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S E C T I O N  I I

Physiology
“When I investigate and when I discover that the forces of the heavens and the planets are 

within ourselves, then truly I seem to be living among the gods.”
––Leon Battista Alberti

High-Yield Topics
Cardiovascular
Respiratory
Gastrointestinal
Renal
Endocrine/Reproductive

The portion of the examination dealing with physiology is broad
and concept oriented and does not lend itself as well to fact-based
review. Diagrams are often the best study aids from which to learn,
especially given the increasing number of questions requiring the in-
terpretation of diagrams. Learn to work with basic physiologic rela-
tionships in a variety of ways (e.g., Fick equation, clearance equa-
tions). You are seldom asked to perform complex calculations.
Hormones are the focus of many questions. Learn their sites of pro-
duction and action as well as their regulatory mechanisms.

A large portion of the physiology tested on the USMLE Step 1 is
now clinically relevant and involves understanding physiologic
changes associated with pathologic processes (e.g., changes in pul-
monary function testing with chronic obstructive pulmonary dis-
ease). Thus, it is worthwhile to review the physiologic changes that
are found with common pathologies of the major organ systems (e.g.,
heart, lungs, kidneys, and gastrointestinal tract).



PHYSIOLOGY—HIGH-YIELD TOPICS

Cardiovascular

1. Basic electrocardiographic changes (e.g., Q waves, ST segment elevation).
2. Effects of electrolyte abnormalities (e.g., potassium or calcium imbalances).
3. Physiologic effects of the Valsalva maneuver.
4. Cardiopulmonary changes with pregnancy.
5. Responses to hemorrhage.
6. Responses to changes in position.

Pulmonary

1. Alveolar-arterial oxygen gradient and changes seen in lung disease.
2. Mechanical differences between inspiration and expiration.
3. Characteristic pulmonary function curves for common lung diseases (e.g., bronchitis, emphy-

sema, asthma, interstitial lung disease).
4. Gas diffusion across alveolocapillary membrane.
5. Responses to high altitude.

Gastrointestinal

1. Sites of absorption of major nutrients (e.g., ileum: vit. B12).
2. Bile production and enterohepatic circulation.
3. Glucose cotransport into cells of gut.
4. Fat digestion and absorption.
5. Secretion and actions of GI hormones.

Renal/Acid-Base

1. Differences among active transport, facilitated diffusion, and diffusion.
2. Differences between central and nephrogenic diabetes insipidus.
3. Major transporter in each nephron segment.
4. Clearance calculation.
5. Effects of afferent and efferent arteriolar constriction on GFR and RPF.

Endocrine/Reproductive

1. Physiologic features of parathyroid diseases, associated laboratory findings; physiology and
pathophysiology of PTHrP.

2. Clinical tests for endocrine abnormalities (e.g., dexamethasone suppression tests, glucose tol-
erance tests, TSH measurement).

3. Diseases associated with adrenocortical abnormalities (e.g., Cushing’s, Addison’s, Conn’s).
4. Sites of hormone production during pregnancy (e.g., corpus luteum, placenta).
5. Regulation of prolactin secretion.
6. All aspects of diabetes mellitus.

General

1. Role of calmodulin, troponin C, and tropomyosin in muscle contraction.
2. Role of ions (e.g., calcium, sodium, magnesium, potassium) in skeletal muscle, cardiac muscle, and

nerve cells (e.g., muscle contraction, membrane and action potentials, neurotransmitter release).
3. The clotting cascade, including those factors which require vitamin K for synthesis (II, VII, IX, X).
4. Regulation of core body temperature.
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PHYSIOLOGY—CARDIOVASCULAR

Myocardial action 
potential

Occurs in atrial and ventricular myocytes and Purkinje fibers.
Phase 0 = rapid upstroke—voltage-gated Na+ channels open.
Phase 1 = initial repolarization—inactivation of voltage-gated Na+ channels. Voltage-

gated K+ channels begin to open.
Phase 2 = plateau—Ca2+ influx through voltage-gated Ca2+ channels balances K+ efflux.  

Ca2+ influx triggers myocyte contraction.
Phase 3 = rapid repolarization—massive K+ efflux due to opening of voltage-gated slow 

K+ channels and closure of voltage-gated Ca2+ channels.
Phase 4 = resting potential—high K+ permeability through K+ channels.

Pacemaker action Occurs in the SA and AV nodes. Key differences from the ventricular action potential 
potential include:

Phase 0 = upstroke—opening of voltage-gated Ca2+ channels. These cells lack fast 
voltage-gated Na+ channels. Results in a slow conduction velocity that is utilized by the 
AV node to prolong transmission from the atria to ventricles.

