
4/2/2025

1

Ch. 10: Kidney (Renal) Physiology

Objectives:

1. Understand renal functions.

2. Review anatomy of the urinary system & kidneys.

3. Understand blood flow to kidneys.

4. Anatomy & physiology of the nephron.

5. Regulation of nephron filtration.

6. Kidney disorders.

1. Functions of Renal System

Regulates:

2. Blood volume - by filtering blood, excreting or reabsorbing water from body 
as needed (influenced by hormones ______________& _________________)

3. Blood pressure – by regulating blood volume.

4. Blood osmolarity – by controlling reabsorption/excretion of salts 
(Na+, Cl-, K+, Ca+2).  Influenced by hormone ______________________

5. Blood pH – by controlling reabsorption/excretion of H+ & HCO3- in urine.

6. Endocrine functions:
>Calcitrol = increases Ca+2 absorbed from proximal convol. tubule
>Erythropoietin = stimulates RBC production
>Renin  = secreted by JGA causes _______________________

1. Removes metabolic wastes from bloodstream. 
 Can live only few weeks (may month) with kidney failure.
 Patients on kidney dialysis 10 -20 years. 
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Urinary Facts:

─ Kidneys CAN filter 5.5L/40min OR 180 L/day!   
─ 99% of filtrate is automatically reabsorbed,, regardless of hydration state
─ 1% might/might not be reabsorbed – depends on hormones.

─ Avg urine output (pee) = 0.5 – 1.5 ml/kg/hr (or about 0.8 – 2 Liters/day)
• Oliguria = _________________________________________

• Polyuria = _________________________________________

• Anuria = __________________________________________ 

• Obligatory water loss = ___________________________________________
 400 ml (must pee out to rid body of wastes)

─ “osmolality” = osmoles (Osm) of solute per kg of solvent (Osm/kg)

─ “osmolarity” = osmoles (Osm) of solute per liter of solution (Osm/L)
More accurate for understanding osmotic effects than mass of solute in solution

Different kinds of solute can have different sizes

Some solutions may have multiple kinds of solute
https://www.ncbi.nlm.nih.gov/books/NBK606132/

2. REVIEW anatomy of Renal System

Kidneys = paired organs, posterior abdominal cavity

 - filter arterial blood continuously.

 - 8 – 12 renal lobes per kidney

 - lobes contain millions of nephrons

 - adrenal glands on top of kidneys.

Ureters = paired tubes transport urine from kidneys 

to bladder

Urinary bladder = muscular sac for temp. storage 

of urine.

Urethra = tube that transports urine from bladder 

to exterior of body. 
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2. REVIEW anatomy of Renal System

- Below uterus in females, above prostate in males

- Stores 400 – 600 ml urine for ~5 hrs

- Urinate (micturate) ~ 6 – 8 times / day

2. REVIEW Anatomy of Urinary Bladder

Has “detrusor muscle”  = smooth muscle, which

> Under sympathetic stimulation and neurotransmitter Epinephrine and 

2 and 3-adrenergic receptors ______________________________.

           B2 & B3 – think “It’s De Best 2 hold pee with 3”

> Under parasympathetic stim. & neurotransmitter ACh and muscarinic 

cholinergic receptors ______________________________________.
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Parasympathetic 

regulation allows 

detrusor to contract, 

allows internal urethral 

sphincter to relax, to let 

urine out.

Sympathetic regulation makes detrusor 
relax (bladder fills with urine). 
Contracts the internal urethral sphincter 
(to keep urine in).

Bladder Problems

1. Urinary tract infections (UTI’s) – 
Bacteria enter urethra, cause inflammation &
infection. More common in females.

2. Overactive bladder = overactive detrusor 
muscle. Contracts before bladder full. Feel 
frequent urge to urinate. Often referred to as 
urinary incontinence. 
> pee multiple times / night.
> 1 / 3 people, mostly in women, over 65 yrs

“urethritis” = _____________________

“cystitis” = ________________________

“pyelonephritis” (“pi·uh·low·nuh·fri·tus”)= 
_____________________________________
> Symptoms – severe back pain.
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Overactive bladder treatments

Tx = 
Oxybutynin = anticholinergic (ACh blocker)
 Keeps detrusor smooth muscle relaxed 

by blocking ACh receptor.

Mirabegron = B3 adrenergic agonist
 Keeps detrusor smooth muscle relaxed
 by stimulating B3 adrenergic receptor

Botox injection – stops ACh release
from neurons to muscles.

Bladder Problems contin…

3. Urinary Incontinence – why you can’t hold your pee.

A) Urge incontinence = bladder dysfunction. After strong urge to urinate 
might leak a little (or a lot) urine.

