 
fluid

Reabsorption and secretion



Urine Concentration
•• IsothenuricIsothenuric-- Urine concentration 

equal to blood plasma 
concentration

•• ConcentratedConcentrated - urine 
concentration greater than that of 
the blood plasma

•• Dilute Dilute - urine less concentrated 
than the blood plasma





Figure 26.11b

The 
Response 
to a 
Reduction 
in the 
GFR



Secretion of hormonesSecretion of hormones
••Secretion of Secretion of erythropoietinerythropoietin, , which 
regulates red blood cell production in the 
bone marrow.

••Secretion of Secretion of reninrenin, which is a key part 
of the renin-angiotensin-aldosterone 
system. (Technically, though, renin is not 
a hormone, it is an enzyme.)

••Secretion of the active form of vitamin Secretion of the active form of vitamin 
D (D (calcitriolcalcitriol) and prostaglandins.) and prostaglandins.



aldosterone, aldosterone, which stimulates active sodium 
reabsorption (and water as a result)

antidiureticantidiuretic hormonehormone, which stimulates 
passive water reabsorption

Both hormones exert their Both hormones exert their 
effects principally on the effects principally on the 
collecting ducts.collecting ducts.



Antidiuretic hormone and the 
mineralcorticoids



Synthesis of ADH 

• ADH synthesized in the cell bodies of 
hypothalamic neurons in the supraoptic
nucleus

• ADH is stored in the neurohypophysis
(posterior pituitary)—forms the most 
readily released ADH pool

ADH is also known as arginine vasopressin (AVP 
= ADH) because of its vasopressive activity, but its 
major effect is on the kidney in preventing water 
loss. 



ADH

Regulated by osmotic and volume 
stimuli

Water deprivation increases 
osmolality of plasma which 
activates hypothalmic
osmoreceptors to stimulate ADH 
release



Glomerulus and 
Bowman’s 
capsule

• Glomerular filtrate drains into 
Bowman’s space, and then 
into proximal convoluted 
tubule.

• Endothelium has pores to 
allow small molecules 
through.

• Podocytes have negative 
charge. This and the 
basement membrane stops 
proteins getting through into 
tubular fluid.

•• Macula Macula densadensa senses GFR senses GFR 
by [Naby [Na++]]

•• JuxtaglomerularJuxtaglomerular (JG) (JG) 
apparatus includes JG apparatus includes JG 
cells that secrete cells that secrete reninrenin.

• JGA helps regulate renal 
blood flow, GFR and also 
indirectly, modulates Na+

balance and systemic BP



Figure 26.8



Figure 26.7





Effective Renal Plasma Flow (FIT-RPF)





Figure 26.11a

The Response to a Reduction in 
the GFR













Figure 26.9





Figure 26.10  Glomerular 
Filtration

Figure 26.10a, 
b



The three basic 
renal processes

•• GlomerularGlomerular
filtrationfiltration

•• Tubular Tubular 
reabsorptionreabsorption

•• Tubular Tubular 
secretionsecretion

• GFR is very high: 
~180l/day. Lots of 
opportunity to precisely 
regulate ECF 
composition and get rid 
of unwanted substances.

• N.B. it is the ECF that is 
being regulated, NOT the 
urine.



Glomerular filtration

• Remember: high hydrostatic pressure (PGC) at glomerular 
capillaries is due to short, wide afferent arteriole (low R to 
flow) and the long, narrow efferent arteriole (high R).



GFR depends on diameters of 
afferent and efferent arterioles

GFR GFR

Glomerulus

Afferent arteriole Efferent arteriole

Glomerular 
filtrate

Aff. Art. dilatation Eff. Art. dilatationEff. Art. 
constriction

Aff. Art. 
constriction

Prostaglandins, 
Kinins, 

Dopamine (low 
dose), ANP, NO

Angiotensin II 
(low dose)

Angiotensin II 
blockade

Ang II (high dose), 
Noradrenaline (Symp 
nerves), Endothelin, 

ADH, Prost. Blockade)





Figure 25.14
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Figure 25.15a



Figure 25.15b



Figure 25.16







Figure 25.10











Figure 26.5



Figure 25.20a



Figure 25.20b
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