Phase 2 = plateau is absent.
Phase 4 = diastolic depolarization—membrane potential spontaneously depolarizes as  

Na+ conductance increases. Accounts for automaticity of SA and AV nodes. The slope
of phase 4 in the SA node determines heart rate. Acetylcholine decreases and 
catecholamines increase the rate of diastolic depolarization, decreasing or increasing 
heart rate, respectively.
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PHYSIOLOGY—CARDIOVASCULAR ( cont inued )

Cardiac output (CO) Cardiac output = (stroke volume) × (heart rate) During exercise, CO increases

Fick principle: CO = rate of O2 consumption 
initially as a result of an 

arterial O2 content − venous O2 content
increase in SV. After 
prolonged exercise CO 
increases as a result of an 
increase in HR.

If HR is too high, diastolic
Similar to Ohm’s law: filling is incomplete and CO 

voltage = (current) × (resistance) drops (e.g., ventricular 
MAP = diastolic + 1⁄3 pulse pressure tachycardia).
Pulse pressure = systolic – diastolic
Pulse pressure ≈ stroke volume

Cardiac output Stroke volume affected by Contractility, Afterload, and SV CAP
variables Preload.

Contractility (and SV) increased with: Stroke volume increases in
1. Catecholamines (↑ activity of Ca2+ pump in anxiety, exercise, and 

sarcoplasmic reticulum) pregnancy.
2. ↑ intracellular calcium
3. ↓ extracellular sodium A failing heart has decreased
4. Digitalis (↑ intracellular Na+, resulting in ↑ Ca2+) stroke volume.

Contractility (and SV) decreased with:
1. β1 blockade Myocardial O2 demand is ↑ by:
2. Heart failure ↑ afterload (∝ diastolic BP)
3. Acidosis ↑ contractility
4. Hypoxia/hypercapnea ↑ heart rate

↑ heart size (↑ wall tension)

Preload and Preload = ventricular end-diastolic volume. Preload increases with 
afterload Afterload = diastolic arterial pressure exercise (slightly), increased 

(proportional to peripheral resistance). blood volume (overtransfu-
Venous dilators (e.g., nitroglycerin) decrease preload. sion), and excitement (sym-
Vasodilators (e.g., hydralazine) decrease afterload. pathetics). Preload pumps 
↑ SV when ↑ preload, ↓ afterload or ↑ contractility. up the heart.
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Starling curve Force of contraction is proportional to initial length of cardiac muscle fiber (preload).

Ejection fraction Ejection fraction = end-diastolic volume – end-systolic volume
end-diastolic volume

Ejection fraction is an index of ventricular contractility.
Ejection fraction is normally 60–70%.

Resistance,
Resistance =

driving pressure (∆P)
∝

viscosity (η) × length Remember: resistance is
pressure, flow flow (radius)4 directly proportional to 

Viscosity depends mostly on hematocrit. viscosity and inversely
Viscosity increases in: proportional to the radius to 

1. Polycythemia the 4th power.
2. Hyperproteinemic states (e.g., multiple myeloma)
3. Hereditary spherocytosis
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PHYSIOLOGY—CARDIOVASCULAR ( cont inued )

Blood Normal adult blood composition. Note that serum = plasma – clotting factors (e.g., fibrinogen).

Capillary fluid Four forces known as Starling forces determine fluid movement through capillary 
exchange membranes:

Pc = capillary pressure—tends to move fluid out of capillary
Pi = interstitial fluid pressure—tends to move fluid into capillary
πc = plasma colloid osmotic pressure—tends to cause osmosis of fluid into capillary
πi = interstitial fluid colloid osmotic pressure—tends to cause osmosis of fluid out of 

capillary
Thus net filtration pressure = Pnet = [(Pc − Pi) − (πc − πi)]
Kf = filtration constant (capillary permeability)
Net fluid flow = (Pnet) (Kf)
Edema: excess fluid outflow into interstitium that is commonly caused by:

1. ↑ capillary pressure (↑ Pc; heart failure)
2. ↓ plasma proteins (↓ πc; nephrotic syndrome, liver failure)
3. ↑ capillary permeability (↑ Kf; toxins, infections, burns)
4. ↑ interstitial fluid colloid osmotic pressure (↑ πi; lymphatic blockage)
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Cardiac cycle Phases:
1. Isovolumetric contraction—period 

between mitral valve closure and 
aortic valve opening; period of 
highest oxygen consumption

2. Systolic ejection—period between 
aortic valve opening and closing

3. Isovolumetric relaxation—period 
between aortic valve closing and 
mitral valve opening

4. Rapid filling—period just after 
mitral valve opening

5. Slow filling—period just before 
mitral valve closure

Sounds:
S1—mitral and tricuspid valve closure
S2—aortic and pulmonary valve closure
S3—end of rapid ventricular filling
S4—high atrial pressure/stiff ventricle