B) Stress incontinence = _________________________________________

_________________________________________________________, 
> 1 / 3 people – more often in women
> common in women w/age & after pregnancy
> Tx
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Kegel Exercises (to strengthen 

pelvic floor muscles within 4-6 wks)

1. Make sure your bladder is empty, 

then sit or lie down.

2. Tighten pelvic floor muscles. Hold 

tight & count 3 to 5 sec.

3. Relax muscles & count 3 to 5 sec.

4.Repeat 10 times, 2 or 3 times a 

day (morning, afternoon, and night).

Good for urinary incontinence, or 

fecal incontinence. 

Source

Anatomy of the Urethra

Urethra = muscular tube with 2 sets sphincters.
 - short & wide in females.
 - long & narrow in males.

2 Sets Urethral Sphincters:
1. Proximal (internal) sphincter
2. Distal (external) sphincter 
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2 Sets Urethral Sphincters: Proximal & Distal

1. Proximal (internal) sphincter – innervated by sacral & pelvic splanchic 

nerves.

Smooth muscle, Autonomic motor control:

> Parasympathetic with ACh neurotransmitter & muscarinic cholinergic receptors
 - detrusor muscle ____________________
 - proximal urethral sphincter ___________________________________

> Sympathetic w/ Epinephrine neurotransmitter &  & 3 adrenergic receptors
 - proximal urethral sphincter ___________________________________

2. Distal (external) sphincter 
– skeletal muscle, somatic (voluntary) motor control.
- ACh neurotrans. & nicotinic cholinergic receptors
- pelvic floor muscles (pubococcygeus) and pudendal nerve, we

 learn to control with “guarding reflex”.

“Guarding reflex” = voluntary control of distal urethral sphincter. 

Detrusor w/sympathetic stimulation will _____________________
Which adrenergic receptors for detrusor?? ______________________

Think “UR’ ABout to hold the pee in 3 (sec).

Getting a urine sample:
Voided sample = collected from normal urination (through urethra) in sample cup.
- Can contain sloughed urethral cells and possible bacteria from lower urinary tract.

Catheterization = insert (Foley) catheter up urethra into bladder. 
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Why catheterize the bladder?

Renal cortex = outer margin of kidney.

Renal medulla = inner part of kidney with “renal pyramids”

Nephron = functional unit of kidney filtration. 

Minor calyx = where urine collected from nephrons

Major calyx = collects urine from minor calyxes. 

REVIEW Anatomy of the Kidney
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Renal artery – brings arterial blood to kidneys to be filtered. 
           – BP in renal artery sensed by the JGA

Afferent arteriole = arterial blood enters the glomerulus of the nephrons
Plasma, ions, glucose, small proteins, and other substances get filtered through glomerular 
pores. “Filtrate” then enters PCT. 

Efferent arteriole = arterial blood leaves the glomerulus of the nephrons
(RBCs, WBCs, platelets, and large molecules do not make it through glomerular pores.)

Peritubular capillaries = capillaries that surround nephron and receive reabsorbed 
substances, from filtrate, which return to the bloodstream. OR secrete substances into the 
filtrate to be removed in the urine.

Abbreviations for nephron tubules:
PCT = proximal convoluted tubule
Loop = Loop of Henle
DCT = distal convoluted tubule

3. REVIEW Blood Supply of Kidneys and nephrons:

Afferent 

arteriole

Efferent

arteriole

Peritubular capillaries 
Vasa recta

3. REVIEW Blood Supply of Kidneys and nephrons:
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In reabsorption, 

water, salts, and 

other substances 

leave tubule and 

are returned to the 

bloodstream.

Entry of arterial blood to renal nephron through 

afferent arteriole into glomerulus, and creation 

of filtrate

And exit of blood through efferent arteriole

Passage of filtrate through nephron Reabsorption from nephron

water

Review

• Functions of renal system

– blood volume, pressure, osmolarity

– endocrine functions

• Urinary problems

– infections

– incontinence

• Anatomy of renal system

– Bladder detrusor muscle 

– Urethra and sphincters

– Kidney anatomy

– blood supply (renal artery, afferent & efferent arteriole, 

peritubular capillaries.
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Renal Corpuscle = Glomerulus + Bowman’s capsule:
 A) Glomerulus = receives arterial blood from afferent arteriole, and filters it.
   > has small pores (slits) to allow fluids, ions, glucose, small proteins through.
   > do not allow large molecules or cells (RBCs, WBCs, platelets) through.