S3 is associated with dilated CHF
S4 (“atrial kick”) is associated with a 

hypertrophic ventricle

a wave: atrial contraction
c wave: RV contraction (tricuspid valve 

bulging into atrium)
v wave: ↑ atrial pressure due to fiilling 

against closed tricuspid valve

Jugular venous distention is seen in 
right-heart failure.
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PHYSIOLOGY—CARDIOVASCULAR ( cont inued )

Electrocardiogram P wave—atrial depolarization.
P-R interval—conduction delay through AV node (normally <200 msec).
QRS complex—ventricular depolarization (normally <120 msec).
Q-T interval—mechanical contraction of the ventricles.
T wave—ventricular repolarization.
Atrial repolarization is masked by QRS complex.

AV block 
(heart block)

First degree Prolonged P-R interval (>200 msec).
Second degree Type I (Wenckebach) shows a progressive prolongation of P-R interval until a P wave is 

blocked and not followed by a QRS complex (“dropped” beat).
Type II (Mobitz) shows sporadic/episodic “dropped” QRS complex.

Third degree Complete AV block with P waves completely dissociated from QRS complexes.

Cardiac myocyte Cardiac muscle contraction is dependent on extracellular calcium, which enters the 
physiology cells during plateau of action potential and stimulates calcium release from the cardiac 

muscle sarcoplasmic reticulum (calcium-induced calcium release).
In contrast to skeletal muscle:

1. Cardiac muscle action potential has a plateau, which is due to Ca2+ influx
2. Cardiac nodal cells spontaneously depolarize, resulting in automaticity
3. Cardiac myocytes are electrically coupled to each other by gap junctions
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Control of mean 
arterial pressure

Arterial Receptors:
baroreceptors 1. Aortic arch: transmits via vagus nerve to medulla (responds only to ↑ blood pressure).

2. Carotid sinus: transmits via glossopharyngeal nerve to medulla.
Hypotension: ↓ arterial pressure → ↓ stretch → ↓ afferent baroreceptor firing →

↑ efferent sympathetic firing and ↓ efferent parasympathetic stimulation →
vasoconstriction, ↑ HR, ↑ contractility, ↑ BP. Important in the response to severe 
hemorrhage.

Carotid massage: increased pressure on carotid artery → ↑ stretch . . . ↓ HR.

Chemoreceptors
Peripheral Carotid and aortic bodies: respond to decreased PO2, increased PCO2, and decreased pH

of blood. Response to PCO2 is small.
Central Respond to changes in pH and PCO2 of brain interstitial fluid, which in turn are 

influenced by arterial CO2. Do not directly respond to PO2. Responsible for Cushing 
reaction to increased intracranial pressure: hypertension and bradycardia.

Circulation through Liver: largest share of systemic cardiac output.
organs Kidney: highest blood flow per gram of tissue.

Heart: large arteriovenous O2 difference. Increased O2 demand is met by increased 
coronary blood flow, not by increased extraction of O2.

315

HEART and VASCULATURE

KIDNEYS

MAP

ANSVASOMOTOR
CENTER

––Rate (β1)—CO ↑  

––Contractility  (β1)—SV ↑  

––Venous tone (α)—venous return ↑  

––TPR (α) ↑  
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MAP

RBF

Renin/angiotensin system    

↑  TPR

� ↑

A II aldosterone ↑  blood volume



PHYSIOLOGY—CARDIOVASCULAR ( cont inued )

Normal pressures 
PCWP = pulmonary capillary

wedge pressure (in mmHg)
is a good approximation of 
left atrial pressure.

Autoregulation Mechanism: blood flow is altered to meet demands 
of tissue via local metabolites (e.g., nitric oxide, 
adenosine). 

Organ Factors determining autoregulation Note: the pulmonary 
Heart Local metabolites, –O2, adenosine, NO vasculature is unique in that 
Brain Local metabolites, ∆CO2 (pH) hypoxia causes 
Kidneys Myogenic and tubuloglomerular feedback vasoconstriction (in other 
Lungs Hypoxia causes vasoconstriction organs hypoxia causes 
Skeletal muscle Local metabolites, sympathetic (α, β2) innervation, vasodilation).

lactate, adenosine, K+

PHYSIOLOGY—RESPIRATORY

Response to high 1. Acute increase in ventilation
altitude 2. Chronic increase in ventilation

3. ↑ erythropoietin → ↑ hematocrit and hemoglobin (chronic hypoxia)
4. Increased 2,3-DPG (binds to Hb so that Hb releases more O2)
5. Cellular changes (increased mitochondria)
6. Increased renal excretion of bicarbonate to compensate for the respiratory alkalosis
7. Chronic hypoxic pulmonary vasoconstriction results in right ventricular hypertrophy

Important lung 1. Surfactant: ↓ alveolar surface tension, ↑ compliance Surfactant: dipalmitoyl phos-
products 2. Prostaglandins phatidylcholine (lecithin) 

3. Histamine deficient in neonatal RDS.
4. Angiotensin converting enzyme (ACE): AI → AII; 

inactivates bradykinin (ACE inhibitors ↑ bradykinin 
and cause cough, angioedema)

5. Kallikrein: activates bradykinin
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PHYSIOLOGY—RESPIRATORY ( cont inued )

V/Q mismatch Ideally, ventilation is matched to perfusion (i.e., With exercise (increased 
V/Q = 1) in order for adequate oxygenation to cardiac output), there is 
occur efficiently. vasodilation of apical capil-

Lung zones: laries, resulting in a V/Q ratio 
Apex of the lung: V/Q = 3 (wasted ventilation) that approaches one.
Base of the lung: V/Q = 0.6 (wasted perfusion) Certain organisms that thrive in 
Both ventilation and perfusion are greater at the high O2 (e.g., TB) flourish in 

base of the lung than at the apex of the lung. the apex.
V/Q → 0 = shunt
V/Q → ∞ =dead space

CO2 transport Carbon dioxide is transported from tissues to the lungs In lungs, oxygenation of Hb 
in 3 forms: promotes dissociation of 

1. Bicarbonate (90%) CO2 from Hb.
In peripheral tissue, ↑H+

shifts curve to right, 
unloading O2 (Bohr effect).

2. Bound to hemoglobin as carbaminohemoglobin (5%)
3. Dissolved CO2 (5%)

PHYSIOLOGY—GASTROINTESTINAL

Salivary secretion
Source Parotid, submandibular, and sublingual glands. Salivary secretion is stimulated 
Function 1. Alpha-amylase (ptyalin) begins starch digestion by both sympathetic and 

2. Neutralizes oral bacterial acids, maintains dental parasympathetic activity. 
health

3. Mucins (glycoproteins) lubricate food

Stomach secretions
Purpose Source

Mucus Lubricant, protects surface from H+ Mucous cell
Intrinsic factor Vitamin B12 absorption (in small intestine) Parietal cell
H+ Kills bacteria, breaks down food, converts pepsinogen Parietal cell
Pepsinogen Broken down to pepsin (a protease) Chief cell
Gastrin Stimulates acid secretion G cell
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GI secretory products
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Product Source Function Regulation Notes

Intrinsic factor Parietal cells Vitamin B12 binding protein Autoimmune destruc-
(stomach) required for vitamin’s up- tion of parietal cells 

take in terminal ileum → chronic gastritis 
→ pernicious anemia

Gastric acid Parietal cells Lowers pH to optimal range Stimulated by histamine, Not essential for 
for pepsin function. Steri- ACh, gastrin. Inhibited digestion. Inadequate 
lizes chyme by prostaglandin, acid → ↑ risk of 

somatostatin, and GIP Salmonella infections

Pepsin Chief cells Begins protein digestion; Stimulated by vagal Inactive pepsinogen
(stomach) optimal function at input, local acid converted to pepsin 

pH 1.0–3.0 by H+

Gastrin G cells of antrum 1. Stimulates secretion of Stimulated by stomach Hypersecreted in Zol-
and duodenum HCl, IF and pepsinogen distention, amino  linger–Ellison syn-

2. Stimulates gastric acids, peptides, vagus drome → peptic ul-
motility (via GRP); inhibited by cers. Phenylalanine 

secretin and stomach and tryptophan are 
acid pH < 1.5 potent stimulators.

Bicarbonate Surface muco- Neutralizes acid; present in Stimulated by secretin 
sal cells of  unstirred layer with (potentiated by vagal 
stomach and mucus on luminal surface, input, CCK)
duodenum preventing autodigestion

Cholecystokinin I cells of 1. Stimulates gallbladder Stimulated by fatty In cholelithiasis, pain 
(CCK) duodenum and contraction acids, amino acids worsens after eating 

jejunum 2. Stimulates pancreatic fatty foods due to 
enzyme secretion CCK release

3. Inhibits gastric emptying

Secretin S cells of Nature’s antacid: Stimulated by acid Alkaline pancreatic 
duodenum 1. Stimulates pancreatic and fatty acids in juice in duodenum 

HCO3
– secretion lumen of duodenum neutralizes gastric 

2. Inhibits gastric acid acid, allowing 
secretion pancreatic enzymes 

to function

Somatostatin D cells in pancre- Inhibits: Stimulated by acid; Very inhibitory hor-
atic islets, gas- 1. Gastric acid and pepsin- inhibited by vagus mone; anti-growth 
trointestinal ogen secretion hormone effects 
mucosa 2. Pancreatic and small in- (↓ digestion and ↓

testine fluid secretion absorption of sub-
3. Gallbladder contraction stances needed for 
4. Release of both insulin growth)

and glucagon



PHYSIOLOGY—GASTROINTESTINAL ( cont inued )

Regulation of 
Lumen gastric acid 

secretion

Glucose absorption Occurs at duodenum and proximal jejunum.
Absorbed across cell membrane by sodium-glucose-coupled transporter.