 B) Bowman’s capsule = capsule surrounding the glomerulus. Receive the 
filtrate into the nephron tubule.

4. Physiology of the Nephron & Blood Filtration

Glomerular Filtration Rate (GFR) = volume of filtrate 
produced by both kidneys per minute. (ml/min)

─ Kidneys Filter:

> average of 5.5 L blood every 40 min (entire blood volume!) 

  

─ Females = ~ 115 ml/min

─ Males = ~ 125 ml/min

***GFR is constant for systolic arterial blood pressure (SBP) 

between 80 – 160 mmHg due to “intrinsic regulation”. 

The only time GFR changes is when SBP drops below 80 mmHg or 

goes above 160 mmHg – then it’s an “emergency” or extrinsic 

regulation.
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Regulation of GFR:

1. Intrinsic regulation – for systolic BP between 80 – 160 mmHg no 

change in GFR needed.

2. Extrinsic (emergency) regulation – for BP < 80 or > 160 mmHg

A) IF blood volume & pressure too high: (> 160 mmHg)

(overhydrated) 

____________________________________________________________

B) IF blood volume & pressure too low: (< 80 mmHg)

(dehydrated, blood loss, shock)

 ____________________________________

GFR measured by blood and urine creatinine.
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3 Tubules:

1. Proximal convoluted tubule (PCT)

2. Loop of Henle

3. Distal convoluted tubule (DCT)

4. Collecting duct = tube that transports 

urine from DCT to minor calyx.

Parts of the renal nephron and what is reabsorbed back into 

bloodstream. 

Reabsorption =

 

Secretion =

Excretion =

In reabsorption, water, salts, and other 

substances leave tubule and are returned 

to the bloodstream.
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After Glomerulus & Bowman’s capsule →
4 Types of Tubules in Nephron:

1. Proximal convoluted tubule
> First tubule after glomerulus
> Reabsorbs majority of substances from filtrate automatically, 
regardless of hydration or hormones.

2. Henle’s loop 
> where urine concentrated by Counter-Current multiplication system 

3. Distal convoluted tubule
> last tubule
> where aldosterone has effect on salt

4. Collecting duct – what leaves here is urine.

Proximal Convoluted Tubule

Things reabsorbed from filtrate: Things secreted into filtrate

Water! (~65% of filtrate entering!) Antibiotics, pharmaceuticals

Ions (Na+, Cl-, K+, Ca+2, HCO3-) H+ 

Glucose! (only place where reabsorbed) Some diuretics

Small amino acids Creatine **

Urea **

> First tubule after glomerulus

> Reabsorbs majority of substances from 
filtrate automatically, regardless of 
hydration or hormones.
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Loop of Henle :

Descending Loop

> From PCT down to bend

> Permeable to water but not salt!

> Where additional 20% of filtrate automatically reabsorbed 

into bloodstream. 

> At bend in loop – between PCT and descending loop ~ 85% 

of filtrate has been automatically reabsorbed.

Things reabsorbed from filtrate: Things secreted into filtrate

WATER

Loop of Henle

Things reabsorbed from filtrate: Things secreted into filtrate

Na+, Cl- H+, K+

Urea

Ascending Loop

> From bend in loop to DCT

> Is permeable to salt but not water

> Where “counter-current multiplication system” 

functions to concentration urine by pulling out salt into 

interstitial space around loop.
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Counter-current  multiplication system at loops:
The more salt that is reabsorbed from the ascending loop causes more 

water to be reabsorbed from descending loop.

➢ How our bodies conserve water!
Slide updated 11/9

Distal Convoluted Tubule

Things reabsorbed from filtrate: Things secreted into filtrate

Na+, Cl- H+, K+

urea

> Permeable to salt IF aldosterone present.
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• Addison’s Disease – Insufficient Aldosterone

 

• Conn’s Syndrome (Hyper-aldosteronism) 

Collecting Duct
Where ADH has effect = anti-diuretic hormone 
   
> Released when blood osmolarity rises 
above 295 mOsm.

> Has effect at collecting duct – increases 
water reabsorbed from filtrate before it 
enters minor calyx as urine. 

> Last place where filtrate can be modified. 

IF blood osmolarity  above normal: 

Hypothalamus secretes ADH

_______ water retention at the collecting duct

_______Urine output 

_______Blood volume & BP, AND

Blood osmolarity will ________ 

IF blood osmolarity  below normal:

No ADH secretion, _____ water retention, _____urine output, ____Blood volume & BP, 

AND

Blood osmolarity will ________
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Click HERE for a YouTube video showing reabsorption 

versus secretion from nephron tubules, and how the 

counter current multiplier system works for concentration 

urine (conserving body water). 