Pancreatic exocrine Secretory acini synthesize and secrete zymogens, stimulated by acetylcholine and CCK. 
secretion Pancreatic ducts secrete mucus and alkaline fluid when stimulated by secretin.

Pancreatic enzymes Alpha-amylase: starch digestion, secreted in active form.
Lipase, phospholipase A, colipase: fat digestion.
Proteases (trypsin, chymotrypsin, elastase, carboxypeptidases): protein digestion, 

secreted as proenzymes.
Trypsinogen is converted to active enzyme trypsin by enterokinase, a duodenal brush-

border enzyme. Trypsin then activates the other proenzymes and can also activate 
trypsinogen (positive-feedback loop).

Pancreatic insufficiency is seen in CF and other conditions. Patients present with 
malabsorption, steatorrhea (greasy, malodorous stool). Limit fat intake, monitor for 
signs of fat-soluble vitamin (A, D, E, K) deficiency.

Stimulation of pancreatic functions
Secretin Stimulates ductal cells to secrete bicarbonate-rich fluid.
Cholecystokinin Major stimulus for secretion of enzyme-rich fluid by pancreatic acinar cells.
Acetylcholine Major stimulus for zymogen release, poor stimulus for bicarbonate secretion.
Somatostatin Inhibits the release of gastrin and secretin.
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Path2.1UC V
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Carbohydrate Only monosaccharides are absorbed.
digestion

Salivary amylase Starts digestion, hydrolyzes alpha-1,4 linkages to give maltose, maltotriose, and α-limit 
dextrans.

Pancreatic amylase Highest concentration in duodenal lumen, hydrolyzes starch to oligosaccharides, maltose, 
and maltotriose.

Oligosaccharide At brush border of intestine, the rate-limiting step in carbohydrate digestion, produce 
hydrolases monosaccharides (glucose, galactose, fructose).

Bilirubin Product of heme metabolism, actively taken up by hepatocytes. Conjugated version is 
water soluble. Jaundice (yellow skin, sclerae) results from elevated bilirubin levels.

Bile Secreted by hepatocytes. Composed of bile salts, phospholipids, cholesterol, bilirubin, 
water (97%). Bile salts are amphipathic (hydrophilic and hydrophobic domains) and 
solubilize lipids in micelles for absorption. 
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Bone marrow

Red blood cells
(normal life span 120 days)

Incomplete or immature
erythroid cells

Bilirubin produced
from nonerythroid
enzymes in liver

ConjugationRenal excretion of 
urobilirubin (4 mg/day)

Enterohepatic circulation
of urobilinogen

Direct bilirubin

Indirect
bilirubin

Uptake

Heme catabolism in
reticuloendothelial system

80%

20%

Excretion of conjugated
bilirubin into bile

Bacterial conversion
to urobilinogen

primarily in colon

Some excretion 
as stercobilin 

in feces

Biliverdin

Free bilirubin-albumin
complex



PHYSIOLOGY—RENAL

Measuring fluid compartments
TBW – ECF = ICF
ECF – PV = interstitial volume

Renal clearance Cx = UxV / Px = volume of plasma from which the Be familiar with calculations.
substance is cleared completely per unit time.

If Cx < GFR, then there is net tubular reabsorption of X.
If Cx > GFR, then there is net tubular secretion of X.
If Cx = GFR, then there is no net secretion or 

reabsorption.

Glomerular Composed of: The charge barrier is lost in 
filtration barrier 1. Fenestrated capillary endothelium (size barrier) nephrotic syndrome, 

2. Fused basement membrane with heparan sulfate resulting in albuminuria, 
(negative charge barrier) hypoproteinemia, 

3. Epithelial layer consisting of podocyte foot generalized edema, and 
processes hyperlipidemia.

Glomerular GFR = UInulin × V / PInulin = CInulin Inulin is freely filtered and is
filtration rate = Kf [(PGC – PBS) – (πGC – πBS)] neither reabsorbed nor 

(GC = glomerular capillary; BS = Bowman’s space) secreted.

PAH Secreted in proximal tubule.
Secondary active transport.
Mediated by a carrier system for organic acids, competitively inhibited by probenecid.

Effective renal ERPF = UPAH × V / PPAH = CPAH PAH is filtered and secreted.
plasma flow RBF = RPF / 1− Hct 

Filtration fraction FF = GFR/RPF
GFR = Cinulin ≈ Ccreatinine

RPF = CPAH

Free water  Given urine flow rate, urine osmolarity, and plasma osmolarity, be able to calculate free 
clearance water clearance:

CH2O = V − Cosm

V = urine flow rate; Cosm = UosmV/Posm

322

Prostaglandins 
dilate afferent 
arteriole. (↑RPF, 
↑GFR, so FF 
remains constant)

NSAIDs

Angiotensin II 
constricts efferent 
arteriole. (↓RPF, 
↑GFR, so FF 
increases)

Blood

- - ACE
inhibitor

Total
body
weight
(kg)

non-water 
mass

40% 

60% total body 
         water (L)

1/3 extracellular 
      fluid

2/3 intracellular
      fluid

1/4 plasma vol.

3/4 interstitial vol.



Glucose clearance Glucose at a normal level is completely reabsorbed Glucosuria is an important 
in proximal tubule. At plasma glucose of 200 mg/dL, clinical clue to diabetes 
glucosuria begins. At 300 mg/dL, transport mellitus.
mechanism is completely saturated.

Amino acid Reabsorption by at least 3 distinct carrier systems, with competitive inhibition within 
clearance each group. Secondary active transport occurs in proximal tubule and is saturable.

Nephron physiology

B. Thin descending loop of Henle—passively reabsorbs 
water via medullary hypertonicity (impermeable to 
sodium).

C. Thick ascending loop of Henle—actively reabsorbs Na+, 
K+, Cl− and indirectly induces the reabsorption of 

A. Early proximal convoluted tubule—“workhorse Mg2+ and Ca2+. Impermeable to H2O.
of the nephron.” Reabsorbs all of the glucose and 
amino acids and most of the bicarbonate, sodium, 
and water. Secretes ammonia, which acts as a buffer 
for secreted H+.

D. Early distal convoluted tubule—actively reabsorbs E. Collecting tubules—reabsorb Na+ in exchange for 
Na+, Cl−. Reabsorption of Ca2+ is under the secreting K+ or H+ (regulated by aldosterone). Reab-
control of PTH. sorption of water is regulated by ADH (vasopressin). 

Osmolarity of medulla can reach 1200–1400 mOsm.

323

ATP

Lumen-
urine

Proximal
convoluted

tubule
Interstitium-

blood

CA CA

base-

Na+

K+

Cl-

Na+

Na

Glucose

+

H+ + HCO3
-HCO3

- + H+

H2CO3

H2O + CO2

H2CO3

CO2
 + H2O

+

Lumen-
urine

Thick
ascending

limb
Interstitium-

blood

Na+ Na+

K+

K+

K+

K+

Cl−

2Cl−

(+)
potential

Mg2+, Ca2+

ATP

Cl−

Lumen-
urine

Collecting
tubule

Interstitium-
blood

Na+

K+

 Cl−

Na+

K+

R

V1

AldosteronePrincipal cell

Water
channel

molecules

H2O ADH

Intercalated cell

H+

HCO3
−

ATP

ATP

Ca2+

Ca2+

Lumen-
urine

Distal
convoluted

tubule
Interstitium-

blood

Na+

Na+

 Cl−

Na+

K+

R PTH

ATP



PHYSIOLOGY—RENAL ( cont inued )

Relative concentrations * Neither secreted nor 
along renal tubule reabsorbed; concentration

increases as water is
reabsorbed.

Kidney endocrine Endocrine functions of the kidney: NSAIDs can cause renal failure 
functions 1. Endothelial cells of peritubular capillaries secrete by inhibiting the renal pro-

erythropoietin in response to hypoxia duction of prostaglandins, 
2. Conversion of 25-OH vit. D to 1,25-(OH)2 vit. D which normally keep the 

by 1α-hydroxylase, which is activated by PTH afferent arterioles 
3. JG cells secrete renin in response to ↓ renal vasodilated to maintain 

arterial pressure and ↑ renal nerve discharge GFR.
4. Secretion of prostaglandins that vasodilate the 

afferent arterioles to increase GFR

Hormones acting 
on kidney

Stimulus for secretion Action on kidneys
Vasopressin (ADH) ↑ plasma osmolarity ↑ H2O permeability of principal 

↓↓ blood volume cells in collecting ducts
↑ Urea absorption in 

collecting duct
↑ Na+ / K+ / 2Cl– transporter in

thick ascending limb
Aldosterone ↓ blood volume (via AII) ↑ Na+ reabsorption, ↑ K+