3 min 30 sec

Review
• Intrinsic regulation of GFR 

– GFR steady with minor BP fluctuations by afferent arteriole 

vasodilation / vasoconstriction

– endocrine functions

• Extrinsic regulation (medulla) of GFR

– If BP ↓ sympathetic stim ↓ GFR causing ↓ urine output and ↑ blood 

volume and BP.

– If BP ↑ parasympath. stim ↑ GFR causing ↑ urine output and ↓ 

blood volume and BP.

• Structure of nephron

– Glomerulus

– PCT (what is reabsorbed & secreted?)

– Loop of Henle : descending (what is reabsorbed & secreted?)

            ascending (what is reabsorbed & secreted?)

– DCT (what is reabsorbed & secreted? What hormone influences?)

– CD (what is reabsorbed? What hormone influences?) 36
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5. Renal Regulation Blood Volume & Blood Pressure: A recap.

STOP, THINK!
What can happen if BP is too low?

> What does medulla do?

> What do kidneys do?

> ____GFR

What can happen if BP is too high?

> What does medulla do?

> What does heart do?

> ____ GFR

Urinary Stones (“urolithiasis”) – frequency 1 / 10 people

6. Kidney Disorders

= _________________________________________________________

___________________________________________________________

Calculi can block renal calyx, ureter, and in males even urethra).

Result

> is buildup of fluid pressure (hydronephrosis) within kidneys, causes 

pressure necrosis.

- > buildup of toxins in bloodstream, causes organs to shut down.
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Urinary Stones (“urolithiasis”)

Hydronephrosis = __________________________________.

  

> can cause pressure necrosis. 

> buildup of toxins in bloodstream, causes organs to shut down.

> Can also be caused by infection, enlarged prostate (males).

Urinary
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A machine called a lithotripter generates shock waves that 

are focused on a stone (or stones) using X-ray or ultrasound 

imaging. The shock waves break the stone into smaller 

pieces that can pass through urinary system.

Polycystic kidney disease – 1 / 500,000 people USA

= ______________________________________________________

_______________________________________________________

Result:

> Similar to kidney stones. Cysts cause pressure within kidneys. 

Kidneys become enlarged and pressure causes damage. 
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Chronic Kidney Disease (CKD) 
> 1 / 7 people, USA

> Majority (9/10 people) with CKD don’t even know they have it.

> Metabolic blood panel tests look at several factors to asses kidney 

function (BUN, Creatine, and BUN/Creatine ratio)

The creatinine clearance test compares the creatinine level in 

urine with the creatinine level in blood. This gives an 

estimate of the glomerular filtration rate (GFR). GFR is a 

measure of how well the kidneys are working.

Normal = 60 - 90
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Do NOT 

memorize!
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Kidney Failure
> GFR < 15%
> Life expectancy without treatment range from 3 days to 3 weeks.
> Life expectancy with dialysis – 5 – 10 years.

Dialysis
= process of removing excess water, solutes and toxins from the blood 

in those whose kidneys can’t perform anymore. This is  also referred to 

as renal replacement therapy.
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Click HERE for YouTube video explaining dialysis methods

3 min 30 sec

Diuretics
1. Carbonic anhydrase inhibitors (Acetazolamide)  

> Decreases salt reabsorption at PCT. 

BUT prescribed more for glaucoma patients than patients with 

hypertension. 

2. Loop diuretics (e.g. furosemide or “Lasix”) 

> Decreases salt reabsorption at ascending loop of Henle.

(which will decrease water reabsorption at descending loop!)

Most powerful diuretic, BUT use can lead to loss of other ions (K+, 

Ca+2, Cl-, and Mg)

3. Thiazides (hydrochlorothiazide)

> decreases salt reabsorption at DCT (BUT can also lead to K+ loss)
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Click HERE (6 min) for detailed 

YouTube video of these 3 

classes of diuretics, & also 

Osmotic Diuretics and K+ 

Sparing Diuretics.

6.3 min

Not required reading
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Review
3 ways the body regulates blood volume & BP (all involve kidney 

function!)

– Baroreceptors in heart and medulla – influenced by BP and change GFR.

– Hypothalamic ADH (influence by blood osmolarity & change water 

reabsorption)

– Renin-angiotensin-aldosterone system (influenced by BP and change salt 

reabsorption)

Kidney Disorders

- Urinary stones (urolithiasis)

- Polycystic kidney disease

- Chronic kidney disease 

- Testing for kidney disease (BUN, Creatinine)

- Kidney failure

- Dialysis

- Diuretics 56
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