↑ plasma [K+] secretion, ↑ H+ secretion in 
distal tubule

Angiotensin II ↓ blood volume (via renin) Contraction of efferent arteriole 
→ ↑ GFR

↑ Na+ and HCO3
− reabsorption 

in proximal tubule
Atrial natriuretic ↑ atrial pressure ↓ Na+ reabsorption,

peptide (ANP) ↑ GFR
PTH ↓ plasma [Ca2+] ↑ Ca2+ reabsorption, ↓ PO4

3–

reabsorption, ↑ 1,25 (OH)2

vitamin D production
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Renin–angiotensin 
system

Mechanism Renin is released by the kidneys upon sensing ↓ BP and serves to cleave angiotensinogen 
to angiotensin I (AI, a decapeptide). AI is then cleaved by angiotensin-converting 
enzyme (ACE), primarily in the lung capillaries, to angiotensin II (AII, an octapeptide). 

Actions of AII 1. Potent vasoconstriction
2. Release of aldosterone from the adrenal cortex
3. Release of ADH from posterior pituitary
4. Stimulates hypothalamus → ↑ thirst

Overall, AII serves to ↑ intravascular volume and ↑ BP.
ANP released from atria may act as a “check” on the renin-angiotensin system (e.g., in 

heart failure).
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PHYSIOLOGY—ENDOCRINE/REPRODUCTIVE

Pituitary gland Posterior pituitary → vasopressin and oxytocin, made in 
the hypothalamus and shipped to pituitary. Derived 
from neuroectoderm.

Anterior pituitary → FSH, LH, ACTH, GH, TSH, FLAGTOP
MelanOtropin, Prolactin. Derived from oral 
ectoderm.

α subunit – common subunit to TSH, LH, FSH and T.S.H. and TSH = The Sex 
hCG. Hormones and TSH

β subunit – determines hormone specificity.

PTH
Source Chief cells of parathyroid.
Function 1. Increases bone resorption of calcium PTH: increases serum Ca2+, 

2. Increases kidney reabsorption of calcium in DCT decreases serum PO4
3–,

3. Decreases kidney reabsorption of phosphate increases urine PO4
3–.

4. Increases 1,25 (OH)2 vit. D (cholecalciferol) PTH stimulates both 
production by stimulating kidney osteoclasts and osteoblasts.
1α-hydroxylase

Regulation Decrease in free serum Ca2+ increases PTH secretion. PTH = Phosphate Trashing 
Hormone

Vitamin D
Source Vitamin D3 from sun exposure in skin. D2 from plants. If you do not get vit. D, you 

Both converted to 25-OH vit. D in liver and to get rickets (kids) or 
1,25-(OH)2 vit. D (active form) in kidney. osteomalacia (adults).

Function 1. Increases absorption of dietary calcium 24,25-(OH)2 vit. D is an 
2. Increases absorption of dietary phosphate inactive form of vit. D.
3. Increases bone resorption of Ca2+ and PO4

3–

Regulation Increased PTH causes increased 1,25-(OH2) vit. D 
formation.

Decreased phosphate causes increased 1,25-(OH)2 vit. D 
conversion. 1,25-(OH)2 vit. D feedback inhibits its own 
production.

Calcitonin
Source Parafollicular cells (C cells) of thyroid. Calcitonin opposes actions of 
Function Decreases bone resorption of calcium PTH and acts faster than 
Regulation Increase in serum Ca2+ increases secretion. PTH. It is probably not 

important in normal 
calcium homeostasis.
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Thyroid hormone (T3/T4)
Source  Follicles of thyroid. T4 Functions: 4Bs
Function 1. Bone growth (synergism with GH) Brain maturation

2. CNS maturation Bone growth
3. β-adrenergic effects Beta-adrenergic effects
4. ↑ Basal metabolic rate via ↑ Na+/K+ ATPase activity BMR ↑

= ↑ O2 consumption, ↑ body temp
5. ↑ glycogenolysis, gluconeogenesis, lipolysis
6. CV: ↑ CO, HR, SV, contractility, RR

Regulation TRH (hypothalamus) stimulates TSH (pituitary), which stimulates follicular cells. Negative 
feedback by T3 to anterior pituitary ↓ sensitivity to TRH. TSI, like TSH, stimulates 
follicular cells (Graves’ disease).

Steroid/thyroid The need for gene 
hormone mechanism transcription and protein  

synthesis delays the onset of  
action of these hormones.

Steroid/thyroid hormones:
Cortisol
Aldosterone
Testosterone
Estrogen
Progesterone
Thyroxine

Steroid hormones are lipophilic and insoluble in plasma; therefore they must circulate 
bound to specific binding globulins (e.g., thyroid-binding globulin), which ↑ solubility 
and allow for ↑ delivery of steroid to the target organ.
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PHYSIOLOGY—ENDOCRINE/REPRODUCTIVE ( cont inued )

Adrenal steroids

Insulin-independent Muscle and adipose tissue depend on insulin for Brain and RBCs depend on 
organs increased glucose uptake. Brain and RBCs take glucose for metabolism 

up glucose independent of insulin levels. under normal 
circumstances. Brain uses
ketone bodies in starvation.
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A = 17 �-hydroxylase deficiency. ↓sex hormones, ↓cortisol, ↑mineralocorticoids.
Cx = hypertension, phenotypically female but no maturation.

B = 21 ß-hydroxylase deficiency. Most common form. ↓cortisol (↑ACTH),
 ↓mineralocorticoids, ↑sex hormones.  Cx = masculinization, HYPOtension.

C = 11 ß-hydroxylase deficiency. ↓cortisol, ↓aldosterone and corticosterone, ↑sex
hormones.  Cx = masculinization, HYPERtension (11-deoxycorticosterone 
acts as a weak mineralocorticoid).
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Estrogen
Source Ovary (estradiol), placenta (estriol), blood Potency: estradiol > estrone 

(aromatization), testes. > estriol
Function 1. Growth of follicle Estrogen hormone replacement

2. Endometrial proliferation, myometrial excitability therapy after menopause: 
3. Genitalia development ↓ risk of heart disease, 
4. Stromal development of breast ↓ hot flashes, and ↓ post-
5. Fat deposition menopausal bone loss.
6. Hepatic synthesis of transport proteins Unopposed estrogen therapy:
7. Feedback inhibition of FSH ↑ risk of endometrial cancer; 
8. LH surge (estrogen feedback on LH secretion use of progesterone with

switches to positive from negative just before LH estrogen ↓ those risks.
surge)

9. Increased myometrial excitability

Progesterone
Source Corpus luteum, placenta, adrenal cortex, testes. Elevation of progesterone is
Function 1. Stimulation of endometrial glandular secretions and indicative of ovulation.

spiral artery development
2. Maintenance of pregnancy
3. Decreased myometrial excitability
4. Production of thick cervical mucus, which inhibits 

sperm entry into the uterus
5. Increased body temperature (0.5 degree)
6. Inhibition of gonadotropins (LH, FSH)
7. Uterine smooth muscle relaxation

Menstrual cycle
Follicular growth is 
fastest during 
second week of 
proliferative phase.
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PHYSIOLOGY—ENDOCRINE/REPRODUCTIVE ( cont inued )

hCG
Source Trophoblast of placenta
Function 1. Maintains the corpus luteum for the 1st trimester because it acts like LH but is not 

susceptible to feedback regulation from estrogen and progesterone.
In the 2nd and 3rd trimester, the placenta synthesizes its own estrogen and 
progesterone. As a result, the corpus luteum degenerates.

2. Used to detect pregnancy because it appears in the urine 8 days after successful 
fertilization (blood and urine tests available).

3. Elevated hCG in women with hydatidiform moles or choriocarcinoma.

Menopause Cessation of estrogen production with age-linked Hormonal changes: ↓
decline in number of ovarian follicles. Average estrogen, ↑↑ FSH, ↑ LH (no 
age of onset is 51 y (earlier in smokers). surge), ↑ GnRH.

Therapy = estrogen replacement therapy. Menopause causes HAVOC:
Hot flashes, Atrophy of the 
Vagina, Osteoporosis, 
Coronary artery disease.

Androgens Testosterone, dihydrotestosterone (DHT), 
androstenedione

Source DHT (prostate, peripheral conversion) Potency
Testosterone (testis, adrenal) DHT > testosterone >
Androstenedione (adrenal) androstenedione

Targets Skin, prostate, seminal vesicles, epididymis, liver Testosterone is converted to 
DHT by the enzyme 5α-
reductase, which is inhibited 
by finasteride.

Function 1. Differentiation of wolffian duct system into internal Testosterone and 
gonadal structures. androstenedione are 

2. Secondary sexual characteristics and growth spurt converted to estradiol
during puberty. and estrogen in adipose

3. Requirement for normal spermatogenesis. tissue by enzyme 
4. Anabolic effects: ↑ muscle size, ↑ RBC production. aromatase.
5. ↑ Libido
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Male spermatogenesis
Pituitary Testes Products Functions of products

Ensures that testosterone in seminiferous tubule is high

Inhibits FSH

Differentiates male genitalia, has 
anabolic effects on protein metabolism, 
maintains gametogenesis, maintains 
libido, inhibits LH, and fuses epiphyseal 
plates in bone

FSH → Sertoli cells → Sperm production
LH → Leydig cells
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